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INTRODUCTION

The extent of prostate cancer (PC) with ima-
ging is crucial for therapeutic decision-making, par-
ticularly in patients suffering from high-risk locali-
zed PC or at risk of extended disease (1). In addition, 
adequate staging and tailored stratification might 
lead to a positive impact on the natural evolution of 
the disease, particularly nodal staging (1-5).

	Despite careful and appropriate selection 
of patients before radical prostatectomy (RP) or ex-
ternal beam radiotherapy (EBRT), relapse following 
treatment with curative intent is common in appro-
ximately 30% of men (6, 7). One reason might be 
due to limitations of existing standard conventional 
imaging using computed tomography (CT) and bone 
scintigraphy, namely both low sensitivity and speci-
ficity to detect non-localized disease, particularly in 
detecting tumor-positive lymph nodes of regular size 
and metastatic burden in low PSA-levels (8-13). As 
the diagnostic capability of these conventional ima-
ging modalities is limited, as CT has a sensitivity of 
only about 40% and bone scintigraphy a cumulative 
sensitivity of approximately 80%, there has been an 
unmet need for more advanced imaging modalities 
that better detect loco-regional and distant metasta-
tic disease in order to guide the appropriate mana-
gement of patients (9, 10 ,14). Multiparametric MRI 

(mpMRI) has gained widespread utilization prior 
to prostate biopsy to detect tumor foci within the 
prostate (15). In this context three Level I evidence 
trials have demonstrated superiority as compared to 
conventional prostate imaging (16-18). For local sta-
ging purposes, a meta-analysis on mpMRI showed 
a limited sensitivity of 57% for EPE-detection, but 
90% specificity (19). This disappointing results are 
because MRI cannot detect microscopic extraprosta-
tic extension and significantly underestimates tumor 
volume by approximately 30% (1, 19-22). In terms 
of nodal staging, diffusion-weighted imaging as part 
of the MR scan has shown promising results with 
an accuracy of about 83%, but generalizability is 
limited due to reader experience and different ima-
ging techniques, sequences and MR scanners (23). 
Advanced MR imaging techniques, like whole-body 
MRI and Ultra-small superparamagnetic iron oxide 
(USPIO) enhanced MRI also demonstrate promising 
results, but availability is also limited (24-26).

	Novel imaging might improve detection ac-
curacy and subsequent outcomes by more accurate-
ly defining disease extent at the outset, enabling a 
more tailored multimodal treatment plan (27). One of 
these promising candidates is the mostly 68Gallium 
(Ga)- Prostate Specific Membrane Antigen (PSMA) 
positron emission tomography (PET)/computed to-
mography (PET/CT) (28-30). 68Ga-PSMA-PET/CT is a 
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non-invasive diagnostic technique to image PC with 
increased (PSMA, glutamate carboxypeptidase II, EC 
3.4.17.21) expression (28).

Basically

	PSMA is a transmembrane protein prima-
rily present in all prostatic tissues (28, 31). Ho-
wever, increased PSMA expression is seen in a 
variety of malignancies, however, most notably 
in PC (31-33). Immunohistochemical studies have 
shown that PSMA expression increases in case of 
de-differentiated, more aggressive, metastatic, and 
also in castration-resistant disease and its expres-
sion level is a significant prognosticator for disea-
se outcome (28, 31, 33).

	Therefore, this tool represents a symbiosis 
in the evaluation between tumor microenviron-
ment and imaging, and it should be able to provide 
a more refined prostate cancer stratification (20).

	In 2020, multiple types of radiopharma-
ceutical tracers, including various PSMA-tracers 
are available. The most frequently deployed ac-
cording to their specificity in PC, are Fluorine 18 
(18F)- and Gallium 68 (68Ga)-labeled PSMA (34). 
Until know, 68Ga-PSMA-PET/CT has demonstrated 
these high rates of specificity with increased levels 
of sensitivity as compared to conventional ima-
ging in both staging of primary tumor and in bio-
chemical recurrence (29, 35). However, the sensi-
tivity strongly depends on PSA-levels, with low 
sensitivity rates in PSA-levels <0.2ng/mL and hi-
gher rates >1.0ng/mL, and lymph node and tumor 
diameter (36-38). In addition, the PSMA-targeted 
18F-DCFPyL (2-(3-{1-carboxy-5-[(6-18F-fluoro-
-pyridine-3-carbonyl)-amino]-pentyl}-ureido) 
pentanedioic acid) is a novel and promising tra-
cer, demonstrating both, improved positive and 
negative predictive value, as compared to stan-
dard imaging in the recently published OSPREY 
trial (39).

	In this context, the recently published 
proPSMA trial by Hofman et al. should be fur-
ther elucidated (27). This study is of particular 
interest due to several reasons. The study de-
sign comprised 302 men with high-risk PC, that 
where prospectively randomized in a multicen-
tric fashion to either conventional imaging (CT 

and bone scintigraphy) or 68Ga-PSMA-PET/CT 
as first imaging modality.

	The primary aim was to determine the ac-
curacy of staging between 68Ga- PSMA-PET/ CT 
and conventional imaging. Importantly, men un-
derwent the opposite imaging modality after the 
first-line imaging prior to treatment with RP or 
radiotherapy (27).

	Hofman et al. found that PSMA PET/CT had 
a significant higher accuracy of 27% (92% versus 
65%, p <0.001) as compared to conventional ima-
ging. Also both sensitivity (38% vs. 85%) and spe-
cificity (91% vs. 98%) were lower for conventional 
imaging (27). Subgroup analyses also showed supe-
riority in patients with pelvic nodal metastases and a 
22% absolute difference for distant metastases.

	Of great importance was that conventional 
imaging conferred management change with a high 
or medium effect, defined as a change in manage-
ment intent or modality, or change in modality de-
livery in 23 men (15%, 95% confidence interval (CI) 
10-22), compared with 41 men (28%, CI 21-36) who 
underwent first-line PSMA PET-CT (p=0.008). In 
detail, 20 (14%) of 148 patients were directed from 
curative to palliative-intent treatment after first- line 
PSMA PET-CT, 11 (7%) had a change in radiotherapy 
technique, and 11 (7%) in surgical technique (27).

	First line conventional imaging conferred 
management changes less frequently (15% vs. 28%) 
and yielded more equivocal findings (23% vs. 7%). 
For those who underwent a second line imaging, 
management change occurred in 5% in conventio-
nal imaging vs. 27% in PSMA PET/CT.

	In addition, PSMA PET/CT was not only as-
sociated with a lower level of radiation exposure of 
8.4mSv as compared to 19.3mSv (p <0.001), but also 
did not lead to any adverse events.

	In conclusion proPSMA delivers eviden-
ce from a prospective randomized trial that 68Ga-
-PSMA-PET-CT is in favor of applied dose, sensiti-
vity, specificity, less equivocal imaging findings and 
improved management effect as compared to con-
ventional imaging using abdominal cross-sectional 
imaging and bone scintigraphy.

	Yet, some important factors need to be 
discussed: Although patients underwent selective 
cross-over to assess utility for second- line imaging, 
the primary endpoint was head-to-head comparison 
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of first-line imaging before cross-over (27). Limita-
tions though include that analysis of the second-line 
imaging was of a subset of patients and not a ran-
domized comparison (27). In addition, the authors 
mentioned that although potential confounders were 
reduced by randomization, the inability to blind the 
imaging modality introduced potential bias (27). 
Thirdly, reflecting real-world practice, histopatholo-
gic assessment was not feasible in all participants, 
especially those with pelvic nodal metastases who 
underwent radiotherapy. To overcome issues regar-
ding pathology standard, the study design included 
follow-up with repeat imaging six months after the-
rapy initiation (27).

	One of the most important acknowledg-
ments of the study is, that although initial PSMA 
PET-CT led to a significant higher rate of changes 
in intended management, the cross-over design li-
mited the ability to identify specific improvements 
of patient outcomes between the imaging modali-
ty groups in longer term follow-up. In particular, 
effects on progression free survival (PFS), changes in 
systematic treatments, like delay of androgen depri-
vation therapy (ADT) or more sophisticated overall 
survival (OS) cannot determined using a cross-over 
design. However, it has to be acknowledged that the 
study design focused on the comparative accuracy 
of PSMA PET-CT compared with conventional ima-
ging and has inherent benefits in terms of diagnostic 
accuracy and safety for patients.

	In this context, it will be interesting to see 
if improving diagnostic accuracy, that can lead to 
prevent futile attempts at cure or better direct lo-
coregional therapies, can be translated into impro-
ved long-term benefits in this setting. Furthermo-
re, earlier detection of systemic metastases could 
also be beneficial for patients because the efficacy 
of therapies is greater when the burden of disease 
is low (40). However, this was not an endpoint of 
the proPSMA study.

	Other authors like Yaxley et al. have con-
tributed as well on this topic with a retrospective 
review in 1253 men using 68Ga-PSMA PET/CT for 
initial staging (41). The primary outcome was to 
determine the risk of metastasis based on Gallium 
68PSMA PET/CT as well with histological biopsy In-
ternational Society of Urological Pathology (ISUP) 
grade, prostate-specific antigen level, and staging 

with pre-biopsy multiparametric magnetic resonan-
ce imaging (mpMRI) (41).

	Their results also support the use of Gallium 
68PSMA PET/CT for primary staging of prostate can-
cer metastatic disease in 12.1% of men, including 
8.2% with a PSA level of <10ng/mL and 43% with a 
PSA level of >20ng/mL (41).

	Current European guidelines state a growing 
evidence on the performance of 68Ga-PSMA PET/CT 
in initial staging (1). Perera et al. contributed to this 
topic with a recent systematic review including 37 
studies and comprising a total of 4790 patients (29). 
They found that about 90% of high-risk patients 
on primary-staging were PSMA-PET positive (29). 
Luiting et al. published a systematic review compri-
sing 11 studies, demonstrating a variable per-patient 
sensitivity between 33% and 100% and per-patient 
specificity of 80-100% to detect lymph node metas-
tases using RP and extended lymph node dissection 
as reference standard (35). Per-node sensitivity was 
analogous variable with 24-96% and per-node spe-
cificity very high with 98-100% (35).

	In this context, EAU Guidelines concluded 
that the field of non-invasive nodal and metastatic 
staging of PC is evolving very rapidly (1). Evidence 
shows that choline PET/CT, MRI and PSMA PET/CT 
provide a more sensitive detection of LN and bone 
metastases than the classical work-up associating 
bone scan and abdominopelvic CT (27, 42-44). It 
could then be tempting to conclude that bone scan 
and abdominopelvic CT must be replaced by more 
sensitive tests in all patients undergoing initial PCa 
staging (1).

	Recent NCCN guidelines considered the per-
formance of an initial stratification and staging for 
men suffering from at least intermediate-risk dise-
ase with a bone imaging including plain films like 
CT and MRI (45). Those imaging modalities could be 
accompanied by 18F sodium fluoride PET/CT or PET/
MRI, C-11 choline PET/CT or PET/MRI for equivocal 
results on initial bone scan (45). However, informa-
tion on PSMA-PET imaging are lacking (45).

	Beyond the potential benefits of this 
imaging tool, PSMA assessment is not without 
limitations.

	First, the spectrum of benign and malignant 
non-prostatic conditions with high PSMA-radiotra-
cer uptake may be misguided for sites of PC as a 
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potential false positive. To mention some of them, 
we can see an increased uptake of 68Ga-PSMA -11 
or 18F-DCFPyL in ganglia of the sympathetic trunk 
along the vertebra, which can be mistaken with bone 
metastasis (46). This is a common phenomenon in 
approximately 50.90% of cases (46). However, PS-
MA-avidity is mostly teardrop- or nodular-shapen 
in lymph node metastases in 50-70% of cases and 
only rarely (about 1%) in sympathetic trunk up-
take (46). Also in benign bone pathologies, whe-
re there is a setting of increased vascularity, bone 
remodeling, and reparative processes like in Paget 
Syndrome or anemia (47).

	Secondly, on the other hand, PC with neu-
roendocrine differentiation (NEPC) has been increa-
singly reported as a common cause of false negative 
PSMA-targeted PET/CT (15). However, rates of NEPC 
are varying between x and y percent (48). In this 
context, a third limitation is that about 5-10% of PCs 
are PSMA negative, so potential metastases are not 
avid due to missing tracer uptake (49).

	Fourthly, PSMA-PET imaging is not availa-
ble in most countries outside north, middle and sou-
thern Europe, as well as Australia, Asia and the US. 
As both cost- and time-consumption are still chal-
lenging, widespread implementation is limited. Ho-
wever, we acknowledge that this is also the case for 
alternative modern staging tools, like whole-body 
MRI and DCFPyL-PSMA-PET.

	As mentioned before, further randomized 
control trials are needed to identify the impact on 
the outcome and probably OS after a change in pa-
tient management based on new evidence provided 
by PSMA PET/CT, and how this would lead to more 
accurate and successful disease-control. One exam-
ple will be the upcoming multicentric PRIMARY trial 
(50).

	The primary outcome of this study, that 
transfers PSMA-PET imaging to the screening set-
ting, is to determine the additive value of 68Ga-PS-
MA-PET/CT when combined with mpMRI detecting 
clinically significant PC (csPC) in men undergoing 
initial biopsy for suspicion of PC, and to determi-
ne the proportion of men who could have avoided 
prostate biopsy with positive mpMRI (PI-RADS ≥3) 
but negative PSMA-PET/CT (50). The PRIMARY trial 
will be a multicenter, prospective, cross-sectional 
study that meets the criteria for level 1 evidence in 

diagnostic test evaluation (50). PRIMARY will also 
investigate if a limited (pelvic-only) PSMA-PET/CT 
in combination with routine mpMRI can reliably dis-
criminate men with csPCa from those without csPCa, 
using transperineal template+targeted (PSMA-PET/
CT and/or mpMRI) biopsies as reference test (50).

	In conclusion, PSMA-PET/CT has proved so 
far to be a highly specific imaging modality in sta-
ging of PC with higher sensitivity rates as compared 
to standard imaging methods (27). In addition, it has 
the potential to change patient’s management. This 
has also be proven in the recent published proPSMA 
study (27). While data on the impact of applying PS-
MA-PET/CT as first-line staging in PC on long-term 
outcomes and AS are lacking and staging accuracy 
depends on PSA-levels and tumor- and lymph node-
-size, recent guidelines focus on the high potential of 
this imaging tool, potentially changing guidelines (1, 
37, 38). Data on PSMA-PET with novel tracers and 
comparisons to whole-body MRI are eagerly expec-
ted, as availability of PSMA-PET/CT is still limited.

CONFLICT OF INTEREST

None declared.

REFERENCES

1.	 Mottet N, van den Bergh RCN, Briers E, Van den Broeck T, 
Cumberbatch MG, De Santis M, et al. EAU-EANM-ESTRO-
ESUR-SIOG Guidelines on Prostate Cancer-2020 Update. 
Part 1: Screening, Diagnosis, and Local Treatment with 
Curative Intent. Eur Urol. 2021;79:243-62. 

2.	 Kluth LA, Abdollah F, Xylinas E, Rieken M, Fajkovic H, Seitz 
C, et al. Clinical nodal staging scores for prostate cancer: 
a proposal for preoperative risk assessment. Br J Cancer. 
2014; 111:213-9.

3.	 Briganti A, Blute ML, Eastham JH, Graefen M, Heidenreich 
A, Karnes JR, et al. Pelvic lymph node dissection in prostate 
cancer. Eur Urol. 2009; 55:1251-65.

4.	 Eiber M, Herrmann K, Fendler WP, Maurer T. 68Ga-labeled 
Prostate-specific Membrane Antigen Positron Emission 
Tomography for Prostate Cancer Imaging: The New Kid on 
the Block-Early or Too Early to Draw Conclusions? Eur Urol. 
2016; 70:938-940.



12471247

IBJU | EXPERT OPINION

5.	 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; 58:1969-71.

6.	 Eggener SE, Scardino PT, Walsh PC, Han M, Partin 
AW, Trock BJ, et al. Predicting 15-year prostate cancer 
specific mortality after radical prostatectomy. J Urol. 
2011; 185:869-75.

7.	 Zumsteg ZS, Spratt DE, Romesser PB, Pei X, Zhang Z, 
Polkinghorn W, et al. The natural history and predictors of 
outcome following biochemical relapse in the dose escalation 
era for prostate cancer patients undergoing definitive external 
beam radiotherapy. Eur Urol. 2015; 67:1009-16.

8.	 Beresford MJ, Gillatt D, Benson RJ, Ajithkumar T. A 
systematic review of the role of imaging before salvage 
radiotherapy for post-prostatectomy biochemical 
recurrence. Clin Oncol (R Coll Radiol). 2010; 22:46-55.

9.	 Shen G, Deng H, Hu S, Jia Z. Comparison of choline-PET/
CT, MRI, SPECT, and bone scintigraphy in the diagnosis 
of bone metastases in patients with prostate cancer: a 
meta-analysis. Skeletal Radiol. 2014; 43:1503-13.

10.	 Hövels AM, Heesakkers RA, Adang EM, Jager GJ, Strum 
S, Hoogeveen YL, et al. The diagnostic accuracy of CT 
and MRI in the staging of pelvic lymph nodes in patients 
with prostate cancer: a meta-analysis. Clin Radiol. 2008; 
63:387-95.

11.	 Abuzallouf S, Dayes I, Lukka H. Baseline staging of newly 
diagnosed prostate cancer: a summary of the literature. J 
Urol. 2004; 171(6 Pt 1):2122-7.

12.	 Kiss B, Thoeny HC, Studer UE. Current Status of Lymph 
Node Imaging in Bladder and Prostate Cancer. Urology. 
2016; 96:1-7.

13.	 Harisinghani MG, Barentsz J, Hahn PF, Deserno WM, 
Tabatabaei S, van de Kaa CH, et al. Noninvasive detection 
of clinically occult lymph-node metastases in prostate 
cancer. N Engl J Med. 2003; 348:2491-9. Erratum in: N 
Engl J Med. 2003; 349:1010.

14.	 Han S, Woo S, Kim YJ, Suh CH. Impact of 68Ga-PSMA PET on 
the Management of Patients with Prostate Cancer: A Systematic 
Review and Meta-analysis. Eur Urol. 2018; 74:179-90.

15.	 Drost FH, Osses DF, Nieboer D, Steyerberg EW, Bangma 
CH, Roobol MJ, et al. Prostate MRI, with or without MRI-
targeted biopsy, and systematic biopsy for detecting 
prostate cancer. Cochrane Database Syst Rev. 2019; 
4:CD012663.

16.	 Kasivisvanathan V, Rannikko AS, Borghi M, Panebianco 
V, Mynderse LA, Vaarala MH, et al. MRI-Targeted or 
Standard Biopsy for Prostate-Cancer Diagnosis. N Engl 
J Med. 2018; 378:1767-77.

17.	 van der Leest M, Cornel E, Israël B, Hendriks R, Padhani 
AR, Hoogenboom M, et al. Head-to-head Comparison 
of Transrectal Ultrasound-guided Prostate Biopsy 
Versus Multiparametric Prostate Resonance Imaging 
with Subsequent Magnetic Resonance-guided Biopsy 
in Biopsy-naïve Men with Elevated Prostate-specific 
Antigen: A Large Prospective Multicenter Clinical Study. 
Eur Urol. 2019; 75:570-8.

18.	 Rouvière O, Puech P, Renard-Penna R, Claudon M, Roy 
C, Mège-Lechevallier F, et al. Use of prostate systematic 
and targeted biopsy on the basis of multiparametric MRI 
in biopsy-naive patients (MRI-FIRST): a prospective, 
multicentre, paired diagnostic study. Lancet Oncol. 2019; 
20:100-9.

19.	 de Rooij M, Hamoen EH, Witjes JA, Barentsz JO, Rovers 
MM. Accuracy of Magnetic Resonance Imaging for Local 
Staging of Prostate Cancer: A Diagnostic Meta-analysis. 
Eur Urol. 2016; 70:233-45.

20.	 Sun C, Chatterjee A, Yousuf A, Antic T, Eggener S, 
Karczmar GS, et al. Comparison of T2-Weighted 
Imaging, DWI, and Dynamic Contrast-Enhanced MRI 
for Calculation of Prostate Cancer Index Lesion Volume: 
Correlation With Whole-Mount Pathology. AJR Am J 
Roentgenol. 2019; 212:351-6.

21.	 Radtke JP, Schwab C, Wolf MB, Freitag MT, Alt CD, Kesch 
C, et al. Multiparametric Magnetic Resonance Imaging 
(MRI) and MRI-Transrectal Ultrasound Fusion Biopsy 
for Index Tumor Detection: Correlation with Radical 
Prostatectomy Specimen. Eur Urol. 2016; 70:846-53.

22.	 Le Nobin J, Orczyk C, Deng FM, Melamed J, Rusinek H, 
Taneja SS, et al. Prostate tumour volumes: evaluation of 
the agreement between magnetic resonance imaging and 
histology using novel co-registration software. BJU Int. 
2014; 114(6b):E105-E112.

23.	 Thoeny HC, Froehlich JM, Triantafyllou M, Huesler J, 
Bains LJ, Vermathen P, et al. Metastases in normal-sized 
pelvic lymph nodes: detection with diffusion-weighted 
MR imaging. Radiology. 2014; 273:125-35.

24.	 Lebastchi AH, Gupta N, DiBianco JM, Piert M, Davenport 
MS, Ahdoot MA, et al. Comparison of cross-sectional 
imaging techniques for the detection of prostate cancer 
lymph node metastasis: a critical review. Transl Androl 
Urol. 2020; 9:1415-27.

25.	 Triantafyllou M, Studer UE, Birkhäuser FD, Fleischmann A, 
Bains LJ, Petralia G, et al. Ultrasmall superparamagnetic 
particles of iron oxide allow for the detection of 
metastases in normal sized pelvic lymph nodes of patients 
with bladder and/or prostate cancer. Eur J Cancer. 2013; 
49:616-24.



12481248

IBJU | EXPERT OPINION

26.	 Birkhäuser FD, Studer UE, Froehlich JM, Triantafyllou 
M, Bains LJ, Petralia G, et al. Combined ultrasmall 
superparamagnetic particles of iron oxide-enhanced 
and diffusion-weighted magnetic resonance imaging 
facilitates detection of metastases in normal-sized pelvic 
lymph nodes of patients with bladder and prostate 
cancer. Eur Urol. 2013; 64:953-60.

27.	 Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, 
Thomas P, et al. 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; 395:1208-16.

28.	 Fendler WP, Eiber M, Beheshti M, Bomanji J, Ceci F, Cho S, 
et al. 68Ga-PSMA PET/CT: Joint EANM and SNMMI procedure 
guideline for prostate cancer imaging: version 1.0. Eur J 
Nucl Med Mol Imaging. 2017; 44:1014-24.

29.	 Perera M, Papa N, Roberts M, Williams M, Udovicich C, Vela I, 
et al. 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; 77:403-17.

30.	 Prof Michael S Hofman, MBBS, Nathan Lawrentschuk, MBBS, 
Roslyn J Francis, MBBS,  Colin Tang, MBBS, Ian Vela, MBBS, 
Paul Thomas, MBBS. et al. 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; 6736:1–9.

31.	 Mannweiler S, Amersdorfer P, Trajanoski S, Terrett JA, King 
D, Mehes G. Heterogeneity of prostate-specific membrane 
antigen (PSMA) expression in prostate carcinoma with 
distant metastasis. Pathol Oncol Res. 2009; 15:167-72.

32.	 Perner S, Hofer MD, Kim R, Shah RB, Li H, Möller P, et 
al. Prostate-specific membrane antigen expression as a 
predictor of prostate cancer progression. Hum Pathol. 2007; 
38:696-701.

33.	 Ghosh A, Heston WD. Tumor target prostate specific 
membrane antigen (PSMA) and its regulation in prostate 
cancer. J Cell Biochem. 2004; 91:528-39.

34.	 Czarniecki M, Mena E, Lindenberg L, Cacko M, Harmon 
S, Radtke JP, et al. Keeping up with the prostate-specific 
membrane antigens (PSMAs): an introduction to a new class 
of positron emission tomography (PET) imaging agents. 
Transl Androl Urol. 2018; 7:831-43.

35.	 Luiting HB, van Leeuwen PJ, Busstra MB, Brabander T, van 
der Poel HG, Donswijk ML, et al. Use of gallium-68 prostate-
specific membrane antigen positron-emission tomography 
for detecting lymph node metastases in primary and 
recurrent prostate cancer and location of recurrence after 
radical prostatectomy: an overview of the current literature. 
BJU Int. 2020; 125:206-14.

36.	 Perera M, Papa N, Christidis D, Wetherell D, Hofman MS, 
Murphy DG, et al. Sensitivity, Specificity, and Predictors 
of Positive 68Ga-Prostate-specific Membrane Antigen 
Positron Emission Tomography in Advanced Prostate 
Cancer: A Systematic Review and Meta-analysis. Eur 
Urol. 2016; 70:926-37.

37.	 Jilg CA, Drendel V, Rischke HC, Beck T, Vach W, Schaal 
K,et al. Diagnostic Accuracy of Ga-68-HBED-CC-PSMA-
Ligand-PET/CT before Salvage Lymph Node Dissection 
for Recurrent Prostate Cancer. Theranostics. 2017; 
7:1770-80.

38.	 Zamboglou C, Drendel V, Jilg CA, Rischke HC, Beck 
TI, Schultze-Seemann W, et al. Comparison of 68Ga-
HBED-CC PSMA-PET/CT and multiparametric MRI for 
gross tumour volume detection in patients with primary 
prostate cancer based on slice by slice comparison with 
histopathology. Theranostics. 2017; 7:228-37.

39.	 Rowe S, Gorin M, Pienta K, Siegel B, Carroll P, Pouliot F, 
et al. Results from the OSPREY trial: A PrOspective Phase 
2/3 Multi-Center Study of 18F-DCFPyL PET/CT Imaging in 
Patients with PRostate Cancer - Examination of Diagnostic 
AccuracY. J Nuclear Med. 2019;60(supplement 1): 586 

40.	 Parker CC, James ND, Brawley CD, Clarke NW, Hoyle AP, 
Ali A, et al. Radiotherapy to the primary tumour for newly 
diagnosed, metastatic prostate cancer (STAMPEDE): 
a randomised controlled phase 3 trial. Lancet. 2018; 
392:2353-66.

41.	 Yaxley JW, Raveenthiran S, Nouhaud FX, Samaratunga H, 
Yaxley WJ, Coughlin G, et al. Risk of metastatic disease 
on 68 gallium-prostate-specific membrane antigen 
positron emission tomography/computed tomography 
scan for primary staging of 1253 men at the diagnosis 
of prostate cancer. BJU Int. 2019; 124:401-7. Erratum in: 
BJU Int. 2020; 125:476.

42.	 Husarik DB, Miralbell R, Dubs M, John H, Giger OT, Gelet 
A, et al. Evaluation of [(18)F]-choline PET/CT for staging 
and restaging of prostate cancer. Eur J Nucl Med Mol 
Imaging. 2008; 35:253-63.

43.	 Schiavina R, Scattoni V, Castellucci P, Picchio M, Corti 
B, Briganti A, et al. Martorana G. 11C-choline positron 
emission tomography/computerized tomography for 
preoperative lymph-node staging in intermediate-risk 
and high-risk prostate cancer: comparison with clinical 
staging nomograms. Eur Urol. 2008; 54:392-401.

44.	 Heck MM, Souvatzoglou M, Retz M, Nawroth R, Kübler 
H, Maurer T, et al. Prospective comparison of computed 
tomography, diffusion-weighted magnetic resonance 
imaging and [11C]choline positron emission tomography/
computed tomography for preoperative lymph node 
staging in prostate cancer patients. Eur J Nucl Med Mol 
Imaging. 2014; 41:694-701.



12491249

IBJU | EXPERT OPINION

45. Mohler JL, Antonarakis ES, Armstrong AJ, D’Amico AV, 
Davis BJ, Dorff T, et al. Prostate Cancer, Version 2.2019, 
NCCN Clinical Practice Guidelines in Oncology. J Natl Compr 
Canc Netw. 2019; 17:479-505.

46. Rischpler C, Beck TI, Okamoto S, Schlitter AM, Knorr K, 
Schwaiger M, et al. 68Ga-PSMA-HBED-CC Uptake in Cervical, 
Celiac, and Sacral Ganglia as an Important Pitfall in Prostate 
Cancer PET Imaging. J Nucl Med. 2018; 59:1406-11.

47. Froehner M, Toma M, Zöphel K, Novotny V, Laniado M, Wirth 
MP. PSMA-PET/CT-Positive Paget Disease in a Patient with 
Newly Diagnosed Prostate Cancer: Imaging and Bone Biopsy 
Findings. Case Rep Urol. 2017:16542.

48. Sheikhbahaei S, Werner RA, Solnes LB, Pienta KJ, Pomper 
MG, Gorin MA, et al. Prostate-Specifi c Membrane Antigen 
(PSMA)-Targeted PET Imaging of Prostate Cancer: An Update 
on Important Pitfalls. Semin Nucl Med. 2019; 49:255-70.

49. Afshar-Oromieh A, Holland-Letz T, Giesel FL, Kratochwil 
C, Mier W, Haufe S, et al. Diagnostic performance of 68Ga-
PSMA-11 (HBED-CC) PET/CT in patients with recurrent 
prostate cancer: evaluation in 1007 patients. Eur J Nucl 
Med Mol Imaging. 2017; 44:1258-68. Erratum in: Eur J 
Nucl Med Mol Imaging. 2017; 44:1781.

50. Amin A, Blazevski A, Thompson J, Scheltema MJ, 
Hofman MS, Murphy D, et al. Protocol for the PRIMARY 
clinical trial, a prospective, multicentre, cross-sectional 
study of the additive diagnostic value of gallium-68 
prostate-specific membrane antigen positron-emission 
tomography/computed tomography to multiparametric 
magnetic resonance imaging in the diagnostic setting 
for men being investigated for prostate cancer. BJU Int. 
2020; 125:515-24.

_____________________
Submitted for publication:

November 05, 2020
_____________________

Accepted after revision:
November 07, 2020

_____________________
Published as Ahead of Print:

January 20, 2021

Rafael Sanchez-Salas, MD

Department of Urology, 
L`Institut Mutualiste Montsouris
42 Boulevard Jourdan, 75014 Paris, France
Telephone: + 33 1 5661-6263
E-mail: rafael.sanchez-salas@imm.fr

ARTICLE INFO 

Melissa Segura Céspedes
http://orcid.org/0000-0002-3354-9337

Int Braz J Urol. 2021; 47: 1243-1249


