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Table S1: Patient characteristics of each analysis cohort
	
	Baseline 
16S rRNA sequencing
(N=36)
	Paired 
16S rRNA sequencing
(N=20)
	Baseline 
shotgun sequencing
(N=18)

	
	
	
	P-valuea
	
	P-valuea

	Age (year-old)
	
	
	NS
	
	NS

	Average 
	62.8
	60.7
	
	62.8
	

	  Range
	23.1-86.8
	23.1-75.9
	
	23.1-73.0
	

	Gender
	
	
	NS
	
	NS

	Male
	31
	19
	
	18
	

	Female
	5
	1
	
	0
	

	Etiology
	
	
	NS
	
	NS

	None
	3
	1
	
	0
	

	HBV
	21
	12
	
	13
	

	HCV
	6
	3
	
	2
	

	Alcohol
	1
	1
	
	0
	

	HBV+HCV
	2
	1
	
	0
	

	HBV+ Alcohol
	2
	2
	
	2
	

	HCV + Alcohol
	1
	0
	
	1
	

	Treatment
	
	
	NS
	
	NS

	Anti-PD-1/anti-PD-L1
	27
	13
	
	11
	

	Anti-PD-1/anti-PD-L1 +
targeted
	9
	7
	
	7
	

	PV invasion
	
	
	NS
	
	NS

	Yes
	19
	9
	
	9
	

	No
	17
	11
	
	9
	

	Metastasis
	
	
	NS
	
	NS

	Yes
	18
	9
	
	10
	

	No
	18
	11
	
	8
	

	Cirrhosis (images)
	
	
	NS
	
	NS

	Yes
	20
	9
	
	10
	

	No
	16
	11
	
	8
	

	Child-Pugh class
	
	
	NS
	
	NS

	A
	31
	19
	
	18
	

	B7,8
	5
	1
	
	0
	

	Prior locoregional treatment
	
	
	NS
	
	NS

	Yes
	32
	18
	
	15
	

	No
	4
	2
	
	3
	

	Prior systemic treatment
	
	
	NS
	
	NS

	Yes
	15
	6
	
	5
	

	No
	21
	14
	
	13
	

	Prior antibiotics within 4 weeks
	
	NS
	
	NS

	Yes
	4
	0
	
	1
	

	No
	32
	20
	
	17
	

	Prior PPI within 4 weeks
	
	NS
	
	NS

	Yes
	13
	6
	
	6
	

	No
	23
	14
	
	12
	

	Alfa-fetoprotein levelc
	
	
	NS
	
	NS

	   400 ng/mL
	11
	5
	
	3
	

	  < 400 ng/mL
	24
	14
	
	14
	

	Response 
	
	
	NS
	
	NS

	Yes
	10
	7
	
	6
	

	  No
	26
	13
	
	12
	

	Disease control
	
	NS
	
	*

	Yes
	19
	15
	
	15
	

	No
	17
	5
	
	3
	


a *, p-value < 0.05; NS, p-value >0.05 (compared with baseline 16S DNA sequencing cohort)
b PPI: proton pump inhibitor
c One patient did not have baseline AFP level




Table S2: Patient characteristics by baseline abundance of Bifidobacterium, Coprococcus and Acidaminococcus

	　
	Bifidobacterium
	Coprococcus
	Acidaminococcus

	　
	High 
	Low
	p-valuea
	High 
	Low
	p-valuea
	High 
	Low
	p-valuea

	
	N=18
	N=
	
	N=19
	N=17
	
	N=18
	N=26
	

	Age (year-old)
	　
	NS
	　
	　
	NS
	　
	　
	NS

	Average 
	59.3
	66
	
	63.4
	65.6
	
	63.95
	63.65
	

	Range
	23.1-75.9
	53.1-86.6
	
	23.1-79.0
	42.9-86.6
	
	23.1-86.6
	49.3-73.2
	

	Gender
	
	
	NS
	
	
	*
	
	
	NS

	Male
	15
	16
	
	19
	12
	
	16
	15
	

	Female
	3
	2
	
	0
	5
	
	2
	3
	

	Etiology
	
	
	NS
	
	
	NS
	
	
	NS

	None
	1
	2
	
	2
	1
	
	1
	2
	

	HBV
	12
	9
	
	11
	10
	
	13
	8
	

	HCV
	2
	4
	
	2
	4
	
	1
	5
	

	Alcohol
	0
	1
	
	1
	0
	
	0
	1
	

	HBV+HCV
	1
	1
	
	1
	0
	
	1
	1
	

	HBV+ Alcohol
	2
	0
	
	1
	1
	
	2
	0
	

	HCV + Alcohol
	1
	1
	　
	1
	1
	　
	0
	2
	　

	Treatment
	
	
	NS
	
	
	NS
	
	
	**

	Anti-PD-1/anti-PD-L1
	11
	16
	
	12
	15
	
	10
	17
	

	Anti-PD-1/anti-PD-L1 + targeted
	7
	2
	
	7
	2
	
	8
	1
	

	Portal vein invasion
	
	
	NS
	
	
	NS
	
	
	NS

	Yes
	9
	10
	
	11
	8
	
	10
	9
	

	No
	9
	8
	
	8
	9
	
	8
	9
	

	Metastasis
	
	
	NS
	
	
	NS
	
	
	NS

	Yes
	6
	10
	
	7
	11
	
	11
	7
	

	No
	10
	8
	
	12
	6
	
	7
	11
	

	Cirrhosis (images)
	
	NS
	
	
	NS
	
	
	NS

	Yes
	11
	9
	
	11
	9
	
	9
	11
	

	No
	7
	9
	
	8
	8
	
	9
	7
	

	Child-Pugh class
	
	NS
	
	
	NS
	
	
	NS

	A
	17
	14
	
	17
	14
	
	16
	15
	

	B7,8
	1
	4
	
	2
	3
	
	2
	3
	

	Prior locoregional treatment
	NS
	
	
	NS
	
	
	NS

	Yes
	16
	16
	
	17
	15
	
	16
	16
	

	No
	2
	2
	
	2
	2
	
	2
	2
	

	Prior systemic treatment
	
	NS
	
	
	*
	
	
	NS

	Yes
	6
	9
	
	5
	10
	
	5
	10
	

	No
	12
	9
	
	14
	7
	
	13
	8
	

	Prior antibiotics within 4 weeks
	
	NS
	
	
	*
	
	
	*

	Yes
	1
	3
	
	0
	4
	
	0
	4
	

	No
	17
	15
	
	19
	13
	
	18
	14
	

	Prior PPIb within 4 weeks
	
	NS
	
	
	NS
	
	
	NS

	Yes
	7
	6
	
	7
	6
	
	9
	4
	

	No
	11
	12
	
	12
	11
	
	9
	14
	

	Alpha-fetoprotein levelc
	
	NS
	
	
	NS
	
	
	NS

	 400 ng/mL 
	6
	5
	
	6
	5
	
	7
	4
	

	< 400 ng/mL
	11
	13
	
	13
	12
	
	11
	14
	

	Response
	
	
	NS
	
	
	NS
	
	
	NS

	Yes
	7
	3
	
	6
	4
	
	6
	4
	

	No
	11
	15
	
	13
	13
	
	12
	14
	

	 Disease control
	
	*
	
	
	*
	
	
	NS

	Yes
	13
	6
	
	13
	6
	
	12
	7
	

	No
	5
	12
	
	6
	11
	
	6
	11
	


a p-value: *, < 0.05; **, < 0.01; NS, not statistically significant. 
b PPI: proton pump inhibitor
c One patient missed baseline alpha-fetoprotein level.

Figure S1. Heatmap of relative abundance of selected taxa. Twenty-nine taxa showed statistically significant differences in abundance between responders and nonresponders or between disease control and nondisease control cases using MegagenomeSeq test46 Welch’s t test47, and LEfSe analysis48 (described in the methods). Their relative abundance in individual samples is shown. R, responders; NR, nonresponders; DC, disease control; NDC, nondisease control.
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Figure S2. Comparisons of relative abundance of select taxa between nonresponders and responders. A. Baseline 16S rRNA sequencing cohort (N=36); B. Shotgun whole-genome sequencing subset (N=18). NR, nonresponders; R, responders.
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Figure S3. Comparisons of relative abundance of select taxa between patients with and those without disease control assessed by 16S rRNA sequencing. NDC, nondisease control; DC, disease control.
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Figure S4. Comparisons of relative abundance of select taxa between patients with and those without disease control assessed by shotgun whole-genome sequencing. NDC, nondisease control; DC, disease control.
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Figure S5. Beta diversity measured as weighted Unifrac distance by efficacy. (A) Nonresponders (NR) vs. responders (R); (B) Nondisease control (NDC) vs. disease control (DC). 0W, before initiation of immunotherapy; 8W, 8 weeks after initiation of immunotherapy; *, p < 0.05; NS, nonsignificant.
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Figure S6. Relative abundance of top 10 phyla in the baseline gut microbiota of patients with HCC receiving ICI. (A) Left, bar plots of relative abundance of top 10 phyla in the baseline gut microbiota of individual patients. Right, comparison of the relative abundance of the Bacteroidetes phylum between nonresponders (NR) and responders (R) is shown in the box plot. (B) Left, bar plots of relative abundance of the top 10 phyla in the baseline gut microbiota of individual patients. Right, comparison of the relative abundance of the Bacteroidetes phylum between nondisease control (NDC) and disease control (DC) groups is shown in the box plot. Box plots demonstrated minimum, first quartile, median, third quartile and maximum. NS, nonsignificant.
[image: ]
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k_Bacteria;I p__Proteobacteria; c__Gammaproteobacteria; o___Aeromonadales; f__Succinivibrionaceae; g__Succinatimonas

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g_ GCA_ 900066225

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Barnesiellaceae; g__Coprobacter i .
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f _Prevotellaceae; g__Prevotella_7 Enriched in
k__Bacteria; p__Firmicutes; c__Clostridia; o__ Clostridiales; f__Peptostreptococcaceae; g__Clostridioides NR or NDC
k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__Intestinimonas

k__Bacteria; p__Verrucomicrobia; c__Verrucomicrobiae; o__Verrucomicrobiales; f__Akkermansiaceae; g__Akkermansia

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__Faecalibacterium

Relative abundance

0.00 0.22










0.22

0.00

Relative abundance

Response Non-response

Disease control  Non-disease control 

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__Blautia

k__Bacteria; p__Actinobacteria; c__Actinobacteria; o__Bifidobacteriales; f__Bifidobacteriaceae; g__Bifidobacterium

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__Ruminococcaceae

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__[Ruminococcus]_gnavus_group

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__Coprococcus

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__Ruminococcaceae_UCG_004

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__Dorea

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__Fusicatenibacter

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__Lachnospira

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__Tyzzerella_4

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Peptostreptococcaceae; g__Romboutsia

k__Bacteria; p__Firmicutes; c__Negativicutes; o__Selenomonadales; f__Veillonellaceae; g__Megasphaera

k__Bacteria; p__Firmicutes; c__Negativicutes; o__Selenomonadales; f__Acidaminococcaceae; g__Acidaminococcus

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Peptostreptococcaceae; g__Paeniclostridium

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__[Eubacterium]_hallii_group

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Prevotellaceae; g__Alloprevotella

k__Bacteria; p__Firmicutes; c__Erysipelotrichia; o__Erysipelotrichales; f__Erysipelotrichaceae; g__[Clostridium]_innocuum_group

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__[Ruminococcus]_gauvreauii_group

k__Bacteria; p__Firmicutes; c__Negativicutes; o__Selenomonadales; f__Veillonellaceae; g__Allisonella

k__Bacteria; p__Proteobacteria; c__Gammaproteobacteria; o__Enterobacteriales; f__Enterobacteriaceae; g__Kosakonia

k__Bacteria; p__Firmicutes; c__Erysipelotrichia; o__Erysipelotrichales; f__Erysipelotrichaceae; g__Turicibacter

k__Bacteria; p__Proteobacteria; c__Gammaproteobacteria; o__Aeromonadales; f__Succinivibrionaceae; g__Succinatimonas

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__GCA_900066225

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Barnesiellaceae; g__Coprobacter

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Prevotellaceae; g__Prevotella_7

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Peptostreptococcaceae; g__Clostridioides

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__Intestinimonas

k__Bacteria; p__Verrucomicrobia; c__Verrucomicrobiae; o__Verrucomicrobiales; f__Akkermansiaceae; g__Akkermansia

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__Faecalibacterium

Enriched in 

R or DC

Enriched in 

NR or NDC


