WPRALEE 70 : 29-37, 20244F 929

B AS 2 LSRR S B B Y F ST T
S $E4E Bone scan index (BSI) DA HMEO#GET

M R ek Z R Mz AR 5
g e, AR e, R OE—RR AP )
vajl e, b EE
SERERF PR RO B W KA R

ROLE OF BONE SCAN INDEX (BSI) IN THE PROGNOSIS AND
TREATMENT EFFICACY IN CASTRATION-SENSITIVE
PROSTATE CANCER PATIENTS WITH BONE METASTASIS

Kaho DrcucHI, Takeshi Sasaki, Hiroyuki Oug, Takashi Okamoro,
Momoko KaTo, Shinya KajiwARrA, Shinichiro HicasHI, Satoru MAsul,
Kouhei NisHiIKAWA and Takahiro INOUE

The Department of Urology, Mie University Hospital

Bone is the most common metastatic site in prostate cancer (PCa). Although the extent of disease
(EOD) grade is used for evaluating burden of bone metastasis, the accuracy of bone metastasis classification
needs improvement. Bone scan index (BSI) was developed as a quantitative tool to enhance the
interpretability and clinical relevance of the bone scan. This study aimed to explore the role of BSI using
BONENAVI® software in determining the prognosis and treatment efficacy in castration-sensitive PCa
(mCSPC) patients with bone metastasis. We retrospectively reviewed 61 mCSPC patients with bone
metastasis who had received primary androgen deprivation therapy (PADT) at our institution.  All patients
received PADT with luteinizing hormone-releasing hormone agonist or surgical castration accompanied by
first-generation antiandrogen, bicalutamide. Bone scans were performed with “™Tc-MDP.  BSI (%) was
divided into two groups (< 1.0 and =1.0), and BSI response rates(change at 0 months to after 6 months)
were determined using thresholds of 45% decline. Castration-resistant prostate cancer (CRPC) -free
survival (CRPC-FS) and Overall survival (OS) rates were analyzed using the Kaplan-Meier method. The
median follow-up was 41.9 months. Overall, 16 patients (26. 2%) died. Multivariate analysis on
pretreatment factors revealed that hemoglobin (P=0.03) and BSI (P=0.04) were independent prognostic
factors for OS. The 5-year OS rates in patients with low BSI and high BSI were 84.6% and 39.2%,
respectively (P=0.02). In 40 patients who had a bone scan before and after PADT, OS rates in patients
with a good response (=45%) were significantly higher than those with a poor response (<45%) (P=0.001).
Nadir PSA titers within 6 months after the start of treatment (P=0.005), Hb (P=0.003), and BSI change
(P=0.014) were independent prognostic factors for OS. In mCSPC patients with bone metastases, BSI at
diagnosis was an important predictor of CRPC progression and OS as a pre-treatment factor, and BSI
change rate and PSA nadir as post-treatment factors.

(Hinyokika Kiyo 70: 29-37, 2024 DOI: 10.14989/ActaUrolJap_70_2_29)
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Fig. 1. Representative image of BSI change before and after treatment. BSI value decreased from 5.57 before
treatment to 1.05 after 6 months of treatment, with a decrease rate of 81.1%.
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Table 1. Patients’ characteristics according to BSI status
Variables ALL (n=61) BSI (%) <1.0 m=34) BSI (%) =1.0 n=27) Pvalue
Median follow-up (range) (months) 41.9 (1-104) 45.4 (3-104) 28.1 (1-103) 0.06
Median age (range) (years) 71 (44-88) 71 (44-88) 70 (58-85) 0.77
Median initial PSA (range) (ng/ml) 281.0 (9.7-7,704) 113.4 (9.7-5,037) 643.7 (13.4-7,704) 0.001
ECOG Performance status (%)
0 51 (84) 30 (88) 21 (79)
1 7 (11.5) 4(12) 3 (10.5) 0.9
2 1 (1.5) 0 (0) 1(3.5)
3 2(3) 0(0) 2(7)
Clinical T stage (%)
T2 1 (1.5) 1(3) 0(0)
T3 30 (49.25) 15 (44) 15 (55.5) 0.49
T4 30 (49.25) 18 (53) 12 (44.5)
Clinical N stage (%)
NO 17 (28) 10 (29.5) 7 (26) 0.76
N1 44 (72) 24 (70.5 20 (74)
Clinical M stage (%)
MI1b 49 (75.5) 25 (73.5) 24 (89.5) e
Mlc 12 (24.5) 9 (26.5) 3 (10.5)
Biopsy Gleason score (%)
7 1(1.5) 1(3) 0(0)
8 16 (26) 12 (35) 4 (15) 0.90
9 35 (57.5) 16 (47) 19 (70)
10 9 (15) 5 (15) 4 (15)
EOD grade (%)
1 25 (41) 23 (67.5) 3
2 18 (29.5) 10 (29.5) 8 (30) <0001
3 17 (28) 1(3) 16 (66.5)
4 1(1.5) 0(0) 1(3.5)
Bone scan index (BSI) before treatment (%) (range) ~ 0.83 (0.01-10.07) 0.13 (0.01-0.94) 4.41 (1.07-10.07) <0.001
Hot spot number based on BONENAVI® (range) 6 (1-115) 3 (1-16) 50 (2-115) <0.001

Abbreviations

PADT, Primary androgen deprivation therapy; PSA, Prostate specific antigen ; ECOG, Eastern Cooperative Oncology Group ; EOD,

extension of disease.
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Fig. 2. Correlation between BSI and EOD grade
(N =61). A Strong correlation between
BSI and EOD grade is shown (Spearman’ s
rank correlation coeflicient : rs =0.813).
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& -7 (Fig. 2, Spearman’s rank correlation cocfficient :
rs=0.815). CRPC-FS |Z%J L HZZ & AT Tld initial
PSA (P=0.005), clinical N stage (P=0.006), lactate
dehydrogenase (LDH) (P =0.01), C-reactive protein
(CRP) (P=0.03), BSI (P=0.002) 2" &% TERE
FTdh o7z (Table 2). CRPC-FS (Zx) L £ 72 & g At
TILHARBAT OF KA S, initial PSA, clinical N
stage, LDH, CRP, BSI % #l#A3A %, clinical N stage
(P=0.02) & BSI (P=0.04) »"37 L 72 P KT T
Ho 7z (Table 2). OS (24 L HiZ8 & M7 T initial
PSA (P=0.04), hemoglobin (Hb) (P=0.01), BSI
(P=0.03) #HE%TFHETTHo 7 (Table 3).

OS 12X L AT T HEFT O R, 5,

initial PSA, Hb, BSI Z#lAHiAd, Hb (P=0.03) &
BSI (P=0.04) A%li7 L7z P& KT Tdh -7z (Table
3). 5 HEEFIRPIMEIRE R A AL low BSI B (<

Table 2. Univariate and multivariate analyses on
pretreatment clinicopathological factors
predicting CRPC-free survival in mCSPC
patients with bone metastasis (n=61)

Univariate Multivariate
Fact Hazard Ratio Hazard Ratio
actors [95% CI] [95% CI]
(P value) (P value)
Age (<70 vs =70) 1'“’(}[&%6&%’35] —
Initial PSA (=100 vs  3.29 [1.44-7.48] -
<100) (P=10.003)
Biopsy Gleason score 1.54 [0.68-3.48] _
=9 vs =0.
9vs <9 P=0.29
1.80 [0.87-3.71
T (4 vs < 3b) (}LO.IO) ] —

, 5.28 [1.59-17.5]  4.01 [1.20-13.40]
N(Lvs0) (P=10.006) (P=0.02)
M (Ib+1Ic vs 1b) 1.2?})[2.407 232325] —

Hb (<12 vs =19) 2'02(13[&%61’&‘7” —
Alb (<4 vs =4) 1'25( }2%75‘6?)'73] —
LDH (=250 vs <250) 2'452}1:'%]56%‘20] —
ALP (=350 vs <350) 1'35(P[‘i%6;(%'75] —
CRP (0.2 vs <0.2) 2'1?}1:'%50’;‘“] —
8.7 [152-661] 215 [1.02-4.50
BSI (=1.0 vs <1.0) (P[: 5009 ] (P[: b0t ]

Abbreviations

mCSPC, castration-sensitive prostate cancer; PSA, prostate
specific antigen ; Hb, hemoglobin ; Plt, platelet; Alb, albumin ;
LDH, lactate dehydrogenase. ~All hazard ratios represent the
ratios of the left-hand-side variables to the right-hand-side
variables. Only the variables found to be significant in
univariate analysis (P<<0.05) were entered into the multivariate
analysis with stepwise forward-backward variable selection.  For
the results of the multivariate analysis, only sclected variables
(P<<0.05) were listed in the table ; variables that were not selected
were hyphenated.

Table 3. Univariate and multivariate analyses on
pretreatment clinicopathological factors
predicting overall survival in mCSPC
patients with bone metastasis (n=61)

Univariate Multivariate

Factors Hazard Ratio Hazard Ratio
[95% CI] [95% CI]
(P value) (P value)

Age (<70 v =70) 1.22 [0.43-3.45]

(P=0.69)
Initial PSA (=100 vs  5.69 [1.05-12.9] B
<100) (P=0.04)
Biopsy Gleason score 2.64 [0.74-9.42] _
(=9 vs <9) (P=0.13)
" 1.74 [0.64-4.70
T (4 vs < 3b) (P[: o ] -

7.2 [0.95-54.8
N (1 vs 0) (P[:Oj)%) ] —
M (Ib+ lc vs 1b) i eyh s —

374 [127-11.0] 341 [1.12-10.3
Hb (<12 vs =19) (P[:o.m) ] (P[:O.Og) ]
Alb (<4 vs =4) 1'3%0:’%45’%’40] —
LDH (2250 vs <250) 2'23 08 %38] —
ALP (=330 vs <350) 1'02(}!&3089’(%'74] —
CRP (0.2 vs <0.2) 2'72*13[:0'3%;71')57] —

516 [1.12-8.96]  2.98 [1.02-8.65
BSI (=1.0 vs <1.0) (}[20.03) ] (}[: 008 ]

Abbreviations

mCSPC, castration-sensitive prostate cancer; PSA, prostate
specific antigen ; Hb, hemoglobin ; Plt, platelet ; Alb, albumin ;
LDH, lactate dehydrogenase. All hazard ratios represent the
ratios of the left-hand-side variables to the right-hand-side
variables. Only the variables found to be significant in
univariate analysis (P<<0.05) were entered into the multivariate
analysis with stepwise forward-backward variable selection.  For
the results of the multivariate analysis, only selected variables (P
<0.05) were listed in the table ; variables that were not selected
were hyphenated.

1.0) & high BSI # (=1.0) TZNZ453.5% &
16.0% TH -7z (P=0.001) (Fig. 3). 5 FAEHFRIE
low BSI # (<1.0) & high BSI # (=1.0) TZh<
N84.6% & 39.2% Tdh-7- (P=0.02) (Fig. 3). OS
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e o7z (P=0.001) (Table 1).
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CRPC-FS B XU OS 7P R#FTH -7z (P<0.001 B &
O P=0.001) (Fig. 4). OS @ H J:fi 1%, Good re-
sponders (= 45%) T102.6% A, Poor responders (<
45%) T28.1% A CTd o7z, BSI good responder # &
poor responder #f & OF F K & B S 5 &, poor
responder # Tid, ECOG Performance status 737 %12
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Fig. 3. Prognostic impact of BSI on CRPC-free survival and OS in mCSPC patients with bone metastasis (N =
61). Kaplan-Meier curves for CRPC-free survival and OS show significant differences among low (<1.0)

and high BSI (=1.0) cases in mCSPC. patients.
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Fig. 4. Prognostic impact of BSI response on CRPC-free survival and OS in mCSPC patients with bone metastasis

(N=40).

Kaplan-Meter curves of CRPC-free survival and OS show significant differences among good

responders (=45% BSI reduction) and poor responders (<45% BSI reduction) in mCSPC patients.

EAodz (P=0.01) (Table4). 2EHODE Y ¥ T
TO % A4 327 O Rl (range) ¥, Good re-
sponders (=45%) T12.3 (6 ~52) % J, Poor re-
sponders (< 45%) T9.9 (6 ~18) # H THho 72
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DML L 72 FRINTTdH - 72 (Table 5). OS 123§
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0.014) DML L7z TP KT Tdh o7z (Table 6). 2
DFGRP S, GRS ARY ORBNSUMEDIRE TS
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WA FRTHMEFTHL EER LN

% =
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Table 4. Patients’ characteristics between good responders and poor responders’ group according to BSI response

rates

Variables

Good responders (n=29)  Poor responders (n=11) P value

Median follow-up (range) (months)

Median time of bone scan after initiation of PADT (range) (months)

Median age (range) (years)
Median initial PSA (range) (ng/ml)
ECOG Performance status (%)
0
1
2
3
4
Clinical T stage (%)
T3
T4
Clinical N stage (%)
NO
N1
Clinical M stage (%)
Ml1b
Mlc
Biopsy Gleason score (%)
7
8
9
10
EOD grade (%)
1
2
3
4

Bone scan index (BSI) before treatment (%) (range)
Hot spot number based on BONENAVI® (range)

49.2 (6-104) 98.1 (7-80) 0.003
12.3 (6-52) 9.9 (6-18) 0.11
70 (58-79) 69 (63-86) 0.72
334.9 (12.3-2,296) 331.7 (13.4-1,026) 0.76
28 (97) 8 (73)
0 (0) 3(27)
0 (0) 0(0) 0.01
1) 0 (0)
0 (0) 0 (0)
15 (52) 6 (54) .
14 (48) 5 (46)
8 (27) 1(9) 091
21 (73) 10 (91)
25 (86) 11 (100) 019
4 (14) 0 (0)
1(3) 0)
9 (31) 0) 0l
15 (52) (73)
4 (14) 3(27)
10 (34) 3(27)
12 (42) 2 (18) 0L
7 (24) 5 (46)
0 (0) 1(9)
0.87 (0.01-9.74) 4.42 (0.09-10.07) 0.25
7 (1-115) 23 (1-114) 0.37

Abbreviations

PADT, Primary androgen deprivation therapy ; PSA, Prostate specific antigen ; ECOG, Eastern Cooperative Oncology Group ; EOD,

extension of disease.
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(BSI>1.9% vs =1.9%, HR : 4.676, 95% CI :
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Table 5. Univariate and multivariate analysis on Table 6. Univariate and multivariate analysis on
pre- and post-treatment factors predicting pre- and post-treatment factors predicting
CRPC-free survival in mCSPC patients overall survival in mCSPC patients with
with bone metastasis who received multi- bone metastasis who received multiple
ple bone scan (n=40) bone scan (n=40)
Univariate Multivariate Univariate Multivariate
; Hazard Ratio Hazard Ratio ; Hazard Ratio Hazard Ratio
Factors [95% CI] [95% CI] Factors [95% CI] [95% CI]
(P value) (P value) (P value) (P value)
. 1.04 [0.98-1.11 1.68 [0.50-5.63
Age (<70 vs =70) (P[: 0.16) ] — Age (<70 vs =70) ([L 0.39) ] —
Initial PSA (=100 vs 2.46 [1.02-5.89] _ Initial PSA (=100 vs 3.28 [0.72-14.8] _
<100) (P=0.04) <100) (P=0.12)

Nadir PSA titers within
6 months after the start

5.15 [2.24-11.8]

6.01 [2.46-14.6]

ofweatment (1 vs < (P<0001) (P<0.001)
Biopsy Gleason score  2.23 [0.82-6.03] B

(=9 vs <9) (P=0.113)

T (4 vs < 3b) 1-9%&%?;&.34] B

N (1 vs 0) 3'58(1’[1:'%?6 ; 81)'99] -

M (Ib+Ic vs 1b) 0-9%&%%%.01 ] B

Hb (<12 vs >19) 1-91([)[%§l‘$~78] _

Alb (<4 vs =4) 1.91(}&%?1—;,43] B

LDH (=250 vs <250) 1-91( P[g%fil-g)~26] 2'680[:1 '8_%;%48]
ALP (=350 vs <350) 122(}2&%?5*%.63] -

CRP (=0.2 vs <0.2) 3-7<1P[=1.8%6%28] B

BSI (=1.0 vs <1.0) 3-0(7P[=1€%665.)77] -

BSI change before
treatment and 6
months or later after
treatment (< 45% vs
=45%)

2.14 [0.98-4.65]
(P=0.055)

3.58 [1.44-8.91]
(P=0.006)

Nadir PSA titers within
6 months after the start
of treatment (=1 vs <

1)

Biopsy Gleason score

8.87 [2.30-34.0]
(P=0.001)

7.63 [0.96-60.3]

6.88 [1.78-26.5]
(P=0.005)

(=9 vs <9) (P=0.054)

T (4 vs < 3b) 1-71(}[&%?3*%-15] _

N (1vs 0) 33.2(}[9;13—1%3088] B

M (Ib+1c vs 1b) O-O?P[Q-OOI';;?-IJ _
micnnzn VL
S
LDH (=250 vs <250) 1-87( [gg%%—%.w] _

ALP (=350 vs <350) 1-5?P[0=.500'ﬁj80] B

CRP (=02 vs <0.2) 4-70(}£1:.A(r)§0—11)5.4] -

BSI (=1.0 vs <1.0) 3-72&[%?631)23] _

BSI change before
treatment and 6
months or later after
treatment (< 45% vs
=45%)

5.91 [1.80-19.3]
(P=0.003)

5.72 [1.42-23.0]
(P=0.014)

Abbreviations

Abbreviations

mCSPC, metastatic castration-sensitive prostate cancer; PSA,
prostate specific antigen; Hb, hemoglobin; Plt, platelet; Alb,
albumin; LDH, lactate dehydrogenase. All hazard ratios
represent the ratios of the left-hand-side variables to the right-
hand-side variables. Only the variables found to be significant
in univariate analysis (P << 0.10) were entered into the
multivariate analysis with stepwise forward-backward variable
selection.  For the results of the multivariate analysis, only
selected variables (P<<0.05) were listed in the table ; variables
that were not selected were hyphenated.

(castration-resistant prostate cancer) ~DOHIH (time to
CRPC) IR ELALIIN L, AR TFHINT T
HotzZ EHE L (BSI<1% vs 1%, P<0.001
BIUBSI<1% vs =1%, P=0.01)". %72 Reza b
(R )V R THIER % 475 72 High risk O BT ZIRIE
HBEIZBWT, 7Yy Aa7e BSLIZEGRREM
%4 ) (BSI<1 vs BSI=1 to 5 vs BSI>5, P<
0.001), BSI 28 P Tl & IE L WifssIR % #4804 5
FTEEAEE R ED TR WA LY.

mHNPC, metastatic hormone-naive prostate cancer; PSA,
prostate specific antigen; Hb, hemoglobin; Plt, platelet; Alb,
albumin; LDH, lactate dehydrogenase. All hazard ratios
represent the ratios of the left-hand-side variables to the right-
hand-side variables. Only the variables found to be significant
in univariate analysis (P < 0.10) were entered into the
multivariate analysis with stepwise forward-backward variable
selection. For the results of the multivariate analysis, only
selected variables (P<<0.05) were listed in the table ; variables
that were not selected were hyphenated.

Nakajima & (& mCSPC (metastatic castration-sensitive
prostate cancer) H#HIZHBVT BSI>3.5% DTl 3
EUNOEESH I B P o7 LR LY. F 721k
EHERIO BSI OBFMEIZDOWTIE, Uemura 5137
INTF F LI & D iEHE S 72 mCRPC (metastatic
CRPC) & DiGHFIAH] O BSI 2% OS (28 Tz
L7z FPRETTHHZ L Zm L7z (BSI<1vsBSI=I,

P=0.03D)'"V. EBARBIBEEEIIBT L A8 T F
1) 2 A TIE, E\ baseline BSI 13 OS, 4 2 A= A7
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# - CRPC-free survival IZBWTFHEARTH AL Z &
RRIET 5 2 EAVRENY. 2o X A IR BSI
BT BRRE OB 4 IR B W CTFRIRT- & %

N9HBZEPHEINTNS,

—75, HBEHE O BSI ZILEOEREIZOWT
RLTWAHLIEE vy, Miyoshi 5 1& mCRPC i
FoTEs7ror (ABD) T Y%Ly I F (ENZ)
TOHEFERIZBIT S BSI DA, OS DIERIZE
WTHEBERTHBRRF ThoZ L ME LTS
(ENZ %7213 ABI % BSI A - ) vs %2 L
P=0.011)". Reza 5% mCRPC BHIZBVTTEF
71> (ABI) &##%IC BSI OB &L LA 230 58
X (UBSI>0.3), BDOLRWEE (UBSI=0.3) (21
EBOEFEEIMEL (37% vs 76%), HEFEHR oI
e A H 2 2 Lt L7z (104 A vs 167 A,
P<0.000)!'9 . F 724552 BV, Mitsui 513 %
FH 2 R AR B AAET o BSI & MG #2163 0 BSI
REEML, MOV ASNBETHEIZ OS BEE L2
L L7 (BSI A vs B0, P=0.0149)". o
LI L D BSI OZALAEHE R R & NG
FRICL D TFHRERML TWA I ERRBEINTNES,
Db N OENT TIZIHF IO BSI D245 LH-
RH ## & ©h Vs I FEEAEDE L L7z mCSPC O
FhRERELEDOTWA I EIRIBEN, ZDER
EIGHEHT BSIE & ) — @ PRI L TWwab 2 &
BLEZE (Table 6). L724%-> T, HIZHBHTOE Y
YFIFTRL, EER6 # HHMUEO CRPC £ T
DI BSI & W72 BRE 2 RS 5 2 L AYRY)
T, TOHROEEF IO TELHDEEZ T
5. BARENIIELEPMR T RARBITHH AL E
YHIERAED OTIE S ALFEREOBA % FIIIE 2 /-
Hnpd Lt SERIEAIVE S HIR Ry
SOV AN A TV b mCSPC DFER % %t 5
WCHI & ICHET 2 £ 2 2 0ENH L. FFEBED
BRI & B TUSTERERAAC X o TEBMELH B 2 &2
5, S A OFEBEORSE L0 I EEM$
% Z LA TEDL SPECT Wifg % W72 HREDZE L%
AT 52 & C, BT 2 BHIGE D G
& option ZIBIF T W 2 & b IRRENS FET L F 2
S5hp!.

LSEDODLINDONOWEIZ BT HRAEIE, HAME
WMIeTdh b b, B LIEBSDS LW &, E—
HRIT > Far vFEIZBIT57—7THY, ARSI
(androgen receptor signaling inhibitor) @7 — % Tld 7%
W2 EREITONG, 72, 7Hu—T v THETFO
B rTFOIAIVTICELTOS—ELY A I VT
Tl oz, LA L, 7+0—=7y 7HIHF gl
41.9% A &, HERMELN OB T BSI & k%
R EDNTELERODIMETHILEEZLDL. &

25 20244F

S SIERINEE L2A121E, BSI 2 w7237
T HRTIE TV ORESIIfGEEN D,

& B3
SRObIOIOWE 25, HEBRMERTO BSI &
HIEBIEH O BSI O L% i+ 5 2 & 1%, Bk
RS 5 RVE VRIGIRE RS E O AR T
ELTHHTH -7,
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