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ABSTRACT 

18F-rhPSMA-7.3, the lead compound of a new class of radiohybrid prostate-specific membrane 

antigen (rhPSMA) ligands, is currently in phase III trials for prostate cancer (PCa) imaging. Here, 

we describe our experience in primary PCa staging. Methods. We retrospectively identified 279 

patients with primary PCa who underwent 18F-rhPSMA-7.3 PET/CT (staging cohort). A subset of 

patients (83/279) subsequently underwent prostatectomy with lymph node (LN) dissection 

without prior treatment (efficacy cohort). Distribution of tumor lesions was determined for the 

staging cohort and stratified by National Comprehensive Cancer Network (NCCN) risk score. 

Involvement of pelvic LN was assessed retrospectively by 3 blinded independent central readers, 

and a majority rule was used for analysis. Standard surgical fields were rated on a five-point scale 

independently for PET and for morphological imaging. Results were compared to 

histopathological findings on a patient-, right vs. -left, and template-basis. Results. For the staging 

cohort 18F-rhPSMA-7.3 PET was positive in 275/279 (98.6%), 106/279 (38.0%), 46/279 (16.5%), 

65/279 (23.3%) and 5/279 (1.8%) patients for local, pelvic nodal, extrapelvic nodal, metastatic 

bone, and visceral metastatic disease. In the efficacy cohort, LN metastases were present in 24/83 

patients (29%), located in 48/420 (11%) resected templates and in 33/166 (19.9%) hemi-pelvic 

templates in histopathology. Based on majority vote results, the patient-level sensitivity, 

specificity and accuracy for pelvic nodal metastases were 66.7% (95%CI, 44.7-83.6%), 96.6% 

(95%CI, 87.3-99.4%) and 88.0% (95%CI, 78.5-93.8%) for 18F-rhPSMA-7.3 PET and 37.5% (95%CI, 

19.6-59.2%), 91.5% (95%CI, 80.6-96.8%) and 75.9% (95%CI, 65.0-84.3%) for morphological 

imaging, respectively. 18F-rhPSMA-7.3 showed higher interobserver agreement than 

morphological imaging (patient-level Fleiss’ κ=0.54; 95%CI, 0.47-0.62 vs. 0.24; 95%CI, 0.17-0.31). 
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A mean standardized uptake value ratio of 6.6 (95%CI, 5.2-8.1) documented a high image contrast 

between local tumors and adjacent low urinary tracer retention. Conclusion. 18F-rhPSMA-7.3 PET 

offers superior diagnostic performance to morphological imaging for primary N-staging of newly 

diagnosed PCa, shows lower inter-reader variation, and offers good distinction between primary 

tumor and bladder background activity. With increasing NCCN risk group an increasing frequency 

of extra-prostatic tumor lesions was observed. 

 

Keywords: 18F-rhPSMA-7.3, positron emission tomography, primary prostate cancer, lymph node 

metastases, histopathology, interobserver agreement  
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INTRODUCTION 

In recent years, prostate-specific membrane antigen (PSMA) positron emission tomography (PET) 

with tracers such as 68Ga-PSMA-11 has become increasingly used for diagnostic imaging in 

patients with prostate cancer (PCa) (1). The proPSMA trial established 68Ga-PSMA-11 PET to be a 

superior imaging modality for patients with primary high-risk PCa compared with conventional 

imaging but lacks histopathological validation of most lesions (2). Most recently, a bicentric phase 

III trial reported the diagnostic accuracy of 68Ga-PSMA-11 for pelvic N-staging (3). In addition to 

multiple mainly retrospective series, these studies were pivotal for the recent integration of 

PSMA-ligand PET into various guidelines and for the Food & Drug Administration (FDA)-approval 

of 68Ga-PSMA-11 (4-6).  

However, 68Ga-PSMA-11 is not without disadvantages. Rapid urinary excretion results in 

substantial accumulation in the urinary bladder which can hinder detection of pelvic lesions (7,8). 

Conversely, owing to their longer half-life, potential for larger batch production and their lower 

positron range resulting in higher image spatial resolution, 18F-labeled PSMA ligands offer a 

number of logistical benefits and potential for better performance in comparison with their 68Ga-

labeled counterparts (9). 18F-DCFPyL was recently approved by the FDA for biochemical 

recurrence (BCR), but it also exhibits high tracer retention in the urinary system (10,11). 

Radiohybrid PSMA (rhPSMA) ligands are a new class of diagnostic and therapeutic PSMA 

ligands which can be efficiently labelled with 18F and with radiometals (12). Promising preliminary 

imaging data (13,14) have been reported for 18F-rhPSMA-7, which comprises four 

diastereoisomers. One of these, 18F-rhPSMA-7.3, was selected as the lead rhPSMA compound for 



5 
 

clinical development based on preclinical data (15). To date, the safety and biodistribution of 18F-

rhPSMA-7.3 have been established in healthy volunteers and PCa patients. 18F-rhPSMA-7.3 has 

been shown to have low average urinary excretion and diagnostic efficacy has been demonstrated 

in patients with BCR of PCa (16-18). 18F-rhPSMA-7.3 is currently under evaluation in two phase III 

studies, for primary and BCR PCa (NCT04186845 and NCT04186819). 

The present retrospective analysis provides the first data on use of 18F-rhPSMA-7.3 PET 

for primary staging in patients with newly diagnosed PCa. Specifically, we aimed to describe 

distribution of tumor lesions stratified by National Comprehensive Cancer Network (NCCN) risk 

groups (4) and to evaluate inter-observer variability and diagnostic performance for pre-operative 

N-staging in unfavorable intermediate to very high-risk patients.  

 

MATERIAL AND METHODS 

Study Design and Patient Populations 

We retrospectively extracted data from all patients included in our institution´s database 

who underwent 18F-rhPSMA-7.3 PET/computed tomography (CT) for primary staging of PCa 

between November 2018 and April 2020 (Staging Cohort; n=279). To analyze the inter-observer 

variability and diagnostic efficacy of 18F-rhPSMA-7.3 PET for N-staging validated by 

histopathology, we selected all patients who underwent subsequent radical prostatectomy and 

extended pelvic lymph node (LN) dissection (Efficacy Cohort; n=83). Table 1 presents patient 
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characteristics for both groups. Figure 1 details the cohorts and outlines the clinical, imaging and 

histopathological data that were collected.  

The retrospective analysis was approved by the Ethics Committee of the Technical 

University Munich (permit 99/19) and the requirement to obtain informed consent was waived. 

The administration of 18F-rhPSMA-7.3 complied with The German Medicinal Products Act, AMG 

§13 2b, and the responsible regulatory body (Government of Oberbayern).  

18F-rhPSMA-7.3 Synthesis, Administration, and Image Acquisition 

18F-rhPSMA-7.3 was synthesized as recently reported (12) and administered as an 

intravenous bolus (median 335, 301-372 MBq) a median 72 (65-80) minutes prior to the scan. 

Patients underwent 18F‐rhPSMA‐7.3 PET/CT on a Biograph mCT Flow scanner (Siemens Medical 

Solutions, Erlangen, Germany) as recently described (13,14). All patients received a diagnostic CT 

scan after i.v. contrast injection (Iomeron 300, weight-adapted, 1.5 mL/kg) and oral intake of 

diluted contrast medium (300 mg ioxitalamate [Telebrix; Guerbet]). Furosemide (20 mg i.v.) was 

administered to all patients at the time of 18F‐rhPSMA‐7.3 injection and patients were asked to 

void urine prior to the scan. PET scans were acquired in 3D mode with an acquisition time of 2 

min per bed position in flow technique (equals 1.1 mm/s). Emission data were corrected for 

randoms, dead time, scatter, and attenuation and were reconstructed iteratively by an ordered-

subsets expectation maximization algorithm (four iterations, eight subsets) followed by a post-

reconstruction smoothing Gaussian filter (5 mm full width at one-half maximum). 

Image Analysis 
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In the staging cohort the distribution of tumor lesions was described using the miTNM 

system from the Prostate Cancer Molecular Imaging Standardized Evaluation (PROMISE) system 

(19). The results for this cohort were taken from the clinical reads. To determine the efficacy for 

pelvic N-staging, dedicated re-reads of the 18F-rhPSMA-7.3 PET/CT datasets from the efficacy 

cohort were performed by three board certified nuclear medicine physicians (3-, 6- and 9-years’ 

experience in PSMA-ligand PET). Readers were blinded to the histopathology results. In a first 

step, the anatomical data using the diagnostic contrast enhanced CT dataset were analyzed by 

the readers. Next, after an interval of at least 4 weeks, a second read of the corresponding 18F-

rhPSMA-7.3 scan was carried out using anatomical images only for anatomical correlation of an 

area of suspicious uptake to the corresponding LN template. Findings for both reads were 

reported on a template-level using a five-point Likert scale (1: tumor manifestation; 2: probably 

tumor manifestation, 3: equivocal, 4: probably benign, 5: benign).  

To determine the contrast between local primary tumor uptake and bladder retention of 

18F-rhPSMA-7.3, mean standardized uptake values (SUVmean) for 18F-rhPSMA-7.3 were determined 

within standardized iso-contour volumes of interest with 40% of the SUVmax, drawn over the 

bladder and the primary tumor lesion.  

Histopathology 

Extended pelvic lymphadenectomy was performed as previously described (20,21) to 

collect right/left common iliac vessel, right/left internal iliac vessel, right/left external iliac vessel 

and right/left obturator fossa standard LN templates. Further templates (e.g. 
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presacral/pararectal) were resected if the 18F-rhPSMA-7.3 PET had shown positive LN outside 

these regions. Uropathologists were blinded to the imaging data. 

Statistical Analysis 

For quantitative measurements, mean values and standard deviations are presented. 18F-

rhPSMA-7.3 PET and morphological imaging results were compared with histopathological results 

from resected LN on a patient-, right vs. left side, and template-basis. Overall diagnostic accuracy 

was assessed using receiver operating characteristics (ROC) analyses. Areas under the ROC curves 

with 95%CI were compared for both 18F-rhPSMA-7.3 PET and morphological imaging. For the 

patient-based analysis, the method by DeLong (22) for two correlated ROC curves was used, and 

that by Obuchowski (23) was used for right vs. left and template-based analyses to account for 

the multiple assessments within a patient.  

A dichotomization of the five-point Likert scale ratings was carried out for analysis of the 

sensitivity, specificity, and accuracy of the 18F-rhPSMA-7.3 PET and morphological imaging. To 

reflect a real-world approach, equivocal findings were counted as positive. To estimate 

cumulative diagnostic results from all three readers a majority vote was used. The results from all 

three readers dichotomized into negative and positive assessments were compared and in case 

of any disagreement, the final assessment was based on the majority decision (e.g. 2:1 decision). 

For the patient-level analyses, exact confidence intervals were estimated for these 

measures. For the right vs. left side and template-based analyses, logistic generalized estimating 

equation models were fitted to the data to account for the correlation of multiple observations 

within the same patient (24,25). For the generalized estimating equation model, an independent 
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correlation structure was assumed. To investigate a correlation between NCCN risk groups and 

frequency of extra-prostatic lesions a chi-square test was used. A significance level of 5% was 

used throughout. All statistical analyses were performed using the statistical software R (26), with 

pROC (27) and geepack (28).  

Inter-observer agreement was evaluated using Fleiss’ multi-rater κ (29) on a patient-, right 

vs. left- and template-basis. Ninety-five percent confidence intervals (95%CI) are reported for κ. 

Interpretation of κ was based on a reproducibility classification provided by Landis and Koch (30). 

Significance between methods is present when the 95%CI are not overlapping. 

 

RESULTS 

Distribution of Tumor Lesions on 18F-rhPSMA-7.3 PET 

For the staging cohort based on clinical read, 18F-rhPSMA-7.3 PET was positive for local 

disease in 275/279 (98.6%), for pelvic LN metastases in 106/279 (38.0%), for extrapelvic LN 

metastases in 46/279 (16.5%), for bone metastases in 65/279 (23.3%) and for visceral metastases 

in 5/279 (1.8%) patients. On a patient-level, 156 patients had only disease limited to the prostate 

(N0M0), 42 patients had locoregional LN but no distant metastases (N1M0). In 15 patients, 

extrapelvic LN but no other distant metastases were present (NxM1a) and 15 patients presented 

with local tumor and only bone metastases (N0M1b). The distribution of extra-pelvic lesions 

stratified by NCCN risk group is presented in Figure 2. The patient-based pattern of lesion 

distribution is presented in Supplementary Table 1. A moderate, but highly significant correlation 

between risk groups and the frequency of extra-prostatic lesions was found with an increasing 
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prevalence in higher risk groups (Pearson's chi-squared test for miN1: χ²(5) = 65.6, p<0.001, φ = 

0.485; for miM1: χ²(5) = 31.4, p<0.001, φ = 0.335). 

Based on clinical read in the efficacy cohort, 18F-rhPSMA-7.3 PET was positive in 82/83 

(98.8%) and 20/83 (24.1%) subjects for local and pelvic nodal disease (N1M0). 1 and 6 patients 

underwent primary surgery with distant metastases being either only extrapelvic nodal (M1a) or 

only metastatic bone disease (M1b), respectively. Postoperative histopathology showed LN 

metastases in 24/83 patients, the median size of the largest LN metastasis per patient was 8mm 

(range 1.5-55). 

Diagnostic Accuracy of 18F-rhPSMA-7.3 PET and Morphological Imaging for Pelvic LN Metastases 

In the efficacy cohort, LN metastases were present in 48/420 (11%) resected templates, 

in 33/166 (20%) hemi-pelvic templates and in 24/83 patients (29%). A total of 1763 nodes were 

removed with a median (IQR) of 20 (15-27) per patient. A patient example is presented in Figure 

3.  

Based on the patient-level majority reads, 18F-rhPSMA-7.3 PET was read positive in 18/83 

patients resulting in 16 true positive and 2 false positive cases. It was read negative in 65 patients, 

including 8 false negative and 57 true negative cases. This resulted in a patient-level sensitivity, 

specificity and accuracy for pelvic nodal metastases of 66.7% (95%CI, 44.7-83.6%), 96.6% (95%CI, 

87.3-99.4%) and 88.0% (95%CI, 78.5-93.8%), respectively. Morphological imaging was read 

positive in 14/83 patients, resulting in 9 true positive and 5 false positive cases. It was read 

negative in 69 patients including 15 false negative and 54 true negative cases. The corresponding 



11 
 

patient-level sensitivity, specificity and accuracy were 37.5% (95%CI, 19.6-59.2%), 91.5% (95%CI, 

80.6-96.8%) and 75.9% (95%CI, 65.0-84.3%), respectively.  

On hemi-pelvic base majority reads, 18F-rhPSMA-7.3 PET was read positive in 25/166 

assessments, resulting in 23 true positive and 2 false positive assessments. It was read negative 

in 141 assessments including 10 false negative and 131 true negative assessments. This resulted 

in a sensitivity, specificity and accuracy for pelvic nodal metastases on hemi-pelvic base of 69.7% 

(95%CI, 50.0-84.1%), 98.5% (95%CI, 94.3-99.6%) and 92.8% (95%CI, 87.4-96.0%), respectively. 

Morphological imaging was read positive in 15/166 assessments resulting in 9 true positive and 6 

false positive assessments. It was read negative in 151 assessments including 24 false negative 

and 127 true negative assessments. The corresponding sensitivity, specificity and accuracy on 

hemi-pelvis basis were 27.3% (95%CI, 16.5-41.6%), 95.5% (95%CI, 89.3-98.2%) and 81.9% (95%CI, 

74.9-87.3%), respectively.  

On template-based majority reads, a sensitivity, specificity and accuracy for pelvic nodal 

metastases of 70.8% (95%CI, 55.6-82.5%), 98.3% (95%CI, 96.6-99.2%) and 95.5% (95%CI, 93.1-

97.1%) were found for 18F-rhPSMA-7.3 PET. Morphological imaging showed a template-level 

sensitivity, specificity and accuracy of 12.5% (95%CI, 6.0-24.3%), 98.3% (95%CI, 96.6-99.2%) and 

89.5% (95%CI, 83.9-93.4%), respectively. Detailed results for individual readers are provided in 

Table 2. 

The ROC analysis showed a higher diagnostic performance for 18F-rhPSMA-7.3 compared 

to morphological imaging for all three readers on both the patient and hemi-pelvic basis. On the 

patient-level analysis, the differences in the areas under the ROC curves were statistically 
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significant for reader 1 and 2 on a patient-basis and for all readers on a hemi-pelvic and template 

basis (Table 3). 

Inter-observer Agreement for Pelvic N-staging 

Inter-observer agreement was significantly higher for 18F-rhPSMA-7.3 PET compared to 

morphological imaging for assessment on a patient basis, hemi-pelvic basis and per LN template. 

The patient-level inter-observer agreement was moderate (Fleiss’ κ: 0.54; 95%CI, 0.47-0.62) for 

18F-rhPSMA-7.3 PET vs. fair (0.24; 95%CI, 0.17-0.31) for morphological imaging. Similarly, 

interobserver agreement was moderate for left-sided (0.58; 95%CI, 0.50-0.66) and for right-sided 

nodes (0.57; 95%CI, 0.49-0.65) in 18F-rhPSMA-7.3 PET, but only fair for left-sided (left: 0.20; 95%CI, 

0.12-0.27; right: 0.24; 95%CI, 0.17-0.32) in morphological imaging. Supplementary Figure 1 

displays the inter-observer agreements and presents data for template-based assessments. 

Uptake in Primary Tumor and Tracer Retention in Urinary Tract 

18F-rhPSMA-7.3 uptake in the prostate was present in 82/83 patients who underwent 

surgery, with a mean SUVmean of 13.0 (range: 2.0-54.4). Retention in the urinary bladder at the 

time of imaging was rather low with a mean SUVmean of 2.5 (range: 0.9-18.5). Consequently, 

tumor-to-bladder contrast was high with a mean ratio of 6.6 (range 0.8-40.1) for SUVmean. Data 

are presented in Table 4 and displayed in Supplementary Figure 2. 

DISCUSSION  

Here, we present a retrospective analysis on the use of 18F-rhPSMA-7.3 PET/CT for primary 

staging of newly diagnosed PCa. Distribution of pelvic LN metastases and extrapelvic tumor 
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lesions in this cohort is clearly associated with NCCN risk groups. In a subset of patients, we 

determined a high diagnostic performance of 18F-rhPSMA-7.3 PET for N-staging patients with 

unfavorable intermediate to very high-risk PCa, validated by histopathology. Interobserver 

agreement of 18F-rhPSMA-7.3 PET for N-staging between three independent readers showed 

sufficient consistency. 

Until today, standard-of-care for N-staging PCa relied on cross-sectional imaging and bone 

scintigraphy mainly in high-risk PCa (4). The reliable detection of LN metastases is especially 

challenging given the presence of LN metastases in morphologically non-enlarged LN (31). 

Therefore, detection efficacy is low and mainly based on size, with known limitations, especially 

for LN under 8 mm (32,33). 

The clinical introduction of PSMA-targeting PET tracers offers a high potential to increase 

detection of LN metastases and several studies have shown promising results with 68Ga labeled 

compounds (34,35). A prospective, multicenter study compared the accuracy of 68Ga-PSMA-11 

PET/CT and conventional imaging with CT and bone scan for primary staging of pelvic LN and 

distant metastases (2). The accuracy of 68Ga-PSMA-11 PET/CT was superior to conventional 

imaging (92 vs. 65%) and only 15% of patients had a change of clinical management after 

conventional imaging compared to 28% after 68Ga-PSMA-11 PET/CT. However, the study lacks 

histopathological validation of LN involvement in a substantial number of patients (only 83/302 

patients underwent pelvic LN sampling). Maurer et al. conducted an early retrospective study of 

68Ga-PSMA-11 PET for LN staging in 130 patients with intermediate- to high-risk PCa and reported 

a 65.9% and 68.3% sensitivity, and 98.9% and 99.1% specificity, on patient- and template-based 

analyses, respectively (36).  
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Similar specificity, but lower sensitivity was reported by Klingenberg et al. in a larger 

retrospective investigation of newly diagnosed patients with high-risk PCa (37). They reported a 

sensitivity, specificity, and accuracy of 68Ga-PSMA-11 of 30.6%, 96.5%, and 83.1%, respectively. 

For 68Ga-PSMA-I&T in 40 patients with intermediate or high-risk disease, Cytawa et al. found a 

per-region sensitivity, specificity, and accuracy for nodal metastases detection of 35.0%, 98.4%, 

and 93.0%, respectively (38). 

Data for the recently approved 18F-DCFPyL from the OSPREY trial that investigated the 

detection performance for pelvic LN metastases in men with high-risk PCa, showed a specificity 

ranging from 96-99% across 3 readers, while sensitivity ranged from 31-42% (11). Similar to data 

reported for all other PSMA-ligands, specificity of 18F-rhPSMA-7.3 for pelvic N-metastases is high. 

The sensitivity of 18F-rhPSMA-7.3 in this study (e.g., 66.7% on patient-level) appears 

substantially higher compared to the above mentioned data for 68Ga-PSMA or 18F-DCFPyL. A 

possible reason might be the nodal lesion size. In the efficacy cohort of our study the median size 

of the largest LN metastasis per patient was 8 mm. Hope et al. demonstrated a higher sensitivity 

of 68Ga-PSMA-11 PET in larger pelvic lymph node metastasis >10 mm (3). Comparable findings 

were shown by the OSPREY trial, where the sensitivity of 18F-DCFPyL was clearly dependent on 

lesion size. By excluding lesions smaller than 5 mm, sensitivity reached 60.0% (11). Potential other 

factors might also include scanner technique as well as reader experience. 

Our retrospective analysis of the novel PSMA-ligand, 18F-rhPSMA-7.3, confirms superiority 

of PSMA-targeted molecular imaging compared to conventional imaging for N-staging in patients 

with intermediate to very high-risk primary PCa. 18F-rhPSMA-7.3, achieved an overall accuracy of 
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88.0%, 92.8% and 95.5% for the patient-level, hemi-pelvic and template analyses, respectively 

compared with 75.9%, 81.9% and 89.5%, for conventional imaging, respectively.  

As expected in clinical routine we observed a clear tendency towards more frequent pelvic 

and extrapelvic tumor lesions with increasing NCCN group. Comparable findings have been 

described for the correlation of increasing prostate-specific antigen (PSA) values and the 

occurrence of bone metastases on bone scintigraphy for PCa staging (39), e.g., a prevalence of 

bone metastases at PSA<10 ng/mL of only 2.3%, 6% at 10>PSA<19.9 ng/mL and 74.9% at PSA>100 

ng/mL was found. For PSMA-ligand PET, the mentioned association should be considered crucial, 

especially in the context of primary N-staging, as nodal involvement in particular can be detected 

much earlier now, with a high potential to impact clinical management. 

18F-rhPSMA-7.3 is a single diastereoisomer of 18F-rhPSMA-7, for which diagnostic accuracy 

has been well reported. Krönke et al. reported the patient-level sensitivity, specificity and 

accuracy of 18F-rhPSMA-7 PET to be 72.2%, 92.5% and 86.2%, respectively (14), which are 

comparable with the data in the present study. This supports earlier data which indicate similar 

diagnostic performance of 18F-rhPSMA-7 and 18F-rhPSMA-7.3 for restaging patients with BCR after 

radical prostatectomy (13,18).  

A particular strength of our retrospective analysis was the evaluation of imaging data by 

3 independent readers. This allowed us to conduct an inter-observer comparison to determine 

reproducibility of interpretation of 18F-rhPSMA-7.3 PET compared with morphological imaging. 

The data show the variability between 18F-rhPSMA-7.3 PET readings is lower than for CT and thus 



16 
 

suggests a more consistent, reader-independent diagnostic performance. Similar high 

interobserver agreement has been reported for 68Ga-PSMA-11 (40).  

A well-documented limitation of PSMA-targeting radiotracers such as 68Ga-PSMA-11 and 

18F-DCFPyL is a high retention in the urinary system and especially high accumulation in the 

bladder (7,8). For rhPSMA-ligands a low retention in the urinary bladder has been reported (41). 

Our analyses for 18F-rhPSMA-7.3 also revealed low urinary retention and high uptake of tumor 

lesions resulting in a favorable tumor-to-bladder ratio (mean 6.6). This could potentially increase 

the detection of local tumor deposits especially in the prostate base.  

Our analysis has several limitations. First, it was conducted in a retrospective manner in a 

limited number of patients. This approach could especially for the efficacy cohort lead to a 

selection bias given that the cohort of patients who underwent surgery is dependent both on 

clinical parameters, imaging results and patient´s general health condition and preference. 

Second, the template-based analysis is limited due to the mapping between a certain LN territory 

in imaging and the surgical field being prone to errors. Third, histopathological assessment of 

distant metastases was not available for the majority of patients. 18F-labelled PSMA-ligands like 

18F-rhPSMA-7 and 18F-PSMA-1007 have been reported to exhibit a higher number of non-PCa-

related uptake than 68Ga-PSMA-11 (42-45). However, adequate reader training, interpretation in 

consensus with cross-sectional imaging, and the clinical context allows differentiation between 

benign uptake and disease. Fourth, our entire patient cohort does not exclusively contain 

unfavorable intermediate to high-risk patients. Given local preference and rarely, strong patient 

request, a few patients in lower NCCN groups underwent 18F-rhPSMA-7.3 for N-staging - typical 

for a real-world setting.  
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CONCLUSION 

The present study provides real-world clinical evidence to show 18F-rhPSMA-7.3 has 

moderate-to-high sensitivity and specificity for the detection of LN metastases in patients with 

intermediate- to very high-risk PCa. The data further show 18F-rhPSMA-7.3 is a more reliable tool 

than morphological imaging, with lower variability in image interpretation. A distinct association 

of nodal and extrapelvic tumor involvement with NCCN risk groups was found. 18F-rhPSMA-7.3 

compares well with other PSMA-ligands and shows potential for a good differentiation between 

primary tumor uptake and background bladder retention.  
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KEY POINTS 

Question: What is the diagnostic efficacy of 18F-rhPSMA-7.3 for N-staging patients with 

intermediate- to very high-risk prostate cancer in the primary setting? 

Pertinent Findings: This retrospective study shows that 18F-rhPSMA-7.3 PET provides superior N-

staging of high-risk primary prostate cancer compared with morphological imaging. The efficacy 

of 18F-rhPSMA-7.3 compares well with published data for other PSMA ligands and offers a good 

tumor-to-bladder uptake ratio. 

Implications for patient care: 18F-rhPSMA-7.3 PET can significantly improve primary N-staging vs 

conventional imaging. 
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TABLES 

 

Table 1. Patient characteristics of all patients undergoing 18F-rhPSMA-7.3 PET/CT for primary 

staging (Staging Cohort) and all patients undergoing surgery at our institution without prior 

neoadjuvant treatment (Efficacy Cohort) between November 2018 and April 2020. 

Characteristic Staging cohort Efficacy cohort 

Patients, N (%) 279 (100%) 83 (29.7%) 

Age, y 

   Median 
   Interquartile range 

 
70 

63-76 

 
66 

62-74 

Prostate-specific antigen, ng/mL*,† 

   Median 
   Interquartile range 

 
13.0 

7.2-26.9 

 
11 

7.0-17.8 

ISUP Grading§ 
   1 
   2 
   3 
   4 
   5 

 
13 (4.7%) 
46 (16.5%) 
61 (21.9%) 
65 (23.3%) 
85 (30.5%) 

 
0 (0%) 
15 (18.1%) 
25 (30.1%) 
23 (27.7%) 
19 (22.9%) 

Neoadjuvant treatment before PET/CT, N (%) 16 (5.7%) 0 (0%) 

NCCN risk group 
   very low 
   low 
   favorable intermediate 
   unfavorable intermediate 
   high  
   very high 

 
1 (0.4%) 
7 (2.5%) 
18 (6.5%) 
74 (26.5%) 
107 (38.4%) 
72 (25.8%) 

 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
36 (43.4%) 
32 (38.6%) 
15 (18.1%) 

Time between PET/CT and surgery (days) 
   Median 
   IQR 

  
29 

15-46 

Pathological T-stage, n (%) 
   ≤ pT2c 
   pT3a 
   ≥ pT3b 

  
28 (33.7%) 
18 (21.7%) 
37 (44.6%) 

Pathological N-stage 
   pN0 
   pN1 

  
59 (71.1%) 
24 (28.9%) 

Median size of largest LN metastasis per 
patient, mm (range) 

  
8 (1.5-55) 

CT, computed tomography; ISUP, International Society of Urological Pathology; NCCN, National Comprehensive 

Cancer Network; PET, positron emission tomography. *At time of imaging; †PSA levels were unavailable for 2 patients 

of the staging cohort; §ISUP gradings were unavailable for 9 patients in the staging cohort and for 1 patient in the 

efficacy cohort. 
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Table 2. Histologically verified diagnostic accuracy of 18F-rhPSMA-7.3 PET and morphological imaging for pre-operative N-staging 

  18F-rhPSMA-7.3 PET/CT Morphological imaging 

 
Reader 

Sensitivity 
% (95%CI) 

Specificity 
% (95%CI) 

Accuracy 
% (95%CI) 

Sensitivity 
% (95%CI) 

Specificity 
% (95%CI) 

Accuracy 
% (95%CI) 

Patient 
base 

1 66.7% 

(44.7-84.4%) 

94.9% 

(85.9-98.9%) 

86.7% 

(77.5-93.2%) 

29.2% 

(12.6-51.1%) 

94.9% 

(85.9-98.9%) 

75.9% 

(65.3-84.6%) 

 2 70.8% 

(48.9-87.4%) 

96.6% 

(88.3-99.6%) 

89.2% 

(80.4-94.9%) 

41.7% 

(22.1-63.4%) 

89.8% 

(79.2-96.2%) 

75.9% 

(65.3-84.6%) 

 3 66.7% 

(44.7-84.4%) 

94.9% 

(85.9-98.9%) 

86.7% 

(77.5-93.2%) 

58.3% 

(36.6-77.9%) 

84.7% 

(73.0-92.8%) 

77.1% 

(66.6-85.6%) 

 Majority 
vote 

66.7% 

(44.7-83.6%) 

96.6% 

(87.3-99.4%) 

88.0% 

(78.5-93.8%) 

37.5% 

(19.6-59.2%) 

91.5% 

(80.6-96.8%) 

75.9% 

(65.0-84.3%) 

Right- vs. 
left-base 

1 69.7% 

(50.0-84.1%) 

97.7% 

(93.3-99.3%) 

92.2% 

(86.7-95.5%) 

21.1% 

(11.1-36.6%) 

97.7% 

(93.3-99.3%) 

82.5% 

(75.3-88.0%) 

 2 69.7% 

(50.0-84.1%) 

97.0% 

(90.5-99.1%) 

91.6% 

(85.1-95.4%) 

30.3% 

(19.4-43.9%) 

94.0% 

(86.8-97.4%) 

81.3% 

(74.3-86.7%) 

 3 69.7% 

(50.0-84.1%) 

97.0% 

(90.6-99.1%) 

91.6% 

(85.6-95.2%) 

42.4% 

(28.4-57.8%) 

90.2% 

(83.5-94.4%) 

80.7% 

(73.8-86.2%) 

 Majority 
vote 

69.7% 

(50.0-84.1%) 

98.5% 

(94.3-99.6%) 

92.8% 

(87.4-96.0%) 

27.3% 

(16.5-41.6%) 

95.5% 

(89.3-98.2%) 

81.9% 

(74.9-87.3%) 

Template 
base 

1 62.5% 

(48.5-74.7%) 

97.6% 

(95.5-98.8%) 

94.0% 

(91.0-96.1%) 

10.4% 

(4.5-22.2%) 

99.0% 

(97.5-99.6%) 

90.0% 

(84.2-93.8%) 

 2 64.6% 

(50.3-76.6%) 

97.6% 

(95.2-98.8%) 

94.2% 

(91.2-96.2%) 

18.7% 

(11.9-28.4%) 

97.9% 

(95.5-99.0%) 

89.7% 

(84.7-93.3%) 

 3 70.8% 

(55.6-82.5%) 

97.6% 

(95.0-98.9%) 

94.9% 

(92.1-96.7%) 

18.7% 

(8.8-35.7%) 

96.9% 

(94.9-98.1%) 

88.9% 

(83.2-92.8%) 

 Majority 
vote 

70.8% 

(55.6-82.5%) 

98.3% 

(96.6-99.2%) 

95.5% 

(93.1-97.1%) 

12.5% 

(6.0-24.3%) 

98.3% 

(96.6-99.2%) 

89.5% 

(83.9-93.4%) 

CT, computed tomography; PET, positron emission tomography. 
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Table 3. DeLong’s test for correlated ROC  

  
Reader 

18F-rhPSMA-7.3 PET/CT  
AUC (95%CI) 

Morphological imaging 
 AUC (95%CI) 

P value 

Patient 
basis 

1 0.821 (0.716-0.926) 0.724 (0.606-0.843) 0.09774 

 2 0.850 (0.738-0.963) 0.672 (0.526-0.817) 0.01226 

 3 0.829 (0.720-0.939) 0.779 (0.662-0.896) 0.2785 

Right- vs. 
left-basis 

1 0.841 (0.745-0.938) 0.699 (0.597-0.800) 0.01195 

 2 0.853 (0.762-0.944) 0.657 (0.557-0.757) 0.00041 

 3 0.817 (0.708-0.925) 0.699 (0.602-0.795) 0.02655 

Template 
basis 

1 0.796 (0.726-0.865) 0.645 (0.579-0.712) 6.879e-05 

 2 0.822 (0.759-0.885) 0.652 (0.568-0.736) 0.00045 

 3 0.847 (0.772-0.922) 0.630 (0.551-0.710) 1.062e-07 

AUC, area under receiver operating curve; CT, computed tomography; PET, positron emission tomography. 

 

Table 4. 18F-rhPSMA-7.3 SUVmax and SUVmean for the primary tumors and urinary bladder  

  
Primary tumor (n=82) 

 
Urinary bladder (n=82) 

Ratio primary tumor/urinary 
bladder (n=82) 

 SUVmax SUVmean SUVmax SUVmean Ratio SUVmax Ratio SUVmean 

Mean 22.4 13.0 4.3 2.5 6.6 6.6 

95%CI 18.3-26.4 10.5-15.65 3.5-5.1 2.0-3.0 5.2-8.0 5.2-8.1 

Range 3.6-86.9 2.0-54.4 1.6-31.4 0.9-18.5 0.8-34.2 0.8-40.1 

SUV, standardized uptake value 
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FIGURES 

 

Figure 1. Flow chart of patient selection and data analysis 
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Figure 2. Distribution of extraprostatic tumor lesions in the staging cohort (n=279) 
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Figure 3. 72-year-old patient with high-risk prostate cancer (iPSA 44 ng/mL) who underwent 18F-rhPSMA-7.3 PET/CT illustrating the 

primary tumor (blue arrow) and pelvic LN metastases (red arrows) histologically confirmed by radical prostatectomy (pT3b pN1 (2/34), 

Gleason score 3+4=7b); A: maximum intensity projection (MIP), B+C: PET, D+E: fused PET/CT images. 

  

A B C 
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Graphical Abstract 



Supplemental Materials 

RESULTS 

Reader-based Diagnostic Performance 

     Patient-based Analysis. Data from Reader 1 demonstrated that 18F-rhPSMA-7.3 positron 

emission tomography (PET) detected 16 out of 24 patients with histologically verified lymph node 

metastasis while 3 of 59 patients without lymph node metastases were positive on 18F-rhPSMA-

7.3. For Reader 2, these were 17/24 and 2/59, respectively and for Reader 3, these were 16/24 

and 3/59, respectively. Morphological imaging true positive rates were 7/24 for Reader 1, 10/24 

for Reader 2 and 14/24 for Reader 3, while false positives were 3/59, 6/59 and 9/59, respectively. 

The patient-based sensitivity, specificity, and accuracy of 18F-rhPSMA-7.3 PET and for 

morphological imaging for each reader are presented in Table 3.  

     Right vs. Left-side Analysis. When considering the right- vs. left-side analysis, data from Reader 

1 demonstrated that 18F-rhPSMA-7.3 PET detected 23 out of 33 patients with histologically 

verified lymph node metastasis while 3 of 133 patients without lymph node metastases were 

positive on 18F-rhPSMA-7.3. For both Reader 2 and Reader 3 the rates of true positive were 23/33 

and false positive were 4/13. Morphological imaging true positive rates were 7/33 for Reader 1, 

10/33 for Reader 2 and 14/33 for Reader 3, while false positives were 3/133, 8/133 and 13/133, 

respectively. The right- vs. left-based sensitivity, specificity, and accuracy of 18F-rhPSMA-7.3 PET 

and for morphological imaging for each reader are presented in Table 3.  

     Template-Based Analysis. When considering the template-based analysis, data from Reader 1 

demonstrated that 18F-rhPSMA-7.3 PET detected 30 out of 48 patients with histologically verified 

lymph node metastasis while 10 of 420 patients without lymph node metastases were positive 



Supplemental Materials 

on 18F-rhPSMA-7.3. For Reader 2 these were 31/48 and 10/420, respectively and for Reader 3 

these were 34/48 and 10/420, respectively. Morphological imaging true positive rates were 5/48 

for Reader 1, 9/48 for Reader 2 and 9/48 for Reader 3, while false positives were 4/420, 9/420 

and 13/420, respectively. The template-based sensitivity, specificity, and accuracy of 18F-rhPSMA-

7.3 PET and for morphological imaging for each reader are presented in Table 3. 
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Location of lesions N patients 

N0, M0 156 

N1, M0 42 

N0 or 1, M1a=1, M1b=0, M1c=0 15 

N0, M1a=0, M1b=1, M1c=0 15 

M1c=1 5 

N0 or 1, M1a+M1b=1 M1c=0 26 

N1, M1a=0, M1b=1, M1c=0 20 

 

Supplementary Table 1. Patient-based pattern of lesion distribution 
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Supplementary Figure 1. Inter-reader agreement for 18F-rhPSMA-7.3 and morphological imaging 
(CT)  
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Supplementary Figure 2. 18F-rhPSMA-7.3 uptake in primary tumor compared with bladder retention. Data are shown as mean SUVmean with 95% 
confidence intervals.  
 
 




