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ABSTRACT 

 

 
ARTICLE DETAILS 

 
Background: The gut microbiome has emerged as a critical modulator of host immune responses, 

significantly influencing the efficacy of immunotherapy in gastrointestinal (GI) cancers, including 

colorectal carcinoma (CRC), gastric cancer (GC), and esophageal adenocarcinoma (EAC). 

Emerging evidence suggests that microbial dysbiosis can either potentiate or impede immune 

checkpoint inhibitors (ICIs), adoptive cell therapies, and cancer vaccines. 

Objective: This review synthesizes current knowledge on the bidirectional crosstalk between the 

gut microbiota and antitumor immunity, focusing on molecular mechanisms, preclinical models, 

and clinical trials evaluating microbiome-based interventions to enhance immunotherapy 

outcomes. 

Methods: A systematic literature review was conducted using PubMed, EMBASE, and Cochrane 

databases, prioritizing studies on fecal microbiota transplantation (FMT), probiotics, and 

microbial biomarkers predictive of immunotherapy response. 

Results: Specific commensal bacteria (e.g., Akkermansia muciniphila, Bifidobacterium spp., 

Faecalibacterium prausnitzii) are associated with improved ICI response via dendritic cell 

activation, CD8+ T-cell infiltration, and reduced regulatory T-cell (Treg) suppression. 

Conversely, antibiotic-induced microbiota depletion correlates with diminished pembrolizumab 

and nivolumab efficacy. Clinical trials testing FMT in refractory melanoma and CRC demonstrate 

restored therapeutic sensitivity, suggesting translatability to GI cancers. 

Conclusion: The gut microbiome represents a promising adjunctive target to optimize 

immunotherapy in GI oncology. Future research should standardize microbial manipulation 

strategies and validate predictive biomarkers for personalized treatment paradigms. 
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INTRODUCTION 

Gastrointestinal (GI) malignancies, encompassing colorectal 

cancer (CRC), gastric adenocarcinoma, and hepatobiliary 

carcinomas, remain a leading cause of global cancer-related 

mortality, with conventional therapies often limited by 

resistance and toxicity (Sung et al., 2021). In recent years, 

immunotherapy—particularly immune checkpoint inhibitors 

(ICIs) targeting PD-1/PD-L1 and CTLA-4—has 
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revolutionized oncology, yet response rates in GI cancers 

remain heterogeneous, underscoring the need for predictive 

biomarkers and combinatorial strategies (Le et al., 2017). 

The human gut microbiome, a complex ecosystem of 

bacteria, viruses, and fungi, exerts profound 

immunomodulatory effects via metabolic byproducts (e.g., 

short-chain fatty acids, SCFAs), antigenic mimicry, and toll-

like receptor (TLR) signaling (Gopalakrishnan et al., 2018). 

Preclinical models reveal that germ-free mice exhibit blunted 

responses to anti-PD-1 therapy, while selective microbiota 

reconstitution restores antitumor immunity (Routy et al., 

2018). Clinically, antibiotic exposure during ICI treatment 

correlates with reduced progression-free survival (PFS) in 

CRC, implicating microbiota integrity as a therapeutic 

determinant (Pinato et al., 2019). 

 

BACKGROUND 

Gastrointestinal (GI) malignancies, including colorectal 

carcinoma (CRC), gastric adenocarcinoma (GAC), and 

esophageal squamous cell carcinoma (ESCC), represent a 

heterogeneous group of neoplasms with substantial global 

morbidity and mortality. Despite advancements in surgical 

techniques, cytotoxic chemotherapy, and targeted therapies, 

the prognosis for advanced-stage disease remains suboptimal, 

necessitating novel therapeutic approaches. Immunotherapy, 

particularly immune checkpoint inhibitors (ICIs) such as anti-

PD-1, anti-PD-L1, and anti-CTLA-4 monoclonal antibodies, 

has transformed the oncological landscape by harnessing the 

host immune system to achieve durable antitumor responses. 

However, the efficacy of immunotherapy in GI cancers is 

markedly inconsistent, with a subset of patients exhibiting 

primary or acquired resistance, highlighting the urgent need 

to identify predictive biomarkers and synergistic treatment 

strategies.1,2 

The human gut microbiome, a dynamic and complex 

consortium of bacteria, archaea, fungi, and viruses, plays a 

pivotal role in modulating systemic and mucosal immunity. 

Emerging evidence underscores the bidirectional crosstalk 

between gut microbiota and the host immune system, wherein 

microbial metabolites—such as short-chain fatty acids 

(SCFAs), tryptophan derivatives, and secondary bile acids—

directly influence dendritic cell maturation, T-cell 

differentiation, and macrophage polarization. Preclinical 

studies using germ-free murine models have demonstrated 

that the absence of a commensal microbiome results in 

blunted responses to ICIs, whereas recolonization with 

specific bacterial taxa, including Akkermansia muciniphila, 

Bifidobacterium spp., and Faecalibacterium prausnitzii, 

restores therapeutic efficacy. These findings suggest that 

microbial composition serves as a critical determinant of 

immunotherapy responsiveness.3 

Clinical observations further support the microbiome’s role 

in shaping antitumor immunity. For instance, broad-spectrum 

antibiotic use prior to or during ICI administration correlates 

with significantly reduced progression-free survival (PFS) 

and overall survival (OS) in patients with metastatic CRC and 

hepatocellular carcinoma (HCC). This phenomenon is 

attributed to the depletion of immunostimulatory taxa, 

leading to impaired CD8+ T-cell infiltration and heightened 

myeloid-derived suppressor cell (MDSC) activity within the 

tumor microenvironment (TME). Conversely, fecal 

microbiota transplantation (FMT) from immunotherapy-

responsive donors into refractory melanoma patients has been 

shown to re-establish therapeutic sensitivity, providing proof 

of concept for microbiome-modulating interventions in 

oncology.4 

Beyond bacteria, the virome and mycobiome contribute to 

immune regulation through mechanisms such as 

bacteriophage-mediated bacterial lysis and fungal β-glucan 

recognition by Dectin-1 receptors. Additionally, microbial 

translocation across a compromised intestinal epithelial 

barrier can trigger chronic inflammation via pattern 

recognition receptor (PRR) signaling, fostering a 

protumorigenic milieu. These insights underscore the 

potential of microbiome-targeted strategies—including 

probiotics, prebiotics, synbiotics, and engineered microbial 

therapeutics—to augment immunotherapy outcomes in GI 

cancers.4 

Despite these advances, critical knowledge gaps persist 

regarding strain-specific microbial effects, optimal methods 

for microbiota manipulation, and the integration of 

microbiome profiling into precision oncology frameworks. 

Elucidating the intricate interplay between the microbiome 

and host immunity will be essential for developing next-

generation combinatorial therapies that overcome resistance 

and improve survival in gastrointestinal malignancies.4 

Mechanisms Underlying the Microbiome-

Immunotherapy Interplay in Gastrointestinal 

Malignancies 

The intricate relationship between the gut microbiome and 

the efficacy of immunotherapy in gastrointestinal (GI) 

cancers is governed by a complex network of biological 

mechanisms that converge at the interface of microbial 

ecology, host immunity, and tumor biology. At the core of 

this interplay lies the ability of commensal microorganisms 

to systemically modulate both innate and adaptive immune 

responses, thereby creating either permissive or restrictive 

milieus for antitumor immunity.5 

One pivotal mechanism involves microbial antigenic 

mimicry and cross-reactivity, wherein bacterial epitopes 

structurally resembling tumor-associated antigens (TAAs) 

prime dendritic cells (DCs) in gut-associated lymphoid tissue 

(GALT), leading to enhanced presentation via major 

histocompatibility complex (MHC) molecules. This 

molecular mimicry fosters the expansion of tumor-specific 

CD8+ cytotoxic T lymphocytes (CTLs) with heightened 

effector functions, while simultaneously reducing the 

immunosuppressive activity of regulatory T cells (Tregs). 
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Specific bacterial taxa, including Bacteroides fragilis and 

Bifidobacterium longum, have been implicated in this process 

through their capacity to stimulate interleukin-12 (IL-12) 

production, thereby promoting a Th1-polarized immune 

response essential for effective immune checkpoint 

inhibition.5 

Microbial-derived metabolites further serve as critical 

mediators of immune modulation. Short-chain fatty acids 

(SCFAs), such as butyrate, propionate, and acetate, produced 

through the fermentation of dietary fiber by commensal 

anaerobes, exert pleiotropic effects on immune homeostasis. 

Butyrate, in particular, enhances the epigenetic 

reprogramming of CD8+ T cells by inhibiting histone 

deacetylases (HDACs), resulting in upregulated expression 

of granzyme B and perforin, key cytolytic molecules required 

for tumor cell lysis. Concurrently, SCFAs reinforce intestinal 

barrier integrity by promoting mucin secretion from goblet 

cells, thereby preventing bacterial translocation and 

subsequent systemic inflammation that could otherwise foster 

an immunosuppressive tumor microenvironment (TME).6 

The gut microbiome also influences immunotherapy response 

through the regulation of myeloid cell populations. Certain 

microbial species, including Akkermansia muciniphila, have 

been shown to attenuate the accumulation of myeloid-derived 

suppressor cells (MDSCs) in the TME by downregulating the 

production of reactive oxygen species (ROS) and nitric oxide 

synthase (NOS). This reduction in MDSC activity alleviates 

their inhibitory effects on T-cell proliferation and function, 

thereby augmenting the cytotoxic potential of tumor-

infiltrating lymphocytes (TILs). Conversely, dysbiotic 

microbiota enriched in Enterococcus and Fusobacterium 

species have been associated with increased PD-L1 

expression on tumor cells and macrophages, contributing to 

immune evasion and therapeutic resistance.6 

Another layer of complexity arises from the bidirectional 

communication between gut bacteria and the host’s bile acid 

metabolism. Primary bile acids, such as cholic acid and 

chenodeoxycholic acid, are transformed by gut microbes into 

secondary bile acids, including deoxycholic acid (DCA) and 

lithocholic acid (LCA). These secondary metabolites act as 

signaling molecules through nuclear receptors like the 

farnesoid X receptor (FXR) and the G protein-coupled bile 

acid receptor 1 (GPBAR1), modulating dendritic cell 

maturation and the balance between proinflammatory and 

regulatory immune responses. Perturbations in this 

microbial-bile acid axis have been linked to variations in 

immunotherapy outcomes, with certain bile acid profiles 

correlating with improved CTLA-4 blockade efficacy.6 

Furthermore, the gut microbiome engages in intricate 

crosstalk with the host’s circadian rhythm and 

neuroendocrine system, which in turn influence immune 

surveillance. Microbial metabolites such as tryptophan-

derived indole compounds regulate the kynurenine pathway 

via aryl hydrocarbon receptor (AhR) activation, impacting 

the differentiation of Th17 cells and the immunosuppressive 

functions of Tregs. Disruptions in this pathway, often 

observed in patients with GI cancers, can skew immune 

responses toward tolerance rather than antitumor immunity, 

highlighting the microbiome’s role as a rheostat of 

immunotherapeutic efficacy.7 

Emerging evidence also underscores the importance of 

bacteriophages and fungal communities in shaping immune 

responses to immunotherapy. Phage-mediated lysis of 

pathogenic bacteria can reduce inflammation-driven 

tumorigenesis, while fungal β-glucans engage Dectin-1 

receptors on macrophages to enhance antigen presentation 

and T-cell co-stimulation. These findings suggest that future 

therapeutic strategies may need to consider the entire 

microbiota ecosystem rather than individual bacterial species 

alone.7 

The mechanisms by which the gut microbiome modulates 

immunotherapy responses in GI cancers are multifaceted, 

spanning molecular, cellular, and systemic levels. From 

antigenic mimicry and metabolite-driven epigenetic changes 

to bile acid signaling and myeloid cell regulation, these 

pathways collectively determine the success or failure of 

immunotherapeutic interventions. A deeper understanding of 

these interactions will be essential for developing 

microbiome-targeted adjuvant therapies that can overcome 

resistance and improve clinical outcomes in gastrointestinal 

oncology.8 

Clinical Implications of the Microbiome-Immunotherapy 

Axis in Gastrointestinal Oncology 

The burgeoning understanding of microbial influence on 

antitumor immunity carries profound clinical ramifications 

for the management of gastrointestinal malignancies, 

necessitating a paradigm shift in therapeutic strategies and 

patient stratification approaches. The recognition that 

commensal microbiota serve as biological response modifiers 

to immune checkpoint inhibition has opened new avenues for 

predictive biomarker development, therapeutic intervention, 

and personalized treatment algorithms in clinical oncology 

practice.8 

A critical clinical consideration emerges from the well-

documented association between antibiotic exposure and 

diminished efficacy of PD-1/PD-L1 inhibitors across 

multiple gastrointestinal cancer subtypes. Retrospective 

analyses have consistently demonstrated that perturbation of 

gut microbial communities through broad-spectrum 

antimicrobial agents administered within temporal proximity 

to immunotherapy initiation correlates with significantly 

reduced objective response rates and shorter progression-free 

survival intervals. This phenomenon appears particularly 

pronounced in hepatocellular carcinoma and microsatellite-

stable colorectal cancer, where antibiotic-induced depletion 

of immunomodulatory taxa such as Ruminococcaceae and 

Lachnospiraceae may abrogate dendritic cell activation and 

subsequent T-cell priming. These observations have 
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prompted clinical recommendations for judicious antibiotic 

stewardship in patients undergoing immunotherapy, with 

particular attention to the temporal relationship between 

antimicrobial use and immune checkpoint inhibition.9 

The development of microbial signatures as predictive 

biomarkers represents another transformative clinical 

application. Emerging evidence suggests that baseline stool 

microbial profiles enriched in Akkermansia muciniphila, 

Bifidobacterium adolescentis, and Eubacterium limosum may 

identify patients more likely to achieve durable clinical 

benefit from CTLA-4 and PD-1 blockade. Advanced 

metagenomic sequencing techniques now enable quantitative 

assessment of these predictive microbial constellations, 

potentially complementing existing biomarkers such as PD-

L1 expression and tumor mutational burden. Several 

academic medical centers have begun incorporating 

microbiome profiling into their precision oncology platforms, 

with preliminary data suggesting improved predictive 

accuracy when combining microbial signatures with 

conventional biomarkers.9 

Translational applications of microbiome modulation have 

progressed rapidly from preclinical models to clinical trials. 

Fecal microbiota transplantation (FMT) has demonstrated 

remarkable potential in overcoming primary resistance to 

immunotherapy, with early-phase studies showing that 

transfer of responder-derived microbial communities can 

restore therapeutic sensitivity in previously refractory 

patients. Current clinical investigations are exploring 

standardized FMT protocols in combination with 

pembrolizumab for microsatellite-stable colorectal cancer, 

with preliminary results indicating enhanced CD8+ T-cell 

infiltration and improved radiographic responses. 

Simultaneously, commercially developed microbial consortia 

comprising carefully selected bacterial strains are entering 

phase II/III trials as adjuvant therapies to immune checkpoint 

inhibitors, offering more reproducible and scalable 

alternatives to donor-derived FMT.10 

The clinical landscape is further enriched by ongoing 

investigations into targeted microbial interventions, including 

precision probiotics and bacteriophage therapies. Engineered 

microbial strains expressing immunostimulatory molecules 

such as IL-15 or FLT3 ligand are being evaluated for their 

ability to locally enhance antitumor immunity while 

minimizing systemic toxicity. Similarly, phage therapies 

targeting pro-tumorigenic bacteria like Fusobacterium 

nucleatum in colorectal cancer are showing promise in 

preclinical models, with translational studies anticipated to 

commence in the near future. These approaches may 

eventually enable clinicians to selectively reshape microbial 

ecosystems to favor immunotherapy-responsive profiles.11 

Important clinical challenges persist regarding the 

standardization of microbiome-based interventions. The 

inherent variability of microbial communities across 

populations necessitates careful consideration of donor 

selection criteria for FMT and geographic adaptation of 

microbial therapeutics. Furthermore, the optimal timing and 

duration of microbiome modulation relative to 

immunotherapy initiation remain undefined, with current 

protocols empirically derived rather than evidence-based. 

The field also grapples with regulatory complexities 

surrounding live biotherapeutic products and the need for 

rigorous quality control measures to ensure microbial product 

consistency.11 

From a practical standpoint, the integration of microbiome 

assessment into routine oncological practice requires 

addressing several logistical considerations. Standardized 

specimen collection protocols, streamlined bioinformatics 

pipelines for microbial data analysis, and clinician education 

regarding interpretation of microbiome profiling results all 

represent necessary steps toward clinical implementation. 

Additionally, cost-effectiveness analyses will be crucial to 

determine the economic viability of widespread microbiome 

testing and targeted interventions within constrained 

healthcare systems.11 

The evolving understanding of microbiome-immune 

interactions also carries implications for combination therapy 

strategies. Rational pairing of immunotherapy with 

microbiome-preserving approaches—such as selective rather 

than broad-spectrum antibiotics for concurrent infections, or 

dietary interventions to promote favorable microbial 

growth—may enhance treatment outcomes. Clinical trials 

investigating synchronous administration of checkpoint 

inhibitors with prebiotic fibers or polyphenol-rich nutritional 

regimens are actively accruing patients, with the goal of 

creating an intestinal microenvironment conducive to 

immunotherapy response.11 

Long-term clinical considerations include monitoring for 

potential adverse effects of microbiome modulation, 

particularly in immunocompromised oncology patients. 

While generally well-tolerated, microbial therapies carry 

theoretical risks of bacteremia in neutropenic patients or 

unintended immune activation in those with underlying 

autoimmune conditions. Rigorous post-marketing 

surveillance will be essential as these novel interventions 

transition from research settings to widespread clinical use.12 

The clinical implications extend beyond therapeutic 

applications to encompass preventive oncology strategies. 

Epidemiological data suggest that chronic microbial 

dysbiosis precedes the development of certain 

gastrointestinal malignancies, raising the possibility that 

early microbiome correction could mitigate carcinogenesis in 

high-risk populations. Prospective studies are evaluating 

whether microbiome modulation in patients with 

premalignant conditions such as Barrett's esophagus or Lynch 

syndrome might delay or prevent malignant transformation, 

potentially through enhancement of immune surveillance 

mechanisms.12 
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As the field progresses, multidisciplinary collaboration 

between medical oncologists, gastroenterologists, 

microbiologists, and immunologists will be paramount to 

translate these scientific insights into meaningful clinical 

advancements. The development of consensus guidelines for 

microbiome assessment and intervention in gastrointestinal 

cancer patients will help standardize practice patterns and 

facilitate the integration of microbiome science into 

mainstream oncology care pathways. With continued 

research investment and clinical validation, microbiome-

based approaches hold immense potential to revolutionize 

outcomes for patients with gastrointestinal malignancies in 

the immunotherapy era.12 

Therapeutic Potential of Microbiome Modulation in 

Gastrointestinal Cancer Immunotherapy 

The rapidly evolving understanding of host-microbiome 

interactions in gastrointestinal oncology has unveiled a 

transformative therapeutic paradigm, wherein intentional 

manipulation of microbial ecosystems emerges as a powerful 

strategy to potentiate immune checkpoint inhibition, 

overcome therapeutic resistance, and achieve durable 

antitumor responses. This burgeoning field capitalizes on the 

intrinsic plasticity of microbial communities and their 

profound immunomodulatory capacity, offering novel 

interventions that may fundamentally alter treatment 

landscapes for historically refractory malignancies.13 

At the forefront of therapeutic innovation lies fecal 

microbiota transplantation (FMT), which has demonstrated 

remarkable potential in reprogramming immunological 

niches to favor immunotherapy responsiveness. Clinical 

observations reveal that transfer of responder-derived 

microbial consortia can induce metabolic and immunological 

shifts within the tumor microenvironment, including 

enhanced antigen presentation capacity of dendritic cells, 

increased intratumoral CD8+ T-cell density, and polarization 

of tumor-associated macrophages toward an 

immunostimulatory M1 phenotype. The therapeutic window 

for FMT appears particularly promising in microsatellite-

stable colorectal cancers, where conventional 

immunotherapy has shown limited efficacy. Current 

investigations focus on standardizing donor selection criteria, 

optimizing delivery methods (oral capsules versus 

endoscopic administration), and establishing safety protocols 

for immunocompromised oncology populations.13 

Engineered microbial therapeutics represent a more precise 

and scalable alternative to donor-dependent FMT 

approaches. Synthetic bacterial consortia, comprising 

carefully selected strains with documented 

immunostimulatory properties (such as Akkermansia 

muciniphila, Bifidobacterium longum, and Faecalibacterium 

prausnitzii), are being developed under stringent 

pharmaceutical-grade manufacturing conditions. These 

defined microbial preparations offer several advantages, 

including batch-to-batch consistency, reduced risk of 

pathogen transmission, and the ability to tailor bacterial 

combinations to specific cancer subtypes. Advanced 

bioengineering techniques now enable the creation of 

recombinant microbial strains expressing immunotherapeutic 

payloads, such as checkpoint inhibitor nanobodies or 

cytokine mimetics, which can be locally delivered to the 

gastrointestinal tract for sustained, targeted immune 

activation while minimizing systemic toxicity.13 

The therapeutic arsenal is further expanded by phage-based 

interventions targeting pro-tumorigenic bacterial species. 

Bacteriophage cocktails designed against Fusobacterium 

nucleatum, a microbe strongly associated with colorectal 

cancer progression and chemotherapy resistance, have shown 

preclinical efficacy in reducing tumor burden while 

preserving commensal microbiota integrity. This precision 

approach avoids the collateral damage to beneficial microbes 

characteristic of broad-spectrum antibiotics, maintaining the 

ecological balance necessary for optimal immunotherapy 

response. Complementary strategies employing CRISPR-

modified phages capable of selectively eliminating 

pathogenic strains while delivering immunomodulatory 

genes to the tumor microenvironment are entering 

translational development pipelines.13 

Nutritional interventions targeting microbiome-immune 

crosstalk present a clinically accessible therapeutic modality 

with substantial potential. Specific dietary regimens enriched 

in fermentable fibers (such as resistant starches and inulin-

type fructans) have been shown to selectively expand SCFA-

producing bacterial populations, thereby enhancing the 

effector functions of tumor-infiltrating lymphocytes. 

Polyphenol-rich nutritional protocols, particularly those 

emphasizing ellagitannins from pomegranate and urolithin-

producing bacterial species, demonstrate unique capacity to 

mitigate immunotherapy-related colitis while maintaining 

antitumor efficacy. The emerging field of chrononutrition—

timed nutrient administration aligned with circadian 

microbial fluctuations—offers additional precision in 

optimizing the immunometabolic milieu for enhanced 

treatment responses.13 

Small molecule approaches targeting microbial-immune 

signaling pathways constitute another promising therapeutic 

avenue. Inhibitors of the indoleamine 2,3-dioxygenase (IDO) 

pathway, activated by tryptophan-metabolizing gut bacteria, 

are being reevaluated in combination with microbiome 

modulation strategies. Similarly, bile acid analogs designed 

to mimic the immunostimulatory effects of specific 

microbial-derived secondary bile acids show potential for 

enhancing dendritic cell function and reducing myeloid-

derived suppressor cell accumulation in the tumor 

microenvironment. Pharmaceutical development of 

microbial metabolite mimetics, particularly butyrate 

derivatives with improved pharmacokinetic profiles, aims to 

recapitulate the beneficial effects of commensal bacteria in 
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patients with dysbiosis refractory to microbial transplantation 

approaches.14 

The therapeutic landscape is further enriched by innovative 

delivery systems designed to protect and target microbial 

interventions. Mucoadhesive nanoparticles carrying bacterial 

antigens or metabolites enable precise delivery to gut-

associated lymphoid tissue, while engineered biofilms 

created from probiotic strains provide sustained colonization 

and localized immunomodulation. Synthetic biology 

approaches employing quorum sensing-controlled microbial 

circuits allow for dynamic, population-density-dependent 

therapeutic activation within the gastrointestinal tract, 

creating self-regulating systems that respond to 

microenvironmental conditions.14 

Combination strategies integrating microbiome modulation 

with conventional and emerging immunotherapies present 

particularly compelling therapeutic opportunities. Sequential 

administration of microbial therapeutics followed by immune 

checkpoint inhibitors may prime the immunological 

microenvironment for enhanced response, while concurrent 

use of microbiome-stabilizing agents during chimeric antigen 

receptor (CAR) T-cell therapy could potentially mitigate 

cytokine release syndrome severity. The integration of 

microbiome interventions with cancer vaccines in 

gastrointestinal malignancies represents another promising 

frontier, where microbial adjuvanticity may overcome the 

limited immunogenicity of tumor-associated antigens.14 

Long-term therapeutic aspirations include the development of 

personalized microbiome editing approaches, wherein multi-

omic profiling (metagenomic, metabolomic, and 

immunologic) guides patient-specific microbial 

interventions. Advanced machine learning algorithms 

analyzing complex microbiome-host interaction networks are 

being deployed to predict optimal therapeutic combinations 

for individual patients, moving beyond the current "one-size-

fits-all" paradigm of microbial therapeutics. The ultimate 

therapeutic goal involves establishing self-sustaining, 

resilient microbial ecosystems that maintain antitumor 

immunological tone while resisting dysbiotic perturbations 

from antibiotics, dietary changes, or disease progression.15 

As these diverse therapeutic strategies progress through 

clinical validation, they collectively represent a paradigm 

shift in gastrointestinal cancer treatment—from targeting 

tumor cells alone to holistically modulating the entire host-

microbiome-tumor ecosystem. The coming decade will likely 

witness the transition of microbiome-based interventions 

from investigational concepts to mainstream therapeutic 

options, potentially revolutionizing outcomes for patients 

with malignancies historically considered immunotherapy-

refractory. The convergence of microbial therapeutics with 

precision oncology approaches promises to unlock 

unprecedented opportunities for personalized, effective, and 

well-tolerated treatment modalities in gastrointestinal cancer 

management.15 

CONCLUSION 

The dynamic interplay between the gut microbiome and the 

efficacy of immunotherapy in gastrointestinal malignancies 

represents a paradigm-shifting advancement in oncology, 

fundamentally altering our understanding of tumor-immune 

interactions and opening unprecedented therapeutic 

opportunities. The accumulating body of evidence 

underscores that the microbiome is not merely a passive 

bystander but an active modulator of antitumor immunity, 

capable of dictating clinical outcomes through complex, 

multilayered mechanisms. From microbial metabolite-driven 

epigenetic reprogramming of immune cells to bacteriophage-

mediated lysis of pro-tumorigenic bacteria, the depth of 

microbial influence on immunotherapy responsiveness 

continues to reveal novel biological insights with profound 

clinical implications. 

The translational potential of microbiome-based 

interventions is immense, offering strategies to overcome one 

of the most pressing challenges in gastrointestinal 

oncology—the heterogeneity of immunotherapy responses. 

Fecal microbiota transplantation, engineered microbial 

consortia, and precision phage therapies exemplify the 

innovative approaches being developed to convert 

immunotherapy-refractory tumors into responsive ones. 

These interventions are not merely adjunctive but may serve 

as essential components of future first-line therapeutic 

regimens, particularly in microsatellite-stable colorectal, 

gastric, and hepatobiliary cancers, where immune checkpoint 

inhibitors alone have shown limited success. The ability to 

therapeutically reshape a patient’s microbial ecosystem to 

favor immunostimulatory taxa represents a groundbreaking 

shift from traditional cytotoxic therapies toward ecologically 

informed, host-directed treatment modalities. 

Nevertheless, the clinical implementation of microbiome-

targeted strategies necessitates addressing critical challenges, 

including the standardization of microbial therapeutics, the 

establishment of robust biomarkers for patient stratification, 

and the development of universal protocols for microbiome 

preservation during oncologic care. The inherent variability 

of microbial communities across populations demands 

geographically tailored solutions, while the integration of 

multi-omics data into clinical decision-making will require 

advanced computational frameworks and interdisciplinary 

collaboration. Furthermore, the long-term safety and 

durability of microbiome modulation—particularly in 

immunocompromised patients—remain areas requiring 

rigorous investigation as these therapies transition from 

experimental to mainstream applications. 

Looking ahead, the convergence of microbiome science and 

immuno-oncology heralds a new era of precision medicine in 

gastrointestinal cancer treatment. Future directions will likely 

explore the synergistic potential of combining microbial 

therapeutics with emerging modalities such as neoantigen 

vaccines, adoptive cell therapies, and bispecific antibodies, 
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creating multimodal regimens that exploit the full spectrum 

of host-microbiome-tumor interactions. Additionally, the 

prophylactic application of microbiome modulation in high-

risk populations—such as patients with premalignant 

conditions or hereditary cancer syndromes—may redefine 

preventive oncology by harnessing microbial-immune 

crosstalk to delay or even prevent malignant transformation. 

Ultimately, the study of the microbiome in gastrointestinal 

cancer immunotherapy transcends a mere academic pursuit; 

it embodies a fundamental reimagining of how we approach 

treatment resistance, patient stratification, and therapeutic 

innovation. As research continues to unravel the complexities 

of microbial-immune dialogue, the prospect of leveraging 

these insights to improve survival outcomes while 

minimizing treatment-related toxicity grows increasingly 

tangible. The integration of microbiome-based strategies into 

clinical practice will not only enhance the efficacy of existing 

immunotherapies but also pave the way for entirely novel 

therapeutic paradigms, solidifying the microbiome’s role as a 

cornerstone of next-generation cancer care. 

In this rapidly evolving landscape, one certainty emerges: the 

future of gastrointestinal cancer immunotherapy will be 

inextricably linked to our understanding and manipulation of 

the human microbiome, marking a transformative milestone 

in the ongoing quest to conquer malignancy through the 

power of host-microbial symbiosis. 
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