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A recent commentary by Choyke and Bouchelouche (1) 
highlighted a number of important points relevant to 
the origins and history of small-molecule inhibitors of 
prostate-specific membrane antigen (PSMA) and their 
use as imaging agents for positron emission tomography 
(PET). As the authors note, there has been rapid adoption 
of PSMA-targeted PET throughout much of the world (1), 
with hundreds of publications being generated each year (2).  
The facile incorporation of PSMA-targeted PET into 
clinical practice belies the tremendous amount of time and 
effort spent on medicinal chemistry to develop this new 
class of radiotracers, as well as the preclinical evaluations 
that were necessary to validate PSMA as a viable target for 
imaging prostate cancer (3,4). Furthermore, as Choyke and 
Bouchelouche note in their manuscript, much of the early 
literature with PSMA-targeted PET was retrospective and/
or anecdotal (1), effectively putting the cart before the horse 
in regards to clinical validation (5), and potentially limiting 
future prospects for rigorous, randomized trials in some 
clinical applications (1).

Nonetheless, exciting developments continue to come to 
the forefront with PSMA, and there is every reason to believe 
that we have only scratched the surface. For example, 
prospective, multi-center studies in the United States (6) 
and ClinicalTrials.gov (NCT02981368 and NCT03739684) 
have positioned PSMA-targeted PET for regulatory 
approval in that jurisdiction in the near future. Such 

approval may be the impetus needed to continue the types 
of large, collaborative studies that will definitively elucidate 
the clinical utility of this new imaging technique in clinical 
scenarios such as pre-operative staging and biochemical 
recurrence. Beyond the sensitivity and specificity data 
from such studies, the more subtle prognostic information 
associated with scan findings should be sought. There are 
already indications that PSMA-targeted PET scans contain 
imaging biomarkers that are not accounted for simply by 
the detection efficiency of the scan (7), and this observation 
will need to be more thoroughly understood by leveraging 
the larger datasets that will continue to become available.

Dovetailing with the emerging data from multi-center 
studies is the worldwide experience that has led to an 
understanding of potential false-positive and false-negative 
findings as well as the appearances of numerous non-
prostate cancer entities on PSMA-targeted PET. Indeed, 
the pitfalls that can lead to inaccurate staging of patients 
who are imaged with PSMA-targeted PET have been 
extensively described (8). This, in turn, has allowed for 
the development of standardized reporting systems [for 
example, (9)] that can reflect the inherent uncertainty that 
arises with normal variants, lesions with indeterminate 
levels of uptake, and other confusing imaging patterns. In 
our clinical practice, we make use of the PSMA reporting 
and data system (PSMA-RADS), which is structured as a 
5-point scale based on the likelihood of the presence of 
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prostate cancer on a scan or in a specific individual lesion (9).  
PSMA-RADS and other structured reporting systems lay 
the groundwork for effective communication between 
interpreting image specialists and referring clinicians, 
which is of tremendous importance in an era when focal 
therapy options for patients with biochemically-recurrent 
or oligometastatic prostate cancer are often inferred from 
PSMA-targeted PET scan findings (2). More generally, we 
can expect that longer-term outcomes data from patients 
with low-volume advanced disease who receive focal therapy 
based on PSMA-targeted PET scan results will soon begin 
to become available, and whether such treatment decisions 
are appropriate will become more apparent.

Further, the expression of PSMA on the neovasculature 
of many non-prostate solid tumors has opened up the 
possibility of utilizing PSMA-targeted PET as a more 
generalizable cancer imaging modality (10). The literature 
on the applicability of PSMA-targeted radiotracers to the 
PET imaging of non-prostate cancers has been particularly 
focused on case reports, with a relatively limited number of 
larger and/or prospective studies (10). The bias associated 
with this pattern of publication almost certainly over-
estimates the clinical utility of PSMA-targeted PET in 
many cancers, emphasizing the need for further research 
on this topic. Beyond metrics such as the sensitivity and 
specificity for lesion detection, PSMA-targeted PET of 
non-prostate cancers may open up possibilities for treating 
patients harboring such malignancies with PSMA-based 
endoradiotherapy. Similarly, PSMA-targeted PET may 
serve as a non-invasive read-out of neovascular density and 
allow for the selection of patients that might benefit from 
neovascular-targeted therapies.

Lastly, just as with other imaging modalities, our ability 
to interpret PSMA-targeted PET is likely to be radically 
transformed by artificial intelligence (AI)/machine learning 
(ML). Initially, AI/ML will aid in lesion identification, 
segmentation, and categorization. However, those are likely 
to be only the first steps towards a more comprehensive role 
of AI/ML in PSMA-targeted PET imaging. Subsequent 
steps of AI/ML incorporation into clinical practice 
may include deducing prognostic information, such as 
progression-free survival, as well as the selection of future 
therapies, based on a combination of PSMA-targeted PET 
scan findings and clinical information. Outside of the few 
prospective, multi-center studies that have been carried out, 
the tremendous number of scans that have been acquired 
as part of clinical routine in many parts of the world can 
already provide the basis for training AI/ML algorithms, 

potentially allowing for a relatively rapid adoption of these 
methods into clinical practice.

We thank Drs. Choyke and Bouchelouche for their 
excellent commentary that provided an overview of many 
of the important details regarding the timeline of the 
development of viable small-molecule radiotracers for 
imaging PSMA (1). We hope that the current manuscript 
continues this worthwhile discussion, only with a dedicated 
emphasis on the emerging and future applications of 
PSMA-targeted PET.
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