Zhang et al. BMC Gastroenterology (2025) 25:458 BMC G&Stl’OGI’]tGI’O'Ogy
https://doi.org/10.1186/s12876-025-04065-w

Infliximab for patients with moderate i

to severely active ulcerative colitis: an updated
meta-analysis of randomized controlled trials

Min Zhang', Manman Li? Yangzan Ou', Qin Huang', Mingmin Leng', Xiangdong Yang®" and Tao Yang*

Abstract

Background and aims Ulcerative colitis (UC) is a serious inflammatory bowel disease with significant morbidity

and mortality. Infliximab (IFX), a TNF-alpha antagonist, is recommended by the American Gastroenterological Associa-
tion, but its clinical effectiveness and safety are based on limited studies. This meta-analysis of randomized controlled
trials (RCTs) evaluates the efficacy and safety of IFX in moderate-to-severe active UC, providing evidence for its clinical
application.

Methods A systematic search of major English (PubMed, MEDLINE, Web of Science, Embase, Cochrane Library)

and Chinese databases (CNKI, SinoMed, Wanfang, VIP) was conducted up to September 25, 2023, to identify RCTs
comparing IFX against placebo, aminosalicylates, corticosteroids, or immunosuppressants for moderate-to-severe UC.
Pooled analyses assessed short- and long-term clinical response, clinical remission, endoscopic remission (mucosal
healing), safety outcomes, and corresponding 95% confidence intervals. Subgroup analyses, heterogeneity assess-
ment, sensitivity analyses, publication bias evaluation (funnel plots), and meta-regression were performed.

Results Twenty RCTs involving 2,350 patients (IFX: n=1,300; controls: n=1,050) were included. IFX demonstrated
significant superior efficacy versus controls across all primary endpoints: short-term (RR=1.38, P<0.001) and long-
term clinical response (RR=1.52, P=0.007); short-term (RR=1.38, P<0.001) and long-term clinical remission (RR=1.52,
P=0.022); short-term (RR=1.58, P=0.001) and long-term endoscopic remission (RR=1.39, P=0.010). Adverse event
rates did not differ significant between groups (RR=1.00, P=0.933). Meta-regression suggested geographical region
as a potential source of heterogeneity for short-term clinical response.

Conclusions IFX has a more positive effect on active UC than placebos, aminosalicylic acid preparations, steroids,
or immunosuppressive drugs, but shows no superiority in terms of adverse responses.
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Introduction

Ulcerative colitis (UC) is an inflammatory bowel illness
with high morbidity and mortality rates worldwide [1,
2]. Globally, the total incidence and prevalence of UC are
estimated to range from 1.2 to 20.3 per 10,000 and from
7.6 to 24.5 per 10,000 persons, respectively [3, 4]. The
incidence of UC-related mortality is 15.9 per 1000 cases,
which is 1.4 times higher than the death rate of the gen-
eral population [5]. As awareness of the disease and med-
ical treatment have improved in developed countries, the
incidence of UC has continued to increase in the twenty-
first century in many newly industrialized countries in
South America, Asia, Africa, and the Middle East [6].

UC is usually characterized by recurrence and remis-
sion. At the onset of UC, patients usually present with
typical symptoms such as diarrhea, bellyache, mucus,
purulence and blood stool. In addition, the disease may
be accompanied by extraintestinal manifestations, such
as peripheral arthritis and hematological malignancy
[7, 8]. It will be complicated by toxic megacolon, lower
digestive tract massive bleeding, and intestinal perfora-
tion; furthermore, it may even cause colon cancer.

Tumor necrosis factor-alpha (TNF-a) plays a crucial
part in the pathogenesis of UC by increasing the recruit-
ment and adhesion of leukocytes to vascular endothelial
cells, and overexpression can lead to intestinal inflamma-
tion and mucosal damage [9]. With the advent of biologic
medications, particularly antitumor necrosis factor-a, the
management of UC has greatly improved over the past
few years. For those with moderate-to-severe active UC
in adulthood, the American Gastroenterological Asso-
ciation (AGA) recommends treatment with TNF-alpha
antagonists [10]. Infliximab (IFX) is a purified recom-
binant DNA-derived chimeric murine human IgG1lk
monoclonal antibody [9]. IFX can induce lamina propria
T cell death by activating complement-dependent and
antibody-dependent cells, which leads to Fc receptor-
mediated leukocyte engagement and consequently tar-
get cell lysis. IFX also binds to membrane-bound TNF
(mTNF) and Fcy receptors [11-15]. The use of IFX in
patients with active UC still presents a significant treat-
ment gap, leading to ongoing debates about its effective-
ness and safety. In clinical trials (ACT1 and ACT2), IFX
demonstrated superiority over a placebo in achieving and
maintaining clinical remission [16]. However, there are
potential serious side effects associated with its applica-
tion. Some UC patients may experience severe adverse
events, including opportunistic infections, reactiva-
tion of latent tuberculosis, or infusion reactions [17]. In
addition, the long-term efficacy of IFX for UC has only
been documented in a small amount of research, most
of which are non-prospective and non-RCTs [18]. Previ-
ous study [19] has evaluated IFX therapy in UC, results
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indicated the IFX did not suggest any difference between
cyclosporine as rescue therapies for steroid-refractory
UC in pooled analysis of RCTs. However, Guo C, et al.
[20] revealed that IFX was significantly more effective in
short-term response, long-term response and long-term
remission. But there were no significant differences in
the short-term remission. In addition, the methodology
about sensitivity analysis, publication bias, assessment
of the quality of evidence, were not comprehensively
performed. Determining the appropriateness of IFX for
treating UC is challenging. Therefore, our research aims
to examine the efficacy and safety of IFX in moderate-
to-severe active UC, and validate its widespread clinical
application to treat UC.

Methods

Eligibility criteria

Inclusion criteria

The inclusion criteria were developed based on the
PICOS principle and were as follows: (1) UC patients
with a moderate-to-severe level of disease definitively
diagnosed by colonoscopy, pathologic biopsy, and Mayo
score; (2) the test group used IFX as an intervention,
and the control group used other treatments, such as
placebo, aminosalicylic acid preparations, steroids or
immunosuppressive agents; (3) short-term (4—12 weeks)
clinical response, clinical remission, and/or long-term
(> 6 months) clinical response and clinical remission
was reported; secondary outcome endpoints included
short-term (4—12 weeks) or long-term (> 6 months)
endoscopic mucosal healing, and incidence of adverse
events; (4) the research was a randomized controlled trial
(RCTs); (5) the country of the patient and course of dis-
ease were not restricted.

Exclusion criteria

The exclusion criteria were as follows: (1) lack of infor-
mation or incomplete data in studies; (2) nonhuman
research, including animal and in vitro research; (3) preg-
nant and lactating women and children; (4) retrospective
studies, case reports, conference papers, meta-analyses,
reviews; and (5) duplicate publications.

Search methodology

We systematically searched the PubMed, MEDLINE,
Web of Science, Embase, Cochrane Library, China Bio-
medical Literature Service (SinoMed), China National
Knowledge Infrastructure (CNKI), VIP and Wanfang
electronic databases from the database’s creation to Sep-
tember 25, 2023, to identify relevant studies. The search
tactic was constructed by integrating titles, keywords,
free words and subject headings using the following com-
binations of words: (Colitis, Ulcerative/ulcerative colitis/
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UC/Moderate ulcerative colitis/Severe ulcerative coli-
tis/Moderate to severely active ulcerative colitis) AND
(Infliximab/anti-tumor necrosis factor/tumor necrosis
factor/tumor necrosis factor antibody/MAb cA2/Mono-
clonal Antibody cA2/Antibody cA2, Monoclonal/cA2,
Monoclonal Antibody/Infliximab-dyyb/Infliximab dyyb/
Inflectra/Remicade/Infliximab-abda/Infliximab abda/
Renflexis/IFX) AND (random/randomized/clinical trial/
RCTs). Additionally, the citations of pertinent reviews
and systematic reviews were manually searched.

Literature screening and data extraction

Two independent reviewers screened the original lit-
erature blindly depending on the criteria for inclusion
and exclusion, extracted data using a data extraction
table, and cross-checked their final results. Disagree-
ments between the reviewers were settled by seeking
advice from a third person. The information in the data
extraction form includes: (1) general information about
the contained literature, including the author’s name,
publication country, and publication date; (2) essential
information about the study population, for instance,
the totality of participants, age, course of disease, dose
of intervention drugs, mode of administration, and each
group’s case count; (3) interventions and dosages; (4)
relevant outcome indicators; and (5) key information
needed for the risk of bias evaluation.

Research quality assessment

Selected studies were blindly evaluated by two reviewers
using the Cochrane Risk of Bias Tool (RoB 2.0). Discrep-
ancies were resolved through consensus or consultation
with a third reviewer. Bias assessment was performed
across the following domains: Random sequence genera-
tion (selection bias), Allocation concealment (selection
bias), Blinding of participants and personnel (perfor-
mance bias), Blinding of outcome assessment (detection
bias), Incomplete outcome data (attrition bias), Selec-
tive reporting (reporting bias), Other potential sources
of bias.. The items were presented as questions to elicit
yes, no, or unclear. Each study was categorized as having
low, unclear, or high risk of bias for each domain, with
justifications provided for all judgments. The overall bias
assessment was visualized using Review Manager (Rev-
Man) 5.4, generating a standardized risk-of-bias graph
and summary table.

Statistical analysis

Stata version 14.0 (Stata) was used to conduct the meta-
analysis. The relevant outcome indicators observed in this
study were binary data, which were used to calculate the
95% confidence intervals (CI) for the relative risk (RR).
We evaluated heterogeneity among the literature using
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the Q test and the F test. I < 25% represents low hetero-
geneity, 25% <I” < 50% represents moderate heterogene-
ity, > 50% represents high heterogeneity. *> 50% and
P< 0.1 indicated heterogeneity between studies, and in
such cases, a random effects model was employed. Con-
versely, when P < 50% and P> 0.1, the studies had less
heterogeneity, and a fixed effects model was employed.
If heterogeneity existed between studies, sources of het-
erogeneity were further analyzed using subgroup analy-
ses based on the dose of intervening medication in the
incorporated studies. Sensitivity analysis was conducted
to determine whether the combined results were stable.
To identify publication bias, contour-enhanced funnel
plots were made. Meta-regression analysis was carried
out to examine the impact of potential mixing elements
and their heterogeneous origins on the overall effect size.

Evidence quality grading

We used GRADEpro, proposed by the GRADE Work-
ing Group and developed by the Cochrane Collaboration
network, to assess the quality of the evidence for seven
outcomes (short-term clinical response, long-term clini-
cal response, short-term clinical remission, long-term
clinical remission, short-term endoscopic mucosal heal-
ing, long-term endoscopic mucosal healing, and inci-
dence of adverse events).

Results

Results of article screening

We searched different databases according to the search
strategy developed and initially obtained 3198 docu-
ments. All the literature was eliminated for duplicates by
EndNote X9.1 to obtain 2311 documents. The titles and
summaries of the remaining 2311 documents were fil-
tered, and 1984 documents were excluded after remov-
ing reviews, case reports, conference abstracts, animal
experiments, and uncorrelated articles. The full texts of
327 documents were further read, and 305 were elimi-
nated due to non-RCTs, insufficient outcome data and
no control group. 2 documents excluded due to full text
not being available, eventually enrolling 20 studies. An
illustration of the flowchart of literature screening is pre-
sented in Fig. 1.

Study features

A total of 2350 patients were involved in twenty studies,
including 1300 patients treated with IFX and 1050 con-
trol patients. Among the included studies, 3 mg/kg IFX
was given in one trial [21]. Three trials [22—24] applied 4
mg/kg IFX to patients. 16 trials [25-39] applied 5 mg/kg
IFX. Three trials [25, 31] applied 10 mg/kg IFX, and one
trial [31] applied 20 mg/kg IFX to patients. 5 mg/kg and
10 mg/kg IFX were parallelly applied in three trials. One
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PubMed: =280
Embase: n = 1691
CNKI: n=46

WanFang: n =61

Identification

Total number of articles (n =3198)
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MEDLINE: » =246
Cochrane library: n = 665
CBM: n=149
VIP: n =60

Screening

After screening titles and abstracts
(n=2311)

Duplicates removed
(n=3887)

Review: n =317

Conference abstract: n = 22

Eligibility

Potentially relevant articles

Case report: n =56
Animal experiment: n = 432
Irrelevant article: n = 1157

assessed for eligibility
(n=327)

Data unavailable studies: #n = 99

meta-analysis (n=20)

Studies included in

Fig. 1 PRISMA flowchart of the study selection process

trial [31] parallelly applied 5 mg/kg, 10 mg/kg and 20 mg/
kg IFX to patients.

Short-term clinical response was reported in 17 stud-
ies [21-25, 27, 29, 30, 32-39], long-term clinical response
was reported in 6 studies [25, 27, 29, 30, 39], short-term
clinical remission was reported in 17 studies [21-26, 28,
29, 32-39], long-term clinical remission was reported in
7 studies [25-27, 29, 31, 39], short-term mucosal remis-
sion was reported in 6 studies [25, 29, 30, 32, 39], long-
term mucosal remission was reported in 3 studies [29,
31, 39], and adverse reactions were reported in 13 studies
[21-25, 29, 31-33, 36-38]. The study characteristics are
listed in Supplementary Table 1.

Study quality assessment

Figure 2 illustrates an evaluation of the methodological
quality of the contained literature. There was low bias
risk with respect to randomized sequence generation in
all of the enrolled studies. In most of the enrolled stud-
ies, there was low bias risk with respect to allocation
concealment. Only a few of the included RCTs used
blinding, and the remaining studies did not use blind-
ing or did not mention the application of blinding;
therefore, there was an unclear risk of performance bias

Unreasonable  control  group
setting: n = 206

Unable to get full text: n =2

and detection bias. No studies examined bias due to
incomplete outcome data and selected reporting.

Meta-analysis results
Meta-analysis of primary outcome results

Effect of IFX on short/long-term clinical response in
moderate-to-severe UC Sixteen studies (1845 patients)
reported short-term clinical responses, while six stud-
ies (1059 patients) reported long-term clinical response.
Before conducting pooled analyses of the outcome met-
rics, we examined the heterogeneity between these stud-
ies. The results suggested moderate statistical heteroge-
neity for both short-term clinical responses (P= 0.003,
P= 55.8%) and long-term clinical responses (P= 0.011,
PP = 66.4%). Consequently, we employed a random effects
model for the pooled analysis. The results revealed that
the short-term clinical response rate (RR =1.38, 95% CI:
1.27-1.51, Z= 7.136, P= 0.000; Fig. 3A) and long-term
clinical response rate (RR =1.52, 95% CI: 1.12-2.07, Z=
2.696, P= 0.007; Fig. 3B) were greater in the IFX group
than in the control group.
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Fig. 2 Quality assessment of included studies

Effect of IFX on short/long-term clinical remission in mod-
erate-to-severe UC Seventeen studies (1929 patients)
reported short-term clinical remission, while seven stud-
ies (1463 patients) reported long-term clinical remis-
sion. Heterogeneity among these studies was investi-
gated before performing pooled analysis of the outcome
measures. The results indicated moderate statistical het-
erogeneity for both short-term clinical remission (P<
0.000, P= 62.4%) and long-term clinical remission (P=
0.008, = 65.6%). Therefore, a random effects model
was chosen for the pooled analysis. The results showed
the short-term clinical remission rate (RR =1.38, 95% CI:
1.25-1.54, Z= 6.041, P= 0.000; Fig. 3C) and long-term
clinical remission rate (RR =1.52, 95% CI: 1.12-2.07, Z=
2.295, P= 0.022; Fig. 3D) in the IFX group were greater
than those in the control group.

Meta-analysis of secondary outcome results

Effect of IFX on short/long-term mucosal remission in
moderate-to-severe UC Six studies (1184 patients)
reported short-term endoscopic remission, and three
studies (704 patients) reported long-term endoscopic
remission. Heterogeneity between these studies was
examined before performing pooled analyses. The results
indicated significant heterogeneity for short-term endo-
scopic remission (P< 0.000, I’ = 75.8%); hence, a random
effects model was employed. There was no heterogene-
ity in long-term endoscopic remissions (P< 0.890, F=
0%); hence, a fixed effects model was employed. Based
on the meta-analysis, IFX led to significantly higher rates
of short-term endoscopic remissions (RR =1.58, 95% CI:
1.20-2.08, Z= 3.278, P= 0.001; Fig. 4A) and long-term
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Fig. 4 Forest plot and RR for short/long-term endoscopic (mucosal) remission. A: Forest plot of short-term endoscopic remission. B: Long-term
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endoscopic remissions (RR =1.39, 95% CI: 1.09-1.78, Z=
2.561, P=0.010; Fig. 4B) than the control treatments.

Subgroup analysis

Further subgroup analyses were performed to account
for differences in the dose of IFX used. These studies
were divided into 5 subgroups according to the dose of
IFX used: 3 mg/kg, 4 mg/kg, 5 mg/kg, 10 mg/kg, and 20
mg/kg. In the outcome measure of short-term clinical
response, and long-term clinical response, the subgroup
with a dose of 20 mg/kg did not achieve statistical signifi-
cance (short-term clinical response: RR =3.00, 95% CI:
0.17-53.17, Z= 0.746, P= 0.455, Fig. 5A; long-term clini-
cal response: RR =4.00, 95% CI: 0.26-61.76, Z= 0.993,
P=0.321, Fig. 5C). All outcomes were superior in the IFX
group compared with the control group: short-term clini-
cal response (RR =1.44, 95% CI: 1.31-1.59, Z=7.566, P=
0.000, Fig. 5A), short-term clinical remission (RR =1.47,
95% CI: 1.27-1.73, Z= 6.366, P= 0.000, Fig. 5B), long-
term clinical response (RR =1.68, 95% CI: 1.33-2.13,
Z=4.310, P= 0.000, Fig. 5C), long-term clinical remis-
sion (RR =1.45, 95% CI: 1.06-1.98, Z= 3.251, P= 0.001,
Fig. 5D), short-term endoscopic remission (RR =1.65,
95% CI: 1.33-2.05, Z= 4.519, P= 0.000, Fig. 5E). The
highest rate of short-term clinical response (RR =1.96,
95% CI: 1.48-2.61, Fig. 5A), short-term clinical remission
(RR =3.04, 95% CI: 1.39-6.68, Fig. 5B), long-term clinical
response (RR =2.28, 95% CI: 1.76-2.94, Fig. 5C), long-
term clinical remission (RR =2.59, 95% CI: 1.61-4.16,
Fig. 5D), short-term endoscopic remission (RR =1.86,
95% CI: 1.51-2.29, Fig. 5E) was seen in the subgroup with
a dosage of 10 mg/kg.

Safety

A total of 13 studies reported adverse reactions during
follow-up, mainly including gastrointestinal reactions,
leukopenia, joint pain, and skin sensitization. Before
performing pooled analysis, heterogeneity was routinely
assessed, and the presence of moderate heterogene-
ity was observed (P= 0.015, I’= 51.9%). Therefore, we
employed a random effects model. The pooled analysis
indicated that IFX-treated patients had a similar rate of
adverse reactions as control patients (RR =1.00, 95% CI:
0.91-1.11, Z= 0.084, P= 0.933). The forest plot of the
meta-analysis of security is shown in Fig. 6.

Sensitivity analysis and publication bias

Considering the significant heterogeneity of the included
study samples >10 and to evaluate the stability of the
study results (short-term clinical response, short-term
clinical remission), we conducted the sensitivity analy-
sis using case-by-case exclusion. After excluding the
studies one by one, there was no significant change in
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the short-term clinical response and short-term clini-
cal remission, suggesting that the pooled results have
some stability and reliability (Fig. 7A, B). Furthermore,
we assessed possible publication bias using contour-
enhanced funnel plots, which allowed us to take into
account the statistical significance of the study’s estimates
(P<0.01, P< 0.05, P< 0.1, or P> 0.1), as well as the areas
in which the study was considered to be missing. The
results of the contour-enhanced funnel plots for short-
term clinical response (Fig. 7C) and short-term clinical
remission (Fig. 7D) showed that the majority of missing
studies fell within the district of statistical significance
(P< 0.01), suggesting that the asymmetry in the funnel
plots was not due to publication bias. We reviewed the
original studies and hypothesized that the asymmetry of
the funnel plots might be caused by poor methodologi-
cal quality of small-sample studies, different dosages of
interventions, and missing blinding.

Meta-regression analysis

To estimate the influence of potential effect modification
elements on the heterogeneity of the resulting variable,
we performed meta-regression. We hypothesized that
the following covariates were possible contributors to
the heterogeneity of the outcome variables: (1) the dose
of infliximab (3 mg/kg or 4 mg/kg or 5 mg/kg or 10 mg/
kg or 20 mg/kg) and (2) region (multinational/Germany/
Japan/USA/China/Italy/Sweden). A univariate analysis
indicated that infliximab dose had no marked effect on
the aggregate effect size of short-term clinical response
(P= 0.10) and short-term clinical remission (P= 0.22;
Table 1 and Figure S1). According to the results of mul-
tivariate analysis, dose and region had no strong associa-
tion with the heterogeneity of the aggregate effect size
of short-term clinical response. In contrast, short-term
clinical response was affected by region (P= 0.00; Table 1
and Figure S1), suggesting that the source of heterogene-
ity may be different study regions.

Assessment of the quality of evidence

We used the Cochrane Collaboration Network GRADE-
pro to assess the quality of proof for outcome indicators.
The results showed a low level of evidence for short-term
clinical response, long-term clinical response, and short-
term clinical remission, a very low level of evidence for
long-term clinical remission and short-term endoscopic
remission, and a moderate level of evidence for long-
term endoscopic remission and adverse events, as shown
in Fig. 8. We hypothesize that the downgrading of evi-
dence is due to the following factors: (1) large deviations
in randomization, blinding and allocation concealment
in the included studies; (2) significant heterogeneity; (3)
small sample size; and (4) a wider confidence interval.
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Discussion

The pathogenesis of UC is complex and is related to
genetic factors, infectious factors, dysbiosis of intesti-
nal flora, vitamin D deficiency and abnormal immune
response of intestinal mucosa [40-42], thus there is
still a lack of specific therapeutic methods for UC. The

emergence of biologics has been a major breakthrough in
the treatment of UC [43]. Upadacitinib, a JAK1-selective
inhibitor, received clinical remission rate and response
rate 25.4% and 72.6%, in UC treatment [44]. However, it
was not been applied as first-line therpy. To date, AGA
has recommended the use of TNF-a antagonists to treat
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moderate-to-severe active UC among adults [10]. The
TNF-a inhibitor IFX was approved in 2005 as the first
biologic to be formally used for the therapy of moder-
ate-to-severe UC [43]. IFX is a human-mouse chimeric
immunoglobulin G1 monoclonal antibody that achieves
anti-inflammatory effects by binding to transmembrane
and soluble TNF-«, blocking its binding receptors and
thereby inhibiting its activity [9]. Infusion rate-induced
infusion reaction adverse events are almost recognized
as one of the adverse effects of IFX, including immediate
infusion reaction and late infusion reaction often mani-
fested as fever, rash, muscle or joint pain or even respira-
tory distress [45]. Therefore, IFX should be started at a
small dose and then the infusion rate should be gradu-
ally and progressively increased until the full target rate
is reached [46]. The mechanism of action of IFX is the
inhibition of the production of TNF-«, which is involved
in the normal inflammatory and immune responses,
thereby increasing the incidence of infection. Studies
have shown that IFX is an independent risk factor for
serious infections and is associated with disease sever-
ity and combined use of analgesics or glucocorticoids
[47]. In a Danish cohort study, it was found that 24% of
patients with colitis required hospitalization due to infec-
tion during treatment and the incidence of secondary

gastrointestinal infections was 16% [48]. However, one
study showed that IFX, while increasing the risk of infec-
tion in patients, was associated with a reduction in mor-
tality in patients with IBD [49]. For the development
of malignancy, a systematic evaluation concluded that
anti-TNF-a drugs were not associated with an increased
risk of malignancy in patients with IBD [50]. Although
immunogenicity-related adverse reactions are mild and
easily controlled, they may lead to treatment interrup-
tion [51]. The potential adverse effects of IFX are high,
but the available data suggest that the therapeutic index
of IFX is advantageous for the treatment of moderate to
severe IBD and that it is an effective and safe option [52].
A study by Paul Rutgeerts et al. [25] found that in the
prevalence of adverse incidents, the number of worsen-
ing UC and anemia were more numerous in the placebo
team than in the IFX team, whereas the number of seri-
ous infections, lupus-like reactions, and neurologic dis-
orders was slightly higher in the IFX group than in the
group receiving placebo. Therefore, regardless of the type
of drug therapy, it is critical to assess the associated risks
before treatment and to closely monitor the associated
adverse event indicators during treatment.

In recent years, the goal of treatment for UC has
evolved from clinical remission to the pursuit of
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Contour-enhanced funnel plot of short-term clinical remission

Table 1 Results of meta-regression analysis

Covariates Univariate analysis Multivariate analysis
Exponentiated 95% Cl P Tau? Exponentiated 95% Cl P
coefficient coefficient
The dose of infliximab (3 mg/kg or 4 mg/kg or 5 mg/kg or 10 mg/kg or 20 mg/kg)
short-term clinical response -0.07 —0.14t0 0.01 0.10 0.02 —0.01 -0.08t00.16 0.67
short-term clinical remission —-0.01 —-0.27t0 0.07 0.22 0.07 —-0.1 —-0.28t0 0.07 0.23
Region (multinational/Germany/Japan/USA/China/Italy/Sweden)
short-term clinical response 0.17 0.09t0 0.26 0.00 0.00 0.16 0.06 t0 0.26 0.00
short-term clinical remission 0.04 -0.08t00.16 049 0.09 0.04 -0.08t0 0.15 0.50

Significant results are shown in bold and italic

endoscopic mucosal healing up to further pathologi-
cal histological remission [53]. Many clinical trials have
focused on clinical response and clinical remission,
and symptom presentation and inflammatory activity
in patients with UC usually correlate with the extent of
UC involvement [54], as the most valuable short-term
goal in UC, and currently, we still decide on the treat-
ment strategy of patients based on clinical symptoms
[55]. Studies have shown that achieving endoscopic

remission is strongly associated with lower recurrence
rates, bowel resection rates, and cancer rates in UC [53].
A randomized controlled study showed that the degree
of mucosal healing in UC treated with IFX was associ-
ated with improved clinical outcomes such as colectomy
[56]. Thus endoscopic mucosal healing has become a
major indicator of treatment outcome [57]. However,
over the past decade, studies have found that clinical
symptoms are not proportional to mucosal healing, and
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Explanations

a. Large biases in randomization, allocation concealment and blinding in the included studies.

b. Significant heterogeneity.
c. The sample size is small.
d. The confidence interval is wider.

Fig. 8 Outcome indicators evidence quality evaluation

some patients in clinical remission continue to have
mucosal inflammation [58]. And a meta-analysis showed
that the majority of patients with UC rectal bleeding
and normal bowel frequency had achieved endoscopic
remission, but many patients continued to have abnor-
mal bowel frequency despite endoscopic remission [59].
There are several possible explanations for this discrep-
ancy: 1) increased paracellular permeability due to insidi-
ous inflammation leads to irritable bowel syndrome-like
symptoms in patients with remission-phase UC [60].
2) colonic inflammation impairs the nervous system,

leading to dysfunction of the colonic smooth muscle
[61]. 3) activation of mast cells may lead to rectal hyper-
sensitivity [62]. Thus, the inconsistency between clinical
symptoms and endoscopic relief leads to the possibility
of incomplete or overtreatment of UC. Furthermore, due
to the mucosal characteristics of UC, histological healing
becomes a long-term therapeutic goal for UC. However,
it has been shown that approximately one-third of UC
patients with endoscopic remission do not achieve his-
tological remission because histological remission lags
behind with endoscopic mucosal improvement [63]. And
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the presence of histological inflammation in the presence
of endoscopic mucosal remission may be an explanation
for the persistence of symptoms [64].

Results from a study of the efficacy and safety of IFX
monotherapy versus combination therapy versus aza-
thioprine (AZA) monotherapy in the treatment of UC
showed that the steroid-free remission rate at week 16
was 22%, 24%, and 40% in the IFX, AZA, and IFX/AZA
groups, respectively. Week 8 clinical response rates
were 88%, 66%, and 86% in the IFX, AZA, and IFX/AZA
groups, respectively. The clinical response rates at week
16 were 69%, 50%, and 77% in the IFX, AZA, and IFX/
AZA groups, respectively. The mucosal healing rates at
week 16 were 55%, 37%, and 63%, respectively. For the
incidence of adverse events, the IFX/AZA group was the
lowest, followed by the IFX group, and the AZA group
was the highest with 21.25%, 21.79%, and 34.18%, respec-
tively. Based on the above findings, it was concluded that
IFX treatment was more effective than the AZA group
and the incidence of adverse events was lower than the
AZA group. This is similar to the results of our study.
But on the other hand, the efficacy of both IFX/AZA
group was higher than IFX group and AZA group and
the safety was also higher. Studies have shown that com-
bination therapy some IBD patients are more effective
[65]. A meta-analysis showed that the efficacy and safety
of different combination therapies were comparable in
patients with IBD. And IFX + AZA had the highest clini-
cal remission rate and lowest adverse events [66]. Among
the included studies, some studies reported longer dura-
tion of dosing, and it was found that the clinical response
rate and clinical remission rate gradually decreased with
the duration of dosing [25, 28, 30, 39]. And in Taku Kob-
ayashi and Baili Chen’s study, it was found that the inci-
dence of adverse events gradually increased with the
duration of treatment. In Taku Kobayashi’s study, the
incidence of adverse events in the IFX group was 81.7%
at week 14 and 96.2% at the endpoint. A retrospective
study in Japan showed that at week 12, 94.4% and 77.8%
of the IFX group achieved clinical response and clinical
remission, respectively, whereas at week 52, the clinical
response rate and clinical remission rate in the IFX group
were 76.5% and 70.6%, respectively [67]. This study is
consistent with our results. However, one study reported
a positive correlation between IFX concentrations and
efficacy outcomes in patients with IBD [68]. Such results
warrant further study.

This study focuses on the clinical benefits of IFX
in patients with moderate-to-severe UC. However,
the potential limitations of this meta-analysis should
be noted. First, there are methodological limitations.
Although all 20 included studies were RCTs, only a few
were double-blind designs, and most of the rest were
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neither double-blind nor single-blind. In addition, the
small sample size enrolled in the study may have led to
selection bias and implementation bias. Additionally,
no publication bias was found based on the contour-
enhanced funnel plots, and we speculated that the asym-
metry of the funnel plots might be due to the inferior
methodological quality of the small-sample studies, the
different intervention dosages, and the lack of blinding.
Second, meta-regression analysis results found that the
region of the original study was a potential synergistic
variable, which led to significant heterogeneity of the
aggregated results. The restriction to English and Chi-
nese studies may introduce language bias, as relevant
research published in other languages was excluded. This
could limit the generalizability of the findings, particu-
larly in regions where non-English or non-Chinese lit-
erature dominates the evidence base. Furthermore, the
types and cases of adverse events covered in the enrolled
studies were limited, and most studies reported the num-
ber of adverse incidents that occurred, so the number of
patients with each specific undesirable reaction could not
be extracted, which may have affected the safety evalu-
ation of IFX. Meanwhile, the lack of individual patient
data (IPD), which limits the ability to explore modera-
tors of treatment effects. Finally, the studies did not use
uniform efficacy evaluation criteria and included various
comparators (placebo, steroids, 5-ASA, immunosup-
pressants) as control group, which led to clinical hetero-
geneity. All of these factors may have contributed to the
instability of this analysis. Future studies on the efficacy
and safety of IFX in UC treatment should involve larger
cohorts and longer assessment periods to better evaluate
the risk—benefit profile.

In summary, this meta-analysis, encompassing 2,350
patients from 20 studies, demonstrates that IFX has a
definitive therapeutic effect in moderate-to-severe UC,
with no significant increase in adverse events compared
to control treatments. The findings provide evidence-
based support for IFX’s clinical application. However,
due to inherent methodological limitations, such as vari-
ability in study designs, selection, language and reported
biases, the results should be interpreted cautiously. Fur-
ther validation through large-scale, multicenter, pro-
spective RCTs with extended follow-up periods and
comprehensive adverse event monitoring is warranted to
strengthen these conclusions.
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