
Role of Probiotics and Synbiotics in Preventing 
Chemoradiotherapy-Associated Toxicity in 
Colorectal Cancer Patients: A Systematic Review

Abstract
Background: Previous studies found that the use of probiotics 
may have a protective effect on chemotherapy-associated toxicity 
in cancer patients. A systematic review was conducted to evaluate 
the effect of probiotics and synbiotics on chemoradiotherapy-
associated toxicity in colorectal cancer (CRC) patients.
Methods: A systematic review of randomized controlled trials 
(RCTs) was performed to assess the effect of probiotics and 
synbiotics in CRC patients undergoing chemotherapy. All RCTs 
in English, up to January 2021, were included through a literature 
search in Scopus, Google Scholar, PubMed (PMC Central, 
MEDLINE), ClinicalTrials.gov, and ProQuest databases. The 
impact of probiotics and synbiotics on the side effects associated 
with chemotherapy, radiotherapy, and chemoradiotherapy 
in CRC patients was evaluated. The quality of the RTCs was 
independently assessed by two reviewers. EndNote X8 software 
was used to manage the search results.
Results: Of the 904 identified articles, three studies finally met 
the inclusion criteria and were systematically reviewed. Two 
studies reported that patients who received probiotics had less 
abdominal discomfort and required less bowel toxicity-related 
hospital care. Although probiotic supplementation lowered 
radiation-associated diarrhea, it had no significant effect 
when anti-diarrheal drugs were used. Another study reported 
that synbiotic supplementation improved quality of life and 
marginally reduced diarrhea and serum levels of high-sensitivity 
C-reactive protein (hs-CRP) and matrix metalloproteinase 
(MMP-2 and MMP-9).
Conclusion: Probiotics and synbiotics do not have a significant 
effect on reducing chemotherapy-associated toxicity and 
diarrhea in CRC patients. These findings should be substantiated 
by further RCTs with rigorous placebo-controlled studies.
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What’s Known

• Findings on the effect of probiotics and 
synbiotics in reducing chemoradiotherapy-
associated toxicity in cancer patients are 
contradictory.
• The majority of previous systematic 
reviews considered patients with various 
types of cancer without a specific focus on 
colorectal cancer (CRC).

What’s New

• Probiotic or synbiotic supplementation 
does not significantly reduce 
chemoradiotherapy-associated toxicity in 
CRC patients.
• Further randomized controlled trials 
with rigorous placebo-controlled studies 
are required to substantiate the findings.

Review Article

Introduction

Colorectal cancer (CRC) is highly prevalent and one of 
the leading causes of cancer death worldwide.1 Treatment 
modalities for CRC include chemotherapy, radiotherapy 

Reza Mahdavi1, PhD;  Elnaz Faramarzi2, 
PhD; Zeinab Nikniaz2, PhD; Fatemeh 
FarshiRadvar3, MSc

1Department of Nutrition Research Center, 
Tabriz University of Medical Sciences, 
Tabriz, Iran;
2Liver and Gastrointestinal Diseases 
Research Center, Tabriz University of 
Medical Sciences, Tabriz, Iran; 
3Student Research Center,  
Tabriz University of Medical Sciences, 
Tabriz, Iran

Correspondence:
Fatemeh FarshiRadvar, MSc;
Student Research Center, Tabriz University 
of Medical Sciences, Golgasht St., Attar 
Neyshabouri St., Postal code: 51786-
55613, Tabriz, Iran
Tel/Fax: +98 41 33369315
Email: radvarfa14@gmail.com
Received: 19 September 2021
Revised: 25 December 2021
Accepted: 28 December 2021

IJMS
Vol 48, No 2, March 2023

Copyright: ©Iranian Journal of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons 
Attribution-NoDerivatives 4.0 International License. This license allows reusers to copy and distribute the material in any medium or 

format in unadapted form only, and only so long as attribution is given to the creator. The license allows for commercial use.

https://orcid.org/0000-0001-9942-4273
https://orcid.org/0000-0002-0985-9634


Probiotic and synbiotic supplementation in patients undergoing chemoradiotherapy

Iran J Med Sci March 2023; Vol 48 No 2 111

(with or without chemotherapy), and surgery. 
Despite major efforts to develop innovative 
approaches for CRC treatment, there is still 
room for improvements in terms of success 
rate, long-term stability, and side effects of the 
proposed treatment. Chemotherapy has been 
widely accepted as the main CRC treatment 
modality. However, relief from the associated 
gastrointestinal side effects to reduce pain and 
address other life-threatening complications is 
a necessity. Intestinal mucosal inflammation 
caused by chemotherapy and radiation therapies 
were associated with intestinal microbiota.2 
Microbiota modulates the autophagy and 
metabolism of the host response to such 
treatments.3-6 Furthermore, studies showed that 
chemotherapy and radiation therapies affect the 
composition of intestinal flora, which is a key 
factor in the treatment of side effects.7, 8 It was 
reported that probiotics and synbiotics might 
have protective effects on mucosal inflammation 
and diarrhea.9-11 However, a previous study 
suggested that probiotics have no significant 
effect on chemotherapy-associated diarrhea  
or toxicity.12 

Overall, improving the efficacy of 
chemotherapy in CRC patients remains a 
challenging task. Recently, researchers have 
focused on the modulation of gut microbiota, 
since its composition positively affects the 
efficiency, toxicity, breakdown, and absorption 
of chemotherapy, and radiation therapies.13 Liu 
and colleagues demonstrated that probiotic 
supplementation reduced radiation-associated 
diarrhea, but had no significant effect when 
anti-diarrheal drugs were used.14 In a meta-
analysis study, Devaraj and colleagues found 
that probiotic supplementation did not reduce 
the incidence of chemoradiotherapy-related 
diarrhea in cancer patients, but it reduced its 
severity in patients undergoing radiation therapy 
for certain types of cancer.15 

Various systematic reviews were conducted 
to establish the beneficial effects of probiotic 
or synbiotic dietary supplementation in cancer 
patients. We found that most of these studies did 
not primarily focus on CRC patients.16 However, 
those that addressed the effect of probiotics on 
CRC patients only dealt with a specific aspect 
of CRC treatment, such as postoperative 
complications,17 prevention of surgical site 
infections,18 and chemotherapy-associated 
diarrhea.19 To overcome the limitation of previous 
studies, the present systematic review aimed to 
include a comprehensive set of outcomes to 
gain a better insight into the effect of probiotics 
and synbiotics in CRC patients undergoing 
chemotherapy.

Materials and Methods 

Search Strategy
In accordance with the Preferred Reporting 

Items for Systematic Reviews and Meta-
Analyses 2020 (PRISMA 2020),20 a systematic 
review of randomized controlled trials (RCTs) 
was performed to assess the effect of probiotics 
and synbiotics in CRC patients undergoing 
chemotherapy. All RCTs in English, up to 
January 2021, were included through a literature 
search in databases such as Scopus, Google 
Scholar, PubMed (PMC Central, MEDLINE), 
ClinicalTrials.gov, and ProQuest. The search 
strategy included a combination of MeSH 
(medical subject headings) terms and text 
words using boolean operators: (“probiotic” 
OR “lactobacillus” OR “bifid bacterium” OR 
“lactic acid bacteria” OR “synbiotic”) AND 
(“chemotherapy” OR “chemoradiotherapy” OR 
“pelvic radiotherapy”) AND (“colorectal cancer”). 
The search was independently performed by 
two of the authors (E.F and F.F.R). Reference 
manager software EndNote X8, version 
18.0.0.10063 (Clarivate Analytics, London, UK) 
was used to manage the search results.

Inclusion and Exclusion Criteria 
The PICO (population, intervention, 

comparison, outcomes) elements were colorectal 
cancer, probiotic, synbiotic, placebo, and 
chemotherapy-associated toxicity, respectively. 
The inclusion criteria were RCTs written in English 
on the effect of probiotics and synbiotics on the 
side effects associated with chemotherapy, 
radiotherapy, and chemoradiotherapy in the 
treatment of CRC patients. The exclusion criteria 
were articles written in other languages, review 
articles, books, case reports, congress letters, 
and personal opinions.

Data Extraction
The abstract and reference list of all articles 

from the initial search were independently 
reviewed for eligibility criteria by two of the 
authors (E.F and F.F.R). Disagreements were 
resolved by the first author (R.M). The information 
extracted from the eligible articles was the year 
of publication, study design, characteristics 
of participants (sex, age, number, and 
comparison group), intervention (supplement 
type, intervention dose, and duration), primary 
outcome, and trial outcomes. 

Risk of Bias 
The assessment was independently 

performed by two authors (E.F and F.F.R) using 
Cochrane Collaboration’s tool for assessing the 
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risk of bias in RCTs,21 using parameters such as 
participant, personnel, and assessor blinding, 
allocation sequence concealment, selective 
reporting bias, and incomplete outcome data.

Results

Study Design and Participants 
A total of 904 articles were identified through 

the initial search, of which 24 articles were 
removed due to duplication. Of the remaining 
880 articles, 864 articles did not meet the 
inclusion criteria and were disregarded. The 
full text of these last 16 articles was assessed 
for eligibility of which 13 articles were found to 
contain insufficient data. Finally, three articles 
with a total sample size of 234 patients were 
included in the qualitative analysis phase. The 
PRISMA flow diagram of the study selection 
process is presented in figure 1. A descriptive 
summary of the included studies and the risk of 
bias assessment are presented in tables 1 and 2,  
respectively. 

Description of Included Studies
The included studies were conducted in 

Iran,22 Finland,9 and Slovakia,12 with a sample 
size ranging from 38 to 150 (table 1). Two 
studies evaluated the effect of probiotics on the 
side effects of chemotherapy in CRC patients 
aged 20-85 years. The third study examined 
the effect of synbiotics on chemoradiotherapy-
associated toxicity in CRC patients. The 
protocol for probiotic formulations in the 
included studies varied in terms of the type 
and treatment duration. Furthermore, the 
participants had CRC in stages II, III, Dukes 
B, Dukes C, or life expectancy less than three 
months. The intervention duration was 6, 12, or 
24 weeks. The study assessments were made 
in accordance with the Common Toxicity Criteria 
of the National Cancer Institute of Canada Scale 
version 2,9 Common Terminology Criteria for 
Adverse Events version 4.1 (CTCAE),12 and 
the 30-item quality of life questionnaire version 
3.0 of the European Organization for Research 
and Treatment of Cancer (EORTC QLQ-C30).22 

Figure 1: PRISMA flow diagram illustrates the search strategy and selection process according to the inclusion and exclusion 
criteria.
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Two studies used diarrhea grades 0-4 and 
1-4, expressing the results as percentages 
(frequencies) or means±SD (standard deviation). 
One study used toxicity grades 0-4. 

Interventions 
Interventions included several types of 

probiotics and synbiotics such as Saccharomyces, 
Propionibacterium, Bifidobacterium, and 

Table 1: A descriptive summary of the included studies. In all studies, patients were randomized 1:1 to intervention or placebo 
and no adverse events were reported
Study Type of RCT Sample 

size
Age (years) Intervention Outcome Results

Farshi 
Radvar  
et al.22

Parallel 
group, 
randomized, 
double-blind, 
placebo-
controlled 
study

Synbiotic 
group 
(n=19), 
placebo 
group 
(n=19)

Synbiotic 
group: 
57.58±12.78
Placebo 
group: 
62.89±13.93

Lactobacillus casei PXN 37, 
Lactobacillus rhamnosus 
PXN 54, Streptococcus 
thermophilus PXN 66, 
Bifidobacterium breve 
PXN 25, Lactobacillus 
acidophilus PXN 35, 
Bifidobacterium longum 
PXN 30, Lactobacillus 
bulgaricus PXN 39, 
Fructooligosaccharide 
(FOS), Magnesium stearate 
(source: mineral and 
vegetable), Vegetable 
capsule (hydroxypropyl 
methyl cellulose) 
Dose of 1×108 CFU/gr twice 
daily for 6 weeks

Anthropometric 
measures, dietary 
intake, quality of 
life, biochemical 
factors (MMP-2, 
MMP-9, hs-CRP)

Synbiotic had a 
significant effect on 
carbohydrate and 
protein intake. 
Improvement in the 
quality of life scale, 
hs-CRP, MMP-2, 
and MMP-9 levels in 
the synbiotic group 
compared to the 
placebo group (not 
significant).

Mego  
et al.12

Randomized, 
double-blind, 
placebo-
controlled 
pilot study

Probiotic 
group 
(n=23), 
placebo 
group 
(n=23)

Probiotic 
group: 
Median 62 
(45-75)
Placebo 
group: 
Median 64 
(42-81)

Bifidobacterium 
breve HA-129 (25%), 
Bifidobacterium bifidum 
HA-132 HA (20%), 
Bifidobacterium longum 
HA-135 (14.5%), 
Lactobacillus rhamnosus 
HA-111 (8%), Lactobacillus 
acidophilus HA-122 
(8%), Lactobacillus casei 
HA-108(8%), Lactobacillus 
plantarum HA-119 (8%), 
Streptococcus thermopilus 
HA-110 (6%), Lactobacillus 
brevis HA-112 (2%), 
Bifidobacterium infantis 
HA-116 (0.5%) 
Daily dose of 10×109 CFU 
for 12 weeks

Incidence of 
diarrhea, usage of 
anti-diarrheal drugs

Probiotics 
compared to 
placebo showed 
a reduction in 
the incidence of 
severe diarrhea of 
grade 3 or 4 and 
enterocolitis (not 
significant).
Patients on 
probiotics used 
fewer anti-diarrheal 
drugs compared 
to placebo (not 
significant).

Osterlund 
et al.9

Open-label, 
prospective, 
randomized, 
phase 
III, single 
institution, 
2×3 factorial 
design study

Probiotic 
group 
(n=98), 
placebo 
group 
(n=52)

Probiotic 
group: 
Median 61 
(35-74)
Placebo 
group: 
Median 57 
(31-75)

Lactobacillus rhamnosus 
GG twice daily at a dose of 
1-2×1010 and 11 g of guar 
gum per day, both for 24 
weeks

Adverse events 
were recorded 
during 5-FU-based 
chemotherapy. 
Incidence 
of diarrhea, 
neutropenia, 
neutropenic 
infection, hand-foot 
syndrome

Probiotics had no 
significant effect on 
diarrhea. 
No significant 
changes in 
stomatitis, 
neutropenia, 
neutropenic 
infection, and Hand-
foot syndrome.

Table 2: Risk of bias in randomized controlled trial according to the Cochrane Collaboration’s tool
Bias risk Osterlund et al.9 Mego et al.12 Farshi Radvar et al.22

Random sequence generation (selection bias) Y Y Y
Allocation concealment (selection bias) Y Y Y
Blinding of participants and personnel (performance bias) N Y Y
Blinding of outcome assessment (detection bias) N Y Y
Incomplete outcome data (attrition bias) Y Y N
Selective reporting (reporting bias) ? Y Y
Y: Yes; N: No
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Lactobacillus rhamnosus GG. These were 
administered either individually or combined 
with other probiotics or synbiotics (e.g., 
Fructooligosaccharides). Placebo (standard 
treatment) was administered to the control 
group. The dosage of probiotics and synbiotics 
varied, ranging from two to three doses per day. 
The outcome measures included neutropenia, 
stomatitis, gastrointestinal toxicity, and diarrhea. 

Risk of Bias 
The reported risk of bias (e.g., incomplete 

outcome data and allocation sequence 
concealment) was low in all studies.9, 12, 22 
However, one study reported a high risk of bias 
due to the absence of blinding of the participants, 
personnel, and outcome assessors.9 

Effect of Probiotics on Chemotherapy Toxicity 
All studies reported no significant effect 

of probiotic or synbiotic therapy in reducing 
chemotherapy/chemoradiotherapy-associated 
toxicity. Osterlund and colleagues reported no 
significant effect of Lactobacillus rhamnosus 
on the overall treatment toxicity, neutropenia, 
stomatitis, hand-foot syndrome, and neutropenia 
infection. In their study, compared to the probiotic 
group, a larger number of participants in the 
placebo group required hospital care. Moreover, 
toxicity was significantly lower in the probiotic 
group than the placebo group. Additionally, 
they reported that Lactobacillus rhamnosus 
significantly reduced the incidence of severe 
diarrhea (grades 3 and 4).9 

Mego and colleagues reported that 
probiotics significantly reduced the incidence 
of severe diarrhea (grades 3 and 4), but had 
a marginal effect on reducing the incidence of 
overall diarrhea, bloating, and enterocolitis. 
Furthermore, patients in the probiotic group 
used fewer anti-diarrheal drugs than those in the 
placebo group. It is worth noting that the study 
was prematurely terminated due to slow accrual, 
when only 46 of the 220 planned patients were 
randomized.12

Effect of Synbiotics on Chemoradiotherapy 
Toxicity

Only one study assessed the effect of 
synbiotic supplementation on CRC patients 
undergoing chemoradiotherapy.22 Farshi Radvar 
and colleagues reported that the mean symptom 
scale score for diarrhea slightly decreased in 
the synbiotic group, whereas it significantly 
increased in the placebo group.22

Side Effects 
Although all included studies reported various 

side effects caused by probiotic/synbiotic 
supplementation, none were considered 
adverse events.

Discussion 

The present systematic review assessed 
the effect of probiotics and synbiotics on 
chemoradiotherapy-associated toxicity in 
patients with CRC. Chemoradiotherapy toxicity 
is common in CRC patients.23 The findings 
of the present study indicate that probiotic/
synbiotic supplementation may marginally 
reduce chemotherapy-associated toxicity in 
CRC patients. Depending on the severity of the 
side effects, a reduction in the treatment dose 
or even termination of chemoradiotherapy may 
be required, which in turn enables tumor cells to 
gain resistance to anti-cancer drugs. Moreover, 
it also affects the nutritional status and quality of 
life of the patients. Diarrhea is the most prevalent 
complication of chemoradiotherapy.24 A previous 
study showed that imbalance in intestinal flora 
(i.e., dysbiosis) significantly contributes to 
the prevalence of chemotherapy-associated 
side effects. It is therefore recommended 
to use probiotic/synbiotic supplementation 
to correct dysbiosis in CRC patients 
undergoing radiotherapy, chemotherapy, or 
chemoradiotherapy interventions.25 

Several studies evaluated the efficacy of 
probiotics and synbiotics in reducing the side 
effects of anti-cancer treatments. However, the 
reported results are contradictory due to the 
difference in supplementation dose, intervention 
duration, treatment type, and sample size. 
We found that probiotics did not significantly 
affect diarrhea in grades 3 and 4 in CRC 
patients undergoing chemotherapy. Similarly, 
Devaraj and colleagues reported that probiotics 
did not significantly affect the incidence of 
chemoradiotherapy-associated diarrhea in 
cancer patients compared to the placebo 
group.15 Wang and colleagues also reported that 
probiotics did not reduce the risk of diarrhea 
in patients with abdominal and pelvic cancer 
undergoing chemotherapy.26 In contrast, Lin and 
colleagues reported that probiotics significantly 
reduced the incidence of diarrhea in the same 
groups of cancer patients.27 Nonetheless, both 
studies confirmed that probiotics significantly 
reduced the incidence of radiation-associated 
diarrhea.15, 26 Moreover, Redman and colleagues 
demonstrated that probiotic supplementation 
reduced the overall rate of radiation-associated 
diarrhea in cancer patients.28

The lack of significant effects of probiotics 
in cancer patients undergoing chemotherapy 
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could be attributed to the limited number of 
research studies on this topic. To the best of 
our knowledge, our systematic review of RCTs 
is the first such study. Although some of the 
previous systematic reviews assessed the effect 
of probiotics in RCTs, they included all types 
of cancer patients undergoing radiotherapy, 
chemotherapy, or chemoradiotherapy. Inclusion 
of all types of patients and heterogeneity of RCTs 
could be the main reason behind the difference 
between our findings and those of previous 
systematic reviews. Moreover, the diversity 
index between the studies (i.e., different types 
of intervention, duration, dose, and strains) did 
not allow a one-to-one comparison between the 
results. The included studies reported additional 
results, such as the quality of life, hospital care 
for bowel toxicity, neutropenia, stomatitis, and 
the use of anti-diarrheal drugs. However, we 
could not assess these due to the heterogeneous 
data. Nonetheless, the main strength of our 
study is the specific focus and selection of RCTs 
that investigated the incidence of diarrhea in 
different grades. 

Osterlund and colleagues found that patients 
who received probiotics had less abdominal 
discomfort and required less hospital care due 
to bowel toxicity.9 However, probiotics had no 
significant effect on the overall chemotherapy-
associated toxicity or the frequency of 
stomatitis/neutropenia.12 Moreover, compared 
to placebo, probiotic supplementation had no 
effect on reducing the incidence of bloating, 
enterocolitis, or when anti-diarrheal drugs were 
used. In line with our results, Redman and 
colleagues also reported no significant effect of 
probiotics on anti-diarrheal drug use.28 Farshi 
Radvar and colleagues reported that synbiotic 
supplementation reduced the mean symptom 
scale score for diarrhea in CRC patients 
undergoing chemoradiotherapy.22

The main strength of the present systematic 
review is a comprehensive assessment of all 
RCTs on the effect of probiotics and synbiotics 
on CRC patients undergoing radiotherapy, 
chemotherapy, and chemoradiotherapy. The 
limitation of the study is related to the high risk 
of bias due to different types of supplementation 
dose, intervention duration, probiotic strains, 
cancer treatment modality, and the dose/
frequency of chemotherapy treatment. In 
addition, different scales/criteria were used to 
evaluate chemotherapy-associated toxicity. 

Conclusion

There is limited evidence to confidently conclude 
a significant effect of probiotics and synbiotics on 

reducing chemotherapy-associated toxicity and 
diarrhea in CRC patients. In fact, some minor 
side effects were associated with probiotic and 
synbiotic supplementation. Nonetheless, these 
findings are based on a very limited number of 
studies. Therefore, it is strongly recommended 
to substantiate the findings by conducting further 
RCTs with rigorous placebo-controlled studies.
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