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Abstract

Postoperative biochemical recurrence of prostatic hyperplasia is one of the problems that plague
the normal life of patients, among which urinary incontinence is the most prominent problem.
Traditional statistical methods and logistic regression algorithms have great limitations in pre-
dicting postoperative urinary incontinence, and the prediction effect is unsatisfactory, which
greatly affects the postoperative treatment and preoperative diagnosis of patients. In order to solve
the above problems, a new model for predicting early biochemical recurrence after prostatic hy-
perplasia was constructed, and the main purpose was to predict early biochemical recurrence in
patients with prostatic hyperplasia more accurately and effectively, named “S-KFG”. In this paper,
the model mainly uses the soft vote classifier as the ensemble algorithm and combines KNN, ran-
dom forest, and gradient-boosting trees to form a group. In addition, the stacking algorithm is
used, the random forest algorithm is used as the base model, and the logistic regression algorithm
is used as the metamodel to make the ensemble model, which is named “Hancerforest”. It is also
compared with some traditional machine learning algorithms such as random forest, gradient
boosted tree, etc., as well as traditional logistic regression prediction. Based on the data of the
Department of Urology, the Second Affiliated Hospital of Dalian Medical University, the results of
the S-KFG model showed that the AUC value of the model reached 0.888, and the AUC value of the
Hancerforest model also reached 0.872, which was better than the traditional logistic regression
prediction model.
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1. 5|15

R PE i 21 i 4% 4 (Benign Prostatic Hyperplasia, BPH) /& H =2 4E 5 1t B iy W IR RS2 —, T4
Ji 3 A 5 B R (AN 28 JRIE T H AR BR A, HOLEP)&Z YA Y7 K 11 4 AR 3G 4 (BPH) K 24 i, B i ifn /b
P IREGEAR S R FARFEARA WD, (HAR)G R KEE(Urinary Incontinence, UIN)AT5 & 521 8 35 A2 v T &= (1
I RE, KEFEZN 1%~15%. A5 Ul BTN T C A lE R T e, HO Bbsisid R
ARG VA FIAR Fh SRS AR AL, PRAR IR R ZE XS AL 88 L, ARG UL I TI0 =E ZA T IR R 360 R G 1A 7,
ETRIMRE A PR, LA R AN EIT TR . TRk, HLEs~ I (ML) BOARTE By A i) B FH A AR 5 Ul
RS HE IO AR (L 1 B 2L . MLAS 52 o REfe I\ 22 48 B2 I PR b B 2 2% 2 S 4, W 2t v W T A
B, WmiRAE GRS, TR, SEWE. Hil, AR ML S35 T HoLEP RJF Ul
POFREI, FEEAS T — ek, AR, AU IR R . IR AT AR L AMEIRIEAS R SRR

2. Wk

FARERIT P EE RYERT SIS A 1 E 2 F B, A, AR5 R 25 (Urinary Incontinence, UIE A L
HRIE, REFL)N 5%~30%, ™ 2 B 1A R AL O #ERTNIAR G Ul KR T A a8
HE TR EMARGREEEHAA HEER . FHARG UL LGRS 8 £ S, KR
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RAEMZL, WHETFIIRAARFAR ., FARB ERBE Ay m AR R R [1], HEihZ &ibaiE. FARITAWE R
—, JFIHTH R VIBR AR (Open Prostatectomy, OP)J& EE AR, ARJ5IRKIE R A EIL 10%~20%, F 25
R A AR 32 VIR AT S IR 23451455 1 PRI SN G 21 L(External Urethral Sphincter, EUS), - H. % JRIEFREZIAL
fE i AT RE B Z IR AR, R RP R IRA R . 2 J5RE% TURP 3% ), 4 JRIERTZIR B TIAR(TURP)
HCN BPH 16T 4 hnit, ARJGIRRIERE S 5%~10%. X1, IR0 7] it S 8RB LN E
b, 15 BGH A TR o T U0 A KO R 51 A1 B R (HOL EP) [2)AMAE 0581 B AR (ThuLEP) [3] % S Bl B RS Al
FIALZATIE], ARG IRRZEFR IR 1%~3%. Al 51 S APE I R S50 NeuroVision®) (3 ]
REPR/DFELIN LR AR . HULERS, BEEE I RG TIRE. FARSHEEE, ARG Ul BTN 32 Z4008 T IR KRS
IS RIGETT AR B A5 0 3532 48 0] U5 (Logistic Regression). 2 7tk [ I (Multiple Linear Regression)
A Cox LU RS 4 . IX M6yl i B T A BRI RS B (AN e BT B IRARAR . R 55 ) SR i Foull
B, SRR, (AILRIRMERE, HlinsE BN TR, AaiilH 3G, naet
RIS AE 1) R TR0 DX (s AR AR R B R B R IC) s FEZRIEOC R AME DA . IR B AR & 5 Ul U 5%
AR EIARLMEEAC HARA, ARG BRAE DAER a5 . i HAFEEARR D it A e, SRR —m
BRI, TCVRIRIFHbIRHE A RORE, AT PO I HE R R . BEEDLES S I IR 8, SETHLEs 223110
SR A B AT AT S RRE A AR JE R B R & A I TTEZ

R, AT TR AL GEZ 4R [P BE AT AR A L . PRI AN SF S  3,  (6F ZRh LA 22 ST
T ERATHTHI RIS AR AR S5 PR IEEFEAT TN, FEPE tHFTR AL S-KFG FIHEZ B! Hancerforest K EAT T, LA
FERFELFBIFMSER o Fop, S-KFG & BB FEFE T L BEATLARAR . KNN 4541 BB AR S 7 SR AR AR UL Y
Hancerforest £ 2 iy 5 AN R EC B (K BEA L AR Y (n_estimators M 100 £ 500 i634)2H %, @it S¥2E 751
ANZEEVE; JUR B S AR R AR, 67 S Al A B 1 MR AT e Tl . BAERFEIE BT, 6
i FH R SRR S A3 HT, SR BUAH SR K T45 T 0.10 AURFEGI N AN R 08T, R R &R o i b B 4t
R SUHFIE(P < 0.05)IEBUN S 51U HRFIE, LR AAIERFIEGE B (0 A B R T AR 1 s ) (R T 45
RRE, ASCPRHTEA ARG R RS . SR BEATLARAR . B S B THAR 1) TN A SR R

3. MRFEIEE
3.1 BUEE

Variables B SE Z P OR (95%CI)

ARG LA 2)

0 1.00 (Reference)

1 -1.12 0.54 -2.07 0.038  0.33 (0.11 ~0.94)
BT (1 T)2: )

0 1.00 (Reference)

1 111 0.60 1.86 0.064 3.02 (0.94 ~9.73)
FARIT (B FRIBR 2B RIBRAHLAS A IBR)

0 100 (Reference)

0.5 -1.28 0.55 -2.31 0.021  0.28 (0.09 ~ 0.82)

1 -0.33 1.42 023 0.819 0.72(0.04 ~ 11.78)
2.14 1.2 -1.75 0.081  0.12 (0.01 ~ 1.30)
271 1.31 207 0.039 15.02 (115~ 196.51)
-1.83 1.30 -1.40 0.160  0.16 (0.01 ~2.06)
-1.91 0.94 -2.03 0.042  0.15 (0.02 ~ 0.94)
-1.86 1.31 -1.42 0.155  0.16 (0.01 ~2.02)
1.80 1.06 170 0.090 6.08 (0.75 ~ 48.95)
o TR 1.66 0.93 1.77 0.076 5.25 (0.84 ~32.77)
148 0.96 1.54 0.124 4.38 (0.67 ~28.78)
1.86 0.90 2.07 0.039 6.42(1.10~37.52)
A MIBILRE -4.05 1.28 -3.17 0.002  0.02 (0.00 ~0.21)

OR: Odds Ratio, CI: Confidence Interval

Figure 1. Univariate analysis
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Variables Total (n = 157)
Z= Ml B B (mm), Mean + SD 6.89 + 2.22
FEEBFRIEKE (mm) , Mean + SD 13.84 + 4.23
FBITERIEIR(mm), Mean + SD 36.67 + 10.40
FERAER (mmA2) |, Mean + SD 9152.09 + 1074.28
FAARQ FBFRIBR/2 BIEHIR/3 H2EABER), n%)

1 137 (87.26)

2 18 (11.46)

3 2(1.27)
REFEEREQL T 2 7). n%)

1 21 (13.38)

2 136 (86.62)
REZE (0 17) . nMk)

0 71 (45.22)

1 86 (54.78)

SD: standard deviation

Figure 2. Statistical characteristics of the data

2. BURGITFHHE

B ARIR T IOE LR P& 5 R B i AR YOI I R Ml - BT XTI e Hdls,  ASHIT FU s A2l
1ot B IR AR IRAE AT, ST BT HRA G PR R BRI AR (R (R T-45 T 0.10) A BT+ MRFAIE, 4
AR PRIE L FART 30 ARHT A A Ml 5055, FE X SRR AT R R T, RS T X
53 R M (P < 0.05), &b R 1 fos, BRI M HORIURFES B ] 2. FF3d BT 5L
3 3o A PO 470 0 2 AT R T i

3.2. IR

Xt -7 4 R4 A R 5 PR 2 2R 5T Fh o DL B B = . AN A ), A SO P A ik s R 4 ket
ITHAERG S, IWNEE— P8 a8, DRIESIE R AR 7 2 . 7R AR B P 45 b AT B By, X
R S E R ERAS L, K epochs W& A 30000 #EAT IR, M AE B ml 52 B 20

3.2.1. GAN HE AR

GAN 5 %L AL

A LA (Generator, G): BN HBEALEE P A& 2 (B H WIS AT EIERS 2041 K FE), Hir i A e
G(x)o HHAbmRA RS B x A UX 2 REA

H73) # (Discriminator, D): % A\ A B HE x A SEHE G(z) ) itk — MrEMEME D()[0,1], &
NN R B B A AR . H E A IR X 3 B S HOE  AE

3.2.2. MGV EFRE
GAN IRt 8 /e — MR MK I ZE (Minimax Game),  H AR 800 T

minmaxV (D,G) = E, g, 9 [109 D(X)]+E,_p, [ o9 (1-D(G(2)))] (1)
FIBI HbR: SOV (D,G) . BRI T ST S50 B3R 13 (R AL log D (x) VRIAE AR
B (R log (1- D(G (2))))-
GBI I B MGV (D,G) o BV FRECHE AT REMEH 38 5 5 L9 ME og (1- D (G (2))))-

3.2.3. MEFHHEWEEER
S 1) 5 45 2 B
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Lo =E,.p,, [109D(x)]-E,-,, [log(1-D(G(2)))] )

B BT S A S AR 0 i MU A R 1 )
A R K45 K pR R 6 7 3

L =E,-,, [log(1-D(G(2)))] @3)
SRR, TR R, WHOH TR L =-E,, [logD(G(2))].
AR BT B ROBTE A S A BN A OB A A8 N SR R

3.2.4. &2

1) A, TERHINES: AR AT K IRCEE k = 1) B, AR AP X 4> LS 52 A%
B

2) [EEAIHNEE, FEHA RS KA RSB TR R B, Al AR R A B S A

3) EIEMN, BEEBBIG BN TEE X > B SRR, BID(G(2))=05)-

3.3. BRESHKR

3.3.1. #ERGT

AL SR R EE R T (GBDT) BEALARAMAT K I 20 (KNN)ZH AR 4R #5 S A A B S-KFG, it
MEZR A SR REAT T, e CARIR T R o e 52 HEAT /68 2 B0 VR R 0 S5k (Lo Ao B B2 0 0 il 4
4100, 150. 200. 250. 300, *~>JF 454 0.01. 0.015. 0.02, HAIRE DR AN 2. 3. 4. 5), &%
JE KB FE SR TSR L B A 200 AR . E IRV 0,02, HBOKIRE RN 25 FXE K LA ST 3,
BN SH(k=5, S EN 2. 3. 4. 5), BERMAIARMEE, &EH 200 B (55200 E
79 100, 150, 200. 250. 300), 7EHAMAEHERINSEUN, AR 5 IS 1 ST 2k .
TR DT RN 53 (70%)11 Z5HE/30% IR AE) « AR YR KATAfT . PP AR FAn i 55 HER R . AUC-ROC (15
B IAIARERE) . DIEHIAHOC RE(MCC). F1 73 BORBURE (H 1] %)

3.3.2. BbFBRMBFEAN

AL TR 7 R Fo 0 B A A B 0 R R A & T AR S R A6 1, BT InBCr 1 Ja ik
ML I 3 I R E Ry B 2 T &6

BB M AR S =) B 40 K 8, 5 4 20 4 R A x BRI R T 51k 1 %
By =K[x), Ffi=12, M o 8 TASCHE AR, ISR MR P (y=0]x)
AR (y=1x), #LPR(y=0x)+R(y=1x)=1.

BB SRR RS K BT BT 2. B AR IR D W (7 2 S wo=1A
W, >0), WSEBUSIERN: Pre (v =K|X) =D W B (y =K|X) o 5Jae s FUA Bt B M 1) 2 30 1
HE TR Y, =arg mflx(F’ensemble (y=K| x'j) .

3.4, EBERER

3.4.1. H#AIgT

AL —FHE R Hancerforest (2SRRI T 5 /NAS[RIEC B I FEALAR MRS (n_estimators A
100 % 500 614, BEHLAHFEON 1~5 363, HARBINENSH, XA T RERCR), @l S8%E
SOl NZFEME: oA B AR AR A, B BT Rl A R Y B A R R AT A A T, AR S fE
StackingCVClassifier SEILAZ XIGIEHER: , 5 H748 XEGTEAE sOUCHAIE, e B MR AL & . SHah—FhiE
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B HancerKNN & IEAAL N 5 ANAEIZH(n_neighbors M 2~6 348, p (EH1E N 1, BIRHERL 80 B
UF)I) KNN 202328, JeRER 9 L2 TR NG 22 5 @ 58 a1 5 o [F] B 45 10 4728 I8 TIE AR BOTHFAE,,
{87 F B R TN RE 2 A R TR AE, FR R B BENLAR TR AT S0 SeBEdE, 4 BSARAEAI HAn AR &, &I
53 T0%I ZREEAN 3000MIASE . I e B B gk 47 T

34.2. BB TR

F 22 3] 2RI 25 5 TN A

SR VI D = {0, ,), (%0 ¥, ) ors (%o Vi )} 501 X A, y, b2

FEAECIES A M AAE R (h by, by b (CBEHLARAR . KNN);

AR CRFIE: i e dEit e, GBI K 37 A8 EGIE (K-Fold CV)AE a7 =1 245 11 Tl 25 S«

1) #IZ4E D Kl A K NF4 D, D,, -, Dy o

2) MAFAFEESI SN - 1) M TH K H DD, YIZh , 7ED, LHLE §Y . 2) AIFFTE I
G5, 35 h ERAMIGE LR TRE R Z, = [95}), §o 951")] .

3.4.3. HEBITIIZE
TCRFEARE : W P B2 S 28 I TR 45 SR PH e N Z e R™M , iR BRAT IR —AMREAS I M A FEAR

RLFIAE
AT EHE . TR GARHE X 5 Z 4 9F, MM RN TCRHERRE 2/ = [ X2 ] e R™O™ , (HFERBI L
NE{/NE

ﬁ*ﬂ‘% 'fiﬁﬁﬁﬁﬁ*ﬂ—:%Y = [y1, Youreey yn] °

3.4.4. TEIF|/INLE

FEFITENAE (2,Y ) 5 (2, ) VIR g 250 IR I EI AR A WA T 12 Y
Mg:Z' Y,

T 31 BT DL (TR BB (e . BRI
3.4.5. mEETM

HAEARS X gy ¢

FEF ) AR AR TN«

{ylvyz"”’ 9M } :{hl(xnew)'hz(xnew)'”"hM (Xnew)} (4)

TG ) ER A TN - 9fina| = g([)A’p)A’zv“'!yM ])EZ 9final = g([xnewnyl'yzl'“’yM ]) °

4. BRI
4.1. VEN$EER

TEASCHR AT LU LN B FR RIS, 0 AUC B, F1 0%, SEiH% R EB(MCC)FI R
U (Sen)o XL FR PRI A ZUTT :

ACC (TEffi%): Tl E AR TN B te ], AdnF:.

TP+TN
TP+TN+FP+FN

AUC: ROC £ RN, S Byss i AR X 7368 /7. ROC HhZk DLEBHZ (TPR) AN H, (BFH

F(FPR) A4 .

ACC =
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TP FP

TPR = , FPR =
TP+FN FP+TN

MCC(H 2 A K 22 %K)
TP-TN—FP-FN
J(TP+FP)(TP+FN)(TN+FP)(TN+FN)

F173%0: A&#H=R (Precision) fll 4 [ 2 (Recall) (R AI~F 355, AR

MCC =

.. Precision = ——
Fl - 2-Prgc_|5|on -Recall . oo TP+FP
Precision + Recall
Recall =———
TP+FN
Sen (RBUE):
TP
en =
TP+FN
Horp TP N EBHME, FP ONARFHYE, TN NEHM:, FN N,
42. GE8R

AR SOR BT IR 55 4% G 14032 48 [ VA B9 LR FH I BEATLAR AR SR80 47 LR, v AR I AR ST I
#1 S-KFG £ ACC {#(0.833). AUC {£(0.888). F1 4}%(0.860). MCC {£(0.663). Sen (0.915)#p Lt f:%; it
W EAEE L, SR HLesE I B, S-KFG B4R Sen EBSAK T FENLARM, 1H & H AR PEA
FEARE IO T BEHLARAR, 5 TUPEAN R AR 200 T 56 B $E TR S0 . R /A SC e T 1) Hancerforest A5 734 419 Y
BT R T4 G5 78U, ACC {E(0.833) . AUC 11(0.872) . F1 43 %§(0.857) - MCC {#(0.661). Sen (0.894),
[) B PRz R A G 22 B [ A R T RS, B HAE Sen fH _EBEAR T-FENLARAR, HoAh AP E B35 & T RENL
AR, HSE T AR, AR SCE T B EAS T SR A I T RO . AR T 45 R L 1, F A ROC
2R LI 3.

T AN SO S ARFEEAR Y F AT TV mh SRS, M 20 K 3 ATLUEH, TR T IRI AT
TERT AT R R B i, X UER T ASCRMIEE I A R . IR g BT AR, A0 B JEJE. BifIKiE
K. BATH AR A B B A B R SR BN R, FAG A 1. FARIT = 2 e s B R
AR RS M AN G A T DU SR, (E AR AT DA BRGNP R i ok« RFAE A R 23 T ) ROC
2 B 4 Fros s

Table 1. The effect of each model on the dataset
= 1 EMERAEREE LHYR

ACC AUC F1 Score MCC Sen
S-KFG 0.833 0.888 0.860 0.663 0.915
B FE SR TP 0.826 0.822 0.839 0.619 0.902
BEHLAR bR 0.808 0.869 0.848 0.628 0.936
HancerkKNN 0.821 0.783 0.811 0.539 0.872
Hancerforest 0.833 0.872 0.857 0.661 0.894
oA ENE 0.723 0.822 0.747 0.450 0.723
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ROC Curve Comparison

104 T I T T e
I— ,_l -
] -
-
-
-
_— N I__l_
1”’
"
0.8 L
g — e
| -
P
— -
”J,
— -
— e
L
-
g o6y — e
.4 _|_l -~
v -
= [ L
= e
wn -
&
o -
2 1 -~
= 0.4 ’»’
r"
e
-
-
t"’
-
I,’
-
/” .
0.2+ | P —-- Random Guessing
|| ‘,” —— Logistic Regression (AUC = 0.822)
,/ —— Voting Ensemble (AUC = 0.888)
_,/ —— Stacking Model (RF) (AUC = 0.872)
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T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Figure 3. ROC plot of the model
3. #REIH) ROC BhZkEl

False Positive Rate

Receiver Operating Characteristic

1.0 4
1 7
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0.4 o
1 — td
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-
”
e
e —— yuan4.xlsx (AUC = 0.9118)
/" —— wuzuoceB.xIsx (AUC = 0.7259)
0.21 L —— wumodac.xlsx (AUC = 0.8556)
’,-’ —— wuyixingdai.xlsx {(AUC = 0.7567)
,,’ —— wuzhonggupen.xlsx (AUC = 0.8396)
7 —— wushoushul.xlsx (AUC = 0.8957)
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0.0 2 . . . :
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Figure 4. Feature effectiveness analysis
5 4 =
4. FHERHMM S
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Table 2. The feature validity was verified on the S-KFL model
2 2. 1£ S-KFG &8 FIGIEHERM Y

ACC AUC F1 Score MCC Sen
S-KFG 0.833 0.912 0.86 0.663 0.915
el B R 0.714 0.726 0.76 0.415 0.809
-JE R PR TE K 0.773 0.856 0.791 0.546 0.766
AT SRR 0.762 0.757 0.804 0.516 0.872
- AR 0.786 0.839 0.819 0.564 0.872
-FARIA 1 0.831 0.895 0.859 0.661 0.913
PRI 2 0.821 0.899 0.851 0.639 0.914
-G B B 0.821 0.908 0.851 0.640 0.915

Horp e RBA L, FATTA 1L REE TR, TR 2 ZEOGHI.

Table 3. The feature validity was verified on the Hancerforest model

5% 3. 7& Hancerforest 188 _F I8 P4 F AR

ACC AUC F1 Score MCC Sen
Hancerforest 0.833 0.866 0.857 0.661 0.894
LM B R 0.714 0.770 0.755 0.416 0.787
PR R TE K 0.726 0.812 0.753 0.446 0.745
AT WA 0.726 0.800 0.851 0.441 0.851
- G AR 0.750 0.805 0.788 0.489 0.83
-FARIAL 0.821 0.864 0.848 0.637 0.893
-FARITA 2 0.809 0.865 0.836 0.612 0.872
- 0.821 0.864 0.848 0.637 0.894

Horp 7 ARBAZERHAE, FAITA LRFE TR, FARITK 2 ZEOGHI .

4.3. +ig

ARG BT TN KNNL BELARBR B BESR T 2H & T B PR R 52 40 SRR AR B R A — AN 5
AN 5 T B A S PR BEATL AR RSS2, DA T e AR 7R Sy 38 i [ VA P 8 R Sk A R R BRI Je I e W JR A
FHETHT Z IR A B R A EdEAT PO, SR BCR R T4 G (¥ 4 B 3 A o — L 38 27 ST B2 BEAL
ARMABEESETI o X TAL BB 58 [ E AR B R N TR Y (R i s, eyl fe | s, 2R 22
AT RE— R DL S RO AR RS, A SCHR HA AR RO R0 A o SE AP (AR B, B B A ) 0 R
AZAGEE ST ST —bLEs % 21 59, S-KFG Fl Hancerforest 05 58 47 ) TN 4 56 LA Bt B4 4 5
UFI AR FERE ) o

AN SRS F R HE R A B2 2 R RORF T S, A e B R BE I HR 4 B A HE S (TRUS) B SR i
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