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Abstract

Background: A large proportion of patients with inflammatory bowel disease (IBD) relapse
after drug discontinuation despite achieving a stable state of infliximab-induced clinical
remission. Resuming the use of the same tumor necrosis factor-alpha (TNF-a] inhibitors in
patients who relapse following TNF-a inhibitor discontinuation was suggested as a treatment
strategy. We conducted a systematic review and meta-analysis to evaluate the efficacy and
safety of infliximab retreatment in patients with IBD.

Methods: A systematic literature search to shortlist relevant studies was conducted using the
MEDLINE, Embase, CINAHL, and SCOPUS databases for studies published from inception to
August 2020.

Results: Nine studies were included in the meta-analysis. The pooled clinical remission rate
of infliximab retreatment in patients with IBD was 85% (95% confidence interval (Cl), 81-89%])
for induction treatment and 73% (95% Cl, 66-80%]) for maintenance treatment. A clinical
remission rate following infliximab reintroduction was achieved in a greater proportion of
patients with Crohn’s disease (87%; 95% ClI, 83-91%]) than in those with ulcerative colitis (78%;
95% Cl, 61-91%) for induction treatment, but the difference was not statistically significant.
Infusion-related reactions after infliximab retreatment occurred in 9% of patients with IBD
(95% ClI, 3-16%).

Conclusion: Infliximab retreatment showed high clinical remission rates with tolerable
infusion-related reactions in patients with IBD who achieved remission with initial infliximab
treatment but relapsed after its discontinuation. We suggest infliximab as a viable alternative
in patients with IBD who previously responded well to infliximab treatment.

Keywords: clinical remission, inflammatory bowel disease, infliximab, infusion-related
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corticosteroids, and immunomodulators and bio-
logic therapy with tumor necrosis factor-alpha
(TNF-a) inhibitors.3:4

Introduction

Inflammatory bowel diseases (IBDs), including
Crohn’s disease (CD) and ulcerative colitis
(UC), are chronic immune-mediated diseases
characterized by uncontrolled inflammation of
the gastrointestinal tract.!»> Therapeutic strate-
gies for the management of IBD include conven-
tional therapies with 5-aminosalicylic acid drugs,

Infliximab, a chimeric monoclonal IgG1 anti-
body against TNF-a, is one of the preferred treat-
ment options among TNF-a inhibitors>% and
has proven to be efficacious as induction and
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maintenance therapy for patients with refractory
IBD.”# Despite the success of infliximab for
achieving remission and improving clinical out-
comes, approximately half of patients with IBD
who have achieved clinical remission relapse
within 1 year after its discontinuation due to
patient preference, cost, or potential for adverse
effect, and so on.? European Crohn’s and Colitis
Organization suggested resuming the use of the
same TNF-a inhibitors in patients who relapse
following TNF-a inhibitor discontinuation as an
‘exit strategy’.10

Retreatment with infliximab can be considered an
alternative for patients with IBD who relapse
after discontinuation. However, conflicting results
regarding clinical outcomes have been reported
after infliximab retreatment,!!>12 including the
development of antibodies against infliximab,
increased risk of severe systemic reactions,
and shortened duration of efficacy, which limit
its usefulness.!3-14 Kugathasan er al'?> reported
that infliximab retreatment is associated with high
rates of severe systemic reactions in adults and
should only be used in safe, well-controlled clini-
cal settings. In contrast, a multicenter study dem-
onstrated clinical remission in 79% of patients
with IBD,!! with adverse events in only 13% of
patients following infliximab reinduction, sug-
gesting that infliximab can be safely and effec-
tively reintroduced.!’> Therefore, it remains
unclear whether infliximab retreatment is effec-
tive and tolerable in patients with IBD who
relapsed after its discontinuation. As prospective
randomized comparative studies on infliximab
retreatment are difficult to conduct due to ethical
issues, including those associated with deliberate
drug suspension and resumption, it is preferable
to collect data from reported studies and investi-
gate its effects using a meta-analysis.

Therefore, in this study, we conducted a meta-
analysis and systematic review to evaluate the
efficacy and safety of infliximab retreatment in
patients with IBD who initially responded to inf-
liximab but relapsed after its discontinuation.

Materials and methods

This study followed the guidelines recommended
by the Meta-analysis of Observational Studies
in Epidemiology (MOOSE) (Supplementary
Table 1).16

Search strategy

The MEDLINE, Embase, CINAHL, and
SCOPUS electronic databases were systemati-
cally searched for relevant studies published from
inception to 15 August 2020. A comprehensive
literature search was conducted using a combina-
tion of the following keywords and medical sub-
ject headings: ‘inflammatory bowel disease’,
‘Crohn’s disease’, ‘colitis, ulcerative’, ‘inflixi-
mab’, ‘retreatment’, and ‘reinduction’. The
detailed search strategies for each electronic data-
base used in this analysis are provided in
Supplementary Table 2. Our search was not
restricted to any language.

Study selection

Two authors (S.Y. and Y.K.]J.) independently
conducted the literature search and followed the
study selection protocol. Discrepancies were
resolved by consensus. Studies were considered
eligible if they met the following inclusion crite-
ria: (1) population: patients diagnosed with IBD;
(2) intervention: patients who restarted inflixi-
mab treatment after discontinuation of initial inf-
liximab treatment for an interval and had no
history of any other biologic therapy; (3) out-
come: the proportion of patients who experi-
enced eitherinduction of remission, maintenance
of remission, or infusion-related reactions. In
this review, remission includes clinical, bio-
chemical, or endoscopic remission defined as a
state with completely symptom-free or steroid-
free remission, pediatric Crohn’s Disease
Activity Index < 10, Crohn’s Disease Activity
Index score of <150, partial Mayo score of <3,
C-reactive protein <10 mg/l, or closure of all fis-
tulas based on endoscopic or magnetic resonance
examination;!? and (4) study design: prospective
or retrospective controlled or uncontrolled stud-
ies excluding case reports. Studies were excluded
if they were (1) nonhuman studies, including
animal and in vitro studies; (2) available only in
the form of abstracts or posters; and (3) reviews,
meta-analyses, letters, editorials, or ongoing
studies.

Data extraction

The eligible studies were reviewed, and the fol-
lowing data were extracted using a standardized
extraction form: first author, publication year,
country, study design, number of patients, sex,
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age, infliximab drug holiday, infliximab retreat-
ment regimen, concomitant medications, fol-
low-up period, definition of clinical outcomes,
rates of remission induction at 3 months after
infliximab reinitiation, and maintained rates of
remission after remission induction, which
were assessed 1 year after infliximab reinitia-
tion, incidence of infusion-related reactions,
proportion of patients who tested positive for
anti-infliximab antibodies, and serum concen-
tration of infliximab.

Assessment of risk of bias

The risk of bias of the included studies was evalu-
ated using a modified Methodological Index for
Non-Randomized Study (MINORS),!® which
contains the following eight items designed spe-
cifically for noncomparative studies: (1) clearly
stated aim, (2) inclusion of consecutive patients,
(3) prospective data collection, (4) endpoints
appropriate according to study aim, (5) unbiased
assessment of the study endpoints, (6) follow-up
period appropriate to study aim, (7) <5% loss of
patients during follow-up, and (8) prospective
calculation of study size. The items were scored
as 0 (not reported), 1 (reported but inadequate),
or 2 (reported and adequate). The scores were
evaluated as follows: 0—4, very low quality; 5-8,
low quality; 9-12, moderate quality; and 13-16,
high quality.!® Two authors independently
assessed the potential degree of bias, and any dis-
agreement between the authors was resolved by
consensus.

Statistical analysis

The efficacy outcomes were the rates of induction
of remission at 3 months after infliximab reintro-
duction and subsequent maintenance of remis-
sion at 1 year, which were presented as ‘induction
of remission’ and ‘maintenance of remission’,
respectively, and the safety outcome was the
proportion of patients who experienced any inf-
liximab-related infusion reaction after its reintro-
duction. The pooled estimates of rates for
induction remission, maintenance remission, and
infliximab-related infusion reactions were calcu-
lated using meta-analyses. Heterogeneity among
studies was detected using inconsistency statistics
(I?).20 A random-effects model was used when
potential heterogeneity existed (I2 > 40%); oth-
erwise, a fixed-effects model was employed.?!

Moreover, the restricted maximum likelihood
method was used to estimate the parameters of a
random coefficient model, and the value of tau-
squared (t2) was used to estimate between-study
variance.22

Subgroup and sensitivity analyses were performed
to remove heterogeneity and evaluate treatment
effects based on the subgroup of patients with dif-
ferent diagnoses and study design. To investigate
whether treatment efficacy was reduced accord-
ing to the duration of infliximab discontinuation,
the remission rate was stratified according to the
studies in which the minimum duration of inflixi-
mab discontinuation was reported as >16 weeks.
Moreover, a meta-regression was performed to
investigate the association of remission rate and
the incidence of infusion-related reactions with
the proportion of concomitant immunomodula-
tors. Statistical significance was defined as
p < 0.05. The metaprop module in the R, version
3.6.0 (R Foundation for Statistical Computing,
Vienna, Austria) statistical software package and
the Comprehensive Meta-analysis, version 2
(Biostat, Englewood, NJ, USA) were used for
analysis.

Results

The results of the study selection process are
shown in Figure 1. We initially identified 459
articles through an electronic database search.
After removing duplicates, 246 articles were
screened for relevance based on the title and
abstract, resulting in the exclusion of 199 articles
that did not include patients with IBD, infliximab
retreatment, or efficacy or safety outcomes of inf-
liximab or were review, comments, or conference
abstracts. Next, 47 relevant articles were assessed
for eligibility through full-text evaluation. Finally,
nine studies were selected for meta-analysis: five
studies involving patients with CD, one involving
patients with UC, and three involving both
patients with CD and UC.1415:23-29 Among the
nine studies, eight studies, excluding a study by
Rodrigo er al., evaluated the remission rate of inf-
liximab retreatment, and seven studies, excluding
the studies by Laharie ez al. and Dai er al., evalu-
ated the incidence of infusion-related reactions
after infliximab retreatment.

Table 1 summarizes the characteristics of the
included studies. In total, 428 patients, who
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459 articles identified through
- MEDLINE (n=103)
*  Embase (n=192)
+ CINAHL (n=29)
« SCOPUS (n=135)

246 records screened

after duplicates were removed 199 records excluded on the basis of titles and abstracts

* No patients with IBD (n=17)

* No infliximab monotherapy (n=45)

* No infliximab retreatment (n=59)

* No outcome related to efficacy or safety of infliximab (n=17)
* Reviews, comments, or conference abstracts (n=61)

47 full-text articles assessed

for eligibility

9 studies included

38 articles excluded after full-text review

* No infliximab monotherapy (n=4)

* No infliximab retreatment (n=2)

* No outcome related to efficacy or safety of infliximab (n=13)
* Reviews, comments, or case reports (n=19)

in the meta-analysis

Figure 1. Flow chart of the study selection process.

reinitiated infliximab treatment after discontinu-
ation for a reported median duration of 4-26.7
months, were included in this meta-analysis.
Most studies were conducted in Europe, and the
remaining two studies by Kang ez al. and Dai
et al. were conducted in Asia. All retrieved stud-
ies were nonrandomized, single-arm, observa-
tional studies, five of which were retrospective
and four were prospective. Participants in the
included studies received an intravenous dose of
5 mg/kg, except for a small proportion (<3%) of
participants in one study who were administered
an intravenous dose of either 7.5 or 10 mg/kg at
0, 2, and 6 weeks.2°

The proportion of patients who received concom-
itant immunomodulator therapy during inflixi-
mab discontinuation and retreatment, ranged
from 61% to 100%, as reported in five studies
(Table 1). The proportion of patients who were
antibody-positive for infliximab was measured at
cessation and after the initiation of retreatment in
three studies (Table 1). However, the detectable
level of antibody positivity for infliximab was not
consistent among the studies. The proportion of
antibody-positive patients for infliximab after the
initiation of retreatment was 40% with a cut-off

of 3 U/ml in the study by Baert ez al.; although the
proportion of patients who were antibody-nega-
tive for infliximab was 27% in the study by Louice
et al., data for the remaining 73% were inconclu-
sive due to the interference of circulating inflixi-
mab with level >1 mg/ml. The median serum
concentrations (interquartile range) of infliximab
reported in the studies by Louis er al. and Baert
et al. were 3.7 (1.7-8.0) pg/ml and 5.2 (0.36—
17.3) ug/ml, respectively.

Clinical remission

Eight studies involving 358 patients reported clin-
ical remission rates following infliximab retreat-
ment in patients with IBD. The pooled remission
rate after infliximab retreatment was 85% (95%
confidence interval (CI), 81-89%; I? = 5%;
12 = 0.0003, p = 0.39) for induction treatment
(at least 3 months) and 73% (95% CI, 66—80%;
2 = 30%; 1> = 0.0023, p = 0.23) for mainte-
nance treatment (at least 1 year) (Figure 2). The
heterogeneity was low. Upon further subanalysis
of induction treatment, a higher remission rate
following infliximab reinduction was observed
in patients with CD (87%; 95% CI, 83-91%;
P = 4%; 12 = 0.0003, p = 0.40) than in those
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(a) Remission induction rates

Study Events Total Proportion 95%-Cl Weight
Farkas et al. (2013) 17 18 —i—'— 094 [0.73;1.00] 51%
Kang et al. (2017) 30 33 — 091 [0.76;0.98] 9.3%
Steenholdt et al. (2012) 29 32 —_— 091 [0.75;0.98] 9.0%
Louis et al. (2012) 38 43 —5—-'— 0.88 [0.75;096] 12.0%
Baert et al. (2014) 108 128 — 0.84 [0.77;090] 355%
Chauvin et al. (2014) 43 53 —-'—i— 0.81 [0.68;091] 148%
Rodrigo et al. (2004) 10 13 ' 077 [0.46;0.95] 37%
Dai et al (2014) 28 38 —'—i 074 [057;087] 106%
Fixed effect model 358 : : |<3>| 0.85 [0.81; 0.89] 100.0%

Heterogeneity: /2 = 5%, 12 = 0.0003, p = 0.39
0.5

(b) Remission maintenance rates

07 08

0.9

Study Events Total Proportion 95%-Cl Weight
Kang, B., etal (2017) 23 28 , 082 [063;094] 18.4%
Baert, F., etal (2014) 89 126 —————1— 071 [062;0.78] 816%

Fixed effect model

0.73 [0.66; 0.80] 100.0%

Heterogeneity: 12 = 30%, 12 = 0.0023, p = 0.23 |

065 0.7 0.75 0.8 0.85 0.9

Figure 2. Forest plot of remission (a) induction and (b) maintenance rates following infliximab retreatment for

patients with inflammatory bowel disease.

with UC (78%; 95% CI, 61-91%; I?> = 46%;
12 = 0.0137, p = 0.13), but the difference was not
statistically significant (Figure 3). The numbers of
patients with CD and UC were 272 and 48,
respectively.

When the results were stratified by studies
wherein patients restarted infliximab after a mini-
mum drug holiday of =16 weeks, the remission
induction rate for patients with IBD was 84%
95% CI, 78-89%; I> = 0%; 2 = 0, p = 0.57)
as reported in two studies.!>23 The results of
meta-regression showed that remission induction
rates in patients with IBD did not significantly
differ according to the proportion of concomitant
immunomodulators (Supplementary Figure 1).
Moreover, when the results were stratified by
study design in the sensitivity analysis, the remis-
sion induction rates for patients with IBD, CD,
and UC were similar between prospective and
retrospective studies (Supplementary Table 3).

The effects of infliximab level on the clinical
remission rate were reported only in the study by
Baert er al., in which trough levels of infliximab

greater than 2 mg/ml were associated with
higher remission rates. Biochemical or endo-
scopic examinations were performed in combina-
tion with the assessment of clinical remission in the
three studies.!%25:27 However, examinations were
conducted for only some participating patients,
and biochemical or endoscopic remission rates
were not reported.

Infusion-related reactions

Seven studies involving 368 patients with IBD
were included to evaluate the proportion of
patients who experienced infusion-related reac-
tions after infliximab retreatment. Infusion-related
reactions were observed in 9% of patients with
IBD (95% CI, 3-16%; I? = 77%; t> = 0.0173, p
< 0.01; Figure 4). The results of meta-regression
showed that the incidence rates of infusion-related
reactions in patients with IBD did not significantly
differ according to the proportion of concomitant
immunomodulators (Supplementary Figure 1). In
addition, when the results were stratified by study
design, the incidence rates of infusion-related
reactions in patients with IBD were similar
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(a) Patients with Crohn’s disease

Study Events Total Proportion 95%-Cl Weight
Steenholdt et al (2012) 24 25 —:—*— 096 [0.80;1.00] 85%
Kang et al (2017) 30 33 —:'— 091 [0.76;098] 112%
Louis et al (2012) 38 43 — & 088 [0.75;096] 146%
Baert et al (2014) 92 105 — == 0.88 [0.80;093] 353%
Chauvin et al.(2014) 43 53 —'—i— 0.81 [068;091] 179%
Rodrigo et al.(2004) 10 13 : 077 [046;095] 45%
Dai et al.(2014) 18 23 i 078 [056;093] 79%
Fixed effect model 295 : : {II?T 0.87 [0.83; 0.91] 100.0%

Heterogeneity: 1° = 4%, t° = 0.0003, p = 0.40

05 06 07 08 09
(b) Patients with ulcerative colitis

Study Events Total Proportion 95%-Cl Weight
Farkas et al. (2013) 17 18 — 094 [0.73;1.000 27.7%
Steenholdt et al. (2012) 5 7 071 [029;096] 16.0%
Baert et al. (2014) 16 23 _— 070 [0.47:087] 31.0%
Dai et al (2014) 10 15 067 [0.38;088] 253%
Random effects model 63 —— 0.78 [0.61; 0.91] 100.0%
Heterogeneity: 12 = 46%, ©*=0.0137,p=0143 T T T T T 1

0304050607 0809

Figure 3. Forest plot of remission induction rates after infliximab retreatment in (a) patients with Crohn’s

disease and (b) patients with ulcerative colitis.

Study Events Total Proportion 95%-Cl Weight
Farkas, K., etal. (2013) 4 18 : 0.22 [0.06;048] 10.8%
Baert, F, et al. (2014) 25 128 P 020 [013;027] 17.3%
Chauvin, A, et al. (2014) 7 53 — 0.13 [0.05;025] 151%
Laharie, D., et al. (2009) 7 61 —mm 011 [0.05;022] 156%
Steenholdt, C_, et al (2012) 1 32 == 0.03 [0.00;0.16] 13.3%
Kang, B., et al. (2017) 1 33 = 0.03 [0.00;0.16] 13.4%
Louis E, etal. (2012) 0 43— 0.00 [0.00;0.08] 144%
Random effects model 368 ———— 0.09 [0.03; 0.16] 100.0%
Heterogeneity: 12 = 77%, v> = 0.0173,p < 0.01' ! ! ! '
0 01 02 03 04

Figure 4. Forest plot of incidence of infusion-related reactions that occurred in patients with inflammatory

bowel disease after infliximab retreatment.

between prospective and retrospective studies
(Supplementary Table 3).

The incidence of severe infusion-related reactions,
which were defined as reactions necessitating
discontinuation of the infusion owing to signifi-
cant dyspnea or hypotension was reported in five

studies as follows: 0% in three studies and 4%
(1/32) and 12.5% (16/128) in two studies, respec-
tively. Most infusion-related reactions were acute
and resolved with discontinuation of infliximab
infusion, intravenous antihistamines, and steroids.
The incidence of hospitalization related to infusion-
related reactions has not yet been reported.
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Risk of bias

The overall risk of bias of the included studies
ranged from 10 to 12, indicating moderate qual-
ity (Table 2). All included studies showed a low
risk of bias in the following domains: clearly
stated aim, inclusion of consecutive patients, fol-
low-up period appropriate to study aim, and
<5% lost to follow-up. However, the risks of bias
were assessed as high in the unbiased assessment
of study endpoints and prospective calculation of
study size.

Discussion

This meta-analysis evaluated the efficacy and tol-
erability of infliximab retreatment for the induc-
tion and maintenance of remission in patients with
IBD. There is an urgent need for more data to
establish standard practice guidelines for clinical
remission following infliximab retreatment, as the
available data are insufficient. A previous meta-
analysis by Gisbert er al.3° found that clinical
response to retreatment with the same TNF-a
inhibitors was favorable. Compared to their review,
our data, including results from five additional
studies, demonstrated an acceptable rate of infu-
sion-related reactions as well as favorable rates of
the induction and maintenance of remission after
infliximab reinduction in patients with IBD. This
study suggests that retreatment with infliximab
could be a viable alternative to other TNF-a. inhib-
itors for achieving clinical remission in patients
with IBD who relapse after discontinuation.

Retreatment with infliximab has been limited in
clinical practice owing to concerns, such as the
occurrence of severe systemic reactions and
reduction of efficacy.!?13:31 In a prospective clini-
cal study, 21% of patients with CD experienced
severe systemic reactions following infliximab
retreatment.!? In addition, antibodies against inf-
liximab have been detected in 7-30% of patients
following retreatment with infliximab.32 According
to the US Food and Drug Administration labe-
ling information, an increased incidence of anti-
bodies against infliximab was detected in patients
with CD after infliximab reinfusion following a
drug holiday of >16 weeks.3? In addition, patients
who tested positive for antibodies are likely to
experience a lower benefit owing to a faster clear-
ance and lower concentration of the drug than
those who are antibody-negative to infliximab.13:31,33
Therefore, the risk of infusion-related reactions
and reduced efficacy in patients treated with

infliximab have been predicted to be associated
with the formation of neutralizing antibodies and
degradation of therapeutic antibodies.!3:31,34

Contrary to the concern that infliximab retreat-
ment may be associated with unfavorable remis-
sion rates owing to drug-induced immunogenicity,
this study revealed relatively favorable remission
induction rates after infliximab retreatment. The
induction of remission after 3 months of inflixi-
mab retreatment was achieved in 87% of patients
with IBD, which is consistent with a previous
meta-analysis demonstrating remission induction
in 88% of patients after the reintroduction of dis-
continued TNF-a inhibitors.® However, in that
study, two TNF-a inhibitors, infliximab or adali-
mumab, were administered to the patients; there-
fore, the results cannot be extrapolated to
infliximab alone. Moreover, remission rates did
not differentiate between induction and mainte-
nance therapies in that study.®

In this study, a higher remission induction rate
following infliximab retreatment was observed in
patients with CD (88%) than in those with UC
(81%), although this finding was not statistically
significant. Similar findings have been reported
in previous meta-analyses evaluating clinical
remission in patients with IBD receiving TNF-a
inhibitors including infliximab and adali-
mumab.%3° However, the results of this study
should be interpreted with caution, as the num-
ber of patients with UC was small and the 95%
CIs overlapped.

According to the pooled rate from two studies
involving a small sample size of 154 patients in our
meta-analysis results, the number of patients who
maintained remission in patients responsive to inf-
liximab induction therapy was decreased. Although
only a few studies have focused on maintaining the
induction of remission in infliximab retreatment,
this tendency of decreasing rate of remission main-
tenance over time is consistent with the findings of
previous randomized controlled trials.835

The remission induction and maintenance rates of
this study should be interpreted considering the
concomitant use of immunomodulators. Although
a subanalysis in this study did not show the com-
bined effect of immunomodulators, several stud-
ies have shown that concomitant treatment with
immunomodulators increases the clinical remis-
sion rate of infliximab treatment.35-37
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This study suggests that infliximab retreatment
was well tolerated with a comparable rate of infu-
sion-related reactions with that reported in previ-
ous studies. The pooled rate of infusion-related
reactions following infliximab retreatment was
approximately 9%, similar to that reported in
previous studies, ranging from 2% to 27%.38+4!
However, immunomodulators were concomi-
tantly used with infliximab in most studies included
in our meta-analyses. Accordingly, the effect on
immunomodulators should be considered when
interpreting the efficacy and safety of infliximab
retreatment. The effectiveness and safety of com-
bination therapy with biologic and immunomodu-
lators have been evaluated in several studies.?>-36-42

As the therapeutic strategies for IBD have
changed, the importance of biologics used in IBD
patients has substantially increased. Meanwhile,
the concerns on the risk of immunogenicity of
biologics associated with nonremission and loss
of disease control have been raised, the concom-
itant use of immunomodulators has been sug-
gested as a treatment option for reducing the
risk of immunogenicity.434* Several studies
have shown that the concomitant use of immu-
nomodulators has a protective effect against
anti-infliximab antibody formation and reduces
the incidence of infusion-related reactions.3%-36-42
Notably, continuing the use of immunomodula-
tors during drug holidays was reported to be
associated with reduced immunogenicity when
biologics were reintroduced.** Because four stud-
ies that did not provide detailed information on
the concomitant use of immunomodulators dur-
ing the drug holidays and retreatment period were
not included in our meta-regression analysis, the
exact effectiveness and safety of infliximab retreat-
ment, excluding the effect of immunomodulators,
cannot be determined from our results. Therefore,
further studies comparing the effect of immu-
nomodulator use at different time periods in inf-
liximab retreatment are needed.

This study had several limitations. First, this meta-
analysis included single-arm studies, wherein it
is difficult to demonstrate the efficacy of a treat-
ment in the absence of a comparison group and
assess the practical benefits of clinically relevant
endpoints. Second, the included studies were het-
erogeneous in terms of follow-up duration, drug
holiday duration, and definition of clinical remis-
sion, which may have affected the results of this
meta-analysis. Third, subanalyses based on the

proportion of patients who tested positive for
antibodies against infliximab and serum concen-
tration of infliximab could not be performed
owing to the sparsity of data. Fourth, endo-
scopic remission is an important endpoint in
determining the efficacy of IBD treatment. In
this study, we were unable to assess mucosal
healing or endoscopic remission because most of
the included studies lacked endoscopic measure-
ments after infliximab retreatment. Furthermore,
the overall risk of bias for the included studies was
moderate, and the risk of bias in the unbiased
assessment of the study endpoint and prospective
calculation of the study size was high.

Infliximab retreatment resulted in favorable
remission induction and maintenance rates with
tolerable infusion-related reactions in patients
with IBD who achieved remission with initial inf-
liximab treatment but relapsed its discontinua-
tion. Thus, infliximab can be considered a
potential retreatment option in patients with IBD
who previously responded well to infliximab
treatment. Further studies evaluating the long-
term outcomes of infliximab retreatment are
needed to compare its effects with those of con-
ventional therapies in patients with IBD.
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