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Abstract

Background: Radium‐223 and taxane chemotherapy each improve survival of pa-
tients with metastatic castration‐resistant prostate cancer (mCRPC). Whether the
radium‐223–taxane sequence could extend survival without cumulative toxicity was
explored.

Methods: The global, prospective, observational REASSURE study (NCT02141438)

assessed real‐world safety and effectiveness of radium‐223 in patients with mCRPC.

Bertrand Tombal and Oliver Sartor should be considered joint senior authors.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2024 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society.

1930 - Cancer. 2024;130:1930–1939. wileyonlinelibrary.com/journal/cncr

https://doi.org/10.1002/cncr.35221
https://orcid.org/0000-0001-5308-8972
https://orcid.org/0000-0002-8777-7343
mailto:thigano@uw.edu
https://orcid.org/0000-0001-5308-8972
https://orcid.org/0000-0002-8777-7343
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/cncr
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcncr.35221&domain=pdf&date_stamp=2024-02-10


Using data from the prespecified second interim analysis (data cutoff, March 20,

2019), hematologic events and overall survival (OS) were evaluated in patients who

were chemotherapy‐naive at radium‐223 initiation and subsequently received tax-
ane chemotherapy starting ≤90 days (“immediate”) or >90 days (“delayed”) after the

last radium‐223 dose.
Results: Following radium‐223 therapy, 182 patients received docetaxel (172 [95%])
and/or cabazitaxel (44 [24%]); 34 patients (19%) received both. Seventy‐three pa-
tients (40%) received immediate chemotherapy and 109 patients (60%) received

delayed chemotherapy. Median time from last radium‐223 dose to first taxane cycle
was 3.6 months (range, 0.3–28.4). Median duration of first taxane was 3.7 months

(range, 0–22.0). Fourteen patients (10 in the immediate and four in the delayed

subgroup) had grade 3/4 hematologic events during taxane chemotherapy, including

neutropenia in two patients in the delayed subgroup and thrombocytopenia in one

patient in each subgroup. Median OS was 24.3 months from radium‐223 initiation
and 11.8 months from start of taxane therapy.

Conclusions: In real‐world clinical practice settings, a heterogeneous population of
patients who received sequential radium‐223–taxane therapy had a low incidence of
hematologic events, with a median survival of 1 year from taxane initiation. Thus,

taxane chemotherapy is a feasible option for those who progress after radium‐223.
Clinical Trial Registration: ClinicalTrials.gov identifier NCT02141438.

Plain Language Summary

� Radium‐223 and chemotherapy are treatment options for metastatic prostate
cancer, which increase survival but may affect production of blood cells as a side

effect.

� We wanted to know what would happen if patients received chemotherapy after

radium‐223.
� Among the 182 men treated with radium‐223 who went on to receive chemo-
therapy, only two men had severe side effects affecting white blood cell pro-

duction (neutropenia) during chemotherapy.

� On average, the 182 men lived for 2 years after starting radium‐223 and 1 year
after starting chemotherapy.

� In conclusion, patients may benefit from chemotherapy after radium‐223 treat-
ment without increasing the risk of side effects.

K E YWORD S

hematologic toxicity, metastatic castration‐resistant, radium‐223, taxane chemotherapy,
treatment sequence

INTRODUCTION

In patients with metastatic castration‐resistant prostate cancer
(mCRPC), the alpha‐emitting radionuclide radium‐223 and taxane‐
based chemotherapy (docetaxel or cabazitaxel) have each demon-

strated overall survival (OS) benefits, with hazard ratios for death of

0.69 to 0.76 versus best standard of care in phase 3 trials.1–3 These

agents are now used in various lines and sequences within the

expanding treatment options for mCRPC.

Given the different mechanisms of action of radium‐223 and
taxanes, sequential use of these agents may avoid cross‐resistance to
offer incremental survival benefit. Both radium‐223 and taxanes,
however, are associated with adverse events related to bone marrow

suppression, including grade 3/4 thrombocytopenia in 6% of patients

treated with radium‐2233,4 and grade 3/4 neutropenia in 32% to 58%
of patients treated with taxanes.1,2 Therefore, cumulative toxicity is a

possible concern when these agents are used in sequence. In the

phase 3 ALSYMPCA study of radium‐223, 57% of patients who had
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previously received a taxane had slightly increased incidences of

neutropenia (7%) and thrombocytopenia (15%) compared with those

who received placebo after chemotherapy (1% and 8%, respectively)

and those who received radium‐223 with no prior chemotherapy (2%
and 6%, respectively).5

Using radium‐223 before chemotherapy is of particular interest
because it is well tolerated, maintains quality of life,3 and is approved

for use in advanced prostate cancer that has metastasized to the

bone (i.e., before visceral metastases have developed). To date, there

is little evidence on the safety of this sequence, although reassur-

ingly, in an exploratory analysis of ALSYMPCA, the incidence of grade

3/4 hematologic events after initiation of subsequent chemotherapy

was ≤10%.6 We sought to support these findings in a broad popu-
lation of patients treated with chemotherapy after radium‐223 in
real‐world settings.

METHODS

Study design and patients

REASSURE (NCT02141438) is an ongoing, global, prospective,

single‐arm, observational study of radium‐223 use in real‐world
settings.7,8

Patients with mCRPC involving bone were eligible for enrollment

if they were scheduled to receive radium‐223 in real‐world clinical
practice. This post hoc analysis is limited to patients who had

received no prior chemotherapy at any time before radium‐223
administration and who then received taxane chemotherapy during

study follow‐up after radium‐223 completion.
The study was performed in accordance with the principles of

the Declaration of Helsinki, the International Conference of

Harmonization Good Clinical Practice, and all applicable local laws

and regulations. Ethics committee or institutional review board ap-

provals were obtained according to local laws in participating coun-

tries. All patients provided written informed consent before starting

treatment.

Treatment

The decision to administer radium‐223 was agreed between the
treating physician and the patient before enrollment. It was highly

recommended that the dosage and duration of radium‐223 treat-
ment followed the approved local prescribing information. After a

protocol amendment in June 2018, radium‐223 could not be
administered concurrently with abiraterone plus prednisone or

prednisolone. Administration of a concomitant bone health agent

(BHA) such as bisphosphonates or denosumab was permitted, ac-

cording to local guidelines. Use of subsequent therapies after the

last dose of radium‐223 was at the discretion of the treating
physician and patient.

End points and assessments

Details of the REASSURE study design and safety and efficacy end

points have been reported previously.7,8 In brief, for the ongoing

overall study, primary outcomes are adverse events, including

treatment‐emergent serious adverse events and drug‐related adverse
events during and up to 30 days after radium‐223 completion, grade 3/
4 hematologic toxicities up to 6months after the last radium‐223 dose,
drug‐related serious adverse events after radium‐223 therapy
completion, and second primary malignancies. Use of life‐prolonging
systemic anticancer therapies (i.e., docetaxel, cabazitaxel, abirater-

one plus prednisone, enzalutamide, sipuleucel‐T, and/or lutetium‐177
prostate‐specific membrane antigen) and BHAs was recorded at
baseline (start of radium‐223), at each treatment visit, and at each
follow‐up visit until death or loss to follow‐up. Therapies were defined
as “prior completed” (commenced and stopped before the first radium‐
223 dose), “concomitant” (initiated before or during radium‐223
treatment and continued during radium‐223 treatment), or “subse-
quent” (initiated after the last dose of radium‐223).

In the present analysis, the objective was to evaluate safety and

OS in patients who received taxane chemotherapy after radium‐223
using data from the prespecified second interim analysis.

Hematologic events associated with bone marrow suppression

were assessed during study follow‐up in two (potentially overlapping)
time periods: (1) during and up to 6 months after the last dose of

radium‐223 and (2) during and up to 6 months after completion of
subsequent taxane chemotherapy. In the first period, events of in-

terest were grade 3 or 4 hematologic toxicities. In the second time

period, events of interest were neutropenic fever and hemorrhage

events. Events were defined using the Medical Dictionary for Regu-

latory Activities version 21.1, and severity was graded using the

National Cancer Institute Common Terminology Criteria for Adverse

Events version 4.03.

Hematologic events are reported for all patients who received

taxane chemotherapy after radium‐223 completion and for sub-
groups of patients who initiated taxane chemotherapy within 90 days

(“immediate”) or more than 90 days (“delayed”) after radium‐223
completion. For patients who received both docetaxel and cab-

azitaxel, the chemotherapy start date was the date of the first

chemotherapy dose, and the end date was the date of the last

chemotherapy dose, regardless of which chemotherapy agent this

was. Gaps between the end of one chemotherapy agent and start of

the other were possible, and patients could receive other life‐
prolonging therapy between radium‐223 and taxane.

OS was defined as the time from the start of radium‐223 or
taxane therapy to death from any cause.

Statistical analyses

All analyses were descriptive in nature. For continuous variables,

summary statistics (median and range; mean and standard
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deviation) were calculated. For categorical variables, frequencies

and percentages were calculated. For OS, Kaplan–Meier estimates

and survival curves were determined and descriptive summaries

were reported.

RESULTS

Patient disposition and baseline characteristics

Patient enrollment commenced on August 20, 2014, and recruitment

was completed at the end of 2017. Patients were enrolled in 189

sites in the United States, Canada, Argentina, Colombia, Mexico,

Austria, Belgium, Czech Republic, Denmark, France, Germany,

Greece, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden,

United Kingdom, and Israel.

At the prespecified second interim analysis (data cutoff: March

20, 2019; median duration of observation: 11.5 months [range 0.3–

48.7]), the overall safety population included 1465 patients who

received at least one dose of radium‐223. Of these, 182 patients
(12%) had no prior chemotherapy and received subsequent taxane

chemotherapy, including 172/182 (95%) who received docetaxel and

44/182 (24%) received cabazitaxel; 34/182 (19%) received both

docetaxel and cabazitaxel after radium‐223. Of the 182 patients, 73
(40%) received chemotherapy within 90 days (immediate subgroup)

and 109 (60%) 90 or more days (delayed subgroup) after the end of

radium‐223 treatment.
Most of the 182 patients (88%) had an Eastern Cooperative

Oncology Group performance status of 0 or 1 at study entry. In

addition, 58% had unresected primary tumors and 69% had ≥6 bone
metastases identified on scintigraphy or other scans before starting

radium‐223 treatment. Patient demographics and baseline clinical
characteristics were generally similar between the immediate and

delayed subgroups (Table 1), except for the median time from diag-

nosis of CRPC to study entry (14 vs 8 months, respectively) and

median baseline prostate‐specific antigen level (66 vs 20 ng/mL).

Treatment exposure and sequencing

Most patients completed six radium‐223 injections: 129/182 (71%)
overall, 35/73 (48%) in the immediate subgroup, and 94/109 (86%) in

the delayed subgroup. The median number of radium‐223 doses
administered was 6, 5, and 6, respectively, and the corresponding

median duration of radium‐223 treatment in each subgroup was 20,
19, and 20 weeks, respectively.

Themedian (range) time from the last dose of radium‐223 until the
start of subsequent taxane therapy was 3.6 (0.3–28.4) months overall,

1.4 (0.3–3.0) months for the immediate subgroup, and 7.3 (3.0–28.4)

months for the delayed subgroup. The median (range) duration of the

first subsequent taxanewas 3.7 (0–22.0), 3.5 (0–22.0), and 3.7 (0–20.0)

months, respectively.

Overall, 81/182 patients (45%) had completed at least one prior

systemic life‐prolonging therapy for mCRPC other than chemo-
therapy before initiation of radium‐223, most commonly abiraterone
plus prednisone in 48/182 patients (26%) (Figure 1A). During radium‐
223 treatment, 83/182 patients (46%) received at least one

concomitant systemic life‐prolonging therapy, primarily abiraterone
plus prednisone in 50/182 patients (27%) and enzalutamide in 44/

182 patients (24%) (Figure 1B). Following completion of radium‐223
treatment, 61/182 patients (34%) received at least one subsequent

systemic life‐prolonging anticancer therapy other than taxanes, pri-
marily enzalutamide in 45/182 patients (25%) and abiraterone plus

prednisone in 21/182 patients (12%) as well as newly approved

lutetium‐177‐prostate‐specific membrane antigen (4%) (Figure 1C).
Some patients received more than one prior, concomitant, or sub-

sequent systemic anticancer therapy.

The proportions of patients who received BHAs before or with

radium‐223 treatment were similar (denosumab: 31% prior and 29%
concomitant; zoledronic acid: 20% and 16%, respectively). After the

last radium‐223 dose, 5% of patients initiated denosumab and 7%
initiated zoledronic acid.

Adverse events

During radium‐223 therapy, 83/182 patients (46%) had ≥1 serious
treatment‐emergent adverse event (TEAE) or drug‐related TEAE,
36/73 (49%) in the immediate subgroup and 47/109 (43%) in the

delayed subgroup (Table S1). Fifteen patients (8%) had serious

TEAEs (immediate subgroup 7 [10%]; delayed subgroup 8 [7%]),

which resulted in permanent discontinuation of radium‐223 treat-
ment in three patients (2%, all in the immediate subgroup). Drug‐
related TEAEs were recorded in 71 patients (39%) overall, 30

(41%) in the immediate subgroup and 41 (38%) in the delayed

subgroup. Twelve patients (7%) overall, eight (11%) in the imme-

diate subgroup and four (4%) in the delayed subgroup, experienced

grade ≥3 events. Drug‐related TEAEs resulted in radium‐223
discontinuation in three patients (2%) overall, all in the immediate

subgroup.

Grade 3 or 4 hematologic events that occurred up to 6 months

after radium‐223 therapy and during taxane chemotherapy were
recorded in 14 patients (8%) overall, four patients (5%) in the im-

mediate subgroup and 10 patients (9%) in the delayed subgroup. The

most frequently reported event was grade 3 anemia, recorded in 6%

(overall), 5% (immediate), and 6% (delayed) (Table 2). One of the four

patients in the immediate subgroup had previously experienced a

serious TEAE during radium‐223 treatment, which was deemed to be
drug‐related; none of the 10 patients in the delayed subgroup had
previously experienced a serious TEAE, but four patients had TEAEs

during radium‐223 treatment that were deemed to be drug related.
All four patients in the immediate subgroup had received abiraterone

plus prednisone or enzalutamide before starting radium‐223 (two
patients had received both abiraterone and enzalutamide), and all

HIGANO ET AL. - 1933
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four patients received ≥1 dose of radium‐223 concomitantly with
abiraterone or enzalutamide. In the delayed subgroup, five patients

received radium‐223 as their first treatment for mCRPC and five
received it as their second treatment following abiraterone or

enzalutamide; six of the 10 patients initiated or continued to receive

abiraterone or enzalutamide after radium‐223 but before taxane,
whereas three patients received no other treatment between

radium‐223 and taxane chemotherapy.

TAB L E 1 Baseline characteristics of patients who received radium‐223 followed by chemotherapy.

Characteristic
Radium‐223 followed by immediate
chemotherapya (n = 73)

Radium‐223 followed by delayed
chemotherapyb (n = 109)

Total
(N = 182)

At initial diagnosis

Gleason score, n (%)

≤6 8 (11) 16 (15) 24 (13)

7–10 62 (85) 77 (71) 139 (76)

Stage, n (%)

I–III 29 (40) 61 (56) 90 (49)

IV 26 (36) 34 (31) 60 (33)

Time to study entry

From diagnosis of CRPC, median months (range) n = 43 n = 61 n = 104

14 (0–55) 8 (0–113) 11 (0–113)

From diagnosis of bone metastases, median months (range) n = 56 n = 77 n = 133

20 (0–77) 23 (0–202) 22 (0–202)

At start of radium‐223 therapy

Age, median (range), years 71 (57–85) 70 (54–88) 70 (54–88)

ECOG PS 0 or 1, n (%) 66 (90) 94 (86) 160 (88)

Extent of bone disease, n (%) n = 67 n = 102 n = 169

Normal or benignc 1 (1) 2 (2) 3 (2)

<6 lesions 18 (27) 25 (25) 43 (25)

6–20 lesions 32 (48) 53 (52) 85 (50)

>20 lesions 8 (12) 18 (18) 26 (15)

Superscan 4 (6) 2 (2) 6 (4)

Primary tumor unresected, n (%) 41 (56) 65 (60) 106 (58)

Laboratory values, median (range)

Alkaline phosphatase, U/L n = 54 n = 84 n = 138

113 (35–501) 103 (2–789) 106 (2–789)

Hemoglobin, g/dL n = 66 n = 93 n = 159

13 (10–15) 13 (10–15) 13 (10–15)

Lactate dehydrogenase, U/L n = 27 n = 51 n = 78

242 (150–516) 210 (3–562) 228 (3–562)

Prostate‐specific antigen, ng/mL n = 53 n = 86 n = 139

66 (1–1655) 20 (0–923) 33 (0–1655)

Note: Percentages may not add up to 100% because of missing or unknown information.

Abbreviations: CRPC, castration‐resistant prostate cancer; ECOG PS, Eastern Cooperative Oncology Group performance status.
a“Immediate” refers to taxane chemotherapy initiation within 90 days after radium‐223 completion.
b“Delayed” refers to taxane chemotherapy initiation more than 90 days after radium‐223 completion.
cPatients had a negative bone scan but had a history of bone metastases identified on other imaging.
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 10970142, 2024, 11, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.1002/cncr.35221, W

iley O
nline L

ibrary on [14/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



During and up to 6 months after taxane chemotherapy, the inci-

dence of febrile neutropenia or hemorrhage events was 4% overall, 7%

in the immediate subgroup and 3% in the delayed subgroup (Table 3).

Overall survival

Median OS from the start of radium‐223 treatment was 24.3 months
(95% CI, 20.9–27.5) in the overall population, 16.6 months (95% CI,

13.4–17.8) in the immediate subgroup, and 30.0 months (95% CI,

26.8–32.8) in the delayed subgroup. Median OS from the start of

subsequent taxane chemotherapy was 11.8 months (95% CI, 10.5–

14.4) in the overall population, 11.3 months (95% CI, 8.4–13.0) in the

immediate subgroup, and 14.4 months (95% CI, 10.6–17.6) in the

delayed subgroup.

DISCUSSION

Given the increasing number of systemic therapies for mCRPC, which

offer the possibility of several lines of life‐prolonging treatments,9–11

investigating how to sequence these agents in a safe and effective

way is important. The bone‐targeting mechanism of action of radium‐
223 provides a rationale for the use of this agent early in the

treatment sequence when the disease is confined to bone, followed

by a treatment with activity beyond bone, such as taxane chemo-

therapy, on disease progression. Furthermore, radium‐223 is well
tolerated and has a favorable impact on quality of life, as reported in

ALSYMPCA,3 making it a viable option for patients who wish to delay

chemotherapy, because they may remain fit enough to receive

chemotherapy after. Nevertheless, radium‐223 and chemotherapy
have some overlapping adverse events, particularly hematologic

toxicities. The data collected in the REASSURE study have enabled us

to evaluate the safety and effectiveness of the treatment sequence of

radium‐223 followed by taxane chemotherapy in real‐world settings.
Among the 182 patients who received taxane chemotherapy for

the first time after radium‐223, the incidence of drug‐related grade
≥3 adverse events during radium‐223 therapy was low (7%). This
finding is consistent with data from ALSYMPCA (grade 3/4 events of

anemia in 13%, neutropenia in 2%, and thrombocytopenia in 7% of

patients treated with radium‐223),12 and is supported by preclinical
evidence that radium‐223 has only a transient effect on

F I GUR E 1 Frequency of systemic life‐prolonging therapies
(A) completed before start of radium‐223; (B) started before or
during radium‐223 and continued concomitantly with radium‐223;
and (C) started after completion of radium‐223. Patients may have
received multiple therapies in each phase. 177Lu‐PSMA indicates
lutetium‐177 prostate‐specific membrane antigen.

TAB L E 2 Incidence of grade 3 or 4 hematologic events related to bone marrow suppression occurring up to 6 months after last
radium‐223 injection and during or up to 30 days after subsequent taxane therapy.

Hematologic events related to bone

marrow suppression occurring during
taxane chemotherapy, No. (%)

Radium‐223 followed by

immediate
chemotherapya (n = 73)

Radium‐223 followed by

delayed chemotherapyb

(n = 109) Total (N = 182)

Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4

Any 4 (5) 0 9 (8) 1 (1) 13 (7) 1 (1)

Leukopenia 0 0 0 0 0 0

Neutropenia 0 0 1 (1) 1 (1) 1 (1) 1 (1)

Pancytopenia 0 0 0 0 0 0

Thrombocytopenia 1 (1) 0 1 (1) 0 2 (1) 0

Anemia 4 (5) 0 7 (6) 0 11 (6) 0

a“Immediate” refers to taxane chemotherapy initiation within 90 days after radium‐223 completion.
b“Delayed” refers to taxane chemotherapy initiation more than 90 days after radium‐223 completion.
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hematopoietic stem cells, with no long‐term myelotoxicity.13 In our
analysis, among patients who received taxane chemotherapy during

follow‐up, the incidence of grade 3/4 hematologic adverse events
related to bone marrow suppression was also low, at 8%, and grade

3/4 neutropenia and thrombocytopenia were reported in only two

patients (1%) each. Hematologic toxicities did not accumulate with

sequential therapy, regardless of whether the taxane was initiated

immediately following the completion of radium‐223 treatment or
after a delay of 3 months or more. Furthermore, of the 83 patients

who experienced serious or drug‐related TEAEs during radium‐223
therapy, only five had hematologic adverse events during taxane

chemotherapy, whereas the nine other patients who had hematologic

events during taxane therapy had not previously experienced serious

or drug‐related TEAEs during radium‐223 treatment, suggesting that
occurrence of hematologic adverse events on taxane therapy is not

related to TEAEs during radium‐223 treatment. These findings are
consistent with the results from an exploratory analysis of the phase

3 ALSYMPCA trial in patients who received chemotherapy (primarily

docetaxel) after radium‐223 treatment6; in that analysis, approxi-
mately 10% of patients had grade 3/4 hematologic laboratory ab-

normalities up to 18 months after the first chemotherapy cycle.6

Other prospective observational studies and retrospective analyses

in patients with mCRPC provide evidence of the favorable safety

profile of radium‐223 in real‐world settings, with a generally low
incidence of myelosuppression.14–19

Notably, the 182 patients in our analysis received taxane

chemotherapy for 3.7 months on average, which equates to six 3‐
weekly cycles. For context, although patients received up to 10 cy-

cles of docetaxel as first‐line therapy in the pivotal TAX‐327 study,1

in the exploratory ALSYMPCA analysis, the median duration of first

post‐radium‐223 chemotherapy was 4.6 months6; in addition, in a
real‐world analysis of US electronic health records, the median
duration of docetaxel therapy for mCRPC was 4.1 months in the

second line and 3.8 months in the third line.20 In the REASSURE

study, patients could have received more than one line of life‐
prolonging treatment for mCRPC before radium‐223 and so they

might have been receiving docetaxel as a fourth or later line of

treatment. Thus, the duration of docetaxel treatment compares

favorably with other real‐world settings and indicates that some
patients are able to tolerate chemotherapy after radium‐223
treatment.

In the overall REASSURE study population (n = 1465), median OS
was 15.6 months; however, the study included a wide range of pa-

tients, including many who did not live long enough to receive sub-

sequent therapies. In the subgroup of 182 patients who lived long

enough to receive taxane chemotherapy after radium‐223, median
OS was approximately 2 years from the start of radium‐223 treat-
ment and 1 year from the start of the first taxane chemotherapy.

Median OS from the start of radium‐223 treatment differed mark-
edly between the immediate and delayed subgroups (16.6 vs

30.0 months, with nonoverlapping CIs), which likely reflects differ-

ences in underlying disease biology between the subgroups: patients

with aggressive disease, with poor prognosis at baseline (as indicated

by baseline prostate‐specific antigen values of 66 vs 20 ng/mL in the
immediate vs delayed subgroups), would generally have an urgent

need for new lines of treatment and would therefore be included in

the immediate subgroup. Once patients initiated taxane chemo-

therapy, the median OS was relatively similar between the subgroups

(11.3 vs 14.4 months, with overlapping CIs).

Taken together, these findings suggest that, in patients with

bone‐dominant disease who are treated with radium‐223 and remain
fit enough to receive chemotherapy afterward, this sequence is

tolerable and feasible. This sequence may be of particular interest

after prior use of doublets containing androgen receptor (AR)–tar-

geted agents (abiraterone acetate, apalutamide, darolutamide, or

enzalutamide) and androgen deprivation therapy in the metastatic

hormone‐sensitive, nonmetastatic castration‐resistant, or metastatic
castration‐resistant settings, offering patients treatment with three
different mechanisms of action to avoid cross‐resistance. In addition
to sequential use, there is interest in combination therapy involving

radium‐223. The ERA‐223 study indicated increased risk of fracture
when abiraterone acetate and radium‐223 were used together

TAB L E 3 Incidence of febrile neutropenia or hemorrhage events during and up to 6 months after completion of taxane chemotherapy.

Febrile neutropenia or hemorrhage event during or up to
6 months after taxane chemotherapy (MedDRA preferred

term), No. (%)

Radium‐223 followed by

immediate chemotherapya (n = 73)

Radium‐223 followed by delayed

chemotherapyb (n = 109)

Total

(N = 182)

Patients with ≥1 event 5 (7) 3 (3) 8 (4)

Febrile neutropenia 1 (1) 1 (1) 2 (1)

Hematochezia 2 (3) 0 2 (1)

Rectal hemorrhage 0 1 (1) 1 (<1)

Hematuria 0 1 (1) 1 (<1)

Epistaxis 3 (4) 0 3 (2)

Abbreviation: MedDRA, Medical Dictionary for Regulatory Activities.
a“Immediate” refers to taxane chemotherapy initiation within 90 days after radium‐223 completion.
b“Delayed” refers to taxane chemotherapy initiation more than 90 days after radium‐223 completion.
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versus abiraterone alone,21 resulting in regulatory restrictions on this

combination.22,23 However, other studies and meta‐analyses indicate
that the combination of radium‐223 and AR‐targeted therapy is
effective, and the risk of fracture can be reduced by concomitant use

of BHAs such as denosumab or zoledronic acid.24–31 The ongoing

phase 3 PEACE III study (NCT02194842) will assess the efficacy and

safety of radium‐223 combined with enzalutamide. Furthermore, the
phase 3 DORA study (NCT03574571) is being conducted to assess

the combination of radium‐223 with docetaxel; this combination was
found to be well tolerated and have enhanced antitumor activity

versus the individual components in a phase 1/2a study.32 Several

early‐phase studies have indicated good tolerability and promising
antitumor efficacy with the use of radium‐223 in combination with
poly (ADP‐ribose) polymerase inhibitors, such as niraparib or ola-
parib, or immuno‐oncology agents, such as atezolizumab or

sipuleucel‐T.33–36

Observational real‐world studies have limitations, including a
heterogeneous patient population, diversity of treatments and

treatment sequences, and inconsistencies in data collection during

follow‐up. For the current analysis, only 182 of the 1465 patients
enrolled in the REASSURE study met the criteria of treatment with

radium‐223 followed by taxane chemotherapy, and the median
duration of observation was less than 1 year at the time of the

planned interim analysis. Nevertheless, the REASSURE study is the

largest prospective study of real‐world data on radium‐223,
providing a good reflection of global clinical practice.

In conclusion, in this real‐world study of patients with bone‐
dominant mCRPC treated with radium‐223 who remain fit for sub-
sequent taxane chemotherapy, this sequence appears to be viable

with an acceptable safety profile without accumulation of hemato-

logic toxicity, regardless of the interval between radium‐223 and
taxane chemotherapy (immediate or delayed).
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