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Introduction

Detection of prostate cancer recurrence 
and treatment planning

• Early detection of site of recurrence

• Differentiation between local and 
metastatic disease

• Treatment planning



Imaging tool box

• CT

• Bone scintigraphy

• MRI

• PETCT 



Traditional imaging techniques -
CT and bone scintigraphy

• CT – lymph node metastases

• Bone scintigraphy – skeletal metastases

• In a series of 132 men with biochemical failure 
• Positive bone scan - 9.4% 
• Positive CT scan - 14% 

Kane CJ, et al. Urology. 2003;61(3):607-11
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Local recurrence vs. distant metastases
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Local recurrence vs. distant metastases

• Evaluation of the risk of 
micro-metastases

• Clinical/laboratory and 
histopathological criteria

• Tumour characteristics

• PSA kinetics

O. Rouvière . Diagnostic and Interventional Imaging. 2012; 93, 279—290
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Advanced imaging techniques –
multiparametric MRI (mp-MRI)

mp-MRI

1. Morphological (T2) 

2. Diffusion imaging (DWI)

3. Dynamic contrast-enhanced MRI (DCE)

4. MR spectroscopy (MRSI)

MRI strengths
MRI – inherently superior contrast and special resolution
Functional MRI techniques – detection of small recurrences 
(<1cm)



Advanced imaging techniques –
multiparametric MRI (mp-MRI)

DCE – critical sequence to detect local recurrence

Characteristics - rapid enhancement
- early washout

Current recommendation – useful in guiding biopsy procedures to potential sites of recurrence

DWI - low signal on ADC maps 
- hyperintensity on high b-value DWI

T2 – hypointense nodule



Advanced imaging techniques –
multiparametric MRI (mp-MRI)

MRI limitations 

mp MRI - lack of whole-body coverage 

Brachytherapy – diffuse hypointense T2 + loss of 
normal anatomy

Brachytherapy seeds/implants – susceptibility 
artefacts + images distortion 



mp-MRI
Detecting local recurrence post brachytherapy

• 16 patients with biochemical failure

• Sensitivity:

• T2 - 27%

• DCE - 50%

• DWI - 68%

• Mp-MRI – sensitivity (77%), specificity (92%)



mp-MRI
Detecting local recurrence post brachytherapy

64-year-old man with increased PSA level (5.27 
ng/mL) at 28 months after high-dose-rate 
brachytherapy for prostate cancer



Local recurrence vs. distant metastases
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Whole body MRI

Sensitivities
Choline – 91%
MRI – 97%
BS – 79%

Specificities
Choline – 99%
MRI – 95%
BS – 82%



Whole body MRI



Functional imaging techniques with 
PETCT

• F18-FDG

• F18-Choline

• C11-Choline

• Ga68-PSMA

• F18-PSMA

• Cu64-PSMA

• C11-Acetate

• F18-Fuoride

• F18-fluciclovine

• Ga68-Bombesin

• F18-Bombesin



Functional imaging techniques with 
F18-FDG PETCT

• FDG is widely used to study tumour metabolism
• Poor sensitivity
• The FDG uptake seems to correlate with degree of 

differentiation 
• It may be most useful in detecting aggressive disease



Functional imaging techniques with 
F18-Choline PETCT

• Choline - synthesis of phospholipids in cell membranes
• Products - C11-Choline and F18-Choline
• F18-Choline - more widely available
• Limitations - false positives in several benign conditions 
• Advantage - whole body examination 

- provide metabolic and anatomical  information



Functional imaging techniques with 
F18-Choline

Local 
Recurrence

PSA - 2.1

Distant metastasis
PSA – 4.5



Functional imaging techniques with 
F18-Choline

• The detection rate and sensitivity of F18-Choline is connected with the 
PSA value

• The higher the PSA level, the higher is the positive detection rate
• The detection rate also correlates with the PSA kinetics 

Giovacchini et al (2012). Clin Nucl Med 37: 325-331



Functional imaging techniques with 
F18-Choline

• The detection rate and sensitivity of F18-Choline is connected with the PSA serum 
level

• The higher the PSA level, the higher is the positive detection rate
• Correlation between the detection rate and PSA kinetics 

Giovacchini et al (2012). Clin Nucl Med 37: 325-331

PSA cut-off value ?



Functional imaging techniques with 
F18-Choline

Meta-analysis article
19 studies
1555 patients
Mix cases of C11 and F18 Choline

Sensitivity of 85.6%
Specificity of 92.6% 



Functional imaging techniques with 
F18-Choline

Kwee et at 
Evaluated F18 choline for the detection of recurrent prostate cancer in relation to PSA level
50 patients with rising PSA levels were reviewed
The detection rates were determined at various PSA threshold

Treatment Number of patients

Radical prostatectomy 28

Radiation therapy 13

Brachytherapy 9
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Kwee et at 
Evaluated F18 choline for the detection of recurrent prostate cancer in relation to PSA level
50 patients with rising PSA levels were reviewed
The detection rates were determined at various PSA threshold
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Positive scans (%) PSA level

94% > 4

85% 2-4

29% 0.5-2

8% <0.5



Functional imaging techniques with 
F18-Choline

Case 1 
Prostate cancer
Radical radiotherapy 
Rising PSA

10 months

PSA - 1 PSA - 4



Functional imaging techniques with 
F18-Choline – pitfalls and false positives

1. Inflammatory processes
2. Sarcoidosis
3. Thymoma
4. Adrenal adenoma
5. Meningioma
6. Malignancies – colonic cancer, myeloma and lymphoma



Functional imaging techniques with 
F18-Choline – pitfalls and false positives

• Prostate Ca, Gl 3+4
• T3a N0 M0
• Radical RT in 2008
• Rising PSA, latest PSA 1.8



Functional imaging techniques with 
F18-Choline – pitfalls and false positives



Functional imaging techniques with 
F18-Choline – pitfalls and false positives

Non-Hodgkins
Lymphoma



Functional imaging techniques with 
Ga68 PSMA PETCT

• PSMA – prostate specific membrane antigen
• Membrane bound glycoprotein
• Overexpressed in prostate cancer
• Coupled with Gallium 68 -Ga68 PSMA
• PSMA - expressed in small intestine, renal tubules, 

salivary glands



Functional imaging techniques with 
Ga68 PSMA
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Functional imaging techniques with 
Ga68 PSMA

Ga68 PSMA
vs.

F18 Choline

Choline
Choline

PSMA
PSMA



Key points

• In the context of BCR, the choice of imaging modality depends on several factors  
(absolute PSA value, PSA kinetics and clinical suspicion)

• mp MRI is considered the modality of choice in the evaluation of the prostate/local 
recurrence

• Whole-body MRI and PET/CT offer better accuracy in identifying sites of nodal recurrence 
and distant metastases 

• Choline PET/CT performs well in patients with PSA ≥2 ng/mL or fast doubling time  (< 
6months)

• PSMA is superior to choline and it might overcome some of its limitations



Thank 
you 


