		[bookmark: _Hlk235730708]Table 1. Patient characteristics of the discovery and validation cohorts

	Characteristics
	Discovery cohort (n = 99)
	Validation cohort (n = 21)

	　
	Healthy 
(n = 23)
	Adenoma
 (n = 13)
	CRC 
(n = 63)
	P-value
	Healthy 
(n = 8)
	Adenoma 
(n = 4)
	CRC 
(n = 9)
	P-value

	Age (years)
	63
	62
	71
	0.007
	56
	62
	72
	0.008

	  Median (IQR)
	(48–71)
	(52–66)
	(60–76)
	
	(54–61)
	(59–72)
	(66–79)
	

	Sex, n (%)
	　
	　
	　
	0.18
	　
	　
	　
	0.45

	  Male
	9 (39.2)
	4 (30.8)
	34 (54.0)
	
	3 (37.5)
	3 (75.0)
	5 (55.6)
	

	  Female
	14 (60.8)
	9 (69.2)
	29 (46.0)
	
	5 (62.5)
	1 (25.0)
	4 (44.4)
	

	Body mass index (kg/m2), 
median (IQR)
	23.4
(21.5–27.7)
	23.3
(20.4–25.5)
	22.8
(20.4–25.1)
	0.221
	23.9
(20.4–26.2)
	24.6
(21.9–29.7)
	21.7
(20.3–23.0)
	0.345

	Smoking history, n (%)
	　
	　
	　
	0.025
	　
	　
	　
	0.22

	  Yes
	6 (26.1)
	4 (30.8)
	35 (55.6)
	
	2 (25.0)
	3 (75.0)
	5 (55.6)
	

	  No
	17 (73.9)
	9 (69.2)
	28 (44.4)
	
	6 (75.0)
	1 (25.0)
	4 (44.4)
	

	Tumour marker levels (CRC only)
	　
	　
	　
	

-
-
	　
	　
	　
	

-
-

	  CEA (ng/mL), median (IQR)
	-
	-
	2.5 (1.6–4.6)
	
	-
	-
	2.5 (1.3–3.0)
	

	  CA19-9 (U/mL), median (IQR)
	-
	-
	10 (6–19)
	
	-
	-
	13 (5.5–17)
	

	Pathological Stage, n (%), 
(CRC only)
	　
	　
	　
	

-
-
-
-
	　
	　
	　
	

-
-
-
-

	  Stage 0 
Stage I
Stage II
Stage III
	-
-
-
-

	-
-
-
-
	2 (3.2)
22 (34.9)
19 (30.2)
20 (31.7)
	
	-
-
-
-
	-
-
-
-
	0 (0)
6 (66.7)
2 (22.2)
1 (11.1)
	

	Data are presented as the median (interquartile range, IQR) for continuous variables and as number (percentage) for categorical variables.
Statistical significance among the Healthy, Adenoma, and CRC groups was evaluated using the Kruskal-Wallis test for continuous variables (Age, BMI) and the Pearson's chi-square test or Fisher's exact test for categorical variables (Sex, Smoking history).
Pathological staging was determined according to the Japanese Classification of Colorectal, Appendiceal, and Anal Carcinoma.
Abbreviations: CRC, colorectal cancer; BMI, body mass index; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9







 
	Table 2. Diagnostic performance of individual miRNAs for discriminating CRC from healthy controls and patients with adenoma

	
	

	miRNA
	AUC
	95% CI
	Cut-off
	Sensitivity (%)
	Specificity (%)
	Youden Index
	P-value
	

	miR-15b-5p
	0.646
	0.533–0.760
	1.299
	65.08
	63.88
	0.289
	0.016
	

	miR-122-5p
	0.842
	0.760–0.925
	0.580
	90.48
	69.44
	0.599
	< 0.0001
	

	miR-126-3p
	0.556
	0.436–0.675
	0.955
	49.21
	69.44
	0.186
	0.359
	

	miR-130a-3p
	0.656
	0.544–0.767
	1.167
	84.13
	41.67
	0.258
	0.010
	

	miR-146a-5p
	0.512
	0.395–0.629
	1.622
	12.70
	97.22
	0.099
	0.850
	

	The optimal cut-off values for sensitivity and specificity were determined by maximizing the Youden Index (Sensitivity + Specificity – 1).
P-values indicate the statistical significance of the AUC (testing the null hypothesis that AUC = 0.5).
Abbreviations: CRC, colorectal cancer; AUC, area under the curve; CI, confidence interval
	




 
	Table 3. Univariate and multivariate logistic regression analyses
for identifying independent diagnostic predictors of CRC in the discovery cohort

	　
	Univariate Analysis
	Multivariate Analysis

	Variables
	Odds Ratio (95% CI)
	P-value
	Odds Ratio (95% CI)
	P-value

	Age
	1.066 (1.027–1.112)
	0.0006
	1.087 (1.034–1.154)
	0.0007

	Sex
	
	
	
	

	  Male
	2.074 (0.904–4.907)
	0.085
	
	

	  Female
	reference
	
	
	

	BMI
	0.912 (0.812–1.018)
	0.100
	
	

	Smoking history
	
	
	
	

	  Yes
	3.250 (1.376–8.134)
	0.007
	5.596 (1.726–21.412)
	0.004

	  No
	reference
	
	
	

	miR-15b-5p
	1.888 (1.133–3.453)
	0.013
	1.113 (0.440–2.936)
	0.823

	miR-122-5p
	0.647 (0.338–0.972)
	0.033
	0.112 (0.031–0.312)
	< 0.0001

	miR-126-3p
	0.891 (0.543–1.477)
	0.644
	
	

	miR-130a-3p
	1.571 (1.122–2.354)
	0.004
	2.451 (1.535–4.362)
	< 0.0001

	miR-146a-5p
	1.264 (0.836–2.765)
	0.332
	　
	　

	Variables that demonstrated statistical significance (p < 0.05) in the univariate analysis were subsequently included in the multivariate logistic regression model.
The expression levels of miRNAs were evaluated as continuous variables (2-ΔΔCt). An OR < 1.000 indicates that downregulation is associated with a higher risk of colorectal cancer.
Abbreviations: CRC, colorectal cancer; OR, odds ratio; CI, confidence interval; BMI, body mass index




 
	Table 4. Diagnostic performance of the stepwise combined miRNA panels in the discovery cohort
CRC vs. non-CRC (healthy controls and adenoma)

	
	

	miRNA
	AUC
	95% CI
	Cut-off (Probability)
	Sensitivity (%)
	Specificity (%)
	Youden Index
	

	Panel 1 : miR-122-5p
	0.842
	0.760–0.925
	0.580
	90.48
	69.44
	0.599
	

	Panel 2 : Panel 1 + miR-130a-3p
	0.840
	0.757–0.923
	0.546
	90.48
	69.44
	0.599
	

	Panel 3 : Panel 2 + miR-15b-5p
	0.837
	0.754–0.920
	0.574
	87.30
	75.00
	0.623
	

	Panel 4 : Panel 3 + miR-126-3p
	0.886
	0.813–0.959
	0.527
	93.65
	77.78
	0.714
	

	Panel 5 : Panel 4 + miR-146a-5p
	0.886
	0.812–0.960
	0.548
	92.06
	77.78
	0.698
	

	The diagnostic models (Panels 1 to 5) were constructed by sequentially integrating the candidate HM-associated miRNAs using logistic regression analysis to differentiate patients with CRC from the non-CRC group (healthy controls and adenoma). Panel 4 (miR-122-5p, miR-130a-3p, miR-15b-5p, and miR-126-3p) was identified as the optimal diagnostic panel as it achieved the highest AUC. The addition of miR-146a-5p (Panel 5) did not yield further improvement.
Abbreviations: CRC, colorectal cancer; AUC, area under the curve; CI, confidence interval; HM, high-mannose
	




 
	Table 5. Diagnostic performance of individual miRNAs and the 4-miRNA panel in the independent prospective validation cohort
CRC vs. non-CRC (healthy controls and adenoma)

	
	

	miRNA
	AUC
	95% CI
	Sensitivity (%)
	Specificity (%)
	Youden Index
	

	miR-15b-5p
	0.787
	0.649–0.990
	77.78
	83.33
	0.611
	

	miR-122-5p
	0.898
	0.746–1.000
	88.89
	91.67
	0.806
	

	miR-126-3p
	0.583
	0.328–0.848
	44.44
	91.67
	0.361
	

	miR-130a-3p
	0.815
	0.629–1.000
	88.89
	75.00
	0.639
	

	miR-146a-5p
	0.500
	0.247–0.754
	77.78
	41.67
	0.195
	

	4-miRNA panel
	0.944
	0.845–1.000
	83.33
	100
	0.833
	

	Diagnostic performance was evaluated for discriminating patients with CRC from the non-CRC group (healthy controls and patients with adenoma) in the independent validation cohort (n = 21). The established 4-miRNA panel demonstrated the highest AUC (0.944) and achieved a specificity of 100%.
Abbreviations: CRC, colorectal cancer; AUC, area under the curve; CI, confidence interval
	




 
	Table 6. Association between the 4-miRNA panel score and clinicopathological features in the CRC cohort (n = 63)
CRC vs. non-CRC (healthy controls and adenoma)

	Clinicopathological Features
	n (%)
	4-miRNA Panel Score (Median [IQR])
	P-value

	Tumour location
	
	
	

	  Right-sided (Cecum to Transverse)
	26 (41.3)
	0.900 (0.749–0.984)
	0.332

	  Left-sided (Descending to Rectum)
	37 (58.7)
	0.843 (0.669–0.927)
	

	Histological Differentiation
	
	
	

	  Well/Moderately differentiated
	39 (61.9)
	0.886 (0.764–0.978)
	0.213

	  Poorly differentiated/Mucinous component
	24 (38.1)
	0.828 (0.648–0.907)
	

	Lymphatic Invasion (Ly)
	
	
	

	  Negative (Ly0)
	32 (50.8)
	0.911 (0.765–0.981)
	0.087

	  Positive (Ly1–3)
	31 (49.2)
	0.831 (0.664–0.899)
	

	Venous Invasion (V)
	
	
	

	  Negative (V0)
	30 (47.6)
	0.891 (0.678–0.968)
	0.831

	  Positive (V1–3)
	33 (52.4)
	0.864 (0.708–0.948)
	　

	P-values were calculated using the Mann-Whitney U test to compare the 4-miRNA panel scores between the two sub-groups for each clinicopathological feature. No significant differences were observed, indicating the universal applicability of the panel.
Abbreviations: CRC, colorectal cancer; IQR, interquartile range




