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PSMA receptor

Prostate Cancer Cell

PSMA targeting ligand

Imaging:

Gallium-68 (68Ga)

Fluorine-18 (18F)

Therapy:

Lutetium-177 (177Lu)



Theranostics: diagnostics & therapy based on the 
same molecular target

DNA damage → cell death

TUMOR

Annihilation with tissue 

electrons→ γ-ray production

Molecular 

target
Ligand

Therapeutic

isotope
Imaging

isotope

ß+

Imaging radiation Therapeutic radiation

Auger

ß-

α

Jewell K et al, Radiology 2024, doi:10.1148/radiol.231703

PET Imaging (ß+)  ► therapeutic radiation (Auger, α or ß-)



IMAGE OF THE YEAR 2018

PSMA PET before and after 177Lu-PSMA-617 in 8 patients

“Exceptional responders” 7 of 8 died from prostate cancer



#PCFRetreat25

Landmark Randomised Trials in 2024

Hofman MS et al, The Lancet 2021
https://doi.org/10.1016/S0140-6736(21)00237-3

Hofman MS et al, Lancet Oncology 2024
https://doi.org/10.1016/s1470-2045(23)00529-6

Sartor O et al, NEJM 2021
nejm.org/doi/full/10.1056/NEJMoa2107322

TheraP

VISION

ENZA-P

PSMAfore

UpFrontPSMA

Azad A et al, Lancet Oncology 2024
https://doi.org/10.1016/s1470-2045(24)00440-6

Morris M et al, Lancet 2024
https://doi.org/10.1016/s0140-6736(24)01653-2

pre cabazitaxel

post docetaxel

pre docetaxel

pre docetaxel

mHSPC

Emmett L MS et al, Lancet Oncology 2024
https://doi.org/10.1016/s1470-2045(23)00529-6
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Landmark Randomised Trials in 2025
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PSMAaddition

SPLASH

oligometastatic

EVOLUTION BULLSEYE

LUNARCCTG PR21



Prostate 
Theranostics & 
Imaging Clinical 

Trials

1

Discovery Research 2

Education & 
Leadership

3

● Enable world-class research & innovation; >10 practice-changing clinical trials
● Defer ineffective and expensive therapies
● https://www.petermac.org/prostic
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Tumor Targeted 177Lu is Very Effective
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? Less Effective at Stopping New Metastases

✓
177Lu-PSMA ✓ Taxane Chemo
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Ravi Kumar A, Hofman MS Clin Canc Res 2020
DOI: 10.1158/1078-0432.CCR-20-0209



1. Hormone

2. Chemo-
therapy

3. Immuno-
therapy

4. PARP-Inh

5. Radio-
ligand

6. Surgery

7. External 
Radiation

• PRINCE (pembrolizumab)

• EVOLUTION (ipilimumab, 
nivolumab)

Immune response

• ENZA-P (enzalutamide)
Targeting androgen receptor

• UpFRONT (docetaxel)

• LuCAB (cabazitaxel)
Radiosensitiser, PSMA-ve

• Lu-PARP (olaparib)
Radiosensitiser

• AlphaBET (radium-223)
Osteoblastic bone mets

• LuTectomy (radical      
prostatectomy)

• POPSTAR 2 (SABR 1-5 
sites) 
Micro-metastatic disease

177Lu-PSMA 
Combinations 

2026          .

Combination Theranostics with PSMA
4 Published

1 Recruiting

3 Presented

Presented by: Grace Kong EANM 2025

1 In Follow-up
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PSA 140 PSA  98
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PSA 140 PSA  98 PSA < 0.02  
( 20  months)

cycle 2ENZALUTAMIDE
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cycle 1



ENZA-P: survival improved with 177Lu-PSMA-617

Median OS: 26 vs 34 months

Emmett L, Lancet Oncology 2025

doi: 10.1016/ S1470-2045(25)00009-9

@DrMHofman



ENZA-P: liver longer with better quality-of-life

Physical Functioning

Emmett L, Lancet Oncology 2025

doi: 10.1016/ S1470-2045(25)00009-9

Overall Health Status



Combined Radium-223 (223Ra) and [177Lu]Lu-PSMA-I&T 
in patients with metastatic castration -resistant prostate cancer (mCRPC) 

Single-centre, single-arm phase I/II study

Kostos L, …, Hofman MS, Lancet Oncology 2025

https://www.thelancet.com/article/S1470-2045(25)00559-5/







Outcomes

No dose-limiting toxicities

53% received prior docetaxel

14% experienced a Grade 
≥ 3 TRAE

• Anaemia (n = 4)
• Neutropaenia (n = 3)
• Lymphopaenia (n = 10)
• No deaths

FIRST INTERIM ANALYSIS

Median follow-up: 13.3 months

5 patients still receiving treatment
PSA50–RRUp to 6 cycles 55%

[95%CI 36 - 72]

PSA90–RR 18%
[95%CI 7 - 35]

PSA-PFS 5.3 months
[95% CI 4.0-9.0]

rPFS 10.0 months
[95% CI 6.7-13.5]

OS 13.5 months
[95%CI 9.9-NE]



Canadian Cancer Trials Group (CCTG) PR21

Key Eligibility
• Chemotherapy-naïve mCRPC

progressing after ARPI
• PSMA PET positive (uptake >liver)

• Excluded if >50% of extra-osseous 
lesions or >5 cm soft tissue lesion 
were PSMA negative

• ANC ≥ 1.5 x 109/L
• Platelet count ≥ 100 x 109/L
• Hemoglobin ≥ 90 g/L
• CrCl ≥ 30 ml/min 
• Bilirubin < 1.5 x ULN 
• ALT < 3.5 x ULN (<5 x UN for liver 

metastases)
• ECOG PS of 0 - 2 
• Prior docetaxel for mHSPC

permitted if ≥12 months prior

Stratification factors: 
• ECOG PS (0-1 vs 2) 
• LDH (>ULN, yes vs no) 
• Visceral metastases (yes vs no) 
• Prior docetaxel for mHSPC (yes vs no)
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Docetaxel
75 mg/m2 IV

Every 3 weeks
x 12 cycles

177Lu-PSMA-617 
7.4 GBq (+/- 10%) 

IV
Every 6 weeks

x 6 cycles

Primary Objective
• Radiographic 

Progression Free 
Survival (rPFS1)

Additional Objectives
• Overall survival
• rPFS2
• PSA decline
• Adverse events
• PRO QoL
• Correlative studies
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Open label randomized phase II with cross-over 
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Chi KN et al, ESMO 2025

Docetaxel
75 mg/m2 IV

Every 3 weeks
x 12 cycles

177Lu-PSMA-617 
7.4 GBq (+/- 10%) 

IV
Every 6 weeks

x 6 cycles



CCTG PR21: better responses with Lu-PSMA but…

Chi KN et al, ESMO 2025

HR: 1.64 (95% CI: 1.14, 2.35); 2-sided p = 0.02

177Lu-PSMA-617 → Docetaxel: median 14.3 months (95% CI: 10.8, 16.6)  

Docetaxel → 177Lu-PSMA-617: median 18.2 months (95% CI: 16.1, 23.0)

Docetaxel 
177Lu-PSMA-617

PSA50-RR: 36% vs. 16%

CR/PR: 16% vs. 8%

rPFS: HR 1.01

OS: HR 1.64
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clinicaltrials.gov:  NCT04343885

A/Prof Arun Azad 
& Prof Michael Hofman

Sequential 
177Lu-PSMA-617 
+ docetaxel 
vs docetaxel 
in men with newly diagnosed 
metastatic prostate cancer

Phase II study



Phase II study Using PSMA 
theranostics
First-Line 
rather than 
Last-Line



Schema

Most disease 
PSMA+

177Lu-PSMA-617  +  docetaxel 

docetaxel 

7.5 GBq
x 2 cycles

75 mg/m2

x 6 cycles

75 mg/m2

x 6 cycles

Central 
imaging review

High PSMA
tumour uptale + 
volume disease

No major discordance



Findings

Undetectable PSA 
rate a 1 year 
(OR 3.9; p=0·002)

41%

16%



Findings

(typically attributable to docetaxel)
Grade 3 / 4 adverse events

29% 27%



Oligometastases & delaying ADT: the final frontier?

Ting Martin Ma, …, Calais J, Kishan AU, BJUI 2023 (protocol)

doi: 10.1111/bju.15988



LUNAR: 14.1 months vs. 24.3 
month hormone free survival

Kishan AU, ASTRO 2025

Calais J, ESMO 2025



International Union of Pure and Applied Chemistry 2018
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Types of radiation particles

0.2 keV/um

1.8 – 10 mm

LET

Range
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Types of radiation particles

0.2 keV/um

1.8 – 10 mm

LET

Range

50 – 230 keV/um

40 – 100 nm
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Types of radiation particles

0.2 keV/um

1.8 – 10 mm

LET

Range

50 – 230 keV/um

40 – 100 nm

4 – 26 keV/um

2 - 500 nm
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crossfire

177Lu

attaches to PSMA receptors and 
emits β- particles, similar to 177Lu, 
killing larger sized tumours 
with abundant crossfire.

Terbium-161 (161Tb)



@DrMHofman

also emits additional 
Auger and conversion electrons 
that delivers higher concentrations 
of radiation over very short 
path-lengths, which may 
kill micrometastases
better than 177Lu.

Terbium-161 (161Tb)
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Published VIOLET results (cohort A, n = 30)

Buteau et al. Lancet Oncol 2025; 26: 1009-1017
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VIOLET cohort A: key results

Buteau et al. Lancet Oncol 2025; 26: 1009-1017



PRESENTED BY:

Radiation absorbed dose

James Buteau, MD | Michael Hofman, MBBS

Quantitative SPECT/CT (Cycle 1)

PSMA PET
60 mins

24 hrs 96 hrs Dosimetry4 hrs

McIntosh, Jackson et al. EJNMMI Physics (2024) 11:18



First in-human trial of Terbium-161 PSMA
High rate of deep responses: PSA reduction ≥90% in 40% (12 of 30 pt)

Favorable safety 
profile at 7.4 GBq

Abstract #251535

beta  + auger & conversion electrons 
may better target micrometastases

Encouraging 
activity

Quantitative SPECT/CT post [161Tb]Tb-PSMA-I&T radiopharmaceutical therapy in 12 patients: baseline and last cycle
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VIOLET: three cohorts

Cohort C: 9.5 GBq at weeks 0, 2, 6, 12, 20 and 30 (shortened intervals between early cycles) - recruiting



Dose-response Relationship
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Not magical: 
radiation delivery device

Violet J et al, JNM 2019 60(4)

doi: 10.2967/jnumed.118.219352

50 Gy

See What You 
Treat with 

Theranostics

post Lutetium-177 scan



Dose-response Relationship
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Not magical: 
radiation delivery device

Tumour doses: 
big variation

Violet J et al, JNM 2019 60(4)

doi: 10.2967/jnumed.118.219352

Radiation dose to 
normal organs low 

and predicable



Dose-response Relationship

<50%

bad

≥50%

good

PSA Response
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Not magical: 
radiation delivery device

Highly variable 
tumour doses

Low dose: 
response unlikely

Violet J et al, JNM 2019 60(4)

doi: 10.2967/jnumed.118.219352
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Thang SP et al, Eur Urology Oncology 2019
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Can target 

with 177Lu-

PSMA

Cannot 

target 

PSMA- FDG+

PSMA+ FDG- PSMA- FDG+

PSMA/FDG enables targeted biopsy, 
rather than random biopsy



53

Semin Nucl Med. 
2002;32:2–5

First Whole Body FDG PET 
Aug 1976

2 hours to scan!
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FDG PET/CT in 2026

5 second 
acquisition !!
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Images from the GE Omni 128cm Large Field of View PET/CT



Conventional PET Total Body PET

low count isotopes

124I, 68Ga, 89Zr, 
64Cu, 11C

80%

faster  radiation

50+%

 accuracy dynamic

Drug development Cell tracking ImmunoPETTotal Body Pharmacokinetics Paediatric Multi-tracer

Technical advantages:
40-50 fold 

sensitivity
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Pregnant Patient

Time-lapse of Peter Mac Total Body PET/CT Installation



SUV > livermean + 2σ

SUV ≥ 3

SUVmean=9.7
metabolic tumor

volume (MTV) = 148mL

PSMA FDG

Buteau J, .., Hofman MS, Lancet Oncology 2022, 23(11)
doi: 10.1016/S1470-2045(22)00605-2

Quantitative PET is powerful

We need automated, 
reproducible solutions

Total tumour measures 
superior to single lesion



PSMA PET/CT is a predictive biomarker

Buteau J, .., Hofman MS, Lancet Oncology 2022, 23(11)
doi: 10.1016/S1470-2045(22)00605-2

In TheraP, 91% of pt with SUVmean ≥ 10, had >PSA 50% response



PSMA 

SUVmean
Q1 (<6.9)

Q2 (≥6.9 

to <8.5)

Q3 (≥8.5 

to <10.8)
Q4 (≥10.8)

OR (95% CI) 0.53
(0.15 -1.74)

9.3 
(2.44 – 46.7)

5.9
(1.79 – 22.2)

8.7 
(2.25 – 44.4)

p-value 0.3 0.002 0.005 0.003

PSMA SUVmean

PSA50-RR 

(LuPSMA)

6/21 

(29%)

18/29 

(62%)

17/22 

(77%)

24/27 

(89%)

PSA50-RR 

(Cabazitaxel)

12/28 

(43%)

3/20 

(15%)

11/30 

(37%)

11/23 

(48%)

SUVmean 4.9 SUVmean 33✓ ✓ ✓?



Let’s not forget about 18F-FDG

A powerful 
prognostic 
biomarker

Superior to conventional 
biomarkers 
ECOG, ALP, haemoglobin, bone 
metastases, liver metastases

Hofman MS et al, Lancet Oncology 2024
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>250mL

<23 mL

>250mL: treatment 
intensification



Impact of PSMA PET/CT 
in improving diagnosis of prostate cancer
in men with equivocal findings on mpMRI

Multi-centre, randomised, phase III trial

JP Buteau, D Moon, MT Fahey, MJ Roberts, N Ayati, N Papa, DG Murphy, V 
Kasivisvanathan, YT Du, AC Hutton, G Jack, SF Lee, ST Lee, S Leslie, SM Levy, C Mitchell, 
JJ Morigi, A Nguyen, M Patel, DA Pattison, J Yaxley, J Thompson, MS Hofman*, L Emmett*
*joint senior authors 

NCT 05154162

Presented by Dr James Buteau



NCT 05154162
primary2.comMulticentre, randomised-controlled, investigator-initiated, phase III

Standard of Care
Systematic transperineal
prostate biopsy

Buteau et al. Eur Urol Oncol. 2024; PMID 38061976 

Randomised
1:1

PSMA-PET

[68Ga] Ga-PSMA-11 
Pelvic-only

Control

Trial design

Targeted 
biopsy

Positive

No biopsyNegative7 Australian hospitals

Eligibility criteria:

PSA: <20 ng/mL

660 men

PI-RADS 2
with high clinical risk 
(e.g. PSA density >0.1, 
strong family history)

PI-RADS 3
or

≤cT2 on DRE
Biopsy naïve



NCT 05154162
primary2.com

Biopsy avoidance

Control: 51/329 [16%]

49% 
(163/331
[95%CI 44, 55])

p < 0.0001



NCT 05154162
primary2.com

Significant prostate cancer 
GS 3 + 4 (≥10%) = 7 or higher 

Difference:

-3·7%
(95% CI -8·9%, 1·5%) 

p 0·0093

PSMA-PET arm: 39/331 [12%] Control: 51/329 [16%]
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Post-Congress-Symposium: Stars Of Molecular Imaging And Therapy

NuklearMedizin 2021 – Digital   |  14. – 17. April 2021  |   nukmed21.nuklearmedizin.de
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feedback & comments: 

michael.hofman@petermac.org
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