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• Occurs within 10 y in 20% to 40% of patients after RP, 30% to 50% after RT
• Median time to BCR is typically 2 to 3 y but can occur up to 20 years after 

primary therapy

Incidence of BCR after surgery or radiation for 
clinically localized prostate cancer

National Institutes of Health, National Cancer Institute. https://seer.cancer.gov/statfacts/html/prost.html. 



Darwish OM, et al. Front Oncol. 2012;2:1-6.
Paller CJ, et al. Clin Adv Hematol Oncol. 2013;11:14-23.

Clinical Dilemmas in men with BCR

• Cannot tell where recurrent disease is located 

• Absolute PSA levels tend to correlate with disease burden and 
risk for metastasis

• Shorter PSADT associated with higher risk of metastases

• Time to BCR is prognostic in most, but not all, studies

Sanda MG, Chen RC, Crispino T, et al. 
http://www.auanet.org/guidelines/clinically-localized-prostate-cancer-new-
(aua/astro/suo-guideline-2017).



NCCN® website.

Diagnostic Evaluation of Patients With BCR

• No guidelines on frequency of evaluation in men with BCR
• NCCN Guidelines® note:

• Factors affecting BCR imaging use after RP
• Risk group before surgery
• Gleason score
• Stage
• Serum PSA
• PSADT after recurrence

• Cross-sectional imaging and conventional Tc-99m bone scans are 
rarely positive in asymptomatic men with PSA < 10 ng/mL

• Imaging should be performed more frequently when PSADT ≤ 8 
mo





Meta analysis: 11C-Choline-PET/CT for Prostate Cancer 
Biochemical Recurrence

• 18 studies (2,126 patients)
– Pooled detection rate  62%

• 12 studies (1,270 patients) with adequate data to assess 
sensitivity and specificity
– Pooled sensitivity (Sens) 89%
– Pooled specificity (Spec) 89% 

• Local recurrence: Sens 61%, Spec 97%
• Nodal/distant metastasis:  36% detection rate
• Bone metastasis:   25% detection rate

Fanti S, et al. Eur J Nucl Med Mol Imaging. 2016;43:55-69.



Giovacchini G, et al. Eur J Nucl Med Mol Imaging. 2018;37:301-309. 
Choline C11 PI 2015. 

11C-Choline-PET/CT 
Sensitivity by PSA Level

– Analysis of 358 patients post-RP with BCR (≥ 2 
consecutive PSA measurements > 0.2 ng/mL)

• Overall sensitivity /specificity: 85% /93%

– Detection rate by PSA level:

• PSA 0.2 to 1 ng/mL: 19%

• PSA 1 to 3 ng/mL: 46%

• PSA > 3 ng/mL: 82%

– Package insert for 11C-choline notes reduced sensitivity 
and specificity in patients with PSA levels < 2.0 ng/mL



18F-Fluciclovine (FACBC)

• anti-1-amino-3-[18F]fluorocyclobutane-1-carboxylic acid
• Synthetic, unnatural alicyclic L-leucine analog accumulates in 

prostate cancer cells

– Not metabolized like 11C-methionine
– Relatively little renal excretion

• Uptake related to functional activity of amino acid transporters, 
which are upregulated in prostate cancer cells



Multicenter Study of FACBC-PET/CT in Biochemically Recurrent Prostate 
Cancer

• 596 patients (4 sites) with BCR after  RP and/or RT
• PSA median (range): 2.0 (0.05-82.0)
• Endpoints

– Detection rate stratified by baseline PSA
– Diagnostic performance vs pathology reference 

standard (N=143)

Bach-Gansmo T, et al. J Urol. 2017;197:676-683



Fluciclovine in Biochemically Recurrent 
Prostate Cancer





• 18F-fluciclovine detected lesions in 57% of patients.
− PSA: 0-0.5ng/mL: 31%
− >0.5-1.0ng/mL: 50%
− 1.0-2.0ng/mL: 66%.

• Management plans were revised in 126/213 patients (59%, 
95% CI: 52–66).
− 78% were ‘major’ changes involving a change in treatment 

modality.
− 70% were informed by positive 18F-fluciclovine PET/CT 

findings.
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Prostate Specific Membrane Antigen (PSMA)

• PSMA is normally expressed by cells in the CNS, normal prostate, 
proximal renal tubules and salivary gland

• High expression in prostate cancer cells ( with further increases 
when tumors become castration resistant)

• New, small molecule ligands target the extracellular domain of 
PSMA (unlike Prostascint, which targets the intracellular domain)

• F-18 and Ga-68 agents under investigation

Mauer T, et al. Nat. Rev. Urol.  2016;13:226-235
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F-18 DCFPyL: Study in Metastatic Prostate Cancer

• 9 pts with suspected PC recurrence imaged with 18FDCFPyL 
PET/CT

• 139 sites positive with 18F-DCFPyL uptake (138 definite, 1 equivocal) 
for metastases vs 45 lesions (30 definite, 15 equivocal) identified by 
conventional imaging modalities (CIM)

• Large proportion of negative or equivocal lesions on CIM would be 
positive on 18F-DCFPyL (0.72; 95% CI, 0.55-.084)

• Few negative lesions on 18F-DCFPyL would be positive on CIM (0.03; 
95% CI, 0.01-0.07)

Rowe, SP, et al  Mol. Imaging Biol. 2016; 18:411-419

















PSMA: Other potential uses

• Primary detection
• Monitor results of focal therapy or XRT
• Primary staging, eg, high-risk
• Therapy



First cycle Second Cycle



PET scans for Biochemical Recurrence

• Detection rate dependent on PSA level
• FACBC seems to be more sensitive than Choline
• PSMA-based scans not approved in US

• Possibly more sensitive for non-LR

• PET scans change treatment decisions
• Unknown whether such treatment changes make a difference in 

ultimate outcomes
• PSMA theranostic application under evaluation


