Table S1 Demographic, clinical and histological data of CRC cohort
	Clinical characteristics
	n
	%

	N
	126
	

	Age (years), mean ± SD
	64.27 ± 11.55
	

	Gender
	
	

	Female
	54
	42.9

	Male
	72
	57.1

	T stage
	
	

	T0
	1
	0.8

	T2
	7
	5.6

	T3
	103
	81.7

	T4
	15
	11.9

	TNM stage
	
	

	0/Ⅰ
	6
	4.7

	Ⅱ
	51
	40.5

	Ⅲ
	69
	54.8

	Location
	
	

	Left colon
	46
	36.5

	Right colon
	20
	15.9

	Rectum
	60
	47.6

	Differentiation
	
	

	High
	1
	0.8

	High-moderately
	26
	20.6

	Moderately
	72
	57.2

	Low-moderately
	11
	8.7

	Low
	7
	5.6

	Unclear
	9
	7.1

	Microsatellite status
	
	

	Stability (MSS)
	112
	88.9

	Instability (MSI)
	10
	7.9

	Unclear
	4
	3.2






Table S2 Clinical characteristics of matched CRC patients for recurrence prediction
	Clinical characteristics
	CRC (n = 27)
	Recurrence (n = 27)
	P value

	Recurrence-free survival
(months), median (IQR)
	34.98 (32.18-38.08)
	12.80 (7.12-21.25)
	<0.001

	Age (years), mean ± SD
	66.22 ± 7.77
	[bookmark: OLE_LINK1]65.56 ± 9.93
	0.785

	Gender
	
	
	0.786

	Female
	12
	14
	-

	Male
	15
	13
	-

	T stage
	
	
	>0.999

	T3
	24
	24
	-

	T4
	3
	3
	-

	TNM stage
	
	
	>0.999

	Ⅱ
	14
	13
	-

	Ⅲ
	13
	14
	-

	Location
	
	
	>0.999

	Left colon
	8
	10
	-

	Right colon
	6
	4
	-

	Rectum
	13
	13
	-

	Differentiation
	
	
	0.7416

	[bookmark: OLE_LINK6]High-moderately
	6
	5
	-

	[bookmark: OLE_LINK7]Moderately
	15
	15
	-

	[bookmark: OLE_LINK8]Low-moderately
	3
	5
	-

	Unclear
	3
	2
	-

	[bookmark: _Hlk202451034]Microsatellite status
	
	
	0.051

	Stability (MSS)
	27
	22
	-

	Instability (MSI)
	0
	5
	-





Fig. S1 Datasets used in statistical and machine learning analyses
[image: ]


Fig. S2 Microbial community structure and composition of tumor mucosa across different TNM stages
[image: ]
A-C Alpha diversity indices of the tumor mucosal microbiota in CRC patients with different stages. D PCoA based on Bray-Curtis distances. E-F Relative abundance of the microbiota at the phylum (E) and genus (F) levels.


Fig. S3 Mfuzz clustering of genera across TNM stages
[image: ]


Fig. S4 Metabolomic landscape across different TNM stages
[image: ]
A sPLS-DA of metabolites across TNM stages. B Mfuzz clustering analysis. C Normalized intensities of representative metabolites in different Mfuzz clusters.


Fig. S5 Spearman correlation analysis
[image: ]
Correlations with P < 0.05 and |R| ≥ 0.35 were retained for visualization.


Fig. S6 Feature importance ranking
[image: ]


Fig. S7 Images of bacterial aggregation
[image: ]
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