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HE: e85 E58¥eES AL (target-to-background ratio, TBR) L& ML o 14 B ER S
(alkaline phosphatase, ALP)X} 5 %1 i#J& (prostate cancer, PCa) & ¥ I& fi5 4 2R TNNE, TRETh
e T in e A KR E e b2 Al LR A =B SRR A RE I 1B, ARG ERERETIRAREE
HRAIP A RMKIE . T BBHENA 202347  £20254E8 3 T A BH0E iR115641 5T 5 B &% % 8
¥, BIEERRES NEEBURMERT 5 (metastatic hormone-sensitive prostate cancer, mHSPC, n
= 94) 5 £ FIHIHE AT %)) BRE (metastatic castration-resistant prostate cancer, mCRPC, n = 62) /M1
4, 43552 F CHAARTED#5 (mHSPCIF 40). SYMPHONY#57E(mCRPCIFAH), ¥ 53 4 BRI 2 N B £
A SEEARH. WERBERRKREIFME. MBALPKFEEESEEBEATBRIE., HWEBKERR(Model
A: IERIEIR——Gleasoni¥4); =84 +T3~4#; Model B: Ififk#545 + ALP; Model C: Iifkf845 +ALP
+TBR), HHROCHIZ T HIR(AUC) RMA LLASE, TP5ALPS TBRIENS RIEbnEamtl LI BME; RA
PL3R 1 28 247 (decision curve analysis, DCA)PFE SR (Model C) IR HREE. SR : LREST
87, mHSPCIEAHFLER. Gleasonitsy 284, T3~4. ALP R TBRAFE M fifr I MER; mCRPC
T4 H GleasoniFs 284). T3~4#. ALPXTBRARE i HHME R (FIP<0.05). ZHREIREME
8N, WRAS, EEMIEKRIER (GleasoniPsr 284, T3~48)HAN EAKIKS|I ANALP X TBRJG, 1%
BAUCEH#RF, mHSPCIAI0.68971%0.9015%0.934, mCRPCIEH M 0.661720.782F £0.838
(BUR AR K IIP < 0.05), IRSALPXTBRER BE TN ME. Model CFEFI LA ¥ ABAL TP AEIERL,
2% EERRRRERREM LA =%, REBRANIFIEEEEREARARGRS, B8
ARG R T ook BETSE W EE IEM#IRE, TAMELIETREERBENERLSE.
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Abstract

Objectives: To investigate the predictive value of maximum tumor-to-background ratio (TBR) derived
from whole-body bone scintigraphy combined with serum alkaline phosphatase (ALP) for stratify-
ing bone metastasis burden in prostate cancer (PCa), and to evaluate whether ALP and TBR enhance
the identification of high-burden status beyond clinical indicators (Gleason score and T stage),
thereby providing a supplement to the traditional stratfication criteria. Methods: A retrospective
analysis was conducted on 156 PCa patients with bone metastases admitted to the Affiliated Hospi-
tal of North China University of Science and Technology from July 2023 to August 2025. Patients
were stratified into two subgroups: metastatic hormone-sensitive prostate cancer (mHSPC, n = 94)
and metastatic castration-resistant prostate cancer (mCRPC, n = 62). Based on the CHAARTED cri-
teria (for mHSPC) and SYMPHONY criteria (for mCRPC), patients were further classified into high-
and low-burden groups. Clinicopathological characteristics, serum ALP levels, and TBR values were
collected. Nested models were constructed: Model A (clinical indicators: Gleason score = 8 + T3~4
stage), Model B (clinical indicators + ALP), and Model C (clinical indicators + ALP + TBR). The area
under the receiver operating characteristic curve (AUC) and likelihood ratio tests were used to eval-
uate the predictive value of ALP and TBR beyond clinical indicators. Decision curve analysis (DCA)
was used to evaluate the clinical net benefit of the integrated model (Model C). Results: Univariate
analysis identified age, Gleason score = 8, T3~4 stage, ALP, and TBR as significant factors in the
mHSPC subgroup, and Gleason score 2 8, ALP, and TBR in the mCRPC subgroup (all P < 0.05). Multi-
variate analysis showed that the sequential addition of ALP and TBR to clinical indicators signifi-
cantly improved model performance. In the mHSPC subgroup, the AUC increased from 0.689 (Model
A) to 0.901 (Model B) and further to 0.934 (Model C); in the mCRPC subgroup, the AUC increased
from 0.661 to 0.782 and further to 0.838 (all likelihood ratio tests P < 0.05). Model C was the optimal
model in both subgroups. Conclusions: Serum ALP combine with TBR, on the basis of conventional
clinicopathological indicators significantly improves the identification of high-burden status in
prostate cancer bone metastases. The integrated model demonstrates positive net benefit within
clinically relevant threshold ranges, offering a flexible quantitative reference for individualized
treatment decisions.
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1. 51§

Hii 4 B (prostate cancer, PCa)j& 43R0 il A 55 7 I 10 S5 MG R 2 —, SRR A 58 B HF 4k
TR AR bR B A AR AT I, R A A e AR A A AR AE T AR ) R BT
B SERT B A TUE IR T 2 HCEME R, (HIRE RIS 5 AR S R IKE R
KRZEH, HEE 2010~2014 F R HTFIRRE 5 FAEMFFRN 69.2% (2] [3]. I 5 R 3R 1045 He 2
], AR R AHCPUE TS e B R R AR ZR Y 65~75% [4]. TEARRERIE#E R, @B e
BCRYERFEAT . TE T 171X PP, B9 T B AR B % AH O S 1 (skeletal-related events, SREs) ]
U, G B AT CR AR 2R 20 10%) FREIE . SBIEMR S MUE R A2 24 30%)455(5] [6]. STEH#
Feui s e B A L, AR R S AR B R B — HUR AR SREs, FET:RUHE— 2 INZ) 2 (R
[ LE hazard ratio, HR = 1.67~2.29). [FIHXT #i 71 ftdes B F #8 988 B8 AT RS 510, 2 ilE il
BITTT R B B TG A5 7]

BT, 50 R B e A% A e B PPl BB AR A A, b BS s IR T AR 5 TR 8]
[9]o ZETAEIH U5 CHAARTED/SYMPHONY Fr#E[10] [11], #4535 KI5 Sy e 6 g S5 4088 7 7
H, X5 JZXIEIT RS IR TS FI I B A B B e RME . (R X AL G5 S R R S L # Lt
(A oA, Joikds s A e, AR 51 R ) 4 B Ve A 28 BLAR B . sE & SPECT HUR AR XS
B IRDGHEAT BT, AEHT S B R oy PRl o R I R AR RTATYE[12]0 DRI 0 22 5] N RE SRR
W “DiRe - AR AEEEROHTEAR,  DASCEINE U RS E VT AL . 4 B BRI E B SRR R AR
El(target-to-background ratio, TBR), id & H H LN 7R ERF] ©"Tc-MDP HFEIAREE, W] TEEIVEAL 52
1R 2R BIAL ) A AR U R i P52, S IS Jg 1) = F ey 3 [13] .« [R)IS , MfLf H-4R AR 54 (bone metabolic mark-
ers, BMs) A B M 8 BR B (alkaline phosphatase, ALP)E A & 4 A VG 4 I & i dg by, HKPARL ] PL e
4 i B 0T iR (R 22 A AR SR, HARAE B T RAR F RS U3 [14] 0 A8 2 MEWR RISFIRTT 1B 51 i
FEH R EF T, BMs X OS RAMAL. BEMFM[15] [16]. #it L, TBR 5 ALP 75 MRk &t
W VEVE S 2 5 i A S B ARV B R BIRE, ZHAAGRELAME. Bk BMs 54 %
g ESHIA H T B AP B A R . BT UL R s, ABFIR I UM BRI R st
JR P AL VL VE MR TBR 5 I e Sy B AR S B 1 ALP AHES & ([17], M “JREEE + 25087
RUAE P S PR, RERSTE AT, RS HEML SO B RS I LS s, T ER BEX A% 42 03 IR A dE w28
e
2. RS HE
2.1. FIRIR

WediE 2023 4F 7 H & 2025 4F 8 HIREEWCA I HT FI s B e f B 1R R et &, BB S- i R
JYHT mTe-MDP 25 B BB TR, AL BIATRE . FERRARAEE AN R, MR Z IR AR &
F 0 R M R OB BT %) IR (metastatic hormone-sensitive prostate cancer, mHSPC)FN#5 42 1 2 #A3KHT

4 i} 5] I8 (metastatic castration-resistant prostate cancer, mCRPC)H AN, 4372 CHAARTED #HnifE
(mHSPC W.4H)F1 SYMPHONY #r#E(mCRPC W.2H), f&k#iE BS A2 (10995 b v H 2805 70 A0 76 045 P9 1547 =008
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1) NPt

(1) ZHWESHZATYIIER B (2) RITHT "Te-MDP 4= & 1% (bone scintigraphy, BS)$E 7~
R, TR TNEMZ— © FINSHLYRE /MR a2 @ RS GENE G4
MRUCT ta Ak sk BS i ALAEAE & BUAER,  HUE Rl 51 i 3 5 E>50 ng/mD#i2[18]. (3) RN EA 5%
B B MEE bR S B R B TR

2) HeBRARE

(1) & I HARTEE bR Bl ™ PR 3 () S IR E (N 70 Paget %) B Al B L
RV (RFRT N KA B SRR ESRIEE) 2 (3) 3 AN H WSzl & Bt R 25 (RUBEIR 21
MHET FHT)IRIT[19]BURE YT s (4) MEURIA B FLIHE 2.

3) FEAREITH

A FE R BT AIKE Logistic [FIARBIAL, FEAREALHIET EPV (events per variable)i: N o i A58
RN 4 DTIAS B (Gleason ¥F4r« T 401, ALP. TBR), Z# BN EPV > 10 LUEREALRIf
EPE, BT B R SR A R 40 . AR AR TR A K 2 0 SCHRIRGE , mHSPC =R e b A
N 55%~65%. HEHAGE, mHSPC 41407 S B1% 62~73 B, mCRPC WAL 1%L L BEAT (R 7 5. A
WA NERL 68 B, EAEATL) 136 BRI MRS HF R B, Al e A oK.

2.2. HARFGZE

1) BHFEE=

AR AE 5SSk A AR 9T H I, USRI FON G AR DGR IR S R SRR I8 HeRsd= . iF
2 H A R S PR 5 R B0 A R R 1 BT R LU B (free-to-total prostate-specific antigen ratio, fPSA/tPSA).
Gleason P47 IfifR T 50 8]. ALP (U/L). TBR. SCa (mmol/L). SP (mmol/L). FrA IR MHARE R A
SRR T RS T VPN R, 5 SR R BV BER AN A T A AT

2) SPECT A #4477 1%

(1) BFFE&EH RI4(BS)

SR — TG T R AE A, KA AT IR W, Bk S 4557 " Te-MDP J5E 2 3 h 17K 500~1000
ml. T RARATHE B, DA 5 e P S P i S SR B 52 o K3 A P A 7 ks 5 S 355 CT/MIRI
M, NG ARG A R, R Ak S 2555 " Te-MDP 555~925 MBq (15~25 mCi), VEST R4 4
/NG R BRAERR Y, AR MMEMY T SPECT A B4R b, ARE M & 00 HHh e {5 B2 BE AN 4 ik
B, WG EALAERTAL, MCRBIR — IR HEELL T EHS S RE, USSLGa8Eg. BI5%
WG, WE S 2K I B 12 155 1DE LAsl/ D TBUR 1 25 D £ s 3 xof B R M RO [20] [21] 6

() EgJEaHE L TBR iH5

@© JEMHRIX (region of interest, ROD) ) 2) H: K H 3 ROI A/ EHA, BE S — KK EBIE H 3R
A BT U IR R B D R kL . PR BT BR A EE SR X . UK, IR a0, HERR
KRR K UL B, DA R L0 7 55 BT A PR AL X k. AN L B 2430 FH 4 B i i A e A kb A
1% 2 ORI T T S (pixel), B ROI max. KM ROI max Kit% TBR ZHT LA T HE: a) kKA
T b) WTEEMN: o) £ PET/CT KIE&SHN AT, HARARHEATRIUE(SUV_max) /& PP g g
PERYH FHFRAR[12] [13], MR A i FAZ Z8 PR (0 AR 4 2 0 M U

@ 55RO HR X (background region of interest, BRG-ROI) /A i : T BEHE S5 (LA~L5 7KF )k 2 23 [X 2k
G — /A AR Z) 3 em? (BT IEOSIRX, B30 % . AP EERIX . BUHETIIX . I R Asik.
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ZIX AR S #AE, KM BKG-ROI 1T 285 1 $(BKG-ROI_avg).

@ AT EEIE: HHAEKRFE WZEZREBIZE RT3k ROLmax 114K
BKG-ROI_avg 145, #F—Pit5H¥ e &2 HUM R #EA L (tumour-to-background ratio, TBR) [22]. TBR %
TP 4 B BAR R T 8T 5. TBR =ROI_max 14/BKG-ROI avg i1 %, #7 ICC>0.85, M\
NS A, B ESE RAGSME/E N TBR; %5 ICC < 0.85, I i 55 = 44 vy 45 % (2 ifi 539 3 A i 26k o

(3) EEAUE L BAZH

HiA ey BA1XEE: EE GE A7 SPECT/CT (NM/CT 860 Hl). EKAEE 0 #ER AT Lt E %8, 4
B 1024 x 256, RElE 140keV, EFE 10%. P"Tc: fH - £3kEA, BHREE FERHAAM REZHRA AR
fit. PmTc-MDP H (1) = 83 FR AT S T P Mo-"Te R AR SRR DEsReF, W H 2 IR 28 A ik TR oK (5
L4 > 95%), 2"Tc 5 MDP £ Sn?* )38 J5U R A Hl L 2 Te-MDP £ HH .

3) IR B A B A 1) R B Ao

B fFE A bR e B FEANBL f5, # RS N RS IR . A F bR B b &Y ALP;
KEFEFR: Gleason iF4r . IRIK T 433, fPSA/APSA. IfiLif 5 (serum calcium, SCa)~ IfiliE 4 HL# (serum phos-
phorus, SP). ALP failll: R4 H b, fEA#EZFER(ZHIEH: 40~129 U/L); PSA/tPSA faill:
KL R CRTE WA PSA I EAEEE A rTIEACEI, #ZBSEH FIRE R, B, fPSA/PSA
=0.2. IR T 2081217 [22]: 4309 T1~2 BA(MR R PR T ROZIBR A, BRAE 0). T3~4 HA(ME R AR B R0
R4, WAE DAL Gleason PFor: K aT SRS BH 5 N4, <8 73 AR LALIRIE 0), >8 734
RS ZHRAE 1), BUEATZHZ &3 Gleason Wor s mi77[23], iR SR A AR A2 22 HE G il i
VIR JG M. Gleason V-or RGUHAT 7. AITWCAE A 3 AR BE HIS RG0R4E

4) H R AT o7 JEARE10] [11]:

(1) mHSPC W20 55 K ] CHAARTED A5 2 B A kh<a A H R PR T8 SR/ 805 A A8 £ 4
H, BEBL4 A HHE > MR T & B BCE LA A & 5 4

(2) mCRPC W.4HKH] SYMPHONY #Frifidr)z: E#HMIt<6 > HIG W IR A, &%
JE>6 ANBUATTE A 6 7% 9 e B A 4L

5) BEGbr

K F] WPS Office Excel @ 73457, 151 SPSS27.0 IBM, USA). R #14(4.5.2) AT 5d 04, ATt
BENXUIAGSS, LL P < 0.05 NEREA G2 L. iHREERE Shapiro-Wilk #5356 &% Q-Q KIAIG IEAE,
FFEIERDAE UIIE £ bREZE(X £5)FR, WRVECRFIMSIREA ¢ K056 JEIEAS A DL A7 B (10 4y
RrEIAIFE) [M (Pas, Prs) . ZHIA] ELESR A Mann-Whitney U #:56 . HH5080R UMGIE(F 20 LE) [1 (%),
M B LR 2 A 5688, Fisher BVINEZR . $BpiRASH 3840 mHSPC Al mCRPC W4, AT 7 Hrdsife
WLH AT, FAATEANS: © RUR e s H (e e =1, IRt =0) AR, SRR N
AR &, 1THAZR Logistic [FIHMT, ik 55 il g MVE e R R @ KA 7 Z KA T-(variance
inflation factor, VIF)RIZE = T LR ES W, VIF <5 HAEZ > 0.1 NEHEZE LM © WEIKRE T
Logistic [B]JAf%7%!: Model A (Ifi&FE#45: Gleason W4 +T 4+3). Model B (Model A+ ALP). Model C (Model
B+TBR), JEI SR A S U AU G AR, 2l 523 TARFFE(ROC) HIZZH 1T AUC, P &AL 1
MRLEE. @ R (decision curve analysis, DCA) I 5157 (Model C)ImAR 3k . DCA
RS F B EAEE T 153K 25 (net benefit), SABAUENIGR AR CF TRBENE. L p, R
TR . BIE ARG AL N 0%~50%,  LAZE 25 IR S b DL IR R W S IX ) o 3R 28 52 SUA:
FUPHPES RS p,

3R =
N N l-p
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3. 58

AL 156 ) 5E BB NN FT, Horb 94 41 3 (60.3%) 8 mHSPC TE4H, 4H NAIR B fur 26 29 45,
IR e 2H 65 BI(EPV = 16.25); 62 6 &35 (39.7%) 8 mCRPC WW4H, 2H PARR i fmr il 28 9, =8 B far 4.
34 FI(EPV = 8.5), JG# EPV BEKT 10, (HAETTHESZIEHEIN o X T Rkt 2 kRl ok #Emh v £ 0 41
(B35 7 BIRIN “BIE BAR” MEE), WEHERNMR AR &R . JLLEiss RExR, %
R R KM T Z K E T VIF $3<5, FZ¥>0.1, $#RoRABE R R 2 EILEH,

3.1.PCa BERBBEEL AN SHBLLE

Table 1. Baseline characteristics and intergroup comparison of patients in the mHSPC subgroup (n = 94)

%% 1. mHSPC T4 B H H L BRI 54 E L (n = 94)

mHSPC 78 f1 i 41 mHSPC %8 F1 i 41 % Pl
(n=65) (n=29) Giitht

FER(E) 72.5+7.4 68.6+7.6 2.528% 0.013
R 7(6,9) 2(1,3) -7.759% <0.001
fPSA/tPSA* 0.101 (0.089, 0.113) 0.101 (0.091, 0.118) -0.569” 0.569
Gleason > 8 43 41 (63.1%) 11(37.9%) 5.130° 0.024
T3~T4 #1° 54 (83.1%) 18 (62.1%) 4.937% 0.026
ALP (U/L)* 196.0 (140.5, 242.0) 93.0 (79.0, 118.0) -5.812% <0.001
TBR* 6.7 (4.1,9.7) 5.0 (3.6, 6.2) -2.169” 0.030
SCa (mmol/L)* 220+0.15 2.20+0.18 0.750% 0.455
SP (mmol/L)* 1.10 +£0.26 1.20+0.23 -0.354" 0.724

FE: R “xds 7 R, PR M (P, Prs)” K, R “BI(%)” ik VA el TR ZAE, TR ME.

Table 2. Baseline characteristics and intergroup comparison of patients in the mCRPC subgroup (n = 62)

%< 2. mCRPC I4H B A ELER SHBLLER(n = 62)

mCRPC T%‘Eé 14 20 mCRPC Jﬁ&ﬁé Uik mﬁﬁ Pl
(n=34) (n=28) it

R (B) 76.0 + 8.2 733+7.1 0.848% 0.400
R 9(7.75, 12) 3.5(3,5) —6.642% <0.001
fPSA/tPSA* 0.060 (0.051, 0.072) 0.062 (0.054, 0.071) -0.481% 0.630
Gleason > 8 43 28 (82.4%) 16 (57.1%) 4.736° 0.030
T3~T4 #1* 27 (79.4%) 18 (64.3%) 1.765° 0.184
ALP (U/L)* 355.0 (255.3, 597.0) 175.0 (102.0, 280.5) -3.777% <0.001
TBR* 9.3 (5.3, 15.6) 6.2 (4.0, 8.3) —2.433% 0.015
SCa (mmol/L)* 2.10+£0.22 220+0.14 -1.610" 0.113
SP (mmol/L)* 1.20 +0.23 1.20+0.27 0.674% 0.503

FE: R “xds 7 R, PR M (P, Prs)” K, SR CBI(%)” ks VA el TR ZAE, TR E.

mHSPC WAH T, & i 4 8 RS . AR R . Gleason 175 >8 3 Lufil. T3~4 JHLLH]. ALP
K. TBREI R = TR i, ZRIAE SR (3 P <0.05); MZHE fPSA/PSA. SCa. SP
tis, ZRLGTEE X P>0.05). mCRPC WA H, g 74 4 e # B 40E . Gleason iF4 >
8 ZrLbfil. ALP /KF. TBR {HIEE & TR A frdl, ZREGHIFE LI P <0.05); PHARER.
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fPSA/tPSA. T3~4 JIELBI. SCa. SP ELER, ZERESGiHFE X3S P>0.05). W& 1. &£ 2.
3.2. BEBESEATHEBERE Logistic V394

LAt 40 2H(1 = =R fdeg, 0 = (B far) A AR &, S0 7T R 30 B AR B AT B 3R Logistic [F]
53T, 5B E7R: mHSPC WAL, 4F#2. Gleason ¥F4r >8 70, T3~4 #§. ALP. TBR ¥ N BEHH =R
A7 1) S5 2 R R 32 (OR B4 508 1,077, 2,795, 3.000. 1.033. 1.182, ¥J P <0.05); mCRPC W4+,
Gleason 175 >8 77+ ALP. TBR 5y 5% 7% =8 S far (M AL 5200 X 3R (OR B 43 7l 4 3.500. 1.005+ 1.163,
¥ P<0.05), MR T3~4 HAFFIEZ2H S8 574 0 55 35 52 e (K 3 (P> 0.05) . fEP M EZHH SCay SP 3
SR A 7 43 )2 TE B A3 P> 0.05). WL 3. K 4.

Table 3. Univariate logistic regression analysis of factors influencing bone metastasis burden in the mHSPC subgroup

%< 3. 00 mHSPC L 4ABFHBE TR EE R Logistic BIYA 4

B P OR 95% CI
EW(H) 0.074 0.017 1.077 (1.013~1.144)
Gleason > 8 43 1.028 0.026 2.795 (1.133~6.900)
T3~T4 3 1.099 0.030 3.000 (1.113~8.086)
ALP (U/L) 0.033 <0.001 1.033 (1.018~1.049)
TBR 0.167 0.028 1.182 (1.018~1.371)
SCa (mmol/L) 1.055 0.451 2.873 (0.185~44.717)
SP (mmol/L) -0.324 0.782 0.723 (0.123~4.267)

E: OR NEMEEL; cI NEEXIE.

Table 4. Univariate logistic regression analysis of factors influencing bone metastasis burden in the mCRPC subgroup

R 4. 220 mCRPC 4B B3 E AT B E 2 Logistic B34

B P OR 95% CI
(%) 0.029 0.394 1.029 (0.963~1.101)
Gleason > 8 43 1.253 0.034 3.500 (1.101~11.127)
T3~T4 0.762 0.188 2.143 (0.689~6.668)
ALP (U/L) 0.005 0.003 1.005 (1.002~1.008)
TBR 0.151 0.013 1.163 (1.033~1.311)
SCa (mmol/L) —2.246 0.116 0.106 (0.006~1.746)
SP (mmol/L) 0.717 0.496 2.047 (0.260~16.096)

33. PRBSEATHREMMREMR SR

53 SI7E mHSPC F1 mCRPC W.2H A A4 G iR B PP AL, 56 bb 20 A S5 A5 28 1 T Ak e

mHSPC W.4H: Model A (Ifi/K$E45: Gleason ¥F4) > 8 43 + T3~4 H)[) AUC A 0.689 (95% CI:
0.574~0.804), HE7F:AililG R TR0 B 5 8% = e B A — € BB EE 77 - 7E Model A J:4ili EMA ALP 74
F| Model B, ALP ST AH5E K 2 (OR = 1.033, 95% CI: 1.017~1.050, P<0.001), % AUC #2£T+% 0.901
(95% CI: 0.839~0.963), ISRLLRTIRIR RN ALP R BYH-A FEAS 2 % (42 = 9.506, P = 0.009). #F—3
BIN TBR 53] Model C, TBR NS AH K 2 (OR = 1.330, 95% CI: 1.090~1.624, P<0.001), % AUC
HE—ZRTFE 0.934 (95% CI: 0.883~0.985), WUSRELALGHE/R TBR REABTRLH SRAANK TN E (2 =
48.888, P <0.001), Model C & mHSPC WA s ML iElitiAl . 3 5. £ 6. Kl 1.
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S, AT A

mCRPC W.4H: Model A (Ifi/KE#x: Gleason 1F4) > 8 4 + T3~4 H)HH) AUC N 0.661 (95% CI:
0.522~0.799), & FHEAlIERTEARAE 2L AH I A REA PR . 7E Model A &5l EAIA ALP 15 %] Model B,
ALP BT AR Z (OR = 1.005, 95% CI: 1.001~1.008, P < 0.05), #7% AUC #F+% 0.782 (95% CI:
0.664~0.899), ASRLLATES P=0.002, $ERIEAIIA FES RIS . 7E Model B 2:4ili I\ TBR 75 £ Model
C, TBR BUCAMMSIAH R Z(OR = 1.212, 95% CI: 1.048~1.400, P < 0.05), 1M AUC i#t—F4R T+ = 0.838
(95% CI: 0.740~0.936), USRLLASLE P <0.001, 27~ TBR A 2 EFETHE R T XLAE, Model C A mCRPC
WAV, W2 7. £ 8. K 1,

Table 5. Nested models for predicting high bone metastasis burden in the mHSPC subgroup
% 5. mHSPC WA FHB S AR RET SRR

OR (95% CI)
Model A Model B Model C
2.778 (1.099~7.025)" 1.566 (0.472~5.200) 1.146 (0.298~4.403)

Gleason > 8 43

T3~4 #f 2.978 (1.071~8.283)" 4.337 (1.046~17.985)" 2.363 (0.500~11.174)
ALP (U/L) - 1.033 (1.017~1.050)" 1.041 (1.021~1.060)"
TBR - - 1.330 (1.090~1.624)"

H: *P<0.05; Model A: IiPR#EFR(Gleason T4> >8 4> +T3~4 #Hl]); Model B: Ifi/K$EFE + ALP; Model C: IlfifKk4E
Fr + ALP + TBR. mHSPC: &R 4.

Table 6. Performance of nested models in the mHSPC subgroup
& 6. mHSPC T 4B IR BT IR B e

AUC (95% CI) BAER B 2 P1E
Model A 0.689 (0.574~0.804) 2% -
Model B 0.901 (0.839~0.963) 9.506 P=0.009 (vs A)

Model C 0.934 (0.883~0.985) 48.888 P <0.001 (vs B)

Table 7. Nested models for predicting high bone metastasis burden in the mCRPC subgroup
& 7. mCRPC L HBHEBSATHRETERE

OR (95% CI)
Model A Model B Model C
3.243 (1.005~10.468)" 1.919 (0.545~6.757) 2.068 (0.526~8.134)

Gleason > 8 43

T3~4 H 1.848 (0.567~6.026) 1.060 (0.298~3.776) 0.778 (0.198~3.057)
ALP (U/L) - 1.005 (1.001~1.008)" 1.006 (1.001~1.010)"
TBR - - 1.212 (1.048~1.400)"

E: *P<0.05; Model A: IfiKTE R (Gleason TE7 >8 70 +T3~4 #); Model B: IfKTEHE + ALP; Model C: AT
¥r + ALP + TBR. mCRPC: Z#4RH 4.

Table 8. Performance of nested models in the mCRPC subgroup
# 8. mCRPC IAREREIFMERBIARE

AUC (95% CI) MR L 2 Pfa
Model A 0.661 (0.522 ~ 0.799) % -
Model B 0.782 (0.664 ~ 0.899) 14.466 P=0.002 (vs A)
Model C 0.838 (0.740 ~ 0.936) 23.509 P <0.001 (vs B)
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gi b, MAERITIN RLRERE, AR (Model C)fE mHSPC W41 AUC 5% 0.934, £+ mCRPC
LK 0.838. X — 2 7] BE 5 ML REAR B AR (94 vs 62)4 5%, AT HE S T 2 SR ATT0 B R S 5 1tk
W, RPCRE TR R, [FEH4iET ALP 5 TBR IR F0M A BE 1 . R ik, Model C 7E# T
b BN AR, HAR T REAERER (Model A AUC $2THIB ) BT gt 2 m X, #Riz a1t
TESIR AN R B3 A A M TN 8 -

10 ROCHHZ 10 ROCHZ
’ G20 ’ 1 £ SRR
— FUMABERA — FAERA
— P EB — MA#HEB
0.8 —UEEC g —THEC
— 5% —&EE
0.6 0.6
hisd i
=] ®
& &
0.4 0.4
0.2 0.2
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-FE5 1-$5 51

W Wik A 9 Model A FITRIIAEZR, &4k B 4 Model B HITRIIMEZR, M Hh4k C 24 Model C HITRINMEE
ROC N2 E TAFRFE M2k, AUC A#h4 FAR. mHSPC: BZMBURT 4 :; mCRPC: HHIXFLWAH.

Figure 1. ROC curves of nested models for predicting high bone metastasis burden in the mHSPC (left) and CRPC (right)
subgroup

1. mHSPC (%)5 mCRPC (£)IF 4B #x BRI UM =T 5275 A0 ROC Bhik 53 #7 &

3.4. Model C BYIEFR R T D4

DCA 43 E7R, 1 mHSPC W4, Model C 7EBRIMEAEZE 10%- 20%- 30%H] 11535 75 53 1l 9 0.668+
0.633. 0.590; 7E mCRPC WZH 1, XFRF3RE 70514 0.504. 0.460. 0.380. 7 10%~30% 111l PR 7 2 B
JEFE N, Model C 3R 28 3501 T “ AR 907 A “ iR T 7 SR, RUZAAHA E Rk
AR NIGIR R AR T A . W% 2.

Decision Curve Analysis - mMHSPC Decision Curve Analysis - mMCRPC

04

o
=

Net Benefit
Net Benefit

)
o

0.0 0.0

0% 10% 20% 30% 40% 50% 0% 10%

20% 30% 40% 50%
Threshold Probability (%) Threshold Probability (%)

Treat Al — Treat None — pred_prob ~— TreatAll = TreatNone == pred_prob

e AR N BMEMER (%), AP ik, WEHIZ08 Model C iR ai i Zk; AL talhZh “afTm” %,
SKPL N CAETATTR” WIEGFIREE N 0) mHSPC: HRBURW 4 ; mCRPC: R BURI 4.
Figure 2. Decision curve analysis of Model C for predicting high bone metastasis burden in the mHSPC (left) and mCRPC

(right) subgroup
2. mHSPC (%) K mCRPC ()I4E Model C TS IE ST aR KL 5 Hr &

DOI: 10.12677/acm.2026.1641693 4246 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641693

o
Em
o
il
=
Bl

4. 7ig

SRR R U 43 J2 2 B D B MR AL TR 0 S . BT 03 [ 156 191 90 P 5 6 B 1
R¥EEL, RGN T 295 Bk E B 24 TBR BA LT ALP 7655 BRI A 2 P i, 45 4R
~: O ALP 5 TBR &R T MU R T8 b 14 =8 A s TR0 K 55 @ ALP Al TBR 7375 M4 B B AR
R R R L M S AN BE SR VA B R RS, ZEERRIG R AT LRI N 05, PR
HERA P LEWIANTE L S I B4 T @ 4R A] Model C HBh USRS, 764 3 BRI (8 F AT 3548 1F i s .

4.1. ALP 5 TBR B AN ESHE X R

1) ALP. TBR (#4570 A8

ALP 5 TBR X =98 Ffar AT TN A ELAE AR 72 R 45 BIESE, L8 AN [F) 45 52 S Bt 17 e 474 1)
FHIE. ALP /AL IS TR £, HAANME FEJE T “ 25 R ag” MEf. TR
SRR ER, WA ER A S ALP KA1 TBR Y535 TRE B E 3y P <
0.05). ZHZEprdt— LN, EHE 7 HARKRE RS, XTI RFFISLE) A EE /). Obeng 4%
[24] 1B FEAESE, ALP &1 51 B B % AL fE B R 3 (OR = 4.24), B HKSFARAL AT [ B 6 4% (1 i
JEFRRE[25]0 BRIk, ALP VENRCH AHMLE P bR &, A b i i SRR AR K S B4 By i f 0T iR 1= 2%
AR R R . TBR A A B RAGRIEEESE, B R0 Ses R E . A
FRIAE mCRPC 3 91, € SPECT S40nT A 2% Wa il i 7 1ai 224k s SPECT/CT A3 1999 kE/75 5t SUV
HE 5 PET/CT & —3, —REESiAa 8L A[12]. TBRENE A EESH, @l &8 if
P el P BB ZR AU e e T P TR B B J S IX 3 i ) P VA B R LA DA PR ek g 038 g

2) “JREIEE + SHRET B ER

ALP 5 TBR 73 7l NPRAN JETHI SR S WS EAG R (R, R T T 9 e 1 7 i B AR BRI . AT )
P R LU YRS N 3, 8 IR AR 5 R A — A B IR 4 5 1 O S5 A ELATE FH 3k 30 1) 2 2 2
AR, HAZOHUEIZE TR R e a8 S, SPiem. KA. B R E S AN B, R AR
w0 2 PN B DR R SRR O AR, S BRI RCR TCE[26] [RIET, R4 kbt R DR e
I FE B TR 4 23 WA TR T A A 35 -6 (IL-6) 55 D5 T R E A1 4 R AL, A5 W SOhs 7K P T i
TER “RBeR - MR AR IR EIEER[27] [28].

TEIEANSRE T, (M5 ALP VE R A0S M AR, S iiss - B A BRI TR 4 5 B B R L
BONL. R AR BRI B, R AR, i ALP [ R RN 29]. BERE kbR . R
JHFEIRR, 4 5 R N RS I RE R R, ALP KPR BT, IR ALP AT S A faf () “ & 1)
Fehr. BS FTFHI# 9mTe- 1 A E — B2 £ (OO Te-MDP) A4 77, B0t 5 ToHLEL R 2 P e A 22 b . 54
MU S AR E T HHL, REFESHPRENZ D FESERAWER . e Mg s 1k
FERE . B RSN R R B Y], TBR T "Tc-MDP 1E i AU MG R SRR, R8T % X 8
18 L7 EE Y AR RSB VS PR VA, P SO Ak 1) ML HOIR S 5 Py S R BiRBE 2 k) “ B D Re M dE
Fro FIRWLRINAEIZHGEZ A ALP 5 TBR BIVEAE BAMNCRIEHE 7T RERIMERE, AR LI T

IR + BRI A T BB AR .

3) FEA B (Model C) TR HE I KL

ik —P IR UE ALP & TBR HANC R IR MME, AW TR 8 7 B TP . 25 2 7R, 7£ mHSPC
WA, ARG AR TE R (Gleason Y43 >8 4 +T3~4 MBS, FMIUER:TE G 0.689; #EItILRt Fin
N ALP J5, B AUC FFE 0.901 (R LRSS P=0.009); H5I A\ TBR J&, AUC #E—3T+% 0.934 (2
SRLUARTES P < 0.001), WEBH TBR 7 ALP FFEAL S0 18 BTl 4E 2 . mCRPC WAHAEAK I ALP
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H
X

=]
HH»

BT %

J TBR J5 2HLH MR 0.661 £ 0.782 F1 31 0.838). MIREMA sk 4E T LG H, ALP B
4 TBR AJ DU E TR S8 s T Re 77, BRI BUR S LA BRI e . WEUE BF,
A RRAE mHSPC WAL TN AEEN T mCRPC W4 . X — % 2ol fg 5 AR B E A, talfg
LT 2GR BR e M B . BRI TE %, (A ST VA ¥ P AR R 384 0

ZARPRER G VP B SR8 S B R L A A T B o B Al 80 EARA AT A T T
B4 EOD 43 44[30], ZJafEIEnt F, Imai Z5[31 32 HEE A% EOD 43405 & ALP /KFAHSE &,
T EOD Por R4Gt, HUFSHZEEE VTS0 5T 51 e i 5 78 8 A A7 I BB A T B — B R . IR 4F
K, ADBFAUESE T 8852505 bR B A G RN E[32]. SPECT/CT BAA ALP R IUIZCR, M
AT BRI 45 R KE, SPECT/CT HIAGI R B, ALP Rl s FERGE, ARl ] A 2%
CEA WIS 2 45 SR AU 331 [34]. B AR ALP /KPS T 5 e B B S5 2 AR R,
AT Ry W IR o R B AR AR[35]. AT I — 2 OB S — 2RSS, B ALP RJSUR 4
3 () 0 2% SRS B AE YU - 56 AR 40 > 4 PRI R AT ALAE(AUC = 0.849) [36] - AHIF FLAE IR -,
H ALP X% TBR ME (RS HRG BI85 LW O ESRANIESE — & RAMSL w8, BA A
ATDUB RS BEAN, 3R TERE: @ “JRiE + S5 RE” MBI BEBUR M B IG5 2 2
1 25 BB BT R I H AR TN BE 775 B XTI PR S B A m] RS 21 (11 FL0 (0 PR RS HE 0, 1B B A
RUA] DR HE0 BRI A -

4.2. SUAWARBX L SIEH

1) 5 AR SR AT ST RIX b

R EET, BMs AT AR SN2 W AT P i B 240 B TR [37], JeH AL
FE SR AE B b, R ALP £ 5648 58 P S35 T i, AR RS AT 75 0 o LA 2 AR 38
[39]. BEAEWFI CAESE ALP AT -5 R 81 Bt 5682 (8 AR OS AHSC, B2 SREs MM AR [A
o K AZAWH B @ ALP £ A KR RIRFREE SR, TESCHAR ST TN i S B SR 1R 1At 2K
RE[40]0 fEXT R B fi 20 J= RO N F R BLE I T80, AT FUAEIX BE At R ALP 9S00 477 28 1o 2] 47 1
gr)zs W E AR AR AT R EER, O ALP 5 TBR kG, SEAGHAESRERTIR PR b 2 S 3 & 5T
ik o

2) SRAAZEAE RESHH R TR

R AN e BB O IR, RS VAl 755 A I PRI U b A s BRI s R AL, EE B Hr e
s 0 R AU AR A 7 T SE R A AR R . BEAT R ST 2 TR T BSI S S 4 [41] [42]0 IR AR
HAEFMBY). FRAEEIUMESUV) K S E TREUE(TBU) A58 B fhn th O3 A B SR A 54, H
T VA A0 2 e R R 1A (43 ] JRAE BST OGS T EERIAR 2 BSH (HITH R L
WA SN BT RS, EIERERBLIHE 2[R [44]. MAHT TR TBR 215 M4 5 W&
HIRTSRAG, HRANEE R, BA RIFRIEAT &P, B8 TBR MFRAEAE AN BST, EAHTFTIE
4 ROI A E RN, (£ e EORIE TSR AT LLPE[45]. £E70 R VRAbSems B, 2 A ot 7oks
mHSPC 5 mCRPC &R [F 47, XA T REHE o PSP BUI B 225 e ——HR g L B I Br e
PEMIEAT IR AR SRS SR . ASH T AT S IR, R B AR R RO A R Bt R
BIAERE, AR EEPEAR AL T IEdE .

4.3. BEEE (Model C)RIIEREE,
1) ARIT ORIt B S
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S, AT A

I 5 e B e A v R O Ay I RR 8 S R B R AR 1) A B YR T,  IIR s A U AT B MRE R IR
Fikai. Anand ZE[46]HF TN T X852 2P Ra 1097 B H AT A BIIGIRE L, X EE AT HE
BT S0 T 7 %, W R BRI B aBST A1 ALP FRER) B R Az OS Bl B KT L ALP T %
MIEE (134 i vs 77 i, P=0.029). I3 VG (extent of disease, EOD)/& Soloway [30]557F 1988 4E#i
P — N ETE BRI ERESRRG, FRA TS B R 5, 090G ke 2 A TG
932, & CHAARTED/SYMPHONY Frifk () FIA4ETE o 155000 Bt LR AT B Z 0 IR RS AL T
BRI P — 0 PR SRENE 28 —— =8 A AR T, IR A R IR . AR, SR 3 AR 1 S 1 (n
o ) BT BRI r] BE I PSR E,  HAE L 3 “ ik ZAENE TR 5 b MBSt PIAPAS (R
EVEARES o

A FERIEE ) Model C it %4 S b4 B B AR K ALP FHS R 003 LI (B V& 14 1) TBR,
AT VPG N U dERERR IR R 4ERE . ORI T ROR, TE 10%~30% Il R A s E Y
M, Model C 143k a8 B = T “ 107 2 “A8AT1” SR (mHSPC W4: 0.590~0.668; mCRPC
WAH: 0.380~0.504), imPKEEA R Model C FBhHRIEN, EEPEE{E T 3R ER A . Model C i
H R ESMER T HE 04028, R HASE T RERE T8 1 Ml N R [ AR 5 N (0 XU > I PR 125 A2 AT AR 47
B S0 KU - 3R 5 BT, R AE i RE MRS . i, WEREEAE OIS, B R T B AR AR R
5t v R AR R, AT LG B A BRI (0 10%), BER R TR 25 B vy MU, R 6 A W R A
WEERTT, TR A (I 30%) . FIESEAE 7 RPRHEAREL, Model CEN “IRSERsAL TH” , 42
AL % LA 0 ) e % B RV HE R AR ISR TR oK . ORI “MEHI A - SHREARI” Rl G R £ e
Y IERRIE, DLRITFELATUS FaFR(OS SREs Z5) A& R RTHEMERTF 7T, AT THIRZER .

4.4. MIRWERMESRERE

1) AT A AT PN U i 2 XL

AR FAEAEIIAE mCRPC WA A R e, THIIG — N J7v5 2% X DASE A BB ) 1) 8. SYMPHONY
PR P IE R (ML e B9 BBz 8 SO i f g, 3 Mle 15 45 R s A2 7 L B EE . 1 L,
e AL R DT AR A R Mle R, AU M1b JHAERSEAT BUSE 73 Hr R S E S5 10 AR g 1t o SRTT, 7
GRS, Z2REHBEEEEIHFAMNER, ST 0 Mlc B, WS SE™HNERmA,
fERETE AR RIGIRARNE, HFEARE KRB, WS ITEE. KK n ERA LT SYMPHONY A5
MRS R e (M B DU R B o & R ), MRS b R e SO 38 ) s B SR 22 RS 43 J31)
Xt M1b 15 Mic B E 4T IH 0, #R2 ALP Al TBR EAE ABEH I HNNE 2 BAFEZE .

2) by R BT [E A R PR

AW Ty B [ T, B2 R TR PR, P REATAE A7 A (TR 57 AT LU 481 AT e A 1 )
6 O 125 (3 1 B2 2 38 1T Re D8 DR} e B PEAS R HERR), 0T 285 SR B AR A 1t 7= A — g 2 o AR 784 mCRPC
WA BEAR A AT B/ING2 Bil), B AAEBIGIN 4 ANTAR &, XA EPV = 8.5, B T4 10, Af
REXT LAY vz AR D= A — e . ATRERIR I EFE: © [l IR FR LR BRI, 75 A I N AR AERY
mHSPC 53 (R F W BB OB E 2 T mCRPC B (FF4& ADT BT Rt @ m i
mCRPC B# R RE R, #0838 QNG ERT L8V, SFELE AL TRIMELERE; 6 &
HCLE SR SR AT WA 1 mCRPC B3 B IR . BEAERE AR, EPV 7E 5~9 Z [A]I, [8109 RE 4k
TH 22 B BAE X A 78 f5 R A AL T i 2 ya |, BN LG KU AR [47], Rk, REFAREAR, H
mCRPC .4 EPV = 8.5 ikt T o426 Fl, AWM E S 1% E A& —Ef@tt. 580
FEEZ O 5 DA KA B IR T RTRE A, 3 — D IR UF R R (32 A Be T, DLRCTEAS [ B B
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H
X

=]
HH»

BT %

faE P

3) RS WihR i B OB AR B Y SR PR

T VA AR I PR ST e B EME 22 . BB B2 AR, AWHFURA T “RARF(MRIUCT HE
S RBEIR) BB LT 22 (tPSA > 50 ng/ml) ™ B WIkRiE . IXAMRAERF A IR R H AL, (H5 S hrdEm 2 Wi
b, DFEER BRI BRI AT . X — NAARE(PSA > 50 ng/ml) W [ RI 1 #4843 J8e A8 & il &5
BRE . AHETLH ) fPSA/PSA TE SR F 40T R S H R g £ aig R TR (L (P > 0.05), AT REFT BiA
bR AE 51D (170 BRI B 1) 28R AE 5% o HL 24 tPSA B fPSA R AX A MG I 1 FRINF, FL4h Bl G105 o B IRAH
FEE AR PSAPSA LWAEAET T 0.2 X — 4, BB e ss . 5 2R0t 70 nl Bt s
FEMREEAR AN BB 5 3R AT B U 90 UF , SR FH B B8 32 RN AL vH B SRR i A 5 4 BB VP AL o

4) P LM E AL R R

A TR SR 28 73 BT VE A% T Model C MR 3R 75, 45 R RTE 10%~30% 14 B3 213 [l Py A AL 2L
BIEF R F7EVHIRE, R FRARRAL G IZFREE A BN DCA, R RAE TR 45 R (A
Jo A ) AN B AR Gebrite g X, 0 RIS VE N e SR, T B 5 44 b e T Rl — RE T = 0 &
T RIR, TOIEAT AP R, AR DCA AT AR H Syt f, maEiEm Hm T+
R GEARAE o AR IBHSZ T P b e SR R A AE(Un OS PES)JT R RTBEYEWT 7T, ik — P IGHIE ALP A1 TBR
MR RN . X Tk B R B G o 2 BUE PR3, AL BRUE ST T 106 & B2 0 vy R 674 1) A
VAL AR SGIR R 5, ARV REE— 2D XTI S AT WA 3 M3 iiE, ARk mT AT agiEvE RS, DA
TRF LA S T REAE NG T ] b 32 (LB B P 2l o B 1 B T kR, DARRE I NI R IR TT TR SRR (L BE A
Ak AR o

5) A WMIMER 5 —PIRE

AW FALPAL T 3L L. LRI R ANME, R ayT IR e bR 1 2h &1k, a5 iR, ALP
FI TS mCRPC &3 B OS #H5¢; TBR HIASAL IS b R YR Em I XHRIT IR N . J5
SO FURCREX SR PRI T B VTR R, A TIRIT R 34 64 12 AN H S5 JGHE AT R] A1) ALP & TBR 4%
12, BT H 5 rPFS. OS J& SREs A UK (825 I, 3k — D B0F HLAE TS VR A5 AT 280k I AN

4.5. INGS

AW G BB 23 A 1 156 41T 51 e B e A AR IR B Rk, FERIMN: 25—, ALP 5 TBR
RS R U B AT G R R o #E mHSPC 5 mCRPC WV ZH g 7 fif 4 E % 1) ALP /KT~ 5 TBR
E¥RE S T AT H, 2RI E REFHSLE AR RE ST 5=, XS ER, ALP 5
HHEBHESETEIEMHAX, TBR SEEBHELRELIEMR, —F 00 \e S5 REaES /Wt
WD P A A S i e R RS o IR i ik — PR SE,  ZEIRIRAR bR(Gleason V43 T 43 3H) Atk
I, TBR BXA ALP FIRLEL A G Be B B4R T, BEARA (Model CO)TE AN LA ¥ i =, ikl
Aoy HT iR, Model C 7E 10%~30% 15 3B BME G N B A IEmiFkat, R&ImRIR SN E.

4.6. £5i8

1) 2524 TBR MIME ALP, A4S CHE R R Foi At i sl B i e (i 7 A A [ 4 P52 s
HREBIRE . EFE A BT bR (Gleason Wor. T Zri)Eeat b, =BG J5 Ae B R AE X /i 41 e
FER% R A 1R A e

2) B (Model C)FE I PR H P DS BIELYE A BAT IR )13k e, T A 270 Biles i e % vt i A2
B BRSO ARG T IR AL RGBS, A BT Il R R 5 BB AR 9T SR
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