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8 Inflammatory bowel disease

Interventions for maintenance of
surgically induced remission in Crohn’s
disease: a systematic review and
network meta-analysis

Morris Gordon @ ,! Shiyao Liu

2 Vassiliki Sinopoulou,’

Daniel Arruda Navarro Albuquerque,’ Gordon Moran®

ABSTRACT

Objectives Approximately 50% of patients with Crohn’s
disease (CD) undergo surgery, and a significant proportion
suffer from a post-surgical recurrence. We conducted a
network meta-analysis to compare the efficacy of various
interventions.

Design Systematic review and network meta-analysis.
Data sources MEDLINE, EMBASE and Cochrane Library
were searched from inception up to February 2025.
Eligibility criteria Randomised controlled trials (RCTs),
reported in any language, comparing treatments used
for maintaining surgically induced remission in CD were
included. The primary outcomes were clinical relapse,
endoscopic relapse and withdrawal due to adverse
events.

Data extraction and synthesis Two reviewers
independently extracted data and assessed risk of bias.
Certainty of evidence was rated with GRADE (Grading

of Recommendations Assessment, Development and
Evaluation), and SUCRA (surface under the cumulative
ranking curve) was used to rank treatments.

Results There were 34 RCTs (n=3197). For clinical
relapse, adalimumab reduced the risk of relapse
compared with placebo (moderate certainty), risk ratio
(RR) 0.31 (95% CI 0.16 to 0.60), moderate effect size.
Two treatments may reduce the risk of clinical relapse
(low certainty): 5-aminosalicylic acid (RR 0.79, 95% Cl
0.66 to 0.94; trivial effect size) and purine analogues (RR
0.79, 95% Cl 0.66 to 0.96; trivial effect size). All other
treatments were of very low certainty. For endoscopic
relapse, vedolizumab probably reduced the risk of relapse
(moderate certainty), RR 0.37 (95% CI 0.17 to 0.80),
large effect size. Adalimumab may reduce the risk of
endoscopic relapse (low certainty), RR 0.47 (95% CI 0.27
to 0.80), large effect size. All other treatments were of very
low certainty.

Conclusions Adalimumab and vedolizumab reduce
endoscopic relapse with moderate to large effects
supported by moderate to low certainty evidence.
Adalimumab also prevents clinical relapse with moderate
certainty. Other therapies either had evidence of trivial
effect size or very low certainty evidence. Postoperative
maintenance should be individualised based on patient
risk and treatment profile.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Post-surgical relapse is common in Crohn’s disease
(CD).

= However, optimal maintenance therapy remains
uncertain.

= This network meta-analysis compares the effica-
cy and safety of treatments in maintaining post-
surgical remission.

WHAT THIS STUDY ADDS

= Adalimumab and vedolizumab reduced clinical and
endoscopic relapse, respectively, with moderate
certainty and large effect sizes.

= Other treatments had trivial effects or very low
certainty.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Moderate-certainty evidence supports use of effec-
tive advance therapies to prevent relapse after CD
surgery.

= These findings may inform treatment selection and
support shared decision-making, while recognising
that recommendations are not one-size-fits-all and
should be individualised.

INTRODUCTION

Crohn’s disease (CD) is a chronic, relapsing
and remitting inflammatory disease of the
gastrointestinal tract with a UK prevalence
of 0.4%,' * a global prevalence of ~5million
cases, with the majority of countries experi-
encing an increase in the age-standardised
prevalence rate, with newly industrialised
nations showing a persistent increase in inci-
dence.”*

Improvements in early detection and
advances in medical therapy have led to
a reduction in surgery rates, with a 5-year
cumulative risk of approximately 18%.”
However, the need for repeat surgery remains
a significant clinical challenge. A recent
meta-analysis reported that 17.7% of patients
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require a second resection within 5 years of their first
surgery, increasing to 31.8% within 10 years.” ® Referral-
centre data show that about 50% relapse clinically within
5 years, and almost all have endoscopic relapse within 3
years after surgery.2

Conventional therapies, such as corticosteroids and
immunomodulators, played a significant role in the
management of CD before the development of advanced
targeted therapies. Various classes of biologics, namely,
anti-tumour necrosis factor (TNF) antibodies, anti-
integrins, anti-IL-12/23p40, anti-IL23p19 and oral small
molecules (JAKi) have been developed in the last two
decades and many of them are now assimilated in world-
wide inflammatory bowel disease (IBD) practice.”®

With the availability of multiple treatment options, the
choice of therapy to be used in a post-surgical setting can
be challenging. Clinical and patient factors cause vari-
able efficacy, complicating personalised decisions. The
development of optimal treatment strategies has been
identified as a top research priority for IBD by the UK
priority-setting partnership with the James Lind Alliance.’

Given the different interventions reported recently
and diverse outcomes, a comprehensive synthesis of
evidence to evaluate the comparative effectiveness is
essential. Network meta-analysis (NMA) offers a robust
framework to compare all available data from both direct
and indirect evaluations and rank them based on their
relative effectiveness and safety. This systematic review
and NMA aimed to evaluate the effects and potential
harms of available interventions for maintaining surgi-
cally induced remission in CD and rank the treatments in
order of effectiveness.

METHODS
Study reporting and protocol registration
A protocol for this review was made publicly avail-
able prospectively through the University of Central
Lancashire’s online repository.'’

This systematic review is reported in accordance with
PRISMA guidelines (see online supplemental file for
checklist).

Search strategy

The search strategy was developed in collaboration
with an information specialist. We searched MEDLINE,
EMBASE and Cochrane Library from inception to
February 2025 (online supplementary file eAppendix 2).

Study selection and inclusion criteria

Randomised controlled trials (RCTs) compared different
interventions used for maintaining surgical induced
remission in people with CD were included. Participants
who have received maintenance treatment for at least
6months were included. Studies that assessed dietary
manipulation or herbal medicines were excluded. No
restrictions were applied regarding language, publi-
cation date or publication status. Trials that were
non-randomised, quasi-randomised or contained

non-randomised components, such as induction phases,
long-term follow-up periods or control groups lacking
randomisation, were excluded. Additionally, studies
comparing different dosages of the same intervention,
top-down versus bottom-up treatment strategies, dose
escalation protocols or monitoring of trough levels were
not considered eligible.

Two reviewers independently screened the titles and
abstracts to identify potentially eligible studies (SL and
VS). Full-text articles of these studies were then retrieved
by the same two reviewers. Any disagreements were
resolved by discussion or by consulting the third review
author (MG) if necessary. We contacted study authors for
clarification regarding study eligibility where required.

Study outcomes

The primary outcomes of this study were clinical relapse,
endoscopic relapse and withdrawal due to adverse events
(WAEs). Studies that reported either the proportion
of participants who failed to maintain remission or the
time to relapse were considered to provide the most rele-
vant clinical and endoscopic relapse outcome measures.
We accepted the authors’ definitions for clinical and
endoscopic relapse. Secondary outcomes included total
adverse events (TAEs) and serious adverse events (SAEs).

Outcome thresholds

We used prospectively agreed on outcome thresholds
for the assessment of imprecision of magnitude effects
which were decided via an online Delphi survey of IBD
stakeholders (clinicians, nurses, patients) (online supple-
mental file eTable 6)." '* Pre-agreed thresholds are the
recommended approach for assessing confidence in
NMA and guidelines."

Data extraction and risk-of-bias assessment

Data extraction was performed independently by two
review authors using a pre-designed data extraction
form. The risk of bias for the included studies was inde-
pendently evaluated by two reviewers using the Cochrane
Risk of Bias (RoB) 1 tool." Discrepancies between
reviewers were resolved through consensus and discus-
sion with a senior author.

Data synthesis and statistical analysis

We conducted a NMA using the frequentist model
with the netmeta package in R to compare the inter-
ventions across studies.'”” The network for the models
was presented graphically through network diagrams,
allowing assessment of the evidence available for the
different comparisons. Any concurrent treatment lasting
more than 6 months was incorporated into the interven-
tion classification.

All review outcomes were dichotomous and were
expressed in risk ratios (RRs) with corresponding 95%
Cls. Missing dichotomous data were handled using a
modified intention-to-treat (ITT) principle, assuming
participants lost to follow-up were treatment failures. We
assessed the assumption of transitivity by comparing the
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distribution of potential effect modifiers across the pair-
wise comparisons. Analyses were conducted for the data
defined by the authors as primary endpoints or end of
the randomised study data.

Heterogeneity was assessed statistically using the I”
statistic for each pairwise comparison, and with the loop-
specific approach for the direct and indirect estimates.
Surface under the cumulative ranking curve (SUCRA)
was used to rank treatments, and placebo was used as the
comparison treatment for all other treatments. Funnel
plots were used to assess publication bias for pairwise
analyses with at least 10 studies.

Subgroup and sensitivity analyses

Methodological heterogeneity was explored through
subgroup and sensitivity analyses. Studies were stratified
into two subgroups based on the duration of follow-up:
short-term (<12 months) and long-term (>12 months).
Several sensitivity analyses were conducted to assess
the robustness of the primary outcomes. One analysis
excluded studies that enrolled only high-risk patients (as
defined by study). Another excluded studies that did not
use the Crohn’s disease activity index (CDAI) to define
clinical relapse. A third analysis excluded studies that
included patients with clinical or endoscopic relapse at
baseline. The fourth sensitivity analysis excluded studies
in which antibiotics were used concurrently, regardless of
the duration.

GRADE assessment for the certainty of evidence
The quality of the studies was appraised, and the
reviewers assigned a level of evidence to each study
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) criteria with
the approach focusing on NMA.'*'7 The certainty of
the direct and indirect evidence was assessed based on
risk of bias, inconsistency, indirectness and publication
bias. Subsequently, the certainty of the network evidence
was evaluated for imprecision and incoherence, taking
into account the percentage contribution of the direct
and indirect evidence. The results were presented
using ‘GRADEing Of Relative effect Diagram Of NMA’
(GORDON) plots to aid the interpretation and integra-
tion of efficacy, ranking, magnitude and certainty data.'®
GRADE was used in combination with SUCRA to rank
treatments. In the summary of findings tables, treatments
are ranked from higher to lower SUCRA probability, and
their corresponding GRADE certainty and estimates are
presented. In the Abstract, Results section and graph-
ical plot figures, treatments are presented from high to
low GRADE certainty and ranked by SUCRA probability
within their respective GRADE assessment rating (high,
moderate or low).

RESULTS

A total of 2436 records were identified by the system-
atic search and its updates. Sixty-three records (associ-
ated records were merged) were assessed, and 29 were

[ Identification of studies via databases and registers ]
—
s
"E Records identified from: Hercornd; rlemoved before
£ Databases (n = 2433) > e; Iigéte records removed
c Other sources* (n=3) up
3 (n=557)
k]
-
‘o l
Records screened »| Records excluded
(n=1879) (n=1816)
Reports sought for retrieval 5| Reports not retrieved
2 (n=63) l (n=0)
s
: !
o
]
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(n=63) »| Reports excluded (n=29):
Not an RCT (n =11)
partially randomised (n = 6)
Wrong intervention (n = 9)
Terminated trial (n=3)
—
v
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] Studies included in review
3| | (=39
£
Figure 1 PRISMA (Preferred Reporting ltems for Systematic

Review and Meta-Analysis Protocols) flow diagram.

RCT, randomised controlled trial."Records identified by
screening the reference lists of all included studies and
relevant systematic reviews, as well as abstracts from major
gastroenterology conferences.

excluded with reasons which resulted in 34 included
RCTs (n=3197) (online supplemental eTable 1 and 5).
Inter-reviewer agreement was at least substantial (k=0.72).
The results of the search are presented in the PRISMA
(Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols) flow diagram (figure 1, online
supplemental eAppendix 3 and 4). The risk of bias
summary for the included studies is presented in online
supplemental eFigure 4 and eAppendix 1.

Across the included studies, 20 reported the mean
age of each group, which ranged from 30.5 to 40 years.
In 13 studies, participant age was reported as a median.
Thirty-one studies reported the gender distribution of
each group with both male and female included. In 14
of these studies, each group had a higher proportion of
male participants. Twenty studies reported the number
of current smokers. Length of treatment if included
studies ranged between 6 and 72 months. The sample
sizes of included studies ranged between 20 and 324.
The majority of the studies recruited participants within
3months of surgery or before hospital discharge, except
in Reinisch 2010, where participants were enrolled
between 6 and 24 months post-surgery. The time since
operation was not reported in Sutherland 1997.

Most studies enrolled patients in clinical and/or endo-
scopic remission at baseline, while seven included clinical
relapse and two included endoscopic relapse. Five studies
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Figure 2 Network plots for (A) clinical relapse and (B) endoscopic relapse.

enrolled only high-risk patients (described by study
authors using a range of definitions); the definitions
were presented in online supplemental eTable 1. Most
studies used CDAI as the criterion for clinical relapse,
typically applying a threshold of 150 or 200. Eight studies
adopted alternative criteria as indicators (online supple-
mental eTable 3). Eighteen studies defined endoscopic
recurrence as Rutgeerts score 2i2. One study each used
thresholds of >i1, i2a or i2b, while three studies defined
recurrence as >i3. One study used the Rutgeerts score
but did not specify the threshold, and one study did not
use the Rutgeerts score (online supplemental eTable 3).
More details on dosages, time from surgery to recruit-
ment, concurrent therapies, site of surgery, length of
therapy and timepoint of outcome measurement of the
studies can be found in online supplemental eTables 1
and 2.

Summary of findings tables and GRADE decisions
for all outcomes can be found in online supplemental
eTable 7; network plots in online supplemental eFigure
1; network forest plots, SUCRA probabilities and direct/
indirect/network estimates forest plots in online supple-
mental eFigure 2; and subgroup and sensitivity analyses
in online supplemental eFigure 3. No pairwise compari-
sons included 10 or more studies; therefore, publication
bias funnel plots were not generated. Network plots for
clinical relapse and endoscopic relapse are shown in
figure 2.

Clinical relapse

Thirty-two (n=3016) studies assessing 15 interventions
(5-Aminosalicylic acid (5-ASA), adalimumab, antibi-
otics, budesonide, curcumin+purine analogues, inflix-
imab, infliximab+bASA, probiotics, purine analogues,
purine analogues+enteral nutrition, sulfasalazine, sulfas-
alazine+prednisolone, vedolizumab, vitamin D) were
included in the clinical relapse NMA (online supple-
mental eTable 4, figure 2). Individual treatments were
compared with placebo to further examine the results of

the NMA. The risk of clinical relapse with placebo was
42.4% (range 12-95.5%). Network heterogeneity was
27.7% (I*). Table 1, figure 3 and online supplemental
eFigures 1-3 provide a summary and graphical presenta-
tion for this outcome.

None of the interventions were rated high for GRADE
certainty. One treatment, adalimumab, was rated as
moderate  GRADE certainty evidence and probably
reduces the risk of clinical relapse compared with
placebo (RR 0.31, 95% CI 0.16 to 0.60, Number needed
to treat (NNT)=3 (95% CI 3 to 6), moderate effect size
magnitude). Two treatments were rated as low GRADE
certainty evidence and may reduce the risk of clinical
relapse compared with placebo. In order of SUCRA
ranking, these are 5-ASA (RR 0.79, 95% CI 0.66 to 0.94,
NNT=11 (95% CI 7 to 40), trivial effect size magnitude)
and purine analogues (RR 0.79, 95% CI 0.66 to 0.96,
NNT=11 (95% CI 7 to 59), trivial effect size magnitude).
Eleven treatments had very low GRADE certainty and no
conclusions can be drawn (online supplemental eTable
7).

Subgroup and sensitivity analysis results were
presented in online supplemental eFigure 3. Subgroup
analysis showed that in studies with a follow-up period
of <12 months, only adalimumab (RR 0.28, 95% CI 0.10
to 0.77) demonstrated a statistically significant effect
in preventing clinical relapse compared with placebo.
In studies with a follow-up period of >12 months, both
adalimumab (RR 0.24, 95% CI 0.08 to 0.69) and 5-ASA
(RR 0.80, 95% CI 0.66 to 0.97) reduced the risk of clin-
ical relapse compared with placebo. Sensitivity analyses
revealed variations in treatment effects across different
study populations. When excluding trials limited to
high-risk patients, infliximab, adalimumab, 5-ASA and
purine analogues remained effective. Excluding studies
that did not employ CDAI definitions of relapse, adalim-
umab and antibiotics were superior to placebo. Finally,
after removing studies with patients already experiencing
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Clinical relapse: Treatment vs. Placebo (Random Effects Model)
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Figure 3 GORDON (GRADEing Of Relative effect Diagram Of NMA) plot of clinical relapse network results with placebo as

comparison. GRADE, Grading of Recommendations Assessment, Development and Evaluation; NMA, network meta-analysis;

SUCRA, surface under the cumulative ranking curve.

Visual inspection of the subgroup and sensitivity anal-

SAEs and TAEs

ysis results for studies’ follow-up period and excluding
trials limited to high-risk patients did not reveal consid-
erable differences compared with the main network

Fourteen studies (n=1780) assessing 9 interventions for SAEs,
and 22 studies (n=2128) assessing 10 interventions for TAEs
(online supplemental eTable 4). Network heterogeneity was

. . 2 .
analysis. 5.5%, 0% and 21.3% respectively (I"). Online supplemental
eTable 7 and eFigures 1-3 provide summaries of the results
for these outcomes.
Endoscopic relapse: Treatment vs. Placebo (Random Effects Model)
Risk Ratio (95% Cl) Risk Difference (95% CI) SUCRA
. 45.1% less
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Figure 4 GORDON (GRADEing Of Relative effect Diagram Of NMA) plot of endoscopic relapse network results with placebo
as comparison. GRADE, Grading of Recommendations Assessment, Development and Evaluation; NMA, network meta-
analysis; SUCRA, surface under the cumulative ranking curve.
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For both SAEs and TAEs, the results for all of the treat-
ments had very low GRADE certainty, and no conclusions
can be drawn (online supplemental eTable 7).

Visual inspection of the subgroup and sensitivity anal-
ysis results for studies follow-up period and excluding trials
limited to high-risk patients did not reveal considerable
differences compared with the main network analysis.

DISCUSSION

The management of CD has undergone advancements
in recent years, with surgery continuing to be an effective
treatment option. However, postoperative relapse remains
a frequently reported challenge.” ' * Traditionally,
immunomodulators such as AZA and 6-Mercaptopurine
(6-MP) have been widely used; however, advanced ther-
apies developed over recent decades may significantly
improve relapse prevention, offering alternatives to tradi-
tional immunomodulators.”’ Given the rapid evolution
in pharmacotherapy, there is currently a gap in the avail-
ability of updated evidence synthesis summarising the
latest evidence regarding the efficacy and safety of these
interventions.

The NMA for the prevention of clinical relapse (32
studies) identified adalimumab as the most effective
treatment strategy (NNT=3), with moderate certainty of
evidence. The network for the prevention of endoscopic
relapse (24 studies) identified vedolizumab (moderate
certainty) and adalimumab (low certainty) as effective
treatments (NNT=2and 3, respectively). The combina-
tion of infliximab and 5-ASA, as well as infliximab alone,
also demonstrated efficacy in preventing endoscopic
relapse compared with placebo, although this finding
had very low certainty of evidence and so no conclusions
can be drawn. These findings are broadly consistent with
previous reviews.?

These findings suggest that advanced therapies have a
definite and primary role in preventing clinical relapse
in the post-surgery setting. It is worth noting that the lack
of evidence for infliximab should not be misinterpreted
as evidence of no effect. Similarly, many therapies have
not been studied and so no comments can be made.
The postoperative management of CD should be indi-
vidualised and personalised. The opportunity to initiate
therapy after surgery must be balanced with the real risk
of relapse post-surgery. It is suggested that an individual
discussion is held with the patient to allow an informed
decision which is mindful of patient-specific risk factors.
This has been suggested in the recent UK IBD guide-
lines® and both ECCO European guidelines®* and the
AGA USA guidelines.”

Additionally, 5-ASA and purine analogues may be effec-
tive but demonstrated only trivial benefits over placebo.
In the subgroup analysis by length of follow-up dura-
tion, adalimumab remained effective in both short-term
and long-term follow-up groups, probably indicating
the attenuated loss of response seen with this anti-TNF
agent compared with, for instance, infliximab.?*?” 5-ASA

demonstrated efficacy only in studies with treatment
durations exceeding 12 months, but with the same trivial
size of effect, essentially only effective in 9% of patients.
Although the use of 5-ASA in CD remains controver-
sial and is not recommended in current international
guidelines,”® * they are still commonly prescribed.”
Early disease recurrence may be driven by more aggres-
sive disease activity, and 5-ASA has only weak anti-
inflammatory properties so may not be an effective
treatment strategy in the vast majority of patients with CD
in the post-surgery state.”

Purine analogues also demonstrated a trivial benefit
over placebo with low certainty of evidence. Despite the
similarity of this result to 5-ASA, the reasons behind this
and interpretation of the result are different. Cochrane
evidence does highlight the discrepancy between the
ITT and per protocol populations within the context
of purine analogue use.” Approximately one-third of
patients withdrew due to adverse effects when receiving
purine analogues. While primary randomised trials show
some evidence of efficacy among patients who continued
therapy,'® this effect is diminished in the meta-analysis and
the current network meta-analysis due to high drop-out
rates. In practice, this means there may be certain
patients who are motivated to use purine analogues,
such as those already on these therapies or perhaps with
previous experience of them without side effects. This
again can be discussed with patients as part of individual
decision making. Although purine analogues and to a
lesser extent 5-ASAs continue to be used in clinical prac-
tice, the evidence supporting their benefit is trivial in
magnitude and of low or very low certainty.

It is worth noting that a significant limitation in
assessing clinical relapse is the treatment duration in the
included studies. Some immunosuppressants require
a considerable period to achieve therapeutic effects. In
the subgroup analysis of studies with treatment dura-
tions ranging from 13 to 72 months, more interventions
demonstrated efficacy compared with placebo. More-
over, as follow-up duration extends, additional factors
such as loss of response come into play, a variable that is
of great significance especially in the TNF class. However,
most RCTs included in this analysis had follow-up periods
of within 1 year. While studies by Orlando et af”® and
Rutgeerts et al”* followed patients for up to 10 and 3 years,
respectively, the lack of randomisation limited their inclu-
sion to end-of-treatment data within this NMA. Future
trials with longer treatment durations are warranted to
better evaluate the long-term effectiveness of interven-
tions for preventing relapse.

There are issues with the completeness of the evidence
that are worthy of consideration. It is clear that the
evidence base for both purine analogues and 5-ASA is
limited due to quality issues. This is disappointing given
that both of these therapies are the most studied over
many years with many patients. Having reviewed this topic
many times before, we have had personal contact with
many of the authors and maximised any opportunities
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to get additional information, so there is no scope for
shifting this. Normally, this would lead to a call for further
evidence, but given the magnitude that was apparent,
this will be a challenge in terms of a recommendation. It
is also apparent that for a number of the advanced thera-
pies, there is a complete lack of evidence or, in the case of
infliximab, limited strength of evidence. As such, and as
has already been stated, this means that our conclusions
are limited to those where there is research, and there
may be several other therapeutic options, but currently,
this is a gap in the evidence base. Another key gap is in
terms of length of follow-up. Clearly, surgery is a major
event and follow-up for prevention of relapse is vital. In
particular, the endoscopic network involves studies that
are mainly short, and the top performing therapy was
only considered up to 6 months. This must be considered
as a limitation in the applicability and completeness of
the evidence.

Furthermore, heterogenous populations were studied
with only a select cohort of studies recruiting patients with
a high risk phenotype™ ™ or with active disease at inclu-
sion.” *** Another important potential confounder is
the endoscopic definition of disease relapse. This is very
variable in the included studies, ranging from Rutgeerts
i2a to Rutgeerts i3. Prospective cohort studies did indeed
show that a modified Rutgeerts score >il is associated
with clinical recurrence, a modified Rutgeerts score of
il or i2b is associated with endoscopic recurrence and
a score 2i2b is associated with surgical recurrence.
This granularity in disease activity measurements is not
always reflected in the studies to date and possibly the
endoscopic inclusions used may not be as clinically rele-
vant to the most appropriate population.46 As is always a
limitation in the endoscopic studies, central reading is a
priority to limit reader bias, with a stable expert pool a
must to ensure consistent results.*’ Again, this standard
methodology is not always reflected in the studies to date.

Finally, the vast majority of studies have used CDAI
to define clinical relapse. CDAI is heavily weighted by
subjectivity and the discordance between clinical symp-
toms and disease burden has been heavily documented
in the last several years in the IBD literature.

There are also a number of key limitations within the
methods of this review that must be considered when
interpreting these findings. We have already commented
on the use of the intention to treat principle. This is, for
several reasons, an appropriate approach to take within
reviews of this type. However, in the case of therapies with
perhaps issues of tolerability, this can give a less than fully
accurate view of the evidence. Previous cohort studies
have indicated that discontinuation of purine analogue
therapy due to intolerance may be as high as >30% in
those of a female gender with the age of therapy initi-
ation of >40 years of age particularly affected.*® This is
not to suggest that a change of methods would be appro-
priate; rather, this must be considered as a limitation that
is innate in this approach. It is also worth noting that
NMA requires studies to be connected to the network,

and as such, there are some of the therapies that simply
could not be included due to not being compatible or
not reporting the same outcomes. While they may be
considered more fully within individual metro analysis
in a network measure, there is the risk that they are not
given due focus. However, we feel this risk is balanced
given that most of them have been considered in indi-
vidual meta-analyses in recent years, many of which our
team has authored.

Future research is clearly needed, but we would suggest
that this needs to take a number of important steps to be
of best use to the field. Future studies need to include a
more homogenous population, with a specific timeframe
from the surgical intervention while using validated
endoscopic scores and clinically relevant timelines.

CONCLUSION

There is evidence that both adalimumab and vedoli-
zumab are probably effective with a large magnitude
of effect in preventing post-surgical relapse. There is a
discrepancy between the efficacy of vedolizumab in the
preoperative setting and our findings in this postopera-
tive evidence synthesis. In moderate-to-severe CD, vedol-
izumab has trivial efficacy’® and is not suggested for the
treatment of this condition.”” The heterogeneity of study
populations, study design and definition of relapse might
have accounted for the difference in findings. Moreover,
postoperative CD has an inflammatory phenotype which
is more responsive to treatment than a more complicated
stricturing and penetrating phenotype very commonly
observed in moderate to severe CD recruiting to clin-
ical trials."”®®' Evidence for purine analogues and 5-ASA
demonstrated they may be effective, but both with a
trivial magnitude of effect. The use of purine analogues
in this setting is heavily affected by compliance due to
tolerability. The remaining therapies were of very low
certainty and so no conclusions can be drawn. This anal-
ysis supports, and indeed this informs up-to-date guide-
lines in the UK and matches those in Europe and the
USA, suggesting that advanced therapies most likely have
a role in practice for high-risk patients moving forward.
Conversely, at the moment, the mainstream use of alter-
native therapies in the post-surgical setting cannot be
recommended.

Contributors Guarantor of article: MG. Specific author contributions: MG
conceived and secured resources for this project, contributed to the study

design, literature search, data collection, data analysis, quality assessment,
GRADE assessment, data reporting and writing, and has approved the final draft.
SL contributed to the literature search, data collection, data analysis, quality
assessment, GRADE assessment, data reporting and writing, and has approved the
final draft. VS contributed to the literature search, data collection, data analysis,
quality assessment, GRADE assessment, data reporting and writing, and has
approved the final draft. DANA contributed to the data reporting and writing and
has approved the final draft. GM conceived and secured resources for this project,
contributed to data reporting and writing, and has approved the final draft. All
authors approved the final version of the article, including the authorship list.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Gordon M, et al. BMJ Open Gastroenterol 2025;12:€002086. doi:10.1136/bmjgast-2025-002086 9

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

*1s9nb
Kg 6202 ‘2z Jaqwedaq uo jwod fwg ossebuadolwa/:diy woly papeojumoq ‘5202 Jaquadaq TZ U0 980200-G202-1seblwa/oeTT 0T se paysijgnd 1si1y jjolslusonses uado (NG


http://bmjopengastro.bmj.com/

Competing interests SL, MG, VS and DANA have no conflicts of interest. GM has
received research grants from AstraZeneca, Bristol Myers Squibb, Janssen and
Pfizer. He has received a consulting fee from Alimentiv, Satisfai Health, Janssen
and Pfizer. He has received speaker honouraria from AbbVie and Bristol Myers
Squibb. He has received financial support for attending international meetings from
Janssen and AbbVie.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplemental information.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs
Morris Gordon https://orcid.org/0000-0002-1216-5158
Shiyao Liu https://orcid.org/0000-0002-5245-1810

REFERENCES

1 Jones G-R, Lyons M, Plevris N, et al. IBD prevalence in Lothian,
Scotland, derived by capture-recapture methodology. Gut
2019;68:1953-60.

2 Buisson A, Chevaux J -B., Allen PB, et al. Review article: the natural
history of postoperative c rohn’s disease recurrence . Aliment
Pharmacol Ther 2012;35:625-33.

3 Ananthakrishnan AN. Epidemiology and risk factors for IBD. Nat Rev
Gastroenterol Hepatol 2015;12:205-17.

4 Hracs L, Windsor JW, Gorospe J, et al. Global evolution of
inflammatory bowel disease across epidemiologic stages. Nature
New Biol 2025;642:458-66.

5 Tsail, Ma C, Dulai PS, et al. Contemporary Risk of Surgery in
Patients With Ulcerative Colitis and Crohn’s Disease: A Meta-
Analysis of Population-Based Cohorts. Clin Gastroenterol Hepatol
2021;19:2031-45.

6 Burr NE, Lord R, Hull MA, et al. Decreasing Risk of First and
Subsequent Surgeries in Patients With Crohn’s Disease in
England From 1994 through 2013. Clin Gastroenterol Hepatol
2019;17:2042-9.

7 Gordon H, Minozzi S, Kopylov U, et al. ECCO Guidelines on
Therapeutics in Crohn’s Disease: Medical Treatment. Journal of
Crohn’s and Colitis 2024;18:1531-55.

8 Raine T, Bonovas S, Burisch J, et al. ECCO Guidelines on
Therapeutics in Ulcerative Colitis: Medical Treatment. J Crohns
Colitis 2022;16:2-17.

9 Hart AL, Lomer M, Verjee A, et al. What Are the Top 10 Research
Questions in the Treatment of Inflammatory Bowel Disease? A
Priority Setting Partnership with the James Lind Alliance. J Crohns
Colitis 2017;11:204-11.

10 Liu S, Gordon M, Sinopoulou V, et al. Interventions for maintenance
of surgically induced remission in Crohn’s disease: protocol for a
network meta-analysis. CLoK 2025. Available: https://clok.uclan.ac.
uk/54477

11 Sinopoulou V, Shaban N, Vuyyuru SK, et al. Su1102 Developing
explicit thresholds for outcomes to inform (grade) evidence
to decision frameworks for ibd guidelines. Gastroenterology
2024;166:S-654.

12 Darie A-M, Sinopoulou V, Ajay V, et al. BSG 2024 IBD guidelines
protocol (standard operating procedures). BMJ Open Gastroenterol
2023;10:e001067.

13

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Phillippo DM, Dias S, Welton NJ, et al. Threshold Analysis as

an Alternative to GRADE for Assessing Confidence in Guideline
Recommendations Based on Network Meta-analyses. Ann Intern
Med 2019;170:538-46.

Higgins JPT, Altman DG, Getzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ 2011;343:d5928.

Higgins JPT, Jackson D, Barrett JK, et al. Consistency and
inconsistency in network meta-analysis: concepts and models for
multi-arm studies. Res Synth Methods 2012;3:98-110.

Puhan MA, Schinemann HJ, Murad MH, et al. A GRADE Working
Group approach for rating the quality of treatment effect estimates
from network meta-analysis. BMJ 2014;349:95630.
Brignardello-Petersen R, Bonner A, Alexander PE, et al. Advances
in the GRADE approach to rate the certainty in estimates from a
network meta-analysis. J Clin Epidemiol 2018;93:36-44.

Gordon M. Maintaining remission in Crohn’s disease post surgery:
what can we learn from Cochrane? Frontline Gastroenterol
2024;15:241-6.

Regueiro M, Velayos F, Greer JB, et al. American Gastroenterological
Association Institute Technical Review on the Management of
Crohn’s Disease After Surgical Resection. Gastroenterology
2017;152:277-95.

Sinopoulou V, Gordon M, Vuyyuru S, et al. P756 Efficacy and safety
of medical therapies for maintenance of surgically induced remission
in Crohn’s disease: A systematic review and network meta-analysis.
Journal of Crohn’s and Colitis 2024;18:i1400.

Mao EJ, Hazlewood GS, Kaplan GG, et al. Systematic review

with meta-analysis: comparative efficacy of immunosuppressants
and biologics for reducing hospitalisation and surgery in

Crohn'’s disease and ulcerative colitis. Aliment Pharmacol Ther
2017;45:3-183.

Iheozor-Ejiofor Z, Gordon M, Clegg A, et al. Interventions

for maintenance of surgically induced remission in Crohn’s
disease: a network meta-analysis. Cochrane Database Syst Rev
2019;9:CD013210.

Moran GW, Gordon M, Sinopolou V, et al. British Society of
Gastroenterology guidelines on inflammatory bowel disease in
adults: 2025. Gut 2025;74:s1-101.

Adamina M, Minozzi S, Warusavitarne J, et al. ECCO Guidelines

on Therapeutics in Crohn’s Disease: Surgical Treatment. Journal of
Crohn’s and Colitis 2024;18:1556-82.

Nguyen GC, Loftus EV Jr, Hirano |, et al. American
Gastroenterological Association Institute Guideline on the
Management of Crohn’s Disease After Surgical Resection.
Gastroenterology 2017;152:271-5.

Chanchlani N, Lin S, Bewshea C, et al. Mechanisms and
management of loss of response to anti-TNF therapy for

patients with Crohn’s disease: 3-year data from the prospective,
multicentre PANTS cohort study. Lancet Gastroenterol Hepatol
2024;9:521-38.

Kennedy NA, Heap GA, Green HD, et al. Predictors of anti-TNF
treatment failure in anti-TNF-naive patients with active luminal
Crohn’s disease: a prospective, multicentre, cohort study. Lancet
Gastroenterol Hepatol 2019;4:341-53.

National Institute of Health and Care Excellence. Crohn’s disease:
management [NG129]. 2019. Available: www.nice.org.uk/guidance/
ng129/evidence/postsurgical-maintenance-of-remission-pdf-
6777581006

Torres J, Bonovas S, Doherty G, et al. ECCO Guidelines on
Therapeutics in Crohn’s Disease. Medical Treatment J Crohns Colitis
2020;14:4-22.

Burisch J, Bergemalm D, Halfvarson J, et al. The use of
5-aminosalicylate for patients with Crohn’s disease in a prospective
European inception cohort with 5 years follow-up - an Epi-IBD study.
United European Gastroenterol J 2020;8:949-60.

Gordon M. 5-Aminosalicylates to maintain remission in Crohn’s
disease: Interpreting conflicting systematic review evidence. World J
Gastrointest Pharmacol Ther 2017;8:99-102.

Gjuladin-Hellon T, Iheozor-Ejiofor Z, Gordon M, et al. Azathioprine
and 6-mercaptopurine for maintenance of surgically-induced
remission in Crohn’s disease. Cochrane Database Syst Rev
2019;8:CD010238.

Orlando A, Mocciaro F, Ventimiglia M, et al. Azathioprine for
prevention of clinical recurrence in Crohn’s disease patients with
severe endoscopic recurrence: an IG-IBD randomized double-blind
trial. Eur Rev Med Pharmacol Sci 2020;24:11356-64.

Rutgeerts P, Van Assche G, Vermeire S, et al. Ornidazole for
prophylaxis of postoperative Crohn’s disease recurrence: a
randomized, double-blind, placebo-controlled trial. Gastroenterology
2005;128:856-61.

10

Gordon M, et al. BMJ Open Gastroenterol 2025;12:¢002086. doi:10.1136/bmjgast-2025-002086

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold
“1sanb
AQg G20z ‘zz 18qwedaq uo jwod fwg-ossebusdolway:dny woly pspeojumoq "G20z J8qweded TZ U0 980Z00-5Z0z-1seblwa/9eTT 0T se paysiignd 1s.y josslusolises usdo (NG


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1216-5158
https://orcid.org/0000-0002-5245-1810
http://dx.doi.org/10.1136/gutjnl-2019-318936
http://dx.doi.org/10.1111/j.1365-2036.2012.05002.x
http://dx.doi.org/10.1111/j.1365-2036.2012.05002.x
http://dx.doi.org/10.1038/nrgastro.2015.34
http://dx.doi.org/10.1038/nrgastro.2015.34
http://dx.doi.org/10.1038/s41586-025-08940-0
http://dx.doi.org/10.1038/s41586-025-08940-0
http://dx.doi.org/10.1016/j.cgh.2020.10.039
http://dx.doi.org/10.1016/j.cgh.2018.12.022
http://dx.doi.org/10.1093/ecco-jcc/jjae091
http://dx.doi.org/10.1093/ecco-jcc/jjae091
http://dx.doi.org/10.1093/ecco-jcc/jjab178
http://dx.doi.org/10.1093/ecco-jcc/jjab178
http://dx.doi.org/10.1093/ecco-jcc/jjw144
http://dx.doi.org/10.1093/ecco-jcc/jjw144
https://clok.uclan.ac.uk/54477
https://clok.uclan.ac.uk/54477
http://dx.doi.org/10.1016/S0016-5085(24)01957-7
http://dx.doi.org/10.1136/bmjgast-2022-001067
http://dx.doi.org/10.7326/M18-3542
http://dx.doi.org/10.7326/M18-3542
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1002/jrsm.1044
http://dx.doi.org/10.1136/bmj.g5630
http://dx.doi.org/10.1016/j.jclinepi.2017.10.005
http://dx.doi.org/10.1136/flgastro-2023-102559
http://dx.doi.org/10.1053/j.gastro.2016.10.039
http://dx.doi.org/10.1093/ecco-jcc/jjad212.0886
http://dx.doi.org/10.1111/apt.13847
http://dx.doi.org/10.1002/14651858.CD013210.pub2
http://dx.doi.org/10.1136/gutjnl-2024-334395
http://dx.doi.org/10.1093/ecco-jcc/jjae089
http://dx.doi.org/10.1093/ecco-jcc/jjae089
http://dx.doi.org/10.1053/j.gastro.2016.10.038
http://dx.doi.org/10.1016/S2468-1253(24)00044-X
http://dx.doi.org/10.1016/S2468-1253(19)30012-3
http://dx.doi.org/10.1016/S2468-1253(19)30012-3
www.nice.org.uk/guidance/ng129/evidence/postsurgical-maintenance-of-remission-pdf-6777581006
www.nice.org.uk/guidance/ng129/evidence/postsurgical-maintenance-of-remission-pdf-6777581006
www.nice.org.uk/guidance/ng129/evidence/postsurgical-maintenance-of-remission-pdf-6777581006
http://dx.doi.org/10.1093/ecco-jcc/jjaa043
http://dx.doi.org/10.1177/2050640620945949
http://dx.doi.org/10.4292/wjgpt.v8.i2.99
http://dx.doi.org/10.4292/wjgpt.v8.i2.99
http://dx.doi.org/10.1002/14651858.CD010233.pub3
http://dx.doi.org/10.26355/eurrev_202011_23627
http://dx.doi.org/10.1053/j.gastro.2005.01.010
http://bmjopengastro.bmj.com/

35

36

37

38

39

40

4

42

Armuzzi A, Felice C, Papa A, et al. Prevention of postoperative
recurrence with azathioprine or infliximab in patients with Crohn’s
disease: an open-label pilot study. J Crohns Colitis 2013;7:€623-9.
D’Haens GR, Vermeire S, Van Assche G, et al. Therapy of
metronidazole with azathioprine to prevent postoperative recurrence
of Crohn’s disease: a controlled randomized trial. Gastroenterology
2008;135:1123-9.

Regueiro M, Feagan BG, Zou B, et al. Infliximab Reduces
Endoscopic, but Not Clinical, Recurrence of Crohn’s Disease After
lleocolonic Resection. Gastroenterology 2016;150:1568-78.
D’Haens G, Taxonera C, Lopez-Sanroman A, et al. Vedolizumab to
prevent postoperative recurrence of Crohn’s disease (REPREVIO):
a multicentre, double-blind, randomised, placebo-controlled trial.
Lancet Gastroenterol Hepatol 2025;10:26-33.

Duan M, Lu M, Diao Y, et al. Azathioprine Plus Exclusive Enteral
Nutrition Versus Azathioprine Monotherapy for the Prevention of
Postoperative Recurrence in Patients with Crohn’s Disease: An
Open-Label, Single-Centre, Randomized Controlled Trial. J Crohns
Colitis 2024;18:1113-21.

Caprilli R, Andreoli A, Capurso L, et al. Oral mesalazine (5-
aminosalicylic acid; Asacol) for the prevention of post-operative
recurrence of Crohn’s disease. Aliment Pharmacol Ther
1994;8:35-43.

de Bruyn JR, Bossuyt P, Ferrante M, et al. High-Dose Vitamin D
Does Not Prevent Postoperative Recurrence of Crohn’s Disease in
a Randomized Placebo-Controlled Trial. Clin Gastroenterol Hepatol
2021;19:1573-82.

Fukushima K, Sugita A, Futami K, et al. Postoperative therapy
with infliximab for Crohn’s disease: a 2-year prospective

43

44

45

46

47

48

49

randomized multicenter study in Japan. Surg Today
2018;48:584-90.

Lopez-Sanroman A, Vera-Mendoza |, Doménech E, et al.
Adalimumab vs Azathioprine in the Prevention of Postoperative
Crohn’s Disease Recurrence. A GETECCU Randomised Trial. J
Crohns Colitis 2017;11:1293-301.

Regueiro M, Schraut W, Baidoo L, et al. Infliximab prevents
Crohn’s disease recurrence after ileal resection. Gastroenterology
2009;136:441-50.

Savarino E, Bodini G, Dulbecco P, et al. Adalimumab is more
effective than azathioprine and mesalamine at preventing
postoperative recurrence of Crohn’s disease: a randomized
controlled trial. Am J Gastroenterol 2013;108:1731-42.

Bak MTJ, Ten Bokkel Huinink S, Erler NS, et al. Prognostic Value

of the Modified Rutgeerts Score for Long-Term Outcomes After
Primary lleocecal Resection in Crohn’s Disease. Am J Gastroenterol
2024;119:306-12.

Raine T, Pavey H, Qian W, et al. Establishment of a validated central
reading system for ileocolonoscopy in an academic setting. Gut
2022;71:661-4.

Moran GW, Dubeau M-F, Kaplan GG, et al. Clinical predictors of
thiopurine-related adverse events in Crohn’s disease. World J
Gastroenterol 2015;21:7795-804.

Sinopoulou V, Gordon M, Liu S, et al. Inmunomodulators and
Advanced Therapies for Induction of Remission in Crohn’s Disease:
A Systematic Review and Network Meta-Analysis. Inflamm Bowel
Dis 2025.:izaf191.

Gordon M, et al. BMJ Open Gastroenterol 2025;12:€002086. doi:10.1136/bmjgast-2025-002086

—h
—h

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold
“1sanb
AQg G20z ‘zz 18qwadaq uo /wod fwg ossebuadolway/:dny woly papeojumoq ‘G20z lequadad TZ Uo 980200-G202-1seblwa/9eTT 0T se paysiignd 1s.1) ;jossluaonses uado CING


http://dx.doi.org/10.1016/j.crohns.2013.04.020
http://dx.doi.org/10.1053/j.gastro.2008.07.010
http://dx.doi.org/10.1053/j.gastro.2016.02.072
http://dx.doi.org/10.1016/S2468-1253(24)00317-0
http://dx.doi.org/10.1093/ecco-jcc/jjae015
http://dx.doi.org/10.1093/ecco-jcc/jjae015
http://dx.doi.org/10.1111/j.1365-2036.1994.tb00158.x
http://dx.doi.org/10.1016/j.cgh.2020.05.037
http://dx.doi.org/10.1007/s00595-018-1627-x
http://dx.doi.org/10.1093/ecco-jcc/jjx051
http://dx.doi.org/10.1093/ecco-jcc/jjx051
http://dx.doi.org/10.1053/j.gastro.2008.10.051
http://dx.doi.org/10.1038/ajg.2013.287
http://dx.doi.org/10.14309/ajg.0000000000002509
http://dx.doi.org/10.1136/gutjnl-2021-325575
http://dx.doi.org/10.3748/wjg.v21.i25.7795
http://dx.doi.org/10.3748/wjg.v21.i25.7795
http://dx.doi.org/10.1093/ibd/izaf191
http://dx.doi.org/10.1093/ibd/izaf191
http://bmjopengastro.bmj.com/

	Interventions for maintenance of surgically induced remission in Crohn’s disease: a systematic review and network meta-­analysis
	Abstract
	Introduction﻿﻿
	Methods
	Study reporting and protocol registration
	Search strategy
	Study selection and inclusion criteria
	Study outcomes
	Outcome thresholds
	Data extraction and risk-of-bias assessment
	Data synthesis and statistical analysis
	Subgroup and sensitivity analyses
	GRADE assessment for the certainty of evidence

	Results
	Clinical relapse
	Endoscopic relapse
	﻿Withdrawal due to adverse events﻿
	SAEs and TAEs

	Discussion
	Conclusion
	References


