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Simple Summary: During the last decade, a new therapeutic revolution has involved the
management of hepatocellular carcinoma (HCC). This is made possible thanks to the documented
efficacy of immunotherapy for this disease. In addition, new evidence demonstrated the role of the
gut-liver axis and gut microbiota in host homeostasis, tumor development, and response to therapies.
In particular, intestinal dysbiosis can alter the tumor microenvironment leading to the activation of
intracellular signalling pathways that promote carcinogenesis. The composition of gut microbiota
proved to influence the immune checkpoint inhibitors (ICls) efficacy and drug toxicities. Therefore,
this review aims to deepen knowledge about the immunomodulatory role of gut microbiota and its
possible employment as diagnostic and predictive biomarkers in the diagnosis of HCC and response
to immunotherapy, respectively.

Abstract: During the last decade, a new therapeutic revolution has involved the management of
hepatocellular carcinoma (HCC). This is made possible thanks to the documented efficacy of
immunotherapy for this disease. In addition, new evidence demonstrated the role of the gut-liver
axis and gut microbiota in host homeostasis, tumor development, and response to therapies. In
particular, intestinal dysbiosis can alter the tumor microenvironment leading to the activation of
intracellular signalling pathways that promote carcinogenesis. The composition of gut microbiota
proved to influence the immune checkpoint inhibitors (ICls) efficacy and drug toxicities. Therefore,
this review aims to deepen knowledge about the immunomodulatory role of gut microbiota and its
possible employment as diagnostic and predictive biomarkers in diagnosis and response to
immunotherapy of HCC, respectively.

Keywords: HCC; Immunotherapy; Immune Checkpoints Inhibitors (ICIs); Gut Microbiota.

1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver tumor, corresponding to 75-
85% of cases [1,2]. The diagnosis of HCC usually occurs in the advanced stage; this is the main
responsible for the poor prognosis despite the new therapeutic revolution that involved HCC thanks
to the documented efficacy of immunotherapy [2-4]. Generally, HCC develops in a liver
microenvironment characterized by cirrhosis and chronic inflammation [5]. In this regard, the most
relevant risk factors for HCC are HBV/HCV infection and heavy alcohol consumption which cause
chronic liver inflammation [1,6]. On the other hand, the occurrence of HCC in healthy liver is
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becoming more common, above all in the Western world [6]. In this regard, non-alcoholic fatty liver
disease (NAFLD) due to obesity has proven to be the starting point of HCC [7].

The gut microbiota consists of about a trillion microorganisms, including bacteria, viruses,
protozoa, and fungi. Therefore, it is an extremely diversified micro-ecosystem, whose composition is
strictly dependent on external factors [8-10]. Several researchers have studied the relationship
between the development of HCC and intestinal dysbiosis, a condition in which atypical bacterial
metabolites are produced [11,12]. This association is made possible through the gut-liver axis that
consists of the biliary tract, hepatic portal vein, and biliary secretions. In this way, gut bacteria and
their metabolites can reach the liver leading to hepatic inflammation, tumorigenesis, and cancer
progression. Furthermore, recent data identify the gut microbiome as a key player in determining the
Immune Checkpoint Inhibitors (ICls) efficacy in the treatment of HCC [13-15].

This review aims to deepen knowledge about the different compositions of gut microbiota and
their influence on the response to ICls in patients affected by advanced HCC. Moreover, we explored
the possibility of modulating the features of gut microbiota to obtain better therapeutic efficacy.

Immunotherapy and HCC

For many decades, HCC has been a pathology without therapeutic options, beyond loco-
regional treatments [5,16]. Since 2007 we have witnessed the first therapeutic revolution thanks to the
advent of Tyrosine Kinase Inhibitors (TKIs). Sorafenib, in the SHARP study, was the first TKI that
demonstrated to improve survival compared to placebo for patients with advanced HCC [17].
Subsequently, other TKIs have become part of the therapeutic landscape of this disease. Among these,
Lenvatinib proved to be non-inferior to Sorafenib in the REFLECT study [18]; Cabozantinib and
Regorafenib have demonstrated their activity in advanced HCC patients pre-treated with other TKIs
in CELESTIAL and REACH trial, respectively [19,20]. Moreover, only very few HCC patients,
approximately 2.5% of them, present molecular alterations that might be amenable to targeted
therapy [2,3]. However, in the last decade, we have witnessed a new therapeutic revolution due to
the proven effectiveness of combination therapies including immunotherapy, in particular Immune
Checkpoints Inhibitors (ICIs) [21]. These last drugs correspond to antibodies targeting programmed
death-1 (PD-1), programmed death ligand-1 (PD-L1), and cytotoxic T lymphocyte antigen-4 (CTLA-
4). PD-1 is a receptor expressed on the cell surface of various immune cells, and it may be up-
regulated as a result of T cell activation; PD-L1 and PD-L2 are expressed on target cells and their
binding to PD-1 receptor leads to the suppression of immune response favoring cancer growth [22].
CTLA-4 is another receptor with the function of downregulating the immune response [22].
Nowadays, the standard first-line treatments are either Atezolizumab (PD-L1 inhibitor) +
Bevacizumab (angiogenesis inhibitor, anti-VEGF monoclonal antibody) or Durvalumab (PD-L1
inhibitor) + Tremelimumab (CTLA-4 inhibitor). The combination of Atezolizumab and Bevacizumab
was tested in a phase III clinical trial, IMbravel50, compared to Sorafenib in advanced HCC patients
[23]. The results showed a significant improvement in progression-free survival (PFS) and overall
survival (OS). In detail, the median PFS was 6.9 versus 4.3 months (hazard ratio [HR] 0.65; 95% CI
0.53-0.81; p < 0.001) while OS was 19.2 and 13.4 months (HR 0.66; 95% CI 0.52-0.85; p <0.001) in
experimental and control groups, respectively. Reported adverse events (AEs) of all grades were
fewer in the combination group compared to the control one (18). On the other hand, the combination
of Durvalumab plus Tremelimumab was analyzed in the phase III study, HIMALAYA, compared to
Sorafenib [24]. To be specific, the patients enrolled in this trial were randomized into three groups: 1)
STRIDE regimen: Tremelimumab (300 mg one dose) + Durvalumab (1500 mg every 4 weeks); 2)
Durvalumab single agent (1500 mg every 4 weeks); 3) Control group: Sorafenib (400 mg twice daily).
The results showed a median OS of 16.43 months for the STRIDE regimen, 16.56 months for
durvalumab as a single agent, and 13.77 months for the control group. The HR for OS was 0.78
(96.02% CI, 0.65 to 0.93; P=0.0035) in the comparison between STRIDE and sorafenib arms. As regards
the other comparison, the OS was non-inferior between Durvalumab monotherapy and Sorafenib
groups (HR, 0.86; 95.67% CI, 0.73 to 1.03; noninferiority margin, 1.08). PFS was not significantly
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different among all three arms. In terms of toxicity, AEs of all grades were fewer in the STRIDE
regimen arm with respect to the control arm. At ASCO 2024, the results of the CheckMate-9DW trial
were reported [25]. This phase III trial assessed the combination of Nivolumab plus Ipilimumab
versus Sorafenib or Lenvatinib as first-line therapy showing a significant improvement in OS (23.7
months versus 20.6 months; HR 0.79, 95% CI [0.65, 0.96]; p = 0.018). Several other ICIs, including PD-
1 (Pembrolizumab, Camrelizumab, and Sintilimab), PD-L1 (Atezolizumab), are being investigated in
combination with VEGF (Bevacizumab) antibodies and TKIs (Lenvatinib and Cabozantinib) in phase
III clinical trials as first-line systemic therapy for advanced HCC. For example, the ORIENT-32 trial
evaluated the safety, tolerability, and efficacy of Sintilimab plus IBI305 (Bevacizumab biosimilar)
compared to Sorafenib as first-line therapy. The results demonstrated PES and OS significantly longer
for the experimental group [26]. By contrast, the COSMIC-312 trial investigated Cabozantinib plus
Atezolizumab compared to Sorafenib while the LEAP-002 tested Pembrolizumab plus Lenvatinib
versus Lenvatinib. However, in both cases, the PFS and OS were not significantly longer for the
combination groups [27,28].
Patients who are considered ineligible for the standard first-line regimens can be treated

with Sorafenib or Lenvatinib [17,18].

ICIs were also tested as single agents for first-line treatment of advanced HCC although without
a significant survival benefit. For example, Nivolumab was compared to Sorafenib in the CheckMate
459 trial, a phase III clinical study [29]. Moreover, immunotherapy was evaluated for those patients
who did not tolerate or progressed to Sorafenib. In this regard, KEYNOTE-240 was a phase III clinical
trial that evaluated Pembrolizumab compared to placebo, in this setting of patients. However, the
differences in the PFS and OS between the two arms were not statistically significant [30].

Second-line therapy depends on the regimen that patients have previously received. Patients
who were initially treated with the standard first-line combinations should be recruited in clinical
trials. In alternative, they can receive Sorafenib or Lenvatinib although no prospective clinical studies
have evaluated the efficacy of TKIs after progression to the first-line therapy including ICIs.
Cabozantinib is the most common drug employed as a third-line treatment [20]. For those patients
that were ineligible for the combination therapies in the first line and received Sorafenib or
Lenvatinib, the choice falls on Regorafenib, Cabozantinib, or Ramucirumab (if the AFP level is > 400
ng/mL).

Table 1 summarizes all clinical trials about the employment of ICIs in patients with HCC.

Table 1. Summary about main clinical trials on ICIs-based therapy for HCC.

CLINICAL TRIAL TREATMENT Setting RESULTS

Atezoli biB . b mOS: 19.2 vs 13.4 months
IMbrave 150 czolizamabrbevacizumab vs First-line mPFS: 6.8 vs 4.3 months

Sorafenib ORR: 23.7% vs 11.9%
Durvalumab+Tremelimumab vs mOS: 16.4 vs 13.7 months
HIMALAYA Sorafenib First-line mPFS: 3.78 vs 4.07 months

ORR: 20.1% vs 2.1 %
mOS. 23.7 vs 20.6 months
First-line mPFS: 9.1 vs 9.2 months
ORR: 36% vs 13%
mOS: Not reached vs 10.4 months

Nivolumab+Ipilimumab vs

CheckMate-9DW Sorafenib or Lenvatinib

Orient-32 Sintilimab+IBI205 vs Sorafenib First-line mPFS: 4.6 vs 2.8 months
Atezolizumab+Cabozantinib vs . . mOS: 16.5 vs 15.5
COSMIC-312 Sorafentb First-line mPFS: 6.9 vs 4.3

Pembroli bl tinib mOS: 21.2 vs 19 months
LEAP-002 embrofizumabrLenvatinib vs First-line mPFS: 8.2 vs 8 months

Lenvatinib ORR: 26.3% vs 17.5%
mOS: 16.4 vs 14.7 months
CheckMate-459 Nivolumab vs Sorafenib First-line mPEFS: 3.7 vs 3.8 months
ORR: 15% vs 7%
mOS: 13.9 Vs 10.6 months
Keynote-240 Pembrolizumab vs Placebo Second-line mPFS: 3 vs 2.8 months
ORR: 27.3 vs 11.9%
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HCC: hepatocellular carcinoma; mOS: median Overall Survival; mPFS: median Progression-free Survival; ORR:

objective Response Rate.

2. Microbiota and Immunotherapy Efficacy

The gut microbiota is a heterogeneous ecosystem of microorganisms that primarily lies in the
human gut [31,32]. The gut microbiota composition can be very different among individuals due to
genetic, dietary and health factors. However, this diversity and the presence of various
microorganisms’ species is fundamental for the maintenance of gut health [33-35]. The gut microbiota
plays several functions including the digestion of substrates that human beings cannot directly
metabolize, such as complex polysaccharides and dietary fibers. Bacteria produce short-chain fatty
acids (SCFAs) through the fermentation; the main SCFAs is butyrate which provide energy to
epithelial cells of intestine and have anti-inflammatory effects [35,36]. Moreover, the gut microbiota
plays a key role in modulating the immune system. In detail, the interactions between intestinal
immune cells (such as dendritic cells and lymphocytes) and microbiome are essential for the
maintenance of immune tolerance to commensal microorganisms, preventing allergic and
autoimmune responses [34]. In addition, the microbiota helps to defend the host from pathogens,
limiting their invasion and colonization. Furthermore, some intestinal bacteria can synthetize
essential vitamins, such as B vitamins (B1, B2, B6, B12, folates) and vitamin K [31]. The gut microbiota
manages the host's metabolism through the accumulation of body fat and the regulation of blood
sugar levels. The gut microbiota is also involved in the regulation of the central nervous system (CNS)
through the so-called "gut-brain axis." In detail, microbiota can produce neurotransmitters that can
directly influence brain function and behavior [37].

Bacteria are the main components of the gut microbiota and are represented by various species.
Firmicutes are responsible for the fermentation of dietary fibers and the production of SCFAs. The
most representative species of Firmicutes are Lactobacillales and Clostridia which have an important
role in food digestion and the immune system modulation. Bacteroidetes are abundant in the human
gut and are mainly involved in the digestion of complex polysaccharides. The most common genera
include Bacteroides, which are important for the metabolism of non-digestible carbohydrates and for
SCFAs production. Actinobacteria includes Bifidobacterium, which can ferment oligosaccharides,
produce SCFAs, such as lactate, and inhibit the growth of pathogenic bacteria. Proteobacteria are
usually potential pathogens although they are also present in a healthy microbiota. The most
important genera include Salmonella and Escherichia (such as E. coli) which are not usually pathogenic
but sometimes they can cause infectious disease. Fusobacteria and Verrucomicrobia are represented by
a small number of species, but some of them are essential for gut health. Fusobacterium is known for
its role in fermentation processes, while Akkermansia muciniphila, belonging to the phylum
Verrucomicrobia, is involved in degrading intestinal mucus [31,32,36]. Archaea are microorganisms
similar to bacteria but belong to a distinct domain. Although less abundant than bacteria, intestinal
Archaea, particularly the genus Methanobrevibacter play an important role in intestinal metabolism.
These microorganisms are involved in methane production through a process known as
methanogenesis, which helps reduce hydrogen concentration in the intestine and can influence
carbohydrate fermentation [31,32,36].

Intestinal fungi are less abundant with respect to bacteria although they are an important
component of the gut microbiota. The most common are Candida, Saccharomyces, and Penicillium.
Candida albicans is a commensal fungus that can become pathogenic in cases of microbiota imbalance,
causing infections. The presence and proliferation of fungi in the gut microbiota are regulated by
interactions with bacteria [31,32,36].

The virome of the human gut includes a great variety of viruses, many of which are
bacteriophages. These viruses play a key role in maintaining the health microbiota, as they influence
bacterial composition by regulating the growth of specific bacterial species [31,32,36].

Protozoa are unicellular organisms present in the human gut microbiota although less abundant
than bacteria and fungi. Some protozoa, such as Entamoeba histolytica and Giardia lamblia, can be
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pathogenic and cause diseases, but other species are commensal and don’t usually cause harm to
health. Protozoa can impact the gut microbiota through their interactions with bacteria and the
modulation of intestinal inflammation [31,32,36].

Recent data showed that a different microbiota composition is present in ICI-responder and non-
responder patients [38—41]. An example is Akkermansia muciniphila that is abundant in ICI-responder
patients; this bacterium can induce a type-1 antitumor response favoring the secretion of interleukin
(IL)-12 by dendritic cells (DCs). This results in an enhanced engagement of memory CD4+ T cells.
Another component of microbiota, Bacteroides fragilis, is positively associated with immunotherapy
efficacy since it can stimulate the activation of interferon (IFN)-y-producing DCs and CD4+T
lymphocytes [42,43]. Bifidobacterium as a single species, but also Ruminococcaceae, Bacteroides,
Fusobacterium, and Eubacterium as a mixture of species, have proven to increase IClIs activity through
the stimulation of immune responses mediated by IFNy+ CD8+ T cells [38-45]. ICI responders
affected by liver cancer have an enrichment of these species in their gut microbiota [46,47]. Therefore,
these bacteria can promote the anticancer immune response through the activation of CD8+ T cells,
which have a key role in controlling HCC development [48]. Other data suggest that the metabolites
of commensal bacteria can also enhance the efficacy of antitumor treatment via the amplification of
immune activity. A metabolomic investigation tested the group of metabolites produced by a specific
biological network. In particular, the metabolome assessment from the faecal microbiome or serum
can allow to identify those predictive biomarkers useful to foretell the long-term efficacy of
immunotherapy. An example corresponds to the SCFAs produced by microbiome because they have
the ability to regulate CD8+ T cell activity in ICI responder patients; moreover, a longer PFS is
correlated to SCFAs presence [49,50]. Pre-clinical data on a pancreatic cancer model showed that the
activity of CD8+ T cells in adoptive cell therapy (ACT) was strongly enhanced by SCFAs leading to
improved ant-tumor activity and clinical results [50]. On these bases, the administration of bacteria-
producing SCFAs or directly SCFAs might enhance the efficacy of ACT with CD8+T cells in HCC.
Furthermore, the addition of SCFAs to an anti-PD-1 ameliorated the effectiveness of immunotherapy
in a mouse model of HCC. This was obtained through the reduction of IL-17 level and the consequent
suppression of cancer growth [51]. Inosine is a metabolite generally produced by Bifidobacterium
species; it proved to improve ICI efficacy via the IFN-vy release and the activation of CD8+T and CD4+
T cells [52]. In contrast, ICI non-responders suffered from a severe gut dysbiosis that inhibits the
triggering of type 1 immune response but stimulates immunosuppressive one. Other data
demonstrated that the production of IL-10 by DCs is upregulated in ICI non-responder patients
affected by HCC; this determines the amplification of T-regulatory lymphocytes (Tregs) with the
consequent suppression of anti-cancer immune activity [53-55]. These findings suggest the need for
therapeutic strategies with the aim to manage the microbiota so favoring an anti-cancer activity and
avoiding the occurrence of immune resistance (Figure 1).
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ICI-responder Patients ICI-non responder Patients

Favorable q
Microbiome

Unfavorable
Microbiome

Figure 1. In ICI-responder patients, the gut microbiota favors the production of IL-12 by Dendritic Cells (DC).
This leads to the activation of the Th1-based immune response and citotoxicity via cytotoxic T lymphocytes. The
result is the inhibition of tumor proliferation. On the other hand, in ICI-non responder patients, the gut
microbiota is dysbiotic and determines the immune tolerance by DC. They leads to the proliferation of T
regulatory cells which have immunosuppressive functions through the production of IL-10. The result is tumor

growth.

3. Microbiome: ICI-Responders and Non-Responders

As mentioned before, many differences in microbiota composition are present in ICI-responder
and non-responder patients affected by advanced HCC. Several data support the key role of
microbiome composition in the different responses to ICIs. In detail, most of studies included the
collection of faecal samples at baseline and 2 months after the beginning of treatment. The enrolled
patients in some of these studies had already received other therapies such as Sorafenib [26,29,30,38—
63].

An experimental study by Min-Woo Chug et al. documented that the microbiota of ICI-
responder HCC patients had an increased representation of Enterococcus durans, Azospirillum sp. and
Citrobacter freundii. On the other hand, Trichuristrichiura, Granulicatella sp., Lactobacillus reteri,
Escherichia coli, Enterococcus faecium, Dialisterpneumosintes, Veillonellaatypica, Streptococcus gordonii, and
Streptococcus mutans were the prevailing species in ICI non-responder patients. Moreover, a poorer
response to ICIs was observed in patients with an unbalanced ratio of Firmicutes to Bacteroidetes; in
contrast, a better response was described for those patients with a high ratio of Prevotella to Bacteroides
[63].

Another study by Mao Jinzhu et al. showed different outcomes in 65 patients affected by
advanced liver cancers (35 with biliary tract cancer, 30 with HCC) and treated with ICIs. Faecal
samples from all patients were collected before the start of therapy. In detail, a great amount of
Firmicutes and Bacterioides was observed in patients who experienced a clinical advantage; on the
other hand, patients without clinical benefit had higher levels of bacteria from Veillonellales order and
Proteobacteria. In addition, the arm with a greater amount of Veillonellaceae experienced a poorer PFS
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and OS while a longer PFS and OS were described in the arm with a greater amount of Bacteroides
zoogleoformans, Alistipes sp. Marseille-P5997, Ruminococcuscallidus, Erysipelotrichaceae bacterium-
GAM147, and Lachnospiraceae. Erysipelotrichacene-GAM147 and Lachnospiraceae-GAM79 are
commensal species and protective strains able to produce IL-10 and TGF-beta so improving the role
of the epithelial barrier. These species are also implicated in the metabolism of bile acids. The genomic
analysis of stool samples collected during therapy reported that the microbiota had maintained stable
features in those patients with good response; otherwise, the microbiota of patients with poor
response was characterized by great diversity [46].

Zheng et al. conducted a clinical trial on advanced HCC patients who progressed to Sorafenib
and received Camrelizumab (an anti-PD1 agent). The design of the study established the collection
of stool samples before the beginning of therapy, after 1 week, and every 3 weeks during treatment.
The genomic analysis reported that a greater level of microbiome population was present in
responder patients. Moreover, a higher concentration of Proteobacteria, Bacteroides, and Firmicutes was
described in both responder and non-responder populations although a greater amount of
Ruminococcaceae and Akkermansia muciniphila was reported in responders. A significant modification
of the bacterial population was evident in non-responders during therapy. In detail, a higher level of
Proteobacteria, mostly E. coli, in the period between week 3 and week 12, at which point the first species
became prevalent. By contrast, Klebsiella pneumoniae was the most represented among Proteobacteria
in the responder population [47].

A study by Li et al. reported an association between PFS and the oral and gut microbiome. In
particular, a longer PFS was observed in HCC patients with a higher concentration of Faecalibacterium
compared to those with a higher amount of Bacteroidales. Therefore, a higher level of Faecalibacterium
might be a peculiarity of ICI-responders while a higher level of Bacteroidales might be a feature of ICI-
non-responders [9]. Otherwise, another study by Shen et al. didn’t show any difference in microbiota
between responder and non-responder HCC patients both at baseline and regarding the
administered type of ICI [57]. However, it is well known that the composition and the features of
microbiota are strongly influenced by external factors, such as sex, dietary, environmental, and
medication. Moreover, different methods of sampling, sample storage, and analysis could affect the
study outcomes.

Table 2 indicates the main bacterial species of the microbiota found in ICI-responder and non-
responder HCC patients.

Table 2. Summary about the main species in microbiota of ICI-responder and non-responder HCC patients.

RESPONDERS NON-RESPONDERS
. Akkermansia muciniphila 3 Bacterioides
. Azospirillum sp. 3 Dialister pneumosintes
. Citrobacter freundii . Escherichia Coli
. Enterococcus durans . Enterococcus faecium
. Erysipelotrichaceae bacterium- 3 Granulicatella sp.
GAM147 . Lactobacillus reteri
. Faecalibacterium
3 Proteobacteria
o Ruminococccaceae
3 Streptococcus gordonii
. Streptococcus mutans
. Trichuris trichiuria
3 Veillonella atypica
. Veillonellales
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4. Future Perspective and Conclusions

The studies described in the previous sections evidenced the correlation between the
microbiome of advanced HCC patients and the response to the treatment with ICIs. Therefore, they
suggest that the modulation of microbiome composition might indirectly influence the clinical
response to current therapies. Several methods could be employed to modulate the microbiome
features such as antibiotics, metformin, aspirin, statins, prebiotics, probiotics, diet, and also faecal
transplant [11]. Some data about patients affected by other tumor types showed that clinical
outcomes can be affected by antibiotics due to their effect on the microbiome [64]. In this regard, it is
well known that the chronic use of antibiotics can determine gut dysbiosis negatively affecting ICIs
action. However, a non-systemic antibiotic as rifaximin proved to stimulate the development of some
beneficial bacteria including Lactobacillus, Faecalibacterium, and Bifidobacterium and to favor an anti-
inflammatory action. Despite the promising data, this antibiotic has yet to be analyzed in preclinical
studies on HCC models. Interestingly, a retrospective study by Pinato et al. [65] tested the correlation
between therapy with antibiotics and clinical outcomes in 4,098 patients suffering from advanced
HCC treated with ICIs or targeted therapy. To be specific, the study evaluated the correlation
between the administration of antibiotics within 1 month before or after the start of treatment and
clinical outcomes (OS and PFS). Among all patients, 15% of them received antibiotics with a shorter
mPFS (3.6 vs. 4.2 months; HR 1.29) and OS (8.7 vs 10.6 months; HR 1.36). In detail, among patients
who received antibiotics, a shorter PFS was observed both in those treated with ICI (HR 1.52), TKIs
(HR 1.29), and placebo (HR 1.23).

Other drugs including metformin, aspirin, and statins can influence the composition of gut
microbiota. In particular, these drugs are associated with a reduction in the HCC incidence by means
of an anti-inflammatory effect probably due to an enhanced amount of Akkermansia and
Bifidobacterium [66].

Probiotics are living bacteria that usually contain Lactobacillus and Bifidobacterium. They are
administered with the aim to restore and improve the gut microbiota. The last generation probiotics
include other bacteria such as Akkermansia muciniphila and Clostridium. Some data put in evidence
that probiotics can lead to the production of metabolites and modulate immune system with anti-
inflammatory and anti-tumor actions.

Prebiotics are non-digestible food ingredients that exert similar functions to probiotics but
through the stimulation of the growth and activity of bacteria in the gut microbiota [8].

Another method to modulate the microbiome is the faecal microbial transplantation (FMT). It
consists of the transfer of a stool sample from a healthy donor to a host [11]. Also exists a variant of
FMT, called microbial ecosystem therapeutics (MET), that corresponds to the transplantation of living
cultures of intestinal bacteria deriving from a faecal sample of a healthy individual [64,67]. The
transplantation can be carried out through oral capsules, enema, or endoscopy although there is no
consensus regarding the dose, frequency, and duration of FMT. This technique is usually employed
to eradicate Clostridium difficile infection. As regards the role of FMT in oncology, the studies
examined its anti-inflammatory actions with the aim to prevent HCC carcinogenesis starting from
chronic liver disease. Furthermore, other studies focused on the relationship between the alterations
in microbiome composition and the consequent modification in the tumor microenvironment (TME)
[11]. In detail, experimental data on mouse models and patients treated with ICIs reported that the
transplantation of Ruminococcaceae family bacteria led to an enhanced amount of IFN-y+CD8+ T
lymphocytes in TME improving anti-tumor immune response. All studies on animals and humans
showed that FMT enhanced the response to immunotherapy in those patients who experienced a
good response to this treatment [38-46]. Despite the studies about FMT focused on tumors different
from HCC, the results might be also relevant for HCC in consideration of the gut microbiota ability
of influencing the response to ICIs in this tumor [12].

In conclusion, the currently available data suggest that different compositions of the intestinal
microbiome can determine different responses to immunotherapy in patients with advanced HCC.
Furthermore, preliminary data indicate that the modification of microbiota composition might
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improve the response to immunotherapy. Therefore, in the next future, a new therapeutic strategy
could consist of modifying the microbiome features in order to positively influence the response to
ICIs. In addition, the microbiome could represent a predictive factor of response to immunotherapy.
However, further studies are necessary to obtain confirmatory data.
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