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The development of nomograms predicting prostate biopsy outcomes:
with case review of 1 585 patients receiving transperineal prostate
biopsy in a single center in Shanghai

HU Meng-bo, YANG Tian, WU Yi-shuo, ZHANG Li-min, JIANG Hao-wen” , DING Qiang
(Department of Urology , Huashan Hospital, Fudan University ,Shanghai 200040, China)

[ Abstract] Objective To explore the predictors of prostate biopsy outcomes, and to develop the
prediction nomogram. Methods The patients receiving ultrasound-guided transperineal prostate biopsy
in Huashan Hospital, Fudan University from 2010 - 2017 were retrospectively enrolled. They were
categorized into non-cancer group and prostate cancer group. The patients in prostate cancer group were
further categorized into low-grade prostate cancer (LGPCa, Gleason<:3+4) group and high-grade prostate
cancer (HGPCa, Gleason=4+3) group according to the biopsy outcomes. The difference in clinical
characteristics among different groups were compared, and the predictive value of different characteristics
on prostate biopsy outcomes were analysed. A total of 80% of all patients were randomized to model-
developing group, and the other 20% of the patients were randomized to validation group. The multivariate
prediction models and related nomograms were developed, and internal validation was performed.
Results A total of 1 585 patients receiving prostate biopsy were enrolled. The patients with missing data or
with prostate specific antigen (PSA) >>100 ng/mL were excluded. Finally, a total of 1 331 patients were
enrolled for statistics. After biopsy, 519 patients were diagnosed with prostate cancer. In specific, 249 out of
them were diagnosed with LGPCa, 270 out of them were diagnosed with HGPCa. In comparison among
different groups, the PSA, prostate volume, digital rectal examination and transrectal ultrasound (TRUS)
were significantly different. The prediction model for prostate cancer included age (OR=1.056) ,PSA (OR=
1.063) , prostate volume (OR=0.960) . digital rectal examination (OR=5.991)and TRUS (OR=1.717) as
variables, and the area under the receiver operating characteristic curve (AUC) of this model was 0.895,
which was significantly higher than that of PSA density (PSAD) and PSA. The prediction model for HGPCa
included PSA (OR=1.032) , prostate volume (OR=0.983) , digital rectal examination (OR=4.803) and
TRUS (OR=1.987) , and the AUC was 0.872, which was also significantly higher than that of PSAD and
PSA.The nomograms were developed based on these two prediction models. The internal validation also
confirmed the high value of these models in predicting prostate cancer (AUC 0.846) and HGPCa (AUC
0.819). Conclusions The present study discovered that age, PSA, prostate volume, digital rectal
examination and TRUS were independent predictors for the outcomes of prostate biopsy. The prediction
models and nomograms for prostate cancer and HGPCa based on these variables had high predicting
abilities. The application of these nomograms would help to improve the communication between doctors
and patients, as well as provide evidence for making individualized biopsy strategy.

[ Key words] prostate cancer; biopsy; diagnosis; model; nomogram
* This work was supported by the Youth Program of National Natural Science Foundation of China (81802569) and Shanghai Youth
Science and Technology Talents Sailing Program (17YF1401700).
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Tab 1 Baseline clinical characteristics of prostate biopsy population

Patients (%) 812 (61.0%) 519 (39%) = 249 (18.7%) 270 (20.3%) =

Age' (y) 70 (13) 74 (11) <20.001 74 (11) 74 (11) 0.311
BMI' (kg/m?) 23.3 (4.2) 23.4(3.9) 0.391 23.7 (3.5) 23.0(3.9) 0.28
PSA" (ng/mL) 11.1 (9.1) 24.0 (39.7) <0.001 19.1 (28.3) 32.1 (58.1) <0.001
PV’ (mL) 55.0 (34.0) 38.0 (23.0) <0.001 36.9 (22.0) 39.0 (25.3) 0.041
DRE (%) 9.6 53.2 <<0.001 39 66.3 <<0.001
TRUS (%) 37.1 70.3 <0.001 60.2 79.6 <0.001

PCa: Prostate cancer; LGPCa: Low-grade prostate cancer; HGPCa: High-grade prostate cancer; BMI: Body mass index; PSA: Prostate specific
antigen; PV : Prostate volume; DRE: Digital rectal examination; TRUS: Transrectal ultrasound. t Continuous variables are shown as the median
value and interquartile range.* All P-values were calculated using Mann-Whitney U test for continuous variables and chi-squared test for categorical

variables.

®2 HSRESERAANGIBERNMESHEZSHEASIR

Tab 2 Univariate and multivariate analyses of predictors associated with PCa and HGPCa

Age 1.053 <20.001 1.056 <<0.001 1.034 <<0.001 1.015" 0.124"
BMI 1.016 0.391 - - 0.994 0.774 - -
PSA 1.063 <20.001 1.063 <20.001 1.040 <20.001 1.032 <20.001

PV 0.969 <20.001 0.960 <20.001 0.981 <20.001 0.983 <20.001
DRE 10.688 <20.001 5.991 <20.001 9.959 <20.001 4.803 <20.001
TRUS 4.024 <20.001 1.717 0.002 5.287 <20.001 1.987 0.001

PCa: Prostate cancer; HGPCa: High-grade prostate cancer; PSA: Prostate specific antigen; PV: Prostate volume; DRE: Digital rectal

examination; TRUS: Transrectal ultrasound.* Age was dropped from multivariate HGPCa prediction model since P-value showed no statistical

significance.
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2 Z BB R ) AUC B 5 0.819, 5 EBIALA L, B HA w9 B0 4 {8

#3 BBRESSHETMEE PSAD 5 PSA X 51 5 iR 2 5 & 4 3 8 51 BR 2 #9 Tl &2 51
Tab 3 Comparison of multivariate prediction model, PSAD and PSA in predicting PCa and HGPCa

Multivariate prediction model 0.895 (0.878-0.913) ' 0.872 (0.849-0.894)"
PSAD 0.848 (0.826—0.869) 0.807 (0.778-0.836)
PSA 0.775 (0.749-0.801) 0.775 (0.743—-0.808)

ROC : Receiver operating characteristic curve; AUC : Area under the receiver operating characteristic curve ; PCa: Prostate cancer; HGPCa: High-
grade prostate cancer; PSA ; Prostate specific antigen; PSAD: Prostate specific antigen density. T Multivariate prediction model for PCa includes

Age,PSA,PV,DRE and TRUS.* Multivariate prediction model for HGPCa includes PSA,PV,DRE and TRUS.

1.0 ¢ i — 1.0
= B —
0.8 + 0.8 +
206 206}
Z £
2 2
A 04 @ 04}
PCa HGPCa
0.2 —Predictive model 0.2 —Predictive model
* —PSAD ' —PSAD
PSA PSA
—Reference line —Reference line
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

A Predictive model for PCa includes Age, PSA,PV,DRE and TRUS.B: Predictive model for HGPCa includes PSA, PV, DRE and TRUS.
ROC : Receiver operating characteristic curve; PCa: Prostate cancer; HGPCa: High-grade prostate cancer; PSA: Prostate specific antigen; PSAD:

Prostate specific antigen density.
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Fig1 ROC analyses for prediction of prostate cancer (A) and high-grade prostate cancer (B) by multivariate

prediction model, PSAD or PSA
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PSA : Prostate specific antigen; PV : Prostate volume ; DRE : Digital rectal examination; TRUS : Transrectal ultrasound; PCa: Prostate cancer.
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Fig2 Nomogram for prediction of prostate cancer at biopsy
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PSA: Prostate specific antigen; PV : Prostate volume; DRE: Digital rectal examination; TRUS: Transrectal ultrasound; HGPCa: High-grade

prostate cancer.
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Fig3 Nomogram for prediction of high-grade prostate cancer at biopsy
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