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Abstract

Objective: To analyze the efficacy of multiparametric MRI (mpMRI) combined with serum ALP, D-
dimer, and FIB in the diagnosis of bone metastasis in prostate cancer. Methods: A retrospective col-
lection and analysis of clinical data from 169 prostate cancer patients were conducted. Based on the
results of bone scans supplemented by MRI, patients with or without pelvic bone metastasis were
divided into the prostate cancer bone metastasis group (80 cases) and the non-bone metastasis
group (89 cases). All patients underwent MRI examination prior to surgery, and serum levels of PSA,
ALP, D-dimer, and FIB were quantitatively measured. Kappa consistency tests were used to analyze
the agreement between different imaging indicators and the results of prostate cancer bone metas-
tasis. Uni- and multivariable logistic regression analyses were performed to evaluate the value of
mpMRI, ALP, D-dimer, FIB, and other clinical indicators in the diagnosis of prostate cancer bone
metastasis. The clinical application value of mpMRI, ALP, D-dimer, FIB, and their combined indica-
tors in diagnosing prostate cancer bone metastasis was assessed using receiver operating charac-
teristic (ROC) curves. Results: The Kappa values comparing T1WI, T2WI fat suppression, DWI, and
mpMRI with the results of prostate cancer bone metastasis were 0.536, 0.470, 0.629, and 0.691, re-
spectively (P < 0.001). Compared to the non-bone metastasis group, the serum levels of ALP, D-di-
mer, and FIB in the bone metastasis group were significantly higher (P < 0.001). Multivariable lo-
gistic regression analysis indicated that mpMRI, ALP, D-dimer, and FIB are independent risk factors
for prostate cancer bone metastasis (P < 0.05). The combined indicators showed the best perfor-
mance, followed by the individual indicators of D-dimer, mpMRI, ALP, and FIB, all of which demon-
strated good diagnostic value (P < 0.05). Conclusion: mpMRI, ALP, D-dimer, and FIB all demonstrate
certain diagnostic efficacy for prostate cancer bone metastasis. The combined use of these indica-
tors can further enhance diagnostic value, suggesting that they should be considered for broader
application in clinical practice.
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1. 5|8

HI 1 B9 (prostate cancer, PCa)& — i WL IR, L EIHI BLIGARGER BN R, A%
Begni. I 70%MBFEYICN CHIIT A B, H#MSECER. SRR I E ARG, 24
BRIEAEA RACT- W E R R 2 —[1]. R EF 2 BB, AT A6, M3 s AT 24
A ARV R A RSB T % . 2 S E0E IR 750 % (multiparametric magnetic resonance imaging, mpMRI) bt 4>
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A CT MRBUE S, a2 KA B R R S RBUE,  JCH N T T8 i 1) 7%
AW A [2]; MR AR B R I ERAL . AR A0TE B S 8] B R A 2352 BRARE, U H & VA A
R PR RE AT, XA BE M AR RN E S s MRI A R i B Am s, B RRYE, 51
LRSI PV B s k2 SZ PGS B, FEIZ WD RS . B RS T T 2 BR[3]. MRS IR R
RIS, TR 2 AR TSR A A IR R A, - BSOBR 15 R 8 (alkaline phosphatase, ALP)F) 43 WA A,
M L ALP 7K-FFhimi[4]. SR1M0, ALP st — PO xS SERE PR 0 B M bR 64, HoK-1mT Be DR 55
HAb At m . RAEHERR R RS AR S LT, A 0T LU 2 i Z1 i 1 5 5%
A BARAR[5]. JeAh, AWEFTsR . A2 B R R BEARRAE 5 B AR B A EAE oM, HohaudE
I 2% 474 2 (1 )& (fibrinogen, FIB) Al D- — 544 (D-dimer), FL7E 71T 71 B (14911 PR 23 A A0 XU VP4l o 2L A5 B 22
T SIEH6][7]. 1B/, HETEEA mpMRI SIfiE ALP. D- 384K, FIB BCA K6 % 1 21 i B 5 5 8%
W E AT FOARTE . BRI, AN FE R e I IX B8 bR, A E R RIS B T2 Wi 21 e B i

.
2. AREFZE
2.1. —iER

(] BB R 4 BT 2019 4 1 H %2 2022 45 2 IR 169 1912895 BRAR 2 9 1 71 e 1) A . (ks 1
W AT S e B AL 2 Wi (8] (9], EHFRR B AR AH O B J5, 181t SPECT Bk &2 5 %,
N R BB O B A R BB e, IrE BEWEZ 7 Ak MRUE NI

PANFRHE: 1) BEWES R IZE A, AR AL R, 2) LRUILRAE AR E A SaE, 7]
BLE e s 3) MIERE. BHIHRS & AR SR — BN R T IE AT 2R 70 Bt i A sliht
FEVRIT -

HEBRARIE: 1) fEEMA IR R GBI IR UG B3 s 2) A E L) B8 25 L sk Pt i 25 il FH s 35 3)
BT AR BR AR E RVER & 4) B SRR B R 4 R ORAF A B BN 5) AR
JESHAIT 2 #: 6) B G KL ERE; 7) A RO ISR 8) Hofth AT AR T e RS A5 A
AT B RIR bR R A S W 1 J

CLE A T B R N o AR UE, B 50 R N aT A e B e #2080 41l W8 N(71.39 £ 6.97) % ;
G 89 B, F#E (7029 +8.15)% . Gleason W43 7 HAKIEAH S SCHR[10], 73M: <6 FI3 +4=
73T, 4+3=T708 =834 92 . pT /- #: TI1~T2 #9157 %I, T3~T4 #A 112 % 55 FlHHHE
SR . AR BT R R A SR, A R AE A .

2.2. A&

2.2.1. SPECT 334

K H Infinia Hawkeye V4 05 #) SPECT ¥4, HEE GE Ar4r, HTE2SEHAHM. BHEGAR
T FRRAES, EH AT, FKIES “mTe-MDP J&5, WE & 7E 3 /NI IUK 500~1000 ZTF, Ff1E
RAZHTHE S B . 2R F AP EMESIR b, MR I 1B A B B R, T )
JERIAL, —IRMEELLEAT L B 4 B B o s AR, DURIA: S 8% I

2.2.2. MRI 13
K HI R Ingenia 3.0T MRI HLEBC &K 3528 Bl 3047 25 i P4 o B A3 F 5146 TIWI #h67 . T2WI
JEHEHAL . DWI 2. TIWI: TR 560 ms. TE 8 ms. #LEF(FOV)400 cm x 324 cm. JZ[EFE 1.5 mm. J2/&E
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5.0 mm. T2WI JEfi§: TR 4600 ms. TE 110 ms. #LEF(FOV) 501 cm x 383 cm. JZ[EIE 1.5 mm. 2% 5.0
mm. 4 EPI B K FF433# DWI #if72: TR 6000 ms. TE 52 mm. FOV 132 cm x 158 cm. 25 5.0
mm. ZEE 1.4mm, bEKENO0. 800, ADC F%IkE DWI B3h4 %

2.2.3. & ALP. D-—E{&. FIB 7KFM

BHETIERTNERE 5 ZTHE MK, 17 3500 rpm &0 10 /8B EHEEUILIE . SRR HRIZE ST
PEISE M PSA, UITT2 AU480 43 M E ALP. 7E X i I R F-HEAT A IR, SR FH Bk [ 4% s 925 FIB 33
AT, ) P 2L 48 5 G 8 L ol i i D- — TR AT I 52

2.3. G EAE

KH R IE S (version 4.4.2) 7 M A0t THEURARMT 285, CABIE(E 25 7 (%))FR. 1HER
KLSEAT Shapiro-Wilk £ 58 K 5E /2 15 B IR 7040, W T IEAS 750 AT ¢ k5, WS 4347 47 Mann-Whitney U(Z)
K3, il DARE = FRiEZE(Y ) ALY AL B ER) [M(Q1, Q3) K. HHEEEZHEK Logistic
(5] U1 A 0 326 L 2 A% 1A 52 0 [R] 3% s Kappa — B R 56 73 BT §A% 2 805 i 91 s 1 3 7% 1) — Bt . P < 0.05
NEREGITERE N, 2R #E LVERHE (receiver operating characteristic, ROC) #H 28 5 B #4712 Wi i (E 34T
AL .

3. &R
3.1. AEBEN—MRARIELE

IRYEH B R R, RA S R B 3L 80 611(47.34%), RKRAE R EH 89 #(52.66%). H
YRR AR S R AR 72 R I R Ge it (P> 0.05). PRALIIE PSAL pT 473\ Gleason ¥4 HLAL,
ZRHAARITFE (P <0.001). W% 1.

Table 1. Comparison of general data [ X <+, M (QI, Q3), n (%)]
=1L —REREE(Y +s5, M(Q1,Q3), fHl(%)]

iz BB (n = 80) BB A0 =89) 171y P
(P 7139 £ 6.97 70.29 £ 8.15 0.9344 0.352
PSA (ng/mL) 92.32 (32.73, 100.00) 23.14 (10.64, 50.37) 5.504° <0.001
pT 733 23.836* <0.001
T1~T2 12 (15.00) 45 (50.56)
T3~T4 68 (85.00) 44 (49.44)
Gleason {74 17.311* <0.001
<6,3+4=7 23 (28.75) 54 (60.67)
4+3=7,>8 57 (71.25) 35 (39.33)
WHELER 0.417* 0.518
H 28 (35.00) 27 (30.34)
¥ 52 (65.00) 62 (69.66)
H: ARE AT RRAX s, B R RE ‘o7 RN M(QLQ3), B Z KL FRE Kk R AEI(%),
B 2.

3.2. S MRI SHBEBERSH

TIWI. T2WI JE /5. DWI A mpMRI 5 % # 45 8 LU Kappa {65379 0.536. 0.470. 0.629. 0.691

DOI: 10.12677/acm.2025.152424 903 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.152424

EoE %

(P <0.001). W% 2.

Table 2. Results of multiparametric MRI in diagnosing bone metastasis

522 ZES¥ MRI ST BEBER

‘T Qﬂ:
LT Hmd AR & Kappa p
HHEFE(n = 80) AEHHFe(n = 89)

B 58 17 75

TIWI 0.536 <0.001
EH 22 72 94
. R 64 29 93

T2WI [ i 0.470 <0.001
EHF 16 60 76
B 58 9 67

DWI 0.629 <0.001
EHF 22 80 102
B 65 11 76

mpMRI 0.691 <0.001
EF 15 78 93

3.3. FISIRRE B HBEMIETHEBAME ALP, D-—R{EK FIB HiR
R 5 B 1 e RS A B (I ALP. D- 4R, FIB /KPR & TARE # R 4HP < 0.001). W7 3,
Table 3. Comparison of serum ALP, D-Dimer, and FIB between prostate cancer bone metastasis group and non-bone metas-

tasis group [ X +s, M (Q1, Q3)]
= 3. BV B AN AE B BAME ALP, D-—BKK FIB EL[ X +5, M (Ql, Q3)]

ECEZ HHRS L (n = 80) FEHERS L (n = 89) A P
ALP (ng/mL) 134.00 (75.75, 210.75) 62.00 (55.00, 75.00) 7.370°  <0.001
D- %A (ng/mL) 732.34 (524.85, 1485.72) 336.70 (227.84, 486.15) 7.820°  <0.001
FIB (g/L) 441+1.18 3.79+ 1.10 35824  <0.001

e bR AT FoRNX s, BH R ARiE “e” ForN M(QL,Q3), BH Z K.

3.4. ZAZE Logistic BV 35T

FIF mpMRI AU R A S XM EA AL R, DRGRETER(EERE =1, JFaH
¥ =0ENKEAZE, ZIHE Logistic /745 TR, pT 2. mpMRI. Ifili& ALP. D-—5%/k. FIB J&#l
P R L fE R R R . Lk 4.

Table 4. Multivariable Logistic regression analysis

& 4. ZHEZE Logistic BIYAD R

fabr B S.E. 27 OR (95%CT) P
pT 733 2.516 0.874 8.283 12.381 (2.231~68.690) 0.004
Gleason 143 -1.372 0.897 2.339 0.254 (0.044~1.472) 0.126
mpMRI 4.192 0.837 25.108 66.150 (12.836~340.899) <0.001
PSA -0.010 0.012 0.788 0.990 (0.968~1.012) 0.375
ALP 0.036 0.009 17.405 1.036 (1.019~1.054) <0.001
D-_ R4k 0.002 0.001 5.026 1.002 (1.001~1.004) 0.025
FIB 0.674 0.265 6.458 1.962 (1.167~3.299) 0.011
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3.5.mpMRI 5M7& ALP. D-—F{&. FIB 28RBS ICHATIREEEBERLE

454 mpMRI 51175 ALP. D-58/Kk. FIB S5M7 Tl K 3 @ 25 A dapntsi i, o AUC TERT 5 ME
B FEBTM RS, N 0.962 (95%CI: 0.939~0.986), Delong K3t & ET mpMRI (Z = 5.165, P <
0.001). ALP(Z=4.235,P<0.001). D-—"Z{&(Z=4.108,P<0.001). FIB(Z=7.396,P <0.001)% ¥ — 45z,

W& s, B 1.
Table 5. Comparison of mpMRI with serum ALP, D-Dimer, FIB, and combined diagnosis results for prostate cancer bone
metastasis
% 5. mpMRI 5155 ALP, D-—EB{K. FIB REt& BRI S BB RELHE
SN AUC (95%CI) R R 2 e BT
mpMRI 0.844 (0.789~0.900) 0.812 0.876 0.689 0.508
ALP 0.829 (0.764~0.894) 0.650 0.921 0.571 0.470
D-—Hik 0.849 (0.791~0.907) 0.863 0.775 0.638 0.369
FIB 0.653 (0.571~0.736) 0.550 0.697 0.247 0.495
BE 0.962 (0.939~0.986) 0.863 0.921 0.784 0.576
ROC Curve
1.04
0.81
0.6
Ie
B
>
S
%t mpMR | (25 S8R IRA 1K)
—— ALP (i M- B4 B
ol —— DD2 (D-Z= &%)
—— FIBUILRALEZEAR)
K&
00/ SEL
0.0 0.2 0.4 0.8 1.0
1- Specnfncnty
Figure 1. Receiver operating characteristic curve of mpMRI combined with
ALP, D-Dimer, and FIB for diagnosing prostate cancer bone metastasis
[E 1. mpMRI Bt& ALP. DD2 X FIB S HiEIFIERE B HEBATiXET
{EHFERRZE
4. g

Hil 51 e A2 R ZE R AR 73 330 J 56 2 N8R 5 A TR Bt . Bt A 1 E A A A e T 5K
B, RIFFENPICR B LTS FAEEKILE £, ﬁﬁ:%ﬂ’@%‘r%ﬁ@&\%%o AL FIRYE
Rk m e, ASI R S AREEMEE A7 4E “Batsom” Sk A[12]: ERAMAREKR. EA/NER R, SHlE
IO % P K T A AR R S S, A A 3 0o X — R M e i SRR N A, BT
G F AR AL KR AR T, B4R, ERENMWRE[13], #1515 % 2 Mol e R 7 1A

DOI: 10.12677/acm.2025.152424 905 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.152424

EoE %

H, 5HHSRARREER, Wi SEEE%. SR REIEMEL, REHEES), mEES
SHOET. BTG, NOINSRRT G F R A VRN [14], DU S SRR R BRTR T, FE b 18 1 g o

HHBEELEILN TN, SRS RALIRHE R E R Gah . i L E R Nis e
AR A LA, (HFERER RS, HRA @K, K E R IERR 252 g
SOPEARGE G, ARV E NS WA . MRI TEB 5 2080 (0 501 L7 T LA SRR R 35 . B8 MIRI TE &2
ANAH/INE SRR A DT AN CT, AR 24 0E 5 o0 40 A S R 4 A i b, RS HE B A3, MIRT ]
LR R G HEE 152 @ WA AR 2 7 (MRI M1 SPECT )%t Ha # & 1 bk
B, MRI RIS, AR SR . AW 70H mpMRI AT H S5, R (0.876)%T Lk
REGZO812) WA . HILFIE, AHF 706 mpMRI K HAE I A 5T T EAE 0T, R I
1/ TIWL. T2WI JEJG A DWI 751 34T 1 51 e 5 7 iz b, Kappa [EIE T =3 B4A MRL. 3
HTIWLL. T2WI G DWI 2 I PEBI s & T =38 BcE MR, TIWILL T2WI & 512 Wl BE P41 2032
T = BCA MRI, 177 DWLHZWHE FEVEGIEUR T =# BE MRI. X&) mpMRI AH LT 50007 51 A
EZWIEE, =R SR LA AN LR B

ALP EH PIRIZ W AT BOTAG A BN E[16], A2 B 4 M E bR S A A OB i . SCHK
R4 B A AR B AR AT R, KPR A e SR A R TS AH G . S 2 TR I
WAEZ S D- IR B3 S A A ORPE[17]. ARH[1 8155 MR FE I AN T IR ILFEBR . PSA. ALP
A D- Rk, 4R BRI RT P e & R ML E R R . AR R RS RS LR,
AT 34 52 A8 B B8 TR 0 IR R ARRAE « ASFIRR:, TEAIANZ IR Logistic [F1VA5)HTHIFEARH, Gleason
PEOr K MLIE PSA HA R . X 0] RE5 AW LN FLAIR AR 2 (B PG ¢, 0 B & IR 25 7 T00 B
JITAE A A S HAME . A, R0 700 B 5 8% T RE )t 5 R R 4518 — 80 kI
D- R AT A BRI B H R O B R R 2 — o ARSET B ERS SR A EN Z R, X
AR SR EA O RITEIG R SIT h ol ALP 5 D-Z AR A2 Wikr &9, H Tl sl %2
T .

W, SR MRIRAS T, MR 45RO AP, K MR 21 48 5 O R 3 il
ZREBLIASFI TS R 2 [20]. Yu [20]/0F SR B FIB $84547 BT 5000 5 51 B 1 6 7 B g (1 £
Ko 2. kM2 NI S AT S 10 2800, RILAT I e B H R LR B, 3 FIB AKP ks .
TEMCEERE b, AR AERMANEZ AR AALRE, FHHER TIRRFE RN, Si—PUuEst 7 FIB 7Ei2HT
HISIIe B e A TR VS AEAN B T FIB Re e i IR e 8 1 R A2 L3R 1T R A2 I 1 b8 4t e P AR R 7
i A R AR A DR R R AT R A A K TR, e P S B A L A i, R B AR R4S B3 5 [22]

KR FNE— R, 0, FEARNHAPE, TS aeeEfiima mdEmmskineE. X
W ARSI — TR O B AT 7T, M ST B 22 TT R 2 S g5 3R, 1 22 OB UM AT DA A i
B, ] LA A KU o AR TR AT HTHE 1 22 HhoCo B 58 DAk — 2B 56 IE

2 EATA, mpMRI BES ALP. D- AR, FIB %5 [MLiE 5= Fa b 75 5 51 B 1 16 4% 10 %5 2 W 1 26 301
T B—48hr, $em T IZWRe R A R . MR R IRZ Wl o e & et 2%, HRAES
MIHES B
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