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Abstract
Background ERA 223 compared concurrent abiraterone acetate/prednisolone (AAP) plus radium-223 with AAP plus pla-
cebo in men with chemotherapy-naïve asymptomatic or mildly symptomatic metastatic castration-resistant prostate cancer 
(mCRPC) and bone metastases. We report data from a subgroup of Japanese patients in ERA 223.
Methods Patients were randomized to radium-223 (55 kBq/kg) or placebo once every 4 weeks (max. 6 cycles), and also 
received oral abiraterone acetate 1000 mg once daily plus prednisone/prednisolone 5 mg twice daily during and after 
radium-223/placebo treatment, until a symptomatic skeletal event (SSE). The primary endpoint was SSE-free survival (SSE-
FS); overall survival (OS) was a secondary endpoint.
Results Of 806 patients randomized in ERA 223, 114 patients (57 per arm) were enrolled in Japan. SSE-FS was not 
improved significantly in the radium-223 arm [25.5 months, 95% CI 20.6–not estimated (NE)] compared with the placebo 
arm (28.7 months, 95% CI 19.7–NE) (HR = 0.907, 95% CI 0.501–1.642). OS and other secondary endpoints were not 
improved significantly in the radium-223 arm. The incidence of fracture was 23% and 11% in the radium-223 and placebo 
arms, respectively. The incidence of death was 32% and 36%, respectively.
Conclusions In the Japanese ERA 223 subgroup, concurrent treatment with AAP and radium-223 did not significantly 
improve SSE-FS and increased the incidence of fracture, similar to outcomes achieved in the overall population, while an 
increased incidence of death was not evident. The combination of radium-223 with AAP is not recommended in Japanese 
patients with asymptomatic or mildly symptomatic mCRPC and bone metastases.
Clinical trial registration Clinical trial registration no: NCT02043678.
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Introduction

In recent years, novel life-prolonging agents have been 
developed for patients with metastatic castration-resistant 
prostate cancer (mCRPC), including abiraterone acetate, 
enzalutamide, sipuleucel-T, cabazitaxel, and radium-223 
[1, 2]. Radium-223, a targeted alpha therapy which binds 
preferentially to areas of increased bone turnover [3], was 
approved based on the Alpharadin in Symptomatic Pros-
tate Cancer (ALSYMPCA) trial which demonstrated that 
radium-223 significantly prolonged overall survival (OS) 
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and the time to first symptomatic skeletal events (SSEs) 
compared with placebo [4, 5] with a favorable safety profile 
[4, 6].

Findings from ALSYMPCA, particularly the good safety 
and tolerability profile of radium-223, and its unique mecha-
nism of action, prompted interest in the use of radium-223 
combined with agents possessing potentially complementary 
mechanisms of action (e.g. abiraterone acetate), particularly 
in earlier mCRPC stages (e.g. asymptomatic or mildly symp-
tomatic). In international [7] and US [8], Early Access Pro-
gram (EAP) studies investigating use of radium-223 closer 
to routine clinical practice, no safety signal was found for 
the combination of radium-223 with abiraterone or enza-
lutamide. Furthermore, in the international EAP, median 
OS appeared longer in patients receiving the combination 
therapy, although not significant, and asymptomatic patients 
were also included [7].

Subsequently, the international phase 3, randomized, 
double-blind, placebo-controlled ‘Evaluation of Radium-223 
dichloride in combination with Abiraterone in mCRPC’ 
(ERA 223) trial [9] compared the use of concurrent abi-
raterone acetate and prednisone/prednisolone (AAP) plus 
radium-223 or placebo in men with chemotherapy-naïve 
asymptomatic or mildly symptomatic CRPC and bone 
metastases [9]. This was the first phase 3 study to investi-
gate the combination of two life-prolonging therapies for 
mCRPC. However, due to an unexpected increased inci-
dence of bone fractures and death, ERA 223 was unblinded 
prematurely. Primary results from the overall population 
showed that AAP plus radium-223 did not improve SSE-free 
survival (SSE-FS; primary endpoint) compared to AAP plus 
placebo, and bone fractures and death were more frequent 
with AAP plus radium-223 [9].

In the symptomatic mCRPC setting, phase 1 and 2 studies 
of radium-223 monotherapy in Japanese patients were con-
sistent with ALSYMPCA [10, 11]. To investigate whether 
there were any differences in the Japanese population from 
the overall study population of ERA 223, in the asympto-
matic and mildly symptomatic CRPC setting, we conducted 
the current post hoc subgroup analysis of Japanese patients. 
Of note, Japan enrolled the largest number of patients as a 
single country in ERA 223 (approximately one-seventh of 
the total study population).

Patients and methods

A detailed description of the methodology used in the over-
all ERA 223 study has been published [9]. A brief overview 
of the key methods is summarized in the following section. 
The trial was conducted in compliance with the Declara-
tion of Helsinki, International Conference on Harmonization 
Guidelines for Good Clinical Practice, and applicable local 

regulations [12]. An Independent Data Monitoring Commit-
tee monitored study conduct and reviewed unblinded safety 
data. Data presented in this publication, from the Japanese 
population of the ERA 223 study, were analyzed in a post 
hoc manner.

Enrollment criteria

Patients aged ≥ 18 years with CRPC and ≥2 metastatic bone 
lesions and no known visceral and/or brain metastases who 
were asymptomatic/mildly symptomatic (0/1–3 score of 
worst pain within the previous 24 h using the Brief Pain 
Inventory-Short Form) and untreated by chemotherapy 
for CRPC, were enrolled at 28 sites in Japan. All patients 
provided written informed consent prior to study-specific 
procedures.

Treatment

Radium-223 (55 kBq/kg) or placebo was administered for up 
to 6 cycles with a 4-week interval between cycles. Patients 
also received oral abiraterone acetate (1000 mg once daily) 
and prednisolone (5 mg twice daily) during radium-223/
placebo treatment, and thereafter until occurrence of an 
SSE. Prostate specific antigen (PSA) progression without 
occurrence of SSEs did not allow treatment discontinua-
tion. Patients and investigators were blinded to the random 
assignment of radium-223 or placebo. Patients receiving 
bone health agents (BHAs: bisphosphonates or denosumab) 
at baseline were permitted to continue or stop such treat-
ment, but to avoid any potential confounding effects on the 
primary study outcomes, initiation of BHAs during the study 
was not allowed at study initiation.

Outcomes

The primary endpoint was SSE-FS, defined as the time from 
randomization to first SSE or death from any cause. An SSE 
was defined as use of external beam radiotherapy (EBRT) to 
relieve skeletal symptoms, a new symptomatic pathological 
bone fracture (required the presence of bone metastases at 
the site of fracture by central review), spinal cord compres-
sion or a tumor-related orthopedic surgical intervention.

Secondary endpoints included OS, time to opiate use for 
cancer pain, time to cytotoxic chemotherapy, radiological 
progression-free survival (rPFS), and safety. Radiological 
assessment of bone and soft-tissue progression was con-
ducted by investigators and then centrally. Progression in 
soft tissue and occurrence of visceral disease were assessed 
by computed tomography or magnetic resonance imaging 
using RECIST 1.1 [13]; progression of bone lesions was 
classified using PCWG2 criteria [14]. Per protocol, this 
analysis was final for SSE-FS and interim for OS.
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Statistical analysis

Sample size calculations for the overall population have 
been reported [9]. SSE-FS and OS were analyzed using 
a log-rank test, stratified by concurrent BHA use (yes vs. 
no), total ALP level (< 90 vs. ≥ 90 U/L), and geographic 
region (Western Europe/North America/Australia vs. Asia 
vs. rest of world). Patients who died without a prior SSE 
and ≥ 13 weeks after the last SSE assessment were cen-
sored at the last SSE assessment date. Patients alive at the 
survival cut-off date were censored at the last date known 
to be alive. Hazard ratios (HRs) with 2-sided 95% CIs 
were computed using a stratified Cox regression model.

Study unblinding

Due to the observation of more fractures (regardless of 
symptoms and whether pathological or non-pathologi-
cal) and deaths in the radium-223 arm, the overall study 
was unblinded prematurely [9]. Consequently, the study 
protocol was revised to allow initiation of BHAs and to 
require all bone fractures and bone-associated events 
to be reported as adverse events (AEs) or serious AEs 
regardless of assessed causality, and independent review 
of imaging scans diagnosing fractures to be conducted 
centrally.

Results

Patient disposition

Of 806 patients in the overall ERA 223 population, 114 
patients (14%, 57 patients per arm) were enrolled in Japan 
(Fig. 1). In the Japanese cohort, one and two patients in the 
radium-223 and placebo arms, respectively, did not receive 
study treatment, resulting in 56 and 55 patients, respectively 
(safety population). At the primary endpoint analysis, pro-
tocol treatment (including AAP following radium-223/pla-
cebo) had been terminated in 86% (48/56) and 71% (39/55) 
of patients in the radium-223 and placebo arms, respectively. 
The most common reason for treatment discontinuation was 
disease progression (including clinical and radiographic 
progression; PSA progression alone did not allow treat-
ment discontinuation) (Fig. 1). Most patients completed the 
6 planned injections of radium-223 or placebo (84% and 
91%, respectively).

Patient/disease characteristics

In the Japanese population (Table 1), approximately 50% of 
patients were asymptomatic in both arms. Alkaline phos-
phatase (ALP) level was over 90 U/L, the stratifying thresh-
old for all patients according to the literal study design. Of 
note, however, ALP values in the two arms (median 288 vs. 
253 U/L) were actually based on Japan-specific standards 

Fig. 1  Patient disposition. AAP abiraterone acetate/prednisolone, ITT intention-to-treat
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(Japanese Society of Clinical Chemistry [JSCC]), which 
gives approximately three-fold higher values than using the 
international standard (International Federation of Clinical 
Chemistry [IFCC]). Applying a tentative conversion formula 
provided by JSCC (A = 0.357*B − 1.103, where A is the 

IFCC value and B is the JSCC value) [15], the number of 
patients with baseline ALP of ≥ 90 U/L per IFCC was higher 
in the radium-223 arm (63%, 36/57) than in the placebo arm 
(47%, 27/57). This imbalance in baseline ALP was in line 
with some other characteristics which favored the placebo 

Table 1  Patient background/
disease characteristics in the 
intention-to-treat (ITT) Japanese 
population

AAP abiraterone acetate/prednisolone, ALP alkaline phosphatase, BPI-SF brief pain inventory-short form, 
CAB combined androgen blockade, ECOG Eastern Cooperative Oncology Group, LDH lactate dehydroge-
nase, PSA prostate specific antigen
a Based on standard method of Japan Society of Clinical Chemistry

Characteristic AAP + radium-223
N = 57

AAP + placebo
N = 57

Age, median (range), years 73.0 (44–92) 73.0 (51–90)
Race, n (%)
 Asian 57 (100) 56 (98.2)
 American Indian or Alaskan native 0 1 (1.8)

Gleason score at diagnosis, n (%)
 < 8 8 (14.0) 11 (19.3)
 ≥ 8 49 (86.0) 44 (77.2)
 Missing 0 2 (3.5)

Concurrent use of denosumab or bisphosphonates, n (%) 32 (56.1) 37 (64.9)
ALP, n (%)
 < 90 U/L 0 0
 ≥ 90 U/L 57 (100) 57 (100)

ECOG performance status, n (%)
 0 40 (70.2) 49 (86.0)
 1 17 (29.8) 8 (14.0)

BPI-SF Worst Pain Score, n (%)
 0 (asymptomatic) 30 (52.6) 31 (54.4)
 1–3 (mildly symptomatic) 27 (47.4) 25 (43.9)
 Missing 0 1 (1.8)

Extent of disease, n (%)
 Normal or abnormal due to benign bone disease 1 (1.8) 0
 < 6 metastases 19 (33.3) 23 (40.4)
 6–20 metastases 24 (42.1) 26 (45.6)
 > 20 metastases (not superscan) 11 (19.3) 6 (10.5)
 Superscan 2 (3.5) 2 (3.5)

Laboratory values, median (range)
 PSA (µg/L) 16.06 (1.6–968.5) 7.74 (2.1–302.8)
 ALP (U/L)a 288 (104–2151) 253 (127–12681)
 LDH (U/L) 201 (127–602) 198 (120–564)

Medical history of osteoporosis, n (%) 4 (7.0) 1 (1.8)
Prior therapy, n (%)
 Enzalutamide 10 (17.5%) 4 (7.0%)
 Bicalutamide 53 (93.0%) 55 (96.5%)
 Flutamide 25 (43.9%) 29 (50.9%)
 History of CAB 51 (89.5%) 54 (94.7%)

Number of prior hormonal regimens, n (%)
 0 2 (3.5%) 0
 1 10 (17.5%) 8 (14.0%)
 2 11 (17.5%) 8 (14.0%)
 3 34 (59.6%) 38 (66.7%)
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arm: more patients in the radium-223 arm had a Gleason 
score ≥8 at diagnosis (86.0 vs. 77.2% [placebo]); median 
PSA was higher in the radium-223 arm (16.1 vs. 7.7 µg/L); 
more patients in the radium-223 group had an ECOG PS of 
1 (29.8 vs. 14.0%); more patients in EOD 3 (19.3 vs. 10.5%). 
Regarding prior treatment, bicalutamide and flutamide had 
been used in > 90% and ~ 50% of patients, respectively, in 
both arms, and ~ 60% of patients had received three hormo-
nal regimens. Enzalutamide was used as prior therapy by 
more patients in the radium-223 arm (17.5 vs. 7.0%).

Symptomatic skeletal event‑free survival

SSE-FS was not improved significantly in the radium-223 
arm [25.5 months, 95% CI 20.6–not estimated (NE)] com-
pared with the placebo arm (28.7 months, 95% CI 19.7–NE) 
(HR 0.907, 95% CI 0.501–1.642) (Table 2, Fig. 2a). EBRT 
was the most common first SSE: 28.6% (radium-223 
arm) and 39.1% (placebo arm). Among the first SSEs, the 
proportion of symptomatic pathological fractures with 
radium-223 was similar to that with placebo (9.5% and 8.7%, 
respectively).

Overall survival

OS, which is interim at this analysis, was not improved in 
the radium-223 arm (median NE, 95% CI 20.7–NE; HR 
1.154, 95% CI 0.610–2.182) compared to the placebo arm 

(30.3 months, 95% CI 24.5–40.9) (Table 2, Fig. 2b). During 
follow-up, most patients (93% and 91% in the radium-223 
and placebo arms, respectively) received at least one sys-
temic anticancer therapy.

Other secondary endpoints

Overall, the combination of AAP plus radium-223 did not 
improve other secondary endpoints: rPFS (central review) 
was 9.2 months and 15.0 months in the radium-223 and pla-
cebo arms, respectively (HR 1.632, 95% CI 1.014–2.628); 
corresponding time to chemotherapy was NE and 
29.4 months (HR 1.114, 95% CI 0.561–2.211); and time to 
opiate use for cancer was NE and 22.6 months (HR 0.988, 
95% CI 0.569–1.716) (Supplementary Table 1).

Adverse events

The incidence of TEAEs is shown in Table 3. Fracture (com-
pound term consists of any reported fracture type) occurred 
in more patients in the radium-223 arm than in the placebo 
arm. The incidence of hepatic abnormalities (ALT, AST; 
all grades) was ~ 50% and ~ 40% in the radium-223 and pla-
cebo arms, respectively; the incidence of Grade 3/4 hepatic 
abnormalities was ~ 20%. Grade 3 anemia (8.9% vs. 1.8%) 
and decreased platelet count (all grades: 10.7% vs. 3.6%) 
occurred more commonly in the radium-223 arm than in the 
placebo arm, whereas peripheral edema was more common 
in the placebo arm (23.6 vs, 5.4%). Grade 5 TEAEs occurred 

Table 2  Symptomatic skeletal 
event-free survival (SSE-FS) 
and overall survival (OS) in the 
intention-to-treat (ITT) Japanese 
population

AAP abiraterone acetate/prednisolone, EBRT external beam radiotherapy, SSE symptomatic skeletal event, 
SSE-FS symptomatic skeletal event-free survival
a Patients with more than one event were counted only for the category in which the first event occurred; if 
multiple symptomatic skeletal events (i.e., component events) occurred on the same date, the patient was 
counted in only one category in the order spinal cord compression, bone fracture, orthopedic surgery, and 
external beam radiotherapy

AAP + radium-223
N = 57

AAP + placebo
N = 57

SSE-FS, median (95% CI), months 25.5 (20.6–NE) 28.7 (19.7–NE)
Hazard ratio (95% CI) 0.907 (0.501–1.642)
Two-sided p value 0.7464
Patients with at least one SSE or  deatha, n (%) 21 (36.8%) 23 (40.4%)
 First event of EBRT 6 (28.6%) 9 (39.1%)
 First event of symptomatic pathological bone fracture 2 (9.5%) 2 (8.7%)
 First event of spinal cord compression 1 (4.8%) 0 (0%)
 First event of tumor-related orthopedic surgical intervention 1 (4.8%) 3 (13.0%)
 Death prior to SSE events 11 (52.4%) 9 (39.1%)

OS, median (95% CI), months NE (20.7–NE) 30.3 (24.5–40.9)
Hazard ratio (95% CI) 1.154 (0.610–2.182)
Two-sided p value 0.6598



725International Journal of Clinical Oncology (2020) 25:720–731 

1 3

in 4 patients in the radium-223 arm (primary disease pro-
gression, cardiac disorder, fungal encephalitis and respira-
tory failure, 1 patient each) and 3 patients in the placebo arm 
(sepsis, disseminated intravascular coagulation and pneu-
monia aspiration, 1 patient each) (Table 3). Overall, other 
than the few exceptions described above, reported AEs in 
the AAP plus radium-223 arm were largely consistent with 
the sum of AEs for the individual drugs.

Incidence of fracture and death

The incidence of fracture was 23% and 11% in the 
radium-223 and placebo arms, respectively (Table 4). First, 
fractures usually occurred during the initial 12 months (i.e. 
during, or 6 months after, the radium-223 treatment period) 

(Table 4, Fig. 3). Kaplan–Meier analysis showed earlier frac-
ture occurrence in the radium-223 arm (HR 2.900, 95% CI 
1.065–7.895) (Fig. 3). In the radium-223 arm, most fractures 
occurred at sites other than the metastatic bone lesion; osteo-
porotic and traumatic fractures were predominant. In the 
placebo arm, the number of fractures was small and imaging 
scans were limited (Table 4).

Consistent with the Kaplan–Meier OS analysis, the inci-
dence of death appeared similar between the two arms: 
18 (32%) deaths (radium-223), 20 (36%) deaths (placebo) 
(Table 4), differing from the overall population (39% and 
36% in the radium-223 and placebo arms, respectively). The 
commonest cause of death was disease progression; most 
deaths occurred in patients who did not experience fracture 
(Table 4).

Effect of concurrent bone health agents (BHAs)

The incidence of fracture in the radium-223 arm was lower 
in patients receiving concurrent BHAs (12.5% vs. 37.5% 
[without BHAs]); in the placebo arm, the fracture incidence 
was similar with/without concurrent BHAs (10.8% vs. 
11.1%) (Table 5). Death occurred in more patients receiv-
ing concurrent BHAs in both treatment arms (37.5% vs. 
25.0% [radium-223], 40.5% vs. 27.8% [placebo]) (Table 5). 
From the subanalysis by concurrent BHAs, no clear differ-
ence according to BHA use was evident regarding SSE-FS 
(Fig. 4) and OS (Fig. 5).

Discussion

Differences in clinical practice have been reported between 
Japan and Western countries regarding prostate cancer treat-
ment, such as more intense hormonal treatment in Japan for 
hormone-sensitive prostate cancer [16, 17]. Some of these 
differences were reflected in the current study population, 
with > 90% and > 40% of the Japanese ERA 223 subset hav-
ing prior history of bicalutamide and flutamide, respectively, 
compared with ~ 80% and ~ 12% in the overall population 
(unpublished results). Prior history of enzalutamide was also 
higher in the radium-223 arm of the Japanese population 
(18%) than in the placebo arm (7%) and overall population 
(5–8%). However, results from the present Japanese sub-
group analysis generally align with those for the overall ERA 
223 population in that SSE-FS (primary endpoint) and OS 
(a secondary endpoint) in the Japanese population were not 
improved by AAP plus radium-223, similar to the overall 
population [9].

Whilst the results in the Japanese population were gener-
ally similar to those in the overall population, some minor 
differences were observed. In the overall population, despite 

Fig. 2  Kaplan-Meier curves of a symptomatic skeletal events-free 
survival (SSE-FS) and b overall survival (OS) in the Japanese popu-
lation. Blue solid line, AAP plus radium-223 arm; red dashed line, 
AAP plus placebo arm; circle denotes censoring; AAP abiraterone 
acetate/prednisolone, CI confidential interval, NE not estimated, HR 
hazard ratio
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not being statistically significant, HRs for SSE-FS and OS 
were numerically in favor of the placebo arm [9]. In the 
Japanese subpopulation, a similar trend was not evident 
for SSE-FS based on HRs or Kaplan–Meier analysis. Fur-
thermore, the number of deaths, which was higher in the 
radium-223 arm in the overall population (151 vs. 140) [9], 
was not higher in the radium-223 arm in the Japanese popu-
lation, while the HR trend of the interim OS was similar 
between the overall and Japanese populations. Although it 
is interesting to speculate regarding potential factors which 

may explain these minor possible differences (e.g. generally 
better prognosis in Japanese patients with prostate cancer), 
no clear explanations are available.

Other secondary efficacy endpoints were also not 
improved by the concurrent use of radium-223. Among 
them, the HR of rPFS based on central assessment was 
higher in the Japanese subgroup than in the overall popula-
tion (1.632 vs. 1.152). One possible explanation is that the 
result was affected by multiplicity due to the repetition of 
several subanalyses. Alternatively, the difference may reflect 

Table 3  Overview of treatment-emergent adverse events (TEAEs; safety population, ≥10% in any group)

Overview of TEAEs, n (%) AAP + radium-223
N = 56

AAP + placebo
N = 55

Any TEAE 55 (98.2%) 55 (100%)
Grade 3 − 4 TEAE 34 (60.7%) 37 (67.3%)
Grade 5 TEAE 4 (7.1%) 3 (5.5%)
Any serious TEAE 22 (39.3%) 27 (49.1)
TEAE leading to discontinuation of radium-223/

placebo
6 (10.7%) 4 (7.3%)

TEAE leading to discontinuation of abiraterone 18 (32.1%) 10 (18.2%)
TEAE leading to discontinuation of prednisone/

prednisolone
18 (32.1%) 10 (18.2%)

TEAEs occurring in ≥ 10% of 
patients in the overall study 
population, n (%)*

All Grade 3 Grade 4 All Grade 3 Grade 4

ALT increased 31 (55.4) 13 (23.2) 3 (5.4) 23 (41.8) 11 (20.0) 0
AST increased 29 (51.8) 10 (17.9) 0 22 (40.0) 10 (18.2) 0
Peripheral edema 3 (5.4) 0 0 13 (23.6) 0 0
Constipation 10 (17.9) 0 0 12 (21.8) 0 0
Nasopharyngitis 6 (10.7) 0 0 12 (21.8) 0 0
Fracture‡ 12 (21.4%) 2 (3.6%) 0 5 (9.1%) 1 (1.8%) 0
Back pain 11 (19.6) 1 (1.8) 0 9 (16.4) 2 (3.6) 0
Nausea 8 (14.3) 0 0 10 (18.2) 1 (1.8) 0
Bone pain 5 (8.9) 1 (1.8) 0 9 (16.4) 2 (3.6) 0
Diabetes mellitus 4 (7.1) 2 (3.6) 0 9 (16.4) 4 (7.3) 0
Hypertension 9 (16.1) 8 (14.3) 0 7 (12.7) 3 (5.5) 0
Vomiting 7 (12.5) 0 0 7 (12.7) 0 0
Fall 5 (8.9) 0 0 7 (12.7) 0 0
Contusion 3 (5.4) 0 0 7 (12.7) 0 0
Hypokalemia 7 (12.5) 2 (3.6) 0 5 (9.1) 0 0
Anemia 5 (8.9) 5 (8.9) 0 6 (10.9) 1 (1.8) 0
Diarrhea 4 (7.1) 0 0 6 (10.9) 0 0
Decreased appetite 2 (3.6) 1 (1.8) 0 6 (10.9) 1 (1.8) 0
Platelet count decreased 6 (10.7) 1 (1.8) 2 (3.6) 1 (1.8) 1 (1.8) 0
Fatigue 2 (3.6) 0 0 0 0 0
Arthralgia 2 (3.6) 0 0 1 (1.8) 0 0
Pain in extremity 3 (5.4) 0 0 1 (1.8) 0 0
Musculoskeletal pain 4 (7.1) 1 (1.8) 0 2 (3.6) 1 (1.8) 0
Urinary tract infection 2 (3.6) 0 0 4 (7.3) 1 (1.8) 0

AAP abiraterone acetate/prednisolone, ALT alanine aminotransferase, AST aspartate aminotransferase
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imbalances in patient backgrounds (worse in the radium-223 
arm) which might be related to the mis-stratification by ALP.

In the overall population, the greatest difference between 
treatment groups was in the incidence of fracture [9]. In 
the Japanese subgroup, the incidence of fracture reported 
as a TEAE (Table 3) was also higher in the radium-223 arm 
(21%) than in the placebo arm (9%), similar to the overall 
population in terms of absolute incidence (26% vs. 10%) and 
trend. This was also the case when including fracture during 
follow-up (Table 4). Timing (mostly within 12 months), the 
relationship with bone metastases (mostly no bone metasta-
ses at the fracture site), and the type of fracture (most were 
osteoporotic/traumatic, few were pathological), all appeared 
similar to those reported in the overall population [9].

Other than fracture (Table 3), safety data were generally 
similar between the overall and Japanese populations. The 

higher incidence of hepatic abnormalities may be attribut-
able to a higher incidence associated with AAP in Japa-
nese clinical trials [18–20]. In addition, the radium-223 arm 
showed a slightly higher incidence of ALT/AST elevations, 
generally consistent with the results of the J-P2 trial in Japa-
nese patients with symptomatic CRPC [11]. The reasons 
for Grade 3 hypertension (radium-223 arm) and peripheral 
edema (placebo arm) in the Japanese subgroup are currently 
unknown; these findings are not consistent with those from 
the overall population [9]. Hypertension was not reported in 
the J-P2 trial of radium-223 [11], while in the LATITUDE 
study, the incidence of hypertension was higher in the Japa-
nese subset compared with the overall population (all grades, 
51.4% vs 37%) [20]. Treatment discontinuation rates were 
16% (radium-223) and 11% (placebo), respectively, the 
former being slightly higher than in the overall population 

Table 4  Summary of fracture 
and deaths (safety population)

AAP abiraterone acetate/prednisolone, AE adverse event, SSE symptomatic skeletal event
a One patient in the AAP + radium-223 arm experienced two types of fracture
b One patient in the AAP + radium-223 arm experienced both SSE fracture and non-SSE fracture

AAP + radium-223
N = 56

AAP + placebo
N = 55

Fractures
Patients with at least one fracture by investigator assessment, n (%) 13 (23.2) 6 (10.9)
 Time to first fracture, n (%)
  < 6 months 6 (10.7) 2 (3.6)
  6 to < 12 months 5 (8.9) 3 (5.5)
  12 to < 24 months 2 (3.6) 1 (1.8)
  ≥ 24 months 0 0

Patients with independently reviewed fracture imaging scans, n (%) 10 (17.9) 3 (5.5)
Patients with at least one fracture by independent assessment, n (%) 10 (17.9) 2 (3.6)
 Bone metastasis at site of fracture, n/N 1/10 0/2
  New bone lesion 0/10 0/2
  Old bone lesion 1/10 0/2

 No bone metastasis at site of fracture, n/N 9/10 2/2
 Type of fracture, n/Na

  Pathological 1/10 0
  Traumatic 5/10 1/2
  Osteoporotic 5/10 1/2
  Indeterminate 0 0

Death
Death, n (%) 18 (32.1) 20 (36.4)
Cause of death, n (%)
 Progressive disease 13 (23.2) 17 (30.9)
 AE associated with clinical progression 2 (3.6) 1 (1.8)
 AE not associated with clinical progression 2 (3.6) 2 (3.6)
 Other 1 (1.8) 0 (0)

Relationship between fracture and deathb

Death with no prior fracture, n (%) 15 (26.8) 17 (30.9)
Death with prior SSE fracture, n (%) 1 (1.8) 1 (1.8)
Death with prior non-SSE fracture, n (%) 3 (5.4) 2 (3.6)
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(11%). Discontinuation rates of AAP by study end in the 
Japanese population (86% [radium-223] and 71% [placebo]) 
were also slightly higher than in the overall population (78% 
[radium-223] and 74% [placebo]).

Regarding concurrent BHA use, the incidence of frac-
ture in the radium-223 arm was lower with concurrent 
BHAs, while the SSE-FS Kaplan–Meier curve did not dif-
fer according to BHA use. It is possibly because among the 
overall fractures, which were decreased by BHA use, only 
pathological fractures could contribute to SSE. Moreover, 
the contribution of pathological fracture could be much 
smaller than that of EBRT, the major component of first 

SSE events. Regarding death, patients receiving BHAs had 
a numerically higher incidence in both arms. However, this 
could have been affected by factors such as differences in 
the observation period or the temporal fluctuation of death 
events, because OS Kaplan–Meier curves showed no obvi-
ous difference.

There is no evidence to show that radium-223 mono-
therapy increases the risk of fracture [4]. However, BHAs 
are known to reduce the incidence of skeletal-related events 
in CRPC patients in general (not limited to radium-223 
treatment), and clinical guidelines recommend their use in 
CRPC [21–24]. Therefore, BHAs are recommended when 
radium-223 monotherapy is administered [21, 23].

The current study has some limitations and care should be 
taken when interpreting the results. First, the analyses in the 
Japanese subgroup were not pre-specified and were under-
powered for reliable conclusion. Second, there were imbal-
ances in patient backgrounds possibly due to mis-stratifica-
tion. Furthermore, the analysis by concurrent use of BHAs 
may include confounding because it was not randomized. In 
addition, the current analysis was interim regarding OS, thus 
limiting the ability to draw definitive conclusions.

In conclusion, the combination of radium-223 and AAP 
in Japanese patients who were enrolled in the ERA 223 
study did not improve efficacy endpoints such as SSE-FS 
and OS, failing to show any clinical benefits. On the other 
hand, substantial risk was observed. An increased incidence 
of fracture was observed in the radium-223 arm, similar to 
that observed in the overall population, although an increase 
in the number of deaths was not evident in the Japanese 
population. Therefore, the combination of radium-223 with 
AAP is not recommended in Japanese patients with asymp-
tomatic or mildly symptomatic CRPC.

Fig. 3  Kaplan-Meier curves of time to fracture in the Japanese popu-
lation. Blue solid line, AAP plus radium-223 arm; red dashed line, 
AAP plus placebo arm; circle denotes censoring; AAP abiraterone 
acetate/prednisolone, CI confidential interval, NE not estimated, HR 
hazard ratio

Table 5  Effect of concurrent bone health agents

BHA bone health agent, ITT intention-to-treat, OS overall survival, SAS safety analysis set, SSE-FS symptomatic skeletal event-free survival, NE 
not estimated

Population Radium-223 (n)/
placebo arm (n)

Radium-223 arm Placebo arm Hazard ratio

SSE-FS median (95% CI), months ITT 57/57 25.5 (20.6–NE) 28.7 (19.7–NE) 0.907 (0.501–1.642), p = 0.7464
BHA 32/37 NE (20.4–NE) 28.7 (19.7–NE) 0.821 (0.388–1.741)
no BHA 25/20 23.5 (16.8–NE) NE (10.6–NE) 1.000 (0.372–2.691)

OS median (95% CI), months ITT 57/57 NE (20.7–NE) 30.3 (24.5–40.9) 1.154 (0.610–2.182), p = 0.6598
BHA 32/37 NE (20.4–NE) 29.4 (24.5–40.9) 1.094 (0.506–2.367)
no BHA 25/20 NE (18.3–NE) NE (22.4–NE) 1.270 (0.401–4.022)

Fracture n/N (%) SAS 56/55 13/56 (23.2) 6/55 (10.9)
BHA 32/37 4/32 (12.5) 4/37 (10.8)
no BHA 24/18 9/24 (37.5) 2/18 (11.1)

Death n/N (%) SAS 56/55 18/56 (32.1) 20/55 (36.4)
BHA 32/37 12/32 (37.5) 15/37 (40.5)
no BHA 24/18 6/24 (25.0) 5/18 (27.8)
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