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Ra233  alpha-emission DNA double-strand breaks (DSBs)  HR-mediated repair1.

mCRPC with pathogenic germline mutations in HR genes (gHR+) compromise this
repair mechanism and are associeted a poorer outcomes2.

Retrospective studies: Radium-223 (Ra223) in mCRPC  improved outcomes when
germline and somatic HR alterations Prospective validation3.

1. Ritter MA, Nature, 1977. 2. Castro E, J Clin Oncol, 2019. 3. Van der Doelen et al, EJC, 2020.

INTRODUCTION

Prospectively assess the predictive value of germline HR gene mutations on clinical
outcomes following Ra223 treatment in mCRPC patients.

OBJECTIVE



PRORADIUM (NCT022925702) is a prospective, multicentre, observational cohort study of mCRPC 
patients treated with standard-of-care Ra223.

169 participants underwent comprehensive germline genetic testing for DNA damage repair pathway mutations via 
targeted multigene panel sequencing. 

• Primary endpoint: alkaline phosphatase (ALP) response (≥30% decline from baseline) at 12 weeks. 

• Secondary endpoints: PSA response rate at 12 weeks (≥50% decline from baseline), Time to PSA progression (TTPP), clinical and 
radiographic progression free survival (cPFS and rPFS) and cause specific survival (CSS) from treatment with Radium.

MATERIALS & METHODS



RESULTS
p-valuegHR+gHR -
0.040Age at Ra223, years

67.5 (45.7-86.3) 75.0 (48.0-90.6) Median (range)
0.200ECOG, n (%)

1 (6.7%) 33 (21.4%) ECOG 0 
11 (73.3%) 99 (64.3%) ECOG 1 
3 (20.0%) 22 (14.3%)  ECOG 2 

0.230 Nº Prior treatment lines for mCRPC
11 (73.3%) 57 (37%) 0-1 line 
2 (13.3%) 60 (38.9%) 2 lines 
2 (13.3%) 29 (18.8%) 3 lines 

8 (5.2%) 4 lines 
0.230Prior Taxane or Prior NHA

1 (6.7%) 5 (3.4%) Any of them 
6 (40.0%) 50 (32.5%) Prior NHA 
2 (13.3%) 9 (5.8%) Prior taxane 
6 (40.0%) 90 (58.4%) Prior NHA and Taxane 

0.360Bone Pain at baseline
2 (9.1%) 41 (26.6%) No 

13 (86.7%) 113 (73.4%) Yes 
0.220Bone disease extension

6 (40%) 30 (19.5%) Low volume
7 (46.7%) 106 (68.8%) Intermediate volume 
2 (13.3%) 18 (11.7%) High volumen/Superscan

1.000Lymph nodes extension
11 (73.3%) 115 (74.7%) No 
4 (26.7%) 38 (25.3%) Yes 

0.445Baseline PSA, ng/mL
122.2 (1.8-1300) 61.4 (0.03-1670) Median (range) 

0.415Baseline ALP, U/L
5 (35.7%) 72 (46.7%) Normal 
9 (64.3%) 81 (52.6%) >UNL 

1 2 Missing 
0.443Baseline LDH, U/L

7 (58.3%) 68 (44.1%) Normal 
5 (41.7%) 75 (48.7%) >UNL 

3 11 Missing 
1.000Baseline Albumin

11 (84.6%) 114 (74.1%) ≥ 3.5 g/dL 
2 (15.4%) 20 (12.9%) < 3.5 g/dL 

2 20 Missing 
0.893Baseline Haemoglobin

10 (66.7%) 100 (64.9%) ≥ 12 g/dL
5 (33.3%) 54 (35.1%) <12 g/dL

Baseline characteristics of patients

15/169 patients gHR+ (8.8%)
5 BRCA2
4 ATM
1 BRCA1
1 CHEK2

1 BRCA1+CHEK2
1 BRIP1
1 NBN
1 BLM

59.2% 
≥5 cyc. 
Rad233

p-
v�lue gHR +gHR -

n=14 n=124 ALP response �t 12 weeks
0.055 7 (50.0%) 30 (24.2%) ALP50 
0.022 10 (71.4%) 49 (39.5%) ALP30 

ALP conversion �t 12 weeks

0.953 

5 (35.7%) 51 (41.1%) Normal 
4 (28.6%) 19 (15.3%) >UNL to normal 

0 10 (8.1%) Normal to >UNL 
5 (35.7%) 44 (35.5%) >UNL 

n=14 n=124 Best ALP response
0.232 7 (50.0%) 40 (32.3%) ALP50 
0.142 10 (71.4%) 64 (51.7%) ALP30 

ALP conversion �t �ny time

0.953
5 (35.7%) 51 (41.1%) Normal 
4 (28.6%) 19 (15.3%) >UNL to normal 

0 10 (8.1%) Normal to >UNL 
5 (35.7%) 44 (35.5%) >UNL 

n=11 n=126 PSA response 12 weeks
0.540 1 (9.1%) 8 (6.3%) PSA50 
0.344 2 (18.2%) 13 (10.3%) PSA30 

n=11 n=131 Best confirmed PSA 
response

0.358 2 (18.2%) 14 (11.2%) PSA50 
1.0002 (18.2%) 24 (18.3%) PSA30 

Responses to Ra223 by gHR status

TTPP, rPFS and cPFS
↓

similar in both groups

gBRCA2              gATM                other gHRR                     other gDDR no HRR               Non-carriers

Change in ALP levels at 12 weeks 
by HR status

≥30% decline in ALP in
71.4% of gHR+ vs 

39.5% gHR- (p=0.022)
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CONCLUSIONS
Germline HR mutations were associated with improved ALP response and a trend towards
more prolonged cause specific survival, suggesting a benefit from Ra223 in some gHR+
patients, particularly those with germline ATM mutations.
These findings support further investigation of HR gene status as a predictive biomarker for
Ra223 response in mCRPC.

Cause-specific survival by gHR status

Survival outcomes by gene subgroup

Group Median CSS CI-95%

gHRR carrier 16.8 months 9.0-14.0

Non-carrier 11.5 months 9.5-24.1

Log rank p-value= 0.078; HR 0.6 (0.3-1.1)

15 13 13 11 10 7 6 5 5 4 2 2 2 1 1 0 0 0 0 0 0

154 145 116 92 80 57 42 28 17 11 5 4 3 2 2 0 0 0 0 0 0k

Trend to 
improved CSS 

in gHR+     
(16.8 vs 11.5 m, 

p=0.078) CSS ↑ in gATM
(28.8 vs 15.9 m, 

p=0.017)
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