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Abstract
Purpose  The PSMA Reporting and Data System (PSMA-RADS) has been proposed to standardize the interpretation of 
PSMA-PET. However, its diagnostic performance has not been fully validated. This study aimed to determine the optimal 
interpretation criteria for PSMA-PET and to compare its diagnostic performance with conventional imaging.
Methods  This prospective study enrolled 284 patients across various disease stages who underwent [¹⁸F]PSMA-1007 PET/
CT. Diagnostic performance was evaluated using different positivity thresholds based on PSMA-RADS categories, PSMA-
expression scores, and SUVmax, and was compared with that of CT and bone scan (BS). True-positive rates were summa-
rized across PSMA-RADS categories.
Results  A total of 771 lesions were analyzed. PSMA-RADS demonstrated superior diagnostic performance compared with 
other interpretation criteria. Using PSMA-RADS-4 as the positivity threshold, [¹⁸F]PSMA-1007 PET/CT achieved a sensi-
tivity of 78.5% and a specificity of 95.3%. PSMA-RADS-3 increased sensitivity to 98.4% but reduced specificity to 58.8%. 
PSMA-expression score 2 yielded a sensitivity of 52.2% and a specificity of 99.3%, whereas SUVmax cutoff of 5.7 yielded a 
sensitivity of 72.6% and a specificity of 85.8%. When PSMA-RADS-4 was used as the positivity threshold, PET/CT showed 
higher sensitivity than CT (81.3% vs. 48.6%) and BS (84.5% vs. 65.7%), as well as higher accuracy (83.2% vs. 56.2% and 
87.6% vs. 74.5%, respectively). The true-positive rate of PSMA-RADS-3 lesions was 69.7%, which was substantially lower 
than that of PSMA-RADS-4 lesions (96.7%).
Conclusion  PSMA-RADS-4 represents an optimal positivity threshold for [¹⁸F]PSMA-1007 PET/CT, providing superior 
diagnostic performance compared with CT and BS and supporting its clinical utility for standardized image interpretation.
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Introduction

Prostate cancer (PCa) is one of the most common solid 
malignancies in men [1, 2], and despite the central role of 
radiological evaluation in the disease staging and treatment 
decision-making, accurate lesion characterization remains 
challenging in clinical practice [3]. Prostate-specific mem-
brane antigen (PSMA) is highly expressed in PCa cells 
and PSMA-targeted positron emission tomography/com-
puted tomography (PSMA PET/CT) enables visualization 
of tumor uptake even in the absence of overt morphologic 
changes. Among approved PSMA-targeted radiotracers, 
[¹⁸F]PSMA-1007 offers low urinary excretion, reduced 
pelvic background, higher-resolution PET imaging and 
improved availability compared with ⁶⁸Ga-labeled PSMA 
tracers [4]. Overall, PSMA PET/CT has demonstrated higher 
diagnostic accuracy than conventional imaging modalities, 
including CT and bone scan (BS), and has increasingly 
become important in PCa evaluation [5–7]. Furthermore, 
PSMA expression can also be observed in tumor-associated 
neovasculature, potentially contributing to the detection 
of other malignancies, such as breast cancer [8]. Never-
theless, PSMA expression is not entirely specific to tumor 
lesions and can also be observed in normal tissues or benign 
lesions, therefore, the clinical utility of PSMA PET/CT may 
be influenced by the selection of positivity thresholds [2].

With the expanding clinical use of PSMA PET/CT, vari-
ous interpretation criteria have been proposed, including 
the PSMA Reporting and Data System (PSMA-RADS), the 
Prostate Cancer Molecular Imaging Standardized Evalua-
tion (PROMISE), E-PSMA and semi-quantitative metrics 
such as the maximum standardized uptake value (SUVmax) 
[9–11]. However, a unified definition of PET positivity 
remains lacking [3, 12]. Variable application of positivity 
thresholds leads to differences in reported sensitivity and 
specificity [9, 13–15]. Moreover, limited agreement among 
interpretation criteria complicates cross-study comparisons 
and clinical decision-making [3, 16]. Although the recently 
published Standardized PSMA PET/CT Analysis and 
Reporting Consensus reflects expert agreement supporting 
the reporting of diagnostic certainty according to PSMA-
RADS [17], equivocal lesions remain common and their 
optimal interpretation remains controversial.

Therefore, this prospective study aimed to determine the 
optimal interpretation criteria for [18F]PSMA-1007 PET/
CT, evaluate the impact of threshold selection on lesion 
classification, and compare its diagnostic performance with 
conventional imaging.

Methods

Patients

This prospective study enrolled 289 consecutive patients 
with PCa who underwent [¹⁸F]PSMA-1007 PET/CT at the 
University of Osaka Hospital between Sep 2019 and Feb 
2024. The inclusion criteria were as follows: (1) newly 
diagnosed PCa undergoing metastasis screening; (2) recur-
rent PCa after definitive treatment (surgery or radiotherapy) 
with an elevated prostate-specific antigen (PSA) level, 
including biochemical recurrence (BCR) and hormone-sen-
sitive prostate cancer (HSPC) patients; (3) non-metastatic 
castration-resistant prostate cancer (nmCRPC) patients 
receiving androgen receptor pathway inhibitors (ARPI); 
(4) metastatic castration-resistant prostate cancer (mCRPC) 
patients with metastatic disease confirmed by CT and/or 
BS. Patients unable to maintain stable positioning during 
imaging or considered unsuitable by investigators were 
excluded. Some patients underwent repeat [¹⁸F]PSMA-1007 
PET/CT examinations for follow-up and were categorized 
as the follow-up group.

The study was approved by the institutional review board 
of the University of Osaka Hospital (approval number: 
19066).

Imaging procedures

[¹⁸F]PSMA-1007 was synthesized using an MPS200 mod-
ule (Sumitomo Heavy Industries) as previously reported 
[18]. The PET/CT scans (from the vertex to mid-thigh) 
were performed 60 min after intravenous injection of [18F]
PSMA-1007 (248.8 ± 32.8 MBq) on a Discovery 710 (GE 
Healthcare, Milwaukee, United States) with 3D acquisi-
tion (192 × 192 matrix; 3.65 mm pixel; 2 min/bed). Recon-
struction used ordered-subset expectation maximization 
algorithm (three iterations, eight subsets) with Gaussian 
smoothing to a 4-mm transaxial resolution at full width at 
half maximum. Attenuation correction was based on low-
dose non-contrast CT (100 mA), reconstructed at 3.75 mm 
thickness with 3.27 mm increments. Diagnostic CT and/
or BS were performed in accordance with standard institu-
tional procedures. The interval between CT/BS and PSMA 
PET/CT was set within ± 3 months.

Imaging analysis

All PSMA PET/CT and BS images were initially interpreted 
by one board-certified nuclear medicine physician and sub-
sequently reviewed by a second board-certified nuclear 
medicine physician; any discrepancies were resolved by 
consensus. Diagnostic CT images were evaluated by a 
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radiologist. For each PSMA PET/CT examination, all 
lesions with visually increased uptake were recorded and 
categorized as local, lymph node (LN), bone, or other metas-
tases. Lesions were evaluated using three analytic criteria: 
PSMA-RADS, PSMA-expression score, and SUVmax.

PSMA-RADS: According to PSMA-RADS v2.0, lesions 
were categorized as: PSMA-RADS-1: definitively benign, 
PSMA-RADS-2: likely benign, PSMA-RADS-3 (includ-
ing 3 A, 3B, 3 C, and 3D): equivocal, PSMA-RADS-4: 
high uptake without corresponding anatomic abnormality, 
PSMA-RADS-5: high uptake with corresponding anatomic 
abnormality, PSMA-RADS-5T: treated prior metastases [9].

PSMA-expression score: According to PROMISE v2, 
PSMA uptake was graded by comparing lesion SUVmax 
with reference organ uptake. Score 0: uptake ≤ blood pool, 
Score 1: uptake > blood pool but ≤ spleen, Score 2: uptake > 
spleen but ≤ parotid gland, Score 3: uptake > parotid gland 
[10]. The mean standardized uptake value (SUVmean) of the 
blood pool, spleen, and parotid gland was measured using 
spherical region of interest (ROI) (1.5–2 cm in the descend-
ing aorta and 2–3 cm in the spleen and parotid gland).

SUVmax: Quantitative measurements were obtained by 
placing a spherical ROI over each lesion to derive SUVmax 
values.

Focal bone uptake higher than the blood pool but not 
exceeding twice the blood pool activity, without corre-
sponding CT finding, was defined as unspecified bone 
uptake (UBU) in this study. The number and distribution of 
UBU were recorded separately.

Reference standard of true positive lesions

A lesion on [18F]PSMA-1007 PET was classified as a true 
positive lesion if it met at least one of the following criteria:

(1)	 Histopathologic confirmation;
(2)	 Concordant findings on other imaging modalities (CT, 

MRI, or BS);
(3)	 Decreased uptake in response to treatment or increased 

uptake due to progression;
(4)	 Morphological changes on follow-up imaging (e.g., 

appearance of osteosclerosis on CT);
(5)	 PSA decline after radiotherapy to the lesion without 

systemic treatment;
(6)	 High-uptake in LN regardless of enlargement. High 

uptake in LN was defined as SUVmax ≥ 5.0, using 
blood-pool activity as the reference.

Based on the reference standard, each lesion was classified 
as positive, negative, or indeterminate.

Data analysis

Receiver operating characteristic (ROC) curve analysis was 
performed at the lesion level to compare the diagnostic per-
formance of PSMA-RADS, PSMA-expression score, and 
SUVmax, with pairwise comparisons conducted using the 
DeLong test. For SUVmax, optimal cutoff value was deter-
mined using the Youden index (sensitivity + specificity − 1). 
Sensitivity, specificity, and accuracy of PSMA PET/CT 
were evaluated using different positivity thresholds based 
on PSMA-RADS, PSMA-expression score and SUVmax, 
and diagnostic performance was compared with diagnostic 
CT and BS using the McNemar test.

True positive rates of different PSMA-RADS and PSMA-
expression score categories were compared in all patients. 
In BCR patients, the lesion-level detection rates among true 
positive lesions were compared across PSA levels using 
PSMA-RADS-3 and − 4 as positivity criterion. χ² tests were 
used for group comparisons. In nmCRPC patients, meta-
static detection by PET/CT was summarized. In mCRPC 
patients, regional detection efficacy of PET/CT, diagnostic 
CT and BS were compared using the McNemar test, with 
PET/CT results evaluated using both PSMA-RADS-3 and 
− 4 thresholds.

Statistical analysis

Statistical analyses were performed using Excel software 
(version 16.50), SPSS software (version 27.0.1) and R soft-
ware (version 4.5.2). p values < 0.05 were considered statis-
tically significant.

Results

Patients

Of 289 enrolled patients, 284 were analyzed after exclusion 
of cases with small-cell carcinoma and missing imaging 
data. Histopathologic confirmation was available in 21.8% 
patients (62/284). Clinical characteristics are summarized 
in Table 1. Among these patients, 181 underwent additional 
diagnostic CT and 218 underwent BS, with a median inter-
val of 27 days between PET/CT and CT (IQR 11–47; range 
0–90) and 28 days between PET/CT and BS (IQR 13–48; 
range 1–92).

Diagnostic performance according to different 
criteria

A total of 873 lesions were identified, including 139 local 
lesions (23 primary and 116 local recurrence), 301 LN 
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metastases, 417 bone metastases, and 16 other metastases. 
Using the predefined reference standard, 623 lesions were 
classified as positive and 148 as negative, while 102 lesions 
were indeterminate due to unavailable or insufficient fol-
low-up and were excluded from subsequent analyses. At the 
lesion level, histopathology verified 7.7% lesions (67/873).

ROC analysis demonstrated that PSMA-RADS achieved 
the highest diagnostic performance, with an area under 
curve (AUC) of 0.931, compared with PSMA-expression 
score (AUC = 0.765) and SUVmax (AUC = 0.828) (Fig. 1a). 
PSMA-RADS showed significantly higher AUC than the 
other criteria according to DeLong test (both p < 0.001). 
Subgroup ROC analyses by anatomical regions showed 
a similar pattern, with PSMA-RADS yielding the highest 
AUC for both LN and bone lesions (Fig. 1b and c), although 
the difference between PSMA-RADS and SUVmax for LN 
lesions was not significant (p = 0.6698).

The diagnostic performance of PET/CT was evalu-
ated with different positivity thresholds for PSMA-RADS 
(PSMA RADS-3 or −4), PSMA-expression score (score 1 
or 2) and SUVmax. Using PSMA-RADS-4, the sensitiv-
ity of PSMA PET/CT was 78.5% and the specificity was 
95.3% (Fig.  2a), whereas PSMA-RADS-3 yielded very 
high sensitivity (98.4%) but limited specificity (58.8%). 
Although overall accuracy decreased from 90.8% to 81.7% 
when equivocal PSMA-RADS-3 lesions were regarded as 
negative, PSMA-RADS-4 achieved more favorable balance 
between sensitivity and specificity, reflected by a higher 
Youden index. Under this threshold, PSMA PET/CT main-
tained high sensitivity across regions, with particularly high 
specificity for LN and bone lesions (Table 2).

A similar trend was observed in the PSMA-expres-
sion score. Score 1 yielded high sensitivity (97.8%) but 

Table 1  Clinical characteristics of patients 
Characteristics Value
Patients (n) 284
Age (yr), median (IQR) 72(67–76)
PSA (ng/mL), median (IQR) 2.58 (0.755–5.805)
Status (n)
  Primary staging 23
  BCR 145
  HSPC 28
  nmCRPC 19
  mCRPC 20
  Follow-up 47
  Others 2
ISUP Gleason grade (n)
  1 25
  2 47
  3 62
  4 68
  5 74
  N.A. 7
N number, IQR interquartile range

Fig. 1  ROC curves for PSMA 
RADS, PSMA-Expression Score, 
and SUVmax for differentiat-
ing positive from benign lesions 
in (a) all lesions (n = 771), (b) 
LN lesions (n = 282), and (c) 
bone lesions (n = 360). Dashed 
diagonal line indicates the 
reference line representing no 
discrimination
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extremely low specificity (7.4%), whereas score 2 mark-
edly improved specificity (99.3%) and reduced the sensitiv-
ity (52.2%), accompanied by a lower accuracy (80.4% for 
score 1 vs. 61.2% for score 2) and a higher Youden index. 
The Youden-determined optimal SUVmax cutoff value for 
all lesions was 5.7, corresponding to a sensitivity of 72.6%, 
specificity of 85.8%, and accuracy of 75.1% (Fig. 2a).

Exploration of SUVmax cutoff values in different 
regions

To explore the potential utility of quantitative parameter, 
we calculated the region-specific optimal SUVmax cutoff 
values and compared with the overall optimal cutoff value.

For LN metastases, lowering the cutoff value from 5.7 
to 4.9 significantly increased sensitivity (72.1% to 76.2%, 
p < 0.001) while maintaining 100.0% specificity, resulting 
in improved accuracy (73.4% to 77.3%). For bone metas-
tases, raising the cutoff value from 5.7 to 8.1 reduced sensi-
tivity (72.3% to 64.5%, p < 0.001) but increased specificity 
(84.5% to 96.1%, p < 0.001), with a slight decrease in accu-
racy (76.7% to 75.8%).

Comparison of [18F]PSMA-1007 PET/CT with CT and 
BS

Using PSMA-RADS-4 as the diagnostic threshold, lesion-
level diagnostic performance of PSMA PET/CT was com-
pared with diagnostic CT and BS in cases with available 

Table 2  Sensitivity, specificity, and accuracy of [¹⁸F]PSMA-1007 
PET/CT in different regions using PSMA-RADS-4 as the positivity 
threshold. Values are shown as percentage with raw counts in paren-
theses and 95% confidence intervals in brackets
Region Sensitivity (%) Specificity (%) Accuracy (%)
Local (n = 114) 88.3 (98/111)

[81.0–93.0]
33.3 (1/3)
[6.1–79.2]

86.8 (99/114)
[79.4–91.9]

LN (n = 282) 72.1 (194/269)
[66.5–77.1]

100.0 (13/13)
[77.2–100.0]

73.4 (207/282)
[68.0–78.2.0.2]

Bone (n = 360) 85.3 (197/231)
[79.7–88.9]

95.3 (124/129)
[90.2–97.9]

88.9 (321/360)
[84.9–91.5]

Fig. 2  Diagnostic performance of [¹⁸F]PSMA-1007 PET/CT (n = 771), 
diagnostic CT (n = 475) and BS (n = 267). (a) Sensitivity, specificity 
and accuracy of [¹⁸F]PSMA-1007 PET/CT using different positiv-
ity thresholds in all evaluable lesions. PSMA-RADS-3 represents 

the combined results of 3 A-3D. (b–c) Comparison of [¹⁸F]PSMA-
1007 PET/CT (PSMA-RADS-4 as positivity cutoff) with CT and BS, 
respectively, in lesions with paired data. Indeterminate lesions were 
excluded
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paired imaging data (475 lesions with paired PET/CT and 
CT data and 267 lesions with paired PET/CT and BS data).

PSMA PET/CT demonstrated significantly higher sen-
sitivity than CT and BS (81.3% vs. 48.6% and 84.5% vs. 
65.7%, respectively; both p < 0.001), while specificity was 
comparable to that of CT (92.5% vs. 93.8%) and BS (94.2% 
vs. 93.0%), with no statistically significant differences. 
Accuracy was also higher for PSMA PET/CT compared 
with CT and BS (83.2% vs. 56.2% and 87.6% vs. 74.5%, 
respectively) (Fig.  2b and c). Representative comparative 
cases are shown in Figs. 3 and 4.

True positive lesions across PSMA-RADS and PSMA-
expression score

The distribution of positive and negative lesions across 
PSMA-RADS and PSMA-expression score categories is 
summarized in Fig. 5, with true positive rates differing sig-
nificantly across categories (both p < 0.001).

For PSMA-RADS (Fig. 5a), true positive rates increased 
from 10.3% (10/97) in PSMA-RADS-2 to 69.7% (124/178) 
in PSMA-RADS-3, 96.7% (204/211) in PSMA-RADS-4, 
and 100.0% in PSMA-RADS-5 (228/228) and − 5 T (57/57). 

A similar ascending pattern was observed in all regions, 
particularly in bone metastases, with increasing from 6.9% 
(6/87), to 39.4% (28/71), 86.1% (31/36), and 100.0% 
(138/138 and 17/17). For equivocal lesions (Fig.  5b), LN 
lesions classified as PSMA-RADS-3 A showed a high true 
positive rate (87.1%, 54/62), whereas bone lesions classi-
fied as PSMA-RADS-3B demonstrated a lower positive 
rate (38.6%, 27/70). Representative examples of PSMA-
RADS-2, −3 A, −3B, −4, and − 5 lesions are shown in Sup-
plementary Fig. 1–4.

PSMA-expression score showed a comparable trend 
(Fig. 5c), with positive rates of 56.0% (14/25) and 67.6% 
(284/420) for Score 0 and Score 1, increasing to 98.9% 
(86/87) for Score 2 and 100.0% (239/239) for Score 3. Bone 
lesions showed similar score-dependent increase in posi-
tivity. In addition, 43 patients showed higher SUVmean of 
spleen than the parotid gland and were therefore directly 
classified as PSMA-expression score 3.

Fig. 3  Representative images 
from a patient who underwent 
125I-seed implantation, with 
PSA level rising to 2.63 ng/mL 
after 9 years of follow-up. (a) 
Maximum-intensity projection 
of [¹⁸F]PSMA-1007 PET shows 
focal tracer uptake (arrows). (b) 
Corresponding CT image. (c) 
Transaxial PET and (d) fused 
PET/CT localize uptake to the 
prostate bed (arrows). Histopa-
thology confirmed local recur-
rence. The patient underwent 
stereotactic body RT targeting 
the PSMA-positive lesion (36 Gy 
in 6 fractions), resulting in PSA 
level reduction to 0.05 ng/mL at 
8 months after RT. RT, radiation 
therapy
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PSA-stratified detection rates in BCR patients

A total of 193 true-positive lesions were included for PSA-
stratified detection rate analysis, with PSA grouped as ≤ 0.2, 
0.2–0.5, 0.5–1, 1–2, and > 2 ng/mL.

In the PSA ≤ 0.2 ng/mL group, only one lesion was pres-
ent, and the detection rate was 100.0% for both PSMA-
RADS-3 and − 4. Using PSMA-RADS-3 as PET positive 
standard, detection rates remained uniformly high across 
PSA levels (95.0% at PSA 0.2–0.5 ng/mL, 100.0% at PSA 
0.5–1 ng/mL and 1–2 ng/mL, and 95.4% at PSA > 2 ng/mL). 

In contrast, PSMA-RADS-4 demonstrated a PSA-depen-
dent increase in detection rates (p < 0.001), from 40.0% 
(8/20) at PSA 0.2–0.5 ng/mL to 42.9% (9/21) at 0.5–1 ng/
mL, 65.0% (13/20) at 1–2 ng/mL, and 77.1% (101/131) at 
> 2 ng/mL (Fig. 6a).

Fig. 4  Representative images 
from a mCRPC patient undergo-
ing cabazitaxel therapy. (a–c) 
Baseline imaging: (a) MIP of 
[¹⁸F]PSMA-1007 PET shows 
intense uptake in multiple skel-
etal lesions (arrows). (b) Fused 
PET/CT (top) and CT (bottom) 
images demonstrate focal uptake 
with CT changes in the left iliac 
bone (arrow). (c) Posterior BS 
shows uptake in the correspond-
ing lesion. (d–f) Follow-up imag-
ing at 6 months, with PSA levels 
increasing from 420.22 to 983.61 
ng/mL. (d) MIP demonstrates 
disease progression with more 
extensive uptake. (e) PET/CT 
fusion image shows increased 
uptake in the left iliac bone and 
new uptake in the right iliac 
bone, without CT progression 
(arrow). (f) BS shows reduced 
uptake, without new lesions, 
suggesting delayed response of 
CT and BS relative to PSMA 
PET/CT
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 Metastatic detection on PET/CT in nmCRPC patients 
and performance comparison of PET/CT, CT, and BS 
in mCRPC patients

In 19 patients with nmCRPC, [¹⁸F]PSMA-1007 PET/
CT identified local recurrence in 12 patients (63.2%) and 
metastatic lesions in 6 patients (31.6%), including pelvic 
LN metastases in 2 (10.5%), distant LN metastases in 2 
(10.5%), and bone metastases in 4 (21.1%).

In mCRPC patients, lesion-level detection rate of PSMA 
PET/CT was compared with CT and BS using paired imag-
ing data (69 lesions with paired PET/CT and CT data and 40 
lesions with paired PET/CT and BS data).

For lesions with paired PSMA PET/CT and CT data, PET/
CT detected all lesions using PSMA-RADS-3 as the posi-
tive threshold. Using PSMA-RADS-4, PET/CT detected 3/3 
local lesions (100.0%), 16/19 LN lesions (84.2%), and 41/46 
bone lesions (89.1%), whereas CT detected 2/3 local lesions 
(66.67%), 11/19 LN lesions (57.9%), and 37/46 bone lesions 
(80.4%) (Fig. 6b). Although detection rates were higher for 
PSMA PET/CT in LN and bone lesions, differences were 
not statistically significant by the McNemar test (p = 0.125 
and p = 0.289, respectively). For lesions with PET/CT and 
BS data, PET/CT detected 40/40 lesions (100%) using 
PSMA-RADS-3 and 35/40 lesions (87.5%) using PSMA-
RADS-4. Meanwhile, BS detected 26/40 lesions (65.0%), 

Fig. 5  Distribution of positive 
and negative lesions across 
(a) PSMA-RADS categories: 
PSMA-RADS-2 (n = 97), 
PSMA-RADS-3 (n = 178), 
PSMA-RADS-4 (n = 211), 
PSMA-RADS-5 (n = 228), and 
PSMA-RADS-5T (n = 57), (b) 
equivocal LN lesions classified 
as PSMA-RADS-3 A (n = 62) 
and bone lesions classified as 
PSMA-RADS-3B (n = 70), and 
(c) PSMA-expression score 
categories: score 0 (n = 25), score 
1 (n = 420), score 2 (n = 87), and 
score 3 (n = 239). Indeterminate 
lesions were excluded
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resulting in a significantly higher detection rate for PET/CT 
under the PSMA-RADS-4 threshold (p = 0.004).

Frequency and distribution of UBU

At patient-level, UBU was observed in all stages. The fre-
quencies were 56.5% (13/23) in primary staging, 61.4% 
(89/145) in BCR, 64.3% (18/28) in HSPC, 63.2% (12/19) 
in nmCRPC, 40.0% (8/20) in mCRPC, 55.3% (26/47) in the 
follow-up group, and 100% (2/2) in the others group, with 
an overall frequency of 59.2% (168/284), defined as hav-
ing at least one UBU lesion. UBU occurred most in the ribs 
(50.4%, 143/284), followed by the spine (21.5%, 61/284) 
and pelvis (15.1%, 43/284) (Fig. 7a), with a similar distribu-
tion across disease stages (Fig. 7b).

Discussion

The primary purpose of this study was to identify an opti-
mal positivity threshold for evaluating the diagnostic per-
formance of [¹⁸F]PSMA-1007 PET/CT as well as compare 
the diagnostic accuracy with conventional imaging (CT and 
BS) in patients with various stages of PCa.

We systematically evaluated the diagnostic performance 
of [¹⁸F]PSMA-1007 PET/CT using different positivity crite-
ria, including PSMA-RADS, PSMA-expression score, and 
SUVmax. As a result, PSMA-RADS demonstrated the high-
est AUC on ROC analysis, indicating superior performance 
compared with other criteria. The advantage may come 
from the integration of tracer uptake intensity and lesion 

Fig. 6  Lesion-level detection 
rates of [¹⁸F]PSMA-1007 PET/
CT (a) stratified by PSA level in 
BCR patients (PSA 0.2–0.5 ng/
mL, n = 20; 0.5–1 ng/mL, n = 21; 
1–2 ng/mL, n = 20; >2 ng/mL, 
n = 131), and (b) comparison with 
diagnostic CT (n = 69) and BS 
(n = 40) across different lesions in 
mCRPC patients, using PSMA-
RADS-3 and PSMA-RADS-4 
positivity thresholds
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characteristics within PSMA-RADS, but the evaluation 
essentially depends on relative visual judgment rather than 
fixed numerical thresholds, which may introduce reader-
dependent variability and potentially affect the standardiza-
tion and reproducibility. Additionally, the PSMA-expression 
score is defined according to PROMISE V2, which is a 
framework for standardizing the imaging diagnosis, staging, 
and treatment response evaluation of PCa based on PSMA-
PET. Although it was used for evaluation of eligibility and 
monitoring of treatment response in 177Lu-PSMA radioli-
gand therapy rather than for malignancy discrimination, 
the PSMA-expression score was included in the present 
study because of its simplicity and wide clinical use [10]. 
Subsequently, we examined the impact of different posi-
tivity thresholds within each interpretation criterion, with 
particular attention to the equivocal lesions. In our study, 
changing the positivity threshold from PSMA-RADS-3 to 
−4, which means classifying equivocal lesions as negative, 
as well as from PSMA-expression score 1 to score 2 was 
associated with decreased sensitivity and increased speci-
ficity. Yin et al. used [⁶⁸Ga]PSMA-11 PET for bone metas-
tases, and reported that applying PSMA-RADS-3B cutoff 
yielded a sensitivity of 100% but a specificity of 63.6%, 
whereas using PSMA-RADS-4 cutoff increased specific-
ity to 100% and decreased sensitivity to 40.5% [19, 20]. In 

region-specific analyses, PSMA-RADS-4 showed favorable 
diagnostic efficacy for both LN and bone metastases, con-
sistent with prior findings that at least PSMA-RADS-4 is 
required to classify bone lesions as positive [2]. For local 
lesions, they are associated with heterogeneous background 
conditions, including treatment-naive primary lesions, post-
radical prostatectomy status, and post-radiation therapy, 
we did not include them in the comparison of diagnostic 
criteria. In addition, although specificity for local lesions 
was relatively low in the present study, it may be limited by 
the small sample size in this subgroup (false positive = 2, 
true negative = 1), while the high sensitivity remains clini-
cally meaningful. Notably, our findings are based on [¹⁸F]
PSMA-1007, and the same thresholds may not apply to 
other PSMA tracers with different biodistribution and back-
ground uptake.

Beyond threshold-based performance, true positive 
rates increased with higher PSMA-RADS and PSMA-
expression score categories across both overall and differ-
ent regions, consistent with higher malignancy rates for 
PSMA-RADS-4/5 lesions reported previously [20, 21]. 
It should be noted that PSMA-RADS-3 lesions exhibited 
marked regional heterogeneity. In the present study, PSMA-
RADS-3 A LN lesions showed higher true positive rate than 
PSMA-RADS-3B bone lesions, consistent with previously 
reported malignancy rates of 75% and 21.4%, respectively 
[20]. Of note, the slightly higher overall true-positive rate 
of PSMA-RADS-3 A/3B lesions observed in our study 
may relate to the use of PSMA-RADS version 2.0, which 
provides general notes on typical manifestations and spe-
cifically highlights low-level, CT-negative bone uptake 
frequently seen with [¹⁸F]PSMA-1007 as potentially appro-
priate for PSMA-RADS-2 [22].

The regional heterogeneity prompted further consid-
eration of the appropriateness of a single SUVmax cutoff 
value. Although SUVmax can provide supportive quantita-
tive information, it is affected by multiple factors, includ-
ing difference in PET probes, generation of PET scanners, 
and PET reconstruction parameters, making it difficult to 
set a universal threshold across centers [19]. Previous stud-
ies have reported different optimal SUVmax cutoff values, 
such as 5.30 for [⁶⁸Ga]Ga-PSMA-11 PET and 8.3 for [¹⁸F]
PSMA-1007 PET, both differing from the present study [14, 
23]. Our region-specific analyses revealed that Youden-
selected SUVmax cutoff values differed between LN and 
bone metastases. While LN metastases may benefit from 
more sensitive detection, bone lesions require threshold to 
reduce unspecific uptake, suggesting that SUVmax cutoff 
should be applied cautiously in different regions. Jiao et al. 
showed that different SUVmax cutoffs were required for 
peripheral and central prostate lesions, underscoring region-
specific SUVmax thresholds even within the same organ 

Fig. 7  UBU frequency at patient-level in (a) overall anatomical distri-
bution (n = 284) and (b) across disease stages (primary staging, n = 23; 
BCR, n = 145; HSPC, n = 28; nmCRPC, n = 19; mCRPC, n = 20; fol-
low-up, n = 47)
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[13]. The PRIMARY score provides a standardized visual 
assessment of intraprostatic PSMA-PET uptake in the early 
diagnosis of PCa, with a score of 5 indicating very intense 
uptake (SUVmax ≥ 12), while other scores are based on the 
relative uptake, location and morphological characteristics 
of the uptake, rather than absolute SUVmax values [24]. 
Overall, these findings suggest that SUVmax may be more 
suitable as an adjunctive parameter. Meanwhile, Werner et 
al. mentioned that although PSMA-RADS can be combined 
with quantitative metrics, further validation is required to 
define the most suitable SUVmax parameters, supporting 
integration with structured interpretation systems such as 
PSMA-RADS [9].

After establishing PSMA-RADS-4 as the optimal diag-
nostic threshold, [¹⁸F]PSMA-1007 PET/CT demonstrated 
higher sensitivity and accuracy compared with CT and BS, 
consistent with previous studies in different disease stages 
[5, 25–27]. Although specificity was slightly lower than CT, 
it was not significant. It was particularly evident when meta-
static disease remained inapparent on conventional imag-
ing, with [¹⁸F]PSMA-1007 PET/CT detecting lesions in 
BCR patients at low PSA levels, and identifying metastatic 
lesions in 31.6% of nmCRPC patients previously classified 
as non-metastatic. Similarly, PSMA PET/CT exclusively 
detected at least one true-positive lesion in approximately 
52% of HSPC patients (data not shown), further support-
ing its value for precise disease assessment when conven-
tional imaging is inconclusive. Furthermore, PSMA PET/
CT maintained high diagnostic performance across different 
regions, especially high specificity for LN and bone lesions, 
consistent with findings reported in previous studies [28, 
29].

Threshold selection consistently influenced detection 
rates across disease stages. Using PSMA-RADS-3 yielded 
uniformly high detection rates in both BCR and mCRPC 
patients, without clear PSA-dependent trend in BCR 
patients. This suggests potential overestimation at low PSA 
levels when equivocal lesions are considered positive. In 
contrast, PSMA-RADS-4 restored a clearer PSA-dependent 
increase in detection rates, consistent with our previous 
research and other patient-level studies [18, 26, 30, 31]. 
In mCRPC patients, PSMA PET/CT outperformed CT and 
BS even with PSMA-RADS-4 as the positivity criterion, 
supporting PSMA-RADS-3 as a screening threshold and 
PSMA-RADS-4 as more suitable for reflecting disease pro-
gression risk and treatment decisions. Interpretation at PSA 
< 0.2 ng/mL was limited by small lesion numbers, while 
previous studies indicate PSMA PET/CT retains detectabil-
ity at very low PSA levels [32].

UBU was observed across disease stages, most fre-
quently in the ribs, spine, and pelvis, consistent with previ-
ous studies and suggesting that UBU should be carefully 

considered when interpreting PSMA PET/CT, especially for 
isolated low-level bone uptake without a CT correlate. Dur-
ing follow-up, we found that 24 of 168 patients with UBU 
(14.3%) were classified as malignant at the patient level, 
defined as having at least one UBU lesion classified as true 
positive, although outcome assessment was not available in 
all cases. Meanwhile, consideration of the typical anatomic 
distribution of UBU on [¹⁸F]PSMA-1007 may also help 
avoid interpreting these findings as metastases [33, 34].

This study has several limitations. First, this was a single-
center analysis. Second, histopathologic confirmation was 
not available for all lesions, instead, composite reference 
standard was used, which may introduce uncertainty and 
bias estimates of diagnostic performance. This issue will 
need to be further validated and confirmed in future studies. 
Third, we only focused on [¹⁸F]PSMA-1007, and results of 
other tracers might be different and remains to be explored. 
Fourth, this study was based on imaging at 60  min after 
tracer injection; therefore, the positivity thresholds may not 
be directly applicable at later time points. Fifth, inter-reader 
agreement (e.g., κ statistics) was not assessed for PSMA-
RADS interpretation, which may limit the reproducibility 
of our findings.

Conclusion

This prospective study demonstrated that interpretation 
criteria and positivity thresholds strongly influence PSMA 
PET/CT performance, with PSMA-RADS-4 providing an 
appropriate positivity threshold for [¹⁸F]PSMA-1007 PET/
CT by balancing sensitivity and specificity. Under this 
threshold, [¹⁸F]PSMA-1007 PET/CT outperformed CT and 
BS, supporting its clinical utility in PCa management.
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