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Liver cancer, of which hepatocellular carcinoma (HCC) comprises about 90%, is the

sixth most common malignancy and the third leading cause of cancer-related

mortality worldwide
[1 ,2 ]

. In patients with HCC confined to the liver who are

unsuitable for surgical resection or transplantation, locoregional therapies represent

the mainstay of treatment. Trans-arterial chemoembolization (TACE) is one such

modality, offering simultaneous ischaemic necrosis of the tumour and local

chemotherapy. Despite its therapeutic benefits, liver injury attributed to off-target

hepatocyte ischaemia and regional chemotherapy toxicity is the most common

adverse event following TACE (TACE-LI)
[3]

. As repeated TACE sessions are often

required for sustained tumour control, the development of TACE-LI may preclude

further sessions and compromise overall efficacy
[4]

. Dysbiosis of the gut microbiome

has been implicated in the progression of HCC
[5]

. Mechanistically, microbial

products may promote hepatocarcinogenesis through chronic inflammation,

immune dysregulation and suppression of anti-tumour immunity via the gut-liver

axis
[6]

. Specific microbial signatures, including increased Enterococcaceae and

Enterobacteriaceae and reduced Bifidobacteriaceae , have been proposed as
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biomarkers of dysbiosis in HCC
[6]

. Furthermore, dysbiosis may foster an immunosuppressive tumour

microenvironment via toll-like receptor 4 (TLR4)-mediated expansion of myeloid-derived suppressor cells

and inhibition of T-cell activity
[7]

. Conversely, a balanced microbiome appears to support anti-tumour

immunity via cytotoxic T-cells and natural killer cell activation
[8]

. Gut microbiome modulation has been

successfully used as part of the treatment armamentarium in decompensated cirrhosis and collectively, these

new findings identify the gut microbiome as a potential therapeutic target in HCC through strategies

including probiotics, synbiotics, and faecal microbiota transplantation
[9,10]

In this context, Li et al. present an interesting study on the pathogenesis of TACE-LI, focusing on

disturbance of the gut microbiome, specifically depletion of Limosilactobacillus reuteri (L. reuteri) and its

tryptophan metabolite indole-3-lactic acid (ILA) in an experimental animal model
[11]

. These findings build

on evidence that certain post-TACE gut microbial alterations correlate with improved intestinal barrier

function and reduced lipopolysaccharide (LPS)-mediated TLR4 and cyclooxygenase-2 (COX-2) signalling,

suggesting TACE benefits may be partially mediated through gut microbial restoration, rather than solely

through tumour devascularization and chemotoxicity
[12]

. Conversely, TACE-related ischaemia in the acute

post-procedural period can transiently disrupt gut barrier integrity and worsen dysbiosis, especially in pre-

existing cirrhosis. This may amplify the inflammatory cascade and systemic LPS burden in the short term, a

vulnerability which Li et al. highlight through their description of the L. reuteri-ILA axis in TACE-LI
[11-13]

. In

particular, Li et al. propose a novel pathway whereby the L. reuteri-ILA axis exerts hepatoprotective effects

through inhibition of macrophage-driven inflammation. Mechanistically, Li et al. show that L. reuteri uses

the enzyme phenyllactate dehydrogenase (fldH) to convert tryptophan into ILA, which binds the adenosine

triphosphate (ATP)-binding pocket of heat shock protein 90 (HSP90) and inhibits its adenosine

triphosphatase (ATPase) activity. This prevents HSP90 from stabilising NOD-, LRR- and pyrin domain-

containing protein 3 (NLRP3) in hepatic macrophages, reducing formation of the HSP90-NLRP3

inflammasome complex and downstream pro-inflammatory cytokine release. Depleting hepatic

macrophages, or selectively silencing HSP90 within them, abolishes the protective effects of both L. reuteri

and ILA, confirming hepatic macrophages as the key cell type through which this pathway limits TACE-

LI
[11]

. Li et al. substantiate this paradigm using a robust, multi-layered experimental framework spanning

germ-free (GF) rat models, human-to-rat faecal microbiota transplantation, multi-omics profiling,

genetically engineered probiotic strains, macrophage-targeted nanotherapeutics and a large retrospective

clinical cohort
[11]

. Taken together, this multi-dimensional experimental design lends strong support to the

hypothesis that gut microbial homeostasis is a critical and under-recognised regulatory factor of TACE-LI.

Li et al. demonstrate that reduced pre-TACE levels of L. reuteri and ILA are associated with increased

severity of TACE-LI and poorer overall survival
[11]

. Using retrospective clinical cohort data from 145 TACE-

treated patients, Li et al. verify that higher pre-procedural L. reuteri abundance and elevated ILA levels

independently correlate with milder post-procedural liver injury, faster hepatic function recovery and

prolonged overall survival, even after adjusting for tumour burden
[11]

. These findings, observed in a human

cohort, suggest that L. reuteri abundance and ILA levels are promising novel biomarkers for pre-intervention

risk stratification of TACE-LI and are potential novel therapeutic targets to mitigate TACE-related toxicity.

Despite the strong correlation seen within the retrospective cohort, the mechanism by which TACE

modulates intestinal microbiota composition remains uncertain and warrants further investigation to

elucidate the pathway by which gut dysbiosis contributes to TACE-LI. Follow-up research, ideally in well-

designed prospective studies, should clarify these mechanisms, and explore potential driving and

confounding factors such as TACE-induced portal hemodynamic changes and bile acid perturbations, before

L. reuteri or ILA supplementation can be clinically justified. Notably, the study by Li et al. observed that

prophylactic antibiotics may worsen TACE-LI through depletion of beneficial Gram-positive bacteria
[11]

. This

challenges the paradigm in some treatment centres to utilise prophylactic antibiotics to limit bacterial

                                                                                       translocation post-TACE, suggesting a need for a more nuanced approach to antimicrobial use in this

setting
[14]

.
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The reliance on animal models limits the translational applicability of Li et al.’s findings, given known

interspecies differences in gut microbiome composition, bile acid metabolism and immune responses
[15]

.

Moreover, substantial inter-individual variability in the human microbiome, shaped by geography, diet and

prior antibiotic exposure among other factors, raises questions regarding the generalisability of these findings

across diverse patient populations
[16]

. Prospective, multi-centre human studies will, therefore, be essential to

validate the clinical relevance of these findings. Additionally, while the identification of a single microbial

species and metabolite provides a mechanistic pathway, it may oversimplify the complexity of the gut

microbiome and its full impact on TACE-LI. The observed changes in other bacterial taxa, such as

Ruminococcus and Bifidobacteriaceae, suggest that hepatoprotective effects described may represent only one

component of a broader gut microbial phenomenon.

In summary, the gut microbiome is emerging as a dynamic and potentially clinically significant factor in

HCC pathogenesis and its management. The study by Li et al. represents a substantial advance in our

understanding of microbial influences on TACE-LI. Despite the methodological and translational limitations

of Li et al.’s findings, targeting the gut microbiome to mitigate TACE-LI represents a novel strategy for an

important and currently unmet clinical need, warranting further investigation in appropriately designed

clinical trials.
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