Supplementary
Supplementary Table 1.
	Index
	Type
	Formula
	Explanation
	Symbols

	Observed
	Alpha (Richness)
	S=∑i=1S 1(xi >0)
	Direct count of the number of ASVs present in the sample, without correction for unobserved species
	S: Total number of ASVs; xi : Abundance of entity i; 1(⋅): Indicator function (1 if true, 0 if false).

	Chao1
	Alpha (Richness)
	SChao1 = Sobs + n21
2n2
	Richness estimator that corrects for unobserved species using rare taxa.
	Sobs : Observed richness; n1 : Number of singletons; n2 : Number of doubletons.

	ACE
	Alpha (Richness)
	SACE = Sabund + (Srare /CACE )+ (n1 /CACE )^γ2 ACE
	Richness estimator based on sample coverage; robust against heterogeneity.
	Sabund : Abundant taxa; Srare : Rare taxa; CACE : Coverage; γ^ ACE2 : Variation coefficient.

	Fisher
	Alpha (Richness)
	S = α ⋅ ln (1 + n/α )
	Models relationship between species and individuals using a log-series.
	α: Fisher's alpha (diversity constant); n: Total number of individuals.

	Shannon
	Alpha (Diversity)
	H′ = −ΣSi=1^( pi ln(pi))
	Weights all species equally regardless of abundance; no dominance bias.
	H′: Shannon index; pi : Relative abundance of ASV i; ln: Natural logarithm.

	Simpson
	Alpha (Diversity)
	D = ΣSi=1^ (p2i)
	Gives more weight to abundant species; higher values indicate lower diversity.
	D: Simpson index value; pi : Relative abundance of ASV i.

	InvSimpson
	Alpha (Diversity)
	D−1 = 1/( ΣSi=1 p21)
	Inverse of Simpson; higher values indicate higher diversity.
	D−1: Inverse Simpson value; pi : Relative abundance of ASV i.



Supplementary Table 2.
	Index
	Type
	Formula
	Explanation
	Symbols

	Bray-Curtis
	Beta (Non-phylog.)
	BCij = 1 – ((2Σk min(xik,xjk))/
(Σk xik+Σk xjk))
	Quantifies dissimilarity between samples based on relative abundance.
	i,j: Samples; k: A specific taxon; xik ,xjk : Abundance of taxon k in samples i and j.

	Aitchison
	Beta (Non-phylog.)
	dAitchison(x, y) = ∥clr(x) − clr(y)∥2
	Euclidean distance on CLR-transformed compositional data.
	x,y: Samples; clr: Centered Log-Ratio; ∥⋅∥2 : Euclidean norm.

	Unweighted UniFrac
	Beta (Phylogenetic)
	U = (Σbi⋅1(pi≠qi))/ Σbi
	Branch length exclusive to one sample; based on presence/absence.
	bi : Length of branch i; pi ,qi : Presence/absence indicators in samples A and B.

	Weighted UniFrac
	Beta (Phylogenetic)
	W = Σbi|pi−qi|/ Σbi(pi+qi)
	Incorporates relative abundance of each phylogenetic branch.
	bi : Length of branch i; pi ,qi : Relative abundances of branch i in samples A and B.



Supplemenatry Table 3. Multivariable generalized linear mixed models assessing alpha diversity indices in paired FFPE tumor and adjacent non-tumoral tissue samples according to metastatic status after adjustment for age, BMI, and sex.
	...1
	Shannon
	Simpson
	Log1p(InvSimpson)
	log1p(Observed)
	log1p(Chao1)
	log1p(Fisher)
	log1p(ACE)

	(Intercept)
	6.277 [4.070, 8.484]
	1.046 [0.909, 1.183]
	5.465 [3.168, 7.762]
	6.851 [4.903, 8.799]
	6.861 [4.901, 8.820]
	5.177 [2.890, 7.463]
	6.851 [4.899, 8.803]

	 
	p = <0.001
	p = <0.001
	p =<0.001
	p = <0.001
	p = <0.001
	p = <0.001
	p = <0.001

	Age
	0.013 [-0.018, 0.043]
	0.000 [-0.002, 0.002]
	0.012 [-0.020, 0.043]
	-0.000 [-0.027, 0.027]
	-0.001 [-0.028, 0.027]
	-0.000 [-0.032, 0.032]
	-0.000 [-0.028, 0.027]

	 
	p = 0.406
	p = 0.724
	p =0.470
	p = 0.989
	p = 0.969
	p = 0.981
	p = 0.975

	BMI
	-0.044 [-0.090, 0.002]
	-0.003 [-0.006, 0.000]
	-0.057 [-0.105, -0.009]
	-0.002 [-0.043, 0.038]
	-0.002 [-0.043, 0.039]
	-0.003 [-0.051, 0.045]
	-0.002 [-0.042, 0.039]

	 
	p = 0.060
	p = 0.051
	p =0.021
	p = 0.908
	p = 0.938
	p = 0.896
	p = 0.940

	Controls – Case (M0)
	-0.014[-0.76, 0.732]
	0[-0.046, 0.046]
	-0.1018[-0.878, 0.6744]
	-0.093[-0.629, 0.443]
	-0.095[-0.632, 0.442]
	-0.114[-0.745, 0.518]
	-0.091[-0.629, 0.447]

	 
	p =0.968
	p =0.991
	P =0.7866
	P =0.721
	P =0.715
	p = 0.71
	p =  0.728

	Controls – Case (M1)
	-0.944[-1.655, -0.233]
	-0.044[-0.088, -0.002]
	-0.9937[-1.7337, -0.2536]
	-0.608[-1.119, -0.097]
	-0.613[-1.125, -0.101]
	-0.712[-1.314, -0.111]
	-0.61[-1.123, -0.097]

	 
	p = 0.012
	p = 0.049
	p = 0.0112
	p = 0.022
	p = 0.022
	p = 0.023
	p = 0.022

	Sex: M
	-0.713 [-1.336, -0.090]
	-0.020 [-0.059, 0.019]
	-0.595 [-1.244, 0.054]
	-0.483 [-1.036, 0.069]
	-0.482 [-1.038, 0.074]
	-0.567 [-1.215, 0.082]
	-0.484 [-1.037, 0.070]

	 
	p = 0.026
	p = 0.298
	p =0.071
	p = 0.085
	p = 0.087
	p = 0.085
	p = 0.085

	SD (Intercept patient_id)
	0
	0
	0
	0.292
	0.296
	0.341
	0.292

	SD (Observations)
	0.797
	0.049
	0.829
	0.573
	0.574
	0.674
	0.575

	Num.Obs.
	42
	42
	42
	42
	42
	42
	42

	R2 Marg.
	0.287
	0.194
	0.29
	0.178
	0.178
	0.177
	0.178

	R2 Cond.
	 
	 
	 
	0.348
	0.351
	0.345
	0.346

	AIC
	127.8
	-66.9
	426.9
	619.1
	620.2
	476.3
	620

	BIC
	143.5
	-51.2
	442.6
	634.7
	635.8
	491.9
	635.6

	ICC
	 
	 
	 
	0.2
	0.2
	0.2
	0.2

	RMSE
	0.73
	0.05
	0.76
	0.48
	0.48
	0.57
	0.48



Supplementary Table 4. Additional beta diversity analyses in paired FFPE tissue samples using Jaccard, Bray–Curtis, and generalized UniFrac distances.
	
	FFPE
	
	

	Dist.name
	Tumoral vs. Non-tumoral tissue (All)
	Tumoral vs. Non-tumoral tissue (M0)
	Tumoral vs. Non-tumoral tissue (M1)


	Jaccard
	0.0729
	0.3636
	0.0152

	Bray-Curtis
	0.2797
	0.4945
	0.2308

	G.UniFrac.0.5
	0.0180
	0.8212
	0.0384



