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Simp le Summary: The optim al combination and sequence of treatments for castration-resistant

prostate cancer w ere investigated by identifying prognostic factors after Ra-223 adm inistration and

inferring their causal relationship . W e found that various biom arkers and factors are involved in

prognosis, among w hich early adm in istration of Ra-223 (up to the third l ine) w as associated w ith

better prognosis and prolonged time to pain w orsening .

A bstract: The optim al sequence and combination of rad ium-223 therapy (Ra-223) for castration-

resistant p rostate cancer w ith bone metastasis (mCRPC) rem ain unclear. This study aim ed to exp lore

the prognostic factors after Ra-223 adm inistration and to determ ine the optim al treatment strategy.

We enrol led 64 patients w ith mCRPC w ho underw ent Ra-223 therapy from June 2016 to Ju ly 2022 at a

sing le institution in Japan. Overal l survival (OS) and pain progression-free survival (p-PFS), w hich

w as proposed as a measure of qual ity of l ife (QOL), w ere analyzed using Cox proportional hazards

models and log-rank tests, and betw een-factor analysis w as performed w ith the M ann–W hitney U

(M W U) test. U nivariable and multivariable analyses revealed prognostic factors; specifi cal ly, early

treatment (≤ third l ine), completion of six treatm ent cycles, low bone scan index (BSI) (<0.61), alkaline

phosphatase (A LP) (<140 U/L), prostate-specifi c antigen (PSA ; <22.9 ng/mL), lactate dehydrogenase

(LDH ; <240 U/L), h igh hem og lobin (H b) (≥ 11.4 g/dL), and prior denosumab use sign ifi cantly

prolonged OS. Low BSI, low ALP, and early Ra-223 treatment also prolonged p-PFS in the log-rank

tests. The MW U test show ed that high BSI (≥ 0.61) w as associated w ith high PSA and high ALP and

a tendency for H b to decrease. Late Ra-223 treatm ent (≥ fourth line) w as signifi cantly associated w ith

low H b and high PSA . Early Ra-223 treatment w as signifi cantly associated w ith im proved OS, and

adm inistering Ra-223 before novel hormonal or anticancer agents may be meaningfu l .

K eyw ords: castration resistant; p rostate cancer; bone m etastasis; rad ium -223; abiraterone; enzalu-

tam ide; bone scan index; bone scintigraphy; qual ity of l ife; pal l iation

1. I n troduction

The prognosis of patients w ith metastatic prostate cancer is approximately 42 months [1],

and the patient often eventual ly develops bone metastases, w ith autopsy resu lts show ing

bone metastases in over 90% of cases [2]. Bone metastases are associated w ith symptomatic

skeletal events (SSEs) and reduce the qual ity of li fe (QOL). Therefore, the management

of bone metastases is important. Since the 2010s, drug therapy options for castration-

resistant prostate cancer w ith bone metastasis (mCRPC) have increased from docetaxel [3],

cabazitaxel [4], and novel hormonal agents, such as abiraterone [5] and enzalutam ide [6],

to alpha-particle-em itting rad ium-223 (Ra-223) therapy in 2013. Rad ium is comparable to
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calcium in that both are alkal ine earth metals. W ith Ra-223 therapy, rad ium is taken up

by the osteogenic metastases of prostate cancer instead of calcium and em its alpha rays

from w ithin the bone metastasis, causing a double-strand break in the DNA . The in-vivo

range of alpha particles is less than 100 µm , w hich in cel lu lar size is expected to effi ciently

affect metastases w hile m inim izing the effect on normal bone marrow [7,8]. The effi cacy

and safety of this drug in terms of overall survival (OS) and QOL w ere demonstrated in an

international phase II I study [9,10], w hich show ed a signifi cant prolongation of med ian OS

(14.9 months vs. 11.3 months) and time to fi rst SSEs (15.6 months vs. 9.8 months) compared

w ith the p lacebo. Ra-223 w as approved in the USA and Europe in 2013 and in Japan

in 2016. Stud ies on this treatment have show n that various biomarkers [11–15], number

of doses [16,17], p rostate-specifi c antigen (PSA ) doubling tim e [14,18,19], and tim ing of

adm inistration [20,21] are related to prognosis. A lthough the risks of ind ividual biomarkers

have gradually emerged , to the best of our know ledge, the causal relationship betw een

each factor, optimal sequence, and combination of Ra-223 and other therap ies remain

unclear. This study aimed to explore the prognostic factors after Ra-223 adm inistration and

to determ ine the optim al treatment strategy.

2. M ateri al s and M ethods

2.1. Study Design

This study w as approved as a single-institution, retrospective study by the Institu-

tional Review Board of the K indai University Faculty of M ed icine, w hich included K indai

U niversity H osp ital and N ara H osp ital , K indai U niversity.

2.2. Study Patients

From June 2016 to July 2022, 64 patients w ith mCRPC w ho received more than one

dose of Ra-223 therapy at K indai University w ere enrolled . A ll patients w ere pathological ly

d iagnosed w ith prostate adenocarcinom a by prostate need le biopsy. Gleason scores w ere

evaluated using the grad ing system proposed by the 2014 International Society of U rological

Pathology (ISUP) [22]. Castration resistance w as defi ned based on an elevated serum PSA

level desp ite continued androgen deprivation therapy and w as u ltim ately determ ined

clinical ly by a urologist. A ll bone metastases w ere detected using bone scintigraphy,

and the bone scan index (BSI) and magnetic resonance imaging (M RI) w ere also used

as ad junctive d iagnostic tools w hen appl icable. BSI is a new evaluation index of bone

scintigraphy [15]. BSI values w ere calcu lated using a N eural N etw ork-based d iagnostic

support softw are BON EN AVI, version 2 (FUJIFILM RI Pharma Co.; Tokyo, Japan). N one of

the patients had organ metastasis at the fi rst adm inistration of Ra-223, and 32 patients had

lymph node metastasis. A l l patients received Ra-223 at a dose of 55 kBq/kg intravenously

every 4 w eeks for a m axim um of six doses.

2.3. Data Collection

A ll m ed ical information w as retrospectively col lected from clinical records. Blood

chem istry (lactate dehydrogenase (LDH ), alkal ine phosphatase (ALP), calcium , album in),

PSA levels, and blood counts w ere measured . Blood w as draw n from all patients w ithin

10 days before each Ra-223 adm inistration (described as the “basel ine” value before the

fi rst dose) and w ithin 1 month after the last dose (last value). The d ifference rate in

percentage (described as “_ rate”) for each biomarker w as defi ned as (last value-baseline

value)/baseline value. PSA doubling tim e (PSADT) w as determ ined by exponentially

approximating at least four PSA data points show ing monotonic increases at 2 months

before and after the fi rst dose of Ra-223 using M icrosoft Excel and d ivid ing log(2) by the

obtained coeffi cient (days) on tim e. Since the measurement method for A LP w as changed

to that used by the International Federation of Clinical Chem istry (IFCC) from that used by

the Japanese Society of Clinical Chem istry (JSCC) in April 2020, al l data col lected by the

JSCC w ere unifi ed to the IFCC by a conversion formula, and the value of ALP obtained

from the JSCC w as d ivided by 2.84 [23]. Serum calcium (mg/dL) w as corrected for album in
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levels by add ing 4 to the measured value of calcium and subtracting the serum album in

value. N eutrophil-to-lym phocyte ratio (N LR) w as calcu lated by d iv id ing the neutrophi ls

count by the lymphocytes count. Pain progression-free survival (p-PFS) w as defi ned as the

time from the day of the fi rst dose injection of Ra-223 to the day of pain progression. H ere,

pain progression w as defi ned as the initiation of analgesics or op ioids.

2.4. Statistical Analysis

Statistical analysis w as perform ed using R softw are version 4.0.5 (The R Foundation

for Statistical Computing, Vienna, Austria) [24] and EZR softw are (Jichi M ed ical University,

Saitama, Japan). The Kaplan–M eier method w as used for OS and p-PFS. OSw as evaluated

from the day of the fi rst dose injection or the fi rst day of the entire treatment after d iagnosis

of mCRPC to the day of fol low -up or death. If a patient’s fol low -up w as censored by

transfer for term inal care, the date of death w as set to 2 months after that date. Each

prognostic factor w as estimated using the log-rank test and Cox proportional hazardsmodel.

Tw o-group comparisons betw een prognostic factors w ere performed using the M ann–

W hitney U test. Correlations betw een tw o variables w ere analyzed using Spearm an’s rank

correlation coeffi cient. D ifferences betw een the tw o groups w ere considered signifi cant

w ith a p < 0.05. The optimal cut-off value for each factor analysis w as determ ined from the

receiver operating characteristic (ROC) curve for death.

3. Resu l ts

Characteristics and Clinical Outcomeof Ra-223 Therapy

A ll the characteristics of the patients are show n in Table 1. The median follow -up

tim e from the fi rst dose of Ra-223 w as 10.9 (1.2–73.6) m onths. M ed ian OS and p-PFS w ere

24.0 (13.4–32.6) and 27.9 (18.3-N A ) months, respectively. Of the 64 patients, 24 (37.5% )

had pain symptoms and w ere receiving analgesics or op ioids at the tim e of the fi rst

adm inistration of Ra-223. Univariable and multivariable analyses w ere performed using

the log-rank test and Cox proportional hazards model to explore the prognostic factors

(Table 2). Among the factors analyzed , the area under the ROC curve for death w as the

highest for basel ine BSI at 0.704. The Youden index and the left upper ang le nearest point

of the ROC curve of the basel ine BSI w ere both 0.61, w hich w as defi ned as the cutoff point

(Figure 1).

Tab le 1. Characteristics of patients.

Characteri sti cs M edian M in imum M axim um

Follow -up time, median (range) (month) 10.9 1.2 73.6
Age, med ian (range) 74 49 87

H eight, med ian (range) (cm ) 164 147 177
Weight, med ian (range) (kg) 60 37 99

T stage
T1 1 2.0%
T2 11 22.0%
T3 28 56.0%
T4 10 20.0%

N ot avai lable (14)

Gleason score (GS), n (% )
GS6 1 1.6%
GS7 9 14.8%
GS8 8 13.1%
GS9 31 50.8%
GS10 12 19.7%

N ot avai lable (3)

3
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Tab le 1. Cont.

Characteri sti cs M edian M in imum M axim um

Lymph node metastasis, n (% )
Yes 32 56.1%
N o 25 43.9%

N ot avai lable (7)

N umber of doses, n (% )
1 1 1.6%
2 6 9.4%
3 7 10.9%
4 3 4.7%
5 5 7.8%
6 42 65.6%

Treatment line of Ra-223, n (% )
Early (≤ 3) 37 57.8%
Late (≥ 4) 27 42.2%

Pain * at the fi rst dose of Ra-223 adm inistration
Yes 24 37.5%
N o 40 62.5%

PSA *at d iagnosis (iPSA ) 195.2 4.8 6453.6
PSA at baseline 22.9 0.0 2193.0

PSA _ rate 116% −100% 8332%
Increase 48 60.0%
Decrease 12 20.0%

PSADT *(days) 58.7 24.0 608.2
LDH at baseline (U/L) 213.5 149.0 1720.0

LDH _ rate 3.7% −31.2% 914.4%
ALP at baseline (U/L) 113.6 35.0 1296.8

ALP_ rate −16.7% −92.0% 1322.3%
Increase 18 28.6%
Decrease 45 71.4%

ALP_ rate −16.9% −92.0% 91.1%
Calcium (album in-corrected) (mg/dL) 9.4 8.0 13.0

Ca_ rate 0.5% −33.1% 19.0%
A lb (g/dL) 3.8 2.8 4.6
H b (g/dL) 12.0 8.8 15.4
H b_ rate −7.4% −61.8% 19.6%

Bone scan index (BSI) 0.93 0.00 10.32

Prior use of taxane, n (% )
Yes 32 50.0%
N o 32 50.0%

Prior (or concurrent) use of abiraterone, n (% )
Prior 42 65.6%

Concurrent 3 4.7%
N o 19 29.7%

Prior use of enzalutam ide, n (% )
Yes 43 67.2%
N o 21 32.8%

Prior use of bone supportive agent, n (% )
Bisphosphonate 6 10.0%
Denosumab 36 60.0%

N o 18 30.0%
N ot avai lable (4)

Pain *: use of analgesics or opioid ; basel ine: the value of the fi rst dose of Ra-223 adm inistration; PSA : prostate-
specifi c antigen; PSADT: PSA doubling tim e; ALP: alkal ine phosphatase; LDH : lactate dehydrogenase; Ca: calcium ;
A lb: album in; H b: hemoglobin; N eut: neutrophi l ; Plt: p latelet; “_ rate”: d ifference rate determ ined from the
formula ((last value-baseline value)/baseline value)
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Tab le 2. Result of Cox proportional hazards analysis for OS.

Un ivari ab l e M ul ti vari ab l e

H R 95% CI p H R 95% CI p

Age ≥ 76 (vs. <76) 0.905 0.457 1.793 0.775
Weight ≥ 63 (vs. <63) (kg) 0.764 0.381 1.532 0.448

BSI ≥ 0.61 (vs. <0.61) 4.805 1.918 12.040 <0.001 2.848 0.846 9.591 0.091
N umber of doses, 6 (vs. ≤ 5) 0.181 0.088 0.372 <0.001 0.155 0.026 0.943 0.043
Treatment l ine of Ra-223, Late

(≥ 4) vs. Early (≤ 3)
2.432 1.246 4.746 0.009

GS = 10 (vs. ≤ 9) 5.043 1.855 13.700 0.002
T4 (vs. ≤ 3) 2.193 0.984 4.886 0.055

iPSA ≥ 177 (vs. <177) (ng/mL) 1.129 0.575 2.220 0.724
PSA ≥ 22.9 (vs. <22.9) (ng/mL) 4.785 2.208 10.370 <0.001 2.435 0.887 6.681 0.084
PSA _ rate ≥ 45 (vs. <45) (% ) 5.858 2.504 13.700 <0.001 6.052 1.671 21.910 0.006
PSADT ≥ 90 (vs. <90) (days) 0.397 0.193 0.820 0.012
A lb ≥ 3.8 (vs. <3.8) (g/dL) 0.369 0.185 0.735 0.005

ALP ≥ 140 (vs. <140) (IU/mL) 2.457 1.259 4.795 0.008
ALP_ rate ≥ −47 (vs. <−47) (% ) 0.393 0.193 0.797 0.01

Ca ≥ 9.6 (vs. <9.6) 1.456 0.754 2.813 0.264
Ca_ rate ≥ −1 (vs. <−1) (% ) 1.095 0.552 2.172 0.794
H b ≥ 11.4 (vs. <11.4) (g/dL) 0.248 0.123 0.499 <0.001 0.595 0.137 2.585 0.488
H b_ rate ≥ −8 (vs. <−8) (% ) 0.401 0.205 0.787 0.008 0.236 0.087 0.643 0.005
LDH ≥ 240 (vs. <240) (U/L) 2.181 1.106 4.303 0.024
LDH _ rate ≥ 10 (vs. <10) (% ) 2.26 1.16 4.41 0.016
Prior use of taxane (vs. no) 2.605 1.297 5.234 0.007

Prior use of abiraterone (vs. no) 2.530 1.163 5.502 0.019
Prior (or concurrent) use of

abiraterone (vs. no)
2.305 1.074 4.945 0.032

Prior use of enzalutam ide (vs. no) 1.425 0.685 2.967 0.343
Prior use of denosumab (vs. no) 0.516 0.265 1.004 0.051

HR: hazard ratio; CI : confi dence interval; BSI : bone scan index.

Log-rank test and Cox univariable analysis show ed that several factors w ere signifi -

cantly associated w ith prognosis (Figure 2). Among them , the med ian OS (95% confi dence

interval (CI)) w as 32.6 months (19.0-N A ) and 9.7 months (5.9–24.0) in the Early treatment

group (≤ 3rd l ine) and in the Late treatment group (≥ 4th line) (p = 0.007), and 39.6 months

(24.0-N A ) in the BSI_ low group (baseline BSI of <0.61) and 9.9 months (6.1–20.4) in the

BSI_ high group (baseline BSI of ≥ 0.61) (p < 0.001). The hazard ratio (H R) (95% CI) for

the Late treatment group w as 2.43 (1.25–4.75, p = 0.010) compared to the Early treat-

ment group . In multivariable analysis, number of doses (6 vs. ≤ 5), PSA _ rate (≥ 45% vs.

<45% ), and H b_ rate (≥ −8 vs. <−8% ) w ere signifi cantly associated w ith H R to death,

at 0.115 (0.026–0.943, p = 0.043), 6.052 (1.671–21.91, p = 0.006), and 0.236 (0.087–0.643,

p = 0.005), respectively. There w as no signifi cant d ifference in OS from the fi rst treatment

l ine of mCRPC to death betw een the Early and Late groups (p = 0.549).

N ext, w e d iv ided the above factors into tw o groups, BSI_ high (basel ine BSI of ≥ 0.61)

vs. BSI_ low (baseline BSI of <0.61) and Early (≤ 3rd l ine treatment) vs. Late (≥ 4th line

treatment), and exam ined their causal relationships w ith the other factors using the M ann–

W hitney U test (Tables 3 and 4). BSI data before Ra-223 adm inistration (basel ine BSI) w ere

obtained from 53 of 64 patients. PSA and ALP levels at basel ine w ere sign ifi cantly h igher

in the BSI_ high group than in the BSI_ low group (p = 0.009 and p <0.001, respectively).

In add ition, the BSI_ high group w as also signifi cantly associated w ith a low er H b_ rate

(p = 0.015) and low er ALP_ rate (p = 0.029). In the Early vs. Late comparison, the baseline

PSA level w as higher (p = 0.020) and the baseline H b level w as low er (p = 0.020) in the Late

group . The Late group also received more prior treatments. The frequency of pretreatment

in the Early and Late groups is show n in Table 5. In the Late group, 24/27 (88.9% ), 20/27

(74.1% ), and 18/27 (66.7% ) patients had prior taxane, enzalutam ide, and abiraterone use,

respectively. The odds ratio for taxane use frequency w as 4.1 times higher in the Late group
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than in the Early group , and sim ilarly 1.1 and 1.0 for abiraterone and enzalutam ide groups,

respectively.
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Tab le 3. Comparison betw een 2 groups (BSI_ low vs. BSI_ high) (M W U test).

BSI _ Low (<0.61), n = 21 BSI _ H i gh (≥ 0.61), n = 32

M edian IQR (0.25) IQR (0.75) M ed ian IQR (0.25) IQR (0.75) p

PSA 13.06 5.52 19.40 58.45 9.15 152.80 0.009
PSA _ rate 76.3% −5.8% 281.0% 163.2% 41.2% 343.4% 0.224
PSADT 50.48 35.31 142.39 59.82 43.75 169.53 0.430
ALP 82.00 59.00 113.03 163.65 103.00 291.55 <0.001

ALP_ rate −2.7% −28.9% 9.0% −32.9% −56.8% −3.6% 0.015
LDH 195.00 174.00 233.00 219.50 192.75 292.50 0.064

LDH _ rate −3.1% −10.9% 12.3% 12.1% −1.9% 25.7% 0.093
Ca 9.40 9.10 9.50 9.40 8.98 9.70 0.750

Ca_ rate 0.00 −0.03 0.05 0.01 −0.03 0.05 0.906
H b 12.00 10.90 13.40 11.40 10.55 12.53 0.167

H b_ rate −2.2% −10.4% 4.7% −7.9% −27.5% −1.5% 0.030

MW U : M ann–W hitney U ; IQR: interquarti le range; BSI : bone scan index; PSA : prostate-specifi c antigen;
PSADT: PSA doubl ing tim e; ALP: alkal ine phosphatase; LDH : lactate dehydrogenase; Ca: calcium ; A lb: al-
bum in; H b: hemoglobin; N eut: neutrophi l; Plt: p latelets.

The time to pain progression is show n in Figure 3. The med ian (95% CI) p-PFS of

the BSI_ low group and BSI_ high group w as 41.9 (27.9-N A ), and 15.5 (6.9–26.0) months

(p = 0.002), respectively, and for the ALP_ low group (baseline ALP of <140 IU/mL) and

ALP_ high group (basel ine ALP of ≥ 140 IU/mL) w as 41.9 (21.7-N A ) and 15.5 (9.6-N A )

months (p = 0.010), respectively. In comparison, there w as no signifi cant d ifference betw een

those w ith prior use and no prior use of denosumab; how ever, patients in the denosumab

use group d id not reach the m ed ian p-PFS (Figure 3d).
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Whitney U test (Tables 3 and 4). BSI data before Ra-223 administration (baseline BSI) were 
obtained from 53 of 64 patients. PSA and ALP levels at baseline were significantly higher 
in the BSI_high group than in the BSI_low group (p = 0.009 and p <0.001, respectively). In 
addition, the BSI_high group was also significantly associated with a lower Hb_rate (p = 
0.015) and lower ALP_rate (p = 0.029). In the Early vs. Late comparison, the baseline PSA 
level was higher (p = 0.020) and the baseline Hb level was lower (p = 0.020) in the Late 
group. The Late group also received more prior treatments. The frequency of pretreatment 
in the Early and Late groups is shown in Table 5. In the Late group, 24/27 (88.9%), 20/27 
(74.1%), and 18/27 (66.7%) patients had prior taxane, enzalutamide, and abiraterone use, 
respectively. The odds ratio for taxane use frequency was 4.1 times higher in the Late 
group than in the Early group, and similarly 1.1 and 1.0 for abiraterone and enzalutamide 
groups, respectively. 

Table 3. Comparison between 2 groups (BSI_low vs. BSI_high) (MWU test). 

Figure 2. Log-rank test of OS comparison: (a) BSI<0.61 vs. BSI ≥ 0.61; (b) treatment l ine of Ra-223,

Early (≤ 3) vs. Late (≥ 4); (c) ALP < 140 vs. ALP ≥ 140; (d ) p rior use of denosumab, no vs. yes.

M edian OSw as signifi cantly longer in patients w ith basel ine BSI of <0.61, early treatm ent (≤ 3rd line),

baseline ALP of <140U/l, and prior use of denosumab. OS: overal l survival . N A : not avai lable.

Tab le 4. Comparison betw een 2 groups of treatment l ine (Early vs. Late) (M W U test).

Earl y (≤ 3rd Line), n = 37 Late (≥ 4th Line), n = 27

M edian IQR (0.25) IQR (0.75) M ed ian IQR (0.25) IQR (0.75) p

PSA 13.06 5.73 97.56 59.10 19.00 92.10 0.021
PSA _ rate 97.5% 1.6% 320.2% 188.0% 45.0% 346.2% 0.179

ALP 119.00 77.00 208.80 110.92 58.90 227.46 0.331
ALP_ rate −27.8% −57.1% −2.7% −9.6% −39.6% 7.9% 0.087
LDH 214.00 181.00 251.00 213.00 187.50 292.00 0.446

LDH _ rate 2.2% −10.0% 24.9% 12.5% −4.1% 32.9% 0.224
H b 12.50 11.30 13.00 11.00 10.50 12.20 0.020

H b_ rate −7.9% −13.3% 0.0% −6.3% −19.3% 2.4% 0.961
BSI 0.98 0.22 3.73 0.93 0.44 1.93 0.979

MW U : M ann–W hitney U ; IQR: interquarti le range; BSI : bone scan index; PSA : prostate-specifi c antigen;
PSADT: PSA doubl ing tim e; ALP: alkal ine phosphatase; LDH : lactate dehydrogenase; Ca: calcium ; A lb: al-
bum in; H b: hemoglobin; N eut: neutrophi l; Plt: p latelets
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There was no significant difference in the p-PFS between patients with and without 
pain at the time of the first dose of Ra-223. Between ALP and ALP_rate, Spearman’s cor-
relation coefficient was −0.521. The median (range) NLR obtained from 48 cases were 3.05 

Figure 3. Log-rank test of p-PFS: (a) BSI < 0.61 vs. BSI ≥ 0.61; (b) ALP < 140 vs. A LP ≥ 140;

(c) treatm ent l ine of Ra-223, Early (≤ 3) vs. Late (4≥ ); (d ) prior use of denosumab, no vs. yes; (e) prior

use of abiraterone, no vs. yes; (f) p rior use of taxane, no vs. yes. Figure 3 (c–f) show s that p-PFS is

prolonged in the early treatment group (≤ 3rd l ine) and in the prior use of denosumab group , w hile

p-PFS is shortened in the prior use of abiraterone and taxane groups, although the d ifferences are not

signifi cant. p-PFS: pain progression-free survival . N A : not avai lable.
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There w as no signifi cant d ifference in the p-PFS betw een patients w ith and w ithout

pain at the tim e of the fi rst dose of Ra-223. Betw een ALP and ALP_ rate, Spearman’s

correlation coeffi cient w as −0.521. The m ed ian (range) N LR obtained from 48 cases w ere

3.05 (1.19–26.11) respectively. A prelim inary study of the relationship betw een N LR and

prognosis d id not show signifi cant d ifferences.

Tab le 5. Frequency of pretreatment type in Early and Late group .

Pretreatment Type Earl y (n = 37) Late (n = 27) OR (Late/Earl y)

Taxane (n = 32) 8/37 (25% ) 24/27 (88.9% ) 4.1
Abiraterone (n = 45) 25/37 (67.6% ) 20/27 (74.1% ) 1.1
Enzarutam ide (n = 43) 25/37 (67.6% ) 18/27 (66.7% ) 1.0

OR: odds ratio.

4. D i scussi on

To our know ledge, this is one of the largest stud ies conducted at a single institution

in Japan regard ing the outcomes and prognostic factors of Ra-223 therapy that even in-

cluded asymptomatic patients. A ccord ing to the N ational Comprehensive Cancer N etw ork

Guidelines 2022 [25], docetaxel , abiraterone, and enzalutam ide are l isted as fi rst-line agents

for the treatment of mCRPC and Ra-223 is ind icated only for mCRPC w ith pain symp-

tom s, and this is also stated by the U .S. Food and D rug adm inistration [26] and European

M ed icines Agency [27]. In Japan, how ever, Ra-223 is also ind icated for asymptomatic

mCRPC patients [28,29], w ho w ere also included in this study. This could clarify the role of

Ra-223 regard ing pain management in a cl inical situation d ifferent from that in the USA

and Europe. Accord ing ly, w e could assess p-PSF in add ition to OS. This p-PSF, w hich is one

of the SSEs related to the effi cacy assessment of Ra-223, m ay represent a good index of the

QOL of patients. W e think it is meaningfu l that the prognostic factors w ere sim ilar to those

reported in previous stud ies, even w hen asymptomatic patients w ere included [16,18]. In

short, the initial PSA and N stage at d iagnosis d id not affect prognosis; instead , T4 and a

Gleason score of 10 at d iagnosis w ere factors that w orsened the prognosis. The use of deno-

sumab improved prognosis and prolonged p-PFS. LDH w as also show n to be an important

biomarker, w hich, to our know ledge, is a new fi nd ing from Japanese stud ies. A lthough

the subgroup analysis of ALSYM PCA show ed that the change in PSA from basel ine to

12 w eeks after random ization of Ra-223 w as not related to prognosis [12], this study cou ld

show that changes in PSA (PSA _ rate) w ere signifi cantly associated w ith prognosis. This

d ifference may have occurred due to the longer fol low -up period of 24 w eeks (during six

cycles of Ra-223 therapy), w hich is a new fi nd ing as far as w e know.

4.1. Relationship between BSI and Other Factors

We observed a sim ilar relationship betw een BSI and the prognosis, as show n in a

previous study [30]. Some previous reports have show n that the intensity of bone metastasis

in terms of the number of bone metastases or super-scan on bone scintigraphy is associated

w ith prognosis [12,13,16,18]. In this report, w e show ed that BSI_ low (<0.61) w as associated

w ith signifi cantly higher OS and that BSI_ high w as associated w ith high basel ine PSA and

ALP levels. In add ition, BSI_ high w as associated w ith a low H b_ rate and low ALP_ rate.

These results are consistent w ith the subgroup analysis of the ALSYM PCA trial , in w hich a

higher number of bone metastases w as associated w ith a higher risk of anem ia, and Ra-223

w as effective even w ith more bone metastases [9]. It is im portant to note that anem ia

w as not associated w ith Ra-223 use [8]. A lthough ALP and BSI at basel ine appeared to

be related biomarkers, the area under the ROC curve comparisons w ere 0.601 and 0.704,

respectively, suggesting that BSI m ay be a better prognostic biom arker.
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4.2. Relationship between BaselineALP and ALP_ Rate

This study show ed that ALP_ rate (<−47% ) alone signifi cantly w orsened OS. H ow ever,

ALP and ALP_ ratew ere negatively correlated w ith a Spearman’s rank correlation coeffi cient

of −0.521, suggesting that A LP_ rate w as a confound ing factor.

4.3. Relationship between Treatment Line and Prognosis

The relationship betw een the treatment line (Early or Late) and the prognosis is

d iscussed . The earlier the treatment, the better the prognosis, w hich is consistent w ith a

previous report from Japan [18]. The resu lts of the comparison of the Early group (≤ 3rd

l ine) and Late group (≥ 4th l ine) show ed that basel ine PSA w as higher and basel ine H b

w as low er in the Late group (p = 0.020, p = 0.020, respectively); this ind icated that the Late

group had more pretreatment, but basel ine PSA seemed to increase over time, even w ith

pretreatment. Of 27 patients in the Late group , 24 (88.9% ) had a history of taxane use.

The OSw as also signifi cantly w orse in those w ith prior use of abiraterone. These resu lts

may have contributed to the poor prognosis in the Late group and suggest that Ra-223

may be used before abiraterone treatment. H ow ever, there w as no signifi cant d ifference

in prognosis w ith prior use of enzalutam ide. For anticancer agents, it seems that Ra-223

should be used before taxane treatment. M oreover, there w as no signifi cant d ifference in

OS from the fi rst l ine treatment after the d iagnosis of mCRPC betw een the Early and Late

treatment groups. This is thought to be because the treatment w as tai lored to each patient

over a long period of tim e, and therefore, no signifi cant d ifference w as observed .

4.4. Time to Pain Progression

In this report, the time to pain progression w as defi ned as the time to the initiation

or add ition of analgesics or op ioids from the fi rst Ra-223 adm inistration. M ed ian p-PFS

w as signifi cantly prolonged in the BSI_ low and ALP_ low groups. A lthough there w ere

no signifi cant d ifferences, early adm inistration of Ra-223 and prior use of denosumab

prolonged p-PFS, and prior use of taxane and abiraterone resu lted in shorter p-PFS. These

resu lts ind icate that the early adm inistration of Ra-223 is associated w ith im proved QOL,

sim ilar to the subgroup analysis of ALSYM PCA [31]. In terms of pathological fracture,

no pathological fractures w ere observed in this study, even in the patients w ho received

abiraterone, w hich w as different from the results reported in the ERA223 study and remain

to be solved [20].

4.5. Limitations

This retrospective study analyzed the resu lts of a relatively sm all number of patients.

H ow ever, this study w as conducted at a single institution; thus, the treatment background

is somew hat uniform , w hich m ight reduce the heterogeneity of patient m anagement.

In add ition, the factors identifi ed in this study w ere prognostic factors from the date

of Ra-223 initiation, but they w ere not identifi ed as prognostic factors after the start of

the entire treatment. A lthough the present study w as able to demonstrate some causal

relationships among the factors, various other factors may have a complex relationship .

Further investigations are needed to val idate our resu lts in a larger-sized study.

5. Concl usions

In this study, several factors w ere associated w ith OS and p-PFS, includ ing basel ine

BSI, ALP, LDH , and H b, and prior use of denosumab, even w hen asymptomatic patients

w ere included . In add ition, early adm inistration of Ra-223 w as signifi cantly associated

w ith im proved OS, and it m ay be meaningfu l to adm inister Ra-223 before novel hormonal

or anticancer agents. Summari ly, it is important to carefu l ly consider the patient’s condition

and the acceptabi l i ty of treatment based on BSI , A LP, LDH , and H b, and to determ ine the

optimal sequence and combination of other therap ies, such as a novel hormonal agent and

anticancer agents, in add ition to Ra-223, to im prove not only OS but also p-PFS.
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