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Yes, the gut microbiome (also termed gut microbiota) has been extensively
investigated in hepatocellular carcinoma (HCC) across multiple research dimensions,
including tumor pathogenesis, diagnostic/prognostic biomarkers, prediction of
immunotherapy efficacy, and microbiota-targeted therapeutic strategies. These studies
are grounded in the well-established gut-liver axis—a bidirectional signaling network
that links intestinal microbial composition, microbial metabolites, and hepatic
immune and metabolic pathways.

1. Role in HCC Pathogenesis

Substantial evidence confirms that gut microbial dysbiosis drives the development
and progression of HCC, particularly in the setting of chronic liver diseases (e.qg.,
cirrhosis, chronic viral hepatitis, nonalcoholic/alcoholic fatty liver disease) which are
the main precursors of HCC.

At the mechanistic level, compromised intestinal barrier function ("leaky gut™)

enables translocation of viable bacteria and mickpbig'-=«==tat=—~
lipopolysaccharide, LPS) into the portal venous syst
hepatic inflammation, hepatic stellate cell activation

“ ”

drives

malignant transformation 1° ',
Microbial metabolites—including secondary bile acids, short-chain fatty acids,
and choline-derived metabolites—also act as key signaling molecules that
regulate hepatocyte proliferation, inflammation, and genotoxicity during
hepatocarcinogenesis 3

For etiology-specific HCC subtypes, studies have identified distinct gut
microbial signatures in HBV-related HCC, where dysbiosis is closely
correlated with an immunosuppressive tumor microenvironment and impaired
liver function ©.

2. Gut Microbiome as Diagnostic and Prognostic Biomarkers

Alterations in gut microbial composition and diversity have shown potential as
non-invasive biomarkers for HCC detection and risk stratification:

A cohort study of elderly HCC patients (aged 60—80) demonstrated significant
differences in both a-diversity and B-diversity of gut microbiota compared
with healthy controls. A random forest model based on key differential genera
(Eggerthella, Anaerostipes, Lachnospiraceae_ND3007_group) achieved
favorable diagnostic performance, with AUC values ranging from 0.730 to
0.791 4.
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3. Prediction of Immune Checkpoint[abstract

Given the limited objective response rate of ICls in unselected
microbiome has emerged as a promising predictive biomar

Multiple systematic reviews have concluded that gut microbiota profiles
represent promising early diagnostic markers for HCC, especially in patients
with underlying chronic liver disease § JCO
Global Oncology supplement

C patients, the gut
for ICI efficacy:

A clinical study enrolling 66 advanced HCC-patients found that long-term
responders to anti-PD-1/anti-CTLA-4 therapy had significantly higher gut
microbial diversity than non-responders. The abundance of Clostridium
butyricum and fatty acid biogenesis pathways were markedly enriched in
long-term responders, suggesting their potential as predictive markers for
durable ICI benefit =

Multiple comprehensive reviews have synthesized evidence that gut
microbiome composition modulates ICI efficacy by shaping systemic and
hepatic immune activation, and can be used to stratify patients who are more
likely to benefit from immunotherapy ! *°.

4. Microbiota-Targeted Therapeutic Strategies

Preclinical and clinical studies have explored various microbiota-modulating
interventions for HCC management, including probiotics, prebiotics, fecal microbiota
transplantation (FMT), and selective antibiotics. These strategies aim to restore gut
eubiosis, reduce bacterial translocation, and enhance anti-tumor immunity,
representing promising adjunctive approaches for HCC treatment ! ° 1,
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