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Radium-223 in patients with metastatic castration-resistant
prostate cancer: Efficacy and safety in clinical practice
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Abstract. Radium-223 has improved overall survival (OS) and
reduced symptomatic skeletal events (SSE) in patients with
metastatic castration-resistant prostate cancer (nCRPC) and
bone metastases (ALSYMPCA trial). Our aim was to assess
clinical and biochemical factors related to survival, safety and
survival outcomes of Radium-223 in a clinical practice setting.
We retrospectively analysed 32 mCRPC patients treated with
Radium-223, assessing bone scan, pain reduction, alkaline
phosphatase (ALP) and prostate-specific antigen (PSA)
response (=30% reduction). At scintigraphic assessment, 41%
had partial response with a disease control rate of 91%; 56%
had ALP response and 25% had PSA response; 41% had pain
reduction with pain control of 72%. Scintigraphic response and
stability were correlated with longer median progression-free
survival (mPFS) (13 and 12 vs. 6 months; P=0.002) and mOS
(16 and 12 vs. 6 months; P=0.003). ALP response was associ-
ated with longer mPFS (13 vs. 12 months; P=0.2) and mOS (16
vs. 12 months; P=0.2). PSA response was associated with longer
mPFS (13 vs. 12 months; P=0.02), whereas mOS could not be
computed. Pain response and stability were associated with
survival benefit according to mPFS (13 and 12 vs. 9 months)
and mOS (both 16 vs. 12 months) without statistical signifi-
cance. Baseline ALP <220 U1/1, Eastern Cooperative Oncology
Group (ECOG) performance status O and absence of previous
chemotherapy correlated with statistically significantly longer
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survival outcomes. Skeletal-related events (SRE) occurred in
three patients and median time to first SRE was 9.5 months,
mPFS was 12 months and mOS 14 months. G3-G4 toxicities
developed in 16% of patients. Our results are in line with
those reported in the pivotal trial and in other retrospective
studies. In conclusion, Radium-223 was associated with high
scintigraphic, biochemical and pain response rates and was
tolerated well by most patients. Response to Radium-223 and
better baseline factors correlated to longer survival in clinical
practice experience as in the clinical trial setting.

Introduction

Most patients with metastatic castration-resistant prostate
cancer (MCRPC) develop bone metastases, which are asso-
ciated with an increased risk of pathologic bone fractures
(both symptomatic and found incidentally), radiation or
surgery to the bone, spinal cord compression which are
called skeletal-related events (SRE) that occur in 20-50% of
mCRPC patients. Indeed, these are the major causes of pros-
tate cancer-specific morbidity, worsening of quality of life and
death (1).

Radium-223 dichloride (Radium-223) is a novel targeted
radioisotope that, as a bone-seeking calcium mimetic,
selectively binds mineral hydroxyapatite of newly formed
bone stroma in areas of increased metabolic activity as bone
metastases (2). It emits high-energy alpha-particle radiation
of short range (<100 mm; <10 cell diameters) that induces
double-stranded DNA breaks with cytotoxic effects in
target areas, limiting damage on surrounding normal tissue,
particularly the bone marrow (3).

Based on previous phase II trials (2,4,5), the efficacy and
the safety of Radium-223 in mCRPC were demonstrated in the
phase 3 Alpharadin in Symptomatic Prostate Cancer Patients
(ALSYMPCA) trial, which investigated Radium-223 vs. placebo
in patients with mCRPC with symptomatic bone metastases
and no known visceral metastases who had previously received
docetaxel or not (6). This trial showed that Radium-223 signifi-
cantly improved median overall survival (mOS) and prolonged
median time to first symptomatic skeletal events (SSE) compared
with placebo, independently to prior exposure to docetaxel (7)
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and the use of bisphosphonates (8). The end-point SSE is similar
to SRE, but includes only symptomatic pathologic fractures
in addition to radiation or surgery to the bone and spinal cord
compression. Notably, Radium-223 was associated with a
favourable toxicity profile and a higher percentage of patients
who experienced an improvement in quality of life (6,9).

The survival benefit and the better safety profile of
Radium-223 were the novel points compared to beta-emitting
radiopharmaceuticals, such as Samarium-153 and
Strontium-89/90.

The results of this pivotal study led to the regulatory
approval from the American Food and Drug Administration
and European Medicines Agency of Radium-223 for the
treatment of mCRPC patients with symptomatic bone
metastases. Given its effectiveness in both docetaxel-naive
and post-docetaxel patients, Radium-223 can be used as
monotherapy both in first-line and in subsequent lines (7).

Recent studies confirmed the efficacy and the safety
observed in the ALSYMPCA trial (10,11) but more investiga-
tions on this novel agent in the clinical practice setting, outside
the context of clinical trials, are needed.

The aim of this retrospective study was to assess clinical
and biochemical factors related to survival and time to first
SRE (tSRE) of Radium-223 in mCRPC patients in a clinical
practice setting.

Materials and methods

Study population. From July 2015 to September 2017, we
performed a retrospective analysis of all consecutive adult
mCRPC patients treated with Radium-223 at the Policlinico
Umberto I, Sapienza University of Rome.

CRPC was defined as a serum testosterone level of
<50 ng/dl following surgical or pharmaceutical castration.
All patients had two or more symptomatic bone metastases
detected by bone scan and no known visceral metastases,
except for malignant lymphadenopathy with less than 3 cm
in the short-axis diameter, an Eastern Cooperative Oncology
Group (ECOG) performance status (PS) score of 0-2 and
adequate haematological, liver and renal function.

Clinical data included patient characteristics [age, ECOG
PS, baseline ALP, PSA and pain score by numeric rating
scale (NRS)], tumour characteristics (Gleason score, number
of bone metastases and presence or absence of lymph node
metastases) and treatment information (median cycles and line
of Radium-223, prior use of docetaxel and concomitant use of
bisphosphonates/denosumab).

Treatment plan. All patients included in the analysis under-
went treatment with Radium-223, which consisted of six
intravenous injections of the radioisotope at a standard dose of
50 kBg/kg at four-week intervals until disease progression or
unacceptable toxicity. The use of androgen deprivation therapy
continued during Radium-223 treatment. Concomitant treat-
ment with Abiraterone and Enzalutamide was not permitted.
Patients were also receiving the best standard of care, including
analgesics and glucocorticoids to control pain.

Response evaluation. Efficacy assessments included scinti-
graphic, biochemical and pain response. All patients were
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followed clinically by a multidisciplinary team and radiologi-
cally by bone scan. Patients had a technetium-99 m bone scan
before treatment, after three cycles and after all six cycles of
Radium-223. The best scintigraphic result between the three
assessments was considered the scintigraphic response. The
bone-specific response was assessed as complete (CR) and
partial (PR) response, stable (SD) and progression (PD) disease
according to MD Anderson criteria (12). Overall response
rate (ORR) was defined as the sum of CR and PR and disease
control rate (DCR) as the sum of CR, PR and SD.

Biochemical and pain responses were evaluated with the
relative change of ALP, PSA and NRS values, comparing the
value at the end of the sixth cycle with the baseline value (13).
A biological (ALP and PSA) response were defined as a reduc-
tion of 230% from the baseline value to the end of Radium-223
treatment. Pain response was defined as a decline of at least
one range according to the NRS.

Statistical analysis. Survival analysis was conducted on
the efficacy of Radium-223 in terms of progression-free
survival (PFS) and OS. PFS was measured from the start
of Radium-223 to diagnosis of PD evidenced by bone scan,
death from any cause or last follow-up and calculated as
median PFS (mPFS). OS was measured from the start of
treatment to death from any cause or last follow-up. PFS and
OS were estimated with a 95% confidence interval. Survival
curves of PFS and OS were generated using the Kaplan-Meier
method. Differences in PFS and OS were evaluated using
the log-rank test (Mantel-Cox) for statistical significance,
which was defined at the P<0.05 level (14) using the SPSS
program-Statistical Package for the Social Sciences. Time
to the first SRE was defined as the time to first pathologic
bone fractures and spinal cord compression (evaluated clini-
cally and radiologically), radiation therapy and orthopaedic
surgical intervention (1).

Subgroup analyses. Subgroup analyses were performed to
assess survival outcomes based on scintigraphic response,
biochemical (ALP and PSA) response (=50 and =30%), pain
response, baseline ALP levels (+220 UI/1), prior docetaxel use,
concomitant bisphosphonates/denosumab and involvement of
lymph node metastases. We did not assess a subgroup analyses
according to Radium-223 line because of insufficient length
of follow-up.

Toxicity evaluation. All adverse events were graded
according to the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.03 (15). Toxicity assessment was
performed at each cycle of treatment.

Results

Patient characteristics. Thirty-two mCRPC patients were
included in the analysis. Patient, tumour and treatment charac-
teristics are summarised in Table I.

The median age was 72 years (range 59-86 years) and
median ECOG PS was 1 (range 0-2). All patients had a
histological diagnosis of prostate cancer with a Gleason
score =7 in 75% of patients. Nineteen patients (59%) had only
bone metastases, whereas 13 patients (41%) had also lymph
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Table I. Patient characteristics.

Characteristic Value
Median age, years (range) 72 (59-86)
ECOG performance status

Median (range) 1(0-2)

0 12 (38)

1 9 (28)

2 11 (34)
Gleason score at diagnosis

Median (range) 8 (6-9)

<7 8 (25)

8-10 24 (75)
Metastases

Bone metastases 19 (59)

Bone and lymph node metastases 13 (41)
Extent of disease

<6 1(3)

6-20 31(97)

>20 0 (0)

Median PSA, ng/l (range)
Median ALP, U/l (range)
Baseline ALP, U/l

88 (0.5-3847)
162.5 (53-1,755)

<220 20 (63)

>220 12 (37)
Pain at baseline, NRS

Median (range) 5 (1-10)

1-3 13 (41)

4-6 11 (34)

7-10 8 (25)
Radium-223 treatment

Median cycles received, number (range) 6 (2-6)
Completed 6 cycles of Radium-223

Yes 29 91)

No 309
Radium-223 treatment

First-line 6(19)

Second-line 14 (44)

Other 12 (37)
Prior chemotherapy

Yes 15 47)

No 17 (53)
Concomitant use of
biphosphonates/denosumab

Yes 21 (66)

Biphosphonates 15 (47)

Denosumab 6 (19)

No 11 (34)

n=32. Data are presented as n (%) unless otherwise stated. ECOG,
Eastern Cooperative Oncology Group; PSA, prostate-specific
antigen; ALP, alkaline phosphatase; NRS, numerical rating scale.
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Figure 1. Waterfall plots of the percentage change in the (A) ALP and
(B) PSA level from baseline to the end of Radium-223 treatment. The dotted
line indicates a 30% decrease from baseline. "PSA value clipped. ALP, alka-
line phosphatase; PSA, prostate-specific antigen.

node metastases. Most patients (97%) had a number of bone
metastases between 6 and 20.

Radium-223 was administered as first-line therapy in
6 patients (19%), as second-line in 14 patients (44%) and in
successive lines in 12 patients (37%). The median number of
cycles was 6 (range 2-6), and 29 patients (91%) completed all
six cycles. One patient discontinued the treatment after two
cycles and 2 patients after four cycles because of death.

Fifteen patients (47%) underwent chemotherapy before
Radium-223, and 66% of patients had a concomitant use of
bisphosphonates/denosumab. Median PSA was 88 g/l (range
0.5-3847), median ALP was 163 U/l (range 53-1755) with
baseline ALP <220 UI/I in 63% of patients and median NRS
score was 5 (range 1-10).

Activity evaluation. All patients were assessed for response
analysis. At scintigraphic assessment, 13 patients (41%) expe-
rienced PR and 16 patients (50%) had SD with a DCR of 91%.

At biochemical assessment with ALP, 18 patients (56%)
showed a biochemical response (=30% reduction) with § patients
(25%) which showed an ALP reduction =50% (Fig. 1A).

At biochemical assessment with PSA, 8 patients (25%)
showed a biochemical response with 7 (22%) which showed a
PSA response =50% (Fig. 1B). Of the 24 patients with a PSA
increase, only 2 had a scintigraphic progression, whereas 5
experienced a scintigraphic response, which can be evaluated
as PSA flare up. Of these 5 patients, 2 patients also experienced
a pain flare up.

At pain assessment, 16 patients (50%) had pain response and
7 patients (22%) had pain stability with a pain control of 72%.

SRESs occurred in 3 patients (9%), two vertebral fractures
and one external-beam radiation to relieve skeletal pain, with
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Figure 2. Kaplan-Meier curves of PFS and OS according to response. (A and B) Scintigraphic response, (C and D) PSA response. PFS, progression-free

survival; OS, overall survival; PSA, prostate-specific antigen.

a median tSRE of 9.5 months (range 4-18). Median PFS was
12 months (95% confidence interval (CI) 11-13 months) with
a PFS rate at 1 year of 53%, and mOS was 14 months (95% CI
10-18) with an OS rate at 1 year of 63%.

Subgroup analyses. Scintigraphic response and stability were
correlated with a statistically significant benefit in terms of
mPFS (13 and 12 vs. 6 months; P=0.002) and mOS (16 and
12 vs. 6 months; P=0.003; Fig. 2A and B).

According to PSA, biochemical response (both =30%
and =50%) was associated with longer mPFS (both 13
vs. 12 months; P=0.02 and P=0.03, respectively). Median
OS was not computed because all cases were censored
(Fig. 2C and D).

According to ALP, biochemical response (both =30 and
>50%) was associated with longer mPFS (both 13 vs. 12 months;
P=0.2 and P=0.7, respectively) and mOS (=30%: 16 vs. 12 months;
P=0.2 and =50%: 14 vs. 11 months; P=0.7; Fig. 3A and B).

Pain response was associated with survival benefit
according to mPFS (13 vs. 12 months) and mOS (16

vs. 12 months) without statistical significance (P=0.4 and
P=0.9, respectively). We also observed that pain stability
was associated with similar survival outcomes compared to
pain response, both associated with longer mPFS and mOS
compared to pain worsening (mPFS: 13 vs. 12 vs. 9 months;
P=0.6 and mOS: both 16 vs. 11 months; P=0.7).

Patients with baseline ALP <220 U/l had a statistically
significantly longer mPFS (13 vs. 7 months, P=0.002) and
mOS (16 vs. 7 months, P=0.04) than those with baseline ALP
=220 UI/1 (Fig. 3C and D).

Patients with ECOG PS 0 experienced higher mPFS
(14 vs. 12 months; P=0.01) and mOS (Not reached-11 months;
P=0.009; Fig. 4A and B). Those with both bone and lymph
node metastases had similar survival outcomes compared to
bone metastases patients. Patients not previously treated with
chemotherapy experienced statistically significantly longer
PES (14 vs. 11 months; P=0.007) and mOS (not reached
12 months; P=0.02; Fig. 4C and D). The concomitant use of
bisphosphonates/denosumab did not affect survival outcomes
in terms of OS and PFS.
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Figure 3. Kaplan-Meier curves of PFS and OS according to (A and B) ALP response and (C and D) baseline ALP. PFS, progression-free survival; OS, overall

survival; ALP, alkaline phosphatase.

All the results of the subgroup analyses are summarised
in Table II.

Toxicity evaluation. All 32 patients were evaluated for safety
(Table IIT). Radium-223 was generally well tolerated with
grade 1-2 haematologic toxicities in only 9% of patients.
Grade 1-2 gastrointestinal toxicities were observed in 19% of
patients and included hypertransaminasemia (3%), diarrhoea
(9%), constipation (3%) and nausea (3%); grade 1-2 creatinine
increased and oedema of limbs were both developed in 6% of
patients. Grade 3 toxicities were observed in 16% of patients
and included anaemia (13%) and thrombocytopenia (3%). No
grade 4 adverse events were observed. None of the patients
discontinued for toxicity.

Discussion

Radium-223 was approved for the treatment of mCRPC patients
based on its OS benefit and safety profile demonstrated in

the registrational ALSYMPCA trial (6). In this phase 3 trial,
Radium-223 significantly prolonged mOS of 3.6 months
(14.9 vs. 11.3 months, hazard ratio (HR)=0.70; P<0.001)
compared to placebo (6). Both subgroups previously treated
(HR=0.70; P=0.002) and not previously treated with docetaxel
(HR=0.69; P=0.01) showed improved OS (7). Radium-223
prolonged median time to first SSE compared to placebo (15.6 vs.
9.8 months, HR=0.66; P<0.001) (6) regardless of prior docetaxel
therapy, baseline ALP level and current use of bisphospho-
nates (8). It also significantly prolonged median time to ALP
increase (7.4 vs. 3.8 months; P<0.001) and a significant number
of patients experienced a total ALP response (=30% reduction
from baseline) (47% vs. 3%; P<0.001) and an ALP normalisa-
tion (34% vs. 1%; P<0.001) compared to placebo (6). The PSA
responses (=30% reduction from baseline) were less pronounced
compared to ALP level (16% vs 6%; P<0.001) (6). In this way,
ALP has emerged as the leading biomarker for Radium-223
treatment response (16). A low incidence of grade 3-4 adverse
events (56% vs. 62%) and of study-drug discontinuation due to
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Figure 4. Kaplan-Meier curves of PFS and OS according to (A and B) performance status and (C and D) previous chemotherapy. PFS, progression-free

survival; OS, overall survival.

toxicity (16% vs. 21%) was shown, especially in patients with a
low extent of disease and no prior docetaxel treatment (7,17).

Our study is a retrospective analysis of mCRPC patients
treated with Radium-223 in a clinical practice setting.
Our clinical experience is in line with the results of the
ALSYMPCA trial in terms of efficacy and safety. Compared
to the ALSYMPCA trial, our court of patients had similar
characteristics, except for a better performance status (ECOG
PS 0: 38% vs. 27%), lower previous chemotherapies (47% vs.
57%), lower severe pain (25% vs. 32%), lower median PSA (88
vs. 146 pug/l) and the absence of massive bone metastases (>20
metastases: 0% vs. 32%). Most of our patients (63%), in fact,
were treated with Radium-223 in an early setting as first- or
second-line. For this reason, 91% of patients completed all
six cycles of treatment, a percentage higher than that reported
in the ALSYMPCA trial (6) and in other retrospective
trials (11,13,18-24) (Table IV).

We observed a significant percentage of ALP response
(56% of patients) associated with survival benefit but without
statistical significance. However, baseline ALP <220 corre-
lated with longer survival outcomes in terms of mPFS and
mOS with statistical significance. These results on ALP are
in line with those of other trials (Table IV), reflecting the
potential role of ALP as a predictor of survival in mCRPC

patients treated with Radium-223 (2). On the other hand, we
observed a lower percentage of PSA response (25%), which
is higher than that reported in other trials (range 10-27%),
associated with longer mPFS with statistical significance. The
primary aim of Radium-223 is to target bone metastases and
therefore ALP, which is a biomarker of osteoblast activity,
should be preferred over PSA as a biomarker of the efficacy
of Radium-223 (2,4,25,26). In fact, the increase of PSA may
have resulted from the development of lymph node or visceral
metastases not influenced by Radium-223.

The best correlation observed in our study was between
scintigraphic response and survival outcomes: patients with
a scintigraphic response/stability had a longer PFS (P=0.002)
and OS (P=0.003). Bone scan response was not described in
the ALSYMPCA trial and in the majority of clinical trials on
Radium-223 presented in the literature (Table IV) although it
is the main radiological exam of bone metastases in clinical
practice. According to the results observed and the natural
target of Radium-223, systematic bone scan evaluations should
be the main parameter, in association with ALP, to evaluate
the response to the radionuclide treatment.

According to bone pain, we observed pain response in 41%
of patients and pain control in 75% of patients, which are asso-
ciated with better survival outcomes. Even though preliminary
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Table II. Subgroup analysis.
Variable Patients n (%) Median PFS, months P-value Median OS, months P-value
ALP baseline (UI/1) 0.002 0.04
<220 20 (63) 13 16
>220 12 (37) 7 7
ALP response 0.2 0.2
=30% 18 (56) 13 16
<30% 14 (44) 12 12
ALP response 0.7 0.7
=50% 8 (25) 13 14
<50% 24 (75) 12 11
PSA response 0.02 . <0.0001
=30% 8 (25) 13
<30% 24 (75) 12
PSA response 0.03 : 0.001
=50% 7(22) 13
<50% 25 (78) 12
Scintigraphic response 0.002 0.003
PR 13 (41) 13 16
SD 16 (50) 12 12
PD 309 6 6
Pain assessment 0.6 0.7
Response 16 (50) 13 16
Stability 7(22) 12 16
Worsening 9 (28) 9 11
ECOG PS 0.01 0.009
0 12 (37) 14 NR
1-2 20 (63) 12 11
Previous chemotherapy 0.007 NR 0.02
No 17 (53) 14 12
Yes 15 (47) 12

“No statistics were computed because all cases were censored. ALP, alkaline phosphatase; PSA, prostate-specific antigen; PR, partial response;
SD, stable disease; PD, progression disease; PS, performance status; PES, progression-free survival; OS, overall survival; NR, not reached.

Table III. Toxicities of Radium-223 according to the CTCAE (version 4.03).

Chemotherapy-related toxicity Grade 1 Grade 2 Grade 3 Grade 4
Anaemia 3(9) - 4 (13) _
Thrombocytopenia - - 1(3) -
Hypertransaminasemia 1(3) - - ,
Creatinine increased 2 (6) - - -
Diarrhoea 1(3) 2 (6) - -
Constipation 1(3) - - -
Nausea 1(3) - - -
Oedema of limbs - 2 (6) - -

studies (4) and post-hoc analyses showed that Radium-223
treatment was associated with a better pain relief (30% vs.

20%; P=0.01) (9), the ALSYMPCA trial was not designed to

be a pain-palliative treatment (27).
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PSA and pain relief, therefore, should not be used as a surro-
gate measure of Radium-223 efficacy nor alter the decision to
administer all six radionuclide injections, the recommended
regimen for survival benefit (28).

Therefore, scintigraphic and biochemical responses and
baseline factors that reflected a less aggressive disease (such
as ALP <220, ECOG PS 0 and the absence of previous chemo-
therapy) were associated with better survival with statistical
significance.

The mOS observed in our population was similar to that
reported in the ALSYMPCA trial, which was the primary
end-point of the study, confirming the benefit in survival of
Radium-223 also in clinical practice experiences. In the pivotal
trial and all the post-hoc analyses, OS was not supported by
PFS data due to the unknown direct anti-tumour effect of
Radium-223, which is reflected in the marginal effect on PSA.
The choice of the secondary end-points (ALP and tSRE) and
their clinical relevance were reflected by the pharmacody-
namics of Radium-223, which is focused on bone disease.

The safety results observed in our study were satisfactory,
with a lower percentage of grade 3-4 adverse events (16%)
compared to the ALSYMPCA trial and similar to other retro-
spective analyses (Table I'V).

Some limitations are evident in this study because it
represents a relatively small and single-institution retrospec-
tive analysis based on clinical experience. Given the small
sample size, many evaluations described did not reach statis-
tical significance. Despite these limitations, the heterogeneity
of our population provides a broad perspective on the use
of Radium-223 in real-life practice and provides interesting
observations on efficacy, survival outcomes and tolerability
outside prospective randomised trials.

Furtheranalyses onthe use of Radium-223 inclinical practice
settings in combination or sequence with other agents (29,30)
and on the identification of clinical and biochemical predictors
of Radium-223 benefit are needed. Having established the effi-
cacy of Radium-223 in metastatic CRPC, future trials would
focus on its earlier use in non-advanced and castration sensitive
metastatic prostate cancer as well as its efficacy in patients with
other primary bone-metastatic cancers.

In conclusion, our retrospective study reported that clinical
and biochemical prognostic factors, both at baseline and after
treatment, correlated with better prognosis. It also showed that
Radium-223 is a valid treatment in terms of efficacy and safety
in mCRPC patients in the real-life clinical practice as well as
in the clinical trial setting.
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