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Graphical Abstract.

Breast cancer remains one of the leading causes of cancer-related mortality in women worldwide, with its development,
progression, and treatment response influenced by a multitude of genetic, hormonal, and environmental factors. Recent
evidence has unveiled a critical yet underexplored player in breast cancer pathophysiology the micro biota. The human
micro biome, particularly the breast and gut micro biota, has emerged as a key modulator of tumor genesis through
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mechanisms involving chronic inflammation, immune regulation, microbial metabolite production, and epigenetic
modifications. Dysbiosis, characterized by an imbalance in microbial composition, has been implicated in carcinogenesis
by promoting DNA damage, altering estrogen metabolism, and shaping the tumor microenvironment to favor immune
evasion and metastasis. This review provides a comprehensive analysis of the intricate interplay between micro biota
and breast cancer at multiple levels, from disease initiation to therapeutic resistance. We explore how specific microbial
populations influence treatment efficacy, including chemotherapy, hormone therapy, immunotherapy, and radiotherapy.
Keywords: Breast cancer, micro biota, Dysbiosis, tumor microenvironment, immunotherapy, hormone therapy, micro

biome-based therapy, precision medicine.
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1. INTRODUCTION

Breast cancer (BC) remains one of the leading
causes of cancer-related mortality worldwide, with an
estimated 2.3 million new cases and 685,000 deaths
reported in 2020 alone. Despite advancements in early
detection, surgery, and adjuvant therapies such as
chemotherapy, radiotherapy, and targeted treatments, the
incidence of BC continues to rise globally, underscoring
the need for novel strategies to understand and combat
this disease. Recent research has shifted focus toward
exploring the underlying factors that influence the
initiation, progression, and therapeutic response in BC.
Among these, the human microbiome has emerged as a
critical player in the pathophysiology of various cancers,
including BC. The microbiome refers to the diverse
community of microorganisms—Dbacteria, fungi, viruses,
and archaea—that inhabit various body sites, including
the gut, skin, mouth, and breast tissue. While
traditionally considered as passive organisms, this
microbiota is now recognized for their profound impact
on human health, particularly in the context of cancer
biology. The relationship between the microbiota and
breast cancer is an area of intense investigation, as
accumulating evidence suggests that alterations in
microbial communities, termed micro biota dysbiosis,

may contribute to cancer initiation, progression,
metastasis, and response to therapy.

The role of microbiota in cancer has garnered
significant attention due to its potential therapeutic
implications. Researchers are exploring the possibility of
leveraging the microbiome to improve treatment
outcomes, with studies highlighting its influence on
immune modulation, hormone regulation, and even
chemotherapy response. Interestingly, the tumor
microbiome itself, which comprises the bacteria and
microorganisms  present  within  the  tumor
microenvironment (TME), may also play a pivotal role
in modulating cancer cell behavior, metastasis, and the
resistance to standard treatments. The purpose of this
review is to explore the complex interactions between the
microbiota and breast cancer, focusing on the
mechanisms by which microbiota influence cancer
development and progression, their impact on treatment
response, and the therapeutic potential of microbiota
modulation. By examining current findings and
highlighting gaps in our understanding, this review aims
to provide insights into the future directions of
microbiota-based therapies and the potential for
microbiome interventions to become an integral part of
precision medicine for breast cancer.
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2. Microbiota and Breast Cancer: An Overview

The microbiota, consisting of trillions of
microorganisms inhabiting various body sites, is integral
to maintaining human health. In recent years, significant
attention has been devoted to understanding the impact
of microbiota on the development and progression of
diseases, including cancer. As research progresses, it has
become clear that the microbiota plays a pivotal role in
breast cancer (BC), influencing processes such as tumor
initiation, immune modulation, and therapeutic response.

2.1 Composition of the Microbiota
The human microbiota is primarily composed
of bacteria, but fungi, viruses, and archaea also

contribute to the microbial ecosystem, albeit in smaller
numbers. Within the microbiota, bacterial diversity
varies widely across different body niches, and this
diversity plays an important role in host health. The
breast, previously believed to be sterile, has recently
been shown to harbor its own microbiome, distinct from
that of the gut and other body sites. Breast tissue contains
a wide variety of bacterial species, with significant
representation from phyla such as Firmicutes,
Proteobacteria, Actinobacteria, and Bacteroidetes. This
microbial diversity is now recognized as essential for
maintaining tissue homeostasis, and its disruption,
known as microbiota dysbiosis, has been linked to the
onset of various diseases, including cancer.
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Several studies have shown that the human
breast microbiota differs significantly between
cancerous and non-cancerous tissue, suggesting a direct
link between microbial composition and cancer
susceptibility. For example, in a landmark study by Gao
et al., (2017), differences in the breast microbiota of
women with breast cancer were compared to that of
healthy controls, revealing that breast cancer tissues had
higher levels of bacteria such as Fusobacterium
nucleatum and Escherichia coli, which are known to
promote inflammation and carcinogenesis. This
microbial dysbiosis is thought to contribute to the
tumorigenic process by creating an inflammatory
microenvironment, altering local immune responses, and
directly interacting with cancer cells to promote their
survival and proliferation.

2.2 Gut Microbiota and Breast Cancer

The gut microbiota, composed of a diverse
array of microorganisms, has profound effects on host
health and has become a focal point in cancer research.
Through mechanisms such as the production of
microbial metabolites (e.g., short-chain fatty acids
[SCFAs], bile acids, and neurotransmitters), the gut
microbiota influences systemic immunity, inflammation,
and even hormonal regulation. In the context of BC, the

gut microbiota can indirectly impact tumor development
by modulating the immune system and influencing the
systemic inflammatory response. One of the major ways
in which the gut microbiota influences BC is through its
impact on estrogen metabolism. Estrogen is a key driver
of estrogen receptor-positive (ER+) breast cancer, and its
levels are tightly regulated by gut microbiota. Studies
have shown that certain gut bacteria, such as
Lactobacillus species, can metabolize estrogen into less
active forms, potentially reducing the bioavailability of
estrogen in the body. Conversely, dysbiosis may lead to
increased levels of active estrogen, thereby fueling the
growth of ER+ breast tumors [2].

Additionally, microbial metabolites such as
SCFAs—produced by bacterial fermentation of dietary
fibers—have been shown to exert anti-inflammatory and
anticancer effects. SCFAs, including butyrate, acetate,
and propionate, are involved in regulating immune
responses and maintaining the integrity of the gut barrier.
These metabolites can also influence the tumor
microenvironment (TME) by modulating immune cell
functions, such as enhancing the activity of anti-tumor T
cells while inhibiting the activity of pro-tumor immune
cells [3]. In animal models of BC, SCFA
supplementation has been shown to reduce tumor
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growth, highlighting the potential therapeutic benefits of
manipulating the gut microbiota in BC treatment.

2.3 Tumor Microbiome

The tumor microbiome refers to the community
of microorganisms present within the tumor itself,
including both bacterial and non-bacterial microbes.
Recent studies have revealed that breast cancer tumors
are not sterile, and that specific microbial communities
within the tumor microenvironment (TME) may directly
influence cancer progression and metastasis. Unlike the
microbiota of healthy breast tissue, which is typically
dominated by non-pathogenic species, the microbiome in
breast tumors is often enriched in pathogenic bacteria
that promote inflammation and immune evasion, key
hallmarks of cancer.

Several bacteria, including Fusobacterium
nucleatum, Escherichia coli, and Bacteroides fragilis,
have been found to be more abundant in tumor tissues
compared to normal tissues. These bacteria can influence
cancer progression by inducing inflammation, promoting
immune suppression, and driving the epithelial-to-
mesenchymal transition (EMT), a key process in
metastasis [4]. Fusobacterium nucleatum, in particular,
has been linked to a more aggressive tumor phenotype
and poorer patient outcomes in several cancer types,
including breast cancer.

In addition to promoting cancer cell
proliferation, some microbes in the TME may also
interfere with treatment responses. For example, certain
bacteria can produce metabolites that inhibit the
effectiveness of chemotherapy, while others may
modulate the immune system in ways that reduce the
efficacy of immunotherapy. The role of the microbiome

in mediating resistance to treatment represents a critical
area for future research.

2.4 Breast Tissue Microbiota

The breast tissue microbiota has gained
increasing attention in recent years, as studies suggest
that it may influence BC development and progression.
Initially, the breast was thought to be a sterile
environment, but advances in next-generation
sequencing (NGS) technologies have revealed the
presence of a diverse microbiota within the breast.
Notably, microbial profiles in breast tissue can differ
significantly between healthy and cancerous tissue.

In a study by Parvez et al., (2019), bacterial
species such as Lactobacillus and Streptococcus were
found to dominate in healthy breast tissue, while
pathogenic bacteria such as Fusobacterium and
Pseudomonas were overrepresented in BC tissues. The
exact mechanisms through which the breast microbiota
influences BC remain under investigation, but it is
hypothesized that dyshiosis in the breast may trigger
local inflammation, disrupt immune surveillance, and
contribute to tumorigenesis. Studies also suggest that the
microbiota in the breast may influence the local
hormonal environment, modulating estrogen levels and
potentially promoting tumor growth, especially in ER+
BC.

Research has also shown that the composition
of the breast microbiota may vary with factors such as
age, body mass index (BMI), and hormonal status,
further emphasizing the role of the microbiome in breast
cancer risk. A better understanding of how these factors
influence the breast microbiome could open up new
avenues for the prevention and treatment of BC.
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3. Mechanisms by Which Microbiota Influences
Breast Cancer

The complex interaction between the
microbiota and host tissues plays a crucial role in shaping
the immune response, inflammation, and tumor

progression in breast cancer. Increasing evidence

suggests that the microbiota can contribute to breast
cancer development and progression through modulation
of the immune system, inflammatory processes,
alteration of the tumor microenvironment (TME), and
even influencing the hormonal regulation that governs
breast cancer.
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3.1 Immune Modulation and Microbiota

The immune system is a critical barrier against
cancer development, and its dysfunction contributes to
tumor progression. Microbial communities, especially
those found in the gut, can shape the immune landscape
by influencing both innate and adaptive immunity.
Several studies have shown that the microbiota is
involved in the modulation of various immune cells,
including macrophages, dendritic cells, and T
lymphocytes. These immune cells can directly impact the
tumor environment by either promoting immune
surveillance or allowing immune evasion by the tumor.

In particular, the microbiota influences the
development and function of regulatory T cells (Tregs)
and effector T cells, both of which are pivotal in
controlling tumor progression. It has been observed that

tumor microorganisms and immunotherapy [6]

beneficial gut bacteria, such as Lactobacillus and
Bifidobacterium, can enhance the function of Tregs,
which help in suppressing excessive immune responses
and limiting chronic inflammation, thus reducing cancer
risk [7]. On the other hand, pathogenic bacteria such as
Fusobacterium nucleatum have been shown to promote
Treg generation in the tumor, potentially leading to
immune suppression and tumor progression.

Moreover, bacterial metabolites such as short-
chain fatty acids (SCFAs), including butyrate,
propionate, and acetate, have a critical role in shaping the
immune system. SCFAs are produced during the
fermentation of fiber by the gut microbiota and have
been shown to influence immune cell differentiation,
activation, and function. SCFAs can stimulate the
activity of tumor-suppressive immune cells, including
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cytotoxic T lymphocytes (CTLs) and natural Killer (NK)
cells. At the same time, they inhibit the function of
immune-suppressive  cells like  myeloid-derived
suppressor cells (MDSCs) and Tregs, promoting an anti-
tumor immune environment [8]. These effects are
particularly relevant in the context of breast cancer,
where immune checkpoint blockade therapies are
increasingly being investigated.

The interaction between the microbiota and
immune system also plays a role in the response to

immunotherapy. Studies in animal models have
demonstrated that the diversity and composition of the
microbiota can influence the efficacy of immune
checkpoint inhibitors (ICIs) such as anti-PD-1 and anti-
CTLA-4 antibodies. The presence of specific bacterial
species, such as Bacteroides fragilis and Akkermansia
muciniphila, has been shown to enhance the response to
ICIs, suggesting that microbiota modulation could
improve the therapeutic response to immunotherapy in
breast cancer [9].
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3.2 Inflammation and Microbiota

Inflammation is a central driver of cancer
progression, and microbial dysbiosis can exacerbate
inflammatory responses, contributing to tumor genesis.
The gut microbiota influences the systemic inflammatory
environment, which can promote tumor initiation and
progression in breast cancer. Pro-inflammatory
cytokines, such as TNF-a, IL-6, and IL-1p, are elevated
in the presence of microbial dysbiosis and are implicated
in the promotion of cancer growth, angiogenesis, and
metastasis.

For instance, Fusobacterium nucleatum, a
bacterium commonly found in colorectal cancer, has
been shown to promote the secretion of pro-
inflammatory cytokines, thereby driving tumorigenesis
and metastasis. Similarly, in breast cancer, specific
bacteria like Clostridium species have been found to
induce inflammation by activating NF-xB signaling
pathways and other inflammation-associated pathways.

NF-xB is a transcription factor that regulates the
expression of numerous genes involved in immune
response, cell survival, and angiogenesis, making it a
critical player in the inflammatory process that supports
cancer progression [10].

Another major pathway through which the
microbiota mediates inflammation is via the activation of
pattern recognition receptors (PRRs), including toll-like
receptors (TLRs) and NOD-like receptors (NLRs). These
receptors are expressed on immune cells and other host
cells and are responsible for detecting microbial products
(pathogen-associated molecular patterns, PAMPs) or
damage-associated molecular patterns (DAMPS)
released during tissue damage. Once activated, PRRs
initiate pro-inflammatory signaling cascades that can
lead to the production of cytokines, chemokines, and
growth factors that promote tumor development. Chronic
inflammation in the TME can also lead to immune
evasion by creating a milieu where tumor cells are able
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resist
interventions [11].

immune surveillance and therapeutic

Moreover, microbial dyshiosis can modulate

the balance between pro-inflammatory and anti-
inflammatory signaling pathways. A study by Sivan et al.

(2015) showed that Bacteroides species could reduce the
levels of the pro-inflammatory cytokine IL-12, leading to
a shift towards a more tolerogenic immune response.
Such shifts can suppress anti-tumor immunity, providing
the tumor with an opportunity to escape immune
destruction.
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3.3 Alteration of the Tumor Microenvironment
(TME)

The TME is a dynamic and complex
environment in which tumor cells interact with
surrounding stromal cells, immune cells, blood vessels,
and extracellular matrix (ECM) components. Microbial
influences on the TME can profoundly impact breast
cancer progression by altering the composition and
activity of immune cells, as well as modulating the
production of growth factors and cytokines that support
tumor growth.

A key feature of microbial influence on the
TME is the modulation of immune cell infiltration and
polarization. The microbiota has been shown to influence
the recruitment and activation of immune cells such as
tumor-associated macrophages (TAMs) and myeloid-
derived suppressor cells (MDSCs), which promote a pro-

tumorigenic microenvironment. For  example,
Fusobacterium nucleatum has been linked to the
increased recruitment of MDSCs into the TME,

contributing to immune suppression and enhanced tumor
progression [13]. Microbial metabolites such as SCFAs

can also alter the functionality of immune cells in the
TME. Butyrate, for example, has been shown to enhance
the cytotoxic activity of CD8+ T cells, promoting anti-
tumor immunity. In addition, butyrate can inhibit the
differentiation of Tregs, which are often found in high
numbers in tumors and contribute to immune evasion.
These metabolic byproducts can also regulate the
expression of immune checkpoint molecules, such as
PD-1 and CTLA-4 that hinder effective immune
responses against tumors. This highlights the potential of
modulating the microbiota to manipulate the immune
landscape of the TME in breast cancer [14].

Furthermore, the microbiota can influence
tumor angiogenesis, the process by which new blood
vessels are formed to supply the growing tumor with
oxygen and nutrients. Several studies have demonstrated
that microbial components, such as bacterial flagellin,
can promote angiogenesis by activating the NF-xB
pathway and other pro-angiogenic factors. This leads to
enhanced blood vessel formation within the TME,
thereby supporting tumor growth and metastasis.
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3.4 Hormonal Regulation and Microbiota

Estrogen plays a pivotal role in the pathogenesis
of breast cancer, especially in estrogen receptor-positive
(ER+) breast cancer. The microbiota can influence the
levels and bioavailability of estrogen through the
metabolism of estrogen precursors and their conversion
into active forms that promote tumor growth. The gut
microbiota, which consists of bacteria with estrogen-
metabolizing enzymes, modulates estrogen levels and
influences the development of ER+ breast cancer.
Certain bacterial species, such as Bacteroides fragilis,
have been shown to produce enzymes like pB-
glucuronidase that deconjugate estrogens, allowing them
to re-enter circulation in their active forms. This process
can lead to elevated levels of bioactive estrogens, which

may promote the growth of ER+ breast cancer cells.
Conversely, bacteria such as Lactobacillus species
produce enzymes that metabolize estrogen into less
potent forms, potentially reducing the risk of breast
cancer [16]. The imbalance between these estrogen-
metabolizing bacteria can thus contribute to the
development and progression of breast cancer,
emphasizing the role of the microbiota in hormonal
regulation. The gut-liver axis also plays a role in estrogen
metabolism, and microbial dysbiosis can influence this
pathway. Dysbiosis can result in altered bile acid
metabolism, which in turn can affect estrogen recycling
and liver detoxification processes, further influencing
breast cancer risk and progression [17].
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4. Microbiota and Breast Cancer Treatment
Response

The response of breast cancer to various
treatment modalities, such as chemotherapy, radiation
therapy, and targeted therapies, is influenced by the
tumor microenvironment, which includes interactions
between tumor cells and host tissues, including the
immune system. Recent studies suggest that the
microbiota can play a significant role in shaping
treatment outcomes in breast cancer by modulating the
immune system, enhancing drug efficacy, or contributing
to resistance mechanisms. This section will explore the
emerging evidence regarding the impact of the
microbiota on breast cancer treatment response, focusing
on chemotherapy, immunotherapy, and radiation
therapy.

4.1 Chemotherapy Response and Microbiota
Chemotherapy remains one of the primary
treatments for breast cancer, but resistance to
chemotherapy is a major challenge. Recent studies have
shown that the gut microbiota may affect chemotherapy
response, with certain bacterial populations enhancing
drug efficacy, while others contribute to resistance
mechanisms. For example, the gut microbiota can
influence the efficacy of chemotherapy agents such as
cyclophosphamide and 5-fluorouracil (5-FU). In a study
by Viaud et al. (2013), it was demonstrated that
Bifidobacterium and Lactobacillus species could
enhance the response to cyclophosphamide by promoting
anti-tumor immunity. These bacteria modulate the

immune system by promoting the generation of effector
T cells and inhibiting the activity of immune-suppressive
Tregs, thereby facilitating a more effective anti-tumor
immune response. Furthermore, SCFAs produced by
these bacteria are known to enhance the cytotoxic
activity of T cells, thus improving chemotherapy
outcomes [19].

In contrast, some bacterial species, such as
Enterococcus faecalis, have been associated with
chemotherapy  resistance.  Enterococcus  faecalis
produces metabolites that promote DNA damage repair
mechanisms in tumor cells, thereby allowing them to
survive treatment. Additionally, certain microbes can
metabolize chemotherapeutic agents into inactive forms,
further reducing their effectiveness. These findings
underscore the importance of understanding the
microbiota's role in modulating chemotherapy response
and highlight the potential for microbiome-targeted
interventions to enhance treatment efficacy [20]. The
relationship between microbiota and chemotherapy
resistance also involves the gut-liver axis. A study by
Matson et al., (2018) found that dysbiosis in the gut
microbiota could lead to altered bile acid metabolism,
which in turn influences the systemic metabolism of
chemotherapeutic agents. This altered metabolism may
reduce the effectiveness of certain drugs, suggesting that
interventions aimed at restoring a healthy microbiota
may improve chemotherapy outcomes [21].
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4.2 Immunotherapy Response and Microbiota

Immunotherapy has emerged as a promising
treatment for various cancers, including breast cancer.
Immune checkpoint inhibitors (ICIs), such as anti-PD-1
and anti-CTLA-4 antibodies, have shown efficacy in
treating certain subsets of breast cancer. However, the
response to immunotherapy is highly variable, with some
patients experiencing durable responses, while others
show resistance. Increasing evidence suggests that the
microbiota plays a critical role in modulating the efficacy
of immunotherapy by influencing immune cell activity,
particularly T cells, and by shaping the systemic immune
environment.

Studies have shown that the composition of the
gut microbiota can significantly impact the effectiveness
of ICIs in breast cancer. For instance, Bacteroides fragilis
and Akkermansia muciniphila have been identified as
microbiota species that enhance the anti-tumor immune
response and improve the efficacy of ICls. These
bacteria promote the activation of effector T cells and the
inhibition of Tregs, leading to enhanced anti-tumor
immunity. Moreover, they help reduce the systemic
levels of inflammatory cytokines, such as IL-6 and TNF-
a, which can suppress the anti-tumor immune response
[23].

The microbiota can also influence the tumor
microenvironment by modulating the function of
dendritic cells (DCs), which are essential for initiating
immune responses. In a study by Gopalakrishnan et al.,
(2018), it was shown that patients who responded to ICls
had a significantly different microbiota composition
compared to non-responders. The responders had a
higher abundance of Firmicutes and Bacteroidetes,
which are associated with enhanced immune activation
and improved ICl efficacy. This suggests that
microbiome-based biomarkers could be used to predict
treatment outcomes in breast cancer patients receiving
immunotherapy [24].

Moreover, the microbiota may influence the
response to adoptive T cell therapy (ACT), a form of
immunotherapy in which T cells are engineered or
expanded ex vivo and then reintroduced into the patient.
A study by lida et al.,, (2013) found that the gut
microbiota of tumor-bearing mice was critical for the
success of ACT. The microbiota influenced the ability of
transferred T cells to infiltrate tumors and exert anti-
tumor effects. This finding highlights the potential for
microbiome modulation to enhance the effectiveness of
immunotherapies in breast cancer [25].
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4.3 Radiation Therapy and Microbiota

Radiation therapy is a standard treatment for
breast cancer, particularly in cases of localized disease or
after surgery to reduce the risk of recurrence. Recent
studies have shown that the microbiota can also influence
the response to radiation therapy. The impact of
microbiota on radiation response is thought to involve
modulation of the immune system, as well as direct
effects on tumor cells and the surrounding
microenvironment.

The gut microbiota has been shown to modulate
radiation-induced immune responses. A study by
Dethlefsen et al., (2017) found that the presence of
specific gut microbiota species can enhance the anti-
tumor immune response following radiation therapy.
These species promote the activation of CD8+ T cells,
which are critical for controlling tumor growth.
Furthermore, certain gut bacteria, such as Lactobacillus
and Bifidobacterium, can help maintain the integrity of
the intestinal epithelium during radiation-induced
damage, preventing radiation-induced intestinal
inflammation and enhancing the overall immune
response [26].

In addition to modulating immune responses,
the microbiota can directly affect the efficacy of
radiation therapy by influencing the tumor
microenvironment. Studies have shown that microbial
dyshiosis can lead to increased inflammation and
oxidative stress in the TME, which may either promote
or inhibit the effects of radiation. For instance,
Fusobacterium nucleatum has been shown to enhance the
inflammatory response in the TME, which may sensitize
tumors to radiation therapy. Conversely, other bacteria
may induce resistance to radiation by promoting DNA
repair mechanisms in tumor cells or by secreting
metabolites that protect tumor cells from radiation-
induced DNA damage [27]. The gut microbiota's
influence on the tumor vasculature may also play a role
in the response to radiation therapy. Studies have
suggested that certain microbiota-derived metabolites
can enhance the vascularization of tumors, providing
better access to therapeutic agents and improving the
delivery of radiation. This highlights the complex and
multifaceted role of the microbiota in modulating
radiation therapy outcomes in breast cancer [28].
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4.4 Microbiota-Targeted Therapies to Enhance
Treatment Efficacy

Given the substantial role of the microbiota in
modulating treatment outcomes, microbiota-targeted
therapies represent a novel strategy to enhance the
efficacy of breast cancer treatments. Several approaches
are being explored, including the use of probiotics,
prebiotics, antibiotics, and fecal = microbiota
transplantation (FMT).

Probiotics, which are live microorganisms that
confer health benefits when consumed, have been shown
to modulate the immune system and enhance anti-tumor
immunity. Certain  probiotic  strains, such as
Lactobacillus and Bifidobacterium, have been found to
improve chemotherapy and immunotherapy outcomes by
enhancing immune cell function and modulating
inflammation. Moreover, probiotics may help reduce
treatment-related side effects, such as diarrhea, which are
commonly associated with chemotherapy and radiation
therapy [30]. Prebiotics, which are non-digestible food
ingredients that stimulate the growth of beneficial
microbes, may also have a role in supporting the
microbiota during cancer treatment. By promoting the
growth of beneficial bacteria and enhancing SCFA
production, prebiotics can help strengthen the immune
response and improve treatment outcomes. However, the
use of prebiotics during cancer treatment requires careful
consideration, as certain prebiotics may promote the
growth of pathogenic bacteria in some patients [31].
Antibiotics are commonly used to prevent or treat
infections in cancer patients; however, their use can
disrupt the micro biota, leading to dysbiosis and
potentially reducing the efficacy of cancer treatments. A
growing body of evidence suggests that selective
antibiotic use, rather than broad-spectrum antibiotics,
may help preserve the microbiota and improve treatment
outcomes. In some cases, the careful use of antibiotics in
combination with probiotics or prebiotics may help
maintain microbiota homeostasis and support cancer
treatment [32].

Fecal microbiota transplantation (FMT) is
another promising strategy under investigation. FMT
involves the transfer of fecal material from a healthy
donor into a patient’s gastrointestinal tract to restore
microbial diversity and function. Early studies have
shown that FMT can alter the tumor microenvironment
and improve the response to immunotherapy and
chemotherapy. However, more clinical trials are needed
to fully understand the safety and efficacy of FMT in the
context of breast cancer treatment [33].

5. Future Directions and Clinical Implications of
Microbiota-Based Therapies

The intricate relationship between the
microbiota and breast cancer development, progression,
and treatment response highlights the need for new
strategies to manipulate the microbiome for therapeutic
benefit. While the current evidence underscores the

potential of microbiota-targeted interventions to improve
breast cancer treatment outcomes, much remains to be
explored. This section will discuss potential future
directions for research and the clinical implications of
microbiota-based therapies in breast cancer.

5.1 Microbiome Profiling and Personalized Medicine
One of the most promising avenues for future
research is the development of microbiome profiling as
atool for personalized breast cancer treatment. Advances
in high-throughput sequencing technologies have
enabled the detailed characterization of the microbiome
in cancer patients, allowing for the identification of
specific microbial signatures that correlate with disease
outcomes and treatment responses. By understanding the
unique microbial composition of each patient, clinicians
may be able to tailor treatments based on an individual’s
microbiome profile, enhancing the efficacy of therapies
and minimizing side effects. For example, patients with
a microbiome rich in beneficial bacteria such as
Lactobacillus and Bifidobacterium may be more likely to
respond positively to chemotherapy or immunotherapy.
On the other hand, patients with a microbiome
dominated by pathogenic bacteria such as Fusobacterium
or Enterococcus may require different therapeutic
approaches, including prebiotic, probiotic, or antibiotic
interventions to restore a balanced microbiome before
treatment. Personalized microbiome profiling could thus
play a critical role in optimizing cancer therapies and
improving patient outcomes [34]. In addition to
microbiome profiling, genetic analyses of tumor-
microbiota interactions could reveal key insights into the
mechanisms by which the microbiota influences breast
cancer progression and treatment response. For instance,
tumor-specific genetic mutations and alterations in the
immune landscape may be influenced by the
microbiome, and understanding these interactions could
lead to the development of new biomarkers for early
diagnosis and monitoring of treatment responses [35].

5.2 Microbiota Modulation as an Adjunct to
Immunotherapy

Given the critical role of the microbiota in
shaping the immune response, one of the most exciting
areas of research involves the use of microbiota
modulation as an adjunct to immunotherapy. The ability
of certain microbes to enhance anti-tumor immunity, as
well as their ability to influence the response to immune
checkpoint inhibitors (IClIs), suggests that microbiome-
based therapies could be combined with immunotherapy
to improve treatment efficacy. A growing body of
evidence suggests that the administration of specific
probiotics, prebiotics, or even fecal microbiota
transplantation (FMT) may enhance the effectiveness of
immunotherapies by promoting the activation of effector
T cells, reducing Treg activity, and improving the tumor
microenvironment. For instance, studies in melanoma
have demonstrated that the gut microbiota can influence
the response to anti-PD-1 therapy, and similar strategies
may be applicable in breast cancer. Future clinical trials
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exploring the combination of immunotherapy with
microbiota-modulating  therapies  could provide
important insights into how the microbiome influences
treatment outcomes and whether microbiota-based
interventions can enhance immune checkpoint blockade
responses in breast cancer [36]. Moreover, the potential
use of microbiota modulation to reduce the side effects
of immunotherapy, such as immune-related adverse
events (irAEs), is an exciting area of research. Certain
microbial species have been shown to exert
immunomodulatory  effects that may reduce
inflammation and prevent toxic immune responses
during immunotherapy. By carefully selecting the
appropriate microbiota-modulating agents, it may be
possible to enhance the safety and tolerability of
immunotherapies in breast cancer patients [37].

5.3 Antibiotics, Probiotics, and Cancer Therapy:
Risks and Opportunities

While antibiotics are an essential part of cancer
care, their overuse can disrupt the gut microbiota and
potentially reduce the effectiveness of cancer treatments.
Future studies should focus on optimizing antibiotic use
in cancer patients, balancing the need for infection
control with the preservation of a healthy microbiota.
Moreover, the potential role of antibiotics in promoting
chemotherapy or immunotherapy resistance warrants
further investigation. Probiotics and prebiotics have
shown promise in modulating the microbiome and
improving cancer treatment outcomes. However, the
safety and efficacy of these interventions need to be
validated in large-scale clinical trials. A key challenge is
identifying the most appropriate microbial strains to use
for each patient, as the microbiome varies greatly
between individuals. Personalized probiotic and
prebiotic interventions, based on microbiome profiling,

could provide a more targeted approach to enhancing
cancer therapies [38]. The safety of fecal microbiota
transplantation (FMT) also needs to be carefully
evaluated in cancer patients, especially those undergoing
intensive treatments such as chemotherapy or
immunotherapy. While early studies suggest that FMT
could restore a healthy microbiome and improve
treatment outcomes, the risk of transmitting infections or
other adverse effects remains a concern. Rigorous
screening protocols and controlled clinical trials are
necessary to assess the feasibility and safety of FMT in
breast cancer therapy [39].

5.4 Microbiota-Based Biomarkers for Early
Detection and Monitoring

In addition to their potential role in therapy,
microbiota-based biomarkers may also have a significant
impact on breast cancer detection and monitoring.
Alterations in the microbiome have been linked to the
early stages of cancer, and changes in the microbial
composition  may  precede  detectable  tumor
development. By identifying specific microbial
signatures associated with breast cancer, it may be
possible to develop non-invasive diagnostic tests that
detect the disease at earlier stages, when treatment is
more likely to be effective [40]. Furthermore,
microbiome analysis could serve as a tool for monitoring
treatment responses and detecting relapse. By tracking
shifts in the microbiome over the course of treatment,
clinicians could assess whether a patient is responding to
therapy and make adjustments as needed. The use of
microbiome-based biomarkers in combination with
traditional imaging and tumor biomarker assays could
improve the precision of breast cancer monitoring and
guide treatment decisions [41].
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5.5 Challenges and Considerations in Clinical
Translation

Despite the promising potential of microbiota-
based therapies, several challenges must be overcome
before they can be widely implemented in clinical
practice. One of the primary challenges is the complexity
and variability of the human microbiome. Each
individual’s microbiota is unique, influenced by factors
such as diet, genetics, lifestyle, and medication use. This
variability makes it difficult to identify universal micro
biota-based therapies that can be applied to all patients.
Future research will need to focus on understanding the
specific microbial species and metabolic pathways that
contribute to breast cancer progression and treatment
responses. Another challenge is the need for large-scale
clinical trials to assess the safety and efficacy of micro
biota-targeted interventions in breast cancer. Most of the
studies conducted so far have been preclinical or small-
scale trials, and more robust evidence is needed to
determine whether micro biota modulation can be safely
integrated into routine clinical practice. Regulatory
hurdles, such as ensuring the safety of probiotics,
prebiotics, and FMT, must also be addressed to ensure
that these therapies meet the necessary safety and quality
standards for clinical use [42].

CONCLUSION

The micro biota plays a critical role in the
development, progression, and treatment response of
breast cancer. The emerging evidence supporting the

interaction between the microbiome and breast cancer
underscores the need for microbiota-based therapies to
enhance treatment outcomes and improve patient
prognosis. Microbiome profiling, probiotics, prebiotics,
antibiotics, and fecal microbiota transplantation
represent promising therapeutic strategies that could
complement traditional breast cancer treatments,
including chemotherapy, immunotherapy, and radiation
therapy. However, further research is needed to fully
understand the complexities of the microbiota-tumor
interaction, to develop targeted therapies, and to
establish clinical protocols for the safe and effective use
of microbiota-based interventions. With the potential to
personalize cancer treatments and improve outcomes,
microbiome modulation holds great promise for the
future of breast cancer therapy. However, much work
remains to be done to translate these findings into clinical
practice and ensure that microbiota-targeted therapies
can benefit patients worldwide.
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