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Abstract

Objective: To explore the diagnostic value of transrectal shear wave elastography (SWE) combined
with clinical indicators such as total prostate-specific antigen (tPSA) and ALP (alkaline phospha-
tase) for prostate cancer bone metastasis. Methods: A total of 62 patients diagnosed with prostate
cancer by ultrasound-guided puncture biopsy who visited the Affiliated Hospital of Yan’an Univer-
sity from October 2020 to July 2023 were enrolled, and clinical data were collected. The elasticity
indicators Emax, Emean, and Emin were measured by ultrasound shear wave elastography. Accord-
ing to the results of whole-body bone scan, the subjects were divided into a bone metastasis nega-
tive group and a positive group. The general clinical characteristics, laboratory indicators, and SWE
parameters of the two groups were compared. Logistic regression was used to determine the clini-
cal independent risk factors for prostate cancer bone metastasis. The cutoff value, sensitivity, and
specificity of each indicator were analyzed by the receiver operating characteristic (ROC) curve. Re-
sults: Among the 62 patients, 15 were in the bone metastasis group and 47 were in the non-bone
metastasis group. The serum tPSA, fPSA, %fPSA, PSAD and ALP of patients with prostate cancer bone
metastasis were higher than those of patients without bone metastasis. When Emean = 100.48 kPa,
the sensitivity and specificity of diagnosing prostate cancer bone metastasis were 0.867 and 0.830
respectively. With the increase of Gleason score and PI-RADS score, the proportion of patients with
bone metastasis also increased. Univariate and multivariate Logistic regression analysis showed
that tPSA, ALP and Emean were independent risk factors for prostate cancer bone metastasis. When
these three factors were combined, the area under the curve (AUC) for diagnosing prostate cancer
bone metastasis was 0.959, with a sensitivity of 0.930 and a specificity of 0.894, which were all
higher than the diagnosis of Emean, tPSA and ALP alone. Conclusion: Transrectal shear wave elas-
tography (SWE) parameter Emean has a certain value in the diagnosis of bone metastasis in patients
with prostate cancer. Combining total prostate specific antigen (tPSA) and alkaline phosphatase
(ALP) can improve the diagnostic efficacy of prostate cancer bone metastasis, help to predict the
risk of bone metastasis in patients with prostate cancer in the early clinical stage, and evaluate the
necessity of whole body bone scanning.
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Figure I. SWE measurement of localized lesion
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Figure 2. SWE measurement of diffuse lesions
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(P < 0.05). 7EBTYIR ARG SET, BERY Emax. Emean. Emin X EE &S TIFE#H##A, WK
3, EZRHAAGIHE (P <0.05).

DOI: 10.12677/acm.2025.154923 228 I A [ 2 3k


https://doi.org/10.12677/acm.2025.154923

Table 1. General data comparison between BM and NBM (n = 62)

# 1 BEBHESIEBSEBE—RERNLEN=62)
. L BMI PV tPSA fPSA
ZH 53 2 3
(%) (kg/m?) (cm3) (ng/ml) (ng/ml)
HEFEA 39.58 100.00 50.00
(15) 7093£8.12 2101£3.73 (32.55, 57.66) (90.00, 100.00) (33.83, 50.00)
E|S= g2 220 42.32 28.15 454
47) 7270£856  2242%367 (3) 758759 1) (16.05, 83.84) (1.70, 10.95)
/212 {8 -0.705 -1.288 -0.197 —4.07 -5.36
P {4 0.484 0.203 0.844 <0.001 <0.001
PSAD ALP
Q =}
A5 %FPSA Ng/ml/m? (L) SIRI
0.50 2.24 216.00 1.96
g 4
HACRALLS) (0.34, 0.50) (1.37, 3.04) (121.00, 421.00) (1.02, 3.04)
0.16 0.65 92.00 1.22
= 4]
AR FALLET) (0.10, 0.22) (0.28, 1.54) (82.00, 127.00) (0.86, 1.93)
tZl* {8 —-4.70 -3.55 —-4.27 -1.70
P{E <0.001 <0.001 <0.001 0.09
tPSA: SRS IRAFRPUE; PSA: U B AT S IRAF PR QfPSA: I 25 i A1 IR S 470 IR 5 5 Bl 20 ks S e B HR A
I ARAR; PSAD: RIFIIRAS IR, ALP: BRPEBERSES: SIRl: ZIERNIEE

Table 2. Comparison of Gleason scores, PI-RADS scores and SWE parameters between BM and NBM (n = 62)
R 2. BEBHESIETEBLA Gleason 145> PI-RADS 45 & SWE S8 HILLE (n = 62)

Gleason 14y

PI-RADS P¥4)

AU <8 7} >8 4y <34 45y 54
BB 7 (16.3) 8 (42.1) 0(0) 1(4.8) 14 (58.3)
EEEHA 36 (83.7) 11 (57.9) 17 (100.0) 20 (95.2) 10 (41.7)
2l 1A 4.792 25.00
P1H 0.029 <0.001
i3 SWE Z:4J((kPa) _
Emax Emean Emin
HHBA 126.24 (112.63, 155.00) 111.88 (103.02, 125.50) 94.10 (83.36, 100.80)
FEHEHA 92.20 (80.63, 106.74) 80.97 (72.50, 96.26) 72.47 (63.97, 82.47)
2l (8 -4.101 —4.265 —4.076
P 1E <0.001 <0.001 <0.001
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Figure 3. Comparison of elastic imaging parameters of two groups of shear waves
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3.2. SWE £#. PI-RADS 4 & Gleason 14y H PCa B##E ROC ghsk

ROC #h£E /3 #r(% 3)% W], Emax. Emean. Emin. PI-RADS ¥4 & GS P27 PCa 15 #5#2 1) i £k
R AR 254 0.854. 0.868. 0.852. 0.817. 0.650, 7E SWE )& itEn, Emean fh 2k N AR &K,
UL 4. 24 Emean > 100.48 kPa {E A#MHMERT, 2WinlFI e B # B 0 REBUE . %7 % 5HA 0.867.
0.830.

Table 3. Analysis of ROC curves for diagnosing PCa-BM in each index
2 3. BIEFRISHT PCa B FERY ROC BiZk /4

febr AW AUC (95% 1] {5 X [7]) UK RE R P
tPSA 73.84 0.847 (0.753, 0.940) 0.933 0.745 <0.001
ALP 109.50 0.869 (0.772, 0.965) 0.933 0.702 <0.001
Emax 110.50 0.854 (0.753~0.955) 0.867 0.787 <0.001
Emean 100.48 0.868 (0.776~0.960) 0.867 0.830 <0.001
Emin 80.18 0.852 (0.755~0.949) 0.933 0.745 <0.001
pirads >5 4y 0.817 (0.712~0.922) 0.933 0.771 <0.001
gleason >9 43 0.650 (0.482~0.817) 0.533 0.766 0.083
tPSA + ALP + Emean 0.28 0.959 (0.915~1.000)) 0.930 0.894 <0.001
1.0
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Figure 4. ROC curves of SWE. PI-RADS score and Gleason score in the diagnosis of PCa-BM
4. SWE &%, PI-RADS if4 & Gleason #4327 PCa B4 # ) ROC HhZk
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PR 3522 Emean. tPSA. ALP KA 15 7Y S w41 i i e F2 1) ROC 2k, 45BN, BRapim
W ET 5 B RS 28 R T AL(AUC) M 0.959, REE 0.932. 4553 1F 0.894, T =& iz,
W2 3 &K 5,

Table 4. Univariate and multivariate logistic regression analysis of bone metastasis in prostate cancer
= 4. ASIREEEBNERRZRMZER logistic BYAS T

. BRI R A b EASE i
7N
o % OR p g OR P
FPE —-0.026 0.975 (0.908, 1.046) 0.477
BMI —-0.109 0.897 (0.758, 1.061) 0.204
PV -0.001 0.999 (0.982, 1.017) 0.945
tPSA 0.061 1.063 (1.102, 1.106) 0.002 0.048 1.049 (1.003, 1.098) 0.036
fPSA 0.119 1.126 (1.069, 1.186) <0.001
ALP 0.02 1.021 (1.008, 1.034) 0.002 0.018 1.018 (1.000, 1.036) 0.045
SWE
Emax 0.051 1.053 (1.022, 1.084) 0.001
Emean 0.064 1.066 (1.027, 1.106) 0.001 0.056 1.058 (1.008, 1.111) 0.024
Emin 0.066 1.068 (1.025, 1.113) 0.002
1.0 T’/
0.8
0.6
B
B
%
0.4
02| tPSA
. —ALP
Emean
/. TSR
0.0
0.0 0.2 04 0.6 0.8 1.0
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Figure 5. ROC curve analysis of predictive factors and diagnostic efficiency of combined model for PCa-BM
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RN T IR VAL o« 28 EL R A1 IR 75 T AR BT B BT SR RS A, T T B A B L)k g
RSB S 00 7 AR A I ik E TR AN, AR L S e R R AT 5 BT, AT S R 4R 4]
FIFH SWE ZHUANIG PR S8 2 48 br >k T0IN A 51 s B i B AR e /b, AT 0 B AR 8 75 Y D) s bk
BUGTERA tPSAL ALP. GS 73 S5 FRFR{E12 BT PCa B 7% # H AME .

SRR, BRIV R B tPSA. fPSA. ALP B F &S TAEER4L(P < 0.05), HRETHIWIHE
W, W PSA JeiEy ALP (AR FEBE S il 8588 K [5] o IL37 tPSA A& A BT 41 it b 5 20 B 5k ) — T 22 S R R
FIf, &2 Wr PCa il H I SEI S HRFR[6]. AT ZIMRH IR AR, JUI &I ARRT, 155 A4 R 239 IR,
PSA BN, IiE PSA WKJE T, {H PSA i2Wr PCa R 5 i i 5 M 42 MK [7] . Briganti [8]%5 AHJf
FRI, M tPSA<10ng/mL HEETCHRRET, BRHBIATRetEN/N, BT RS, 1 tPSA
. T E A T RE R, 24 tPSA>20ng /mL i, H B BURME N 76.79%, FEFMEN 82.54%, 4
tPSA>100ng/mL I, FARpFiEiAH] 99.21%, Foxm TZEKEE RO RKEBR R . KEP[9)EAN
LRI, 24 tPSA > 79.88 ng/mL & Fil 41 I & F # A fE R R 25, AHF 72 tPSA Tl PCa B 1
AW N 73.84 ng/mL, BUBMEN 76.79%, F5F1EA 82.54%. ALP & —HF7E AR 2 0 Al B A 25
[F) T 1 PR 7K AR e, P R e A i e e I 2 3 B0 RSO i 432 4%, LGN IfL i ALP 7K Bifi 2
Rao [101%50\ N ALP 51l 51 i B i e B AR i, F8F PCa BB H, i ALP 75
A, B RE 2 —, AR50 T 83 B HT A s A IR TRk, K I ALP & KL B
ek, HEWTE N 115 UL, S5ARWFE45(109.5 U/L)AHIE . {H ALP 78 IE B8 I,
I, SR AL I 7 HERR AR D0 o

A, HHE4 SWE 23 Emax. Emean. Emin ¥ 535 TIEER4, 5EER125AN
WFAss B 5 RMEMEML, SR A K, A R, A SRFER4S L,
RIER R R BEREAN ], HAN S AT, 2 s AR i, JUVRE Rk, 3P % Emin IR
i, HFAERAL, S0Pk % Emax ETFE . 1 Emean R kb Xk Bka i :, t, 4048 X IR 1)y
M AAY S, BT AN E R M BT, Emean TEREAINZH R BEARAHE . 24 Emean > 100.48 kPa
i, 12 AT SRR R B RS . R R E 5510 0.867. 0.830, =12 28 iy 41l IR 75 A X0 BEARAE Ay ik
HI/NREEE, Bk LR TR, ROUNSEME AR ZRIRE M, HIAERE K [13]. RAE#
IR0 F i b — R il Ta FEEOR, HARZUH s, Bribe oh, 56 5 KA B A i) e RS i 51 e A
0 AEAE IR DR IR B0 RORTAES AL, X LSl At 2 (i kB R 38, AT SWE BTkl

Gleason VP43 72 1FAl PCa Tl J5 i EEE (R br 2 —, VEorim, IR BtEfE i bk s . fEARE T, 47 4
g EE T, £ 36 §1(83.7%) GS < 8, [ GS & LTt, HHEHANBHEHE LFFEP <0.05), {H
GS PF4rHAE2 I PCa FBRSE TN R 2, Li %5 A [14]H0 & B I 75 52 i A0 i 51 B 27 ) Gleason $E4r AN REAE
TN PCa  #E # KU: FO B ST (R 35 o LR T K7 GS 205t Tl PCa 5 #7 HERA Ik (0 4518 3 A — 2L,
FIHJERH, FAeR PCa & 2 It AL, ASFMIR R Ik A A B — Mk [ AEAE GS 7 2% 5.

HHERE HATIR IR E Pea B H 0B & 7715, TE 150 S Wi R OR ¥ 2R, 04301 7L [15]5% B
9Tc™-MDP SPECT/CT ‘B RAZ S Wi ¥ A5 11 R B 0.984, H75 /%4 0.983, tPSA. ALP It& Emean 1)
BIBARIN PCa H H 2 W1 R BUE N 0.930, 58 BABHMIL, XERN T T4 e B 1)
BRI, AL AR NN TS B k. TEART T, BeA A 53T 2 25U S Y PI-RADS
PP R AU A 24(0.933), 1M 4R (0.894). ROC (0.959)%) = T PI-RADS $£43(0.771. 0.817).

5. &

22 iR, SEW 2% Emean 1B &I IR TEAFR tPSA. ALP Zi2Wr PCa BB M I MIE 2=, BEEIX
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BEFR bR S AT A1 i B e R B R R ANE, 24 E0 A1 e B IS tPSA KT 73.84 pg/L. ALP KT
109.50 U/L 1 Emean {E KT 100.48 kPa Itf, FIREHILH HF, AT SINKIATT 77 RIIEEE.
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FE 22 T RHE TR H (NO: 2023-SFGG-085).
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