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Figure S1 Kaplan-Meier survival curves for immune-related progression-free survival (irPFS) and immune-related overall survival (irOS) in patients with ESCC (A) and CC (B), stratified by Helicobacter pylori (H. pylori) status.
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Figure S2 Comparative analysis of microbial community profiles in EBV-negative MSS gastric cancer (GC) patients stratified by Helicobacter pylori (H. pylori) status. (A) Differential species between H. pylori-positive and H. pylori-negative groups within the EBV-negative MSS subtype of GC. The analysis was conducted using LEfSe, ANCOMBC and MaAsLin2 for differential analysis. Species marked with a hashtag (#) indicate those that are significantly different in the ANCOMBC or Maaslin2 analysis. Enrichment in H. pylori-positive is denoted by red, while enrichment in H. pylori-negative is indicated by blue. (B) Assessment of network metrics, including degree and closeness centrality, for each microbial species within H. pylori-positive and H. pylori-negative groups. These metrics provide insights into the connectivity and influence of each species within the microbial network.
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Figure S3 Impact of Helicobacter pylori (H. pylori)-positive and H. pylori-negative differential bacteria on survival in patients with CC and ESCC. Comparison of differential bacteria between H. pylori-positive and H. pylori-negative groups within the CC (A) and ESCC (C) patient cohort. Analysis of the impact of differential bacteria on survival in CC (B) and ESCC (D) patients. Survival curves compare patients dichotomized into high- and low-abundance groups based on species-specific cut-off values. For EC, the cut-off values were 0.00428 (s__Ruminococcus_bromii), 0.0000428 (s__Oscillibacter_sp_ER4), and 0.000125 (s__Clostridium_leptum). The abundance of s__Megasphaera_micronuciformis was 0. For CC, the cut-off values were 0.00233 (s__Ruminococcus_bromii), 0.0000831 (s__Oscillibacter_sp_ER4), and 0 (s__Clostridium_leptum). The abundance of s__Megasphaera_micronuciformis was 0.
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Figure S4. Decision Curve Analysis and Calibration of the Predictive Model. This figure presents the decision curve analysis (DCA) and calibration plots across different groups, including the microbiome-only model in the training cohort (A) and test cohort (B), as well as the integrated model (microbiome and H. pylori) in the training cohort (C) and test cohort (D).



Table 1. The clinicopathological characteristics of gastric cancer immunotherapy cohort
	Characteristic
	Total
(N = 86)
	H. pylori negative
(N = 44)
	H. pylori positive
(N = 42)
	p-value

	Age at diagnosis
	　
	　
	　
	0.531

	<65
	48 (55.8)
	26 (59.1)
	22 (52.4)
	　

	≥65
	38 (44.2)
	18 (40.9)
	20 (47.6)
	　

	Gender
	　
	　
	　
	0.294

	Female
	25 (29.1)
	15 (34.1)
	10 (23.8)
	　

	Male
	61 (70.9)
	29 (65.9)
	32 (76.2)
	　

	BMI
	22.6 (20.0, 25.1)
	21.4 (19.3, 24.0)
	23.2 (20.4, 25.8)
	0.050

	Stage at diagnosis
	　
	　
	　
	>0.999

	III
	6 (7.0)
	3 (6.8)
	3 (7.1)
	　

	IV
	80 (93.0)
	41 (93.2)
	39 (92.9)
	　

	Tumor differentiation
	　
	　
	　
	0.236

	Low
	67 (77.9)
	37 (84.1)
	30 (71.4)
	　

	Moderate
	18 (20.9)
	7 (15.9)
	11 (26.2)
	　

	    Not Assessed
	1 (1.2)
	0 (0.0)
	1 (2.4)
	　

	Lauren classification
	　
	　
	　
	0.920

	Diffuse
	31 (36.0)
	17 (38.6)
	14 (33.3)
	　

	Intestinal
	37 (43.0)
	19 (43.2)
	18 (42.9)
	　

	    Mixed
	12 (14.0)
	5 (11.4)
	7 (16.7)
	　

	Not Assessed
	6 (7.0)
	3 (6.8)
	3 (7.1)
	　

	Location
	　
	　
	　
	0.707

	EGJ
	25 (29.1)
	12 (27.3)
	13 (31.0)
	　

	non-EGJ
	61 (70.9)
	32 (72.7)
	29 (69.0)
	　

	EGFR expression
	　
	　
	　
	0.360

	0
	8 (9.3)
	3 (6.8)
	5 (11.9)
	　

	1
	16 (18.6)
	5 (11.4)
	11 (26.2)
	　

	2
	25 (29.1)
	14 (31.8)
	11 (26.2)
	　

	3
	18 (20.9)
	11 (25.0)
	7 (16.7)
	　

	Not Assessed
	19 (22.1)
	11 (25.0)
	8 (19.0)
	　

	HER2 expression
	　
	　
	　
	0.334

	Negative
	78 (90.7)
	42 (95.5)
	36 (85.7)
	　

	Positive
	5 (5.8)
	1 (2.3)
	4 (9.5)
	　

	Not Assessed
	3 (3.5)
	1 (2.3)
	2 (4.8)
	　

	PD-L1 CPS
	　
	　
	　
	0.527

	1
	21 (24.4)
	13 (29.5)
	8 (19.0)
	　

	2
	16 (18.6)
	9 (20.5)
	7 (16.7)
	　

	3
	18 (20.9)
	9 (20.5)
	9 (21.4)
	　

	4
	26 (30.2)
	12 (27.3)
	14 (33.3)
	　

	Not Assessed
	5 (5.8)
	1 (2.3)
	4 (9.5)
	　

	Type of therapy
	　
	　
	　
	>0.99

	Immunotherapy
	24 (27.9)
	12 (27.3)
	12 (28.6)
	　

	Immunotherapy combined with chemotherapy
	55 (64.0)
	28 (63.6)
	27 (64.3)
	　

	Immunotherapy combined with chemotherapy and target therapy
	7 (8.1)
	4 (9.1)
	3 (7.1)
	　

	Line of immunotherapy
	
	
	
	0.158

	1
	66 (76.7)
	31 (70.5)
	35 (83.3)
	

	2+
	20 (23.3)
	13 (29.5)
	7 (16.7)
	


n (%); Median (IQR); Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test




Table 2. Association of H. pylori status with survival in multivariable Cox regression models in gastric cancer patients
	
	
	
	irPFS
	
	
	irOS

	
	No. of cases
	No. of events
	Univariate
HR (95% CI)
	Multivariate
HR (95% CI)
	No. of cases
	No. of events
	Univariate
HR (95% CI)
	Multivariate
HR (95% CI)

	Gastric cancer a
	
	
	
	
	
	
	
	

	H. pylori status
	
	
	
	
	
	
	
	

	Negative
	44
	25
	1 (reference)
	1 (reference)
	43
	25
	1 (reference)
	1 (reference)

	Positive
	42
	26
	0.57 (0.01-1.13)
	0.63 (-0.01-1.27)
	42
	26
	0.52 (-0.05-1.09)
	0.53 (-0.13-1.19)

	P value
	
	
	0.051
	0.156
	　
	　
	0.025
	0.062


a The multivariable, stage (stage I vs. II vs. III vs. IV)-stratified Cox regression model initially included tumor location (GEJ vs. Non-GEJ), tumor differentiation (high vs. moderate vs. poor), Lauren classification (intestinal type vs. diffused type vs. mixed type), HER2 expression (positive vs. negative), PD-L1 expression (CPS<1 vs. 1-5 vs. 5-10 vs. >10 vs. unknown), and types of therapy (immunotherapy vs. immunotherapy combined with chemotherapy vs. immunotherapy combined with target therapy vs. immunotherapy combined with chemotherapy and target therapy). A backward elimination with a threshold of P = 0.05 was used to select variables in the final models. 
Abbreviations: CI, confidence interval; HR, hazard ratio; irPFS, immunotherapy-related progression-free survival; irOS, immunotherapy-related overall survival.



Table 3. The clinicopathological characteristics of colorectal cancer immunotherapy cohort
	Characteristic
	Total
(N = 43)
	H. pylori negative
(N = 30)
	H. pylori positive
(N = 13)
	p-value

	Age at diagnosis
	
	
	
	0.709

	<65
	32 (74.4%)
	23 (76.7%)
	9 (69.2%)
	

	≥65
	11 (25.6%)
	7 (23.3%)
	4 (30.8%)
	

	Gender
	
	
	
	0.439

	Female
	17 (39.5%)
	13 (43.3%)
	4 (30.8%)
	

	Male
	26 (60.5%)
	17 (56.7%)
	9 (69.2%)
	

	Stage at diagnosis
	
	
	
	>0.999

	II
	2 (4.7%)
	2 (6.7%)
	0 (0.0%)
	

	III
	2 (4.7%)
	2 (6.7%)
	0 (0.0%)
	

	IV
	39 (90.7%)
	26 (86.7%)
	13 (100.0%)
	

	Microsatellite status
	
	
	
	

	dMMR/MSI-H
	43 (100.0%)
	30 (100.0%)
	13 (100.0%)
	

	Type of therapy
	
	
	
	0.778

	Immunotherapy
	38 (88.4%)
	25 (83.3%)
	13 (100.0%)
	

	Immunotherapy combined with chemotherapy
	1 (2.3%)
	1 (3.3%)
	0 (0.0%)
	

	Immunotherapy combined with chemotherapy and target therapy
	1 (2.3%)
	1 (3.3%)
	0 (0.0%)
	

	    Immunotherapy combined with target therapy
	3 (7.0%)
	3 (10.0%)
	0 (0.0%)
	

	Line of immunotherapy
	
	
	
	0.086

	1
	16 (37.2%)
	14 (46.7%)
	2 (15.4%)
	

	2+
	27 (62.8%)
	16 (53.3%)
	11 (84.6%)
	


n (%); Median (IQR); Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test



Table 4. The clinicopathological characteristics of esophageal squamous cell cancer immunotherapy cohort
	Characteristic
	Total
(N = 43)
	H. pylori negative
(N = 30)
	H. pylori positive
(N = 13)
	p-value

	Age at diagnosis
	
	
	
	0.261

	<65
	39 (56.5)
	26 (61.9)
	13 (48.1)
	

	≥65
	30 (43.5)
	16 (38.1)
	14 (51.9)
	

	Gender
	
	
	
	>0.999

	Female
	9 (13.0)
	6 (14.3)
	3 (11.1)
	

	Male
	60 (87.0)
	36 (85.7)
	24 (88.9)
	

	Stage at diagnosis
	
	
	
	0.485

	III
	11 (15.9)
	5 (11.9)
	6 (22.2)
	

	IV
	57 (82.6)
	36 (85.7)
	21 (77.8)
	

	Not Assessed
	1 (1.4)
	1 (2.4)
	0 (0.0)
	

	Tumor differentiation
	
	
	
	>0.999

	High
	1 (1.4)
	1 (2.4)
	0 (0.0)
	

	Low
	34 (49.3)
	20 (47.6)
	14 (51.9)
	

	Moderate
	30 (43.5)
	18 (42.9)
	12 (44.4)
	

	Not Assessed
	4 (5.8)
	3 (7.1)
	1 (3.7)
	

	Type of therapy
	
	
	
	0.261

	Immunotherapy
	25 (36.2)
	18 (42.9)
	7 (25.9)
	

	Immunotherapy combined with chemotherapy
	41 (59.4)
	23 (54.8)
	18 (66.7)
	

	    Immunotherapy combined with target therapy
	3 (4.3)
	1 (2.4)
	2 (7.4)
	

	Line of immunotherapy
	
	
	
	0.044

	1
	33 (47.8)
	16 (38.1)
	17 (63.0)
	

	2+
	36 (52.2)
	26 (61.9)
	10 (37.0)
	


n (); Median (IQR); Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test

	



	Table 5. Association of H. pylori status with irPFS in multivariable Cox regression models in dMMR/MSI-H colorectal adenocarcinoma patients and esophageal cancer patients

	
	Univariable
HR (95% CI)
	Multivariable
HR (95% CI)

	dMMR/MSI-H colorectal adenocarcinoma
	
	

	H. pylori status
	
	

	Negative
	1 (reference)
	1 (reference)

	Positive 
	4.902 (1.224 - 19.631)
	4.013 (0.983 - 16.384)

	P value
	0.025
	0.053

	Esophageal cancer
	
	

	H. pylori status
	
	

	Negative
	1 (reference)
	1 (reference)

	Positive 
	1.360 (0.652 - 2.836)
	1.487 (0.714 - 3.097)

	P value
	0.412
	0.289


HR, Hazard Ratio; 95% CI, 95% Confidence Interval; dMMR, deficient Mismatch Repair; MSI-H, Microsatellite Instability-High; irPFS, immunotherapy-related Progression-Free Survival.



	Table 6. Multivariable Cox regression analysis of the association between microbiome status and irPFS adjusted for lines of therapy in the ESCC cohort

	Species
	HR
	95% CI
	P value

	s__Clostridium_leptum
	1.629 
	0.803, 3.304
	0.176 

	s__Megasphaera_micronuciformis
	2.030 
	0.935, 4.405 
	0.073 

	s__Oscillibacter_sp_ER4
	1.599 
	0.752, 3.399 
	0.223 

	s__Ruminococcus_bromii
	1.321 
	0.657, 2.657 
	0.435 

	HR, Hazard Ratio; 95% CI, 95% Confidence Interval; irPFS, immunotherapy-related Progression-Free Survival.












	Table 7. Clinical characteristics of patients in the intratumoral microbiota cohort

	Characteristic
	Total
(N = 40)
	H. pylori negative
(N = 24)
	H. pylori positive
(N = 16)
	p-value

	BioProject
	　
	　
	　
	0.059

	     PKUCH
	30 (75.0%)
	21 (87.5%)
	9 (56.3%)
	　

	     PRJNA239281
	10 (25.0%)
	3 (12.5%)
	7 (43.8%)
	　

	Age
	69 (55, 73)
	52 (52, 60)
	71 (66, 75)
	0.18

	     Unknown
	30
	21
	9
	　

	Gender
	　
	　
	　
	>0.99

	     Female
	4 (40.0%)
	1 (33.3%)
	3 (42.9%)
	　

	     Male
	6 (60.0%)
	2 (66.7%)
	4 (57.1%)
	　

	     Unknown
	30
	21
	9
	　

	PKUCH, Peking University Cancer Hospital cohort; Median (IQR) or Frequency (%); Fisher's exact test; Wilcoxon rank sum exact test
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