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Abstract
Purpose: The main objective of this prospective study was to assess the value of gallium‑68 prostate‑
specific membrane antigen  ([68 Ga]Ga‑PSMA‑11) positron emission tomography/computed tomogra‑
phy (PET/CT) in primary N and M staging of intermediate‑ and high‑risk prostate cancer (PCa) patients 
before planned curative‑intent radical prostatectomy (RPE) and extended pelvic lymph node dissection 
(ePLND). The second objective was to compare the  [68 Ga]Ga‑PSMA‑11 PET/CT findings with standard 
of care pelvic multi‑parametric magnetic resonance imaging (mpMRI) in the detection of locoregional 
lymph node metastases and intraprostatic prostate cancer.
Procedures: A total of 81 patients (mean age: 64.5 years, baseline mean trigger PSA (tPSA) 15.4 ng/
ml, ± 15.9) with biopsy proven PCa (24 intermediate‑ and 57 high risk) scheduled for RPE and ePLND 
were enrolled in this prospective study. In 52 patients  [68 Ga]Ga‑PSMA‑11 PET/CT, pelvic mpMRI, and 
RPE with ePLND have been performed. Clinical risk stratification and related biomarkers as well as 
Gleason score (GS) were recorded. The location of the index lesion (IL) was documented systematically 
for each modality using a standardized segmentation of the prostate in six segments. Distant bone and 
lymph node metastasis detected by  [68 Ga]Ga‑PSMA‑11 PET/CT were documented.  [68 Ga]Ga‑PSMA‑11 
PET/CT findings were correlated with results of mpMRI and histopathology. A consensus of imaging, 
clinical and/or follow‑up findings were used for determining the distant metastases, which were not 
verified by histopathology.
Results: In the patient cohort who underwent RPE,  [68 Ga]Ga‑PSMA‑11 PET/CT and mpMRI detected 
the IL in 86.5% and 98.1% of the patients, respectively. The median of the maximum standardized 
uptake value (SUVmax) in the intraprostatic IL was 12 (range, 4.7–67.8). Intraprostatic IL of the high‑risk 
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patients showed significantly higher SUVmax than those in patients with intermediate risk for distant 
metastases (n = 48; median: 17.84 vs. 8.77; p = 0.02).
In total 729 LN were removed by ePLND in 48 patients. The histopathology verified 26 pelvic 
lymph node metastases (pLNM) in 20.8% (10/48) of the patients, which have been correctly 
identified in 60% of the patients on  [68 Ga]Ga-PSMA-11 PET/CT, and in 50% on mpMRI. All 
but one pLNM had a maximum diameter below 10 mm.
Bone metastases (BM) and distant LNM (dLNM) were found in 17.3% of the patients on  [68 Ga]
Ga-PSMA-11 PET/CT imaging. 39.0% of the  [68 Ga]Ga-PSMA-11 PET-positive BM showed 
no suspicious morphological correlation on CT.
Conclusion: [68 Ga]Ga‑PSMA‑11 PET/CT shows high diagnostic performance for N and M staging of 
patients with intermediate‑ and high‑risk prostate cancer and seems to be superior to pelvic mpMRI 
in the detection of locoregional lymph node metastases. A significant correlation was found between 
SUVmax of the intraprostatic index lesion and risk stratification based on tPSA level and GS. The results 
of this study emphasize again on the role of metabolic molecular imaging using specific tracers in 
selected patients, leading to tailored therapy approach.

Key words Prostate cancer · Primary staging · [68 Ga]Ga‑PSMA‑11 · PET/CT · Multiparametric 
MRI

Introduction
Prostate cancer (PCa) is the second most common malig-
nancy in men worldwide and the most diagnosed cancer in 
most European countries [1]. Therefore, the selection of the 
most suitable diagnostic pathway for accurate staging of 
the disease plays a pivotal role in management of the PCa 
patients guiding to the appropriate treatment approach [2]. 
To date, there is no recommendation on the use of Gallium-
labeled prostate-specific membrane antigen positron emission 
tomography-computed tomography  ([68 Ga]Ga-PSMA-11 
PET/CT) imaging for primary staging of PCa in the current 
EAU-ESTRO-SIOG Guidelines [3]. However, multiparamet-
ric magnetic resonance imaging (mpMRI) is recommended 
for local staging in patients with intermediate- and high-risk 
PCa. For the assessment of distant metastases, cross-sectional 
abdomen-pelvic imaging by computed tomography (CT) and/
or bone scan are recommended [3, 4]. Prostate-specific mem-
brane antigen (PSMA) is a type II transmembrane protein that 
is expressed on the cell surface of prostatic cells, but also in 
the neovasculature of other malignant neoplasms [5]. It is 
overexpressed up to 1000 times in PCa cells compared to 
normal prostate epithelial cells [6]. This biological character-
istics enables excellent depiction of the PCa cells by  [68 Ga]
Ga-PSMA-11 PET/CT imaging [7, 8]. It has also been shown 
that there is a positive correlation between PSMA expression 
and Gleason score (GS). Moreover, a high PSMA expression 
is significantly associated with a higher risk of disease recur-
rence following curative surgery [9]. In recent years, several 
studies assessed the potential of radiolabeled-PSMA-11 PET/
CT in PCa; however, the main focus was on patients with 
biochemical recurrence [10–12]. There are far less studies 
comparing the diagnostic value between  [68 Ga]Ga-PSMA-11 
PET/CT and mpMRI in the staging setting, particularly in 

the assessment of pelvic lymph nodes. In addition, most of 
previous investigations presented retrospective data [13–18].

To the best of our knowledge, there are only few studies 
in this concern with prospective design [19].

Considering the limitations addressed in the previous stud-
ies, mainly retrospective design without histopathologic corre-
lations and clear standard of proof, we performed this prospec-
tive clinical trial to assess the value of  [68 Ga]Ga-PSMA-11 
PET/CT in pre-operative N and M staging of intermediate- and 
high-risk PCa patients compared to pelvic multi-parametric 
magnetic resonance imaging (mpMRI) and histopathological 
findings. Furthermore, we investigated the agreement between 
 [68 Ga]Ga-PSMA-11 PET/CT and mpMRI in the detection of 
the intraprostatic index lesion (IL) and assessed the impact of 
clinical biomarkers on  [68 Ga]Ga-PSMA-11 PET-positivity.

Patients and Methods
This prospective single-center study was performed in 
accordance with the principles of the 1964 Declaration of 
Helsinki and its later amendments or comparable standards 
and approved by the routing ethics committee of the province 
with trial number of “415-E/2146/4–2017” and was regis-
tered in the European Clinical Trials Database (EudraCT 
number: 2020–000,771-20). Written informed consent was 
obtained from all individuals participated in the study accord-
ing to the guidelines of the Ethics Committee.

All included patients were scheduled for  [68  Ga]Ga-
PSMA-11 PET/CT, pelvic mpMRI, and radical prostatec-
tomy (RPE). Trigger PSA (tPSA), Gleason score (GS), and 
National Comprehensive Cancer Network (NCCN) risk strati-
fication based on biopsy were recorded. The final diagnosis 
was principally based on histopathological sections from 
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RPE. In case of lack of histopathology, undetermined find-
ings, or disagreement between two readers, the final inter-
pretation has been defined by an interdisciplinary consensus 
using other imaging modalities and clinical findings.

Patients

Overall, 81 consecutive patients (mean age 64.5  years, 
45.3–79.1/mean tPSA 15.4 ng/ml; range, 4.1–94.0) have been 
prospectively included between September 2017 and Janu-
ary 2020. The inclusion criteria were transrectal ultrasound 
(TRUS)-guided biopsy-proven prostate cancer, without any 
clinical evidence of metastases and a median Eastern Co-
operative Oncology Group (ECOG) performance status of 
zero, who were principally scheduled for RPE. The criteria 
for patient selection are shown in Table 1.

Image Acquisition

[68 Ga]Ga‑PSMA‑11 PET/CT

Imaging was performed systematically according to the study 
protocol from the base of skull to the proximal femur (PET-
Position 2 min 40 s, 2 mm slices) using two different PET/CT 
scanners (Philips Ingenuity TF, Amsterdam/the Netherlands, 
and Siemens Biograph mCT, Erlangen/Germany). Mean 
interval between  [68 Ga]Ga-PSMA-11 application and the 
start of the acquisition was 60 min (SD ± 14.4 min). The mean 
injected activity per kg/bodyweight was 2.15 MBq. A non-
contrast-enhanced low-dose CT scan (Siemens: Care Dose 
4D, Care kV, slice thickness 1.2 mm and pitch 1.5; Philips: 
100 kV, 33 mAs, slice thickness 1.5 mm and pitch 0.8) was 
performed for attenuation correction and localization. Slices 

measuring 3 mm were reconstructed using iDose mode level 
3 (Philips Ingenuity TF), respectively, SAFIRE level 3 (Sie-
mens Biograph). Both PET/CT scanners are EARL/EANM 
(EANM Research Ltd/European Association of Nuclear 
Medicine) accredited. Therefore, we assume that the perfor-
mance of both scanners is almost similar. PSMA-11 (Glu-
NH-CO–NH-Lys(Ahx)-HBED-CC) form ABX advanced bio-
chemical compounds (Radeberg, Germany) was synthesized 
using the SCINTOMICS  GRP® module. The used procedure 
follows the manufacturer’s information (version 2.0). Several 
quality checks were performed including thin-layer chroma-
tography (TLC) and high-performance liquid chromatogra-
phy (HPLC) to guarantee a radiochemical purity > 95 %.

Multiparametric MRI

The mpMRI images were performed covering the pelvis 
using a 3 Tesla MRI (Achieva, Philips Medical Systems, 
Best/the Netherlands) with an anterior coil. Patient position 
was “feet first,” and a pelvis compression belt was used. The 
MRI exam was performed and interpreted in accordance with 
the current Prostate Imaging Reporting and Data System ver-
sion 2 guidelines (PI-RADS v 2.0) [20]. T2-weighted turbo 
spin-echo (3 mm sagittal, transversal and coronary slices) and 
transversal diffusion-weighted (DWI) sequences, including 
high b-value images (0/50/1000/2000s/mm2), were acquired. 
After injection of 1  ml per bodyweight contrast media 
gadobutrol (Gadovist, Bayer Healthcare, Germany) dynamic 
T1-weighted fast field echo and post-contrast T1-weighted 
images were obtained, the FOV was focused on the prostate. 
In addition, DWI images (b-value images 0/800/1200 s/mm2) 
and transversal post-contrast DIXON-W T1-weighted images 

Table 1.  Patients per modality 
and characteristics of patients who 
underwent RPE

NCCN risk classification
Included patients (n) 81 Intermediate 24 (29.6%)

High 57 (70.4%)
Patients with PET/CT and mpMRI (n) 71 Intermediate 22 (31.0%)

High 49 (69.0%)
Patients with RPE + ePLND (n) 54 Intermediate 24 (44.4%)

High 30 (55.6%)
Patients with PET/CT, mpMRI and RPE + ePLND 

(n)
52 Intermediate 23 (44. 2%)

High 29 (55.8%)
Age, median (range) 65.9 (45.3–79.1)
tPSA median (range) 10.04 ng/ml (4.1–94)

Characteristics Value
Gleason score RPE, n (%) 6 1 (1.9%)

7a 24 (44.4%)
7b 8 (14.8%)
8 6 (11.1%)
9 15 (27.8%)

pT stage, n (%) T2c 30 (55.5%)
T3a 11 (20.4%)
T3b 11 (20.4%)
T4 2 (3.7%)
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with a larger FOV for pelvic lymph node evaluation and cov-
ering the entire pelvis were performed.

Image interpretation

[68 Ga]Ga‑PSMA‑11 PET/CT

Reporting was done systematically using a segmentation 
of the prostate in six segments (left and right — base, mid, 
apex) for  [68 Ga]Ga-PSMA-11 PET/CT. An increased, non-
physiologic uptake more than background activity in each 
organ (e.g., prostate, bone) or more than blood pool (e.g., 
lymph nodes) was considered as abnormal. Images were 
evaluated by two board-certified nuclear medicine physicians 
(L.R. and G.S-Z.) who were aware of all available clinical 
data, but blinded to the localization of the primary tumor 
as known from the transrectal ultrasound (TRUS)-guided 
biopsy. Lesion-based mean and maximum standardized 
uptake value (SUVmean/max) were measured using a 40 % 
threshold of maximum activity in the 3D volume of inter-
est (VOI) by using the commercially available image view-
ing software IntelliSpace Portal (Koninklijke Philips N.V., 
2015). The lesion with the highest SUVmax was defined as 
“index lesion” (IL). Number and position of lymph nodes 
and bone lesions with abnormal increased uptake have been 
documented.

Multiparametric MRI

All images were evaluated by an experienced board-certified 
uro-radiologist (M.M.), using the PI-RADS v2-scoring sys-
tem [20], who was aware of all available clinical data, but 
was blinded to the location of the primary tumor as known 
from the TRUS biopsy and the PET/CT images. A second 
experienced uro-radiologist (R.F.) has supervised the reading 
especially in undetermined cases. The lesion with the highest 
PIRADS classification was defined as IL. If there were more 
lesions with the same PIRADS classification, the lesion with 
the lager diameter was defined as IL.

Correlation of Intraprostatic Imaging Findings 
with Histopathology

For an inter-modality comparison of the anatomic location 
of the intraprostatic lesions, the 6-segment model (left and 
right — base, mid, apex) was used for each modality.  [68 Ga]
Ga-PSMA-11 PET/CT results included the anatomic location 
of the lesions and SUVmax values. mpMRI results included 
the anatomic location of the lesions, PI-RADS v2 score, and 
TNM classification. Histopathological results included the 
anatomic location of the lesions, GS based on prostatectomy, 
residual tumor, and TNM classification, as well as number, 
size, and location of malignant lymph nodes (LN). In addi-
tion, GS based on biopsy and tPSA values at the date of the 
 [68 Ga]Ga-PSMA-11 PET/CT examination were collected. 

RPE specimen were routinely grossly dissected with clearly 
defined localization and diagnosed including the GS accord-
ing to the College of American Pathologists (CAP) guide-
lines. Prostate tissue was evaluated histologically, and hema-
toxylin–eosin stained tissue sections were analyzed. For the 
categorization of imaging findings, a histological tumor bur-
den of more than 60 % of malignant cells in the respective 
section in one of the six segments was defined as positive. 
Histopathological evaluation was done by an experienced 
board-certified pathologist (C.H–K.).

Statistical Analysis

Data were crosschecked for consistency and normality. Data 
were visually inspected for invalid values and outliers by 
using probability plots and Kolmogorov–Smirnov test was 
applied to test for normality. In case of non-normal data, 
Kruskal–Wallis ANOVA and Mann–Whitney U test were 
applied to compare medians among various independent 
groups, and Spearman correlation coefficients were used to 
analyze the correlations between various continuously dis-
tributed variables such as SUVmax and tPSA level. The cor-
relation between SUVmax and GS based on biopsy and/or 
histopathology after prostatectomy, respectively, was assessed 
by Kruskal–Wallis ANOVA. The differences in median SUV-
max values between tumors with GS ≤ 7b and those with 
GS of ≥ 8, between tumors with T-stage ≤ pT2c and those 
with ≥ pT3a, and between tumors with UICC stadium ≤ 2 
and ≥ 3, respectively, were calculated by Mann–Whitney U 
test. Sensitivity, specificity and accuracy with 95 % CI (Pear-
son-Clopper) were computed when appropriate. All reported 
tests were two-sided, and p values < 0.05 were considered as 
statistically significant. All statistical analyses in this report 
were performed by use of NCSS (NCSS 10, NCSS, LLC. 
Kaysville, UT), STATISTICA 13 (Hill, T. & Lewicki, P. Sta-
tistics: Methods and Applications. StatSoft, Tulsa, OK), and 
PASW 24 (IBM SPSS Statistics for Windows, Version 21.0., 
Armonk, NY).

Results
Overall, 81 PCa patients were included for primary N and 
M staging in this study and underwent  [68 Ga]Ga-PSMA-11 
PET/CT. However, mpMRI and postoperative histopatho-
logic findings were available in 52 cases. The median inter-
val between two imaging modalities was 2 days (range, 
0–16 days). According to National Comprehensive Cancer 
Network (NCCN) criteria [21], 29.6 % (24/81) patients were 
classified as intermediate risk and 70.4 % (57/81) as high risk 
for extra-glandular metastases. Among the 52 patients who 
underwent  [68 Ga]Ga-PSMA-11 PET/CT, mpMRI and RPE, 
44.2 % (23/52) were classified as intermediate risk and 55.8 
% (29/52) as high risk. Patient’s characteristics and details 
of performed imaging modalities are shown in Table 1. The 
reasons for missing clinical or imaging data are shown in an 
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additional table (see ESM 1). Statistical data and correlation 
analysis are summarized in the additional table 2 (see ESM 
2).

Primary Tumor (T-Stage)

[68 Ga]Ga-PSMA-11 PET/CT detected the IL in 88.9 % 
(72/81) of the patients, whereas in 11.1 % (9/81) of the 
patients, the primary tumor was not clearly distinguishable 
from normal prostate tissue. These nine patients showed a 
median tPSA of 10.1 ng/ml (range, 5.30–12.3 ng/ml). In one 
of these patients,  [68 Ga]Ga-PSMA-11 PET/CT detected 
distant LNM (supraclavicular/tPSA 11.99 ng/ml/GS 7b). 
Eight out of these nine  [68 Ga]Ga-PSMA-11 PET-negative 
patients underwent mpMRI. All eight patients were classi-
fied as cT-stage ≥ T2a. In the patient cohort with mpMRI 
and RPE,  [68 Ga]Ga-PSMA-11 PET/CT and mpMRI detected 
the IL in 86.5 % (45/52) and 98.1 % (51/52) of the patients, 
respectively. The sensitivity for the detection of the IL was 
88.9 % (CI 81–94 %) and 98.6 % (CI 93–99.9 %) for  [68 Ga]
Ga-PSMA-11 PET/CT and mpMRI, respectively.

The median SUVmax in the IL was 12 (range, 4.7–67.8). 
Only a weak correlation (n = 72, rs = 0.38, p = 0.001) was 
found between the SUVmax and tPSA level (Fig. 1). The 
difference in the SUVmax according to the particular GS was 
not statistically significant, neither for GS based on biopsy 
(n = 70, p = 0.3), nor for GS-based histopathological findings 
prostatectomy specimens (n = 48, p = 0.39). The comparison 
of SUVmax values of the IL of different GS subgroups are 
shown in the supplemental Fig. 2 (see ESM 3).

A significant difference was found in maximum SUV 
levels of the intraprostatic index lesion between intermedi-
ate compared to high-risk patients based on tPSA and GS 
obtained from histopathology (n = 48, median: 8.77 vs. 17.84; 
25–75 % quartile: 6.41–18.55 vs. 9.98–24.24; Mann–Whitney 
U test: p = 0.02) (Fig. 2). However, there were no statistically 
significant differences in median SUVmax between tumors 
with T-stage pT2c and ≥ pT3a (n = 48, p = 0.098) and between 
tumors with Union Internationale Contre le Cancer (UICC) 
stadium ≤ 2 and ≥ 3 (n = 48, p = 0.056), respectively. Compar-
ison of median SUVmax values in patients with T-stage pT2c 
and ≥ pT3a is shown in the supplemental Fig. 3 (see ESM 4).

LNM (N-Stage)

In total 729 LN were removed by ePLND in 48 patients, 
and in 20.8 % (10/48) of the patients, malignant LN were 
detected in the histologic evaluation (in total 26 malignant 
LN). Out of these 10 patients, 60 % (6/10) showed LN metas-
tases on  [68 Ga]Ga-PSMA-11 PET/CT, while it was 50 % 
(5/10) on mpMRI considering the same FOV. The sensi-
tivity, specificity, and accuracy for the detection of pelvic 
LNM were 60 %, 91 %, and 83 % for  [68 Ga]Ga-PSMA-11 
PET/CT and 50 %, 97 %, and 87 % for mpMRI, respec-
tively. In 5 patients, both imaging modalities were able to 
detect pelvic LNM. Out of these 26 LNM, 61.5 % (16/26) 
were positive on  [68 Ga]Ga-PSMA-11 PET/CT and 38.5 % 
(10/26) on mpMRI, respectively. Four histologically verified 
LNM were detected neither by  [68 Ga]Ga -PSMA-11 PET/
CT nor by mpMRI. In 3 patients with  [68 Ga]Ga-PSMA-11 
PET-positive LN, no cancerous tissue was reported in the 

Fig. 1.  Comparison of tPSA 
levels and SUVmax. r (Spear-
man) = 0.38; p < 0.001.
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dissected LN on the histopathological examinations. All but 
one  [68 Ga]Ga-PSMA-11 PET- negative LNM removed meas-
ured less than 10 mm in size with a median size of 2 mm 
(range, 0.6–13 mm), while the median size of the  [68 Ga]Ga-
PSMA-11 PET-positive LNM was 6 mm (range, 0.6–18 mm).

Distant Metastases (M-Stage)

Bone metastases (BM) were found in 14.8 % (12/81) and 
9.9 % (7/71) of the patients on  [68 Ga]Ga-PSMA-11 PET 
and pelvic mpMRI, respectively. In 6 patients, both imaging 
modalities were able to detect BM in the pelvic region. In 
one case, the MRI showed an unclear osseous lesion with a 
strong contrast enhancement. In total 41 PET-positive bone 

lesions were seen. However, 26.8 % (11/41) of the  [68 Ga]
Ga-PSMA-11 PET-positive BM in 58.3 % (7/12) of these 
patients were outside the MRI-FOV (ribs, scapula, vertebral 
bodies). Out of them, 5 patients had oligometastasis. Only 
18.2 % (2/11) of the  [68 Ga]Ga-PSMA-11 PET-positive dis-
tant bone lesions in 2 patients showed appreciable morpho-
logical changes on CT suggestive of metastases.

No suspicious morphological changes were seen on CT 
in 39.0 % (16/41) of the  [68 Ga]Ga-PSMA-11 PET-positive 
BM.  [68 Ga]Ga-PSMA-11 PET/CT detected early bone mar-
row involvement in 41.7 % (5/12) of the patients (intermedi-
ate risk n = 2, high risk n = 3), before morphological changes 
appeared on CT. There was a significant correlation between 
distant metastases detected by  [68 Ga]Ga-PSMA-11 PET/CT 

Fig. 2.  SUVmax and risk 
assessment based on GS in 
RPE specimen and tPSA value 
(p = 0.02).

Fig. 3.  The potential of  [68 Ga]Ga‑PSMA‑11 PET in the detection of small LN clearly superior to mpMRI. A 71‑year‑old high‑risk prostate 
cancer patient, Gleason score 6 and tPSA of 20.96 ng/ml showed suspicious uptake in a pelvic LN in the maximum intensity projection 
image (a) and the fused PET/CT image (b). However, it did not fulfill the criteria for malignancy on T2‑weighted MR imaging (c).
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and mpMRI-based T-stage (n = 11, p = 0.0001) and tPSA 
(n = 14, p = 0.004). However, no remarkable correlation 
was found between distant metastases and biopsy-based GS 
(n = 14, p = 0.65).

Overall,  [68 Ga]Ga-PSMA-11 PET/CT was able to detect 
distant metastases in 17.3 % (14/81) of the patients.

Discussion
[68 Ga]Ga-PSMA-11 PET/CT in assessment of PCa patients 
was the focus of a large number of publications in the last 
years. However, there are still limited prospective clinical 
trials assessing the  [68 Ga]Ga-PSMA-11 PET/CT in primary 
staging of PCa in an adequate patient’s population compar-
ing to standard of care mpMRI. In this prospective study, we 
evaluated the value of  [68 Ga]Ga-PSMA-11 PET/CT in pre-
operative staging of intermediate- and high-risk PCa patients 
compared to pelvic mpMRI and histopathological findings.

The results of this clinical trial showed a high diagnostic 
performance of  [68 Ga]Ga-PSMA-11 PET/CT imaging in pri-
mary staging of biopsy-proven PCa, particularly in accurate 
detection of lymph nodes and distant metastases (Figs. 4 and 
5), which led to tailored treatment strategy for each individual 
and optimal management of the disease. In the detection of 
primary intraprostatic PCa, mpMRI showed higher sensitivity 
of 98.6 % comparing to 88.9 % for  [68 Ga]Ga-PSMA-11 PET/
CT. Although, some studies found no difference between 
 [68 Ga]Ga-PSMA-11 PET/CT and MRI in the detection of 
intraprostatic index lesions; however, similar to our findings, 
it is generally accepted that mpMRI is superior to  [68 Ga]

Ga-PSMA PET/CT in the assessment of the primary tumor 
(T-stage) [3, 22, 23].

In the detection of pelvic LNM,  [68 Ga]Ga-PSMA-11 PET/
CT showed higher sensitivity comparing to mpMRI (Fig. 3). 
In a previous study, Franklin et al. evaluated the predictive 
value of mpMRI and  [68 Ga]Ga-PSMA PET/CT for patho-
logical outcomes at RPE and PLND. The authors reported 
that preoperative  [68 Ga]Ga-PSMA PET/CT was more sensi-
tive in identifying histologically verified pelvic LNM than 
mpMRI. However,  [68 Ga]Ga-PSMA PET/CT was negative 
in 32.8 % (20/61) of the high-risk patients with microscopic 
LNM [24]. Our results are comparable with these reported 
findings. In 40 % (4/10) of the patients, the micro-metastatic 
lymph nodes (< 3 mm) were not detectable by  [68 Ga]Ga-
PSMA-11 PET/CT. All but one  [68 Ga]Ga-PSMA-11 PET-
negative LNM removed measured less than 10 mm in size 
with a median size of 2 mm, while the median size of the 
 [68 Ga]Ga-PSMA-11 PET-positive LNM was 6 mm. These 
findings are in accordance with the data reported in a recent 
study showing the median size of undetected LNM of 4.3 mm 
(range 1.0–10.8 mm) on  [68 Ga]Ga-PSMA-11 PET/CT [25].

Another recent study by Esen et al. evaluated the accuracy 
of preoperative  [68 Ga]Ga-PSMA-11 PET/CT in the detec-
tion of LNM in intermediate- or high-risk PCa patients. The 
authors reported a per-patient sensitivity, specificity, and 
accuracy of 53.3 %, 98.8 %, and 91.7 % in the detection of 
LNM, respectively [17]. The minor differences of the results 
may be related to the number of included patients with differ-
ent risk stratifications, surgical approaches, and mean number 
of dissected lymph nodes.

In addition,  [68 Ga]Ga-PSMA-11 PET/CT changed the 
therapeutic management of the disease in about 20 % of 

Fig. 4.  The potential of  [68 Ga]
Ga-PSMA-11 PET in the 
detection of distant LNM. A 
59-year-old high-risk prostate 
cancer patient, Gleason score 
7b, and tPSA of 11.99 ng/ml 
showed suspicious uptake in LN 
supraclavicular left. a Maxi-
mum intensity projection image; 
b PET image, fused PET/CT 
image, and CT image alone.
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the patients, similar to the previous reported findings which 
showed superior accuracy of  [68 Ga]Ga-PSMA PET/CT when 
compared to the combined findings of CT and bone scan-
ning (Fig. 5) [26–28]. In our study, only 18.2 % (2/11) of 
the  [68 Ga]Ga-PSMA-11 PET-positive distant bone lesions 
showed appreciable morphological changes on CT sugges-
tive of metastases.

PSA value and GS are well-accepted markers for risk strat-
ification guiding the use of further diagnostic tools. Notably, 
our results suggest that the median tPSA alone seems not to 
be an accurate marker for selecting patients who may benefit 
from  [68 Ga]Ga-PSMA-11 PET/CT, since nine patients with 
tPSA levels below 10 ng/ml had already LN or bone metas-
tases. Nevertheless, our data showed a significant correlation 
between occurrence of distant metastases and mpMRI-based 
T-stage and tPSA, which could serve as clinical predictors 
of bone metastases on  [68 Ga]Ga-PSMA-11 PET/CT. Also, 
a previous study reported that extra-prostatic disease is pre-
dictive of a poor surgical response (SR) to RPE and  [68 Ga]
Ga-PSMA-11 PET/CT had a superior predictive value for SR 
than GS, tPSA, or T-stage [29].

However, due to limited sample size, creating a predic-
tion model for analysis of risk-stratification of extra-pros-
tatic metastases was not possible. Recent studies reported 
various results concerning the correlation between SUVmax 
and PSA value [30–32]. We found a significant correlation 

between tPSA and SUVmax in the IL confirming the findings 
of Cytawa et al. [32] who reported weak correlation between 
SUVmax of primary tumors and tPSA levels. In addition, 
we found no association between SUVmax and GS. Using 
a risk assessment including histopathology-based GS and 
tPSA value, we found a significant difference between SUV-
max levels in the IL in intermediate compared to high-risk 
patients. Generally, histopathology relies on a threshold for 
tumor cell invasion in the respective segment. In our study, a 
60 % threshold was used to outline the primary tumor. Few 
studies reported the respective thresholds applied, and this 
might therefore explain controversial results concerning the 
relation between the intensity of  [68 Ga]Ga-PSMA-11 uptake 
in the primary tumor and GS (rPearson = 0.66; p < 0.001) [31, 
33].

This study has some limitations. Bone metastases and dis-
tant LNM could not be histologically verified. We employed 
a CT protocol without contrast agent, which reduces the sen-
sitivity in detecting lymph nodes based on the CT criteria 
only. However, all but one LNM were smaller than 10 mm. 
Although we have tried to mark dissected lymph nodes and 
correlate them with corresponding imaging findings, a 1:1 
verification was not possible. This was mainly due to the 
reason that only the region of resected lymph nodes will 
be documented by the urologists. Thus, they were not able 
to mark each single LN that has been detected on imaging 

Fig. 5.  The additive value of  [68 Ga]Ga‑PSMA‑11 PET/CT in the detection of distant bone metastases. A 58‑year‑old intermediate‑risk 
prostate cancer patient, Gleason score 7a, and tPSA of 19.08 ng/ml showed suspicious focal uptake on the left spine of the scapula 
without morphological changes on CT. a Maximum intensity projection image; b index lesion on PET imaging, index lesion on fused 
PET/CT imaging, and T2‑weighted MRI (PIRADS 3); c bone lesion on PET imaging, bone lesion on fused PET/CT imaging, and CT image 
in bone window.
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modalities. The comparison between  [68 Ga]Ga-PSMA-11 
PET/CT and mpMRI performance was restricted to the pelvic 
region due to the limited mpMRI-FOV.

Conclusions
[68 Ga]Ga-PSMA-11 PET/CT shows high diagnostic perfor-
mance for N and M staging of patients with intermediate- and 
high-risk prostate cancer and seems to be superior to pelvic 
mpMRI in the detection of locoregional lymph node metas-
tases. A significant correlation was found between SUVmax 
of the intraprostatic index lesion and risk stratification based 
on tPSA level and GS. The results of this study emphasize 
again on the role of metabolic molecular imaging using spe-
cific tracers in selected patients, leading to tailored therapy 
approach.

Supplementary Information The online version contains supplementary 
material available at https:// doi. org/ 10. 1007/ s11307- 021- 01650-9.

Acknowledgements We acknowledge the staff of the departments of Nuclear 
Medicine and Endocrinology and Radiology, of the Paracelsus Medical Uni-
versity in Salzburg and the patients who participated in the study. We par-
ticularly thank Dr. Lukas Rettenbacher and Dr. Sumaiya Al Siyabi, for their 
excellent clinical feedbacks.

Funding Open access funding provided by Paracelsus Medical University.

Code Availability Trial number: 415-E/2146/4–2017; EudraCT number: 
2020–000,771-20.

Declarations 

Consent to Participate and Publication All patients gave written 
informed consent to participate in the study. All patients provided 
informed consent to allow for the publication of their anonymized data 
collected during this study.

Conflict of Interest The authors declare that they have no conflict of interest.

Open Access This article is licensed under a Creative Commons Attribu-
tion 4.0 International License, which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link 
to the Creative Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to 
the material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by/4. 0/.

References

 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A 
(2018) Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin 68:394–424. https:// doi. org/ 10. 3322/ caac. 21492

 2. Stabile A, Giganti F, Rosenkrantz AB, Taneja SS, Villeirs G, Gill IS 
et al (2020) Multiparametric MRI for prostate cancer diagnosis: current 
status and future directions. Nat Rev Urol 17:41–61. https:// doi. org/ 10. 
1038/ s41585- 019- 0212-4

 3. Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, de Santis 
M et al (2017) EAU-ESTRO-SIOG guidelines on prostate cancer Part 
1: screening, diagnosis, and local treatment with curative intent. Eur 
Urol 71:618–29. https:// doi. org/ 10. 1016/j. eururo. 2016. 08. 003

 4. Deutsche Krebsgesellschaft, Deutsche Krebshilfe, AWMF (Leitlin-
ienprogramm Onkologie). Leitlinienprogramm Onkologie (Deutsche 
Krebsgesellschaft, Deutsche Krebshilfe, AWMF): Interdisziplinäre 
Leitlinie der Qualität S3 zur Früherkennung, Diagnose und Thera-
pie der verschiedenen Stadien des Prostatakarzinoms. 2019. https:// 
www. leitl inien progr amm- onkol ogie. de/ leitl inien/ prost ataka rzinom/. 
Accessed 29 Jul 2020

 5. Leek J, Lench N, Maraj B, Bailey A, Carr IM, Andersen S et al 
(1995) Prostate-specific membrane antigen: evidence for the exist-
ence of a second related human gene. Br J Cancer 72:583–588. 
https:// doi. org/ 10. 1038/ bjc. 1995. 377

 6. Evans MJ, Smith-Jones PM, Wongvipat J, Navarro V, Kim S, Bander 
NH et al (2011) Noninvasive measurement of androgen receptor 
signaling with a positron-emitting radiopharmaceutical that tar-
gets prostate-specific membrane antigen. Proc Natl Acad Sci U S A 
108:9578–9582. https:// doi. org/ 10. 1073/ pnas. 11063 83108

 7. Maurer T, Eiber M, Schwaiger M, Gschwend JE (2016) Current 
use of PSMA-PET in prostate cancer management. Nat Rev Urol 
13:226–235. https:// doi. org/ 10. 1038/ nrurol. 2016. 26

 8. Chang SS, Reuter VE, Heston WD, Bander NH, Grauer LS, Gaudin 
PB (1999) Five different anti-prostate-specific membrane antigen 
(PSMA) antibodies confirm PSMA expression in tumor-associated 
neovasculature. Cancer Res 59:3192–3198

 9. Hupe MC, Philippi C, Roth D, Kümpers C, Ribbat-Idel J, Becker 
F et al (2018) Expression of prostate-specific membrane antigen 
(PSMA) on biopsies is an independent risk stratifier of prostate can-
cer patients at time of initial diagnosis. Front Oncol 8:623. https:// 
doi. org/ 10. 3389/ fonc. 2018. 00623

 10. Afshar-Oromieh A, Holland-Letz T, Giesel FL, Kratochwil C, Mier 
W, Haufe S et al (2017) Diagnostic performance of 68Ga-PSMA-11 
(HBED-CC) PET/CT in patients with recurrent prostate cancer: eval-
uation in 1007 patients. Eur J Nucl Med Mol Imaging 44:1258–1268. 
https:// doi. org/ 10. 1007/ s00259- 017- 3711-7

 11. Calais J, Kishan AU, Cao M, Fendler WP, Eiber M, Herrmann K 
et al (2018) Potential impact of 68Ga-PSMA-11 PET/CT on the plan-
ning of definitive radiation therapy for prostate cancer. J Nucl Med 
59:1714–1721. https:// doi. org/ 10. 2967/ jnumed. 118. 209387

 12. Eiber M, Maurer T, Souvatzoglou M, Beer AJ, Ruffani A, Haller B 
et al (2015) Evaluation of hybrid 68Ga-PSMA ligand PET/CT in 248 
patients with biochemical recurrence after radical prostatectomy. J 
Nucl Med 56:668–674. https:// doi. org/ 10. 2967/ jnumed. 115. 154153

 13. Koerber SA, Utzinger MT, Kratochwil C, Kesch C, Haefner MF, 
Katayama S et al (2017) 68Ga-PSMA-11 PET/CT in newly diagnosed 
carcinoma of the prostate: correlation of intraprostatic PSMA uptake 
with several clinical parameters. J Nucl Med 58:1943–1948. https:// 
doi. org/ 10. 2967/ jnumed. 117. 190314

 14. Chen M, Zhang Q, Zhang C, Zhao X, Marra G, Gao J et al (2019) 
Combination of 68Ga-PSMA PET/CT and multiparametric MRI 
improves the detection of clinically significant prostate cancer: a 
lesion-by-lesion analysis. J Nucl Med 60:944–949. https:// doi. org/ 
10. 2967/ jnumed. 118. 221010

 15. Eiber M, Weirich G, Holzapfel K, Souvatzoglou M, Haller B, 
Rauscher I et al (2016) Simultaneous 68Ga-PSMA HBED-CC PET/
MRI improves the localization of primary prostate cancer. Eur Urol 
70:829–836. https:// doi. org/ 10. 1016/j. eururo. 2015. 12. 053

 16. Corona-Montes VE, González-Cuenca E, Fernández-Noyola G, 
Olarte-Casas MA, Bobadilla-Salazar D, Medrano-Urtecho HM, 
Asimakopoulos AD (2020) Primary lymph-node staging with 68Ga-
PSMA PET in high-risk prostate cancer: pathologic correlation with 
extended pelvic lymphadenectomy specimens. Urol Oncol. https:// 
doi. org/ 10. 1016/j. urolo nc. 2020. 10. 074

 17. Esen T, Falay O, Tarim K, Armutlu A, Koseoglu E, Kilic M et al 
(2021) 68Ga-PSMA-11 positron emission tomography/computed 
tomography for primary lymph node staging before radical prostatec-
tomy: central review of imaging and comparison with histopathology 

https://doi.org/10.1007/s11307-021-01650-9
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21492
https://doi.org/10.1038/s41585-019-0212-4
https://doi.org/10.1038/s41585-019-0212-4
https://doi.org/10.1016/j.eururo.2016.08.003
https://www.leitlinienprogramm-onkologie.de/leitlinien/prostatakarzinom/
https://www.leitlinienprogramm-onkologie.de/leitlinien/prostatakarzinom/
https://doi.org/10.1038/bjc.1995.377
https://doi.org/10.1073/pnas.1106383108
https://doi.org/10.1038/nrurol.2016.26
https://doi.org/10.3389/fonc.2018.00623
https://doi.org/10.3389/fonc.2018.00623
https://doi.org/10.1007/s00259-017-3711-7
https://doi.org/10.2967/jnumed.118.209387
https://doi.org/10.2967/jnumed.115.154153
https://doi.org/10.2967/jnumed.117.190314
https://doi.org/10.2967/jnumed.117.190314
https://doi.org/10.2967/jnumed.118.221010
https://doi.org/10.2967/jnumed.118.221010
https://doi.org/10.1016/j.eururo.2015.12.053
https://doi.org/10.1016/j.urolonc.2020.10.074
https://doi.org/10.1016/j.urolonc.2020.10.074


59Molecular Imaging and Biology (2021) 24:50–59

of extended lymphadenectomy. Eur Urol Focus 7:288–293. https:// 
doi. org/ 10. 1016/j. euf. 2021. 01. 004

 18. Kopp J, Kopp D, Bernhardt E, Manka L, Beck A, Gerullis H et al 
(2020) 68Ga-PSMA PET/CT based primary staging and histological 
correlation after extended pelvic lymph node dissection at radical 
prostatectomy. World J Urol 38:3085–3090. https:// doi. org/ 10. 1007/ 
s00345- 020- 03131-0

 19. Tulsyan S, Das CJ, Tripathi M, Seth A, Kumar R, Bal C (2017) 
Comparison of 68Ga-PSMA PET/CT and multiparametric MRI for 
staging of high-risk prostate cancer68Ga-PSMA PET and MRI in 
prostate cancer. Nucl Med Commun 38:1094–1102. https:// doi. org/ 
10. 1097/ MNM. 00000 00000 000749

 20. Weinreb JC, Barentsz JO, Choyke PL, Cornud F, Haider MA, Macura 
KJ et al (2016) PI-RADS prostate imaging - reporting and data sys-
tem: 2015, Version 2. Eur Urol 69:16–40. https:// doi. org/ 10. 1016/j. 
eururo. 2015. 08. 052

 21. National comprehensive cancer network. prostate cancer: NCCN guide-
line. https:// www. nccn. org/ profe ssion als/ physi cian_ gls/ defau lt. aspx. 
Accessed 10 Jul 2020

 22. de Rooij M, Hamoen EHJ, Witjes JA, Barentsz JO, Rovers MM (2016) 
Accuracy of magnetic resonance imaging for local staging of prostate 
cancer: a diagnostic meta-analysis. Eur Urol 70:233–245. https:// doi. 
org/ 10. 1016/j. eururo. 2015. 07. 029

 23. Kalapara AA, Nzenza T, Pan HYC, Ballok Z, Ramdave S, O’Sullivan 
R et al (2020) Detection and localisation of primary prostate cancer 
using 68 gallium prostate-specific membrane antigen positron emis-
sion tomography/computed tomography compared with multiparamet-
ric magnetic resonance imaging and radical prostatectomy specimen 
pathology. BJU Int 126:83–90. https:// doi. org/ 10. 1111/ bju. 14858

 24. Franklin A, Yaxley WJ, Raveenthiran S, Coughlin G, Gianduzzo T, 
Kua B et al (2021) Histological comparison between predictive value 
of preoperative 3-T multiparametric MRI and 68 Ga-PSMA PET/CT 
scan for pathological outcomes at radical prostatectomy and pelvic 
lymph node dissection for prostate cancer. BJU Int 127:71–79. https:// 
doi. org/ 10. 1111/ bju. 15134

 25. Budäus L, Leyh-Bannurah S-R, Salomon G, Michl U, Heinzer H, 
Huland H et al (2016) Initial experience of (68)Ga-PSMA PET/CT 
imaging in high-risk prostate cancer patients prior to radical prosta-
tectomy. Eur Urol 69:393–396. https:// doi. org/ 10. 1016/j. eururo. 2015. 
06. 010

 26. Han S, Woo S, Kim YJ, Suh CH (2018) Impact of 68Ga-PSMA PET on 
the management of patients with prostate cancer: a systematic review 
and meta-analysis. Eur Urol 74:179–190. https:// doi. org/ 10. 1016/j. 
eururo. 2018. 03. 030

 27. Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas P 
et al (2020) Prostate-specific membrane antigen PET-CT in patients 
with high-risk prostate cancer before curative-intent surgery or radio-
therapy (proPSMA): a prospective, randomised, multicentre study. 
The Lancet 395:1208–1216. https:// doi. org/ 10. 1016/ S0140- 6736(20) 
30314-7

 28. Roach PJ, Francis R, Emmett L, Hsiao E, Kneebone A, Hruby G et al 
(2018) The impact of 68Ga-PSMA PET/CT on management intent in 
prostate cancer: results of an Australian prospective multicenter study. 
J Nucl Med 59:82–88. https:// doi. org/ 10. 2967/ jnumed. 117. 197160

 29. Nandurkar R, van leeuwen P, Stricker P, Woo H, Kooner R, Yuen C et al 
(2019) 68Ga-HBEDD PSMA-11 PET/CT staging prior to radical pros-
tatectomy in prostate cancer patients: Diagnostic and predictive value 
for the biochemical response to surgery. Br J Radiol 92:20180667. 
https:// doi. org/ 10. 1259/ bjr. 20180 667

 30. Sachpekidis C, Kopka K, Eder M, Hadaschik BA, Freitag MT, Pan 
L et al (2016) 68Ga-PSMA-11 dynamic PET/CT imaging in primary 
prostate cancer. Clin Nucl Med 41:e473–e479. https:// doi. org/ 10. 1097/ 
RLU. 00000 00000 001349

 31. Uprimny C, Kroiss AS, Decristoforo C, Fritz J, von Guggenberg E, 
Kendler D et al (2017) 68Ga-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 
44:941–949. https:// doi. org/ 10. 1007/ s00259- 017- 3631-6

 32. Cytawa W, Seitz AK, Kircher S, Fukushima K, Tran-Gia J, Schirbel A 
et al (2020) 68Ga-PSMA I&T PET/CT for primary staging of prostate 
cancer. Eur J Nucl Med Mol Imaging 47:168–177. https:// doi. org/ 10. 
1007/ s00259- 019- 04524-z

 33. Demirci E, Kabasakal L, Şahin OE, Akgün E, Gültekin MH, Doğanca 
T et al (2019) Can SUVmax values of Ga-68-PSMA PET/CT scan 
predict the clinically significant prostate cancer? Nucl Med Commun 
40:86–91. https:// doi. org/ 10. 1097/ MNM. 00000 00000 000942

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

https://doi.org/10.1016/j.euf.2021.01.004
https://doi.org/10.1016/j.euf.2021.01.004
https://doi.org/10.1007/s00345-020-03131-0
https://doi.org/10.1007/s00345-020-03131-0
https://doi.org/10.1097/MNM.0000000000000749
https://doi.org/10.1097/MNM.0000000000000749
https://doi.org/10.1016/j.eururo.2015.08.052
https://doi.org/10.1016/j.eururo.2015.08.052
https://www.nccn.org/professionals/physician_gls/default.aspx
https://doi.org/10.1016/j.eururo.2015.07.029
https://doi.org/10.1016/j.eururo.2015.07.029
https://doi.org/10.1111/bju.14858
https://doi.org/10.1111/bju.15134
https://doi.org/10.1111/bju.15134
https://doi.org/10.1016/j.eururo.2015.06.010
https://doi.org/10.1016/j.eururo.2015.06.010
https://doi.org/10.1016/j.eururo.2018.03.030
https://doi.org/10.1016/j.eururo.2018.03.030
https://doi.org/10.1016/S0140-6736(20)30314-7
https://doi.org/10.1016/S0140-6736(20)30314-7
https://doi.org/10.2967/jnumed.117.197160
https://doi.org/10.1259/bjr.20180667
https://doi.org/10.1097/RLU.0000000000001349
https://doi.org/10.1097/RLU.0000000000001349
https://doi.org/10.1007/s00259-017-3631-6
https://doi.org/10.1007/s00259-019-04524-z
https://doi.org/10.1007/s00259-019-04524-z
https://doi.org/10.1097/MNM.0000000000000942

	Incremental Impact of [68 Ga]Ga-PSMA-11 PETCT in Primary N and M Staging of Prostate Cancer Prior to Curative-Intent Surgery: a Prospective Clinical Trial in Comparison with mpMRI
	Abstract
	Purpose: 
	Procedures: 
	Results: 
	Conclusion: 

	Introduction
	Patients and Methods
	Patients
	Image Acquisition
	[68 Ga]Ga-PSMA-11 PETCT
	Multiparametric MRI

	Image interpretation
	[68 Ga]Ga-PSMA-11 PETCT
	Multiparametric MRI

	Correlation of Intraprostatic Imaging Findings with Histopathology
	Statistical Analysis

	Results
	Primary Tumor (T-Stage)
	LNM (N-Stage)
	Distant Metastases (M-Stage)

	Discussion
	Conclusions
	Acknowledgements 
	References


