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Targeting the microbiome, microbiota-derived metabolites, and related pathways represents a significant challenge in

oncology. Microbiome analyses have confirmed the negative impact of cancer treatment on gut homeostasis, resulting in

acute dysbiosis and severe complications, including massive inflammatory immune response, mucosal barrier disruption,

and bacterial translocation across the gut epithelium. Moreover, recent studies revealed the relationship between an

imbalance in the gut microbiome and treatment-related toxicity. Recently, microbiota modulation via probiotic

supplementation and fecal microbiota transplantation represents a new trend in cancer patient care, aiming to increase

bacterial diversity, alleviate acute and long-term treatment-induced toxicity, and improve the response to various treatment

modalities. A more detailed understanding of the complex relationship between the microbiome and host can significantly

contribute to integrating a microbiome-based approach into clinical practice. 
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1. Introduction

Exploring the role of the microbiome in cancer has become an important research area, leading to the discovery of

mechanisms by which particular bacteria influence the etiopathogenesis of various malignancies. Currently, preclinical

and clinical studies are accumulating, confirming the significant impact of the gut and tumor microbiome on the efficacy

and occurrence of adverse effects of anti-tumor therapy. Microorganisms inhabiting tumors constitute a crucial part of the

tumor microenvironment, influencing tumor development and progression . Tumor microbiome, malignant cells, and

non-malignant compartments represent integral parts of the tumor microenvironment . Reactive oxygen species (ROS),

produced by cancer cells, myeloid-derived suppressor cells, regulatory T cells (Treg), and tumor-associated

macrophages, reduce immune responses . Moreover, specific bacterial members within tumors trigger ROS production

by cells within the tumor microenvironment .

The human gut microbiome represents the complex microbiota residing in the human gastrointestinal tract together with

microbial genes and metabolites. In addition to important functions in metabolism, nutrient digestion, vitamin synthesis,

and protection against pathogens, the favorable composition of the gut microbiota has a crucial impact on maintaining

homeostasis in the intestinal microenvironment and shaping the host’s immune system . Techniques used to study the

gut and tumor microbiome must be sensitive and specific enough for adequate microbiome characterization. Current

methods include mainly genomic-, microscopic- and microbial cultivation-based approaches . A comprehensive analysis

of the tumor microbiome in a set of over 1500 samples across seven malignancies, including malignant tumors of the

breast, lungs, ovaries, pancreas, bones, brain, melanomas, and adjacent healthy tissues, revealed specific microbial

compositions for each tumor type, indicating a correlation with tumor development . Genomic methods such as 16S

rRNA sequencing and microscopic imaging using fluorescence in situ hybridization (FISH) were employed to determine

the presence of bacteria and bacterial DNA in the tumor microenvironment. Ex vivo bacterial cultivation with fluorescence-

labeled d-alanine was used to confirm bacterial viability. Subsequent analysis also revealed correlations between

microbial metabolic pathways and clinical parameters .

2. Dominant Bacteria-Driven Mechanisms Associated with Cancer
Development

The unmodifiable intrinsic and the modifiable or partially modifiable extrinsic factors affect cancer risk . Studies

showed that beyond microorganisms, numerous risk factors and their complex interplays, such as genetics and inherited

mutations, geographical location, gender ratio, age, environmental exposure, and endogenous hormones, contribute to

carcinogenesis within human populations . A healthy lifestyle, diet, and nutrition play a key role in cancer prevention,

and a higher-quality diet might reduce cancer risk . On the other hand, unhealthy lifestyle and obesity are associated
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with cancer development . Different dietary patterns significantly influence the composition of the gut microbiome .

Preparing a diet via the frying process might produce harmful carcinogenic acrylamide as a part of the Maillard reaction,

negatively affecting gut microbiome homeostasis .

A comprehensive meta-analysis showed a lower incidence of cancer in vegetarians and vegans . Similarly,

Papadimitriou et al. performed an umbrella review of meta-analyses of observational studies to reveal associations

between diet or nutrient intake and the risk of 11 primary cancers. Authors observed that dietary products, milk, and

calcium were inversely associated with colorectal cancer (CRC), while drinking alcohol correlated positively with breast,

colorectal, esophageal, liver, head, and neck malignancies .

Geographical provenance affects the composition of bacterial communities residing in the gastrointestinal tract .

Recently, an increasing number of studies confirmed that certain pathogenic microbes contribute to cancer development

and progression via impact on DNA in host somatic cells, interrupted cell cycle, increased cell proliferation, and damaged

processes responsible for apoptosis . Almost 20% of all cancers might be related to microbial infection . Specific

bacteria produce toxins, leading to chronic inflammation with altered cellular processes . However, not all infections

with pathogenic microbes lead to cell malignant behavior and cancer development. Genetic heterogeneity of

microorganisms and host genetics significantly affect cancer prevalence . Unfavorable microbiota-derived metabolites

could exhibit procarcinogenic properties and cause DNA double-strand breaks (DSBs) . Conversely, beneficial bacterial

metabolites might exert anti-cancer effects. Microbiota-derived short-chain fatty acids (SCFA) affect not only gut signaling

pathways but also organs and tissues via blood circulation . The main SCFA produced in the colon are acetate,

propionate, and butyrate . 

2.1. Helicobacter pylori

Helicobacter pylori, first discovered by Barry Marshall and Robin Warren in 1984 , is a gram-negative micro-aerophilic

bacterium that might be found in the upper intestinal tract within 50% of the population worldwide . Possible routes of

bacterial transmission are via saliva or feces . The colonization of the gastric mucus layer by Helicobacter pylori is

mediated via adhesins that bind Lewis determinants and mucin 5 (MUC5AC) . Bacterial strains can be either

cytotoxin-associated gene A (cagA) positive or cagA negative due to inserted cag pathogenicity island (cagPAI) containing

approximately 32 genes . Infection with Helicobacter pylori promotes DNA DSBs and induces host genomic instability.

The accumulation of DSBs was higher in the case of cagPAI-positive bacterial strains, and the presence of a cagPAI can

double the risk of gastric cancer incidence . Within cagPAI, microsyringe (needle-like pilus) coded genes formed the

Type IV secretion system (T4SS), which plays a role in CagA oncoprotein translocation into gastric epithelial cells .

Oncoprotein is responsible for disrupted epithelial tight junctions and lost apical-basolateral polarity in cells via CagA

interaction with partitioning-defective 1 (PAR1)/microtubule affinity-regulating kinase (MARK). CagA prevents PAR1

phosphorylation mediated by atypical protein kinase C (aPKC), resulting in PAR1 dissociation from the membrane .

2.2. Fusobacterium nucleatum

Fusobacterium nucleatum is an anaerobic bacterium residing in the human gut and oral microbiome, where it co-exists

with other microorganisms . In 2012, two individual studies found enrichment of Fusobacterium nucleatum in CRC

compared to adjacent tissue samples via RNA and whole-genome sequencing . This bacterium is linked not only to

CRC but also to other human diseases such as periodontal diseases, dental pulp infections, halitosis, oral cancer,

infections of the respiratory tract, appendicitis, cardiovascular disease, pregnancy disorders, breast cancer, and

rheumatoid arthritis . FadA and Fap2 represent the key virulence factors of Fusobacterium nucleatum. The role of

FadA is mediating the attachment and binding to host cells . FadA binds to the specific binding site of E-cadherin and

causes bacterial invasion into host epithelial cells . Specific mechanisms of how Fusobacterium nucleatum supports

inflammation and CRC tumorigenesis result from FadA-induced activation of the Wnt/β-catenin signaling pathway .

2.3. Escherichia coli

Escherichia coli represents another potential pathogen implicated in CRC. The studies showed a higher prevalence of

enteropathogenic Escherichia coli (EPEC) in CRC patients compared to healthy controls. Moreover, Escherichia coli in
patients serotypically and genotypically differed from those in the general population . Pathogenic strains produce

toxins, including colibactin, cytolethal distending toxin (CDT), cycle inhibiting factor, and cytotoxic necrotizing factor .

CDT is a genotoxin composed of CdtA, CdtB, and CdtC subunits , while the CdtB catalytic subunit might support

carcinogenesis and host cell transformation in murine experiments . The results from clinical studies showed that

colibactin coded by Pks island was observed mainly in CRC patients .
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2.4. Salmonella

Microbial products of typhoid toxin and toxins like nitroso-chemical compounds produced by Salmonella typhi might be

responsible for the potential development of tumors on the side of infection. The infection with Salmonella Paratyphi A
caused DNA damage in gallbladder organoids. The experimental results supported associations between Salmonella,

epithelial cell invasion, initiating malignant transformation, and gallbladder carcinogenesis . Moreover, severe bacterial

infection with Salmonella might contribute to CRC development . Salmonella secreted AvrA, a multifunctional protein

that activates Wnt and STAT3 signaling pathways, resulting in enhanced proliferation of CRC cells . In vivo experiments

showed that AvrA regulates several other pathways, including mTOR, NFκB, oxidative phosphorylation, platelet-derived

growth factors, vascular endothelial growth factor, and mitogen-activated protein kinase signaling pathway . AvrA

inhibits macrophage death, leading to innate immune signaling blockade. Therefore, AvrA might establish a stable niche

for intracellular Salmonella where the pathogen avoids adaptive immune responses .

2.5. Bacteroides fragilis

The enteric pathogen known as enterotoxigenic Bacteroides fragilis (ETBF) secretes toxin (BFT) coded by the bft gene

. ETBF strains are implicated mainly in acute diarrheal diseases, but the studies highlight the microbe’s participation in

CRC . In vitro experiments documented that BFT increased the production of ROS, induced DNA damage, and

promoted tumorigenesis . This toxin is responsible for the damaged epithelial barrier and activated STAT3/Th17

immune responses .

2.6. Staphylococcus aureus

This gram-positive bacterium produces several toxins and virulence factors, including Staphylococcal enterotoxin A (SEA)

and Staphylococcal enterotoxin B (SEB) . In most cases, Staphylococcus aureus is responsible for developed

bacteremias in patients with hematologic malignancies . Acute myeloid leukemia (AML) cell line revealed increased

proliferation after treatment with SEA and SEB virulence factors in vitro . In contrast, an experimental study on

glioblastoma cells showed that SEB reduced smad2/3 expression and decreased cancer cell proliferation .

2.7. Campylobacter jejuni

The presence of Campylobacter is associated with inflammation and implicated in the activation of mTOR signaling and

neutrophil infiltration . Campylobacter colonizes the intestinal tract due to adherence of Campylobacter jejuni CadF and

FlpA adhesins to fibronectin. Both adhesins are responsible for physical contact with host cells, contributing to bacterial

adherence, invasion, and cell signaling . CDT produced by Campylobacter induces DNA damage via DSBs.

2.8. Desulfovibrio

Desulfovibrio, belonging to sulfate-reducing bacteria (SRB), might participate in CRC development via hydrogen sulfide

(H S) production. Higher concentration of H S damages DNA, leading to genomic and chromosomal instability .

Kapral et al. found that LPS from Desulfovibro desulfuricans altered the activity of p65 and IκBα genes in Caco-2 colon

cancer cells . Moreover, Desulfovibrio abundance was significantly higher in patients with advanced gastric cancer

(stage IV).

2.9. Porphyromonas

Recently, the results from several studies proposed that Porphyromonas gingivalis, as an oral pathogen, is implicated in

pancreatic and oral tumorigenesis . Porphyromonas LPS increased gingival stem/progenitor cell proliferation .

Gingipains (proteases) secreted by Porphyromonas gingivalis are involved in oral cell Notch-1 activation and PLA2-IIA

production .

3. Microbiome and Treatment Efficacy

In cancer patients, several factors influence the gut microbiome composition. In addition to the malignant disease and the

impact of genetic-, diet- and lifestyle-related factors, the administration of antibiotics, immunosuppressants, supportive

agents, and especially anti-cancer treatment play a role. Chemotherapy, similar to radiotherapy, heavily disrupts the

balance in the microbial environment and leads to gut dysbiosis (Figure 1).
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Figure 1. Microbial homeostasis (A) and intestinal dysbiosis induced by cancer and corresponding treatment (B). The

intact commensal microbiota helps to maintain the balance between pro- and anti-inflammatory responses of the immune

system (A). Chemo- and radiotherapy-associated dysbiosis and mucosal barrier disruption might lead to bacterial

translocation, pro-inflammatory cytokine release, and mucosal inflammation (B). Abbreviations: DAMPs, damage-

associated molecular patterns; IgA, immunoglobulin A; PAMPs, pathogen-associated molecular patterns; SFB, segmented

filamentous bacteria; TGF-β, transforming growth factor-beta; TNF-α, tumor necrosis factor-alpha; Treg, regulatory T cells.

3.1. Microbiome and Chemotherapy

Chemotherapy still represents the cornerstone in the comprehensive treatment of cancer, playing a pivotal role in

impeding the growth and spread of malignant cells throughout the body. This therapeutic approach either aims to

eradicate cancer cells entirely or alleviate symptoms and enhance the quality of life of cancer patients. Indications for

chemotherapy vary widely, encompassing a spectrum of cancers at different stages . Chemotherapy may be employed

as a neoadjuvant treatment to shrink tumors before surgery or as an adjuvant therapy to eliminate residual cancer cells

post-surgery or radiation and/or for the treatment of metastatic disease . Chemotherapeutic agents interfere with the

various stages of the cell cycle, impeding DNA synthesis, replication, and cell division. While this process primarily targets

rapidly dividing cancer cells, it can also affect normal, healthy cells in the body, leading to a range of side effects .

Effectivity varies across different cancer types and individual cases. Some cancers, including malignant lymphomas

and/or germ cell tumors, respond remarkably well to chemotherapy, leading to cure, remission, or at least a significant

reduction in tumor size, while others may exhibit resistance . The personalized nature of chemotherapy regimens,

tailored to specific cancer types and patient profiles, underscores the ongoing pursuit of optimizing treatment outcomes in

the challenging landscape of cancer care .

Toxicity is a significant consideration in chemotherapy, and the treatment’s success must be carefully balanced against its

potential adverse effects. Common side effects include fatigue, nausea, hair loss, and decreased blood cell counts, which

can result in susceptibility to infections and anemia. Management of these side effects is integral to ensuring the well-

being of patients receiving chemotherapy .

The important role of the microbiome was also confirmed in cyclophosphamide treatment. Administration of

cyclophosphamide significantly altered the composition of the small intestine microbiota, resulting in a decrease in the

abundance of bacterial species from the Firmicutes phylum in experimental tumor-bearing mice . The microbial barrier

of the small intestine became more permeable to gram-positive bacteria (Lactobacillus johnsonii, Lactobacillus murinus,

and Enterococcus hirae), leading to their translocation from the intestine to lymphatic organs. The results confirmed that

the gut microbiota shapes the anti-tumor response induced by cyclophosphamide via stimulation of a specific subset of

pathogenic Th17 cells (pTh17) and memory Th1 immune responses .

Bacteria within tumors were capable of inactivating the drug gemcitabine into its inactive form in mouse-bearing CRC.

Drug metabolism is associated with the expression of the isoform of the bacterial enzyme cytidine deaminase, primarily

observed in Gammaproteobacteria. According to the results, antibiotic therapy with ciprofloxacin led to overcoming drug

resistance in experimental animals. Up to 76% of patient samples with pancreatic adenocarcinoma tested positive for

Gammaproteobacteria, suggesting that intratumoral bacteria may influence sensitivity to gemcitabine treatment . 
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3.2. Microbiome and Immunotherapy

Immunotherapy represents a major advance in the clinical management of several cancers. Over the last decade, it has

revolutionized the treatment of solid and hematologic malignancies, even those associated with a poor prognosis. The

most widely used are immune checkpoint inhibitors (ICI), developed to enhance the activity of the body’s own immune

cells against cancer cells . ICI includes monoclonal antibodies designed to block the immune regulators, CTLA-4

(ipilimumab, tremelimumab), programmed death-1 (PD-1) (nivolumab, pembrolizumab), and PD-L1 (atezolizumab,

avelumab, durvalumab) expressed in the cancer cells, with the consequent cytotoxic immune response. While these

immunotherapies have improved patient outcomes in many clinical settings, they can induce toxicity, specifically immune-

related adverse events. Commonly experienced adverse effects include cutaneous, musculoskeletal, intestinal, endocrine,

and pulmonary, while cardiovascular, hematologic, renal, and neurological occur much less frequently . However, the

cardiovascular toxicity of ICI is of particular concern, given their impact on the morbidity and mortality of cancer patients

. Myocarditis is a severe complication of ICI with a high fatality rate that most frequently develops during the first 12

weeks of treatment, although late cases may occur .

Currently, an increasing number of studies are addressing the impact of the microbiome on the efficacy of immunotherapy,

and accumulating evidence confirms that modulating the gut microbiome in favor of a favorable composition proves to be

a promising trend in improving the response to immunotherapy using ICI . The introduction of immunotherapy

represents a key step in cancer treatment, with blocking CTLA-4, PD-1, and PD-L1 checkpoint pathways helping to

restore the anti-tumor immune response . The fundamental mechanisms underlying the relationship between the

microbiome and the response to immunotherapy include increased infiltration of tumor immune cells, maturation of

dendritic cells, and the production of IL-12, which promotes increased differentiation of Th cells and immune activation in

the tumor microenvironment. It also involves the expansion of cytotoxic CD8 cells associated with the upregulation of

perforin and serine protease granzyme, leading to apoptotic destruction of tumor cells .

4. Microbiome and Therapy-Induced Late Effects

Cancer treatment, especially chemotherapy, causes a range of late complications in survivors, including neurological,

ophthalmological, pneumatological, cardiological, and nephrological complications or issues linked to infertility and

necrosis of the femoral head . Cancer survivors experience disruption of the immune system correlated with therapy or

the malignant disease. Considering that gut microbiome composition is crucial for shaping the immune system, the

associations between the gut microbiome and treatment-induced late effects are gaining attention.

4.1. Microbiome and Treatment-Induced Cognitive Impairment

The brain is highly sensitive to microbial disharmony, and the altered composition of the intestinal microbiome significantly

affects the physiology and functions of the nervous system. Changes in the microbiota-host relationship affect the enteric

nervous system and activate neuroimmune signaling pathways, influencing brain development and functioning .

Microbial signals, including structural bacterial components or microbiota-derived metabolites, can influence distant

organs directly or through neural and hormonal signaling. Systemic inflammation induced by intestinal dysbiosis can

increase the stress-activated “hypothalamus-pituitary-adrenal” (HPA) axis . Mechanistic studies have revealed

pathways through which communication occurs along the microbiome-gut-brain axis. The gut microbiota produces

microbiota-derived metabolites such as SCFA, trimethylamine N-oxide (TMAO), endotoxins, and amino acids, circulating

in the blood to the brain and affecting nervous functions. In addition to the role of SCFA in maintaining the integrity of the

intestinal membrane and mucin production, SCFA´s involvement in signaling between the microbiome, gut, and brain via

immune, endocrine, and humoral pathways is intensively studied . Certain strains of gut bacteria can secrete

neurotransmitters such as acetylcholine, gamma-aminobutyric acid (GABA), tryptophan, and serotonin. GABA is a

neurotransmitter that helps to maintain the healthy functioning of the brain and nervous system . Metagenomic and

metabolomic analyses showed that not only higher levels of Fusobacteium nucleatum but also reduced SCFA and

decreased GABA biosynthesis were implicated in late-onset CRC 。

Cancer treatment can lead to cognitive impairment associated with memory deficits, attention problems, information

processing, and decision-making abilities. These negative impacts can persist long-term after the end of treatment,

significantly affecting the lives of survivors. A comparison of cognitive functions in 581 breast cancer patients and 364

healthy individuals in the control group revealed that more than one-third of patients in the chemotherapy group

experienced cognitive dysfunction that persisted for at least 6 months post-treatment . The relationship between

chemotherapy, radiotherapy, and decreased cognitive functions was also confirmed in a cohort of 155 testicular cancer

patients .
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4.2. Microbiome and Cardiovascular Toxicity

The expanding range of cancer therapeutics has led to a broad spectrum of cardiovascular complications diagnosed in

patients during and after cancer therapy. Moreover, high cardiotoxicity is the reason for treatment discontinuation. Cancer

therapy-related cardiovascular toxicity includes cardiomyopathy, heart failure, myocarditis, coronary artery disease,

peripheral vascular disease, hypertension, arrhythmias, pericardial, valvular heart diseases, and thromboembolism 

. These complications are linked to chemotherapy (such as anthracycline cytostatics and platinum derivates),

targeted agents (monoclonal antibodies and tyrosine kinase inhibitors), immunotherapy (including mainly ICI), and

radiation therapy (to the left chest or mediastinum). Significant excesses in mortality risk associated with treatment-related

complications, including cardiac causes, exist up to 2 years after the initial cancer diagnosis .

The relative risk of both arterial and venous thromboembolism is significantly higher in cancer patients compared with the

general population . A recent study comprising 12,414 ARIC (Atherosclerosis Risk In Communities) participants

monitored for decades showed that cancer patients had a 52% higher risk of heart failure and a 22% higher risk of sudden

stroke compared to patients without a cancer diagnosis .

TMAO arising from intestinal microbiota is a novel biomarker linked to atherosclerosis and risk of major adverse

cardiovascular disease events and death in animals and humans . TMAO levels have also been shown to

correlate with pro-inflammatory state . Due to its connection to dietary intake, TMAO could be influenced by

intermittent fasting, and its change highlights the possibility that fasting may also beneficially alter the microbiome, at least

during caloric restriction, if not for a more extended period of time after the completion of fasting. Benefits on metabolic

health parameters, lower risk of coronary heart disease and depression, and cognitive performance improvement may be

reached by a 24-hour water-only fasting intervention in apparently healthy individuals . 

5. Microbiota Modulation by Probiotics, Prebiotics, and Fecal Microbiota
Transplantation in Cancer Patients

Mounting evidence highlights the emerging role of gut microbiota modulation in cancer patients via probiotic and prebiotic

administration . Fecal microbiota transplantation (FMT) from a healthy donor or treatment-responding patient

quantitatively and qualitatively surpasses the supplementation with probiotics alone. The safety and efficacy of microbiota

modulation in immunosuppressed cancer patients are the subject of intense research, and studies confirm the positive

effect of modulation on patient outcomes (Figure 2).

Figure 2. The impact of microbiota modulation using probiotics or FMT in cancer patients. Restoration of favorable

microbiome composition and increased integrity of the intestinal barrier might lead to improved cancer patient outcomes

via increased efficacy and reduced toxicity of cancer treatment. Abbreviations: FMT, fecal microbiota transplantation.

Postoperative administration of combined tablets containing Bifidobacterium infantis, Lactobacillus acidophilus,

Enterococcus faecalis, and Bacillus cereus restored a favorable microbiome composition in stool samples from 100 CRC

patients undergoing chemotherapy. Supplemented patients experienced a significant reduction in gastrointestinal toxicity

compared to the placebo group . The administration of the probiotic preparation Colon Dophilus™ (a synbiotic with

numerous Bifidobacterium spp., Lactobacillus spp., Streptococcus thermophilus, maltodextrin, magnesium stearate,

ascorbic acid, and inulin) led to a reduction in the occurrence and severity of diarrhea, as well as a less frequent presence

of enterocolitis in a randomized clinical study involving 46 CRC patients treated with irinotecan. Additionally, no infections

caused by probiotic strains were recorded during probiotic supplementation . A more recent multicenter validation

study focusing on the efficacy of a probiotic mixture containing Bifidobacterium BB-12  and Lactobacillus rhamnosus
LGG  in the prophylaxis of irinotecan-induced diarrhea in 242 patients with metastatic CRC, did not demonstrate a
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significant difference in the occurrence of grade III/IV diarrhea or overall diarrhea incidence after probiotic

supplementation compared to the placebo group. However, subgroup analysis suggested a potential clinical benefit in

patients with colostomy, showing a higher incidence of grade III/IV diarrhea and any diarrhea in the placebo group

compared to the probiotic group . Probiotic administration also shows potential in mitigating chemotherapy-induced

late effects on cognitive functions. 

The use of FMT opens up new possibilities in the treatment of intestinal damage caused by radiotherapy, with the

potential to improve clinical outcomes in cancer patients . Moreover, patient-to-mice studies documented an improved

response to therapy with ICI in mice receiving a fecal transplant from responding patients compared to animals receiving

FMT from non-responders. Gopalakrishnan et al. observed that stool samples from melanoma patients responding to PD-

1 blockade were enriched in Clostridiales/Ruminococcaceae. However, high levels of Bacteroidales were detected in

patients who were non-responding to ICI. Transfer of stool from responding patients into the intestinal tract of germ-free

mice resulted in slowed tumor growth and increased levels of Faecalibacterium compared to FMT recipients from non-

responders . Fecal microbiome analysis of patients with non-small cell lung and renal cell carcinoma receiving PD-1

blockade showed an improved therapeutic response in patients with an abundance of Akkermansia muciniphila. As

shown, orally administered FMT from responding patients led to decreased tumor growth in antibiotic-treated animals .

Fecal transfer from pancreatic cancer responders led to the development of smaller tumors in mice inoculated with cancer

cells compared to the animals colonized with microbiome from non-responding patients to chemotherapy .

6. Conclusions

Microorganisms can contribute to the initiation and progression of malignancies at both local and systemic levels by

influencing the host immune response and producing metabolites and genotoxins by individual bacterial taxa. Clinical

studies have confirmed extensive changes in the gut microbiome after undergoing anti-tumor therapy, with the most data

available for patients treated with chemotherapy, radiotherapy, and immunotherapy. Simultaneously, the individual

composition of the microbiome can activate the immune system and enhance the patient´s response to the administered

treatment. Personalized determination of the gut and tumor microbiome may represent a potential diagnostic and

prognostic tool, and research in the coming years will reveal the most effective and safest ways to modify the microbiome

to improve patient outcomes. 
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