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Development of a nomogram model for predicting pelvic lymph node metastasis in prostate cancer patients based
on clinical, MRI, and puncture biopsy parameters

YU Zigin”, WU Hanchang”, LIU Fang’
Department of Radiology, The First Affiliated Hospital of Naval Medical University (Second Military Medical University), Shanghai
200433, China

[ Abstract | Objective To develop a nomogram model for predicting pelvic lymph node metastasis in prostate cancer
patients based on clinical, magnetic resonance imaging (MRI), and biopsy pathological features, and to evaluate its diagnostic
performance. Methods Patients who were diagnosed with prostate cancer and underwent radical prostatectomy plus extended
pelvic lymph node dissection at our hospital from Jan. 2013 to Jun. 2024 were retrospectively enrolled. The clinical, MRI, and
biopsy data were collected. The least absolute shrinkage and selection operator (LASSO) regression and binary multivariate
logistic regression were used to identify independent predictors for pelvic lymph node metastasis, which were then incorporated
to construct a nomogram model. The performance of the nomogram model was evaluated using receiver operating characteristic
(ROC) curve, calibration curve, and decision curve analysis. Results A total of 538 patients with prostate cancer were included.
Age, maximum diameter of tumor, clinical T stage, prostate-specific antigen density, biopsy International Society of Urological
Pathology grade, and European Society of Urogenital Radiology score were identified by LASSO regression and binary
multivariate logistic regression as independent predictors for pelvic lymph node metastasis in patients with prostate cancer; these
variables were incorporated into the nomogram model. The area under the ROC curve of the nomogram for predicting pelvic
lymph node metastasis in prostate cancer patients was 0.88 (95% confidence interval [ 95%CI] 0.84-0.92). The mean C-index of
the model was 0.877 (95%CI 0.862-0.884), indicating good stability. The model provided greater net benefit than either the “treat-
all” or “treat-none” strategies across threshold probability ranges of 0.01-0.75 and 0.81-0.99. Conclusion The nomogram
model constructed using routine clinical, MRI, and biopsy pathological features can predict the risk of pelvic lymph node
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metastasis in patients with prostate cancer. This model may provide a scientific basis for determining lymph node dissection

strategies and postoperative adjuvant treatment decisions.

[ Key words | prostatic neoplasms; nomogram; lymph nodes; metastasis; predictive model

[ Citation ] Yu Z, Wu H, Liu F. Development of a nomogram model for predicting pelvic lymph node metastasis in

prostate cancer patients based on clinical, MRI, and puncture biopsy parameters[J]. Acad J Naval Med Univ, 2026,47(8):

1052-1058. DOI: 10.16781/j.CN31-2187/R.20250596.

HA i 2 53 P DA DR A B 2R 8 A L ) P e
A Z—, BIBMERTI R DIER AR o R 27 i 28
B FERIAH T RZ — P RBREMELTHFAAR
(extended pelvic lymph node dissection, ePLND )
A B FRRAfE R, 2220 SV B AR A AR A
WSS 5 R 1 B PR SOOI L a5 e R i 22, H
TERIHRIEIT o P 62 e ARG T s ) L w2
G553 IR TIPS T 91 i £ 35 S D SR AT RE S
BN BNGTT SN RGATT I R B E
SR, TE3k 20% Y 8 23 X e PLND Jf- &4 1 i 2
FEE D o Ik, fERETT ePLND A5 R H:
WHERA PR S XU . E AP AL A e i
R A TR B T R XU P i A TR A 2 T —
LR AE TP 0 ( Memorial Sloan Kettering Cancer
Center, MSKCC ) %12k [%"*' & Briganti 412 [& *%'
VRS ) 28 IR TR R 30 1 A A ) T AR, {H e
BARER ARREE K, 70 EARE T M AR 77
B, HXAN ] B I A e PR T g — HERE
R, BRI LR E AR AT A EE . 2280t
PEHif% ( multiparametric magnetic resonance imaging,
mpMRI ) FEAEFE K BE S H ok a8 1l F b
NHERITTS BRI Z R L S5 e RS WA Y, B e
HA) s AR B HE St e PLND $R AR 2K 3

1 #RFFE

L1 #rst % [EPEZER: 2013 4F 1 A 2 2024 4F
6 H TIP3 A HERT S BRUIBR + ePLND RS
WRdes A 3 699 i, A ARRHE: (1) RIFHEELIE
SEONHTA IR (2) ARHTHEESZ 1S IR mpMRI A
5 (3) RATEZEA SSRGS, AR
HE: (1) ERERAS (n=57) ; (2) mpMRI
£ A il 252 3 /i 91 R AH DGR YT (n=70)

(3) mpMRI BME BT & AE, 2 HEaH AL (n=
34) o dER IR BEAT B I R G T B 1 I
PRA B VA B 25 ) R i I 37 5 0 800 B 4R S Pk e
(total prostate-specific antigen, TPSA ) . i & Hj
G B ¢ 5 P P ) (free prostate-specific antigen,

FPSA) , kIR T 40 [ BT 3G BhE i 5 22 51
%> ( American Joint Committee on Cancer, AJCC )
2009 4R R AT HIEAE M R GEE | .

1.2 MRIZa# 7% kB A R¥EN 2 &
3.0 TREIARAHOCREE, 705170 525 GE Healthcare
) 3.0 T IR ( Discovery GE750 ) Flf =]
Siemens Healthcare /A7) 3.0 T & fEH4R{Y ( Magnetom
Skyra) o T VAL HE T2 MAULAR . £ b{H TR
HOMASAS . shASXT iR shA X b 5 7 571
Jeddl L IWIE RS2 A, SRS I e T S A 22 6
kL 0.1 mmol/kg FT:EL DU e TSR (1 i1l
FRHMEH A A RAF ), FHH S 2 mLs,
SE S8R LA [R] 58 B2 3 A A2 B ER UK 12 mLo 4%
T 50 J 1R 2 50 B 17 WHBG aR A4, A A st (]
2917 s. 2 £ 00 7 25553 R 5 A 15 AR 1 ik
2 R B A TE X i R R AR 2 58 4R M
BT 3 A B AT PEAS (7 WA — B, )
SR B BGR L — BRI ), MK A 5 B AR R
I 2 88 (prostate imaging reporting and data
system, PI-RADS) 2.1 Jii#fi s PI-RADS #143'""
FEPT 35 e AR KX R B P R 22 Bkt e
(4 PI-RADS -3 tb4h, i T2 IAUS S L& R
SIRRRIRT IS . A . B, il MRI 2R
A DLAGAE>0.8 om 1Y AT BEIM T 45 LA LTS R A g
B RAR, TR WO WA IR A FE TR 2% 25 ( Buropean
Society of Urogenital Radiology, ESUR ) " 7%t
kbR WAL TR (R B R 2] i JE
J1 5y, RGN, 3 45, Fh 2 4 Ag JE
45y, GRERER SR 4 43, RSN AT I e
RS ) o WA XITERISARAT . Fr AR
R EPUR % (prostate-specific antigen density,
PSAD) : HiFRIAMR=Hi/E# X EHfE X BT
£ X0.52, PSAD=TPSA/ RijFIIRIAF

1.3 FhRlEeFE A FRIERERRESR
MM PRAMRIEE A PR 5 | 5 B 520, % T PI-RADS
PEA3 =3 43 10 5B A S0 10~12 £ R G B &
A0 [m) 20, XF T PI-RADS P 43<<3 43 i fR & 17 R



° 1054 -

MR AR 2026 4E 8 H, 2 47 %

IR RG] B A R R TS A AR AR St BA
B WIR R GRS W 2 e AR IR E A, 1k IR PR
W6 PR 5 B 2% 25 (International Society of Urological
Pathology, ISUP) 2014 & 52330 1" 45 i (i 21 it
FE oo AARESEAT VAL, IR0 sk A 091 28 2 TR AR
AR FRPERT L

1.4 et as® FrfBdiR i SPSS 26.0 HIR 3.8.0
AT 0T, R RS AT G RS, PLxEs
KR, A LR IS A R 56 B AT S
IR, WMEAM (Q,, Q5) Fon, PR HHCR
FHl Mann-Whitney UK. 15708 FIECR T 7
AR, A LB ¢ % SRR ¢ 4
B 5Y Fisher B UIMER: . RGO MIIECRT A 434K
RN, 40A] Bk FH Mann-Whitney U K565, K H
oo/ NS XIS AN £R 58 (least absolute shrinkage
and selection operator, LASSO ) [A] 5 #f 47 2% & i
e, JFE 10 Prag EEM E BB S8 (1)
H VL5325 22 e/ Mb R brifE . A2 5018 50 iU 38

it 76 £ K & logistic [7] 15 1F £7 8 10 k4 2, R H
Bootstrap 75 # 17 N #B g ik ( 85 &2 A 1000 ¥k 22
Hlme e 2R, I315 C-index B H: 95%CT LA
RIRREYE ) 5 PSR Z M (decision curve
analysis, DCA ) PFA& AL I R AN R
ROC AL IZ Wi 1 . K S0/KHE (o)
4 0.05,

2 & R

2.1 A& LY A 538 B4 Z A RS R
YIBk +ePLND () J5 B P mir 21 B i i 3, Hoh A 2
JEE ik A5 R 3 62 1) (11.52% ) o TETCAIE MK
ELZ55685 (pNO) FIA AR LS55 88 (pN1) 11
BAEH, AR . MRIATEEMRELSS | PR RS . I
PR T3], TPSA. FPSA. PI-RADS ¥¥-4r. ek
PEEFEC . IERLEATE, WA BAVEE S b L TG
ISUP 434 . HigIARIAFL. PSAD, ESUR W55
PIAEgE X ($#P<0.05) . WLk 1,

F1 BEZRIEUERTIARTIR +ePLND M/ AR KRB LB R IR EENELSE
Tab 1 Baseline characteristics of prostate cancer patients with or without pelvic lymph node metastasis undergoing
radical prostatectomy plus ePLND

Variable Negative (pNO) N=476  Positive (pN1) N=62 Statistic P value

Agelyear, x s 63.0+7.0 65.9+8.1 t=2.21 0.027
BMI/(kgem ), x+s 24.7+2.7 24.6+3.1 t=0.15 0.883
Suspicious lymph node on MRI, 7 (%) 7=951 0.002

No 456 (95.8) 53 (85.5)

Yes 20 (4.2) 9 (14.5)
Maximum diameter of tumor/cm, M (Q,, O5) 1.65 (1.20, 1.90) 2.50 (1.80, 3.28) Z=—6.6 <<0.001
Clinical T stage, n (%) Z=—8.67 <0.001

T1 30 (6.3) 0

T2 357 (75.0) 19 (30.6)

T3 85(17.9) 35 (56.5)

T4 4(0.8) 8 (12.9)
TPSA/(ng*mL "), M (Q,, 0;) 13.5(8.1,25.4) 27.8 (14.4, 54.5) Z=—6.18 <0.001
FPSA/(ngemL "), M (Q,, 0;) 1.6 (1.0,2.7) 4.0 (2.1,7.7) Z=—6.84 <0.001
FPSA/TPSA, M (Q,, O;) 0.12 (0.08, 0.15) 0.12 (0.10, 0.17) Z=—1.51 0.130
PI-RADS score, n (%) Z=-—5.30 <<0.001

1 1(0.2) 0

2 17 (3.6) 0

3 46 (9.7) 0

4 164 (34.5) 8(12.9

5 248 (52.1) 54 (87.1)
Positive biopsy count, M (Q,, O) 6.0 (4.0, 9.0) 9.0 (6.0, 12.0) Z=—439 <<0.001
Total biopsy count, x s 152+35 142+2.4 =228 0.023
Proportion of positive cores, M (Q,, O3) 0.42 (0.27, 0.60) 0.60 (0.43, 0.90) Z=—514 <<0.001
Biopsy ISUP grade, n (%) Z=-—540 <<0.001

1 21 (4.4) 0

2 127 (26.7) 6(9.7)

3 95 (20.0) 5(8.1)

4 92 (19.3) 12 (19.4)

5 141 (29.6) 39 (62.9)
Volume of prostate/mL, M (Q,, O3) 31.2(24.1,44.1) 39.7 (25.9, 56.2) Z=—2.46 0.014
PSAD/(ngemL 'smL "), M (Q,, 0) 0.42 (0.25,0.79) 0.86 (0.42, 1.73) Z=—4.79 <0.001
ESUR score, n (%) Z=—5.70 <<0.001

1
3
4
5

96 (20.2)
238 (50.0)
83 (17.4)
59 (12.4)

3(4.8)
18 (29.0)
20 (32.3)
21 (33.9)

ePLND: Extended pelvic lymph node dissection; BMI: Body mass index; MRI: Magnetic resonance imaging; TPSA: Total prostate-
specific antigen; FPSA: Free prostate-specific antigen; PI-RADS: Prostate imaging reporting and data system; ISUP: International Society

of Urological Pathology; PSAD: Prostate-specific antigen density; ESUR: European Society of Urogenital Radiology.
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Fig1 Results of LASSO regression analysis

A: LASSO regression coefficient path plot. Each curve showed the coefficient shrinkage of candidate variables with the increase of 4.

The red dashed line indicated the optimal A for minimum cross-validation error (4,,), and the orange dotted line represented the 4

selected by the 1-standard error criterion (4,,.). B: Ten-fold cross-validation deviance plot. The blue band indicated the 95% confidence

interval of cross-validation binomial deviance. The gray dashed line represented the 4,;,, whereas the orange dotted line indicated the 4.

LASSO: Least absolute shrinkage and selection operator.
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Tab 2 Binary multivariate logistic regression analysis of influencing factors for pelvic lymph node metastasis in

prostate cancer patients

Variable b SE Wald y° OR (95%CI) P value
Intercept —5.988 1.713 1 12.218
Age —0.063 0.023 1 7.413 0.939 (0.897, 0.982) 0.007
Maximum diameter of tumor 0.631 0.1813 12.106 1.879 (1.319, 2.693) <0.001
Clinical T stage 0.992 0.306 5 10.474 2.697 (1.489, 4.980) 0.001
Biopsy ISUP grade 0.514 0.161 6 10.131 1.673 (1.234, 2.334) 0.002
PSAD 0.475 0.1412 11.287 1.607 (1.233,2.192) <0.001
ESUR score 0.556 0.157 8 12.407 1.743 (1.292, 2.403) <0.001

ISUP: International Society of Urological Pathology; PSAD: Prostate specific-antigen density; ESUR: European Society of
Urogenital Radiology; b: Regression coefficient; SE: Standard error; OR: Odds ratio; 95%CI: 95% confidence interval.
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Fig 2 Nomogram for predicting pelvic lymph node metastasis in prostate cancer patients

ISUP: International Society of Urological Pathology; PSAD: Prostate-specific antigen density; ESUR: European Society of Urogenital

Radiology.
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Fig3 ROC curve (A) and decision curve analysis (B) of nomogram for predicting pelvic lymph node metastasis in

prostate cancer patients

ROC: Receiver operating characteristic; AUC: Area under curve; 95%CI: 95% confidence interval.
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