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ABSTRACT

Background: To assess the efficacy and safety of probiotic formulations for the induction of remission in people with
ulcerative colitis (UC). Methods: The databases of China national knowledge infrastructure (CNKI), Wanfang Data, Excerpta
Medica Database (Embase), Pubmed, and Cochrane Library were searched until May 31, 2022 for randomized clinical trials
(RCTs) of patients with UC. Studies had to include 5-aminosalicylate compounds (5-ASAs) as conventional therapy (CON),
and 4 listed probiotic formulations used as add on therapy. Trials that recruited patients who was receiving any other
treatment were excluded. A network meta-analysis was performed to access and compare different probiotic formulations.
Results: 38 RCTs were included. The probiotic formulations participants received included Combined Bifidobacterium,
Lactobacillus, Enterococcus and Bacillus Tablets (SLK), Bifid Triple Viable Capsule (BIFICO), Live Combined Bacillus Subtilis
and Enterococcus Faecium Enteric-coated Capsules (MCA) and Bacillus licheniformis Granules (ZCS). The results of the
network meta-analysis indicate that patients receiving SLK + CON (summary relative risk 1.23, 95% confidence interval 1.14
to 1.33), BIFICO + CON (1.24, 1.16 to 1.32) and MCA + CON (1.16, 1.09 to 1.24) showed a significant difference from CON
in overall efficacy, SLK + CON had the highest probability of being the best treatment (surface under the cumulative ranking
curve [SUCRA], 0.88). In Mayo score, SLK + CON (standardised mean difference [SMD], 1.73, 0.66 to 2.93), BIFICO + CON
(1.70, 0.51 to 2.91) showed a significant difference from CON, and SLK + CON had the highest probability of being the best
treatment (SUCRA, 0.83). Except that MCA + CON (relative risks [RR], 0.64, 0.41 to 0.98) showed a lower probability of
adverse events compared with CON, there was no significant difference between the other pairwise comparison in terms of
safety. Conclusion: Probiotic formulations confer an added benefit in inducing remission combining with 5-ASA over 5-ASA
alone. SLK shows advantages in overall efficacy and Mayo score compared with the others.
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INTRODUCTION diarrhea, associated with urgency and rectal tenesmus.!"

Its clinical course varies, with more activity at disease
Ulcerative colitis (UC) is a long-term condition that  onset and after diagnosis, then followed by remission.”!
results in inflammation and ulcers of the colon and The diagnosis of UC is based on medical history, signs
rectum.“] It occurs in 1 to 20 out of 100,000 people each and Symptoms, and any endoscopic or histopathological
year and affects 5 to 500 out of 100,000 people.! The findings. The first-line therapy for maintenance of
disease is characterised by abdominal pain and bloody  temission in UC is 5-aminosalicylic acid (5-ASA).! If 5-
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ASA fails to provide any relief then steroids
(prednisolone) and immune suppressant therapies (anti-
tumour necrosis factor monoclonals) can be added as
adjuncts. Despite these medications, a proportion of
patients fail to induce remission and eventually requiring
colectomy.!

The etiology of UC is unknown but probably
multifactorial; consisting of a genetic predisposition,
dysregulation of the mucosal and epithelial barrier and
lastly dysbiosis, although whether dysbiosis causes or is a
result of the disease remains unclear.” Probiotics are live
micro-organisms, which produce their benefits by
altering the gut microbiome through either enhancing
the activity, volume or both, of the normal flora. Some
studies have suggested that probiotics may be useful to
maintain remission in mild to moderate ulcerative
colitis.F!

Probiotic formulations are now commonly used
treatment in the clinical practice in China. Bifid Triple
Viable Capsule (BIFICO), Live Combined Bacillus
Subtilis and Enterococcus Faecium Enteric-coated
Capsules (Meichangan, MCA) and Bacillus licheniformis
Granules (Zhengchangsheng, ZCS) are listed in China’s
National Essential Medicine List which guides and
stipulates prioritizing critical health products across the
nation. Combined Bifidobacterium, Lactobacillus,
Enterococcus and Bacillus Tablets (Siliankang, SLK) has
the highest sales volume in probiotic formulations,
which also suggests the wide usage. The 4 probiotic
formulations have been added in the induction of UC
for a while as explorations for treatment. To assess the
efficacy and safety of probiotics for the induction of
remission in people with UC and find an alternative
treatment, we investigated the available evidence on the
use of probiotics for the induction of remission in UC
and conduct a network meta-analysis.

MATERIALS AND METHODS

Study protocol

This is a systematic review and network meta-analysis of
probiotics in treatment of UC. Reporting was organized
according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) for
randomized clinical trials (RCTs).”’ No review protocol
or registration details are available.

Inclusion and exclusion criteria

RCTSs with parallel group or crossover designs were
included. Only data from period 1 in crossover trials
were analysed to avoid potential carry-over effects.
Language was restricted to English and Chinese. Only
studies of core journals of Peking University or journals
of China technology were included when reported in
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Chinese. Non-RCTs, reviews, case reports and public-
ations reporting duplicate data were excluded.

Studies needed to include at least 1 outcome as follow.
The primary outcome measure of efficacy was overall
efficacy, defined in most trials as a 50% or greater
reduction in UC symptoms at primary treatment
endpoint. Mayo score was the secondary outcome
measure of efficacy, which can range from 0-12 with
higher scores indicating worse severity.”! For the
intestinal barrier is infiltrated and continuously activated
by a large number of inflammatory cells as the
occurrence and development of UC® inflammatory
factors constituted the tertiary efficacy outcome
measure, including tumor necrosis factor (TNF)-a, high-
sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-
6) and interleukin-8 (IL-8). The outcome measure of
safety was incidence of adverse events (AE).

Participants had to be adults (= 18 years) with a
diagnosis of active UC by clinical, endoscopic,
histologic. Animal studies were excluded.

Studies had to include 5-ASA (sulfasalazine, mesalazine,
or olsalazine) as conventional therapy (CON) and
probiotic formulations (SLK, BIFICO, MCA, or ZCS).
Trials that recruited patients who was receiving any
other treatment were excluded.

Literature search

An online systematic search was performed for eligible
trials using the electronic databases of China national
knowledge infrastructure (CNKI), Wanfang Data,
Embase, Pubmed, and Cochrane Library. The search
was performed from database inception until May 31,
2022. The following search terms were used: (“Bifid
Triple Viable Capsule” OR “Live Combined Bacillus
Subtilis” OR “Enterococcus Faecium Enteric-coated
Capsules” OR “Bacillus licheniformis Granules” AND
“Ulcerative colitis”).

Quality and risk of bias assessment

The Revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) was used to assess the quality of all
selected studies.” Potential sources of bias include
randomization process, deviations from intended
interventions, missing outcome data, measurement of
the outcome and selection of the reported result. Each
trial received a study level score of low, high or unclear
risk of bias for each domain. Two authors (Yang Tian
and Jing Zhang) independently conducted this
assessment, and discrepancies were resolved by
consensus.

Statistical analysis
To estimate effect sizes, we computed relative risks
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(Mantel-Haenszel method) and standardised mean
differences (Hedge’s method), respectively. We preferred
data based on the intention-to-treat sample (7¢., number
of participants randomised) or modified intention-to-
treat sample (..., number of participants who attended at
least one treatment session) over data based on
completers for all analyses.

To visualize network geometry and node connectivity,
network plots were produced for each outcome.”
Network meta-analyses were fit within a frequentist
framework using a multivariate random effects
(restricted maximum likelihood estimation) meta-analysis
model® that accounts for the correlations between effect
sizes in trials with more than two groups.

We assumed network consistency and a common
heterogeneity parameter across all treatment contrasts.
For all treatment comparisons we present summary
relative risks (RR) or standardised mean differences
(SMD) and 95% confidence intervals (CI) that account
for uncertainty in variance estimates!" in league tables.
To obtain treatment hierarchies, we used a parametric
bootstrap procedure with 10,000 resamples to compute
ranking probabilities for all ranks and outcomes.!"”” Mean
ranking as well as Surface Under the Cumulative
Ranking curve (SUCRA) values were computed for each
treatment. Network meta-analyses were conducted using
the “gemtc” and “BUGSnet” packages in R 4.2.0.

The transitivity assumption was assessed by comparing
the distribution or frequency of potential effect
modifiers across treatment comparisons: continuous
(UC severity at baseline, age, percentage of women) and
categorical. Finally, the efficacy of the different
interventions was assessed as additional proof of
transitivity by computing per-post treatment changes in
continuous UC severity score (Hedge’s g).

Assuming equivalence of direct and indirect evidence
(ze., consistency) in network meta-analyses might lead to
inaccurate conclusions when there is evidence for statist-
ically significant inconsistency.” Hence the assumption
of consistency was assessed by fitting a design-by-
treatment interaction model,” which accounts for loop
and design inconsistencies and provides a global Wald
test to evaluate inconsistency in the entire network.

To estimate absolute differences between direct and
indirect evidence, inconsistency factors and 95%
confidence intervals were computed for each closed
triangular and quadratic loop within treatment networks.
We used a method of moments estimator of loop
specific heterogeneity, assuming a common hetero-
geneity parameter for all comparisons within the same
loop.I""
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The symmetry of the funnel plot was used to assess the
publication bias.

RESULTS

The initial search retrieved 243 articles. These studies
were assessed for inclusion using the prespecified
inclusion and exclusion criteria described in methods.
Title and abstract of 82 articles wetre assessed, and 69
studies were found suitable for full-text review. After
excluding 31 studies, 38 RCTs were finally included in
our network meta-analysis. A total of 3739 patients were
included (Figure 1).

| 243 Records identified from database searching |

13 Duplicates removed
148 Unrelated articles removed

Y
| 82 Records screened |

—D| 13 Non-RCTs removed |

y

| 69 Full-text articles assessed |

» 31 Records excluded (did not meet eligibility criteria in full |
text)

38 Studies included in network meta-analysis
(N = 3739 patients)

Figure 1. Flow Diagram of Study Identification, Screening, Eligibility
Assessment, and Inclusion. RCTs, randomised controlled trials.

The characteristics of included trials appear in Table 1.
All studies were conducted in China. The average age of
participants was between 34.2 and 58.3 years. All of the
included studies had two trial arms. No single species
were included. The probiotic formulations participants
received including SLK, BIFICO, MCA, or ZCS.
Conventional treatment participants received including
5-ASA (sulfasalazine, mesalazine, ot olsalazine). The
studies investigated the following comparisons: SLK +
CON z5. CON, BIFICO + CON »s. CON, MCA +
CON us5. CON, ZCS + CON »s. CON, SLK + CON .
BIFICO + CON. Among these 3739 patients, 554
patients were treated with SLIKK + CON, 588 patients
were treated with MCA + CON, 759 patients were
treated with BIFICO + CON, 50 patients were treated
with ZCS + CON and 1867 patients were treated with
CON.

The quality of the evidence was generally of unclear risk
of bias (23 out of 38 trials; 61%) (Figure 2).

Efficacy

Overall efficacy

Table 2 shows the results of the network meta-analysis
for the primary outcome of efficacy (overall efficacy).
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Table 1: Characteristics of the included trials

Study ID The number of patients Male/Female Age, Years Treatment Outcome Follow-up Adverse events
E c E c E c E C E €
Tian er al''1 2020 45 45 24/21 22/23  343+13  343+12 -1 -2 @ B)O)(d)(e)() 8 weeks 4 3
Wang ez all'? 2021 26 26 10/16  15/11 571+£9.5  583+£7.6 -1 CON ((b)(c) 4 weeks NR NR
Wang ez a1 2020 46 46 28/18  26/20 39.0+42  401+41 -1 CON (2 8 weeks NR NR
Zhang!' 2018 38 38 20/18 22/16  360%£69  360£89 -1 CON (b)(Ad)(H(© 8 weeks 3 3
Yue eral™ 2017 32 32 19/13 15/17  358%6.6  355+68 -1 CON ((b)( 4 weceks 2 2
Che et al"1 2016 37 37 22/15 21/16 38.4+57 386+59 -1 CON (2(©)d)® 1 year NR NR
Wang ez /' 2016 41 42 23/18 25/17  407+48  412+£51 -1 CON (2(d)(H(Q 6 weeks 1 2
Xueral'® 2015 32 34 21/15 19/17 419446  426+50 -1 CON (a)(9 6 weeks 4 2
Wang ez a1 2014 39 39 18/21 19/20  472+151 450+163 -1 CON () 6 weeks 0 0
XieP 2012 24 24 17/31 NR 362 NR -1 CON (2 8 weeks NR NR
WangP'1 2010 20 20 10/10 10/10  48.0+120 51.0£11.0 -1 CON (a)(9) 6 weeks 5 1
Wei e al? 2009 40 39 22/18 19/20 454 47.8 -1 CON NR 2months ~ NR NR
Wu eral® 2021 51 51 28/23 25/26  458+112 47.0+11.7 2 CON (2)(d)(H(Q) 4 weeks 9 6
Mu e alP1 2021 58 58 36/22 32/26  40.7+89  39.6+103 2 CON (1) 8 weeks NR NR
Duan e al* 2021 50 50 32/18 30/20  440+£40  450+£50 -2 CON (1) 8 weeks NR NR
LiP 2019 40 40 26/14 26/14  358%66  358+66 -1 CON (d)f 6 weeks NR NR
Luol" 2019 153 153 72/81 80/73  388£534 394+43 2 CON (@(b)(@ 8 weeks 3 1
Mi er al? 2018 46 46 25/21 23/23  433+£32  434+30 -1 CON (9 6 weeks 0 0
Huang e al*) 2018 180 180 90/90 81/99  422+£94  415+83 -2 CON (@b))® 8 weeks NR NR
Feng ez alP" 2018 54 54 36/18 39/15  425+£47  433+45 -2 CON (a)(9) 8 weeks 6 4
HueralP2018 28 27 18/10 18/9 423+£39  419+40 -2 CON (a)(g 8 weeks 3 2
Mao et al?? 2015 47 47 27/20 25/22  375£47  369+44 2 CON (a)(g) 8 weeks 4 2
Li er alP? 2015 48 48 22/26 21/27  342£82  353+91 -1 CON (@)@ 4 weceks NR NR
Zhang ef al® 2014 46 46 29/17 27/19  489+145 492+154 2 CON (a)(b) 8 weeks NR NR
Shi ez a1 2010 47 45 27/20  26/19 46.0£9.0  450£100 -2 CON (@(@@0)(@ 8 weeks 1 2
Zhang et alP 2010 27 27 NR NR NR NR 3 CON  (@©)® 12 weeks  NR NR
Lu et alP 2011 72 60 43/29 37/23 415 42.3 3 CON  (2)(Q 12 weeks 3 3
Tan et alP*1 2018 50 50 25/25 24/26  415£22  420+24 -4 CON (@(b)(@ 12 weeks 5 7
Zheng ef al® 2016 59 59 34/25 37/22  433£85  440+91 3 CON (@)D 4 weceks 0 0
Weng*! 2018 46 46 26/20 24/22 424+£68  420+61 -3 CON (2(0)(Q 2 months 7 10
Qin ez al™12010 34 30 36/28 NR 445 NR 3 CON (2 8 weeks 0 1
Zhao et al*¥ 2016 31 31 11/20 9/22 382+6.8 39.8+79 -3 CON (a)(d) 6 months ~ NR NR
Shi et al*1 2018 43 43 14/27 17/24  471+49  473+£62 -3 CON (@()(e)(®) 2months  NR NR
Tian et al™1 2019 37 37 27/10  26/11 394+58  385+54 -3 CON (2)(c)(d)(g) 8 weeks 4 3
Hueral™ 2016 35 35 17/18 16/19  41.3+35  421+32 3 CON ((e)(® 1months  NR NR
Gul 2012 31 31 15/16  13/18 18.0~51.0  19.0~53.0 -3 CON (a)(d)(g) 12 weeks 3 7
Jiang"*” 2013 55 55 38/17 36/19  40.0+£80  41.0+£80 -3 CON (2(9) 16 weeks 10 11
Zhang et al*1 2021 60 60 25/28 35/32 721+55  725+48 -3 CON  (()(9 12 weeks 0 0
Liu eral*12012 58 81 34/24 45/36  455+144 445+154 -3 CON (1) NR NR NR

SLK, enterococcus and bacillus tablets; BIFICO, bifid triple viable capsule; MCA, live combined bacillus subtilis and enterococcus faecium enteric-coated

capsules; ZCS, bacillus licheniformis granules; CON, conventional therapy; TNF, tumor necrosis factor; hs-CRP, high-sensitivity C-reactive protein; 1L,
interleukin. E: experimental group, C: control group. -1: SLK + CON; -2: BIFICO + CON; -3: MCA + CON; -4: ZCS + CON; (a): overall efficacy; (b):
incidence of adverse events; (c): Mayo score; (d): TNF-0; (e): hs-CRP; (f): IL-6; (g): IL-8. NR, not reported.

Rates of overall efficacy were available for 68 treatment
arms (3413 participants) including all 5 treatments.

Figure 3A shows the established networks for
comparison, with each node represents a treatment and
the node size and thickness of connections vary

according to the number of studies involved in the
comparison. In addition, connections between nodes
denote direct comparisons.

The results of the network meta-analysis indicate that
patients receiving SLK + CON (1.23, 1.14 to 1.33),
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Treatment
= SLK + CON
—— BIFICO + CON
—— CON

MCA + CON
—— ZCS + CON
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Ranking of Treatment

5

(Higher rankings associated with larger outcome values)

Figure 3. Network plot and surface under the cumulative ranking curve (SUCRA) of overall efficacy. A: Network plot of overall efficacy. Size of node is
proportional to number of patients randomized to each treatment. Line width is proportional to number of randomized controlled trials comparing each pair
of treatments. B: Surface Under the SUCRA of overall efficacy. SLK, enterococcus and bacillus tablets; BIFICO, bifid triple viable capsule; MCA, live
combined bacillus subtilis and enterococcus faecium enteric-coated capsules; ZCS, bacillus licheniformis granules; CON, conventional therapy.

Table 2: Network meta-analysis of overall efficacy

Comparisons

BIFICO + CON zs. SLK + CON
MCA + CON . SLK + CON
MCA + CON zs. BIFICO + CON
ZCS + CON zs. SLK + CON
ZCS + CON us. BIFICO + CON
ZCS + CON »5. MCA + CON
CON uzs. SLK + CON

CON zs. BIFICO + CON

CON z5. MCA + CON

CON 5. ZCS + CON

Overall efficacy
0.99 (0.91 to 1.09)
1.06 (0.96 to 1.17)
1.07 (0.97 to 1.16)
1.05 (0.84 to 1.30)
1.06 (0.85 to 1.30)
0.99 (0.80 to 1.21)
1.23 (1.14 t0 1.33)"
1.24 (116 t0 1.32)"
1.16 (1.09 to 1.24)"
1.17 (0.96 to 1.45)

Effect sizes represent summary relative risks and 95% confidence intervals.
Values less than 1 favors the treatment in the corresponding row, whereas
values greater than 1 favors the treatment in the corresponding column. SLK,
enterococcus and bacillus tablets; BIFICO, bifid triple viable capsule; MCA,
live combined bacillus subtilis and enterococcus faecium enteric-coated
capsules; ZCS, bacillus licheniformis granules; CON, conventional therapy. *

represents the result has statistically significance.

Overall Bias

Selection of the reported result
Measurement of the outcome

Mising outcome data

Deviations from intended interventions
Randomization process

40

Lowrisk ~ Some concerns M High risk

Figure 2. Risk of Bias graph. Review authors’ judgements about each risk
of bias item presented as percentages across all included studies.

BIFICO + CON (1.24, 1.16 to 1.32) and MCA + CON
(1.16, 1.09 to 1.24) showed a significant difference from
CON in overall efficacy. And all of the above treatments
did not differ statistically significantly from each other
when compared in the network.

In terms of overall efficacy, BIFICO + CON had the
highest probability of being the best treatment (SUCRA,
0.80), while SLK + CON (SUCRA, 0.75) showed the
second-best improvement, ZCS + CON (SUCRA, 0.52)
and MCA + CON (SUCRA, 0.41) remained better than
CON (SUCRA, 0.01) (Figure 3B).

Mayo score

Table 3 shows the results of the network meta-analysis
for the secondary outcome of efficacy (Mayo score),
which was available for 18 treatment arms (1218
participants) including SLK + CON, BIFICO + CON,
ZCS + CON and CON (Figure 4A).

The results of the network meta-analysis indicate that
patients receiving SLK + CON (1.73, 0.66 to 2.93),
BIFICO + CON (1.70, 0.51 to 2.91) showed a
significant difference from CON in Mayo score. Besides,
SLK + CON (2.88, 0.28 to 5.62), BIFICO + CON
(2.85, 0.19 to 5.51) showed a difference from ZCS +
CON. And SLK + CON and BIFICO + CON did not
differ statistically from each other.

In terms of Mayo score, SLK + CON had the highest
probability of being the best treatment (SUCRA, 0.83),
while BIFICO + CON (SUCRA, 0.82) showed the
second-best improvement, ZCS + CON (SUCRA, 0.29)
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Figure 4. Network plot and SUCRA of Mayo score. A: Network plot of Mayo score. B: SUCRA of Mayo score. SUCRA, surface under the cumulative
ranking curve; SLK, enterococcus and bacillus tablets; BIFICO, bifid triple viable capsule; MCA, live combined bacillus subtilis and enterococcus faecium
enteric-coated capsules; ZCS, bacillus licheniformis granules; CON, conventional therapy.

Table 3: Network meta-analysis of Mayo score

Comparisons

BIFICO + CON zs. SLK + CON
Z.CS + CON »s. SLK + CON
ZCS + CON us. BIFICO + CON
CON zs. SLK + CON

CON uzs. BIFICO + CON

CON 5. ZCS + CON

Mayo score

0.03 (-1.38 to 1.53)
2.88 (0.28 to 5.62)*
2.85 (0.19 to 5.51)"
1.73 (0.66 to 2.93)"
1.70 (0.51 to 2.91)"
-1.15 (-3.56 to 1.26)

Effect sizes represent standardized mean difference (SMD) and 95%
confidence intervals. Values less than 0 favors the treatment in the corres-
ponding row, whereas values greater than 0 favors the treatment in the corres-
ponding column. SLK, enterococcus and bacillus tablets; BIFICO, bifid triple
viable capsule; MCA, live combined bacillus subtilis and enterococcus faecium
enteric-coated capsules; ZCS, bacillus licheniformis granules; CON, conven-

tional therapy. * represents the result has statistically significance.

remained better than CON (SUCRA, 0.06) (Figure 4B).

Inflammatory factors

Table 4 shows the results of the network meta-analysis
for inflammatory factors (TNF-a, hs-CRP, 1L-6, I1L-8),
which were available for 38 treatment arms (1843
participants) (Figure 5). Briefly, SLK + CON was more
efficacious than CON across all inflammatory factors
(TNF-a: 6.75, 6.34 to 7.16; hs-CRP: 2.76, 2.39 to 3.12;
1L-6: 2.68, 1.97 to 3.38; 1L.-8: 12.26, 10.93 to 13.57). SLK
+ CON was more cfficacious than BIFICO + CON for
all inflammatory factors except 1L-6, (TNF-a: 6.47, 6.07
to 6.87; hs-CRP: 1.03, 0.60 to 1.47; IL-6: -1.08, -1.56 to -
0.61; 1L-8: 12.10, 10.77 to 13.42) and was more
efficacious than MCA + CON for TNF-a, 1L-8 (4.17,
3.28 to 5.05; 8.42, 6.56 to 10.28). BIFICO + CON was
more efficacious for hs-CRP, IL-6 (1.72, 1.17 to 2.27,
3.76, 2.95 to 4.56), while inferior to CON for TNF-a,
1L-8 (0.28, 0.14 to 0.42; 0.16, 0.03 to 0.28). BIFICO +

CON was less efficacious than MCA + CON for TNF-a
, IL-8 (-2.31, -3.11 to -1.50; -3.68, -5.01 to -2.34). MCA
+ CON showed a significant difference from CON for
all inflammatory factors except IL-6 (TNF-o: 2.59, 1.79
to 3.39; hs-CRP: 2.78, 1.23 to 4.30; 11.-8: 3.84, 2.50 to
5.17).

BIFICO + CON
MCA + CON BIFICO + CON  MCA+CON

SLK + CON SLK + CON

MCA + CON IFICO+CON  MCA+CON BIFICO + CON

SLK + CON SLK + CON

Figure 5. Network plot of inflammatory factors. Network plot of TNF-a
(A), hs-CRP (B), IL-6 (C), and IL-8 (D) respectively. SLK, enterococcus
and bacillus tablets; BIFICO, bifid triple viable capsule; MCA, live
combined bacillus subtilis and enterococcus faecium enteric-coated
capsules; ZCS, bacillus licheniformis granules; CON, conventional
therapy; TNF, tumor necrosis factor; hs-CRP, high-sensitivity C-reactive
protein; IL, interleukin.

The SUCRA appear in Figure 6. SLK + CON had the
highest probability to be the best treatment for TNF-a
(SUCRA, 0.98). For the outcome of hs-CRP and IL-8,
MCA + CON had the highest probability to be the best
treatment based on the SUCRA value (0.83, 0.80).
BIFICO + CON had the highest probability of being



Li et al. * Volume 1 * Number 2 * 2024

https://www.microbiota-diseases.com/

Table 4: Network meta-analysis of inflammatory factors

Comparisons TNF-o

hs-CRP

IL-6 IL-6

BIFICO + CON uzs. SLK + CON
MCA + CON . SLK + CON
MCA + CON us. BIFICO + CON
CON zs. SLK + CON

CON 2. BIFICO + CON

CON zs. MCA + CON

6.47 (6.07 to 6.87)"
4.17 (3.28 to 5.05)"
-2.31 (-3.11 to -1.50)"
6.75 (6.34 to 7.16)"
0.28 (0.14 to 0.42)"
2.59 (1.79 to 3.39)"

1.03 (0.60 to 1.47)"
-0.03 (-1.60 to 1.56)
-1.06 (-2.68 to 0.59)
2.76 (2.39 to 3.12)"
1.72 (117 t0 2.27)"
2.78 (1.23 to 4.30)"

-1.08 (-1.56 t0 -0.61)"
-3.83 (-11.64 to0 3.94)
-2.75 (-10.59 to 5.01)
2.68 (1.97 to 3.38)"
3.76 (2.95 to 4.56)"
6.50 (-1.26 to 14.29)

12.10 (10.77 to 13.42)"
8.42 (6.56 to 10.28)"
-3.68 (-5.01 to -2.34)"
12.26 (10.93 to 13.57)"
0.16 (0.03 to 0.28)"
3.84 (250 to 5.17)"

Effect sizes represent standardized mean difference (SMD) and 95% confidence intervals. Values less than 0 favors the treatment in the corresponding row,
whereas values greater than 0 favors the treatment in the corresponding column. SLK, enterococcus and bacillus tablets; BIFICO, bifid triple viable capsule;

MCA, live combined bacillus subtilis and enterococcus faecium enteric-coated capsules; ZCS, bacillus licheniformis granules; CON, conventional therapy; TNF,

tumor nectosis factor; hs-CRP, high-sensitivity C-reactive protein; IL, intetleukin. * represents the result has statistically significance.
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Figure 6. SUCRA of inflammatory factors. SUCRA of TNF-a (A), hs-CRP (B), IL-6 (C), and IL-8 (D) respectively. SUCRA, surface under the
cumulative ranking curve; SLK, enterococcus and bacillus tablets; BIFICO, bifid triple viable capsule; MCA, live combined bacillus subtilis and entero-
coccus faecium enteric-coated capsules; ZCS, bacillus licheniformis granules; CON, conventional therapy; TNF, tumor necrosis factor; hs-CRP, high-

sensitivity C-reactive protein; IL, interleukin.

the best treatment for 1L-6 (SUCRA, 0.79).

Safety

Table 5 shows the results of the network meta-analysis
for the incidence of adverse events (AE), which were
available for 46 treatment arms (2218 participants)
including all 5 treatments (Figure 7A).

With regard to the safety of probiotic formulations,
MCA + CON (0.64, 0.41 to 0.98) showed a lower

possibility of AE compared with CON. In addition,
there was no statistically significant difference in the
incidence of AE between the other tow pairs.

In terms of safety, BIFICO + CON (SUCRA, 0.77)
ranked highest and with a high probability, indicating
that this group had a higher potential possibility to have
AE, with CON (SUCRA, 0.60) ranking second and SLK
+ CON (SUCRA, 0.63) higher than ZCS + CON
(SUCRA, 0.26) and MCA + CON (SUCRA, 0.18)
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Treatment
—— SLK + CON
—— BIFICO + CON
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(Higher rankings associated with larger outcome values)

Figure 7. Network plot and SUCRA of safety. A: Network plot of safety. B: SUCRA of safety. SUCRA, surface under the cumulative ranking curve; SLK,
enterococcus and bacillus tablets; BIFICO, bifid triple viable capsule; MCA, live combined bacillus subtilis and enterococcus faecium enteric-coated
capsules; ZCS, bacillus licheniformis granules; CON, conventional therapy.

Table 5: Network meta-analysis of incidence of AE

Comparisons Incidence of AE

BIFICO + CON 5. SLK + CON
MCA + CON zs. SLK + CON
MCA + CON zs. BIFICO + CON
ZCS + CON zs. SLK + CON
ZCS + CON zs. BIFICO + CON
ZCS + CON »s. MCA + CON
CON 2. SLK + CON

CON zs. BIFICO + CON

CON zs. MCA + CON

CON zs. ZCS + CON

0.88 (0.43 to 1.81)
1.56 (0.74 to 3.34)
1.77 (0.91 to 3.49)
1.60 (0.48 to 6.04)
1.82 (0.58 to 6.52
1.02 (0.33 to 3.62
0.99 (0.54 to 1.81
112 (0.68 to 1.87
0.64 (0.41 t0 0.98
0.62 (0.19 to 1.75

*

)
)
)
)
)
)

Effect sizes represent summary relative risks and 95% confidence intervals.
Values less than 1 favors the treatment in the corresponding row, whereas
values greater than 1 favors the treatment in the corresponding column. AE,
adverse events; SLK, enterococcus and bacillus tablets; BIFICO, bifid triple
viable capsule; MCA, live combined bacillus subtilis and enterococcus faeccium
enteric-coated capsules; ZCS, bacillus licheniformis granules; CON, conven-

tional therapy. * represents the result has statistically significance.

(Figure 7B).

Publication bias
Based on funnel plots, there were obvious publication
biases of TNF-a and 1L-8 (Figure 8C, 8F).

DISCUSSION

Reinstating the aboriginal flora may be advantageous due
to dysbiosis in ulcerative colitis. And probiotics, which
are live micro-organisms, can alter the bacteria and
potentially reduce the inflammation.” Studies have
displayed that Bifidobacterium infantis had a defensive
effect on mucus goblet cells and the epithelial cell layer

in rat model of TNBS (2,4,6-trinitrobenzene sulfonic
acid)-induced colitis.”" Another research team found
that Bifidobacterium bifidum augmented I1L-10 and
diminished IL-1p in colon sections, which verifying its
anti-inflammatory effect.” Patient-based studies suggest
that Bifidobacterium breve, Bifidobacterium bifidum, and
Lactobacillus acidophilus seem to be promising in sustaining
the remission phase.”* Furthermore, administration of
Lactobacillus fermentum among UC patients resulted in
lower NF-kB, 11.-6, and TNF-a levels.

This systematic review and network meta-analysis of
probiotic formulations in treatment of UC included data
from 38 clinical trials including 3739 patients who were
randomized to 5 distinct treatments, including SLK +
CON, BIFICO + CON, MCA + CON, ZCS + CON
and conventional therapy. Probiotic formulations can
improve induction of clinical remission (Tables 2-4) and
make little or no difference in the incidence of AE

(Table 5).

SLK is a probiotic formulation containing Bifidobac-
terium infantis, Lactobacillus acidophilus, Enterococcus
faecalis and Bacillus cereus. SLK + CON was more
efficacious than ZCS + CON for Mayo score (Table 3),
which can reflect the superiority of SLK in improving
clinical symptoms of ulcerative colitis patients. Besides,
SLK + CON showed a significant difference in
improvement of TNF-o, hs-CRP, IL-6 and IL-8
compared with BIFICO + CON, and showed a
significant difference in TNF-a and IL.-8 compared with
MCA + CON (Table 4). The results of network meta-
analysis show that SLK performs better than the other
probiotic formulations in reducing disease severity. SLK
+ CON had the highest probability to be the best
treatment for Mayo score and TNF-a and ranked
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second in terms of overall efficacy based on the SUCRA
value (Figure 3B, Figure 4B, and Figure 6A), indicating
that SLK + CON may improve best induction of clinical
remission.

BIFICO is a kind of probiotics composed of enterococcns,
lactobacillus acidophilus and bifidobacterium, which can
supplement the original intestinal flora, inhibit
pathogenic bacteria, adhesion and forming a with
intestinal mucosal epithelial cells.” BIFICO + CON
had the first and second highest SUCRA value for
overall efficacy and Mayo score, respectively (Figure 3B
and Figure 4B), suggesting that BIFICO can improve
the clinical symptoms of ulcerative colitis patients.

MCA + CON ranked first in improvement of hs-CRP
and IL-8 (Figure 6B—0D, Table 4), indicating that MCA
is more efficacious in reducing specific inflammatory
factors. In terms of safety, MCA + CON had a higher
potential possibility to be the safest therapy (Figure 7B).
Except that MCA + CON showed a lower probability of
adverse events compared with CON, there was no
significant difference between the other pairwise
comparison in terms of safety (Table 5). ZCS + CON
had less advantages compared with the other treatments.

Due to the risk of bias of studies included, there is
limited evidence which failed to provide a definition of
remission, that probiotics may confer a small added
benefit in inducing remission when combined with 5-
ASA, over 5-ASA alone. This review highlights the need
for further research in this area that targets relevant
clinical questions, uses appropriate and improved trial
procedures, and reports in a manner that will allow
future integration with this current evidence base to
produce the clearer answers clinicians and patients
require.

Limitations

This study has several limitations. First, despite the
retrieval of 38 RCTs, including approximately 3739
patients and studying the most commonly used probiotic
formulations, only 1 was a direct comparison, which led
to the global Wald test failing to assess inconsistency
across the network. Second, fewer than 5% of the
studies included more than 100 participants per arm,
which may have introduced bias due to small study
effects. Third, 40% of the studies were of low methodo-
logical quality and had a high risk of bias. Fourth, the
SUCRA curve has been used to estimate the ranking
probabilities of comparative efficacy between different
treatments, but it carries certain restrictions and the
outcomes should be interpreted cautiously. Fifth, the
funnel plots for publication bias show obvious
asymmetry, which indicated that the results were
influenced by the publication bias.

https://www.microbiota-diseases.com/

CONCLUSION

Probiotics confer additional benefit in inducing UC
remission combining with 5-ASA over 5-ASA alone.
SLK shows advantages in overall efficacy, Mayo score,
TNF-o compared with the other probiotic formulations.
The comparative advantage of different probiotic
formulations need to be supported by solider evidences.
This review highlights the need for further research in
this area that targets relevant clinical questions, uses
appropriate and improved trial procedures, and reports
in a manner that will allow future integration with this
current evidence base to produce clearer answers to
clinicians and patients require.
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