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ABSTRACT

Introduction: The PRIMARY score of the PROMISE-V2 criteria for primary staging of prostate cancer (PCa) and its relations-
hip with the maximum standardized uptake value normalized to lean body mass (SULmax) have not been evaluated. This study 
determined the relationship between the SULmax value in [18F]PSMA-1007 PET/CT and the PROMISE-V2 PRIMARY score in 
patients with untreated PCa in primary staging. Material and Methods: This cross-sectional study included patients with PCa 
in primary staging. The SULmax value [18F]PSMA-1007 PET/CT of the intraprostatic lesion was recorded, and the PRIMARY 
score was assessed based on the pattern of affected prostate zones (peripheral, transitional, or central) and the distribution of 
prostate-specific membrane antigen (PSMA) uptake (focal or diffuse). Lymph node (pelvic or extrapelvic) spread and metastasis 
(bone, lung, and/ or brain) were determined. Results: Fifty-five patients with PCa at primary staging were included. The SULmax 
value of an intraprostatic tumor in PRIMARY score 2 was 5.15 ± 0.54 g/mL; in PRIMARY score 3, 7.11 g/mL; in PRIMARY 
score 4, 8.31 ± 1.92 g/mL, and in PRIMARY score 5, 22.64 ± 7.77 (p < 0.001). The SULmax value of [18F]PSMA increased in 
direct association with the PRIMARY score in cases with an intraprostatic tumor (11.49 ± 6.69 g/mL (p < 0.001) and an intra-
prostatic tumor + pelvic lymph nodes (15.17 ± 9.72 g/mL). In contrast, cases with extrapelvic lymph nodes or metastases (bone, 
brain, or lung) had lower SULmax values (12.43 ± 8.73 g/mL) (p < 0.001). Conclusion: Our study showed an association 
between the SULmax value and the PRIMARY score according to the affected anatomical zone, the expression patterns and 
a SULmax > 12 g/mL. The expression of PSMA uptake in the local tumor was highest in the pattern of focal involvement in the 
peripheral zone (PZ) as long as the disease was confined to the pelvis.

Keywords: Prostate cancer. Prostate-specific membrane antigen. Positron emission tomography/computed tomography.  
SULmax value. PCa primary staging. Prostate cancer molecular imaging standardized evaluation.

INTRODUCTION 

Prostate cancer (PCa) is the second most common 
neoplasm in men1,2. At the time of diagnosis, 10 to 20% of 
patients have locally advanced disease and 8 to 35% dis
tant metastatic disease3. Positron emission tomography/
computed tomography (PET/CT) with prostate-specific 
membrane antigen (PSMA) is a hybrid imaging modality 

that detects and defines local and/or distant PCa and 
provides information on tumor biology, disease progno-
sis and treatment planning4. Intraprostatic tumors can be 
detected qualitatively by visual assessment of lesions 
based on their pattern and location or quantitatively by 
radiopharmaceutical uptake in a target lesion using the 
maximum standardized uptake value (SUVmax) and a 
comparison with normal tissue5. 
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Several factors influence the SUVmax.6 It is relatively 
higher in obese patients than thinner patients. One 
study found that SUV correction for lean body mass, 
known as the maximum standardized uptake value nor-
malized to lean body mass (SULmax) radiotracer con-
centration, is a more appropriate quantitative method,6 
suggesting that SULmax is preferable to SUVmax for 
quantitative analysis7. Some authors8-12 have analyzed 
the SUVmax according to the prostate zone, area, uptake 
pattern, and segmentation, similar to intraprostatic biopsy. 
It has also been described that a high SULmax value is 
related to the presence of metastases10,11,13,14.

The PROMISE (Prostate Cancer Molecular Imaging 
Standardized Evaluation) criteria define guidelines for 
clinical trial design and self-reporting of molecular imag-
ing in PCa15. In 2023, the second version,  PROMISE-V2, 
was published with two standardized hierarchy levels by 
whole-body molecular imaging TNM staging (miTNM) 
and PSMA expression for primary staging (PRIMARY 
score) or recurrence (PSMA expression score) in patients 
with PCa16. The reproducibility and clinical application of 
the PRIMARY score in patients with primary staging of 
PCa have not been sufficiently evaluated. In addition, 
the relationship between the SULmax and zone involve-
ment and the pattern of PSMA expression proposed in 
the PRIMARY score has not been defined. This study 
determined the relationship between SULmax on [18F]
PSMA-1007 PET/CT and the PROMISE-V2 PRIMARY 
score in patients with untreated PCa undergoing primary 
staging.

MATERIAL AND METHODS 

A cross-sectional study was conducted from June 1, 
2019, to May 31, 2023, in the Radiology and Imaging 
Service of the Hospital Angeles Pedregal in Mexico 
City, Mexico. Patients with histopathologically con-
firmed PCa for primary staging were referred by oncol-
ogy, urology, and radiation oncology specialists for 
PET/CT examination with [18F]PSMA-1007. Patients 
without information on prostate-specific antigen (PSA), 
a Gleason score, or previously treated PCa were excluded. 
Informed consent was not requested due to the obser-
vational and retrospective design of the study. The Insti
tutional Research Ethics and the Research Committees 
approved the protocol. 

Study development and variables 

The information was obtained from the clinical records. 
The variables included were age, the [18F]PSMA-1007 

dose administered to perform PET/CT, the PSA value, 
and the Gleason score. The SULmax value of the intra-
prostatic lesion from the [18F]PSMA PET/CT examina-
tion and the presence or absence of lymph node spread 
(pelvic or extrapelvic) and metastases (bone, lung, 
brain) were recorded.

Definitions 

Primary staging: patients with a recent and confirmed 
diagnosis of PCa without treatment before the [18F]PSMA 
PET/CT.

Tumor staging: organ-confined tumor (unifocal or multi
focal); non-organ-confined tumor (extracapsular exten-
sion and/or tumor invading the seminal vesicle[s]); 
tumor invading adjacent structures such as the external 
sphincter, rectum, bladder, levator muscles, and/or pel-
vic wall15,16.

Pelvic lymph nodes: internal iliac, external iliac, obtu-
rator, presacral, and other pelvic lymph nodes15,16.

Metastasis: extrapelvic lymph nodes (common iliac, 
retroperitoneal, supradiaphragmatic, inguinal, other extra
pelvic); bone uptake patterns (unifocal, oligometastatic, 
disseminated, diffuse bone marrow involvement); other 
involved organs (lung and brain)15,16.

PRIMARY score: a staging system for intraprostatic 
lesions in men diagnosed with previously untreated 
PCa8,9,16:

�Score 1: no dominant intraprostatic pattern; low-grade 
activity.
�Score 2: diffuse activity in the transition zone (TZ) or 
symmetric activity in the central zone (CZ) that does 
not extend to the prostate margin on CT.
�Score 3: focal TZ activity that is visually twice as high 
as background activity. 
�Score 4: focal activity in the peripheral zone (PZ) (no 
minimum intensity). 
�Score 5: PSMA SUVmax >12. In this study, SULmax 
was used to replace SUVmax with comparable values. 

SULmax: maximum standardized uptake value nor-
malized to the lean body mass concentration of the 
radiotracer [18F]PSMA-1007, measured in g/mL5,17.

Gleason score: low-risk PCa (Gleason score 6 = 3 + 3), 
intermediate-risk PCa (Gleason score 7 = 3 + 4/4 + 3, and 
8), and high-risk PCa (Gleason score > 8)18. Intermediate 
and high-risk Gleason scores were considered together 
in the study analysis.

miTNM system: the staging system proposed by 
PROMISE-V2 allows standardized reporting of [18F]PSMA 
by tumor stage, nodal stage, and distant metastases16.
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Imaging protocol and analysis

PET/CT acquisition was performed with the hybrid 
PET/CT Philips Vereos Digital (Philips Medical 
Systems Technologies Ltd, Haifa, Israel) with the 
patient supine after intravenous administration  
of [18F]PSMA-1007 with a biodistribution time of  
60 minutes. CT acquisition in 64-slice, multidetector, 
helical equipment was performed with axial slices 
from the convexity of the skull to the medial third of 
the thighs in single phase and/or after administration 
of oral and intravenous water-soluble contrast agent, 
as needed, for attenuation correction and anatomical 
localization. PET images were reconstructed using 
the iterative method and analyzed with and without 
CT image fusion on a medical-grade workstation 
(Philips, Shanghai, China).  

The SULmax value was determined using software 
(IntelliSpace Portal IX/XL version 7.2, Philips, 
Amsterdam, The Netherlands) in the region of interest 
(ROI) with the features described below. The SULmax 
value was quantified in the intraprostatic lesion (≥10 mm)  
to ensure adequate spatial resolution with a ROI of  
1 cm diameter over the voxel with maximum uptake in 
the axial plane.

According to the PRIMARY score, the pattern of 
tumor involvement in the prostatic zones (TZ, CZ, PZ) 
was recorded and based on the combination of the 
intraprostatic pattern and the uptake intensity of the 
radiotracer [18F]PSMA-1007 (Figure 1). The local mor-
phological extent of the tumor was also determined by 
CT: tumor confined to the prostate, involvement of the 
capsule/seminal vesicles, or infiltration of adjacent struc-
tures (external sphincter, rectum, urinary bladder, pelvic 
wall, or levator muscles). The findings were reported by 
an experienced nuclear medicine physician (JASM) with 
20 years of experience in PET/CT.

Statistical analysis

The mean, standard deviation, minimum, median, 
and maximum SULmax value of intraprostatic tumor 
and its relation with the PROMISE-V2 PRIMARY score 
and extent of PCa and the mean, standard deviation, 
minimum, median and maximum SULmax value of the 
prostate tumor and PSA levels were determined accord-
ing to the location and extent of PCa. The p-value for 
normality was calculated using the Kolmogorov-Smirnov 
or the Shapiro-Wilk test. The OR was calculated for the 
expression patterns [18F]PSMA (PRIMARY score) and 

Figure 1. A: diagram of the anatomical zones of the prostate defined 
in the PSMA PET/CT expression patterns in the PRIMARY score.  
B: normal biodistribution of PSMA-PET on a maximum intensity pro-
jection (MIP) in lacrimal glands, parotid glands, liver, spleen, stellate 
ganglia, renal parenchyma, and bladder, mainly biliary excretion.

CZ: central zone; ED: ejaculatory ducts; PET/CT: positron emission tomography/
computed tomography; PSMA: prostate-specific membrane antigen; PZ: peri-
pheral zone; TZ: transition zone; U: urethra.

A

B
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disease spread with the Gleason score risk. Significance 
was defined as a p-value < 0.05. The analysis was 
performed with SPSS version 27.0 (IBM Corp., Armonk, 
NY, USA).

RESULTS

Sixty-three PCa patients were eligible to partici-
pate. Eight men were excluded because a radiophar-
maceutical other than [18F]PSMA-1007 was used. 
Fifty-five patients were included in the primary sta
ging of PCa. The mean age was 65.1 ± 10.0 years. 
A mean of 9.50 millicuries (mCi) of [18F]PSMA was 
administered.

Relationship between the SULmax value 
and the PRIMARY score and the extent of 
PCa in primary staging

The mean intraprostatic tumor SULmax value for score 
2 was 5.15 ± 0.54 g/mL; for score 3, it was 7.11 g/mL; 
for score 4, the value was 8.31 ± 1.92 g/mL; and for 
score 5, it was 22.64 ± 7.77 g/mL (p < 0.001) (Table 1). 
The SULmax value of [18F]PSMA increased in direct 
association with the increase in the PRIMARY score 
(Figure 2). The SULmax value was 11.49 ± 6.69 g/mL 
in 24 (43.6%) patients with intraprostatic tumor (p < 0.001), 
while it was 15.17 ± 9.72 g/ml in 9 (16.4%) patients with 
intraprostatic tumor + pelvic lymph nodes. In contrast, in 
23 (40.0%) patients with intraprostatic tumor + metastases 

(extrapelvic lymph nodes, bone, brain, and/or lung),  
the SULmax value decreased to 12.43 ± 8.73 g/mL  
(p < 0.001).

Regarding the morphological local extension of the 
tumor, the distribution was 30 patients had miT2, tumor 
confined to the intraprostatic gland (focal or multifocal 
pattern); 20 patients had miT3, tumor involving the pros-
tatic capsule and/or seminal vesicles. Only 5 patients 
had infiltration of adjacent structures such as the exter-
nal anal sphincter, rectum, bladder, pelvic wall, or levator 
muscles (miT4) (Figure 3).

PSA value and its relationship with the 
PRIMARY score and extent of PCa in 
primary staging 

The PSA, in relation to the PRIMARY score, showed 
increased values for scores 2, 4, and 5 (Table 2).  
The PSA value for score 2 was 7.82 ± 0.87 ng/mL; 
scores 4 and 5 were 20.11 ± 27.22 ng/mL and 42.15 ±  
48.15 ng/mL, respectively (p < 0.001). In one case with 
score 3, the PSA was 131.9 ng/mL. PSA values 
gradually increased depending on the extent of PCa 
and were 15.75 ± 26.35 ng/mL in patients with intra-
prostatic tumors (p < 0.001). The PSA increased to 
20.93 ± 20.15 ng/mL in patients with pelvic lymph 
nodes. In the presence of metastases (extrapelvic 
lymph nodes, bone, brain, and/or lung), the PSA value 
was higher, with a mean of 43.97 ± 48.05 ng/mL 
(Figures 4, 5, and 6).

Table 1. Relationship between the intraprostatic tumor SULmax value and the PRIMARY score and the extent of PCa in primary staging

Descriptiona Total (n = 55) Intraprostatic tumor SULmax, g/mL p

PRIMARY score 2, n (%) 3 (5.0) 5.15 ± 0.54 (4.7, 4.9, 5.7) ns

PRIMARY score 3, n (%) 1 (2.0) 7.11 -

PRIMARY score 4, n (%) 35 (64.0) 8.31 ± 1.92 (5.3, 8.5, 11.6) ns

PRIMARY score 5, n (%) 16 (29.0) 22.64 ± 7.77 (13.3, 19.1, 35.9) < 0.001

PCa local tumor and extent Total (n = 55) Intraprostatic tumor SULmax, g/mL p

Intraprostatic tumor only, n (%) 24 (43.6) 11.49 ± 6.69 (4.7, 9.6, 31.2) < 0.001

Intraprostatic tumor and pelvic lymph nodes, n (%) 9 (16.4) 15.17 ± 9.72 (5.9, 11.6, 32.4) ns

Intraprostatic tumor and metastases (extrapelvic  
lymph nodes, bone, brain, and/or lung), n (%)

22 (40.0) 12.43 ± 8.73 (5.3, 9.0, 35.9) < 0.001

All values are means ± SD (minimum, median, maximum). aPrimary score 1 no patients.

[18F]: radionuclide fluor-18; PSMA: prostate-specific membrane antigen; 1007: ligand; ns: not significant; PCa: prostate cancer; PET/CT: positron emission tomography/
computed tomography; SULmax: standardized uptake value maximum normalized to the lean body mass of PSMA. 
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Figure 7 shows the boxplot of PSA values in relation 
to the PRIMARY score and extent of PCa. PSA values 
were higher for PZ (score 4), and PZ /SULmax was > 12 
(score 5) (p = 0.019), and according to disease progres-
sion, the more advanced the disease, the higher the 
PSA values (p < 0.001). PSA outlier values (127 ng/mL, 
128 ng/mL, 131.9 ng/mL, and 174 ng/mL) are not shown 
in the figure.

A high number of scores of 4 and 5 was found in the 
PZ location of intraprostatic tumor with a focal pattern 
and/or SULmax > 12 g/mL, followed by intraprostatic 
tumor + extrapelvic lymph nodes and metastases (bone, 

brain, and/or lung). Scores 2 and 3, located in CZ and 
TZ, had a symmetric and/or focal diffuse pattern with 
disease often confined to the prostate (Figure 8).

Association of PRIMARY score with 
Gleason score risk in patients with PCa in 
primary staging

 An [18F]PSMA expression pattern in PZ and/or 
SULmax > 12 g/mL and a low-risk Gleason score was 
found in 5 (71.4%) of 7 patients, while 46 (96.0%) of  
48 patients had an intermediate- or high-risk Gleason 

Figure 2. PSMA expression patterns of the PRIMARY score are shown in the diagram, CT, and PET/CT, axial projection. A: score 2, diffuse TZ 
activity or symmetric CZ activity that does not extend to the prostate margin on CT (green arrowheads). B: score 3, focal TZ activity that is 
visually twice as high as the background TZ activity (blue arrowheads). C: score 4, focal PZ activity, no minimum intensity (red arrowheads). 
D: score 5, PSMA SUVmax >12 (yellow arrowheads). In this study, SULmax was used to replace SUVmax with comparable values.
CT: computed tomography; CZ: central zone; PET/CT: positron emission tomography/computed tomography; PSMA: prostate-specific membrane antigen; PZ: periphe-
ral zone; SULmax: standardized uptake value maximum normalized to the lean body mass concentration of the radiotracer [18F]PSMA-1007; SUVmax value: standar-
dized uptake value maximum; TZ: transition zone. 
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Table 2. PSA value and its relationship with the PRIMARY score and extent of PCa in primary staging

Descriptiona Total (n = 55) PSA, ng/mL p

PRIMARY score 2, n (%) 3 (5.4) 7.82 ± 0.87 (6.9, 7.8, 8.6) ns

PRIMARY score 3, n (%) 1 (1.8) 131.9 -

PRIMARY score 4, n (%) 35 (63.7) 20.11 ± 27.22 (3.9, 12.0, 128.0) < 0.001

PRIMARY score 5, n (%) 16 (29.1) 42.15 ± 48.15 (3.3, 22.8, 174.0) < 0.001

PCa local tumor and extent Total (n = 55) PSA, ng/mL p

Intraprostatic tumor only, n (%) 24 (43.6) 15.75 ± 26.35 (3.3, 7.8, 131.9) < 0.001

Intraprostatic tumor and pelvic lymph nodes, n (%)  9 (16.4) 20.93 ± 20.15 (4.9, 15.1, 69.0) ns

Intraprostatic tumor and metastases (extrapelvic  
lymph nodes, bone, brain, and/or lung), n (%)

22 (40.0) 43.97 ± 48.05 (6.9, 20.2, 174.0) ns

aPrimary score 1 no patient. All values are means ± SD (minimum, median, maximum).

ns: not significant; PCa: prostate cancer; PSA: prostate-specific antigen.

Figure 3. Intraprostatic tumor (miT) characteristics: maximum intensity images, CT and PET/ CT, axial projection. A: miT2, the tumor is confined 
to the prostate (dotted red circle). B: miT3, the tumor is not confined to the prostate but extends to the seminal vesicles (blue arrowheads). 
C: miT4, the tumor invades adjacent structures beyond the seminal vesicles (red arrowheads). 
CT: computed tomography; miT: molecular tumor imaging; PET/CT: positron emission tomography/computed tomography.
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score (Table 3). There were 2 (28.6%) of 7 patients with 
a [18F]PSMA expression pattern in CZ or TZ (score 2 
and 3) with a low Gleason risk, while an intermediate 
or high Gleason score risk was found in two (4.0%) of 

48 patients. A significant risk association of focal [18F]
PSMA expression in the ZP or SULmax >12 g/mL had 
an intermediate or high-risk Gleason score (OR: 9.20, 
95% CI 1.05 - 80.28).
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an intermediate- or high-risk Gleason score (Table 4). 
There was only one (14.0%) patient with an intrapros-
tatic tumor and metastases (extrapelvic lymph nodes, 
bone, brain, and/or lung) and a low-risk Gleason score; 
in contrast, there were 21 (43.4%) patients with an inter-
mediate- or high-risk Gleason score (OR 4.66, 95% CI, 
0.52-41.80). 

Risk association of local intraprostatic 
tumor and extent with the Gleason score 
in primary staging of PCa 

We found 6 (86.0%) of 7 patients with an intraprostatic 
tumor, with or without pelvic lymph nodes and a low- 
risk Gleason score, and 27 (57.2%) of 48 patients with 

Figure 4. A 60-year-old man in primary staging of PCa. PSA 12.15 ng/mL. Gleason score 7 (3 + 4). A: a maximum intensity projection shows 
the physiologic distribution of the radiotracer with abnormal uptake of PSMA in the prostate (red arrowhead). No spread to pelvic lymph 
nodes or metastases was detected. B: PET, abnormal uptake of the intraprostatic PSMA tumor (dotted red circle). C: CT scan; PZ of the 
prostate shows a lobulated lesion with a partially defined border, homogeneous with enhancement, 15 x 9 mm (red arrowhead). D: [18F]PSMA 
PET/CT fusion, intraprostatic lesion in the PZ with focal PSMA uptake, SULmax value 8.68 g/mL (red arrowhead).
[18F]: radionuclide fluor-18; CT: computed tomography; PCa: prostate cancer; PET/CT: positron emission tomography/computed tomography; PSA: prostate- 
specific antigen (ng/mL); PSMA: prostate-specific membrane antigen; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to the lean 
body mass concentration of the radiotracer [18F]PSMA-1007.
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Figure 5. An 80-year-old man in primary staging of PCa. PSA 31 ng/mL. Gleason score of 7 (4 + 3). A: maximum intensity projection showing 
a physiologic distribution of the radiotracer with abnormal PSMA uptake in the prostate (red arrowhead) and pelvic lymph nodes (dotted red 
circle). No spread to extrapelvic lymph nodes or metastases (bone, brain, or lung) was detected. B: CT scan; a multilobular lesion in the PZ 
of the prostate with a poorly defined margin, homogeneous with enhancement, 12 x 8 mm (red arrowhead). C: [18F]PSMA PET/CT fusion, in-
traprostatic tumor in the PZ with abnormal focal uptake and a SULmax value of 28.76 g/mL (red arrowhead). D: CT, oval, 7 mm pelvic lymph 
node of the right internal iliac chain (dotted red circle). E) [18F]PSMA PET/CT fusion; abnormal PSMA uptake in the right inner iliac chain 
(dotted red circle).
[18F]: radionuclide fluor-18; CT: computed tomography; PCa: prostate cancer; PET/CT: positron emission tomography/computed tomography; PSA: prostate- 
specific antigen (ng/mL); PSMA: prostate-specific membrane antigen; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to lean body 
mass of PSMA. 
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DISCUSSION

In this study, the SULmax was associated with the 
expression patterns of [18F]PSMA-1007 PET/CT accord-
ing to the PROMISE-V2 PRIMARY score in PCa patients 
in primary staging. The highest SULmax was associ-
ated with PRIMARY scores 4 and 5, increased intensity 
of [18F]PSM-1007 PET/CT expression, and involvement 
of the PZ. This study is the first that demonstrates the 
association between the highest SULmax of [18F]PSMA 

PET/CT and PCa confined to the pelvic cavity; however, 
the SULmax decreased in patients with distant lymph 
nodes and metastases at other sites. 

A post-hoc analysis showed that the increase in 
SUVmax was associated with an increased probability 
of malignancy only in focal patterns of the PRIMARY 
score predicting clinically significant (cs) PCa9. Our 
SULmax values were comparable to the SUVmax pre-
viously reported by other authors identifying intrapros-
tatic neoplastic processes. However, the value obtained 

Figure 6. A 61-year-old man with PCa in primary staging. PSA 74 ng/mL with a Gleason score of 9 (5 + 4). A: maximum intensity projection 
with physiologic distribution of radiotracer showing abnormal PSMA uptake in the prostate (dotted red circle), multiple pelvic lymph nodes 
(blue arrowhead), multiple extrapelvic lymph nodes (green arrowhead), and bone metastases with disseminated pattern (red arrowhead). B: CT: 
multiple hyperdense lesions are observed in the prostate apex (PZ) with a defined border and homogeneous content, with the largest measuring 
16 mm (dotted red circle). C: [18F]PSMA PET/CT fusion, intraprostatic tumor in the apex (PZ) with abnormal multifocal uptake, SULmax 18.91 g/mL 
(dotted red circle). D: CT, multiple (> 2) pelvic lymph nodes of the inner and outer iliac chains, round margin, 9 mm in size (blue arrowhead).  
E: [18F]PSMA PET/CT fusion, abnormal PSMA uptake in multiple (> 2) pelvic lymph nodes at the inner and outer iliac chains (blue arrowhead).  
F: CT, lymph nodes in the retroperitoneum (paraaortic and paracaval), measuring 7 mm (green arrowhead). G: [18F]PSMA PET/CT fusion, abnormal 
focal uptake in the retroperitoneum, paraaortic and paracaval (green arrowhead). H: CT, left acetabulum with osteoblastic lesion, cortical bone 
preserved (red arrowhead). I: [18F]PSMA PET/CT fusion, abnormal focal uptake of an osteoblastic lesion in the left acetabulum (red arrowhead).
[18F]: radionuclide fluor-18; CT: computed tomography; PCa: prostate cancer; PET/CT: positron emission tomography/computed tomography; PSA: prostate- 
specific antigen (ng/mL); PSMA: prostate-specific membrane antigen; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to the lean 
body mass of PSMA (g/mL). 
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Figure 7. Boxplot of PSA values in relation to PRIMARY score and local tumor and extent of PCa. A: scores 4 and 5 were associated with a 
high PSA value (p < 0.001). B: the greater the local tumor involvement and extent of PCa, the higher the PSA values. Intraprostatic tumor 
showed statistical significance (p ≤ 0.001).
PCa: prostate cancer; PSA: prostate-specific antigen (ng/mL). 
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Figure 8. The overall distribution between PRIMARY score and local 
tumor involvement and extent of PCa. Numbers within bars are the 
patients per PRIMARY score category. PRIMARY scores 2 and 3 
mostly showed disease confined to the prostate with a low frequency 
of CZ and TZ involvement. The highest prevalence was found for 
PRIMARY scores 4 and 5 with intraprostatic tumor, followed by me-
tastases (extrapelvic lymph nodes, bone, brain and/or lung). 
CZ: central zone; PCa: prostate cancer; TZ: transition zone.

of the SULmax suggests a better approximation of the 
cutoff parameter according to the prostatic involvement 
zone, which is the first reference site where PCa 
appears; the CZ and TZ showed lower SULmax values. 
In addition, the PRIMARY score integrates qualitative 
and quantitative assessment based on the anatomic 
zone (PZ, CZ, or TZ), pattern (diffuse or focal), and the 

SUVmax. Emmett et al.8  compared MRI and [18F]PSMA 
PET/CT, individually and in combination, for the detec-
tion of csPCa with histologic confirmation in a prospec-
tive, multicenter study. The combination of MRI + PSMA 
uptake increased sensitivity and positive predictive  
value compared to MRI alone. An SUVmax of 12 g/mL 
showed 100% specificity and negative predictive value 
NPV for csPCa, independent of MRI findings. Guo 
et  al.19 validated the diagnostic performance of the 
PRIMARY score in combination with MRI in detecting 
csPCa in a retrospective cohort study of 431 men who 
underwent [68Ga]PSMA PET/CT and MRI. PRIMARY 
score + MRI increased sensitivity (96.0% vs. 87.9%,  
p < 0.001) and NPV (91.5% vs. 79.1%, p < 0.001). The 
performance of the PRIMARY score was superior to  
MRI in detecting csPCa. In our study, The PRIMARY 
score showed that the expression of PSMA uptake in 
the local tumor was highest in the pattern of focal 
involvement in the peripheral zone (PZ) as long as the 
disease was confined to the pelvis.

PSMA is a transmembrane glycoprotein on the cell 
surface expressed in >90% of PCa cases. Higher-grade 
PCa variants, metastatic disease, and castration-resistant 
PCa are associated with increased expression of the 
PSMA receptor, leading to an increase in SULmax 
value8,20. Our study found a higher SULmax value was 
found in PCa confined to the pelvic cavity (intraprostatic 
tumor with or without local lymph node spread). Once 
extrapelvic spread (metastasis) occurred, the SULmax 
value at the intraprostatic level showed decreasing val-
ues. In a retrospective study, Koerber et al.13 examined 
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335 men with biopsy-proven PCa and PSMA-PET/CT  
for primary staging. They analyzed and correlated the 
SUVmax value of the intraprostatic malignant lesion with 
the number and location of metastases. They found a 
statistically significantly higher SUVmax value in men with 
metastatic disease than in the cohort without distant 
metastases (mean 16.1 g/mL vs. 11.2 g/mL, p < 0.001) 
with a cutoff value of 11.9 g/mL for SUVmax and a sen-
sitivity and specificity of 76.0% and 58.4%, respectively. 
These findings may be related to the increased tumor 
volume of the disease, with the tumor burden being 
expressed to a greater extent in some of the metastatic 
lesions and acting as a sequestering lesion for [18F]PSMA 
uptake. The SULmax is probably higher and progressive 
according to the uptake measured at the metastatic lesion 
(extrapelvic lymph nodes, bone, brain, lung), as expres-
sion may act through the sequestration phenomenon of 
the radiopharmaceutical (PSMA) so that the SULmax 
value of the intraprostatic tumor is non-specific once 
extrapelvic dissemination is detected. The results reported 
by other authors are comparable to ours. Our study deter-
mined a mean SULmax value of 12.43 g/ml in patients 
with intraprostatic tumors and metastases. The intrapros-
tatic SULmax value seems to be a promising parameter 
for predicting distant metastatic disease.

Several parameters can predict the severity of PCa, such 
as the PSA value and the Gleason score. In intraprostatic 
lesions, the intensity of PSMA ligand uptake in PET has 
been shown to correlate with tumor aggressiveness. 

Bostwick et al.21 showed that the greater the extent and 
intensity of PSMA expression, the higher the Gleason 
score. Topuz et al.11, in a retrospective study of 139 patients 
between different PCa risk groups concerning metastases 
and [68Ga]PSMA uptake patterns in primary staging of 
PCa, reported that SUVmax values correlated significantly 
 with the Gleason score risk group and pre-treatment  
PSA values. Bilobar involvement of PSMA in the prostate, 
a Gleason score of 8 or more, and a PSA value of 20 ng/
mL or more were independent predictors of metastasis.  
In a retrospective study of 147 patients, the ability of  
[68Ga]PSMA PET/CT to differentiate between intermediate- 
and high-risk PCa was assessed. The authors reported 
that PSMA uptake measured by SUVmax was closely 
related to the Gleason score20. Our mean value of SULmax 
was directly related to the PSA value and the Gleason 
score risk group. PCa with an intermediate and high 
Gleason score had a higher risk of intraprostatic tumor 
affecting PZ and a higher risk of extrapelvic spread of dis-
ease. The PRIMARY score showed a significant associa-
tion with the PSA level and an association with the Gleason 
score. The relationship between the highest SULmax  
values and intermediate- and high-risk Gleason score  
was comparable to previous SUVmax reports8,12,14,20-26.

The strengths of our study relate to the fact that all 
included patients had a histopathologically confirmed 
diagnosis of PCa with a low, intermediate, or high-risk 
Gleason score. We calculated the SULmax using a 
workstation and automated software. On the other hand, 

Table 3. Risk association of PRIMARY score with Gleason score risk in patients with PCa in primary staging

Pattern Low-risk 
Gleason score (≤ 6)  

Total (n = 7)

Intermediate/high-risk 
Gleason score (≥ 7) 

Total (n = 48)

OR (95% CI)

PZ/SULmax >12 g/mL (PRIMARY score 4 and 5)a, n (%) 5 (71.4) 46 (96.0) 9.20 (1.05-80.28)

CZ/TZ (PRIMARY score 2 and 3)b, n (%) 2 (28.6) 2 (4.0)
aHigh-risk group with PZ and/or intense maximal PSMA uptake (SULmax > 12) (Score 4 and 5); bLow-risk group, with uptake in the CZ and/or TZ with diffuse or 
focal distribution (score 2 and 3); p = 0.04.

CI: confidence interval; CZ: central zone; OR: odds ratio; PCa: prostate cancer; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to 
lean body mass of PSMA; TZ: transition zone.

Table 4. Risk association of local intraprostatic tumor and extent with Gleason score in primary staging of PCa

PCa local tumor and extent Low-risk 
Gleason score (≤ 6)  

Total (n = 7)

Intermediate/high-risk 
Gleason score (≥ 7) 

Total (n = 48)

OR (95% CI)

Intraprostatic tumor with or without pelvic lymph nodes, n (%) 6 (86.0) 27 (56.2) 4.66 (0.52-41.80)

Intraprostatic tumor and metastases (extrapelvic lymph nodes, 
bone, brain, and/or lung), n (%)

1 (14.0) 21 (43.8)

p = 0.16. PCa: prostate cancer; OR: odds ratio; CI: confidence interval.
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the radionuclide in our study is based on [18F]PSMA 
with a longer half-life (∼2 hours) and high-quality images. 
The limitations of our study were related to the retro-
spective design, small sample size, and single institu-
tion. In the present study, the analysis to characterize 
the affected anatomical areas was based on the expres-
sion pattern of PSMA and CT images. However, the gold 
standard for identifying prostate areas is MRI, which 
could be in line with the preamble of PET/MRI and a 
useful reference for patients who cannot undergo MRI 
and/or in locations that cannot compare the diagnostic 
approach with MRI. On the other hand, the SULmax of 
the metastases was not calculated for comparison with 
the SULmax of the intraprostatic tumor. 

CONCLUSION

In our study, the SULmax value was associated with 
the PROMISE-V2 PRIMARY score in patients with PCa 
in primary staging according to the affected anatomic 
zone (PZ, CZ, or TZ), expression patterns, and SULmax 
> 12 g/mL.  Expression of PSMA uptake in the local tumor 
was highest for the pattern of focal involvement in the 
ZP as long as the disease was confined to the pelvic 
cavity (intraprostatic tumor with or without pelvic lymph 
nodes). We also showed the risk association according 
to PSA levels and the Gleason score for the PRIMARY 
score and PCa extent, respectively.
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