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Prostate-specific membrane antigen (PSMA) is a type II transmembrane 
glycoprotein that is overexpressed in prostate cancer cells, with limited 
expression in benign and extraprostatic tissues. Based on these characteristics, 
several low-molecular-weight PSMA inhibitor radioligands have been developed 
for disease management strategies that integrate both therapeutic and diagnostic 
applications, collectively termed theranostics. Currently, four common 
diagnostic radiotracers include 68Ga-PSMA-11, 18F-DCFPyL, 18F-radiohybrid 
(rh)PSMA-7.3 and 18F-PSMA-1007, with the first three being approved by the 
U.S. Food and Drug Administration (FDA). Additionally, 68Ga-PSMA-11 and 
18F-DCFPyL are also approved by the European Medicines Agency (EMA), 
while 18F-PSMA-1007 is approved on a country-by-country basis. PSMA-
targeted radionuclide therapy is also a promising therapeutic option for men 
with prostate cancer. To date, 177Lu-PSMA-617 is the only PSMA-targeted 
radioligand therapy approved by both the FDA and EMA for clinical use. 
Emerging α-emitting therapies such as 225Ac-PSMA-617 are currently under 
clinical investigation and may provide additional benefit in patients with 
advanced or resistant disease. This review article provides a brief overview of 
available PSMA ligands for the diagnosis and treatment of advanced prostate 
cancer. 
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Introduction  
Prostate-specific membrane antigen (PSMA), first described in 1987 as a 
prostate tumor-associated membrane protein, has since become a validated 
target for molecular imaging in prostate cancer.1 The initially and most 
widely adopted PSMA-targeting radiotracer in clinical practice was 68Ga-
PSMA-11, extensively studied in prospective multicenter trials conducted 
at the University of California, Los Angeles (UCLA) and the University 
of California, San Francisco (UCSF).2‑4 These investigations demonstrated 
its clinical utility in both initial staging and recurrence detection. In the 
preoperative setting, 68Ga-PSMA-11 achieved a sensitivity of 40% and 
specificity of 95% for detecting pelvic lymph node metastases, with a positive 
predictive value (PPV) of 75% and negative predictive value (NPV) of 87%.5 

In patients with biochemical recurrence, detection rates correlated with 
prostate-specific antigen (PSA) levels, ranging from 38% in patients with PSA 
<0.5 ng/mL to 97% in those with PSA ≥5.0 ng/mL.6 These findings led 
to U.S. Food and Drug Administration (FDA) approval in 2020. However, 
limitations such as the short half-life, declining generator yields and 
manufacturing challenges restricted its broader use.7 

To overcome these logistic barriers, 18F-labeled PSMA ligands were 
developed, enabling scalable cyclotron production and wider availability. 
Among them, 18F-DCFPyL, a second-generation radiotracer, demonstrated 
normal tissue biodistribution patterns similar to 68Ga-PSMA-11, with 
comparable uptake in the kidneys and bladder, and low background activity.7 

While 68Ga-PSMA-11 exhibited significantly higher uptake in the kidneys, 
spleen and major salivary glands, 18F-DCFPyL showed slightly greater liver 
uptake (Figure 1 ). These similarities established their interchangeability in 
clinical practice.7 Further comparative studies reinforced these findings. A 
retrospective study of 80 patients receiving 177Lu-PSMA-617 therapy found 
no significant differences in biodistribution or lesion uptake between the 
two tracers, although 18F-DCFPyL demonstrated higher uptake in visceral 
metastases.8 Based on findings from the phase III OSPREY and CONDOR 
trials,9,10 18F-DCFPyL is currently approved by Swissmedic, the European 
Medicines Agency (EMA) and FDA for positron emission tomography (PET) 
imaging of PSMA-positive lesions in men with prostate cancer.11‑13 

Another major advance came with 18F-radiohybrid (rh)PSMA-7.3 (18F-
flotufolastat), which received FDA approval following the phase III 
LIGHTHOUSE and SPOTLIGHT trials.15‑17 In the LIGHTHOUSE 
study, which enrolled newly diagnosed patients planned for prostatectomy, 
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Figure 1. Normal body distribution of different prostate-specific membrane antigen (PSMA) radioligands. 
68Ga-PSMA-11, 68Ga-PSMA-I&T, 18F-DCFPyL and 18F-rhPSMA-7.3 show notable kidney uptake. Bladder retention is high for 68Ga-
PSMA-11, 68Ga-PSMA-I&T and 18F-DCFPyL and lower for 18F-rhPSMA-7.3. For kidney-excreted ligands, liver and parotid gland 
serve as reference organs. In contrast, 18F-PSMA-1007 shows high liver uptake due to hepatic clearance, with spleen and parotid gland 
as reference organs. Adapted from Fendler et al. 2023.14 

Re-use of the image is permitted under the terms of the Creative Commons Attribution 4.0 International License. Copyright © 
Authors or their employers. Published in Eur J Nucl Med Mol Imaging. 

18F-rhPSMA-7.3 demonstrated high specificity (93−97% across all readers) 
and a favorable safety profile, although it did not meet the coprimary 
endpoint of patient-level sensitivity.16 In the SPOTLIGHT study, the 
majority-read detection rate was 83% for recurrent prostate cancer 
localization, but the trial did not meet the coprimary endpoint of combined 
region-level PPV, defined as the accuracy of lesion-level detection confirmed 
by histopathology, imaging or clinical follow-up across multiple anatomical 
regions.17 A predefined exploratory analysis, however, confirmed high 
detection accuracy in patients with negative baseline conventional imaging, 
with true-positive lesions identified in 64% of patients.18 Subgroup analyses 
showed detection in the prostate bed, pelvic lymph nodes and distant sites. 
While these data suggest that 18F-rhPSMA-7.3 outperforms conventional 
imaging and older PET radiotracers such as choline or 18F-fluciclovine, 
no direct comparison with 68Ga-PSMA-11 and 18F-DCFPyL has been 
reported.19 Table 1  summarizes the main findings of the pivotal trials on 
the three FDA-approved imaging radiotracers in the biochemically recurrent 
prostate cancer setting. A comparative analysis reveals a PPV of 92% for 68Ga-
PSMA-11 in the UCLA/UCSF trial, a correct localization rate of 85−87% 
for 18F-DCFPyL in the CONDOR trial and a verified detection rate of 
57% and a combined region-level PPV of 60% for 18F-rhPSMA-7.3 in the 
SPOTLIGHT study. Figure 1  presents normal body distribution of 18F-
rhPSMA-7.3. 

The 18F-PSMA-1007 radiotracer represents another promising second-
generation agent, characterized by low urinary excretion. 18F-PSMA-1007 
demonstrated high detection rates both in primary and biochemically 
recurrent prostate cancer after radical prostatectomy,20,21 with superiority 
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Table 1. Main findings of the pivotal trials for the three approved prostate-specific membrane antigen (PSMA)/positron emission 
tomography (PET) imaging radiotracers in the biochemically recurrent (BCR) prostate cancer setting. 

Trial Trial UCSF/UCLA UCSF/UCLA CONDOR CONDOR SPOTLIGHT SPOTLIGHT 

NCT NCT NCT02940262 NCT02940262 
NCT03353740 NCT03353740 

NCT03739684 NCT03739684 NCT04186845 NCT04186845 

PSMA PET tracer PSMA PET tracer 6868Ga-PSMA-11 Ga-PSMA-11 1818F-DCFPyL F-DCFPyL 1818F-F-rhPSMA-rhPSMA-7.3 7.3 

Population Population BCR BCR BCR BCR BCR BCR 

Total patients, No. Total patients, No. 635 635 208 208 389 389 

Post-RP Post-RP 262 (41%) 262 (41%) 103 (50%) 103 (50%) 168 (43%) 168 (43%) 

Post-RP+SRT Post-RP+SRT 204 (32%) 204 (32%) 74 (36%) 74 (36%) 137 (35%) 137 (35%) 

Post-dRT Post-dRT 169 (27%) 169 (27%) 31 (15%) 31 (15%) 76 (20%) 76 (20%) 

Median PSA (range), ng/mL Median PSA (range), ng/mL 2.12.1  (0.1–(0.1–1,154.0) 1,154.0) 0.80.8  (0.17–(0.17–98.45) 98.45) 1.11.1  (0.03–(0.03–134.6) 134.6) 

Median time from initial therapy Median time from initial therapy 
(range), mo (range), mo 

60 (0–396) 60 (0–396) 71 (3–356) 71 (3–356) 69 (2–409) 69 (2–409) 

Standard of truth Standard of truth Histopathology Histopathology Composite reference standard comprising Composite reference standard comprising 
histopathology, correlative conventional histopathology, correlative conventional 
imaging and post-radiation PSA response imaging and post-radiation PSA response 

Composite of Composite of 
histopathology histopathology 
and conventional and conventional 
imaging imaging 

Primary endpoint* Primary endpoint* PPV: 92% PPV: 92% CLR: 85–87% CLR: 85–87% VDR: 57% VDR: 57% 

crPPV: 60% crPPV: 60% 

Patient-level detection rate Patient-level detection rate 

Overall Overall 75% 75% 59–66% 59–66% 83% 83% 

PSA <0.5 PSA <0.5 38% 38% 25–48% 25–48% 64% 64% 

PatientsPatients  withwith  histopathology,histopathology,  No. No. 93 93 31 31 69 69 

PPV using pathology*, % PPV using pathology*, % 84 84 93 93 82 82 

CLR, correct localization rate; crPPV, combined region-level positive predictive value; dRT, definitive radiation therapy; NCT, National Clinical Trial; PPV, 
positive predictive value; PSA, prostate-specific antigen; RP, radical prostatectomy; SRT, salvage radiation therapy; UCLA, University of California - Los 
Angeles; UCSF, University of California - San Francisco; VDR, verified detection rate defined as the percentage of patients with ≥1 true positive PET detection, 
regardless of any coexisting false positives. Adapted from Eifer et al. 2023.19 

*gold standard: PPV of 92% for imaging composite, 84% for histology 

over multiparametric magnetic resonance imaging (MRI) for locoregional 
staging in intermediate and high-risk patients.22 In a phase III study 
comparing 18F-PSMA-1007 with 18F-fluorocholine for detecting biochemical 
recurrence, 18F-PSMA-1007 achieved significantly higher correct detection 
rates (0.82 vs 0.65 when undetermined findings were considered malignant; 
0.77 vs 0.57 when considered benign; both p<0.0001).23 

Unlike most urea-based radiotracers, 18F-CTT1057 is built on a 
phosphoramidate scaffold and binds to PSMA irreversibly. This design 
resulted in biodistribution patterns comparable to urea-based radiotracers, 
with reduced exposure to the kidneys and salivary glands and improved 
sensitivity for metastatic lesions.24 In the phase II/III GuideView trial in 
newly diagnosed high-risk prostate cancer, 18F-CTT1057 achieved patient-
level sensitivity of 86.8–90.0%; and region-level specificity of 97.1% for 
detection of PSMA-positive lesions, with all confidence intervals surpassing 
prespecified success thresholds.25,26 Similarly, in the phase III GuidePath 
study of patients with biochemically recurrent prostate cancer, 18FCTT1057 
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demonstrated region-level correct localization rate of 65.2–75.0% and patient-
level PPV of 64.6–76.5%.27 These findings confirmed the diagnostic efficacy 
of 18FCTT1057, with high reproducibility and reliability. 

Selecting the optimal PSMA radiotracer for prostate cancer         
imaging  
While PSMA PET imaging has clearly demonstrated superiority over 
conventional CT and bone scans in detecting prostate cancer, there remains 
a lack of comparative studies evaluating the performance of different PSMA 
ligands such as 68Ga-PSMA-11 and 18F-DCFPyL. Although newer PSMA 
PET radiotracers may offer improved sensitivity or logistical advantages, it is 
still unclear whether they outperform these established agents. As the field 
advances, it becomes increasingly evident that the era of using CT alone and 
bone scans as the comparator or gold standard in clinical trials should come 
to an end, paving the way for more meaningful head-to-head comparisons 
between PSMA PET radiotracers. 

One of the few prospective comparison studies examined 68Ga-PSMA-11 
versus 18F-PSMA-1007.28 In this study, 50 men underwent imaging with 
both radiotracers less than four weeks apart. Results showed that 18F-
PSMA-1007 uptake was significantly higher than 68Ga-PSMA-11 uptake 
in local recurrences, nodal and distant metastases and most physiological 
sites. However, urinary bladder uptake was significantly lower with 18F-
PSMA-1007, which reduces potential urinary-related artifacts. Despite these 
advantages, 18F-PSMA-1007 imaging led to more frequent upstaging and 
more equivocal results compared with 68Ga-PSMA-11. 

Further supporting these findings, a retrospective matched-pair study assessed 
non-tumor-related uptake and the detection efficacy of 68Ga-PSMA-11 PET/
CT versus 18F-PSMA-1007 PET/CT in patients with recurrent prostate 
cancer after radical prostatectomy.29 The study, which included 102 patients 
with 204 matched scans, demonstrated that 18F-PSMA-1007 PET detected 
almost five times more benign lesions with increased PSMA-ligand uptake 
compared with 68Ga-PSMA-11 PET (245 vs 52); the benign lesion were more 
frequently observed in ganglia (43% vs 29%), unspecific lymph node (31% vs 
42%) and bone lesions (24% vs 27%). 

A notable concern with 18F-PSMA-1007 is unspecific bone uptake without 
morphological correlations, which can be mistaken for metastasis, potentially 
leading to patient over-staging and inappropriate treatment.29,30 Building on 
these clinical observations, a retrospective multicenter study aimed to assess 
unspecific bone uptake, defined as focal mild-to-moderate uptake (SUVmax 
<10.0) without an evident benign or malignant cause. Unspecific bone 
uptakes were detected in 51.4% of patients (179/348), most commonly in 
the ribs (57.5%), pelvis (24.8%) and spine (9.7%).31 Their occurrence was 
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Figure 2. Violin plots of physiological radiotracer uptake in the corresponding 68Ga-PSMA-11 positron emission 
tomography (PET) and 18F-PSMA-1007 PET for liver, spleen and salivary glands. 

PSMA, prostate-specific membrane antigen; SUVmax, maximum standardized uptake value. Adapted from Popescu et al. 2024.32 

not associated with prostate-specific antigen (PSA), Gleason score, tumor 
size, age or injected dose. Notably, unspecific bone uptake was significantly 
more frequent in digital PET/CT scans (82%) than in analog PET/CT 
scans (40.3%) (p=0.0001), while no significant difference was observed for 
digital PET/MR (51%) (p=0.1599). In 45% of patients, unspecific bone 
uptake influenced clinical decision-making and was considered relevant for 
therapeutic management. 

A separate study evaluating the biodistribution for 68Ga-PSMA-11 and 18F-
PSMA-1007 further highlighted considerable differences in radiotracer 
uptake patterns.32 Results showed that 68Ga-PSMA-11 is primarily excreted 
through the urinary system, with limited clearance via the hepatobiliary 
system. In contrast, 18F-PSMA-1007 demonstrated significantly higher liver 
and gallbladder uptake and minimal urinary excretion. In particular, 
SUVmean for the liver, spleen, salivary glands and bones were significantly 
higher with 18F-PSMA-1007 PET than 68Ga-PSMA-11 PET (p<0.05) 
(Figure 2 ). However, no significant difference between the two radiotracers 
was observed in blood pool uptake (p=0.153). Based on these results, the 
recommended reference organ for quantification is the liver for 68Ga-
PSMA-11 and the spleen for 18F-PSMA-1007.14,33 

A systematic review evaluated the performance of 68Ga-PSMA-11 and 
various 18F-labeled PSMA radiotracers across clinical settings in prostate 
cancer, with a focus on biodistribution, diagnostic efficacy and interpretative 
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challenges.34 The review included head-to-head comparisons, matched-pair 
studies and prospective and retrospective studies published between 2016 
and 2021, each enrolling more than 20 patients. Although comparative 
data were limited and study heterogeneity, non-standardized and lack of 
uniform methodologies posed challenges, some consistent patterns emerged. 
18F-PSMA-1007 demonstrated superior detection of local recurrences due to 
its low urinary bladder activity, making it particularly useful for evaluating 
the prostate bed and radiotherapy planning. However, it also produced 
a higher rate of non-specific findings in bones and ganglia, requiring 
experienced interpretation. In contrast, 68Ga-PSMA-11 and 18F-DCFPyL 
were more effective for identifying distant metastases, including bone marrow 
involvement, with 18F-DCFPyL associated with fewer equivocal skeletal 
findings and higher inter-reader agreement. Detection rates at low PSA levels 
(<0.5 ng/mL) were slightly higher for 18F-PSMA radiotracers, particularly 
18F-DCFPyL. Lesion-level analysis revealed that 18F-PSMA agents detected 
more local and bone lesions, while 68Ga-PSMA-11 identified more lymph 
node metastases. Importantly, the physiological liver uptake of 18F-
PSMA-1007 may complicate eligibility assessments for radioligand therapy 
when liver-based thresholds are used, as in the VISION trial. The authors 
conclude that no single radiotracer is universally superior; rather, radiotracer 
selection should be guided by clinical context, availability, interpretative 
expertise and regulatory factors. Despite current limitations in comparative 
evidence, PSMA PET has transformed prostate cancer imaging and remains a 
cornerstone in the molecular diagnosis and management of the disease. 

Different PET radiotracers in patient selection for radioligand         
therapy  
In prostate cancer imaging and treatment, particularly with radioligand 
therapy such as 177Lu-PSMA-617, performing PET/CT scans with various 
radiotracers plays a crucial role in patient selection and outcome prediction. 
For 177Lu-PSMA-617 therapy, all patients in the VISION trial underwent 
68Ga-PSMA-11 PET/CT scanning,35 while both 68Ga-PSMA-11 and 18F-
deoxyglucose (FDG) PET/CT scans were performed in the TheraP study.36 

This more stringent criteria in TheraP led to a higher screen failure rate (31% 
vs 13% in VISION); however, a greater proportion of patients achieved a PSA 
decline of ≥50% compared with those in VISION (66% vs 46%).35,36 

Despite its widespread application in other malignancies, FDG PET/CT 
imaging has not been considered a primary imaging tool for prostate cancer, 
largely due to the perception of low FDG uptake in this cancer type.37 

The development of novel radiotracers, including 18F-sodium fluoride, 18F-
fluorocholine, 11C-choline, 18F-fluciclovine and, more recently, PSMA PET/
CT has further compounded this understanding, as these agents have 
improved sensitivity, specificity and accuracy. While FDG PET/CT provides 
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limited value in the initial staging of prostate cancer, its clinical significance 
increases in cases of biochemical recurrence, particularly in patients with 
higher-grade disease (grade 4 or 5) and elevated PSA levels. 

As shown in the TheraP study, dual-radiotracer imaging with FDG and 
PSMA PET/CT significantly improves the accuracy of disease site 
assessment.36,38 The addition of FDG PET/CT imaging allows for the 
identification of discordant disease (PSMA-negative/FDG-positive), which is 
crucial given that the greatest therapeutic benefit from 177Lu-PSMA-617 
therapy depends on robust PSMA expression across all disease sites. Taken 
together, FDG PET/CT imaging has proven to be a valuable tool in the 
management of advanced prostate cancer, particularly PSMA-negative disease 
and as a prognostic biomarker in the evolving field of theranostics. However, 
additional costs and higher burden on the patient as well as the very 
reassuring data that contrast-enhanced (ce)CT and PSMA PET potentially 
compensate the additional information provided by FDG PET will likely 
prevent its wide adoption for therapy selection.39 

Across multiple phase II and III clinical trials,35,36,40‑43 PSMA PET was 
used not only to confirm PSMA-positive disease but, importantly, to exclude 
patients with insufficient or heterogeneous radiotracer uptake. While PSMA 
PET was a prerequisite in all studies, the specific thresholds and exclusion 
parameters varied considerably, reflecting differences in clinical aims and 
disease stages. Most trials defined PSMA positivity by visual or semi-
quantitative uptake on 68Ga-PSMA-11 (or 18F-DCFPyL) PET scans; 
however, the level of stringency differed. While studies such as VISION and 
PSMAfore relied on qualitative assessments, typically requiring uptake greater 
than or equal to liver in at least one lesion,35,43 some others, like TheraP, 
ENZA-p, SPLASH and UpFrontPSMA, applied quantitative SUVmax 
thresholds to ensure high radiotracer avidity across all disease sites.36,40‑42 

TheraP and UpFrontPSMA uniquely incorporated dual-radiotracer imaging 
with FDG PET to exclude patients with discordant lesions, a finding 
suggestive of aggressive or dedifferentiated tumor biology less likely to benefit 
from PSMA-targeted therapy.36,40 Additionally, UpFrontPSMA required 
high-volume disease for enrollment, defined as at least four bone metastases, 
including one outside the axial skeleton, or visceral involvement.40 While 
most studies used 68Ga-PSMA-11 for imaging, SPLASH allowed either 68Ga-
PSMA-11 or 18F-DCFPyL, balancing broader accessibility with the need for 
consistent and reliable diagnostic performance.42 

These variations in PSMA PET-based eligibility criteria across clinical trials 
reflects how differences in diagnostic stringency can shape trial populations 
and treatment outcomes. Trials employing rigorous molecular imaging 
thresholds, such as requiring high SUVs or excluding patients with discordant 
lesions (e.g., PSMA-negative but FDG-positive), tend to include patients with 
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uniformly high PSMA expression, who are biologically more likely to respond 
to radioligand therapy. This may explain the higher PSA response rates 
and improved imaging outcomes observed in such studies. In this context, 
PSMA PET is not just a tool to verify target presence; it plays a central role 
in stratifying patients, optimizing treatment allocation and improving the 
balance between the efficacy and toxicity of PSMA-targeted therapies. 

Advances in PET scanners     
In recent years, significant technological development in PET scanning has 
led to the emergence of digital PET scanners that significantly outperform 
traditional analog scanners, with improved sensitivity, resolution and 
quantification capabilities, particularly for detecting smaller lesions. 

The distinction between digital and analog PET systems has important 
clinical implications. One of the most significant innovations is the 
introduction of the next-generation solid-state digital photon counting 
(DPC) PET/CT system. These scanners demonstrated significant 
improvements in spatial and temporal resolution, increased sensitivity and 
superior count-rate performance.44 The key breakthrough is the use of DPC 
detectors, which eliminate the analog conversion process through direct 
digitization of photon signals. This allows for more accurate photon 
detection, which leads to better energy and timing resolution that is crucial 
for improved time-of-flight (TOF) imaging. These advancements contribute 
to sharper images, faster scans and reduced radiotracer doses, thereby 
improving both diagnostic accuracy and patient safety. 

Another important advantage of digital PET scanners is the improvement 
in the signal-to-noise ratio (SNR) compared with traditional analog PET 
systems. A head-to-head comparison of human and phantom images 
demonstrated that digital PET scanners provide significantly higher image 
quality.45 This is especially evident in small lesion detectability, where digital 
systems show superior contrast recovery and improved quantitative accuracy. 

More recently, a prospective study compared the performance of digital and 
analog 68Ga-PSMA-11 PET/CT in detecting post-prostatectomy biochemical 
recurrence in patients with prostate cancer. Despite demonstrating 
comparable lesion detection rate (71.8% vs 74.4%), sensitivity (85.0% vs 
90.0%) and PPV (both 100.0%), the digital PET/CT system detected more 
lesions (139 vs 111) and had higher SUVmax (14.3 vs 10.3) and higher kappa 
index (0.657 vs 0.502) than analog PET/CT, regardless of serum PSA levels.46 
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PSMA radiopharmaceuticals for the treatment of prostate cancer:         
177Lu-PSMA-617 and   177Lu-PSMA-I&T  
In targeted radionuclide therapy for prostate cancer, the discussed 
interchangeability between the two primary radioligand therapies, 177Lu-
PSMA-617 and 177Lu-PSMA-I&T (also known in a separate formulation as 
177Lu-PNT2002), allows for greater flexibility in treatment selection based 
on availability, cost and patient-specific responses to therapy (Table 2 ).47 

However, 177Lu-PSMA-617 is currently the only therapy with regulatory 
approval, supported by gold standard phase III clinical trials, such as the 
VISION and PSMAfore trials.35,48‑50 Both 177Lu-PSMA-617 and 177Lu-
PSMA-I&T have been extensively used over the last decade, especially in 
Europe, including significant off-trial use of 177Lu-PSMA-I&T, particularly 
due to lack of access to 177Lu-PSMA-617 in certain regions. 

In a clinical setting, 177Lu-PSMA-I&T has been assessed in the phase III 
SPLASH trial, demonstrating efficacy and safety in patients with metastatic 
castration-resistant prostate cancer (mCRPC) progressing on an androgen 
receptor pathway inhibitor (ARPI) (Table 2 ).51,52 In this study, 412 patients 
with PSMA-expressing mCRPC were randomized 2:1 to receive either 177Lu-
PSMA-I&T (6.8 GBq every eight weeks for up to four cycles) or an ARPI 
switch (abiraterone/enzalutamide). The trial met its primary endpoint, 
showing a median radiographic progression-free survival (rPFS) of 9.5 
months with 177Lu-PSMA-I&T compared with 6.0 months with ARPI 
(HR: 0.71 [95% CI: 0.55–0.92]; p=0.0088) (Figure 3 ). This benefit was 
maintained across key prespecified subgroups. Furthermore, 38.1% of 
patients in the 177Lu-PSMA-I&T arm achieved an overall response, compared 
with 12.0% of patients in the ARPI arm (p=0.0021), with a median duration 
of response (DoR) of 9.4 months versus 7.3 months, respectively. A PSA 
decline of ≥50% was observed in 35.7% of patients treated with 177Lu-PSMA-
I&T and 14.6% of those treated with ARPI. 

Promising outcomes were also reported in the phase III ECLIPSE trial, which 
assessed 177Lu-PSMA-I&T versus ARPI switch (abiraterone or enzalutamide) 
in patients with mCRPC who had been previously treated with ARPI 
and had not received prior taxane therapy.53,54 The study demonstrated a 
statistically significant and clinically meaningful improvement in the median 
rPFS with 177Lu-PSMA-I&T compared with ARPI,54 but details have not 
been communicated yet. Beyond clinical trials, real-world studies have further 
demonstrated the clinical activity and tolerability of 177Lu-PSMA-I&T in 
patients with mCRPC treated in routine practice.55,56 

Two recent prospective dosimetry studies provide important insights into 
the organ-specific radiation exposure of 177Lu-PSMA-617 in the VISION 
trial (7.4 GBq per cycle for up to six cycles) and 177Lu-PSMA I&T in the 
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Figure 3. SPLASH: The primary endpoint of radiographic progression-free survival was met. 

Abi, abiraterone; Enza, enzalutamide. Adapted from Sartor et al. 2024.52 

SPLASH trial (6.8 GBq per cycle for up to four cycles) (Table 2 ). Although 
both agents demonstrated favorable tumor uptake, important differences in 
normal organ dosimetry, particularly kidney exposure, likely influenced the 
distinct dosing regimens used in these trials. In the VISION study, 177Lu-
PSMA-617 showed mean absorbed doses per GBq of 0.43 Gy in the kidneys, 
2.10 Gy in the lacrimal glands, 0.63 Gy in salivary glands and 0.035 Gy in red 
marrow.57 The cumulative kidney dose after six cycles was 15 Gy, well below 
the traditional 23 Gy threshold derived from external beam radiation therapy 
(EBRT). In contrast, 177Lu-PSMA I&T was associated with a higher mean 
renal absorbed dose of 0.73 Gy/GBq, with cumulative estimates exceeding 
23 Gy in 22.2% of patients, potentially due to both higher physiological 
uptake and methodological limitations of the dosimetry studies, such as 
heterogeneous imaging protocols, fewer post-therapy time points and less 
frequent use of late imaging, all of which can lead to overestimation of 
renal dose.42 Tumor absorbed doses were broadly similar between the agents. 
Differences in kidney exposure, despite the lack of evidence for an association 
with kidney function, influenced the FDA-mandated dosing regimens. These 
data suggest that 177Lu-PSMA-617 may offer greater flexibility for prolonged 
or intensified dosing compared to 177Lu-PSMA I&T because of its more 
favorable renal dosimetry profile. 

Studies directly comparing 177Lu-PSMA-617 and 177Lu-PSMA-I&T suggest 
mutual noninferiority in the treatment of mCRPC (Table 2 ). A systematic 
review and meta-analysis of 24 studies involving 1,192 heavily pretreated 
patients who received 177Lu-based therapies found no significant differences 
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in PSA decline ≥50% or grade 3−4 toxicities between the two radioligands.58 

More specifically, 44% of patients treated with 177Lu-PSMA-617 and 36% 
of those treated with 177Lu-PSMA-I&T achieved a PSA decline of ≥50%. 
Both therapies were well tolerated, with low rates of grade 3−4 toxicity, the 
most common being anemia (8%). These results, supported by an updated 
analysis of this study58 and a more recent meta-analysis,59 suggest that both 
radiopharmaceuticals can be considered radioequivalent in terms of efficacy 
and safety for the treatment of mCRPC. 

A more recent comparative dosimetry study between 177Lu-PSMA-I&T and 
177Lu-PSMA-617 indicated minor differences between the two agents (Table  
2). These included a shorter whole-body half-life for 177Lu-PSMA I&T 
than for 177Lu-PSMA-617 (35 vs 42 hours) and a significantly higher mean 
whole-body dose for 177Lu-PSMA-617 compared with 177Lu-PSMA I&T 
(p<0.00001) (Figure 4 ).60 Results also showed that the renal dose was 
significantly lower for 177Lu-PSMA-617 than for 177Lu-PSMA I&T 
(p=0.0015), while parotid gland doses were comparable (p=0.27). Tumor 
metastases exhibited higher initial uptake with 177Lu-PSMA I&T versus 
177Lu-PSMA-617 but had a shorter tumor half-life (p<0.00001). Despite 
these differences, mean absorbed tumor doses were comparable between the 
two molecules (p=0.96). 

The relationship between radiation dosimetry, pretherapeutic imaging and 
treatment outcomes of 177LuPSMA-617 was further investigated in the 
prospective LuPSMA trial.61 This study showed a significant association 
between whole-body tumor dose and PSA response at 12 weeks, with a 
median dose of 14.1 Gy in patients achieving a PSA decline of ≥50% versus 
9.6 Gy for those achieving a PSA decline of <50% (p<0.01). There was also 
a significant correlation between SUVmean of whole-body tumors on 68Ga-
PSMA PET and SUVmean whole-body tumor dose (p<0.001). The highest 
doses were observed in the salivary glands, lacrimal glands and kidneys. 
While SUVmean was selected as a global, reproducible parameter for uptake 
quantification, it should be noted that other metrics including SUVmax, 
SUVpeak or volumetric measures such as total lesion PSMA uptake may 
provide complementary insights into tumor heterogeneity and treatment-
dose relationships. 

A detailed tumor dosimetry analysis for 177Lu-PSMA-617 was performed 
in a subgroup of 29 non-randomized patients from the VISION trial who 
received up to six cycles of 177Lu-PSMA-617 (7.4 GBq every six weeks) 
in combination with standard of care (SoC).62 Single-photon emission 
computed tomography (SPECT)/CT scans were used to assess tumor uptake 
and calculate radiation-absorbed doses over time. Data from 60 delineated 
prostate cancer lesions were analyzed across cycles 1–6 in 18 patients with 
evaluable tumors in cycles 2–6. The mean absorbed dose across all tumors 
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Table 2. Comparative evidence for 177Lu-PSMA-617 and 177Lu-PSMA-I&T. 

177177Lu-PSMA-617 Lu-PSMA-617 177177Lu-PSMA-I&T (Lu-PSMA-I&T (177177Lu-PNT2002) Lu-PNT2002) 

Efficacy in key phase III Efficacy in key phase III 
trials trials 

VISION (mCRPC post-ARPI + taxane)35 

PSMAfore (mCRPC pre-taxane)43,50 

SPLASH (mCRPC post-ARPI, no taxane)52 

ECLIPSE (mCRPC post-ARPI, no prior 
taxane)54 

Prospective dosimetry Prospective dosimetry 

VISION dosimetry substudies57 

SPLASH dosimetry42 

Comparative Comparative 
dosimetrydosimetry60 

Meta-analyses (24 Meta-analyses (24 
studies; n=1,192)studies; n=1,192)58 

SafetySafety  considerations considerations 

AE, adverse event; ARPI, androgen receptor pathway inhibitor; cy, cycle; DoR, duration of response; mCRPC, metastatic castration-resistant prostate cancer; 
ORR, overall response rate; OS, overall survival; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; rPFS, radiographic progression-
free survival; SoC, standard of care. 

Figure 4. Biodistribution and dosimetry results for normal organs in patients treated with 177Lu-PSMA-I&T and 
177Lu-PSMA-617. 

(A) Median effective half-life in hours. (B) Mean absorbed doses in Gy/GBq. Adapted from Schuchardt et al. 2022.60 

• 177Lu-PSMA-617 (7.4 GBq Q6W for 4–6 cy) + SoC 

vs SoC 

• rPFS: 8.7 vs 3.4 months (HR: 0.40; p<0.001) 

• OS: 15.3 vs 11.3 months (HR: 0.62; p<0.001) 

• 177Lu-PSMA-617 (7.4 GBq Q6W for 4–6 cy) vs 

ARPI switch 

• rPFS: 9.30 vs 5.55 months (HR: 0.41; p<00001) 

• OS: 24.48 vs 23.13 months (HR: 0.91; p=0.20) in 

ITT 

• 177Lu-PSMA-I&T (6.8 GBq Q8W for 4 cy) vs ARPI 

switch 

• rPFS: 9.5 vs 6.0 months (HR: 0.71; p=0.0088) 

• ORR: 38.1% vs 12.0%; DoR: 9.4 vs 7.3 months 

• PSA decline ≥50%: 35.7% vs 14.6% 

• 177Lu-PSMA-I&T (7.4 GBq Q6W for 6 cy) vs ARPI 

switch 

• Reported rPFS benefit over ARPI (details pending) 

• Kidney: 0.43 Gy/GBq 

• Lacrimal: 2.10 Gy/GBq 

• Salivary: 0.63 Gy/GBq 

• Red marrow: 0.035 Gy/GBq 

• Favorable renal profile allowed 6 cycles (7.4 GBq/

cycle) 

• Kidney: 0.73 Gy/GBq 

• 22.2% exceeded 23 Gy renal threshold 

• Differences likely due to higher physiologic 

uptake and methodological factors 

• Longer whole-body half-life (42 h) 

• Higher whole-body dose 

• Lower renal absorbed dose 

• Tumor dose comparable 

• Shorter whole-body half-life (35 h) 

• Lower whole-body dose 

• Higher renal absorbed dose 

• Higher initial tumor uptake but shorter tumor 

half-life 

• Tumor dose comparable 

• PSA decline ≥50%: 44% 

• Grade ≥3 AEs ~8%, mainly anemia 

• PSA decline ≥50%: 36% 

• Grade ≥3 AEs ~8%, mainly anemia 

• More favorable renal dosimetry → supports 

prolonged/intensified dosing (7.4 GBq) 

• Higher renal absorbed dose → dosing typically 

limited to 4 cycles (6.8 GBq/cycle) 
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declined from 7.9 Gy/GBq in cycle 1 to 1.6 Gy/GBq by cycle 6, indicating a 
progressive reduction in radiation delivery with successive cycles. Specifically, 
mean absorbed doses for bone metastases decreased from 6.4 Gy/GBq to 1.3 
Gy/GBq, while doses for lymphatic metastases declined from 11 Gy/GBq 
to 3.2 Gy/GBq. Across the six cycles, patients received a median cumulative 
tumor-absorbed dose of approximately 100 Gy. This trend in declining 
absorbed doses over time in this dosimetry substudy is consistent with the 
antitumor activity demonstrated by 177Lu-PSMA-617 in the VISION trial. 

With the regulatory approvals of radiopharmaceuticals in several countries 
worldwide, the number of patients requiring treatment and consequently 
the number of theranostic centers, is expected to increase significantly. This 
expansion underscores the need for standardization and harmonization of 
practices across these centers to ensure consistent and high-quality patient 
care. A recent international survey assessing operational variations among 
177Lu-PSMA treatment centers revealed notable interinstitutional 
discrepancies in several aspects of 177Lu-PSMA radionuclide therapy, 
particularly in patient selection and response assessment strategy.63 One 
key finding was the variation in PSMA PET eligibility criteria for 177Lu-
PSMA-617. The survey showed that 68Ga-PSMA-11 was used to determine 
eligibility in 77% of centers, while additional pre-therapy imaging included 
18F-FDG PET/CT (49%), CT (32%), renal scintigraphy (30%) and bone 
scintigraphy (15%) among the 84 centers for clinical standard of care, 
compassionate care or local research protocols. In contrast, among 42 centers 
for industry-sponsored trials, the proportions differed, with 26% using 68Ga-
PSMA-11, 60% using 18F-FDG PET/CT, 21% using renal scintigraphy and 
67% using bone scintigraphy. The survey also found variability in PSMA 
PET eligibility criteria across institutions. While 33% of centers relied on 
subjective qualitative assessment of PSMA positivity, 23% applied VISION 
criteria and 13% applied TheraP criteria. Regarding imaging response criteria, 
35% of centers used PSMA PET progression (PPP) criteria, 33% had no 
standardized criteria, 23% used Response Evaluation Criteria in Solid Tumors 
(RECIST) and 21% followed Prostate Cancer Clinical Trials Working Group 
3 (PCWG3) criteria, among others. 

Ongoing studies of α-emitting radiopharmaceuticals      
Compounds emitting α particles, such as Actinium-225 (225Ac) and 
Plumbum-212 (212Pb), are emerging as promising agents in targeted 
radiotherapy due to their unique radiation properties.64 Compared with β-
emitters, which release lower-energy electrons over a longer range, α-emitters 
are much more energetic and therefore induce a greater number of double-
strand DNA breaks in tumor cells. 
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Several novel 225Ac-PSMA-containing therapies are currently under 
investigation in advanced clinical phases. The phase I AcTION study was 
designed to assess the safety of 225Ac-PSMA-617 in men with PSMA-positive 
prostate cancer, regardless of prior 177Lu-PSMA-617 radioligand therapy.65 

This open-label, dose-escalation study aimed to assess safety outcomes over 
approximately 18–24 months, with a total study duration of 48 months. 
Patients may receive up to six treatment cycles, with dose modifications 
permitted. The primary endpoints are safety and dose-limiting toxicity 
(DLT), while secondary endpoints include response rates, PFS and overall 
survival (OS). 

PSMAcTION is a phase II/III, open-label, international, multicenter, 
randomized study evaluating 225Ac-PSMA-617 (AAA817) versus SoC in 
adult patients with PSMA-positive mCRPC who had received prior 
treatments with ARPI and taxane-based chemotherapy and progressed on or 
after 177Lu-PSMA-617 targeted therapy.66 The study consists of two parts: 
a phase II part designed to collect additional information supporting the 
proposed dose of 225Ac-PSMA-617 and a phase III part aimed to evaluate the 
efficacy and safety of the selected dose of 225Ac-PSMA-617 compared with 
the investigator’s choice of SoC. The drug will be administered in 8-week 
cycles (dose A and dose B). The primary endpoints in phase II part of the 
study are the biochemical response rate and safety/tolerability, while rPFS and 
OS are the primary endpoints of the phase III part. 

Another major trial, AcTFirst, is a phase III study evaluating 225Ac-
PSMA-617 alone or in combination with ARPI (enzalutamide/abiraterone) 
compared with SoC in patients with PSMA-positive mCRPC.67 Adult 
patients will be randomized into three treatment arms to receive either 
up to six doses of 225Ac-PSMA-617 (10 Mbq intravenously) plus ARPI 
(enzalutamide/abiraterone), 225Ac-PSMA-617 alone or standard treatment 
with enzalutamide/abiraterone or taxane-based chemotherapy. Crossover 
between the three treatment arms is not allowed. The primary endpoint is 
rPFS, with key secondary endpoints including OS and rPFS as determined by 
PSMA PET/CT imaging. 

Furthermore, 225Ac-PSMA-R2 is currently being evaluated in the 
SatisfACtion study in patients with PSMA-positive mCRPC who had 
previously undergone ARPI and taxane therapy.68 In this phase I/II study, 
patients receive intravenous 225Ac-PSMA-R2 plus SoC once every six weeks 
for up to six cycles. The dose-escalation phase assesses safety, tolerability and 
recommended dose for expansion of 225Ac-PSMA-R2. In the dose-expansion 
phase, the primary endpoints are overall response rate (ORR) and PSA50 
response rate. Secondary endpoints across both phases include response rates, 
rPFS, PFS, OS and time to symptomatic skeletal events, among others. 
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Figure 5. TATCIST: Maximum percent prostate-specific antigen (PSA) change from baseline during the treatment 
period by prior treatment with Lu-PSMA radioligand therapy. 

Adapted from Delpassand et al. 2024.71 

Another promising radiopharmaceutical, 225Ac-PSMA-I&T (FPI-2265) has 
shown strong clinical activity in patients with mCRPC across multiple 
studies.69,70 It is currently being studied in the ongoing, open-label, single-
arm TATCIST study in patients with PSMA-positive, progressive disease 
who had received at least one prior ARPI.71 Four doses of 225Ac-PSMA-
I&T at 100 kBq/kg (±10%) were administered in 8-week intervals. Patients 
with skeletal metastases presenting as a superscan were excluded. The recently 
presented initial results demonstrated that PSA50 was achieved in half of the 
patients (10/20) irrespective of prior treatment with Lu-PSMA radioligand 
therapy (Figure 5 ). Data further showed that in patients with a baseline 
PSMA SUVmean >6 (n=13), the PSA50 rate was 69%, with a durable PSA 
response by week 24. Safety and tolerability were consistent with other 
published studies of 225Ac-PSMA radioligand therapies. The majority of 
treatment-related adverse events (TRAEs) were grade 1–2, with xerostomia 
being the most common event. 
225Ac-PSMA-I&T therapy is also currently being assessed in the investigator-
initiated phase I, single-center 225Ac-PSMA-Imaging & Therapy (I&T) trial, 
which aims to assess the safety and tolerability of 225Ac-PSMA-I&T to 
determine the optimal dose for the phase II trial.72 This open-label study 
follows a repeated dose-escalation and expansion design in patients with 
PSMA-positive mCRPC who have undergone at least one line of 
chemotherapy and/or one line of nonsteroidal antiandrogen. Patients will 
be treated with increasing levels of 225Ac-PSMA-I&T activity per cycle, 
following an accelerated 3 + 3 design, which allows enrollment of the next 
dose-level cohort in the absence of dose-limiting toxicity, even as the previous 
cohort continues. Up to four treatment cohorts will be explored, including 
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three dose-escalation cohorts and one expansion cohort at the recommended 
dose. A maximum of 30 patients will be enrolled, all of whom will be 
evaluated for safety. Dosimetry has also been performed following the first 
administration of 225Ac-PSMA-I&T in the dose-escalation phase. 
212Pb-ADVC001 is a novel PSMA-targeted radioligand labeled with the α-
emitting isotope Plumbum-212, which is being investigated in the ongoing, 
prospective phase I/II TheraPb study in patients with mCRPC.73 During 
phase Ib, escalating doses of 212Pb-ADVC001 are administered every six, 
four or two weeks using an i3+3 design in patients with prior exposure to 
at least one ARPI and taxane-based chemotherapy, with backfilling of up 
to 20 patients per cohort to further evaluate safety, tolerability and early 
efficacy. Phase IIa will assess the recommended phase II dose across three 
groups: those previously treated with ARPI but not taxanes, those treated 
with both ARPI and taxanes for mCRPC and those previously exposed to 
177Lu-PSMA. 

Other PSMA-based radioligands    
Therapies based on PSMA-617 and PSMA I&T require high doses of these 
radioligands due to their rapid blood clearance, potentially resulting in 
systemic toxicity. To prolong circulation time, a novel PSMA-targeted 
radioligand, ¹⁷⁷Lu-EB-PSMA, was developed by conjugating 177Lu-
PSMA-617 with a truncated Evans Blue (EB) moiety and a DOTA 
chelator.74 The EB component binds to plasma albumin, thereby delaying 
systemic clearance, enhancing tumor uptake and reducing the required 
radioligand dose. Tumor accumulation of 177Lu-EB-PSMA was found to be 
approximately three times higher than that of 177Lu-PSMA-617. 

In a dose-escalation study, administration of 2.12 ± 0.19 GBq per dose of 
177Lu-EB-PSMA demonstrated promising efficacy and an acceptable safety 
profile.75 Its clinical utility was further evaluated in a single-arm, low-dose, 
prospective phase I study that enrolled 30 patients with progressive mCRPC 
previously treated with taxane-based chemotherapy and second-generation 
androgen deprivation therapy (ADT).76 Patients received up to three cycles of 
approximately 2.0 GBq per cycle at 8-week intervals. The primary endpoint 
was safety and the additional primary endpoint was therapeutic efficacy 
measured by PSA and molecular imaging responses. The secondary endpoints 
included PSA PFS, OS and patient-reported health-related quality of life 
(HRQoL). The study reported grade 3 hematologic adverse events (AEs) 
in 33.3% of patients.76 A PSA decline of ≥50% was observed in 56.7% 
of patients and the median PSA PFS and OS were 4.6 and 12.6 months, 
respectively. HRQoL scores improved significantly following therapy. These 
findings suggest that administering 2.0 GBq of 177Lu-EB-PSMA for up to 
three cycles yields a therapeutic response and hematologic toxicity profile 
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comparable to 7.4-GBq regimens of 177Lu-PSMA-617 across 4–6 cycles, 
positioning 177Lu-EB-PSMA as a promising alternative for mCRPC 
treatment. 

TLX591 (177Lu-DOTA-rosopatamab) is another 177Lu-labeled, DOTA 
chelator-conjugated monoclonal antibody, which demonstrated high tumor 
specificity, low off-target toxicity and prolonged tumor retention, with a 
favorable safety profile.77 Based on early-phase studies, including the phase I 
ProstACT SELECT trial, showing consistent uptake between TLX591 and 
68Ga-PSMA-11 imaging, the multinational, open-label, randomized phase 
III ProstACT GLOBAL trial was designed to investigate TLX591 in 400 
patients with PSMA-positive mCRPC who have progressed following prior 
ARPI therapy. Patients are randomized 2:1 to receive protocol-defined 
standard of care (ARPI or docetaxel) with or without two intravenous 
doses of TLX591 (2.8 GBq, 14 days apart). The primary endpoint is rPFS, 
with secondary endpoints including 5-year OS, tumor response rate, time to 
symptomatic skeletal events, QoL and safety profiles. 

Preclinical studies have demonstrated synergistic antitumor activity between 
PSMA-targeted radioligand therapy and ARPI enzalutamide. The 
multicenter, randomized, phase II ARROW trial therefore aimed to evaluate 
the efficacy and safety of Iodine-131 (131I)-PSMA-1095 plus enzalutamide 
versus enzalutamide monotherapy in chemotherapy-naïve mCRPC patients 
with disease progression on abiraterone and positive 18F-DCFPyL PET/
CT.78 A total of 120 men ineligible for or refusing taxane-based 
chemotherapy were randomized 2:1 to receive 131I-PSMA-1095 plus 
enzalutamide or enzalutamide alone. The primary endpoint of PSA50 
response rate was met, with a statistically significant PSA50 improvement 
in the combination arm compared with the enzalutamide monotherapy arm 
(63% vs 31%; p=0.003). The median rPFS favored the combination therapy, 
although the difference was not statistically significant (14 months vs 11.5 
months; p=0.10). The median OS was 18.8 months with 131I-PSMA-1095 
plus enzalutamide versus 22.0 months with enzalutamide monotherapy 
(p=0.59). The safety profile was consistent with that of other drugs of 
this type, with grade ≥3 treatment-emergent AEs occurring in 66% and 
41% of patients in the combination and monotherapy arms, respectively. 
Importantly, the use of 131I as the β-emitting isotope may impact both 
efficacy and toxicity relative to 177Lu-labeled PSMA ligands. 131I emits 
higher-energy β-particles with a longer penetration range, potentially 
enhancing crossfire effects in bulky or heterogeneous tumors but also 
increasing the risk of off-target irradiation.79 In addition, the high-energy γ-
emission of 131I enables imaging and dosimetry but contributes to greater 
whole-body radiation exposure and requires stricter radiation safety 
precautions compared with 177Lu. 
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Future outlook and conclusions     
As theranostics evolves, new ligands, including antibodies, have emerged as 
potential options.80 However, in the ongoing comparison between small-
molecule peptides and antibodies regarding targeting efficiency and toxicity 
profiles, small-molecule peptides remain the preferred choice as they provide 
superior tumor uptake, faster clearance, lower cost and fewer side effects.81 

The development of new ligands and the shift toward α-emitter isotopes 
underscore the need for prospective, high-quality clinical data to further 
refine treatment strategies and improve patient outcomes in prostate cancer 
therapy. 

In the dynamic field of PSMA PET/CT imaging for prostate cancer, the 
selection of radiotracer largely relies on availability. Currently, 68Ga-
PSMA-11 and 18F-DCFPyL are considered comparable in performance, 
making them the most widely used options. The recently approved 
radiotracer, 18F-rhPSMA-7.3 appears to offer similar efficacy but clinical 
experience remains limited. In contrast, caution is advised with 18F-
PSMA-1007 due to its problematic benign bone uptake, which can lead to 
false-positive findings. 

For therapeutic applications, there are currently no head-to-head prospective 
studies comparing 177Lu-PSMA-617 and 177Lu-PSMA-I&T. Retrospective 
analysis demonstrated differences in normal organ distribution between the 
two agents, with similar mean absorbed tumor doses, efficacy and safety 
profiles in the treatment of mCRPC. The first prospective dosimetry data 
from the phase III VISION and SPLASH trials indicate that renal absorbed 
doses will dictate how these radiopharmaceuticals can be effectively dosed 
while maintaining a favorable risk/benefit ratio. Until proven otherwise, the 
recommended dosing of 177Lu-PSMA-617 is up to six cycles, six weeks apart 
at 7.4 GBq. Beyond radiotracer selection, patient selection, reader expertise 
and technical considerations play a key role in optimizing both diagnosis and 
treatment outcomes for patients with advanced prostate cancer. 

Conflict of interest    
Ken Herrmann reported receiving consultant fees from Advanced Accelerator 
Applications (a Novartis company), Amgen, AstraZeneca, Bain Capital, 
Bayer, Boston Scientific, Convergent, Curium, Debiopharm, EcoR1, Fusion, 
GE Healthcare, Immedica, Isotopen Technologien München, Janssen, 
Merck, Molecular Partners, NVision, POINT Biopharma, Pfizer, 
Radiopharm Theranostics, Rhine Pharma, Siemens Healthineers, Sofie 
Biosciences, Telix and Theragnostics and ymabs; receiving research grants 
from Advanced Accelerator Applications, Boston Scientific and Janssen; 
having stock or other ownership interests with AdvanCell, Aktis Oncology, 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 58



Convergent, NVision, Pharma 15 and Sofie Biosciences. Wolfgang P. Fendler 
reported fees from SOFIE Bioscience (research funding), Janssen (consultant 
and speaker), Perceptive (consultant and image review), Bayer (consultant, 
speaker and research funding), Novartis (speaker and consultant), Telix 
(speaker), GE Healthcare (speaker and consultant), Eczacıbaşı Monrol 
(speaker), Abx (speaker), Amgen (speaker and research funding), Urotrials 
(speaker), Lilly (consultant) and AstraZeneca (research funding) outside of 
the submitted work. Marco Cuzzocrea reported receiving honoraria from 
Novartis and travel support from Novartis and BE-imaging. These funding 
entities did not play a role in the development of the manuscript and did not 
influence its content in any way. Gaetano Paone declared that the manuscript 
was written in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest. 

Funding  
This research was partly funded by Prostate Cancer Foundation TACTICAL 
Award No 22TACT01, Thera4Care by the Innovative Health Initiative 
Joint Undertaking (IHI JU) under grant agreement No 101172788 and 
ILLUMINATE by the Innovative Health Initiative Joint Undertaking (IHI 
JU) under grant agreement No 101172722. 

Author contributions   
All authors contributed to and approved the final manuscript. 

Submitted: June 06, 2025 CET. Accepted: October 13, 2025 CET. Published: October 15, 2025 CET. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 

International License (CCBY-NC-SA-4.0). View this license’s legal deed at https://creativecommons.org/

licenses/by-nc-sa/4.0 and legal code at https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode for 

more information. 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 59



references 

1. Horoszewicz JS, Kawinski E, Murphy GP. Monoclonal antibodies to a new antigenic marker in 
epithelial prostatic cells and serum of prostatic cancer patients. Anticancer Res. 
1987;7(5b):927-935. 
2. Sheikhbahaei S, Werner RA, Solnes LB, et al. Prostate-Specific Membrane Antigen (PSMA)-
Targeted PET Imaging of Prostate Cancer: An Update on Important Pitfalls. Semin Nucl Med. 
2019;49(4):255-270. doi:10.1053/j.semnuclmed.2019.02.006 
3. Tann M, Green M, Sims J. Lessons learned from real life clinical experience of using 
[68Ga]Ga-PSMA-11 for BCR at low psa levels – IUH experience in over 1000 pts. J Nucl Med. 
2022;63(suppl_2):3054. https://jnm.snmjournals.org/content/63/supplement_2/3054 
4. Afshar-Oromieh A, Malcher A, Eder M, et al. PET imaging with a [68Ga]gallium-labelled 
PSMA ligand for the diagnosis of prostate cancer: biodistribution in humans and first evaluation 
of tumour lesions. Eur J Nucl Med Mol Imaging. 2013;40(4):486-495. doi:10.1007/
s00259-012-2298-2 
5. 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(11):1635-1642. doi:10.1001/jamaoncol.2021.3771 
6. Fendler WP, Calais J, Eiber M, et al. Assessment of 68Ga-PSMA-11 PET Accuracy in 
Localizing Recurrent Prostate Cancer: A Prospective Single-Arm Clinical Trial. JAMA Oncol. 
2019;5(6):856-863. doi:10.1001/jamaoncol.2019.0096 
7. Ferreira G, Iravani A, Hofman MS, Hicks RJ. Intra-individual comparison of (68)Ga-
PSMA-11 and (18)F-DCFPyL normal-organ biodistribution. Cancer Imaging. 2019;19(1):23. 
doi:10.1186/s40644-019-0211-y 
8. Yadav S, Kim ST, Tuchayi AM, et al. Comparison of (18)F-DCFPyL and (68)Ga-PSMA-11 
for (177)Lu-PSMA-617 therapy patient selection. Front Oncol. 2024;14:1382582. doi:10.3389/
fonc.2024.1382582 
9. 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 (18)F-DCFPyL in 
Prostate Cancer Patients (OSPREY). J Urol. 2021;206(1):52-61. doi:10.1097/
ju.0000000000001698 
10. Morris MJ, Rowe SP, Gorin MA, et al. Diagnostic Performance of (18)F-DCFPyL-PET/CT 
in Men with Biochemically Recurrent Prostate Cancer: Results from the CONDOR Phase III, 
Multicenter Study. Clin Cancer Res. 2021;27(13):3674-3682. doi:10.1158/
1078-0432.Ccr-20-4573 
11. Curium announces submission of the marketing authorization application for PYLCLARI®, 
an innovative (18F)-PSMA PET tracer indicated in adults with prostate cancer to Swissmedic. 
Curium. 2024. Accessed September 2025. https://www.curiumpharma.com/2024/02/21/
marketing-authorization-pylclari-swissmedic/ 
12. PYLCLARI® (piflufolastat (18F)). European Medicines Agency (EMA). Accessed September 
2025. https://www.ema.europa.eu/en/documents/product-information/pylclari-epar-product-
information_en.pdf 
13. FDA approves second PSMA-targeted PET imaging drug for men with prostate cancer. FDA. 
2021. Accessed September 2025. https://www.fda.gov/drugs/news-events-human-drugs/fda-
approves-second-psma-targeted-pet-imaging-drug-men-prostate-cancer 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 60

https://doi.org/10.1053/j.semnuclmed.2019.02.006
https://jnm.snmjournals.org/content/63/supplement_2/3054
https://doi.org/10.1007/s00259-012-2298-2
https://doi.org/10.1007/s00259-012-2298-2
https://doi.org/10.1001/jamaoncol.2021.3771
https://doi.org/10.1001/jamaoncol.2019.0096
https://doi.org/10.1186/s40644-019-0211-y
https://doi.org/10.3389/fonc.2024.1382582
https://doi.org/10.3389/fonc.2024.1382582
https://doi.org/10.1097/ju.0000000000001698
https://doi.org/10.1097/ju.0000000000001698
https://doi.org/10.1158/1078-0432.Ccr-20-4573
https://doi.org/10.1158/1078-0432.Ccr-20-4573
https://www.curiumpharma.com/2024/02/21/marketing-authorization-pylclari-swissmedic/
https://www.curiumpharma.com/2024/02/21/marketing-authorization-pylclari-swissmedic/
https://www.ema.europa.eu/en/documents/product-information/pylclari-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/pylclari-epar-product-information_en.pdf
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-second-psma-targeted-pet-imaging-drug-men-prostate-cancer
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-second-psma-targeted-pet-imaging-drug-men-prostate-cancer


14. Fendler WP, Eiber M, Beheshti M, et al. PSMA PET/CT: joint EANM procedure guideline/
SNMMI procedure standard for prostate cancer imaging 2.0. Eur J Nucl Med Mol Imaging. 
2023;50(5):1466-1486. doi:10.1007/s00259-022-06089-w 
15. POSLUMA® (flotufolastat F 18). Highlights of prescribing information. Posluma. 2024. 
Accessed September 2025. https://www.posluma.com/prescribing-information.pdf 
16. Surasi DS, Eiber M, Maurer T, et al. Diagnostic Performance and Safety of Positron Emission 
Tomography with (18)F-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;84(4):361-370. doi:10.1016/j.eururo.2023.06.018 
17. Jani AB, Ravizzini GC, Gartrell BA, et al. Diagnostic Performance and Safety of (18)F-
rhPSMA-7.3 Positron Emission Tomography in Men With Suspected Prostate Cancer 
Recurrence: Results From a Phase 3, Prospective, Multicenter Study (SPOTLIGHT). J Urol. 
2023;210(2):299-311. doi:10.1097/ju.0000000000003493 
18. Fleming MT, Hermsen R, Purysko AS, et al. True-Positive (18)F-Flotufolastat Lesions in 
Patients with Prostate Cancer Recurrence with Baseline-Negative Conventional Imaging: Results 
from the Prospective, Phase 3, Multicenter SPOTLIGHT Study. J Nucl Med. 
2024;65(7):1080-1086. doi:10.2967/jnumed.123.267271 
19. Eifer M, Hope TA, Calais J, Hofman MS. Editorial Comment. J Urol. 2023;210(2):299-311. 
doi:10.1097/JU.0000000000003493.01 
20. Giesel FL, Knorr K, Spohn F, et al. Detection Efficacy of (18)F-PSMA-1007 PET/CT in 251 
Patients with Biochemical Recurrence of Prostate Cancer After Radical Prostatectomy. J Nucl 
Med. 2019;60(3):362-368. doi:10.2967/jnumed.118.212233 
21. Sprute K, Kramer V, Koerber SA, et al. Diagnostic Accuracy of (18)F-PSMA-1007 PET/CT 
Imaging for Lymph Node Staging of Prostate Carcinoma in Primary and Biochemical 
Recurrence. J Nucl Med. 2021;62(2):208-213. doi:10.2967/jnumed.120.246363 
22. Mookerji N, Pfanner T, Hui A, et al. Fluorine-18 Prostate-Specific Membrane Antigen-1007 
PET/CT vs Multiparametric MRI for Locoregional Staging of Prostate Cancer. JAMA Oncol. 
2024;10(8):1097-1103. doi:10.1001/jamaoncol.2024.3196 
23. Olivier P, Giraudet AL, Skanjeti A, et al. Phase III Study of (18)F-PSMA-1007 Versus (18)F-
Fluorocholine PET/CT for Localization of Prostate Cancer Biochemical Recurrence: A 
Prospective, Randomized, Crossover Multicenter Study. J Nucl Med. 2023;64(4):579-585. 
doi:10.2967/jnumed.122.264743 
24. Behr SC, Aggarwal R, VanBrocklin HF, et al. Phase I Study of CTT1057, an (18)F-Labeled 
Imaging Agent with Phosphoramidate Core Targeting Prostate-Specific Membrane Antigen in 
Prostate Cancer. J Nucl Med. 2019;60(7):910-916. doi:10.2967/jnumed.118.220715 
25. Study of Diagnostic Performance of [18F]CTT1057 for PSMA-positive Tumors Detection 
(GuideView). ClinicalTrials.gov identifier: NCT04838626. Accessed September 2025. https://
clinicaltrials.gov/study/NCT04838626 
26. Iagaru A, Suarez JF, Behr S, et al. Imaging Efficacy of [18F]CTT1057 PET for the Detection 
of PSMA-Positive Tumors Using Histopathology as Standard of Truth: Results from the 
GuideView Phase 2/3 Prospective Multicenter Study. J Nucl Med. 2025;66(8):1232-1238. 
doi:10.2967/jnumed.124.269007 
27. Fanti S, Robles Barba JJ, Behr S, et al. Imaging Efficacy of [18F]CTT1057 PET/CT in 
Patients with Biochemically Recurrent Prostate Cancer: Results from GuidePath—A Phase 3, 
Prospective Multicenter Study. J Nucl Med. 2025;66(8):1210-1216. doi:10.2967/
jnumed.124.269266 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 61

https://doi.org/10.1007/s00259-022-06089-w
https://www.posluma.com/prescribing-information.pdf
https://doi.org/10.1016/j.eururo.2023.06.018
https://doi.org/10.1097/ju.0000000000003493
https://doi.org/10.2967/jnumed.123.267271
https://doi.org/10.1097/JU.0000000000003493.01
https://doi.org/10.2967/jnumed.118.212233
https://doi.org/10.2967/jnumed.120.246363
https://doi.org/10.1001/jamaoncol.2024.3196
https://doi.org/10.2967/jnumed.122.264743
https://doi.org/10.2967/jnumed.118.220715
https://clinicaltrials.gov/study/NCT04838626
https://clinicaltrials.gov/study/NCT04838626
https://doi.org/10.2967/jnumed.124.269007
https://doi.org/10.2967/jnumed.124.269266
https://doi.org/10.2967/jnumed.124.269266


28. Pattison DA, Debowski M, Gulhane B, et al. Prospective intra-individual blinded comparison 
of [(18)F]PSMA-1007 and [(68) Ga]Ga-PSMA-11 PET/CT imaging in patients with confirmed 
prostate cancer. Eur J Nucl Med Mol Imaging. 2022;49(2):763-776. doi:10.1007/
s00259-021-05520-y 
29. Rauscher I, Krönke M, König M, et al. Matched-Pair Comparison of (68)Ga-PSMA-11 PET/
CT and (18)F-PSMA-1007 PET/CT: Frequency of Pitfalls and Detection Efficacy in Biochemical 
Recurrence After Radical Prostatectomy. J Nucl Med. 2020;61(1):51-57. doi:10.2967/
jnumed.119.229187 
30. Kroenke M, Mirzoyan L, Horn T, et al. Matched-Pair Comparison of (68)Ga-PSMA-11 and 
(18)F-rhPSMA-7 PET/CT in Patients with Primary and Biochemical Recurrence of Prostate 
Cancer: Frequency of Non-Tumor-Related Uptake and Tumor Positivity. J Nucl Med. 
2021;62(8):1082-1088. doi:10.2967/jnumed.120.251447 
31. Grünig H, Maurer A, Thali Y, et al. Focal unspecific bone uptake on [(18)F]-PSMA-1007 
PET: a multicenter retrospective evaluation of the distribution, frequency, and quantitative 
parameters of a potential pitfall in prostate cancer imaging. Eur J Nucl Med Mol Imaging. 
2021;48(13):4483-4494. doi:10.1007/s00259-021-05424-x 
32. Popescu CE, Zhang B, Sartoretti T, et al. Evaluating the biodistribution for [(68)Ga]Ga-
PSMA-11 and [(18)F]F-PSMA-1007 PET/CT with an inter- and intrapatient based analysis. 
EJNMMI Res. 2024;14(1):36. doi:10.1186/s13550-024-01097-3 
33. Seifert R, Emmett L, Rowe SP, et al. Second Version of the Prostate Cancer Molecular 
Imaging Standardized Evaluation Framework Including Response Evaluation for Clinical Trials 
(PROMISE V2). Eur Urol. 2023;83(5):405-412. doi:10.1016/j.eururo.2023.02.002 
34. Evangelista L, Maurer T, van der Poel H, et al. [(68)Ga]Ga-PSMA Versus [(18)F]PSMA 
Positron Emission Tomography/Computed Tomography in the Staging of Primary and 
Recurrent Prostate Cancer. A Systematic Review of the Literature. Eur Urol Oncol. 
2022;5(3):273-282. doi:10.1016/j.euo.2022.03.004 
35. Sartor O, de Bono J, Chi KN, et al. Lutetium-177-PSMA-617 for Metastatic Castration-
Resistant Prostate Cancer. N Engl J Med. 2021;385(12):1091-1103. doi:10.1056/
NEJMoa2107322 
36. Hofman MS, Emmett L, Sandhu S, et al. [177Lu]Lu-PSMA-617 versus cabazitaxel in patients 
with metastatic castration-resistant prostate cancer (TheraP): a randomised, open-label, phase 2 
trial. Lancet. 2021;397(10276):797-804. doi:10.1016/S0140-6736(21)00237-3 
37. Sutherland DEK, Azad AA, Murphy DG, et al. Role of FDG PET/CT in management of 
patients with prostate cancer. Semin Nucl Med. 2024;54(1):4-13. doi:10.1053/
j.semnuclmed.2023.06.005 
38. Hofman MS, Emmett L, Sandhu S, et al. TheraP: 177Lu-PSMA-617 (LuPSMA) versus 
cabazitaxel in metastatic castration-resistant prostate cancer (mCRPC) progressing after 
docetaxel—Overall survival after median follow-up of 3 years (ANZUP 1603). J Clin Oncol. 
2022;40(suppl_16):5000. doi:10.1200/JCO.2022.40.16_suppl.5000 
39. Seifert R, Telli T, Hadaschik B, Fendler WP, Kuo PH, Herrmann K. Is (18)F-FDG PET 
Needed to Assess (177)Lu-PSMA Therapy Eligibility? A VISION-like, Single-Center Analysis. J 
Nucl Med. 2023;64(5):731-737. doi:10.2967/jnumed.122.264741 
40. Azad AA, Bressel M, Tan H, et al. Sequential [(177)Lu]Lu-PSMA-617 and docetaxel versus 
docetaxel in patients with metastatic hormone-sensitive prostate cancer (UpFrontPSMA): a 
multicentre, open-label, randomised, phase 2 study. Lancet Oncol. 2024;25(10):1267-1276. 
doi:10.1016/s1470-2045(24)00440-6 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 62

https://doi.org/10.1007/s00259-021-05520-y
https://doi.org/10.1007/s00259-021-05520-y
https://doi.org/10.2967/jnumed.119.229187
https://doi.org/10.2967/jnumed.119.229187
https://doi.org/10.2967/jnumed.120.251447
https://doi.org/10.1007/s00259-021-05424-x
https://doi.org/10.1186/s13550-024-01097-3
https://doi.org/10.1016/j.eururo.2023.02.002
https://doi.org/10.1016/j.euo.2022.03.004
https://doi.org/10.1056/NEJMoa2107322
https://doi.org/10.1056/NEJMoa2107322
https://doi.org/10.1016/S0140-6736(21)00237-3
https://doi.org/10.1053/j.semnuclmed.2023.06.005
https://doi.org/10.1053/j.semnuclmed.2023.06.005
https://doi.org/10.1200/JCO.2022.40.16_suppl.5000
https://doi.org/10.2967/jnumed.122.264741
https://doi.org/10.1016/s1470-2045(24)00440-6


41. Emmett L, Subramaniam S, Crumbaker M, et al. [(177)Lu]Lu-PSMA-617 plus enzalutamide 
in patients with metastatic castration-resistant prostate cancer (ENZA-p): an open-label, 
multicentre, randomised, phase 2 trial. Lancet Oncol. 2024;25(5):563-571. doi:10.1016/
s1470-2045(24)00135-9 
42. Hansen AR, Probst S, Beauregard JM, et al. Initial clinical experience with [(177)Lu]Lu-
PNT2002 radioligand therapy in metastatic castration-resistant prostate cancer: dosimetry, safety, 
and efficacy from the lead-in cohort of the SPLASH trial. Front Oncol. 2024;14:1483953. 
doi:10.3389/fonc.2024.1483953 
43. Morris MJ, Castellano D, Herrmann K, et al. (177)Lu-PSMA-617 versus a change of 
androgen receptor pathway inhibitor therapy for taxane-naive patients with progressive metastatic 
castration-resistant prostate cancer (PSMAfore): a phase 3, randomised, controlled trial. Lancet. 
2024;404(10459):1227-1239. doi:10.1016/s0140-6736(24)01653-2 
44. Zhang J, Maniawski P, Knopp MV. Performance evaluation of the next generation solid-state 
digital photon counting PET/CT system. EJNMMI Res. 2018;8(1):97. doi:10.1186/
s13550-018-0448-7 
45. Salvadori J, Odille F, Verger A, et al. Head-to-head comparison between digital and analog 
PET of human and phantom images when optimized for maximizing the signal-to-noise ratio 
from small lesions. EJNMMI Physics. 2020;7(1):11. doi:10.1186/s40658-020-0281-8 
46. Kim YI, Lee DY, Sung C, et al. Comparison of digital and analog [68Ga]Ga-PSMA-11 PET/
CT for detecting post-prostatectomy biochemical recurrence in prostate cancer patients: a 
prospective study. Scientific Reports. 2024;14(1):14989. doi:10.1038/s41598-024-65399-1 
47. Jewell K, Hofman MS, Ong JSL, Levy S. Emerging theranostics for prostate cancer and a 
model of prostate-specific membrane antigen therapy. Radiology. 2024;311(1):e231703. 
doi:10.1148/radiol.231703 
48. PLUVICTO® (Lutetium (177Lu) vipivotid tetraxetan). Information for healthcare 
professionals. Swissmedic. 2025. Accessed September 2025. http://www.swissmedicinfo.ch 
49. Sartor AO, Morris MJ, Messman R, Krause BJ. VISION: An international, prospective, 
open-label, multicenter, randomized phase III study of 177Lu-PSMA-617 in the treatment of 
patients with progressive PSMA-positive metastatic castration-resistant prostate cancer 
(mCRPC). J Clin Oncol. 2020;38(suppl_6):TPS259. doi:10.1200/JCO.2020.38.6_suppl.TPS259 
50. Fizazi K, Chi KN, Shore ND, et al. Final overall survival and safety analyses of the phase III 
PSMAfore trial of 177Lu]Lu-PSMA-617 versus change of androgen receptor pathway inhibitor 
in taxane-naive patients with metastatic castration-resistant prostate cancer. Ann Oncol. Published 
online 2025. doi:10.1016/j.annonc.2025.07.003 
51. Lantheus and POINT Biopharma announce positive topline results from pivotal SPLASH 
trial in metastatic castration-resistant prostate cancer. Lantheus Holdings and POINT Biopharma 
Global. 2023. Accessed September 2025. https://lantheusholdings.gcs-web.com/news-releases/
news-release-details/lantheus-and-point-biopharma-announce-positive-topline-results 
52. Sartor O, Jiang DM, Smoragiewicz M, et al. Efficacy of 177Lu-PNT2002 in PSMA-positive 
mCRPC following progression on an androgen-receptor pathway inhibitor (ARPI) (SPLASH). 
Ann Oncol. 2024;35(suppl_2):1-72. doi:10.1016/annonc/annonc1623 
53. 177Lu-PSMA-I&T for Metastatic Castration-Resistant Prostate Cancer. ClinicalTrials.gov 
identifier: NCT05204927. Accessed September 2025. https://classic.clinicaltrials.gov/ct2/show/
NCT05204927 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 63

https://doi.org/10.1016/s1470-2045(24)00135-9
https://doi.org/10.1016/s1470-2045(24)00135-9
https://doi.org/10.3389/fonc.2024.1483953
https://doi.org/10.1016/s0140-6736(24)01653-2
https://doi.org/10.1186/s13550-018-0448-7
https://doi.org/10.1186/s13550-018-0448-7
https://doi.org/10.1186/s40658-020-0281-8
https://doi.org/10.1038/s41598-024-65399-1
https://doi.org/10.1148/radiol.231703
http://www.swissmedicinfo.ch/
https://doi.org/10.1200/JCO.2020.38.6_suppl.TPS259
https://doi.org/10.1016/j.annonc.2025.07.003
https://lantheusholdings.gcs-web.com/news-releases/news-release-details/lantheus-and-point-biopharma-announce-positive-topline-results
https://lantheusholdings.gcs-web.com/news-releases/news-release-details/lantheus-and-point-biopharma-announce-positive-topline-results
https://doi.org/10.1016/annonc/annonc1623
https://classic.clinicaltrials.gov/ct2/show/NCT05204927
https://classic.clinicaltrials.gov/ct2/show/NCT05204927


54. Curium announces ECLIPSE trial has met primary endpoint, demonstrating a statistically 
significant and clinically meaningful benefit for patients with PSMA-positive metastatic castration 
resistant prostate cancer. Curium. 2024. Accessed September 2025. https://
www.curiumpharma.com/2024/11/13/eclipse-tiral-psma-prostate-cancer/ 
55. Demirkol MO, Esen B, Sen M, et al. Radioligand therapy with 177Lu-PSMA-I&T in patients 
with metastatic castration-resistant prostate cancer: oncological outcomes and toxicity profile. J 
Urol. 2023;209(suppl_4):e125. doi:10.1097/JU.0000000000003226.07 
56. Heck MM, Tauber R, Schwaiger S, et al. Treatment Outcome, Toxicity, and Predictive 
Factors for Radioligand Therapy with (177)Lu-PSMA-I&T in Metastatic Castration-resistant 
Prostate Cancer. Eur Urol. 2019;75(6):920-926. doi:10.1016/j.eururo.2018.11.016 
57. Herrmann K, Rahbar K, Eiber M, et al. Renal and Multiorgan Safety of (177)Lu-PSMA-617 
in Patients with Metastatic Castration-Resistant Prostate Cancer in the VISION Dosimetry 
Substudy. J Nucl Med. 2024;65(1):71-78. doi:10.2967/jnumed.123.265448 
58. Sadaghiani MS, Sheikhbahaei S, Werner RA, et al. (177) Lu-PSMA radioligand therapy 
effectiveness in metastatic castration-resistant prostate cancer: An updated systematic review and 
meta-analysis. Prostate. 2022;82(7):826-835. doi:10.1002/pros.24325 
59. Dai YH, Chen PH, Lee DJ, Andrade G, Vallis KA. A Meta-Analysis and Meta-Regression of 
the Efficacy, Toxicity, and Quality of Life Outcomes Following Prostate-Specific Membrane 
Antigen Radioligand Therapy Utilising Lutetium-177 and Actinium-225 in Metastatic Prostate 
Cancer. Eur Urol. 2025;87(4):398-408. doi:10.1016/j.eururo.2024.09.020 
60. Schuchardt C, Zhang J, Kulkarni HR, Chen X, Müller D, Baum RP. Prostate-Specific 
Membrane Antigen Radioligand Therapy Using (177)Lu-PSMA I&T and (177)Lu-PSMA-617 in 
Patients with Metastatic Castration-Resistant Prostate Cancer: Comparison of Safety, 
Biodistribution, and Dosimetry. J Nucl Med. 2022;63(8):1199-1207. doi:10.2967/
jnumed.121.262713 
61. Violet J, Jackson P, Ferdinandus J, et al. Dosimetry of (177)Lu-PSMA-617 in metastatic 
castration-resistant prostate cancer: Correlations between pretherapeutic imaging and whole-body 
tumor dosimetry with treatment outcomes. J Nucl Med. 2019;60(4):517-523. doi:10.2967/
jnumed.118.219352 
62. Herrmann K, Krause B, Chi K, et al. Tumour dosimetry across 6 cycles of [177Lu]Lu-
PSMA-617 in patients with metastatic castration-resistant prostate cancer: results from the 
VISION substudy. Presented at: EANM 2024; October 19–23, 2024. Hamburg, Germany. 
Abstract OP-573. doi:10.1007/s00259-024-06838-z 
63. Farolfi A, Armstrong WR, Djaileb L, et al. Differences and Common Ground in 177Lu-
PSMA Radioligand Therapy Practice Patterns: International Survey of 95 Theranostic Centers. J 
Nucl Med. 2024;65(3):438-445. doi:10.2967/jnumed.123.266391 
64. Poty S, Francesconi LC, McDevitt MR, Morris MJ, Lewis JS. α-Emitters for Radiotherapy: 
From Basic Radiochemistry to Clinical Studies-Part 1. J Nucl Med. 2018;59(6):878-884. 
doi:10.2967/jnumed.116.186338 
65. Study of 225Ac-PSMA-617 in Men With PSMA-positive Prostate Cancer. ClinicalTrials.gov 
identifier: NCT04597411. Accessed March 30, 2025. https://clinicaltrials.gov/study/
NCT04597411 
66. Open-label Study Comparing AAA817 Versus Standard of Care in the Treatment of 
Previously Treated PSMA-positive mCRPC Adults Who Have Disease Progressed on or After 
[177Lu]Lu-PSMA Targeted Therapy (PSMAcTION). ClinicalTrials.gov identifier: 
NCT06780670. Accessed September 2025. https://clinicaltrials.gov/study/NCT06780670 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 64

https://www.curiumpharma.com/2024/11/13/eclipse-tiral-psma-prostate-cancer/
https://www.curiumpharma.com/2024/11/13/eclipse-tiral-psma-prostate-cancer/
https://doi.org/10.1097/JU.0000000000003226.07
https://doi.org/10.1016/j.eururo.2018.11.016
https://doi.org/10.2967/jnumed.123.265448
https://doi.org/10.1002/pros.24325
https://doi.org/10.1016/j.eururo.2024.09.020
https://doi.org/10.2967/jnumed.121.262713
https://doi.org/10.2967/jnumed.121.262713
https://doi.org/10.2967/jnumed.118.219352
https://doi.org/10.2967/jnumed.118.219352
https://doi.org/10.1007/s00259-024-06838-z
https://doi.org/10.2967/jnumed.123.266391
https://doi.org/10.2967/jnumed.116.186338
https://clinicaltrials.gov/study/NCT04597411
https://clinicaltrials.gov/study/NCT04597411
https://clinicaltrials.gov/study/NCT06780670


67. Study Comparing AAA817+ARPI Versus Standard of Care in Adult Participants With 
PSMA-positive mCRPC (AcTFirst). ClinicalTrials.gov identifier: NCT06855277. Accessed 
September 2025. https://clinicaltrials.gov/study/NCT06855277 
68. Phase I/II Study of [225Ac]Ac-PSMA-R2 in PSMA-positive Prostate Cancer, With/Without 
Prior 177Lu-PSMA RLT. ClinicalTrials.gov identifier: NCT05983198. Accessed September 
2025. https://clinicaltrials.gov/study/NCT05983198 
69. De Vincentis G, Gerritsen W, Gschwend JE, et al. Advances in targeted alpha therapy for 
prostate cancer. Ann Oncol. 2019;30(11):1728-1739. doi:10.1093/annonc/mdz270 
70. Zacherl MJ, Gildehaus FJ, Mittlmeier L, et al. First Clinical Results for PSMA-Targeted α-
Therapy Using (225)Ac-PSMA-I&T in Advanced-mCRPC Patients. J Nucl Med. 
2021;62(5):669-674. doi:10.2967/jnumed.120.251017 
71. Delpassand ES, Hashmi MJ, Kazakin J, et al. Abstract CT224: Preliminary efficacy and safety 
results from the (TATCIST) trial: A PSMA-directed targeted alpha therapy with FPI-2265 
(225Ac-PSMA-I&T) for the treatment of metastatic castration-resistant prostate cancer 
(mCRPC). Cancer Res. 2024;84(suppl_7):CT224. doi:10.1158/1538-7445.Am2024-ct224 
72. Ling SW, van der Veldt AAM, Konijnenberg M, et al. Evaluation of the tolerability and safety 
of [(225)Ac]Ac-PSMA-I&T in patients with metastatic prostate cancer: a phase I dose escalation 
study. BMC Cancer. 2024;24(1):146. doi:10.1186/s12885-024-11900-y 
73. Hansen AR, Pattison DA, Ngai S, et al. Phase Ib/IIa dose escalation and expansion study of 
[212Pb]Pb-ADVC001 in metastatic castration-resistant prostate cancer: TheraPb phase I/II 
study. J Clin Oncol. 2025;43(suppl_5):TPS275. doi:10.1200/JCO.2025.43.5_suppl.TPS275 
74. Zang J, Fan X, Wang H, et al. First-in-human study of (177)Lu-EB-PSMA-617 in patients 
with metastatic castration-resistant prostate cancer. Eur J Nucl Med Mol Imaging. 
2019;46(1):148-158. doi:10.1007/s00259-018-4096-y 
75. Zang J, Liu Q, Sui H, et al. (177)Lu-EB-PSMA Radioligand Therapy with Escalating Doses 
in Patients with Metastatic Castration-Resistant Prostate Cancer. J Nucl Med. 
2020;61(12):1772-1778. doi:10.2967/jnumed.120.242263 
76. Wang G, Zang J, Jiang Y, et al. A Single-Arm, Low-Dose, Prospective Study of (177)Lu-EB-
PSMA Radioligand Therapy in Patients with Metastatic Castration-Resistant Prostate Cancer. J 
Nucl Med. 2023;64(4):611-617. doi:10.2967/jnumed.122.264857 
77. Sartor O, Tagawa ST, Lenzo N, Agarwal N. ProstACT GLOBAL: A phase 3 study of best 
standard of care with and without 177Lu-DOTA-rosopatamab (TLX591) for patients with 
PSMA expressing metastatic castration-resistant prostate cancer progressing despite prior 
treatment with a novel androgen axis drug. J Clin Oncol. 2024;42(suppl_16):TPS5115. 
doi:10.1200/JCO.2024.42.16_suppl.TPS5115 
78. Yu EY, Narayan V, Esposito G, et al. PSMA-targeted radioligand therapy (RLT) with 131I-
LNTH-1095 (1095) plus enzalutamide (enza) vs enza alone in chemotherapy-naïve patients (pts) 
whose piflufolastat F 18-avid metastatic castration-resistant prostate cancer (mCRPC) progressed 
on abiraterone (abi): ARROW. Ann Oncol. 2024;35(suppl_2):S962-S1003. doi:10.1016/annonc/
annonc1607 
79. Wyszomirska A. Iodine-131 for therapy of thyroid diseases. Physical and biological basis. Nucl 
Med Rev Cent East Eur. 2012;15(2):120-123. 
80. Ravi Kumar AS, Hofman MS. Mechanistic insights for optimizing PSMA radioligand 
therapy. Clin Cancer Res. 2020;26(12):2774-2776. doi:10.1158/1078-0432.Ccr-20-0209 
81. Pandit-Taskar N, O’Donoghue JA, Beylergil V, et al. 89Zr-huJ591 immuno-PET imaging in 
patients with advanced metastatic prostate cancer. Eur J Nucl Med Mol Imaging. 
2014;41(11):2093-2105. doi:10.1007/s00259-014-2830-7 

PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer

healthbook TIMES Oncology Hematology 65

https://clinicaltrials.gov/study/NCT06855277
https://clinicaltrials.gov/study/NCT05983198
https://doi.org/10.1093/annonc/mdz270
https://doi.org/10.2967/jnumed.120.251017
https://doi.org/10.1158/1538-7445.Am2024-ct224
https://doi.org/10.1186/s12885-024-11900-y
https://doi.org/10.1200/JCO.2025.43.5_suppl.TPS275
https://doi.org/10.1007/s00259-018-4096-y
https://doi.org/10.2967/jnumed.120.242263
https://doi.org/10.2967/jnumed.122.264857
https://doi.org/10.1200/JCO.2024.42.16_suppl.TPS5115
https://doi.org/10.1016/annonc/annonc1607
https://doi.org/10.1016/annonc/annonc1607
https://doi.org/10.1158/1078-0432.Ccr-20-0209
https://doi.org/10.1007/s00259-014-2830-7

	PSMA Radioligands for Diagnostics and Treatment of Advanced Prostate Cancer
	Introduction
	Selecting the optimal PSMA radiotracer for prostate cancer imaging
	Different PET radiotracers in patient selection for radioligand therapy
	Advances in PET scanners
	PSMA radiopharmaceuticals for the treatment of prostate cancer: 177Lu-PSMA-617 and 177Lu-PSMA-I&T
	Ongoing studies of α-emitting radiopharmaceuticals
	Other PSMA-based radioligands
	Future outlook and conclusions
	Conflict of interest
	Funding
	Author contributions

	References


