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ABSTRACT

Background: Ulcerative colitis (UC) is a chronic inflammatory bowel disease characterized by periods
of relapse and remission. Preventing relapse is critical to improving long-term outcomes. This study aimed to
compare the efficacy of probiotics, 5-aminosalicylic acid (5-ASA), probiotics combined with 5-ASA, and placebo
in preventing relapse in UC.

Methods: A comprehensive search from PubMed, Cochrane Library, MEDLINE, ProQuest, ScienceDirect,
Clinical Trials. gov and Google Scholar databases were conducted. The primary outcome was clinical relapse.
A Bayesian random-effects model calculated pooled odds ratios (ORs) with 95% Cls and treatment ranks were
assessed using the surface under the cumulative ranking curve (SUCRA).

Results: Of total 552 initial papers, 37 extracted, and 26 were removed due to exclusion criteria. Eleven
RCTs involving 1,099 participants were eventually included for analysis. Probiotics combined with 5-ASA had
the highest efficacy (OR = 0.23, 95% CI: 0.027—1.09; SUCRA = 71.43), followed by 5-ASA alone (OR = (.25,
95% CI: 0.035-0.95; SUCRA = 66.90) and probiotics alone (OR = 0.275, 95% CI: 0.059—0.724; SUCRA =
59.69). Placebo ranked lowest (SUCRA = 1.98). The most commonly used probiotics included E. coli Nissle 1917,
Lactobacillus GG, and Bifidobacterium species. The most frequently used 5-ASA preparation was mesalazine.
Interventions were generally well-tolerated, with no significant adverse events reported.

Conclusion: With the Bayesian NMA, Probiotics plus 5-ASA demonstrates the highest efficacy in preventing
relapses in UC. Further research is needed to standardize probiotic regimens and to assess long-term outcomes
with the combination approach.

Keywords: 5-ASA, probiotics, probiotics plus 5-ASA, relapse, ulcerative colitis

ABSTRAK

Latar Belakang: Kolitis Ulseratif (KU) adalah penyakit radang usus kronis dengan karakteristik periode
kambuh dan remisi. Mencegah kekambuhan sangat penting untuk meningkatkan hasil jangka panjang. Studi ini
bertujuan untuk membandingkan efikasi probiotik, asam 5-aminosalisilat (5-ASA), kombinasi probiotik dengan
5-ASA, dan plasebo dalam mencegah kekambuhan KU.
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Metode: Pencarian komprehensif dilakukan pada database PubMed, Cochrane Library, MEDLINE, ProQuest,
ScienceDirect, ClinicalTrials.gov, dan Google Scholar. Hasil utama yang diukur adalah kekambuhan klinis.
Model efek acak Bayesian menghitung rasio odds (OR) gabungan dengan interval kepercayaan (CI) 95%, serta
peringkat pengobatan dengan kurva peringkat kumulatif (SUCRA).

Hasil: Sebelas uji klinis acak (RCT) dengan 1.099 peserta dianalisis. Kombinasi probiotik dengan 5-ASA
memiliki efikasi tertinggi (OR = 0,23, 95% CI: 0,027-1,09; SUCRA = 71,43), ditkuti 5-ASA (OR = 0,25, 95%
CI: 0,035-0,95;, SUCRA = 66,90) dan probiotik (OR = 0,275, 95% CI. 0,059-0,724; SUCRA = 59,69). Plasebo
memiliki peringkat terendah (SUCRA = 1,98). Probiotik yang sering digunakan meliputi E. coli Nissle 1917,
Lactobacillus GG, dan Bifidobacterium. Preparat 5-ASA yang umum digunakan adalah mesalazine. Intervensi
umumnya dapat ditoleransi dengan baik tanpa efek samping signifikan.

Kesimpulan: Kombinasi probiotik dan 5-ASA menunjukkan efikasi tertinggi dalam mencegah kekambuhan
KU yang tidak aktif, meskipun tidak mencapai signifikansi statistik. Pengobatan ini lebih unggul dibandingkan
terapi individu dan plasebo, mendukung potensinya dalam praktik klinis. Penelitian lebih lanjut diperlukan

untuk menstandarisasi regimen probiotik dan mengevaluasi hasil jangka panjang.
Kata kunci: 5-4AS4, probiotik, probiotik plus 5-ASA, kekambuhan, kolitis ulseratif

INTRODUCTION

Ulcerative Colitis (UC), a form of chronic
inflammatory bowel disease (IBD), is characterized
by recurring episodes of inflammation in the colonic
mucosa, fluctuating between periods of remission and
relapse.! While the exact cause remains unclear, UC
is believed to result from a complicated interplay of
environmental variables, immunological dysregulation,
genetic susceptibility, and gut microbial imbalances.?
The incidence of UC is increasing globally; for
examples, in the Asian communities, rates ranged from
5.3 to 63.6 per 100,000, while in the North American
populations, the incidence ranged from 37.5 to 238 per
100,000.~ Conventional treatments primarily focus
on reducing inflammation and maintaining long term
remission, with mesalazine- or sulfasalazine-based
therapies being the cornerstone for years.® Despite
adherence to standard therapy, many patients still
experienced relapses, highlighting the need for safer and
more effective maintenance strategies, which has fueled
interest in probiotic therapy as an alternative approach.’

Probiotics are living beneficial bacteria that improve
gut barrier function, regulate immune responses,
and maintain gut microbiota balance conferring
health benefits.® Emerging evidence suggests that
dysbiosis, or an imbalance in the gut microbiome,
plays a crucial role in the UC pathogenesis, making
probiotics a promising therapeutic option.’ Probiotics
are frequently prescribed by doctors as an adjuvant
treatment since they are generally thought to be
safe.!® Different societies have different guidance on
the use of probiotics in UC. For example, American
Gastroenterological Association (AGA) 2020 stated
currently there is no evidence to support the use of
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probiotics in UC patients.!! However, the European
Society for Parenteral and Enteral Nutrition supports
the use of specific bacterial strains to induce remission
in patients with mild-to-moderate ulcerative colitis,
and in China, probiotics such as Bifidobacterium and
Lactobacillus are recommended as adjuvant therapy
to maintain UC remission.'?

While exact mechanisms are unclear but probiotics
have been shown to modulate inflammatory pathways,
enhance mucosal healing, and restore microbial
diversity, which are critical factors in UC management."?
Wirya et al. stated that probiotics with specific strains
can significantly enhance remission rates and lower
relapse rates in IBD patients."* According to other
studies, when compared to a placebo, probiotics may
help induce clinical remission in active UC. However,
when given alone, their efficacy seems comparable to
that of 5-ASA, with little to no differences in clinical
remission rates.!’ Probiotics may have little to no
impact on clinical relapses or sustaining remission
when compared to 5-ASA, and it's unclear if taking
probiotics along with 5-ASA provides any further
advantages over 5-ASA alone.'

Hence, by systematically reviewing and analyzing
available clinical evidence, we seek to determine the
efficacy of probiotics, 5-aminosalicylic acid (5-ASA),
probiotics combined with 5-ASA, and placebo in
preventing relapses in UC. This study uses a Bayesian
network meta-analysis (NMA) to give a thorough
evaluation on the efficacy of studied compounds and
helps bridge the current knowledge gaps and to guide
future clinical applications of probiotic-based therapies
in UC management.
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METHODS

The study adhered to the PRISMA 2020 guidelines
for systematic reviews and meta-analysis methodology
and registered with the International Prospective
Register of Systematic Reviews (PROSPERO)
(registration number CRD42025641731; February 2,
2025).

Primary Study Objective

Current study primarily aimed to compare the
effectiveness of probiotics, 5-ASA, probiotics plus
5-ASA, and placebo in preventing UC relapses.

Search Strategy

A thorough literature search was performed
using a number of electronic databases including
Cochrane, ProQuest, MEDLINE, Google Scholar
and ClinicalTrial.gov. SA, VNM, and NDW
independentperformed the search using predefined
keywords "Ulcerative Colitis" and "Probiotics" (Table
1), adhering to the PICOTS-SD criteria listed below:
Patients: Adult patients diagnosed with Ulcerative
Colitis in remission

Intervention : Probiotics alone, probiotic combined
with 5-ASA

Comparator : Placebo, 5-ASA alone

Outcomes : Relapse rate (proportion of patients
experiencing relapse)

Time : No restriction of time

Setting :Outpatient settings, including
gastroenterology clinics, hospitals,
and specialized IBD centers where
patients with ulcerative colitis in
remission are monitored.

Study Design  :All randomized controlled trials

(RCTs)

Table 1. Search Strategy Detailed

Eligibility criteria

Type of Studies

We included all RCTs studies. We did not include
observational studies, case series, case report, reviews,
book chapters, commentaries/editorials, in vitro, and
in-silico

Participants

UC adult patients (=18 years old) in remission
were included for this study. Pregnant or breastfeeding
individuals were excluded.

Outcome of Interest

The primary focus of this study was the clinical
relapse rate among UC patients after intervention using
studied compounds as mentioned above. The safety
profile (adverse events and major adverse events) was
evaluated as secondary outcome.

Study Selection

The selection of pertinent studies was performed
using a methodical screening procedure. Three
researchers reviewed the titles and abstracts after
deduplication using the Zotero software (version
7.0.15; Corporation for Digital Scholarship, Virginia,
USA) on February 3, 2025. Studies that were judged
unnecessary from preliminary assessments were
excluded. The remaining full-text articles were then
evaluated in accordance with predetermined eligibility
standards. In order to guarantee thorough coverage, the
reference lists of the included research were manually
searched for other potentially eligible literatures.
Achieving a majority agreement among the reviewers
determined which literatures were chosen for final
inclusion.

Database Query
PubMed "Colitis, Ulcerative"[MeSH Terms]

“Probiotics"[MeSH Terms]

#1 AND #2 Filters: Clinical Trial, Randomized Controlled Trial, Humans
Proquest abstract([ulcerative colitis])

abstract([Probiotics])

#1 AND #2 Filters: Scholarly Journals, Article

Google Scholar
Cochrane

allintitle: ("Ulcerative Colitis") AND ("Probiotics”)
"Colitis, Ulcerative"[MeSH Terms]

“Probiotics’[MeSH Terms]

#1 AND #2
ClinicalTrial.gov

("Ulcerative Colitis") AND ("Probiotics”)
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Data Collection Process

A standardized procedure for extracting data was
used. The primary author's name, publication year,
study design, sample size, and participant age, disease
duration, definition of relapse, probiotic regimen,
5-ASA regimen, disease location (rectosigmoid/left-
sided/pan-colitis), adverse events, and serious adverse
events were all extracted from each included study by
SA and VNM.

Summary Measures

Relapse rate statistics were presented as proportional
data. The most suitable effect size metric was
determined to be odds ratios (ORs).

Risk of Bias Assessment

NDW and OW assessed each study using the
Cochrane Risk of Bias instrument 2 (RoB 2).'” The
entire review team discussed and eventually achieved
a consensus on any differences in quality assessment.

Confidence in Cumulative Evidence

We used the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE)
system to evaluate the level of confidence in the
cumulative body of evidence.'® This system classified
the evidence's overall certainty into four categories:
high, moderate, low, and extremely low quality.

Synthesis of Results and Statistical Analysis

The NMA was conducted using the Metalnsight
web-based tool (version 6.3.0), developed and
maintained by the NIHR Complex Review Support
Unit (CRSU). The platform, freely accessible at
https://crsu.shinyapps.io/Metalnsight/, was accessed
on February 5, 2025. The combined data were shown
graphically using forest plots."” A bayesian random-
effects model was employed because of possible
differences in outcome evaluation techniques amongst
studies. The discrepancy was evaluated using a
deviation plot and node-splitting analysis. To evaluate
the analysis's robustness, a sensitivity analysis was
performed. The surface under the cumulative ranking
(SUCRA) curve is used to rank the treatments. More
effectiveness was indicated by a greater SUCRA.

RESULTS

Selection of Study

As seen in Figure 1, a flowchart representing the
study selection procedure and the outcomes was created.
Of total 552 papers from initial search, 37 papers were
extracted in accordance with the selection criteria. Of
the 37 papers, 26 including two evaluated in children
and adolescents, sixteen in active UC, seven review
studies, and one single arm trial—did not fit the inclusion
criteria. Ultimately, 11 papers that qualified for data
extraction were used in the network meta-analysis.

{ Identification of studi

via

]

J

Records identified from:
Databases (n =552)
MEDLINE: (n= 65)

Records removed before
screening: (n=144)
Duplicate records removed (n

ProQuest: (n= 245)
Cochrane: (n=70)
ClinicalTrial.gov: (n=57)
Google Scholar: (n= 115)

Identification

=9)
Records marked as ineligible
by automation tools (n =135)

[

|

J

Records screened

Records excluded for not
matching study criteria
(n=371)

(n = 408)
|

Reports sought for retrieval
(n=37)

Reports not retrieved
(n=0)

Screening

Reports assessed for eligibility
(n=37)

[

)

Studies included in review
(n=11)
Studies included in Meta-Analysis

Included

(n=11)

[

Reports excluded: (n=26)
Children & Adolescent (n=2)
® Active UC (n = 16)

® Review (n=7)
®

Single arm trial (n=1)

Figure 1. PRISMA Flowchart of Included Studies
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Characteristics of the Included Studies

This study involved 1,099 participants with UC
in remission with follow up duration ranging from
4 weeks to 52 weeks. Definitions of relapse were
varied among studies because of differences in the
evaluation tools used including clinical activity index
(CAI) score, simple clinical colitis activity index
(SCCALI), endoscopic index, Sutherland disease
activity index (DAI), based on the appearance of UC
clinical symptoms and endoscopic features and four
studies like Copaci 2000, Cui 2004, Copaci 2014,
and Bjanarson 2019 lack relapse information. The
most commonly used probiotics included E. coli
Nissle 1917, Lactobacillus GG, and Bifidobacterium
species. The most frequently used 5-ASA preparation
was mesalazine. There were no notable side effects

observed, and the interventions were usually well
tolerated. Most common adverse events reported
included diarrhea, vomiting, nausea, flatulence, and
abdominal pain. Table 2 displayed further study
characteristics.

NETWORK META-ANALYSIS RESULTS

Figure 2 shows the results of the NMA for relapse
rates in UC. Probiotics plus 5-ASA (OR = 0.23, 95%
CI: 0.027-1.09; SUCRA = 71.43) ranked highest. The
5-ASA alone ranked second (OR = 0.25, 95% CI:
0.035-0.95; SUCRA = 66.90), followed by probiotics
alone (OR =0.275, 95% CI: 0.059-0.724; SUCRA =
59.69) and placebo as the reference (SUCRA = 1.98).
Further details of NMA result are shown in Table 3
and 4.

A B
All Studies: Network plot of all studies e
.Placebo
&
Probiotics
< 2 .Probiotic
5 ASA
&
4
5 ASAY
C
Odds Ratio (95% Crl)
Compared with Placebo
5 ASA 00— 0.253 (0.0356, 0.953)
Prabiotics <0 0.275 (0.0597, 0.724)
Probiotics_5_ASA <—0——+ 0.234 (0.0270, 1.09)
| |
0.1 1 5

Figure 2. Network plot, forest plot, and SUCRA of efficacy. A: Network plot; B. SUCRA; C. Forest plot
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Table 3. Treatment effects for all studies: comparison of all treatment pairs

5-ASA Placebo Probiotics Probiotics + 5-ASA
5-ASA 5-ASA 3.95 (1.05, 28.12) 1.1 (0.38, 3.32) 0.93 (0.27, 3.1)
Placebo 0.25 (0.04, 0.95) Placebo 0.28 (0.06, 0.72) 0.23 (0.03, 1.09)
Probiotics 0.91 (0.3, 2.66) 3.63(1.38, 16.74) Probiotics 0.84 (0.21, 3.3)

Probiotics + 5-ASA 1.08 (0.32, 3.66)

4.28 (0.91, 36.99)

1.19 (0.3, 4.74) Probiotics + 5-ASA

Table 4. SUCRA rank

Treatment Rank 1 Rank 2 Rank 3 Rank 4 SUCRA
5 ASA 0.30 0.41 0.27 0.02 66.90
Placebo 0.00 0.01 0.03 0.96 1.98
Probiotics 0.23 0.32 0.44 0.00 59.69
Probiotics 5 ASA 0.46 0.25 0.26 0.03 71.43

Inconsistency

We evaluated inconsistency in our NMA using
both local and global methods. Node-splitting analysis
allowed us to compare direct and indirect estimates for
each treatment comparison. For probiotics plus 5-ASA
vs. probiotics, the direct estimate was OR of 0.960
(95% Crl: 0.0892-10.2), while the indirect estimate
was 0.694 (95% Crl: 0.0242-18.8). The overall
network estimate was 0.839 (95% Crl: 0.217-3.28).
With a p-value of 0.848, we found no meaningful
difference between direct and indirect estimates,
suggesting comparison consistency (Figure 3.A).

A.

Study P-value
Probiotics_5_ASA vs Probiotics
direct

indirect 0.84775

To assess inconsistency at a broader level, we used
a deviance plot, which compared the fit of the standard
NMA model against an unrelated mean effects (UME)
inconsistency model. The fact that most points closely
followed the diagonal line indicated that both local
or global models provided similar fits, reinforcing
the absence of major inconsistency in the network as
illustrated in Figure 3.B. Together, above findings
suggest that our network estimates are reliable and not
affected by significant inconsistencies.

Odds Ratio (85% Crl)

0.960 (0.0892,10.2)

network

0.594 (0.0242, 18.8)
0.838 (0.217,3.28)

.5

enicy model

COnS

from UME irx

| AR

Ds

g 0.5 1

20

1.5 2 1.5

Deviance from NMA model

Figure 3. A. Node-splitting analysis for assessing inconsistency in NMA; B. Deviance plot
comparing the NMA model and an inconsistency model.
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Quality Assessment and Confidence in Cumulative
Evidence

A total of 11 RCTs were evaluated based on the
findings of the ROB2 quality assessment. The overall
risk of bias for the studies was classified as moderate
to high (Table 5). According to GRADE evidence,
overall, the included studies had a moderate risk of
bias (Table 6), primarily due to limitation with study
design, such as unclear allocation of treatments and
differences in probiotic strains used. The comparisons
between 5-ASA, probiotics, and probiotics plus
5-ASA against placebo showed moderate certainty
of evidence, with odds ratios (ORs) suggesting a

potential benefit in reducing relapse (OR = 0.253, 95%
CI: 0.035-0.95 for 5-ASA vs. Placebo; OR = 0.275,
95% CI: 0.059-0.724 for Probiotics vs. Placebo; OR =
0.234,95% CI: 0.027-1.09 for Probiotics + 5-ASA vs.
Placebo). However, for indirect comparisons, such as
5-ASA vs. probiotics plus 5-ASA (OR =0.93, 95% CI:
0.27-3.1), 5-ASA vs. probiotics (OR = 1.1, 95% CI:
0.38-3.32), and probiotics vs. probiotics plus 5-ASA
(OR=0.84,95% CI: 0.21-3.3), the evidence certainty
was rated as low, primarily due to wide confidence
intervals and potential indirectness. Although the
risk of publication bias was minimal, the substantial
uncertainty in effect sizes limits confidence in drawing
definitive conclusions.

Table 5. Assessment of the risk of bias using the Cochrane Collaboration tool

Random . Blinding of Blinding of .
sequence Allocation participants outcome Incomplete Select_lve
Author, Year generation concealr:nent and personnel assessment outcome data reportl_ng Other bias
(selection (selgctlon (performance (detection (attrition bias) (rep_o rting
bias) bias) bias) bias) bias)
Kruis, 1997 Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
Copaci, 2000 Unclear risk Unclear risk High risk High risk Unclear risk Unclearrisk  Unclear risk
Zocco, 2003 Unclear risk Unclear risk Unclear risk Unclear risk Low risk Unclearrisk  Unclear risk
Kruis, 2004 Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk
Cui, 2004 Unclear Unclear Unclear Unclear High Unclear Unclear
Zocco, 2006 Unclear risk Unclear risk High risk High risk Low risk Low risk Low risk
Wild, 2021 Low risk Unclear risk Low risk Unclear risk Low risk Low risk High risk
Copaci, 2014 Unclear risk Unclear risk High risk High risk Unclear risk Unclearrisk  Unclear risk
Yoshimatsu, 2015 Low risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
Matsuoka, 2018 Unclear risk Low risk Low risk Unclear risk Low risk High risk High risk
Bjanarson, 2019  Low risk Low risk Low risk Low risk Low risk Low risk High risk
Table 6. Grade Evidence
Comparison Ris_k of Inconsistency Indirectness Imprecision Publi_cation Over_all Effect Estimate (OR,
Bias Bias Certainty 95% CI)
5-ASA vs Placebo Serious? Serious® Not serious Not serious Not serious®  Moderate 0.253 (0.035-0.95)
Probiotics vs Serious? Serious® Not serious Not serious Not serious®  Moderate 0.275 (0.059-0.724)
Placebo
Probiotics + Serious? Serious® Not serious Not serious Not serious®  Moderate 0.234 (0.027-1.09)
5-ASA vs Placebo
5-ASAvs Serious?® Serious® Not Serious Serious® Not serious®  Low 0.93(0.27-3.1)
Probiotics +
5-ASA
5-ASA vs Serious? Serious® Not serious Serious® Not serious®  Low 1.1 (0.38-3.32)
Probiotics
Probiotics Serious? Serious® Not serious Serious® Not serious?  Low 0.84 (0.21-3.3)
+ 5-ASAvs
Probiotics

OR: odds ratio; Cl: Confidence Interval.

aThere are some studies having unclear and high risk in components of ROB2 including unclear allocation concealment and blinding issues.

®Variability in follow up duration and probiotic strains used.
cLarge Cl reduces certainty

9The qualitative assessment of publication bias found no evidence of unpublished papers during the literature search, indicating that publication bias was not

influenced
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DISCUSSION

The current study shows that probiotics plus 5-ASA
was ranked highest in preventing relapse. UC is a
condition that involves multiple pathogenesis including
chronic inflammation and altered microbiome,
hence combining the two compounds with different
mechanisms of action is a rational therapeutic strategy.
would make sense and it is shown in the current NMA
to provide the most benefits. In this NMA, although not
statistically significant, the adjunctive use of probiotics
with 5-ASA provided the greatest benefits, likely
through a synergistic effect: 5-ASA primarily targets
inflammatory pathways, while probiotics modulate gut
microbiota, strengthen mucosal barrier integrity and
exert anti-inflammatory effects.3*!

Studied probiotic strains, including Escherichia
coli (Nissle 1917), VSL#3, and Bifidobacterium
longum (in combination with a prebiotic fructo-
oligosaccharide/inulin mixture or fermented milk
containing Bifidobacteria), have shown modest
effectiveness in reducing disease activity in IBD.*?
NMA by Zhang et al. (2025) has shown that multi-
strain probiotics formulations containing Lactobacillus
and Bifidobacterium demonstrated significant efficacy
and ranked highest in reducing clinical relapse of UC.*
In the presentHence on its own, the current NMA,
however, ranked probiotics alone ranked third, after
5-ASA on its ownmonotherapy, since controlling
inflammation remains paramount toin preventing
relapses. Furthermore, specific probiotic combinations,
including Bifidobacterium longum, Bifidobacterium
breve, and Bifidobacterium bifidum with Lactobacillus
species, as well as Yakult (containing Bifidobacterium
breve and Bifidobacterium longum with Lactobacillus
could help sustain remission in patients with mild
to moderate UC when combined with standard
treatment.**>® The efficacy of these interventions has
been assessed using various comparators and clinical
outcome measures.”’

Probiotics alone may exhibit weaker anti-
inflammatory effects than 5-ASA alone because their
mechanisms are largely indirect, relying on modulation
of the intestinal microbiota and enhancement of
mucosal barrier integrity rather than directly inhibiting
pro-inflammatory mediators. This mode of action
often results in a slower onset of therapeutic benefit,
as microbiota remodeling occurs gradually over
time. Furthermore, the efficacy of probiotics can
vary substantially depending on the specific bacterial
strains used and the host’s baseline microbiome
composition, leading to inconsistent outcomes.

Volume 26, Number 2, August 2025

Their effects are also predominantly localized to the
intestinal lumen and superficial mucosal layers, with
limited penetration into deeper inflamed tissue, unlike
5-ASA, which can directly access and modulate local
inflammatory pathways. Collectively, these factors
contribute to the generally lower and less predictable
anti-inflammatory potency of probiotics compared
to 5-ASA.%7 Nevertheless, evidence from a meta-
analysis by Jiang et al. (2016) indicated that probiotics
may reduce the recurrence of UC and could have a
comparable effect to 5-ASA in maintenance therapy.
The included trials did not demonstrate statistically
significant differences in maintenance efficacy between
probiotic and control groups; however, the relatively
small sample size in the pooled analysis limits the
ability to draw definitive conclusions about their
clinical impact.®

Through gut barrier restoration, immune regulation
and restoring microbial balance, probiotics may help in
regulating inflammatory responses although not to the
same degree seen with 5-ASA. It is well established
that the transcription factor NF-kB plays a crucial
role in the expression of inflammatory mediators
induced by lipopolysaccharides (LPS).** Because
NF-kB activation drives the increased production of
proinflammatory cytokines, chemokines, inflammatory
enzymes like inducible nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2), along with adhesion
molecules and inflammatory receptors, inhibiting
NF-kB signaling could provide a targeted approach to
suppress inflammatory pathways.*’ Probiotics have the
potential to suppress the NF-kB-mediated production
of proinflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-a) and interleukin-1 beta (IL-1p),
while also promoting the mRNA expression of the
anti-inflammatory cytokine interleukin-10 (IL-10).*
Moreover, oral administration of non-pathogenic E.
coli strain Nissle 1917 has been shown to trigger a
serologic antibody response, while also demonstrating
immunomodulatory effects on macrophages via
enhanced phagocytic capacity, increased secretion of
TNF, and elevated production of spontaneous oxygen
radicals.”!

Sulfasalazine, mesalazine, and immunomodulators
contribute to the maintenance of remission in IBD;
however, their effectiveness remains suboptimal.*?
Consequently, integrating probiotics as an adjunctive
therapy plus 5-ASA may enhance therapeutic efficacy
of 5-ASA, supported by our study findings. Several
comprehensive Cochrane reviews on clinical studies
back up these findings too, recommending probiotics
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or synbiotics combined with standard medications
as a reliable and safe treatment for patients with
UC. Mallon et al. and Naidoo et al. emphasize that
while probiotics on their own are not effective in
inducing remission, they can play a significant role in
maintaining remission when paired with conventional
therapies.*** Similarly, a meta-analysis by Sang et al.
found that although probiotics provide only a slight,
non-significant benefit in inducing remission, they play
a significant role in sustaining it.*

The Bayesian approach used in the current study
offers significant advantages by providing a more
reliable and comprehensive assessment of treatment
effects across different interventions. Bayesian NMA
enables the comparison of multiple interventions
within a unified statistical framework, even when direct
head-to-head trials are limited. In this study, it allowed
for a comprehensive evaluation of probiotics, 5-ASA,
their combination, and placebo by incorporating both
direct and indirect evidence. This approach made
it possible to estimate the relative efficacy of each
treatment with greater precision. The use of SUCRA
rankings provided a clear and interpretable hierarchy
of treatment options, supporting clinical decision-
making. Additionally, the Bayesian model's ability
to accommodate small sample sizes and variations in
study design enhanced the strength of the findings,
despite the constrained number of available studies.***
However, several limitations must be acknowledged.
First, the heterogeneity arising from variations in the
definition of relapse across studies limits our ability to
achieve a fully homogeneous comparison of outcomes.
Second, we were unable to identify and rank the most
effective probiotic strains because we lacked the data
necessary to perform a subgroup analysis based on
particular strains.

The safety and tolerability of treatment are of
particular importance. The use of non-pathogenic E.
coli in the management of UC remains experimental
and raises ethical concerns when considered as an
alternative to established standard therapies. Therefore,
future research should thoroughly assess these ethical
considerations while optimizing treatment duration to
minimize potential adverse effects. Correspondingly,
stratifying analyses based on probiotic strains could
help identify the most effective formulations for
UC treatment. Ultimately, incorporating prebiotics
alongside probiotic agents in future studies may
provide deeper insights into their efficacy in managing
UC and other forms of IBD.

CONCLUSION

In UC relapse prevention, the combination of
probiotics plus 5-ASA was the most effective as
evidenced by the lower odds ratio and highest SUCRA
rank. However, the relative efficacy of such approach is
not certain due to a lack of statistical significance and
moderate evidence certainty. A customized approach
with probiotics added to conventional therapies may
hold potential for augmenting long-term disease
control.
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