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[ Abstract] Objective : To investigate the value of serum DNA methylation level and prostate health index (PHI) in the noninvasive di-
agnosis of prostate cancer, as well as their application in identifying the patients eligible for biopsy—free radical surgery. Methods : A
retrospective analysis was performed for 121 patients who were hospitalized in Wuhan Tongji Hospital from March 2023 to April 2024,
and related information was recorded, including age , body mass index, total prostate—specific antigen (tPSA) , the methylation level of
serum circulating tumor DNAs (ctDNAs) such as glutathione S—transferase pi 1 (GSTP1) before surgery, and pathological results. The
receiver operating characteristic (ROC) curve and the area under the ROC curve (AUC) were used to compare the ability of each pa-

rameter and the multivariate logistic regression model in predicting prostate cancer, and the biopsy—free rate and misdiagnosis rate of

the model were calculated based on a positive predictive value of
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95%. Results : Compared with the control group, the case group had

a significantly higher level of PHI and significantly higher methyla-
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(2026-03-14) of patients, a multivariate logistic regression model was established
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based on PHI and the methylation level of serum ctDNAs. This model had an AUC of 0.94 and a significantly better diagnostic efficacy
than tPSA (AUC=0.61) and PHI(AUC=0.80) (P<0.05). The model had a good ability for the diagnosis of the disease. About 46% (24/

52) of the patients with clinically significant prostate cancer could select biopsy—free radical surgery , with a misdiagnosis rate of 1%,

which was better than that of tPSA and PHI. Conclusion : This study shows that PHI and serum methylated GSTP1 and RNF219 genes

have a significantly better ability for disease diagnosis than traditional serum PSA. The diagnostic model established based on these

three indicators can further distinguish patients with benign prostatic diseases from those with prostate cancer, and it is expected to sig-

nificantly increase the noninvasive diagnosis rate of prostate diseases in clinical practice.
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Mixture (TAKARA ,4035) i) PCR JZ W AK % , I A% H b i
A 2 F X N5 19, 75 PCRAY (5 & SLAN-96S) k11 R &
it I 1%, 2P % R 37 “CF 10 min, 285 95 'C'F 5 min, B
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e Non—csPCa(69) csPCa(52) whi’ P1H AUC Delong #:%
(X)) 65(60,68) 67(60,72) 1523 0.156" 0.58(0.47~0.68) -
BMI(kg/m?) 23.50 +2.93 23.92+3.28 -0.721 0.473" 0.47(0.36~0.58) 0.14
tPSA (ng/ml.) 9.08(5.79,15.41) 11.26(7.91,19.69) 1338 0.017* 0.63(0.53~0.73) 0.51
fPSA (ng/ml.) 1.47(1.01,2.13) 1.49(1.00,2.52) 17455 0.802" 0.51(0.41~0.62) 0.38
PSA(%) 15.27(11.75,20.40) 13.24(9.95,17.51) 2189.5 0.038" 0.61(0.51~0.71) 0.69
p2PSA (ng/mL) 16.72(11.38,29.27) 28.83(18.11,58.11) 1002 0.000° 0.72(0.63~0.81) 0.03
phi 37.10(26.60,45.10) 68.80(48.50,113.05) 597.5 <0.001° 0.83(0.76~0.91) <0.01
PRIE AR AT 7.40 0.007° 0.63(0.54~0.72) 0.47
i 18(14.9) 27(22.3)
2 51(42.1) 25(20.7)
P iEd 5.77 0.016° 0.59(0.52~0.67) 0.80
w 62(51.2) 37(30.6)
2= 7(5.8) 15(12.4)
GSTP1 38.94(36.82,41.98) 34.20(30.25,36.82) 2 860 <0.001* 0.80(0.72~0.88) <0.01
RNF219 41.57(38.82,45.00) 37.05(33.82,45.00) 23385 0.004* 0.65(0.55~0.77) 0.35
RASSF1A 40.56(37.59,45.00) 37.83(35.36,45.00) 2099 0.106" 0.59(0.48~0.69) 0.89
POU4F 39.87(37.62,42.68) 36.95(33.87,45.00) 2207.5 0.029" 0.62(0.50~0.73) 0.62
GAPDH 31.52(28.79,33.70) 30.07(28.26,31.82) 2071.5 0.147" 0.58(0.48~0.68) 0.98

P :GSTP1, M6 H Ik S-54#4 /il Pi 1, Glutathione S—Transferase Pi 1; RNF219, 345 % 1 219, Ring Finger Protein 219; RASSF1A , Ras JeIk 25 #4 1k 5
B BE 1A, Ras Association Domain Family Member 1A ; POU4F , POU 1, 4 28 [R]JEHE % S KT, POU Class 4 Homeobox ; GAPDH , H 1785 -3 - Az i

4§ , Glyceraldehyde—3—Phosphate Dehydrogenase ; a, kARG (wid) ;b t A58 (¢fE) s ¢, RHRIE (M)
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2. 95 AR 25 AL AL N A 2RI
1
AGE
0.13 BMI 0.8
-0.10 0.15 | biopsy
0.6
0.12 -0.03 -0.08 infect
9000 [
0.00 -0.06 0.29 0.12 tPSA
0.26 -0.06 0.11 0.14 0.60 fPSA O ‘ L 02
0.31 -0.04 -0.19 0.00 -0.39 0.45 f.tPSA
0
0.24 -0.14 0.17 -0.01 0.56 0.74 0.23 p2PSA .
002 048 019 042 056 025 | -030 075  phi r-02
-0.14 -0.03 -0.11 0.21 -0.14 0.00 0.12 -0.26 -0.37  GSTP1
- —0.4
0.09 0.14 -0.06 0.01 -0.10 0.10 0.24 -0.10 -0.19 0.17 RNF219 O
-0.6
-0.18 0.07 -0.04 0.08 -0.03 -0.06 -0.04 -0.08 -0.05 0.18 0.19 RASSF1A
-0.02 -0.06 -0.11 -0.06 0.02 0.15 0.18 0.01 -0.10 0.21 0.45 0.25 POU4F 08
-0.06 -0.09 -0.05 0.05 -0.10 -0.04 0.06 -0.12 -0.14 0.05 -0.01 -0.08 -0.07 GAPDH
-1
B3 BZHEXESTHRE
K2 NHEESWIEERELEN L FHM,(P,,P,;) ;x £5;n,%]
e YL (85) IIEEE (36) whi P
AR () 65(60,71) 66(60,71) 1493 0.836"
BMI(kg/m?) 23.56 +3.09 23.96 +3.07 ~0.665 0.509"
(PSA (ng/ml) 9.91(6.47,16.31) 10.17(6.72,16.60) 1559 0.872°
{/tPSA(%) 13.91(10.83,19.17) 15.23(11.92,19.48) 1380.5 0.398"
phi 43.10(31.60,68.20) 48.85(33.40,68.55) 1395.5 0.447°
JRIB RAE 0.755 0.385°
i 29(24.0) 16(13.2)
s 56(46.3) 20(16.5)
ZERI S 0.001 0.981°
% 69(57.0) 30(24.8)
JE 16(13.2) 6(5.0)
GSTP1 37.30(33.93,41.08) 37.16(33.75,40.63) 1515.5 0.937"
RNF219 40.23(35.70,45.00) 39.85(35.95,45.00) 1515 0.933"
POU4F 39.03(36.72,43.21) 39.45(33.88,45.00) 1 600 0.691°

T ca, BRRR B, b, o 4056, o, ROTHR 5
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PlesPCa)=plogis(—PSA*0.2488+phi*0.0806+biopsy*2.1140-
GSTP1#0.2934-RNF219%0.0672+11.0358) .

i — 2 TR RNZ KRR, IIE A 5 (PSA K phi %t H
O3B, A AT SN 4 KR 4 i WL o BT i 30 g B I IR
M TS B9 112 WA RE B 0 06 T (PSA B2 phio AR
T T 2 XA DAl | B o A e SR B I RIS
i £k 3 B DAY R AR 25 5 T LR A, 45 iR gh
DT 2) R g B I RS S8 25 15 270 i oAy 28 5551 12 T A TR ¢
BB T 5 HURE AT , T AT RO R, B v 6 R 2 9 Ui A il

T ARTEEE A LRl i B2 W

W 5P, 24 PPV=95% B, 155 Fi 0 ¢ W {84 0.9, 45
TEUTITIN( A4 {3 A I R S 2 i ) e AT, T 0
G FIRIGF A, 23R K 21%, csPCa FB 3 H 2 46%(24/
52) A1 % IEAT R RIS TR (AR5 18 1% RS %, GRS
B BB AR R R AT 5 A TIR IR SR . 18
TR N 95% I, BT PPV K NPV 41 i 2 T tPSA J% phi, ii2
RPAE, 25 1, 3T phi K ctDNA T L AL K - B2 Wik 7 (1
csPCa A2 W # T tPSA & phi, B2 R LIRS K HAL,

*3 KB EMRSIIRE (csPCa) B LB E A5 47
i H AR tPSA f/tPSA phi PRIB AR AE ZERI GSTP1 RNF219 POU4F
OR 1.13 0.78 0.94 1.10 0.35 16.4 0.82 0.86 1.06
95%C1 1.02~126  0.65~091  0.87~1.01 1.05~1.15  0.10~1.17  2.82~128 0.71~0.94  0.74~1.00  0.91~125
P 0.03 <0.01 0.14 <0.01 0.09 <0.01 <0.01 0.06 0.47
F4 EELSEEE ST L AT
g ey As i AR (RN KRGS IEAR Y4 (PSA YIZA4E phi
AUC(95%CI) 0.94(0.89~0.99) 0.87(0.75~0.99)  0.61(0.49~0.74)  0.80(0.70~0.91)
Py - 0.28 <0.01 <0.01
AR 0.39 0.39 9.73 59.17
TR 0.88 0.74 0.58 0.64
csPCa S 0.90 0.76 0.54 0.90
FH: 000 (L 0.85 0.78 0.44 0.81
I T 0.92 0.72 0.67 0.80
2% 0.89 0.75 0.55 0.80
F1 434 0.87 0.76 0.50 0.71

—— csPCa prediction model
— tPSA

phi

All
— None

—— training cohort AUC=0.94
—— validation cohort AUC=0.87

02 04 06 08 1.0
i RS [ (L

1:4 2:3 3:2 4:1 100 : 1
KUK 4 H

B. BRI P i £k

Ideal
— Logistic calibration

— tPSA AUC=0.61 -+ Nonparametric
0.0 phi AUC=0.80
T T T T T T 0.04 woaln it aa G o ead bl
0.0 0.2 0.4 0.6 0.8 1.0 010 0_'2 0.'4 0.I6 OjS 110
14557 UL RS
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x5 HEGFHSH
- PPV=95% UK E=95%
Ul NN VLS
T {EL UK FERE 2R RIZH KN PPV NPV TRiZR WIZHR
(il 0.9 46% 99% 21% 1% 0.15 62% 93% 6% 43%
tPSA 24.12 17% 100% 7% 0% 5.01 45% 73% 6% 88%
phi 82.38 40% 99% 18% 1% 31.14 52% 88% 6% 67%
PSA, A IEAL A Wb S WA phi B2 B3 fE
‘\ 9> v, - 2 N i S v N
3 3 B Ko BB AR 25 AT B — SR R T R £k

5 B A A 55 1 A Bl R 5 DL AP e, A
TS A K 12 W TAE AT A A1 22 (R I PR B 2
TE AT 2 16 97 7 S k= AT 48 7 %L B
T Il PR FH 04 T 9 B i 12 Wy =X 32 5 PSA AN
ARF T I W B R I KR B SR . AR RS
76, AT T PSA KX (4~10 ng/mL) (9 F8 4, 4N
fAPSA \PSAD KSR~ K6 A 249 TG S 6 477 7™ B
Ui, ABATIAEAE B 4 i DR I8 25 1 i 910 e 12 1) 2L
T XF T PSA 7E 10~30 ng/mL X 5] (4 35, WU HE#E00E—
ATHEILYR TE HL R ALK Z 43 4 (positron
emission tomography—computed tomography , PET-CT)
AR R A BT BRTE A, AR TR IR
B PR AF AR R 3o B2 A2 7 (R, HL X T 38 0 A7 A
T KA T R M LU A TR YT 5, IRt an
fAf $2 755 4~30 ng/mL X [A] F 2 A i I PR S8 35 P i 271
Jiges 12 W e 1 3B 7E A BE . AR I R AR SR
F 5 SCHR 23 A, i T [ 20 A% 115 51 13 oy S 1 470 it
([-21proPSA , p2PSA ) 1) Tij 41) B {k B 418 %% (phi) B &k
Tt TR BRI A, DNA H Ak 2 Z2 3l fff
FERHIE Z TR & A 5 i R DIAHOC , T8 5 52 i)
11098 B PR B0 98 ik PR 3l D) 8 1 T 52 e 41 i 2
fiE, 56 T2 5 EEAb 00 T A A 12 W A B R i A
Ji e 12 W BB R BTN DL ] LA R DNA
Ja 87 B BT i AR R S ABIESE , O 45
4 phi BT IZ IR

ACHIFFE LA RS 36 45 2R S 1 3 i 9 DNA
B4k 3R 35 KT BT 51 B Ak 5 45 %X (Prostate Health
Index, phi) JAFFERS 4, I BE AL 2R A /K P38 i PCR
T B0 47 PR P B Ak iR DNA JS 3 Cof, AT
S WEZ DNA J5 31 B ARk o DLRti A 51
i R W DA S 2 1 i 9] B SR i e ¢ o sl od B A
I3 X 22 o038 B ] U DA I R A 36 45 R S DNA
I BE ALK 1R 12 W i BE JT , 72 ROC K& DCA 4
B b al 45 1003 AR DNA FHBEAE SR3K K1 2 phi #6845
(932 T A8 RE B I PR 3K i 1 (0 25 10 T 4% e A 2 48 b

VAR R4 (BT AT 52 B2 Wi B XU L 7% &
FEA B AN 2, A — LS . & FsE T
M1, DNA AR 5 i A 5 3k JAE G, I H2
FHUIRR R B R S R T AR S 5 R A Y% A 140 2 A )
FRicy, ELIm KR AE AL B K 56 S 5E 5 17, A A
FAERTH BRI R 92 TAE i 5%, BL3E i
TR 9 DNA FH ALK SF- K phi B9 95 T 452 A0 AT 4t
e I PR 9 95 TC B AR A2 W E 7, HE Tt v afy 1
EMEBIIE TAE G 7 X, 38 B2 T R
i 238

H AT, E P ANE A 1 2 DNA H LA 7E AT 8 AR
e I RIESE , L4 TF AR B A W s i ) B AL L
WP B BRI 7 48 A5 o R T 5 i 2o ik R 4
2 R T3 A i U9 DNA FBEAL TEFT 91 i
JiT e (&5 L i B U A 22 B M e rh ARk K
AR T TO B X IR & AR AR 4B, Van Tongelen
A SEPUN A I A e SR TE A B DY 2 SR A IR
AL, 78 )3 31 CpG & W) 2 B0 0 i B 64k, HL
¥y 55 105 90 e ) K e R R VAR G o The Cancer
Genome Atlas Research Network & F i JiE F K] 4 [&]
% (The Cancer Genome Atlas, TCGA) B HET5T , I~
T HE BRAEE Y 23103 B R H S DNA AR R &R
FHE T 1E R 90 IR ZH 2, B0 i 5 i o 2 b
F LA AR AL 5 AT IR T 91 AR 2 21, TSR S
FE PR 451) 4 1 3% 2% 32 4K (androgen receptor, AR) (B K
LI 3 (kallikrein—related peptidase 3, KLK3) | if
Fi2 7K fi# B 1 (folate hydrolase 1, FOLH1 ) 4§ 3 K| 78 A
G i 98 b e B AR Y AR S TR B B 1 22 H K
TR iy 4] g v e 0 <) DR A0 P IS 20 i
1 1 (retinoblastoma protein 1, RB1) I JihJRd &5 H P53
(tumor protein P53, TP53) 1 Jii 8l F & F 8t & B
FAC RS, H GSTP1 78 5% # M 2 S48 Hit 1% i 471
JIf 9% (metastatic castration—resistant prostate cancer,
mCRPC) Al K P {15 51 i 41 20 v 3% 30 o HY 3k fk 22
S L g AR S e v S B A D 2 R 3R
ML [A 18] % (Chinese Prostate Cancer Genome and
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Epigenome Atlas, CPGEA) BF5¢ 3R W Fi 2 i da /8 4 5
IE A 8] DNA H AR AE 7 — o 25 5, AR &
IR IR — 95 7 v R RNV T AR iy R R 8 A
LR AG FOMAFTEW] 825 5 o FEIm IR B, —
S PRAJE 5 & B B UE T — 28 DNA F Ak AE W)
B 25 ) AR HY (4 ik A2 6L, 76 1 0040 A 41 19153
i2a RIS g o= N NG L 7 e 7 e St PSR
5 5 4| K -7 3 (suppressor of cytokine signaling 3,
SOCS3) K A F AR 7E Jmy FIR 1 115 271 i g R Jmg S 2 e
RUFT A1) B g v EAT W 3 Pk 25 5% (P=0.03) , W] 42 5
B SR AL S R B2 W RE T, AN i B = S
UE BRI PEAR . Van Neste LAE7E 1 1A BE M A
FE ST HE Tl R XU R 2R #1 GSTP1 RASSFIA 45
22 6 K Ak B i 91 IR AU F- 3 R4 L R GS RIS
i J8 0 AUC 35 0.82, {HL AL I I A A% £ A8 A2 119 1]
L A ST LA AR S 36 [ 5 A R AR AR Sl sk
HENT FE T AR PR AL R B 119 3% A [l U A 7R )
T AN ] 5 ) R A B 5 RR T 4] R DXL [) 1 56
F BT i 56 S BRI 41) kg B ik 2 P 4
12 WA RE 1 PP Al B3k — 20 43 B, Cucchiara V
S 5T R AR BL A 5 2 J7 15 0T AT %6 DNA
SEAUAR W), IR T 15 R 12 W T AR T
ks 1 FTA B ARG I S 33 /s 45 T AR (EAT) e 22
RIAEAN Z2 v IE SR BRI ST 4521 o o —
S0 T 5 DR R A 132 AR AR e, T DA 4 i T A
IS R 2P AR ST T T I b [ R e
A6 (homeobox A6, HOXAG) I i P 41 4 ik = Ik {4
pns (fragile histidine triad , FHIT) i FF 3£ 4k 7K 3F F)
Z R 2R % B Il T AR B 5T R 2 A 3 DR A T 4
Jij 9 BB v H AR ZR R UK 34 r A o BN R
SR R T e, W 2 K5 2 Wi 47 s 04 SRR 2
H195%.

Rl 25 A DA b SCik , AR TR 2 & RS [] 3l IX
N5 B ) AR IR T A AR B R 22 57,
RG220 M X SCHR AR I8, PR v ] A8 5 ) PP
PSR B0 T AL DNA FEEAB A7 60, A B T DNA
FEACTERT SR 297 B (BT DNA F AL R
PR 2 W BB TARAIAFAEAS 2 o

AW FE AT A AE R BR M, A0 AT 30 AR i 3
A B UL BESE  Bi 2 SR UE , £E A — E D
7, BRI A T GSTP1 RASSF1A %5 4 Fh LR E Ky
WFFER R, T LI HAD DNA AR 57 AT 51
Ppeia iz Wr (B A A Fr i — 098 s F e B T
phi S I DNA HYEEAK 3R IR 7K P AR A B SR B0

RS 3 18 1 ARG 56y =X (B A A 3 B 2 W T
RE , 5 IR A 2 B T B, R IS 45 6 SE BRI 0 1
JH Tl R AR

SMRT , phi . GSTP1 K RNF219 Fi Ak k7K
S-S5 AT A Sy i 80 AR S S T T ) R e YRR O A
77 2 T tPSA 1E 4~30 ng/mL X [6] &, 3L T 330
ST 2 W B R HE— 253 & T B 1 0 Al 2
W fE 7 K G g il Fe . XTI tDNA Y 34k 3
KK AERT S IR A BOW AL 2 W R T K TE
WS A i — PR &
RIgEZE  FiATE 1 R AE (R 25 nh
fEE R REA BT R SRS RS SR
1 GBSO 5 BBt 3 - MR GBS T U ST
TSR B AR BRI RO BRSSO BF
FOFRRT SR 36 B

& % x #
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