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androgen receptor inhibitor that acts on multiple
parts of the androgen receptor signalling pathway
within the tumour cell.? The efficacy and safety of
enzalutamide has been demonstrated across the
spectrum of CRPC in a number of large ran-
domised controlled trials.*-¢

Radium-223 is a therapeutic alpha particle-emit-
ting pharmaceutical approved to treat patients with
CRPC and symptomatic bone metastases.” Its
active agent mimics calcium and selectively targets
bone, specifically areas of high turnover in bone
metastases, by forming complexes with the bone
mineral hydroxyapatite.81© In the phase III
ALSYMPCA trial, radium-223 increased overall
survival (OS), delayed the onset of symptomatic
skeletal related events (SREs) and improved qual-
ity of life (QoL) outcomes compared with placebo
in men with metastatic CRPC (mCRPC) and bone
metastases who had received prior docetaxel.!!

Combining therapeutic agents with differing
modes of action is a strategy that has been
explored successfully in many solid tumour types,
with the aim of delaying the development of
resistance and improving outcomes for
patients.!213 In prior early access programmes
involving radium-223, there was no apparent
increase in toxicity in patients who received con-
comitant enzalutamide with radium-223.14-16

After recruitment commenced, the ERA-223 trial
exploring the combination of radium-223 and
abiraterone acetate reported an unexpected
increase in fractures, leading to early unblinding
of the trial.l” Outcomes were inferior in patients
who did not receive a bone health agent (BHA)
compared with those who did.!®

We hypothesised that combining radium-223 and
enzalutamide in patients with mCRPC would be
safe, tolerable and improve disease control and
survival. In light of the ERA-223 findings, a proto-
col amendment was introduced mandating the use
of BHAs in all patients. Furthermore, we report
here the fracture risk occurring during combina-
tion treatment and those occurring after comple-
tion of radium-223 and enzalutamide.

Methods

Study design
This was an open-label phase II multi-centre sin-
gle arm study of the combination of radium-223

and enzalutamide in mCRPC with bone metasta-
ses who had progressed on ADT. Inclusion crite-
riaincluded age =18 years, an Eastern Cooperative
Oncology Group (ECOG) performance status
<2 and histologically confirmed adenocarcinoma
of the prostate without neuroendocrine differen-
tiation. A signed, written informed consent form
was obtained prior to any study-related assess-
ments and procedures. Patients must have had
confirmed metastatic disease and documented
progressive disease either by radiographic pro-
gression according to RECIST version 1.1 or
PSA criteria as per the Prostate Cancer Working
Group 2 (PCWG?2) criteria.!%20 Patients with vis-
ceral metastases were eligible. BHAs were permit-
ted at any time and initiated at the discretion of
the investigator. A subsequent protocol amend-
ment (November 2018) mandated the use of
BHAs in all patients. Prior docetaxel chemother-
apy for metastatic castration-sensitive disease was
allowed. Full inclusion and exclusion criteria are
contained in the protocol.

Treatment

Radium-223 dichloride was administered as a
dose of 55kBg/kg (slow bolus intravenous injec-
tion) on day 1 of a four-week cycle, for a maxi-
mum of six doses. Enzalutamide was administered
daily as an oral dose of 160mg continually.
Patients continued on enzalutamide after com-
pleting treatment with radium-223.

Assessments

Adverse events were graded 1-4 as per the
Common Terminology Criteria for Adverse
Events version 4.0. The grade 3 or 4 toxicity rate
is presented as the percentage of patients in the
safety population who experienced a grade 3 or
higher toxicity during combination. The combi-
nation treatment period extended from initiation
of treatment until 4weeks after the last adminis-
tration of enzalutamide, unless a new systemic
anti-cancer therapy was initiated, at which point
the patient entered long-term follow-up. At the
end of the combined treatment period, patients
who had no clinical or radiographic progression
and had not begun a new anti-cancer therapy
continued on enzalutamide and entered an active
follow-up period. This period extended until the
patient had clinical or radiographic progression,
initiated a new anti-cancer therapy or died.
Radiological assessments (technetium-99m bone
scans and computed tomography scans) were
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performed at baseline and subsequently every
12weeks. PSA was measured at every cycle visit
(every 4 weeks during the combination period and
then every 6 weeks after).

SREs were defined as new pathologic vertebral or
non-vertebral bone fractures, spinal cord com-
pression, the first use of external-beam radiation
therapy (EBRT) to relieve skeletal symptoms or
tumour-related orthopaedic surgery to bone. SRE
data was collected from the date of consent to the
end of the 2year follow-up period. A subsequent
post hoc retrospective analysis of all reported
adverse events for first bone fracture was per-
formed from the date of registration until the data
analysis cut-off date.

QoL assessments were performed using the
Brief Pain Inventory Short Form for patient-
reported pain. Pain response was determined by
calculating the degree of change in worst pain
relative to baseline. This was completed monthly
throughout the study, commencing from the
first cycle of treatment until patient withdrawal
from study.

Outcomes

The primary endpoint was to determine the safety
of radium-223 when administered in combina-
tion with enzalutamide. Secondary endpoints
were radiological and/or clinical progression-free
survival (PFS) (time from commencing
radium-223 to radiological progression or clinical
progression), PSA PFS (as per PCWG2), OS
(which was defined as time from commencing
radium-223 to death from any cause), change in
alkaline phosphatase (ALP), time to first SRE,
and QoL assessments.

Statistical analysis

For the primary endpoint, the incidence of grade
3 or 4 toxicity rate for the combination therapy
was not expected to exceed 20%. Using the nor-
mal approximation, a sample size of 45 patients
would be sufficient to estimate a two-sided 90%
(one-sided 95%) confidence interval (CI) of
width 20% for an expected grade 3 or 4 toxicity
rate of 20%. A median of 16.5 months for radio-
graphic PFS would indicate efficacy of treatment,
and less than 8 months would indicate futility. A
protocol amendment allowed for either radio-
graphic or clinical PFS to be included in the event
analysis. Similarly, a median of 11months for

PSA PFS would indicate efficacy, and less than
5.6 months would indicate futility.

Oversight
The trial was registered with Cancer Trials
Ireland (CTRIAL-IE 13-21) and with

ClinicalTrials.gov (ClinicalTrials.gov identifier:
NCTO02225704) before the first patient was
enrolled. This study received ethical approval by
the Clinical Research Ethics Committee of the
Cork Teaching Hospitals on 21 July 2014, REF:
ECM5! D1/07/14. An enrolment period of
12 months from initiation was expected; however,
an extension was granted to meet the defined tar-
get accrual. The first patient signed the study
informed consent form on 20 July 2015 and was
registered on study 4 August 2015. Data analysis
cut-off date was April 7 2020.

Results

Patients

Between July 2015 and July 2017, 47 patients
were enrolled in this study. Forty-five patients
proceeded to receive the combination treatment
(two patients were deemed not suitable for the
trial). The mean age was 68 (range 51-79) years
(Table 1). The majority of patients (98%) had an
ECOG performance status of <1. In total, 42
patients (93%) received all six cycles of combina-
tion therapy with radium-223 and enzalutamide.
Twenty-six patients (57.8%) were in receipt of a
BHA at study entry with either a bisphosphonate
(42.2%) or a RANK-L inhibitor (15.6%).

Safety

Fatigue (55.5%) followed by nausea (46.7%) were
the most common adverse events and were typi-
cally mild with the majority of events reported as
either grade 1 or 2 (Table 2). A total of 14 patients
(31.1%) developed grade 3 or 4 toxicities (90%
CI, 19.8-42.5%). Of these, 11 patients (24.4%)
had grade 3 or 4 toxicities that were considered to
be combination therapy related. The most com-
mon grade 3 or 4 adverse events were fatigue
(6.7%) and neutropaenia (6.7%). Dose reduction
of enzalutamide for toxicity occurred in four
patients (8.9%). There were no therapy-related
deaths during the combination treatment period.

At the primary analysis, a total of eight patients
(17.8%) developed an SRE occurring within a
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Table 1. Baseline characteristics of all patients
receiving study treatment.

Characteristic Value
Age, years

Mean 68

Range 51-79
ECOG, number (%)

0 17 (38)

1 27 (60

2 1(2)
Total alkaline phosphatase

Median, 1U/L 99.0

Range, IU/L 39-964
Haemoglobin

Median, g/dl 13.3

Range, g/dl 9.7-15.9
PSA

Median, ng/ml 16.8

Range, ng/ml 2.1-907.3

Extent of disease, bone metastases? (%)

<6 23(51.1)
6-20 15 (33.3)
>20 9(19.1)

Duration of ADT, years
Median 4.3
Range (0.5-18.8)

Bone health agents?, number (%)

7 (15.6)
19 (42.2)

Denosumab

Zoledronic acid

aTwo patients did not receive study treatment.
bReceived prior to study entry.

ADT, androgen deprivation therapy; ECOG, Eastern
Cooperative Oncology Group; PSA, prostate specific
antigen.

2-year period of follow-up. Seven patients
required EBRT. No patient required surgery and
there were no cases of spinal cord compression.

The median time to SRE could not be calculated

with all SREs occurring after completing
radium-223, with an estimated mean of
31.1months (SD of 1.0months). All eight

patients were in receipt of a BHA. There were no
deaths as a result of an SRE.

When all first fracture events that occurred in the
study are included, treatment-emergent fractures
occurred in four patients (8.9%) during the com-
bination period with radium-223 and enzaluta-
mide and in 13 patients (28.9%) in the
post-combination treatment follow-up period,
giving a total of 17 patients (37.8%) who devel-
oped fractures (Table 3). Grade 1 first fractures
(asymptomatic) occurred in 15 patients (33.3%)
and grade 2 first fractures (symptomatic but non-
displaced) occurred in two patients (4.4%). A
median time to fracture could not be estimated;
however, the lower bound was greater than
17.2months (95% CI, 17.2-not estimable), sug-
gesting a late onset to these fractures. In total nine
patients (52.9%) who developed a fracture were
in receipt of a BHA at study registration. The
most common type of fractures were stress frac-
tures, followed by traumatic, osteoporotic and
pathological fractures.

Pain

QoL assessments were performed using the Brief
Pain Inventory Short Form detailing the patient’s
worst pain in the last 24 h. A baseline median pain
level of 3.0 was reported for all patients (range
0-9). Pain outcomes were initially improved with
a reduction in pain reported after three cycles of
combination treatment, with a median change
from baseline of —1.0 (range —9 to +2). After
completing all six cycles of combination treat-
ment, pain remained at baseline with no change
from baseline (range —5 to +5).

Efficacy

The median time to PSA progression among all
45 patients who received combination therapy
was 18.1 months (95% CI, 12.68-22.60), which
exceeded the acceptable median of 11 months as
stated in the sample size calculation (Figure 1).
The median time to radiological or clinical pro-
gression was 28.0months (95% CI, 22.54 —not
reached), which again exceeded the acceptable
median of 16.5months, as stated in the sample
size calculation (Table 4). The mean time for OS
among all 45 patients was 34.8 months (median
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Table 2. Combination therapy related adverse eventsa.

Adverse event Grade 1-2 Grade 3 Grade 4 All grades
Number (%)

Fatigue 22 (48.9) 3(6.7) 0 25 (55.5)
Nausea 20 (44.4) 1(2.2) 0 21 (46.7)
Diarrhoea 16 (35.6) 0 0 16 (35.6)
Back pain 10 (22.2) 1(2.2) 0 11 (24.4)
Neutropaenia 8(17.8) 2 (4.4) 1(2.2) 11 (24.4)
Decreased appetite 9 (20) 0 0 9 (20)
Arthralgia 8(17.8) 0 0 8(17.8)
Anaemia 7 (15.6) 0 0 7 (15.6)
Pain in extremity 7 (15.6) 0 0 7 (15.6)
Restless legs syndrome 7 (15.6) 0 0 7 (15.6)
Headache 5(11.1) 1(2.2) 0 6(13.3)
Weight decreased 6(13.3) 0 0 6(13.3)
Dizziness 5(11.1) 0 0 5(11.1)
Hypertension 4(8.9) 1(2.2) 0 5(11.1)
Lymphocyte count decreased 4(8.9) 1(2.2) 0 5(11.1)
White blood cell count decreased 4(8.9) 1(2.2) 0 5(11.1)
Gastro-oesophageal reflux disease 5(11.1) 0 0 5(11.1)
Fractures® 4(8.9) 0 0 4(8.9)
Hot flush 4(8.9) 0 0 4(8.9)
Constipation 4(8.9) 0 0 4(8.9)
Gynaecomastia 4(8.9) 0 0 4(8.9)
Depressed mood 4(8.9) 0 0 4 (8.9)
Lower respiratory tract infection 31(6.7) 1(2.2) 0 4 (8.9)
Hyperkalaemia 0 1(2.2) 0 1(2.2)
Lymphopaenia 0 0 1(2.2) 1(2.2)
Urticaria 0 1(2.2) 0 1(2.2)
Hypokalaemia 0 1(2.2) 0 1(2.2)
Hyponatraemia 0 1(2.2) 0 1(2.2)
Syncope 0 1(2.2) 0 1(2.2)

aAdverse events listed here were reported in more than 8% of patients and all grade 3 or 4 events regardless of the
relationship to the study drug.
bCompound term for adverse events inclusive of fracture: pathological, traumatic, osteoporotic and stress fractures.
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Table 3. First fracture events.

Fracture type (n=17) Grade Time to event? (months)
Stress fracture 2 40.0
Traumatic fracture 1 18.0
Traumatic fracture 1 17.0
Stress fracture 1 16.0
Stress fracture 1 16.0
Traumatic fracture 1 12.0
Stress fracture 1 11.0
Pathological fracture 2 11.0
Stress fracture 1 9.0
Osteoporotic fracture 1 8.0
Traumatic fracture 1 8.0
Stress fracture 1 8.0
Stress fracture 1 6.0
Traumatic fracture 1 6.0
Osteoporotic fracture 1 5.0
Stress fracture 1 5.0
Traumatic fracture 1 3.0

aTime to event was calculated from date of start of treatment to the beginning of

fracture event.

not reached), which was underestimated due to
the low number of events at time of censoring the
analysis (Figure 2). ALP levels decreased after six
cycles of combination treatment by a median of
-25.4% (range —-93.8% to —28.8%, p-value
0.01), with a median of 99.0 at baseline (range
39-964) compared with 66.5 (range 30-107)
after treatment.

Discussion

This open-label phase II multi-centre single arm
study of radium-223 in combination with enzalu-
tamide was designed primarily to assess the safety
of combining the two agents in patients with
mCRPC and bone metastases who had pro-
gressed on ADT. Concurrent treatment with
radium-223 and enzalutamide was tolerable, with
the vast majority of patients completing all six
cycles. The side effect profile was consistent with

previous studies examining these agents as single
therapies.®>11 The majority of reported adverse
events were mild and, importantly, there were no
therapy-related deaths. Combining radium-223
and enzalutamide demonstrated anti-tumour
activity with promising PSA PFS and a trend
towards improved radiographic/clinical PFS and
OS, though the median was not reached. Our
findings compared favourably with prior studies
analysing these agents as single therapies in the
mCRPC setting.5%2! A median time to SRE
could not be reported in our study; however, the
mean time to SRE reported (31.1 months) sug-
gests a late onset of these events. The majority of
these patients required palliative radiotherapy for
symptom management. Pain reported using the
Brief Pain Inventory Short Form was initially
improved during the combination period; how-
ever, this response was not maintained after com-
pleting the combination treatment.

Fractures occurring during treatment with
radium-223 and enzalutamide were infrequent;
however, we did identify a higher proportion of
patients who developed fractures after completing
their combination treatment. The reason for this
is unclear; however, patients with mCRPC and
bone metastases are at higher risk of developing
fractures.?>2> A median time to fracture could not
be estimated; however, a lower bound of
17.2months suggests a late onset to these frac-
tures and therefore may be more likely attributa-
ble to underlying bone health or progressive
cancer. Not all patients received a BHA, which
may have contributed to the higher rate of frac-
tures. A retrospective analysis could not identify
any patient factor that may have contributed to
the increased risk. The previously reported ERA-
223 was a prospective phase III trial combining
radium-223 with abiraterone acetate in men with
mCRPC and bone metastases.!” The trial was
unblinded prematurely, when an increase in frac-
tures of all types was noted in patients treated with
the combination of radium-223 and abiraterone
acetate. A number of factors may have contrib-
uted to this increased risk including the lack of use
of BHAs, the concomitant use of steroids which
can increase bone fragility and depleted androgen
levels associated with the combined use of ADT
and abiraterone acetate, which can further increase
the risk of osteoporosis.18:24-26

Our study had several limitations, including a small
patient cohort size and the lack of a control arm.
Determining skeletal events and their aetiology can
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Kaplan-Meier Curve for PSA Progression — ITT
With Number of Subjects at Risk
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Figure 1. Kaplan-Meier curve for PSA progression. The median time to PSA progression among all 45 patients
who received radium-223 and enzalutamide was 18.14 months (95% confidence interval, 12.68-22.60).

ITT, intention to treat.

Table 4. Summary of progression-free survival: time to radiographic/clinical - ITTe.

All patients

N=44
Number of patients with event 22
Number of patients censored 22

Median time to event, months (95% Cl)

28.0 (22.54-not reached)

a0ne patient was evaluable for PSA but not radiographic/clinical.

ITT, intention to treat.

be difficult in patients with metastatic prostate can-
cer due to the long natural history of the disease,
multiple therapies including corticosteroid use and
the associated risk of osteoporosis with ADT. The

ongoing phase I PEACE III trial INCT02194842)
is investigating combining radium-223 with enzalu-
tamide versus enzalutamide alone. This trial now
mandates the use of BHAs in all patients and
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Kaplan-Meier Curve for Overall Survival — Safety Set
With Number of Subjects at Risk
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Figure 2. Kaplan-Meier Curve for overall survival. The mean overall survival time among all 45 patients was
34.8 months [median not reached), which was underestimated due to the low number of events at time of

censoring.

preliminary data has demonstrated a significant
decrease in the risk of fracture as a result.?’

In conclusion, this phase II trial confirmed the
combination of radium-223 and enzalutamide to
be well tolerated, with the majority of patients
completing all planned cycles. Adverse events
were in keeping with previously reported data for
these therapies as single agents. The promising
efficacy results reported here demonstrate signifi-
cant anti-tumour activity with this combination.
Bone fractures are a known complication of
mCRPC and, as survival improves, bone health is
becoming increasingly important. BHAs should
be administered in patients receiving radium-223
and enzalutamide and bone health should be
closely monitored after completing treatment. In

this context we await the results of the PEACE III
trial with interest.
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