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Purpose: Microbiota manipulation through selected probiotics may be a promising tool to prevent cancer development
as well as onset, to improve clinical efficacy for cancer treatments. The purpose of this study was to evaluate change in
microbiota composition after-probiotics supplementation and assessed the efficacy of probiotics in improving quality of life
(QOL) in postoperative cancer patients.

Methods: Stool samples were collected from 30 cancer patients from February to October 2020 before (group 1) and
after (group Il) 8 weeks of probiotics supplementation. We performed 16S ribosomal RNA gene sequencing to evaluate
differences in gut microbiota between groups by comparing gut microbiota diversity, overall composition, and taxonomic
signature abundance. The health-related QOL was evaluated through the EORTC Quality of life Questionnaire Core 30
questionnaire.

Results: Statistically significant differences were noted in group Il; increase of Shannon and Simpson index (P = 0.004
and P = 0.001), decrease of Bacteroidetes and Fusobacteria at the phylum level (P = 0.032 and P = 0.014, retrospectively),
increased of beneficial bacteria such as Weissella (0.096% vs. 0.361%, P < 0.004), Lactococcus (0.023% vs. 0.16%, P <
0.001), and Catenibacterium (0.0% vs. 0.005%, P < 0.042) at the genus level. There was a significant improvement in sleep
disturbance (P = 0.039) in group Il.

Conclusion: Gut microbiota in cancer patients can be manipulated by specific probiotic strains, result in an altered
microbiota. Microbiota modulation by probiotics can be considered as part of a supplement that helps to increase gut
microbiota diversity and improve QOL in cancer patients after surgery.

[Ann Surg Treat Res 2021;101(5):281-290]
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INTRODUCTION

The gut microbiota has been considered to be an essential
organ, carrying approximately 150 times more genes than that

found in the entire human genome [1]. The gut microbiota
has emerged as a critical player in the maintenance of human
health, influencing not only the gastrointestinal tract but also
distal organs such as the brain, liver, and pancreas [2]. With
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the increased understanding of the relationship between
the human microbiota and a variety of diseases, the use of
these findings to predict or diagnose diseases had attracted
a great deal of attention. As such, dysbiosis, which refers to
compositional and functional alterations of the gut microbiota,
contributes to the development of various pathologic conditions
including cancer [3]. The gut microbiota has been implicated
in cancer and shown to modulate the efficacy of anticancer
treatments. The microbiota composition and function differ
according to location, age, sex, race, and diet of the host. Over
the past 10 years, combining next-generation sequencing with
computational analysis of the 16S ribosomal RNA (rRNA)
amplicons has allowed the characterization of both the diversity
and abundance of the gut microbiota.

Probiotics are defined as "microorganisms for which there is
scientific evidence of safety and efficacy” and excluding "live
cultures associated with fermented foods for which there is no
evidence of a health benefit" [4]. Probiotics have been proposed
as preventive and therapeutic measures used to restore the
healthy composition and function of the gut microbiota.
Probiotics have been proven to modulate gut microbiota
composition imbalances by increasing bacterial populations,
gut epithelium barrier function, and cytokine production.
The microbial community composition is more stable during
the period of probiotic treatment [5]. However recent studies
demonstrated the association of microbiota alterations
following treatment with probiotics [6]. The beneficial effect of
probiotics depends upon the probiotic strains. Lactobacillus and
Bifidobacterium are the most widely used strains for safety and
efficacy. The combination of 2 or more probiotics has an effect
superior to that of a single probiotic strain [7].

Microbiota manipulation through selected probiotics may be
a promising tool to prevent cancer onset, improve the clinical
efficacy of anticancer treatments, and mitigate the adverse
effects of standard anticancer therapy. Most of these benefits
are achieved through the modulation of host immunity and
the inflammatory response [8]. Probiotics were effective in
alleviating postoperative adverse symptoms by modifying
the gut microbiota of cancer surgery patients [9]. Therefore,
understanding the role of gut microbiota contributes to
improving the care of cancer surgery patients. However, the
postoperative clinical benefit of maintaining the gut microbiota
balance remains largely unexplored and unknown [10]. The
purpose of this study was to evaluate the changes in gut
microbiota composition and assess the efficacy of probiotics in
improving the quality of life (QOL) of cancer patients.

METHODS

Study participants

Thirty-four cancer surgery patients (21 colorectal cancer

[CRC], 10 breast cancer, 2 gastric cancer, and 1 pancreatic cancer
patient) who visited Seoul Song Do Colorectal Hospital in Seoul,
Korea between February and October 2020 were recruited.
Patients who are pregnant or lactating; metabolic syndrome,
liver disease, diabetes mellitus, or autoimmune disease were
excluded. Also, those who had used antibiotics or consumed
lactic acid bacteria-related agents such as probiotics, prebiotics,
and synbiotics within the last 2 weeks were excluded from the
study. During the 8 weeks of probiotic administration, a total
of 4 participants dropped out. Two participants experienced
severe side effects from chemotherapy, 1 participant had newly
developed severe constipation, and 1 participant failed to
attend the follow-up visit. The results of 30 participants were
used in the final data analysis. We classified the group before
ingestion of probiotics (group I) and the group after ingestion of
probiotics (group I1).

All study procedures were performed in accordance with
the Declaration of Helsinki. This study was approved by the
Institutional Review Board of Seoul Song Do Colorectal Hospital
(No. 2020-001). Written informed consent was obtained from all
patients prior to enrollment.

The probiotic capsule contained approximately 5 x 10°
colony-forming unit (CFU) of live freeze-dried bacteria
(Ildong Bioscience Co. Ltd., Pyeongtaek, Korea) comprised
of a mixture of 9 strains: Bifidobacterium breve IDCC4401,
Bifidobacterium bifidum 1DCC4201, Bifidobacterium longum
IDCC4101, Bifidobacterium lactis IDCC4301, Lactobacillus
rhamnosus IDCC3201, Lactobacillus acidophilus IDCC3302,
Lactobacillus reuteri IDCC3701, Lactobacillus casei IDCC3451,
and Lactococcus lactis IDCC2301. The capsules also contained
prebiotics such as inulin, polysaccharides, zinc, selenium, 3
amino acids (glutamine, arginine, and histidine), vitamin B6,
and Shiitake mushroom mycelium.

The symbiotic mixture used was double-coated with peptides
and polysaccharides. This protective technology can protect
the ingested bacteria from unfavorable conditions such as
low pH, protease-rich conditions, and bile acid exposure.
The participants took the 2 provided probiotics 30 minutes
before a meal with water in the early morning for 8 weeks. We
considered good compliance when the participants consumed
more than 85% of the total products given.

Fecal sample collection
We collected 2 samples from each participant. A fecal sample

was collected prior to the administration of probiotics and &
weeks later. The test kits containing a sterile tube (AccuGene,
Incheon, Korea) to collect the stool samples were provided to
the participants. The participants were asked to preserve the
sample at room temperature until delivery to the laboratory.
After delivery, stool specimens were immediately stored at
-80°C until metagenomic DNA extraction.
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DNA extraction
Approximately 200 mg of each stool sample was subsequently

extracted using the commercial QlAamp Power Fecal Pro DNA
Kit (Qiagen, Hilden, Germany) according to the manufacturer's
instructions. The concentration and quality of DNA were
measured using an ultraviolet spectrophotometer (Eppendorf,
Hamburg, Germany). The Qubit dsDNA HS Assay Kit
(Invitrogen, Eugene, OR, USA) was used to determine the initial
concentration of double-stranded (ds) DNA.

Amplification of 16S rRNA genes and library

preparation
The Ion Torrent 16S Metagenomics Kit (Thermo Fisher

Scientific, Pleasanton, CA, USA) was used to amplify 16S
rRNA genes in all samples. Polymerase chain reaction (PCR)
was performed with 2 primers according to the amplification
conditions indicated in the manufacturer's protocol. Primer 1
contained targets for the V2 (250 bp), V4 (288 bp), and V& (295
bp) regions, whereas primer 2 contained the V3 (215 bp), V6-7
(260 bp), and V9 (209 bp) regions. After PCR amplification,
the conjugated PCR products were purified according to the
manufacturer's instructions. DNA using the lon Plus Fragment
Library Kit (Thermo Fisher Scientific, Carlsbad, CA, USA) and
Ion Xpress barcodes. The Ion Xpress Barcode Adapters 1-16 Kit
(Thermo Fisher Scientific, Carlsbad, CA, USA) according to the
manufacturer's protocol was performed and the DNA library
was purified. Each library was diluted to a concentration of 50
pM and pooled into equal volumes. The Ion 530 kit (Thermo
Fisher Scientific) was used for the Ion Chef (Thermo Fisher
Scientific) and Ion S5 XL platform (Thermo Fisher Scientific)
workflows.

Operational taxonomic unit clustering
Data analysis was mapped in Ion Reporter software (Thermo

Fisher Scientific) to 2 reference 16S rRNA databases (Greengenes
ver. 135 and MicroSEQ ID ver. 3.0; Thermo Fisher Scientific).
To cluster the sequences, operational taxonomic unit (OTU)
analysis was performed using lon Reporter software, which
runs Quantitative Insights into Microbial Ecology (QIIME).
The genus and species cutoff values were set at 97% and 99%,
respectively.

Diversity analysis and statistics
Alpha and beta diversity data generated by the QIIME2

software (ver. 2020.08) were exported from the Ion Reporter
software. For alpha diversity analysis, Chaol, the Shannon
index, and the Simpson index were generated to analyze species
diversity within the samples. All indices were nonparametric
indexes that estimated the richness and diversity of the
species. According to these 3 parameters, box plots were created
based on the species level at 99% similarity. We also used the

Wilcoxon rank-sum test for 2 sample groups used to identify
the significant differences in alpha diversity. Data visualization
was performed using R software ver. 4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria; https://www.R-project.
org/) and the ggplot2 and ggpubr graphics packages for R.

The beta diversity analysis generated principal coordinates
analysis (PCoA) plots for weighted UniFrac, unweighted
UniFrac, Bray-Curtis, and Jaccard using the EMPeror graphical
tool within QIIME2. Beta diversity reflects the compositional
difference between samples in one certain group. Permutational
multivariate analysis of variance (PERMANOVA) was used to
determine significant differences in the bacterial structures.

Bacterial composition analysis
Relative abundances were calculated by normalizing the OTU

table of the raw counts provided by the lon Reporter software.
The taxa were clustered at the phylum, genus, and species
levels. The nonparametric Mann-Whitney test was used to
determine statistically significant differences in the relative
abundances between the 2 groups in phylum, genus, and
species compositions. Only bacteria representing more than 1%
of the total taxa were presented on the graph and the rest were
grouped as "others.”

The linear discriminant analysis effect size (LEfSe) with
default parameters was used to identify species with significant
differences between the groups [11]. The statistical method
applied using LEfSe software (version 1.0, http:/huttenhower.
sph.harvard.edu/galaxy/) was the Kruskal-Wallis test (linear
discriminant analysis [LDA] score > 2.0).

Quality of life assessment
QOL was assessed by a nurse using the QOL questionnaire

instrument designed by European Organization for Research
and Treatment of Cancer (EORTC). We received permission
from EORTC to use a Korean version of the Quality of life
Questionnaire Core 30 (QLQ-C30) related to cancer patients.
The patients were required to respond to this questionnaire
before and 8 weeks after the administration of probiotics.

RESULTS

Subject characteristics
The clinical characteristics of the participants, type of

surgery (Supplementary Table 1), and current status of patient
(Supplementary Table 2) are shown in Table 1. Thirty cancer
patients (19 colon cancers, 9 breast cancers, 1 gastric cancer, and
1 pancreatic cancer) participated in this study and all patients
underwent cancer surgery within 5 years. The mean age of the
participants was 549 = 7.03 years and 27 patients (90.0%) were
female. Among the 30 patients, 3 patients (10.0%) were stage [,
10 patients (33.3%) were stage 11, 13 patients (43.3%) were stage
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111, and 4 patients (13.3%) were stage IV. Twelve patients received
chemotherapy and 4 patients received radiation therapy.

Table 1. Profile of the study population

Characteristic Value

Age (yr) 549 +7.03
Sex, male:female 3:27
Body mass index (kg/mz) 23.2 + 4.04
Postoperative duration

<6 mo 3

>6 mo, <2 yr 14

>2 yr, <5 yr 13
Pathological stage

I 3

Il 10

1 13

\% 4
Postoperative chemotherapy, yes:no 12:18
Radiation therapy, yes:no 4:26

Values are presented as mean = standard deviation or number.
Colorectal cancer, 19; breast cancer, 9; gastric cancer, 2;
pancreas cancer, 1.
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Analysis of 16S rRNA gene sequencing

16S rRNA gene sequencing was performed on 60 stool
samples to investigate the alterations in gut microbiota in
cancer patients before and after the ingestion of probiotics. The
amplicons were sequenced with a total of 18,604,826 reads and
after filtering, an average of 57108 = 15,634 reads per sample
was obtained.

Alpha diversity
Alpha diversity was estimated by Chaol, and the Shannon

and Simpson indices to assess the difference in diversity
between the 2 groups. These indices were used to reflect
the diversity within the samples, including species richness,
abundance, and evenness. No significant differences in the
Chaol index were identified between the 2 groups in the
species richness estimate. The Shannon and Simpson indices
were significantly increased in the after-probiotics groups (P
< 0.01 and P < 0.001) compared to the before-probiotics group
(Wilcoxon rank-sum test) (Fig, 1). These results suggest that the
intake of a variety of bacteria changed the diversity of the gut
microbiota.

Beta diversity
To assess beta diversity, PERMANOVA was conducted to
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Fig. 1. Alpha diversity. Boxplots of alpha diversity metrics;
(A) Chaot, (B) Shannon index, and (C) Simpson index. Red
bars and points indicate before group values; blue bars and
points indicate after group values. Significance was assessed
by means of paired Wilcoxon test. Group |, the group before
ingestion of probiotics; group I, the group after ingestion of
probiotics.
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determine which variables significantly affected the overall
composition of the gut microbiota. PCoA based on 4 metrics
(weighted UniFrac, unweighted UniFrac, Bray-Curtis, and
Jaccard) was performed to visualize the relationship between
the microbiota communities in the 2 groups. PERMANOVA
showed no significant difference between the 2 groups across
all 4 metrics (P > 0.05) (Fig. 2).

Composition of gut microbiota
The relative abundance of the dominant taxa at the phylum

level in both groups was assessed by microbial taxonomic
assignment. In each group of samples, we observed a difference
in the gut microbiota (Fig. 3A). Over 98% of the bacteria in
the samples belonged to 4 dominant phyla (Bacteroidetes,
Firmicutes, Actinobacteria, and Proteobacteria). According to
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Fig. 3. Gut microbiota composition at the (A) phylum, (B) genus, and (C) species level for the 2 groups. *P < 0.05.
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Table 2. List of taxa showing different abundances between 2 groups at the phylum, genus, and species level

Taxonomy

Phylum
Bacteroidetes
Fusobacteria

Genus
Weissella
Lactococcus
Catenibacterium

Species
Blautia producta
Clostridium butyricum
Veillonella dispar
Weissella cibaria
Bifidobacterium breve
Lactobacillus garvieae
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28.690 20.360
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0.096 0.361
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Decreased 0.550 0.053
Decreased 0.006 0.000
Decreased 0.090 0.078
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Fig. 4. The linear discriminant analysis effect size (LEfSe) analysis of gut microbiota between the 2 groups. (A) Cladogram
generated by LEfSe indicating differences at phylum, class, family and genus levels between the 2 groups. Each successive
circle represents a phylogenetic level. Regions in red indicate taxa enriched in before group affected while regions in green
indicate taxa enriched in after group. Differing taxa are listed on the right side of the cladogram. (B) Bar graphs showing linear
discriminant analysis (LDA) scores. Horizontal bars represent the effect size for each taxon. The length of the bar represents the
log10 transformed LDA score, indicated by vertical dotted lines. Significance determined using default parameters (P < 0.05
by Kruskal-Wallis test and LDA score > 2). The name of the taxon level is abbreviated as p, phylum; ¢, class; g, genus; and s,

species.

a comparative analysis of the relative abundances at different
phylum levels, Bacteroidetes and Fusobacteria showed
statistically significant decreases in group Il (P = 0.032 and P =

0.014, retrospectively) (Table 2).

Before probiotic administration, the ratio of Firmicutes
to Bacteroidetes was similar in the 2 groups. However,
after probiotic administration, Bacteroidetes decreased and
Firmicutes increased. The Firmicutes/Bacteroidetes (F/B) ratio

was significantly decreased in group 1L

At the genus level (Fig. 3B), the abundance of 3 taxa were
increased (Table 2). At the genus level, Weissella (0.096%
vs. 0.361%, P = 0.004), Lactococcus (0.023% vs. 0.16%, P <

0.001), and Catenibacterium (0.0% vs. 0.005%, P = 0.042) were

significantly more abundant in group II than in group L

At the species level (Fig. 3C), Blauta producta (0.55% vs. 0.053%,
P = 0.045), Clostridium butyricum (0.006% vs. 0%, P = 0.022),
and Veillonella dispar (0.09% vs. 0.078%, P = 0.033) significantly

decreased in group 1. However, Weissella cibaria (0.139% vs.
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0.245%, P = 0.002), B. breve (0.000% vs. 0.013%, P = 0.001),
and Lactobacillus garvieae (0.005% vs. 0.024%, P = 0.018) were
significantly more abundant in group II than in group L.

Linear discriminant analysis effect size of gut

microbiota
To identify the distinguishing taxa of the gut microbiota

within the 2 groups, the LEfSe method was implemented. LEfSe
analysis revealed significant differences (LDA score > 2.0, P <
0.05) between the 2 groups in 10 OTUs (Fig. 4). At the phylum
level, Bacteroidetes was significantly enriched in group I (Fig.
4B). At the genus level, 2 taxa exhibited significantly higher
abundances in group II compared to group I, including Weissella
and Lactococcus.

The EORTC QLQ-C30
The QOL parts of the questionnaires in the EORTC QLQO-C30

were merged into several scales, as shown in Table 3. Data were
available for only 30 of the 34 patients because of dropped
the study. The QOL after 8 weeks did not differ between
the 2 groups with the exception of scales related to sleep
disturbances (P = 0.037).

DISCUSSION

In the present study, we demonstrated that a proportion of
the strains administered as probiotics significantly increased in
the fecal microbiota. Our study showed changes in the diversity
and composition of the fecal microbiota after cancer patients

took probiotics. First of all, probiotics are an area of rare safe
and undesirable side effects for these particular patients. These
findings were supported by a meta-analysis study on probiotic
safety involving 2,242 cancer patients [12]. Moreover, no
deaths related to probiotics have been reported, indicating that
probiotics are safe for cancer patients.

We performed several comparative analyses between the
before and after probiotic ingestion groups. It is generally
believed that probiotics affect the diversity and composition
of gut microbiota. In alpha diversity analysis, Chaol showed
no significant difference in species abundance between the 2
groups (P > 0.05). In contrast, the Shannon index and Simpson
index of group II were significantly increased, indicating that
the consumption of probiotics had an effect on the abundance
and evenness of species. The gut microbiota in postsurgery
CRC patients had a lower alpha diversity and a looser ecological
interaction network result in the condition for postsurgery
CRC patients such as anterior resection syndrome or bowel
dysfunction [13,14]. A diverse microbial community is a key
feature of healthy intestinal microbiota and probiotics might
have increased the diversity in our study. Recent evidence
suggests that it may also influence the efficacy and/or minimize
the adverse effects of chemotherapy, radiotherapy, and
antibiotics [15,16].

Generally, the gut microbiota is dominated by Firmicutes
or Bacteroidetes, whereas Proteobacteria, Actinobacteria,
Verrucomicrobia, and Fusobacteria are less abundant at the
phyla level. Our data showed that the level of Bacteroidetes
and Fusobacteria was markedly decreased in group II. The F/B

Table 3. Summary of results and quality of the evidence of the measurement properties of the EORTC QLQ-30

QLQ-C30 No. of items Before After P-value
Global health status/quality of live 2 56.32 £ 1.75 58.93 £ 1.17 0.286
Functional scales
Physical functioning 5 80.69 = 0.64 82.53 £0.48 0.247
Role functioning 2 84.48 = 0.57 86.78 + 0.62 0.267
Emotional functioning 4 75.11 £0.56 73.89 £ 0.76 0.342
Cognitive functioning 2 81.67 + 0.66 77.78 £0.76 0.198
Social functioning 2 72.87 +£0.81 78.33 = 0.66 0.113
Symptom scales
Fatigue 3 32.59+0.58 36.30 =0.56 0.100
Nausea and vomiting 2 10.75 £ 0.57 6.67 £ 0.37 0.098
Pain 2 18.08 + 0.77 16.36 + 0.60 0.345
Dyspnea 1 16.09 £ 0.63 13.79 £ 0.50 0.324
Constipation 1 26.67 £ 0.89 25.56 £ 0.86 0.441
Diarrhea 1 34.44 +£0.72 28.89 £0.57 0.162
Sleep disturbance 1 22.22 +0.71 12.22 +0.56 0.037*
Appetite loss 1 22.22 £0.84 15.56 = 0.63 0.151
Financial difficulties 1 16.67 +0.73 15.56 +0.57 0.422

Values are presented as number only or mean + standard deviation.
EORTC, European Organization for Research and Treatment of Cancer; QLQ-C30, Quality of life Questionnaire Core 30.
*P < 0.05.
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ratio has been associated with maintaining homeostasis, and
changes in this ratio can lead to various pathologies. The F/
B ratio was also found to be lower in elderly subjects (65 years
and older, n = 161) compared to young adults (28-46 years, n
= 0) in the study by Claesson et al. [17]. It has been speculated
that such changes in microbiota composition may reflect the
gradual decline in organ function and ability to maintain
barrier integrity in elderly individuals [18]. In the study by
Biagi et al. [19], the F/B ratio was estimated at 3.6, 5.1, and 3.9 in
young adults (25-40 years, n = 20), elderly people (63-76 years,
n = 22), and centenarians (99-104 years, n = 21), respectively.
In the present study, we found that the F/B ratio in group II (3.6)
was higher than that in group I (2.5), suggesting that taking
probiotics could reduce potential disease risks.

The ingestion of probiotics can contribute to the restoration
of dysbiotic gut microbiota and the prevention of cancer.
Fusobacterium, in particular, is one of the most important
pathogens reported to be closely associated with CRC. Increasing
evidence has shown its roles in the carcinogenesis, diagnosis,
progression, and prognosis of CRC [20]. Specifically, the
overabundance of invasive Fusobacterium has been suggested
to negatively impact patient outcomes. Fusobacterium species
can promote host proinflammatory responses and possess
virulence characteristics that promote their adhesiveness
to host epithelial cells and their ability to invade epithelial
cells [21]. Our study suggested that Fusobacterium tended to
decrease due to the probiotic effect in cancer patients.

In the current study, changes in the microbiota composition
at the genus level were more apparent than those at the phylum
level. Our results provide evidence that probiotic strains affected
the composition of gut microbiota at the genus and species
levels. Recently, specific Weissella strains have received attention
as potential probiotics, and the strain development, particularly
of W. cibaria strains, is receiving attention because of their
high probiotic potential for controlling periodontal disease [22].
Lactococcus is a gram-positive bacterium used extensively in
the production of buttermilk and cheese. However, it has also
become famous as the first genetically modified organism to be
used live for the treatment of human disease. Reports showed
that lactic acid production had immunomodulatory, anticancer,
and anti-inflammatory activities and beneficial effects on
the skin [23]. Another genus enriched in the probiotic group,
Catenibacterium species, produces short-chain fatty acids, such
as butyric acids, from glucose fermentation [24]. Butyric acid
may serve beneficial roles in colonic anti-inflammation and
metabolic health. Our findings showed probiotic interventions
that favored the expansion of beneficial microorganisms acting
either on endogenous bacteria or the administered probiotics at
the genus level.

Probiotics contain the right strain, the right amount, the
right formulation, and right conditions for the intended use.

Like the lactic acid bacteria used in our study, synbiotics
(combination of probiotics and prebiotics) and the combination
of 2 or more probiotics had an effect superior to that of a
single probiotic strain [25]. Most probiotic products today are
developed with Bifidobacterium, Lactobacillus, and other lactic
acid bacteria, such as Lactococcus and Streptococcus. Other
promising strains include bacteria genera, such as Bacillus,
Escherichia, and Propionibacterium, and some other yeast
genera, mainly Saccharomyces. The probiotics used in our
study were composed of 4 strains of Bifidobacterium, 4 strains
of Lactobacillus, and 1 strain of Lactococcus. Each capsule
contained approximately 5 X 10° CFU of live freeze-dried
bacteria. The capsules also contained inulin, polysaccharides,
zing, selenium, 3 amino acids (glutamine, arginine, and
histidine), vitamin B6, and Shiitake mushroom mycelium. In
fact, the principal aim of administrating probiotics to cancer
patients is to repopulate Lactobacillus in the gut microbiota
of compromised patients, thus reestablishing the levels
and functionality of the commensal bacteria depleted after
treatment [26]. The randomized administration of B. lactis and
L. acidophilus to CRC patients changed the epigenetic patterns
of tumor tissue from baseline, with potential therapeutic
benefits in CRC by manipulation of the gut microbiota [25].
The preparation or composition of probiotic products might
also be factors that contribute to the different effects. However,
guidelines regarding the strain, duration, and dosage of
probiotics for cancer patients are not clear.

Our study focused on the QOL in cancer patients after
the ingestion of probiotics using the EORTC QOL-C30 as the
QOL score. Although the QOL in cancer patients might be
an important endpoint, few clinical research studies have
evaluated this endpoint because depression, anxiety, chronic
fatigue, and sleep disturbance are common symptoms in cancer
patients that negatively affect the QOL. Gut microbes may
communicate through the gut-brain axis via the production of
neuroactive and neuroendocrine molecules such as serotonin,
gamma-aminobutyric acid (GABA), histamine, noradrenaline,
and adrenaline [27]. A recent triple-blind, randomized placebo-
controlled study showed reduced cognitive reactivity to sad
moods after a 4-week intervention with multispecies probiotics
[28]. Takada et al. [29] reported an improvement in sleep quality
in academic students during a period of increasing stress after
11 weeks of probiotic consumption. Overall, multispecies
probiotic intake was noted to exert a positive effect on
depressive mood state and sleep quality [30]. Our findings
extend previous observations, suggesting that the probiotic
mixture we used was effective in improving sleep disturbances
in cancer patients. The precise role of probiotics in cancer-
related mental problems should be investigated in the future.

The results of this study supported the hypothesis that the
gut microbiota of cancer patients can be manipulated by specific
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probiotic strains, resulting in altered gut microbiota enriched
with beneficial bacteria. Our study provides evidence that the
regulation of gut microbiota by probiotics can be considered
as part of a supplement that helps increase gut microbiota
diversity and improve the QOL after surgery in cancer patients.
However, our study was conducted at a single center and
was limited by the number of patients enrolled. Therefore,
multicenter randomized controlled trials including multimodal
probiotics may provide more clinical evidence supporting the
positive effects of probiotics in cancer patients.

SUPPLEMENTARY MATERIALS

Supplementary Tables 1 and 2 can be found via https:/doi.
org/10.4174/astr.2021.101.5.281.
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