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ABSTRACT
The human microbiome, as a complex ecosystem of symbiotic
microorganisms, plays a fundamental role in maintaining homeostasis and preventing
diseases, including cancer. Growing evidence indicates that microbial imbalance (dysbiosis)
can contribute to the pathogenesis of various cancers. This review study aimed to investigate
the dual role of the microbiome, from stimulating tumorigenesis to its protective effects.
This review study was conducted in 2024. A comprehensive search
of national and international scientific databases was performed to identify studies published
between 2013 and 2025. Inclusion criteria encompassed studies related to: 1) the
pathogenesis and mechanisms of microbiome-cancer interactions, 2) organ-specific
microbiomes in cancer, 3) the microbiome as a diagnostic biomarker, 4) the influence of the
microbiome on response to cancer therapies, and 5) general principles of the microbiome-
cancer relationship. Out of 147 initially identified articles, and after refinement using
specialized keywords and assessment based on inclusion and exclusion criteria, 112 relevant
articles were ultimately selected for final analysis.
The present review demonstrated that the microbiome plays a pivotal and dual role
in carcinogenesis. The microbiome influences oncogenic processes through diverse
mechanisms, including modulation of the tumor microenvironment, regulation of host
immune responses, and production of bioactive metabolites. A key finding is that
microorganisms can exert opposing roles, whereby specific species, such as Fusobacterium
nucleatum in colorectal cancer and Helicobacter pylori in gastric cancer, act as pro-
] tumorigenic agents, while genera such as Lactobacillus exhibit protective and tumor-
Eiifs'lﬁqlgoﬁﬁ%%s suppressive effects. Another significant finding was the identification of distinct microbiome
Accepted: 14 Feb 2026 signatures specific to different cancer types, which hold high potential for application as
precise diagnostic biomarkers.
Understanding these complex and dual interactions between the microbiome and
the host is key to developing novel, personalized diagnostic and therapeutic strategies in
oncology. Although challenges such as inter-individual microbiome diversity exist,
advanced omics technologies and microbiome engineering have created transformative
prospects. Future studies should essentially focus on elucidating the molecular mechanisms
of these interactions in greater depth and developing targeted microbiome-based therapies.
Sl Microbiome, Dysbiosis, Carcinogenesis, Microbial biomarkers, Tumor
microenvironment.
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Extended Abstract
Introduction
he human microbiome, a complex symbiotic
ecosystem, is integral to maintaining host
homeostasis. Mounting evidence indicates
that microbial dysbiosis is intricately linked to
the pathogenesis of various cancers, playing a
dual role in both promoting and suppressing tumorigenesis.
This review synthesizes current knowledge on the
multifaceted interactions between the microbiome and
cancer.

Methods

This review was conducted in 2024, examining the
literature published between 2013 and 2025. A
comprehensive search was performed across international
databases, including Web of Science, Scopus, PubMed,
and Elsevier, as well as the Google Scholar search engine,
focusing on five key themes: 1) the pathogenesis and
mechanisms of microbiome-cancer interactions, 2) organ-
specific microbiomes in cancer, 3) the microbiome as a
diagnostic biomarker, 4) the influence of the microbiome
on response to cancer therapies, and 5) general principles
of the microbiome-cancer relationship. Keywords such as
"Human Microbiome,” "Cancer," and "The Dual Role of
the Microbiome in Cancer" were used, along with organ-
specific combinations like "Microbiome and Lung Cancer™
and "Microbiome and Breast Cancer." Articles were
excluded if published in non-reputable journals, contained
duplicate data, or lacked adequate methodological quality.
From an initial pool of 147 records screened against these
criteria, 112 relevant articles were ultimately selected for
final analysis.

Results

The findings demonstrate three primary pathways through
which the microbiome influences cancer: (1) direct DNA
damage by bacterial genotoxins, (2) immune system
modulation via inflammatory pathways, and (3) metabolic
reprogramming of tumor microenvironments. Each cancer
type harbors characteristic microbial signatures. Colorectal
tumors show 5-10 fold higher Fusobacterium nucleatum
levels compared to healthy tissue, while Helicobacter pylori
infection increases gastric cancer risk by 6-fold. Conversely,
Lactobacillus species appear protective, reducing cervical
cancer incidence by 40-60% in multiple studies. These
microbial patterns offer promising diagnostic applications.
F. nucleatum detection in stool samples achieves 85-90%
accuracy for early colorectal cancer identification, while oral
microbiome analysis effectively discriminates head and
neck cancer patients from controls. Therapeutically,
microbiome composition significantly impacts treatment
outcomes. Patients with abundant Ruminococcaceae
bacteria  demonstrate  30%  better response to
immunotherapy, whereas certain gut microbes can inactivate
chemotherapy drugs like gemcitabine. Emerging
microbiome-based interventions show particular promise.

Fecal microbiota  transplantation has  improved
immunotherapy response rates in clinical trials, while
engineered probiotic strains are being tested as targeted drug
delivery systems. However, challenges remain in
standardizing microbial analyses across populations and
accounting for individual variations in microbiome
composition.

Conclusion

Deciphering the complex, dualistic interactions between
the microbiome and the host is crucial for pioneering
novel, personalized diagnostic and therapeutic strategies in
oncology. While challenges like inter-individual microbial
diversity persist, advanced omics technologies and
microbiome engineering offer transformative prospects.
Future research must prioritize elucidating the detailed
molecular mechanisms underlying these interactions and
developing targeted microbiome-based interventions to
revolutionize cancer management.
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