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mCRPC Metastatic Castration Resistent Prostate Cancer

CRCPCurrently SIX therapies are approved for                           based on capacity to improve OS in randomized control trials

Pagliuca, Drugs. 2019 Mar;79(4):381-400.

PHASE III  mCRPC

https://www.ncbi.nlm.nih.gov/pubmed/30742279


mCRPC Metastatic Castration Resistent Prostate Cancer

Morris; et al  Nature 2019

TARGET THERAPY

PSMA – Target therapy

Radium-223
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Ra223 (alpha emitter)
 mCRPC

 No visceral disease

 Symptomatic bone lesion

 No bowel disease

a) Sartor et al; ALSYMPCA trial Lancet Oncol. 2014 Jun;15(7):738-46
b) Parker et al ASYMPCA 2013 NEJM 2013; 369: 213-223 
c) Parker et al; Eur Urol Eur Urol. 2017 Jul 10 doi: 10.1016/j.eururo.2017.06.021..

• ALpharadinSYMptomaticProstateCAncer  223Ra vs. BoC

Regardless prior DOCETAXEL use: 
low incidence of hematological toxicity (<10%, higher in ChT) a

223Ra: improvement in OS, SSE free survival (..) b

BoC (best of care):  defined as routine care of each 136 center: 
local RBRT, glucocorticoids, antiandrogens, 
ketoconazole and estrogens

Long-term safety is confirmed at 3 years follow-up analysis c

Radium-223

6 treatments e.v.
every 4 weeks

https://www.ncbi.nlm.nih.gov/pubmed/?term=parker+threee+years+safety+of+radium+223


• REASSURE trial: 
• Prospective single-arm, non-interventional study

• mCRPC treated with Ra-223 in routine clinical practice

• Primary end point: long-term safety (including the incidence of second primary 
malignancies) over a 7-year period

• Exclusion criteria: previous treated with Ra223 currently participating in any clinical 
trial, or systemic treatment with other radiopharmaceuticals

• On-going

• Interim results: planned after enrolment of the first 600 patients.

• Haematological TEAEs occurred more frequently in the prior ChT group (decreased bone marrow function as 
a consequence of more advanced disease and prior exposure to cytotoxic therapy) 

• Patients who had NO previous ChT: lower burden of disease at baseline, lower rate of discontinued radium-
223 treatment.

Radium-223

Eur J Nucl Med Mol Imaging. 2019; 46(5): 1102–1110. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6451709/


• CHEMOTHERAPY +/- 223Ra: NOT YET been established (On-going Trials)

Radium-223



• ERA-223 study: Abiraterone (AA) plus Prednisone/Prednisolone +/- 223Ra  
• 806 asymptomatic or mildly symptomatic mCRPC patients

• randomised, double-blind, placebo-controlled

• The arm with 223Ra + AA + P   vs. Placebo + AA + P arm 

have increased incidence of fractures (28.6% vs 11.4%) and deaths (38.5% vs 35.5%) 

• ‘’ALSYMPCA had a greater disease burden, disease-related symptoms, and higher alkaline phosphatase, 
lactate dehydrogenase, and prostate-specific antigen concentrations than ERA-223’’

Safety and efficacy with the combination of Xofigo and agents other than gonadotropin-
releasing hormone analogues have not been established 

Radium-223

Smith et all; ERA-223 study Lancet Oncol. 2019 Mar;20(3):408-419.



• ERA-223 study: showed an increased number of BONE FRACTURES in Ra223 treated 
patients, The majority in non-metastatic bone sites

• Bone Fracture Risk:   18%         vs            9%.

Ra223

AA

PDN

Placebo

AA

PDN

METHODOLOGICAL PROBLEM???
• NO Bone assessment
• NO Difosfonate Therapy

Lancet Oncol. 2019

Possible explanations
 Glucocorticoid induced inhibition of bone formation (PDN eccess)
 Inhibition of osteoblast maturation and function (PDN eccess
 Maybe AA increase accumulation on healthy bone of Ra223 (bone remodeling areas with high 

osteoblastic activity) 

Radium-223

‘’The finding that use of bone health agents was 
associated with decreased fracture frequency in both 
groups in our study shows the importance of the use 
of these drugs to prevent skeletal morbidity in 
patients with metastatic castration-resistant prostate 
cancer’’



O’Sullivan et al, EUO 2019, 190:9

Radium-223
After ERA223 

study



After ERA223 
study



doi.org/10.1016/j.euo.2019.09.005 2588-9311/© 2019 European Association of Urology. 



Research beyond 223Ra
Radium-223 177Lu- PSMA



• Theragnostic: imaging and therapy with similar radiopharmaceutical

Diagnostic                                                                                Target – Therapy

• PET-PSMA: SUVmax at dominant sites of tumour

involvement > 1.5 times the SUVmean of liver

• PET- FDG: to exclude patients with active disease sites 

lacking PSMA expression

Lu177-PSMA



• Theragnostic: imaging and therapy with similar radiopharmaceutical

Diagnostic                                                                                Target – Therapy

• PET-PSMA: SUVmax at dominant sites of 

tumour involvement > 1.5 times the SUVmean of liver

• PET- FDG: to exclude patients with active 

disease sites lacking PSMA expression

Established tolerance limits for 
• red marrow are 2 Gy (single exposure) 
• kidneys are 28–40 Gy (depending on risk factors; data for
177Lu-PRRT considered more appropriate than literature data 
for external beam radiotherapy )
• salivary glands are 35 Gy

Administered activity per treatment: 
- Observational data range from 100–250 mCi
- An ongoing phase III study ( VISION TRIAL NCT03511664) 
implemented a standard activity of 200mCi at 6-week intervals 
for a total of four to six cycles.
Time interval between cycles: 6–8 weeks
Number of cycles: two to six (depending on response,
prognosis and renal risk factors)

Lu177-PSMA



• Since 2013 an increasing number of clinical publication promising efficacy of PSMA theranostic

• Meta-analysis and reviews

AJR 2019 Aug; 213 (2) 275-285

Lu177-PSMAMeta-analysis



Any PSA decline

PSA decline >50%

Lu177-PSMAMeta-analysis

AJR 2019 Aug; 213 (2) 275-285



OS

PFS

Lu177-PSMAMeta-analysis

AJR 2019 Aug; 213 (2) 275-285



Toxicities

Lu177-PSMAMeta-analysis

AJR 2019 Aug; 213 (2) 275-285



• VISION Trial: 177Lu-PSMA-617 vs standard of care 
• Phase III trial  (2 : 1 )

• Randomized 750 patients with mCRPC at least one regime of ChT and secondary hormonal 
manipulation

• Primary end point: OS and PFS

• Enrollment end in 2019

Journal of Nuclear Medicine August 28, 2019

Lu177-PSMAOn-going studies



• TheraP: 177Lu-PSMA-617 (up to 6 cycles) vs Cabazitaxel (II°line ChT,  up to 10 cycles)
• Phase II trial
• 200 patients with mCRPC progression despite hormonal therapy and first line ChT
• Primary end point: PSA response rate
• Secondary end point: pain response, PFS, QoL and averse events

• LuPARP: 177Lu-PSMA-617 +/- Olaparib
• Phase I trial, open-label, multicenter
• mCRPC progressed with androgen receptor target therapy (abiraterone or enxalutamide or apalutamide) and 

No prior exposure to platinum agents
• Primary end point: safety and tolerability
• Secondary end point: pain response, PFS, QoL and averse events
• Enrollment ended

• PRINCE trial: 177Lu-PSMA-617 +/- Pembrolizumab
• Phase I/II trial
• mCRPC
• Primary end point: PSA response rate and adverse events.

Lu177-PSMAOn-going studies



Lu177-PSMA

1 month 
later

3 months 
later

Initial stage: cT3acN1cM0 GS4+3
Hormone ablation therapy +EBRT 
mCRPC several systemic therapies 
(Abiraterone acetate, Docetaxel and 
Enzalutamide)  PD (lymphnodes)

3  Cycles of 177Lu-PSMA

pre Treatment 
PET-PSMA

post Treatment 
PET-PSMA

J Nucl Med 2019; 60:13S–19S



Lu177-PSMA

pre Treatment 
PET-PSMA

SPECT/CT 
Lu177 PSMA I°cycle

Post Treatment  
PET-PSMA  (total III°cycles) Phase II prospective trial

Hofman et al JCO 2019; 37: 228

Nadir after 17Lu-PSMA:
PSA 7,3 ng/ml

1 months 
Later  
the last 
treatment

3 months 
Later  
the last 
treatment



Lu177-PSMA

pre Treatment 
PET-PSMA

SPECT/CT 
Lu177 PSMA I°cycle

Post Treatment  
PET-PSMA  (total III°cycles) Phase II prospective trial

Hofman et al JCO 2019; 37: 228

Nadir after 17Lu-PSMA:
PSA 7,3 ng/ml

1 months 
Later  
the last 
treatment

3 months 
Later  
the last 
treatment

Exceptional 
responders 16% 
(8/50) 
NOT completed 
the schedule IV°cycles
due to lack of residual 
disease

This exceptional 
response should be 
studied maybe with 
DNA sequencing for 
germline or somatic 
mutations in DNA 
repair pathways



Lu177-PSMA

pre Treatment 
PET-PSMA

SPECT/CT 
Lu177 PSMA I°cycle

Iravani, Springer Nature 2019

post IV°cycle
IV PET-PSMA

Post IV°cycle
PET-PSMA

Response on 
baseline sites

New lesions

3 months 
Later  
the last 
treatment

1 months 
Later  
the last 
treatment



Lu177-PSMA

pre Treatment 
PET-PSMA

SPECT/CT 
Lu177 PSMA I°cycle

Iravani, Springer Nature 2019

post IV°cycle
IV PET-PSMA

Post IV°cycle
PET-PSMA

Retreatment
First treatment: III 
Cycles

After 23 months:
II more cycles. 

3 months 
Later  
the last 
treatment

After 
23 months 

3 months 
Later  
the last 
treatment



• Alpha therapy with radiolabeled PSMA inhibitors

• Some issues: 
• Side effect 

• Xerostomia (nonspecific binding to normal tissues such as salivary gland and kidneys) and in a study 10% 
discontinued therapy due to this side effect.  Several groups are trying different techniques of blocking the 
salivary glands. 

• Hematologic toxicity in the form of anemia was seen in 37% (but mild: mainly G1-2)

• Limited availability of 225Ac but new techniques have been investigated such as 225Ac production with 
low energy proton accelerators.

225Ac-PSMA




