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BACKGROUND

•Bladder cancer recurrence rate is 50–70% within 5 years; current clinicopathological risk 
stratification has limited accuracy
•Tumor-infiltrating lymphocytes (TILs) reflect host immune response and are established 
prognostic biomarkers in multiple cancers
•TURB specimens : the most common surgical material, present unique challenges 
(fragmentation, cautery artifacts) making TIL assessment difficult and understudied
•Manual TIL scoring suffers from substantial interobserver variability; AI-based 
quantification offers objective, reproducible assessment
•Spatial TIL biology: central TILs vs. invasive front TILs may have distinct prognostic 
implications; no prior study compared spatially resolved AI-quantified TIL densities in TURB

MATERIALS AND METHODS

DESIGN & METHODS

•Primary cohort: 84 consecutive TURB specimens, urothelial carcinoma, Korea University 
Guro Hospital (2002–2022); NMIBC (pT1) n=44, MIBC (pT2–3) n=40
•External validation: 44 patients, Asan Medical Center (1996–2003)
•AI pipeline: Custom encoder-decoder segmentation network (UNet-like, ResNet 
backbone, channel attention + pyramid pooling, pretrained on TIGER challenge) → tissue 
classification; YOLOv8 object detection → lymphocyte identification
•AI-assessed TIL ratio: lymphocyte count / stromal area × 10³ per region
•Validation: ICC, weighted κ, Spearman ρ (AI vs. pathologist, 34 cases, 10-tier scale)
•Statistics: Kaplan–Meier, log-rank test, Cox proportional hazards; Python 3.9

Figure 1 Study Design & AI Pipeline. (A) ROI designation in representative TURB WSI. Tumor 
center (red dashed box) and invasive front (blue dashed box) are annotated by pathologists; 
patches extracted systematically for AI analysis. (B) AI pipeline integrating a custom encoder-
decoder segmentation network for tissue classification (tumor: purple, stroma: green) and 
YOLOv8 for lymphocyte detection. TIL ratio = detected lymphocytes / stromal area × 10³. WSI, 
whole slide image; ROI, region of interest; TURB, transurethral resection of bladder tumor.

RESULTS 

Figure 2. AI-Based TIL Quantification & Agreement with 
Pathologist (A) Representative H&E images (left) and AI-
processed outputs (right) for low TIL (upper) and high TIL 
(lower) cases. Tissue classification: carcinoma (purple), 
stroma (green); detected lymphocytes marked with red 
bounding boxes. TIL ratio = lymphocytes + monocytes + 
plasma cells / stromal area × 10³. (B) Scatter plot showing 
significant correlation between pathologist TIL score and AI 
TIL ratio (Spearman ρ=0.662, p<0.001, R²=0.553). ICC 
analysis demonstrated good inter-method reliability 
(ICC=0.749, 95% CI: 0.541–0.864). Quadratic weighted 
κ=0.724 (substantial agreement).

Figure 3. Correlation & Multicollinearity Analysis of Prognostic Variables (A) Moderate positive correlation between central and 
stromal TIL ratios (ρ=0.513, p<0.001). (B) Correlation matrix showing weak associations between TIL measurements and 
clinicopathologic variables (|ρ|<0.3 for all). (C) VIF analysis: severe multicollinearity identified for age (VIF=19.04) and pT 
category (VIF=16.83); central and stromal TIL ratios demonstrate acceptable collinearity (VIF=4.56 and 4.60). Dashed line = 
conventional VIF threshold of 5.

Figure 4  Kaplan–Meier Survival Analysis:  Primary & 
Validation Cohorts. Kaplan–Meier curves stratified by AI-
assessed central TIL ratio at median cutoff (12.5×10⁻³). (A) 
Primary cohort RFS (n=75 with complete follow-up): 
significantly improved RFS in TIL-high group (log-rank 
p=0.043; 5-yr RFS: 62.4% vs. 36.8%). (B) Primary cohort OS: 
trend toward improved survival without significance 
(p=0.159). (C) Validation cohort RFS (n=44): confirmed 
protective effect of high central TIL ratio (p=0.032; 5-yr RFS: 
72.4% vs. 53.8%). (D) Validation cohort OS: significantly 
improved OS in TIL-high group (p=0.008; 5-yr OS: 95.5% vs. 
84.6%).

RESULTS (CONTINUED)

Table. Cox Regression Analysis : RFS and OS (n=84)

Variable RFS Univariate
HR (95% CI), p

RFS Multi¹ OS Univariate
HR (95% CI), p

pT category 1.42 (0.79–2.55)
0.240

— 2.57 (1.43–4.63)
0.002*

CIS present 0.70 (0.31–1.58)
0.386

— 0.51 (0.22–1.21)
0.129

LVI present 0.77 (0.27–2.15)
0.613

— 1.39 (0.58–3.30)
0.460

Central TIL ratio² 0.964 (0.931–0.998)
0.037*

0.964
(0.037*)

0.981 (0.951–1.01)
0.251

Stromal TIL ratio³ 0.979 (0.945–1.01)
0.236

— 0.966 (0.932–1.00)
0.059

¹Multivariate: variables with p<0.20 univariate; age excluded (VIF 19.04). ²Per 10³ increase; central TIL=sole 
independent prognostic factor for RFS. ³Analyzed per 10³ increase. *p<0.05.

DISCUSSION & CONCLUSION

•First AI-based spatially resolved TIL study in TURB: Our AI-quantified central TIL ratio is an 
independent prognostic marker for RFS (HR 0.964/10³ unit, p=0.037), externally validated
•Central > Stromal TIL for RFS: central immune infiltration may reflect deeper antitumor 
immune penetration; TURB architectural disruption may compromise reliable invasive front 
identification
•pT category predicts OS, not RFS: recurrence driven by field cancerization and local immune 
surveillance; central TIL ratio captures biology not reflected in conventional staging
•Good AI–pathologist agreement: ICC=0.749, κ=0.724 — objective, reproducible quantification 
addressing interobserver variability
•Clinical utility: enables risk stratification in routine H&E TURB specimens without IHC; 
applicable to morphologically challenging specimens
•Limitations: retrospective, single-center primary cohort; no IHC TIL subtype characterization; 
34.7-month median follow-up may underestimate long-term recurrence
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KEY FINDINGS

•AI-assessed Central TIL ratio is an independent predictor of RFS (HR 0.964, 95% CI 0.931–0.998, p=0.037), significantly stratifies recurrence-free survival (log-rank 

p=0.043); 5-year RFS 62.4% (TIL-high) vs. 36.8% (TIL-low). Confirmed in independent external validation cohort (p=0.032; 5-yr RFS: 72.4% (TIL-high) vs. 53.8% (TIL-low)).

•AI-assessed TIL ratio shows significant correlation with human pathologist TIL score. (Spearman ρ=0.662, p<0.001, R²=0.553).

•Ragged tissue edges and thermal artifacts inherent to TURB specimens may favor central TIL density as a more reliable prognostic indicator than invasive-front TIL.
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