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Predictive model for surgical margin status in radical prostatectomy using mp-MRI and

clinical characteristics
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[Abstract] Objective: Predictors were selected and a predictive model for surgical margin status in patients after radical
prostatectomy for prostate cancer was constructed based on multiparametric magnetic resonance imaging (mp - MRI) combined with
other clinical features with potential predictive capabilities. This provides a reliable predictive tool for surgical patients, thereby
assisting clinical decision-making. Methods: A retrospective analysis was conducted on clinical data from 927 patients who underwent
radical prostatectomy at the First Affiliated Hospital of Nanjing Medical University between January 2018 and June 2024. The data
included baseline characteristics, preoperative serum biochemical indicators, mp - MRI imaging data, preoperative biopsy pathology
results, and postoperative pathology results. The patients were randomly divided into a training set and a validation set in a 7:3 ratio.
Univariate logistic regression analysis, multivariate logistic regression analysis, and backward stepwise regression analysis were
performed on the training set data to identify independent predictors of prostate cancer margin status and to establish a predictive
model. The predictive model was tested in the validation set for its discriminative ability, accuracy, and clinical utility. Results:
Logistic regression analysis identified five independent predictors (P < 0.05) : prostate-specific antigen density (PSAD), estradiol, PI-
RADS score, number of lesions, suspected capsular invasion, and suspected lymph node metastasis. These predictors were used to

construct a predictive model, and a nomogram was developed. Receiver operating characteristic (ROC) curves, calibration curves, and
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decision curve analysis (DCA) were plotted for both the training and validation sets. The areas under the curve CAUC) were 0.897
(95%ClI: 0.874-0.92 1) for the training set and 0.841(95%CI: 0.793-0.888) for the validation set. The calibration curves for both sets
closely aligned with the diagonal, with mean absolute errors (MAE) of 0.011 and 0.009, respectively, indicating no significant

overfitting and demonstrating good generalization ability of the model. Decision curve analysis revealed that the model provides clinical

net benefit. Conclusion: mp-MRI has significant predictive value for assessing surgical margin status in prostate cancer. The predictive

model constructed in this study demonstrates strong predictive performance and can assist in clinical decision-making.

[Key words] prostate cancer; mp-MRI; radical prostatectomy; positive surgical margin; nomograms; predictive model
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Prostate cancer patients
diagnosed

January 2018 to June 2024

Inclusion

Inclusion criteria:

Patients underwent radical prostatectomy

Meeting the inclusion criteria

(n=1363)

Exclusion

With complete imaging data and
laboratory test results

With complete pathological information

Exclusion criteria:

Patients received endocrine therapy
berore surgery.

Meeting the exclusion criteria

(n=927)

\L 7.3 random allocation \L

mp-MRI failed to detect any lesions

Refusal to sign informed consent

Training set

(n=649)

Validation set

(n=278)
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Figure 1
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Table 1 Clinical characteristics and intergroup statistical differences in the training and validation sets

Indicator Trainingset (n=649) Validationset(n=278) X/t P
Pathological margin status[n(%) ] 0.935 0.333
Positive 323(49.8) 128(46.0)
Negative 326(50.2) 150(54.0)
Age(years,x £ ) 68.99 +7.51 69.2 +7.41 0.298 0.765
Bad lifestyle habits[ n(%) ] 0.115 0.735
Present 208(32.0) 86(31.1)
Absent 441(68.0) 192(69.9)
Underlying diseases[ (%) ] 0.131 0.717
Present 128(19.7) 52(18.7)
Absent 521(80.3) 226(81.3)
At PSA(x +5) 0.17 £ 0.75 0.46 + 3.75 -0.020 0.983
PSAD(ng/mL+cm™, % £s) 031 £0.34 0.32 +0.37 0.280 0.780
NSE(ng/mL,x £ s) 17.15+5.7 16.38 + 4.62 1.300 0.194
Testosterone (ng/mL, x + s) 13.06 £ 7.29 12.36 + 5.66 1.447 0.148
Estradiol (pmol/L, x + 5) 115.62 + 55.87 107.26 + 44.83 1.227 0.202
PI-RADS score(x + 5) 4.02 £0.93 4.05+0.88 0.407 0.684
Gleason score(x % 5) 7.15+£0.74 7.11 £ 0.66 0.615 0.538
Number of lesions(x £ s) 1.67 £0.79 1.65 +0.78 0.373 0.709
Anatomical location[ n(%) ] 4.930 0.085
Apex 244(37.6) 86(31.00
Mid 318(49.0) 158(56.8)
Base 87(13.4) 34(12.2)
Histological location[n(%) ] 0.178 0.915
1/ 392(60.4) 166(59.8)
CZ 123(19.00 56(20.1)
TZ 134(20.6) 56(20.1)
Relationship with the capsule[n(%) ] 0.682 0.408
Suspicious invasion 268(41.3) 106(38.1)
No capsular invasion 381(58.7) 172(61.9)
Relationship with seminal vesicle[n(%)] 1.968 0.161
Invasion of seminal vesicles 51(7.9) 14(5.00
No seminal vesicle involvement 598(92.1) 264(95.0)
Relationship with the bladder[n(%) ] 0.735 0.391
Bladder compression 367(56.5) 148(53.2)
No compression 282(43.5) 130(46.8)
Lymph node metastasis[n(%) ] 0.937 0.333
Suspicious lymph nodes 181(27.9) 87(31.3)
No metastasis 468(72.1) 191(68.7)
Bone metastasis[n(%) ] 0.060 0.806
Suspicious for bone metastasis 15(2.3) 5(1.8)
No bone metastasis 634(97.7) 273(98.2)

PZ: peripheral zone; CZ: central zone; TZ: transition zone.

TENZ N RAFAER S SEPINEAK E B IR T &\ 2 b T 08 70 i e 18] 395 2 K5 380 Ry
Pe, HAE G WU, TN e el ANIZE R KR, HAPAT I HAMNEAT — A7
ZRPEMN TR Gleason TEX™ 0 ZFRIBHPEEE 7R HOMRAE TN AL &, an TR 75 20 BMI. PI-RADS
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Table 2 Univariate logistic analysis of predictive variables

in the training set

x4 EEFELEEASRGIBRERTE
Table 4 Elimination of irrelevant variables using backward

slepwise regression analysis

Indicator OR 95%C1 P

Age 1.018 0.997-1.039  0.088
f/t PSA 0.957 0.773-1.184  0.685
PSAD 22.506 9.610-52.779 <0.001
NSE 0.997 0.970-1.024  0.833
Testosterone 0.990 0.969-1.013  0.401
Estradiol 1.002 1.000-1.005  0.099
PI-RADS score 2.922 2.371-3.604 <0.001
Gleason score 2.340 1.835-2.986 <0.001
Number of lesions 3.782 2.953-4.841 <0.001
Anatomical location

Apex: Base 1.157 0.842-1.590  0.367

Mid: Base 1.996 1.249-3.189  0.004
Histological location

PZ.CZ 1.024 0.747-1.402  0.884

TZ:CZ 0.777 0.530-1.138  0.195

Suspicious for capsular invasion 17.160 11.41-25.82 <0.001

Suspicious for seminal vesicle 7.187 3.187-16.215 <0.001

Bladder compression 0.912 0.669-1.245  0.563

Suspicious for lymph node 1.356 0.961-1.914  0.083

Suspicious for bone metastasis ~ 6.794 1.520-30.361 0.012
OR: odds ratio; 95%CI: 95% confidence interval.

R3 NEEPERRFELEEME A E Logistic M TLEER
Table 3 Multivariate logistic analysis of variables selected

from univariate analysis in the training set

Variable OR 95%C1 P
Intercept 0.006 0.000-0.108  0.001
Age 0.976 0.947-1.007  0.126
PSAD 7.977 2.870-22.156 <0.001
Estradiol 1.006 1.002-1.010 <0.001
PI-RADS score 1.660 1.252-2.200  0.007
Gleason score 1.123 0.799-1.579  0.505
Number of lesions 3.279 2.396-4.486 <0.001

Suspicious for capsular invasion 12.538 7.591-20.698 <0.001
Suspicious for seminal vesicle 1.001 0.336-2.986  0.999
Suspicious for lymph node 0.453 0.269-0.762  0.003
Suspicious for bone metastasis ~ 2.775 0.353-21.526 0.334

PR R I IRIE AL NS 5 1)
FARE T EAR G VI, 22 BT LT FEBA
F i F AR 7 AR & A7 ™ AP, B AN
Fi e BMITGVEZREL, AN T K, 5240
SE I N B R AE A3, 35 PSAD. Gleason FF43 #11 PI-RADS
PPy, AR TGN 43 I PR T AE 25 5 3R ELI A2

Adjusted
R
Suspicious for seminal vesicle 1.001 0.999 0.594  0.901
Gleason score 1.123 0.502 0.593  0.901
Suspicious for bone metastasis 2.979 0.334 0.592  0.900
Age 0.976 0.139 0.589  0.899
Estradiol 1.005 0.012 0.581  0.897

R’: coefficient of determination.

Excluded variable OR C index

x5 GIBRTERIE EZE Logistic 7145
Table 5

Multivariable logistic regression analysis after

variable elimination

Variable after regression OR 95%Cl P
Intercept 0.005 0.002-0.016 <0.001
PSAD 8.702 3.200-23.662 <0.001

PI-RADS score 1.702 1.303-2.223 <0.001
Number of lesions 3.112 2.400-4.470 <0.001
Suspicious for capsular invasion 12.023 2.297-4.216 <0.001
0.456 0.275-0.756  0.002

Suspicious for lymph node

&, WS FE St PSANSE. 2 M . X mp-
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Figure 2 Nomogram for predicting postoperative surgical margin status in prostate cancer
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Figure 3 ROC curves of the predictive model in the training set( A) and the validation set(B)
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Figure 4 Calibration curves of the predictive model in the training set(A) and the validation set(B)
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Figure 5 Decision curve analysis of the predictive model in the training set( A) and the validation set(B)
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