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Abstract 

Bone health is central to the management of patients with metastatic castration-
resistant prostate cancer (mCRPC). International guidelines recommend giving a bone-
protecting agent (BPA) to patients with mCRPC and bone metastases. However, the data 
supporting these recommendations were generated before androgen receptor pathway 
inhibitors (ARPIs) were available. Here we publish for the first time fracture rates from 
an interim safety analysis of the international prospective phase 3 PEACE-3 trial compar-
ing radium-223 (223 Ra) combined with enzalutamide for first-line mCPRC to enzalu-
tamide alone. After results from the ERA-223 trial (abiraterone ± 223 Ra) showed a high 
fracture rate in both arms, the independent data monitoring committee of PEACE-3 man-
dated BPA use during the trial, which increased BPA use from 46.1% to 97%. For patients 
who received BPA therapy, fracture rates significantly decreased in both study arms. At 1
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 year, fractures decreased from 15.6% to 2.6% with a BPA in patients receiving enzalu-
tamide monotherapy. The interim safety analysis of PEACE-3 underscores the high risk 

with mCRPC and the necessity of complying with guidelines 
ration in the ARPI era. 
333 PEACE-3 trial is registered on ClinicalTrials.gov as 
udraCT as 2014-001787-36. 

of fracture in patients 
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ADVANCING PRACTICE 

What does this study add? 
lin 
er 
kno 

Results from this safety analysis of the PEACE-3 trial under 
patients with metastatic castration-resistant prostate canc 
way inhibitors. These are new data from, to the best of our 
use during trial treatment mandatory. 

e the importance of using a bone-protecting agent (BPA) in 
and bone metastasis in the era of androgen receptor path-
wledge, the only trial for this indication that has made BPA 

Clinical Relevance 

patients with metastatic castration-resistant prostate cancer t 
of life. Associate Editor: Gianluca Giannarini MD. 

Bone health plays a crucial role in managing the quality of life of patients with advanced prostate cancer, particularly in 
the metastatic castration-resistant phase, where there is an elevated risk of fractures due to bone metastases and treat-
ment with androgen receptor pathway inhibitors. This interim safety analysis of the highly anticipated EORTC 1333 
PEACE-3 trial demonstrates that bone-protecting agents, such as zoledronic acid or denosumab, administered at a 
monthly prophylactic dose, significantly reduce bone fracture rates in patients receiving radium-223 in combination with 
enzalutamide or enzalutamide alone. These findings underscore the importance of providing bone-protecting agents to 

o prevent skeletal-related events and enhance their quality 

Patient Summary 
ate 
for 

Our study results show that patients with metastatic prost 
androgen deprivation therapy should receive a treatment 

cancer who have bone metastases and no longer respond to 
bone protection. 
The ERA-223 trial tested abiraterone combined with Ra 

The standard of care treatment for most patients with 
metastatic castration-resistant prostate cancer (mCRPC) is 
one of the androgen receptor pathway inhibitors (ARPI) abi-
raterone or enzalutamide [1]. On the basis of abundant lit-
erature demonstrating a synergy between radiation 
therapy and hormone therapy, the combination of 
radium-223 (223 Ra) and an ARPI makes biological sense. 

223 

(NCT02043678) [2], while the PEACE-3 trial evaluated enza-
lutamide combined with 223 Ra (NCT02194842). Beyond the 
potential oncological benefit of these combinations, both 
studies highlight the importance of preventing bone com-
plications in patients treated with an ARPI. 

Bone loss induced by androgen deprivation therapy 
(ADT) was first described more than 25 years ago and has 
been confirmed in several prospective studies [3]. After 12 
months of ADT, most patients will have lost 2–10% of their 
bone mass, leading to an increase in the risk of fractures [3]. 
Most international guidelines recommend monitoring bone 
loss via regular dual-energy X-ray absorptiometry (DEXA) 
scans and/or the use of algorithms that predict the risk of 
fractures, and treatment with low-dose/low-intensity bis-
phosphonates or denosumab (eg, zoledronic acid 5 mg once 
a year or denosumab 60 mg every 6 mo) in addition to cal-
when few therapeutic options were available for mCRPC. 

cium and vitamin D for patients at high risk. Later in the dis-
ease course, bone metastases will affect skeletal integrity, 
resulting in high skeletal-related event (SRE) rates, includ-
ing pathological fractures, a need for bone radiotherapy or 
surgery, and spinal cord compression. On the basis of two 
historical randomized clinical trials, guidelines recommend 
a monthly dose of zoledronic acid 4 mg or denosumab 120 
mg to reduce SREs for patients with mCRPC and bone 
metastases [4,5]. These studies were conducted in an era 

Patients with advanced mCRPC were often included, with 
a significant proportion having already experienced one or 
more SREs [4,5]. Years after these studies, when abiraterone 
and enzalutamide became the standard of care for asymp-
tomatic or mildly symptomatic mCRPC, physicians felt that 
BPAs could be postponed to later in the disease course; as a 
resulting, many patients did not receive adequate bone pro-
tection [6]. Post hoc analyses of clinical trial data suggested 
that addition of a BPA to ARPIs may provide further clinical 
benefits for patients with mCRPC [7]. 

patients had skeletal metastases [2]. This had dramatic con-

In ERA-223, only 39% of patients in the combination arm 
and 42% in the placebo arm received a BPA, although all 

sequences. In November 2017, the Independent Data Mon-
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itoring Committee (IDMC) recommended trial unblinding 
after observing more fractures in the abiraterone + 223 Ra 
arm than in the abiraterone + placebo arm (29% vs 11%). 
According to a post hoc analysis, the fracture rate was sig-
nificantly lower for patients taking a BPA in both arms [2]. 
Following review of these results by the Pharmacovigilance 
Risk Assessment Committee, the European Medicines 
Agency formally warned against using 223 Ra in combination 
with abiraterone [8]. 

The EORTC GU-1333/PEACE-3 phase 3 trial is a collabora-
tion involving Cancer Trials Ireland, the Canadian Urological 
Oncology Group, the Latin American Cooperative Oncology 
Group, and the French group UNICANCER-GETUG. The trial 
is evaluating the combination of enzalutamide plus 223 Ra 
versus enzalutamide alone in asymptomatic or mildly 
symptomatic patients with mCRPC and at least two metas-
tases on bone scintigraphy. The main results from the trial 
have not yet been published. 

Following release of the ERA-223 data, the PEACE-3 
study was amended and an urgent safety letter was sent 
to investigators in March 2018 (Supplementary material). 
BPA administration (either zoledronic acid or denosumab) 
became mandatory at the monthly SRE-preventing dose. 
Patients had to receive at least two BPA doses before the 
first 223 Ra dose, with continuation of BPA administration 
during the study period. In addition, a DEXA scan became 
mandatory at entry to exclude pre-existing osteoporosis. 
The IDMC requested an additional safety analysis of the 
fracture rate. This created a unique continuum in a single 
trial, from an initial phase when BPA was left to the discre-
tion of the treating physician, to a phase when it became 
mandatory. 

dence with and without BPA use in PEACE-3. The database 
Here, we report interim safety results for fracture inci-
Fig. 1 – Fine-Gray cumulative incidence of fractures by treatment arm and BPA u
RAD = radium-223; BPA = bone protecting agent. 
lock date for this report was April 2021. At the time, 267 
patients had been enrolled in the study, with treatment 
information available for 251 (122 in the combination arm 
and 129 in the enzalutamide arm). BPA use was defined 
as BPA administration during protocol treatment (regard-
less of use at the time of enrollment) but before any bone 
fracture. Of the 115 patients enrolled in the trial before 
the safety letter mandating BPA use, only 63 (54.8%) 
received a BPA. Of these 63 patients, eight received the 
BPA only after a fracture, and two received BPA at entry 
but stopped before protocol treatment. Thus, only 53 
patients (46.1%) received a BPA during protocol treatment. 
Of the 251 patients in this safety analysis, BPA use was 
recorded for 184 (73%) patients. At the time of data cutoff 
for this analysis, 136 patients were treated after the urgent 
safety letter, of whom 131 (96%) received a BPA. Of these 
131 patients, only one received the BPA after a fracture 
(Supplementary Table 1). A total of 40 fractures were 
reported. The cumulative fracture incidence and associated 
95% confidence interval (CI) were estimated via the Fine-
Gray method, with competing events taken into account 
(Supplementary material). 

The impact of mandating BPA use is striking in both arms 
of the trial. After 1 year of treatment, the cumulative frac-
ture incidence for patients without BPA use was 15.6% 
(95% CI 5.6–30.3%) in the enzalutamide arm and 37.1% 
(95% CI 21.3–53.0%) in the combination arm. The cumula-
tive incidence of fractures at 1 year was dramatically lower 
for patients receiving a BPA, at 2.6% (95% CI 0.5–8.3%) in the 
enzalutamide alone and 2.7% (95% CI 0.5–8.5%) in the enza-
lutamide + 223 Ra arm (Fig. 1 and Supplementary Table 2). 
The high rate of fractures for patients on enzalutamide 
alone without BPA use (almost 16%) is in line with other
se. Shaded areas denote the 95% confidence interval. Enza = enzalutamide; 
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studies; this issue is often overlooked despite being clini-
cally relevant. 

This interim safety analysis of PEACE-3 confirms the 
importance of complying with international recommenda-
tions to co-administer a BPA at the monthly SRE-
prevention dose (eg, zoledronic acid 4 mg or denosumab 
120 mg) when treating patients with mCRPC and bone 
metastases. Of note, this is the dosing scheme approved 
for this setting, but the optimal BPA dose and schedule 
and the optimal treatment duration are not known and 
need to be tested in further trials. Importantly, this is the 
first trial to prospectively demonstrate the impact of BPA 
use on fracture risk for men receiving an ARPI. Although 
prostate cancer bone metastases are predominantly 
osteoblastic, histological findings and analysis of bone turn-
over markers support the view that excess osteoclast activ-
ity induces bone destruction and thus bone fractures [9,10]. 
223 Ra primarily targets osteoblasts, which may be the rea-
son for the higher fracture rate in the combination arm. 
Thus, through their mechanism of action, both bisphospho-
nates and denosumab can reduce osteoporotic fractures and 
SREs in patients with mCRPC and bone metastases, as evi-
denced by our results. 
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