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Construction and validation study of a puncture pathology prediction model for high-risk

prostate cancer patients
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[Abstract] Objective: To optimize the current strategy of prostate puncture biopsy by analysing the clinical data of high - risk
prostate cancer patients, establishing a model to predict the pathological nature of their prostate lesions, and identifying patients who
can be exempted from systematic biopsy and undergo targeted puncture alone. Methods: Clinical data of patients who underwent
prostate puncture at the First Affiliated Hospital of Nanjing Medical University from January 2022 to June 2024 were retrospectively
analyzed, and eligible patients were screened and divided into a training set and a validation set. Univariate and multivariate logistic
regression analyses were used to screen the significant factors of the pathology of prostate targeted biopsy. A predictive model was
constructed based on the data from the training set, and the model effectiveness was verified in the validation set. Receiver operating
characteristic (ROC) curves were used to assess the diagnostic performance of the model in both data sets. Results: Age (X,) , number
of lesions (X,) , histological region in which the lesions are located (X;) , prostate imaging reporting and data system (PI-RADS) score
(X4), and prostate-specific antigen density (Xs) were the variables associated with the patient”s prostate targeted biopsy pathology. The
mathematical expression of the predictive model was: P=1/[1+e"(=15.770+0.067xX,—0.658 X X,+0.381 X X;+2.271 XX, +5.742xX;) .
The area under the curve (AUC) of the prediction model was 0.856(95%CI: 0.812-0.900)in the training set and 0.886(95%CI: 0.776—
0.995)in the validation set. Conclusion: The constructed prediction model for targeted biopsy pathology in high-risk prostate cancer

patients can guide the clinical strategy of prostate puncture to maintain a good diagnostic performance while reducing the number of
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puncture needles, thus reducing the occurrence of complications and saving medical resources.

[Key words] prostate cancer; prostate puncture biopsy; magnetic resonance imaging; predictive model
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Table 1 Comparison of clinical characteristics of the patients in the training and validation sets

Clinical characteristics Training set(n=424) Validation set(n=78) P
Biopsy result[n(%) ] 0.755
+ 372(87.74) 70(89.74)
- 52(12.26) 8(10.26)
Agel years, M(Pss, Prs) ] 69(42,86) 71(53,82) 0.409
PSA[ng/mL, M(Pss, P:s) ] 11.62(0.31, 155.00) 11.48(0.06,74.48) 0.161
PSAD[ng/mL?, M(Pxs, Pys) | 0.34(0.02,6.21) 0.37(0.00,2.86) 0.833
PI-RADS score[ n(%) ] 0.359
4 245(57.78) 50(64.10)
5 179(42.22) 28(35.90)
Lesions number[ n(%) ] 0.298
1 310(73.11) 62(79.49)
=2 114(26.89) 16€20.51)
Histological region[n(%)] 1.000
Peripheral zone 222(52.36) 41(52.56)
Other 202(47.64) 37(47.44)
Testosterone[ ng/ml; M(Pass Pys) ] 9.98(0.00,35.71) 7.06€0.00,21.14) 0.041
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0.019) ; PI-RADS ¥ 4 (OR=9.693, 95% Cl: 5.919~
16.405, P < 0.001) ; PSAD {fi (OR=5.742, 95% CI:

4.615~6.962, P < 0.001) . ZER TR LR RN E
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2.3 B | SRR FEA 12 TB R LAY TR AR AL
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g
A Varjants P OR(95%CD B 5
Age <0.001  1.051(1.032-1.070) 4 E
Lesion number <0.001  0.510€0.398-0.649) & _ - 'gﬂ %
Histological region  0.008  1.372(1.085-1.739) = ., £ T 2 . =
PI-RADS <0.001 10.660(7.203-16.225) 1 — s 2 £ £ z g ¢
PSAD <0.001  5.880(4.877-6.963) 1+ 1.0
PSA <0.001 1.082(1.062-1.104) # Resuh. 0.8
Testosterone 0.402  0.993(0.975-1.01) .
v—l—v—v—| Age 0.13 . 0.6
0 5 10 15 04
OR Lesion —0.14| 0.02 .
C 0.2
Variants P OR(95%CD : Histological scors| 0.06 |0.081-0 18. 0
Age <0.001 1.070(1.046-1.094) } & : it e
Lesion number <0.001 0.518(0.373-0.711) . -0.2
Histological region  0.019 1464(1.067-2.016) PI-RADS 026 | 0.13 -0.01 ‘0~18. o4
PI-RADS <0.001 9.693(5919-16405) | +——s— :
PSAD <0.001 5.742(4.615-6.962) | ke PSAT0.15 | 0.13 1-0.09/-0.231 0.35 -0.6
I
e e
0 5 10 15 PSAD 020 | 0.06 -0.12|-0.14| 0.31 | 0.87 08
OR -1.0

A: Univariate logistic regression for initial analysis of variables related to puncture pathology. B: Pearson’s coefficient characterising covariance
2 2 Yy I F 2y g

between factors. C: Multivariate logistic regression controlling for confounding effects.
1 BRZR5ZRERRIEADFE

Figure 1 Results of univariate and multivariate regression analyses
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A:ROC curves of the puncture pathology prediction model constructed by each factor individually as well as integrally in the training set (n=424);

The optimal risk threshold was 0.634, and the corresponding specificity and sensitivity of the model in the training set was 96.2% and 65.6% , respec-

tively. B: Distribution of patients above and below the threshold in the training set. C: Comparison of the contribution of each factor in the prediction

model. D: Nomogram constructed by integrating the variables in the model. E: ROC curves of the prediction model in the validation set (n=78). The opti-

mal risk threshold was 0.495, and the corresponding specificity and sensitivity of the model in the validation set was 87.5% and 80.0%, respectively. F:

Distribution of patients above and below the threshold in the validation set.
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Figure 2 Performance of the predictive model in the training and validation sets
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Table 2  Statistical indices related to the predictive
efficiency of the models in the training and

validation sets

Training set ~ Validation set

Statistical indices

(n=424) (n=78)
Sensitivity (%) 65.6 80.0
Specificity (%) 96.2 87.5
Positive predictive value(%)  99.2 98.2
Negative predictive value(%) 28.1 333
Positive likelihood ratio 17.054 6.400
Negative likelihood ratio 0.358 0.229
Diagnostic odds ratio 47.656 28.000
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A-F: Distribution intervals for each coefficient of the Bootstrap (500 times)sample set model. (A:intercept ; B: age; C: histological score; D: lesion;
E: PI-RADS score; F: PSAD). G: AUC means and confidence intervals for the Bootstrap sample set model.
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Figure 3 Bootstrap method to validate the robustness of the prediction model
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