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A comparative study of three risk prediction model of prostate cancer
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[Abstract] Objective Logistic regression, decision tree, and LSVM were used to construct a predictive model for early diagnosis
of prostate cancer, and the predictive performance of the three models was compared to provide theoretical support for the early diagno-
sis of prostate cancer. Methods The data were obtained from the prostate tumor data set of the national clinical medical science data
center (301 Hospital). The cleaned data were randomly divided into a training set and testing set according to the proportion of 7:3.
Based on the training set data, single factor unconditional Logistic regression was applied to screen the related factors of prostate cancer,
and unconditional multivariate Logistic regression analysis and Lagrangian Support Vector Machine (LSVM) model and random forest
model were established risk prediction models for prostate cancer. The testing data were used to verify the accuracy of the three models,
and ROC curves were used to evaluate their performances. Results The results of single factor logistic analysis showed that 13 indica-
tors, including age, creatine kinase isoenzyme, triglyceride, phospholipid, free PSA, total PSA, calcium, serum uric acid, apolipoprotein
A1, apolipoprotein B, apolipoprotein C2, apolipoprotein C3 and apolipoprotein E, were statistically significant. Four variables were se-
lected by multivariate Logistic analysis: age, creatine kinase isoenzyme, free=PSA, total-PSA. LSVM model screened out 10 predictive
factors, according to the importance from high to low: total-PSA, age, apolipoprotein A1, phospholipid, apolipoprotein B, triglyceride,
serum uric acid, free=PSA, creatine phosphate isoenzyme, and apolipoprotein E. The random forest model selected ten predictive fac-
tors, with the order of importance being apolipoprotein C3, phospholipid, free=PSA, apolipoprotein B, apolipoprotein E, calcium, serum
uric acid, apolipoprotein A1, apolipoprotein C2, and creatine kinase isoenzyme. The area under the curve (AUC) of multivariate uncon-
ditional logistic regression, LSVM model, and random forest model were 0.895(0.876,0.913), 0.918(0.902,0.934) and 0.742(0.688,
0.760), respectively. Conclusion LSVM model had the best predictive performance, followed by the multivariate logistic regression
model, and the random forest model had the poorest predictive performance.
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Table 1~ Results of univariate unconditional logistic regression analysis for prostate cancer

AR e fiits B S.E. Wald P OR OR1195%CI

(%) 45 ~ 60" 1342 172.674 < 0.001

<45 433 —1.055 0.531 3.952 0.047 0.348 0.123 ~ 0.985

> 60 888 2.258 0.190 140.501 < 0.001 9.560 6.582 ~ 13.886
BMI G 2 006 0.000 1.000

UGS 110 18.772 23 205.556 0.000 0.999 142 040 604.709 0.000

Uh= 547 0.000 46 410.911 0.000 1.000 1.000 0.000
HIEEAA R 2648  18.771 15 191.569 0.000 0.999 141 957 465.748 0.000
#HisEHR C2 Ee 2006 6.847 0.033

U= 110 —0.048 0.406 0.014 0.907 0.953 0.430 ~ 2.114

(== 547 = 0.677 0.259 6.837 0.009 0.508 0.306 ~ 0.844
#HISEHE EHe 2239 7.223 0.027

U= 98 - 0.994 0.724 1.882 0.170 0.370 0.090 ~ 1.531

(== 326 0.497 0.223 4.976 0.026 1.644 1.062 ~ 2.543
s <217 649 12.387 0.006

2.17~2.46 671 0.212 0.228 0.869 0.351 1.236 0.791 ~ 1.932

2.46~279 670 0.064 0.235 0.074 0.786 1.066 0.673 ~ 1.688

>2.79 673 - 0.731 0.286 6.540 0.011 0.481 0.275 ~ 0.843
MiEHEH T 52 —0.490 0.731 0.450 0.502 0.612 0.146 ~ 2.566
WU AR ) TR EHe 258 0.880 0.220 15.969 < 0.001 2.411 1.566 ~3.714
S PSA <0.18 602 104.197 < 0.001

0.18~0.27 680  —0.561 0.167 11.333 0.001 0.570 0.411~0.791

027~043 703 —2.370 0.298 63.303 < 0.001 0.093 0.052 ~ 0.168

>0.43 678  —1.692 0.224 56.954 < 0.001 0.184 0.119 ~ 0.286
HPSA E#e 319 2763 0.188 215938 <0.001 15.844 100.961 ~22.904
5 EHE 2143 —0.363 0.077 22.262 < 0.001 0.696 0.598 ~ 0.809
T LA EEe 2298 1.454 0.483
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LB S EHe 23 0.860 0.555 2.402 0.121 2.363 0.797 ~7.007
MV RER EH 622 —0.834 0.211 15.635 < 0.001 0.435 0.287 ~0.657
Huh =g e 1594 20.770 <0.001

ik 20 - 0.779 1.029 0.573 0.449 0.459 0.061 ~ 3.450

== 1049  —0.729 0.161 20.443 < 0.001 0.482 0.352 ~ 0.662
SHEIEECIEEEE EE 866 10.517 0.005

I 1570 —0.314 0.153 4.227 0.040 0.730 0.541 ~ 0.985
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(=S 21 0.156 0.747 0.044 0.835 1.169 0.270 ~ 5.052

TR 149 —0.028 0.310 0.008 0.928 0.972 0.530 ~ 1.784
il s EHe 2178 - 0.063 0.179 0.124 0.725 0.939 0.660 ~ 1.334
WIUEF 1 2541 1.805 0.406

% 1 —-18.775 40 192.970 0.000 1.000 0.000 0.000

(==t 121 0.394 0.293 1.805 0.179 1.483 0.835 ~ 2.636
REERECEERE e 1562 1.644 0.439

% 439 —0.209 0.204 1.050 0.306 0.811 0.544 ~1.210

==y 661 = 0.169 0.172 0.967 0.326 0.844 0.603 ~1.183
L —37.814 25 796.208 0.000 0.999 0.000
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Table 2 Test results of inclusion of ordered multi—classification

variables into the model

—2InL
S PSR S AR, HAIE B LREAE RHE 40 e e O WP
R, AR R IR T ISR N =R HIEEHE 1510606 1505900  4.706 1 <0.05
ATGEIT AR L ZE I A S IR ARZRAT Logistic [91 HBISEL AL 1506625 1412.835 93790 1 <0.05
2 4 )i A (A RHE P < 0.05, HFBR AR FHAEEHAB 1514394 1449929  64.465 1 <0.05
P> 0.1) B2 REIS Bt i 1 T2 52 R 300 - A4 FHASEHC3 1511317 1510080 1237 1 >0.05
JULAR I8k ] T T 5 PSA L PSA 45520 K 28 P I
3 BIYBRE X B E RN S B RIEE M Logistic BIAR T4 R
Table 3 Results of multivariate unconditional logistic regression analysis for prostate cancer
A B S.E Wald P OR OR395%CI
IR (%) 45 ~ 60" 80.079 < 0.001
<45 - 0866  0.538 2589 0.108 0.421 0.147 ~ 1.208
> 60 1.704 0.212 64.598 <0.001  5.499 3.629 ~ 8.332
il R IR 0.554 0.217 6.518 0.011 1.74 1.137 ~ 2.662
i PSA <0.18" 68.968 < 0.001
0.18 ~0.27 -1.933 0337 32.902 <0.001  0.145 0.075 ~ 0.280
0.27 ~ 0.43 -1.47 0.278 28.05 <0.001 0.23 0.133 ~ 0.396
>043 -2.337 0.33 50.181 <0001  0.097 0.051 ~0.184
EPSA NaGe 3.307 0.298  122.849 <0.001  27.31 15.217 ~ 49.013
R -2976 0203 215108  <0.001  0.051
EafRZ R R,
222 LSVMAR FIFIINZRAE h B A R Logistic MIH ZPEHRF QK 2,

i 6t A ST BSOS B S LSVMABREAY . 25
R, B PSA ARRY BRI AL BRI BLUH
R L PR AR RS PSA ULRR ARG R T8 25 &
HENEZAGERNER . A EZEHE ILE 1,

00 01 02 03 04

E1 LSVMERE NS EZEHRF

Figure 1 Importance diagram of LSVM predictive variables
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Figure 2 Importance of variables predicted by random forest plot
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F4 =MIEEIM ROC 2k TEFR (AUC) k%
Table 4 Comparison of area under ROC curve (AUC) among the three

models

iy AUC  SE. P AUCIJ95% CI
Logistic 0.895  0.009 < 0.001 0.876 ~ 0.913
LSVM 0.918  0.008  <0.001 0.902 ~ 0.934
BERLARA 0.724  0.018 < 0.001 0.688 ~ 0.760

o e —

B
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— RN
— 54
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1-FisE
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Figure 3 Comparison of ROC curves of the three models
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