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Probiotics supplementation in patients with colorectal cancer: a
systematic review of randomized controlled trials

Ifeoma Julieth Dikeocha @, Abdelkodose Mohammed Al-Kabsi, Eltayeb E.M. Eid, Salasawati Hussin, and
Mohammed Abdullah Alshawsh

Context: Colorectal cancer (CRC) is a leading cause of cancer deaths. Recently,
much attention has been given to the microbiome and probiotics as preventive
and therapeutic approaches to CRC and the mechanisms involved. Objectives: To
interpret the findings of randomized controlled trials (RCTs) of probiotics relative to
patients with CRC and to outline challenges of and future directions for using probi-
otics in the management and prevention of CRC. Data sources: Web of Science,
PubMed, ProQuest, Wile,y and Scopus databases were searched systematically from
January 17-20, 2020, in accordance with PRISMA guidelines. Study selection:
Primacy RCTs that reported the effects of administration to patients with CRC of a
probiotic vs a placebo were eligible to be included. Data Extraction: The studies
were screened and selected independently by 2 authors on the basis of prespecified
inclusion and exclusion criteria. The data extraction and risk-of-bias assessment
were also performed independently by 2 authors. Results: A total of 23 RCTs were
eligible for inclusion. Probiotics supplementation in patients with CRC improved
their quality of life, enhanced gut microbiota diversity, reduced postoperative infec-
tion complications, and inhibited pro-inflammatory cytokine production. The use of
certain probiotics in patients with CRC also reduced the side effects of chemother-
apy, improved the outcomes of surgery, shortened hospital stays, and decreased
the risk of death. Bifidobacteria and Lactobacillus were the common probiotics
used across all studies. Conclusion: Probiotics have beneficial effects in patients
with CRC regardless of the stage of cancer. There is an opportunity for probiotics to
be used in mainstream health care as a therapy in the fight against CRC, especially
in early stages; however, larger clinical trialsof selected or a cocktail of probiotics
are needed to confirm the efficacy, dosage, and interactions with chemotherapeu-
tics agents. Systematic Review Registration: PROSPERO registration no.
CRD42020166865.
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INTRODUCTION

The World Health Organization estimates that by the
year 2030, there will be approximately 27 million new
diagnosed cases of colorectal cancer (CRC) worldwide
and up to 18 million deaths as a result of CRC; >74 mil-
lion people are living with the disease." Colorectal can-
cer starts as a malignant tumor on the inner wall of the
colon or rectum of an individual and develops over a
long time. The pathological development of CRC pro-
gresses from normal epithelium to adenomatoid polyps
and eventually to adenocarcinoma.” Colorectal cancer is
associated with different risk factors, including exces-
sive consumption of unhealthy foods, poor diet, history
of polyps, advanced age, excessive smoking, and an un-
healthy lifestyle in general. The diseasealso can be a re-
sult of genetic disorders and inherited CRC genes.’
Dysbiosis of the gut microbiota, dysfunction of the im-
mune system, and chronic inflammation might contrib-
ute, to some extent, to the pathogenesis of CRC.*’
Colorectal cancer is usually categorized as inflamma-
tory, sporadic, or hereditary on the basis of the causa-
tive factors and pathogenesis.® With better screening
and advanced diagnostic procedures available, younger
individuals (<20 years) have also been diagnosed with
CRC. Although there has been significant progress in
development of CRC treatment, such as immunother-
apy, survival rates are still quite poor and the severe
side effects of treatment procedures like chemotherapy,
radiotherapy, and surgery make it difficult to treat and
prolong recovery.”

The concept of probiotics began in the 20th century
and was pioneered by Elie Metchnikoff, a Nobel laure-
ate from Russia, who found that some bacterial strains
in humans were beneficial and important for several
physiological activities of the human body.® Probiotics
are generally referred to as prolife microorganisms and
are described by the Food and Agriculture
Organization of the United Nations and by the World
Health Organization as “live microorganisms which
when consumed in adequate amounts confer a health
effect on the host.” Most probiotics belong to a group
of lactic acid-producing bacteria, including species of
Propionibacterium, Bifidobacterium, Streptococcus, and
Lactobacillus. Some probiotic strainshave nonhuman
origins, such as those used to ferment dairy products;
those of human origin are isolated from human intes-
tine and feces. Several bacterial genera, such as
Streptococcus, Bacillus, and Enterococcus, contain spe-
cies known for probiotic potential, though uncertainties
regarding the safety of such probiotics have been raised
because, in these genera, there are many pathogenic
species, particularly Enterococcus.® Microorganisms that
are not bacteria, like Saccharomyces yeasts, are also

widely used as probiotics. Several beneficial effects of
consumption of probiotics have been documented. The
favorable influence of probiotic bacteria refers mainly
to their effect on composition of the gut microbiota,
their ability to arrive alive in the intestine when admin-
istered orally, to modulate the immune system, and to
lessen the nonbeneficial bacteria found in the gut by
competing for adhesion on the cells of the host, growth
factors, and nutrients needed for survival."

On the other hand, prebiotics have been redefined
by the International Scientific Association for
Probiotics and Prebiotics as “a substrate that is selec-
tively utilized by host microorganisms to confer health
benefit.”'" Most prebiotics are nondigestible oligosac-
charides, including inulin-type soy oligosaccharides,
fructans, and xylooligosaccharides. Prebiotics work by
altering the constitution and activity of intestinal micro-
biota, and they discriminately prompt the development
and action of probiotic microorganisms.'”

The combination of suitable prebiotics with probi-
otics to form synbiotics promotes the viability of probi-
otic microorganisms in the gut.'>" If prebiotics and
probiotics are combined, they not only by enhancing
the growth of existing probiotics in the colon but also
often encourage the survival, implantation, and devel-
opment of probiotic strains that are newly introduced
to the gut microbiota.'* Short-chain fatty acids (SCFAs)
are produced when prebiotics are fermented, which
leads to an increase in probiotic growth. Butyric acid,
acetic acid, and propionic acid are the most studied
SCFAs; they inhibit the development of CRC by stimu-
lating cell apoptosis and inhibiting cell prolifera-
tion.">'® In addition, SCFAs arrest cellular growth of
cancerous cells through a mechanism of fluctuations in
the expression of cell cycle regulators p21 and CB1."”
Short-chain fatty acids such as butyrate have been seen
to decrease the inflammation associated with progres-
sion of tumors. For instance, Perrin et al'® found that
butyrate upregulated the expression of intercellular ad-
hesion molecule-1 in PROb rat colon cancer cells.
Butyrate is also reported to reduce decay-accelerating
factor (DAF) activation in many colon cancer cell lines
in which DAF is a deterrent to the removal of cancer
cells by complement activation on the surface of the cell
membrane.'”

Preclinical studies of probiotics as an intervention
in rats with CRC induced by azoxymethane or 1,2 di-
methylhydrazine showed that supplementation of pro-
biotics in higher doses, especially species in the
Lactobacillus genus (namely, fermentum, plantarum, ac-
idophilus, casei, rhamnosus, delbrueckii, and gasseri)
were effective in preventing and ameliorating the devel-
opment of intestinal tumors, preneoplastic lesions, and
aberrant crypt foci in the rat model, as well as
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decreasing the expression of pro-inflammatory markers
that cause intestinal inflammation.”” In reviews, the use
of probiotics by patients with CRC has been reported to
have positive effects, including the treatment of
chemotherapy-induced diarrhea,”’ reduction of total
cholesterol in the serum,” and reduction of postopera-
tive complications in patients undergoing colorectal
surgery.”” These studies, however, focused mainly on
singular outcome and did not provide a comprehensive
overview on the probiotics’ function in CRC manage-
ment and the potential mechanistic pathways in preven-
tion and treatment of CRC.

OBJECTIVES

Our objective for this systematic review was to give an
updated assessment on the role of probiotics supple-
mentation in patients with CRC compared to control
and placebo and to assess the different primary and sec-
ondary outcomes of published RCT reports.

METHODS

This systematic review was prepared according to the
Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols guidelines.”* All the studies in-
cluded in this review were RCTs of probiotic supple-
mentation in patients with CRC. The protocol of this
systematic review was registered in the PROSPERO
database (registration no. CRD42020166865) and re-
cently published.””

Search strategy

Five databases namely, Web of Science, PubMed,
ProQuest, Wiley online library, and Scopus, were
searched systematically and independently by 2 authors
between January 17 and 20, 2020. The results of the
search were scrutinized and filtered to identify RCTs
published in English. The bibliography of each included
study was assessed to identify additional RCTs missed
during the initial search. The following search terms
were selected according to the Population, Intervention,
Comparison, Outcomes, and Study (PICOS) model**:
(Probiotic OR Bifidobacterium OR Lactobacillus OR
Saccharomyces OR Propionibacterium OR “Bacillus
coagulans”) AND (colorectal OR rectal OR colon OR
colonic) AND (cancer OR carcinoma OR neopla* OR
malignan* OR tumo*) AND (“randomised controlled
trial” OR “clinical trial” OR “RCT” OR “intervention
study”).
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Exclusion and inclusion criteria

The inclusion criteria for this systematic review were in
line with the PICOS model and are summarized in
Table 1. The study design had to be a randomized con-
trolled trial, the participants and condition of interest
include patients of any age who were diagnosed with ei-
ther CRC, rectal cancer, or colon cancer, and the inter-
vention of interest was probiotics either used
individually or together with other probiotics or prebi-
otics such as inulin. The control group was either a pla-
cebo or a healthy individual of any age, or a baseline
comparison was made between patients before the in-
tervention. The exclusion criteria included non-
English-language studies; reviews; animal or in vitro
probiotic studies; noncolorectal, rectal, or colon cancer
studies; and studies that did not assess the effect of pro-
biotics in patients with CRC.

Outcomes of interest

The primary outcomes of interest extracted from the el-
igible RCTs included the effects of probiotics on the di-
versity of gut microbiota, the immunomodulatory
effects of probiotics, the influence of probiotics on in-
flammatory biomarkers, and the effects of probiotics on
the growth and development of colorectal tumors. The
secondary outcomes comprised postoperative complica-
tions, hospital length of stay (LOS), quality of life
(QOL), and death.

Data extraction

The studies were screened and selected independently
by 2 authors (I.].D. and M.A.A.) on the basis of the pre-
specified inclusion and exclusion criteria. The title and
abstract of each RCT were first screened and then the
full text was assessed to extract data from the most rele-
vant studies that fit the inclusion criteria. The following
data were extracted using a predesigned table: author(s)
and publication year, participants’ details, placebo
details, type of probiotics, dosage and duration of inter-
vention, primary outcomes and secondary outcomes
(Table 2).>”~* Discrepancies in study selections and
data extraction were resolved by a third author (A.M.A.
or S.H.) to avoid any bias in acquisition of relevant
data.

Quality of evidence and risk-of-bias assessment

The methodological quality of selected individual RCT's
was assessed independently by 2 authors (I.J.D. and
M.A.A.) using the RoB 2.0 tool® according to the
guidelines of the Cochrane Collaboration, using Review



Table 1 PICOS criteria for inclusion of studies

Parameter

Criteria

Participants/population
Intervention

Patients of any age with CRC treated with probiotics, have undergone colorectal resection surgery
Probiotics (eg, Bifidobacterium, Lactobacillus, Saccharomyces) in combination with other probiotics

or with prebiotics such as oligosaccharides or inulin

Placebo group, control group with CRC who did not receive treatment

Modulation of immune system and inflammatory biomarkers relevant to CRC

Comparison
Outcomes Probiotic effect on modulation of human gut microbiota
Reduction of postoperative complications
Length of hospital stay
Death
Reduction in tumor size
Study design Randomized controlled clinical trial

Manager software (RevMan, version 5.4; Cochrane
Collaboration, Copenhagen, Denmark).”" The risk-of-
bias evaluation was carried out according to the follow-
ing domains: allocation concealment, random sequence
generation, blinding of participant, blinding of out-
comes assessment, insufficient outcome results, selec-
tive reporting, and other sources of bias. Any conflicts
in the risk of bias assessment were discussed and re-
solved by seeking additional opinion from a third
author.

Using the PRISMA checklist** (Table SI in the
Supporting Information online), the quality of all in-
cluded studies was assessed as was the absence of publi-
cation bias. The robustness of the findings and the
quality of evidence of outcomes (primary and second-
ary) were rated using GRADEpro software.”” Grading
of Recommendations, Assessment, Development and
Evaluations (GRADE) has 4levels of certainty catego-
rized as high-quality, moderate, low or very low-quality
evidence. The quality of evidence using the GRADE ap-
proach was assessed independently by 2 authors across
each outcome on the basis of publication bias, risk of
bias, imprecision, inconsistency, and indirectness of ev-
idence (Table 3).>

RESULTS
Study selection

A total of 956 studies were obtained from a primary
search of Web of Science, Scopus, ProQuest, the Wiley
online library, and PubMed databases. After duplicates
(n=1226) were removed, using EndNote software, 730
articles remained. Of these, 695 articles were excluded
during the title- and abstract-screening step, because
they were either animal studies, reviews, letters, confer-
ence papers, or not relevant to the scope of this review.
The remaining 35 full-text articles were screened for eli-
gibility and 12 studies were excluded. One was not an
RCT,”* another was a repeated work of an included
study published in another journal,” and 10 other

studies were excluded for different reasons, such as
their outcomes did not meet the inclusion criteria,”®
the participants were healthy humans instead of
patients with CRC,°"** the intervention was prebiotics
alone without probiotics,'” and the intervention used
was not probiotics.”>** Finally, 23 RCTs met the inclu-
sion criteria and were included in this systematic re-
view. The flowchart of the literature screening process
is shown in Figure 1.

Overview of selected studies

All 23 included studies were double- or single-blind
RCTs. Altogether, there were a total of 2457 partici-
pants, with 1054 in the control/placebo group and 1403
participants in the intervention group (Table2). The
longest intervention was 4 years™ and the shortest was
3days.”® The age range of participants in these RCTs
ranged from 18 to 92 years. Tumor size differed among
the participants. Of the 23 RCTs, 12%72973237:39,404247
9 (52.2%) used a mixture of probiotics for the interven-
tion, 7 studies?®332>36:384445 (30 494) ysed synbiotics,
3*440% (13.0%) used single probiotics, and 1study™
(4.3%) used kefir as the probiotics source. Species of
Bifidobacterium,  Saccharomyces  boulardii,  and
Lactobacillus are the main probiotic microorganisms
used in the manufacture of probiotic products such as
yogurt, miso, and kefir. Placebo was used in 16 studies
(69.6%) and 7 studies (30.4%) used a control healthy
group as a comparator.

Risk-of-bias assessment

Collectively, there was a low risk of bias in the included
RCTs. A computer-generated sequence was used for
randomization of participants into intervention or con-
trol groups in all the studies. Treatment allocation con-
cealment was done in all but 4 RCTs.*>*>***¢ Blinding
of participants and personnel risk was high in 3 stud-
ies.”*>?® Only 3 of the 23 RCTs*>*"*° reported incom-
plete data. The blinding of outcome assessment risk was
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Records retrieved through
| database search
Scopus =528
| web of science = 274
PubMed = 136
wiley = 14
(n=852)

b

eligibility
{n =35}

Y

(n=23)

Full texts assessed for

Studies included in
systematic review

Records retrieved through
other information sources

(ProQuest)

(n=4)

Records after duplicates
removed (n=730)

Records screened for title
and abstract (n=730)

R
Excluded = (n=695)

Excluded studies = (n= 12)
Not RCT (1)

Not according to the inclusion
criteria (10)

Work by the same author |
published in another journal (1)

|

Figure 7 PRISMA flowchart showing the literature screening and study selection process

. . 27-30,34,40-47,4 . .
unclear in 14 studies®” >*****"*"** and was high in 3

studies.”>*>?® Three studies were ended prema-
turely, and in 1 RCT,” additional healthy patients were
included in the trial when the researchers realized the
initial sample size was too small, leading to other kind
of bias. The summary results of the risk-of-bias assess-
ment are shown in Figure 2.

29,37,42

Quality of the evidence

The GRADE analysis (Table3) showed that the cer-
tainty of 4 outcomes was high because there was direct-
ness of evidence, precision, consistency, and no serious
risk of bias across the studies. These 4 outcomes were
modulation of the immune system and inflammatory

14

biomarkers, hospital LOS, improved quality of patient’s
life, and colorectal tumor growth. The certainty of the
other 3 outcomes, namely, modulation of gut micro-
biota, postoperative complications, and death, was
moderate, due to a serious certainty assessment in the
risk-of-bias domain and indirectness of evidence.

Outcomes

Modulation of gut microbiota. The gut microbiota com-
prise diverse numbers and groups of microorganisms,
which makes it one of the most complex parts of the hu-
man body. The status of the gut microbiota affects over-
all human health as well as gastrointestinal functions.
Different situations can affect the status and health of

Nutrition Reviews® Vol. 00(0):1-28
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Figure 2 (A) Risk-of-bias assessment graph according to RoB 2.0 tool; (B) risk-of-bias summary of 23 included RCTs, using RevMan,

version 5.4

the gut microbiota positively or negatively, such as die-
tary habits of an individual, antibiotics use, stress levels,
smoking, and hereditary factors.®® Dysbiosis of the gut
microbiota affects the gut health negatively and can lead
to tumorigenesis. Few studies reported the gut micro-
biota of patients with CRC is different from that of
healthy individuals, and consumption of probiotics was
seen to affect the gut microbiota composition positively,
leading to a more balanced microbiota environment
and decrease in pathogenic microbes.*®

Six RCTs evaluated the effects of probiotic adminis-
tration on the gut microbiota.”’®>"*>***** One study
assessed the differences of the gut microbiota of 2
groups of patients with CRC and 1 group of healthy
individuals. The first CRC patient group received an in-
tervention of 6.0 x 10" CFU/g viable cells of combined
Enterococcus faecalis, L. acidophilus, and B. longum
(1:1:1), 3 times/day for 5 days. The other CRC patient

Nutrition Reviews® Vol. 00(0):1-28

group received placebo, which was maltodextrin, and
the healthy individuals received nothing. Colonic mu-
cosal biopsy specimens were collected from all the par-
ticipants and tested. A comparison of the gut microflora
diversity among the groups showed the diversity of mu-
cosal microflora was decreased in patients with CRC,
but after oral administration of probiotics, the diversity
and richness increased. A comparison of the gut micro-
biota structure at different levels indicated there no ma-
jor variations in classification at the phylum level
among the 3 groups. Pyrosequencing results showed a
substantial reduction in Fusobacterium,
Peptostreptococcus, and Comamonas populations and
expansion of Proteobacteria and Enterococcus in the
mucosa-adherent microbiota in patients treated with
probiotics.

To evaluate the variations between microbiota in
patients with CRC and that in healthy people, a

15
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taxonomy-based comparison was also conducted. Less
than 0.1% of the total bacteria in the mucosal tissue of
healthy participants was made up of Fusobacterium,
whereas it was the most abundant genus in the mucosa
of patients with CRC (10.08% vs 0.01% in the healthy
group; P=0.03). However, the probiotics treatment
resulted in a significant decrease in Fusobacterium rela-
tive abundance by ~6-fold in the probiotic group
(1.91%; P=0.03).%

The administration of probiotics (mixture of equal
ratio of B. longum (BB536) and L. johnsonii (Lal) mixed
with maltodextrin to patients with CRC who underwent
colorectal surgery influenced the adherence of
Lactobacillus to colonic mucosa or stool colonization.>
In this study, the patients with CRC were split into 3
groups: the high dose (10° CFU), low dose (107 CFU),
and placebo groups. On the fourth day of probiotics ad-
ministration, the adherence of Lal to the colonic mu-
cosa or colonization of the stool was 60% (n = 6 of 10)
in the group that received the high dose, 27.2% (n = 3
of 11) in the 1 group that received low dose, and 0% in
the placebo group (n = 0 of 10) (placebo vs high-dose
group, P=0.02,). There was a significantly higher count
of Lactobacilli cultured in stool samples in the group re-
ceiving the higher dose than in the placebo or low-dose
groups (P=0.04). Two studies®"** analyzed the change
in microbiota composition, focusing particularly in
stool count for Enterococci and Enterobacteriaceae
members. There was a count  of
Enterobacteriaceae in high-dose stool samples than in
the low-dose or placebo-treated groups (placebo vs
high-dose group, P=0.07). For the Enterococci, the
same pattern was also recorded. The colonic mucosa
adherence levels for Enterobacteriaceae was 30% in the
high-dose group, 82% in the low-dose group, and 70%
in the placebo group (high-dose vs low-dose, P=0.03).
In the Gianotti et al’' study, Clostridium perfringens cul-
tures were negative in stools and mucosa in all 3 groups.
Bifidobacterium longum BB536 strain was not found at
any point in the.’’

In another study in which the intervention as 1 bot-
tle of Yakult Ace, which incorporated 2.5g of galacto-
oligosaccharides and 3 x 10" living L. casei strain
Shirota and 1 bottle of MIL-MIL-S, which constituted
>1x 10%° living B. breve, the Enterobacteriaceae count

lower

was also significantly higher in the control group than
in the synbiotic group (% SD) (8.0 = 1.2 vs 6.7 = 1.2).
In addition, the assessment of changes in the ileal
microbiota showed that total amount of bacteria in the
ileal mucus was10®” cells/g in the group that received
synbiotics and 10%* cells/g in the comparator group.
Numbers of Clostridium, B. fragilis, and Bacteroides (ob-
ligate anaerobes) were predominant over facultative
anaerobes, such as Lactobacillus spp.”> Another RCT

Nutrition Reviews® Vol. 00(0):1-28

that used the same probiotic intervention assessed the
effect of synbiotics on changes in fecal bacteria after
surgery and found that the probiotic suppressed the
growth of potentially pathogenic species, such as C. dif-
ficile while increasing Bifidobacterium and L. casei
growth.’® These findings suggest the influence of inges-
tion of synbiotics on the gut microbiota is mainly in the
proximal colon connected with the terminal ileum,
where fermentation by human pathogens is promoted
in the delayed fecal flow. Other studies assessed changes
in fecal microbiota by high-throughput sequencing
analysis of the fecal microbiota at the phylum level,
which indicated significant postoperative increases in
the percentage of Bacteroidetes and Proteobacteria and
significant decreases in those of Firmicutes and unclas-
sified bacterial strains in the control group, although
the percentage of Actinobacteria increased and that of
Firmicutes significantly decreased in the probiotic
group. The percentages of these bacterial strains
revealed no significant difference in the various groups
before or after surgery”’ or through fecal assays to de-
termine the Bifidobacterium-to-Escherichia ratio, pre-
sent postoperatively and preoperatively in placebo
group (P=0.05). Counts of Bifidobacterium increased
significantly, whereas amount of Escherichia decreased
significantly on days 3-5 postoperatively (P=0.05), in
addition to reversing the Bifidobacterium-to-Escherichia
ratio for 3-5days postoperatively in the probiotic
group.”” These studies showed that ingestion of probi-
otics by patients with CRC led to a decrease in popula-
tion of pathogenic and inflammation-inducing
microorganisms while causing an increase in the benefi-
cial microorganism population, which promotes better
gut homeostasis and production of SCFAs, which pro-
vide energy for the colon cells. Regular consumption of
probiotic foods or nutraceuticals is encouraged not just
for those with CRC but for all people, because the in-
take of probiotics promotes a healthy intestinal environ-
ment and prevents the overgrowth of pathogenic
microorganisms that may lead to dysbiosis of the gut
microbiome.

Modulation of the immune system and inflammatory
biomarkers

Probiotics promote the regulation of the immune sys-
tem, and continuous supplementation with probiotics
helps modulate the intestinal microbiota and reduce the
overexpression of pro-inflammatory cytokines.”” In an
RCT by Consoli et al,”’” the probiotic group received a
lyophilized capsule of yeast with 100mg (0.5 x 10°
CFU/g) of Saccharomyces boulardii orally. Mucosal
samples from patients’ tumor obtained during surgery
showed that the mucosal cytokine mRNA expression
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levels of IL-23A, IL-1f, and IL-10 were significantly
lower (P=10.03, P=0.001, and P =0.04, respectively) in
the probiotic group compared to control group. The
mRNA expression of other cytokines (IL-17A, INF-y,
TNF-u, and IL-12B) was not significantly different be-
tween the 2 groups (P > 0.05), which could be attrib-
uted to the short duration of the intervention, which
was not sufficient to influence the expression level of
the cytokines. In addition, when probiotics were used
in combination with omega-3 fatty acid, they modu-
lated the inflammatory markers of patients with cancer
who were undergoing chemotherapy. The use of a mi-
crobial preparation containing a mixture of probiotic
bacteria (L. lactis, Bifidobacterium infantis, L. acidophi-
lus, B. longum, L. casei, and B. bifidum 30 billion CFU/
sachet) combined with omega-3 fatty acid significantly
decreased the amount of IL-6 (P=0.002) in the inter-
vention group, but the IL-6 level increased in the group
that received placebo. In the group that received probi-
otics, the levels of TNF-a were unchanged, whereas
there was a significant increase in IL-6 and TNF-o levels
in the group that received placebo.’” These findings in-
dicate a lowered rate of inflammation in the interven-
tion group and higher rate of inflammation in placebo
group. In a study by Roller et al,** in which the effects
of daily administration of synbiotic composed of inulin-
enriched oligofructose mixed with B. lactis Bb12 and L.
rhamnosus GG was given to patients with CRC who
had no other treatment apart from surgery, secretion of
IL-2 was not influenced by synbiotic treatment. There
was no significant difference in the levels of cytokines
such as IL-12, IL-10, and TNF-« as a result of the treat-
ment. However, in the treatment group, administration
of synbiotics significantly increased the IFN-y-produc-
ing capacity of peripheral blood mononuclear cells at
6 weeks and 12 weeks. The percentage of phagocytic, ac-
tive neutrophils and monocytes and their phagocytic in-
tensity, as well as the percentage of neutrophils that
generated reactive oxygen species and lytic activity of
natural killer cells, were not modulated or significantly
affected by the synbiotic intervention.

In another study, probiotics administration (30 billion
CFU from 6 viable strains of Lactobacillus and
Bifidobacterium, including B. longum, L. lactis, L. acidophi-
lus, L. casei, B. bifidum, and B. infantis) resulted in signifi-
cantly lower serum levels of IL-12 (P=0.005), IL-22
(P=10.018), IL-17A (P = 0.00), TNF-a (P=0.002), IL-17C
(P=10.018), and IL-10 (P = 0.028) in patients as compared
to their baseline levels. However, patients who consumed
placebo had significantly increased levels of serum cytokines
IL-12 (P=0.028), IL-22 (P = 0.018), IL-17C (P=0.028),
and TNF-o (P=0.005) as compared to baseline. Their IL-
17A and IL-10 levels were also marginally raised, but these
increments were insignificant. Furthermore, the level of IL-6
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was significantly lowered in both groups. At 6 months post-
intervention, the IL-6 level was significantly reduced from
(= SEM) 388=*34lpg/mL to 144* 1.39pg/mL in
patients who received probiotics. The levels of IL-6 were
also significantly reduced from (* SEM) 4.25 = 4.047 pg/
mL to 0.91 * 0.49 pg/mL among patients who received pla-
cebo.”® On the other hand, there was no significance differ-
ence in the levels of IFN-y pre- and postintervention in
patients with CRC who obtained received either a placebo
or probiotics. This impressive modulation of the immune
system in the treatment group is evidence that longer and
regular consumption of probiotics provides beneficial results
for patients with CRC who are undergoing surgery and che-
motherapy. The immunomodulatory effect of probiotics
varies according to the strain, the use of >1 strain of probi-
otic, or addition of prebiotics that influence cytokine expres-
sion profile and the regulatory of T-cell response.

Reduction of postoperative complications

Patients with CRC undergo surgery intervention at
some point during the course of the diseases. Although
the surgical procedures and perioperative treatment
have been remarkably improved, postoperative infec-
tion remains a major complication that prolongs patient
hospitalization and increases costs, particularly after co-
lorectal surgery. Surgical stress and the preparation of
patients before the operation, such as mechanical bowel
preparation, can worsen the gut-barrier integrity, re-
strict immune function, provoke systemic inflamma-
tion, upset the intestinal microbiota balance due to
antibiotic therapy, and thus lead to postoperative
infections.*®

For surgical site infection (SSI), 4 RCTs
reported infections of surgical wounds and they all
reported that the SSI incidence was greater in the con-
trol group than in the probiotic or symbiotic groups. In
a study by Flesch et al,”® only 1 patient in the symbiotics
group who received L. acidophilus NCFM, B. lactis
HNO019, L. rhamnous, L. paracasei, and fructo-
oligosaccharides had a surgical wound infection,
whereas 9 patients had surgical wound infection in the
control group (P=0.002).”® Kakaei et al’* reported that
cutaneous and subcutaneous tissues infection developed
at the surgery site in 3 patients (6%) in the probiotic
group and 5 patients (10%) in control group; the differ-
ence, however, was not significant (P=0.46). In an-
other RCT, 29 patients (17.3%) in the group that
received synbiotics had SSI and SSI developed in 44
patients (22.7%) in the control group within 30 days of
surgery, but the disparity was not statistically significant
(P=0.20).>° Another study showed that 16 patients in
the control group and 6 patients in the probiotic group
(L. acidophilus, B. lactis, S. boulardii, L. plantarum) had

28,34,36,37
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SSI (P = 0.020).>” Taken together, these findings indi-
cate that for patients with CRC scheduled for surgery,
the administration of probiotics, especially species of
Lactobacillus and Bifidobacterium, at least 7 days before
and after the surgical procedure helps reduce the sever-
ity and incidence of SSI. Administration of probiotic
before the surgical procedure ensures colonization of
the gut with beneficial microorganisms that reduce the
risk of an infection after invasive colorectal resection.

Regarding noninfectious complications such as di-
arrhea, intestinal obstruction, constipation, urinary
tract infections, anastomotic leakage, patients requiring
reoperation and readmission, pneumonia, bacteremia,
and bloating, 14 studies®’ >%?*?0738:40743:454749 perted
that patients exhibited single or multiple noninfectious
postoperative complications of some sort, but across
board, it was recorded that probiotic or synbiotic ad-
ministration, containing mostly  Bifidobacterium,
Lactobacillus, and Enterococcus strains, reduced the se-
verity of these complications. Twelve of these studies””~
29.34,36-38.41.43.4547.499 reported no - statistical difference
between the treatment group and control/placebo group
in the noninfectious complications, and 2 studies****
reported a significant difference in the noninfectious
complications among the treatment and control groups.
Two other studies®®*' also reported death due to the
postoperative complications. The duration and dosage
of the intervention used in these studies played a key
role in the level of noninfectious complications that
patients experienced. Higher doses (>2.6 x 10'* CFU/
day) and longer duration (1-6 months) resulted in a sig-
nificant decline in the occurrence of noninfectious
complications in the group that received the interven-
tion as compared to the control group.

Three studies reported restriction of bacterial
translocation (BT) due to probiotic intervention. An
RCT there were fewer BT occurrences in the probiotics
group, which received an encapsulated mixture of 3
probiotics composed of L. plantarum, L. acidophilus-11,
and B. longum-88. The findings suggest that 28% of
patients (n = 21 of 75) in the control group and 13.3%
of patients (n = 10 of 75) in the probiotics group expe-
rienced BT. After treatment, the probiotic group had a
significantly lower occurrence of BT than did the con-
trol group (P=0.027)."" Pretreatment with a supple-
ment containing L. plantarum (Lp 299v) in another
study did not prevent BT to the mesenteric lymph
nodes. In total, 22 lymph nodes in the probiotic group
and 24 lymph nodes in the placebo were tested for the
presence of bacterial DNA. Bacterial translocation was
reported in 9 lymph nodes, of which 6 were from the
probiotic group and 3 were from the placebo
(P=0.374).*' The insignificant difference may be as a
result of the low dose (100 mL of an oatmeal-based
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drink with 10° CFU/mL Lp 299v), short time of pre-
treatment, and because only 1 probiotic strain was used
in the study. Zhang et al*’ reported that BT restriction
was identified in patients receiving 3 oral bifid triple vi-
able capsules containing L. acidophilus, E. faecalis, and
B. longum (0.21g, 10° CFU/g each). The rate of
Escherichia coli detection was rare in both groups on
the third preoperative day and third postoperative day.
The rate of BT in the control group was significantly
higher than in the probiotic group (26.7% vs 3.3%;
P=0.026). levels of p-lactic acids and endotoxins de-
rived from gut microbes also stayed relatively low, sug-
gesting that BT from the intestinal walls via the mucosal
barrier may have been limited by the treatment.
Mucositis, which refers to the inflammation and painful
swelling of the mucous membranes lining the digestive
tract, is usually a side effect of receiving 5-fluorouracil
chemotherapy. Mucositis was reduced with the admin-
istration of 250 mL of kefir after meals 2 times a day,
though when compared between the kefir group and
placebo group for mucositis development during che-
motherapy, no statistical significance was detected (P >
0.05).* This might have been a result of a short dura-
tion of intervention administration and because the
patients were undergoing chemotherapy as the kefir
was administered; perhaps, the treatment should have
continued even after chemotherapy for better results.

Postoperative complications, infectious or nonin-
fectious, are of serious concern in the management of
CRC, especially in patients who need colorectal resec-
tion. It was observed from the primary studies that
there is a better outcome for postoperative complica-
tions when probiotic/synbiotic treatment is started >1
week preoperatively and continued postoperatively, be-
cause is a good strategy to minimize the incidence and
severity of all types of postoperative complications.
Probiotics and synbiotics can also be included in the
bowel preparation regimen to boost gut-microbiota
modulation and prevent overgrowth of pathogenic
microorganisms.

Length of hospital stay

The effect of probiotic administration on the duration
of hospitalization of patients with CRC undergoing sur-
gery was evaluated in 7 RCTs. Among 33 patients who
underwent colonic resections, the medial hospital LOS
was 10days in the probiotic group that received a ly-
ophilized 100 mg yeast capsule of 0.5 x 10° CFU orally
once a day; and 11 days in the control group. There was
no significant difference (P > 0.05) between the
groups.”’” In another study, 91 patients with CRC who
underwent colorectal resection surgery were adminis-
tered probiotics (a mixture of L. paracasei, B. lactis, L.
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rhamnosus, L. acidophilus, and 6g of fructo-
oligosaccharides) for 5 days before surgery and for
14 days after colorectal resection. The findings also
showed no significant difference in hospital LOS.*®
Another study reported a similar outcome with postop-
erative medial hospitalization time being (= SD)
15.00 = 4.31days for the placebo group and
15.86 * 4.92 days for the probiotic group after receiving
a mixture of probiotics (Bifidobacterium, Lactobacillus,
and Enterococcus strains) for 5 days before and 7 days
after surgery.*” Kakaei et al** reported the duration of
hospitalization for patients who received probiotics (1
capsule contained Streptococcus thermophilus, B. lon-
gum [1.5 X 10° CFU], B. breve [1.75 x 10° CFU], L. aci-
dophilus [1.75 X 10° CFU], L. plantarum [0.5 x 10°
CFU), and L. casei [1.75 x 10°CFU]) was (* SD)
5.96 +2.53days and for the control group was
6.10 £ 2.44days; however, the statistical analysis
showed no significant difference (P = 0.30).

Another RCT used a 4-probiotic regimen consist-
ing of 0.5 x 10° CFU of L. plantarum; 1.5 x 10° CFU B.
lactis BB-12; 1.75 x 1.5 x 10’ CFU of S. boulardii; and
1.75 x 10° CFU of L. acidophilus LA-5 per capsule as an
intervention for 14 days. The findings showed that there
was no great difference between the hospital LOS in the
probiotic and placebo groups; the median hospital LOS
in probiotic group was only 2 days less than that of the
placebo group.”” Furthermore, a study compared hospi-
talization time among 3 groups, where group A was
given a mixture of synbiotics contains Pediococcus pen-
tosaceus, L. plantarum, Leuconostoc mesenteroides, and
Lactobacillus paracasei subsp. paracasei plus 2.5¢g of in-
ulin, pectin, resistant starch, and f glucan; group B was
given prebiotics alone, which was just 2.5g of inulin,
pectin, resistant starch, and f glucan; and group C was
the control. The median hospitalization duration was
10.16 days in group A, 10.5days in group B, and
11.3 days in group C. In the control group, the hospital-
ization LOS but not statistically so (P=0.512).*® Only 1
study reported a significant (P=0.03) decrease in the
length of hospitalization in the treatment group (* SD)
(39.6 = 15.6 days) compared to the control group
(21.6 £ 11.7 days). The patients in this study received
an intervention containing 2 g of B. longum BB536 pow-
der (5x 10" CFU) daily for 7-14days preoperatively
and 14 days after colorectal surgery.*> Most published
studies reported a nonsignificant difference in the
length of hospitalization between probiotics and con-
trol/placebo groups; this was most likely due to varia-
tions in duration, strains, and dosage of probiotic
administration. Generally, probiotics administration
reduces postoperative complications and improves the
outcomes of surgery, thus decreasing the need for
patients to remain hospitalized for a longer time.*”

Nutrition Reviews® Vol. 00(0):1-28

Colorectal tumor growth and tumor stages

Probiotics ingestion combats CRC by different mecha-
nisms, of which 1 is apoptosis, a protective mechanism
against uncontrolled cell growth that leads SCFA pro-
duction that, in turn, triggers apoptosis of cancer cells
by deregulating pro-apoptotic pathways such as the NF-
KB pathway.”

The reduction of colorectal tumor development
due to Lactobacillus caesi plus wheat bran administra-
tion was reported by Ishikawa et al.> In their study, the
intervention given over 4 years significantly suppressed
the growth of tumor with moderate and severe atypia.
The relationship between ileal microbiota and tumor
stage was tested in another RCT that showed no signifi-
cant correlation between the tumor stage and the num-
ber of ileal microbes. In addition, there was no
significant correlation between the number of microbes
present in the ileal microbiota and the size of the tumor,
with the exception of a negative correlation (Pearson r
= —0.324; P=0.015) between Bifidobacterium number
and the size of the tumor.”

It is postulated that intake of probiotics and prebi-
otics can aid in lowering the development and progres-
sion of colorectal tumors. However, an extended period
of probiotic administration and increased dosage pro-
vide more benefit of tumor suppression.

Improvement in QOL for patients with CRC

Most published RCT reports showed a distinct im-
provement in the QOL of patients with CRC in the
treatment group compared to the control group. To val-
idate the data, a general 7-item questionnaire
(Functional Assessment of Cancer Therapy (FACT)-G7
was used to assess the general QOL and well-being of
participants before surgery and during the first postop-
erative visit. A deterioration in the measured QOL
parameters (namely, diet sensitivity, bloating, and dehy-
dration) was observed in the control group, which was
assessed during the first postoperative clinic visit as
compared to before surgery (* SD) (21.6 =3.9 vs
18.0 * 6.3 points, respectively; P=0.019). On the other
hand, patients in the probiotic group who received 15
doses of a commercially available probiotic (VSL #3
capsule, Alfasigma USA Inc) did not record a deteriora-
tion in the QOL (16.3 = 5.1 points vs 17.1 = 5.0 points;
P=0327).”

In another study, the QOL of patients with CRC
was assessed according to the European Organization
for Research and Treatment of Cancer Quality of Life
Questionnaire C30, which consists of 9 multi-item
scales: five functional scales (ie, cognitive, social, physi-
cal, role, and emotional), 3 symptoms scales (ie, pain,
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nausea and vomiting, and fatigue), and a scale of global
health and QOL. The global health status recorded at
the beginning of the study was (* SD) 53.70 * 2.10 for
the treatment group and 60.70 = 1.50 for the placebo
group (P=0.058); after the intervention these values
were 68.70 £1.90 and 51.60*+2.20 (P < 0.001),
respectively.”?

A similar finding was reported in a study by Lee et
al* in which the QOL of patients with CRC was mea-
sured using the FACT measurement tool, version 4.
The following scales were selected: General FACT
scores (FACT-G), CRC-related FACT scores (FACT-
C), fatigue-related FACT scores (FACT-F), and FACT-
neurological symptoms (FACT-NTX) scores. In the
probiotics group, which received a Lacidofil preparation
containing L. rhamnosus and L. acidophilus bacterial
culture (2 x 10° CFU), maltodextrin, magnesium stea-
rate, and ascorbic acid, the QOL values associated with
FACT-C scores were (= SD) 19.79*4.66 vs
21.18 £ 3.67 (P=0.04). FACT-F scores were [medians
(range)] 43.00 (36.50-45.50) vs 44.50 (38.50-49.00;
P=0.02), and PHQ-9 scores were 3.00 (0-8.00) vs 1.00
(0-3.00; P=10.01) for 0 weeks vs 12 weeks, respectively,
which indicated a significant improvement after
12 weeks of treatment. The improvements in functional
well-being scores (P=0.04) and FACT-C scores
(P=0.04) between placebo and probiotic groups were
significantly different after 12 weeks of treatment.” The
evaluation of QOL related to gastrointestinal function
at the first 6 months after surgery, using the validated
Gastrointestinal Quality of Life Index questionnaire,
showed that postoperatively, the synbiotics group’s val-
ues were better than those of the control group (6
months:[*£ SEM] 79.23 = 1.82 vs 72.75 * 1.85, P=0.01;
3 months: 77+ 1.7 vs 725+ 1.73, P=0.03 ; and 1
month: 77 * 1.67 vs 71.36 = 1.69, P=10.01).*> The com-
mon factor among the studies is that they all used pro-
biotic interventions that involved Lactobacillus and
Bifidobacterium strains and >10 doses were adminis-
tered. Extended consumption of probiotics/synbiotics
promote better QOL and psychological well-being in
patients with CRC and survivors, as well as reducing
readmission, hospitalization time, and the healing
process.

Death

Two RCTs reported deaths of some patients involved in
the clinical trials. Generally, the mortality rates were
low and occurred mainly in the control/placebo group
due to escalated and severe postoperative complications
such as pneumonia and bacteremia. The mortality rate
30 days after surgery in the placebo group was 2.9% and
in the probiotic group it was 1.5% (P=1.000) after a
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short duration of perioperative administration of a
commercially available probiotic (VSL #3) containing
B. longum, L. acidophilus, Streptococcus thermophilus, L.
plantarum, B. breve, B. infantis, L. bulgaricus, and L.
paracasei at 112.5 billion CFU/capsule.”” Another study
reported 1 death due to severe pneumonia escalating to
respiratory failure in the placebo group (P = 0.31) and
no death was recorded in the probiotic group, which
was administered Familact; each capsule contains L.
casei, L. acidophilus, L. plantarum, B. breve (1.75 X
10°CFU), B. longum, and S. thermophilus.>*

DISCUSSION

Probiotics are described as live microorganisms that
provide such beneficial health effects as maintaining gut
microbial balance, modulating the immune system, and
improving general QOL of consumers.'® Some other
reviews have highlighted the beneficial effects of probi-
otics in preclinical studies and in clinical trials, and the
authors came to similar conclusions that probiotics
have therapeutic and preventive effect on CRC carcino-
genesis.”>”" However, several studies have shown that
the administration of probiotics in patients undergoing
colorectal surgery does not affect the occurrence of
postoperative infections.”> He et al*> performed a meta-
analysis of 6 RCTs with 361 patients, the results of
which suggested the use of probiotics perioperatively
did not minimize the occurrence of complications such
as incisional infection, bacteremia, and anastomotic
leaks. These findings most likely were due to the small
sample size and remarkable heterogeneity that may
have affected the reliability and validity of the
conclusions.

The findings from 23 studies in the present review,
which included 2457 participants, indicate that the use
of diverse strains of probiotics improves the overall
health status of patients with CRC and enables them to
manage the symptoms as well as ameliorate the side
effects of chemotherapeutics against CRC. Most pri-
mary studies assessed the administration of probiotic
mainly from Lactobacillus and/or Bifidobacterium be-
cause they have clear evidence of being safe.””
Furthermore, most of the studies assessed >1 outcome
of the use of probiotics for patients with CRC, as can be
seen in Table2. There was no serious variation in age
range (17-90years) of the participants involved in the
included studies. Although the included studies showed
a wide range of methodical variability, some similar
outcomes were reported.

The reports from RCTs that studied the influence
of probiotics on immune modulation were reviewed
and the data indicated probiotics may enhance the im-
mune response by stimulating anti-inflammatory
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factors and promoting the production of antioxidant
enzymes. Results indicated the interaction of probiotics
with toll-like receptors led to the inhibition of NF-kB in
macrophages, activation of anti-inflammatory cyto-
kines, increment in the level of TNF-o in epithelial cells,
and the production of IL-8 required for recruitment of
neutrophils. Some species of Lactobacillus promote the
regulatory T cells and the activities of antibacterial
phagocytic of peripheral blood neutrophils and natural
killer cells.

Approximately 53% of the included studies used a
mixture of probiotics as an intervention. The use of
probiotic mixture (containing multiple strains of probi-
otic bacteria) and synbiotics is seen to be consistent
with better outcomes such as reduction of SSI incidence
and fewer noninfectious complications than adminis-
tration of a single strain of a probiotic. This is because
probiotics increase the diversity of the intestinal micro-
biota, promoting synergy between probiotic strains for
better results and promoting a healthy normal micro-
biota by multistrain probiotics. On the contrary, it is
worth noting that not all types of probiotic mixtures
can produce a positive benefit. A published systematic
review of 72 primary studies concluded that certain
probiotic products such as Saccharomyces boulardii or
L. rhamnosus GG, when used postoperatively in patients
with CRC, may facilitate the risk of complications in
patients with organ disorders. It is possible that certain
probiotics could result in bacteremia or fungemia in
patients.”* Therefore, certain probiotics may work dif-
ferently in various patients and clinical conditions. No
obvious adverse reactions were reported in any of the
primary studies included in this systematic review;
however, the need for regular monitoring of side effects
is critical during the consumption of probiotics in
patients with CRC.

The findings in this systematic review also highlight
the importance of preoperative administration of probi-
otics or synbiotics as well as postoperative administra-
tion of probiotics, especially for patients with CRC who
have invasive surgeries and are on a chemotherapy regi-
men. Infection during abdominal surgery, which is con-
sidered is a risk factor for increased morbidity and
mortality rates of patients with CRC, can be reduced by
administering probiotics to patients before their sur-
gery. Evidence suggested that administration of probi-
otics before and after surgery, as well as constantly
during and after chemotherapy, increases the chance of
the probiotics to survive in the gut to be able to aid in
reduction of tumor size, restriction of BT, reduction of
inflammatory biomarkers, and ameliorate the side
effects of chemotherapy.

The administeration of probiotics in the included
studies was via different forms, such as in a capsule or
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powder, or infused in oatmeal-based drinks, kefir, or
other probiotic-containing drinks. Generally, commer-
cial probiotic formulations come in diverse forms and
can contain up to 10°-10° CFU of viable organisms.
The findings also suggested that the form of probiotic
administration does not influence the outcome of pro-
biotic/symbiotic ingestion. However, dosage and dura-
tion of probiotic administration play an important role
in the outcome of probiotic supplementation.
Insignificant effects of probiotics reported in patients
with CRC were mostly due to the short duration of pro-
biotic intervention or ineffective dosage administered.
Most of the included studies suffered from the limita-
tion of a smaller sample size as well as relative short du-
ration of probiotic use, premature termination of study,
and the effects of bowel-cleansing mechanisms or laxa-
tives given to patients before undergoing surgery. All
these factors reduced the ability of some of these studies
to detect clinical significance.

Probiotics are generally considered safe to be con-
sumed by people of all ages except for those with a com-
promised immune system. Probiotics can alleviate
diarrhea symptoms in children and provide relief from
inflammatory bowel disease. Probiotic use also provides
relief from constipation in people of all ages.”

The use of probiotics and synbiotics provides nu-
merous health benefits, as seen in this systematic re-
view. However, there are several challenges, such as
poor lifestyle choices, genetic variations, and severe
reactions to prolonged chemotherapy and radiotherapy,
which can affect the use of probiotics against CRC
negatively.

Another limitation is that prolonged use of some
probiotics could potentially have negative effects on
patients with CRC who have comorbidities. A recent
study showed that prolonged probiotic supplementation
that contained Lactobacillus spp. could put patients at
risk for endocarditis, especially in immunosuppressed
individuals.”® Long-term use of probiotics could also
lead to a horizontal transfer of antibiotic resistance
from the probiotics to other microorganisms in the gut,
such as seen in the transfer of antibiotic-resistant genes
from L. lactis to Enterococcus faecalis.”” In addition,
prolonged use of probiotics in patients who have a weak
immune system could lead to opportunistic infection.
Although the risk of Bifidobacteria- or Lactobacillus-as-
sociated opportunistic infection is very low, strains of
Streptococcus and Enterococcus have been linked to
some opportunistic infections.”®

Currently, there are few ongoing clinical trials in-
vestigating the effect of probiotics in patients with CRC
(Table 4). The outcomes of these clinical trials include
QOL of patients, the level of immunoglobulins (IgA,
IgG, and IgM), and the proportion of patients with
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tumor size reduction and postoperative complications
after the supplementation of probiotics in patients with
CRC. The findings of these ongoing studies will add
more information about the role of probiotics in
patients with CRC.

In the future, the use of probiotics against CRC
should be able to broaden and become more personal-
ized in treatment of patients with CRC. Dietitians,
nutritionists, and general practitioners should also rec-
ommend intake of probiotic foods or supplements
more frequently to reduce the risk of CRC develop-
ment, and the administration of probiotics should com-
mence at the first diagnosis of colon polyps.

Because the underlying mechanisms by which pro-
biotic supplementation ameliorates CRC are still not
fully understood, more preclinical studies as well as an
extensive metagenomic and metabolomic research need
are needed. Randomized clinical trials could also be car-
ried out comparing the action of different probiotic
strains instead of comparing with placebo or a control
group, because this will provide more information re-
garding the most effective probiotic strains.
Metagenomic and metabolomic studies should also be
done with patients with CRC, especially those who un-
dergo surgical resections.

CONCLUSION

that the findings from this review indicate probiotics
and synbiotics are beneficial for patients with CRC re-
gardless of the stage of cancer. Probiotics administra-
tion in patients with CRC not only reduce risk of
infection after surgery but also reduce tumor incidence
in the long run, modulate the immune system as well as
improve the general QOL, and alleviate the side effects
of conventional treatment procedures used to combat
CRC. There is an opportunity for probiotics to be used
in the mainstream in combination with the current
treatment as an alternative therapy in the fight against
CRC. Novel probiotics should also be explored and
used as interventions instead of limiting the use of pro-
biotics to only species of Lactobacillus and/or
Bifidobacterium. More RCTs with larger sample sizes
and metabolomic studies are needed to further under-
stand the physiological, cellular, and molecular effects
of probiotics, as well as their interactions with chemo-
therapeutics agents.
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