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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!"?). 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)®\. As repeated TACE sessions are often
required for sustained tumour control, the development of TACE-LI may preclude
further sessions and compromise overall efficacy™®. Dysbiosis of the gut microbiome
has been implicated in the progression of HCCP'. Mechanistically, microbial
products may promote hepatocarcinogenesis through chronic inflammation,
immune dysregulation and suppression of anti-tumour immunity via the gut-liver
axis!'!. Specific microbial signatures, including increased Enterococcaceae and
Enterobacteriaceae and reduced Bifidobacteriaceae, have been proposed as
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biomarkers of dysbiosis in HCC!"\. 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"”!. Conversely, a balanced microbiome appears to support anti-tumour
immunity via cytotoxic T-cells and natural killer cell activation™. 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'*'

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"". 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!"”!. 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"" . 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". 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""". 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-LL

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"". 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'. 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"!. 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!*l.
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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!*..
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!"®. 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.

DECLARATIONS
Authors’ contributions
Contributed to the initial draft, writing and editing of the manuscript: Engelman J, Jia K, Riordan SM

Availability of data and materials
Not applicable.

Al and Al-assisted tools statement

During the preparation of this manuscript, the AI tool Figurelabs (version 1.0, released 2026-03-20) was used
solely for the Graphical Abstract. The tool did not influence the study design, data collection, analysis,
interpretation, or the scientific content of the work. All authors take full responsibility for the accuracy,
integrity, and final content of the manuscript.

Financial support and sponsorship
None.

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2026.

REFERENCES

1. European Association for the Study of the Liver. EASL Clinical Practice Guidelines on the management of hepatocellular carcinoma. J
Hepatol. 2025;82:315-74. DOI PubMed


https://dx.doi.org/10.1016/j.jhep.2024.08.028
https://www.ncbi.nlm.nih.gov/pubmed/39690085

Page 4 of 4 Engelman et al. Hepatoma Res. 2026;12:57

2. Jaber F, Cholankeril G, El-Serag HB. Contemporary epidemiology of hepatocellular carcinoma: understanding risk factors and
surveillance strategies. J Can Assoc Gastroenterol. 2024;7:331-45. DOI PubMed PMC

3. Lencioni R, de Baere T, Soulen MC, Rilling WS, Geschwind J-FH. Lipiodol transarterial chemoembolization for hepatocellular
carcinoma: a systematic review of efficacy and safety data. Hepatology. 2016;64:106-16. DOI PubMed

4. LilJ,LiuY, Zheng R, Qu C, Li J. Molecular mechanisms of TACE refractoriness: directions for improvement of the TACE procedure.
Life Sci. 2024;342:122540. DOI PubMed

5. Lapidot Y, Amir A, Nosenko R, et al. Alterations in the gut microbiome in the progression of cirrhosis to hepatocellular carcinoma.
mSystems. 2020;5:¢00153-20. DOI PubMed PMC

6.  Zhang N, Gou Y, Liang S, et al. Dysbiosis of gut microbiota promotes hepatocellular carcinoma progression by regulating the immune
response. J Immunol Res. 2021;2021:4973589. DOI PubMed PMC

7. Schneider KM, Mohs A, Gui W, et al. Imbalanced gut microbiota fuels hepatocellular carcinoma development by shaping the hepatic
inflammatory microenvironment. Nat Commun. 2022;13:3964. DOI PubMed PMC

8. Huang M, Ji Q, Huang H, Wang X, Wang L. Gut microbiota in hepatocellular carcinoma immunotherapy: immune microenvironment
remodeling and gut microbiota modification. Gut Microbes. 2025;17:2486519. DOI PubMed PMC

9. Liu Q, Duan ZP, Ha DK, Bengmark S, Kurtovic J, Riordan SM. Synbiotic modulation of gut flora: effect on minimal hepatic
encephalopathy in patients with cirrhosis. Hepatology. 2004;39:1441-9. DOI PubMed

10. Wang X, Zhang B, Jiang R. Microbiome interplays in the gut-liver axis: implications for liver cancer pathogenesis and therapeutic
insights. Front Cell Infect Microbiol. 2025;15:1467197. DOI PubMed PMC

11. LiR,Liul, YeF, et al. Microbial metabolism dysfunction induced by transarterial chemoembolization aggravates postprocedural liver
injury in HCC. J Hepatol. 2026;84:808-22. DOI PubMed

12. Bian CF, Wang Y, Yu A, et al. Gut microbiota changes and biological mechanism in hepatocellular carcinoma after transarterial
chemoembolization treatment. Front Oncol. 2022;12:1002589. DOI PubMed PMC

13.  Trebicka J, Macnaughtan J, Schnabl B, Shawcross DL, Bajaj JS. The microbiota in cirrhosis and its role in hepatic decompensation. J
Hepatol. 2021;75:567-81. DOI PubMed PMC

14. WangJ, He XD, Zhang YC. Antibiotic prophylaxis in transarterial therapy of hepatocellular carcinoma: a meta-analysis. Can J
Gastroenterol. 2012;26:85-91. DOI PubMed PMC

15. Nishida AH, Ochman H. Rates of gut microbiome divergence in mammals. Mol Ecol. 2018;27:1884-97. DOI PubMed PMC

16.  Scepanovic P, Hodel F, Mondot S, et al.; Milieu Intérieur Consortium. A comprehensive assessment of demographic, environmental, and

host genetic associations with gut microbiome diversity in healthy individuals. Microbiome. 2019;7:130. DOI PubMed PMC

Disclaimer/Publisher’s Note: All statements, opinions, and data contained in this publication are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect those of OAE and/or the editor(s). OAE and/or the editor(s) disclaim any responsibility for harm to
persons or property resulting from the use of any ideas, methods, instructions, or products mentioned in the content.

(7) © The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License

Ev (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution and
reproduction in any medium or format, for any purpose, even commercially, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons license, and indicate if changes were made.


https://dx.doi.org/10.1093/jcag/gwae025
https://www.ncbi.nlm.nih.gov/pubmed/40786815
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11477987
https://dx.doi.org/10.1002/hep.28453
https://www.ncbi.nlm.nih.gov/pubmed/26765068
https://dx.doi.org/10.1016/j.lfs.2024.122540
https://www.ncbi.nlm.nih.gov/pubmed/38428568
https://dx.doi.org/10.1128/msystems.00153-20
https://www.ncbi.nlm.nih.gov/pubmed/32546668
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7300357
https://dx.doi.org/10.1155/2021/4973589
https://www.ncbi.nlm.nih.gov/pubmed/34722779
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8551979
https://dx.doi.org/10.1038/s41467-022-31312-5
https://www.ncbi.nlm.nih.gov/pubmed/35803930
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9270328
https://dx.doi.org/10.1080/19490976.2025.2486519
https://www.ncbi.nlm.nih.gov/pubmed/40166981
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11970798
https://dx.doi.org/10.1002/hep.20194
https://www.ncbi.nlm.nih.gov/pubmed/15122774
https://dx.doi.org/10.3389/fcimb.2025.1467197
https://www.ncbi.nlm.nih.gov/pubmed/39936163
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11810975
https://dx.doi.org/10.1016/j.jhep.2025.10.008
https://www.ncbi.nlm.nih.gov/pubmed/41110523
https://dx.doi.org/10.3389/fonc.2022.1002589
https://www.ncbi.nlm.nih.gov/pubmed/36267958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9577458
https://dx.doi.org/10.1016/j.jhep.2020.11.013
https://www.ncbi.nlm.nih.gov/pubmed/34039493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8973011
https://dx.doi.org/10.1155/2012/375956
https://www.ncbi.nlm.nih.gov/pubmed/22312607
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275410
https://dx.doi.org/10.1111/mec.14473
https://www.ncbi.nlm.nih.gov/pubmed/29290090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5935551
https://dx.doi.org/10.1186/s40168-019-0747-x
https://www.ncbi.nlm.nih.gov/pubmed/31519223
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6744716
https://creativecommons.org/licenses/by/4.0/

