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Abstract

Background Radium-223 (Ra-223) is a targeted alpha therapy that has been shown to prolong overall survival (OS) in
patients with metastatic castration-resistant prostate cancer (mCRPC) with bone metastases. However, prognosis after
Ra-223 administration varies among patients. The aim of the present study was to assess risk factors associated with the
poor prognosis of patients treated with Ra-223.

Methods We retrospectively reviewed patients’ records of treatment with Ra-223 between October 2016 and December
2019. All patients had mCRPC, bone metastasis, and no known visceral metastases, and received up to six cycles of Ra-223
(55 kBg/kg). Prognostic factors for OS were analyzed by Cox proportional hazards model and log-rank test.

Results We identified 42 patients who received at least one cycle of Ra-223 (median six cycles, range 1-6). Approximately
two-thirds of patients had received at least two lines of therapy for mCRPC. The median age was 74 years, and the median
follow-up duration was 13.6 months. The median OS time was 16.6 months. On multivariate analysis, PSA doubling time
(PSADT) (0-3 months) at baseline, number of bone metastases (> 20), and treatment line of Ra-223 (4th—5th line) remained
significantly correlated with the poor OS (HR 4.354, P=0.003; HR 2.855, P=0.020; and HR 4.871, P=0.001, respectively).
Conclusions Our study demonstrated that a shorter PSADT, a heavier volume of bone metastases, and a later treatment line
before Ra-223 are poor prognostic factors for mCRPC patients. These newly discovered risk factors may help select patients
who potentially have long-term OS after Ra-223 treatment.

Keywords Castration-resistant prostate cancer - Number of bone metastases - Overall survival - PSA doubling time -
Radium-223

Abbreviations Introduction

AE Adverse event

ALP Alkaline phosphatase Metastatic prostate cancer has a poor prognosis of 42 months
HR Hazard ratio for overall survival (OS) [1] owing to the development of
mCRPC Metastatic castration-resistant prostate cancer metastatic castration-resistant prostate cancer (mCRPC).
LDH Lactate dehydrogenase Since 2010, the number of life-prolonging treatments for
0OS Overall survival mCRPC has increased from one (docetaxel) to six, dramati-
OR Odds ratio cally expanding treatment options and creating the poten-
PS Performance status tial to combine therapies for mCRPC. These options are
PSADT PSA doubling time docetaxel [2], sipuleucel-T [3], cabazitaxel [4], abiraterone
Ra-223  Radium-223 acetate (abiraterone) [5], enzalutamide [6], and radium-223

dichloride (Ra-223), a targeted alpha therapy [7]; each
improved OS versus placebo or standard care in randomized
04 Kazuo Nishimura controlled trials. In the phase Il ALSYMPCA trial, Ra-223
kazuo.nishimura@oici.jp versus placebo significantly prolonged OS [7] and delayed
Department of Urology, Osaka International Cancer time to first symptomatic skeletal event [8], resulting in a
Institute, 3-1-69 Otemae, Chuo-ku, Osaka 541-8567, Japan meaningful improvement in the quality of life [9]. It was

@ Springer


http://orcid.org/0000-0002-7644-1350
http://crossmark.crossref.org/dialog/?doi=10.1007/s10147-020-01776-w&domain=pdf

International Journal of Clinical Oncology (2021) 26:192-198

193

also well tolerated, with a low myelosuppression incidence
[10]. However, the ideal patient populations and timing for
Ra-223 administration remain unclear. In mCRPC patients
with Ra-223 treatment, various clinical factors associated
with poor prognosis have been reported, including poor
performance status (PS), high PSA, high alkaline phos-
phatase (ALP), high lactate dehydrogenase (LDH), ane-
mia, lower number of Ra-223 injections (< 5), total ALP or
LDH increase at 12 weeks, and bone scan index [11-14],
but a conclusion still has not been reached. Furthermore, in
real-world medical care, we sometimes encounter mCRPC
patients with rapid progression of disease after Ra-223
administration, yet there have been few reports regarding
this. In the present study, we investigated risk factors cor-
related with the poor prognosis of mCRPC patients with
Ra-223. We demonstrated that mCRPC patients with a
shorter PSA doubling time (PSADT), a heavier volume of
bone metastases, and a later treatment line of Ra-223 injec-
tion had a poor prognosis. Collectively, this clinical infor-
mation may help us to develop a proper strategy for Ra-223
treatment in mCRPC patients.

Materials and methods
Study design

Between October 2016 and December 2019, a total of 42
mCRPC patients with Ra-223 administration were retrospec-
tively enrolled in this study at our institution. All patients
underwent Ra-223 treatment for mCRPC at our hospital.
This study was approved by the institutional review board of
the Osaka International Cancer Institute (No. 18044).
Forty patients were pathologically diagnosed by needle
biopsy and two patients were clinically diagnosed with pros-
tate cancer before the initial treatment. Histological diag-
nosis was determined based on standard hematoxylin- and
eosin-stained sections. Pathological classification for Glea-
son scores was evaluated with the grading system proposed
by the 2014 International Society of Urological Pathology
(ISUP) [15]. Castration-resistant disease was defined as dis-
ease progression at a serum testosterone level of less than
50 ng per deciliter during maintenance treatment consisting
of androgen-ablation therapy with a luteinizing hormone-
releasing hormone agonist or antagonist. All patients were
required to continue androgen-ablation therapy throughout
the study. In all patients, two or more bone metastases were
detected on skeletal scintigraphy or magnetic resonance
imaging, and there were no known visceral metastases
other than to lymph nodes before Ra-223 administration.
In all patients, blood collection was performed before each
administration of Ra-223 and after the final administra-
tion. Laboratory data, presence of pain, and other clinical

information were collected from medical records. PS before
Ra-223 treatment was evaluated by Eastern Cooperative
Oncology Group performance status. PSADT was calcu-
lated by log (2) divided by the slope of the linear regression
of log (PSA) over time in months [16]. When the value of
PSADT was negative, it was defined as stable. All patients
received Ra-223 as treatment between the first and fifth lines
for mCRPC. All patients received up to six injections of
Ra-223 (55 kBg/kg), which were administered at a rate of
one every 4 weeks. OS was evaluated from the first adminis-
tration of Ra-223 to the last follow-up point or to the day of
death. Adverse events (AEs) that occurred less than 4 weeks
after the final Ra-223 injection were reported only if they
were determined to be related to Ra-223. AEs were graded
according to the Common Terminology Criteria for Adverse
Events, version 4.0.

Statistical analysis

Statistical analysis was performed using JMP Pro 15.0.0
(SAS Institute Inc., Cary, NC, USA). Results on patients
were presented as median +range. Hazard ratios (HRs)
for OS were estimated using the Cox proportional haz-
ards model to investigate the association between survival
and predictive variables. OS rate was calculated using the
Kaplan—Meier method. Differences among different groups
were assessed by the log-rank test and were considered sta-
tistically significant when the P value was less than 0.05.

Results

Patient characteristics and outcomes of Ra-223
treatment

The characteristics of 42 patients are summarized in
Table 1. The median age of all patients was 74 years (range
56-90 years). Most patients had received at least two lines
of therapy including new anti-androgens (abiraterone, enza-
lutamide) and taxanes (docetaxel, cabazitaxel). In line with
the number of Ra-223 treatments for mCRPC, the number
of lines under three was 28 (66.7%), and that over four was
14 (33.3%). In PSADT, six patients had stable values and
one patient had missing data. Regarding cycle numbers of
Ra-223, 12 (28.6%) patients had under four cycles, and one
(2.4%) patient had five, while 29 (69.0%) patients com-
pleted six cycles. The reasons for the lower cycle numbers
of Ra-223 (under four) were mCRPC progression (rn=10)
and the onset of comorbidities (n=2). Four patients devel-
oped the progressive disease at bone metastatic lesions
after receiving one to four cycles of Ra-223 and died within
6 months after initial injection of Ra-223. Subsequent ther-
apy after Ra-223 included 11 (26.2%) cases that received

@ Springer



194

International Journal of Clinical Oncology (2021) 26:192-198

Table 1 Patients’ characteristics

Table 1 (continued)

Characteristics CRPC patients (n=42) Characteristics CRPC patients (n=42)
Age LDH, median (range) (U/1) 207 (139-367)
Median (range) (year) 74 (56-90) NLR, median (range) 2.37 (0.65-105)
PS PSADT, median (range) (mo)* 2.7 (0.7-18.8)
0 36 (85.7%) Six patients had stable PSADT values. PSADT information was not
Over 1 6 (14.3%) available for one patient
Pain before Ra-223 ALP alkaline phosphatase, CRPC castration-resistant prostate can-
Yes 19 (45.2%) cer, ISUP International Society of Urological Pathology, LDH lactate
No 23 (54.8%) dehydrogenase, NLR neutroph?l—to—lymphocytq ratio, PS performance
ISUP grade group at initial prostate biopsy status, PSADT PSA doubling time, Ra-223 radium-223
Under 3 6 (14.3%)
4 7(16.7%) abiraterone, 14 (33.3%) of enzalutamide, 9 (21.4%) of doc-
5 27 (64.3%) etaxel, and 12 (28.6%) of cabazitaxel.
Unknown 2 (4.8%)
Time to CRPC

Median (range) (months)

Numbers of bone metastases before Ra-223

Under 5
6-19
Over 20
Lymph node metastasis before Ra-223
Yes
No
Pre-treatment
Abiraterone
Yes
No
Enzalutamide
Yes
No
Docetaxel
Yes
No
Cabazitaxel
Yes
No
Prior use of bone supportive agents
Bisphosphonates
Denosumab
None
Line of Ra-223 in CRPC
1st
2nd
3rd
4th
5th
Laboratory data before Ra-223
PSA, median (range) (ng/ml)
Hemoglobin, median (range) (g/dl)
Platelets, median (range) (X 1000/mm?>)
ALP, median (range) (IU/ml)

18.8 (2.6-131.5)

10 (23.8%)
18 (42.9%)
14 (33.3%)

6 (14.3%)
36 (85.7%)

23 (54.8%)
19 (45.2%)

25 (59.5%)
17 (40.5%)

26 (61.9%)
16 (38.1%)

8 (19.0%)
34 (81.0%)

15 (35.7%)
16 (38.1%)
11 (26.2%)

4(9.5%)
11 (26.2%)
13 (31.0%)
11 (26.2%)
3(7.1%)

14.5 (0.038-1646)
12.6 (10.2-14.7)
223.5 (104-395)
272.5 (109-4888)
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Survival and prognostic factors in mCRPC patients
with Ra-223 administration

At the time of analysis, 16 (38.1%) patients were alive,
while 25 (59.5%) patients had died of cancer progression
and one patient of comorbidity. Median follow-up time
from the first Ra-223 administration was 13.6 months
(range 0.6-38.0 months). Median OS time was 16.6 months
(Fig. 1).

First, we evaluated the prognostic factors for mCRPC
patients with Ra-223 injection. Multivariate analysis con-
sisting of factors before Ra-223 injection showed that a short
value of PSADT, the number of bone metastases (>20), and
the treatment line of Ra-223 (4th—5th line) were significantly
associated with poor OS (HR 4.354, P=0.003; HR 2.855,
P =0.020; and HR 4.871, P=0.001, respectively; Table 2).
Patients with a PSADT of 3 months or less had a signifi-
cantly shorter OS than those with a PSADT of more than

60+

Overall survival rate (%)

40-
20-
0 L 1 | 1
0 10 20 30 40

Time after Ra-223 administration (months)

Fig. 1 Overall survival curve of 42 mCRPC patients with Ra-223
administration by Kaplan—-Meier analysis. mCRPC metastatic castra-
tion-resistant prostate cancer, Ra-223 radium-223
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Table 2 Prognostic analysis of overall survival after Ra-223 administration among baseline factors
Characteristics at baseline Univariate Multivariate
HR 95% CI Pvalue HR 95% CI P value

Age,>75 vs<75 1.250  0.577-2.709 0.572
PS,>1vs0 1.748  0.586-5.215 0.317
Pain before Ra-223 injection, yes vs no 1.011  0.464-2.202 0.978
ISUP grade group at initial prostate biopsy, 5 vs <5 0.820  0.352-1.912 0.646
Number of bone metastases, >20 vs <20 3.042 1.302-7.110 0.010 2.855 1.182-6.897 0.020
Lymph node metastasis, yes vs no 3.170  0.867-11.581  0.081
Combination of novel antiadrogen treatment with Ra-223, yes vsno  0.463  0.173-1.243 0.127
Treatment line of Ra-223, 4th—5th line vs 1st-3rd 3779  1.646-8.676 0.002 4.871 1.871-12.685  0.001
Test value before Ra-223 injection

PSA,>14.46 vs < 14.46 (median value) (ng/ml) 1.292  0.583-2.864 0.528

Hemoglobin, >12.6 vs < 12.6 (median value) (g/dl) 0.693  0.317-1.515 0.358

Platelets, >209.5 vs <209.5 (median value) (x 1000/mm?®) 0.738  0.339-1.609 0.446

ALP,>272.5 vs <272.5 (median value) (IU/ml) 2207  0.964-5.053 0.061

LDH, >207 vs <207 (median value) (U/l) 1.287  0.551-3.003 0.560

NLR,>2.37 vs <2.37 (median value) 2.035 0.905-4.576 0.086

PSADT, 0-3.0 vs > 3.0 or stable (mo) 2,622 1.119-6.145 0.027 4354  1.679-11.287  0.003

ALP alkaline phosphatase, CI confidence interval, CRPC castration-resistant prostate cancer, HR hazard ratio, ISUP International Society of
Urological Pathology, LDH lactate dehydrogenase, NLR neutrophil-to-lymphocyte ratio, PS performance status, PSADT PSA doubling time, Ra-

223 radium-223

3 months or who were stable, with an estimated median
survival of 12.5 months versus 21.0 months (P=0.022;
Fig. 2a). Similarly, the number of bone metastases and the
treatment line of Ra-223 were significantly associated with
OS (>20 vs. <20, median survival 14.2 vs 21.0 months,
P =0.007; 4th—5th line vs. 1st=3rd, median survival 9.6 vs
21.0 months, P <0.001, respectively; Fig. 2b, c). Next, we
evaluated whether the model using these three risk factors
classified the prognosis of mCRPC patients. We set short
PSADT before Ra-223 administration (< 3.0 months), num-
ber of bone metastases (>20), and treatment line of Ra-223
(4th—5th line) as each risk factor. Using the Kaplan—Meier
method and log-rank test, we found that the number of these
risk factors was significantly associated with OS (0-1 factors
(n=26)vs2 (n=11) vs 3 (n=4), P<0.001; Fig. 2d).

Adverse events caused by Ra-223 treatment

Finally, we evaluated AEs caused by Ra-223 administra-
tion. More than one AE (of any grade) occurred in 22 of
42 (52.4%) patients, and 10 (23.8%) patients had grade 3—4
AEs during the period of observation. The most common
AE (any grade) was lymphocytopenia (n=12, 28.6%), fol-
lowed by anemia (n=11, 26.2%), neutropenia (n=3, 7.1%),
thrombocytopenia (n=3, 7.1%), and osteonecrosis of the jaw
(n=1,2.4%). In AEs of grades 3—4, the most common event
was anemia (n=>5, 11.9%), followed by lymphocytopenia

(n=2, 4.8%), thrombocytopenia (n=2, 4.8%), neutropenia
(n=1, 2.4%), and osteonecrosis of the jaw (n=1, 2.4%).

Discussion

Currently, there are many choices of treatment that include
Ra-223 for mCRPC in clinical guidelines [17, 18]. How-
ever, there are no reliable indicators that enable clinicians
to administer Ra-223 to mCRPC patients at the most ideal
timepoint. Various factors, such as PS, PSA, ALP, LDH,
hemoglobin, number of Ra-223 injections, and bone scan
index, have been reported as prognostic factors of Ra-223
treatment [11-14], yet they remain inconclusive. Accord-
ing to a large international early access program, patients
with less advanced mCRPC are more likely to complete
Ra-223 treatment and to achieve better OS [19]. Because
the prescription dose is six injections over 20 weeks, patients
with a poor prognosis may not benefit enough from Ra-223
treatment. Therefore, we examined the clinical indicators
for the poor prognosis of Ra-223 administration in mCRPC
patients.

Through the prognostic analysis of Ra-223 treatment in
our cohort, we demonstrated novel findings that may have
utility in clinical settings. Multivariate analysis showed
that shorter PSADT before Ra-223, number of bone metas-
tases (>20), and later treatment line of Ra-223 were sig-
nificantly associated with poor OS. Previous studies have
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Fig.2 Short PSADT before Ra-223 administration (<3.0 months),
number of bone metastases (>20), and treatment line of Ra-223
(4th->5th line) were associated with poor OS. OS was analyzed in 42
mCRPC patients by Kaplan—Meier analysis and log-rank test. PSADT
was not available in one patient. Association of PSADT (a), num-
ber of bone metastases (b), and treatment line (¢) for OS. d A model

reported various risk factors of pre-, simultaneous-, and
post-Ra-223 treatment for OS, yet there were no reports of
the association between PSADT and poor OS, to the best
of our knowledge. PSADT is well reported as a prognostic
marker for patients with both hormone-sensitive prostate
cancer and castration-resistant prostate cancer [20-22]. We
found that mCRPC patients with a shorter PSADT at base-
line had a poor prognosis after Ra-223 treatment, therefore,
Ra-223 treatment may have a limited survival benefit for
these patients. Regarding the number of bone metastases,
previous reports also showed that mCRPC patients with
a higher volume of bone metastases had a poorer progno-
sis after Ra-223 administration [23]. As well as this study,
another study reported that early treatment line for Ra-223
was associated with good prognosis in mCRPC patients [24].
When we assessed the OS model using these three factors,
patients with zero or one factor had a clearly longer survival
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using three risk factors of short PSADT before Ra-223 administration
(< 3.0 months), number of bone metastases (>20), and treatment line
of Ra-223 (4th-5th line) classified the prognosis of mCRPC patients.
mCRPC metastatic castration-resistant prostate cancer, OS overall
survival, PSADT PSA doubling time, Ra-223 radium-223

than those with two or more factors. Although Ra-223 was
reported to be well tolerated in mCRPC patients [10, 25],
physicians should bear in mind the importance of careful
monitoring of patients, especially those with these risk fac-
tors, after Ra-223 administration. In fact, four patients in this
study showed rapid progression of bone diseases after one
to four cycles of Ra-223 administration.

There are some apparent limitations to this study. Our
study was retrospective and recruited a relatively small
number of patients. Backgrounds of patients such as their
history of treatments for mCRPC and number of lines
of Ra-223 in their treatment course of mCRPC were not
aligned. Therefore, there is the possibility that treatments
before or after Ra-223 might have had some impacts on
OS. In addition, risk factors identified in the current study
are poor prognostic factors after Ra-223 administration,
but do not necessarily indicate poor efficacy of Ra-223.
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Some patients with one of these factors may have clinical
benefit from Ra-223 treatment. Further investigations are
needed to validate our results in larger numbers of patients
through multi-institutional studies.

In conclusion, our results imply that shorter PSADT,
the heavier volume of bone metastases, and later treatment
line of Ra-223 are poor prognostic indicators for mCRPC
patients treated with Ra-223. These newly discovered risk
factors may be utilized to select patients who potentially
have long-term OS after Ra-223 treatment. Nevertheless,
further investigations into the optimization of patients
to receive Ra-223 treatment are needed to maximize the
clinical benefits of this therapy.
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