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P FOR •Prostate





E D E L M AN  R .  T HE  H I S TO RY  O F  M R  I M A GI N G AS  S E E N  T HR OU G H TH E  P AG E S  O F  R AD I O L OG Y.  



Detection

- MRI

- PET

Staging

- PET

- MRI

- Bone scan

Biochemical 
recurrence

- PET

- MRI



DETECTION



P F OR

•Promis and Precision

•PI-RADS



Precision: Moderate agreement  (78%) between 

sites and central read.

Promis:

Systemic review: mpMRI sensitivity 58-96% 

specificity 23-87% NPV 63-98%

28% of men avoid a biopsy

Fewer biopsy cores

Less complications

Higher detection of significant PCa

Less detection of insignificant PCa

mpMRI 

guided Bx

TRUS 

Bx

For clinically significant Pca, MP-MRI was more sensitive (93%, 95% CI 

88–96%) than TRUS-biopsy (48%, 42–55%; p<0·0001)

Any Gleason 

score 7 (>=3+4)

mpMRI, % (95% 

CI)

Sensitivity 88 (84-91)

Specificity 45 (39-51)

PPV 65 (60-69)

NPV 76 (69-82) – 1 in 4 

may have Gleason 

pattern 4 cancer

VS

Lancet. 2017 Feb 25;389(10071):815-822. N Engl J Med. 2018 May 10;378(19):1767-1777



PRECISION 
PROMIS

• BUT,

• PROMIS: 25% with –ve MRI → ISUP 2 on template biopsy.  Is 
it safe not to biopsy clinically high risk PIRADs 2 MRI?

• PRECISION: PIRADs 2 not biopsied – but many biopsies 
using MRI triaging remain negative. Can we minimize these –ve 
biopsies?

• PRECISION: Moderate agreement  (78%) between sites and 
central read.

• Systemic review: mpMRI sensitivity 58-96% specificity 23-
87% NPV 63-98%

• PPV of MRI remains low at 34-68% ➔ unnecessary biopsies 
and overdetection of iPca.

• Is there a way we can further safely reduce biopsy – so we 
only biopsy those men who have significant malignancy?



P FOR •PSMA PET





PSMA

Prostate Specific Membrane  Antigen (PSMA):

Cell surface folate hydrolase, N-acetyl-a-linked acidic dipeptidase I or 
glutamate carboxypeptidase II, type II transmembrane glycosylated protein.

Expressed 100-1000 x higher in prostate cancer than in benign prostate. 

PSMA expression increased in metastatic and castration- resistant Pca

PSMA-binding ligands are bound to the extracellular domain of PSMA

Increased PSMA expression in neovasculature of solid tumours but not in normal 
tissue vasculature



Images provided courtesy of St Vincent’s Public Hospital, Sydney



• Intermediate Pca ( GG 2/3) with pre-op mpMRI and PSMA-PET/CT prior to RP

• PSMA-PET is accurate in detecting GG 2/3 intra-prostatic malignancies, 
compared with and complementary to mpMRI. 

• PSMA identified ISUP >= 2 more frequently than ISUP =< 1 (sensitivity 
88% vs 18% respectively)

Per-patient basis PSMA mpMRI

Sensitivity 100% 97%

Diagnostic 

Accuracy

Sensitivity Specificity NPV PPV

mpMRI 0.79 68% 91% 87% 76%

PSMA 0.91 88% 93% 95% 85%

• The sensitivity of gallium 68–labelled prostate-specific 

membrane antigen–11 PET/MRI in the detection of 

prostate cancer is better than that of multiparametric 

MRI.



P FOR •PRIMARY trials
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Eur Urol: Volume 80, Issue 6, December 2021, Pages 682-689

https://www.sciencedirect.com/science/journal/03022838/80/6


Images provided courtesy of St Vincent’s Public Hospital, Sydney



PI-RADS 2 -  28%  csPCa
PI-RADS 3 -  47%  csPCa
 PSMA positive in 90% PI-RADS 2/3 with csPCa. 

38% PI-RADS 2/3 MRIs are negative on PSMA.
 91% -ve for csPCa. 
 9% +ve: 4/5 ISUP 2 and 1/5 ISUP 3 small volume



DE-INTENSIFY 
BIOPSY IN 

PIRADS 4/5?



PRIMARY MESSAGE

Improved NPV and 
sensitivity for combined 
PSMA + MRI may allow 
further safe reduction in 
biopsy in an already MRI 
triaged population.

01
Highest impact in men 
with PI-RADS 2/3 with 
improved detection of 
csPCa and potential to 
reduce biopsy by 38% 
(19% overall)

02
Impact in PI-RADS 4/5 less. Will 
still need to biopsy men with 
PI-RADs 4/5 with –ve PSMA 
PET.  

Can we de-intensify biopsy in 
men with PIRADS 4/5 and 
strongly +ve PSMA PET?

03



STORY SO FAR …

Mp MRI has an established 
role for the Dx of csPCa 
with superior diagnostic 
accuracy to TRUS Bx

PRIMARY:  significant 
improvement in sensitivity 
(97% vs 83%) and NPV (91% 
vs 72%) of MRI + PSMA PET 
vs MRI alone.

• 38% of pts with PI-RADS 2/3 were 
true Negative on PSMA PET →
potentially benefit from avoiding 
transperitoneal prostate biopsy.

PRIMARY 2:  PSMA PET to 
MRI PI-RADS 2/3 may help 
to improve detection of 
csPCa , enable some men to 
avoid TPPBx without 
missing csPCa,  and will 
facilitate Bx targeting of 
PSMA-avid sites.





To be 
continued…



The PRIMARY study analysis utilized a minimum PSMA SUVmax 
cut-off [4.0] with expert reader analysis, finding a sensitivity of 
90% with a specificity of 50% for csPCa. However, this method is 
not valid across unharmonized PET cameras and with variable 
PSMA ligands. 

PSMA peptides- SUVmax variable

• Same receptor but:

 Variable binding affinity

 Variable half lives

 Variable injected quantity

 Variable time between injection and imaging

• SUV max variability significant at low levels

Is there a better way to read PSMA PET?



P FOR •PRIMARY score
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PRIMARY SCORE VS GG





PRIMARY 
SCORE

• Reporting by pattern rather than intensity has higher 
specificity while maintaining sensitivity for PSMA PET alone.

• Kappa scores for inter-reader variability above that 
reported for PI-RADS.

• Needs to be validated in a low prevalence pre-biopsy 
population

• Not expected to replace PI-RADS (PRIMARY: an MRI 
triaged population).

• May further improve PSMA + MRI combined results.
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P SCORE

P Score 1-5→ 0%, 20%, 52%, 96% and 100% for csPCa

AUC for P score 0.93 > PI-RADS 0.89 and Primary score 0.84

Splitting scores at 1/2 (negative ) and 3/4/5(positive): P score 
sensitivity 94% vs PI-RADS 89% and Primary score 86%

For ISUP >= 3, P score sensitivity 99% vs PIRADS 94% and 
Primary score 92%

An SUV max >12 (P score 5) ISUP >=2 in all cases with 93% 
ISUP >=3

P score is easily calculated and improves csPCa dectection over 
both PI-RADS and Primary scores. It should be considered 
when PSMA PET is undertaken for diagnosis.



STAGING
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Multicentre, two-arm, 

randomised study, 302 men 

with biopsy-proven prostate 

cancer and high-risk features

PSMA PET-CT is a suitable 

replacement for 

conventional imaging, 

providing superior accuracy!

CT + Bone Scan PSMA PET/CT

Accuracy 65% [60–69]; p<0·0001 92% [88–95] ; p<0·0001

Sensitivity 38% [24–52] 85% [74–96]

Specificity 91% [85–97] 98% [95–100]

Pelvic nodal metastases 59% 91%

Distant metastases 74% 95%

Equivocal findings 23% [17–31] 7% [4–13]

First line imaging 

management change

15% [10–22]; p=0.008 28% [21–36]; p=0·008

Second line imaging 

management change

5% 27%

Radiation 19·2 mSv ; p<0·001 8·4 mSv; p<0·001



142 males, staging PSMA prior RP. SR (surgical response = PSA<0.03)

• 97.9% +ve intra-prostatic disease on PSMA → 82.9% SR

• 14.1% +ve extra-prostatic disease on PSMA → 28.6% SR

• PSMA superior in predictive value for SR than Gleason score, pre-

op PSA or pT stage.

Extra-prostatic disease on staging pre-operative PSMA PET is 

independently predictive of a poor surgical response to RP 

→ need for a multimodality treatment approach. 



Images provided courtesy of St Vincent’s Public Hospital, Sydney
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BIOCHEMICAL 

RECURRENCE



Salvage Radiotherapy treatment (SRT) to prostatic fossa +/- 

pelvic nodes is the only potential curative Rx option in BCR 

setting

• 5-yr progression-free survival rate post SRT 56% (71% 

in pre-RT PSA <0.2 to 18% with PSA >1.5) without 

ADT.

• Low volume recurrent PC benefit the MOST 

from SRT



• Prospectively compare the detection rates and management impact of 68-Ga-PSMA PET/CT vs 18F-

fluoromethylcholine PET/CT in setting of low but detectable PSA relapse after curative treatment, being 

considered for targeted therapy.





68GA-PSMA PET/CT: SIGNIFIC ANTLY  
HIGHER  DETEC TION RATE & HAD AN 
IMPACT ON MANAGEMENT  IN MANY 

PATIENTS .



• Prospective multisite international 

(Australia, Canada and UK)

• Rising PSA post RP, high risk features, 

negative/equivocal conventional imaging

• 18F-FCH (91/91), Pelvic MRI (88/91), 

PSMA (31/91-Australia): all imaging 

performed within 2 wks

• Positive disease→ SRT. Treatment 

response to SRT = reduction of PSA 

>50% without ADT

Detection Pelvic MRI Choline PSMA

Recurrence 28% (25/88) 32% (29/91) 42% (13/31)

Detection Pelvic MRI Choline PSMA

PF 21.5% 13% 19%

Extra-PF 8% 19% 32%

Pelvis MRI Choline PSMA

Change in Management 24% 46% Additional 23% over 

Choline





• PSMA PET:

• independently predictive of a treatment response to 

SRT

• stratifies men into a high treatment response to SRT 

(negative or fossa-confined PSMA PET) vs men with a 

poor response to SRT (nodes or distant disease on 

PSMA PET).

• A negative PSMA PET predicts a high 

response to salvage fossa radiotherapy!



Could PSMA PET/CT findings impact long term 

outcome?

260 pts – 38 months follow up

PSMA  highly predictive of FFP at 3 yrs 

following SBRT for BCR

• 81% in negative/PF only disease vs 45% in 

extra-PF disease (p<0.0001)



V ESIC OU R ET HRA L  A NA STOM OSIS

Images provided courtesy of St Vincent’s Public Hospital, Sydney



SEM INAL  VES ICLE  BEDS

Images provided courtesy of St Vincent’s Public Hospital, Sydney
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SMALL  LYMPH NODES

Images provided courtesy of St Vincent’s Public Hospital, Sydney



PENILE URETHRAL RECURRENCE
PSA 0.27

Images provided courtesy of St Vincent’s Public Hospital, Sydney
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WHAT ABOUT BCR IN THE SETTING OF 
NEGATIVE SERIAL PSMA PET ??

• Gastrin-releasing peptide receptor (GRPR) is overexpressed in prostate cancer, particularly in well-differentiated lower 

grade carcinomas in contrast to the absence or low receptor density in non-neoplastic prostatic tissue including benign 

hyperplastic prostate. 

• Significant inverse correlations GRPR vs increasing Gleason score/ PSA value / tumour size

• Bombesin (BBN) is a 14-amino-acid amphibian homolog of the mammalian gastrin-releasing peptide.

• Bombesin can be radiolabelled with isotopes of copper for both diagnostic and therapeutic purposes with the use of different chelators such as SarAR, forming 

compounds such as 64 Cu-SAR-BBN.

• Dual potential in diagnosis and therapy application



Images provided courtesy of St Vincent’s Public Hospital, Sydney



NEW TECHNOLOGIES



NEW 
GENERATION OF 
PET SCANNERS

Digital PET technology vs Analog PET 

system:

• Digital photon-counting technique

• Shorter scan time

• Reducing the patient’s radiation dose 

• Higher image quality

• Detect even smaller lesions



64CU-SAR-BISPSMA  

• 64Cu-SAR-bisPSMA:
• The targeting moiety having two PSMA-

targeting functional groups → increased 
tumor uptake and retention

• Copper-64 isotope has a longer half-life 
of 12.7 hours, longer shelf-life, greater 
flexibility for patient scheduling, and the 
ability to image at later time points, which 
has previously been shown to detect 
additional lesions

• 64Cu has a shorter positron range (0.56 
mm), leading to improved scan resolution

• Safe and effective.
• Detect a greater number of lesions with 

higher uptake when compared to 68Ga-
PSMA-11



GA68 PSMA R2



THANK YOU 
FOR YOUR 

ATT ENTION!
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