
Update from PSMA-SRT Trial NCT03582774: A Randomized 
Phase 3 Imaging Trial of Prostate-specific Membrane Antigen 
Positron Emission Tomography for Salvage Radiation Therapy 
for Prostate Cancer Recurrence Powered for Clinical Outcome

Jeremie Calaisa,b,c,d,*, Wesley R. Armstronga, Amar U. Kishanb,c,e, Kiara M. Bookera, 
Thomas A. Hopef,g,h, Wolfgang P. Fendlera,i, David Elashoffb,j, Nicholas G. Nickolsb,c,e,k,†, 
Johannes Czernina,b,c,d,†

aAhmanson Translational Theranostics Division, Department of Molecular and Medical 
Pharmacology, David Geffen School of Medicine, University of California, Los Angeles, Los 
Angeles, CA, USA

bJonsson Comprehensive Cancer Center, University of California, Los Angeles, Los Angeles, CA, 
USA

cInstitute of Urologic Oncology, University of California, Los Angeles, Los Angeles, CA, USA

dPhysics and Biology in Medicine Interdepartmental Graduate Program, David Geffen School of 
Medicine, University of California, Los Angeles, Los Angeles, CA, USA

eDepartment of Radiation Oncology, David Geffen School of Medicine, University of California, 
Los Angeles, Los Angeles, CA, USA

fDepartment of Radiology and Biomedical Imaging, University of California, San Francisco, San 
Francisco, CA, USA

gHelen Diller Family Comprehensive Cancer Center, University of California, San Francisco, San 
Francisco, CA, USA

hSan Francisco VA Medical Center, San Francisco, CA, USA

iDepartment of Nuclear Medicine, University of Duisburg-Essen and German Cancer Consortium 
(DKTK)-University Hospital Essen, Essen, Germany

jDepartment of Medicine Statistics Core, David Geffen School of Medicine, University of 
California, Los Angeles, Los Angeles, CA, USA

kDepartment of Radiation Oncology, VA Greater Los Angeles Healthcare System, Los Angeles, 
CA, USA

Salvage radiation therapy (SRT) for prostate cancer (PCa) recurrence after radical 

prostatectomy (RP) can offer long-term biochemical control in approximately 50–60% of 
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patients [1]. SRT is commonly initiated in patients with serum prostate-specific antigen 

(PSA) of 0.1–1 ng/ml and recent phase 3 trial data show that early SRT is equivalent to 

adjuvant RT [2]. However, standard-of-care imaging is insufficiently sensitive for anatomic 

localization of recurrence. Therefore, SRT target volumes are usually drawn in the absence 

of radiographically visible disease [3,4].

Prostate-specific membrane antigen (PSMA) is highly overexpressed by PCa cells and 

represents a relevant target for PCa imaging and therapy. PSMA positron emission 

tomography (PET) using small radiolabeled ligands is highly sensitive, even at low PSA 

levels, and may offer early localization of PCa biochemical recurrence (BCR) [3,5].

In an international multicenter retrospective study, we found that PSMA PET had a major 

impact on SRT planning in 52 of 270 patients (19%) with early BCR (PSA <1.0 ng/ml) by 

revealing lesions not covered by the standard radiation fields, including both the prostate bed 

and pelvic lymph nodes, defined on computed tomography (CT) [6]. We hypothesized that 

this major impact of PSMA PET on patient selection and RT planning would translate into 

better outcomes from PSMA PET–guided SRT.

The purpose of the PSMA-SRT trial NCT03582774 is to evaluate the success rate of SRT for 

post-RP recurrence of PCa with and without planning based on PSMA PET [7]. This is a 

multicenter, prospective, randomized, controlled, open-label phase 3 clinical imaging trial 

conducted at University of California, Los Angeles (lead) and University of California, San 

Francisco that is powered for clinical outcome at 5 yr. The study is investigator-initiated and 

self-funded. There is no external funding source.

Patients scheduled for SRT of recurrence after primary RP and with PSA ≥0.1 ng/ml at the 

time of enrollment were eligible (no PSA upper limit). On the basis of our prior study, we 

hypothesized that PSMA PET would detect extrapelvic M1 disease in 13% of the patients 

[6]. These patients would probably not undergo SRT and therefore would not be included in 

the primary endpoint analysis. Indeed, the primary endpoint is the SRT success rate at 5 yr 

for patients who actually received SRT. We hypothesized that incorporation of PSMA PET 

in SRT planning will improve 5-yr biochemical progression–free survival (bPFS) by 20%: 

60% in the control arm and 80% in the intervention arm at 5 yr. According to the sample 

size calculation, 90 patients are needed in each group to reach sufficient statistical power. A 

total sample size of 193 patients is needed assuming that 13 patients randomized to the 

intervention arm (n = 103) would experience extrapelvic disease and would not receive SRT.

The primary endpoint of the trial is the SRT success rate at 5 yr among patients who actually 

received SRT, measured as bPFS (with biochemical progression defined as PSA ≥0.2 ng/ml 

and rising after completion of SRT). Secondary endpoints include a subgroup analysis of the 

primary endpoint for patients with baseline PSA ≥0.5 ng/ml, metastasis free-survival, and 

change in the initial treatment intent after randomization.

Enrollment is complete: 193 patients were enrolled from September 6, 2018 to August 17, 

2020 (Fig. 1). Seven of the 90 patients in the control arm (9%) dropped out of the study 

because they underwent PSMA PET at another institution, while one/103 patients in the 

intervention arm (1%) dropped out because of COVID-19-related complications. Median 
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PSA at enrollment was 0.32 ng/ml (interquartile range [IQR] 0.17–1.35) in the control arm 

and 0.22 ng/ml (IQR 0.14–0.50) in the PSMA arm. Patients in the control group were staged 

using fluciclovine PET (27/83, 33%), computed tomography (30/83, 36%), bone scan (14/83 

17%), magnetic resonance imaging (22/83 27%), or fluorodeoxyglucose PET (one/83 1%), 

while 28/83 had no imaging (34%; Table 1). In the intervention group, PSMA PET was 

positive in 38/102 patients (37%): nine/108 (9%) had PCa outside the pelvis (M1), 20/102 

(20%) in pelvic nodes with or without concurrent recurrence in the prostate bed, and 13/102 

(13%) in the prostate fossa only (Table 2).

In this prospective randomized phase 3 study, PSMA PET localized PCa in more than one-

third of patients. PET showed lesions outside the pelvis in 9% of patients in the intervention 

group. Follow-up is ongoing to assess whether PSMA PET disease localization eventually 

translates into better patient outcomes.
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Fig. 1 –. 
Study flowchart.

CT = computed tomography; PET = positron emission tomography; PSA = prostate-specific 

antigen; PSMA = prostate-specific membrane antigen; SRT = salvage radiotherapy.
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Table 1 –

Imaging modalities used in the control group (n = 83)

Imaging Patients, n (%)

Fluciclovine PET only 15 (18.1)

Fluciclovine PET + bone scan 1 (1.2)

Fluciclovine PET + FDG PET 1 (1.2)

Fluciclovine PET + MRI 2 (2.4)

Fluciclovine PET + MRI + bone scan 2 (2.4)

Fluciclovine PET + MRI + CT 5 (6)

Fluciclovine PET + MRI + CT + bone scan 1 (1.2)

Bone scan only 1 (1.2)

Bone scan + MRI + CT 4 (4.8)

CT only 10 (12)

CT + bone scan 5 (6)

CT + MRI 5 (6)

MRI only 3 (3.6)

None 6 (7.2)

N/A 22 (26.5)

CT = computed tomography; FDG = fluorodeoxyglucose; MRI = magnetic resonance imaging; N/A = PET = positron emission tomography.
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Table 2 –

Prostate-specific membrane antigen positron emission tomography findings and staging in the intervention 

group (n = 102)

Stage Patients, n (%)

T+ 18 (17.6)

N1 20 (19.6)

M1 9 (8.8)

M1a 3 (2.9)

M1b 8 (7.8)

M1c 1 (1)

T0 N0 M0 64 (62.7)

T+ N0 M0 13 (12.7)

T+ N1 M0 12 (11.8)

T0 N1 M0 4 (3.9)

T+ N0 M1 5 (4.9)

T0 N0 M1 3 (2.9)

T0 N1 M1 1 (1)
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