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Abstract 

Objective  We undertook this study to assess the efficacy of probiotics in managing adverse reactions during chemo-
radiotherapy in patients with colorectal cancer.

Method  A comprehensive literature search was conducted on PubMed, ClinicalTrials.gov, Embase, Cochrane 
library,Web of Science, and Chinese databases until July 27, 2024. Data analysis was performed using RevMan5.3 sta-
tistical software. The risk of bias was assessed using the Cochrane collaboration tool. Relative risk (RR) was employed 
to incorporate statistical measures and calculate 95% confidence intervals (95%CI) for bipartite data. Standardized 
mean difference (SMD) was utilized to incorporate statistical measures and calculate 95% confidence intervals for con-
tinuous variables.

Results  A meta-analysis of 633 patients with colorectal cancer was conducted across eight studies. In comparison 
to the control group, probiotics demonstrated a significant reduction in the incidence of chemoradiotherapy-
induced diarrhea among colorectal cancer patients(RR = 0.51,95%Cl:0.38 ~ 0.68,P < 0.001). Additionally, probiotic 
usage exhibited improvements in pain index (SMD = -2.27,95%Cl: -4.49 ~ -0.05,P = 0.04), dyspnea (SMD = -0.92,95%Cl: 
-1.61 ~ 0.22, P = 0.01) and insomnia (SMD = -2.95, 95%Cl: -5.44 ~ -0.47, P = 0.02) compared to the control group. How-
ever, there were no significant differences between two groups in abdominal distension(RR = 0.79, 95%Cl:0.21 ~ 3.00, 
P = 0.72), stomatitis risk (RR = 1.23, 95%Cl: 0.48 ~ 3.21, P = 0.67), fatigue (SMD = -7.12, 95%Cl:-14.99 ~ 0.75, P = 0.08)and 
loss of appetite(SMD = -2.86, 95%Cl: -5.83 ~ 0.11, P = 0.06). Furthermore, the use of probiotics did not significantly 
improve the quality of life (QOL) (SMD = 8.82, 95%Cl: -1.11 ~ 18.75, P = 0.08)of colorectal cancer patients receiving 
chemoradiotherapy.

Conclusions  This meta-analysis suggested that probiotic consumption may ameliorate certain adverse reactions 
in patients with colorectal cancer receiving chemoradiotherapy.

Trial registrations  Prospero registration number: PROSPERO (CRD42023465966).
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Background
The global burden of colorectal cancer is a substantial 
menace to life and well-being, ranking third in terms of 
incidence and second in terms of mortality rates world-
wide. Among male malignancies, it holds the third posi-
tion for both incidence and mortality rates, while among 
female malignancies, it ranks second for incidence and 
third for mortality rates [1]. Chemoradiotherapy are cur-
rently the primary treatment modalities for patients with 
colorectal cancer; however, the adverse effects associated 
with chemoradiotherapy, such as nausea, vomiting, diar-
rhea, and decreased appetite, often result in treatment 
delay and ultimately disease progression. Consequently, 
there is a reduction in Overall Survival (OS), Objective 
Response Rate (ORR), Progression-Free Survival (PFS), 
and quality of life (QOL)for these patients. Antidiarrheal 
medications, such as octreotide and loperamide, are 
commonly employed in the management of early adverse 
reactions induced by chemoradiotherapy, specifically 
targeting diarrhea [2]. In recent years, the research and 
development of novel pharmaceuticals and the formula-
tion of treatment protocols have become increasingly 
crucial in mitigating the adverse reactions associated 
with chemoradiotherapy.

The human gut harbors over 500 distinct bacte-
rial species with approximately 100 trillion in number. 
These microorganisms not only play a pivotal role in 
the pathogenesis, progression, and prognosis of intes-
tinal disorders, but also actively participate in immune 
regulation and nutrient metabolism as an essential bio-
logical barrier within the human body [3]. The dysbiosis 
of intestinal microbiota is a crucial factor contributing 
to intestinal inflammation and tumorigenesis. Cer-
tain beneficial bacteria modulate the REDOX balance, 
suppress ribosome biogenesis and protein translation, 
thereby impeding the occurrence and progression of 
colorectal malignancies. Moreover, probiotics hinder 
intestinal malignancies by generating metabolites that 
facilitate apoptosis in colorectal cancer cells [4, 5]. The 
utilization of probiotics can modulate the biological 
barrier of the gut microbiota and mitigate the risk of 
perturbation in gut microbiota induced by treatment 
of underlying diseases [6]. However, certain pathogenic 
bacteria can facilitate the development of intestinal 
tumors by producing relevant toxins and disrupting 
the metabolism of both normal and cancerous cells in 
the body, thereby impeding the efficacy of anti-tumor 
therapies [7–9]. Additionally, probiotics also play a cru-
cial role in the management of other malignant tumors. 
Preliminary studies have indicated that LC9018 derived 
from Lactobacillus casei could serve as an effective 
adjunct immunotherapeutic agent, and when combined 
with radiation therapy, it can augment the anti-tumor 

efficacy in the treatment of cervical cancer [10]. The 
combination of chemotherapy and Lactobacillus casei 
can effectively reduce the postoperative recurrence 
rate of bladder cancer [11]. The regulation of plasma 
metabolites by probiotics prevents the development of 
Chemotherapy-related cognitive impairment (CRCI) in 
breast cancer patients [12]. Probiotic intervention can 
effectively decrease the occurrence of complications in 
patients with thyroid cancer following withdrawal of 
thyroid hormone [13].

The existing clinical studies have demonstrated that 
probiotics possess the potential to mitigate the adverse 
reactions induced by radiotherapy and chemotherapy, 
thereby enhancing the quality of life for patients under-
going treatment for various malignant tumors [12, 14, 
15]. The combination of Bifidobacterium and Lactoba-
cillus acidophilus can effectively reduce the incidence 
of radiation-induced diarrhea in patients with cervical 
cancer [16]. However, relevant studies have also dem-
onstrated that nutritional intervention using probiotic 
beverages containing Lactobacillus casei did not exhibit 
a reduction in the incidence of grade 2 and higher radi-
oactive diarrhea among patients with gynecological 
tumors. Nevertheless, it did significantly impact fecal 
consistency [17]. The administration of Bifidobacte-
rium can enhance the intestinal flora environment in 
pediatric patients with malignant tumors undergoing 
chemotherapy, thereby mitigating the adverse effects 
associated with chemotherapy [18]. Probiotic sup-
plementation during chemotherapy can also enhance 
the quality of life and alleviate certain side effects in 
lung cancer patients [19]. Probiotics combined with 
enteral nutrition can enhance the diversity of intesti-
nal microbiota and mitigate chemotherapy-induced 
diarrhea in patients diagnosed with esophageal can-
cer [20]. Similarly, probiotic intervention to colorectal 
cancer patients undergoing irinotecan chemotherapy 
may potentially mitigate the occurrence and severity 
of gastrointestinal toxicity induced by chemotherapy 
[21]. Probiotic intake has been shown to enhance gas-
trointestinal symptoms and improve the overall quality 
of life in individuals diagnosed with colorectal cancer 
[22]. However, some research suggested that probiotics 
may not yield significant improvements in the quality 
of life and may lead to adverse reactions among colo-
rectal cancer patients following chemotherapy [23]. We 
will provide a comprehensive analysis of the role and 
mechanism of probiotics in managing adverse reac-
tions during radiotherapy or chemotherapy for patients 
with colorectal cancer, aiming to develop an innovative 
treatment strategy that effectively reduces these reac-
tions, enhances patients’quality of life, and ultimately 
improves their anti-tumor response.
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Materials and methods
This systematic review and meta-analysis strictly 
adheres to the guidelines outlined in the Cochrane 
Manual which has been registered with PROSPERO 
(CRD42023465966).

The study was conducted in accordance with the 
PICOS model, adhering to the guidelines outlined by the 
Reporting Project of Systematic Review and Meta-Anal-
ysis (PRISMA) [24]. The study population comprised 
of patients diagnosed with histologically confirmed 
colorectal cancer who were undergoing radiotherapy 
or chemotherapy. The intervention group consisted 
of patients receiving oral probiotics, while the control 
group included patients receiving oral placebo or not 
receiving probiotics, encompassing both open-label and 
blind trials. The adverse events, including diarrhea, sto-
matitis, bloating, decreased appetite, constipation, and 
nausea were observed and documented in patients with 
colorectal cancer undergoing chemotherapy or chemo-
radiotherapy as part of their anti-tumor therapy. These 
events were assessed based on the National Cancer Insti-
tute General Terminology Standards for Adverse Events 
(CTCAE) [25]. Specific definitions of adverse reactions 
are provided in the supplementary information. The 
patients’quality of life (QOL) was also evaluated to docu-
ment their subjective experiences and impacts on QOL 
in terms of physical, emotional, social, cognitive func-
tioning, disease symptoms, and treatment-related side 
effects. Clinical studies must adhere to the principles of 
randomized controlled trials. Through relevant inves-
tigations, we examined whether probiotics can mitigate 
associated adverse reactions and minimize the impact on 
QOL during radiotherapy or chemotherapy in colorectal 
cancer patients.

Literature search strategy
A comprehensive literature search was conducted by 
two authors (Rong Yang and Wei Liu) on PubMed, 
ClinicalTrials.gov, Embase, Cochrane library,Web of 
Science, and Chinese databases until July 27, 2024 to 
determine the feasibility of this study. Any discrepan-
cies were resolved through discussion with the third 
author (Shuiyan CAI). The search term is in the sup-
plementary material. The search strategy employed for 
PubMed is provided below: ((((("Colorectal Neoplasms" 
[Mesh]) OR"Colonic Neoplasms"[Mesh]) OR"Rectal 
Neoplasms"[Mesh])OR (((colorect*[Title/Abstract] OR  
colon*[Title/Abstract] OR rect*[Title/Abstract]ORanal 
[Title/Abstract]ORanus[Title/Abstract]OR CRC[Title/
Abstract] OR intestin*[Title/Abstract] OR bowel*[Title/
Abstract] OR sigmoid*[Title/Abstract] OR anus[Title/
Abstract]) OR (carcinom*[Title/Abstract] AND neoplas* 
[Title/Abstract] OR adenocarcinom*[Title/Abstract] OR 

cancer*[Title/Abstract] OR tumor*[Title/Abstract] OR 
tumour*[Title/Abstract] OR sarcom*[Title/Abstract] OR  
adenom*[Title/Abstract] OR lesion*[Title/Abstract])) AND  
(("Radiotherapy"[Mesh]) OR ((((((radiotherap*[Title/
Abstract]) OR (irradiat*[Title/Abstract]))OR(radiat*[Title/
Abstract]))OR(chemoradi*[Title/Abstract])) OR (radiochemo 
[Title/Abstract])) OR (chemotherap*[Title/Abstract]))))  
AND ((((((((((("Probiotics"[Mesh]) OR"Synbiotics"[Mesh])  
OR"Lactobacillus"[Mesh]) OR"Bifidobacterium"[Mesh])OR" 
Saccharomyces"[Mesh]) OR"Streptococcus thermophilus" 
[Mesh])OR"Cultured Milk Products"[Mesh]) OR" 
Lactococcus"[Mesh]) OR"Bacillus subtilis"[Mesh]) OR" 
Enterococcus faecalis"[Mesh]) OR (probiotic*[Title/
Abstract]OR lactobacill*[Title/Abstract] ORSynbiotic* 
[Title/Abstract] OR bifidobacter*[Title/Abstract] OR 
lactococc*[Title/Abstract] OR saccharomyc*[Title/Abstract] 
OR microbiome*[Title/Abstract] OR microbiotica[Title/
Abstract] OR"streptococcus thermophilus"[Title/Abstract]  
OR"bacillus subtilis"[Title/Abstract] OR"enterococcus 
faecalis"[Title/Abstract] OR"lactic acid bacteri*"[Title/
Abstract] OR yoghurt[Title/Abstract] OR yoghourt 
[Title/Abstract] OR yogourt[Title/Abstract] OR yogurt 
[Title/Abstract] OR (gut[Title/Abstract] OR intestin* 
[Title/Abstract] AND (flora[Title/Abstract] OR microflora 
[Title/Abstract] OR microbiota[Title/Abstract])))).

Filters: Randomized Controlled Trial.

Inclusion criteria
This study was screened based on the PICOS principle: 
(1) Population: patients with histologically confirmed 
colon or rectal cancer undergoing radiotherapy or chem-
otherapy; (2) Intervention: probiotics were administered 
to patients in the intervention group; (3) Comparison: 
control group patients received either placebo or no 
formal treatment with probiotics; (4) Outcomes: Study 
results encompassed adverse events such as diarrhea, 
stomatitis, constipation, nausea, and abdominal disten-
sion in colorectal cancer patients during radiotherapy 
or chemotherapy, subjective assessments of physical, 
emotional, social, cognitive function, disease symptoms, 
treatment side effects and impact on quality of life 
reported by the patients; (5) Study Design: This research 
strictly adheres to the principles of a randomized con-
trolled trial.

Exclusion criteria
(1) Non-randomized controlled trials; (2) Articles pub-
lished in languages other than English and Chinese; 
(3) Ongoing or unpublished experiments, studies with 
incomplete data; (4) Patients not diagnosed with colorec-
tal cancer; (5) Systematic reviews, animal experiments, 
retrospective articles, conference abstracts, case reports, 
personal opinion articles, descriptive studies.
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Data extraction and bias risk assessment
The data were independently extracted by the two 
authors(Yongjing Chen and Weiyu Ma) into a pre-
designed table and subsequently collated. In cases where 
discrepancies arose, the third author(Xiurong Feng) con-
ducted an independent re-extraction of the data, com-
pared it with the findings of the first two authors, and 
meticulously verified each extracted data item against 
the original literature to ensure accuracy. Data extrac-
tion from the studies encompassed the following aspects: 
(1) Basic information: year of publication, first author, 
country, and author contact details; (2) Inclusion crite-
ria assessment; (3) Subject characteristics: gender, dis-
ease type, age, intervention and control measures in 
both groups, participant countries, outcome indicators, 
and follow-up duration; (4) Extraction of result data; (5) 
Assessment of bias factors.

Literature quality evaluation
Literature quality assessment will be conducted by two 
researchers (Xiangyu Cheng and Junjie Ma), with a third 
party making a judgment if necessary in case of disagree-
ment. The evaluation, using RevMan5.3 software and 
Cochrane system evaluation manual as reference, pri-
marily focuses on the following criteria: (1) random 
allocation method; (2) implementation of allocation con-
cealment; (3) implementation of blinding methods for 
participants and results; (4) integrity of result data; (5) 
selective reporting bias; (6) other biases. Each criterion is 
assessed as’high risk bias’,’low risk bias’, or’unclear’based 
on the bias risk assessment criteria, with results pre-
sented in the form of a risk bias graph.

Statistical analysis
Statistical analysis of the extracted data was conducted 
using RevMan Statistical software (version 5.3). Since 
all included studies were randomized controlled tri-
als, the risk ratio (RR) directly reflects the relative prob-
ability of events between the intervention and control 
groups, offering better clinical interpretation. RR more 
clearly shows the causal effect of interventions. RR was 
employed to incorporate statistical measures and calcu-
late 95% confidence intervals (95%CI) for bipartite data. 
For continuous variables, the standardized mean differ-
ence (SMD) eliminates dimensional differences through 
standardization, aligning better with statistical require-
ments than the mean difference (MD). SMD was utilized 
to incorporate statistical measures and calculate 95% 
confidence intervals for continuous variables. A signifi-
cance level of P < 0.05 indicated a statistically significant 
difference. The heterogeneity of the included studies was 
assessed using the I2 value. When I2 ≤ 50%, it indicated 
low heterogeneity among the studies, and a fixed-effect 

model was applied for meta-analysis. Conversely, when 
I2 > 50%, a random effects model was used.

Results
Literature screening and basic characteristics
We identified a total of 694 articles from databases and 
relevant websites. Following the predefined inclusion 
and exclusion criteria, 622 articles were excluded during 
the initial screening process (including duplicates, stud-
ies involving non-colorectal cancer patients, non-probi-
otic research, animal studies, investigations unrelated to 
chemoradiotherapy, conference abstracts, and reviews), 
resulting in a final selection of 72 articles. Upon thorough 
examination of these remaining articles, it was found that 
35 articles did not report clinical trial results, 15 articles 
had incomplete data, and 14 articles failed to document 
adverse reactions or quality of life related to chemother-
apy or radiotherapy. Consequently, only 8 articles met the 
criteria for inclusion in the meta-analysis [21, 23, 26–31]. 
Figure  1 illustrates the screening process, and Table  1 
presents the characteristics of the 8 studies.

The clinical trials included in our meta-analysis were 
conducted across multiple countries, such as Turkey, 
Iran, Malaysia, Slovakia, Finland, and China. All partici-
pants were adults (≥ 18 years old) diagnosed with colo-
rectal cancer—encompassing colon cancer, rectal cancer, 
and rectosigmoid junction cancer—based on clinical 
guidelines and pathological diagnosis. Chemotherapy 
was administered to all participants in the 8 clinical tri-
als; additionally, four of them received radiation therapy 
alongside chemotherapy [23, 26, 29, 30]. The remaining 
four studies exclusively underwent chemotherapy treat-
ment [21, 27, 28, 31].

Quality assessment
Of the eight articles included in this study, randomi-
zation was mentioned; however, only three of them 
provided details regarding allocation concealment. 
Five studies described the implementation of blinding 
between participants and experimenters, while three 
studies detailed the blinding of outcome assessors. There 
were no instances of patient dropout or loss to follow-up. 
All included studies were complete, with no evidence of 
selective reporting bias. Each evaluation criterion was 
classified as either"high risk,""low risk,"or"uncertain."The 
detailed results of the assessment are presented in 
Figs. 2A and 2B.

Diarrhea
Among the eight studies included, seven of them exam-
ined outcome indicators associated with diarrhea [21, 
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26–31].A report indicates that probiotics have no sta-
tistically significant effect on the incidence of diarrhea 
compared to the control group [28]. Other studies have 
reported a significant reduction in the incidence of diar-
rhea with probiotics, particularly in patients classified 
as having grade 3–4 diarrhea, demonstrating statisti-
cal significance. Five of the studies reported outcomes 
that were categorized as binary variables [21, 26, 28, 
29, 31],the outcomes of both studies were reported as 
continuous variables [27, 30]. Reveal the outcomes of 
meta-analyses conducted on the aggregated statistical 
measures. The analysis of Literature I2 = 40% (P = 0.15) 
with a binary variable outcome was conducted using a 
fixed effect model, the findings depicted in Fig. 3A dem-
onstrates a significant reduction in the risk of diarrhea 
through probiotic intake during radiotherapy or chemo-
therapy (RR = 0.51, 95%Cl:0.38 ~ 0.68, P < 0.001). Despite 
the inclusion of continuous variables in only two studies, 

the analysis results did not yield statistical significance (as 
depicted in Fig. 3B). Nevertheless, the combined statisti-
cal trend still suggests that probiotics may offer potential 
improvement for chemoradiotherapy-induced diarrhea 
(SMD = − 6.0, 95%Cl: − 12.16 ~ 0.16, P = 0.06).

Pain index
The impact of probiotic intake on pain experienced by 
colorectal cancer patients during chemotherapy and radi-
ation therapy was reported in both articles [27, 30]. The 
observed heterogeneity is statistically significant, necessi-
tating the utilization of a random effects model for con-
ducting the analysis (I2 = 98%).As depicted in Fig.  4A, 
the utilization of probiotics demonstrates a potential to 
mitigate the pain index associated with chemotherapy and 
radiation therapy (SMD = − 2.27, 95%Cl: − 4.49 ~ − 0.05, 
P = 0.04), the observed difference exhibits statistical sig-
nificance. One of the reports indicated that at eight weeks 

Fig. 1  Flowchart depicting the process of article screening
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Fig. 2  A Risk of bias summary: review judgments about each risk of bias item for each included study. B Risk of bias graph: review judgments 
about each risk of bias item presented as percentages across all included studies

Fig. 3  A Forest plot of the effect of probiotics on diarrhea in colorectal cancer patients during chemoradiotherapy in binary categorical variable 
articles. B Forest plot of the effect of probiotics on diarrhea in colorectal cancer patients during chemoradiotherapy in Continuous variable articles. 
a:Results at the end of the probiotic intervention (include chemotherapy), 8 weeks from baseline. b: Results after completion of chemotherapy, 
6 months from baseline
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post-chemotherapy, the pain index in the probiotics group 
was comparatively lower than that in the control group 
[27], this difference did not reach statistical significance. 
However, at the conclusion of the 6-month post-chem-
otherapy period, the pain index in the probiotics group 
consistently demonstrated a statistically significant reduc-
tion compared to that of the control group (P = 0.04).

Fatigue
The impact of probiotics on fatigue in colorectal cancer 
patients during chemoradiotherapy was analyzed in both 
articles [27, 30]. One study indicated that the probiotic 
intervention group did not exhibit a statistically signifi-
cant difference in alleviating fatigue symptoms compared 
to the control group during chemoradiotherapy. Con-
versely, another study demonstrated that probiotic sup-
plementation led to a statistically significant improvement 
in fatigue symptoms among patients undergoing eight 
weeks or six months of chemotherapy, as compared to 
the control group (P < 0.001). Utilizing a random effects 

model for statistical data synthesis, the analysis findings 
depicted in Fig.  4B demonstrate a discernible trend of 
diminished fatigue during chemotherapy with probiotic 
administration; however, no statistically significant differ-
ence was observed whencompared to the control group 
(SMD = − 7.12, 95%Cl: − 14.99 ~ 0.75, P = 0.08).

Insomnia
Both articles examined the effects of probiotic consump-
tion during chemoradiotherapy and radiation therapy 
on insomnia in patients with colorectal cancer [27, 30]. 
The utilization of probiotics has been shown to mitigate 
the incidence of insomnia in patients undergoing chem-
oradiotherapy. Reconcile statistical measures through 
the utilization of a random effects model (I2 = 98%), the 
utilization of probiotics during chemoradiotherapy has 
been demonstrated to enhance sleep quality, as depicted 
in Fig.  4C. Moreover, the observed improvement is sta-
tistically significant when compared to the control group 
(SMD = − 2.95,95%Cl:− 5.44 ~ − 0.47,P = 0.02).

Fig. 4  A Forest plot of the effect of probiotics on pain index in patients with colorectal cancer during chemoradiotherapy. B Forest plot of the effect 
of probiotics on fatigue in patients with colorectal cancer during chemoradiotherapy. C Forest plot of the effect of probiotics on insomnia 
in patients with colorectal cancer during chemoradiotherapy. a:Results at the end of the probiotic intervention (include chemotherapy), 8 weeks 
from baseline. b:Results after completion of chemotherapy, 6 months from baseline
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Stomatitis and Abdominal distension
The impact of probiotics on abdominal distension in 
colorectal cancer patients during chemotherapy and 
radiation therapy was investigated in three articles [21, 
23, 31]. As depicted in Fig.  5A, there was no statisti-
cally significant disparity observed in the incidence of 
abdominal distension between the probiotics group and 
the control group during chemoradiotherapy (RR = 0.79, 
95%Cl: 0.21 ~ 3.00, P = 0.72).The impact of probiotics on 
oral mucositis during chemoradiotherapy was analyzed 
in both articles [23, 29].The combined statisticalfindings, 
as illustrated in Fig.  5B, demonstrate that the probiotic 
intervention did not yield a statistically significant reduc-
tion in the incidence of oral mucositis during chemora-
diotherapy when compared to the control group (RR 
= 1.23,95%Cl: 0.48 ~ 3.21, P = 0.67).

Appetite and Quality of life
The impact of probiotics on appetite suppression and 
quality of life (QOL) in colorectal cancer patients during 
chemoradiatiotherapy was reported in both articles [27, 
30].The probiotics group exhibited a tendency towards 
ameliorating appetite decline during chemoradiother-
apy, as depicted in Fig. 6A, however, no statistically sig-
nificant difference was observed compared to the control 
group (SMD = − 2.86,95%Cl:− 5.83 ~ 0.11,P = 0.06). 
Meanwhile, these two articles investigate the impact of 
probiotics on the quality of life among colorectal can-
cer patients undergoing chemotherapy and radiation 

therapy. The EORTC QLQ-C30 composite score, utilized 
for evaluating the quality of life in cancer patients, also 
holds significant implications for survival and prognosis 
[32]. The analysis results (Fig. 6B) indicate that, in com-
parison to the control group, the probiotics group did 
not exhibit any significant improvement in the quality 
of life score among colorectal cancer patients undergo-
ing chemoradiotherapy,but a consistent beneficial trend 
was observed in the pooled estimates. There was no sta-
tistically difference observed between these two groups 
(SMD = 8.82, 95%Cl: − 1.11 ~ 18.75, P = 0.08).

Dyspnea and Constipation
The two articles examined the impact of probiotics 
on dyspnea and constipation among colorectal cancer 
patients undergoing chemoradiotherapy [27, 30]. Rec-
oncile statistical measures through the utilization of a 
random effects model (I2 = 87%; I2 = 94%). The results 
(Fig.  7A, 7B) demonstrate a significant improvement in 
breathlessness and constipation among colorectal cancer 
patients after chemoradiotherapy with the use of pro-
biotics, the observed difference exhibits statistical sig-
nificance (SMD = − 0.92,95%Cl:− 1.61 ~ 0.22,P = 0.01; 
SMD = − 1.25,95%Cl:− 2.32 ~ − 0.17,P = 0.02).The forest 
plots (Fig. 7B) depicted in these two articles demonstrate 
the efficacy of probiotics in the management of chemo-
therapy-induced constipation. (SMD = − 1.25,95%Cl:− 
2.32 ~ 0.17,P = 0.02). Two additional studies examined 
the impact of probiotics on constipation in colorectal 

Fig. 5  A Forest plot of the effect of probiotics on bloating in patients with colorectal cancer during chemoradiotherapy. B Forest plot of the effect 
of probiotics on stomatitis in patients with colorectal cancer during chemoradiotherapy
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Fig. 6  A Forest plot of the effect of probiotics on appetite loss in patients with colorectal cancer during chemoradiotherapy. B Forest plot 
of the effect of probiotics on quality of life in patients with colorectal cancer during chemoradiotherapy. a: Results at the end of the probiotic 
intervention (include chemotherapy), 8 weeks from baseline. b: Results after completion of chemotherapy, 6 months from baseline

Fig. 7  A Forest plot of the effect of probiotics on dyspnea in patients with colorectal cancer during chemoradiotherapy. B Forest plot of the effect 
of probiotics on constipation in patients with colorectal cancer during chemoradiotherapy in the continuous variable articles a: Results at the end 
of the probiotic intervention (include chemotherapy), 8 weeks from baseline. b: Results after completion of chemotherapy, 6 months from baseline. 
C Forest plot of the effect of probiotics on constipation in patients with colorectal cancer during chemoradiotherapy in the binary variable articles
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cancer patients undergoing chemoradiotherapy, employ-
ing dichotomous variables as outcome measures [23, 31]. 
However, as depicted in Fig. 7C, the probiotic interven-
tion failed to demonstrate a significant reduction in the 
incidence of constipation when compared to the control 
group (RR = 1.78,95%Cl:0.04 ~ 77.49,P = 0.76).

Subgroup analysis
In light of the potential influence of different treatment 
regimens on outcomes, and given that prior analyses 
indicated substantial heterogeneity (I2 > 50%) in some 
outcome measures, a stratified subgroup analysis was 
performed for outcome measures with ≥ 2 included 
studies. The effects of probiotic intervention and the 
source of heterogeneity were explored by distinguish-
ing between the combined chemoradiotherapy group 
and the chemotherapy-alone group. The results demon-
strated that: (1) Regarding diarrhea improvement, probi-
otic intervention exhibited significant efficacy in both the 
chemoradiotherapy group (RR = 0.47, 95% CI: 0.31–0.71) 
and the chemotherapy-alone group (RR = 0.56, 95% CI: 
0.38–0.83) (Fig.  8A). (2) Concerning abdominal disten-
sion improvement, no overall effect was observed in the 
previous pooled analysis; however, subgroup analysis 
revealed that the incidence of abdominal distension was 
significantly reduced in the chemotherapy-alone group 
(RR = 0.39, 95% CI: 0.17–0.87), whereas no such effect 
was noted in the chemoradiotherapy group (Fig.  8B). 
Notably, heterogeneity decreased markedly after stratifi-
cation, suggesting that differences in treatment regimens 
may constitute an important source of heterogeneity.

Discussion
Radiotherapy and chemotherapy are the fundamental 
and primary treatment modalities in the management of 
colorectal cancer. These interventions play a pivotal role 
in disease control and treatment by effectively inhibiting 
tumor growth and progression. Furthermore, they have 
demonstrated significant potential in reducing recur-
rence rates and mortality of patients with colorectal 
cancer [33]. However, the numerous deleterious effects 
induced by chemoradiotherapy also impose limitations 
on the efficacy of clinical treatment regimens and impact 
patients’quality of life [34]. It is very important to develop 
a rational treatment strategy to mitigate the deleterious 
effects induced by chemoradiotherapy throughout the 
entire course of colorectal cancer therapy. Currently, 
probiotics have gained extensive application in the treat-
ment of diverse malignant tumors. Probiotics exert anti-
tumor effects through various metabolic pathways. The 
NF-κB signaling pathway plays a crucial role in colorec-
tal cancer development and progression. This pathway is 
closely linked to mutations in key oncogenic genes such 

as APC, P53, and BRAF, which are known to contrib-
ute to the onset of colorectal cancer [35]. Furthermore, 
oxidative stress can trigger pro-inflammatory signaling 
pathways, including NF-κB, leading to intestinal barrier 
dysfunction and an increase in harmful intestinal sus-
ceptibility factors that indirectly promote colorectal can-
cer development [36]. Activation of the NF-κB signaling 
pathway induces the production of various cytokines, 
such as tumor necrosis factor-α and interleukin- 1 [37]. 
Inhibiting the NF-κB pathway can arrest the cell cycle at 
the G0/G1 phase and prevent the progression of colo-
rectal tumors [38]. Lactobacillus plantarum inhibits the 
NF-κB pathway by producing conjugated linoleic acid 
(CLA), thereby promoting tumor cell apoptosis and 
reducing the incidence of colorectal cancer [39]. First-
generation probiotics may modulate the oxidation state 
to influence NF-κB signaling, thereby exerting antican-
cer and anti-inflammatory effects on colorectal cancer 
[40]. Current studies have demonstrated that probiotics 
can potentiate the efficacy of cancer immunotherapy in 
colorectal cancer treatment by modulating the oxidative 
microenvironment [41]. Immune checkpoint inhibitors 
are now widely used as anti-tumor agents. Lactobacil-
lus reuteri can modulate the oxidation state of the tumor 
microenvironment, thereby inhibiting the prolifera-
tion and survival of colorectal cancer cells [8]. Relevant 
studies have demonstrated that in mouse models, the 
concentration of Fusobacterium nucleatum can regu-
late cancer immunotherapy targeting immune check-
point inhibitors. Moreover, there is a direct correlation 
between the relative abundance of this bacterium and 
the efficacy of PD-L1 blockade [42]. Dietary intake of 
Lactobacillus-derived exopolysaccharides promotes the 
induction of CCR6 + CD8 + T cells in Peyer’s patches 
and modulates the tumor microenvironment, thereby 
augmenting the therapeutic efficacy of immune check-
point blockade against CCL20-producing tumors [43]. 
When camouflaged by the erythrocyte membrane, 
probiotics can decrease the mitochondrial membrane 
potential (MMP), activate the PINK1/Parkin pathway 
associated with mitochondrial autophagy, and thereby 
induce apoptosis in tumor cells [44]. It was reported that 
80% of patients developed diarrhea and colitis during 
the treatment of pelvic radiotherapy especially in cervi-
cal cancer, prostate cancer, colorectal cancer and ovar-
ian cancer. Preliminary investigations have demonstrated 
that the administration of probiotic supplements exhibits 
a significant potential in mitigating both the frequency 
and intensity of radiation-induced diarrhea. [45–47]. 
Patients with gastric cancer can potentially mitigate their 
postoperative infection rate and inflammation markers 
through probiotic supplementation, thereby enhancing 
adherence to postoperative adjuvant chemotherapy [48]. 
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Probiotic intervention during neoadjuvant chemother-
apy for patients with esophageal cancer can effectively 
mitigate the incidence of chemotherapy-related adverse 
events [49, 50]. Probiotic supplementation can amelio-
rate diarrhea and abdominal pain induced by radiother-
apy during the treatment of cervical cancer [51]. Recently 
conducted studies have revealed that indole- 3-formalde-
hyde, produced by intestinal microorganisms, exhibited 

an enhanced radioprotective effect on intestinal orga-
noids. Furthermore, it has the potential to mitigate 
intestinal mucosal damage through modulation of pro-
biotics to maintain the integrity of the intestinal barrier 
and effectively treat radiation enteritis [52].

Diarrhea, abdominal distension, pain, fatigue, oral 
ulceration, decreased appetite, insomnia, constipa-
tion, etc., are commonly observed adverse reactions in 

Fig. 8  A Diarrhea subgroup analysis. B Abdominal distension subgroup analysis
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patients with colorectal cancer undergoing chemoradio-
therapy. These reactions can potentially contribute to or 
exacerbate the occurrence of malnutrition and electrolyte 
imbalance, finally leading to diminishing patient con-
fidence in treatment. Consequently, they may prolong 
the duration of anti-tumor therapy for cancer patients 
and reduce treatment efficacy thereby impacting overall 
patient quality of life.

The meta-analysis included a total of 633 patients 
across the 8 articles. No evidence of publication bias 
was observed in these studies. Compared to the con-
trol group, probiotics demonstrate a significant reduc-
tion in the incidence of diarrhea among patients with 
colorectal cancer undergoing chemoradiotherapy, with 
a more pronounced effect observed in patients expe-
riencing diarrhea with grade 3–4. Additionally, early 
probiotic intervention during chemoradiotherapy may 
ameliorate long-term chemoradiotherapy-induced 
diarrhea. This is consistent with some published meta-
analyses of probiotics for alleviating diarrhea during 
chemoradiotherapy for pelvic tumors [53–55]. chemo-
radiotherapy can induce aberrations in the crypt cells 
of the intestinal mucosa, trigger cellular apoptosis, dis-
rupt the homeostasis of the intestinal microbiota, and 
impede nutrient absorption, consequently precipitat-
ing diarrhea [56–58]. Historically, the conventional 
approach to managing chemotherapy and radiation 
therapy-induced diarrhea involved the administra-
tion of one or more anti-diarrheal medications. While 
these drugs may provide temporary relief, they carry a 
risk of intestinal obstruction and gut dysbiosis subse-
quent to diarrhea. In contrast, probiotics offer superior 
safety profiles and are better received by patients com-
pared to traditional anti-diarrheal drugs. Additionally, 
in comparison to the control group, the utilization of 
probiotics demonstrates an improvement in the pain 
index, dyspnea, and insomnia among colorectal can-
cer patients undergoing chemoradiotherapy. How-
ever, it is noteworthy that the probiotics group did not 
exhibit a significant reduction in the risk of abdominal 
distension and oral mucositis during chemoradiother-
apy. This is contrary to previous meta-analyses show-
ing that probiotics reduce stomatitis in cancer patients 
during chemoradiotherapy [59, 60]. This may be due 
to different probiotics, intake timing, cancer types, 
and treatment options. Subgroup analysis showed a 
significant reduction in abdominal distension in the 
chemotherapy-only group, but not in the chemora-
diotherapy group, suggesting that treatment regimens 
might be a key source of heterogeneity. In addition, it 
was observed that probiotic intake did not significantly 
enhance the quality of life (QOL) among colorectal 
cancer patients undergoing chemoradiotherapy. This 

differs from oral combination probiotic supplements, 
which have demonstrated potential in enhancing the 
quality of life for select non-colorectal cancer patients 
undergoing chemotherapy [61]. The limited sample size 
in this meta-analysis precludes a thorough assessment 
of the impact of probiotics on the diverse adverse reac-
tions experienced by colorectal cancer patients during 
chemoradiotherapy. Furthermore, within the context 
of clinical trials, significant heterogeneity was observed 
in chemoradiotherapy protocols among patients. Spe-
cifically, some patients received neoadjuvant chemo-
radiotherapy, while others were administered adjuvant 
chemotherapy (without radiation therapy) for advanced 
disease or as postoperative adjuvant treatment. Among 
the 8 clinical studies, only one article employed a spe-
cific probiotic strain, while the remaining 7 articles uti-
lized multiple probiotic strains. Notably, no fatalities 
or other adverse reactions associated with probiotics 
were documented throughout these rigorous clinical 
trials. However, previous meta-analyses on the use of 
probiotics in tumor radiotherapy and chemotherapy 
have reported some adverse effects. Some patients who 
consumed probiotics experienced mild adverse reac-
tions, such as fever and slight lip edema, while one 
patient exhibited a more severe reaction attributed to 
lactose intolerance [53, 54]. For patients with lactose 
intolerance, researchers should place a high priority 
on evaluating the safety of probiotic selections. These 
findings indicate that probiotics can be administered 
safely in conjunction with chemotherapy and radiation 
therapy for colorectal cancer patients, potentially alle-
viating some treatment-related adverse effects. Never-
theless, researchers should proceed with caution when 
enrolling patients with specific conditions, such as lac-
tose intolerance, into their studies. Inconsistencies in 
the type, timing, and treatment regimen of probiotics 
across current clinical studies may result in wide con-
fidence intervals, thereby diminishing the reliability of 
clinical efficacy guidance. Moreover, given the consid-
erable variability in probiotic strain types and corre-
sponding treatment regimens among patients receiving 
therapy, there is a critical need to increase the sample 
size and conduct additional well-designed, rigorously 
controlled clinical trials. This will comprehensively 
investigate and assess the efficacy and safety of probiot-
ics in this population.

Conclusions
This meta-analysis, based on 8 clinical trials, aims to pro-
vide valuable insights into the role of probiotics in man-
aging adverse reactions and enhancing treatment efficacy 
and compliance during chemoradiotherapy for patients 
with colorectal cancer. In our study, probiotics were 
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found to significantly reduce the incidence of diarrhea. 
Additionally, they were observed to improve the pain 
index, alleviate dyspnea, and ameliorate insomnia among 
patients with colorectal cancer undergoing chemoradio-
therapy. However, further clinical trials are necessary to 
evaluate the efficacy of probiotics in colorectal cancer 
patients undergoing chemoradiotherapy. More detailed 
protocols should be developed to optimize the strain, 
proportion, dose, administration time, and matched opti-
mal chemoradiotherapy regimen for probiotics in such 
patients to achieve the best therapeutic outcomes.
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