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Abstract

Purpose This systematic review and meta-analysis of randomized controlled trials (RCTs) aimed to assess the efficacy of
perioperative or postoperative probiotics as a therapeutic approach for managing colorectal cancer treatment-related com-
plications in patients undergoing surgery, with or without adjuvant therapy.

Methods MEDLINE, Embase, and Scopus databases were searched.

Results Ten RCTs with 1276 patients were included. There was a significant decrease in the incidence of diarrhea (odds
ratio (OR) 0.42; 95% CI1 0.31 to 0.55; p <0.001), surgical site infection (OR 0.44; 95% CI 0.22 to 0.89; p=0.023), urinary
infection (OR 0.43; 95% CI 0.20 to 0.91; p=0.028), pulmonary infection (OR 0.30; 95% CI 0.15 to 0.60; p <0.001), abdomi-
nal distention (OR 0.43; 95% CI 0.25 to 0.76; p =0.004), length of ATB therapy (mean difference (MD) — 1.66 days; 95%
CI-2.13 to— 1.19 days; p <0.001), and duration of postoperative pyrexia (MD — 0.80 days; 95% CI — 1.38 to — 0.22 days;
p=0.007) in the probiotic group. Nevertheless, length of hospital stay, time to first defecation, and time to first solid diet
were not different between groups.

Conclusion Our findings suggest that perioperative or postoperative probiotics is effective for reducing treatment-related
complications in patients with colorectal cancer undergoing surgery, with a lower rate of adverse events.
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Introduction

Colorectal cancer (CRC) comprises all malignant neoplasms
located in the large intestine and rectum, ranking as the third
most commonly diagnosed cancer [1]. Annually, approxi-
mately 153,000 new cases of CRC are identified worldwide
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[2]. The choice of treatment, whether surgical resection alone
or supplement with adjuvant chemotherapy and radiation
therapy, depends on factors such as clinical stage, size, and
location of the primary tumor [3].

Nonetheless, patients undergoing these interventions are
at risk of complications, including surgical site infection,
urinary infections, and pulmonary infections [4, 5]. These
complications can extend hospitalization periods and delay
the time for first defecation or first solid diet, reducing the
quality of life of these patients [6].

Recent investigations have explored the modulation of the
intestinal microbiota with the use of probiotics as a thera-
peutic approach for managing CRC [7]. Probiotics may help
restore microbial homeostasis, inhibit the growth of patho-
genic species, and reduce treatment-related complications
[8]. Therefore, the aim of this systematic review and meta-
analysis was to assess the effectiveness of perioperative or
postoperative probiotics in patients diagnosed with CRC
undergoing surgery.
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Materials and Methods
Search Strategy

Our systematic review and meta-analysis have been per-
formed according to Cochrane Collaboration and Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [9]. The pre-specified
research protocol was registered with the International
Prospective Register of Systematic Reviews (PROSPERO
CRD42023430821). We systematically searched MED-
LINE, Embase, Scopus, and the Cochrane Central Register
of Controlled Trials from inception to May 18, 2023, for
articles published in English using the following search
strategy: (Lactobacillus OR Bifidobacterium OR microbiota
OR “gastrointestinal microbiota” OR microbiome OR bac-
teria) AND (“colorectal cancer” OR “colorectal surgery”
OR *“rectal cancer” OR “colorectal carcinogenesis” OR
“colon cancer” OR ileostomy OR “colorectal resection” OR
CRC) AND (modulation OR Probiotics) AND (RCT OR
random OR randomized OR clinical OR trial OR prospec-
tive). Data extraction was conducted independently by two
authors (J.P. and P.V.), who collected the following informa-
tion from each individual study: (1) study characteristics,
including time of follow-up, sample size per group, and
formulation of the intervention; (2) patient baseline char-
acteristics, such as age (years), sex (female or male), and
severity of disease; and (3) outcomes of interest.

Selection Criteria

To be eligible for inclusion, a study had to meet the follow-
ing criteria: it was a randomized controlled trial (RCT) that
compared perioperative or postoperative gastrointestinal
microbiota modulation with placebo in patients diagnosed
with CRC, and it reported at least one outcome of inter-
est. Only studies in English were included. There were no
restrictions regarding publication date or location. Exclu-
sion criteria were only abstract available, overlapping popu-
lation, and cross-over studies. Two reviewers (J.E.P. and
P.V.) independently evaluated the data search and study
selection; disagreements were resolved through consensus.

Endpoints

Our primary endpoint was diarrhea, defined as the presence
of loose or liquid stools more than three times a day. Second-
ary endpoints included (1) infectious complications, such as
surgical site infections, urinary and pulmonary infections; (2)
abdominal distention; (3) length antibiotic (ATB) therapy;
(4) duration of postoperative pyrexia (>38.5 °C); (5) length

of hospital stay; and (6) time to first defecation and initiation
of a solid diet.

Statistical Analysis

Binary endpoints were analyzed using odds ratios (OR), while
standardized mean differences (MD) were used for continu-
ous outcomes, with 95% confidence intervals for both. We
considered p-values <0.05 to be statistically significant. The
Mantel-Haenszel random-effects model was applied for all
outcomes. Statistical analysis was conducted using R software
version 4.3.1 [10]. Heterogeneity was assessed using the />
statistics, with significant heterogeneity defined as I*>25%.

Quality Assessment

We evaluated the risk of bias for each study using the Cochrane
Risk of Bias tool, Rob2, for RCTs in accordance with the
guidelines outlined in the Cochrane Handbook for Systematic
Reviews of Interventions [9]. Two independent investigators
(J.H.R. and M.P.) assessed the risk of bias for each study and
recorded their findings. Any disagreements were resolved
through discussion and consensus. Furthermore, publication
bias was assessed using both a funnel plot and the Egger test.

Results
Study Selection and Characteristics

As illustrated in Fig. 1, our systematic search yielded 1874
articles. After removing duplicate reports and articles that
did not meet our inclusion criteria, 31 remained and were
fully assessed. Finally, 10 studies were included in our
analysis comprising 1276 patients, of whom 639 (50.1%)
received probiotic treatment [11-20]. The mean follow-up
ranged from 12 days to 1 year. Of the patients included, 405
(31.7%) were male. Among studies that reported, the tumor
was located in the rectum for 148 (27.9%) patients, in the
sigmoid colon for 133 (25.1%) patients, and in the descend-
ing colon for 96 (18.1%) patients [11, 13-16, 18]. Detailed
study characteristics are reported in Table 1.

Pooled Analysis of Included Studies

The main outcome of diarrhea was significantly lower in the
probiotic group (OR 0.42; 95% CI 0.31 to 0.55; p<0.001;
I?=0%; Fig. 2). There was also a significant decrease in the
incidence of surgical site infection (OR 0.44; 95% CI 0.22
to 0.89; p=0.023; *=0%; Fig. 3A), urinary infection (OR
0.43;95% C10.20 to 0.91; p=0.028; I*=0%; Fig. 3B), pul-
monary infection (OR 0.30; 95% CI 0.15 to 0.60; p <0.001;
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Fig. 1 PRISMA flowchart of study screening and selection

I?=0%; Fig. 3C), abdominal distention (OR 0.43; 95% CI
0.25 t0 0.76; p=0.004; P=0%: Fig. 4), length of ATB ther-
apy (MD 1.66 days; 95% CI—2.13 to—1.19 days; p <0.001;
I’=0%; Fig. 5), and duration of postoperative pyrexia
(MD - 0.80 days; 95% CI—1.38 to—0.22 days; p=0.007,
I*=42%; Fig. 6) in the probiotic group.

On the other hand, length of hospital stay (MD —0.45 days;
95% CI—2.01 to 1.11 days; p=0.57; ’=73%; Fig. 7A),
time to first defecation (MD — 0.65 days; 95% CI—1.79 to
0.48 days; p=0.26; P=85%; Fig. 7B), and time to first solid
diet (MD —0.05 days; 95% CI—0.026 to 0.15 days; p=0.6;
I?=0%; Fig. 7C) were not different between groups.

Quality Assessment

Our meta-analysis included 10 RCTs. The individual risk of
bias for each study was assessed using the RoB2 tool [21].
Three studies were found to have some concerns in domain
1 (bias arising from the randomization process), while the
remaining studies were deemed to have a low risk of bias
(Table 2) These ratings suggest that the overall risk of bias
was generally low to moderate.

Publication Bias

We conducted funnel plots to assess publication bias con-
cerning the outcomes of diarrhea, urinary infection, and

@ Springer

pulmonary infection, which revealed some degree of asym-
metry (Fig. 8A—C respectively). To address this issue, we
employed the Egger test, while acknowledging its limita-
tions when applied to analysis involving fewer than 10 stud-
ies. The results were as follows: diarrhea (r=2.27; df =4,
p=0.086), urinary infection (r=0.32; df=2; p=0.78), and
pulmonary infection (#=0.40; df=3; p=0.71). These find-
ings collectively suggest no significant publication bias.

Discussion

In our comprehensive systematic review and meta-anal-
ysis encompassing 10 studies involving a total of 1276
adult patients, we compared the utilization of probiotics
versus placebo to assess treatment-related complications
in patients with CRC. We found a significant reduction in
the incidence of diarrhea, surgical site infection, urinary
and pulmonary infections, abdominal distention, length
of ATB therapy, and duration of postoperative pyrexia,
in the probiotic group. Nonetheless, no significant differ-
ence was found in terms of length of hospital stay, time to
first defecation, or time to first solid diet.

The large intestine plays a crucial role within the gas-
trointestinal system, responsible for fundamental func-
tions, including water and electrolyte absorption, vitamin
production and absorption, and stool formation. How-
ever, chemotherapy and colon resection procedures can
compromise its function by inducing changes in colon
mucosa integrity and permeability, leading to inflam-
mation, and dysbiosis of gut microbiota [13, 20]. Pro-
biotics, as live microorganisms, have the capacity to
modulate bacterial growth when administered appropri-
ately, thereby stimulating gut homeostasis and enhancing
mucosal integrity [22, 23].

Diarrhea is a common treatment-related complication in
CRC patients [24]. It is often associated with an increased
risk of malnutrition, fatigue, dehydration, and pain [25, 26].
Recent investigations have assessed the applications of
probiotics in the management of diarrhea across diverse
pathologies, such as irritable bowel syndrome, antibiotic-
associated diarrhea, and chemoradiotherapy-induced diar-
rhea in abdominal and pelvic cancer. These studies revealed
a significant reduction in symptoms among patients treated
with probiotics [27-29]. Similarly, our meta-analysis aligns
with these findings, demonstrating a significant decrease in
the incidence of diarrhea.

Moreover, in a study involving patients with colo-
rectal polyps, no significant differences were found
between the probiotic and placebo groups regarding
7-day postoperative complications. However, the probi-
otic group showed a significant improvement in difficult
defecation [30]. In another investigation including CRC
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Fig.2 There was a significant Probiotic Placebo Odds Ratio
reduction in diarrhea, favoring Study Events Total Events Total Weight OR 95% ClI MH, Random, 95% CI
the probiotic group Delia 2007 77 239 124 243 57.0% 046 [0.32;0.66] .
Huang 2023 8 50 20 50 87% 029 [0.11;0.73] ——a———
Liu 2011 10 58 19 56  10.1% 041 [0.17;0.98] ——
Liu 2013 11 75 22 75 11.9% 041 [0.18;0.93] ——
Mego 2015 9 23 14 23 56% 041 [0.13;1.35] ———+——
Yang 2016 8 30 16 30 6.7% 032 [0.11;0.94] ———=F——
Total (95% Cl) 123 475 215 477 100.0% 0.42 [0.31; 0.55] -
Heterogeneity: Tau? = 0; Chi® = 1.09, df = 5 (P = 0.96); I> = 0% T
Test for overall effect: Z = -6.17 (P < 0.001) 02 05 1 2 5
Favors Probiotic Favors Placebo
A
Probiotic Placebo Odds Ratio
Study Events Total Events Total Weight OR 95% CI MH, Random, 95% CI
Bajramagic 2019 11 39 14 39 46.7% 0.70 [0.27; 1.83] ‘v-.-‘f
Kotzampassi 2015 6 84 16 80 43.7% 0.31 [0.11;0.83] B
Zhang 2012 1 30 4 30 9.6% 0.22 [0.02;2.14] —I———
Total (95% ClI) 18 153 34 149 100.0% 0.44 [0.22; 0.89] e~
Heterogeneity: Tau? = 0.0426; Chi? = 1.75, df = 2 (P = 0.42); I = 0% | ' ! !
Test for overall effect: Z = -2.28 (P = 0.023) 0.1 051 2 10
Favors Probiotic Favors Placebo
B
Probiotic Placebo Odds Ratio
Study Events Total Events Total Weight OR 95% ClI MH, Random, 95% CI
Kotzampassi 2015 4 84 6 80 336% 0.62 [0.17;2.27] —I——
Liu 2011 3 58 7 56 28.9% 0.38 [0.09; 1.56] —-——
Liu 2013 2 75 10 75 236% 0.18 [0.04;0.84] ————
Yang 2016 2 30 2 30 13.9% 1.00 [0.13; 7.60] —
Total (95% Cl) 1 247 25 241 100.0% 0.43 [0.20; 0.91] B —
Heterogeneity: Tau? = 0; Chi? = 2.22, df = 3 (P = 0.53); I = 0% ' I I '
Test for overall effect: Z = -2.20 (P = 0.028) 0.1 051 2 10
Favors Probiotic Favors Placebo
C
Probiotic Placebo Odds Ratio
Study Events Total Events Total Weight OR 95% CI MH, Random, 95% CI
Kotzampassi 2015 2 84 9 80 19.3% 0.19 [0.04; 0.92] —a—
Liu 2011 3 58 8 56 24.7% 0.33 [0.08; 1.30] —B—
Liu 2013 3 75 10 75 26.6% 0.27 [0.07;1.03] B
Yang 2016 3 30 5 30 201% 0.56 [0.12;2.57] ——
Zhang 2012 1 30 4 30 9.3% 0.22 [0.02; 2.14] =
Total (95% CI) 12 277 36 271 100.0% 0.30 [0.15; 0.60] -
Heterogeneity: Tau? = 0; Chi? = 1.03, df = 4 (P = 0.90); 12 = 0% ! ! ! '
Test for overall effect: Z = -3.42 (P < 0.001) 01 051 2 10

Favors Probiotic Favors Placebo

Fig.3 A Surgical site infection was significant lower in the probiotic group. B There was a significant decrease in urinary infection, favoring the
probiotic group. C Pulmonary infection was significantly lower in the probiotic group
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Fig.4 There was a significant
reduction in abdominal disten-
tion, favoring the probiotic
group

Fig.5 Length of ATB therapy
was significant lower in the
probiotic group

Fig.6 There was a significant
reduction in duration of postop-
erative pyrexia in the probiotic

group

Fig.7 A There was no signifi-
cant difference between groups
for length of hospital stay. B
Time to first defecation was not
different between the groups. C
No significant difference was
found for time to first solid diet
between the groups

Probiotic Placebo Odds Ratio
Study Events Total Events Total Weight OR 95% ClI MH, Random, 95% CI
Huang 2023 5 50 14 50 26.0% 0.29 [0.09;0.87] —.——
Liu 2011 12 58 20 56 457% 0.47 [0.20; 1.09] —.—
Yang 2016 9 30 13 30 28.4% 0.56 [0.19; 1.62] —.——
Total (95% CI) 26 138 47 136 100.0% 0.43 [0.25;0.76] P —
Heterogeneity: Tau? = 0; Chi? = 0.80, df = 2 (P = 0.67); I = 0% I T T |
Test for overall effect: Z = -2.89 (P = 0.004) 0.1 05 1 2 10
Favors Probiotic Favors Placebo
Mean Difference
Study Total Total Weight MD 95% ClI IV, Random, 95% CI
Liu 2010 58 56 443% -1.9000 [-2.6028;-1.1972] B
Liu 2013 75 75 48.3% -1.6000 [-2.2729; -0.9271] ——
Yang 2016 30 30 7.4% -0.7000 [-2.4180; 1.0180] —
Total (95% Cl) 163 161 100.0% -1.6662 [-2.1338; -1.1985] -
I T T 1

Heterogeneity: Tau? < 0.0001; Chi? = 1.68, df = 2 (P = 0.43); 1> = 0%

Test for overall effect: Z =-6.98 (P < 0.001)

-2 -1 0 1 2
Probiotic Placebo

Mean Difference

Study Total Total Weight MD 95% CI IV, Random, 95% CI
Liu 2011 58 56  37.0% -1.2000 [-1.9359;-0.4641 ———
Liu 2013 75 75  39.9% -0.9000 [-1.5898;-0.2102] ——
Yang 2016 30 30  231% 0.0000 [-1.0451; 1.0451] -
Total (95%Cl) 163 161 100.0% -0.8027 [-1.3860; -0.2195] ——

[ I I I I 1

Heterogeneity: Tau? = 0.0983; Chi? = 3.43, df = 2 (P = 0.18); I = 42%

Test for overall effect: Z=-2.70 (P = 0.007)

-15-1-050 05 1 15
Probiotic Placebo

A
Mean Difference
Study Total Total Weight MD 95% CI IV, Random, 95% ClI
Liu 2011 58 56 37.0% -0.3000 [-1.3476; 0.7476]
Yang 2016 75 75 31.8% 0.9000 [-0.5754; 2.3754]
Zhang 2012 30 30 31.3% -2.0000 [-3.5182;-0.4818]
Total (95% CI) 163 161 100.0% -0.4500 [-2.0112; 1.1112]

Heterogeneity: Tau? = 1.4302; Chi? = 7.28, df = 2 (P = 0.03); I = 73%

Test for overall effect: Z =-0.56 (P = 0.572)

3 -2 -1 0 1 2 3
Probiotic Placebo

B
Mean Difference
Study Total Total Weight MD 95% CI IV, Random, 95% CI
Liu 2011 58 56  36.3% -1.6000 [-2.1180;-1.0820] ——
Yang 2016 30 30 356% -0.6000 [-1.1825;-0.0175] ——
Yoon 2020 19 17 281%  0.5000 [-0.6474; 1.6474] —
Total (95% Cl) 107 103 100.0% -0.6544 [-1.7924; 0.4835] ———

Heterogeneity: Tau? = 0.8583; Chi? = 13.53, df = 2 (P < 0.01); I* = 85%

Test for overall effect: Z =-1.13 (P = 0.260)

Probiotic Placebo

C
Mean Difference
Study Total Total Weight MD 95% CI IV, Random, 95% CI
Liu 2011 58 56 65.3% -0.1000 [-0.3590; 0.1590] —
Yang 2016 30 30 23.6% -0.1000 [-0.5309; 0.3309] ——
Yoon 2020 19 17 11.1%  0.3000 [-0.3287; 0.9287] I B —
Total (95% CI) 107 103 100.0% -0.0557 [-0.2650; 0.1537] #

Heterogeneity: Tau? = 0; Chi? = 1.38, df = 2 (P = 0.50); I> = 0%

Test for overall effect: Z = -0.52 (P = 0.602)

-0.5 0 0.5
Probiotic Placebo
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Table 2 Quality assessment according to the Cochrane Collaboration’s tool RoB2 for randomized controlled trials

Risk of bias domains

=
e,
N

D3 D4

O
(&)1

Overall

Bajramagic, 2019

Delia, 2007

Kotzampassi, 2015

Liu, 2010

Liu, 2013

Study

Mego, 2015

Yang, 2016

Yoon, 2021

Zhang, 2021

OIOGIOIGIOICIOICIT
PPOPIH®HO
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PPEHIH®OO
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Domains:

Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

- | Some concerns

+ Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

patients undergoing 5-fluorouracil-based chemotherapy,
the probiotic group exhibited significantly lower occur-
rences of grade 3 or 4 diarrhea, reported reduced abdom-
inal discomfort, and required less hospital care [31].
These results align with our findings and contribute to
the understanding the impact of probiotics in colorectal
patient population.

Infectious complications, such as surgical site infection,
pulmonary infections, and urinary tract infections, stand out
as a frequent treatment-related complications in this popu-
lation [32, 33]. These complications are often associated
with prolonged hospitalizations and increased morbidity
[34]. Recent research has explored the potential of probiot-
ics to ameliorate these surgical complications, particularly
in patients undergoing pancreaticoduodenectomy and criti-
cally ill patients [35, 36]. Our analysis corroborated these
findings, demonstrating a significant reduction in these out-
comes among patients treated with probiotics.

@ Springer

Our study has both strengths and limitations. Firstly, we
restricted our analysis to the exclusive use of probiotics alone
and their impact in CRC patients undergoing surgery, enhanc-
ing the specificity of our findings. Furthermore, our study
included only RCTs, with a large sample size, characterized
by an overall low risk of bias and minimal heterogeneity, with
a range of clinically relevant outcomes Additionally, no sig-
nificant publication bias was found. This meticulous approach
enhances the clinical applicability of our results and strength-
ens the evidence base supporting the use of probiotics in this
context. However, our primary limitation is related to the
variations in probiotic compositions and treatment regimens
among the included studies. Additionally, the lack of available
data resulted in a limited number of studies included for each
outcome. Moreover, due to the absence of individual patient-
level data, we were unable to perform subgroup analysis of
interest, such as those involving studies assessing chemother-
apy alone and diverse probiotic compositions.
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