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Abstract

Objectives: To identify useful biomarkers by reviewing laboratory data for a predictor of the clinical course following
treatment with radium-223 dichloride (Ra-223) in patients with metastatic castration-resistant prostate cancer.

Methods: Eighteen metastatic castration-resistant prostate cancer patients who were administered Ra-223 at our hospital
were retrospectively enrolled in this study. Prostate-specific antigen doubling times before and after the administration of
Ra-223 were evaluated as prognostic factors for metastatic castration-resistant prostate cancer patients treated with Ra-223
using the Kaplan—Meier method and Log-rank test.

Results: Four patients failed to complete the planned six-time Ra-223 treatments with the exacerbation of their condition.
In the |4 patients who completed the planned Ra-223 treatment, before the Ra-223 treatment, no significant differences
were observed in overall survival between patients with prostate-specific antigen doubling time of 6 months or less and those
with prostate-specific antigen doubling time of more than 6 months or stable (p =0.642). Following the completion of the Ra-
223 treatment, overall survival was significantly shorter in patients with prostate-specific antigen doubling time of 6 months
or less than in those with prostate-specific antigen doubling time of more than 6 months or stable (p=0.007).
Conclusion: Prostate-specific antigen doubling time after the Ra-223 treatment is a useful predictor of the clinical course
following treatment in metastatic castration-resistant prostate cancer patients.
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Ra-223 was tested in the Alpharadin in Symptomatic Prostate
Cancer Patients (ALSYMPCA) trial.’ Overall survival (OS),
the primary endpoint, and the time to the first symptomatic
skeletal-related event, one of the secondary endpoints, were
longer in the Ra-223 group than in the placebo group.
Furthermore, Ra-223 was associated with few adverse events
(AEs) and a low rate of myelotoxicity.

Despite the benefits of the Ra-223 treatment, there is cur-
rently no marker to monitor the clinical course of patients
treated with Ra-223, such as the prostate-specific antigen
(PSA) blood test.*

Therefore, we herein investigated potentially useful bio-
markers by reviewing laboratory data for the therapeutic
effects of Ra-223. We examined the relationship between the
prostate-specific antigen doubling time (PSADT) and the
clinical course following treatment with Ra-223 in mCRPC
patients. The results obtained demonstrated that PSADT
after the Ra-223 treatment was a useful predictor of the clini-
cal course in mCRPC patients following treatment.

Methods

We investigated potentially useful biomarkers by reviewing
laboratory data for the therapeutic effects of Ra-223 in an
observational study.

Patients

All patients had mCRPC (Table 1). CRPC (castration-
resistant prostate cancer) was defined as disease progres-
sion at a serum testosterone level <50ng per deciliter
during maintenance treatment, which consisted of andro-
gen deprivation therapy (ADT) with a luteinizing hormone-
releasing hormone agonist or antagonist. Inclusion criteria
were CRPC patients with bone metastases and any lymph
node metastases less than 2 cm without visceral metastases
that were treated with Ra-223 at our hospital between
November 2018 and December 2020. Exclusion criteria
were previous blood transfusions or the use of erythropoie-
tin-stimulating agents within the previous 4 weeks. All
patients were observed until April 2022 or death. The pre-
sent study was approved by the Ethical Committee of the
Uonuma Institute of Community Medicine, Niigata
University Medical and Dental Hospital (approval no.
03-008). Written informed consent from the subjects and
from the legally authorized representatives of the deceased
subjects for the publication of this study was waived by the
Ethical Committee of the Uonuma Institute of Community
Medicine, Niigata University Medical and Dental Hospital.
This study was conducted in accordance with the
Declaration of Helsinki. All patients were pathologically
diagnosed with prostate cancer before the initial treatment.
In all patients, two or more bone metastases were detected
on skeletal scintigraphy or CT (computed tomography),

and there was no known visceral metastasis other than
lymph nodes metastases of less than 2 cm before the admin-
istration of Ra-223.

Systemic therapy

All patients received ADT in addition to systemic therapies
before, concomitant with, and after the Ra-223 treatment
throughout the study (Table 1). Systemic therapies other than
ADT before the Ra-223 treatment included bicalutamide,
flutamide, estramustine phosphate sodium, enzalutamide,
abiraterone with prednisolone, docetaxel, cabazitaxel, and
denosumab or zoledronic acid. The administration of the
bone-protecting agents, denosumab and zoledronic acid, was
continued before, during, and after the Ra223 treatment.
Systemic therapies other than ADT and bone-protecting
agents before the Ra-223 treatment were discontinued before
its initiation.

Administration of Ra-223

All patients were scheduled to receive up to six injections of
Ra-223 (Bayer Yakuhin Ltd., Osaka, Japan) (55kBgq/kg),
which were administered at a rate of one every 4 weeks
(Table 1). AEs occurring in the follow-up for up to 4 weeks
after the final Ra-223 injection were only reported if they
were considered to be related to Ra-223. AEs were graded
according to Common Terminology Criteria for AEs, version
4.0. In all patients, blood collection was performed before
each administration of Ra-223 and after the final administra-
tion. In patients who had progressed to mCRPC and started
the Ra-223 treatment, current treatments, namely, ADT and
bone-protecting agents, were continued concomitant with
Ra-223.

Evaluation

The following background characteristics were examined
between patients who received six injections of Ra-223, did
not die, and did not have visceral metastasis during the
observation period and those who died during the observa-
tion period: age, the performance status, treatment history,
PSA, PSADT, and alkaline phosphatase (ALP) and lactate
dehydrogenase (LDH) levels before the Ra-223 treatment
and the extent of bone disease. Changes in the blood levels
of biomarkers were compared between the two groups.
Laboratory data and other clinical information were col-
lected from medical records.

PSADT

PSADT predicts changes in PSA levels over time and may be
used as an indicator of biochemical and clinical progression.
PSADT was calculated as the natural log of 2 (0.693) divided
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Table I. Patient characteristics.

Characteristics All patients  Patients who received Patients who Breakdown: Breakdown:
six Ra-223 injections and  died during the Patients with six Patients who
new visceral metastases observation Ra-223 injections received less
were not observed during period who died during the than six Ra-223
the observation period observation period injections

Cases 18 10 8 4 4

Age (mean) 59-85 (74.3) 64-82 (76.2) 59-82 (71.9) 59-73 (68.8) 69-82 (71.9)

PS (performance status)

0 14 10 4 2 2
| 4 4 2 2
Pathological group grade
| | 0 | 0 I
2 I | 0 0 0
3 0 0 0 0 0
4 2 I | I 0
5 14 8 6 3 3
EOD classification* (the extent of the disease)
EODI 0 0 0 0 0
EOD2 4 3 | | 0
EOD3 13 7 6 3 3
EOD4 | 0 | 0 I
Number of systemic therapies other than ADT before the Ra-223 treatment
4 4 | 3 | 2
5 I 8 3 2 I
6 2 | | 0 I
7 | 0 | | 0
The type of treatment”
bicalutamide 18 10 8 4 4
flutamide 2 | | | 0
estramustine phosphate sodium | | 0 0 0
enzalutamide 10 7 4 3
abiraterone with prednisolone 3 0 3 2 I
docetaxel 14 9 5 2 3
cabazitaxel 2 0 2 | I
denosumab or zoledronic acid 16 10 6 3 3

*EOD classification: 0, normal or abnormal due to benign bone disease; |, fewer than six bony metastases, each of which is less than 50% the size of
a vertebral body (one lesion approximately the size of a vertebral body was counted as two lesions); 2, between 6 and 20 bone metastases, sized as
described above; 3, more than 20 metastases, but fewer than those observed in a superscan; and 4, a superscan or its equivalent (more than 75% of the

ribs, vertebrae, and pelvic bones).

#Systemic therapies other than ADT before the Ra-223 treatment included bicalutamide, flutamide, estramustine phosphate sodium, enzalutamide,
abiraterone with prednisolone, docetaxel, cabazitaxel, and denosumab or zoledronic acid. The bone-protecting agents, denosumab and zoledronic acid,
were continued before, during, and after the Ra223 treatment. Systemic therapies other than ADT and bone-protecting agents before the Ra-223 treat-

ment were discontinued before its initiation.

by the slope of the linear regression of the natural log of PSA
levels versus the time of the PSA measurement in months.’ If
the slope of the PSA level was 0 (constant PSA level) or
negative (decreasing PSA level after an initial increase),
PSADT was arbitrarily set to 100.°

Statistical analysis

The serum data of patients who received six injections of
Ra-223 were investigated before and after the Ra-223 treat-
ment using the paired Wilcoxon signed-rank test. The serum

data of patients who were alive and did not have visceral
metastasis during the observation period and those who died
during the observation period were examined using the
Mann—Whitney U test. Differences between the groups were
assessed using two-tailed tests and were considered to be
significant at a p value <0.05.

PSADT in patients who received the planned six Ra-223
injections were divided into two groups (PSADT of 6 months
or less and PSADT of more than 6 months or stable) and
compared. PSADT before and after the Ra-223 treatment
were cvaluated as prognostic factors for mCRPC patients
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Table 2. Number of Ra-223 injections and markers before the Ra-223 treatment.

Characteristics All patients  Patients who received

six Ra-223 injections and
new visceral metastases

Breakdown:
Patients who
received less

Breakdown: Patients
with six Ra-223
injections who died

Patients who
died during the
observation

were not observed during  period during the observation  than six Ra-223
the observation period period injections
Number of Ra-223 treatments
6 14 10 4 4
5 2 2 2
| 2 2 2
PSA before the Ra-223 135.72 31.45* 266.07* 85.32 446.81
treatment (ng/ml) (median)
PSADT before the Ra-223 14.41 23.99t 2.441 3.5 1.38
treatment (mo*) (median)
ALP before the Ra-223 574.7 275.3% 949+ 231 1667
treatment (U/L) [median]
LDH before the Ra-223 226.11 202.3§ 255.88% 144 367.75

treatment (U (international
unit)) (median)

*=0.027, 1p=0.016, ¥p=0.315, Sp=1.000.
mo¥#, months.

treated with Ra-223. The Kaplan—-Meier method with the
Log-rank test was used to compare time-to-event analyses
from the beginning of the Ra223 treatment to death using
PSADT (PSADT of 6months or less and PSADT of more
than 6 months or stable) before and after the Ra223 treat-
ment. A p value <0.05 in the Log-rank test was considered
to be significant.

IBM SPSS Statistics Ver. 27 was used as statistics
software.

Results

Patient characteristics and outcomes of the Ra-223 treatment
(Table 1).

Between the start of the Ra-223 treatment at our hospital
(November 2018) and December 2020, 18 CRPC patients
with bone metastases were treated with Ra-223. ADT was
continued before, during, and after the Ra-223 treatment.
Patients received multiple systemic therapies other than
ADT prior to the Ra-223 treatment. The number of addi-
tional treatments was four (n=4), five (n=11), six (n=2),
and seven (n=1). Systemic therapies other than ADT were
bicalutamide, flutamide, enzalutamide, abiraterone with
prednisolone, docetaxel, cabazitaxel, denosumab, and zole-
dronic acid.

At the time of the analysis, 10 (55.6%) patients were
alive, while eight (44.4%) had died of cancer progression.

Number of patients treated with Ra-223

Four out of 18 patients failed to complete the Ra-223 treat-
ment. Two patients discontinued after the administration of

Ra-223 once, while another two discontinued after its admin-
istration five times with the exacerbation of their
conditions.

Fourteen patients received the planned six Ra-223 injec-
tions. Ten patients were alive and did not have visceral
metastasis within the observation period and four died dur-
ing the observation period. Four out of 14 patients received
cabazitaxel after completing the Ra223 treatment, while the
other 10 were not treated with drugs that would improve
their prognosis within the observation period.

Markers before the Ra-223 treatment

Ten patients who were administered the six injections of
Ra-223 and were alive and did not have visceral metastasis
within the observation period were compared with eight who
died during the observation period (Table 2). Pretreatment
PSA levels (p=0.027) were significantly lower and pretreat-
ment PSADT (p=0.016) was significantly longer in patients
who were alive and did not have visceral metastasis within
the observation period. Pretreatment Hb levels (p=0.122),
white blood cell counts (p=0.696), platelet counts (p=0.203),
ALP levels (p=0.315), and LDH levels (»p=1.000) did not
significantly differ between patients who received six doses,
remained alive, and whose cancer did not metastasize to vis-
cera during the observation period and those who died dur-
ing the observation period.

Patients who completed the Ra-223 treatment

Patients who received the planned six Ra-223 injections had
significantly lower Hb levels (p=0.028), white blood cell
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Table 3. Markers before and after six Ra-223 injections in patients who completed the Ra-223 treatment.

Characteristics Patients who received six Patients who received six
Ra-223 injections and new Ra-223 injections and died
visceral metastases were during the observation
not observed during the period. (n=4)

observation period. (n=10)

PSA before the Ra-223 treatment (ng/ml) (median)
PSADT before the Ra-223 treatment (mo¥) (median)
PSA after six Ra-223 injections (ng/ml) (median)
PSADT after six Ra-223 injections (mo*) (median)
ALP before the Ra-223 treatment (U/L) (median)
ALP after six Ra-223 injections (U/L) (median)

LDH before the Ra-223 treatment (IU) (median)
LDH after six Ra-223 injections (IU) (median)

31.45% 85.32%
T T
e 218
§ §
2753 2
1 1
185.5 184 tt

*p=0.374, tp=0.240, #p=0.076, 5p=0.008. IIp=0.635, Tp=0.374, *p=0.839, Tp=0.106.

mo*: months.

counts (p=0.017), platelet counts (p=0.019), and ALP lev-
els (p=0.022) after than before the treatment, whereas PSA
(»p=0.198) and LDH (p=0.272) levels remained unchanged.

Among the 14 patients who received the planned six
injections of Ra-223, 10 patients who did not die and whose
cancer did not metastasize to viscera during the observation
period were compared with four who died during the obser-
vation period (Tables 3 and 4). No significant differences
were observed in pretreatment PSA levels (p=0.374),
PSADT (p=0.240), Hb levels (p=0.374), leukocyte counts
(p=0.374), platelet counts (p=0.188), ALP levels (p=0.539),
or LDH levels (p=0.054). Furthermore, no significant dif-
ferences were noted in post-treatment PSA levels (p=0.076),
Hb levels (p=1.000), leukocyte counts (p=0.304), platelet
counts (p=0.304), ALP levels (p=0.635), or LDH levels
(»p=0.839). However, post-treatment PSADT was signifi-
cantly longer in patients who did not die and whose cancer
did not metastasize to viscera during the observation period
than in those who died during the observation period
(»=0.008).

PSADT in patients who received the planned six Ra-223
injections were divided into two groups (PSADT of 6 months
or less and PSADT of more than 6 months or stable) and
compared. Before the Ra-223 treatment, there was no sig-
nificant difference in OS between patients with PSADT of
6months or less and those with PSADT of more than
6months or stable (p=0.642). Following the completion of
the Ra-223 treatment, OS was significantly shorter in patients
with PSADT of 6 months or less than in those with PSADT
of more than 6 months or stable (»p=0.007) (Figure 1).

The Ra-223 treatment was not discontinued due to AEs,
such as myelosuppression associated with Ra-223.

Discussion

The present study revealed that following the completion of
the Ra-223 treatment, OS was significantly shorter in patients

with PSADT of 6 months or less than in those with PSADT
of more than 6months or stable (p=0.007). Therefore,
PSADT following the Ra-223 treatment is a predictor of the
clinical course after treatment in patients with mCRPC.

Ra-223, an alpha-emitting bone-targeted therapeutic
agent, is selectively taken up by bone lesions, emits high-
energy, short-range (<100um) alpha rays in tissues, and
exerts strong cell-killing effects on tumor cells.”

The ALSYMPCA trial examined the benefits of Ra-223
in mCRPC patients (#=921) with symptomatic bone metas-
tasis and no visceral lesions.* The findings obtained showed
that the Ra-223 treatment was associated with significantly
longer OS in men with CRPC and bone metastases. In con-
trast to the Ra-223 treatment, beta-emitting bone-seeking
radiotracers, such as strontium-89, did not prolong OS.®

In an open-label single-arm study, a group without meta-
static bone pain achieved greater OS benefits than a group
with symptomatic pain.’ Therefore, patients with bone meta-
static CRPC are the ideal candidates for Ra-223 therapy.

The potential of various biomarkers, such as ALP and
PSA, to estimate the impact of Ra-223 has been examined;
however, difficulties are associated with assessing their ther-
apeutic effects. Changes in PSA and ALP during a treatment
with Ra-223 were previously demonstrated to be useful indi-
cators of the likelihood of completing treatment with Ra-223
and the prognosis of patients.*!°!* The bone scan index has
also been used as a metastatic bone disease quantifier and
predictor of Ra-223 biochemical responses; however, we did
not collect data on the bone scan index in the present study. '
16 PSA levels were previously shown to sometimes become
elevated during the first three cycles of Ra-223 due to the
flare phenomenon; however, the flare phenomenon was not
detected in the present study.'” The present results showed
that Hb, leukocyte, and ALP levels were significantly
reduced in patients after the planned six Ra-223 injections;
however, it was considered to be difficult to evaluate them
individually.
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Table 4. PSA and PSADT before and after six Ra-223 injections.

a. Patients who received six Ra-223 injections and new visceral metastases were not observed during the observation period

Patients PSA before the Ra-223 PSADT before the Ra-223 PSA after six Ra-223 PSADT after six Ra-223
treatment (ng/ml) treatment (mo¥) injections (ng/ml) injections (mo¥)

| 6.88 2.63 8.13 23.88

2 0.03 1.48 0.1 100

3 0.47 2.5 0.39 47

4 1.37 100 0.58 100

5 184.5 100 136.1 13.22

6 0.75 11.76 0.27 100

7 2.01 3.12 1.82 100

8 1.82 4.98 1.29 2.11

9 111.9 1.46 156.9 100

10 4.77 11.97 6.76 17.15

Median 31.45% 23.991 31.23% 56.118

b. Patients who received six Ra-223 injections and died during the observation period

Patients PSA before the Ra-223 PSADT before the Ra-223 PSA after six Ra-223 PSADT after six Ra-223
treatment (ng/ml) treatment (mo*) injections (ng/ml) injections (mo*)

I | 37 227 3.23

12 17.24 1.33 143.6 0.88

13 3185 1.08 1924 1.01

14 4.54 79 18.86 4.55

Median 85.32% 3.50t 522.18% 2428

PSADT was arbitrarily set to 100 if the slope of PSA levels was 0 (constant PSA level) or negative (decreasing PSA level after an initial increase).
*p=0.374, tp=0.240, ¥p=0.076, $p=0.008.
mo*: months.
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Figure |. OS curve of 14 mCRPC patients who received six Ra-223 injections by a Kaplan—Meier analysis: (a) Before Ra-223 injections,
there were no significant differences in OS between patients with PSADT of 6 months or less and those with PSADT of more than
6months or stable (p=0.642). (b) Following the completion of the Ra-223 treatment, OS was significantly shorter in patients with
PSADT of 6 months or less than in those with PSADT of more than 6 months or stable (p=0.007).

Red line: patients with PSADT of more than 6 months or stable, black line: patients with PSADT of 6 months or less.

PSADT is a commonly used indicator of distant metasta- PSADT after the Ra-223 treatment was a useful indicator for
sis among patients treated with ADT and radiation therapy; estimating the clinical course following treatment.
however, it currently remains unclear whether PSADT after Since the present study examined a small number of cases at

treatment with Ra-223 reflects therapeutic effects and the  our institution and we acknowledge the lack of power calcula-
subsequent clinical course.*!'"'® Based on the present study,  tion as a limitation of this study, future analyses of more cases
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are needed to demonstrate the usefulness of PSADT for esti-
mating the clinical course following treatment with Ra-223.

Conclusion

PSADT following the Ra-223 treatment is a predictor of the
clinical course after treatment in patients with mCRPC.
Although the present study had a small number of cases, the
results obtained suggest that PSADT after the Ra-223 treat-
ment is a useful indicator for estimating the clinical course
following treatment.
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