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Abstract
The gut microbiome, a complex community of microorganisms residing in the 
gastrointestinal tract, has emerged as a critical player in cancer initiation and 
progression. This review provides an overview of the intricate interactions between 
the gut microbiome and cancer, exploring the underlying mechanisms and 
potential therapeutic implications. The gut microbiome exerts profound effects on 
the immune system, modulating immune responses, and chronic inflammation, 
which are pivotal in cancer development. In addition, it influences metabolism by 
altering nutrient metabolism and producing metabolites that can directly impact 
cellular processes related to cancer progression. Furthermore, certain gut bacteria 
can induce DNA damage or modify DNA repair mechanisms, contributing to the 
initiation and promotion of cancer. Moreover, the gut microbiome can significantly 
influence the effectiveness and toxicity of anticancer therapies, potentially affecting 
treatment outcomes. Understanding these complex interactions holds promise for 
the development of strategies that target the gut microbiome to prevent and treat 
cancer more effectively. This review emphasizes the clinical relevance of the gut 
microbiome in cancer, including the identification of microbial biomarkers for cancer 
diagnosis and prognosis. Furthermore, it discusses potential challenges and future 
directions for research in this rapidly evolving field. Overall, unraveling the role of the 
gut microbiome in cancer initiation and progression provides valuable insights for 
advancing personalized cancer treatment and improving patient outcomes.

Keywords: Microbiome; Cancer; Initiation; Progression

1. Introduction
The gut microbiome, a diverse and dynamic ecosystem of microorganisms inhabiting 
the gastrointestinal tract, has gained increasing recognition for its influential role in 
human health and disease.1,2 Emerging evidence suggests that the gut microbiome plays 
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a significant role in cancer initiation and progression, with 
implications for diagnosis, treatment, and prevention.3 
It has an enormous effect on how the immune system 
functions and chronic inflammation and immunological 
dysregulation are both linked to dysbiosis, an imbalance in 
the gut microbial community.4 Chronic inflammation is a 
well-established hallmark of cancer development, and the 
gut microbiome’s ability to modulate immune responses 
can have far-reaching consequences.5 Studies have 
demonstrated that specific microbial taxa or metabolites 
can either promote or suppress inflammation, affecting the 
tumor microenvironment and potentially triggering the 
onset and progression of cancer.6,7

Another important area where the gut microbiota has 
an impact is metabolism. The breakdown and absorption of 
dietary components, which affect nutritional availability and 
energy metabolism, are greatly influenced by gut bacteria.8,9 
Dysbiosis in the gut microbiome can disrupt metabolic 
homeostasis, leading to alterations in metabolite profiles 
that may promote carcinogenesis.10,11 Certain gut bacteria 
can produce metabolites that directly cause genotoxicity or 
have an impact on cellular functions such as DNA repair 
and apoptosis, which can affect the progression of cancer.4,12

Besides, the modification of therapeutic efficacy and 
toxicity in drugs for cancer has been linked to the gut flora. 
Chemotherapeutic drugs can be metabolized by gut flora, 
which can affect the bioavailability and potency of the 
drugs.13 In addition, the toxicological spectra of anticancer 
drugs can be altered by gut microbial metabolites, which 
may affect treatment results and patient tolerability.14 To 
improve therapeutic approaches and patient outcomes, it 
is crucial to comprehend these relationships.

Obviously, there is intriguing potential for clinical 
translation and personalized treatment in the realm of gut 
microbiome research on cancer onset and progression.15 
It might be possible to enhance cancer diagnosis, 
prognosis, and treatment selection by locating microbial 
biomarkers linked to certain cancer kinds or stages.16 As 
a complementary therapeutic strategy for preventing or 
treating cancer, targeting the gut microbiome through 
dietary changes, probiotics, prebiotics, or fecal microbiota 
transplantation (FMT) shows promise.17,18 By examining 
the intricate relationships between the gut microbiome and 
cancer, this review hopes to shed light on the underlying 
processes and possible treatment options.

2. An overview of gut microbial influences 
on cancer initiation
The gut microbiota influences the immune system, 
inflammation, and metabolism, which in turn influences 
metabolism and cancer development. The balance between 

pro-inflammatory and anti-inflammatory responses is 
modulated by the gut microbiota, which has an impact 
on the immune system and creates a pro-tumorigenic 
environment.19-21 Dysbiosis, which is characterized by an 
imbalance in the composition of the gut’s microorganisms, 
has been found to be associated with such cases. In 
addition, the gut microbiome can produce metabolites, 
such as secondary bile acids and, as mentioned earlier, 
genotoxic substances, that promote DNA damage and 
oncogenic transformation (Table 1).22,23

The gut microbiome also influences the efficacy 
of anticancer therapies, such as immunotherapy, by 
modulating the host immune response and the tumor 
microenvironment.24,25 Certain gut bacteria produce 
metabolites that can directly damage DNA or affect 
cellular processes related to cancer development. For 
instance, some bacteria produce enzymes that activate 
procarcinogens or generate metabolites that promote tumor 
growth.26 Furthermore, gut flora influences metabolism 
by altering food component breakdown and absorption. 
Imbalances in gut flora can change food metabolism, 
resulting in increased synthesis of toxic metabolites or a 
lack of helpful chemicals, both of which may contribute to 
the onset of cancer.7,27 Again, some bacteria can metabolize 
chemotherapy drugs, alter their effectiveness, and modify 
their toxicity, potentially hampering treatment outcomes.12

Our understanding of the complex interactions between 
the gut microbiome and cancer initiation is rapidly 
evolving. By studying these interactions, researchers can 
develop strategies that can modulate the gut microbiome 
to prevent or treat cancer more effectively.28

3. Mechanisms of cancer initiation by gut 
microbiome
The development and occurrence of cancer are significantly 
influenced by the gut microbiome.38 It influences the 
immune system, inflammation, and metabolism, which 
are key factors in cancer development. The role of the 
microbiome in cancer progression is multifaceted and 
involves various mechanisms that can influence tumor 
growth, metastasis, and response to therapy.49

3.1. Modulation of tumor microenvironment

The role of the microbiome in tumor microenvironment 
modulation is crucial in the context of cancer initiation 
and progression.50 Through a variety of methods, the 
microbiome can affect immune responses and inflammation 
in the tumor microenvironment.5 For instance, certain 
bacterial species have been associated with promoting 
a pro-inflammatory environment that facilitates tumor 
growth and metastasis.24 The modulation of tumor 
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microenvironment by microbiome highlights its potential 
impact on cancer progression and the need for further 
investigation in this area.

3.2. Regulation of immune response

The microbiome has a substantial impact on the regulation 
of immune-mediated responses, which influences 
the development and advancement of cancer. The gut 
microbiome has been shown to influence systemic immune 
activation and modulate the efficacy of immunotherapies.49 
The immunological landscape can be shaped by particular 
bacterial species of the microbiome, which can influence how 
the immune system responds to cancer cells and how the 
immunotherapeutic treatments work effectively.24 Outlining 
the mechanisms behind cancer initiation and progression 
requires an understanding of the intricate interactions between 
the gut microbiome and immune response regulation.

3.3. Metabolite production and metabolic 
interactions

The microbiome exerts its influence on cancer initiation 
and progression through metabolite production and 
metabolic interactions.51 One prominent example is the 
production of short-chain fatty acids (SCFAs) by gut 
bacteria, which have been shown to have both tumor-
promoting and tumor-inhibiting effects, impacting 
various aspects of cancer, including growth, apoptosis, 

and immune responses.52 In addition, certain metabolites 
produced by the gut microbiota, such as trimethylamine-
N-oxide, have been associated with promoting metastasis 
in specific cancer types, such as hepatocellular carcinoma.40 
Understanding the complex metabolic interactions 
between the gut microbiome and host metabolism is 
essential for unraveling the role of the microbiome in 
cancer initiation and progression.

3.4. Modulation of therapy response

The microbiome plays a significant role in modulating 
therapy response in cancer patients. The composition and 
diversity of the gut microbiome are associated with the 
efficacy and toxicity of various cancer treatments, including 
chemotherapy, immunotherapy, and targeted therapy.24 
Specific microbial species and their metabolites can interact 
with drugs, influencing their bioavailability, metabolism, and 
overall therapeutic outcomes. Furthermore, the gut microbiota 
may affect how effectively immunotherapies function by 
influencing systemic immune responses.49 Understanding the 
complex interplay between the gut microbiome and therapy 
response is crucial for optimizing treatment strategies and 
developing personalized approaches for cancer patients.

3.5. Gut microbiome-host interactions

The modulation of interactions between the microbiome 
and the host, which in turn affects cancer occurrence and 

Table 1. Possible mechanisms underlying the orchestration of cancer initiation and progression by gut microbiome

Type of cancer Influence of gut microbiome Examples References

Colorectal cancer Gut bacteria produce genotoxic substances (e.g., nitrosamines) Fusobacterium nucleatum, 
Bacteroides fragilis, Streptococcus 
gallolyticus, and Enterococcus 
faecalis

26,29-33

Dysbiosis alters DNA repair mechanisms

Microbial metabolites promote inflammation and tumorigenesis

Gastric cancer Helicobacter pylori infection is associated with gastric carcinogenesis Helicobacter pylori, Epstein-
Barr virus (EBV), Streptococcus 
gallolyticus, and Lactobacillus 
johnsonii

34-38

Altered gut microbiota composition is linked to gastric cancer risk

Microbial dysbiosis influences inflammation and tissue damage

Hepatocellular 
carcinoma

Dysbiosis contributes to liver inflammation and cancer development Hepatitis B virus (HBV), Hepatitis 
C virus (HCV), gut microbiota 
dysbiosis
Helicobacter hepaticus

3,23,39-42

Gut bacteria produce toxic metabolites  
(e.g., secondary bile acids)

Altered gut microbial metabolism affects liver carcinogenesis

Pancreatic cancer Distinct gut microbial profiles are associated with pancreatic cancer Porphyromonas gingivalis, 
Streptococcus gallolyticus, 
Helicobacter pylori, Fusobacterium 
nucleatum, and Gemella spp.

43-48

Gut bacteria promote local and systemic inflammation

Microbial dysbiosis affects immune responses and tumor progression
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progression, is greatly influenced by the gut microbiota. 
The microbiome-host interactions influence various 
aspects, including immune responses, inflammation, 
and metabolism.48 For instance, the gut microbiome can 
shape the immune landscape and influence the activation 
and response of the host’s immune system.49 In addition, 
metabolic interactions between the microbiome and the 
host can lead to the production of metabolites that can 
either promote or inhibit tumorigenesis.52 Determining 
the processes underlying cancer initiation and progression 
requires an understanding of the complex relationships 
between the gut microbiota and host interactions.

4. The role of gut microbiome in DNA 
damage-mediated carcinogenesis
Due to its propensity to produce genotoxic chemicals and 
modify DNA repair processes, the gut microbiome may play 
an important role in DNA damage and may play a part in the 
development and propagation of cancer. The development 
of cancer is facilitated by dysbiosis in the gut microbial 
community, which can result in the release of genotoxic 
chemicals or changes to DNA repair pathways. Studies have 
demonstrated that specific gut bacteria can induce DNA 
damage through the production of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS).53 These genotoxic 
substances can directly damage DNA, leading to mutations 
and genomic instability.54 For instance, certain gut bacteria 
produce nitrosamines, which are recognized carcinogens 
that can damage DNA and promote tumor growth.13

Furthermore, the gut microbiome can influence DNA 
repair mechanisms, which are essential for maintaining 
genomic integrity. Dysbiosis is associated with alterations 
in DNA repair pathways, including the base excision repair 
and mismatch repair systems.55,56 These dysregulated 
repair mechanisms can result in the accumulation of DNA 
damage and an increased risk of cancer development.

Knowing how the gut microbiota affects DNA damage 
that causes cancer can shed light on the mechanisms 
underlying cancer’s inception and recurrence. To prevent 
or lessen the genotoxic effects of the gut microbiome, 
tailored therapies that target particular bacterial species or 
metabolites that cause DNA damage should be designed.

5. Gut microbiome in anticancer therapies
Targeting the gut microbiome holds considerable potential 
in cancer prevention and treatment. By modulating the 
composition and functionality of the gut microbiome, 
it is possible to influence various processes involved in 
cancer initiation and progression.57 Several approaches 
can be explored to leverage the gut microbiome for cancer 
prevention and treatment (Table 2).

(i)	 Probiotics and prebiotics: Probiotics are live bacteria 
that confer health benefits, while prebiotics are 
substances that promote the growth of beneficial 
bacteria. These interventions can help restore 
microbial balance, enhance immune responses, and 
inhibit the accumulation of potential carcinogens.16

(ii)	 FMT: FMT involves transferring fecal matter from a 
healthy donor to a recipient. This technique can restore 
a healthy gut microbiome and has shown promise in 
managing certain cancers and improving treatment 
outcomes.58

(iii)	Dietary modifications: Dietary interventions, such as 
adopting a high-fiber diet, can promote the growth 
of beneficial bacteria and enhance the production 
of SCFAs, which have anti-inflammatory and anti-
cancer properties.59

(iv)	 Antibiotics and microbial modulation: Targeted use 
of antibiotics can selectively deplete harmful bacteria 
associated with cancer progression. In addition, 
microbial modulation approaches, such as using 
bacteriophages or small molecules, can selectively 
target-specific microbial populations.28

(v)	 Personalized approaches: Understanding an 
individual’s gut microbiome composition and its 
interaction with cancer is a prerequisite for developing 
personalized interventions, which allow for more 
precise and effective cancer prevention and treatment 
strategies.60

Targeting the gut microbiome can regulate 
inflammation, immunological responses, and metabolism 
in the fight against cancer. However, further research is 
needed to optimize these approaches, establish their safety 
and efficacy, and determine their long-term effects.

Table 2. Potential use of gut microbiome as anticancer 
therapies

Cancer type Examples of using gut microbiome as 
anticancer therapy

References

Colorectal 
cancer

Fecal microbiota transplantation to 
modulate the gut microbiome

58

Melanoma Administration of specific probiotic strains 
to enhance the efficacy of immunotherapy

61

Lung cancer Modulating the gut microbiome to 
improve response to immune checkpoint 
inhibitors

29

Breast cancer Using prebiotics to expand the population 
of beneficial gut microbiome

62

Prostate 
cancer

Synbiotic therapy to enhance treatment 
response and reduce side effects

60

Pancreatic 
cancer

Modulating the gut microbiome to 
improve chemotherapy efficacy

49
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6. Challenges
The application of gut microbiome as an anti-cancer 
therapy presents several challenges. The challenges 
described below need to be considered before applying gut 
microbiome as part of cancer therapeutic interventions.
(i)	 Interindividual variability: The composition and 

functionality of the gut microbiome vary significantly 
among individuals, making it challenging to establish 
universal therapeutic approaches.29

(ii)	 Microbiome dynamics: The gut microbiome is highly 
dynamic and its composition changes in response 
to various factors, including diet, medications, and 
disease states, posing a challenge to maintaining the 
desired microbial profiles.58

(iii)	Clinical translation: Translating findings from 
preclinical studies to clinical applications requires 
further research to explore the optimal treatment 
protocols and to enhance the safety and efficacy of the 
treatments.60

(iv)	 Safety concerns: Modulating the gut microbiome 
can have unintended consequences and potential 
side effects, necessitating careful monitoring and 
evaluation.49

7. Future perspectives
The exploration of the gut microbiome’s influence on cancer 
initiation and progression offers exciting opportunities 
for improving precision medicine, developing novel 
therapies, and fostering a deeper understanding of the 
intricate relationship between our microbiome and cancer. 
The future perspectives in this regard are outlined in the 
following:
(i)	 Personalized approaches: Tailoring gut microbiome-

based therapies to individual patients can improve 
treatment outcomes, after considering the specific 
microbial composition and disease characteristics 
unique to each individual.61

(ii)	 Combination therapies. Exploring the synergistic 
effects of combining gut microbiome interventions 
with conventional cancer therapies, such as 
chemotherapy or immunotherapy, holds promise for 
enhanced treatment efficacy.62

(iii)	Precision medicine. Utilizing advanced techniques, 
such as metagenomics and metabolomics, allows for 
a deeper understanding of microbial interactions, 
which is essential for the development of targeted 
therapies.58

(iv)	 Long-term monitoring. Longitudinal studies should 
be conducted to monitor the dynamic changes in 
the gut microbiome during treatment, and the study 
findings are instrumental for optimizing therapeutic 
strategies and predicting treatment responses.29

8. Conclusion
The gut microbiota influences immune responses, 
metabolism, and anticancer therapy, and so plays an important 
role in cancer development and progression. The influence 
of the gut microbiome on the metabolism and synthesis of 
genotoxic chemicals or procarcinogen-metabolizing enzymes 
highlights its significance in cancer development. Thus, a clear 
understanding of the complex interactions between the gut 
microbiome and cancer is a crucial requirement for designing 
effective therapeutic approaches.

Identifying microbial biomarkers linked to certain 
cancer types or stages can help with early identification, 
prognosis, and treatment selection. Using dietary treatments, 
probiotics, or FMT to target the gut microbiome could 
affect the gut microbial ecology and potentially prevent or 
modify cancer development. However, the implementation 
of gut microbiome-based treatments is constrained by 
the complexity and inter-individual variability of the gut 
microbiota and the need for standardized techniques; 
therefore, larger-scale investigations aiming to address 
these limitations should be conducted. In addition, more 
studies are needed to decipher the complex mechanisms 
behind the gut microbiome-cancer axis and to devise novel 
anticancer tactics involving the microbiome.
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