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Abstract: Despite significant advances in understanding the pathogenetic mechanisms underlying
gynaecological cancers, these cancers still remain widespread. Recent research points to a possible link
between microbiota and cancer, and the most recent attention is focusing on the relationship between
the microbiome, the immune system, and cancer. The microbiome diversity can affect carcinogenesis
and the patient’s immune response, modulating the inflammatory cascade and the severity of adverse
events. In this review, we presented the recent evidence regarding microbiome alterations in patients
with gynaecological tumours to understand if the link that exists between microbiome, immunity, and
cancer can guide the prophylactic, diagnostic, and therapeutic management of gynaecological cancers.
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1. Introduction

Over 100 trillion microbes inhabit the human body. The term “human microbiota”
is the set of symbiotic microorganisms that coexist with the human organism without
damaging it. The term “microbiome” refers to the entire microbiota habitat, including
microorganisms, their genomes, and the surrounding environment. The microbiome has
been identified in the gut, oral cavity, vagina, respiratory tract, skin, and other mucosal
surfaces [1].

The microbiome consists of symbiotic microbes that are beneficial to both the human
body and microbiota and some, in smaller numbers, of pathogenic microbes that promote
diseases. Some of the symbiotic microbes help perform essential functions of the body, such
as absorbing nutrients, modulating the immune system, and protecting against pathogenic
insults [2].

If a balance alteration of the microbes occurs, for example, during infectious, as a
result of certain diets, or after prolonged use of antibiotics, dysbiosis occurs, resulting in
the body becoming more susceptible to diseases [3] Figure 1.

The microbiome was officially recognized to exist in the late 1990s. Traditionally, bacte-
ria were studied with microscopy-dependent techniques. In recent years, the advancements
in sequencing technology have increased our knowledge of the human microbiome and
its implications on health and disease. Several organs previously considered populated
by a few bacterial species are now considered to be colonized by approximately 200–300
microbial species [4].

The microbe 16S ribosomal RNA (rRNA) has been characterized with polymerase
chain reaction (PCR), DNA hybridization, or fingerprinting. Recently, the advancement of
the next-generation sequencing (NGS) 16S method has facilitated the identification of new
or lesser-known bacterial species [5].

Biomedicines 2023, 11, 782. https://doi.org/10.3390/biomedicines11030782 https://www.mdpi.com/journal/biomedicines

https://doi.org/10.3390/biomedicines11030782
https://doi.org/10.3390/biomedicines11030782
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-1292-9672
https://orcid.org/0000-0002-9119-6517
https://orcid.org/0000-0001-7195-9583
https://doi.org/10.3390/biomedicines11030782
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines11030782?type=check_update&version=3


Biomedicines 2023, 11, 782 2 of 15
Biomedicines 2023, 11, 782 2 of 15 
 

 
Figure 1. Microbiome and immune system regulation: microbial homeostasis promotes barrier in-
tegrity. Bacterial dysbiosis induces mucosal barrier alterations with the release of inflammatory me-
diators and activation of immune cells. 

Through sequencing, it has been possible to characterize most of the population of 
bacteria living in the human body. The gastrointestinal (GI) microbiome is typically pop-
ulated by five major bacterial phyla: Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria, 
and Fusobacteria. These bacteria account for approximately 90% of the total microbiota in 
the gut. 

In contrast, a healthy vaginal microbiome is typically populated by members of the 
Firmicutes phylum dominated by Lactobacillus crispatus, Lactobacillus gasseri, Lactobacillus 
iners, and Lactobacillus jensenii [6,7]. 

Both the relative abundance of the GI and vaginal bacteria may change over time, as 
well as in different conditions. 

A myriad of host-derived factors, depending on the organ site, can influence the bal-
ance of the microbiome community. These factors include available nutrients (e.g., diet), 
hormone levels, host genetics, race, and age. Overall, the microbiome is essential for hu-
man development, immunity, and nutrition. The bacteria living with us are mostly bene-
ficial colonizers. In fact, autoimmune diseases such as diabetes, rheumatoid arthritis, mus-
cular dystrophy, multiple sclerosis, and fibromyalgia are associated with microbiome al-
teration [2]. 

The human microbiome can also be altered by cancer and cancer treatment. The com-
mensal gut microbiota and their metabolites are involved in oncogenic signalling or may 
have a suppressive oncogenic function [8]. 

The aim of the work was to present the recent evidence regarding microbiome alter-
ations in patients with gynaecological tumours to understand if the link exists between 
microbiome, immunity, and cancer. 

Despite significant advances in understanding the pathogenetic mechanisms under-
lying gynaecological cancers, these cancers still remain widespread, with anticipated 

Figure 1. Microbiome and immune system regulation: microbial homeostasis promotes barrier
integrity. Bacterial dysbiosis induces mucosal barrier alterations with the release of inflammatory
mediators and activation of immune cells.

Through sequencing, it has been possible to characterize most of the population of
bacteria living in the human body. The gastrointestinal (GI) microbiome is typically popu-
lated by five major bacterial phyla: Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria,
and Fusobacteria. These bacteria account for approximately 90% of the total microbiota in
the gut.

In contrast, a healthy vaginal microbiome is typically populated by members of the
Firmicutes phylum dominated by Lactobacillus crispatus, Lactobacillus gasseri, Lactobacillus
iners, and Lactobacillus jensenii [6,7].

Both the relative abundance of the GI and vaginal bacteria may change over time, as
well as in different conditions.

A myriad of host-derived factors, depending on the organ site, can influence the
balance of the microbiome community. These factors include available nutrients (e.g.,
diet), hormone levels, host genetics, race, and age. Overall, the microbiome is essential
for human development, immunity, and nutrition. The bacteria living with us are mostly
beneficial colonizers. In fact, autoimmune diseases such as diabetes, rheumatoid arthritis,
muscular dystrophy, multiple sclerosis, and fibromyalgia are associated with microbiome
alteration [2].

The human microbiome can also be altered by cancer and cancer treatment. The
commensal gut microbiota and their metabolites are involved in oncogenic signalling or
may have a suppressive oncogenic function [8].

The aim of the work was to present the recent evidence regarding microbiome alter-
ations in patients with gynaecological tumours to understand if the link exists between
microbiome, immunity, and cancer.

Despite significant advances in understanding the pathogenetic mechanisms underly-
ing gynaecological cancers, these cancers still remain widespread, with anticipated 604,000
new cases and 342,000 deaths worldwide in 2020. Cervical cancer is the fourth most fre-
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quently diagnosed cancer, with 604,000 new cases and 342,000 deaths worldwide in 2020.
Ovarian cancer has recently affected 313,959 women worldwide, resulting in 207,252 deaths;
endometrial cancer is the sixth most commonly occurring cancer in women, and there were
more than 417,000 new cases of endometrial cancer in 2020 [9].

2. Microbiome and Cancer

Recent studies in mouse models provided strong evidence of dysbiotic gut microbiota
as a trigger for cancer development, particularly colorectal and liver cancers.

D’asheesh TI et al. described the changes in intestinal microbiota in patients with
colorectal cancer (CRC) with a 2.2-fold increase in E. faecalis compared with healthy subjects
(p = 0.0013) [10].

Lee et al. recently highlighted studies on the effects of meat intake and fermented
foods on the characteristics of gut microbiota that can influence colitis-associated factors
underlying the progression of CRC [11].

Sobhani et al. reported precancerous lesions and epigenetic changes related to the
development of cancer after transplanting faecal material from patients with colorectal
cancer into germ-free mice [12].

Different pathological mechanisms have been implicated in bacteria-related carcino-
genesis. Inflammation, barrier failure, and dysbiosis can lead to cancer [13]. The microbiota
is related to multiple pattern-recognition receptors (PRRs). These PRRs regulate the micro-
biota as antibacterial mediators as well promoting cell death. The most common PRRs are
Toll-Like Receptors (TLRs) which are activated in several cell types, including macrophages,
myofibroblasts, epithelial cells, and tumour cells.

Nevertheless, it is the interaction between the microbiome, inflammation, and genes
that cause cancer development by inducing DNA damage and changes in metabolite
production [13,14].

Laniewski et al. proposed four different mechanisms by which bacteria may induce car-
cinogenesis: by promoting cell proliferation or cellular death, by changing the metabolism
within a host cell, and by perturbation of the immune system. Bacteroides fragilis, for ex-
ample, can induce DNA damage through the activation of reactive oxygen species, and it
produces proteins involved in cell proliferation [15] (Figure 2).

Microbiota is unique for each organ and tissue, suggesting that microbiota tumour-
related mechanisms may be organ-specific [12].

There is also evidence that microbial dysbiosis in the gastrointestinal tract might also
induce tumorigenesis in other organs inhabited by microorganisms, such as the skin, oral
cavity, and genital tract [16].
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Figure 2. Immune checkpoint inhibitors interact with microbiota and immune cells to enhance anti-
tumour activity. Anti-programmed death-ligand 1(PD-L1) treatments, through the interaction with 
symbiotic bacteria, induce the activation of dendritic cells and promote the activation and function 
of T-helper cells. Anti-CTLA4 enhances the activity of dendritic cells and T-helper cells while sup-
pressing T regulatory cell function. Solid arrows indicate the activating signal, while dashed arrows 
indicate the inhibitory signal. 

3. Microbiome in Gynaecologic Cancer 
Most of the bacteria are in the gastrointestinal tract, but the urogenital tract is also 

dominated by specific microbiota. The old conception that only the vagina was populated 
by bacteria has been dismantled by recent discoveries about abundant microbial commu-
nities in the uterus, fallopian tubes, and ovaries (Table 1) [17]. 

Table 1. Microrganisms in gynaecologic cancers. 

Types of Cancer  Microorganisms 

Cervical cancer 
HPV 16, HPV 18, Gardnerella, Atopobium, Prevotella, Megasphaera, 

Parvimonas, Peptostreptococcus, Anaerococcus, Sneathia, Shuttle-
worthia, L. iners, L. gasseri, Alkaliphilus, Wolbachia and Prevotella 

Uterine cancer 
Acinetobacter, Pseudomonas, Cloacibacterium, Escherichia, 

Comamonadaceae, Atopobium vaginae, Porphyromonas, Firmicutes, 
Proteobacteria and Bacteroides 

Figure 2. Immune checkpoint inhibitors interact with microbiota and immune cells to enhance
anti-tumour activity. Anti-programmed death-ligand 1(PD-L1) treatments, through the interaction
with symbiotic bacteria, induce the activation of dendritic cells and promote the activation and
function of T-helper cells. Anti-CTLA4 enhances the activity of dendritic cells and T-helper cells while
suppressing T regulatory cell function. Solid arrows indicate the activating signal, while dashed
arrows indicate the inhibitory signal.

3. Microbiome in Gynaecologic Cancer

Most of the bacteria are in the gastrointestinal tract, but the urogenital tract is also dom-
inated by specific microbiota. The old conception that only the vagina was populated by
bacteria has been dismantled by recent discoveries about abundant microbial communities
in the uterus, fallopian tubes, and ovaries (Table 1) [17].

Table 1. Microrganisms in gynaecologic cancers.

Types of Cancer Microorganisms

Cervical cancer
HPV 16, HPV 18, Gardnerella, Atopobium, Prevotella, Megasphaera,

Parvimonas, Peptostreptococcus, Anaerococcus, Sneathia, Shuttleworthia,
L. iners, L. gasseri, Alkaliphilus, Wolbachia and Prevotella

Uterine cancer
Acinetobacter, Pseudomonas, Cloacibacterium, Escherichia,

Comamonadaceae, Atopobium vaginae, Porphyromonas, Firmicutes,
Proteobacteria and Bacteroides

Tubal and Ovarian cancer
Brucella, Chlamydia, Mycoplasma, Proteobacteria, Firmicutes,

Enterobacteriaceae, Enterococcus, Staphylococcus, Pseudomonas,
Proteobacteria, Bacteroides, Collinsella and Blautia
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Elements contributing to dysbiosis in the gynaecologic tract are genetic factors, lifestyle,
and environmental factors [18]. The Firmicutes and Lactobacillus species are the prevalent
bacteria in the vagina microbiome, and a decrease in these commensals and an increase in
anaerobic bacteria are associated with bacterial vaginosis and other inflammatory gynaeco-
logic conditions [19].

3.1. Microbiota and Cervical Cancer (CC)

Recent evidence suggests that the vaginal microbiome is implicated in cervical car-
cinogenesis [20,21]. It is known that the high-risk HPV genotypes, such as HPV 16 or HPV
18, are oncogenic factors in CC.

Bacterial vaginosis (BV), anaerobic bacteria and non-Lactobacillus-dominant vaginal
microbiome have been associated with an increased risk of HPV acquisition, persistence,
and decreased clearance [22]. Different bacteria species, such as Gardnerella, Atopobium,
Prevotella, Megasphaera, Parvimonas, Peptostreptococcus, Anaerococcus, Sneathia, Shuttleworthia,
are associated with HPV-affected microenvironment, dysplasia or cancer in particular.
Sneathia, a member of the phylum Fusobacteria, was the most important microorganism
implicated in cervical carcinogenesis, and its presence can represent a meta-genomic marker
for HPV persistence and progression of cervical neoplasm [20].

A recent review reported an association between non-Lactobacillus-dominant vaginal
microbiome dysbiosis and carcinogenesis by predisposing women to HPV acquisition
(overall RR 1.33; RR among young women 1.4), persistence, and consequent precancerous
dysplasia (RR 1.14; RR 2.01; I2 0%) [23].

Norenhag et al. conducted a network meta-analysis that underlined that women
with vaginal microbiome dominated by Lactobacillus iners and gasseri (OR, 3.3; 95% CI)
had two to three times higher odds of high-risk HPV infection and cervical neoplasia
than women with a vaginal microbiome dominated by Lactobacillus crispatus [24]. These
results were confirmed by a subsequent meta-analysis, in which Lactobacillus crispatus, but
not Lactobacillus iners, was related to lower detection of high-risk HPV (OR 0.49; 95% CI;
I2 10%) and dysplasia (OR 0.50; 95% CI; I2 0%) [25].

After investigating the cervical metagenomes in the case of Cervical Intraepithelial
Neoplasia (CIN) and CC, Kwon et al. showed that Lactobacillus, Staphylococcus, and
Candidatus endolissoclinum were prevalent in CIN2/3, while Alkaliphilus and Wolbachia were
the prevalent species in the case of CC [26]. Kang et al. presented a prevalence of Prevotella
in faecal samples of women with early CC. Recent studies theorize that the gut microbiome
can induce the growth of CC through an inflammatory response mediated by the activation
of TLRs [27].

Laniewski et al. investigated the association of immune response with the microbiome
in the progression to malignancy for cancer cells. Women with cervical cancers but not with
dysplasia exhibited increased genital inflammatory scores and elevated specific immune
mediators; for example, IL-36γ were significantly associated with cervical cancers [28].

3.2. Microbiota and Uterine Cancer

The uterus is not a germ-free organ but is colonized through an ascending mechanism
from the vagina, and it is dominated by a greater variety of bacterial species and different
strains of Lactobacillus [17].

In women undergoing total hysterectomy, after eliminating the vaginal contamination,
Lactobacillus species were detected in the endometrium, similar to microorganisms of the
vagina. In contrast, Winters et al. recently, through 16S rRNA gene qPCR and sequencing,
reported that microbiota in the middle endometrium is not dominated by Lactobacillus as
was previously concluded but is dominated by Acinetobacter, Pseudomonas, Cloacibacterium,
Escherichia, and Comamonadaceae [29]. A strong correlation has been demonstrated between
gut microbiota, estrogen metabolism, and obesity [30].

Estrogens may induce alterations of vaginal microbial communities and play an
important role in modulating the inflammatory response with the production of pro-
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inflammatory molecules, for example, TNF alpha ad IL-6 [31]. Conjugated estrogens
excreted in the bile can be modified by bacterial species in the intestine, such as estroboloma,
which performs its function through the enzymatic action of beta glucuronidase. The
estrogen modulatory effect can induce the development of hyperplasia and endometrial
cancer (EC) by interfering with the gut–vaginal microbiome axis. Furthermore, EC is
promoted by obesity, diabetes, and metabolic syndrome that may promote changes in the
microbiome [32].

One of the first studies about the association between microbiome and EC was con-
ducted by Walther-Antonio et al. [33]. Culture-independent models, through 16s rDNA,
reported the presence of Atopobium vaginae, Porphyromonas sp. and a high vaginal pH
in women with EC. The same group confirmed the presence of Porphyromas somerae as
the most important biomarker for EC [34]. Schreurs et al. described an abundance of
Actinobacteria, Firmicutes, Proteobacteria, and Bacteroides in obese women with EC compared
to non-obese women [35].

A recent study conducted by Lu et al. suggested a link between inflammatory cy-
tokines, bacterial flora, and EC. Micrococcus species were found to be associated with the
alteration of endometrial microbiota and with the production of inflammatory cytokines.
In particular, in the group of EC, IL-6, and IL-17 mRNA levels were elevated [36].

Walsh et al. described a correlation between EC, postmenopausal status, and increased
microbial diversity of the lower genital tract. Furthermore, they identified that the presence
of Porphyromas somerae was associated with type II EC risk and described that the dysbiosis
was correlated with menopause, obesity, and high vaginal pH to uterine dysbiosis [34].
A recent work conducted by Gressel et al. described the microbiota of postmenopausal
undergoing hysterectomy for endometrioid and uterine serous cancer and demonstrated
the microbial diversity of anatomic niches in these women compared to controls [37].

3.3. Microbiota and Tubal and Ovarian Cancer

A specific microbiome was also postulated for ovarian and fallopian tube tissues, and
in women affected by ovarian cancer (OC), specific bacteria Firmicutes were identified,
such as Abiotrophia, Bacillus, Enterococcus, Geobacillus [38,39]. However, studies about the
association between microbiomes and the development of OC are few. Similar to EC,
chronic infections and inflammation in the genital tract may induce the development of
ovarian tumours [39,40]. A study presented an association of Brucella with OC, and another
study showed the presence of Chlamydia in 70% of these cancer tissues, while Mycoplasma
was detected in 59% of pathologic ovarian samples. Chlamydia may induce cancer through
DNA damage, inhibition of apoptosis, and predisposition to other infections [41].

The fallopian tube is a precursor for ovarian carcinogenesis, and recent evidence
analysed the microbiome of fallopian tubes as a starting point for ovarian cancers. Zhou
et al. showed reduced biodiversity and microbiome richness in OC tissues compared
to tissues from normal distal fallopian tubes and proposed that the microbiome may
influence the tumour microenvironment in OC through the activation of Treg cells [39].
The change of microbial composition with the increase of Proteobacteria/Firmicutes might be
associated with the initiation and progression of OC and could regulate the local immune
environment. Banerjee et al. showed that the microbiome of ovarian tumours is different
from ovarian tissue that has never been in the proximity of cancer. They detected an
unexpected and robust microbiome, including members of the bacterial, viral, fungal, and
parasitic family and suggested an association with the genesis or propagation of cancer.
Banerjee et al. also hypothesised that the tumour microenvironment might provide a
favourable milieu for these microorganisms to persist [40]. These works suggested an
important link between inflammation and microbiome in the genesis of OC. The latest
evidence also described changes in the microbiota at the site distant from the tumour
tissue. A recent work conducted by Morikawa et al. analysed the cervicovaginal microbiota
of OC women and observed a Lactobacillus-poor, highly-diversified microbiota in OC
premenopausal women compared to healthy subjects. This study demonstrated that
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cervicovaginal microbiota could be considered a biomarker of OC in premenopausal
women. In particular, a correlation between BRCA1/2 mutations, known to increase OC
occurrence rate, and cervicovaginal microbiota could be, in future, an intriguing issue [42].

Therapeutic approaches may alter microbiomes and induce OC progression. As for
colon cancer, also for OC, there could be a correlation between surgery and changes in
the gut microbiota. Ohigashi et al. described an alteration of microbiota after surgery
with an increase of Enterobacteriaceae, Enterococcus, Staphylococcus, and Pseudomonas [43].
Tong et al. evaluated the effects of surgery and chemotherapy for OC on microbiomes
and described a reduction of Bacteroidetes and Firmicutes in faecal samples collected after
surgery for OC, while an abundance of the same species was detected before chemotherapy.
Conversely, Proteobacteria species increased after surgery, but a decrease in the same group
and an increase in anaerobic bacteria, such as Bacteroides, Collinsella, and Blautia, was
discovered [44].

Platinum-based chemotherapy following primary debulking surgery is the standard
treatment for OC. Platinum may damage the intestinal mucosa and dysbiosis, in particular,
a decrease of Firmicutes species, which can be related to side effects of chemotherapy such as
body weight loss and cardiac dysfunction [45]. Gram-positive bacteria may also contribute
to an alteration of response to anti-cancer activities of cisplatin by the production of inflam-
matory cells producing reactive oxygen species (ROS). Some mechanisms may influence
the efficacy of chemotherapy, in particular translocation, which is the process by which the
commensal or pathogenic bacteria pass across the gut barrier into the systemic milieu [46].
Therefore, a microbiome reset may contribute to a better response to chemotherapy and
a reduction of collateral effects. Hawkins et al. described that [47] an alteration of the
intestinal microbiome, which occurs after the administration of broad-spectrum antibiotics,
has an impact on the progression of the tumour and on the response to therapy. As a
consequence, there is a worsening of survival linked not only to disease progression but
also to platinum resistance. In addition, paclitaxel, used in the case of OC, could influence
gut microbiota with a decrease in the number and function of beneficial bacteria and an
increase in collateral effect. For example, a reduction of Akkermansia muciniphila coloniae
could be associated with an increase in neuropathic pain [48]. Wang et al. performed stud-
ies in mice and showed that in OC-bearing mice, faecal microbiota transplantation (FMT) of
OC patients accelerated the progression of the disease. Faecal microbiota supplementation
with Akkermansia significantly suppressed neoplastic progression in mice [49].

4. Cancer Immunotherapy

Immune cells such as T cells are the first level of defence of the human body against
cancer. The immune system naturally regulates the cells’ growth, keeping potential cancer
development under control. However, cancer cells have ways to circumvent the immune
system. For example, cancer cells may:

− Hide from the immune system thanks to genetic mutations.
− Silence immune cells using targeted receptors on their surface.
− Change normal cells around the tumour, interfering with immune system response to

the cancer cells.

Cancer immune treatments have changed the landscape of oncology [50]. Immunother-
apy aims to activate the body’s immune system and improve tumour-killing ability.

This can be achieved in a couple of ways:

− Activating the immune system to better recognize and attack cancer cells.
− Provide the immune system with helpful components, such as synthetic immune

system proteins.

There are different immunotherapy strategies as indicated in Table 2 [51,52].
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Table 2. Immunotherapies strategies and mechanism of action.

Type of Immune-Therapeutic Mechanism of Action

Checkpoint inhibitors

Normally, checkpoint proteins, such as Programmed death-ligand 1
(PD-L1) on tumour cells and Programmed Death Protein (PD-1) on T

cells, balance the immune response against cancer cells. The binding of
PD-L1 to PD-1 prevents T cells from killing cancer cells in the body. By

blocking the binding of checkpoint proteins, the T cells can recognize and
kill tumour cells.

T cell transfer therapy

This treatment aims to boost the natural ability of the patient’s T cells
against cancer. Immune cells are taken from the patient, and the most
active are selected or changed in the lab to better attack tumour cells.
They are grown in large batches and administered back to the patient

through IV

Tumour Vaccines Vaccine enhance immune system’s response to cancer cells.

Monoclonal antibodies Recombinant Monoclonal Antibodies are artificially designed to bind to
specific targets on cancer cells.

Bispecific T cell engager (BITE) Antibodies BITE antibodies induce a transient cytolytic synapsis between cytotoxic T
cells and the cancer targets.

Clinical trials for cancer immunotherapy have been increasing in recent years. These
trials involve different therapy types with cell therapy, immunomodulators/check-point
inhibitors and cancer vaccines.

In 2006, the FDA approved the first cancer vaccine in human history: a vaccination
against CC (Gardasil). Gardasil prevents the infection of human papillomavirus (HPV)
16/18 for more than five years, decreasing CC incidence [53]. Now, in view of the success
of COVID-19 mRNA vaccines, cancer mRNA vaccines are of great interest to the scientific
community, and mRNA vaccines are being tested for cervical and OC [54].

According to the Cancer Research Institute, currently there are a couple of Immunother-
apies FDA approved for CC and OC.

• Bevacizumab (Avastin®): is a monoclonal antibody that targets the VEGF/VEGFR
pathway and inhibits tumour blood vessel growth; it has been approved in com-
bination with chemotherapy for patients with advanced CC and for patients with
early-stage or relapsed OC.

• Pembrolizumab (Keytruda®) is a checkpoint inhibitor that targets the Programmed
death-ligand 1 (PD-1/PD-L1) pathway; it has been approved for patients with ad-
vanced CC with high PD-L1 expression, high microsatellite instability (MSI-H), or
high tumour mutational burden (TMB-H); and for patients with advanced OC with
high microsatellite instability (MSI-H), DNA mismatch repair deficiency (dMMR), or
high tumour mutational burden (TMB-H).

Some patients treated with immunotherapy have had great responses to these treat-
ments. In a few cases, following immunotherapy, tumours even disappeared in patients
with advanced cancers. However, immunotherapy has been linked to severe side effects
that can affect almost any organ in the body. Immunotherapy drugs stimulate the immune
system to attack tumour cells and can, in some patients, let the immune system lose control
and recognize and attack healthy cells as well.

The Immune-related side effects of immunotherapy highlight a fundamental differ-
ence between these drugs and other cancer treatments: conventional treatments such as
chemotherapy kills tumour cells directly, whereas immunotherapy does not [55].

5. Microbiota, Immunity, and Impact on Cancer Treatment

The correlation between the gut microbiota and the immune system has been demon-
strated in studies using germ-free (GF) mice that are devoid of detectable microbiota
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during their lives. Pattern-recognition receptors on innate immune cells recognize bacteria-
derived molecules leading to modulation of systemic immunity with induction of T reg
cells through stimulatory effects on myelopoiesis and function of dendritic cells (DCs) with
the production of transforming growth factor beta, macrophages, and neutrophils. The loss
of commensal bacteria can lead to a decrease in T-reg frequency and an increase in T-helper
cells with the production of cytokines and chemokines [56].

Biomarkers may be predictive of treatment response in gynaecologic cancer such
as tumour genomic and proteomic markers, immune response markers, and tumour
microenvironment markers.

Recent evidence suggests that gut microbiota can be considered a tumour marker that
may impact cancer treatment response by affecting immune response during and after
chemotherapy (CHT). El Alam et al. studied changes in the diversity and composition of
the gut microbiome during and after pelvic chemo-radiotherapy (CRT) for gynaecological
cancers; 58 women with cervical, vaginal, or vulvar cancer were analysed. The microbiome
analysis was conducted using 16Sv4 rRNA gene sequencing before, during treatment and
after 12 weeks [57].

Gut microbiome richness and diversity levels continually decreased throughout CRT,
with increases in Proteobacteria and decreases in Clostridiales and increases in Bacteroides
species after CRT. After 12 weeks of treatment, gut microbiome diversity returned to
baseline, but the structure and composition presented alterations. In addition, it is noted
that CRT may induce gastrointestinal toxicity that may be increased by microbiota alteration,
and CRT-induced dysbiosis increases the susceptibility to CRT-related gastrointestinal toxic
effects [58–60].

The interactions between the gut microbiota and the host immune system have been
reported. Specific bacteria may promote or suppress the activity of immune checkpoint
inhibitors (ICI).

ICIs have been one of the most recent treatments to demonstrate clinical benefits
in many cancers, including recent gynaecological cancers [61–63]. Whereas standard
treatments such as palliative surgery, radiotherapy, and chemotherapy have failed to
control the disease in the advanced stages, good results have been obtained with the use of
immunotherapy [64–67]. However, as described above, many changes in the gut microbiota
may induce alteration in the number and functions of gut immune cells, resulting in
systemic inflammatory responses [68]. In line with this, it is reasonable to think that the
effectiveness of immunotherapy can be affected by alterations in microbiota composition.
Recent studies demonstrated the association between the gut microbiota and the anti-
tumour effects of ICIs. Multiple possible mechanisms underlying the modulation of
anti-tumour immunity by the gut microbiota were suggested, such as the activation of
IFN-γ pathways, production of IL-12, induction of the Th1 immune response in the tumour-
draining lymph nodes through the activation of dendritic cells (DCs), and the maintenance
of regulatory T cells [69].

The first few studies about the correlation between microbiota and immunity were
conducted on mice, and the tumour growth decreased in specific pathogen-free (SPF) mice
compared to that of germ-free (GF) mice. Faecal microbiota transfer (FMT) from responder
patients into GF mice resulted in a better response to ICI.

In 2018, Matson et al. confirmed the role of microbiota on the efficacy of immunother-
apy in metastatic melanoma; in particular, Bifidobacterium was involved in enhancing the
anti-tumour efficacy of anti-PD-1 therapy. The gut microbiome can be considered an
essential mediator for therapeutic activities in ICIs and other cytotoxic agents [70]. The
abundance of specific operational taxonomic units (OTUs) and enhanced gut microbiota di-
versity induced the efficacy of anti-PD-L1 therapy. The non-responder group presented an
abundance of Bacteroides thetaiotaomicron, Escherichia coli. Conversely, the responder group
presented an abundance of faecali bacterium with prolonged progression-free survival
(PFS) [71]. Wang et al. demonstrated a specific correlation between microbiota and immune
activation. Faecal microbiota supplementation with Akkermansia significantly suppressed
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neoplastic progression in mice through the production of acetate and subsequent secretion
of interferon γ (IFNγ), upregulation of CD8 + T cells, and antiproliferative action.

The use of antibiotics may be considered the principal risk factor for reduced response
to immunotherapy because it may induce change in the gut microbiome.

Pinato et al. investigated the role of antibiotic (ATB) therapy administered before (p
ATB) or during (c ATB) immunotherapy in patients with non to small cell lung cancer,
melanoma, and other tumour types. In the p ATB therapy group, but not c ATB therapy,
there was a worse Overall Survival (OS) (2 vs. 26 months for p ATB therapy vs no p ATB
therapy, respectively) and a refractory response to ICI therapy (21 of 26 [81%] vs. 66 of 151
[44%], p < 0.001). Multivariate analyses confirmed that the p ATB therapy (HR, 3.4; 95%
CI, 1.9–6.1; p < 0.001) and responses to ICI therapy (HR, 8.2; 95% CI, 4.0–16.9; p < 0.001)
were associated with OS, independent of tumour site, disease burden, and performance
status [72]. Routy et al. also described the influence of microbiomes on the efficacy of PD-1
immunotherapy in epithelial tumours and described how the antibiotic administration
near the start of immunotherapy was associated with a worsening in OS and PFS [50].
Microbiome compromission may also alter responses to treatment with CTLA-4 blockade.
To date, the impact of ATB on ICI response and clinical outcomes is unclear in women with
gynaecologic cancer.

Some studies conducted in patients with non-gynaecological cancers demonstrated
that antibiotic treatment may be associated with decreased clinical response and worse
oncologic outcomes in patients treated with ICIs [50,73]. Spakowicz et al. evaluated the
impact of medication use, also antibiotics, in 609 patients treated with ICIs; patients who
received treatment, in particular cephalosporin, up to 100 days prior to ICI initiation
presented worse OS. The use of antibiotics was associated with the reduction of OS. In a
recent meta-analysis of 2363 patients with non-gynaecologic malignancies from 15 studies,
patients exposed to ATB before ICI treatment had significantly reduced PFS and OS [74].

Chambers et al. in a retrospective cohort study of women with advanced Epithelial
Ovarian Cancer (EOC) undergoing platinum chemotherapy studied the effect of antibiotic
treatment on responses to ICIs therapy. ATB treatment was associated with decreased PFS
and OS. ATB decreased PFS (17.4 vs. 23.1 months, HR 1.50, 95% CI 1.20–1.88, p < 0.001)
and OS (45.6 vs. 62.4 months, HR 1.63, 95% CI 1.27–2.08, p < 0.001) compared to no ATB.
Similarly, in multivariable analysis, all ATB and anti-G + ATB significantly worsened PFS
(HR 1.31, 95% CI 1.04–1.65, p = 0.02), (HR 1.50, 95% CI 1.07–2.10, p = 0.02) and OS (HR 1.52,
95% CI 1.18–1.96, p = 0.001), (HR 1.83, 95% CI 1.27–2.62, p = 0.001), respectively [75].

The same group recently investigated the role of antibiotic treatment in women with
recurrent EC, CC, and OC treated with ICIs. They demonstrated that p ATB was associated
with decreased ICI response rate (RR). Similarly, the PFS and OS were also decreased in
women with EC and CC treated with p ATB compared with women who did not receive
ATB [76].

6. Future Directions
6.1. Diet

Gut microbiomes may be modified by dietary regimes, and active clinical trials are
evaluating if increased fibre intake or personalized dietary interventions may impact the
microbiome composition [77].

Fibre stimulates the intestinal epithelium to induce mucus secretion, and it may be
used by anaerobic bacteria to produce short-chain fatty acids (SCFA), which influence the
immune system.

Cancer risk may be modified by diet and may influence immunosurveillance. Recent
literature data on women with EC and OC show an important role of the ketogenic diet
(KD) with an increase in perceived energy and physical function and a decrease in food
cravings [78]. Mediterranean diet (MD), being rich in fibre, has the capacity to induce
changes in the composition of the intestinal microbiota leading to an increase of Lactobacillus,
Bifidobacterium, and Prevotella, a reduction of Clostridium, and a higher faecal SCFA with an
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increase in gut microbial diversity. A diet rich in fibres may be associated with an increase
in the number of beneficial bacteria such as Ruminococcus, Bifidobacterium, and Lactobacillus.
Studies about the role of microbiota in vegan/vegetarian regimens are controversial because
a low abundance of Bifidobacterium was detected, but no differences in faecal SCFA levels
were presented [79].

In gynaecologic cancers implementing dietary interventions can be safe and feasible.
Observational studies have shown that fasting during chemotherapy may be a potential
adjuvant factor in reducing adverse effects associated with chemotherapy such as fatigue,
weakness, and gastrointestinal side effects.

6.2. Fecal Microbial Transplantation

Faecal microbial transplantation (FMT) is becoming widespread for the treatment of
non-malignant diseases. Investigating FMT in the context of immune checkpoint inhibitors
is being conducted with the rationale that FMT may alter immune activation and improve
response to checkpoint blockade [80].

6.3. Probiotics

One of the most important interventions to restore intestinal microbiota is the supple-
mentation of probiotics.

Probiotics are primarily able to block the inflammatory cascade through various
signalling pathways such as the nuclear factor-κB (NF-κβ) pathway, possibly related to
alterations in mitogen-activated protein kinases pattern recognition [81].

Consumption of probiotics may increase response to immunotherapy; studies on
murine models demonstrated an improved response to ICI. However, only by understand-
ing the metabolic pathways that induce the microbiome response to immunotherapy will it
be possible to identify the bacteria that may provide a real treatment benefit.

The dysbiosis and DNA damage may be reduced by the probiotic supplementation
through an alteration of the tumour microenvironment’s immune cell composition in
women with colon and breast cancer. Probiotics have also been used to reduce side effects
of anti-tumour therapy, such as diarrhoea and mucositis. Targeted probiotics interventions
in the setting of combined chemoradiotherapy for cervical and EC may help to reduce
symptoms of radiation enteritis and cystitis [82].

7. Conclusions

Gynaecological cancers are influenced by chronic diseases for example obesity, dia-
betes, viral infections, and hormonal disfunctions, and these triggers may be modulated by
the host microbiota.

The discovery of the genitourinary microbiome represents a real revolution in the
field of gynaecology. In particular, the knowledge of how the microbiota can modulate
the immune response, and consequently the inflammatory response in response to im-
munotherapy in cancer patients, represents the real challenge of the new millennium.

Randomized, robust, well-designed studies are needed to understand the relation-
ship that exists between microbiota, immunity, and gynaecological cancer. An in-depth
knowledge in this field will certainly enable early diagnosis and personalized medicine
with increased efficacy of gynaecological cancers.

Author Contributions: Conceptualization, L.M. and C.D.T.; literature search, C.D.T. and I.D.V.;
writing—original draft preparation, C.D.T., I.D.V. and L.M.; writing—review and editing, I.D.V., L.M.
and C.D.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.



Biomedicines 2023, 11, 782 12 of 15

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Peterson, J.; Garges, S.; Giovanni, M.; McInnes, P.; Wang, L.; Schloss, J.A.; Bonazzi, V.; McEwen, J.E.; Wetterstrand, K.A.; Deal, C.;

et al. The NIH Human Microbiome Project. Genome Res. 2009, 19, 2317–2323. [PubMed]
2. Proal, A.D.; Albert, P.J.; Marshall, T.G. The human microbiome and autoimmunity. Curr. Opin. Rheumatol. 2013, 25, 234–240.

[CrossRef] [PubMed]
3. McKenzie, N.D.; Hong, H.; Ahmad, S.; Holloway, R.W. The gut microbiome and cancer immunotherapeutics: A review of

emerging data and implications for future gynecologic cancer research. Crit. Rev. Oncol. Hematol. 2021, 157, 103165. [CrossRef]
4. Cartwright, C.P.; Lembke, B.D.; Ramachandran, K.; Body, B.A.; Nye, M.B.; Rivers, C.A.; Schwebke, J.R. Development and

validation of a semiquantitative, multitarget PCR assay for diagnosis of bacterial vaginosis. J. Clin. Microbiol. 2012, 50, 2321–2329.
[CrossRef] [PubMed]

5. Wensel, C.R.; Pluznick, J.L.; Salzberg, S.L.; Sears, C.L. Next-Generation Sequencing: Insights to Advance Clinical Investigations of
the Microbiome. J. Clin. Invest. 2022, 132, e154944. [CrossRef]

6. Rinninella, E.; Raoul, P.; Cintoni, M.; Franceschi, F.; Miggiano, G.A.D.; Gasbarrini, A.; Mele, M.C. What is the Healthy Gut
Microbiota Composition? A Changing Ecosystem across Age, Environment, Diet, and Diseases. Microorganisms 2019, 7, 14.
[CrossRef]

7. Chee, W.J.Y.; Chew, S.Y.; Than, L.T.L. Vaginal microbiota and the potential of Lactobacillus derivatives in maintaining vaginal
health. Microb. Cell Factories 2020, 19, 203. [CrossRef]

8. Kang, M.; Martin, A. Microbiome and colorectal cancer: Unraveling host-microbiota interactions in colitis-associated colorectal
cancer development. Semin. Immunol. 2017, 32, 3–13. [CrossRef]

9. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]

10. D’asheesh, T.I.; Hussen, B.M.; Al-Marzoqi, A.H.; Ghasemian, A. Assessment of oncogenic role of intestinal microbiota in colorectal
cancer patients. J. Gastrointest. Cancer 2021, 52, 1016–1021. [CrossRef]

11. Lee, S.Y.; Lee, D.Y.; Kang, J.H.; Kim, J.H.; Jeong, J.W.; Kim, H.W.; Oh, D.H.; Yoon, S.H.; Hur, S.J. Relationship between gut
microbiota and colorectal cancer: Probiotics as a potential strategy for prevention. Food Res. Int. 2022, 156, 111327. [CrossRef]
[PubMed]

12. Sobhani, I.; Bergsten, E.; Couffin, S.; Amiot, A.; Nebbad, B.; Barau, C.; de’Angelis, N.; Rabot, S.; Canoui-Poitrine, F.; Mestivier, D.;
et al. Colorectal cancer-associated microbiota contributes to oncogenic epigenetic signatures. Proc. Natl. Acad. Sci. USA 2019, 116,
24285–24295. [CrossRef] [PubMed]

13. Schwabe, R.F.; Jobin, C. The microbiome and cancer. Nat. Rev. Cancer 2013, 13, 800–812. [CrossRef] [PubMed]
14. Bhatt, A.P.; Redinbo, M.R.; Scott, J.; Bultman, S.J. The role of the microbiome in cancer development and therapy. CA Cancer J.

Clin. 2017, 67, 326–344. [CrossRef]
15. Laniewski, P.; Ilhan, Z.E.; Herbst-Kralovetz, M.M. The microbiome and gynaecological cancer development, prevention and

therapy. Nat. Rev. Urol. 2020, 17, 232–250. [CrossRef]
16. Ge, Y.; Wang, X.; Guo, Y.; Yan, J.; Abuduwaili, A.; Aximujiang, K.; Yan, J.; Wu, M. Gut microbiota influence tumor development

and alter interactions with the human immune system. J. Exp. Clin. Cancer. 2021, 40, 42. [CrossRef]
17. Moreno, I.; Franasiak, J.M. Endometrial microbiota-new player in town. Fertil. Steril. 2017, 108, 32–39. [CrossRef]
18. Helmink, B.A.; Khan, M.A.W.; Hermann, A.; Gopalakrishnan, V.; Wargo, J.A. The microbiome, cancer, and cancer therapy. Nat.

Med. 2019, 25, 377–388. [CrossRef]
19. Champer, M.; Wong, A.M.; Champer, J.; Brito, I.L.; Messer, P.W.; Hou, J.Y. The role of the vaginal microbiome in gynaecological

cancer. BJOG 2018, 125, 309–315. [CrossRef]
20. Alimena, S.; Davis, J.; Fichorova, R.N.; Feldman, S. The Vaginal Microbiome: A Complex Milieu affecting risk of human

papillomavirus Persistence and Cervical Cancer. Curr. Probl. Cancer 2022, 46, 1–16. [CrossRef]
21. Mitra, A.; MacIntyre, D.A.; Lee, Y.S.; Smith, A.; Marchesi, J.R.; Lehne, B.; Bhatia, R.; Lyons, D.; Paraskevaidis, E.; Li, J.V.; et al.

Cervical intraepithelial neoplasia disease progression is associated with increased vaginal microbiome diversity. Sci. Rep. 2015, 5,
16865. [CrossRef]

22. Watts, D.H.; Fazarri, M.; Minkoff, H.; Hillier, S.L.; Sha, B.; Glesby, M.; Levine, A.M.; Burk, R.; Palefsky, J.M.; Moxley, M.;
et al. Effects of bacterial vaginosis and other genital infections on the natural history of human papillomavirus infection in
HIV-1-infected and high-risk HIV-1-uninfected women. J. Infect. Dis. 2005, 191, 1129–1139. [CrossRef]

23. Brusselaers, N.; Shrestha, S.; Van de Wijgert, J.; Verstraelen, H. Vaginal dysbiosis and the risk of human papillomavirus and
cervical cancer: Systematic review and meta-analysis. Am. J. Obstet. Gynecol 2019, 221, 9–18. [CrossRef] [PubMed]

24. Norenhag, J.; Du, J.; Olovsson, M.; Verstraelen, H.; Engstrand, L.; Brusselaers, N. The vaginal microbiota, human papillomavirus
and cervical dysplasia: A systematic review and network meta-analysis. BJOG 2020, 127, 171–180. [CrossRef] [PubMed]

25. Wang, H.; Ma, Y.; Li, R.; Chen, X.; Wan, L.; Zhao, W. Associations of Cervicovaginal Lactobacilli with High-Risk Human
Papillomavirus Infection, Cervical Intraepithelial Neoplasia, and Cancer: A Systematic Review and Meta-Analysis. J. Infect. Dis.
2019, 220, 1243–1254. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/19819907
http://doi.org/10.1097/BOR.0b013e32835cedbf
http://www.ncbi.nlm.nih.gov/pubmed/23370376
http://doi.org/10.1016/j.critrevonc.2020.103165
http://doi.org/10.1128/JCM.00506-12
http://www.ncbi.nlm.nih.gov/pubmed/22535982
http://doi.org/10.1172/JCI154944
http://doi.org/10.3390/microorganisms7010014
http://doi.org/10.1186/s12934-020-01464-4
http://doi.org/10.1016/j.smim.2017.04.003
http://doi.org/10.3322/caac.21660
http://doi.org/10.1007/s12029-020-00531-8
http://doi.org/10.1016/j.foodres.2022.111327
http://www.ncbi.nlm.nih.gov/pubmed/35651078
http://doi.org/10.1073/pnas.1912129116
http://www.ncbi.nlm.nih.gov/pubmed/31712445
http://doi.org/10.1038/nrc3610
http://www.ncbi.nlm.nih.gov/pubmed/24132111
http://doi.org/10.3322/caac.21398
http://doi.org/10.1038/s41585-020-0286-z
http://doi.org/10.1186/s13046-021-01845-6
http://doi.org/10.1016/j.fertnstert.2017.05.034
http://doi.org/10.1038/s41591-019-0377-7
http://doi.org/10.1111/1471-0528.14631
http://doi.org/10.1016/j.currproblcancer.2022.100877
http://doi.org/10.1038/srep16865
http://doi.org/10.1086/427777
http://doi.org/10.1016/j.ajog.2018.12.011
http://www.ncbi.nlm.nih.gov/pubmed/30550767
http://doi.org/10.1111/1471-0528.15854
http://www.ncbi.nlm.nih.gov/pubmed/31237400
http://doi.org/10.1093/infdis/jiz325
http://www.ncbi.nlm.nih.gov/pubmed/31242505


Biomedicines 2023, 11, 782 13 of 15

26. Kwon, M.; Seo, S.-S.; Kim, M.K.; Lee, D.O.; Lim, M. Compositional and Functional Differences between Microbiota and Cervical
Carcinogenesis as Identified by Shotgun Metagenomic Sequencing. Cancers 2019, 11, 309. [CrossRef]

27. Kang, G.U.; Jung, D.R.; Lee, Y.H.; Jeon, S.Y.; Han, H.S.; Chong, G.O.; Shin, J.H. Dynamics of fecal microbiota with and without
Invasive cervical cancer and Its application in early diagnosis. Cancers 2020, 12, 3800. [CrossRef]

28. Laniewski, P.; Barnes, D.; Goulder, A.; Cui, H.; Roe, D.J.; Chase, D.M.; Herbst-Kralovetz, M.M. Linking cervicovaginal immune
signatures, HPV and microbiota composition in cervical carcinogenesis in non-Hispanic and Hispanic women. Sci. Rep. 2018, 8,
7593. [CrossRef]

29. Winters, A.D.; Romero, R.; Gervasi, M.T.; Gomez-Lopez, N.; Tran, M.R.; Garcia-Flores, V.; Pacora, P.; Jung, E.; Hassan, S.S.; Hsu,
C.D.; et al. Does the endometrial cavity have a molecular microbial signature? Sci. Rep. 2019, 9, 9905. [CrossRef]

30. Chase, D.; Goulder, A.; Zenhausern, F.; Monk, B.; Herbst-Kralovetz, M. The vaginal and gastrointestinal microbiomes in
gynecologic cancers: A review of applications in etiology, symptoms and treatment. Gynecol. Oncol. 2015, 138, 190–200. [CrossRef]

31. Choi, S.; Hwang, Y.-J.; Shin, M.-J.; Yi, H. Difference in the Gut Microbiome between Ovariectomy-Induced Obesity and Diet-
Induced Obesity. J. Microbiol. Biotechnol. 2017, 27, 2228–2236. [CrossRef] [PubMed]

32. Chen, X.; Devaraj, S. Gut Microbiome in Obesity, Metabolic Syndrome, and Diabetes. Curr. Diab. Rep. 2018, 18, 129. [CrossRef]
33. Walther-António, M.R.; Chen, J.; Multinu, F.; Hokenstad, A.; Distad, T.J.; Cheek, E.H.; Keeney, G.L.; Creedon, D.J.; Nelson, H.;

Mariani, A.; et al. Potential contribution of the uterine microbiome in the development of endometrial cancer. Genome Med. 2016,
8, 1–15. [CrossRef] [PubMed]

34. Walsh, D.M.; Hokenstad, A.N.; Chen, J.; Sung, J.; Jenkins, G.D.; Chia, N.; Nelson, H.; Mariani, A.; Walther-Antonio, M.R.
Postmenopause as a key factor in the composition of the Endometrial Cancer Microbiome (ECbiome). Sci. Rep. 2019, 9, 1–16.
[CrossRef] [PubMed]

35. Schreurs, M.P.H.; Vos van Steenwijk, P.J.; Romano, A.; Dieleman, S.; Werner, H.M.J. How the Gut Microbiome Links to Menopause
and Obesity, with Possible Implications for Endometrial Cancer Development. J. Clin. Med. 2021, 10, 2916. [CrossRef]

36. Lu, W.; He, F.; Lin, Z.; Liu, S.; Tang, L.; Huang, Y.; Hu, Z. Dysbiosis of the endometrial microbiota and its association with
inflammatory cytokines in endometrial cancer. Int. J. Cancer 2021, 148, 1708–1716. [CrossRef]

37. Gressel, G.M.; Usyk, M.; Frimer, M.; Kuo, D.Y.S.; Burk, R.D. Characterization of the endometrial, cervicovaginal and anorectal
microbiota in post-menopausal women with endometrioid and serous endometrial cancers. PLoS ONE 2021, 16, e0259188.
[CrossRef]

38. Alizadehmohajer, N.; Shojaeifar, S.; Nedaeinia, R.; Esparvarinha, M.; Mohammadi, F.; Ferns, G.A.; Ghayour-Mobarhan, M.; Ma-
nian, M.; Balouchi, A. Association between the microbiota and women’s cancers—Cause or consequences? Biomed. Pharmacother.
2020, 127, 110203. [CrossRef]

39. Zhou, B.; Sun, C.; Huang, J.; Xia, M.; Guo, E.; Li, N.; Lu, H.; Shan, W.; Wu, Y.; Li, Y.; et al. The biodiversity composition of
microbiome in ovarian carcinoma patients. Sci. Rep. 2019, 9, 1691. [CrossRef]

40. Banerjee, S.; Tian, T.; Wei, Z.; Shih, N.; Feldman, M.D.; Alwine, J.C.; Coukos, G.; Robertson, E.S. The K oncobiome. Oncotarget
2017, 8, 36225–36245. [CrossRef]

41. Chan, P.J.; Seraj, I.M.; Kalugdan, T.H.; King, A. Prevalence of mycoplasma conserved DNA in malignant ovarian cancer detected
using sensitive PCR-ELISA. Gynecol. Oncol. 1996, 63, 258–260. [CrossRef] [PubMed]

42. Morikawa, A.; Kawabata, A.; Shirahige, K.; Akiyama, T.; Okamoto, A.; Sutani, T. Altered cervicovaginal microbiota in pre-
menopausal ovarian cancer patients. Gene 2022, 811, 146083. [CrossRef] [PubMed]

43. Ohigashi, S.; Sudo, K.; Kobayashi, D.; Takahashi, T.; Nomoto, K.; Onodera, H. Significant changes in the intestinal environment
after surgery in patients with colorectal cancer. J. Gastrointest. Surg. 2013, 17, 1657–1664. [CrossRef] [PubMed]

44. Tong, J.; Zhang, X.; Fan, Y.; Chen, L.; Ma, X.; Yu, H.; Li, J.; Guan, X.; Zhao, P.; Yang, J. Changes of intestinal microbiota in ovarian
cancer patients treated with surgery and chemotherapy. Cancer Manag. Res. 2020, 12, 8125–8135. [CrossRef]

45. Zhao, L.; Xing, C.; Sun, W.; Hou, G.; Yang, G.; Yuan, L. Lactobacillus supplementation prevents cisplatin-induced cardiotoxicity
possibly by inflammation inhibition. Cancer. Chemother. Pharmacol. 2018, 82, 999–1008. [CrossRef] [PubMed]

46. Alexander, J.L.; Wilson, I.D.; Teare, J.; Marchesi, J.R.; Nicholson, J.K.; Kinross, J.M. Gut microbiota modulation of chemotherapy
efficacy and toxicity. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 356–365. [CrossRef]

47. Hawkins, S.M.; Nephew, K.P. Unintended Consequences of Antibiotic Therapy on the Microbiome Delivers a Gut Punch in
Ovarian Cancer. Cancer Res. 2022, 82, 4511–4512. [CrossRef] [PubMed]

48. Ramakrishna, C.; Corleto, J.; Ruegger, P.M.; Logan, G.D.; Peacock, B.B.; Mendonca, S.; Yamaki, S.; Adamson, T.; Ermel, R.;
McKemy, D.; et al. Dominant role of the gut microbiota in chemotherapy induced neuropathic pain. Sci. Rep. 2019, 9, 20324.
[CrossRef]

49. Wang, Z.; Qin, X.; Hu, D.; Huang, J.; Guo, E.; Xiao, R.; Li, W.; Sun, C.; Chen, G. Akkermansia supplementation reverses the
tumor-promoting effect of the fecal microbiota transplantation in ovarian cancer. Cell Rep. 2022, 41, 111890. [CrossRef]

50. Routy, B.; Le Chatelier, E.; Derosa, L.; Duong, C.P.; Alou, M.T.; Daillère, R.; Fluckiger, A.; Messaoudene, M.; Rauber, C.; Roberti,
M.P.; et al. Gut microbiome influences efficacy of PD-1-based immunotherapy against epithelial tumors. Science 2018, 359, 91–97.
[CrossRef]

51. Lynam, S.; Lugade, A.A.; Odunsi, K. Immunotherapy for Gynecologic Cancer: Current Applications and Future Directions. Clin.
Obstet. Gynecol. 2020, 63, 48. [CrossRef] [PubMed]

http://doi.org/10.3390/cancers11030309
http://doi.org/10.3390/cancers12123800
http://doi.org/10.1038/s41598-018-25879-7
http://doi.org/10.1038/s41598-019-46173-0
http://doi.org/10.1016/j.ygyno.2015.04.036
http://doi.org/10.4014/jmb.1710.10001
http://www.ncbi.nlm.nih.gov/pubmed/29121700
http://doi.org/10.1007/s11892-018-1104-3
http://doi.org/10.1186/s13073-016-0368-y
http://www.ncbi.nlm.nih.gov/pubmed/27884207
http://doi.org/10.1038/s41598-019-55720-8
http://www.ncbi.nlm.nih.gov/pubmed/31844128
http://doi.org/10.3390/jcm10132916
http://doi.org/10.1002/ijc.33428
http://doi.org/10.1371/journal.pone.0259188
http://doi.org/10.1016/j.biopha.2020.110203
http://doi.org/10.1038/s41598-018-38031-2
http://doi.org/10.18632/oncotarget.16717
http://doi.org/10.1006/gyno.1996.0316
http://www.ncbi.nlm.nih.gov/pubmed/8910637
http://doi.org/10.1016/j.gene.2021.146083
http://www.ncbi.nlm.nih.gov/pubmed/34856363
http://doi.org/10.1007/s11605-013-2270-x
http://www.ncbi.nlm.nih.gov/pubmed/23807702
http://doi.org/10.2147/CMAR.S265205
http://doi.org/10.1007/s00280-018-3691-8
http://www.ncbi.nlm.nih.gov/pubmed/30276453
http://doi.org/10.1038/nrgastro.2017.20
http://doi.org/10.1158/0008-5472.CAN-22-3013
http://www.ncbi.nlm.nih.gov/pubmed/36524345
http://doi.org/10.1038/s41598-019-56832-x
http://doi.org/10.1016/j.celrep.2022.111890
http://doi.org/10.1126/science.aan3706
http://doi.org/10.1097/GRF.0000000000000513
http://www.ncbi.nlm.nih.gov/pubmed/31833846


Biomedicines 2023, 11, 782 14 of 15

52. Di Tucci, C.; Capone, C.; Galati, G.; Iacobelli, V.; Schiavi, M.C.; Di Donato, V.; Muzii, L.; Panici, P.B. Immunotherapy in Endometrial
Cancer: New Scenarios on the Horizon. J. Gynecol. Oncol. 2019, 30, e46. [CrossRef] [PubMed]

53. Malagón, T.; Drolet, M.; Boily, M.C.; Franco, E.L.; Jit, M.; Brisson, J.; Brisson, M. Cross-protective efficacy of two human
papillomavirus vaccines: A systematic review and meta-analysis. Lancet Infect. Dis. 2012, 12, 781–789. [CrossRef]

54. Chakraborty, C.; Sharma, A.R.; Bhattacharya, M.; Lee, S.-S. From COVID-19 to Cancer mRNA Vaccines: Moving From Bench to
Clinic in the Vaccine Landscape. Front. Immunol. 2021, 12, 679344. [CrossRef]

55. Dubbs, S.B. The Latest Cancer Agents and Their Complications. Emerg. Med. Clin. North. Am. 2018, 36, 485–492. [CrossRef]
[PubMed]

56. Gholiof, M.; Adamson-De Luca, E.; Wessels, J.M. The female reproductive tract microbiotas, inflammation, and gynecological
conditions. Front Reprod Health. 2022, 4, 963752. [CrossRef]

57. El Alam, M.B.; Sims, T.T.; Kouzy, R.; Biegert, G.W.; Jaoude, J.A.; Karpinets, T.V.; Yoshida-Court, K.; Wu, X.; Delgado-Medrano,
A.Y.; Mezzari, M.P.; et al. A prospective study of the adaptive changes in the gut microbiome during standard-of-care chemora-
diotherapy for gynecologic cancers. PLoS ONE 2021, 16, e0247905. [CrossRef] [PubMed]

58. Reis Ferreira, M.; Andreyev, H.J.N.; Mohammed, K.; Truelove, L.; Gowan, S.M.; Li, J.; Gulliford, S.L.; Marchesi, J.R.; Dearnaley,
D.P. Microbiota- and Radiotherapy-Induced Gastrointestinal Side-Effects (MARS) Study: A Large Pilot Study of the Microbiome
in Acute and Late-Radiation Enteropathy. Clin. Cancer Res. 2019, 25, 6487–6500. [CrossRef]

59. Yeung, A.R.; Pugh, S.L.; Klopp, A.H.; Gil, K.M.; Wenzel, L.; Westin, S.N.; Gaffney, D.K.; Small Jr, W.; Thompson, S.; Doncals, D.E.;
et al. Improvement in Patient-Reported Outcomes With Intensity-Modulated Radiotherapy (RT) Compared With Standard RT: A
Report From the NRG Oncology RTOG 1203 Study. J. Clin. Oncol. 2020, 38, 1685–1692. [CrossRef]

60. Wang, Y.; Wiesnoski, D.H.; Helmink, B.A.; Gopalakrishnan, V.; Choi, K.; DuPont, H.L.; Jiang, Z.D.; Abu-Sbeih, H.; Sanchez, C.A.;
Chang, C.C.; et al. Fecal microbiota transplantation for refractory immune checkpoint inhibitor-associated colitis. Nat. Med. 2018,
24, 1804–1808. [CrossRef]

61. Borella, F.; Preti, M.; Bertero, L.; Collemi, G.; Castellano, I.; Cassoni, P.; Cosma, S.; Carosso, A.R.; Bevilacqua, F.; Gallio, N.; et al. Is
There a Place for Immune Checkpoint Inhibitors in Vulvar Neoplasms? A State of the Art Review. Int. J. Mol. Sci. 2020, 22, 190.
[CrossRef] [PubMed]

62. Di Tucci, C.; Schiavi, M.C.; Faiano, P.; D’Oria, O.; Prata, G.; Sciuga, V.; Giannini, A.; Palaia, I.; Muzii, L.; Panici, P.B. Therapeutic
vaccines and immune checkpoints inhibition options for gynecological cancers. Crit. Rev. Oncol. Hematol. 2018, 128, 30–42.
[CrossRef]

63. Duranti, S.; Pietragalla, A.; Daniele, G.; Nero, C.; Ciccarone, F.; Scambia, G.; Lorusso, D. Role of Immune Checkpoint Inhibitors in
Cervical Cancer: From Preclinical to Clinical Data. Cancers 2021, 13, 2089. [CrossRef] [PubMed]

64. Makker, V.; Green, A.K.; Wenham, R.M.; Mutch, D.; Davidson, B.; Miller, D.S. New therapies for advanced, recurrent, and
metastatic endometrial cancers. Gynecol. Oncol. Res. Pract. 2017, 4, 19. [CrossRef] [PubMed]

65. Miller, D.; Nevadunsky, N. Palliative Care and Symptom Management for Women with Advanced Ovarian Cancer. Hematol.
Oncol. Clin. North. Am. 2018, 32, 1087–1102. [CrossRef]

66. Tomao, F.; Di Tucci, C.; Imperiale, L.; Maria Boccia, S.; Marchetti, C.; Palaia, I.; Muzii, L.; Benedetti Panici, P. Cervical cancer: Are
there potential new targets? An update on preclinical and clinical results. Curr. Drug. Targets. 2014, 15, 1107–1120. [CrossRef]
[PubMed]

67. Tomao, F.; Di Tucci, C.; Marchetti, C.; Perniola, G.; Bellati, F.; Benedetti Panici, P. Role of chemotherapy in the management of
vulvar carcinoma. Crit. Rev. Oncol. Hematol. 2012, 82, 25–39. [CrossRef]

68. Sun, L.; Zhang, X.; Zhang, Y.; Zheng, K.; Xiang, Q.; Chen, N.; Chen, Z.; Zhang, N.; Zhu, J.; He, Q. Antibiotic-Induced Disruption of
Gut Microbiota Alters Local Metabolomes and Immune Responses. Front. Cell. Infect. Microbiol. 2019, 9, 99. [CrossRef] [PubMed]

69. Cheng, W.Y.; Wu, C.-Y.; Yu, J. The role of gut microbiota in cancer treatment: Friend or foe? Gut 2020, 69, 1867–1876. [CrossRef]
70. Matson, V.; Fessler, J.; Bao, R.; Chongsuwat, T.; Zha, Y.; Alegre, M.L.; Luke, J.J.; Gajewski, T.F. The commensal microbiome is

associated with anti-PD-1 efficacy in metastatic melanoma patients. Science 2018, 359, 104–108. [CrossRef]
71. Chaput, N.; Lepage, P.; Coutzac, C.; Soularue, E.; Le Roux, K.; Monot, C.; Boselli, L.; Routier, E.; Cassard, L.; Collins, M.; et al.

Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab. Ann.
Oncol. 2017, 28, 1368–1379. [CrossRef] [PubMed]

72. Pinato, D.J.; Howlett, S.; Ottaviani, D.; Urus, H.; Patel, A.; Mineo, T.; Brock, C.; Power, D.; Hatcher, O.; Falconer, A.; et al.
Association of prior antibiotic treatment with survival and response to immune checkpoint inhibitor therapy in patients with
cancer. JAMA Oncol. 2019, 5, 1774–1778. [CrossRef] [PubMed]

73. Hakozaki, T.; Richard, C.; Elkrief, A.; Hosomi, Y.; Benlaïfaoui, M.; Mimpen, I. The gut microbiome associates with immune
checkpoint inhibition outcomes in patients with advanced non-small cell lung cancer. Cancer Immunol. Res. 2020, 8, 1243–1250.
[CrossRef] [PubMed]

74. Spakowicz, D.; Hoyd, R.; Muniak, M.; Husain, M.; Bassett, J.S.; Wang, L.; Tinoco, G.; Patel, S.H.; Burkart, J.; Miah, A.; et al.
Inferring the role of the microbiome on survival in patients treated with immune checkpoint inhibitors: Causal modeling, timing,
and classes of concomitant medications. BMC Cancer 2020, 20, 383. [CrossRef]

75. Chambers, L.M.; Bussies, P.; Vargas, R.; Esakov, E.; Tewari, S.; Reizes, O.; Michener, C. The Microbiome and Gynecologic Cancer:
Current Evidence and Future Opportunities. Oncol. Rep. 2021, 23, 92. [CrossRef]

http://doi.org/10.3802/jgo.2019.30.e46
http://www.ncbi.nlm.nih.gov/pubmed/30887763
http://doi.org/10.1016/S1473-3099(12)70187-1
http://doi.org/10.3389/fimmu.2021.679344
http://doi.org/10.1016/j.emc.2018.04.006
http://www.ncbi.nlm.nih.gov/pubmed/30037436
http://doi.org/10.3389/frph.2022.963752
http://doi.org/10.1371/journal.pone.0247905
http://www.ncbi.nlm.nih.gov/pubmed/33662003
http://doi.org/10.1158/1078-0432.CCR-19-0960
http://doi.org/10.1200/JCO.19.02381
http://doi.org/10.1038/s41591-018-0238-9
http://doi.org/10.3390/ijms22010190
http://www.ncbi.nlm.nih.gov/pubmed/33375467
http://doi.org/10.1016/j.critrevonc.2018.05.011
http://doi.org/10.3390/cancers13092089
http://www.ncbi.nlm.nih.gov/pubmed/33925884
http://doi.org/10.1186/s40661-017-0056-7
http://www.ncbi.nlm.nih.gov/pubmed/29214032
http://doi.org/10.1016/j.hoc.2018.07.012
http://doi.org/10.2174/1389450115666141010145547
http://www.ncbi.nlm.nih.gov/pubmed/25300780
http://doi.org/10.1016/j.critrevonc.2011.04.008
http://doi.org/10.3389/fcimb.2019.00099
http://www.ncbi.nlm.nih.gov/pubmed/31069173
http://doi.org/10.1136/gutjnl-2020-321153
http://doi.org/10.1126/science.aao3290
http://doi.org/10.1093/annonc/mdx108
http://www.ncbi.nlm.nih.gov/pubmed/28368458
http://doi.org/10.1001/jamaoncol.2019.2785
http://www.ncbi.nlm.nih.gov/pubmed/31513236
http://doi.org/10.1158/2326-6066.CIR-20-0196
http://www.ncbi.nlm.nih.gov/pubmed/32847937
http://doi.org/10.1186/s12885-020-06882-6
http://doi.org/10.1007/s11912-021-01079-x


Biomedicines 2023, 11, 782 15 of 15

76. Chambers, L.M.; Michener, C.M.; Rose, P.G.; Reizes, O.; Yao, M.; Vargas, R. Impact of antibiotic treatment on immunotherapy
response in women with recurrent gynecologic cancer. Gynecol. Oncol. 2021, 161, 211–220. [CrossRef] [PubMed]

77. Wallace, T.C.; Bultman, S.; D’Adamo, C.; Daniel, C.R.; Debelius, J.; Ho, E.; Eliassen, H.; Lemanne, D.; Mukherjee, P.; Seyfried, T.N.;
et al. Personalized Nutrition in Disrupting Cancer—Proceedings From the 2017 American College of Nutrition Annual Meeting.
J. Am. Coll. Nutr. 2019, 38, 1–14. [CrossRef]

78. Cohen, C.W.; Fontaine, K.R.; Arend, R.C.; Gower, B.A. A ketogenic diet is acceptable in women with ovarian and endometrial
cancer and has no adverse effects on blood lipids: A randomized, controlled trial. Nutr. Cancer 2020, 72, 584–594. [CrossRef]

79. Tomova, A.; Bukovsky, I.; Rembert, E.; Yonas, W.; Alwarith, J.; Barnard, N.D.; Kahleova, H. The Effects of Vegetarian and Vegan
Diets on Gut Microbiota. Front. Nutr. 2019, 6, 47. [CrossRef]

80. Fasanello, M.K.; Robillard, K.T.; Boland, P.M.; Bain, A.J.; Kanehira, K. Use of Fecal Microbial Transplantation for Immune
Checkpoint Inhibitor Colitis. ACG Case Rep. J. 2020, 7, e00360. [CrossRef]

81. Yousefi, B.; Eslami, M.; Ghasemian, A.; Kokhaei, P.; Salek Farrokhi, A.; Darabi, N. Probiotics importance and their immunomodu-
latory properties. J. Cell. Physiol. 2019, 234, 8008–8018. [CrossRef] [PubMed]

82. Jahanshahi, M.; Maleki Dana, P.; Badehnoosh, B.; Asemi, Z.; Hallajzadeh, J.; Mansournia, M.A.; Yousefi, B.; Moazzami, B.;
Chaichian, S. Anti-tumor activities of probiotics in cervical cancer. J. Ovarian Res. 2020, 13, 68. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.ygyno.2021.01.015
http://www.ncbi.nlm.nih.gov/pubmed/33504455
http://doi.org/10.1080/07315724.2018.1500499
http://doi.org/10.1080/01635581.2019.1645864
http://doi.org/10.3389/fnut.2019.00047
http://doi.org/10.14309/crj.0000000000000360
http://doi.org/10.1002/jcp.27559
http://www.ncbi.nlm.nih.gov/pubmed/30317594
http://doi.org/10.1186/s13048-020-00668-x
http://www.ncbi.nlm.nih.gov/pubmed/32527332

	Introduction 
	Microbiome and Cancer 
	Microbiome in Gynaecologic Cancer 
	Microbiota and Cervical Cancer (CC) 
	Microbiota and Uterine Cancer 
	Microbiota and Tubal and Ovarian Cancer 

	Cancer Immunotherapy 
	Microbiota, Immunity, and Impact on Cancer Treatment 
	Future Directions 
	Diet 
	Fecal Microbial Transplantation 
	Probiotics 

	Conclusions 
	References

