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Therapy Comparator Improvement in mOS 

(mos) vs comparator 

Hazard ratio 

Enzalutamide 

Pre-chemo Placebo 4.0 0.77 

Post-chemo Placebo 4.8 0.63 

Cabazitaxel Mitoxantrone 2.4 0.70 

Abiraterone 

Pre-chemo Placebo 4.4 0.81 

Post-chemo Placebo 4.6 0.74 

Docetaxel Mitoxantrone 2.4 0.76 

Sipuleucel-T Placebo 4.1 0.78 

Efficacy of Therapies for Metastatic Castration-resistant 

Prostate Cancer Patients 

Radium-223 plus BSC Placebo plus BSC 3.6 0.70 



Short Range of α-Emitters Reduces Bone  

Marrow Exposure 

Marrow 

Bone 

Range of α-particle 
(short range: 2-10  

cell diameters2) 

Radium Ra 223 dichloride 

1. Bruland Ø, et al. Clin Cancer Res. 2006; 

2. Henriksen G, et al. Cancer Res. 2002;  

= highly localised 

tumour cell killing 

and minimal 

damage to 

surrouding normal 

tissue 



Cell killing and marrow penetration: Two advantages of α-emitters 

Fizazi K, ASCO 2013 



Cell killing and marrow penetration: Two advantages of α-emitters 

Presented By Karim Fizazi at 2013 ASCO Annual Meeting 



Alpha-Particles Cause Lethal Double-Strand 

DNA Breaks 

LET, linear energy transfer  

β-emitters •Low-LET β radiation 

produces single-strand DNA 

breaks1 

•Single-strand breaks are 

easily repaired using the 

opposite strand as a 

template1 

•Single-strand breaks are 

less likely to induce cell 

death1 

α-emitters • High-LET α -particles produce 

double-strand DNA breaks1,2 

• Double-strand breaks are 

difficult to repair1,2  

• Failure to repair double-strand 

breaks leads to apoptosis 

(programmed cell death)1 

• Mis-repaired double-strand 

breaks create chromosomal 

aberrations that result in 

mitotic cell death1 

1. Hall EJ, Giaccia AJ. Radiobiology for the Radiologist. 6th ed. Philadelphia, PA: Lippincott William 

& Wilkins; 2006.  2. Bruland OS, et al. Clin Cancer Res. 2006;12(20):6250s-6257s. 



Radium-223: Phase II Data in HRPC 

Nilsson S, et al. Lancet Oncol. 2007 



ALSYMPCA: phase 3, randomized, double-

blind, placebo-controlled study 

 

M36 M16 M24 M12 M0 

R 

2:1 

Radium Ra 223 dichloridea 

 50 kBq/kg 

Saline* (placebo) 

Long term FOLLOW-UP 

TREATMENT PHASE 
6 injections at  

4-week intervals 

M28 M6 M20 M32 M8 M10 

Stratification factors 

•Total ALP < 220 U/L vs ≥ 220 U/L; Bisphosphonate use (yes vs no); Prior docetaxel (yes vs no) 

Month 

Assessments 

 

 

Parker C, et al. NEJM 2013. 

- Confirmed 

symptomatic CRPC 

- ≥ 2 bone 

metastases 

- No known visceral 

metastases 

- Post-TXT, unfit for 

TXT, or refused TXT 
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ALSYMPCA trial: Endpoints 

ALP, alkaline phosphatase; PSA, prostate-specific antigen; SSE, symptomatic skeletal event. 

a. See slides (“Other Secondary Efficacy Endpoints”) for more details.  
b. Defined as return of total ALP to within normal range at 12 weeks [confirmed by two consecutive measurements ≥2 weeks apart] in 
patients  with total ALP values above upper limit of normal (ULN) at baseline. 
c. Defined as ≥25% increase from baseline and an absolute value increase ≥2 ng/mL at ≥12 weeks [in patients with no PSA decline from 
baseline] or  ≥25% increase and an absolute value increase ≥2 ng/mL above nadir confirmed ≥3 weeks later, in patients with an initial 
decrease from baseline. 

SOURCE: Parker C, et al. N Engl J Med. 2013;369(3):213-23. 

• Overall survival 

PRIMARY ENDPOINT 

• Time to total ALP progressiona 

• Total ALP responsea 

• Time to occurrence of first SSE 

• Total ALP normalizationa,b 

• Time to PSA progressiona,c 

• Other secondary efficacy 

endpointsa 

• Safety 

• Quality of life 

SECONDARY ENDPOINTS 



ALSYMPCA  Updated Analysis<br />Patient Demographics and Baseline Characteristics (ITT N = 921) 

Parker C, et al. ASCO 2012 



Radium-223 

(mOS 14.9 mos) 

Placebo 

(mOS 11.3 mos) 

ALSYMPCA trial: Kaplan–Meier Estimates of Overall Survival 

Parker C, et al. NEJM 2013 

Radium 

223 
Placebo 

Hazard ratio 0.695 

95% CI 0.58-0.83 

P < 0.001 



EVENT  

RADIUM-223 (n = 600) PLACEBO (n = 301) 

ALL 
GRADES, 

 n (%) 
GRADE 3,  

n (%) 
GRADE 4,  

n (%) 
GRADE 5,a 

n (%) 

ALL 
GRADES, 

n (%) 
GRADE 3, 

n (%) 
GRADE 4, 

n (%) 
GRADE 5,a 

n (%) 

Hematologic AEs  

Anemia 187 (31) 65 (11) 11(2) 0  92 (31) 37 (12) 2 (1) 1 (<1) 

Thrombocytopenia 69 (12) 20 (3) 18 (3) 1 (<1) 17 (6) 5 (2)  1 (<1) 0 

Neutropenia 30 (5) 9 (2) 4 (1) 0  3 (1) 2 (1) 0 0 

Nonhematologic AEs  

Constipation 108 (18) 6 (1) 0 0 64 (21)  4 (1) 0 0 

Diarrhea 151 (25) 9 (2) 0 0 45 (15)  5 (2) 0 0 

Nausea 213 (36) 10 (2) 0 0 104 (35)  5 (2) 0 0 

Vomiting 111 (19) 10 (2) 0 0  41 (14)  7 (2) 0 0 

Asthenia 35 (6) 5 (1) 0 0 18 (6)  4 (1) 0 0 

Fatigue 154 (26) 21 (4) 3 (1) 0  77 (26) 16 (5) 2 (1) 0 

General physical health 
deterioration 

27 (5) 9 (2) 2 (<1) 5 (1) 21 (7)  8 (3) 2 (1) 2 (1) 

Peripheral edema  76 (13) 10 (2) 0 0  30 (10) 3 (1)  1 (<1) 0 

Pyrexia 38 (6) 3 (1) 0 0 19 (6) 3 (1) 0 0 

Pneumonia 18 (3) 9 (2) 0 4 (1) 16 (5) 5 (2) 2 (1) 0 
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ALSYMPCA Updated Analysis: Safety Profiles Were Similar 

Between the Radium-223 and Placebo Arms 

Only 1 grade 5 hematologic AE was considered possibly related to study drug: thrombocytopenia in 1 patient in the radium-223 
group. 

NUMBER OF PATIENTS WITH AEs OCCURRING IN ≥5% OF PATIENTS IN EITHER TREATMENT GROUP 

There were few grade 3 AEs and grade 4 AEs were very low, also comparable to placebo 

Parker C, et al. N Engl J Med. 2013 
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Safety: Radium-223 Was Well Tolerated 

Across All Age Groups 

Incidence of Grade 3/4 Adverse Events According to Age 

(Safety Population, N=901*) 

*Safety population included patients who received at least 1 dose; 1 patient in the placebo group received 1 injection of radium-223 (week 0) 

and is included in the radium-223 safety analysis. 

Wiechno P, et al. ESMO 2013; Abs 2883 



ALSYMPCA trial: Secondary endpoints 

Parker C, et al. N Engl J Med. 2013 

Time to SSE ALP and OS 

Quality of Life 



Of 921 patients randomized, 574 entered 3-year follow-up  

(radium-223, n = 406; placebo, n = 168) 

First patient’s 
first visit 

 

Last 
patient’s 
first visit 

Last patient’s 
final injection 

2008 2009 2010 20 1 1 2012 2013 2014 

~1.5 years after 
last patient’s 
final injection 

 ALSYMPCA  Long-term Follow-Up 

Nilsson S, ASCO-GU 2014 



  Treatment-Related Hematologic AEs 

Presented By Sten Nilsson at 2014 Genitourinary Cancers Symposium 



Nonhematologic Treatment-Related AEs 

Presented By Sten Nilsson at 2014 Genitourinary Cancers Symposium 



Boni et al, Tumori J 2018 

223Ra-chloride therapy in men with hormone-

refractory prostate cancer and skeletal metastases: 

Real-world exprerience 



Caffo O. et al ASCO GU 2018 – poster # 322 

Overall survival from first line for CRPC 



ERA 223: phase III multinational, multicenter,randomized, 

double blind, placebo controlled, on Asymptomatic or Mildly 

Symptomatic CRPC with Bone Metastases with Radium-223 in 

Combination with Abiraterone and Prednisone 

N=806 Radium-223 dichloride 55 kBq/kg IV 
every 4 weeks for 6 cycles 

In combination with abiraterone (1000 
mg qd) + prednisone/prednisolone (5 

mg bid) 

Matching placebo  

In combination with abiraterone (1000 
mg/qd) + prednisone/prednisolone (5 

mg/bid) 

Study Population 

•Patients with bone-

predominant mCRPC 

•Asymptomatic or 

mildly symptomatic 

(BPI 0-3) 

•≥2 bone metastases 

•ECOG PS of 0 or 1  

•No known brain or 

visceral metastases 

1:1 

Randomization 

Endpoints 

 

Primary endpoint 

•  SSE-FS 

 

Secondary 

endpoints 

• Overall survival 

• Time to opiate use 

for cancer pain 

• Time to pain 

progression 

• Time to 

chemotherapy 

• Radiologic PFS 

• Safety 

. 
ClinicalTrials.gov. NCT02043678. Available at: https://www.clinicaltrials.gov/ct2/show/NCT02043678. Accessed March 2018. 

Stratification factors  

•Geographical region 

•Use of bone health agents  

•ALP level at baseline (ALP <90 vs ≥90 U/L) 

• ERA 223 was unblinded early on November 17, 2017, based on the 

recommendation of the IDMC 

N=401 

N=405 
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Placebo  

 

Abiraterone plus 

Prednisone 

Death, n. (%) 82/405 (20%) 109/401 (27%) 

Fractures (%) 7% 24% 

ERA trial Independent Committee: 

preliminary analysis 





Scheda AIFA 
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Scheda Aifa: eleggibilità 

- Blocco per pazienti con meno di 6 sedi ossee di malattia 

- Blocco per pazienti asintomatici (BPI-SF 0-1) 

* 

*ERA trial e Alsympca: TC e scintigrafia ossea 



PEACE III: Concomitant Treatment of Asymptomatic 

or Mildly Symptomatic CRPC with Bone Metastases 

with Radium-223 in Combination with Enzalutamide 

N=560 Radium-223 + enzalutamide 

Radium-223 55 kBq/kg monthly for 
6 months + enzalutamide 160 mg 

daily 

Enzalutamide 

160 mg daily 

Study 

Population 
•Patients with CRPC 

•Progression as 

measured by either 

rising PSA or 

manifestation in the 

bone (≥2 new 

lesions) 

•Asymptomatic or 

mildly symptomatic 

1:1 
Randomization 

Endpoints 
 

Primary endpoint 
• Radiologic PFS 

 

Secondary 

endpoints 
•Overall survival 

•Prostate cancer–

specific survival  

•First symptomatic 

skeletal event 

•Time to and incidence 

of first skeletal 

progression 

•Time to pain 

progression 

•Occurrence of adverse 

events  

•Quality of life 

ECOG PS, Eastern Cooperative Oncology Group performance status; IV, intravenous; CRPC, castration-resistant prostate cancer; PFS, 
progression-free survival. 
ClinicalTrials.gov. NCT02194842. Available at: https://www.clinicaltrials.gov/ct2/show/NCT02194842. Accessed March 2018. 

Emendamento post-ERA223: BHA a tutti i pazienti arruolati 



Apalutamide, Enzalutamide, Abiraterone + Prednisone: 

aumento del rischio di fratture non patologiche 
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The apalutamide USPI contains a warning and precaution to monitor and manage patients at risk of fractures according to 

treatment guidelines and consider the use of bone-targeted agents4 

In the PROSPER trial, 17% of enzalutamide-treated patients reported falls and fractures compared with 8% of placebo-

treated patients5 

USPI, U.S. prescribing information. 
1. Smith MR et al. N Engl J Med 2018; doi:10.1056/NEJMoa1715546 [Epub ahead of print]. 2. Xtandi (enzalutamide) [prescribing information]. Astellas Pharma US, Inc., 
Northbrook, IL. July 2017. 3. Zytiga (abiraterone acetate) [prescribing information]. Janssen Biotech, Inc., Horsham, PA. February 2018. 4. Erleada (apalutamide) [prescribing 
information]. Janssen Products, LP, Horsham, PA. February 2018. 5. Hussain M et al. N Engl J Med 2018;378(26):2465–2474. 

AFFIRM fractures2 
(excluding pathologic 

fractures) 

COU-301 fractures3 
(excluding pathologic 

fractures) 

SPARTAN 
fractures1 

PREVAIL fractures2 
(excluding pathologic 

fractures) 
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Bone Health 



ESMO guidelines Working Group Bone health in 

cancer patients: ESMO clinical practice guidelines 

Coleman R, Ann Oncol 2014 



ALSYMPCA: vantaggio significativo in OS, 

SSE e Quality of Life 

ALSYMPCA (Phase III, 

randomized, double-blind) 

assessed the efficacy and safety of 

radium-223 in combination with 

BSOC in men with mCRPC 

Patients in the radium-223 

group experienced fewer 

Grade 3 or 4 AEs (56% vs 

62%), serious AEs (47% vs 

60%), and discontinuations 

due to AEs (16% vs 21%) 

compared with the placebo 

group 

Radium-223 significantly improved OS of 

patients, with a 30% reduction in risk of 

death compared with placebo (14.9 months vs 

11.3 months, HR: 0.70; 95% CI: 0.58–0.83; 

P<0.001) 

Radium-223 (55 kBq/kg IV) + 

BSOC 

N=600 

Placebo (saline) + BSOC 

N=301 

2:1 

A total of 901 patients were randomized 

Radium-223 treatment increased the time 

to first SSE compared with placebo (15.6 

months vs 9.8 months, HR: 0.66; 95% CI: 

0.52–0.83) 

Radium-223 significantly improved QoL 

based on FACT-P (25% of radium-223 

patients vs 16% of placebo patients, P=0.02) 

FACT-P 

Q
o

L
 

P=0.02 

25% 16% 

AE, adverse event; BSOC, best standard of care; CI, confidence interval; HR, hazard ratio; mCRPC, metastatic castration-resistant prostate 
cancer; OS, overall survival; QoL, quality of life; SSE, symptomatic skeletal event. 

Parker C et al. N Engl J Med 2013;369:213–223. 
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