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Abstract — Infroduction: The gut microbiota is a complex ecosystem that regulates key physiological process-
es, including immunity, metabolism, and inflammation. Increasing evidence links dysbiosis to the initiation, pro-
gression, and therapeutic responsiveness of cancer, positioning the microbiota as a key factor in oncogenesis and
oncology care. This systematic review synthesizes recent advances in understanding the role of gut microbiota
in cancer biology and evaluates current knowledge on microbiome-targeted interventions designed to optimize
clinical outcomes.

Materials and Methods: A literature search was conducted in PubMed and Scopus databases, using PRISMA
guidelines and focusing on articles published in English between December 2024 and July 2025. Of the 8,965
studies initially identified, 27 met the inclusion criteria and were analyzed in review.

Results: Recent evidence highlights microbiota’s role in cancer biology, with microbial metabolites and gut
taxa shown to influence carcinogenesis, tumor progression, and therapy response. Distinct microbial profiles
are emerging as predictive biomarkers for treatment efficacy, while microbiota-targeted interventions, including
FMT, probiotics, prebiotics, and postbiotics, demonstrate potential in improving therapeutic outcomes and reduc-
ing treatment-related toxicity.

Conclusions: The year 2025 has brought advancements in understanding microbiota’s role in cancer biology.
These findings highlight that gut microbiota is a modifiable determinant in precision oncology, supporting the
integration of microbiome-based strategies into personalized cancer treatment.

Keywords: Gut microbiota, Microbiota modulation, Cancer, Oncology, Hematology.

INTRODUCTION

The gut microbiota represents a highly complex and dynamic ecosystem, comprising approx-
imately 100 trillion microorganisms, including bacteria, fungi, Archaea, and viruses, which en-
gage inintricate interactions to sustain homeostasis and regulate a broad range of physiological
processes, such as immune modulation, metabolic regulation, and inflammatory responses’.
The gut harbors 60-70% of peripheral immune cells, positioning it as the largest immune organ
in the body?. Microbial metabolites, particularly short-chain fatty acids (SCFAs) and bile acids,
play pivotal roles in shaping innate and adaptive immune responses®.

Disruption of this ecosystem, known as gut dysbiosis, has been strongly linked to cancer
initiation and progression through mechanisms involving chronic inflammation, immune dysreg-

(OSO This work s licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License



https://creativecommons.org/licenses/by-nc-sa/4.0/

R.-M. Bratu, L.-M. Trandafir, E. Gologan, O. Timofte, V.-A. Afrasanie, N. Gimiga, G.-E. Gilca-Blanariu

ulation, and oncogenic transformation*. While conventional therapies, including chemotherapy,
immunotherapy, and radiotherapy, have significantly improved patient survival, their efficacy is
limited by resistance, recurrence, and treatment-related toxicity®.

Recent advances in microbial sequencing technologies have demonstrated that specific gut
microbial consortia can contribute to differentiating patients at elevated cancer risk from healthy
individuals®-®. Moreover, specific microbiota composition correlates with therapeutic responses,
suggesting their potential utility as predictive biomarkers®'°. Microbiota modulation strategies,
including antibiotic administration, fecal microbiota transplantation (FMT), probiotics, prebiot-
ics, and postbiotics, have shown promise in enhancing therapeutic efficacy and reducing treat-
ment-associated toxicity'''4.

Despite these advances, the precise mechanisms linking gut microbiota to cancer pathogene-
sis and therapy remain incompletely understood. Deeper molecular characterization is essential
for advancing microbiome-based precision in oncology.

The primary objective of this review was to systematically synthesize the most recent ad-
vances in 2025 regarding microbiota modulation within the field of oncology. By integrating
recent research findings, this article aims to provide a comprehensive overview of how the
modulation of gut microbiota influences cancer initiation, progression, and response to ther-
apy. Additionally, this review critically evaluates current and emerging microbiota-targeted in-
terventions, including FMT, probiotics, prebiotics, and postbiotics, assessing their potential
to enhance treatment efficacy and mitigate treatment-related adverse effects. Through this
synthesis, the review aims to inform the development of microbiome-based precision oncology
strategies, seeking to enhance patient outcomes and support evidence-based clinical deci-
sion-making.

MATERIALS AND METHODS

A comprehensive literature search was performed using the PubMed and Scopus databases.

LT3

The search strategy combined the following keywords: “cancer”, “oncology”, “gut microbiota”,
“microbial consortia”, “probiotics”, “prebiotics”, “postbiotics”, “fecal microbiota transplant, “FMT”,
and “microbiome modulation”. The search was limited to articles published between December
2024 and July 2025.

The initial search yielded 8,965 articles. Inclusion criteria were restricted to open-access
articles reporting original studies on human or animal models. Additionally, review articles
published within the same timeframe were incorporated selectively to provide up-to-date the-
oretical context, and to highlight advances made in 2025. Following the application of these
criteria, a total of 27 articles were included in the present review. The review process followed
the PRISMA guidelines, and the detailed methodology of article selection is synthesized in
Figure 1.

RESULTS

What is New in 2025?

Recent evidence confirms that gut microbiota has a critical influence on cancer biology, affecting
tumor initiation, progression, therapeutic response, and treatment-related toxicities. Once over-
looked, microbiota modulation is now recognized as a key determinant of patient outcomes, with
microbiota-targeted strategies emerging as promising adjuncts to conventional therapies. Table
1 brings together the most recent findings that underscore the pivotal role of the gut microbiota
in oncology.

Microbiota Implications in Tumorigenesis

Gut microbiota plays a pivotal role in cancer development, with microbial-associated malig-
nancies accounting for approximately 20% of global cases®. Pathogens, such as Helicobacter
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Figure 1. Flowchart of the review methodology.

pylori, human papillomavirus (HPV), Bacteroides fragilis, and Fusobacterium nucleatum have
been strongly associated with gastric, cervical, and colorectal cancers, respectively, promoting
tumorigenesis through DNA damage, cell cycle dysregulation, impaired apoptosis, and chronic
pro-inflammatory signaling that sustains chronic inflammation3233,

Mendelian randomization studies have provided causal evidence for the contribution of gut
microbial taxa to diverse cancers, including Euryarchaeota, Escherichia-Shigella, and Prevotella
9, in ovarian and endometrial cancers. In contrast, Christensenellaceae and Tyzzerella appear
to exert a protective effect, with systemic metabolites such as cytosine mediating these effects®.
Similarly, studies on urothelial and lung cancers identified specific microbial species that influ-
ence tumor risk, in part through modulation of inflammatory cytokines and immune cell popula-
tions, demonstrating that gut microbiota can affect tumorigenesis both directly and via systemic
immune pathways”?.

Further analysis indicates that gut microbiota can influence carcinogenesis through various
metabolic pathways. Microbial metabolites, notably short-chain fatty acids (SCFAs) and tyra-
mine, have been associated with epithelial repair, immune homeostasis, and inflammatory path-
ways”?°. SCFA-producing taxa confer anti-inflammatory and barrier-supporting effects, whereas
tyramine disrupts the intestinal barrier, drives IL-17-mediated inflammation, and remodels the
immune microenvironment, collectively facilitating tumor progression and suppressing anti-tu-
mor immunity”'”. These findings highlight how microbial metabolites act as functional mediators
linking gut microbiota composition to cancer development.
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TABLE 1. SYNTHESIS OF RESULTS ON THE RECENT EVIDENCE OF MICROBIOTA INVOLVEMENT IN ONCOLOGY.

Author Year Type of study Population Results
Cao et al® 2025  Experimental animal model study Male mice with bone cancer + Pprolonged morphine administration - alterations in gut microbiota
and upregulation of spinal TLR4 expression
+ Antibiotic treatment to eliminate gut microbiota and administration
of Bifidobacterium pseudolongum {, spinal TLR4 expression levels
and attenuated morphine tolerance development
+ Long-term morphine treatment - |, plasmatic levels of
glycerophospholipids
Feng et al® 2025 Experimental animal model study Mice treated with 5-fluorouracilto  + Medium- and high-concentration of Lycium barbarum and probiotics
induce cancer-related fatigue improved cancer-related fatigue
+ Enrichment of SCFA-producing bacteria and upregulated metabolic
pathways related to energy metabolism and antioxidant defense
Ge et al'® 2025  Experimental animal model study Mice with triple-negative Administration of Yersinia pestis LcrV protein - significantly
and cellular assays* breast cancer inhibited growth compared to the conventiona approach
Glymenakietal” 2025  Experimental animal model study ApcM"* mice Tyramine derived from the diet and/or bacterial metabolism of
and cellular assays* tyrosine facilitates tumorigenesis and the development of CRC
Liu et al®° 2025  Experimental animal model study ICR mice + Administration of oligosaccharides from Dolichos lablab L. prevented
cyclophosphamide-induced immune organ atrophy,
1 bone marrow, hematopoiesis, 1 peripheral white blood cell, and
lymphocyte counts
+ Administration of oligosaccharides - 1 gut microbiota diversity,
enriching beneficial taxa
Liu et al'® 2025 Experimental animal model study DEN/CCI -induced and Intratumoral Rhodococcus sp. B513 promotes HCC progression
and cellular assays* H22 xenograft mice
Peng et al'® 2025 Experimental animal model INS-GAS mice + Male mice developed more severe gastric pathology post-infection

+ Female mice showed higher microbial diversity and enrichment
of protective taxa
+ Gut microbiota of ovariectomized mice shifted toward male-like profiles

CONTINUED
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TABLE 1 (CONTINUED). SYNTHESIS OF RESULTS ON THE RECENT EVIDENCE OF MICROBIOTA INVOLVEMENT IN ONCOLOGY.

Author Year  Type of study Population Results
Prajnamitraetal®® 2025  Experimental animal model study Antibiotic induced dysbiosis, Gut dysbiosis raises plasma formate, which stimulates tumor cell
and cellular assays* germ-free mice proliferation and migration - enhances lung metastasis
Yu et al* 2025  Experimental animal model Mice with microsatellite-stable Propionic acid and Bacteroides fragilis enhance combined
CRC radiotherapy and immunotherapy by boosting CD8"* T-cell infiltration
Akmansu et al™ 2025 Prospective, multicenter clinical trial 80 adult patients with pelvic The use of combined probiotics and prebiotics during pelvic
malignancies radiotherapy mitigates acute intestinal toxicity and inflammatory
responses -> stable gastrointestinal symptoms and inflammatory
biomarkers
Block et al* 2025  Prospective clinical trial 27 adult patients with stage IlI * The abundance of Blautia A caecimuris and Sellimonas intestinalis
melanoma distinguished patients with early distant relapse
* low arginine biosynthesis in gut microbiome linked to early distant
metastasis
Charalambous 2025 Prospective observational study 18 adult patients with NSCLC Significant reductions in Lachnospiraceae and Ruminococcaceae,
et al® and a substantial increase in the Bacteroidaceae family in the
treated NSCLC group
Chen et al® 2025 Mendelian randomization Patients with ovarian and » Euryarchaeota, Escherichia Shigella, and Prevotella are
endometrial cancer associated with a 1 risk of ovarian cancer
* Erysipelotrichia, Erysipelotrichaceae Erysipelotrichales are
associated with an 1 risk of endometrial cancer-
Corcione et al®® 2025 Prospective pilot cohort study 48 patients undergoing ESBL colonization status can shape gut microbiome trajectories
allogeneic HSCT during allogeneic HSCT
Dean et al' 2025 Prospective cohort study 83 patients undergoing * Preintervention Faecalibacterium abundance was associated with
autologous HSCT improved progression-free survival
» Gut microbiota diversity and Faecalibacterium abundance were
associated with fewer HSCT-induced toxicities
Feigenberg etal® 2025 Randomized pilot clinical trial 15 patients with early- NSCLC » Vancomycin enhances radiotherapy efficacy by modulating the gut

receiving SBRT

microbiome and metabolome
» vancomycin alters serum metabolite profiles - enhances antigen
presentation pathways and cytokine responses - antitumor activity

CONTINUED
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TABLE 1 (CONTINUED). SYNTHESIS OF RESULTS ON THE RECENT EVIDENCE OF MICROBIOTA INVOLVEMENT IN ONCOLOGY.

Author Year  Type of study Population Results
Rodriguez- 2025 Retrospective cohort study, 45 patients with premalignant « Patients with a higher abundance of urolithin-related microbiota had
Garcia et al** cellular assays*, experimental gammopathies or a better outcome
animal mode multiple myeloma « Levels of urolithins are positively associated with non-active
multiple myeloma and with prolonged survival in patients treated for
the disease
Ladas et al® 2025 Randomized controlled trial 161 patients (children and Administration of L. plantarum 299v is safe among patients
adolescents) allogeneic HCT undergoing allogeneic HCT but ineffective at preventing
recipients gastrointestinal aGvHD
Li et al*® 2025 Randomized controlled trial 113 patients with lung cancer + Oral nutrition supplement and probiotics improved liver function
receiving chemotherapy in lung cancer patients
» 1 Lactobacillus acidophilus, Bifidobacterium longum, and
Bacteroides fragilis in the intervention group
+ \ Escherichia coli and Enterococcus faecalis in the
intervention group
Reddi et al*” 2025  Randomized controlled trial 20 patients who received » FMT was safe as an adjunct to standard GVHD prophylaxis in
allogeneic HCT allogeneic HCT patients
* FMT was effective in restoring microbiota diversity and commensal
species
Shtossel et al' 2025  Prospective study 204 patients undergoing Microbiome profiling of stool and saliva samples can predict
allogeneic HSCT post HSCT complications
Stene et al®® 2025  Randomized controlled trial 30 patients with rectal Synbiotic administration (L. plantarum HEAL19 and blueberry
adenocarcinoma husks) had a protective effect on mucosal inflammation and fibrosis
after radiotherapy
Wu et al® 2025  Mendelian randomization study Patients with urothelial carcinoma  Gut microbiota promotes cancer development by mediating
inflammatory factors and blood cells
Yang et al®® 2025 Prospective cohort study 106 patients with NSCLC treated - Distinct gut microbiota profiles between the two groups
with chemoimmunotherapy and + Gut microbiota and SCFA enhance the anti-tumor efficacy of
LLC mice chemoimmunotherapy
Yu et al’ 2025 Mendelian randomization study Patients with lung cancer « Bifidobacteriales, Bifidobacteriaceae, and Peptococcaceae are
associated with |, risk of lung cancer
* Coprococcus 3is linked to 1 risk of lung cancer
Juan et al? 2025 Randomized controlled trial 160 patients with stage |-l Probiotic administration reduced the incidence of PLD-associated
breast cancer and animal model  hand-foot syndrome and oral mucositis
Guerrero et al® 2025  Retrospective study 475 patients with advanced Early exposure to antibiotics changes the efficacy of immune

solid tumors

checkpoint inhibitors - microbial changes potentially impacting
treatment outcome

Abbreviation: *- beyond the scope of this study; TRL4 - Toll-like receptor 4; ApcM* - adenomatous polyposis coli gene; SCFA - short-chain fatty acids; CRC - colorectal cancer;
DEN/CCI4 - N-nitrosodiethylamine/ carbon tetrachloride; HCC - hepatocellular cancer; INS-GAS - insulin-gastrin; NSCLC - non-small cell lung cancer; HSCT - hematopoietic
stem cell transplantation; ESBL - extended spectrum beta-lactamases; SBRT - stereotactic body radiotherapy; HCT - hematopoietic cell transplantation; aGvHD -acute graft-
versus-host disease; FMT - fecal microbiota transplantation; LLC - Lewis lung carcinoma; PLD - pegylated liposomal doxorubicin.
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Microbiota Involvement in Cancer Progression

Emerging evidence suggests that gut microbiota has a profound influence on tumor progression
through metabolic, immunological, and signaling pathways. Microbial products can directly re-
program tumor cells, as seen with Yersinia pestis LcrV, which modulates formyl peptide receptor
1 to suppress proliferation and stemness in triple-negative breast cancer®.

Microbiota-derived metabolites further shape host immune responses and carcinogenesis.
Oligosaccharides from Dolichos lablab seeds enhance beneficial taxa and L-arginine biosynthe-
sis, restoring immune function in chemotherapy-immunosuppressed mice®, while sex-specific
microbial profiles in Helicobacter pylori-driven gastric cancer highlight interactions with hormonal
signaling in tumor initiation®.

Microbial metabolites further contribute to metastasis and therapy response, with formate pro-
moting pulmonary metastasis via one-carbon metabolism2°, gut microbial arginine biosynthesis
correlating with immunotherapy efficacy in melanoma, and probiotics improving gut-liver axis
function during chemotherapy in lung cancer?22¢,

The Role of Gut Microbiota in Hematological Malignancies

Similar to solid cancers, gut microbiota also plays a critical role in hematological malignancies,
influencing both disease progression and post-transplant outcomes. In allogeneic hematopoietic
stem cell transplantation (HSCT), colonization with extended-spectrum beta-lactamase-produc-
ing bacteria alters microbial composition, with early enrichment of butyrate-producing Clostrid-
ia correlating with improved survival and reduced graft-versus-host disease (GVHD), whereas
later expansion of Enterobacteriaceae signals pathogenic shifts?3. These findings highlight the
interplay between microbial composition and transplant outcomes, emphasizing the prognostic
relevance of microbiota dynamics.

In plasma cell disorders and multiple myeloma, a higher baseline abundance of Faecalibac-
terium prausnitzii, a butyrate-producing anti-inflammatory bacterium, correlated with improved
progression-free and overall survival following autologous HSCT'. This association was also
observed in microbiota-derived metabolites, such as urolithin A, which has been shown to en-
hance therapeutic efficacy, including that of bortezomib, suggesting that microbial metabolites
can influence both tumor growth and drug resistance®.

Microbiome modulation, through FMT or probiotic administration, can restore diversity, pre-
serve mucosal integrity, and influence GVHD outcomes?®. Similarly, Ladas et al*® found that
prophylactic administration of Lactiplantibacillus plantarum increased microbial diversity and
preserved mucosal barrier integrity in pediatric allogeneic HSCT, although it did not prevent gas-
trointestinal GVHD. Predictive models leveraging microbiome profiles further demonstrate the
prognostic value of early and longitudinal microbial assessments for predicting survival, relapse,
and GVHD risk™.

Collectively, these findings underscore the pivotal role of gut microbiota in hematological can-
cers, suggesting that microbiome-targeted interventions may optimize treatment outcomes and
complication management.

Microbiota and Chemotherapy

Emerging evidence demonstrates that gut microbiota significantly influences chemotherapy effi-
cacy, toxicity, and patient outcomes. Probiotic supplementation has been shown to reduce che-
motherapy-induced side effects, such as hand-foot syndrome and oral mucositis, likely through
modulation of microbial composition and metabolite production2.

Similarly, the abundance of beneficial microbes, including butyrate-producing taxa like Fae-
calibacterium, and microbiota-derived metabolites such as SCFAs, have been associated with
enhanced anti-tumor immune responses and improved treatment efficacy in solid tumors and
hematological malignancies'®. Interventions such as FMT further highlight the potential of mi-
crobiome modulation to restore microbial diversity, support immune function, and improve ther-
apeutic outcomes in patients undergoing chemotherapy?°.
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Microbiota and Immunotherapy

Tumor immunotherapy has revolutionized cancer treatment, yet clinical responses remain heteroge-
neous, mainly due to the complex interplay within the tumor microenvironment. Emerging evidence
indicates that gut microbiota composition significantly influences immunotherapy outcomes by mod-
ulating both systemic and intratumoral immune responses?!3031,

Beneficial microbial taxa, including Faecalibacterium, Subdoligranulum, and Bacteroides fragilis,
and metabolites, such as SCFAs and propionic acid, enhance CD8* T cell activity, cytokine pro-
duction, and mucosal integrity, thereby improving responses to chemotherapy, radiotherapy, and
immune checkpoint inhibitors?'%°. Interventions like FMT or SCFA supplementation have been shown
in preclinical models to potentiate anti-tumor immunity, whereas early antibiotic exposure can impair
immunotherapy outcomes by disrupting microbial composition3°3'.

These findings highlight the therapeutic potential of targeting gut microbiota to optimize immuno-
therapy efficacy, mitigate resistance, and personalize cancer treatment.

Microbiota and Radiotherapy

Radiotherapy (RT) remains a cornerstone in the management of pelvic and rectal cancers, but
its efficacy is often limited by gastrointestinal toxicity, including mucosal inflammation, ulceration,
and fibrosis®. Emerging evidence indicates that the gut microbiota plays a crucial role in modu-
lating both radiation-induced tissue damage and the therapeutic response.

Microbiota-derived metabolites, such as SCFAs, influence mucosal integrity and local im-
mune responses, suggesting that microbial composition may directly affect RT outcomes'. Clin-
ical and preclinical studies indicate that interventions targeting the gut microbiome through pro-
biotics, prebiotics, synbiotics, or selective antibiotics can reduce intestinal toxicity and enhance
anti-tumor immunity314.21.28,

Microbiota modulation has been shown to improve T cell infiltration, promote favorable cyto-
kine profiles, and increase treatment response in pelvic, rectal, and lung cancers' #2128 These
findings highlight gut microbiota as a key factor in optimizing RT outcomes and suggest microbi-
al-targeted strategies may enhance both safety and efficacy.

The Role of Microbiota in Modulating Cancer-Related Side Effects

Emerging evidence highlights gut microbiota as a key mediator of cancer-related side effects,
including pain, fatigue, and cachexia, which are also associated with reduced quality of life. In
bone cancer pain models, Bifidobacterium pseudolongum attenuated morphine tolerance via
suppression of spinal TLR4 signaling, illustrating how microbial modulation can improve analge-
sic efficacy'®.

Similarly, chemotherapy-induced fatigue has been linked to imbalances in pro- and anti-inflam-
matory gut taxa, with interventions combining Lycium barbarum and probiotics restoring microbial
and metabolic homeostasis, thereby alleviating fatigue and enhancing patient well-being?.

The gut-muscle axis further demonstrates the systemic impact of microbiota, where increas-
ing SCFA-producing bacteria while reducing endotoxin-producing microbes preserved muscle
mass and function in cachexia models3. Clinical studies also associate altered microbial profiles
with fatigue, gastrointestinal discomfort, and emotional distress in cancer patients, highlighting
the gut microbiota’s role in overall quality of life®.

These findings suggest that targeting the gut microbiome through probiotics, dietary interven-
tions, or microbial metabolites represents a promising strategy to mitigate cancer-related side
effects and improve treatment outcomes.

Limitations

A key limitation of this review is its restriction to a narrow publication timeframe, which may
have resulted in the omission of earlier relevant studies and consequently limited the ability
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to capture long-term trends in microbiota-oncology research. In addition, studies employing
cellular assays were excluded, despite their potential to provide valuable insights into the ad-
vancements of this field. Finally, the decision to include only open-access articles published in
English may have introduced selection bias, as potentially relevant paywalled or non-English
research could not be considered.

CONCLUSIONS

The year 2025 marked a significant period in elucidating the microbiota’s role in cancer
biology. Evidence from both experimental models and human cohorts demonstrates that
microbial metabolites such as SCFAs, formate, arginine, and tyramine directly influence
carcinogenesis, tumor progression, and therapy responsiveness, while Mendelian random-
ization studies further provide causal links between specific gut taxa, circulating metab-
olites, and cancer risk, underscoring the microbiome’s role as a driver and a regulator of
oncogenesis.

In addition, microbiome profiling has emerged as a predictive biomarker for the efficacy
of chemo-immunotherapy and the success of hematopoietic stem cell transplantation. These
advances highlight the potential of microbiota-targeted strategies to enhance therapeutic
response, mitigate complications, and improve survival in both solid and hematological ma-
lignancies.

Taken together, the field is moving toward actionable mechanism-driven strategies, posi-
tioning gut microbiota as a key modifiable determinant for precision oncology.
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