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Abstract: Background: The tumor microenvironment offers a new perspective in gynecologic on-
cology. In ovarian cancer, numerous preclinical studies, especially organoid models, have high-
lighted cellular, immune, and biochemical mechanisms. Beyond these sophisticated findings, more 
practical aspects require attention, such as the role of vaginal microbiota, which represents an inter-
play between external agents and internal genitalia, and its potential profiling role in early detection 
beyond the promise of microbiota-targeted therapies. Objectives: This review aims to assess 
whether such a correlation is speculative or scientifically grounded. Methods: A focused literature 
search was conducted on vaginal microbiota and its correlation with ovarian cancer to define the 
current state of knowledge. Results: Mixed outcomes have been reported, yet there is a rational and 
scientific basis supporting further investigation. Clinical approaches increasingly consider vaginal 
microbiota as relevant. However, we have to say that most available evidence is still preliminary 
and largely preclinical to set realistic expectations for readers. Although additional studies are 
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needed, emerging insights highlight its importance and practical implications. We present a diag-
nostic–therapeutic management flowchart summarizing current evidence). Discussion: Most links 
between the vaginal microbiota and ovarian cancer are correlational rather than causal. The idea 
that microbes ascend from the vagina to the ovaries is proposed but still definitely not demon-
strated. Confounding factors like age, hormones, and BRCA status complicate interpretation, and 
ovarian cancer itself could secondarily alter the microbiota. Mechanistic studies and longitudinal 
data are still needed to clarify whether dysbiosis contributes to carcinogenesis or is merely a conse-
quence. As gynecologists, we summarize key aspects and emphasize to colleagues the importance 
of incorporating these findings into daily clinical practice. Vaginal dysbiosis should be considered 
not only a local imbalance but also a potential strategy for primary cancer prevention. Conclusions: 
Future research on the tumor microenvironment and vaginal microbiota will expand scientific 
knowledge and guide innovative preventive and therapeutic strategies. 

Keywords: microenvironment; tumor; genital neoplasms; female/prevention &  
control; microbiota 

 

1. Introduction 
Ovarian cancer is one of the most common gynecological malignancies, with an esti-

mated incidence of approximately 295.000 new cases worldwide each year [1]. It is often 
diagnosed at an advanced stage due to the absence of early symptoms, contributing to its 
high mortality rate. Unfortunately, to date, there are no available screening or prevention 
methods. Therefore, research must strive to overcome this challenge by enhancing thera-
peutic strategies. 

Immunotherapy and the study of the tumor microenvironment represent new fron-
tiers in this arena, promising increasingly valuable data [2]. Building on these premises, 
our narrative review aims to understand the current state of the art of the tumor microen-
vironment in ovarian cancer, focusing on the evidence regarding the influence of the vag-
inal microbiome (VMB) on it. The VMB impacts both reproductive health and gynecologic 
cancers. A balanced, Lactobacillus-dominant microbiota supports fertility, reduces the 
risk of infections, and contributes to healthy pregnancy outcomes. In contrast, microbial 
dysbiosis is characterized by an overgrowth of pathogenic bacteria such as Gardnerella 
vaginalis and Atopobium vaginae, which are associated with infertility, recurrent pregnancy 
loss, and preterm birth. 

Beyond reproduction, the VMB is increasingly recognized for its role in gynecologic 
cancers. Persistent dysbiosis and chronic inflammation are linked to the progression of 
cervical, endometrial, and ovarian cancers, likely through immune modulation and syn-
ergy with oncogenic viruses like HPV. The presence of specific bacterial signatures may 
serve as diagnostic biomarkers, opening new avenues for early detection and targeted 
therapies. The potential for microbiota-based interventions to improve both reproductive 
and oncologic outcomes is becoming better defined and understood [3]. 

In this context, the concept of the “microbiota continuum” from the lower to the up-
per female reproductive tract (FRT) has been proposed and endorsed, showing decreasing 
biomass and Lactobacillus spp. abundance, along with increasing diversity toward the up-
per FRT. This suggests the influence the VMB could have on the upper tract [4] (Figure 1). 
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Figure 1. The “microbiome continuum” concept. 

However, additional studies are needed to clarify the relationship between VMBs 
and ovarian cancer, which could possibly result in new preventive and therapeutic strat-
egies. 

Therefore, we aim to assess the current state of the art on this issue through the pri-
mary scientific evidence from recent years, thus offering clinicians advice and alerts to be 
considered in their routine clinical practice (Figure 2). 
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Figure 2. Flowchart for Vaginal Dysbiosis Diagnosis and Treatment. 

2. Materials and Methods 
The review was conducted by searching PubMed for results using the search strate-

gies summarized in Table 1 below. Articles were screened based on their abstracts and 
included if they addressed the correlation between vaginal microbiota and ovarian can-
cers. A total of 38 articles were identified and summarized. The topics covered have been 
categorized into the following paragraphs. Supplementary Tables S1–S5 summarize the 
articles found and selected for this review along with their respective topics covered. 

Table 1. Strings of research. 

Research Findings 
((“Carcinoma, Ovarian Epithelial”[Mesh]) AND “Tumor 

Microenvironment”[Mesh]) 
286 

((“Tumor Microenvironment/drug effects”[Mesh] OR 
“Tumor Microenvironment/genetics”[Mesh] OR “Tu-
mor Microenvironment/immunology”[Mesh]) AND 

“Ovarian Neoplasms”[Mesh]) AND “Organoids”[Mesh] 

2 

(“Tumor Microenvironment/drug effects”[Mesh] OR 
“Tumor Microenvironment/genetics”[Mesh] OR “Tu-
mor Microenvironment/immunology”[Mesh]) AND 

“Ovarian Neoplasms”[Mesh]: 

438 
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(((“Tumor Microenvironment/drug effects”[Mesh] OR 
“Tumor Microenvironment/genetics”[Mesh] OR “Tu-
mor Microenvironment/immunology”[Mesh]) AND 

“Ovarian Neoplasms”[Mesh]) AND “Recur-
rence”[Mesh] AND “Organoids”[Mesh]) and also with-

out “AND Organoids” 

No results 

3. Results 
3.1. Vaginal Microbiota: Benefit or Pitfall? 

VMB primarily consists of lactic acid-producing Lactobacillus species, such as Lactoba-
cillus crispatus, Lactobacillus gasseri, Lactobacillus iners, and Lactobacillus jensenii. These ben-
eficial bacteria help maintain a healthy vaginal environment. Disruptions in the VMB, 
known as dysbiosis, can lead to an overgrowth of pathogenic microorganisms. This im-
balance may raise the risk of infections and inflammation, which are linked to the devel-
opment of various cancers, including ovarian cancer. VMB can influence local immune 
responses. An imbalance in microbial communities may hinder the immune system’s abil-
ity to detect and eliminate cancerous cells, potentially promoting tumor development [5]. 
Maintaining a healthy VMB could potentially reduce the risk of ovarian cancer [6]. Com-
munity status type IV (CST IV), particularly subtypes IV-A (aerobic) and IV-B (anaerobic), 
represents a dysbiotic vaginal environment characterized by the loss of protective Lacto-
bacillus spp. and overgrowth of bacteria as diverse as Gardnerella vaginalis, Atopobium va-
ginae, Prevotella bivia, and Fusobacterium nucleatum. This polymicrobial shift, characteristic 
of bacterial vaginosis (BV), contributes to carcinogenic processes through the production 
of short-chain fatty acids (SCFAs) such as acetate and propionate, which can promote tu-
morigenesis by modulating epithelial integrity, immune signaling, and inflammation. 
Bacterial enzymes such as sialidases and proteases that degrade mucin further damage 
the mucosal barrier, facilitating microbial invasion and chronic immune activation. In con-
trast, butyrate, an SCFA with anti-inflammatory and antineoplastic activity, is typically 
reduced in this context. These mechanisms reflect broader patterns observed in the gut 
microbiota, where high microbial diversity, imbalance of SCFAs, and increased intestinal 
permeability (i.e., leaky gut syndrome) have been implicated in systemic inflammation 
and oncogenesis, as highlighted in the work of Jacobson et al. [7]. Together, they under-
score how vaginal and intestinal microbial ecosystems can shape local and systemic can-
cer risk through activation of specific microbial pathways. From these microenvironmen-
tal dynamics, amino acids (AAs) are increasingly recognized as key mediators at the in-
tersection of host metabolism, microbial metabolism, and oncogenesis. In both the vaginal 
and intestinal ecosystems, some AAs-such as glutamine, serine, and tryptophan-can be 
metabolized by dysbiotic microbial communities into bioactive metabolites that promote 
or suppress tumor processes. In the vaginal microenvironment, bacterial catabolism of 
AAs under dysbiotic conditions can fuel the production of pro-inflammatory mediators, 
modulate local pH, and alter epithelial homeostasis. At the same time, AAs can serve as 
substrates for SCFA production, enhancing the oncogenic or protective role of these me-
tabolites depending on the microbial context. In the intestine, where amino acid fermen-
tation is most extensive, elevated levels of certain microbial byproducts-such as indoles, 
polyamines, or ammonia-have been linked to epithelial stress, immune modulation, and 
colorectal cancer. In particular, Jacobson’s work highlights how amino acid-driven 
dysbiosis and increased intestinal permeability can lead to systemic translocation of mi-
crobial metabolites, increasing chronic inflammation and contributing to carcinogenesis 
at distant sites. These insights suggest that AA flux, shaped by both diet and microbial 
composition, may act as a metabolic bridge, connecting microbial ecology to tumor biol-
ogy across mucosal surfaces. The vast array of microorganisms inhabiting mammalian 
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body surfaces has co-evolved with the immune system. This co-evolution has resulted in 
a balanced relationship in which the immune system tolerates beneficial microbes while 
remaining vigilant against potential pathogens. The immune system plays a vital role in 
maintaining homeostasis with resident microbial communities. This balance ensures that 
the mutualistic relationship existing between the host and its microbiota is preserved, thus 
preventing dysbiosis that could lead to disease. While many microbes perform functions 
critical for host physiology, they also pose a threat of invasion, potentially leading to pa-
thologies. The immune system’s ability to distinguish between beneficial and harmful mi-
crobes is essential in preventing such breaches. 

The microbiota may influence the tumor microenvironment by promoting or inhib-
iting carcinogenesis. For instance, microbial-driven immune modulation can affect the be-
havior of tumor-associated macrophages (TAMs) and regulatory T cells (Tregs), which 
may either suppress or promote tumor growth [8]. Microbial dysbiosis can lead to epithe-
lial barrier dysfunction, immune system dysregulation, genotoxic effects, and inflamma-
tion, collectively creating a microenvironment that favors tumor development. Interest-
ingly, certain bacteria, such as Chlamydia trachomatis, can induce epithelial-to-mesen-
chymal transition in infected cells. This process may result in a loss of adhesion among 
epithelial cells and a decrease in DNA repair mechanisms, potentially facilitating carcin-
ogenesis. Furthermore, bacterial communities may influence the development, severity, 
and treatment response of gynecological cancers. These microorganisms might initiate 
carcinogenesis through direct or indirect mechanisms; however, it is also possible that the 
tumor microenvironment itself may promote the recruitment and proliferation of anaero-
bic microorganisms [8,9]. Bacteria and viruses are thought to contribute to about 15% of 
malignant neoplasms. Oncogenic bacteria and viruses directly affect carcinogenesis by ei-
ther producing specific toxins that harm host DNA or integrating oncogenes into the host 
genome [10,11]. A summary of these concepts is available in Supplementary Table S6. 

3.2. Is There Space for Recommendations? 

The International Cancer Microbiome Consortium (ICMC) consensus statement on 
the role of the human microbiota in carcinogenesis outlines several key recommendations 
and guidelines to inform future research on how microbiota may influence cancer devel-
opment. This covers genomic integration (by producing metabolites that interact with 
host cells, the microbiota may influence the expression of genes related to inflammation, 
cell cycle regulation, and apoptosis; all of which can result in altered gene expression that 
promotes tumorigenesis), genotoxicity, inflammation (microbial virulence factors trigger 
chronic inflammation in host tissue), promoting cellular proliferation that can eventually 
become dysregulated. When coupled with the failure of apoptosis, this can lead to the 
development of a malignant phenotype), immunity (while the microbiota may inhibit host 
immunity, it is believed that, in a healthy state, the interaction between the microbiota and 
immune system helps maintain an immune “tone” that supports basic anticancer immune 
surveillance mechanisms), and metabolism (i.e., in the context of colorectal cancer, CRC). 
The fermentation of dietary fiber by gut bacteria into SCFAs, such as butyrate, is thought 
to play a crucial role in inhibiting oncogenesis through its anti-inflammatory and antipro-
liferative effects. Conversely, bacterial metabolism of bile acids and proteins can produce 
carcinogenic compounds, such as aromatic amines and sulfides, which have been estab-
lished as mechanisms through which the microbiota may initiate and/or drive carcinogen-
esis. 

The main recommendations of ICMC concentrate on the following topics: 
1. Establishing Causation vs. Association: It is crucial to distinguish between correla-

tion and causation in microbiota-related cancer research. Simply finding an association 
between a specific microbiome composition and cancer does not necessarily imply the 
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existence of a causal relationship. Future studies must rigorously assess causality to avoid 
misinterpretations and confirm whether changes in the microbiota may directly contrib-
ute to carcinogenesis [12]. 

2. Identifying Microbial Mechanisms of Carcinogenesis: The consortium advocates 
for research aimed at identifying the precise molecular mechanisms by which microbial 
communities influence cancer. Specifically: how do certain microorganisms interact with 
host cells to promote tumor development? What metabolites or inflammatory pathways 
are involved in this process? This requires detailed studies of microbial genomics, metab-
olomics, and host-microbe interactions. 

3. Longitudinal studies: The consensus calls for large, well-designed longitudinal co-
hort studies that track patients over time to monitor changes in the microbiome and their 
potential connections to cancer onset or progression. These studies should include diverse 
populations to account for variations in genetic, environmental, and lifestyle factors that 
may influence both the microbiome and cancer risk. 

4. Microbiome Profiling across Cancer Types: Conduct microbiome profiling across 
various cancer types to identify common patterns and unique microbial signatures. This 
research should be comprehensive, considering different body sites and cancer stages 
(e.g., early vs. late-stage tumors). 

5. Controlled Experimental Studies: In addition to observational studies, experi-
mental models (e.g., animal models, organoids) should be utilized to investigate how spe-
cific microbiota compositions impact cancer-related pathways. 

6. Microbial Therapeutics: Investigating therapeutic strategies targeting the microbi-
ota includes developing probiotics or prebiotics to modulate the microbiota and reduce 
cancer risk. Additionally, it involves exploring the use of antibiotics or other microbial 
therapies to modify the microbial environment and prevent cancer development. 

7. Harmonization of Microbiome Data: Given the diversity in microbiome research, 
the consensus highlights the necessity for harmonization across studies. Standardized 
methods for sample collection, sequencing, data analysis, and reporting are essential for 
ensuring reproducibility and facilitating comparison of findings across research studies. 

8. Ethical Considerations in Microbiome Research: Ethical guidelines must be fol-
lowed when collecting microbiome samples from cancer patients, especially regarding 
patient consent, data privacy, and the potential implications of microbiome-based diag-
nostics or treatments. The integration of microbiome data into clinical practice should be 
approached cautiously, considering patient autonomy and the risk of unintended conse-
quences. 

9. Collaboration Between Different Disciplines to foster a multidisciplinary approach: 
Encouraging cooperation among microbiologists, oncologists, immunologists, bioinfor-
maticians, molecular biologists and other related fields, including food scientists, to gain 
a comprehensive understanding of the microbiota’s role in cancer. Collaborative networks 
will accelerate the translation of foundational research findings into clinical applications. 

10. Public and Clinical Awareness: Boost awareness about the microbiome’s potential 
importance in cancer prevention and therapy. This includes educating clinicians on the 
microbiome’s role and advocating for its inclusion in cancer diagnostics and treatment 
planning [13]. 

3.3. Vaginal Microbiota and Ovarian Cancer: Microbial Signatures 

Chanyuan et al. investigated the relationship between VMB dysbiosis and ovarian 
cancer progression. They observed significant alterations in the VMB of ovarian cancer 
mouse models, indicating a state of dysbiosis. This imbalance was associated with changes 
in metabolite profiles, particularly those related to amino acid and lysophospholipid me-
tabolism [14]. Administering broad-spectrum antibiotics locally helped reverse the 
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microbiota dysbiosis and suppressed tumor progression in the mouse models, suggesting 
a potential therapeutic avenue. This highlights a diagnostic potential: given the anatomi-
cal challenges of directly assessing ovarian microbiota, the study proposes using vaginal 
bacteria as non-invasive biomarkers for monitoring ovarian cancer progression. Notably, 
the presence of the bacterial genus Burkholderia demonstrated high diagnostic value, with 
an area under the curve of 0.8843, indicating strong potential as a biomarker. The results 
of this study emphasized the significant role of VMB in ovarian cancer progression. The 
findings suggest that targeting microbiota dysbiosis could serve as both a therapeutic 
strategy and a diagnostic tool, paving the way for microbe-based interventions in ovarian 
cancer management. In practice, this research supports the idea of microbiota-targeted 
interventions, such as probiotics and prebiotics, as novel approaches for managing ovar-
ian cancer [14]. Moreover, changes in the VMB were closely linked to alterations in meta-
bolic pathways in murine models. Healthy controls exhibited a higher abundance of ben-
eficial bacteria, such as Lactobacillus spp., which are known to play a protective role by 
maintaining a balanced vaginal environment. In ovarian cancer models, these protective 
Lactobacillus spp. populations were markedly reduced, contributing to the observed 
dysbiosis. Lactobacilli help maintain low vaginal pH and produce antimicrobial com-
pounds that inhibit pathogenic bacteria. The depletion of these microbes may create an 
environment more favorable for tumor-promoting pathogens. 

Banerjee et al. identified a unique microbiome signature associated with ovarian can-
cer [15]. By utilizing a pan-pathogen array (PathoChip) in combination with capture-next 
generation sequencing, the researchers analyzed ovarian cancer samples alongside both 
matched and unmatched control samples. Their findings revealed a distinct presence of 
viral, bacterial, fungal, and parasitic signatures in ovarian cancer cases providing insights 
that could inform the development of targeted therapeutics for ovarian cancers. Notably, 
specific viral integration sites within the host genome of tumor samples were identified, 
suggesting a potential role in the carcinogenic process. 

The key species highlighted in their findings were viral signatures: 

- Human papillomavirus (HPV)—HPV 6 was found integrated into the host genome 
in both invasive and borderline tumors, whereas it episomally existed in healthy con-
trols. 

- Epstein–Barr virus (EBV) and human cytomegalovirus (CMV) were identified in 50% 
of ovarian cancer tissues, with an associated elevated risk of ovarian tumor develop-
ment (OR 8; 95% CI 0.888, 72.10). 

- Human herpesvirus 6 and 7 (HHV-6, HHV-7) may modulate the tumor microenvi-
ronment. Retroviruses, such as endogenous retroviruses, have been observed in tu-
mor tissues [16]. 

At first glance, the connection between the papillomavirus family and ovarian cancer 
may seem unusual, given its well-known link to cervical cancers. Nevertheless, some ev-
idence supports this association with ovarian cancer. The first mechanism involves inhib-
iting insulin-like growth factor-binding proteins, which increases the availability of free 
and active insulin-like growth factors that may have mitogenic effects [17]. The second 
mechanism involves the activation of oncogenic genes, such as SH3RF2, which typically 
regulate the activity of the p21 protein, involved in cell-cycle arrest [18]. 

As concerning bacterial signature, it consisted of: 
Fusobacterium nucleatum—Enriched in ovarian cancer tissues and linked to inflamma-

tion and carcinogenesis. 
Propionibacterium acnes—Associated with immune modulation in the tumor microen-

vironment. 
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Group B Streptococcus—Detected in ovarian cancer samples, potentially influencing 
local immune responses. 

Shanmughapriya et al. also found Chlamydia trachomatis infection in 80% of cancer-
ous ovarian tissues, with a significantly higher risk reported (odds ratio [OR] 32; 95% con-
fidence interval 3.33, 307.65) of developing infection-related ovarian tumors [15]. Chla-
mydia trachomatis can ascend from the vagina to the upper reproductive tract, leading to 
pelvic inflammatory disease (PID). PID has been linked to an increased risk of ovarian 
cancer [5]. Similarly to Chlamydia trachomatis, all incriminating PID microorganisms 
share this association. Therefore, Chlamydia trachomatis may promote carcinogenesis by 
allowing the survival of DNA-damaged host cells or by transferring tubal-derived cells to 
environments that enhance ovarian growth [14]. 

Also, fungal signatures were identified, including Candida albicans, which influence 
inflammatory responses and tumor progression, along with Aspergillus spp. 

These microbial signatures indicate complex interactions between the oncobiome 
and the tumor microenvironment, which may influence cancer initiation, progression, and 
immune modulation [18]. 

In particular, a potential role has been examined in the context of recidivism. Jacob-
son et al. found that patients with shorter recurrence times exhibited decreased microbial 
diversity in the gut. Specific microbial taxa, such as a reduction in Ruminococcaceae and 
an increase in Proteobacteria, were associated with faster recurrence. They also noted a 
loss of dominance by Lactobacillus spp. in the VMB of patients with shorter recurrence 
intervals, along with the presence of non-Lactobacillus spp., such as Escherichia coli, linked 
to chemoresistance and worse clinical outcomes [7]. 

3.4. The Reported Populations of Microorganisms: A Closer Look 

VMB is classified into five community state types (CSTs): CST I –Lactobacillus crispa-
tus; CST II—Lactobacillus gasseri; CST III—Lactobacillus iners; CST IV—Characterized by 
low presence of Lactobacilli and high microbial diversity; CST V—Lactobacillus jensenii. 
The majority fall into CSTs I through III, which are mainly composed of Lactobacillus spp., 
including Lactobacillus crispatus, Lactobacillus gasseri, and Lactobacillus iners. A smaller sub-
set belongs to CST IV, which includes various strictly and facultative anaerobic bacteria 
or a microbiota more susceptible to bacterial vaginosis, characterized by higher levels of 
Atopobium vaginae, Gardnerella vaginalis, Prevotella bivia, and Parvimonas micra [19]. 

The composition of the VMB also appears to vary depending on the female popula-
tions of different ethnic groups. For example, a reduced prevalence of Lactobacilli has 
been observed in black women, with a predominance of Atopobium and Clostridiales [20]. 
Indirectly, one could assume a higher incidence of correlation with the onset of ovarian 
neoplasia, but this remains an assumption that needs to be investigated from scratch. 

VMB with fewer than 50% dominance of Lactobacillus spp. has been defined as Com-
munity Type O. This is more prevalent among ovarian cancer patients and individuals 
with BRCA1 mutations. 

A recent case–control study investigated the connection between cervicovaginal mi-
crobiota and ovarian cancer by analyzing three distinct groups: (i) women diagnosed with 
epithelial ovarian cancer prior to treatment; (ii) individuals with a BRCA1 mutation who 
do not have ovarian cancer, and (iii) a control group consisting of healthy individuals as 
well as those bearing benign gynecological conditions. 

One of the key findings was that, among the 85 participants under the age of 50, the 
majority (81%) were premenopausal. Interestingly, women with ovarian cancer were sig-
nificantly more likely to exhibit a Lactobacillus-depleted microbiota (defined as Commu-
nity Type O) compared to age-matched controls. After adjusting for key variables, the 
study found that ovarian cancer patients had an odds ratio of 2.80 (95% CI: 1.17–6.94) for 
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developing this type of microbiota, suggesting a potential association between dysbiosis 
and ovarian cancer. 

The study also found that BRCA1 mutation carriers under 50 were more prone to 
have a Community Type O microbiota compared to those without the mutation. This ob-
servation raises intriguing questions about the potential genetic influence on microbiota 
composition, as the human genome plays a role in regulating tissue-associated microbial 
communities. It is possible that BRCA1 loss-of-function mutations not only contribute to 
cancer susceptibility but also may affect the gut and cervicovaginal microbiota, further 
complicating the understanding of ovarian cancer development. 

Beyond genetic predisposition, external factors were also examined regarding micro-
biota composition and cancer risk. The study observed that smoking adversely affects the 
presence of Lactobacillus spp., potentially fostering a more dysbiotic and inflammatory en-
vironment that could contribute to carcinogenesis. Conversely, estrogen-based hormonal 
contraception and hormone replacement therapy (HRT) appeared to enhance Lactobacillus 
spp. dominance, which may have protective effects against ovarian cancer. 

However, one of the biggest challenges in interpreting these findings is the possibility 
of reverse causation. Instead of dysbiosis having a causal role in the development of ovar-
ian cancer, it is also possible that the cancer itself may alter the tumor microenvironment, 
leading to changes in microbiota composition. This raises the question of whether micro-
bial imbalances contribute to cancer initiation or if they are merely a consequence of the 
disease process. 

Overall, while the study highlights fascinating connections between ovarian cancer, 
the vaginal microbiota, and BRCA1 mutations, further research is necessary to determine 
whether changes in microbiota result from the disease or contribute to its onset. Gaining 
a deeper understanding of this relationship could open up new avenues for microbiota-
targeted therapies, early detection biomarkers, and even preventive strategies for individ-
uals at risk [21]. 

Regardless of their menopausal state, ovarian cancer patients exhibit microbiota sim-
ilar to that of healthy postmenopausal women, characterized by increased microbial di-
versity and elevated levels of Propionibacterium spp. and Corynebacterium spp. These 
changes can even be observed in early-stage ovarian cancers [22]. 

A study highlighted that a significant reduction in Lactococcus spp. levels in ovarian 
cancer tissue could serve as a potential biomarker for the early detection of the disease. 
However, the limited research specifically focusing on the ovarian microbiota leaves the 
role of microbes within the ovaries ambiguous [23]. 

Clostridium cluster XIVa, a group of bacteria that produce high levels of butyrate, was 
negatively associated with ovarian cancer tumor scores. The inhibitory effects of butyrate 
on cancer cell growth may rely on its role in promoting regulatory T cells (Tregs). Esche-
richia coli lipopolysaccharides trigger inflammatory responses in ovarian tumor cells, pro-
moting growth and chemoresistance via the inflammatory TLR-4-MyD88 pathway. TLR 
signaling, a known driver of inflammatory responses, may facilitate ovarian cancer pro-
gression. Intratumoral microbes may activate inflammation-induced hedgehog signaling 
pathways, contributing to the progression of ovarian cancer. Vaginal microbes may influ-
ence the upper genital tract through microbial ascension, which refers to bacteria moving 
from the vagina to the ovaries through structural continuity in the reproductive tract, or 
through inflammatory connections, in which chronic conditions, such as pelvic inflamma-
tory disease and endometriosis, might predispose the development of ovarian cancer 
through sustained inflammation and genomic instability. 

Chan et al. investigated the presence of Mycoplasma spp. DNA in ovarian cancer tis-
sues compared to vaginal tissues, which served as control non-malignant samples. Utiliz-
ing sensitive PCR–ELISA methods, the researchers detected Mycoplasma spp. DNA in 
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59.3% of the analyzed ovarian cancer samples. By including vaginal tissues as controls, 
the researchers aimed to determine whether the presence of Mycoplasma spp. DNA was 
specific to ovarian cancer or part of the natural microbial composition of the female repro-
ductive tract. The significantly higher prevalence of Mycoplasma spp. DNA, in ovarian 
cancer tissues compared to vaginal tissues, suggests a potential association with ovarian 
carcinogenesis, rather than a generalized presence in the reproductive tract. The study 
hypothesizes that Mycoplasma spp. could contribute to cancer development through 
mechanisms such as chronic inflammation, immune evasion by the tumor, and induction 
of genomic instability in host cells. These findings underline the need for further research 
to clarify whether Mycoplasma spp. act as a cofactor in cancer development or merely re-
flect an opportunistic infection in tumor environments [24]. The etiopathogenetic link ap-
pears to be such that Cazzaniga et al. have already summarized the oncogenic mecha-
nisms of ovarian cancer in a descriptive scheme, highlighting the decrease in the propor-
tion of lactobacilli and the increase in the bacterial populations of Proteobacteria and Fir-
micutes phyla. This is accompanied by a proportional rise in anaerobic bacteria, as well as 
infections with Mycoplasma spp. or Chlamydia spp., and retroviruses, including Herpesvi-
rus, HPV, and CMV. These factors, along with genetic and environmental influences, con-
tribute to the transformation of ovarian cells into cancerous cells. 

BV is a dysbiotic condition of the vaginal microbiota, primarily initiated by Gard-
nerella vaginalis (GV), which disrupts the protective dominance of lactobacilli. GV serves 
as a key initiator, forming biofilms that facilitate the growth of a polymicrobial community 
comprising Atopobium vaginae, Prevotella bivia, Mobiluncus spp., and Fusobacterium nuclea-
tum. These organisms work synergistically to destabilize the vaginal ecosystem, leading 
to the characteristic symptoms of BV and a metabolically altered environment. Recent 
studies have begun to uncover how specific cervical metabolites produced by these mi-
crobes-such as acetate and propionate-may act as oncogenic promoters, while others, such 
as butyrate, may play antineoplastic and immunomodulatory roles. These new insights 
into the metabolic profile of BV not only deepen our understanding of the dynamics of 
infection but also lay the groundwork for exploring the role of AAs in shaping the local 
microenvironment, potentially serving as key metabolic signals or modulators in health 
and disease. 

Gardnerella vaginalis is frequently associated with bacterial vaginosis (BV) and has 
been linked to a higher risk of gynecological cancers. It forms biofilms that may protect 
cancer cells from chemotherapy drugs, potentially reducing treatment effectiveness. The 
inflammation caused by Gardnerella vaginalis may create a microenvironment that encour-
ages cancer progression and chemoresistance. Atopobium vaginae often coexists with Gard-
nerella vaginalis in cases of bacterial vaginosis. It contributes to a dysbiotic VMB and has 
been associated with HPV persistence and cervical cancer. Some studies indicate that its 
presence may diminish the effectiveness of chemotherapy by promoting chronic inflam-
mation and fostering a tumor-friendly microenvironment. Prevotella spp. have been con-
nected to immune suppression, which compromises the efficacy of immunotherapies in 
gynecological cancers. Escherichia coli in the vaginal or gut microbiome can affect drug 
metabolism, resulting in increased toxicity or decreased effectiveness of chemotherapy 
agents. In some cases, chemotherapy-induced gut dysbiosis can lead to the overgrowth of 
harmful Escherichia coli strains, exacerbating inflammation and side effects [25]. 

Finally, Zhou et al. investigated the differences in microbiota between ovarian cancer 
tissues and normal distal fallopian tube tissues. Utilizing 16S rRNA high-throughput se-
quencing, the researchers analyzed 25 samples from each tissue type. Notably, there was 
an increased ratio of Proteobacteria to Firmicutes phyla in ovarian cancer samples, suggest-
ing a potential link between changes in microbial composition and the development of 
ovarian cancer. Additionally, transcriptome sequencing revealed distinct transcriptional 
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profiles between the two tissue types, with modulation observed in 84 inflammation- or 
immune-associated genes. The study hypothesizes that alterations in microbial composi-
tion may influence the initiation and progression of ovarian cancer by affecting the local 
immune microenvironment of the fallopian tubes [26]. 

3.5. Role of Amino Acids in Tumor Microenvironment 

Vaginal dysbiosis has been found to alter the metabolism of AAs in a way that com-
plicates the process of carcinogenesis. Abnormal levels of specific AAs have been de-
tected, which may contribute to the tumor microenvironment [27–29]. 

For instance, glutamine is a critical nutrient for tumor cells, fueling the tricarboxylic 
acid (TCA) cycle and promoting growth and survival. Indeed, increased levels of gluta-
mine were detected in the tumor environment, and glutamine was demonstrated to sup-
porting proliferation of ovarian cancer cells [30]. Abnormal tryptophan metabolism was 
also noted, often linked to immune evasion in tumors. Tryptophan catabolism can result 
in production of kynurenine, which suppresses T-cell activity [31] and fosters a tumor-
permissive immune environment through the recruitment and polarization of regulatory 
T cells [32]. 

Higher levels of arginine were found, potentially promoting tumor proliferation and 
angiogenesis (the formation of new blood vessels). Indeed, arginine can be converted into 
ornithine and urea by the enzymes arginases or can be used for nitric oxide production. 
Arginine metabolism can have dual effects, supporting both tumor progression and im-
mune responses [33]. Moreover, dysregulation of arginine and ornithine availability may 
boost polyamine production, which aids in DNA stabilization and cancer cell proliferation 
[33]. 

Lower levels of cysteine have been reported, which may decrease glutathione pro-
duction (a key antioxidant) and increase oxidative stress in the tumor microenvironment. 
Serine depletion has also been noted, which could hinder normal cellular functions as it 
is diverted to cancer-specific biosynthetic pathways. Reduced glycine levels may suggest 
altered one-carbon metabolism, often reprogrammed in cancer cells to facilitate nucleotide 
synthesis. Abnormal levels of branched-chain AAs (BCAAs), such as leucine, isoleucine, 
and valine, have been linked to changes in signaling pathways that promote tumor 
growth. Disruptions in methionine metabolism may lead to epigenetic modifications (e.g., 
DNA methylation) that drive oncogenic gene expression [34]. The altered levels of these 
AAs, influenced by VMB dysbiosis, play a critical role in shaping the tumor microenvi-
ronment [35,36]. They contribute to processes such as immune evasion, oxidative stress, 
angiogenesis, and the proliferation of cancer cells. These findings suggest that targeting 
amino acid metabolism may offer therapeutic potential for managing ovarian cancer [14]. 
Supplementary Figure S1 summarizes these features in a heatmap. 

Glutamine metabolism is well supported by preclinical and clinical tumor metabo-
lomics studies: glutamine fuels the TCA cycle and nucleotide synthesis, consistently act-
ing in a pro-tumor direction by sustaining proliferation and survival [30]. Tryptophan ca-
tabolism via the kynurenine pathway is also supported by strong preclinical evidence and 
correlative clinical data, fostering pro-tumor immune evasion by suppressing effector T 
cells and promoting regulatory T cell polarization [31,32]. Arginine metabolism shows 
mixed effects: preclinical studies demonstrate pro-tumor roles (angiogenesis, polyamine 
production, DNA stabilization), but arginine can also support anti-tumor immunity via 
nitric oxide generation, highlighting context-dependent directionality [33]. Cysteine and 
serine depletion are mostly preclinical findings that reduce antioxidant capacity (glutathi-
one) and redirect carbon flux into cancer-specific biosynthesis, again acting in a pro-tumor 
fashion. Glycine and methionine alterations are supported by tumor metabolomic and 
epigenetic studies, where one-carbon metabolism and DNA methylation changes 
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consistently promote oncogenic programming. Branched-chain amino acids (BCAAs), 
though less studied in ovarian cancer specifically, show preclinical evidence of pro-tumor 
signaling activation (e.g., mTOR). 

3.6. Gut–Vaginal Microbiota Axis: Is There a Real Connection? 

The “gut microbiota” is the collective term for the trillions of microorganisms—pri-
marily bacteria, but also viruses, fungi, and archaea—that reside in the human digestive 
tract, particularly in the intestines [34]. These microbes form a complex and dynamic eco-
system that plays an essential role in maintaining human health. They help break down 
dietary fiber and complex carbohydrates that the body cannot digest on its own, produc-
ing SCFAs and other metabolites that promote gut health [35]. The microbiota also con-
tributes to the synthesis of certain vitamins (such as B12 and K), regulates immune func-
tion, and helps prevent colonization by harmful pathogens through a mechanism known 
as competitive exclusion [10,36,37]. Most of the gut microbiota consists of bacteria, with 
two major phyla—Firmicutes and Bacteroidetes—dominating in healthy individuals. These 
microbes also produce particularly SCFAs that support gut lining integrity and reduce 
inflammation. The composition of an individual’s gut microbiota is shaped by factors such 
as diet, lifestyle, environment, age, and even mode of birth (vaginal or cesarean). Imbal-
ances in this microbial community, known as “dysbiosis,” have been linked to a range of 
conditions, including gastrointestinal disorders such as inflammatory bowel disease, met-
abolic diseases such as obesity and type 2 diabetes, and even neurological conditions such 
as depression and anxiety. 

Beyond its roles in metabolism and immunity, emerging research has uncovered a 
link between the gut microbiota and oncogenesis. Certain microbial imbalances may con-
tribute to chronic inflammation, DNA damage, or immune suppression, potentially pro-
moting the development of cancers, particularly in the colon [38]. Understanding and nur-
turing the gut microbiota is increasingly recognized as a key aspect of personalized med-
icine and preventive healthcare [39]. 

Concerning ovarian cancer, the gut microbiota has been considered particularly sig-
nificant [40], as often the disease firstly presents through gastrointestinal symptoms like 
abdominal pain and bloating. Evidence from preclinical models suggests that gut micro-
biota play a crucial role in regulating inflammatory responses necessary for both immu-
notherapy and chemotherapy. This indicates that manipulating specific bacterial popula-
tions in the gut may enhance the effectiveness of cancer treatment, presenting a potential 
therapeutic target [40]. 

In light of the connection existing between vaginal and intestinal microbiota and 
ovarian cancer, it has also been revealed that cancer-related cachexia results from in-
creased intestinal permeability due to microbial pathogens or inflammation, potentially 
triggering a systemic immune response. Chemotherapy may exacerbate this process by 
further increasing intestinal permeability, leading to chronic inflammation, metabolic dys-
function, and malnutrition. Therefore, maintaining gut barrier integrity could help miti-
gate the symptoms of cachexia. The “GI microbiota–muscle axis” has also become a con-
crete concept, suggesting that gut bacteria can impact muscle mass both positively and 
negatively. While the microbiota contributes to amino acid availability, which is essential 
for muscle maintenance, it can also activate TLRs, triggering NF-B signaling, promoting 
inflammation and muscle wasting. This indicates that gut bacteria play a crucial role in 
the development of cachexia. An additional study in a leukemia mouse model found that 
cachexia was associated with a reduced abundance of Lactobacillus spp. in the gut. Sup-
plementing with Lactobacillus reuteri and Lactobacillus gasseri decreased inflammatory cy-
tokines and increased muscle mass, indicating that gut microbiota alterations contribute 
to cachexia. While these findings are promising, validation in human studies is needed by 
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comparing the microbiota composition in healthy individuals versus cachectic ovarian 
cancer patients [41–43]. 

The study by Morikawa et al. found that premenopausal ovarian cancer patients ex-
hibit a cervicovaginal microbiota shift resembling that of healthy postmenopausal 
women, who are characterized by reduced dominance of Lactobacillus spp. and increased 
microbial diversity. Similar common differences were observed across various histotypes, 
such as high-grade serous ovarian cancers and clear cell types [44]. 

Similarly, from the gut microbiota studies, we derived insights suggesting that com-
pounds secreted by Enterococcus faecium may possess potential anticancer properties 
against ovarian cancer. The effects were observed through the inhibition of cancer cell 
growth, as Enterococcus faecium significantly reduced Caov-4 cell viability in a dose- and 
time-dependent manner. Additionally, induction of apoptosis was observed, with treated 
cells exhibiting DNA fragmentation, nuclear condensation, and increased apoptotic mark-
ers, confirming programmed cell death. Gene expression changes included the upregula-
tion of pro-apoptotic genes (BAX, PTEN) and the downregulation of anti-apoptotic genes 
(BCL2, AKT1), which promoted cell death [45]. 

In recent years, the concept of modulating the gut microbiota as a means to prevent 
or treat cancer has evolved from theoretical to highly promising. Researchers are just dis-
covering how deeply the microbiota influences not only our digestive and immune sys-
tems, but also how our bodies respond to cancer and its treatments. This complex com-
munity of microorganisms, particularly in the gut, can impact a wide range of processes, 
including inflammation, immune signaling, and the effectiveness of chemotherapy and 
immunotherapy. 

One of the key strategies under exploration involves dietary and microbial interven-
tions. For example, prebiotics—which are non-digestible plant fibers—serve as nourish-
ment for beneficial bacteria. By feeding genera like Bifidobacterium and Lactobacillus, prebi-
otics can help shift the microbial balance toward a more protective state, reducing pro-
inflammatory or carcinogenic bacterial populations [46]. 

Likewise, probiotics, which are live beneficial bacteria, have shown promise in mod-
ulating the immune response, strengthening the intestinal barrier, and even producing 
substances that can inhibit the growth of cancer cells. Certain strains, such as Lactobacillus 
rhamnosus, may also aid in managing the side effects of cancer treatments, like chemo-
therapy-induced gut damage [47]. 

Then, we have postbiotics, which are not live organisms but beneficial compounds 
produced by microbes—like SCFAs, such as butyrate. Butyrate is particularly interesting 
because it helps maintain the integrity of the gut lining and can even induce cancer cell 
death, especially in the colon. 

A combination of prebiotics and probiotics, known as symbiotics, aims to maximize 
the benefits of both. These are currently being investigated for their potential role in en-
hancing gut health and supporting immune function during cancer therapy [48]. 

Beyond dietary approaches, more advanced clinical interventions are gaining trac-
tion. Fecal microbiota transplantation (FMT)—the transfer of stool from a healthy donor 
to a patient—has been successfully used to treat gut infections and is now under investi-
gation in oncology. Early studies indicate that FMT may enhance the effectiveness of im-
mune checkpoint inhibitors in cancers like melanoma by reintroducing beneficial bacteria 
that help activate the body’s immune defenses. 

Another experimental yet intriguing technique is vaginal microbiota transplantation 
(VMT). While still in its early stages, VMT is currently being studied in women at risk for 
gynecological cancers, particularly those linked to HPV infection. The aim is to restore a 
healthy, Lactobacillus spp.-rich vaginal environment, which may help reduce viral persis-
tence and inflammation—two factors linked to the development of cervical cancer [49]. 
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Together, these approaches reflect a broader shift in how we view cancer therapy—not 
only targeting the tumor but also supporting the body’s internal environment to fight back 
more effectively. As our understanding of the microbiota improves, it is becoming evident 
that modulating these microscopic allies could play a crucial role in more personalized 
and holistic cancer care. 

4. Discussion 
Most links between the vaginal microbiota and ovarian cancer are correlational ra-

ther than causal. The idea that microbes ascend from the vagina to the ovaries is proposed 
but still not definitely demonstrated. Confounding factors like age, hormones, and BRCA 
status complicate interpretation, and ovarian cancer itself could secondarily alter the mi-
crobiota. Mechanistic studies and longitudinal data are still needed to clarify whether 
dysbiosis contributes to carcinogenesis or is merely a consequence. 

Current Evidence and Limitations 
Emerging research on the role of vaginal microbiota in ovarian cancer suggests that 

microbial imbalances—dysbiosis—may be associated with the development of the disease 
but could also influence treatment outcomes. However, evidence remains inconclusive. 
Capozzi et al. found no significant difference in the prevalence of genital dysbiosis be-
tween ovarian cancer patients and healthy controls, despite prior studies linking dysbiosis 
to cervical and endometrial cancers. [50]. 

These findings highlight the need for cautious interpretation, as most studies to date 
are correlational rather than causal. 

Diagnostic Potential 
Non-invasive vaginal microbiota screening has been proposed as an effective tool for 

early-stage ovarian cancer detection. Dysbiosis may trigger chronic inflammation and 
metabolic alterations that promote tumorigenesis, while specific microbial metabolites 
could influence hormonal and metabolic pathways relevant to cancer progression. Iden-
tifying microbial signatures specific to ovarian cancer could therefore improve risk strati-
fication. This microbiome screening could complement existing diagnostic methods, of-
fering a more comprehensive view of an individual’s risk. Furthermore, combining the 
microbiome profile with other diagnostic biomarkers, such as mutational and methylation 
analyses, could enhance the accuracy of ovarian cancer detection. 

Restoring microbiota balance through probiotic treatments (e.g., Lactobacillus spp. 
supplements) may reduce inflammation and improve immune responses, making the 
body more resilient to cancer therapies such as chemotherapy and immunotherapy. Ad-
ditionally, antibiotic stewardship is vital in preventing dysbiosis during cancer treatment. 
While antibiotics are essential for treating infections, they can disrupt the delicate balance 
of the microbiota, potentially leading to conditions that worsen cancer development. 
Therefore, preventing such disruptions through mindful antibiotic use is crucial for main-
taining a healthy microbiota during treatment. 

There is need for additional experimental approaches, in which microbiota trans-
plants could be explored to restore a beneficial microbiota, either before or during cancer 
therapy, thereby helping to enhance treatment efficacy and minimize side effects (Supple-
mentary Figure S2). These innovative treatments might be integrated into personalized 
cancer care, where therapies are customized to the individual based on their microbiome 
composition. 

Looking toward the future, microbiota profiling could become a cornerstone of per-
sonalized gynecologic cancer therapy. Standardized protocols for implementing microbi-
ota-modulating interventions—such as determining optimal probiotic strains or dietary 
recommendations—are needed to incorporate these approaches into clinical practice. Ad-
ditionally, further clinical trials will be necessary to assess the safety and effectiveness of 
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these microbiota-based interventions in gynecologic cancer patients. Van Bommel et al. 
demonstrate that mutational testing of cervicovaginal and endometrial samples has lim-
ited sensitivity, underscoring the need for complementary approaches that include micro-
biome-based strategies [51]. 

Furthermore, about potential relationship between BRCA1/2 genes and ovarian can-
cer, we know that BRCA1/2 mutations may directly reshape the vaginal environment by 
altering epithelial turnover, immune signaling, hormone regulation, and mucosal barrier 
integrity. These changes disrupt conditions that normally support Lactobacillus domi-
nance, leading to dysbiosis. Such microbiota shifts can amplify inflammation and geno-
toxic stress, creating a feedback loop that may further increase ovarian cancer risk [52]. 

Reverse causation could be assumed actually; therefore, the need for prospective 
studies is desirable. 

Population and Racial Differences 
Racial and population-level differences in microbiota composition warrant closer at-

tention. For example, African American women show distinct vaginal metabolomic pro-
files compared to White women, suggesting that microbiota-related cancer risks may dif-
fer across populations. Broader representation in future studies will be critical to ensure 
findings are generalizable beyond Western cohorts [53]. Other potential confounding fac-
tors—such as sexual activity, antibiotic use, and hormonal status—should be considered 
in the correlation definition between these two entities. 

Therapeutic Implications 
Microbiota-modulating interventions represent promising strategies to support can-

cer therapy [54,55]. 
Restoring Lactobacillus spp. balance through probiotic supplementation may reduce 

inflammation, strengthen immune responses, and improve outcomes from chemotherapy 
and immunotherapy. Equally important is antibiotic stewardship, since unnecessary an-
tibiotic use can disrupt the microbiota and potentially worsen cancer-related outcomes. 
More experimental approaches, such as microbiota transplantation, are also being inves-
tigated to restore beneficial communities before or during treatment, potentially improv-
ing efficacy and minimizing side effects. 

Future Directions 
Ovarian cancer is often marked by loss of vaginal Lactobacillus dominance, increased 

microbial diversity, and enrichment of anaerobes such as Gardnerella and Prevotella, pat-
terns that can distinguish it from other gynecologic conditions. However this should be 
confirmed on high level of evidence studies. Rather than relying on a single species, the 
most promising approach is a multimarker microbial signature combined with host and 
clinical data. To standardize this for screening, protocols must unify sample collection 
(e.g., vaginal swabs), storage and sequencing methods, and apply reproducible analytic 
pipelines. Validated classifiers should then be tested across diverse populations in pro-
spective studies, with clear thresholds and quality controls to ensure reliability in clinical 
programs. 

Furthermore, in a prospective view, microbiota-modulating strategies in ovarian can-
cer should be personalized by first profiling each patient’s gut and vaginal communities 
and then tailoring interventions such as Lactobacillus-based probiotics, prebiotic or die-
tary support or precision microbiota transplants to correct specific dysbiosis patterns. 

Future work should aim to identify microbial signatures most strongly associated 
with ovarian cancer risk and treatment response. Developing standardized protocols for 
probiotic strains, dietary recommendations, and other microbiota-modulating interven-
tions will be essential for translation into clinical practice. Well-designed clinical trials are 
also necessary to confirm the safety and efficacy of these strategies and to clarify whether 
observed microbial shifts are causes or consequences of ovarian cancer. 
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Although the current evidence does not establish a causal link between vaginal 
dysbiosis and ovarian cancer, microbial imbalance remains an important factor that de-
serves attention. Incorporating microbiota-focused approaches into prevention, diagnos-
tics, and therapy holds promise for improving patient outcomes. With continued research, 
microbiota-based strategies may become key components of personalized gynecologic 
cancer care. 

Our intent was simply to summarize the evidence. An additional examination was 
conducted on amino acid metabolism and the integration of the gut–vaginal axis, and 
therapeutic implications were discussed, particularly to provide gynecologists with some 
food for thought from current research for their daily clinical practice. 

It is vital to emphasize that vaginal dysbiosis is not a minor issue and deserves our 
attention; it should be acknowledged and treated appropriately, as it can be regarded as 
a means of cancer prevention. We therefore suggest a summary of key points to consider 
in this regard. Future studies will show how accurate or inaccurate our suggestions have 
been to date. 

5. Conclusions 
Restoring a healthy vaginal and uterine microbiota may help reduce the risk of gy-

necologic cancer. Possible interventions include probiotics (e.g., Lactobacillus spp. supple-
ments) to maintain a protective microbiota, prebiotics to encourage the growth of benefi-
cial bacteria, and dietary interventions (e.g., fiber-rich diets) to support a healthy microbi-
ota. 

Moreover, the composition of the microbiota could affect the efficacy of chemother-
apy and immunotherapy. Therefore, possible approaches to enhance treatment outcomes 
will be explored in the future, such as probiotic supplementation to reduce inflammation 
and improve immune response, antibiotic stewardship to prevent dysbiosis during cancer 
treatment, and microbiota transplants (an experimental approach) to restore a beneficial 
microbiota before or during therapy. 
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CST I Lactobacillus crispatus 
Stable, low pH, protective 
barrier, strong lactic acid 
production 

Considered protective; reduced 
dysbiosis-associated inflammation 

CST II Lactobacillus gasseri 
Moderate stability, lactic acid 
producer but less dominant than 
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moderate protection 
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