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Abstract

Background The health benefits of probiotics and synbiotics in healthy adults are well established, but their role in prevent-
ing infectious complications after surgery for colorectal cancer remains controversial. The aim of this meta-analysis was
to assess the impact of probiotics/synbiotics on the incidence of infectious complications in patients who had surgery for
colorectal cancer.

Methods A comprehensive literature search of all randomized control trials (RCTs) was conducted using PubMed, Embase,
World Health Organization (WHO) Global Index Medicus, WHO clinical trial registry, and Clinicaltrials.gov. Inclusion
criteria included RCTs comparing the use of any strain or dose of a specified probiotic/synbiotic with placebo or a “standard
care” control group. The incidence of postoperative infectious complications was analyzed.

Results Fourteen RCTs involving 1566 patients (502 receiving probiotics, 273 receiving synbiotics, and 791 receiving pla-
cebo) were analyzed. Overall, probiotic or synbiotic administration significantly reduced the risk of developing postoperative
infectious complications by 37% (relative risk (RR)=0.63, 95% confidence interval (CI) 0.54-0.74, p <0.001). Furthermore,
when considering the six different types of postoperative infectious complications (septicemia, incision infection, central
line infection, pneumonia infection, urinary infection, and incidence of diarrhea), probiotic or synbiotic administration was
beneficial in reducing the incidence of each one of them. The quality of evidence was listed below: incidence of diarrhea
(high), septicemia (moderate), incision infection (moderate), pneumonia infection (moderate), urinary infection (moderate),
and central line infection (low). However, for the main outcome of infectious complications, we found evidence of possible
publication bias, although estimates still showed a reduction following trim-and-fill analysis (RR=0.72, 95% CI 0.62-0.84,
p<0.001).

Conclusions The use of probiotic/synbiotic supplementation is associated with a significant reduction in the risk of develop-
ing postoperative infectious complications in patients who had surgery for colorectal cancer. Additional studies are needed
to confirm the findings due to publication bias and low quality of evidence.
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Introductions

Colorectal cancer (CRC) is one of the most common can-
cers. It ranks third in terms of incidence and second in mor-
tality worldwide, accounting for 1.8 million new cases and
almost 900,000 deaths [1]. In the adults over 65 years of
age, CRC incidence and mortality have decreased steadily in
< X.Du recent decades. However, in adults under 50 years of age, the

duxiaohui301@sina.com incidence of CRC presents an obvious rising trend [2]. The
disease burden of CRC on the whole population continues
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The etiology of CRC is complex, Surgery is the main
treatment option at present [3]. Although surgical manage-
ment has significantly improved, postoperatively a consid-
erable number of patients still develop infectious complica-
tions, which may cause sepsis, multiple organ dysfunction,
and even lead to death if not diagnosed in time [4, 5]. Post-
operative infection is closely related to disorders of gut
microbiota, and the occurrence and development of postop-
erative infection can be effectively prevented by regulating
gut microbiota [6].

Probiotics are active microorganisms that are beneficial
to the host by regulating the immune function of the host
mucosa and the system, or by regulating the balance of intes-
tinal flora [7]. Prebiotics are organic substances that are not
digested or absorbed by the host but selectively promote
the metabolism and proliferation of beneficial bacteria in
the body, thus improving the health of the host [8]. When
prebiotics are used in combination with probiotics, they are
known as synbiotics [9]. Probiotics have been shown to play
a multifaceted role in preventing gastrointestinal infections;
they can promote the digestion and absorption of nutrients,
improve the body’s immunity, maintain the structural bal-
ance of intestinal flora, improve the body’s antioxidant level,
and protect the intestinal mucosal barrier [10-12]. These
nutritional adjuncts have potential benefits of reducing the
incidence of postoperative infection.

Many randomized controlled trials (RCTs) have reported
the effect of probiotics [13-21] or synbiotics [22-25] on
reducing postoperative infection complications with incon-
sistent results, most likely due to variations in experiment
design and methodological measurements. Some recent
studies have been published to demonstrate the benefits of
probiotics or synbiotics; however, they did not evaluate the
publication bias, risk of bias, and rate the quality of evi-
dence [26, 27]. Therefore, an explicit systematic review and
meta-analysis were needed to evaluate the effect of periop-
erative or postoperative probiotics/synbiotics on postopera-
tive infectious complications in adult patients undergoing
colorectal resections.

Materials and methods
Study selection

All RCTs evaluating the effect of probiotics or synbiotics
on preventing postoperative infection complications were
searched using PubMed (1966-2021), Embase (1980-2021),
and World Health Organization (WHO) Global Index Medi-
cus. Unpublished or ongoing studies were identified by
checking clinical trials registers through Clinicaltrials.gov
and WHO clinical trial registry. Literature in all languages
was included in the search. Meta-analyses, and systematic
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reviews were also hand-searched to find relevant literature
that might have been missed by the initial search. Logical
combinations of “probiotics,” “synbiotics,” “Lactobacil-
lus”, “Bifidobacterium”, “infection complications”, and
“colorectal cancer” were used as keywords to search for
relevant literatures. RCTs of any route of administration
and dose were accepted, either preoperatively, postopera-
tively, or both. Control groups should be those that did not
receive any probiotics or synbiotics. Only CRC surgery in

patients > 18 years of age was included.
Data extraction

Articles retrieved from the searches were evaluated indepen-
dently by two reviewers (Yuhui Chen and Aiying Qi) using
predefined standardized data extraction forms, and then,
data were evaluated by a third reviewer (Xiaohui Du) inde-
pendently based on the United States National Institute of
Health National Heart, Lung, and Blood Institute (NHLBI)
study quality assessment tool for controlled intervention
studies [28]. Clinical outcome of interest was incidence of
postoperative infectious complications as defined by the trial
authors. Data pertaining to patients, the kinds of probiot-
ics or synbiotics, control groups, and methodology were
abstracted (Fig. 1).

Meta-analysis

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement methodology [29] was
adhered to. Relative risks (RRs) with a 95% CI for post-
operative infectious complications of each trial were cal-
culated to estimate treatment effects. Meta-analysis of the
pooled data was performed using the fixed-effect model or
random-effects model, depending on the heterogeneity of
the included studies. If clinical heterogeneity was observed,
data were analyzed using a random-effect model. Heteroge-
neity was quantified using the Cochrane’s Q statistic and />
statistic, with the values of 25%, 50%, and 75% signifying
the limits of low, moderate, and high statistical heteroge-
neity, respectively [30]. A funnel plot was used to explore
publication bias for the studies and was further evaluated
using Egger’s test [31]. A two-tailed p value of <0.05 was
considered statistically significant. All statistical analyses
were performed using R package meta (R version 4.0.1).
The risk of bias was evaluated using the Cochrane risk
of bias tool. It was used to evaluate the selection bias,
performance bias, detection bias, attrition bias, reporting
bias, and other bias. The evidence quality was evaluated
using the GRADEPro based on the results of systematic
evaluation. To achieve transparency and implicity, the
GRADE system classifies the certainty of evidence in one
of four grades: high: further research is very unlikely to
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Fig.1 PRISMA flow diagram showing the process of literature screening, study selection, and reasons for exclusion. PRISMA Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses, RCT randomized controlled trial

change our confidence in the estimate of effect; moderate:
further research is likely to have an important impact on
our confidence in the estimate of effect and may change
the estimate; low: further research is very likely to have
an important impact on our confidence in the estimate of
effect and is likely to change the estimate; very low: any
estimate of effect is very uncertain.

When publication bias exists in the results, the trim-
and-fill method was used to test whether this publication
bias would affect the results of the comprehensive effect
size [32]. The basic idea is to cut out the asymmetric part
of the funnel plot after initial estimation, the center value
of the funnel plot was estimated using the remaining sym-
metric part, then the cut part and corresponding miss-
ing part were patched along both sides of the center, and
finally, the value of the combined effect size was estimated
based on the patched funnel plot.

Results
Demographic characteristics of the studies

The literature search process, shown in Fig. 1, identified
221 potential studies for fully analyses. Following appli-
cation of exclusion criteria, 14 studies were identified for
further quantitative meta-analyses [13-25, 33] (Fig. 1),
involving a total of 1566 patients. Of 14 studies included
in the final analysis, 5 studies used probiotics or synbiotics
preoperatively, 8 studies used probiotics or synbiotics both
preoperatively and postoperatively, and only 1 study used
them postoperatively (Table 1). The probiotic strains used
were Lactobacillus acidophillus, L. casei, L. paracasei, L.
bulgaricus, L. paracasei, L. plantarum, Bifidobacterium
lactis, Bifidobacterium breve, Bifidobacterium longus,
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- = Streptococcus thermophilus, Pediacoccus pentosaceus,
22|28la = and Leuconostoc mesenteroides. The prebiotics used were
EE|S|T © oligofructose powder, oat fiber, beta-glucan, inulin, pectin
s golruc p > ) g ) Y )
g fg E and resistant starch. Nine studies used probiotics as the
B & § sole intervention with the remaining four studies using
zd £ & $ A synbiotics instead.
tél)
g L Effects of probiotics or synbiotics on postoperative
= = > infectious complications
Overall, the probiotics or synbiotics can prevent develop-
g % —% ing postoperative infectious complications as compared to
3 = g the control group who received placebo or standard care
(RR=0.63, 95% CI 0.54-0.74, p<0.001; Fig. 2). There was
no significant heterogeneity between trials (I>=7%). Of 14
= studies included in the final analysis, 10 studies used probi-
B %N; E otics as the sole intervention with the remaining 4 studies
é 7‘.2 tL‘8). using synbiotics only. In the probiotic group, the incidence
% Sz of postoperative infectious complications showed a signifi-
S £ ; cantly lower risk compared to the control group (RR =0.65,
E El % 95% C10.54-0.78, p <0.001; Fig. 2). No between-study het-
:: £ erogeneity was observed (I*=0%). In the synbiotics group,
= % go < meta-analysis showed no significantly lower risk of devel-
g £ 3 }g’ oping postoperative infectious complications compared to
2 2 E 5 the control group (RR=0.57, 95% CI 0.39-0.84, p <0.001;
E ;3 2 g Fig. 2). There is moderate heterogeneity between studies
(?=55%). The subgroup difference between probiotics and
é‘ synbiotics was not significant (p =0.54).
EF
g i ’% + Effects of preoperative or postoperative
£52 |w S administration of probiotics/synbiotics
9 on postoperative infectious complications
R
% ; Of thel4 studies included in the final analysis, 5 stud-
s § g ies used probiotics or synbiotics preoperatively, 8 studies
5% 2 used probiotics or synbiotics both preoperatively and post-
gy §3 operatively, and only 1 study used them postoperatively.
$§ 8% Overall, preoperative or postoperative administration of
S S =8 > preop p p
§ § § § probiotics/synbiotics was beneficial in reducing the risk of
2 S 9 S postoperative infectious complications (RR =0.63, 95% CI
- g5 873 0.54-0.74, p <0.001; Fig. 3). Subgroup analysis showed that
5 £8 5% ive administration was beneficial in reducing the
TEEE S P preoperative ad ws benefcial in reducing
& 2% 3| g risk of developing postoperative infectious complications
3 3 = S S % (RR=0.33,95% CI10.17-0.61, p <0.001; Fig. 3). However,
= % % Zz the benefit of postoperative administration was not discov-
E 2 g ered (RR=0.66,95% CI0.38-1.16, p=0.15; Fig. 3). When
E E’ :é), E probiotics or synbiotics were administrated both preopera-
S 5 tively and postoperatively, the incidence of postoperative
é § % % infectious complications in the treatment group was reduced
£y = E “8’_ significantly (RR=0.68, 95% CI 0.57-0.81, p <0.001,
‘:’ § ] é g Fig. 3). No between-study heterogeneity was observed in
2 ,5» % = é’\ any subgroups (12=.O%.; I?=11%; Fig. 3), and the subgroup
e | &3 T & < difference was not significant (p =0.09).
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Fig. 2 Forest plot of probiotics
or synbiotics from randomized
controlled trials demonstrating
the effect on risk ratio for post-
operative infectious complica-

tions

Fig. 3 Forest plot of preopera-
tive or postoperative adminis-
tration of probiotics/synbiotics
from randomized controlled
trials demonstrating the effect
on risk ratio for postoperative
infectious complications

Effects of probiotics or synbiotics on different types
of postoperative infectious complications

The effects of probiotics or synbiotics on different types of
postoperative infectious complications were also explored
(Fig. 4). Six types of postoperative infectious complications

@ Springer
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Treat Control
Study Events Total Events Total
Liu 2011 7 50 15 50
Mangell 2012 4 32 6 32
Zhang 2012 3 30 10 30
Sadahiro 2014 24 100 24 95
Liu 2013 41 75 55 75
Liu 2015 15 66 26 68
Kotzampassi 2015 16 84 23 80
Consoli 2016 2 15 7 18
Tan 2016 4 20 8 20
Yang 2016 9 30 177 30
Horvat 2010 0 20 1 20
Komatsu 2016 29 168 44 194
Flesch 2017 1 49 9 42
Polakowski 2019 1 36 T 37
Fixed effect model 775 791
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were reported in the meta-analyses: septicemia, incision
infection, central line infection, pneumonia infection, uri-

nary infection, and incidence of diarrhea. Results showed

that the use of probiotics/synbiotics was associated with a
significant decrease in the 6 types of postoperative infectious
complications (septicemia: RR =0.65, 95% CI 0.55-0.78,
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Fig.4 Forest plot of probiotics
or synbiotics from randomized
controlled trials demonstrat-
ing the effect on risk ratio for
different types of postoperative
infectious complications
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Fig.5 Funnel plot of included randomized controlled trials demon-
strating the treatment effect relative to study size. Solid black dots
represent true effect values, and the hollow circles represent the vir-
tual effect value filled by the trim-and-fill method

p <0.001; incision infection: RR =0.60, 95% CI 0.44-0.81,
p <0.01; central line infection: RR=0.51, 95% CI
0.27-0.96, p =0.04; pneumonia infection: RR=0.52, 95%
CI 0.29-0.95, p=0.03; urinary infection: RR =0.35, 95%
CI 0.19-0.67, p <0.001; incidence of diarrhea: RR =0.52,
95% CI 0.38-0.70, p <0.001). Only low heterogeneity was
detected in the meta-analysis for the central line infection
(I2 =39%; Fig. 4C). Furthermore, the GRADEpro was
applied to rate the quality of evidence (Table 2). Risk of bias,
inconsistency, and imprecision of the interval estimation are
the main uncertainties of the evidence. High certainty can be
drawn that probiotics/synbiotics could reduce the incidence
of diarrhea. Moderate certainty could be expected that pro-
biotics/synbiotics were beneficial to protect colorectal can-
cer patients from developing septicemia, incision infection,
pneumonia infection, and urinary infection. The correlation
between probiotics/synbiotics and central line infection has
low certainty. Additional studies are needed to confirm the
findings due to low quality of evidence.

Publication bias

A funnel plot was used to visually assess for publication
bias (Fig. 5). There was some asymmetry on the funnel plot,
suggesting that studies are more likely to be published if
positive outcomes are demonstrated. Egger’s test also indi-
cates that there exists publication bias (p <0.001). The trim-
and-fill method was used to test whether this publication
bias would affect the results of the comprehensive effect
size [32], and the hollow circles represent the effect size

of the fill. After automatic completion by the algorithm, a
new comprehensive RR was obtained (RR=0.72, 95% CI
0.62-0.84, p <0.001), and its significance was unchanged
from that before the trim-and-fill method. Therefore, to some
extent, it can be shown that the result is not affected by pub-
lication bias.

Risk of bias analysis

The risk of bias of the studies included is summarized in
Fig. 6. The Cochrane risk of bias tool was used to evaluate
the selection bias, performance bias, detection bias, attrition
bias, and other bias.

Discussion

Postoperative infections were significantly correlated to
recurrence and poor survival in CRC patients. To gain a
better surgical outcome and long-term oncological outcome,
postoperative infection should be minimized as much as pos-
sible [34]. Many RCTs have demonstrated that preoperative
or postoperative administration of probiotics/synbiotics is
beneficial to prevent postoperative infection [13-25]. In the
present study, we evaluated the effect of perioperative or
postoperative probiotics/synbiotics on postoperative infec-
tious complications in adult patients undergoing colorectal
resections systematically.

In summary, the probiotics or synbiotics can prevent
developing postoperative infectious complications as com-
pared to the control group who received placebo or stand-
ard care (RR=0.63, 95% CI 0.54-0.74, p <0.001; Fig. 2).
The subgroup difference between probiotics and synbiotics
was not significant (p =0.54), and the subgroup difference
between preoperative and postoperative administrations of
probiotics/synbiotics was also not significant (p =0.09).
Furthermore, when considering the six types of postopera-
tive infectious complications (septicemia, incision infec-
tion, central line infection, pneumonia infection, urinary
infection, and incidence of diarrhea), probiotic or synbiotic
administration significantly reduced the incidence of each
of them, but more studies need to be carried out to confirm
this conclusion due to the low quality of evidence. However,
for the main outcome of infectious complications, we found
evidence of possible publication bias, although estimates
still showed a reduction following trim-and-fill analysis
(RR=0.72,95% CI 0.62-0.84, p <0.001).

Although probiotic use has been greatly popularized
among the general public, there are conflicting clinical
results for many probiotic strains and formulations [35].
Theoretical risks have been described in case reports,
clinical trial results and experimental models, include sys-
temic infections, deleterious metabolic activities, excessive
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Fig. 6 Risk of bias analysis for the studies included

immune stimulation in susceptible individuals, gene transfer,
and gastrointestinal side effects [36, 37]. The included stud-
ies did not report the incidence of side effects and mortality
after administration of probiotics or synbiotics. Therefore,
probiotics and synbiotics should be used in consideration of
their possible side effects, which need to be confirmed by
more studies [38].

This study has some limitations. First, beneficial out-
comes of probiotic/synbiotics are more likely to be pub-
lished, but the publication bias would not affect the results
demonstrated by the trim-and-fill method. Second, the
composition of probiotics/synbiotics and antibiotics used in
each study varied, and different probiotic strains or antibi-
otics may have different capacities to prevent postoperative
infection [39]. Most of the studies employed a Lactobacillus
probiotic, while a few studies incorporated a Bifidobacte-
ria species along with some prebiotics. Third, definitions

@ Springer

of infectious complications were not specified among these
studies, and differences in the definition of postoperative
infectious complications can affect estimation of effect size.
Fourth, the timing and duration of administration were dif-
ferent among these studies, and this factor should be impor-
tant for the outcomes.

Conclusions

In summary, the pre- or postoperative use of probiotics
and synbiotics can prevent the development of all types
of postoperative infectious complications as compared to
the control group. There was a large variety of proposed
probiotics/synbiotics; therefore, the effect on postopera-
tive complications may not be the same for all. Finally,
the results of our meta-analysis must be interpreted with
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caution and more studies need to be carried out to confirm
our conclusions due to the low quality of evidence of the
trials included.
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