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ARTICLE INFO ABSTRACT

Key Words: . Objectives: This study systematically investigates the evidence regarding the use of probiotics in managing
gjg;:relatm fatigue cancer-related fatigue (CRF).

Cancer Study Design: We conducted a systematic review of randomized controlled trials.

Probiotics Data Sources: The systematic search encompassed six databases: PubMed, CINHAL, Cochrane Database of Sys-
Prebiotics tematic Reviews, Web of Science, Scopus, and EMBASE, covering the period from inception to December
Synbiotics 2023. The assessment of risk of bias employed the Cochrane risk of bias tool (RoB 2). A narrative synthesis

Systematic review and an exploratory meta-analysis were conducted to summarize the evidence.

Results: Among 460 records, three studies met the eligibility criteria and were included in the review. These

studies involved a total of 284 participants with colorectal and breast cancer. One study demonstrated a mar-

ginal improvement in CRF postchemotherapy in colorectal cancer patients using probiotics. Another study,

also using probiotics, reported a significant reduction in CRF among colorectal cancer patients undergoing

chemotherapy. Additionally, a study employing synbiotics showed a substantial decrease in CRF severity in

breast cancer patients receiving chemotherapy.

Conclusion: The study presents initial but varied evidence suggesting the potential of probiotics and synbiot-

ics as adjunctive therapies in managing CRF alongside anticancer treatments.

Implications for Nursing Practice: In nursing practice, large-scale clinical trials are urgently needed to evaluate

the effectiveness of probiotics in treating cancer-related fatigue during cancer therapy. Insights from this

review could guide nurses in selecting appropriate probiotic strains and integrating microbiome modifiers

into comprehensive care plans, potentially enhancing the quality of life for cancer patients.

© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Cancer-related fatigue (CRF) is a widespread symptom affecting
approximately 52% of adult cancer patients, although its prevalence
varies widely from 14% to 100%." The National Comprehensive Cancer
Network (NCCN) defines CRF as a distressing, persistent feeling of
physical, emotional, and cognitive tiredness or exhaustion related to
cancer or its treatment, which is not in proportion to recent activity
and hampers daily functioning. CRF stands as one of the most com-
mon side effects of cancer,” presenting a range of symptoms, includ-
ing cognitive impairments, persistent fatigue, hot flashes, functional
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decline, insomnia, and depression.’ These symptoms vary depending
on cancer type, treatment, and the patient's pretreatment health and
nutritional status.* Importantly, these symptoms profoundly affect
employment opportunities, social relationships, and daily life, signifi-
cantly reducing the quality of life for cancer patients.®

Various biological mechanisms contribute to the etiology of CRF,
encompassing a complex interplay of physiological and biochemical
processes.® While dysregulation of the hypothalamic-pituitary-adre-
nal axis, inflammatory cytokine dysregulation, and anemia are signif-
icant factors, these represent only a part of the broader spectrum of
mechanisms involved.” Among these, the dysregulation of the proin-
flammatory cytokine network, leading to increased inflammation, is
one of the most extensively studied areas.® In addition to these fac-
tors, recent research highlights the role of central nervous system
dysfunction in the onset and persistence of CRF. For instance, studies
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have found that peripheral leukocytes, which concentrate in the
brain in the context of specific diseases, significantly influence the
neuroinflammatory response.® Furthermore, growing evidence
points to the hypothalamus as a crucial component in the pathophys-
iology of both acute and chronic disease responses.® The hypothala-
mus, when activated by inflammatory cytokines, could induce
skeletal muscle catabolism and lipolysis through modulating neuro-
transmitters, systemic circulation, and autocrine and paracrine sig-
naling. However, it is essential to recognize that the etiology of CRF is
multifactorial and not limited to these mechanisms.” Other factors
such as oxidative stress, mitochondrial dysfunction, alterations in
muscle and ATP metabolism, neuroendocrine and circadian rhythm
disturbances, and psychological factors also play a critical role in the
development and maintenance of CRF.” These aspects underscore the
complexity of CRF, where multiple interconnected pathways are
involved. The exact mechanism of CRF remains to be fully elucidated,
and it is still unclear whether its origin is peripheral, central, or a
combination of both. This complexity necessitates a comprehensive
approach to understanding and addressing CRF, taking into account
the multitude of contributing factors.

Cancer treatments and tumors can activate this network, leading
to fatigue-related symptoms through cytokine signaling in the cen-
tral nervous system.® Additionally, cancer treatments have been
shown to disrupt the balance of the gut microbiota.!° Gut micro-
biota dysbiosis, characterized by changes in composition and func-
tion due to various environmental and host-related factors,'!
contributes to the development of neuropsychological disorders,
including chronic fatigue syndrome.'>'> While cancer and its treat-
ment can trigger inflammation, resulting in CRF, other factors may
also contribute to inflammation and fatigue in cancer patients, sug-
gesting that the link between inflammation and CRF is not solely
treatment-dependent.'* Overall, the processes behind the gut micro-
biome’s impact on human health remain mainly unidentified, making
developing a safe and beneficial microbiome-based intervention
increasingly difficult.

Recent research has unveiled a new avenue for investigating
potential CRF pathways through the connections between the gut
microbiota and the brain.'® Data have established the gut-brain axis,
illustrating how gut microorganisms influence the human brain, par-
ticularly through immunological and inflammatory responses.'® Spe-
cifically, the gut microbiota influences the human brain in various
ways, most notably through immunological'” and inflammatory
responses.'> For example, structural bacterial elements like lipopoly-
saccharides can trigger the innate immune system, leading to sys-
temic and central nervous system inflammation.'® In contrast,
butyrate, a microbiota-produced short-chain fatty acid, boosts
inflammation.'®

In recent decades, nutritional metabolomics, which focuses on the
study of diet-related small molecules, has gained traction in cancer
care, aiming to identify correlations between dietary patterns and
health.?°-?> Microbiota-modulating dietary interventions include fer-
mented foods, fiber-rich dietary regimens, probiotics, prebiotics, and
synbiotics.?* Probiotics are living microorganisms, often found in fer-
mented foods, that provide health benefits when consumed in ade-
quate amounts. Prebiotics are nondigestible food components that
promote the growth of beneficial gut bacteria, essentially serving as
“nourishment” for probiotics. Synbiotics refer to a combination of
probiotics and prebiotics designed to improve the survival and effec-
tiveness of beneficial micro-organisms in the gut. Postbiotics refer to
the byproducts or waste left behind after the body digests both prebi-
otics and probiotics.

Current strategies for managing CRF in cancer patients include
pharmaceutical agents, such as psychostimulant drugs. However,
these treatments can result in toxicities and potential adverse inter-
actions with cancer therapies.>* Several national scientific societies
and organizations have recommended nonpharmacological

approaches as the first option to treat CRF,>°~” such as psychological

interventions (e.g., cognitive behavioral therapy),”® structured pro-
grams of physical activity (aerobic, anaerobic, and resistance exer-
cises),” complementary and integrative medicine interventions (eg,
acupuncture, massage, Tai Chi and Qigong),*° and self-management
and educational strategies.?*

Among nonpharmacological interventions, nutritional supple-
ments represent a promising option for reducing CRF.* Using these
interventions to treat gut microbiota dysbiosis affects inflammation
processes, implying that giving microbiome modifiers to cancer
patients may influence CRF syndrome.>'*? However, the effects of
these approaches are underinvestigated,”*** and the extent of rele-
vant literature is unknown. Research is needed to synthesize the spe-
cific contribution of probiotics to CRF. Therefore, this study aims to
systematically investigate the available evidence on the efficacy of
microbiome modifiers on CRF.

Materials and Methods
Study Design

This study is a systematic review (SR) of randomized control trials
(RCTs), undertaken according to Cochrane Guidelines,** including the
Preferred Reporting Items Systematic Reviews and Meta-analysis
guidelines (PRISMA).>> The systematic review protocol was regis-
tered in the International Prospective Register of Systematic Reviews
(PROSPERO CRD42023394928).

Operational Definitions

In this systematic review, we aim to investigate the available evi-
dence on the efficacy of various microbiome modifiers on CRF,
including probiotics, prebiotics, symbiotics, and postbiotics. To
ensure clarity and consistency, we adopted the definitions provided
by the International Scientific Association of Probiotics and Prebiotics
(ISAPP).2® Probiotics are defined as “live microorganisms that, when
administered in adequate amounts, confer a health benefit on the
host”.?*> Our review primarily focuses on studies involving probiotics
due to their prominent role in modulating the host's health through
microbial interactions. Prebiotics are referred to as “substrates that
are selectively utilized by host microorganisms conferring a health
benefit”.>* These are nondigestible food components that beneficially
affect the host by stimulating the growth and/or activity of beneficial
micro-organisms in the gut. Symbiotics are described as “a mixture
comprising live microorganisms and substrate utilized selectively by
host microorganisms that confers a health benefit on the host”.?*
This term encompasses combined products containing both probiot-
ics and prebiotics. Postbiotics are defined as preparations of inani-
mate microorganisms and/or their components that benefit host
health.”® These include various substances like metabolic products,
cellular components, or specific cell wall fragments from probiotics.

Search Strategy

The systematic search was performed up to December 2023 in the
following databases to identify studies published from inception to
the search date: PubMed, CINHAL, Cochrane Database of Systematic
Reviews, Web Of Science, Scopus, and EMBASE. Hand Searching on
Google Scholar and reference list checking were performed to iden-
tify additional studies. The WHO International Clinical Trials Registry
and the Clinicaltrials.gov database were searched to identify any
unpublished ongoing original clinical trials with preliminary results.
The abstracts of unpublished studies from some of the leading con-
gresses in the medical area of various associations (American Society
of Clinical Oncology (ASCO), European Society of Medical Oncology



S. Belloni et al. / Seminars in Oncology Nursing 40 (2024) 151619 3

(ESMO), Multinational Association of Supportive Care in Cancer
(MASCC) were also screened.

We developed a primary search strategy to explore the topic in
the literature across all the databases. Given the limited number of
eligible studies provided by the first search round, we built different
search strategies by incorporating additional search terms to broaden
our research during the search process. The search strategies were
developed initially for the PubMed database utilizing MESH headings
and free-text words, and then they were adapted for the other data-
bases as appropriate. Key search terms were combined with the Bool-
ean operators “AND” and “OR”: cancer, neoplasm, tumor, probiotic,
cancer-related fatigue, and RCTs. The search strategies were rerun at
different times from February 2023 to August 2023. The first search
strategy process and results for each database are displayed in Sup-
plementary File 1. During the database search, no restrictions were
set on the language or publication date of the articles.

Eligibility Criteria

The search query was based on the Population, Intervention, Con-
trol, Outcomes, and Study Design (PICOS) framework: (P) Adult can-
cer patients (>18 years) experiencing CRF in active treatment and a
post-treatment phase, (I) Probiotics (any strain), Prebiotics, Symbiot-
ics or Postbiotics as a stand-alone therapy or as an add-on treatment,
(C) Any active control or nonactive comparator group, (O) cancer-
related fatigue as a primary or secondary endpoint, (S) randomized
controlled trials.

No restrictions on cancer type, cancer stage, seX, or ethnicity
were settled as they were not significant for the purpose of the
study. All investigations that used validated scales to measure
CRF were considered, including quality of life measurements. All
studies undertaken in primary care settings have been included
(eg, community-dwelling elderly, home-based settings, commu-
nity care ambulatories) as well as ambulatory care services and
cancer care pathways designed to allow clinicians to deliver can-
cer care in a continuum across different levels of care. This
approach implies that primary, secondary, and tertiary care con-
texts could be included. Articles published in languages other
than English were consequently excluded during the full-text
selection unless they had significant content for the purpose of
the study to reduce any potential misconceptions.

Screening and Data Extraction

To identify the finally included studies, two authors indepen-
dently screened titles and abstracts for inclusion. Then, the articles
determined as eligible after abstract screening were independently
assessed by the two authors in full text to analyze the contents for
the final inclusion. A third author was involved in resolving disagree-
ments between the two authors during the screening process. We
designed a piloted data extraction form for appraising and analyzing
the body of evidence to guarantee that the data gathered were stan-
dardized and relevant. The following data were extracted from stud-
ies that encountered the selection criteria for inclusion: first author/
year, country, study design, intervention and control, number of par-
ticipants, CRF measurements, cancer type and stage of treatment,
timepoint assessment, and results.

Quality Appraisal

According to recent Cochrane group suggestions, the methodolog-
ical quality of each RTC selected was evaluated using the RoB 2 check-
list.>* Based on the Rob 2.0 tool guidelines, each risk of bias could be
assessed as “high,” “low,” or “unclear.”® The RoB 2 tool is structured
into five domains: (1) “bias arising from the randomization process”;
(2) “bias due to deviations from intended interventions”; (3) “bias

due to missing outcome data”; (4) “bias in the measurement of the
outcome”; (5) “bias in the selection of the reported result”. Within
each domain, signaling questions result in judgments of “low risk of
bias,” “some concerns,” or “high risk of bias.” The judgment within
each area contributes to an overall risk of bias for the evaluated out-
come.

Data Analysis

A peer reviewer (CG and SB) independently collected data from
reports in duplicates. Controversies were either resolved by a third
reviewer (RC). Data were organized into a literature table and
retrieved based on the study selection framework and criteria.
Extracted data was organized into a template piloted by the two
authors.

Due to the limited number of studies and their relatively small
sample sizes, as well as notable clinical differences in factors such as
the nature of interventions (eg, how often they were administered,
the specific probiotic strains used, and their combinations) and the
various methods used to evaluate CRF, there exists substantial clinical
heterogeneity. However, despite these challenges, the analytical
summary derived from the included studies in this review provides a
comprehensive overview of each study’s specific contexts and find-
ings, thereby accomplishing the primary objective of this research.

Additionally, recognizing the inherent value in exploring pre-
liminary trends and patterns, we have conducted a meta-analysis
as a supplementary analysis (see Supplementary File 2). This
effort aims to synthesize the results from the two included stud-
ies to provide an initial overview of the potential impact of probi-
otics on CRF in adult cancer patients.>” The decision to pursue
this meta-analysis, despite its exploratory nature, is underpinned
by homogeneity in crucial areas such as the cancer diagnosis
(colorectal cancer), the type of intervention (probiotics), and the
comparison group (placebo).>® This commonality supports the
feasibility of combining these studies for a preliminary analysis.
The meta-analysis is intended as an exploratory tool rather than
a definitive conclusion, serving to identify potential trends and
areas for future research, acknowledging the current limitations
and the need for more extensive, diverse studies in this field.
Therefore, this exploratory meta-analysis, despite the acknowl-
edged heterogeneity and limited data, serves as a preliminary
step in understanding the complex relationship between probiot-
ics and CRF. In the exploratory meta-analysis, we employed an
intention-to-treat (ITT) approach for data extraction from the pri-
mary studies. The standardized mean difference (SMD) with 95%
confidence intervals (95% CIs) was computed using generic
inverse variance methods in a random-effects model to account
for the inherent variability among the studies. Data analyses
were performed using STATA 16 software (StataCorp. 2019. Stata
Statistical Software: Release 16. College Station, TX, USA: Stata-
Corp LLC) and results are showed in Supplementary File 2.

Results

Initially, 410 records were identified, and 180 unique records
remained after eliminating duplicates. Upon reviewing the titles and
abstracts, nine papers were selected for full reading.>**® Three stud-
ies fulfilled the eligibility criteria and were included in the SR.*>*>8
We have also identified two potentially eligible ongoing clinical stud-
ies, one registered under NCT05736315 on the ClinicalTrials.gov data-
base?® and the other under ACTRN12621000234819 on the WHO
International Clinical Trials Registry.>® It is worth noting that these
studies have not yet reported any preliminary results. The selection
process and the reasons for exclusion are presented in Fig. 1. Table 1
shows the characteristics of the included RCTs.
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FIG. 1. PRISMA flow-diagram of the selection process.

Participants’ Characteristics

The enclosed studies®***“® involved male and female adult
patients affected by colorectal cancer and women with breast cancer.
In Lee et al.,** 66 participants were included as diagnosed with stage
2 or 3 colorectal cancer. Inclusion criteria included patients who com-
pleted treatments between 6 weeks and 2 years prior and had been
performing well, following the Eastern Cooperative Oncology Perfor-
mance scores (total score less than 1 indicating good performance).
Golkhalkhali et al.*? included 140 subjects with colorectal cancer on
the XELOX chemotherapy regimen, a combination drug therapy of
capecitabine and oxaliplatin. The inclusion criteria were subjects
who had been newly diagnosed, had surgery, decided to receive che-
motherapy ultimately, and had sufficient organ and marrow function
to administer chemotherapy. The Khazaei et al.*® study included 74
inpatient women with a definitive diagnosis of breast cancer. These
participants were admitted to undergo neoadjuvant or adjuvant che-
motherapy. The inclusion criteria for this study were women aged
18 years or above with a recent definitive diagnosis of breast cancer
by an oncologist or pathologist, according to medical records, with
no metastasis. They had to have completed at least one previous che-
motherapy session to ensure they had experienced chemotherapy-
induced side effects following the first session and were scheduled
for at least four chemotherapy sessions with more than two future
sessions planned.

All three studies implemented specific exclusion criteria to main-
tain the integrity of their respective research. Golkhalkhali et al.
excluded patients with histories of cancer in other organs, those with
signs of organ failure, HIV-positive subjects receiving combination
antiretroviral therapy, and those on other investigational agents.*’
Lee et al. also excluded patients with histories of cancer in other
organs and with signs of organ failure. Additionally, they excluded
patients with colostomies, volunteers who consumed supplementary
food containing probiotics, those with a history of chronic disease,
active antibiotic use, and women who were pregnant or planning
pregnancy.”® The Khazaei et al. study's exclusion criteria were
focused on a specific subset of breast cancer patients, likely excluding

those with metastatic disease or treatments that could interfere with
the study’s objectives or outcomes.*®

Characteristics of Interventions

In the study by Lee et al., a total of 66 participants were initially
randomized, with 33 assigned to receive Lacidofil and 33 to receive a
placebo for a duration of 12 weeks.** The Lacidofil group was admin-
istered a probiotic preparation containing L. rhamnosus R0011 and L.
acidophilus R0052 bacterial cultures (at a concentration of 2x109
colony-forming units), along with maltodextrin, magnesium stearate,
and ascorbic acid. The control group received placebo pills composed
of maltodextrin, magnesium stearate, and ascorbic acid, designed to
match the texture, taste, and color of the probiotics. Participants
were instructed to take the tablets twice daily with or immediately
after meals and store the bottles in refrigerators. Furthermore, partic-
ipants were prohibited from consuming probiotic-containing foods,
including yogurt. Data were collected after the follow-up periods for
both groups, resulting in data for 60 participants. Specifically, data
were obtained for the remaining 28 participants in the probiotics
group and the remaining 32 participants in the control group.

Golkhalkhali et al. conducted a randomized trial with two
groups.” The treatment group (n = 70) received a daily regimen con-
sisting of two sachets of Hexbio microbial cell preparation. Hexbio
contained a combination of beneficial bacterial strains, including L.
acidophilus BCMC 12130, L. casei BCMC 12313, Lactobacillus lactis
BCMC 12451, Bifidobacterium bifidum BCMC 02290, Bifidobacterium
longum BCMC 02120, and Bifidobacterium infantis BCMC 02129,
with each sachet containing 30 billion colony-forming units. Addi-
tionally, participants in the treatment group were administered
omega-3 fatty acid supplements at a dosage of 2 g per day for 8
weeks. On the other hand, the placebo group (comprising 70 individ-
uals) received biologically inert placebo preparations that were visu-
ally identical to the active treatment. The placebo group also received
placebo omega-3 fatty acid supplements for a duration of 4 and 8
weeks, mirroring the treatment group’s timeline. Follow-up assess-
ments were conducted at two key time points: first, at the conclusion



TABLE 1
Characteristics of the Included RCTs

First author,year ~ Country Study design Sample size Type of cancer and Intervention Control Frequency Scale Timepoint assessment
(intervention/control) treatment phase

Lee, 2014 Korea RCT 66 (33/33) Colorectal, stage 2 and 3 L. rhamnosus R0011-L. acidophilus Placebo: Maltodextrin,  Twice daily with or FACT-F After the completion of
who completed R0052 bacterial culture magnesium stearate right after meals for chemotherapy, at
treatment (between (2 x 10° colony-forming units), and ascorbic acid 12 weeks. 12 weeks postinter-

6 weeks and 2 years maltodextrin, magnesium stearate, =~ comparable in texture, vention.
prior). and ascorbic. taste, and color of the
probiotics.

Golkhalkhali, 2017 Malaysia RCT 140 (70/70) Colorectal (newly L. acidophilus + L. Casei + Placebo: Preparations Daily for 4 (probiotics EORTC-QLQC30 During chemotherapy,
diagnosed), on Lactobacillus lactis + Bifidobacte- identical in Appear- and placebo) and 8 at 8 weeks postinter-
treatment (XELOX rium longum-+ Bifidobacterium ance. weeks (omega-3 vention, and after the
chemotherapy infantis at a dose of 30 billion fatty acid). completion of chemo-
regimen: capecitabine colony-forming units per sachet therapy at 6 months
plus oxaliplatin). and omega-3 fatty acid at a dose of postintervention.

2g daily.
Khazaei, 2023 Iran RCT 74 (37/37) Women with a diagnosis Each capsule had a weight of 450 mg Placebo: same features  Daily, one capsule of the CFS Baseline, 4 weeks, and 8

and contained a blend of 12 safe
and beneficial probiotic strains,
including Lactobacillus rhamnosus,
Lactobacillus casei, Lactobacillus
acidophilus, Lactobacillus
bulgaricus, Bifidobacterium breve,
Bifidobacterium longum,
Lactobacillus helveticus,
Lactobacillus lactis, Lactobacillus
paraplantarum, Bifidobacterium
bifidum, Streptococcus
thermophilus, and Lactobacillus
gasseri. These probiotics were
provided at a dose of 1x109
colony-forming units per capsule,
complemented with 21 grams of
fructooligosaccharides serving as a
prebiotic component.

of breast cancer

in terms of appear-
ance (color, odor,
shape, weight, pack-
age).

synbiotic supplement
twice a day after their
main meals.

weeks after the
intervention before
chemotherapy (neo-
adjuvant or adjuvant).

CFS, Cancer Fatigue Scale; EORTC QLQ C30/FA13, European Organisation for Research and Treatment of Cancer Quality-of-life/fatigue subscale); FACT-F, Functional Assessment of Cancer Therapy: Fatigue.

Significant P value <.05 in bold.
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of the 8-week intervention period and, subsequently, at the end of
the 6-month chemotherapy treatment.

In the Khazaei et al. study,*® participants with breast cancer
undergoing chemotherapy were randomized to receive a synbiotic
supplement or a placebo. Each capsule in the intervention group
contained 12 probiotic strains (including Lactobacillus acidophilus,
Lactobacillus bulgaricus, Bifidobacterium, Lactobacillus lactis, Lacto-
bacillus paraplantarum, Lactobacillus gasseri) at a dose of 1 x 10"9
colony-forming units. The placebo capsules, similar in color and
appearance to the supplement, contained starch. The capsules were
provided in identical packages and labeled as either A or B to main-
tain the double-blind study design. Participants were instructed to
take one capsule twice a day after their main meals, and the capsules
were stored in the refrigerator below 4°C.

Measurements and the Effect of Probiotics on CRF

In the study by Lee et al., cancer-related quality of life was
assessed using the Functional Assessment of Cancer Therapy (FACT)
Measurement System, version 4.°! This assessment used the fatigue-
related FACT (FACT-F), a 13-item validated tool for assessing fatigue
within cancer populations. The FACT-F showed that both the control
and intervention groups had the same baseline score of 43.00 (CI for
the control group: 36.00-49.00, and for the intervention group:
36.50-45.50), indicating comparable levels of fatigue at the start of
the study.

Golkhalkhali et al.*’> employed the fatigue subscale of the
“European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire” (EORTC QLQ-C30) to evaluate the qual-
ity of life of patients.>* The fatigue subscale comprises three items,
and the scoring is based on a four-point scale, ranging from “Not at
All” to “Very Much.” Scores for each item are averaged and then
transformed to a 0 to 100 scale, with higher scores indicating greater
fatigue levels. Therefore, in the context of the EORTC QLQ-C30, an
increase in the score on the fatigue subscale signifies a worsening of
fatigue symptoms, reflecting a decline in the patient’s quality of life
in this domain.

In the study by Khazaei et al.,*® CRF was assessed using the Cancer
Fatigue Scale (CFS) Questionnaire. The CFS is a concise questionnaire
comprising 15 Likert-type items across three subscales assessing
physical, affective, and cognitive aspects of fatigue. The ratings are
assigned values from 1 (not at all) to 5 (very much), with higher
scores indicating greater fatigue levels.

In the study of Lee et al.,** the administration of Lacidofil (a probi-
otic supplement) over a 12-week period showed a statistically signifi-
cant improvement in CRF. The FACT-F showed that both the control
and intervention groups had the same baseline score of 43.00 (CI for
the control group: 36.00-49.00, and for the intervention group:
36.50-45.50), indicating comparable levels of CRF at the start of the
study. The FACT-F scores in the probiotics group improved to 44.50
(CI 38.50-49.00) after 12 weeks of treatment (P=.02). Notably, this
improvement was in contrast to the placebo group, where no sub-
stantial changes in CRF were observed (baseline FACT-F score of
43.00 [CI 36.00-49.00] compared to 44.00 [CI 39.50-48.75] after
12 weeks; P < .05).

The study of Golkhakhali et al.*> examined the effect of probiotics
combined with omega-3 fatty acids. The control group in this study
did not receive actual omega-3 fatty acids; instead, they were given
placebo preparations that visually resembled the treatment but were
biologically inactive.*” A significant aspect of this study was the initial
difference in baseline fatigue scores between the intervention and
control groups. The intervention group started with a higher level of
reported fatigue (EORTC-QLQ30 fatigue score of 23.70 + 2.80) com-
pared to the control group (14.23 + 2.90). Over time, the intervention
group showed a substantial improvement in EORTC-QLQ30 fatigue
scores (decreasing to 11.97 4 1.80 at 8 weeks and further to 10.30 +

1.90 at 6 months; P < .05). On the other hand, the placebo group
experienced a notable increase in fatigue levels (rising to 31.10 +
3.00 at 8 weeks and 35.40 + 4.30 at 6 months; P < .05). Interpreting
these findings in the context of the initial disparity in baseline fatigue
levels is important. The higher baseline scores in the intervention
group suggest a greater potential for observable improvement,
potentially contributing to the significant changes noted. This factor
must be considered when assessing the extent to which the observed
improvements in the intervention group can be attributed solely to
the combined probiotic and omega-3 fatty acid intervention. While
the results indicate a beneficial effect, the impact of the initial higher
fatigue levels in the intervention group on the study outcomes should
be acknowledged.

In the study by Khazaei et al., the effects of a synbiotic interven-
tion on CRF in breast cancer patients undergoing chemotherapy were
examined. This study observed a significant reduction in CRF severity
among participants in the synbiotic group, considering that the base-
line levels were equal in both arms (P=.195). The intervention group
showed a notable decrease in CFS scores, indicating an improvement
in fatigue symptoms. Specifically, a significant reduction in fatigue
severity was reported after 4 weeks (P < .001), and this reduction
was maintained at the 8-week assessment (P < .001). In contrast, the
placebo group did not demonstrate a similar improvement in fatigue
symptoms over the same period.

Risk of Bias

The authors independently estimated the risk of bias of the two
included RCTs using the RoB 2.0 tool.>® In the first and second
domains (“bias arising from the randomization process” and “bias
due to deviations from intended interventions”), all studies®**348
presented a double-blind, 1:1 randomization, and analyzed con-
founding variables to ensure homogeneity of the sample. Data for the
outcome were available for all patients in two studies*>“® and nearly
all in the other one,**> with a dropout rate of 9%, resulting in a low-
risk bias for the third domain of bias due to missing outcome data. In
all the studies, data were collected using validated fatigue scales, and
all data were evaluated per a prespecified analysis plan that was
completed before unblinded outcome data was available for analysis.
Our analysis confirmed low risk in the fourth (“bias in the measure-
ment of the outcome”) and fifth (“bias in the selection of the reported
result”) domains. All the selected studies result in a low-risk bias.
Fig. 2 shows the risk of bias assessment results.

Discussion

Managing symptoms, particularly CRF, remains a significant chal-
lenge in cancer care, adversely affecting patients’ quality of life. Over
recent decades, the emerging field of nutritional metabolomics has
sought to understand the relationship between dietary patterns and
symptom management.”>>* Within this context, natural supple-
ments like probiotics, prebiotics, and synbiotics have gained promi-
nence as complementary and integrative interventions in oncology,
both during and after cancer treatments. Evidence estimated that
natural supplements (ie, probiotics, fish oil, flax seeds, melatonin)
were the most commonly used complementary and integrative medi-
cine interventions in oncology during and after cancer treatments
(54%).>° Despite their growing use, the efficacy of these microbiome
modifiers is not well-studied, and the existing literature is limited.’®
In this scenario, to the best of our knowledge, this is the first system-
atic review aimed at investigating the current evidence and their
directions for using probiotics in managing CRF. This study amalgam-
ated and scrutinized the evidence from three clinical trials,*>***®
where two studies included patients with colorectal cancer (206
patients in total}*>** and one study included women with breast can-
cer (74 patients in total).”® The summarized and analyzed research
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FIG. 2. RoB 2.0 assessment.

presents a groundbreaking perspective in the field, highlighting the
potential of probiotics as a multifaceted intervention applicable to
different cancer types and treatment scenarios.

The synthesis presented in the results was also enriched by an
auxiliary analysis, which was an exploratory meta-analysis, detailed
in Supplementary File 2, aimed to describe variations in the reported
effect sizes across studies rather than establishing a definitive impact
or estimating the precise effect size of the treatment.>” This approach
is informative, given the limited amount of evidence currently avail-
able.”® The exploratory meta-analysis synthesized data from the
three studies by extracting data from 8 weeks,*>*® 12 weeks,** and
6 months,"? using a random-effects model. The meta-analysis with
an exploratory approach revealed substantial heterogeneity among
the included studies, as indicated by a high I? value of 99.17% and a
72 (tau squared) of 15.31. This heterogeneity underscores the need
for a cautious interpretation of the combined effect size. Overall, the
heterogeneity from a statistical point of view was mainly related to
the contribution of the study of Lee et al.,** which showed a minimal
effect size, with an SMD of 0.038 at 12 weeks. In contrast, Golkhal-
khali et al.*> and Khazaei et al.*® demonstrated substantial effect sizes
at their respective follow-up points, highlighting the potential effi-
cacy of probiotic interventions in different cancer populations and
treatment stages.

The comparison of interventions between the included studies
reveals distinct approaches to probiotic supplementation for manag-
ing CRF. Lee et al. employed a simpler probiotic blend of L. rhamnosus
R0O011 and L. acidophilus R0052, focusing on a specific combination of
strains to target CRF in colorectal cancer patients post-treatment.** In
contrast, Golkhalkhali et al. utilized a more complex multistrain pro-
biotic blend, which included Bifidobacterium species and was com-
bined with omega-3 fatty acids, during the chemotherapy treatment
phase for colorectal cancer patients.*” The efficacy of specific probi-
otic strains for CRF is still an area of active research, and both the
Lactobacillus and Bifidobacterium genera have been studied for
their potential benefits in alleviating gastrointestinal symptoms and
improving immune function, which could indirectly affect CR.”®
Some studies have also suggested that multistrain probiotics may
offer synergistic benefits that single strains do not provide.’® Adding
to this diversity, the Khazaei et al. study explored the use of a synbi-
otic intervention in breast cancer patients undergoing chemo-
therapy.*® This study employed a combination of probiotics and
prebiotics (synbiotics), including a variety of Lactobacillus and Bifido-
bacterium strains, highlighting a different aspect of microbiome
modification. The use of synbiotics represents a novel approach in
the context of CRF management, potentially offering the combined
benefits of both prebiotics and probiotics.

The mechanisms by which probiotics benefit CRF remain an active
research area.”?> This systematic review, in conjunction with insights
from the recent study on CRF pathogenesis, suggests that both Lacto-
bacillus and Bifidobacterium genera could potentially mitigate CRF.®"

These probiotics might influence the physiological dysfunctions asso-
ciated with CRF, such as immune activation, inflammatory responses,
and central nervous system disorders. Their potential role in normal-
izing disturbed intestinal microbial communities, competitively
excluding pathogens, and modulating the immune system could be
particularly relevant in CRF, where immune function and gut health
are often compromised.”*> The complexity of CRF arises from its mul-
tifactorial nature, involving skeletal muscular and mitochondrial dys-
functions, immune and inflammation dysregulation, and central
nervous system disorders.”®> Probiotics could potentially interact
with these pathways by influencing gut health and immune
response. However, the exact mechanisms of how probiotics modu-
late these varied aspects of CRF are not fully understood. Therefore,
future research should focus on exploring the specific molecular and
physiological interactions between probiotic strains and the diverse
factors contributing to CRF. This would involve studying the role of
probiotics in immune modulation, inflammation control, and possi-
bly their effects on central nervous system function and mitochon-
drial health in the context of cancer and its treatment.

Choosing between simpler and more complex probiotic blends
has significant clinical implications, especially in managing CRF.®°
Our study revealed that multistrain probiotics, as utilized by Golkhal-
khali et al.*> and Khazaei et al.,*® showed a significant positive impact
on CRF management in patients with colorectal cancer. While these
multistrain blends may offer synergistic benefits, they could also
come with a higher price tag and a different side-effect profile com-
pared to single-strain options like those used in the study by Lee
et al. For instance, multistrain probiotics may interact differently
with medications or other treatments, requiring careful consideration
and possibly additional monitoring. Furthermore, the complexity of
multistrain probiotics could necessitate more rigorous storage condi-
tions, affecting their feasibility for long-term use.°> Understanding
these trade-offs is crucial for clinicians when recommending probi-
otic supplements as a complementary treatment for CRF. For this rea-
son, there is a need for more comprehensive studies that not only
evaluate the efficacy but also the cost-effectiveness, side-effect
profile, and patient compliance associated with various probiotic
formulations.

The timing and context of probiotic interventions in the studies by
Lee et al.,** Golkhalkhali et al.,** and Khazaei et al.*® reveal significant
differences in their approaches and potential outcomes. Lee et al.
approach included patients who completed treatment between 6
months and 2 years (i.e.,, post-treatment probiotic supplementa-
tion),*> Golkhalkhali et al. studied probiotics during induction che-
motherapy in patients at onset,*” and Khazaei et al.*® included
women undergoing neoadjuvant or adjuvant chemotherapy. These
varying timings could influence the effectiveness of the probiotics in
managing side effects and CRF. This variation in intervention timing
across different cancer treatment phases indicates a need for tailored
probiotic strategies depending on the treatment stage. It also
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suggests that probiotics might play a role in alleviating not just gas-
trointestinal symptoms like mucositis but also broader aspects of
CRF.°® However, more research is needed to fully understand the effi-
cacy of probiotics and synbiotics in different cancer treatment con-
texts, including their potential to manage the side effects of
radiotherapy and chemotherapy.®*

Patient compliance is a critical factor in the efficacy of any
treatment regimen, and this holds particular meaning for supple-
mentary treatments like probiotics or other microbiome modi-
fiers. This review indicates that the feasibility of incorporating
probiotics into a patient’s treatment plan involves a multifaceted
evaluation. Factors such as the frequency and timing of doses are
crucial; for example, the study by Lee et al. and Khazaei et al.
required patients to take the probiotic blend twice daily with or
right after meals,”>*® while the study by Golkhalkhali et al.
involved a daily dose for 4 weeks, followed by an 8-week regi-
men of omega-3 fatty acids.*? These varying dosing schedules
could impact patient compliance, especially when considered
alongside the already complex treatment regimens that cancer
patients often undergo. Additionally, potential interactions with
other medications are a significant concern:®> cancer patients fre-
quently take various medications for cancer treatment and symp-
tom management, raising the possibility of drug-probiotic
interactions that could either enhance or diminish the efficacy of
both. The patient’s lifestyle and dietary habits must also be con-
sidered in symptom management. For instance, both studies
excluded patients who consumed food containing probiotics,*>*3
which could limit the applicability of these treatments to a
broader patient population who may already include probiotic-
rich foods in their diet. Given the complexity of cancer treatment
regimens and this patient population's unique challenges, the
ease of incorporating probiotics could determine their widespread
adoption for managing CRF. Therefore, future studies should
address these practical considerations to facilitate the seamless
integration of probiotics into existing cancer care protocols.

As a result of the increasing interest in exploring the potential
benefits of microbiome modifiers in mitigating cancer-related
fatigue, several ongoing clinical have been initiated to investigate
the effects of this mechanism.®®"®® These trials elucidate the mech-
anisms underlying the interaction between the gut microbiota and
the immune system and how such interactions may influence
fatigue levels. In particular, what is being investigated in these
RTCs is the use of symbiotics®®®” and fermented foods®® in manag-
ing the symptoms related to chemotherapy administration. As per
the literature we have reviewed, these studies employ established
rating scales to evaluate fatigue levels in cancer patients, including
the FACT, EORTC-Q30. It is interesting to underline how these
studies research the effects of microbiome modifiers in pathologies
other than those directly affecting the intestinal system, contrary
to what is already in the literature.*>**> However, these ongoing
trials explore those effects in other solid tumors, such as breast
and advanced cervical cancer.

As the nursing field continues to evolve, ongoing clinical trials in
this area promise to provide us with a more comprehensive under-
standing of microbiome modifiers in cancer care. This knowledge is
not just academic: it has profound implications for cancer nursing
practice. Nurses are at the forefront of patient care, playing a vital
role in symptom management and supporting patients through their
cancer journey. Therefore, the findings of this review are directly rel-
evant to nursing practice, as they can inform decisions about how to
best incorporate probiotics into the holistic care of cancer patients
experiencing CRF. This review equips cancer nurses with the knowl-
edge needed to make informed decisions about the inclusion of pro-
biotics in patient care plans by shedding light on the potential
benefits, challenges, and considerations associated with probiotic
interventions in managing CRF.

Limitations

While this systematic review provides valuable insights into
the potential benefits of microbiome-modifiers like probiotics in
managing CRF, several limitations must be acknowledged. First,
the review included limited studies, with only three meeting the
eligibility criteria. This small sample size limits the generalizabil-
ity of this systematic review. Second, two studies included studies
focused exclusively on patients with colorectal cancer, and only
one study included patients with breast cancer; therefore, the
available evidence may not represent the broader cancer patient
population. Third, the studies employed different probiotic strains
and dosing regimens, making it challenging to draw definitive
conclusions about the most effective approach. Fourth, the studies
used different scales to measure CRF, which could introduce vari-
ability in the results. Fifth, the included studies need to address
these probiotic interventions’ long-term effects and safety profiles
adequately. In addition, the review did not account for potential
publication bias or the quality of the studies included, which
could affect the validity of our conclusions. Lastly, while Golkhal-
khali et al.*> demonstrated an adequate randomization plan with
a low risk of bias, it is worth noting that it failed to achieve com-
parable levels of CRF between the two study groups. This dispar-
ity in baseline CRF levels could potentially introduce a
confounding factor that might influence the study's outcomes,
making it challenging to isolate the precise effects of the probi-
otic intervention on CRF. Therefore, it is crucial to interpret the
study's results while considering this baseline difference, as it
may impact the observed improvements in CRF. Future research
should address these limitations by including a more diverse
patient population, standardizing measurement scales, investigat-
ing long-term outcomes, and exploring the efficacy of other
microbiome modifiers.

Conclusions

This systematic review and exploratory meta-analysis represents
a pioneering effort to understand the potential role of microbiome
modifiers, specifically probiotics, in managing CRF. The results sug-
gest that multistrain probiotics may positively impact CRF manage-
ment in patients with colorectal cancer. However, the limited
number of studies and their focus on a specific cancer type call for
caution in generalizing these results. The review also highlights sig-
nificant gaps in the existing literature, including the need for more
research on other microbiome modifiers and their efficacy in treating
CRF. As nutritional metabolomics continues to evolve, targeted stud-
ies are essential to clarify the specific mechanisms of action, the
selection of the most efficient and safe probiotic strains and their
combinations, clinical implications, and the feasibility of incorporat-
ing microbiome modifiers into comprehensive cancer care plans.
Additional research should focus on using microbiome modifiers in
various types of cancer by exploring which combinations result in
greater efficacy and greater impact on the quality of life of patients
with CRF to offer novel insights and potential therapeutic strategies.
Future research should aim to address these gaps and limitations to
provide more robust evidence to guide clinical practice in this emerg-
ing area of cancer care.
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