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Highlights

(J A genome-resolved, database-independent framework defines the core
microbiome as two competing guilds with stable ecological connectivity in
hepatocellular carcinoma (HCC) patients..

(d The HCC-two competing guilds (HCC-TCG) signature enables robust liver
tumor stratification and predicts recurrence and immunotherapy response
across independent cohorts.

J Guild-based modeling overcomes taxonomic ambiguity, delivering a
reproducible and clinically actionable signature for precision oncology in HCC.



Figure 1. Overall

variations in the gut

microbial composition and
the two competing guilds
(TCGQG) associated with

hepatocarcinogenesis.
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Result 2: Functional genetic profiles

(A) (B) ©
Riboflavin biosynthesis Y
sc1a Reductive TCA cycl
«C1B eductive cycle °
Incomplete reductive TCA cycle [ 3
T T TCA cycle (2nd C-oxidation) . )
= p. adjust
LN TCAcycle °
@ . . . 0.02
d \ De novo purine biosynthesis .
NS [ \ 0.01
o |( 242 3561 1700 | Methanogenesis (Methanol) .
[&]
o \ Methanogenesis (CO2) .
\ ) Count
Methanogenesis (Acetate) . 2
P § _ Methanogenesis (Methylamines) . ¢ 3
0 10 20 30 I Glycolysis (EMP) N : g
F . 2 D . . PC1(21.05 %) De novo pyrimidine biosynthesis . o6
1gure 0 1 Stlnct Dissimilatory sulfate reduction
CoA biosynthesis
0.05 0.07 0.09 0.11
functional genetic profiles © ®
TCA cycle [ ]
Methylcitrate cycle [ ] . fihfs _ S';fc W c1A
b t C 1 A d ( : 1 B TCA cyele (2nd C-oxidation) ° ] 3(51 a5 2 mcs
e » V een an oo Trans-cinnamate degradation L ] ; 10 oom g 5
00
Phenylacetate degradation L] 8 CiA ciB 8
Ubiquinone biosynthesis ® p. adjust
Ubiquinone biosynthesis [ ] 0.04 Dgf
GMP degradation ] 0.03 2 4 2
i y E 3 E
Glycolysis (EMP) [ ] 0.02 5 5 5
Purine degradation (3 0'01 _‘; 1 ® o mwoo e - Z,
Methionine salvage pathway . : § 0 §
Lysine degradation (via glutarate) . Count Cl1A C1B
.
Glyoxylate cycle . 50 - buk ~ atoa
AMP degradation L} 75 5100 . 5100
Calvin cycle . ®10.0 g 0.75. E 075
Lysine degradation (via D-lysine) . ®125 Eggg Z)S 25(5]
Lysine biosynthesis . e15 2000 - 2000 —
Heme biosynthesis . o C1A Cc1B © C1A c1B
Siroheme biosynthesis| *
Pyrimidine dNTP biosynthesis| * 5 100 _ atd 5 100 4hit
o - E=]
Phenylalanine biosynthesis| ¢ £ 075 E 075
Methylaspartate cycle| « Z 050 2050
~.0.25. ~.025
Denitrification| * 2000 bt 2000 o
Catechol meta-cleavage| * o C1A C1B o C1A c1B

0.02 0.03 0.04 0.05
GeneRatio

(F) ()

Regulation HCIA

Nutritional/l olic factor EC1B

vesion | II--"- aRas-aEs B2 "RSATHGEGERTE "R BEEA" EaCC

Immune modulation ™= cco Euc— cCCEdLCECCEED ) CEE
- e R pa g Sy
Exotoxin EEQE 2ok CECOGoEBEEENERELSELEST
2358858 B8EEama000000 8838057
=} .2 Swpcsncc SN~ girsos
Exoenzyme ] g SETSEL 0 HS539PE3eTEs (& | CE®
) <] 25T E5cC8 8P=cer FEm
Effector delivery system 4™ e} S =z +@F X UC;- (2= >—§
— = T = = 5

) i =
Biofilm o ] o @ E
Antimicrobial activity/ jm i} c
Competitive advantage QE_' =

Adherence

m
T T T 1 14 12 10 8 6 4 2 0
50 100 150 200 Copy number

Number of VF genes



Result 3: Predicting tumor class

Figure 3. HCC-TCG as a
signature to classify patients with

different hepatic tumors.

(A)

3

Sensitivity

PC2 (10.99 %)

s
s

PC2(10.51 %)

External Cohort 1: CTR vs HCC vs iCCA
Pomyen etal .2023 n=76

[
o

s
]

o
>

o
T~

o
(X}

o
=)

.
e
[N}

-0.50

###8 Cohort 2: HCC vs CRLM

Cohort 1: BT vs MT

n=43 n=7

n=25

-06 04 -02 00 02 04 06

PC1 (23.85 %)

*CTR
eHCC
\ eiCCA

-0.25 0.00 0.25

0.50
PC1 (17.5 %)

CTRvs HCC

AUC =0.79
95% CI: 0.67-0.91

0.00

0.25 0.75 1.0

0.50
1-Specificity

n=19

Identify maglinant tumour

Classify CRLM from HCC

Classify iCCA from HCC

(D)
HCC vs CRLM
1.00
20.75
=
Z’ 0.50
Q
[}
025 AUC =0.78
95% Cl: 0.59-0.97
0.00
0.00 025 050 075 100
1-Specificty
G
) .:1.045
iccA # 0038
0.030
HCC o3 #
CTR -
CTR HGC iCCA
) CTR vs iCCA
1.0

o
N
[4:]

Sensitivity
o
(<.

0.25 AUC = 0.85

’ 95% CI: 0.75-0.96
0.0

0.00 0.25 075 1.0

0.50
1-Specificity

(B) BT vs MT
1.00;
_é’ 0.75
=
‘@ 0.50
c
@
w
0.25 AUC = 07
95% CI: (0.63-0.78)
0.00;
0.00 0.25 0.50 0.75 1.00
1-Specificit!
HCC vs CRLM
1.0 —\//x'—‘/—‘
c 038
S
@
[$]
8 0.6
o
o4 AUPRC = 0.94
0.00 0.25 0.50 0.75 1.00
Recall
(H)
— i —
<€ m #
O 4o O
‘S ks
;\3 30 ;.\;20
K 3
c 20 c
3 S0l -,
5 10 5 .
el . o
2 2 B
o . : T
CTR HCC iCCA CTR HCC iCCA
(K) iCCA vs HCC
1.00|
0.75

Sensitivity
o
3

0.25 AUC =0.72
: 95% CI: 0.57-0.88
0.00 <
0.00 0.25 0.50 075 1.00
1-Specificity



N

Result 4: Recurrence and treatment response prediction
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Figure 4. HCC-TCG as a biomarker to predict recurrence risk in resectable HCC patients.
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Result 5: Clinical parameters and HCC-TCG integration
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Figure 5. HCC associated clinical parameters enhance treatment prediction.



Result 6: External validation
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Figure 6. External validation of the HCC-TCG-based response prediction model in two
independent anti—PD-1-treated HCC cohorts.




Summary

 In this study, the HCC-TCG framework shows that a stable, antagonistic Guild
structure of the gut microbiome underlies malignant transformation,
recurrence risk, and immunotherapy response along the gut—liver axis.

J This study extends the TCG paradigm into hepatic oncology and provides a
structurally grounded, functionally interpretable, and clinically actionable
ecological signature for hepatocellular carcinoma.

J By revealing a stable microbial architecture that spans benign and malignant
states, primary and metastatic tumors, and surgical and immunotherapy
settings, this work lays the foundation for a new class of Guild-based
diagnostics and interventions in liver cancer.

Yang Liu, Zefan Zhang, Guojun Wu, Bowen L1, Linghua Wang, Jingcheng Wang, et al. 2026. Two stable gut microbiome
guilds predict liver tumor class and treatment responses. iMeta 5: €70123. https://doi.org/10.1002/imt2.70123
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