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Il paziente candidabile a trattamento 

con Radium 223 e la salute dell’osso









Cancer Treatment Induced Bone Loss (CTIBL)

Rapid and severe bone loss resulting from cancer

therapies that lead to estrogen (androgen) 

deprivation:

- Estrogen deprivation therapy

- Androgen deprivation therapy

- Chemotherapy

- Surgery (Castration)

Edwards BJ, et al. Osteoporos Int 2016



Angela Hirbe et al. Clin Cancer Res 2006;12:6309s-6314s

BONE LOSS AND CANCER THERAPY



The CTIBL fracture risk is indipendent from BMD

Pedersini R et al. Bone 2017



Alterata “qualità” dell’osso
Geometria

Microarchitettura

Turnover

Proprietà del materiale

Accumulo di microdanni



169 pazienti naïve-AI

94 pazienti in AI

54 pazienti: AI per 1, 2 anni

20 pazienti: AI per 3, 5 anni

20 pazienti: AI per 6-8 anni

263 pazienti 

con 

carcinoma 

mammario 

operato HR +

(9/13-7/16)



PREVALENZA E SEVERITA’ DELLE FRATTURE VERTEBRALI

19

%

31

%

Incremento di FV del 

12%

Pedersini R, Bone ; 97 (2017): 147-

152



FRATTURE VERTEBRALI PARAMETRI PREDITTIVI

Pedersini R, Bone ; 97 (2017): 147-152



Placebo: n = 84/775

Denosumab: n = 49/773
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ABCSG-18: il rischio di frattura nel gruppo placebo era 

sostanzialmente indipendete dalla BMD

HR = 0.44 (95% CI: 0.31–0.64) 

P < 0.0001

Normal BMD

(baseline T-score ≥ –1.0)

Overall cumulative incidence 
of first clinical fractures

HR = 0.57 (95% CI: 0.40–0.82) 

P = 0.002

Overall cumulative incidence 
of first clinical fractures

Osteopenia 

(baseline T-score < –1.0)

Placebo: n = 92/934

Denosumab: n = 43/938
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Gnant M, et al. Lancet 2015;386:433–43.

9.8% 10.8%





TBS is a texture parameter that quantifies the changes in 

pixel gray-level in DXA images

Trabecular Bone Score (TBS)





Interaction between Fat Body mass and fracture risk in AI naïve vs AI treated breast 

cancer patients

Pedersini R et al, submitted for publication. 



Vertebral Fracture Rates according to Fat Body Mass value

Pedersini R et al, submitted for publication. 



aumento     estrogeni 

alterata qualità

deprivazione di  estrogeni 

alterata qualità

Soggetto sano obeso

Soggetto obeso  in androgeno deprivazione

Effetto protettivo

Fragilità ossea 

aumentata

Effetto differenziale dell’obesità fra uomo sano e in ADT 



Interazione massa grassa e terapia 

ormonale possibile causa di 

alterazione della qualità dell’osso 



ANDROGEN DEPRIVATION AND CHANGES IN BODY COMPOSITION





Mitsuzuka K Int J Urol. 2018; 25(1):45-53





Time to first SRE

Progression Free Survival

Overall Survival

Buttigliero C et al Endocrine 2015





La compromissione della salute dell’osso nel paziente con 

carcinoma prostatico sottoposto a ormonoterapia è 

conseguenza sia del danno osseo che 

delle modificazioni della composizione corporea

indotti dai trattamenti.



AR

LHRH-Agonists and Antagonists

KETOCONAZOLE

ABIRATERONE

ORTERONEL

ANDROGENS

BICALUTAMIDE

CIPROTERONE

ENZALUTAMIDE

APALUTAMIDE

DAROLUTAMIDE



ADT + ENZA or APA

+ ENZA, APA, DAROADT



O’Sullivan JM et al Eur Urol 2019
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Hydroxyapatite, an inorganic mineral primarily consisting of calcium and 

phosphate (Ca10(PO4)6(OH)2), is the principal inorganic component of bone

Radium-223 is incorporated like calcium into new hydroxyapatite deposits in the 

new bone, formed in and around bone metastases

RADIUM-223 INCORPORATED INTO HYDROXYAPATITE

30

Meccanismo d’azione 
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Bruland OS, et al. Clin Cancer Res. 2006;12:6250s-6257s.

Bone marrow

Normal spongious bone

Microautoradiography from a dog injected with radium 223 

Distribution of α-particle tracks in normal spongious bone and an osteoblastic zone

Osteoblastic zone

Radium 223 has preferential uptake in areas of new bone formation

RADIUM 223 IS A BONE-SEEKING RADIONUCLIDE

31

Meccanismo d’azione 





Modified from Croucher et al Nat Rev Cancer 2016, 16, 373

Other sites

colonization

Ra 223
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Radium 223 Placebo P

Bone ALP* –66% +9% < 0.0001

Total ALP* –46% +31% < 0.0001

PINP* –63% +38% < 0.0001

CTX-I† –31% +32% 0.002

ICTP† +15% +43% 0.011

PSA‡ –24% +45% 0.003

Median change from baseline to 4 weeks after last injection (week 16)

ALP, alkaline phosphatase; CTXI, cross-linked C-terminal telopeptides of type I collagen; ICTP, C-terminal telopeptides of type I collagen;

PINP, amino-terminal procollagen propeptides of type.

*Bone formation marker.

†Bone resorption marker.

‡Prostate tumor growth marker.

Nilsson S, et al. Lancet Oncol 2007;8:587-594.

BC1-02 PHASE 2 STUDY

34

Ruolo dei biomarkers: PSA, ALP e altro 

RADIUM RA 223 DICHLORIDE SIGNIFICANTLY REDUCED ALL RELEVANT BIOMARKERS VS PLACEBO
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RADIUM 223 DICHLORIDE PATIENTS WITH CONFIRMED TALP DECLINE AT WEEK

aConfirmed tALP decline was defined as any decrease from baseline at week 12, confirmed ≥3 weeks later. 

Sartor O, et al. J Clin Oncol. 2013;31(suppl). Abstract 5080.

Median OS was significantly longer in radium-223 dichloride patients with confirmed tALPa decline at 

week 12  versus patients with no confirmed tALP decline (17.8 vs 10.4 months)

Median OS was significantly longer in radium-223 dichloride patients with confirmed tALPa decline at 

week 12  versus patients with no confirmed tALP decline (17.8 vs 10.4 months)
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━ Confirmed tALP decline (n=400): 17.8 months

━ No confirmed tALP decline (n=97): 10.4 months

HR (95% CI): 0.45 (0.34-0.61)

P<0.0001

SIGNIFICANTLY LONGER OVERALL SURVIVAL

35

Ruolo dei biomarkers: PSA, ALP e altro 
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Riduzione attività

osteoblastica

Riduzione attività

osteoclastica

Basso turnover

Alterazione qualità

Aumento fragilità ossea

Radium 223 e metabolismo osseo
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Evidenze a supporto di utilizzo in pratica clinica

� EAP Internazionale

� EAP –USA

� Studio Reassure – analisi ad interim

� Casistiche retrospettive internazionali (Flatiron, PARABO)

NON EVIDENZE DI INCREMENTO SSE DA UTILIZZO 

SEQUENZIALE IN PRATICA CLINICA



J Natl Cancer Inst 2011;103:1665–1675 

Tumor cell
Tumor (bone)

microenvironment

Targeting

Radium 223



ERA 223 (NCT02043678)

389 events were required to detect a 39%

increase in SSE-FS using a test with a 2-sided 

alpha of 0.05, 90% power and 1:1 randomisation

Bone health agents (denosumab or bisphosphonates) only permitted in patients receiving 

them at baseline; initiation during the study prohibited to prevent confounding effects.

ALP, alkaline phosphatase; CRPC, castration-resistant prostate cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; 

HRQoL, health-related quality of life; IV, intravenous; mCRPC, metastatic castration-resistant prostate cancer; OS, overall survival;

Target 

accrual 

N=800

Study population

• Patients with bone-predominant 

mCRPC (≥2 bone metastases)

• Asymptomatic or mildly symptomatic

• ECOG PS of 0 or 1

• No prior chemotherapy for CRPC

• No known brain or visceral

metastases

1:1

Randomisation

Primary endpoint
• SSE-FS

Secondary endpoints
• OS

• rPFS

• Time to chemotherapy

• Time to opiate use for cancer 

pain

• Safety

Exploratory endpoints
• PSA response

• Time to PSA progression

• ALP response

• Time to ALP progression

• HRQoL

Abiraterone acetate 1000 mg qd and
prednisone/prednisolone 5 mg bid (AAP) +

Radium-223
55 kBq/kg IV every 4 weeks for 6 cycles

Abiraterone acetate 1000 mg qd and 
prednisone/prednisolone 5 mg bid (AAP) +

Matching placebo

Stratification factors

• Geographical region

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

• Use of bone health agents

Accrual dates 3/2014 – 8/2016

PSA, prostate-specific antigen; rPFS, radiological progression-free survival; SSE-FS, symptomatic skeletal event-free survival.







Post-Hoc Subgroup Analysis of Fractures by

Baseline BHA Use

Patients with

≥1 fracture (%)

29

15
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15
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Patients with BHAs at baseline Patients without BHAs at baseline

AAP + placebo

AAP + radium-223

AAP, abiraterone acetate and prednisone/prednisolone; BHA, bone health agent; NE, not estimable.



EORTC GUCG 1333 (PEACE III) original design 

Presented By Bertrand TOMBAL at 2019 ASCO Annual Meeting



Timelines, impact of ERA 223 and role of IDMC

Presented By Bertrand TOMBAL at 2019 ASCO Annual Meeting



Bone fractures and cumulative incidence <br />safety population

Presented By Bertrand TOMBAL at 2019 ASCO Annual Meeting
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COME CAMBIA L’INDICAZIONE

Vecchia Indicazione Nuova Indicazione (dal 13 luglio 

2018)

Xofigo indicato per il trattamento di 

pazienti adulti con tumore della

prostata resistente alla castrazione, con 

metastasi ossee sintomatiche e senza

metastasi viscerali note.

Xofigo in monoterapia o in 

combinazione con analogo LHRH è 

indicato per il trattamento di pazienti 

adulti con tumore della prostata 

resistente alla castrazione metastatico

(mCRPC), con metastasi ossee 

sintomatiche e  senza metastasi 

viscerali note, in progressione dopo 

almeno due precedenti linee di terapia 

sistemica per mCRPC (oltre ad analogo 

LHRH), o inelegibili per qualsiasi altro 

trattamento sistemico disponibile nel 

mCRPC. 

EMA/472321/2018 - 13 luglio 2018



Scheda Aifa: eleggibilità

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

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





I sintomi Scheda AIFA: paziente candidabile a 

Ra223 per BPI-SF ≥ 2



Prostate cancer M1 : 2020

Castration sensitive Castration resistant

Castration resistant Docetaxel pre-treated (M1)

Castration resistant Abiraterone pre-treated (M1)

Castration resistant Apa, Enza, Daro pre-treated (M0)

ADT

Doce

Abi

Enza

Apa

Daro

Cabazitaxel

Radium 223



Il numero di cicli ricevuti si associa alla

sopravvivenza globale e alla

sopravvivenza libera da progressione.

Boni et al, Tumori J 2018

Per massimizzare 

l’efficacia della terapia, 

bisogna selezionare 

correttamente il paziente 

in modo che abbia 

l’opportunità di 

completare tutti i cicli 

previsti.

AN L.IT.MA.10.2018.4171



Sequencing Ra223 for mCRPC patients in the daily practice: preliminary 

results from a retrospective study in Italian Centers

In pts treated with 3 or 4 ADs that included Ra223, the median OS was 

significantly longer compared to that of pts whose treatment sequence did not 

include RA223 Caffo et al ASCO GU2018 – San Francisco poster # 32





ADT in HSPC

O’Sullivan et al  Eur Urol Apr 2019



Abiraterone o docetaxel in HPSC

O’Sullivan et al  Eur Urol Apr 2019



Conclusioni

Radium 223 è un farmaco efficace nel trattamento del mCRPC

L’impiego delle moderne (e più efficaci) terapie nel paziente con carcinoma prostatico

ha eidenziato l’importanza delle misure preventive del rischio fratturativo

L’utilizzo di bisfosonati in associazione a Radium 223 non è controindicato e va impiegato

In tutti i casi in cui si ritenga il paziente ad alto rischio di fratture: attenzione all’uso concomitante

di steroidi


