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endpoint was the percent change in total alkaline phos-
phatase (ALP) from baseline at 12 weeks. Secondary end-
points included the percent ALP change from baseline to end 
of treatment (EOT), ALP response rates, percent change in 
prostate-specific antigen (PSA) from baseline to 12 weeks 
and EOT, PSA response rates, overall survival (OS), and 
time to symptomatic skeletal events (SSEs). Adverse events 
were monitored throughout the study period.
Results Of the 49 Japanese patients (median age 74 years), 
28 completed all infusions. Mean percent change in total 
ALP and PSA from baseline to 12 weeks was −19.3 and 
+97.4%, respectively. One-year OS and SSE-free rate at 
the end of active follow-up were 78 and 89%, respectively. 
The ALP response rate was 31%, while the PSA response 
rate was 6%. Grade 3/4 treatment-emergent adverse events 

Abstract 
Background Radium-223 dichloride (radium-223) is the 
first targeted alpha therapy approved for the treatment of 
castration-resistant prostate cancer (CRPC) with bone 
metastases. This study investigated the efficacy and safety 
of radium-223 in Japanese patients with symptomatic CRPC 
and bone metastases.
Methods In this open-label, multicenter, phase II study, 
patients with progressive, symptomatic CRPC and bone 
metastases were treated with radium-223 (55 kBq/kg, intra-
venously) in a 4-week cycle for six cycles. The primary 
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observed in ≥10% of patients included decreased lympho-
cyte count (14%), anemia (14%), anorexia (10%), and bone 
pain (10%).
Conclusions Radium-223 is effective and well tolerated in 
Japanese patients with CRPC and bone metastases. Results 
were comparable with the Alpharadin in Symptomatic Pros-
tate Cancer Patients (ALSYMPCA) trial.
Clinical  tr ial  registrat ion  Cl inicalTr ia ls .gov 
NCT01929655.

Keywords Alkaline phosphatase · Bone metastasis · 
Castration-resistant prostate cancer · Prostate-specific 
antigen · Radium-223 dichloride

Introduction

Bone is the major metastatic site in prostate cancer and 
autopsies have revealed that 90% of patients with prostate 
cancer and hematogenous metastases had bone metastases 
[1]. Bone metastases are associated with increased skele-
tal-related events (SREs), which reduce quality of life, and 
shorter survival for patients with metastatic castration-resist-
ant prostate cancer (mCRPC) [2, 3]. The bone environment 
may provide disseminated prostate cancer cells a niche for 
survival and proliferation, thereby increasing malignancy. 
Prostate cancer cells that metastasize to bone promote bone 
turnover, which in turn stimulates prostate cancer cells [4, 
5].

Approved bone-modifying agents such as bisphospho-
nates and denosumab, or strontium-89, a bone-targeting beta 
emitter, delay the onset of SREs and provide relief from 
pain, but their effect on survival of CRPC patients has not 
been shown [6, 7].

Radium-223 dichloride (radium-223) is the first targeted 
alpha therapy to show a survival benefit in patients with 
CRPC and bone metastasis [8, 9].

Clinical studies in Caucasian patients, including Alphara-
din in Symptomatic Prostate Cancer Patients (ALSYMPCA), 
a randomized, double-blind, placebo-controlled, piv-
otal phase III trial, have shown that radium-223 plus best 

standard of care (BSoC) prolongs overall survival (OS), 
reduces levels of the bone formation marker alkaline phos-
phatase (ALP), delays the onset of SSEs and is well tolerated 
compared with placebo plus BSoC [10–12]. A phase I study 
of radium-223 in Japanese patients with mCRPC has shown 
consistent pharmacokinetic parameters and dosimetry, as 
well as similar tolerability and biomarker responses [13, 14]. 
The aim of this phase II study was to further investigate the 
efficacy and safety of radium-223 in Japanese patients with 
symptomatic CRPC and bone metastases.

Patients and methods

This phase II study (NCT01929655) was a multicenter, sin-
gle-arm, open-label trial. The study protocol was approved 
by each study site’s independent ethics committee or insti-
tutional review board, and the study was conducted in 
accordance with the ethical principles of the Declaration of 
Helsinki and the International Conference on Harmoniza-
tion guideline E6: Good Clinical Practice. Written informed 
consent was obtained from all patients.

Selection of patients

Eligibility criteria were those of the ALSYMPCA study 
[11]. The study population included Japanese patients with 
progressive, symptomatic CRPC, with ≥2 bone metasta-
ses, and no known visceral metastases. ‘Symptomatic’ was 
defined as regular use of analgesic medication for cancer-
related bone pain (≥level 1; World Health Organization 
ladder for cancer pain) or treatment history with external 
beam radiotherapy (EBRT) for bone pain within 12 weeks 
before the first dose of radium-223. Patients were allowed 
to receive concurrent BSoC, defined as the routine stand-
ard of care at each center (e.g., local EBRT, corticosteroids, 
first-generation antiandrogens, estrogens, ketoconazole, 
bisphosphonates, and denosumab), and had a history of, 
were ineligible for, or had refused docetaxel. Abiraterone 
and enzalutamide were not included in BSoC. Combination 
with chemotherapy agents was not allowed.

Study design

All patients received intravenous administration of 
radium-223 at a dose of 55  kBq/kg on day 1 of each 
4-week cycle for six cycles. Efficacy and safety assess-
ments were also performed on day 1 of each cycle. 
Patients received the next dose provided they did not 
show critical toxicity. Any hematological or non-hema-
tological toxicities were required to improve to grade 2 
or lower prior to administration of the next dose. Patients 
entered the active follow-up period for up to 12 weeks 
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after the end of treatment (EOT), and were followed up 
for survival for up to 36 months after administration of 
the first dose.

Efficacy

The primary endpoint was percent change in total ALP 
from baseline at 12 weeks. Secondary endpoints included 
percent change in total ALP from baseline to EOT, total 
ALP response rate (percent of patients with ≥30 and 
≥50% reduction from baseline) at 12 weeks and EOT, and 
OS. Other efficacy endpoints included percent change in 
prostate-specific antigen (PSA) from baseline at 12 weeks 
and EOT, PSA response rate (as in ALP), and time to first 
SSE (the first use of EBRT to relieve skeletal symptoms, 
new symptomatic pathological bone fractures, spinal 
cord compression or tumor-related orthopedic surgical 
intervention).

Safety

Adverse events (AEs) were reported according to 
National Cancer Institute Common Terminology Cri-
teria for Adverse Events version 4.03, and assessed for 
causal relationship with radium-223. Treatment-emergent 
adverse events (TEAEs) were defined as adverse events 
occurring or worsening after the first administration and 
within 30 days after the last dose of radium-223.

Statistical analyses

The ALSYMPCA study reported a mean 32% reduction in 
total ALP from baseline at 12 weeks for radium-223 com-
pared with a 37% increase for placebo, with a standard devi-
ation of approximately 40% [12]. The midpoint between 37% 
increase and 32% decrease (a 2.5% increase) was rounded 
down to zero to be conservative and set as the threshold to 
indicate consistency in efficacy. If the upper limit of the 95% 
confidence interval (CI) for percent change in total ALP was 
less than zero, the consistency for total ALP between results 
of the ALSYMPCA study and the current study was consid-
ered met. Assuming the true percent change in total ALP in 
the present study is –20%, a statistical power of 90% will be 
obtained with 43 patients.

Statistical analyses for the study were performed using 
Statistical Analysis System version 9.2. All patients who 
received at least one dose of study medication were included 
in the safety analysis and those who also had at least one 
total ALP data point were included in the efficacy analysis. 
For the primary endpoint analysis, missing ALP values at 
12 weeks were imputed by the last observation carried for-
ward (LOCF) method.

The total ALP and PSA values, changes from baseline, 
and percent changes from baseline were summarized by 
visit. Kaplan–Meier estimates were plotted for time-to-event 
data. Median follow-up for OS was estimated by the reverse 
Kaplan–Meier method [15]. Post-hoc analyses on the effect 
of prior treatment with docetaxel on efficacy and safety were 
also performed.

Table 1  Change from the 
baseline and response rates of 
ALP and PSA

Missing values at week 12 or EOT were imputed by carrying forward the last observation including base-
line (LOCF)
ALP alkaline phosphatase, CI confidence intervals, EOT end of treatment, LOCF last observation carried 
forward, PSA prostate-specific antigen, SD standard deviation
a  Confirmed by a second value approximately ≥4 weeks later

ALP PSA

At 12 weeks At EOT At 12 weeks At EOT

Change from baseline, % (N = 49)
 Mean ± SD −19.3 ± 30.1 −1.9 ± 61.9 97.4 ± 164.9 280.5 ± 500.8
 Median −23.5 −13.8 54.4 86.1
 Min −75.0 −65.0 –81.0 –99.0
 Max 110.0 262.0 914.0 2403.0
 95% CI −28.0, −10.7 −19.7, 15.8 50.1, 144.8 136.7, 424.4

Response rate, n (%)
 ≥30% reduction
  Unconfirmed 18 (37) 17 (35) 3 (6) 4 (8)
  Confirmeda 15 (31) 11 (22) 3 (6) 4 (8)

 ≥50% reduction
  Unconfirmed 5 (10) 7 (14) 2 (4) 3 (6)
  Confirmeda 5 (10) 4 (8) 2 (4) 3 (6)
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Results

Patient disposition and baseline characteristics

The study was conducted at 17  centers in Japan and 
screened 67 patients between September 2013 and May 
2014, 49 of whom received at least one administration of 
radium-223. The data cut-off date for this analysis was 2 
February 2015 (supplementary Fig. S1).

The median age of patients was 74 years and the median 
Gleason score was 9. Most patients had an Eastern Coop-
erative Oncology Group (ECOG) performance status of 0 

or 1 (69 and 27%) and an extent of disease (EOD) of 2 or 
3 (39 and 53% of patients, respectively); median PSA and 
ALP values were 73 μg/L and 316 U/L, respectively. More 
than half of the patients (55%) had previously received 
docetaxel, and thirty-one patients (63%) received con-
comitant treatment with bone-modifying agents (bispho-
sphonates 29%; denosumab 35%). Patient characteristics 
are shown in supplementary Table S1.

Exposure

The median number of radium-223 administrations was 
6 (range 1–6). Twenty-eight patients (57%) completed all 
six administrations of radium-223. The primary reason for 
discontinuation (n = 21) was disease progression (clinical, 
n = 12, 57%; radiological, n = 4, 19%). Two patients (4%) 
discontinued study treatment due to AEs not associated with 
clinical disease progression (supplementary Fig. S1).

Efficacy

ALP dynamics and response

The mean percent change in total ALP from baseline at week 
12 was −19.3% (95% CI −28.0, −10.7) [Table 1] and the 
upper limit of 95% CI was below 0. At EOT, the mean per-
cent change was −1.9% (95% CI −19.7%, +15.8%). Total 
ALP values (without LOCF) were below baseline at all time-
points, with the greatest mean percent change at week 12 
(mean ± SD, −20.8 ± 30.4%) [supplementary Fig. S2]. The 
majority of patients (78%) experienced any degree of ALP 
decrease at week 12 (Fig. 1a). Confirmed ALP response 
rates of ≥30% and ≥50% reduction from baseline were 31% 
and 10%, respectively, at week 12 (Table 1).

PSA dynamics and response

The mean percent change in PSA from baseline was +97.4% 
at week 12 and +280.5% at EOT, and median change in 
PSA from baseline was +54.4% at week 12 and +86.1% 
at EOT (Table 1). Confirmed PSA response rates of ≥30% 
and ≥50% reduction from baseline were 6% and 4%, respec-
tively, at week 12. A PSA reduction at week 12 was observed 
in only nine patients (18%, Fig. 1b). The correlation between 
changes in ALP and PSA levels was not obvious in indi-
vidual patients (Fig. 1c).

Overall survival and symptomatic skeletal events

Estimated median follow-up for OS was 8.5 months (95%CI, 
8.3, 11.1). The 6-month and 1-year OS rate was 98 and 78%, 
respectively. The median OS of 12.5 months (Fig. 2) was 
based on the vertical drop on the Kaplan–Meier curve, 

Fig. 1  Waterfall plots showing percent change in a alkaline phos-
phatase (ALP) levels; b prostate-specific antigen (PSA) levels; and c 
both ALP and PSA levels for individual patients
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caused by an event in a single patient with the longest obser-
vation period. The median time to first SSE was not reached 
(supplementary Fig. S3) and the SSE-free rate at the end of 
active follow-up (day 273) was 89%.

Safety

Of the 49 patients, 44 (89.8%) experienced TEAEs and 27 
(55%) experienced drug-related TEAEs (Table 2). The most 
common TEAEs were anemia (33%), decreased lymphocyte 
count (31%), anorexia (27%), nausea (25%), and bone pain 
(22%). Grade 3 or 4 TEAEs observed in ≥10% of patients 
included decreased lymphocyte count (14%), anemia (14%), 
anorexia (10%), and bone pain (10%). Only one patient (2%) 
experienced a grade 4 TEAE (decreased lymphocyte count), 
which was considered to be related to radium-223 by the 
investigator.

TEAEs leading to permanent discontinuation were 
reported in three patients (6%); two due to grade 3 drug-
related anemia, and one due to disease progression which 
was irregularly captured as AE by the investigator. There 
were no deaths reported during study treatment or within 
30 days after the last administration of study treatment.

Efficacy and safety according to prior docetaxel use

Of 49 patients included in the study, 27 had received 
docetaxel treatment before enrollment (supplementary 
Table S2). Baseline characteristics such as age, body weight, 
and Gleason scores were similar between patients with or 
without prior docetaxel, while ECOG performance status 
was slightly worse and EOD was greater in patients who had 
not received prior docetaxel.

A reduction in total ALP from baseline was observed at 
week 12 in 74% (20/27) of patients who had received prior 
docetaxel (supplementary Fig. S4a), and in 82% (18/22) of 
patients without prior docetaxel (Fig. S4b).

Patients with a history of prior docetaxel had a numeri-
cally higher incidence of hematological AEs than patient 
without, including anemia (41 vs 23%) and decreased lym-
phocyte and neutrophil counts (41 vs 18% and 11 vs 0%, 
respectively) (Table 3).

Discussion

Elevated levels of ALP, a marker of bone formation, have 
been associated with poor prognosis in patients with 
mCRPC [16–18] and an increased risk of SRE [19]. The 
present study showed that treatment with radium-223 caused 
a reduction of total ALP levels in Japanese patients, consist-
ent with the findings from the ALSYMPCA study. Taken 
together with favorable OS rates (98 and 78% at 6 months 
and 1 year, respectively, compared with ~85% and ~60% in 
ALSYMPCA [11]), these results suggest that the survival 
benefit observed with radium-223 in the ALSYMPCA study 
may also apply to Japanese patients.

Similar reductions of serum ALP levels from baseline 
were observed in patients with or without prior docetaxel 
treatment. This is in line with the ALSYMPCA study, where 
the ALP response rate (≥30% reduction) was similar regard-
less of prior docetaxel treatment [20].

Our results have also shown that treatment with 
radium-223 was generally well tolerated. AEs of grade ≥3 
included anemia, decreased lymphocyte count, and bone 
pain, similar to the AEs reported in the ALSYMPCA study 
[11]. Because myelosuppression is one of the major AEs 

Fig. 2  Kaplan–Meier curve for 
overall survival
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of docetaxel [21], augmentation of myelotoxicity with 
radium-223 due to prior treatment with docetaxel was a 
potential concern. Indeed, prior docetaxel was identified as 
one of the risk factor for Grade 2–4 thrombocytopenia in the 
ALSYMPCA study [22]. In the present study, radium-223 
was well tolerated in both naïve and docetaxel-treated 

patients, despite a relatively higher number of hematologi-
cal AEs reported in docetaxel-treated patients.

As the limitation of this study, OS and SSE data are not 
fully mature due to the relatively short follow-up period, 
and the analysis by prior docetaxel use is not conclusive 
due to its post hoc nature. However, results from this phase 

Table 2  Treatment-emergent adverse events and treatment-emergent serious adverse events by Common Terminology Criteria for Adverse 
Events reported in ≥5% of patients (N = 49)

TEAEs treatment-emergent adverse events, SAEs serious adverse events
a  One case of grade 4 decreased lymphocyte count and remaining grade 3 AEs
b  Increased blood urea nitrogen, renal disorders, and deterioration of renal dysfunction
c  Pancytopenia
d  Aggravation of prostate cancer

TEAEs, n (%) All grade Grade ≥ 3a

Any 44 (90) 19 (39)
Hematological AE
 Anemia 16 (33) 7 (14)
 Lymphocyte count decreased 15 (31) 7 (14)
 Platelet count decreased 8 (16) 1 (2)
 White blood cell decreased 5 (10) 0
 Neutrophil count decreased 3 (6) 0

Non-hematological AE
 Anorexia 13 (27) 5 (10)
 Nausea 12 (24) 0
 Bone pain 11 (22) 5 (10)
 Constipation 8 (16) 0
 Weight loss 8 (16) 0
 Dental caries 4 (8) 2 (4)
 Diarrhea 7 (14) 0
 Malaise 6 (12) 0
 Vomiting 5 (10) 0
 Dental caries 4 (8) 2 (4)
 Hypophosphatemia 3 (6) 2 (4)
 Aspartate aminotransferase increased 3 (6) 1 (2)
 Edema limbs 3 (6) 0
 Renal and urinary disorders—otherb 3 (6) 0
 Skin infection 3 (6) 0
 Upper respiratory infection 3 (6) 0

Treatment-emergent SAEs, n (%) All Drug-related

Any 12 (24) 3 (6)
Bone pain 5 (10) 1 (2)
Anemia 1 (2) 1 (2)
Blood and lymphatic system disorders—otherc 1 (2) 1 (2)
Anorexia 1 (2) 0
Gum infection 1 (2) 0
General disorders and administration site conditions—otherd 1 (2) 0
Platelet count decreased 1 (2) 0
Pneumonia 1 (2) 0
Tumor pain 1 (2) 0
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II trial, including the positive ALP response and tolerabil-
ity, suggest that radium-223 is an appropriate treatment 
option for Japanese patients with CRPC and bone metas-
tasis, regardless of docetaxel treatment history.

In conclusion, the reduction from baseline in total ALP 
at 12 weeks seen in this phase II study is consistent with 
results from the ALSYMPCA study. Overall, radium-223 
was well tolerated in Japanese patients with CRPC and 
bone metastases.
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Table 3  Incidence of 
treatment-emergent adverse 
events according to prior use of 
docetaxel

SAEs serious adverse events, TEAEs treatment-emergent adverse events
a Including one case of “aggravation of prostate cancer” reported as adverse event
b Pancytopenia
c Including one grade 4 AE

With prior docetaxel (N = 27) Without prior docetaxel 
(N = 22)

All grades Grade ≥ 3 All grades Grade ≥ 3

TEAEs, n (%)
 Any 26 (96) 14 (52) 18 (82) 5 (23)
 Leading to drug discontinuation 3 (11)a 3 (11)a 0 0
 Leading to drug interruption 1 (4) 1 (4) 0 0

Hematological TEAEs, n (%)
 Anemia 11 (41) 6 (22) 5 (23) 1 (5)
 Lymphocyte count decreased 11 (41) 5 (19)c 4 (18) 2 (9)
 Platelet count decreased 5 (19) 1 (4) 3 (14) 0
 White blood cell decreased 3 (11) 0 2 (9) 0
 Neutrophil count decreased 3 (11) 0 0 0
 Blood and lymphatic system disor-

ders—otherb
1 (4) 1 (4) 0 0

Treatment-emergent SAEs, n (%)
 Any 9 (33) 6 (22) 3 (14) 1 (5)
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