
Review Not peer-reviewed version

Prostate-Specific Membrane Antigen

Positron Emission Tomography (PSMA-

PET) on Initial Staging of Prostate

Cancer Patients. The Beginning of a

New Era

Juan Gómez Rivas * , Irene de la Parra , Sarelis Infante , Laura Ibañez , Beatriz Gutiérrez Hidalgo ,

María Nieves Cabrera , Javier Puente , Noelia Sanmamed , Luis Enrique Ortega Polledo ,

María Isabel Galante , Jesús Moreno Sierra

Posted Date: 4 April 2025

doi: 10.20944/preprints202504.0326.v1

Keywords: Prostate cancer; Prostate-specific Membrane Antigen Positron Emission Tomography (PSMA-

PET); conventional imaging; Initial staging

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/2098869
https://sciprofiles.com/profile/3206075
https://sciprofiles.com/profile/4316695
https://sciprofiles.com/profile/2743195
https://sciprofiles.com/profile/2981084
https://sciprofiles.com/profile/3830501
https://sciprofiles.com/profile/2757253
https://sciprofiles.com/profile/3215266


 

 

Review 

Prostate-Specific Membrane Antigen Positron 

Emission Tomography (PSMA-PET) on Initial 

Staging of Prostate Cancer Patients.  

The Beginning of a New Era 

Juan Gómez Rivas 1,*, Irene de la Parra 2, Sarelis Infante 1, Laura Ibañez 1, Beatriz Gutíerrez Hidalgo 3, 

María Nieves Cabrera 1, Javier Puente 4, Noelia Sanmamed 5, Luis Enrique Ortega Polledo 1, 

María Isabel Galante 1 and Jesús Moreno Sierra 1 

1 Department of Urology. Clínico San Carlos University Hospital, Institute for Health Research. Universidad 

Complutense de Madrid, Madrid 28040, Spain. Madrid 28040, Spain 

2 Department of Urology. Ramón y Cajal University Hospital. Madrid 28034, Spain 

3 Department of Urology. University Hospital of Canarias. Tenerife, 38320, España 

4 Department of Medical Oncology. Clínico San Carlos University Hospital, Institute for Health Research. 

Universidad Complutense de Madrid, Madrid 28040, Spain. Madrid 28040, Spain 

5 Department of Radiation Oncology. Clínico San Carlos University Hospital, Institute for Health Research. 

Universidad Complutense de Madrid, Madrid 28040, Spain. Madrid 28040, Spain 

* Correspondence: juangomezr@gmail.com 

Abstract: Background and Objectives: Prostate cancer (PCa) is a common disease with a significant amount of 

patients first diagnose with locoregional or distant metastases. This is why it is essential to have imaging tests 

with sufficient sensitivity and specificity. Having traditional imaging methods with recognized limitations, PET-

PSMA is born as a weapon to revolutionize the management of PCa. Material and Methods: We made a 

comprehensive literature review from August to October 2023 using databases and also a review of key clinical 

guidelines with the topic, focusing on sensitivity and specificity on PSMA-PET, its use in detecting lymph node 

metastases (LNm), integration into nomograms, comparison with conventional imaging and current guideline 

recommendations. Results: After considering search strategy, inclusion and exclusion criteria; 4 articles and 5 

guidelines were particularly taken into account in this review. Most of them conclude with high specificity and 

limited sensitivity for 68Ga-PSMA-PET, increasing detection rates with respect to conventional imaging 

modalities, specially in high-risk PCa patients; but it cannot replace an extended pelvic lymph node dissection 

(ePLND) at this time. Conclusions: Although PSMA-PET enhanced sensitivity and specificity over conventional 

imaging modalities offer a more precise evaluation of disease extent; currently, prospective studies 

demonstrating a survival benefit are lacking, so caution is advised when making therapeutic decisions. 

Keywords: Prostate cancer; Prostate-specific Membrane Antigen Positron Emission Tomography 

(PSMA-PET); conventional imaging; Initial staging 

 

1. Introduction 

Prostate cancer (PCa) is the second most common cancer in men, with an incidence of 1.4 million 

new diagnoses per year and a global mortality of 350.000 people [1]. While most patients are 

diagnosed with localized tumors, a significant percentage present with locoregional metastases (15%) 

or distant metastases (5%) at time of diagnosis, making accurate staging crucial for defining the most 

appropriate treatment strategy [2,3]. 

Traditional imaging methods in PCa, such as multiparametric magnetic resonance imaging 

(mpMRI), contrast-enhanced computed tomography (CT) and technetium-99 m (99mTc)-methylene 

diphosphonate bone scan (BS), have significant diagnostic limitations [4]. These limitations have 
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encouraged the development of advanced molecular imaging techniques like prostate-specific 

membrane antigen positron emission tomography (PSMA-PET), which offers enhanced sensitivity 

and specificity in PCa imaging [5]. 

PSMA-PET is a novel whole-body scanning technique that visualizes PCa with high contrast. 

PSMA is a cell surface glycoprotein overexpressed on PCa cells. Radiolabelled small molecules that 

bind with afinity to PSMA facilitate whole-body tumour-specific imaging with PET-CT [6].  

Although PSMA-PET has primarly been studied for localizing recurrences [7], emerging data 

support its use in primary staging, particulary for identifying lymph node (LN) involment, even in 

subcentimeter nodes [8,9]. This review sysnthesizes current evidence on the diagnostic use of PSMA-

PET in localized PCa and analyzes the clinical implications of its implementation in patient 

management. 

2. Material and Methods 

A comprehensive literature review was conducted from August to October 2023 using databases 

such as PubMed/MEDLINE, ScienceDirect, and the Cochrane Library. Keywords included ‘prostate 

cancer’, ‘positron emission tomography’, ‘prostate-specific membrane antigen (PSMA-PET)’, 

‘diagnosis’, and ‘therapy’. Studies related to biochemical recurrence were excluded. Boolean 

operators “AND”/”OR” were used to combine search terms, and “NOT” was employed to exclude 

studies focusing on biochemical recurrence. This search strategy was optimized to yield the most 

relevant studies, particularly from PubMed/MEDLINE. 

2.1. Study Selection 

The selected studies were filtered according to the following inclusion and exclusion criteria: 

2.1.1. Inclusion Criteria 

 Original research articles, including clinical trials, systematic reviews, and research studies. 

 Studies involving patients aged 18 years or older. 

 Publications from 2008 onwards. 

 Articles published in English. 

2.1.2. Exclusion Criteria 

 Descriptive studies, such as case reports or clinical case series. 

 Studies involving pediatric patients (under 18 years old). 

 Publications prior to 2008. 

 Non-English language publications. 

Additionally, a review of key clinical guidelines was conducted, including those from the 

European Association of Urology (EAU) [10], European Society for Medical Oncology (ESMO)[11], 

American Society of Clinical Oncology (ASCO)[12], American Urological Association (AUA)[13], and 

the Advanced Prostate Cancer Consensus Conference (APCCC) [14].  

2.2. Data Synthesis 

Given the limited research on PSMA-PET for primary staging, this review focuses on several key 

areas: sensitivity and specificity on PSMA-PET, its use in detecting lymph node metastases, 

integration into established nomograms, comparison with conventional imaging and current 

guideline recommendations.  

The studies analyzed are summarized in Table 1. Current guideline evidence is summarized in 

Table 2. 

3. Results 
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After considering search strategy, inclusion and exclusion criteria; 4 articles and 5 guidelines 

were particularly taken into account in this review. The analysis is organized into the following 

categories: 

3.1. Sensitivity and Specificity of PSMA-PET 

Conventional imaging for PCa staging, such as CT or mpMRI, have a low sensitivity to detect 

ganglionar affection, being less than 40%. CT and MRI imaging rely on morphological features, with 

LNs larger than 8 to 10 mm considered suspicious. However, more than 80% of PCa LNMs are smaller 

than 8 mm [15]. Nowadays, bilateral extended pelvic lymph node dissection (ePLND) during radical 

prostatectomy (RP) is considered the most accurate method for diagnosing LNs involvement [8], 

while it is is an invasive diagnostic tool associated with complications, like lymphocele (3% to 17% of 

cases) and lower extremity edema in 3% [16]. On those grounds, PSMA PET has been investigated in 

the nodal staging evaluation on intermediate and high-risk PCa.  

First on 2016, Maurer et al [8] published their results comparing 68Ga-PSMA-PET with CT and 

mpMRI on 130 patients with intermediate to high-risk PCa scheduled for RP and ePLND. On patient 

based analysis the sensitivity, specificity and accuracy of 68Ga-PSMA- PET were 65.9%, 98.9% and 

88.5%, and those of morphological imaging were 43.9%, 85.4% and 72.3%, respectively. On template 

based analysis the sensitivity, specificity and accuracy of 68Ga-PSMA-PET were 68.3%, 99.1% and 

95.2%, and those of morphological imaging were 27.3%, 97.1% and 87.6%, respectively.  

Subsequently, on 2020, Van Kalmthout et al16 compared 68Ga PetPSMA and bilateral ePLND 

during RP. They showed 41.5% patient-based sensitivity (95% CI 26.7-57.8) for detecting lymph node 

metastasis, 90.9% (95% CI 79.3-96.6) patient-based specificity rate, and positive and negative 

predictive values of 77.3% (95% CI 54.2-91.3) and 67.6% (95% CI 55.6-77.7); resulting the use of PSMA-

PET in a change of treatment in 13 patients (12.6%). 

3.2. Integration of PSMA-PET into Nomograms 

Whether to perform an ePLND is based on well-established preoperative nomograms, such as 

the Briganti 2017 nomogram [17] and the Memorial Sloan Kettering Cancer Center (MSKCC) 

nomogram [18]. They are both based on the same clinical, biochemical, and pathological preoperative 

variables, whereas the Briganti 2019 nomogram [19] also incorporates imaging findings and targeted 

biopsy histology following mpMRI. The cutoff percent age above which an ePLND is advised, differs 

between 2% in the National Comprehensive Cancer Network guidelines [20], 5% in the European 

Association of Urology guidelines [10], and 7% in the Briganti 2019 nomogram [19]. 

Due to accuracy information of PSMA-PET, it has been considered including it to these 

nomograms. A multicenter study in 2019 showed the addition of PSMA-PET to previously developed 

nomograms showed substantially improved performance in predicting the outcome of ePLND 

correctly. In terms of AUCs, AUCs of the Briganti 2017, MSKCC, and Briganti 2019 nomograms were 

0.70 (95% confidence interval [95% CI]: 0.64–0.77), 0.71 (95% CI: 0.65–0.77), and 0.76 (95% CI: 0.71–

0.82), respectively; and, after the use of the PET-PSMA, were increased to 0.76 (95% CI:0.70–0.82), 0.77 

(95% CI: 0.72–0.83), and 0.82 (95% CI: 0.76–0.87), respectively [21]. 

3.3. Guideline Recommendations  

As it is shown, EAU guidelines [10] reflect PET-PSMA increases detection rates in PCa patients, 

especially in high risk, when it is compared to conventional imaging. However, it is unclear whether 

patients with metastases only detectable with PSMA-PET should be managed using systemic 

therapies only, or whether they should be treated with aggressive local therapies. The latest EAU 

guidelines 2024 advocate for the use of PSMA-PET in the primary staging of high-risk prostate cancer 

due to its superior detection rates compared to conventional imaging, with a strong strength rating. 

However, the guidelines also indicate the need for caution, given that the prognostic implications of 

detecting metastases solely through PSMA-PET remain uncertain, and further prospective studies 
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are needed to clarify its impact on clinical outcomes [22]. It is worth mentioning that they recommend 

it with a poor strength rating on patients with intermediate risk PCa.  

ESMO guidelines [11] describe PET-PSMA has better sensitivity and specificity than CT or BS. 

Nevertheless, PET-PSMA has not shown to improve clinical outcomes.  

ASCO guidelines [12] recommend PET-PSMA when conventional imaging modalities are 

negative o equivocal in high o very high-risk PCa due to its huge sensitivity. But also this high 

sensitivity of PET-PSMA to detect low-burden disease may lead to incorrect patient management. 

AUA guidelines [13] mention PET-PSMA would be recommended only for high-risk PCa 

patients, despite the fact that currently PET-PSMA it not indicated in initial stage of PCA. 

APCCC14 recommend using PET-PSMA in the stage of high-risk localized PCa, even without 

having previously used conventional imaging modalities. On other hand, PET-PSMA is not 

recommend in favourable intermediate-risk disease, and the use of it in unfavourable intermediate-

risk PCa is controversial. 

Table 1. Most relevant previously published manuscripts on the usefulness of PET-PSMA on localized prostate 

cancer. 

Author Study Design Objective Participants Results 

Hofman MS et al 

(2020)6 

Prospective 

multicentre study 

To evaluate accuracy 

of first-line imaging 

(CT or BS versus 

PSMA-PET) for 

identifying either 

pelvic nodal or 

distant-metastatic 

disease.  

 

302 men (with 

biopsy-proven 

prostate cancer and 

high-risk features at 

ten hospitals in 

Australia) were 

randomly assigned. 

152 (50%) men were 

randomly assigned to 

conventional imaging 

and 150 (50%) to 

PSMA PET-CT.  

 

PSMA-PET had a 27% 

(95% CI 23–31) 

greater accuracy than 

that of conventional 

imaging (92% [88–95] 

vs 65% [60–69]; 

p<0·0001). They 

found a lower 

sensitivity (38% [24–

52] vs 85% [74–96]) 

and specificity (91% 

[85–97] vs 98% [95–

100]) for conventional 

imaging compared 

with PSMA-PET. 

Maurer T et al (2016)8. 
Retrospective 

analysis 

To evaluate the 

diagnostic value of 
68Ga-PSMA-PET in 

comparison to 

morphological 

imaging (CT and 

mpMRI) for LN 

staging in patients 

with intermediate to 

high risk PCa 

undergoing RP with 

ePLND. 

130 patients with 

intermediate to high 

risk PCa who 

underwent 68Ga-

PSMA-PET and 

subsequent RP. 

68Ga-PSMA ligands 

have the potential to 

replace currently 

used tracers for PET 

not only for recurrent 

PCa but also for 

primary LN staging. 

Van Kalmthout et al 

(2020)16. 
Propective study 

Evaluates the diag-

nostic accuracy of 
68Ga-PSMA-PET/CT 

to guide its 

implementation into 

clinical practice. 

Patients newly 

diagnosed with PCa 

who have more than 

10% risk for LNMs 

according to the 

MSKCC criteria and 

were considered 

candidates for 

ePLND 

High specificity and 

moderate sensitivity 

for 68Ga-PSMA-

PET/CT to detect 

LNM in the initial 

staging of patients 

with PCa, negative 

bone scans and a 

greater than 10% 

chance of LNM. 

Meijer D et al (2021)21. 
Multicenter study. 

Retrospective study. 

To determine the 

predictive 

All 757 eligible 

patients who 

The addition of 

PSMA-PET to the 
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performance of the 

Briganti 2017, 

MSKCC, and Briganti 

2019 nomograms 

with the addition of 

PSMA-PET. 

underwent a PSMA-

PET prior to RARP 

and ePLND. 

previously developed 

nomograms showed 

substantially 

improved predictive 

performance. 

68Ga-PSMA-PET: prostate-specific membrane antigen positron emission tomography with Gallium 68. CT: 

computed tomography. MpMRI: multiparametic magnetic resonance imaging. RP: radical prostatectomy. 

EPLND: extended pelvic lymph node dissection. LN: lymph node. LNM: lymph node metastases. MSKCC: 

Memorial Sloan Kettering Cancer Center . RARP: robotic assisted radical prostatectomy. 

Table 2. Worldwide clinical guidelines’ evidence about utility of PSMA-PET. 

Document led by 
Arguments for using 

PSMA-PET 
Arguments against using PSMA-PET 

EAU10 

PSMA-PET increases 

detection rates with 

respect to CT and BS, 

especially in high risk 

PCa. 

It is unclear whether patients with metastases 

detectable only with PSMA-PET should be managed 

using systemic therapies only, or whether they 

should be subjected to aggressive local and 

metastases-directed therapies. The prognosis and 

management of patients diagnosed as metastatic by 

this arm is unknown. 

ESMO11 

PSMA-PET has better 

sensitivity and specificity 

than CT or BS  

PSMA-PET has not shown to improve clinical 

outcomes. Patients with localised disease on routine 

imaging should not be denied radical local treatment 

solely because metastatic lesions are identified on 

PSMA-PET. 

The evidence regarding PSMA-PET is not adequate 

to make a recommendation concerning their use.  

ASCO12 

PSMA-PET is 

recommended if 

conventional imaging 

modalities are negative or 

equivocal in high or very 

high-risk prostate cancer. 

 

PSMA-PET is a costly test. Its huge sensitivity to 

detect low-burden disease may lead to incorrect 

patient management. 

AUA13 

Further investigations may 

establish the value of this 

test, but it would be 

recommended only for 

high-risk PCa patients. 

PSMA-PET is an expensive test that is not 

recommended in initial stage of PCa.  

 

APCCC14 

PSMA-PET should be 

used in high-risk localized 

PCa, nor in favourable 

intermedaite-risk disease. 

The use of PSMA-PET in 

unfavourable 

intermediate-risk patients 

is controversial.  

There was no consensus on how to treat patients 

who are M0 on conventional imaging but have 

positive lesions on PSMA-PET. Therapeutic decisions 

should be made with caution. Although it is possible 

that the use of PSMA-PET for staging may improve 

clinical outcomes by optimising the use of local 

and/or adjuvant systemic therapy, this has yet to be 

proved. 

 

PSMA-PET: prostate-specific membrane antigen positron emission tomography. CT: computed tomography. BS: 

bone scan. PCa: prostate cancer. 

4. Discussion 
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The role of PSMA-PET in the staging and management of PCa is rapidly evolving. The advent 

of molecular imaging has reshaped the landscape of its diagnosis, particularly in high-risk patients. 

The superior sensitivity and specificity of PSMA-PET compared to conventional imaging techniques 

have prompted its inclusion in primary staging protocols for high-risk PCa, as recommended by the 

latest EAU guidelines. 

An accurate evaluation of the tumor extension at the beginning of the diagnosis is crucial to 

establish the correct therapeutic strategy. The Tumour, Node, Metastasis (TNM) system of the 

American Joint Committee on Cancer and Union Internationale Contre le Cancer is the most commonly 

used PCa staging system [23], along with the EAU risk group classification [24].  

While CT, MRI, and BS have traditionally been used for staging in patients with local, 

intermediate to high-risk PCa, these modalities have limited precision in detecting small 

retroperitoneal lymph node metastases and small-volume bone metastases8.  

The individual risk of patients holding positive LNs can be predictable based on validated 

nomograms. As we have previously reviewed, the most commonly used are Briganti and MSKCC 

nomograms, which are both based on the same clinical, biochemical, and pathological preoperative 

variables; whereas the new Briganti 2019 nomogram also includes imaging findings and targeted 

biopsy histology following mpMRI. Bilateral ePLND during RP is typically performed in case the 

risk of lymph node metastases exceeds 5%, and ePLND is considered the most accurate method for 

detecting LN involvement in PCa patients [8,25]. Unfortunately, we know it is an invasive diagnostic 

intervention associated with substantial complications. For all these reasons, more reliable imaging 

modalities are needed as an alternative for LN staging, and PSMA-PET has extensively been 

investigated in the evaluation of nodal staging [16]. 

PSMA is a cell-surface glycoprotein overexpressed on PCa cells. Radiolabelled small molecules 

that bind with afinity to PSMA enable whole-body tumour-specific imaging with PET-CT6. Two 

PSMA-targeting PET radiopharmaceuticals, 68Ga-PSMA-11 and 18F-DCFPyL, have gained U.S. Food 

and Drug Administration approval [26]. In addition, 18F-rhPSMA-7.3, a high-affinity PSMA-PET 

radiopharmaceutical, is in development as a diagnostic imaging agent for PCa [27].  

First of all, Maurer et al [8] published their results comparing 68Ga-PSMA-PET with CT and MRI 

on 130 patients with intermediate to high-risk PCa scheduled for RP and ePLND. They concluded 

that preoperative nod staging with 68Ga-PSMA-PET proved to be superior that standard imaging on 

these patients. 

Hofman MS et al published ProPSMA in 2020 [6]. In it, investigators aimed to assess whether 

PSMA PET-CT had improved accurateness when compared with the combination of CT and BS. The 

results showed that in patients with high-risk PCa undergoing staging before curative-intent 

treatment, PET-PSMA should substitute conventional imaging modalities. However, the data 

provided by PSMA-PET and its subsequent management effects is unclear.  

Van Kalmthout et al16 evaluated the diagnostic accuracy of 68Ga-PSMA-PET in initial staging of 

PCa assessing patients undergoing lymphadenectomy with 68Ga-PSMA-PET and reevaluating them 

after the test. They described a 41.5% patient-based sensitivity (95% CI 26.7-57.8) for detecting LN 

metastasis, a 90.9% (95% CI 79.3-96.6) patient-based specificity rate, and positive and negative 

predictive values were 77.3% (95% CI 54.2-91.3) and 67.6% (95% CI 55.6-77.7), respectively; resulting 

the use of PSMA-PET in a change of treatment in 13 patients (12.6%). The clinical utility of PSMA-

PET extends beyond mere detection. By integrating PSMA-PET findings into predictive nomograms, 

clinicians can more accurately assess the risk of LN metastases and tailor treatment strategies 

accordingly. This is particularly relevant in guiding the decision to perform ePLND, an invasive 

procedure with significant morbidity. 

In a multicenter, international population that underwent robot assisted RP and ePLND, it was 

evaluated the performance of three well established preoperative nomogram models [17–19] for 

predicting pN1 disease and assessed whether PSMA-PET imaging was able to improve the 

performance of these models [21]. They concluded that the addition of PSMA-PET to previously 
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developed nomograms showed substantially improved performance in predicting the outcome of 

ePLND correctly.  

Despite these advances, caution is recommended in interpreting PSMA-PET findings, especially 

when it comes to indicate a change in therapeutic management [4,6,28]. The absence of prospective 

studies demonstrating a survival benefit from PSMA-PET-driven interventions underscores the need 

for a measured approach. The EAU guidelines emphasize that while PSMA-PET can enhance 

diagnostic accuracy, its impact on long-term outcomes remains to be definitively proven.  

Recently, there is a study evaluating the usefulness of PSMA-PET to decide whether or not to 

perform an Eplnd [25], with the consequent increase in unnecessary procedures; and another one 

designed to select those patients with a higher risk of advance stage of the desease [29]. The first one 

emphasizes that tools for predicting LN metastases are associated with suboptimal performance for 

men with N0M0 PCa. The latter conclude that patients with ISUP (International Society of Urological 

Pathology) grade 2–3, as well as patients with organ-confined disease at mpMRI and a single or two 

positive nodal findings at PET are those in whom RP may achieve the best oncological outcomes in 

the context of a multimodal approach.  

Summarizing the recommendations of existing clinical guidelines, EAU guidelines [10] expose 

quite multicentric studies that have demonstrated that PSMA-PET increased detection rates with 

respect to conventional imaging modalities, due to its sensitivity and specificity, especially in high-

risk PCa [6,10,30]. However, in absence of prospective studies demonstrating survival benefit, 

caution must be used when taking therapeutic decisions [10,31]. ESMO guidelines11 confirm that 

men with intermediate or high-risk disease should have imaging for nodal or metastatic disease, 

having PSMA-PET better sensitivity and specificity than CT or BS [10,30], although it have not shown 

improving clinical outcomes. So that, they defend patients with localized disease on routine imaging 

should not be denied radical local treatment just because metastatic lesions are identified on novel 

imaging techniques [11]. ASCO guidelines [12] stands that PSMA-PET shows an excellent sensitivity 

but also several disadvantages, specially because they are costly and their huge sensitivity to detect 

low-burden disease may lead to incorrect patient management in some cases. They concluded that 

PET-PSMA is recommended if conventional imaging modalities are negative or equivocal in high or 

very high-risk prostate cancer. AUA guidelines [13] expose that PSMA-PET is not recommended in 

initial stage of PCa. APCCC celebrated in 2022 [14] describes that PSMA-PET should be request in 

high-risk localized PCa. It should not be used in favourable intermediate-risk disease, being its use 

controversial in unfavourable intermediate-risk patients. However, APCCC agree with adding the 

results of PSMA-PET to a new classification of TNM. On the other hand, there was no consensus on 

how to treat patients who are M0 on conventional imaging but have positive lesions on PSMA PET 

[15,32]. 

Why Should We Limit the Use of PSMA in Primary Staging? 

PSMA PET/CT is still characterized by limited sensitivity and, at present, cannot replace an 

ePLND. According to Jansen at al., in their prospective cohort study involving 117 patients, they 

demonstrated a high specificity (94.4%), but limited sensitivity (41.2%) for the detection of PLN 

metastases in primary PCa [34]. Similar results were shown in a prospective multicentre phase II/III 

study with a mean specificity of 97.9% (95% CI 94.5-99.4%) and a mean sensitivity of 40.3% (28.1-

52.5%) for pelvic lymph node involvement [35]. This suggests that PSMA-based PET/CT cannot yet 

replace ePLND. 

Regarding other radiotracers, the phase 3 LIGHTHOUSE study [36] investigated 18F-rhPSMA-

7.3 in men with newly diagnosed PCa scheduled for RP with ePLND. It is one of the few studies in 

which all PSMA PET/CT images were analyzed blind by three independent readers using 

histopathological analysis of LND specimens at RP. Sensitivity of 18F-rhPSMA-7.3 PET/CT for 

detection of LN metastasis was low at only 23–30% among the three readers, increasing to 38–52% 

for ISUP 5 cancer, a finding probably explained by higher PSMA expression in higher-grade PCa [37]. 

This low sensitivity of PSMA PET/CT for detection of LN metastasis is in line with findings from the 
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OSPREY [38] and UCLA/UCSF [39] prospective multicenter trials, which reported 18F-DCFPyL and 

68Ga-PSMA-11 sensitivity of between 30% and 40% for patients with negative or equivocal stamdard 

imaging who underwent LND. Despite being lower than initially reported, the PSMA PET sensitivity 

in these studies is underestimated due to exclusion of patients who did not undergo LND, 

predominately because of metastatic disease found after on-study PSMA imaging [37]. For this 

reason, it is predictable that guideline recommendations will migrate towards first-instance PSMA 

PET/CT staging in high-risk/very high-risk cancers, and therefore clinicians should expect higher 

PSMA imaging sensitivity than that reported here.  

Currently, prospective studies demonstrating a survival benefit are lacking, so caution is 

advised when making therapeutic decisions [40]. Therefore, it is time to stop using PSMA imaging 

as standalone binary data and concentrate our research efforts on integration of PSMA imaging 

findings with other clinico-pathological data to optimize clinical outcomes41. 

PSMA-PET is a powerful tool in the diagnostic armamentarium for prostate cancer, particularly 

in high-risk cases. Its ability to detect metastases with greater accuracy than conventional imaging 

has the potential to change the course of treatment in a significant subset of patients. However, the 

integration of PSMA-PET into clinical practice should be accompanied by a thorough understanding 

of its limitations and the ongoing need for evidence-based decision-making. 

5. Conclusion 

In the era of new generation imaging, PSMA-PET has emerged as a pivotal technology for 

the initial staging of high-risk prostate cancer. Its enhanced sensitivity and specificity over 

conventional imaging modalities offer a more precise evaluation of disease extent, particularly in 

detecting nodal and distant metastases. Nevertheless, the absence of definitive evidence linking 

PSMA-PET findings to improved survival outcomes necessitates a cautious approach in clinical 

decision-making. As the landscape of prostate cancer management continues to evolve, further 

prospective studies are essential to fully elucidate the role of PSMA-PET in improving patient 

outcomes. 

References 

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: 

GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer 

J Clin. 2021 May;71(3):209-249. doi: 10.3322/caac.21660. Epub 2021 Feb 4. PMID: 33538338. 

2. Rebello RJ, Oing C, Knudsen KE, Loeb S, Johnson DC, Reiter RE, Gillessen S, Van der Kwast T, Bristow RG. 

Prostate cancer. Nat Rev Dis Primers. 2021 Feb 4;7(1):9. doi: 10.1038/s41572-020-00243-0. PMID: 33542230. 

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018 Jan;68(1):7-30. doi: 

10.3322/caac.21442. Epub 2018 Jan 4. PMID: 29313949. 

4. Juan GR, Laura FH, Javier PV, Natalia VC, Mᵃ Isabel GR, Enrique RG, José Luis SP, Pablo AL, Noelia SS, 

Roser VD, Jesús MS. Where Do We Stand in the Management of Oligometastatic Prostate Cancer? A 

Comprehensive Review. Cancers (Basel). 2022 Apr 16;14(8):2017. doi: 10.3390/cancers14082017. PMID: 

35454924; PMCID: PMC9029666. 

5. Thomas L, Balmus C, Ahmadzadehfar H, Essler M, Strunk H, Bundschuh RA. Assessment of Bone 

Metastases in Patients with Prostate Cancer-A Comparison between 99mTc-Bone-Scintigraphy and [68Ga]Ga-

PSMA PET/CT. Pharmaceuticals (Basel). 2017 Jul 31;10(3):68. doi: 10.3390/ph10030068. PMID: 28758969; 

PMCID: PMC5620612. 

6. Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas P, Rutherford N, Martin JM, Frydenberg 

M, Shakher R, Wong LM, Taubman K, Ting Lee S, Hsiao E, Roach P, Nottage M, Kirkwood I, Hayne D, 

Link E, Marusic P, Matera A, Herschtal A, Iravani A, Hicks RJ, Williams S, Murphy DG; proPSMA Study 

Group Collaborators. Prostate-specific membrane antigen PET-CT in patients with high-risk prostate 

cancer before curative-intent surgery or radiotherapy (proPSMA): a prospective, randomised, multicentre 

study. Lancet. 2020 Apr 11;395(10231):1208-1216. doi: 10.1016/S0140-6736(20)30314-7. Epub 2020 Mar 22. 

PMID: 32209449. 

7. Afshar-Oromieh A, Avtzi E, Giesel FL, Holland-Letz T, Linhart HG, Eder M, Eisenhut M, Boxler S, 

Hadaschik BA, Kratochwil C, Weichert W, Kopka K, Debus J, Haberkorn U. The diagnostic value of PET/CT 

imaging with the (68)Ga-labelled PSMA ligand HBED-CC in the diagnosis of recurrent prostate cancer. Eur 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 April 2025 doi:10.20944/preprints202504.0326.v1

https://doi.org/10.20944/preprints202504.0326.v1


 9 of 11 

 

J Nucl Med Mol Imaging. 2015 Feb;42(2):197-209. doi: 10.1007/s00259-014-2949-6. Epub 2014 Nov 20. PMID: 

25411132; PMCID: PMC4315487. 

8. Maurer T, Gschwend JE, Rauscher I, Souvatzoglou M, Haller B, Weirich G, Wester HJ, Heck M, Kübler H, 

Beer AJ, Schwaiger M, Eiber M. Diagnostic Efficacy of (68)Gallium-PSMA Positron Emission Tomography 

Compared to Conventional Imaging for Lymph Node Staging of 130 Consecutive Patients with 

Intermediate to High Risk Prostate Cancer. J Urol. 2016 May;195(5):1436-1443. doi: 

10.1016/j.juro.2015.12.025. Epub 2015 Dec 9. PMID: 26682756. 

9. Van Leeuwen PJ, Hayen A, Thompson JE, Moses D, Shnier R, Böhm M, Abuodha M, Haynes AM, Ting F, 

Barentsz J, Roobol M, Vass J, Rasiah K, Delprado W, Stricker PD. A multiparametric magnetic resonance 

imaging-based risk model to determine the risk of significant prostate cancer prior to biopsy. BJU Int. 2017 

Dec;120(6):774-781. doi: 10.1111/bju.13814. Epub 2017 Mar 31. PMID: 28207981. 

10. Cornford P, van den Bergh RCN, Briers E, Van den Broeck T, Brunckhorst O, Darraugh J, Eberli D, De 

Meerleer G, De Santis M, Farolfi A, Gandaglia G, Gillessen S, Grivas N, Henry AM, Lardas M, van Leenders 

GJLH, Liew M, Linares Espinos E, Oldenburg J, van Oort IM, Oprea-Lager DE, Ploussard G, Roberts MJ, 

Rouvière O, Schoots IG, Schouten N, Smith EJ, Stranne J, Wiegel T, Willemse PM, Tilki D. EAU-EANM-

ESTRO-ESUR-ISUP-SIOG Guidelines on Prostate Cancer-2024 Update. Part I: Screening, Diagnosis, and 

Local Treatment with Curative Intent. Eur Urol. 2024 Aug;86(2):148-163. doi: 10.1016/j.eururo.2024.03.027. 

Epub 2024 Apr 13. PMID: 38614820. 

11. Parker C, Castro E, Fizazi K, et al. Prostate Cancer: ESMO Clinical Practice Guidelines for diagnosis, 

treatment and follow-up. Annals of Oncology. 2020;31(9):1119-34. 

https://doi.org/10.1016/j.annonc.2020.06.011 

12. Trabulsi EJ, Rumble RB, Jadvar H, et al. Optimum Imaging Strategies for Advanced Prostate Cancer: ASCO 

Guideline. Journal of Clinical Oncology. 2020;38(17):1963-96. Available at: 

https://doi.org/10.1200/jco.19.02757 

13. Sanda MG, Ronald CC, Crispino T, et al. Cáncer de próstata clínicamente localizado-CAU. CAU.2019. 

Available at: https://caunet.org/news/cancer-de-prostata-clinicamente-localizado/ 

14. Gillessen S, Bossi A, Davis ID, et al. Management of Patients with Advanced Prostate Cancer. Part I: 

Intermediate-/High-risk and Locally Advanced Disease, Biochemical Relapse, and Side effects of Hormonal 

Treatment: Report of the Advanced Prostate Cancer Consensus Conference 2022. European Urology. 

2023;83(3):267-93. Available at: https://doi.org/10.1016/j.eururo.2022.11.002 

15. Heesakkers RA, Hövels AM, Jager GJ, van den Bosch HC, Witjes JA, Raat HP, Severens JL, Adang EM, van 

der Kaa CH, Fütterer JJ, Barentsz J. MRI with a lymph-node-specific contrast agent as an alternative to CT 

scan and lymph-node dissection in patients with prostate cancer: a prospective multicohort study. Lancet 

Oncol. 2008 Sep;9(9):850-6. doi: 10.1016/S1470-2045(08)70203-1. Epub 2008 Aug 15. PMID: 18708295. 

16. Van Kalmthout LWM, van Melick HHE, Lavalaye J, Meijer RP, Kooistra A, de Klerk JMH, Braat AJAT, 

Kaldeway HP, de Bruin PC, de Keizer B, Lam MGEH. Prospective Validation of Gallium-68 Prostate 

Specific Membrane Antigen-Positron Emission Tomography/Computerized Tomography for Primary 

Staging of Prostate Cancer. J Urol. 2020 Mar;203(3):537-545. doi: 10.1097/JU.0000000000000531. Epub 2019 

Sep 6. PMID: 31487220. 

17. Gandaglia G, Fossati N, Zaffuto E, Bandini M, Dell'Oglio P, Bravi CA, Fallara G, Pellegrino F, Nocera L, 

Karakiewicz PI, Tian Z, Freschi M, Montironi R, Montorsi F, Briganti A. Development and Internal 

Validation of a Novel Model to Identify the Candidates for Extended Pelvic Lymph Node Dissection in 

Prostate Cancer. Eur Urol. 2017 Oct;72(4):632-640. doi: 10.1016/j.eururo.2017.03.049. Epub 2017 Apr 12. 

PMID: 28412062. 

18. Milonas D, Venclovas Z, Muilwijk T, Jievaltas M, Joniau S. External validation of Memorial Sloan Kettering 

Cancer Center nomogram and prediction of optimal candidate for lymph node dissection in clinically 

localized prostate cancer. Cent European J Urol. 2020;73(1):19-25. doi: 10.5173/ceju.2020.0079. Epub 2020 

Mar 3. PMID: 32395318; PMCID: PMC7203765. 

19. Gandaglia G, Ploussard G, Valerio M, Mattei A, Fiori C, Fossati N, Stabile A, Beauval JB, Malavaud B, 

Roumiguié M, Robesti D, Dell'Oglio P, Moschini M, Zamboni S, Rakauskas A, De Cobelli F, Porpiglia F, 

Montorsi F, Briganti A. A Novel Nomogram to Identify Candidates for Extended Pelvic Lymph Node 

Dissection Among Patients with Clinically Localized Prostate Cancer Diagnosed with Magnetic Resonance 

Imaging-targeted and Systematic Biopsies. Eur Urol. 2019 Mar;75(3):506-514. doi: 

10.1016/j.eururo.2018.10.012. Epub 2018 Oct 17. PMID: 30342844. 

20. Schaeffer EM, Srinivas S, Adra N, An Y, Barocas D, Bitting R, Bryce A, Chapin B, Cheng HH, D'Amico AV, 

Desai N, Dorff T, Eastham JA, Farrington TA, Gao X, Gupta S, Guzzo T, Ippolito JE, Kuettel MR, Lang JM, 

Lotan T, McKay RR, Morgan T, Netto G, Pow-Sang JM, Reiter R, Roach M, Robin T, Rosenfeld S, Shabsigh 

A, Spratt D, Teply BA, Tward J, Valicenti R, Wong JK, Shead DA, Snedeker J, Freedman-Cass DA. Prostate 

Cancer, Version 4.2023, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 2023 

Oct;21(10):1067-1096. doi: 10.6004/jnccn.2023.0050. PMID: 37856213. 

21. Meijer D, van Leeuwen PJ, Roberts MJ, Siriwardana AR, Morton A, Yaxley JW, Samaratunga H, Emmett L, 

van de Ven PM, van der Poel HG, Donswijk ML, Boellaard TN, Schoots IG, Oprea-Lager DE, Coughlin GD, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 April 2025 doi:10.20944/preprints202504.0326.v1

https://doi.org/10.20944/preprints202504.0326.v1


 10 of 11 

 

Vis AN. External Validation and Addition of Prostate-specific Membrane Antigen Positron Emission 

Tomography to the Most Frequently Used Nomograms for the Prediction of Pelvic Lymph-node 

Metastases: an International Multicenter Study. Eur Urol. 2021 Aug;80(2):234-242. doi: 

10.1016/j.eururo.2021.05.006. Epub 2021 May 21. PMID: 34024652. 

22. Cornford P, van den Bergh RCN, Briers E, Van den Broeck T, Brunckhorst O, Darraugh J, Eberli D, De 

Meerleer G, De Santis M, Farolfi A, Gandaglia G, Gillessen S, Grivas N, Henry AM, Lardas M, van Leenders 

GJLH, Liew M, Linares Espinos E, Oldenburg J, van Oort IM, Oprea-Lager DE, Ploussard G, Roberts MJ, 

Rouvière O, Schoots IG, Schouten N, Smith EJ, Stranne J, Wiegel T, Willemse PM, Tilki D. EAU-EANM-

ESTRO-ESUR-ISUP-SIOG Guidelines on Prostate Cancer-2024 Update. Part I: Screening, Diagnosis, and 

Local Treatment with Curative Intent. Eur Urol. 2024 Aug;86(2):148-163. doi: 10.1016/j.eururo.2024.03.027. 

Epub 2024 Apr 13. PMID: 38614820. 

23. Brierley, J.D., et al., TNM classification of malignant tumors. UICC International Union Against Cancer. 

8th edn. 2017 

24. D’Amico, A.V., et al. Biochemical outcome after radical prostatectomy, external beam radiation therapy, or 

interstitial radiation therapy for clinically localized prostate cancer. Jama, 1998. 280: 969. 

25. Gandaglia G, Barletta F, Robesti D, Scuderi S, Rajwa P, Gomez Rivas J, Ibanez L, Soeterik TFW, Bianchi L, 

Afferi L, Kesch C, Darr C, Guo H, Zhuang J, Zattoni F, Fendler W, Marra G, Stabile A, Amparore D, 

Huebner NA, Giesen A, Joniau S, Schiavina R, Brunocilla E, Mattei A, Dal Moro F, Sierra JM, Porpiglia F, 

Picchio M, van den Bergh R, Shariat SF, Montorsi F, Briganti A. Identification of the Optimal Candidates 

for Nodal Staging with Extended Pelvic Lymph Node Dissection Among Prostate Cancer Patients Who 

Underwent Preoperative Prostate-specific Membrane Antigen Positron Emission Tomography. External 

Validation of the Memorial Sloan Kettering Cancer Center and Briganti Nomograms and Development of 

a Novel Tool. Eur Urol Oncol. 2023 Dec;6(6):543-552. doi: 10.1016/j.euo.2023.05.003. Epub 2023 Jun 1. PMID: 

37270378. 

26. FDA. FDA approves second PSMA-targeted PET imaging drug for men with prostate cancer. 2021. 

https://www.fda.gov/drugs/drug- safety-and-availability/fda-approves-second-psma-targeted-pet- 

imaging-drug-men-prostate-cancer. 

27.  Tolvanen T, Kalliokoski KK, Malaspina S, et al. Safety, biodistribution and radiation dosimetry of 18F-

rhPSMA-7.3 in healthy adult volunteers. J Nucl Med 2021;62:679–84. 

28. Sacco M, Gandaglia G, Aas K, Ceci F, Chiu P, Fankhauser CD, Fournier G, Heiddeger I, Kasivisvanathan 

V, Kesch C, Maggi M, Martini A, Olivier J, Ploussard G, Preisser F, Puche-Sanz I, Rajwa P, Soeterik T, 

Thibault C, Valerio M, van den Bergh RCN, Zattoni F, Rivas JG, Moschini M, Gillessen S, Bossi A, Gontero 

P, Marra G; YAU Prostate Cancer Working Group. The Changing Face of cN0M0 Prostate Cancer Being 

Found With pN+ After Surgery in the Contemporary Era: Results of an International European Survey on 

Disease Management. Clin Genitourin Cancer. 2023 Jun;21(3):416.e1-416.e10. doi: 10.1016/j.clgc.2022.11.012. 

Epub 2022 Dec 5. PMID: 36609130. 

29. Mazzone E, Gandaglia G, Robesti D, Rajwa P, Gomez Rivas J, Ibáñez L, Soeterik TFW, Bianchi L, Afferi L, 

Kesch C, Darr C, Guo H, Zhuang J, Zattoni F, Fendler WP, Amparore D, Huebner NA, Giesen A, Joniau S, 

Schiavina R, Brunocilla E, Mattei A, Dal Moro F, Moreno Sierra J, Porpiglia F, Picchio M, Chiti A, van den 

Bergh R, Shariat SF, Montorsi F, Briganti A. Which Patients with Prostate Cancer and Lymph Node Uptake 

at Preoperative Prostate-specific Membrane Antigen Positron Emission Tomography/Computerized 

Tomography Scan Are at a Higher Risk of Prostate-specific Antigen Persistence After Radical 

Prostatectomy? Identifying Indicators of Systemic Disease by Integrating Clinical, Magnetic Resonance 

Imaging, and Functional Imaging Parameters. Eur Urol Oncol. 2024 Apr;7(2):231-240. doi: 

10.1016/j.euo.2023.08.010. Epub 2023 Sep 9. PMID: 37689506. 

30. Corfield J, Perera M, Bolton D, Lawrentschuk N. 68Ga-prostate specific membrane antigen (PSMA) 

positron emission tomography (PET) for primary staging of high-risk prostate cancer: a systematic review. 

World J Urol. 2018 Apr;36(4):519-527. doi: 10.1007/s00345-018-2182-1. Epub 2018 Jan 17. PMID: 29344682. 

31. Cornford P, Grummet J, Fanti S; EAU-EANM-ESTRO-ESUR-SIOG Prostate Cancer Guidelines Panel. 

Prostate-specific Membrane Antigen Positron Emission Tomography Scans Before Curative Treatment: 

Ready for Prime Time? Eur Urol. 2020 Sep;78(3):e125-e128. doi: 10.1016/j.eururo.2020.06.022. Epub 2020 Jul 

2. PMID: 32624287. 

32. Jadvar H, Calais J, Fanti S, et al. Appropriate use criteria for prostate-specific membrane antigen PET 

imaging. J Nucl Med. 2022;63:59-68. 

33. Chandran E, Figg WD, Madan R. Lutetium-177-PSMA-617: A Vision of the Future. Cancer Biol Ther. 2022 

Dec 31;23(1):186-190. doi: 10.1080/15384047.2022.2037985. PMID: 35220877; PMCID: PMC8890398. 

34. Jansen BHE, Bodar YJL, Zwezerijnen GJC, Meijer D, van der Voorn JP, Nieuwenhuijzen JA, Wondergem 

M, Roeleveld TA, Boellaard R, Hoekstra OS, van Moorselaar RJA, Oprea-Lager DE, Vis AN. Pelvic lymph-

node staging with 18F-DCFPyL PET/CT prior to extended pelvic lymph-node dissection in primary 

prostate cancer - the SALT trial. Eur J Nucl Med Mol Imaging. 2021 Feb;48(2):509-520. doi: 10.1007/s00259-

020-04974-w. Epub 2020 Aug 12. PMID: 32789599; PMCID: PMC7835187. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 April 2025 doi:10.20944/preprints202504.0326.v1

https://doi.org/10.20944/preprints202504.0326.v1


 11 of 11 

 

35.  Perera M, Papa N, Roberts M, Williams M, Udovicich C, Vela I, Christidis D, Bolton D, Hofman MS, 

Lawrentschuk N, Murphy DG. Gallium-68 Prostate-specific Membrane Antigen Positron Emission 

Tomography in Advanced Prostate Cancer-Updated Diagnostic Utility, Sensitivity, Specificity, and 

Distribution of Prostate-specific Membrane Antigen-avid Lesions: A Systematic Review and Meta-analysis. 

Eur Urol. 2020 Apr;77(4):403-417. doi: 10.1016/j.eururo.2019.01.049. Epub 2019 Feb 14. PMID: 30773328. 

36. Surasi DS, Eiber M, Maurer T, Preston MA, Helfand BT, Josephson D, Tewari AK, Somford DM, Rais-

Bahrami S, Koontz BF, Bostrom PJ, Chau A, Davis P, Schuster DM, Chapin BF; LIGHTHOUSE Study 

Group. Diagnostic Performance and Safety of Positron Emission Tomography with 18F-rhPSMA-7.3 in 

Patients with Newly Diagnosed Unfavourable Intermediate- to Very-high-risk Prostate Cancer: Results 

from a Phase 3, Prospective, Multicentre Study (LIGHTHOUSE). Eur Urol. 2023 Oct;84(4):361-370. doi: 

10.1016/j.eururo.2023.06.018. Epub 2023 Jul 5. PMID: 37414702. 

37. Pouliot F, Emmett L. Prostate-specific Membrane Antigen Imaging Remains True to its Name in Primary 

Staging of Prostate Cancer: The Time To Characterize its Impact on Clinical Outcomes Is Now. Eur Urol. 

2023 Oct;84(4):371-372. doi: 10.1016/j.eururo.2023.07.007. Epub 2023 Jul 28. PMID: 37517942. 

38. Pienta KJ, Gorin MA, Rowe SP, et al. A phase 2/3 prospective multicenter study of the diagnostic accuracy 

of prostate specific membrane antigen PET/CT with 18F-DCFPyL in prostate cancer patients (OSPREY). J 

Urol 2021;206:52–61.  

39. Hope TA, Eiber M, Armstrong WR, et al. Diagnostic accuracy of 68Ga- PSMA-11 PET for pelvic nodal 

metastasis detection prior to radical prostatectomy and pelvic lymph node dissection: a multicenter 

prospective phase 3 imaging trial. JAMA Oncol 2021;7:1635–42.  

40. Hicks RJ, Murphy DG, Williams SG. Seduction by Sensitivity: Reality, Illusion, or Delusion? The Challenge 

of Assessing Outcomes after PSMA Imaging Selection of Patients for Treatment. J Nucl Med. 2017 

Dec;58(12):1969-1971. doi: 10.2967/jnumed.117.198812. Epub 2017 Sep 21. PMID: 28935839. 

41. Roberts MJ, Maurer T, Perera M, Eiber M, Hope TA, Ost P, Siva S, Hofman MS, Murphy DG, Emmett L, 

Fendler WP. Using PSMA imaging for prognostication in localized and advanced prostate cancer. Nat Rev 

Urol. 2023 Jan;20(1):23-47. doi: 10.1038/s41585-022-00670-6. Epub 2022 Dec 6. PMID: 36473945. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 April 2025 doi:10.20944/preprints202504.0326.v1

https://doi.org/10.20944/preprints202504.0326.v1

