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Summary
Background Radium-223, a targeted alpha therapy, is approved to treat bone-dominant metastatic castration-resistant
prostate cancer (mCRPC), based on significantly prolonged overall survival versus placebo and a favourable safety
profile in the phase 3 ALSYMPCA study. ALSYMPCA was conducted when few other treatment options were
available, and prospectively collected data are limited on the use of radium-223 in the current mCRPC treatment
landscape. We sought to understand long-term safety and treatment patterns in men who received radium-223 in
real-world clinical practice.

Methods REASSURE (NCT02141438) is a global, prospective, observational study of radium-223 in men with
mCRPC. Primary outcomes are adverse events (AEs), including treatment-emergent serious AEs (SAEs) and drug-
related AEs during and ≤30 days after radium-223 completion, grade 3/4 haematological toxicities ≤6 months
after last radium-223 dose, drug-related SAEs after radium-223 therapy completion, and second primary
malignancies.

Findings Data collection commenced on Aug 20, 2014, and the data cutoff date for this prespecified interim analysis
was Mar 20, 2019 (median follow-up 11.5 months [interquartile range 6.0–18.6]), 1465 patients were evaluable. For
second primary malignancies, 1470 patients were evaluable, 21 (1%) of whom had a total of 23 events. During
radium-223 therapy, 311 (21%) of 1465 patients had treatment-emergent SAEs, and 510 (35%) had drug-related
AEs. In the 6 months after completion of radium-223 therapy, 214 (15%) patients had grade 3/4 haematological
toxicities. Eighty patients (5%) had post-treatment drug-related SAEs. Median overall survival was 15.6 months
(95% confidence interval 14.6–16.5) from radium-223 initiation. Patient-reported pain scores declined or
stabilised. Seventy (5%) patients had fractures.

Interpretation REASSURE offers insight into radium-223 use in global real-world clinical practice with currently
available therapies. At this interim analysis, with a median follow-up of almost 1 year, 1% of patients had second
primary malignancies, and safety and overall survival findings were consistent with clinical trial experience. Final
analysis of REASSURE is due in 2024.
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*Corresponding author. 3515 E. Spring St.¸ Seattle, WA 98122-5268, USA.
E-mail address: thigano@uw.edu (C.S. Higano).

www.thelancet.com Vol 60 June, 2023 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:thigano@uw.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2023.101993&domain=pdf
https://doi.org/10.1016/j.eclinm.2023.101993
https://doi.org/10.1016/j.eclinm.2023.101993
https://doi.org/10.1016/j.eclinm.2023.101993
www.thelancet.com/digital-health


Articles

2

Copyright © 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Clinical outcomes; Radium-223; Metastatic castration-resistant prostate cancer
Research in context

Evidence before this study
Radium-223 is a targeted alpha therapy approved for the
treatment of castration-resistant prostate cancer (CRPC) with
bone metastases based on the phase 3 ALSYMPCA trial, which
showed significantly prolonged overall survival compared
with placebo. However, ALSYMPCA was conducted between
2008 and 2011, when the only life-prolonging therapy
available was docetaxel, and little is known about the long-
term safety and effectiveness of radium-223 in the real-world
setting with the number of agents now in use. A search of
PubMed on Jan 27, 2022, using the terms “radium-223” and
“castration-resistant prostate cancer” with “observational
study” as a filter, identified one prospective and two
retrospective real-world studies involving a total of 673
patients treated between January 2010 and March 2018,
whose results were not available when the REASSURE study
was designed.

Added value of this study
To our knowledge, REASSURE is the largest prospective
observational study of radium-223 treatment in men with

mCRPC. We studied radium-223 use in recent real-world
settings with a wider range of alternative treatments available
compared with ALSYMPCA. In this prespecified interim
analysis, the incidence of second primary malignancies was
low, and safety and overall survival findings were consistent
with clinical trial experience, regardless of use of prior,
concomitant, or subsequent newer systemic anticancer
therapies.

Implications of all the available evidence
Unlike clinical trials, real-world evidence can demonstrate the
effectiveness and safety of treatments in a broad setting,
across a wide patient population, and over a long period of
time. This prespecified interim analysis of REASSURE provides
real-world evidence of safety and survival outcomes for
radium-223 therapy in patients treated with multiple other
agents, providing robust confirmation of clinical trial
experience and the trends reported in smaller real-world
cohorts.
Introduction
Radium-223, a targeted alpha therapy, is approved for
the treatment of patients with castration-resistant pros-
tate cancer (CRPC) with bone metastases and no known
visceral metastases. Regulatory approval was based on
findings from the phase 3 ALSYMPCA (Alpharadin in
Symptomatic Prostate Cancer; NCT00699751) study, in
which radium-223 plus best supportive care demon-
strated an overall survival advantage over placebo plus
best supportive care.1,2 Radium-223 was well tolerated in
ALSYMPCA, with a low incidence of myelosup-
pression,2 despite its bone-targeted mechanism of ac-
tion.3 A small number of second primary malignancies
were observed in both the radium-223 and the placebo
groups during 3-year follow-up.2

Radiation therapy (typically external-beam radiation
therapy; EBRT) is known to increase the risk of second
primary malignancies in men with prostate cancer,
although the risk is low and may not become apparent
for several years.4–7 As more options become available
for treatment of metastatic CRPC (mCRPC) and are
often used in earlier stages of the disease, it is important
to understand the long-term safety, clinical benefit, and
treatment patterns in men with mCRPC treated with
radium-223 in the current treatment landscape.8,9

REASSURE (Radium-223 alpha Emitter Agent in
Safety Study in mCRPC popUlation for long-teRm
Evaluation; NCT02141438) was designed to assess
safety during and after radium-223 therapy, including
the incidence of new second primary malignancies, and
clinical effectiveness of radium-223 treatment in
patients with mCRPC in real-world global clinical
practice. We report findings from an interim analysis of
REASSURE prespecified to occur at a point midway
between the start of data collection (2014) and the
anticipated final results date (2024).
Methods
Study design and participants
REASSURE is an ongoing, global multicentre, pro-
spective, observational, single-arm study of radium-223
use in clinical practice in the USA, Canada, Europe,
Israel, and Latin America (appendix p 4). Eligible male
sex patients had to have mCRPC with bone metastases
and be scheduled to receive radium-223 in accordance
with the treating physician. Radium-223 was recom-
mended to be administered according to approved local
prescribing information. Concomitant treatment with a
bone health agent (BHA; eg, zoledronic acid or deno-
sumab) was optional, according to local practice and
applicable guidelines. Patients previously treated with
www.thelancet.com Vol 60 June, 2023
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radium-223 or other radiopharmaceuticals were
excluded.

The conduct of REASSURE complies with the
guidelines and regulations of the European Medicines
Agency, US Food and Drug Administration, applicable
local laws and regulations, and International Conference
on Harmonisation Good Clinical Practice. All patients
provided signed informed consent, and approvals were
obtained from ethical committees or institutional review
boards in the participating countries.

Endpoints and assessments
Primary endpoints are the incidence of second primary
malignancies and safety during or after radium-223
therapy. Safety analyses include the incidence of
treatment-emergent serious adverse events (SAEs) and
drug-related adverse events (AEs) during or up to 30
days after completion of radium-223 therapy, grade 3/4
haematological toxicities up to 6 months after comple-
tion of radium-223 treatment, and drug-related SAEs
occurring after completion of radium-223 therapy (up to
a maximum of 7 years). A drug-related AE is any AE
judged by the treating physician to have a reasonable
suspected causal relationship to radium-223. All second
primary malignancies, defined as any new malignancy
unrelated to prostate cancer or other prior cancer, are
being recorded for up to 7 years after the last radium-
223 dose, regardless of their potential relationship to
radium-223 treatment. See appendix p 2 for details of
safety assessments. Incidences were calculated as the
event counts during the prespecified study period
divided by the total number of patients. Cumulative
incidence rates, adjusted for exposure, were calculated
as the event counts divided by the total time on study of
all patients, expressed as patient-years.

Secondary endpoints are overall survival, quantitative
pain measures, and the incidence of fractures. Pain
scores over time are determined using the Brief Pain
Inventory–Short Form (BPI-SF) questionnaire10,11

collected at baseline, during treatment (until 30 days
after the final dose), and at the 6-month follow-up visit
after completion of radium-223. The proportion of pa-
tients with a clinically meaningiful pain response at any
time during treatment is reported. A clinically mean-
ingful pain response is defined as a decrease from
baseline of at least 2 points in the “pain at its worst”
item; in order to see a pain response, this analysis was
restricted to patients with a baseline score of 2 or greater
(see appendix p 2).

The observation period for each patient is from the
start of radium-223 treatment until death, withdrawal of
consent, loss to follow-up, or study end (maximum 7
years), whichever occurs first. Information from patient
electronic medical records, including use of prior,
concomitant, and subsequent systemic life-prolonging
therapies (appendix p 3), is recorded at baseline, at
each radium-223 treatment cycle, approximately 3, 6,
www.thelancet.com Vol 60 June, 2023
and 12 months after treatment for the first year, and
then yearly.

Statistical analysis
A sample size of 1334 patients was planned to provide
1200 evaluable patients, assuming a 10% loss to follow-
up. With 1200 patients, if the observed incidence of
second primary malignancies at any time during the
study (maximum planned follow-up 7 years) was be-
tween 1.1% and 6.9% (values based on data from the
ALSYMPCA study 3-year follow-up and from the US
National Cancer Institute’s Surveillance, Epidemi-
ology, and End Results [SEER] database with >10 years
of follow-up2,12), the 95% confidence interval (CI) for
the rate of second primary malignancies (based on the
exact binomial distribution) would be approximately
1.3–3.0.

The analysis population in this prespecified interim
analysis included all patients who had received at least
one radium-223 injection and had data entered into the
study database at the time of the data cutoff. For the
primary analysis of second primary malignancies, data
are included from an additional five patients who had
received at least one radium-223 injection but whose
data were not entered into the database before the data
cutoff date.

All statistical analyses are descriptive. Data are re-
ported as summary statistics (medians and interquartile
ranges [IQR]) for continuous variables, and frequencies
and percentages for categorical variables. Overall sur-
vival is estimated using the Kaplan–Meier method. Pa-
tients alive (or patients whose death is not confirmed) at
the data cutoff are censored at the last date known to be
alive. Statistical evaluations were done using SAS 9.2 or
higher (SAS Institute Inc., Cary, NC, USA).

Role of the funding source
In collaboration with the investigators, the funder of the
study, Bayer HealthCare, had a role in the study design,
data collection, analysis, interpretation, and writing of
the report.
Results
Data collection commenced on Aug 20, 2014, and the
data cutoff date for this prespecified interim analysis
was Mar 20, 2019, after a median follow-up of 11.5
months (IQR 6.0–18.6) from the first radium-223
injection.

Among 1474 patients who completed screening,
nine did not receive radium-223 with data recorded
before the cutoff date for this interim analysis. The
remaining 1465 patients, who comprised the safety
population, were enrolled at 189 sites in Europe
(n = 899), the USA (n = 530), and other countries
(n = 36). Of these 1465 patients, 1461 (99.7%) had
documented end-of-treatment data, of whom 273 (19%)
3
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Fig. 1: CONSORT diagram of patient disposition. aFive additional patients are included in the analysis of second primary malignancies.
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stopped radium-223 treatment as a result of progressive
disease and 144 (10%) stopped radium-223 treatment as
a result of an AE. No patient was still on radium-223
treatment at the time of this analysis (Fig. 1). In total,
868 (59%) of 1465 patients completed all six planned
cycles of radium-223 treatment.
Documented end-of-observation data were available
for 1104 (75%) of 1465 patients. The most common
primary reason for end of observation was death (993
[90%] of 1104 patients).

Patient characteristics at initial diagnosis are shown
in Table 1 and baseline demographics and disease
www.thelancet.com Vol 60 June, 2023
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Characteristic Patients (n = 1465)

Gleason score

≤6 186 (13%)

7 359 (25%)

8–10 709 (48%)

Unknown 196 (13%)

Missing 15 (1%)

Risk factors for cancer

Benign, malignant, or unspecified neoplasms 12 (1%)

Family history of cancer 697 (48%)

Prior radiation therapy to prostate or bone 808 (55%)

Former or current smoker 739 (50%)

Moderate or heavy alcohol intake 105 (7%)

Other risk factors for cancer 78 (5%)

Metastatic status

Localised (M0) 776 (53%)

Metastatic (M1) 380 (26%)

Metastatic status not reported (MX) 81 (6%)

Missing 228 (16%)

Data are n (%) or median (IQR). Percentages may not total 100 because of
missing data and/or rounding. IQR = interquartile range.

Table 1: Patient clinical characteristics at initial diagnosis.

Articles
characteristics at study entry are shown in Table 2. All
patients were male sex (gender was not recorded). Ma-
lignancies diagnosed before study entry, other than
prostate cancer, included malignant skin cancers in
37 (3%) of 1465 patients and other solid tumours or
haematological malignancies in 90 (6%) patients. Thirty
(2%) patients had fractures before radium-223 therapy.
Patients may have had more than one prior malignancy
or fracture before enrolment.

The analysis of second primary malignancies included
the 1465 patients in the safety population and five addi-
tional patients who had been treated before the data
cutoff date but whose data were entered into the study
database after the cutoff date. Of these 1470 patients, 21
(1%) had a total of 23 new second primary malignancies
recorded during or after they received radium-223 (me-
dian six injections, IQR 4–6), with a cumulative incidence
of 1.04 per 100 patient-years. Reported malignancies
included five lung, four skin, four urinary tract, three
gastrointestinal, three haematological (one each of
monocytic leukaemia, non-Hodgkin lymphoma, and
recurrent plasma cell myeloma), two neuroendocrine,
and two pancreatic cancers. Fifteen of the 21 patients had
received prior radiotherapy, and one received radio-
therapy concomitantly with radium-223. The second pri-
mary malignancies were recorded over a range of 8–860
days from start of radium-223 therapy; three new ma-
lignancies were recorded during radium-223 therapy,
nine occurred up to 6 months after the last radium-223
dose, eight occurred 6–18 months after radium-223
completion, and three occurred after >18 months.
Twenty-two malignancies were assessed as unrelated to
www.thelancet.com Vol 60 June, 2023
radium-223. One patient, who received four radium-223
injections, had monocytic leukaemia with onset 4
months after start of radium-223 treatment that was
assessed by the investigator as related to radium-223.

Overall, AEs were recorded in 701 (48%) of the 1465
patients in the safety population (Table 3). During and
up to 30 days after the last radium-223 administration,
treatment-emergent SAEs occurred in 311 (21%) pa-
tients and drug-related treatment-emergent AEs in 510
(35%) patients. The most common drug-related treat-
ment-emergent AEs were diarrhoea in 157 (11%) pa-
tients (four [0.3%] grade 3/4), nausea in 127 (9%)
patients (two [0.1%] grade 3/4), and anaemia in 122
(8%) patients (87 [6%] grade 3/4) (appendix p 5). Nine
deaths during radium-223 treatment or follow-up were
reported as drug related (three thrombocytopenia, three
anaemia, and one each pancytopenia, cardiac failure,
and monocytic leukaemia).

In the 6 months after completion of radium-223
therapy, 214 (15%) of 1465 patients had grade 3/4 hae-
matological toxicities, namely anaemia in 177 (12%),
thrombocytopenia in 52 (4%), neutropenia in 14 (1%),
pancytopenia in eight (<1%), and leucopenia not further
specified in seven (<1%). In total, 397 (27%) patients
received therapeutic or preventive treatments for bone-
marrow suppression (eg, blood transfusions or growth
factors) after the start of radium-223 treatment. Of these
397 patients, 209 (53%) had received chemotherapy
before radium-223 treatment and 128 (32%) received
chemotherapy after radium-223 completion. The pro-
portions of patients requiring red blood cell trans-
fusions, erythropoiesis-stimulating drugs, and colony-
stimulating factors are shown in Fig. 2. Abnormal lab-
oratory values related to bone-marrow suppression are
shown in the appendix (p 6).

After completion of radium-223 therapy, 80 (5%) of
1465 patients had drug-related SAEs, primarily anaemia
in 25 (2%) patients (appendix p 7). These SAEs occurred
after a median of 4.1 months (IQR 1.8–5.9). Eleven pa-
tients died as a result of post-treatment SAEs that were
deemed to be drug related (four anaemia, four throm-
bocytopenia, and one each pancytopenia, cardiac failure,
general physical health deterioration, monocytic
leukaemia, and decreased white blood cell count). Some
patients had more than one SAE listed as cause of death.
The SAEs resulting in death occurred after a median of
2.3 months (IQR 1.2–4.1) after the last dose of radium-
223.

Median overall survival was 15.6 months (95% CI
14.6–16.5; Fig. 3). Of the 1465 patients, 934 (64%) had
died by the data cutoff date (Mar 20, 2019) and 531
(36%) who were alive or had no confirmed death were
censored at the last known date alive; 171 of the 531
patients were permanently lost to follow-up. Sixty-five
(4%) patients died within 30 days after the last dose of
radium-223, and 869 (59%) died more than 30 days after
the last radium-223 dose. Disease progression was the
5
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Characteristic Patients
(n = 1465)

Age, years 73 (67–79)

ECOG PS

0 441 (30%)

1 727 (50%)

≥2 220 (15%)

Missing 77 (5%)

Time from diagnosis of CRPC to study entry, months
(n = 744)

13 (3–27)

Time from initial diagnosis of bone metastases to
study entry, months (n = 994)

23 (12–42)

Prior interventions

Radiation therapy to prostate 486 (33%)

Surgery 291 (20%)

Systemic anticancer therapya 900 (61%)

No therapy to prostate 709 (48%)

Missing resection status 26 (2%)

Extent of disease (n = 1349 with bone scan at
baseline)b

<6 lesions 259 (19%)

6–20 lesions 636 (47%)

>20 lesions 270 (20%)

Superscan 81 (6%)

Extent of disease not documented 73 (5%)

Metastases

Bone metastases only 1193 (81%)

Bone metastases plus lymph nodes 183 (13%)

Bone metastases plus lymph nodes plus other
metastases

25 (2%)

Bone metastases plus other metastases, excluding
lymph nodes

64 (4%)

Non-bone metastasis location (in >1% of patients)c

Lymph node 208 (14%)

Retroperitoneal 64 (4%)

Pelvic 49 (3%)

Para-aortic 40 (3%)

Iliac 37 (3%)

Mediastinal 29 (2%)

Lung 37 (3%)

Bladder 17 (1%)

Liver 16 (1%)

Laboratory valuesd

Alkaline phosphatase, U/L (n = 1048) 135 (82–263)

Haemoglobin, g/dL (n = 1300) 12 (11–13)

Lactate dehydrogenase, U/L (n = 555) 269 (200–419)

Prostate-specific antigen, ng/mL (n = 1053) 59 (16–201)

Mean BPI-SF score

Pain severity (n = 1312) 3.0 (2.2)

Pain at its worst (n = 1320) 4.1 (2.9)

BPI-SF “pain at its worst” score (n = 1320)

0 217 (16%)

1 76 (6%)

2 134 (10%)

3 150 (11%)

4 130 (10%)

(Table 2 continued on next column)

Characteristic Patients
(n = 1465)

(Continued from previous column)

5 166 (13%)

6 119 (9%)

7 123 (9%)

8 130 (10%)

9 45 (3%)

10 30 (2%)

Data are median (IQR), mean (SD), or n (%). Percentages may not total 100
because of missing data and/or rounding. BPI-SF = Brief Pain Inventory Short
Form. CRPC = castration-resistant prostate cancer. ECOG PS = Eastern
Cooperative Oncology Group performance status. IQR = interquartile range.
SD = standard deviation. aSystemic anticancer therapies included docetaxel,
cabazitaxel, abiraterone acetate, enzalutamide, and sipuleucel-T. bThe total
includes 30 patients who had a bone scan with negative findings; these patients
had a history of bone metastases identified on other imaging. cLocation of
other visceral metastases: abdomen (one), adrenal gland (seven), brain (two),
breast (one), kidney (three), pelvis (one), peritoneum (one), pleura (one),
prostate (one), rectum (four), skull base (one), soft tissue (two), spinal cord
(two), T10 vertebra (one), thyroid gland (one), urethra (one). dLaboratory tests
were done locally, with varying normal ranges.

Table 2: Patient demographics and clinical characteristics at study
entry.
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main cause of death, reported in 718 (49%) of all 1465
patients, or 77% of the 934 patients who died.

Overall, 1320 patients had data for the BPI-SF “pain
at its worst” score at baseline, 1027/1320 (78%) had
a baseline score of 2 or greater and 293/1320 [22%] had
a baseline score of <2. During treatment 566/1027 pa-
tients (55%) had a clinically meaningful pain response
(a decrease of ≥2 points in the “pain at its worst” item;
appendix p 8).

Fractures occurred in 70 (5%) of 1465 patients
(4.34 per 100 person-years; appendix p 9). Sixteen
(2%) of 678 patients who started BHAs before
radium-223 and 19 (3%) of 566 patients who received
concomitant BHAs had a fracture, compared with 54
(7%) of 787 patients and 51 (6%) of 899 patients who
did not receive any prior or concomitant BHAs,
respectively. Twenty-two (2%) of 1465 patients had
fractures that occurred during or after concomitant
radium-223 and abiraterone/prednisone or enzaluta-
mide treatment.

Systemic life-prolonging anticancer treatments for
mCRPC that were completed before the start of radium-
223 therapy are shown in Fig. 4A. Patients received
radium-223, either as monotherapy or in combination
with other anticancer therapies, as their first treatment
for mCRPC in 565 of 1465 cases (39%) or after
completion of one mCRPC treatment (435/1465, 30%),
two mCRPC treatments (286/1465, 20%), or three or
more mCRPC treatments (179/1465, 12%). In total, 160
(11%) of 1465 patients were treated with both abirater-
one/prednisone and enzalutamide before starting
radium-223 therapy.
www.thelancet.com Vol 60 June, 2023
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Patients (n = 1465)

Any AE of interesta 701 (48%)

Treatment-emergent AEs occurring during treatment or ≤30 days after last radium-223 dose

SAEs 311 (21%)

SAEs resulting in death 92 (6%)

Drug-related AEs

Any grade 510 (35%)

Grade ≥3 155 (11%)

Resulting in radium-223 discontinuation 82 (6%)

Resulting in death 9 (1%)

Post-treatment AEs occurring >30 days after completion of radium-223

Grade 3/4 haematological toxicities ≤6 months after completion of radium-223

Grade 3 203 (14%)

Grade 4 26 (2%)

Drug-related SAEs ≤7 years after completion of radium-223

Any SAEs 28 (2%)

Resulting in death 2 (<1%)

AE = adverse event; SAE = serious adverse event. aAEs of interest were treatment-emergent SAEs and drug-related AEs during and ≤30 days after radium-223 completion,
grade 3/4 haematological toxicities ≤6 months after last radium-223 dose, and drug-related SAEs after radium-223 therapy completion.

Table 3: Summary of adverse events.

Articles
Of the 1465 patients, 436 (30%) received radium-223
concomitantly with systemic life-prolonging anticancer
treatments. Most of these treatments were non-
myelosuppressive (abiraterone, enzalutamide, and
sipuleucel-T), although a small proportion of men
received chemotherapy with docetaxel or cabazitaxel, or
both (Fig. 4B).

Systemic anticancer therapy started after the last dose
of radium-223 is shown in Fig. 4C. Overall, 471 (32%) of
1465 patients received at least one subsequent systemic
life-prolonging anticancer therapy. Myelosuppressive
therapy (docetaxel and/or cabazitaxel) was administered
in 284 (19%) patients and treatments targeting the
androgen receptor pathway in 262 (18%). After they
finished radium-223 treatment, 994 (68%) patients did
not receive further therapy, primarily because 649 (65%)
of the 994 patients had died (Fig. 4C). Of the 994 patients,
364 (37%) received radium-223 as their first therapy, 284
(29%) completed one prior therapy, 203 (20%) completed
two prior therapies, and 143 (14%) completed three or
more prior therapies.

Overall, 706 (48%) of 1465 patients never received
taxane therapy.

Before they started radium-223, 678 (46%) of 1465
patients had received at least one BHA, including 197
(13%) who stopped BHA therapy before radium-223.
During radium-223 treatment, 566 (39%) patients
continued or initiated BHA therapy. After completion of
radium-223 therapy, 64 (4%) patients initiated BHA
therapy for the first time (appendix p 10).

Before radium-223 initiation, 808 (55%) of 1465 pa-
tients had received radiotherapy (486 [33%] to prostate;
477 [33%] to bone). During radium-223 therapy, 91 (6%)
www.thelancet.com Vol 60 June, 2023
patients received radiotherapy (18 [1%] to prostate, 76
[5%] to bone).
Discussion
Data collection for REASSURE started in 2014 when
cabazitaxel, abiraterone, enzalutamide, and sipuleucel-T
were new treatment options for mCRPC. None of these
agents was available to patients when the radium-223
phase 3 ALSYMPCA trial was done from 2008 to
2011.1 Thus, REASSURE gives a more current real-
world assessment of radium-223 safety and effective-
ness in the context of the growing number of systemic
therapies available for prostate cancer.

At this prespecified interim analysis of REASSURE,
after a median follow-up of almost 1 year, no new safety
signals were identified compared with the established
safety profile of radium-223 in ALSYMPCA and an
earlier interim analysis of REASSURE.2,13 The propor-
tion of patients who completed all six planned cycles of
radium-223 treatment was similar in both studies (59%
for REASSURE and 58% for ALSYMPCA).1 Among the
1470 participants in REASSURE who had been treated
with radium-223 by the data cutoff date, 21 (1%) patients
had a total of 23 new malignancies, most of which
occurred within 6 months after completion of radium-
223 treatment. One new malignancy was assessed by
the investigator to be related to radium-223. The final
analysis, with longer follow-up, should provide a better
indication of the incidence of second primary malig-
nancies, as radiation-related malignancies, such as
bladder and colorectal cancer, tend to occur several years
after exposure.4–7 In the 3-year follow-up of the
7
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Fig. 2: Use of therapeutic or preventive treatments for bone-marrow suppression (n = 1465). (A) After start of radium-223 treatment in
patients who did or did not receive prior chemotherapy. (B) After completion of radium-223 treatment in patients who did or did not receive
subsequent chemotherapy. aPatients may have received chemotherapy at other times.
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ALSYMPCA trial, 4 second primary malignancies were
reported among 572 men treated with radium-223,
compared with three malignancies in the placebo
group.2 No second primary malignancies were reported
in a phase 2 study of radium-223 in 49 men with
mCRPC after 3 years of follow-up.14 In men with pros-
tate cancer who received EBRT, a low but significantly
increased risk of other malignancies has been reported
up to 20 years after treatment.4–7 In an observational
study of 2234 men with mCRPC (most with bone me-
tastases) in the US SEER–Medicare database, an inci-
dence rate of 5.9 second primary malignancies per 100
patient-years was reported; this rate was three times the
rate of any cancers observed in the SEER population in
men of a similar age without prostate cancer.15
Comparisons between studies must of course
consider differences in patient eligibility criteria and
baseline clinical characteristics. For example, patients
with visceral metastases or with a malignant lymph-
adenopathy greater than 3 cm in the short-axis
diameter were excluded from ALSYMPCA but not
from REASSURE, whereas patients treated with
radium-223 in ALSYMPCA had higher median PSA
than patients in REASSURE (146 ng/mL vs 59 ng/mL,
respectively) and a greater tumour burden (>20 metas-
tases or Superscan in 41% of patients vs 26%, respec-
tively).2 These factors might be attributed to the fact that
patients in ALSYMPCA were enrolled between 2008 and
2011, when many of the newer systemic therapies were
not available; the greater number of treatment options
www.thelancet.com Vol 60 June, 2023
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Fig. 3: Kaplan–Meier estimate of overall survival (n = 1465). Of the 531 censored patients at month 48, 171 were permanently lost to follow-
up. CI = confidence interval.
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available to patients in REASSURE might have affected
their baseline clinical characteristics and might poten-
tially affect their tolerance to other treatments and/or
efficacy outcomes. Nevertheless, consistent with
ALSYMPCA, anaemia and diarrhoea were among the
most commonly reported AEs during radium-223
treatment in REASSURE.1,2 Thrombocytopenia was the
most common haematological toxicity associated with
radium-223 administration. Post-treatment haemato-
logical toxicity occurred in a higher proportion of pa-
tients who received chemotherapy before compared
with after radium-223. These data suggest that chemo-
therapy can be given after radium-223 therapy without
increased toxicity, although the proportion of patients
requiring growth factors was higher in those who were
treated with chemotherapy than in those who were not.

The secondary endpoints of REASSURE were
selected for their clinical relevance to physicians and
patients: overall survival, quantitative pain response, and
fractures. The median overall survival from the start of
radium-223 treatment in this interim analysis is
consistent with median durations reported in
ALSYMPCA, other clinical trials, and retrospective real-
world studies of radium-223 in men with mCRPC.16–21

To our knowledge, REASSURE is the largest study to
quantify a clinically meaningful pain response to
radium-223 (defined as a decrease from baseline of ≥2
points in the “pain at its worst” item in the BPI-SF
questionnaire). Pain was an entry criterion in
ALSYMPCA, and a decline in pain-related quality of life
was reported; however, patient-reported pain responses
to radium-223 were not quantitatively assessed in that
study.22 The prospective observational ROTOR registry
(Registry of Treatment Outcomes in a Non-study
www.thelancet.com Vol 60 June, 2023
Population of Symptomatic mCRPC Patients Treated
With Radium-223; NCT03223727) evaluated clinical
outcomes, including pain response to radium-223, in
patients with mCRPC, both symptomatic and asymp-
tomatic, who had been extensively pretreated. In 105
men with data, clinically meaningful improvements in
quality of life (measured using the Functional Assess-
ment of Cancer Therapy-Prostate questionnaire) and
pain (measured using the BPI-SF “pain at its worst”
item) were reported in 31% and 50% of patients,
respectively. Pain improvement was achieved whether
or not patients had pain at baseline.23 These findings are
consistent with those from the current REASSURE
interim analysis, in which 34% of patients had a clini-
cally meaningful pain response, although, as noted
earlier, differences in baseline characteristics between
patient populations make cross-trial comparisons
challenging.

The incidence of fracture in REASSURE was some-
what higher than the 4% or less incidence reported in
ALSYMPCA,1,2 but lower than that reported in other
studies and real-world analyses.16,18 In REASSURE, the
low use of concomitant BHAs was surprising, given that
BHA use in men with mCRPC and bone metastases is
recommended in international guidelines.24,25 Although
reasons for not using BHAs were not collected, clini-
cians may have elected to avoid a BHA during radium-
223 treatment because of the bone-targeted mecha-
nism of action of radium-223. This issue should be
addressed and clarified in guidelines and educational
symposia.

In REASSURE, a substantial proportion of patients
had not completed another systemic anticancer therapy
for mCRPC before they initiated radium-223, although
9
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Fig. 4: Systemic anticancer therapies (n = 1465). (A) Prior therapies for mCRPC (completed before first radium-223 injection). (B) Concomitant
therapies (started before or during radium-223 therapy, ongoing during radium-223 therapy, and completed during or after radium-223 therapy).
(C) Subsequent therapies (started after completion of radium-223 therapy). Patients may have received more than one systemic anticancer therapy
at each stage. mCRPC = metastatic castration-resistant prostate cancer. aSipuleucel-T is licensed in the USA only.

Articles

10
they might have received prior systemic therapy for
hormone-sensitive or non-metastatic disease. In another
real-world analysis of treatment patterns in 2259 men
with mCRPC in the US Flatiron database treated be-
tween 2013 and 2017, only 2% of all men in the analysis,
or 15% of men who were ever treated with radium-223,
received radium-223 as first-line therapy.26 This
discrepancy could be related to the slightly later time
frame of REASSURE (2014–2019), as well as the
underlying populations (all men with mCRPC in the US
database compared with only men with mCRPC who
ever received radium-233 in a global setting). In com-
parison, patients in ALSYMPCA had to have been
treated with docetaxel, or be unfit for or declined doce-
taxel, before receiving radium-223 treatment. Use of
other prior or concomitant therapies was not reported in
ALSYMPCA.1 In the ERA-223 study of radium-223 in
combination with abiraterone acetate and prednisone in
www.thelancet.com Vol 60 June, 2023
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men with mCRPC and bone metastases, patients were
excluded if they had previously received chemotherapy
or abiraterone for CRPC before receiving radium-223.
Again, use of other prior or concomitant therapies was
not reported.27

It is surprising that a small proportion of patients
were treated with chemotherapy concurrently with
radium-223, given the US prescribing information for
radium-223 warning against such practice outside clin-
ical trials because of overlapping haematological toxicity
profiles.2 Concomitant use of either abiraterone or
enzalutamide was also recorded in some patients, likely
because of a desire to reduce prostate-specific antigen
levels, which would not necessarily be achieved with
radium-223, as seen in ALSYMPCA.1 The US Food and
Drug Administration and European Medicines Agency
issued warnings about the concurrent use of radium-
223 with abiraterone acetate + prednisone in late 2017,
as a result of an increase in fracture rate of uninvolved
bone observed in patients treated with the combination
in the ERA-223 trial.27 The incidence of concomitant
EBRT use in REASSURE, mainly for pain palliation in
72 (5%) patients, is lower than the 16% incidence within
12 weeks of screening in the radium-223 arm of the
ALSYMPCA trial, but all patients in ALSYMPCA were
symptomatic at study entry.1

After radium-223 treatment, almost half of the pa-
tients died before they could receive subsequent ther-
apy. Of the remainder, some received subsequent
systemic anticancer therapy, including docetaxel, cab-
azitaxel, enzalutamide, or abiraterone. Approximately
half of the REASSURE population never received a
taxane at any time, reflecting the benefits of having a
range of treatment options now available, as many pa-
tients are concerned about taxane toxicity.28

Potential limitations of any non-interventional real-
world study include the lack of blinding and random-
isation, the heterogeneity of the patient population and
treatments administered, differences in treatment
pathways across centres and countries, and the lack of
consistency in data collection during follow-up. How-
ever, REASSURE was specifically designed to capture
real-world experience with radium-223 and long-term
safety. The heterogeneous patient population and
multinational scope may be viewed as strengths in
reflecting the real-world situation for patients with
mCRPC who are treated with radium-223. Although the
median follow-up duration in this interim analysis is
relatively short, most patients had reached end of
observation, indicating that the data are mature enough
to allow a good assessment of radium-223 safety in a
real-world setting.

In summary, this planned interim analysis of
REASSURE demonstrated that, in real-world clinical
practice, radium-223 has a safety profile consistent with
clinical trial experience, which does not appear to be
affected by prior, concomitant, or subsequent use of
www.thelancet.com Vol 60 June, 2023
other systemic anticancer therapies or radiotherapy.
The risk of second primary malignancies was low, albeit
over a short follow-up period. The final analysis of
REASSURE, after longer follow-up, will provide addi-
tional information on the long-term safety and clinical
outcomes associated with radium-223 in men with
mCRPC and bone metastases treated in the real world. A
graphical abstract and plain language summary are
available in the appendix (pp 11–12).
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