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Abstract

Cancer immunotherapy, particularly immune checkpoint inhibitors (ICIs), faces challenges of resistance and toxicity. The gut mi-

crobiota critically influences anti-tumor immunity and ICI efficacy, with dysbiosis linked to carcinogenesis and immunosuppression.

Fecal microbiota transplantation (FMT) restores microbial balance, overcoming resistance by enriching immunostimulatory species

(e.g., Akkermansia muciniphila and Bifidobacterium etc.) and enhancing CD8* T cell infiltration and dendritic cell activation in mela-

noma, colorectal, and renal cancers etc. This review, we briefly discuss the potential of FMT in enhancing cancer immunotherapy,

providing insights into current research and future directions.
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Introduction

Cancer remains one of the most significant global public health
challenges, imposing a heavy and growing socioeconomic burden
worldwide [1]. Over the past few decades, significant progress has
been made in understanding the mechanisms underlying tumour
development, progression, and metastasis [2]. These mechanisms
form a complex network involving the host’s immune status and
external environmental factors. Among the most promising ad-
vances in cancer treatment is immunotherapy, particularly the use
of immune checkpoint inhibitors (ICIs), which target co-inhibitory
signals in T cell activation and immune evasion pathways. ICIs,
such as monoclonal antibodies against programmed death recep-
tor 1 (PD-1), programmed death-ligand 1 (PD-L1), and cytotoxic

T lymphocyte antigen 4 (CTLA-4), have revolutionised the clinical
management of advanced malignancies [3]. However, despite their
success, a significant proportion of patients experience primary or
secondary resistance to ICls, and immune-related adverse events
(irAEs) remain a major concern [4]. These challenges highlight the
need for strategies to enhance the efficacy and safety of immuno-
therapy.

Emerging evidence suggests that the gut microbiota, a complex
community of trillions of microorganisms residing in the human
intestine, plays a critical role in modulating host immunity and in-
fluencing the response to cancer immunotherapy [5]. The gut mi-

crobiota is often referred to as a “super organ” due to its profound
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impact on host physiology, including immune regulation, metabo-
lism, and maintenance of the tumour microenvironment (TME)
[6]. Dysbiosis, or an imbalance in the gut microbial community,
characterised by an increase in pathogenic bacteria and a decrease
in beneficial species, has been linked to the development of both
gastrointestinal and extra-gastrointestinal cancers [7]. Moreover,
specific microbial taxa, such as Bacteroidetes, have been associated
with enhanced anti-tumour immunity, whereas pathogenic Proteo-
bacteria are correlated with immunosuppression [8]. These find-
ings suggest that modulating the gut microbiota could be a viable

strategy to improve the efficacy of cancer immunotherapy.

Fecal microbiota transplantation (FMT), the transfer of gut
microbiota from a healthy donor to a recipient, has emerged as a
promising intervention to restore microbial balance and enhance
therapeutic outcomes. FMT has shown remarkable success in
treating recurrent Clostridioides difficile infection (CDI), with ef-
ficacy rates of approximately 90% [9]. Beyond CDI, FMT is being
explored for its potential to modulate the gut microbiota in vari-
ous diseases, including cancer. Preclinical and clinical studies have
demonstrated that FMT can enhance the efficacy of ICIs by reshap-
ing the gut microbiome to promote anti-tumour immunity [10,11]
. For instance, animal studies have shown that modulating the gut
microbiota can increase the sensitivity of solid tumours to ICIs
[12]. However, challenges remain, including concerns about the
safety, efficacy, and precision of FMT, as well as the need for rigor-

ous donor screening and standardised protocols[13].

This review aims to provide a comprehensive overview of the
intricate relationship between the gut microbiota and anti-tumour
immunotherapy, with a focus on the clinical applications of FMT
in enhancing therapeutic efficacy. We discuss the role of the gut
microbiota in regulating immune responses, the potential of FMT
to modulate the tumour microenvironment, and its application in

specific cancer types.

Fecal microbiota transplantation (FMT): tumor immunother-
apy

Several bacterial species have been associated with tumor
progression, such as in gastric carcinoma, Escherichia coli, Bacte-
roides fragilis and Fusobacterium nucleatum in H. pylori colonic
neoplasia and Streptococcus bovis in colorectal cancer [14]. Recent
advances in metagenomic sequencing and metabolomic profiling
have provided insights into the gut microbiota’s role in modulat-
ing responses to immune checkpoint inhibitors (ICIs). Notably,

distinct microbial profiles have been identified in ICI responders
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versus non-responders, suggesting a link between gut microbiota
composition and immunotherapy efficacy [15]. Among the identi-
fied bacterial species, Akkermansia muciniphila has emerged as a
consistent marker of ICIs responsiveness in melanoma, non-small-
cell lung cancer (NSCLC) and renal cell carcinoma (RCC) patients
[16]. However, discrepancies in findings across studies may arise
due to differences in sample collection, DNA extraction protocols,
genetic background, geography, diet and medication use [17]. De-
spite these challenges, gut microbiota signatures show promise in
predicting treatment outcomes and guiding microbiota-targeted
therapeutic interventions. Numerous clinical trials are currently in
progress, and the potential of FMT to enhance anti-tumor immuno-

therapy has remained a topic of significant interest.

Microbiota profiling and immune modulation

Microbiota profiling has revealed a strong association between
gut microbiota composition and tumor-infiltrating immune cells
in the tumor microenvironment (TME), impacting the efficacy of
immunotherapy. Several bacterial species, such as Akkermansia
muciniphila, Faecalibacterium, Ruminococcaceae, Bifidobacterium
breve, Bifidobacterium adolescentis, Bifidobacterium longum, Collin-
sella aerofaciens and Enterococcus faecium have been identified as
promoters of anti-PD-1 immunotherapy efficacy through enhanced
antigen presentation and improved effector T cell function in both
systemic circulation and the TME [18]. In contrast, a greater abun-
dance of Bacteroidales correlates with elevated levels of regulatory
T (Treg) cells and myeloid-derived suppressor cells (MDSCs), lim-
ited intratumoral lymphoid infiltration, and impaired antigen pre-

sentation, leading to poor prognosis in non-responders (NRs) [19].

FMT and immunotherapy resistance

FMT has garnered attention as a strategy to modulate gut micro-
biota composition and enhance anti-tumor immunity. By restoring
microbial equilibrium, FMT has demonstrated potential in revers-
ing ICI resistance and mitigating immune-related adverse events
(irAEs). Clinical trials in metastatic melanoma patients have shown
that FMT can increase the response rate to anti-PD-1 therapy, illus-
trating its clinical applicability [20] Mechanistically, FMT enhances
gut microbiota diversity and promotes the persistence of beneficial
microbial populations, thereby improving immune system modula-

tion and tumor suppression [21].

Altering gut microbiota diversity through antibiotic use nega-
tively impacts ICI response in NSCLC and RCC patients, underscor-

ing the microbiota’s role in shaping immunotherapy outcomes
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[22]. FMT offers a more comprehensive approach than single-
strain probiotic supplementation, which may disrupt microbial
diversity. By transferring an entire donor microbial ecosystem,
FMT facilitates ecological homeostasis, thereby increasing treat-
ment efficacy. Notably, melanoma patients who responded to FMT
exhibited sustained gut microbiota diversity over time, reinforc-
ing the potential of FMT in long-term cancer management [21].
However, further research is needed to standardize FMT protocols
and identify optimal donor microbiota compositions to maximize

therapeutic benefits.

FMT has demonstrated promising results in overcoming im-
munotherapy resistance, particularly in clinical models of refrac-
tory melanoma. FMT from responders (Rs) resulted in beneficial
alterations in immune cell infiltration, gene expression in the gut

lamina propria, and increased CD8+ T cell activation, dendritic
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cell (DC) maturation and IFN-y signaling within the TME [21]. In
contrast, FMT from NRs led to an increased prevalence of immu-
nosuppressive cell populations, including RORyT+ T helper 17
cells and CD4+FoxP3+ Treg cells, impairing the host immune re-
sponse [23] Moreover, the restoration of PD-1 blockade efficacy
by A. muciniphila supplementation highlights its role in recruiting
CCR9+CXCR3+CD4+ T lymphocytes into the TME, enhancing IFN-y
release, and promoting IL-12 secretion by DCs [24]. Furthermore,
species such as Bacteroides fragilis, Bacteroides thetaiotaomicron
and Burkholderia have been implicated in enhancing the effects
of CTLA-4 blockade by driving IL-12-dependent Th1 immune re-
sponses and promoting intratumoral DC maturation (Figure) [25].
Key gut microbiota traits linked to enhanced clinical outcomes in
cancer patients treated with immune checkpoint inhibitors (ICls)

are listed in table.
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Figure 1: Fecal Microbiota Transplantation (FMT)-mediated gut microbiota remodeling enhances tumor immunotherapy efficacy via

modulation of immune responses.
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Microbial Taxon | Cancer Types Mechanisms of Action Clinical Outcomes References
Akkermansia NSCLC, HCC, .Enhances [FN-y+ .CD8+ CXQR3+ CD4+ T cell infiltration; Longer PFS/.OS; better
L improves gut barrier integrity; produces SCFAs, Induced [response to anti-PD-1/PD-L1 [26]
muciniphila Melanoma, CRC -
dendritic cells to secrete IL-12 therapy
Bifidobacterium Melanoma Activates dendritic cells; promotes CD8+ T cell prolifera- | Improved tumor control;
’ tion; modulates IL-12 signalling and enhanced Th1 im- | enhanced anti-CTLA-4 and [27]
Spp. NSCLC, CRC : .
mune responses. anti-PD-1 efficacy
Faecalibacterium CRC. NSCLC Produces butyrate; reduces inflammation; enhances anti- | Higher response rates; pro- [26]
prausnitzii ’ tumor T cell activity and modulated CD8+ longed survival; Anti-PD-1
Promotes SCFA production; supports immune activation L .
Ruminococcaceae | NSCLC, HCC, | and T cell priming; unsaturated fatty acid biosynthesis, Longer OS; 1mproved.dlsease [26]
: . ! . ; : : control (PR/SD); Anti-PD-1/
family CRC and vitamin and starch biosynthesis, correlating with
. . - PD-L1
higher efficacy and no toxicity development
Modulates indole metabolism; anti-inflammatory effects; . . [26]
L . . . . Predictive of durable clinical
Alistipes spp. NSCLC, HCC | Enriched in responders; associated with enhanced treat- ) .
benefit; Anti-PD-1
ment response.
. Enhances SCFA synthesis (e.g., butyrate); regulates his- | Correlated with prolonged
Eubacterium spp. | NSCLC, CRC tone deacetylase inhibition PFS [28]
Prevotella copri Advanced |Associated with favorable outcomes;l correlated with pro- Anti-PD-1/PD-L1 [29]
cancer longed overall survival.
. R . . |Increased tumor-infiltrating
Lactobacillus spp. |Melanoma, CRC Produces meIe_?’_ald.ehyde (I3A); activates AhR signaling lymphocytes; improved anti- [30]
in CD8+ T cells
PD-1 response
Lachnospiraceae | Hepatobiliary [High abundance linked to longer progression-free survival .
. . Anti-PD-1 [31]
bacterium cancer and improved treatment response.
Bacteroides ratio HCC, CRC Higher ratio linked to immune actlvgtlon; reduces immu- |Better prognosis in HCC; im-
nosuppressive microenvironment proved nivolumab response [28,32]
L Induces Treg suppression; enhances CD8+ T cell infiltra- |Synergistic effects with ICIs;
Clostridiales (spe- e . CAr:
cific strains) Melanoma, CRC| tion; Significantly more abundant in long-term respond- |reduced tumor growth; Anti-
ers; associated with durable response. PD-1/PD-L1 [30,33]
Multiple can- .
High microbial | cers (NSCLC, S . . - Stronger ICI response; [26]
. . Maintains immune homeostasis; enriches beneficial taxa | reduced antibiotic-induced
diversity CRC, Mela- .
noma) resistance

Table 1: Summarizing key gut microbiota characteristics associated with improved clinical benefits of immune checkpoint inhibitors

(ICIs) in cancer patients.

Clinical applications of FMT in cancer immunotherapy
Gastric Cancer

The carcinogenesis of gastric cancer has been closely associ-
ated with H. pylori and specific oral microbiota such as Fusobac-
terium nucleatum, Parvimonas micra, and Peptostreptococcus sto-
matis [34]. Studies have demonstrated significant enrichment of P
stomatis, P. micra, Streptococcus anginosus, Dialister pneumosintes,
Slackia exigua, Clostridium colicanis, and Fusobacterium nuclea-
tum, alongside a notable depletion of Helicobacterium in gastric
cancer tissues [35] [36]. These microbial alterations reflect a dys-
biotic microbial community with potential predictive value in gas-

tric cancer. Moreover, increasing evidence supports that eradica-

tion therapy for H. pylori can significantly reduce the risk of gastric
cancer [37]. Collectively, these findings highlight the critical role of

gastric microbiota in gastric carcinogenesis.

Colorectal Cancer (CRC)

ICIs have shown limited efficacy in CRC, with only a subset of
patients deriving therapeutic benefits. Preclinical studies suggest
that FMT from CRC patients impairs anti-PD-1 efficacy compared to
FMT from healthy individuals. However, FMT combined with anti-
PD-1 therapy has been associated with increased butyrate-produc-
ing bacteria, enhanced T cell infiltration, and improved immune
activation. Additionally, metabolites such as punicic acid have been

linked to improved treatment response [21].

Citation: Madhumohan Rao Katika, et al. “Harnessing the Gut Microbiota: Fecal Microbiota Transplantation as a Novel Strategy in Cancer

Immunotherapy". Acta Scientific Cancer Biology 9.3 (2025): 43-52.



Harnessing the Gut Microbiota: Fecal Microbiota Transplantation as a Novel Strategy in Cancer Inmunotherapy

With the colonic epithelium in constant proximity to microbial
populations, it is increasingly evident that gut microbiota contrib-
ute to colorectal cancer development. Specific pathogenic bacteria
can induce CRC via mechanisms such as toxin production, chronic
inflammation, mucosal barrier disruption, and bacterial transloca-
tion. Notably, enterotoxigenic Bacteroides fragilis has been shown
to exert pro-tumorigenic effects by producing harmful substances
[37]. Clinical studies also indicate distinct shifts in microbial com-
position between healthy individuals and CRC patients, character-
ized by a CRC-specific bacterial signature [38]. In CRC patients,
beneficial bacteria such as Lactobacillus and Bifidobacterium are
reduced, while opportunistic taxa like Staphylococcaceae, Fusobac-
teria, and Peptostreptococcus anaerobius are elevated [39]. This
microbial dysbiosis has prompted investigation into fecal micro-
biota profiling as a noninvasive diagnostic tool for early CRC detec-

tion.

Several studies support the protective effects of probiotics
against CRC. For instance, butyrate-producing probiotics such as
Clostridium butyricum and Bacillus subtilis have shown inhibitory
effects on 1,2-dimethylhydrazine (DMH)-induced colon tumors in
mice [40]. Lactobacillus casei strain BL23 not only suppressed CRC
development in mice but also corrected CRC-induced gut Dysbiosis
[41]. Additionally, clinical evidence demonstrates that oral admin-
istration of Bifidobacterium triple viable preparations can alleviate
gut dysbiosis and mitigate small intestinal bacterial overgrowth in
CRC patients [42].

Our group further identified the role of intestinal dysbiosis in-
duced by deoxycholic acid (DCA), a carcinogenic secondary bile
acid, in CRC development. Fecal microbiota transplants (FMT)
from DCA-treated mice significantly promoted intestinal tumori-
genesis compared to controls [43]. A parallel clinical study con-
firmed that fecal microbiota from CRC patients increased tumor
formation and reduced microbial diversity in germ-free and con-
ventional mice exposed to carcinogens [44]. Compared to labora-
tory strains, mice with wild-derived microbiota showed increased
resistance to CRC and inflammation [45], suggesting that FMT may
possess therapeutic potential in CRC management.

Breast cancer

The hypothesis linking gut microbiota to breast cancer was first
proposed in 1971, based on shared epidemiological features with
colorectal cancer [46]. However, direct studies remain limited. Go-
edert et al. reported that postmenopausal women with breast can-
cer exhibited significantly lower alpha diversity and distinct fecal

microbiota profiles compared to healthy controls [47].
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Potential mechanisms underlying this association include al-
terations in estrogen metabolism, immune modulation, and meta-
bolic changes related to obesity [48]. Experimental studies have
supported a protective role for gut microbiota modulation. For
instance, oral supplementation with Lactobacillus acidophilus de-
layed breast cancer development in mice, potentially by enhancing
anti-tumor immune responses [49]. Further mechanistic studies
are needed to clarify these relationships and explore the potential

of gut microbiota manipulation in breast cancer management.

Pancreatic cancer

Recent research has highlighted significant alterations in the
microbiota composition of pancreatic cancer patients, particularly
those with pancreatic ductal adenocarcinoma (PDAC). These alter-
ations are characterized by an increased abundance of Malassezia
spp., Pseudomonas aeruginosa, and Fusobacterium spp., along-
side a marked reduction in beneficial microbes such as butyrate-
producing bacteria and Lactobacillus spp. [50]. These dysbiotic
changes have been linked to tumor-promoting inflammation and

immune suppression.

Notably, microbiota ablation in murine models has been shown
to decrease the population of myeloid-derived suppressor cells
(MDSCs), promote differentiation of M1 macrophages, and enhance
CD8+ T cell activation. These immune-modulatory effects led to
improved responses to ICls, suggesting that targeting the micro-
biota could enhance the efficacy of immunotherapy in pancreatic
cancer [32]. Lipopolysaccharide (LPS), a component of the outer
membrane of gram-negative bacteria, has been implicated in PDAC
progression. In mouse models, LPS activates TLR4 on immune
cells, which in turn promotes tumor formation [51]. Additionally,
microbiota profiling of PDAC patients revealed that 76% had in-
tratumoral bacterial colonization. Among these, Gammaproteobac-
teria were capable of inactivating gemcitabine a first-line chemo-
therapeutic agent for PDAC through enzymatic degradation. This
microbial-induced resistance could be reversed using the antibiotic

ciprofloxacin [37].

Oral microbiota also appears to differ significantly between
healthy individuals and PDAC patients. In particular, PDAC patients
show increased levels of Aggregatibacter actinomycetemcomitans
and Porphyromonas gingivalis, and reduced levels of phylum Fu-
sobacteria and genus Leptotrichia. These distinct microbial signa-
tures suggest the potential utility of oral microbiota as a non-inva-

sive diagnostic biomarker for pancreatic cancer [52].
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Importantly, a high abundance of Fusobacterium species in
pancreatic tissue has been independently associated with poor
prognosis, indicating its potential role as a prognostic marker [53].
Moreover, FMT from PDAC-bearing mice into germ-free mice sig-
nificantly accelerated tumor progression, further underscoring the
role of the microbiota in modulating tumor behavior [54]. Collec-
tively, these findings suggest that the microbiota not only influenc-
es PDAC pathogenesis and progression but also affects treatment
outcomes. Microbiota-targeted therapies including antibiotics,
probiotics, or FMT may represent promising adjunct strategies for

the management of pancreatic cancer.

Melanoma

Emerging evidence has firmly established a link between gut
microbiota composition and the efficacy of ICIs in melanoma. In
particular, responders to ICIs such as ipilimumab, nivolumab, and
pembrolizumab have shown an enrichment of Bacteroides caccae
and elevated levels of anacardic acid, suggesting a microbiota-
metabolite axis that modulates immune response [55]. A prospec-
tive clinical study in patients with metastatic melanoma further
demonstrated that individuals with Ruminococcaceae dominant
microbiota exhibited significantly better clinical responses to ICls
compared to those with Bacteroidaceae dominated profiles [18].
These findings indicate that specific gut microbial signatures can

influence treatment outcomes.

Twolandmarkclinicaltrials (NCT03353402and NCT03341143)
showed that FMT from ICI-responsive melanoma patients to non-
responders led to significant microbiome shifts, increased tumor
immune infiltration, and reversal of PD-1 blockade resistance
[3,20]. These results highlight the potential of microbiota-based

interventions as adjuvant immunotherapy.

Preclinical evidence further supports these clinical observa-
tions. In murine models housed in separate facilities with differing
microbial environments, melanoma growth and responsiveness
to anti-PD-L1 therapy varied dramatically. Mice from the Jackson
Laboratory (JAX), which harbored beneficial gut microbes, showed
significantly improved responses compared to those from Taconic
Farms (TAC). Genomic analysis identified Bifidobacterium spe-
cies as key modulators enhancing the anti-tumor effects of PD-L1
blockade [56]. Moreover, a study of 39 metastatic melanoma pa-
tients receiving ICIs found a strong correlation between gut mi-
crobiota composition and therapeutic response. Specifically, re-
sponders harbored higher levels of Bacteroides thetaiotaomicron,

Faecalibacterium prausnitzii and Holdemania filiformis all known

48
to be involved in anti-inflammatory and immune-modulating pro-

cesses [19].

Importantly, fecal microbiota from responding melanoma pa-
tients, when transferred into germ-free or antibiotic-treated mice,
was able to enhance the efficacy of ICIs, further demonstrating
the causative role of the microbiota in immunotherapy response
[55]. The therapeutic impact of transferring microbiota from PD-1
responders to non-responders is investigated in a clinical trial
(NCT03341143), which supports the translational potential of this
strategy by demonstrating that FMT and anti-PD-1 altered the gut
microbiome and reprogrammed the tumour microenvironment to
overcome anti-PD-1 resistance in a subset of PD-1 advanced mela-
noma [57]. Taken together, these studies underscore the critical
role of gut microbiota in shaping anti-tumor immunity and suggest
that FMT or other microbiota-targeted strategies could be inte-
grated into melanoma treatment to improve immunotherapeutic

outcomes.

Non-small cell lung cancer (NSCLC)

Despite ICIs being a cornerstone therapy for metastatic NSCLC,
response rates remain below 25%. Gut microbiota alterations, in-
cluding increased Prevotella, Gemmiger and Roseburia, have been
associated with immune dysregulation in NSCLC patients. FMT,
combined with ginseng polysaccharides and aPD-1 monoclonal
antibodies, has been proposed as a strategy to enhance anti-PD-1
responses by modifying gut microbiota composition and restoring

immune homeostasis [58].

Hepatocellular carcinoma (HCC)

The liver, connected to the intestine via the portal vein, is con-
tinuously exposed to gut-derived products such as lipopolysaccha-
ride (LPS) and deoxycholic acid [59]. This anatomical and func-
tional linkage, known as the gut-liver axis, plays a key role in liver
pathophysiology. Intestinal dysbiosis is frequently observed in liver
diseases, with microbial metabolites implicated in the progression

of chronic liver disease and hepatocellular carcinoma [60].

Although it remains unclear whether dysbiosis is a cause or
consequence of liver disease, mounting evidence suggests a causal
role. For example, microbiota transplantation from mice with high-
fat diet-induced liver injury led to aggravated liver damage in recip-
ient mice [61]. Similarly, stools from patients with severe alcoholic
hepatitis increased susceptibility to liver disease in animal models

[62]. Additional studies have shown that microbial disruption in-
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duced by antibiotics or chemicals like dextran sulfate sodium ex-
acerbates hepatotoxicity in mice [63]. Colonization by Clostridium
species, which modulate bile acid metabolism, has been linked to
enhanced tumor growth in gram-positive bacteria-depleted mice
[60].

Probiotics are being actively explored as a therapeutic option
for liver disease and HCC. VSL#3, a probiotic formulation contain-
ing Bifidobacterium, Lactobacillus, and Streptococcus thermophilus,
has been shown to reduce hospital stays in cirrhosis patients with
hepatic encephalopathy [64]. A randomized multicenter trial in-
volving 117 patients with alcoholic hepatitis revealed that probi-
otic supplementation with Lactobacillus subtilis and Streptococcus
faecium significantly reduced serum LPS levels compared to pla-
cebo [65].

FMT is also showing promise in managing liver diseases. It has
been demonstrated to attenuate high-fat diet-induced liver injury
and improve lipid metabolism in mice [66]. FMT from resistant
donor mice conferred protection against alcohol-induced liver
damage [67]. In clinical settings, a pilot study reported improved
survival and resolution of ascites in patients with severe alcoholic
hepatitis following FMT [68]. In a landmark case reported by Phil-
ips et al., FMT improved appetite and bilirubin levels in a cortico-
steroid-nonresponsive patient with alcoholic hepatitis [68]. In pa-
tients with persistent HBeAg positivity, FMT successfully induced
HBeAg clearance, suggesting a potential role in chronic hepatitis B
treatment [69]. Furthermore, a Phase I trial confirmed the efficacy
of FMT in restoring microbiota balance in cirrhosis patients after
antibiotic use [70]. In both animal and human models, FMT has
been shown to alleviate cognitive symptoms and hepatic necrosis
associated with hepatic encephalopathy [71]. Clinical studies have
documented improvements in serum ammonia levels, cognition,
and quality of life post-FMT [72], underlining its therapeutic rel-

evance.

Renal Cell Carcinoma (RCC)

Gut microbiota has also been implicated in RCC pathogenesis
and response to ICIs. A phase II trial (NCT03013335) reported
that recent antibiotic use significantly reduced response rates to
nivolumab, correlating with Clostridium hathewayi dominance [3].
Preclinical studies further demonstrated that FMT from respond-
ers could compensate for resistance in RCC-bearing mice, with the
transplantation of beneficial commensals (A. muciniphila and Bac-

teroides salyersiae) restoring ICI efficacy [22].
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Conclusion

FMT enhances the efficacy of cancer immunotherapy by overcom-
ing resistance to immune checkpoint ICIs through remodelling of
the tumour microenvironment. In malignancies such as melanoma,
NSCLC, RCC, and gastrointestinal cancers, FMT from ICI responders
introduces beneficial microbial taxa most notably Akkermansia mu-
ciniphila and members of the Ruminococcaceae family. This micro-
bial enrichment promotes the activation of CD8* T cells, dendritic
cells, and IFN-y production, while suppressing immunosuppressive
cell populations, ultimately correlating with improved clinical out-
comes. Moving forward, large-scale clinical trials and personalized
FMT strategies potentially integrated with dietary interventions
or probiotics are critical to optimize its therapeutic benefit. FMT
is becoming a pioneering approach in precision oncology, utilizing
the gut microbiome to improve immunotherapy effectiveness and

transform cancer treatment strategies.
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