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ABSTRACT Objective: To develop a transcriptomic-based recurrence prediction model for non-muscle-
invasive bladder cancer (NMIBC), to comprehensively validate its efficacy in an independent Chinese
cohort, and to explore the underlying biological mechanisms driving tumor recurrence. Methods: Tran-
scriptome profiling data from the multicenter European Urothelial Cancer Molecular Classification Consor-
tium (UROMOL) cohort (n =535) were used as the training cohort. The least absolute shrinkage and
selection operator ( LASSO) Cox regression was employed to identify prognostic genes and construct a risk
score model. Internal validation was strictly performed using Bootstrap resampling and 10-fold cross-
validation. External validation was conducted in an independent Chinese cohort (n =85) from Peking
University People’s Hospital. Gene set enrichment analysis ( GSEA) was applied to elucidate the distinct
biological differences between high- and low-risk groups. Results; A 36-gene prognostic signature was
identified from 12 170 genes to construct the risk score model. In the training cohort, the model achieved
a concordance index (C-index) of 0.702 (95% CI. 0.664 —0.740) , with 1-, 3-, and 5-year areas un-
der the receiver operating characteristic curve (AUC) of 0.782, 0.811, and 0.799, respectively. The
5-year recurrence-free survival (RFS) rates for the high- and low-risk groups were 35.2% and 72.8% ,
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respectively (Log-rank P <0.001). Internal validation via Bootstrap ( C-index =0.702) and 10-fold
cross-validation ( C-index =0.708) demonstrated robust stability. In the independent Chinese validation
cohort, the model maintained a favorable C-index of 0. 685 (95% CI. 0.631 —0.739) , with 1-, 3-, and
5-year AUC of 0.705, 0.743, and 0. 665, respectively. Its predictive performance was comparable to
the traditional European Organization for Research and Treatment of Cancer ( EORTC) risk score ( C-
index =0.652). GSEA revealed that the low-risk group was enriched in energy metabolism and protein
homeostasis pathways, while the high-risk group was associated with extracellular matrix ( ECM) remode-
ling and cell adhesion pathways. Conclusion: The 36-gene signature developed in this study demon-
strates favorable predictive performance and stability across both the training and independent Chinese co-
horts. While exhibiting comparable predictive efficacy to the traditional EORTC scoring system, the
model serves as an independent prognostic factor that provides crucial supplementary molecular stratifica-
tion. Furthermore, the model underscores the critical roles of energy metabolism and ECM remodeling in
NMIBC recurrence, providing a valuable molecular basis for precise individualized management of
NMIBC patients in China.
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Table 1  Comparison of baseline clinical characteristics between
the training and validation cohorts
Variables '[‘ra(li:izg3 ;7;)})1011 Valizliti:résc)ohorl P
Age/years 69 (62.0-76.0) 67 (60.0-74.0) 0.065
Sex 0.541
Male 414 (77.4) 66 (77.6)
Female 121 (22.6) 19 (22.4)
T stage <0.001
CIS 3 (0.6) 1(1.2)
Ta 135 (25.2) 61 (71.8)
T1 397 (74.2) 23 (27.1)
Tumor grade 0.881
PUNLMP 0 (0) 11 (12.9)
Low grade 320 (59.8) 34 (40.0)
High grade 215 (40.2) 40 (47.1)
EORTC risk group 0.003
Low risk 324 (60.6) 54 (63.5)
Intermediate risk 0 (0) 31 (36.5)
High risk 211 (39.4) 0(0)

Data are presented as median (interquartile range) or n(% ). CIS,
carcinoma in situ; PUNLMP, papillary urothelial neoplasm of low malig-
nant potential; EORTC, European Organization for Research and Treat-
ment of Cancer.
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A 36-gene signature B Risk score distribution G Risk score by RFS status
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s,ffum? 22 1.08 2‘14024,15; <0,005 0 100 200 300 400 500 No recurrence Recurrence
XG = 108 (1.02-1.13)  0.004 Patient index(sorted by risk score) RFS status
SI(IJI;'#]'; e :(1)2%}82-: (1)3 <888£ RFS status s No recurrence  Recurrence
3ST/ =+ 1.05(1.02-1.09) 0. I )
CABRA3 I~ 108 (1.03-1.15) 0.004 D E Kaplan=Meier curve (UROMOL)
PANX2 t— |,1z§1‘05-|,19) <0.001 Time-dependent ROC curve (UROMOL) Risk group = Low risk = High risk
SMAGP —— ' 0.83(0.75-0.92) <0.001 = 100 F
CALHM6 —10.91(0.86-0.96) <0.001 g
s DR <4 o £ 015 Log-rank
SYT16 - .93 (0.87-0.98) 0. | 2075
168 1 092(0.87-097) 0.004 08 Z P <0.000 1
——1 090 (0.83-0.98) 0.009 £ o050 }
+ 0 096(093-099) 0.008 | =4l i W
2 —— 1 087(0.82-093) <0.001 | EZ =
g ——1  0.88(0.82-0.94) <0.001 | % £ 025
% —— 1 0.89(0.83-0.94) <0.001 £ 04 E
2 “096(0.93-0.99) 0.005 | < Vf 8 @
z ——1  0.88(0.82-0.95) 0.001 . ” = T = o
< “ 1 0.90(0.87-0.94) <0.001 £ R
,’ff(”,;f £ i 0'90&)84_0'%{ <0001 02} 7= 1=year AUC = 0.782 (0.742-0.823) Number at i Time/months
CCL28 -1 0.92 (0.88-0.97)  0.001 — 3-year AUC = 0.811 (0.772-0.851) 2";2 ra "'77 . - o
CDKN2B —— 1 0.84(0.79-0.90) <0.001 oLt — S-year AUC = 0.799 (0.747-0.851) Low riskf 22 E
I L1 ' ) N L i High risk 255 17 3 0
05 07 1.0 15 20 30 0 0.2 0.4 0.6 0.8 1.0 i) 30 00 50 200
Hazard ratio (95%CI) I=specificity Time/months

A, forest plot of univariate Cox regression results for the 36 selected genes; B, RNA risk score distribution in the training cohort; C, comparison of risk
scores between recurrent and non-recurrent patients; D, time-dependent ROC curves for 1-, 3-, and 5-year RFS prediction; E, Kaplan-Meier RFS
curves for low-risk ( green) and high-risk (red) groups based on the median cutoff. ROC, receiver operating characteristic; AUC, area under curve;
RFS, recurrence-free survival; UROMOL, Urothelial Cancer Molecular Classification Consortium.
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Figure 1 Construction and performance evaluation of the 36-gene signature
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B 10-fold cross-validation: C-index per fold
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A, Bootstrap distribution of concordance index ( C-index) from 1 000 resamples; B, bar plot of C-index across 10-fold cross-validation; C, time-
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Figure 2 Internal validation and external validation of the model in an independent Chinese cohort
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Figure 4 Biological pathways and mechanisms associated with the 36-gene signature
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