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[Abstract] Objective To explore the value of constructing a model to predict the number of positive cores in systematic
biopsy in prostate cancer (PCa) using a combination of radiomics features based on magnetic resonance imaging and clinical
indicators. Methods Retrospectively collected magnetic resonance imaging and clinical data from two medical institutions (Gansu
Provincial Hospital from January 2018 to February 2023, Zhangye People's Hospital Affiliated to Hexi College from April 2020 to
February 2023). The 155 patients from Gansu Provincial Hospital were randomly divided into a training set (n=109; 80 cases with
positive needle count >6 and 29 cases with positive needle count <6) and an internal validation set (n=46; 34 cases with positive
needle count =6 and 12 cases with positive needle count <6) in a 7:3 ratio. The 43 patients from Zhangye People's Hospital Affiliated
to Hexi College were used as external validation set. Small field of view high-resolution T,-weighted imaging (sSFOV HR-T,WI) and
contrast-enhanced delayed-phase images were selected to extract radiomic features from the three-dimensional region of interest of
the entire prostate, and radiomics model was constructed and Radscores calculated after dimensionality reduction and feature
selection. Univariate and multivariate logistic regressions were used to screen for independent risk factors for positive cores in
systematic biopsy. Nomogram was constructed using Radscore and clinical independent risk factors to predict the number of positive
cores in systematic biopsy in PCa patients, which was then externally validated. Results Age, alkaline phosphatase (ALP), free
prostate specific antigen (FPSA), total prostate specific antigen (TPSA), FPSA/TPSA ratio, and prostate specific antigen density
(PSAD) were not statistically significantly different between the training, internal validation, and external validation sets (P>0.05).
FPSA, TPSA, FPSA/TPSA ratio, and PSAD were significantly different between the positive cores <6 and positive cores 26 groups
(P<0.001). Univariate logistic regression analysis showed that FPSA (P<0.001), TPSA (P<0.001), FPSA/TPSA ratio (P=0.001),
PSAD (P<0.001), and Radscore (P<0.001) were risk factors for positive cores in systematic biopsy in PCa. Multivariate logistic
regression analysis showed that PSAD (OR=0.251, 95%CI 0.063-0.996, P=0.049) and Radscore (OR=1.990, 95%CI 1.409-2.812,
P<0.001) were independent risk factors for positive cores in systematic biopsy in PCa. The clinical models achieved AUCs of 0.849
(95%CI 0.774-0.924), 0.817(95%CI 0.693-0.941), and 0.631(95%CI 0.439-0.822); the 12 features for radiomics models are derived
solely from sFOV HR-T,WI, the radiomics models achieved AUCs of 0.868(95%CI 0.791-0.945), 0.846(95%CI 0.695-0.996), and
0.815(95%CI 0.660-0.970); the nomogram achieved AUCs of 0.921(95%CI 0.869-0.973), 0.868(95%CI 0.743-0.992), and 0.840
(95%CI 0.702-0.978) in the training set, internal validation set, and external validation set, respectively. Conclusions The
combination of radiomic features extracted from sFOV HR-T,WI and PSAD can preoperatively be used as a noninvasive manner to
predict the number of positive cores of the PCa patients. This approach has a certain value in risk stratification of PCa patients and

guiding personalized clinical management.
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Fig.1 The inclusion, exclusion process, and grouping process for PCa patients
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Tab.1 MRI scan sequences and parameters
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Tab.2 Comparison of the clinical data of PCa patients in the training set, internal validation set, and external validation set [M(Q,, Q,)]

Ei2 YIZREE (n=109) AR AIEE (n=46) HMTRERIEAE (n=43) P

(%) 73.0(68.0,78.0) 73.0(66.8,79.3) 74.0(69.0,79.0) 0.689
ALP(U/L) 93.000(70.000, 145.190) 84.500(68.250, 145.190) 80.000(60.000, 124.000) 0.096
FPSA(ng/ml) 8.870(2.829, 30.000) 11.793(3.346, 29.550) 5.620(2.470, 15.300) 0.562
TPSA(ng/ml) 65.796(21.190, 100.000) 68.814(21.840, 100.000) 42.110(21.510, 100.000) 0.375
FPSA/TPSA A 0.200(0.116, 0.300) 0.217(0.114, 0.300) 0.160(0.110, 0.230) 0.444
PSAD[ng/(ml-cm®)] 1.150(0.505, 1.840) 1.220(0.498, 1.985) 1.050(0.650, 1.580) 0.988
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Tab.3 Comparison of the clinical data of PCa patients with positive cores =6 and <6 [M(Q,, Q,)]

€7D B%(n=155) BE AT B=6(n=114) PR $<6(n=41) z P

SRR (X)) 73.0(67.0,78.0) 74.0(67.8,78.0) 72.0(67.0,78.0) —0.658 0.511
ALP(U/L) 90.000(70.000, 145.190) 94.000(70.750, 145.190) 89.000(66.000, 136.000) -1.536 0.124
FPSA(ng/ml) 9.250(2.836, 30.000) 16.098(6.383, 30.000) 1.930(1.202, 4.215) -6.547  <0.001
TPSA(ng/ml) 65.796(21.690, 100.000) 100.000(42.515, 100 .000) 13.710(7.900, 37.465) -6.676  <0.001
FPSA/TPSA A 0.200(0.116, 0.300) 0.280(0.130, 0.300) 0.130(0.960, 0.195) 3799  <0.001
PSAD[ng/(ml-cm*)] 1.200(0.500, 1.880) 1.535(0.798,2.230) 0.390(0.270, 0.940) 6467 <0.001
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Fig.2 Prostate cancer (PCa) patient's MRI image and pathological results illustrated
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Tab.4 Univariate and multivariate logistic regression analyses to predict the number of positive cores

5kt PPN logistic [ 5347 Z2[H 2 logistic 719 5347
OR(95%CI) P OR(95%CI) P

AR 0.987(0.941~1.035) 0.585

ALP 0.994(0.987~1.000) 0.069

FPSA 0.881(0.834~0.930) <0.001 0.938(0.795~1.107) 0.450
TPSA 0.962(0.948~0.975) <0.001 1.010(0.966~1.056) 0.669
FPSA/TPSA HAH 0.002(0.001~0.080) 0.001 0.281(0.001~1309.858) 0.768
PSAD 0.122(0.054~0.276) <0.001 0.251(0.063~0.996) 0.049
Radscore 2.293(1.677~3.136) <0.001 1.990(1.409~2.812) <0.001
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Tab.S Radiomics features and coefficients

FFAEZE R FRHIE B
— B RHIE exponential_firstorder_InterquartileRange 0.774
— B RFIE exponential_firstorder RobustMeanAbsoluteDeviation -0.173
— B RFIE gradient_firstorder_10Percentile -0.537
— B RHIE gradient_firstorder_Median -0.466
SO gradient_glem MaximumProbability -2.975
SURHIE Ibp-3D-k_gldm_DependenceVariance -0.680
TR log-sigma-1-mm-3D_firstorder_10Percentile 0.999
R TREAE log-sigma-1-mm-3D_firstorder_InterquartileRange 0.479
IINERHIE wavelet-LLH_ firstorder Mean -1.071
IINERHIE wavelet-LLL_glem_Idm -0.410
IINERHIE wavelet-LLL_gldm_DependenceNonUniformityNormalized -0.949
IINERFAIE wavelet-LLL_gldm DependenceVariance 0.133
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Fig.3 Violin plots showing the differences in Radscore between groups with positive cores =6 and positive cores<6 in the training set (A),

internal validation set (B), and external validation set (C)
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Fig.4 Nomogram for predicting positive cores, verification and efficiency evaluation of the nomogram
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Fig.5 ROC curves of the clinical models, radiomics models, and nomogram in the training set (A), internal validation set (B), and external

validation set (C)
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Tab.6 Performance of the clinical models, radiomics models, and nomogram in predicting the number of positive cores in PCa systematic

biopsy
HAY AUC(95%CI) TR ZIBFEEL R e PPV NPV
e RASE TR
Ve 0.849(0.774~0.924) 0.826 0.521 0.900 0.621 0.867 0.692
RS IEAE 0.817(0.693~0.941) 0.761 0.299 0.882 0.417 0.811 0.556
SRS 0.631(0.439~0.822) 0.698 0.183 0.897 0.286 0.722 0.571
AR 25
Il rdE 0.868(0.791~0.945) 0.807 0.650 0.862 0.788 0.595 0.940
N B IELE 0.846(0.695~0.996) 0.891 0.638 0.667 0.971 0.889 0.892
AN AT e 0.815(0.660~0.970) 0.861 0.608 0.643 0.966 0.900 0.849
G
Pl 0.921(0.869~0.973) 0.861 0.637 0.913 0.724 0.901 0.750
BRI UESR 0.868(0.743~0.992) 0.848 0.579 0.912 0.667 0.886 0.727
AR EEAIESE 0.840(0.702~0.978) 0.744 0.436 0.793 0.643 0.821 0.600
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