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ABSTRACT

Introduction Breast cancer has become a common
tumour that threatens women'’s physical and mental
health. Microbial agents play an important role in
maintaining the balance of gut microbiota and modulating
intestinal immunity, anti-inflammatory and antioxidant
effects. Available evidence points to a strong association
between them and breast cancer. However, there has been
no systematic review of the effects of microbial agents in
patients with breast cancer. This protocol aims to explore
the effectiveness and safety of probiotics, prebiotics and
synbiotics in patients with breast cancer.

Methods and analysis We will search the following
electronic databases for relevant randomised controlled
trials: PubMed, EMBASE, Cochrane Library and Web of
Science. Grey literature and reference lists of original
studies will also be searched to avoid omissions. We

will use the Cochrane Collaboration’s Risk of Bias tool to
assess the quality of the included studies. The primary
outcomes include patients’ arm oedema volume, changes
in gut microbiota composition and anthropometric
parameters. Two independent reviewers will perform
literature screening, data extraction and risk of bias
assessment. Data synthesis will be performed using
descriptive analysis or meta-analysis. The quality of the
evidence for each outcome will be assessed using the
Grading of Recommendations Assessment, Development
and Evaluation tool.

Ethics and dissemination The data for systematic
reviews are derived from published original studies and do
not require review and approval by the ethics committee.
The results will be disseminated through a peer-reviewed
journal and conferences.

PROSPERO registration number CRD42022311502.

INTRODUCTION

The 2020 global cancer burden data show
that there are approximately 19.3million
new cancer cases and more than 9.95million
deaths worldwide, including more than
2.26million new breast cancer cases and
more than 680000 deaths, accounting for
11.7% and 6.9% of all cancer cases, respec-
tively.! The incidence of breast cancer has
surpassed that of lung cancer for the first
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This protocol will strictly follow the Preferred
Reporting Items for Systematic Review and Meta-
Analysis Protocols guidelines.

= This protocol will be conducted in strict accor-
dance with the recommendations of the Cochrane
Handbook.

= In order to provide a comprehensive analysis of the
research results as possible, grey literature will be
searched for this study.

= Study heterogeneity may affect pooled effects.

time and ranks as the top cancer in the world.
In addition, among women, breast cancer
ranks first in the incidence and mortality
of most countries in the world, accounting
for 24.5% of new cancer cases and 15.5%
of deaths among women, respectively.' In
recent years, the incidence of breast cancer
in the USA has shown an upward trend, with
an annual increase in approximately 0.5%.”
Breast cancer has become a common tumour
that threatens women’s physical and mental
health. Although studies have reported a
declining trend in breast cancer mortality,
the rate of decline has slowed in recent years,
and it remains the leading cause of cancer
death in women aged 20-59.> According to
a survey of 195 countries and regions, breast
cancer has a disability-adjusted life-year of
17.7million, and it has become one of the
most serious cancer burdens in the world.”
Therefore, new prevention and treatment
strategies are needed to alleviate the burden
of breast cancer.

Cancer is one of the leading causes of
death worldwide. It has been reported that
20% of cancers are closely associated with
gut microbes.* The gut microbiota is involved
in many areas of human health, including
providing nutrients, participating in metab-
olism, defending against pathogens and
promoting the development of the immune
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system and epithelial mucosal homeostasis.” It has been
noted that gut microbes play an important and decisive
role in health or pathological states, including cancer.’
They are involved in cancer occurrence, progression and
spread by regulating inflammation as well as immune
and cellular responses.” Probiotics are live microorgan-
isms that are beneficial to host health when ingested in a
certain amount.® Prebiotics are substrates selectively used
by host microorganisms to induce the growth and activity
of beneficial microorganisms with health benefits.® Synbi-
otics are combinations of prebiotics and probiotics that
have a synergistic effect on the survival and growth of
probiotics.” Recently, there has been increasing interest
in the potential role of these microbial agents in altering
the gastrointestinal microbiota to promote health.

In the field of breast cancer, available evidence suggests
a strong association between microbial agents and breast
cancer. Lifestyles such as dietary habits and obesity have
been shown to be modifiable components that may
influence the development of breast cancer. Diet is also
an influential factor in gut microbial diversity. Despite
significant progress in breast cancer treatment, patients
may still experience problems such as arm lymphedema
and decreased quality of life after surgery. Patients under
chemotherapy may also suffer from side effects such as
diarrhoea, nausea and vomiting. Microbial agents are
generally considered safe, and appropriate supplementa-
tion may be beneficial in the treatment of breast cancer.
In human studies, previous studies have suggested that
the microbiota of breast cancer patients are different
from that of healthy people and that the diversity and
composition of the gut microbiota in patients with
breast cancer is less diverse.'” A case—control study inves-
tigated the relationship between probiotic intake and
the risk of breast cancer and found that daily probiotic

supplementation from adolescence was negatively associ-
ated with the incidence of breast cancer.'' Researchers
believe that inflammation is one of the main risk factors
for lymphedema in patients with breast cancer, and collat-
eral lymphatic vessels are regulated by inflammatory
cytokines and growth factors.'® Synbiotics can modulate
the gut microbiota, inhibit the production of proinflam-
matory cytokines and cell proliferation and reduce the
volume of oedema by exerting their anti-inflammatory
effects.” Besides, synbiotics may enhance the activity of
antioxidant enzymes in patients with breast cancer and
exert their cytotoxic effects, thus potentially ameliorating
the physical and functional impairments associated with
lymphedema." On the other hand, in vitro cell exper-
iments have shown that probiotics can induce breast
cancer cell apoptosis, thus showing cytotoxicity and
ultimately inhibiting the growth of breast cancer cells.”
Animal experiments have also shown the benefits of
probiotics for breast cancer prevention and treatment.
Probiotics inhibit breast tumour cell growth and reduce
tumour volume mainly through their immunomodu-
latory effects.”” A recent study reported that probiotics
can reduce the adverse reactions of chemotherapy drugs
while maintaining the anticancer effect of capecitabine.'®
Therefore, these microbial agents can provide new ideas
for anticancer therapy or adjuvant therapy of breast
cancer.

To date, several clinical trials have investigated the
effects of probiotics, prebiotics or synbiotics on many
outcomes in patients with breast cancer, including gut
microbiota, lymphedema and anthropometric and meta-
bolic parameters. However, to the best of our knowledge,
there are currently no relevant systematic reviews. In
addition, existing studies are inconsistent in their conclu-
sions about the effects of interventions. For example, a

Table 1

Parameters associated with primary and secondary outcomes

Primary outcomes

Arm oedema volume
Changes in gut microbiota composition

Anthropometric parameters (weight, body mass index (BMI), waist circumference, etc.)

Secondary outcomes

Laboratory indicators

Inflammatory markers?* 2%: tumour necrosis factor-a: (TNF-a), high-sensitivity C reactive protein (hs-

CRP), interleukin-1f (IL-1B) and interleukin-6 (IL-6)

Oxidative markers®®: serum total antioxidant capacity (TAC), malondialdehyde (MDA), glutathione
peroxidase (GPx) and superoxide dismutase (SOD)

Sex hormones'®: estradiol, testosterone and dehydroepiandrosterone sulfate (DHEA-S)

Blood glucose parameters'” '8: fasting glucose, serum insulin, insulin resistance (HOMA-IR), glycated

haemoglobin (HbA1c)

Psychological
function

Anxiety®®: measured by Self-Rating Anxiety Scale (SAS), Hamilton Anxiety Rating Scale (HAMA), Beck
Anxiety Inventory (BAI) or other validated scales.

Depression®: measured by Self-Rating Depression Scale (SDS), Hamilton Depression Rating Scale
(HAMD), Beck Depression Inventory (BDI) or other validated scales.

Incidence of adverse
events

Such as abdominal pain, bloating, soft stools, diarrhoea, nausea, taste disorder, infection, etc.
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randomised controlled trial in Italy showed that probi-
otics reduced fasting glucose in patients with breast
cancer.'” However, the results of Raji et al were not signifi-
cantly different.'® Therefore, it is necessary to conduct a
comprehensive systematic review of the existing clinical
practice evidence to explore the effect of probiotics,
prebiotics and synbiotics in patients with breast cancer.

Objectives

To explore the effects of probiotics, prebiotics and
synbiotics in patients with breast cancer by systemati-
cally reviewing, summarising and interpreting clinical
randomised controlled trials (RCTs). We will attempt
to answer the following questions: What is the effect of
probiotics, prebiotics and synbiotics on clinical outcomes

in patients with breast cancer (arm oedema volume, gut
microbiota composition, anthropometric parameters,
laboratory indicators, psychological function)? Do the
effects of probiotics, prebiotics and synbiotics in breast
cancer patients vary by intervention characteristics (eg,
type of probiotic, strain, dose)?

METHODS AND ANALYSIS
Patient and public involvement
Patients and the public will not be involved in this review.

Protocol and registration
This systematic review protocol will strictly follow the
Preferred Reporting Items for Systematic Review and

Table 2 Details of search strategies for PubMed

women, respe

women, respe
women, respe

women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe

women, respe

women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe
women, respe

“Breast Neoplasms”(MeSH Terms]

(breast(Title/Abstract)OR mammary(Title/Abstract)) AND (cancer(Title/Abstract)OR neopla*(Title/Abstract)OR
tumo*(Title/Abstract)OR carcinoma(Title/Abstract)OR malignan*(Title/Abstract)OR oncolog*(Title/Abstract))

#1 OR #2

“Probiotics”(MeSH Terms]
“Prebiotics”(MeSH Terms]
“Synbiotics”(MeSH Terms]
“Lactobacillus”(MeSH Terms]
“Bifidobacterium”(MeSH Terms]
“Gastrointestinal microbiome”(MeSH Terms]
“Saccharomyces”(MeSH Terms]
“Escherichia”(MeSH Terms]
“Yogurt”(MeSH Terms]

“Cultured Milk Products”(MeSH Terms]

probiotic*(Title/Abstract)OR prebiotic*(Title/Abstract)OR synbiotic*(Title/Abstract)OR bifidobacteria(Title/
Abstract)OR lactobailli(Title/Abstract)

gastrointestinal microb*(Title/Abstract)OR gastrointestinal microflora*(Title/Abstract)OR gastrointestinal
flor*(Title/Abstract)OR gastric microb*(Title/Abstract)OR gastric microflor*(Title/Abstract)OR gastric flor*(Title/
Abstract)OR gut microb*(Title/Abstract)OR gut microflor*(Title/Abstract)OR gut bacteria*(Title/Abstract)OR
gut flor*(Title/Abstract)OR intestinal microb*(Title/Abstract)OR intestinal microflor*(Title/Abstract)OR intestinal
flor*(Title/Abstract)OR intestinal bacteri*(Title/Abstract)OR intestine bacteri*(Title/Abstract)OR intestine
microbial flor*(Title/Abstract)OR intestine microflor*(Title/Abstract)OR intestine microb* OR enteric flor*(Title/
Abstract)OR enteric microb*(Title/Abstract)OR enteric microflor*(Title/Abstract)

yoghurt(Title/Abstract)OR yeast(Title/Abstract)OR fermented milk(Title/Abstract)OR sour milk(Title/Abstract)
#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16
randomized controlled trial [Publication Type]

controlled clinical trial [Publication Type]

randomized(Title/Abstract)OR randomised(Title/Abstract)OR randomly(Title/Abstract)
placebo(Title/Abstract)

trial(Title/Abstract)

#18 OR #19 OR #20 OR #21 OR #22

animals(MeSH Terms] NOT humans(MeSH Terms]

#23 NOT #24

#3 AND #17 AND#25
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Meta-Analysis Protocols guidelines (online supplemental
file 1) and the general guidelines of the Cochrane Collab-
oration.'” > We have registered this study on the PROS-
PERO website.

Criteria for study selection

Participants

This protocol will include patients diagnosed with breast
cancer, which will include patients who have undergone
surgery as well as patients who have received or are
receiving radiation therapy, chemotherapy, endocrine
therapy or targeted therapy, whether or not. We will not
limit the age, ethnicity, clinical stage and pathological
type of the patients.

Intervention

We will consider RCTs of patients with breast cancer
treated with probiotics, prebiotics or synbiotics admin-
istered orally in any form (eg, drink, powder, capsule).
There will be no limitation on the type, dose, frequency
or duration of probiotics, prebiotics or synbiotics.

Control

The control group will be given a placebo or usual care or
no intervention. Usual care refers to the standard of care
that patients receive in a hospital setting.

Outcomes
The primary and secondary outcomes are shown in
table 1.

Study design
RCTs are eligible for this review.

Other exclusion criteria

» Articles not in English language.

» In vitro studies or animal studies.

» The control group was healthy people or patients
without breast cancer.

» Quasi-RCTs, controlled before-and-after trials,
controlled clinical trials, crossover RCTs or cluster
RCTs.

» RCTs with probiotics, prebiotics or synbiotics in both

groups.

» Trials that did not report primary or secondary
outcomes.

Literature searches

We will search the following electronic databases for rele-
vant RCTs: PubMed, EMBASE, the Cochrane Central
Register of Controlled Trials and Web of Science. The
European Grey Literature (OpenSIGLE) Database and
Google Scholar will also be searched to identify grey liter-
ature. In addition, reference lists of original studies will be
manually searched to identify articles that may have been
missed during the electronic search process. The search
date is until 10 May 2022, and the search language will
be limited to English. A combination of medical subject
headings and free text terms related to breast cancer,
probiotics and RCTs will be searched. The detailed search
strategy in PubMed is presented in table 2.

Selection process

Literature screening will be performed independently
by two reviewers, who will import all retrieved original
literature into Endnote V.X9 Literature Manager. After
removing duplicate literature, two reviewers will inde-
pendently screen titles and abstracts, read the full text
of the articles that meet the inclusion criteria and finally
determine the literature to be included. For studies
excluded after full-text review, we will record the number
and reasons for excluded articles. Disagreements will be
resolved during the literature screening stage through
discussion or consultation with a third party if necessary.
The process of study selection is illustrated in figure 1.

Data extraction

Data extraction will be carried out independently using
predesigned standardised forms by two reviewers partici-
pating in study screening. They will extractall the datainto
Microsoft Excel. Data collected will include study charac-
teristics (first author, title, year of publication, country,
design), participant characteristics (number of patients
per group, age, clinical stage, pathological type), inter-
vention information (type of probiotics, strains, route
of administration, dose, frequency, duration), compar-
ative measures and outcomes (primary and secondary
outcomes). If the data are incomplete or unclear, the
original author will be contacted by email. Discrepan-
cies in the data extraction process will be discussed or
consulted with a third party.

Risk of bias assessment

Two authors will independently assess the risk of bias
for each study using the Cochrane Collaboration’s Risk
of Bias tool, which assesses the following seven domains:
random sequence generation, allocation concealment,
blinding of participants and researchers, blinding of

—
H Records identified from:
= s (n=
g Databases (n =) | Records after duplicates removed
= Other sources (n=) s
E =)
=
—J
- '
‘ Records screened (n =) Records excluded (n =) ‘
Be _
.g Reports sought for retrieval (n =) Reports not retrieved (n =) |
g :
@
Reports excluded:
Reports assessed for eligibility (n =) »| Reason 1 (n=)
Reason 2 (n=)
Reason 3 (n=)
—
2
E Studies included in review (n =)
=
Figure 1 Flow diagram of the study screening process.
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outcome assessment, incomplete outcome data, selective
outcome reporting and other biases.” Each domain is
judged and classified as ‘high risk’, ‘uncertain risk of bias’
or ‘low risk’ for research quality. Other study members
will join the discussion when the evaluation results cannot
be agreed on.

Data synthesis

The protocol will plan to use RevMan V.5.4 software for
data analysis. Where possible, at least two studies are
required to perform a meta-analysis for each outcome
measure.?! The mean difference (MD) or standardised
MD and 95% CI will be used to display continuous data.
Relative risk and 95% CI will be used to show dichoto-
mous data.

We will use the % test and the I2 statistic to determine
whether there is heterogeneity among studies. If the data
are homogeneous, we plan to choose to combine effect
sizes using a random effects model. When I?> 50% or
p<0.10, it indicates the existence of heterogeneity. In
order to explore the source of significant heterogeneity
with sufficient available data, we will attempt to perform
subgroup analysis and meta-regression analysis,” taking
into account breast cancer clinical stage, sample size, type
of microbial agents, route of administration, dose, dura-
tion and other factors. However, if the heterogeneity is
too obvious to resolve or the number of RCTs eventually
included is small, a descriptive analysis will be performed.
If necessary, sensitivity analyses can be performed to test
the robustness of the results by removing studies with a
high risk of bias or missing data.

When more than 10 eligible trials are included in this
review, we will detect publication bias by looking at funnel
plot symmetry or using Egger’s test.”

Strength of evidence

This review will plan to use the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE)
approach to assess the quality of evidence for the included
outcomes.” GRADE downgrades RCTs based on risk of
bias, inconsistency, imprecision, indirectness and publi-
cation bias and classifies the quality of evidence into four
grades: high, medium, low and very low. We will eventually
generate a summary of the findings table and a GRADE
evidence profile.

Ethics and dissemination

The data for systematic reviews are derived from published
original studies and do not require review and approval
by the ethics committee. The results will be disseminated
through a peer-reviewed journal and conferences.
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