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Abstract: The overall pathogenesis of bladder cancer is still unknown. The microbiota has been
shown to play a critical role in the development of different types of cancer. Nevertheless, the role
of the microbiota in the development of bladder cancer is still not fully discovered. This review
aims to assess the urinary, vaginal, and intestinal microbiota analyzed from the bacterial, viral, and
fungal compartments of bladder cancer patients compared with the microbiota of controls to reveal
possible differences. A systematic review according to the PRISMA guidelines will be performed.
The findings will be presented in narrative form as well as in tables and graphs.

Keywords: bladder cancer; microbiome; bladder microbiota; intestinal microbiota; vaginal
microbiota; bacteria; viruses; fungi

1. Introduction
1.1. Rationale

In 2020, around 570,000 people were diagnosed with bladder cancer worldwide [1],
leading to approximately 210,000 deaths. Generally speaking, many risk factors for the
development of bladder cancer are well known. The most prominent factor accounting
for around half of all cases is smoking [2]. Another risk factor is chronic inflammation
triggered by urinary tract infections or urothelial irritants [3]. Although these risk factors
have been identified and studied in detail, comprehensive information to explain the
overall pathophysiology of bladder cancer is still lacking.

Recent investigations support the hypothesis that the bladder has its own local micro-
biome [4], a term that encompasses the combined genetic material of the microorganisms
in this particular environment [5,6]. Due to new technologies, bacterial markers can be
found in voided urine, which was previously thought to be sterile [7,8]. Since it has been
shown that the human microbiota (i.e., the collection of microorganisms in a particular
environment [9,10]) has a vast influence on the development of cancer (e.g., colorectal
carcinoma, oropharyngeal carcinoma, and cervix carcinoma [7,8]), it seems reasonable to
assume that this is also the case for the “Urobiome” (i.e., “microbial communities in the
urinary tract” [11]) and the development of bladder cancer. Nevertheless, the question
remains to be answered whether the urinary or, in particular, the bladder microbiota is one
of the missing pieces in the etiology of bladder cancer.

Research on the urinary and bladder microbiota has mainly focused on bacteria; how-
ever, it is well known that the microbial community consists not only of bacteria but also
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viruses and eukaryotic microorganisms (such as archaea and fungi) [10]. Moreover, it has
been discovered that the human microbiota across different body cavities communicate
with or influence each other [10]. Supporting evidence comes from data on the gut mi-
crobiota playing a role in urological diseases [12], thus raising the question of whether
the gut microbiota or the vaginal microbiota influence the development of bladder cancer,
presumably due to their anatomical proximity.

Despite considerable research on bacterial colonization of the urinary tract, different
sampling and analysis methods lead to inconsistent results. This is even aggravated in
terms of viruses and fungi sampling and cultivation, which is why a clear link between the
microbiota and bladder cancer remains elusive [10].

To the best of our knowledge, several (systematic) reviews analyzing the urinary
or explicitly the bladder microbiota and its correlation with bladder cancer have been
conducted [10,13–16]. Nevertheless, no systematic review of the bacterial, viral, and
fungal microbiota of the bladder, intestine, and vagina in patients with bladder cancer has
been performed.

1.2. Objective

This systematic review aims to summarize the evidence of existing studies on the
composition of the bladder, vaginal, and intestinal microbiota in patients with bladder
cancer compared with controls. Since the microbiota does not only consist of bacteria, we
intend to include viral and fungal components in our investigation as well. Therefore,
this systematic review will answer the following question: Are there differences in the
composition of the bladder, vaginal, and intestinal microbiota analyzed from the bacterial,
viral, and fungal compartments between patients with bladder cancer and controls?

2. Materials and Methods

This systematic review protocol was developed and will be conducted according to the
PRISMA [17,18] and PRISMA-P [19] guidelines, respectively, with additional guidance from
the Cochrane Handbook of Systematic Reviews [20] and the Systematic Reviews guidance
from the Centre for Reviews and Dissemination [21]. The PRISMA-P checklist [19] is
attached in the Supplementary Materials. The eligibility criteria for studies included in this
systematic review are presented below.

2.1. Inclusion Criteria
2.1.1. Study Characteristics

In accordance with Yacouba et al., the following types of studies will be included
in this systematic review: “(1) studies using bladder cancer and control groups (case-
controlled studies); (2) studies that provided information on the presence or abundance of
microbial taxa; and (3) studies that provided information on increased or decreased taxa
in bladder cancer and/or control groups” [15]. Additionally, and in line with Yacouba
et al., we will exclude review articles and animal studies [15]. However, in contrast to most
systematic reviews, we will not limit our analysis to the bacterial taxa in the bladder but
rather consider the bacterial, viral, and fungal taxa in the vaginal, bladder, and intestinal
microbiomes in this systematic review. Studies published until April 2022 will be included
without restrictions on the year of publication, publication status, or the minimum number
of participants. Only studies in English will be considered.

2.1.2. Participants/Population

Studies that refer to patients with diagnosed bladder cancer of both sexes and a
minimum age of 18 years will be included. There will be no restrictions for bladder cancer
stages or grades. Possible differences will be analyzed.
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2.1.3. Intervention

Intervention is defined as any analysis of the bladder, intestinal, and vaginal microbiota
of patients with bladder cancer.

2.1.4. Comparator(s)/Control

The microbiota of control patients, e.g., patients with absent bladder cancer and other
genitourinary cancer, will be used as reference microbiota for bladder cancer patients. No
specific exclusion criteria for controls will be defined.

2.1.5. Exclusion Criteria

In order to achieve an in-depth analysis of the microbiota of bladder cancer patients,
the search will not be restricted, and no exclusion of specific subgroups beforehand will be
performed.

2.1.6. Outcome

The difference in three microbiota systems between bladder cancer patients and
control patients will be analyzed based on the bacterial, viral, and fungal composition.
These three microbiota systems are the bladder, vaginal, and intestinal microbiota. First,
the differences in the composition (presence or absence) (if any) of the bacterial, viral, and
fungal microbiota will be evaluated concerning taxonomic ranks such as family, genus,
or species. Second, the relative numerical ratio (more or less) will be evaluated. Finally,
diversity (i.e., alpha- and beta-diversity) will be evaluated as applicable. Each of these
results is equivalent to the others, with none prioritized or higher ranked higher.

2.2. Information Sources and Search Strategy

The following databases will be searched up until April 2022: PubMed, Scopus, Em-
base, and Web of Science. Medical Subject Headings (MeSH), Emtree or their equivalents
(if available), keywords, truncations, and Boolean operators will be used in the search
strategy. To optimize the search (higher sensitivity), different search queries will be con-
ducted on each database. Broadly, search terms such as the following will be included in
our search: “bladder cancer”, “neoplasia”, “microbiota”, “urinary”, “intestinal”, “gut”,
“vaginal”, “bacteria”, “fungi”, “virus”, “mycobiome”, and “virome”. Aside from that, to
identify additional relevant studies that have not been identified during the initial search,
the reference lists of the included studies will be screened. The literature search will be
performed by three authors (A.A., D.En., and E.K.).

2.3. Selection Process

After searching the different databases, duplicates in each database and duplicates
between the databases will be removed. The screening will be performed in a two-step
procedure: in line with the PRISMA-guidelines, two authors (L.T. and S.S.) will indepen-
dently screen the titles and abstracts. If there is no exclusion of a study through the title
and abstract screening, the publication will be moved onto the next step. In the second step,
full texts will be screened for eligibility. If agreement cannot be established, a senior author
(C.P.) will be consulted. If information is missing, the author of the study is contacted. The
two-step screening process will be performed using an excel spreadsheet and, if applicable,
additionally available AI-tools. In addition, documentation of the screening will be carried
out by applying the PRISMA flow diagram.

2.4. Data Extraction

After the studies have been evaluated, they will be analyzed for relevant information.
The data collection process will be performed using a standardized form including the
following elements: the first author’s name; the year of publication; the country of publica-
tion; the type of study; the origin of the study; and the sample sizes, average age and age
range, information about sex, BMI, smoking status, ethnicity, catheterization, antibiotic use
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and other interventions (such as BCG therapy, chemotherapy, radiotherapy), information
about the bladder cancer state, definition of the control group, the analyzed material, the
sampling method, the analysis method, the sequencing data, bacterial/viral/fungal taxa,
differences in the composition, alpha- and beta-diversity for case and control group, and
sources of funding for the study (if available). If information is missing, the authors will
be contacted to complete the search as far as possible. Nevertheless, studies will not be
excluded if part of the information was not available. Data extraction will be performed by
two authors (M.Se. and U.B.).

2.5. Risk of Bias in Individual Studies

Since no statistical analysis will be conducted, there will be no impact of a possible risk
of bias on the outcome. If it becomes apparent during the process that an assessment of the
risk of bias would be appropriate, risk of bias will be assessed and reported independently
by two authors (T.S. and E.K.) applying the Newcastle–Ottawa Scale (NOS) to assess the
quality of nonrandomized studies in meta-analyses [22].

2.6. Data Synthesis

Since this systematic review is primarily of a descriptive nature, including different
study types, the results of this review will be given in narrative form and illustrated in the
form of tables and graphs, and no statistical analysis of the results of the selected studies
will be conducted.

A subgroup analysis will be performed if there is evidence for one of the following
elements to identify possible heterogeneity of the overall results:

1. Gender;
2. Age range;
3. Origin of study, defined as the country in which the study was conducted;
4. Bladder cancer grading and staging;
5. Definitions of controls (healthy controls, nonneoplastic conditions, etc.);
6. Sample analyzed (urine, bladder tissue, stool, etc.) and sampling method (e.g., for

urine: midscream urine, transurethral catheterization, etc.);
7. Analysis method (e.g., for urine: standard urine culture, enhanced quantitative urine

culture, 16S rRNA sequencing, etc.);
8. Catheterization prior to assessment (binary yes/no), in which if more granular infor-

mation is available, then additional reporting of time frame is provided (<1 month,
≥1 month, ≥6 months, and permanently inserted urinary catheter);

9. Treatments prior to assessment:

a. Antibiotic treatment (for a period of one month before analysis);
b. Immuno-/chemotherapy (for a period of 6 months before analysis);
c. Immunosuppressive therapy present (yes/no);
d. Diagnosis known to affect the bladder, gut, or vaginal microbiome (e.g., inflam-

matory bowel disease, bacterial vaginitis, and neuropathic bladder);
e. Previous intestinal surgery, such as a special case of the creation of a neobladder

and bladder augmentation surgery;
f. Gastrointestinal symptoms (e.g., diarrhea, rectal bleeding, or blood in the stool);
g. Vaginal symptoms (e.g., abnormal uterine bleeding).

However, we are aware that the treatments prior to assessment, in particular, may
have led to exclusion in the studies themselves, so the opportunity to analyze them will
not be available. If data for subgroup formation are not provided, the authors will not
be contacted, and studies will not be included in subgroup analyses. In the case that no
information about treatments prior to assessment is given, the studies will be scored as if
they had already excluded patients with these treatments so as not to restrict data analysis
due to a lack of information.
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2.7. Meta-Bias(es)

Not applicable due to the descriptive nature of the review.

2.8. Confidence in Cumulative Evidence

Not applicable due to the descriptive nature of the review.

2.9. Ethics and Dissemination

Ethical approval is not necessary for this systematic review since no individual patient
data will be included. The findings of this review will be published in a peer-reviewed
journal and presented at national and international conferences.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/uro2030018/s1. PRISMA-P checklist.
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