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ABSTRACT

Introduction: The aim of this work is to per-
form a systematic review and meta-analysis of
anti-tumor necrosis factor (anti-TNF) and anti-
interleukin-17 (anti-IL-17) trials for spondy-
loarthritis, psoriatic arthritis, and psoriasis
comparing rates of inflammatory bowel disease
(IBD) events compared to placebo.

Methods: MEDLINE, EMBASE, and The
Cochrane Library were searched for double-
blind, randomized placebo-controlled anti-TNF
and anti-IL-17 trials of included diseases.
Inflammatory bowel disease events from the
RCT period were pooled and meta-analyzed
using statistical methods suitable for low-event-
rate meta-analysis (Peto’s, Mantel–Haenszel,
hypergeometric-normal model, and Shuster-
Guo-Skyler). When observed data were insuffi-
cient, we performed an exploratory sensitivity
analysis to compare methods.Supplementary Information The online version

contains supplementary material available at https://
doi.org/10.1007/s40744-021-00360-6.
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Results: We identified 9551 original papers,
and included 96 publications: 65 anti-TNF and
31 anti-IL-17 trials, containing 21 new and 12
flare IBD events in 28,209 participants. New IBD
on anti-IL-17 occurred 0.23/100 patient-years
(PY) in psoriasis, 0.61/100 PY in PsA and 1.63/
100 PY in spondyloarthritis, rates similar to
observational cohorts, and less commonly on
anti-TNF (0/100 PY, 0/100 PY, 0.32/100 PY,
respectively). No evidence of difference between
groups was found, with wide CI from many
pooled counts of zero, especially in placebo
arms.
Conclusions: IBD events were rare, occurring at
rates similar to biologic-naive groups. We could
not find statistically significant differences in
risk of new or recurrent IBD between treatment
and control groups using selected meta-analyt-
ical methods for low event rate scenarios. Meta-
analyses of this topic require more IBD events,
ideally without pooling heterogeneous groups.
Larger, thoroughly reported trials with system-
atic and detailed safety reporting are required to
improve risk estimation and to make accurate
inferences.

Keywords: Inflammatory bowel disease; Anti-
interleukin-17; Anti-tumor necrosis factor;
Axial spondyloarthritis; Psoriatic arthritis;
Psoriasis; Meta-analysis; Crohn’s disease;
Ulcerative colitis; Pharmacovigilance

Key Summary Points

Why carry out this study?

Anti-IL-17A trials for psoriasis, psoriatic
arthritis, and spondyloarthritis have
reported IBD events but no causative link
or increased risk has been formally
identified so far.

The study used a systematic review and
meta-analysis methodology to try to
determine if anti-IL-17 agents and anti-
TNF agents were associated with
inflammatory disease adverse events in
those with psoriasis, spondylarthritis, and
psoriatic arthritis.

What was learned from the study?

Pooled data from blinded RCTs of these
three diseases finds IBD events to be very
rare.

The low event rate of inflammatory bowel
disease adverse events makes it
challenging to determine whether there is
a statistically significant increased rate.

Recognized methods of hypothesis testing
these rare events have limitations and
produce wide confidence intervals.

INTRODUCTION

Axial spondyloarthritis, psoriasis, and psoriatic
arthritis are immune-mediated diseases which
share genetic risk loci, an increased prevalence
of inflammatory bowel disease (IBD), and can be
treated with anti-tumor necrosis factor-alpha
(anti-TNF) and anti-interleukin-17 (anti-IL-17)
agents [1, 2]. IL-17 has multiple known func-
tions including anti-fungal immunity, mucosal
inflammation, and tissue repair. It is produced
in response to IL-23 in several diseases and may
be produced through other mechanisms [3, 4].
It has complex regulatory actions, promoting
the inflammatory effects of T helper 17 effector
cells over regulatory T cells and has a self-in-
hibitory negative feedback loop [5–7]. In IBD,
IL-17 is elevated in serum and the intestinal
mucosa, but its blockade was not effective in
two human trials of Crohn’s disease, where a
possible increase in disease activity was
observed [8–10].

Therapy in IBD and spondyloarthritis
uncommonly causes paradoxical effects,
including anti-TNF induced psoriasis and a
range of demyelinating disorders [11–13].
Additionally, there is an increased background
risk of IBD in patients with axial spondy-
loarthritis, psoriatic arthritis, and to a lesser
extent skin psoriasis, independent of treatment
initiation [14]. On this background, incident
IBD events have developed in randomized
controlled trials (RCTs) and post-RCT follow-
ups of anti-IL-17 agents for spondyloarthritis,
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skin psoriasis, and psoriatic arthritis. This raises
the question of whether exposure to anti-IL-17A
agents promotes IBD pathogenesis or whether
IBD events represent background risk in this at-
risk population.

The frequency of IBD events in these trials is
uncommon, limiting the use of commonly used
statistical techniques [15]. Single medication
integrated pooled analyses of IL-17 inhibitors
secukinumab or ixekizumab did not demon-
strate elevated rates of IBD compared to the
disease population, while two meta-analyses
found no risk difference; however, we believe
that each of these approaches has method-
ological limitations [16–22].

Here, we present a systematic literature
review and meta-analysis that collates the most
up-to-date clinical trial data comparing new
and flare IBD events in placebo-controlled anti-
TNF and anti-IL-17 RCTs. It captures more IBD
events than its predecessors and was designed to
minimize bias and to examine four methods of
low event rate meta-analysis to explore appro-
priate techniques in this scenario.

METHODS

Search Strategy and Study Selection
Criteria

We searched for published RCTs in MEDLINE,
EMBASE, and the Cochrane Library from
inception until October 1, 2019. Search terms
validated to find RCTs in MEDLINE and
EMBASE were used (Supplementary Material).
Bibliographical references of individual publi-
cations that met inclusion criteria were checked
to identify other relevant studies. The review
was not registered. The protocol, template data
collection forms, data extracted from included
studies, data used for all analyses, analytic code,
and any other materials used in the review are
available from the corresponding author. No
amendments were made to the protocol after
finalization.

Inclusion was based on predefined criteria
and involved study title, abstract, and full text
review in a hierarchical manner. Two authors
(ST, JC) carried out independent screening and

disagreements were resolved by discussion.
Studies were considered eligible if they were
RCTs in psoriatic arthritis, psoriasis or ankylos-
ing spondylitis, non-radiographic axial
spondyloarthritis, or peripheral spondy-
loarthritis (the last three grouped as spondy-
loarthritis). Included interventions were anti-IL-
17 or anti-TNF agents with placebo as com-
parator. Outcomes were flares of known IBD or
new-onset IBD, defined by each study’s
protocol.

Only safety data from the double-blinded
period of each trial were used, and only from
trials with placebo-controlled double-blinded
biologic arms.

Studies were excluded if they involved chil-
dren, had insufficient adverse event reporting,
were not in English, less than 8 weeks in dura-
tion, or were secondary publications of included
trials.

After removal of duplicates, publications
were screened by title and/or abstract then
excluded or progressed to full-text review. The
supplementary appendices of published papers
and/or relevant clinical trials database were
examined if full-text review was insufficient to
assess exclusion criteria and results. Trial spon-
sors were contacted to clarify IBD events that
were inadequately described in the primary
manuscript.

For each publication, two reviewers (JC, ST)
independently extracted the following infor-
mation to a spreadsheet: publication identifiers,
disease, ethnicity, age, gender, whether previ-
ous or active IBD was excluded, primary out-
come(s), interventions, comparator,
intervention arm sizes, duration of double-
blinded period, new IBD cases per arm, flares of
known IBD per arm, and number of subjects
with known IBD per arm. We combined multi-
ple intervention dose arms into a single treat-
ment arm.

Study quality was assessed by two indepen-
dent reviewers using Jadad scoring [23]. Quality
assessment was conducted in the areas of ade-
quate sequence generation, allocation of con-
cealment, blinding and follow-up/drop out.
Review of supplementary materials and the rel-
evant clinical trials database was done if the
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publication lacked relevant detail (Supplemen-
tary Material).

We performed separate meta-analyses of new
IBD and IBD flares for participants with skin
psoriasis, psoriatic arthritis, and spondy-
loarthritis (combined axial spondyloarthritis
and peripheral spondyloarthritis), where trials
defined the cohort in this way for example [24].
We did not pool new IBD events with flares of
known disease, as these acute and chronic
inflammatory events may not share pathologi-
cal triggers and the trials of anti-IL-17 for
Crohn’s disease did not definitively demon-
strate more flares on treatment.

Anticipating low event rates, we explored
four meta-analysis methods recommended for
low event rates: Peto’s one-step, Mantel–Haen-
szel (MH), hypergeometric-normal model (HG)
and Shuster, Guo and Skyler (SGS) [25–28]. We
conducted and compared fixed-effect (Peto’s
and MH) and random effects (HG and SGS)
methods to calculate summary odds ratios (OR)
and their 95% CI. SGS method calculates sum-
mary relative risk (RR) instead of OR; however,
at low event rates, the distinction is slight and
RR can be interpreted as OR [26]. We have pre-
sented and compared results of all four methods
as summary OR and 95% CI.

Cochrane recommends Peto’s as the least
biased and most powerful method when event
rates are\1%, when there is no substantial
imbalance between treatment group sizes, and
treatment effects are not exceptionally large
[29]. Peto’s method provides a weighted esti-
mate of the (log) odds ratio under a fixed-effects
model [30]. Cochrane recommends MH without
zero-cell corrections for event rates[1%. Peto
and MH are fixed-effect methods that assume
treatment effects to be the same across all study
populations, while HG and SGS use random-
effect models incorporating between-study
heterogeneity. All analyses were performed in
the Metafor package in R and in SAS.

When one or both treatment arms had no
events, some meta-analysis methods could not
compute summary estimates. To enable com-
putation, counts were altered in randomly
selected studies to allow an exploratory sensi-
tivity analysis. If only one arm had a pooled
event count of zero (e.g., 3–0), a study with an

observed event was randomly selected, and its
zero count changed to one. Changing counts of
zero to one in one arm biases towards the null,
so our sensitivity analysis is only presented for
comparison of statistical methods and not for
hypothesis testing.

This study was funded with an unrestricted
grant from Novartis Pharmaceuticals. They were
not involved in any way in the design, conduct,
or interpretation of the results. They were given
the opportunity to comment on the draft
manuscript in an effort to ensure there were no
errors of fact. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

RESULTS

Database searches identified 12,830 publica-
tions, which were assessed for duplication and
the inclusion/exclusion criteria by title/abstract
review (Fig. 1). Full-text review of 167 publica-
tions and excluded 71, leaving 31 anti-IL-17 and
65 anti-TNF trials for inclusion. The included
studies are summarized in the Supplementary
Material.

Included studies involved 28,209 partici-
pants and 33 IBD events. We categorized the 26
axial spondyloarthritis and two peripheral
spondyloarthritis trials as ‘spondyloarthritis’,
separate from ‘psoriatic arthritis’. Minimal
adverse event reporting was found in the main
publication, supplementary data, and trials
registry for seven anti-TNF trials and one small
phase II secukinumab trial, which were exclu-
ded (Supplementary Material). Four head-to-
head trials comparing anti-IL-17 to anti-TNF
and placebo were identified, in total involving
two new and two flare IBD events, all in the IL-
17 arms, with no IBD events in placebo or anti-
TNF arms [31].

Across trials and interventions, ethnicity and
gender were homogenous, while the median
RCT period was 16 weeks (Table 1).

We found an IBD event description in nine
trials to be insufficient in the original publica-
tion, supplementary data, and trials registry. In
one ixekizumab trial (SPIRIT-P2), and three
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secukinumab trials (FIXTURE, ERASURE, and
NCT03066609), we classified events by con-
tacting the trial sponsor or with a subsequent
publication [31–33]. We were unable to classify
IBD events in four secukinumab trials (ALLURE,
FUTURE-1, FUTURE-2, MEASURE-4) and two
anti-TNF trials ([39], ABILITY-3) so assumed
these events to be new IBD, adding five new IBD
events on secukinumab, four on anti-TNF and
two on placebo [34–39].

Active IBD at enrollment was excluded in ten
anti-IL-17 and 13 anti-TNF trials. Known IBD
was excluded in two trials, both anti-TNF trials
for axial spondyloarthritis. Previously

diagnosed IBD was reported by only 16 trials,
with a pooled prevalence of 3.8%.

IBD events were very rare, occurring in 33 of
28,209 participants, over a median RCT period
of 16 weeks. More events occurred in spondy-
loarthritis cohorts and treatment arms. Twice as
many subjects received treatment than placebo.
IBD events are listed in the Supplementary
Material.

Event rates on placebo and anti-TNF were
similar for all conditions, for new and flare IBD
events, with no IBD events in anti-TNF trials for
psoriasis or PsA. New IBD events on anti-IL17
were rare, occurring with event rates of 0.23/

Records iden�fied through
database searching

(n = 12 830 )

Addi�onal records iden�fied
through other sources

(n = 0)

Records a�er duplicates removed
(n = 9 551 )

Records screened
by �tle/abstract
(n = 9 551)

Records excluded
by �tle/abstract
(n = 9384)

Full-text ar�cles assessed
for eligibility
(n = 167 )

Full-text ar�cles excluded
(n = 71 )

Not placebo-controlled RCT (N=33)
Inadequate AEⴕ repor�ng (N=8)
Not primary trial report (N=19)
Not relevant biologic (N=7)

Other (N=4)

ႵAdverse Event

Ar�cles included in meta-
analysis
(n = 96 )

Fig. 1 PRISMA flowchart of study identification process
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100 patient-years (PY) in psoriasis, 0.61/100
patient years (PY) in psoriatic arthritis and 1.6/
100 PY in spondyloarthritis. Further rates are
listed in the Supplementary Material.

Risk of Bias

Jadad scores were high with mean 4.2/5 and
high agreement 86.2%, Cohen’s kappa 0.79 and
ICC 0.86 (Supplementary Material). Common
reasons for imperfect scores included unevenly
sized trial arms and insufficient description of
randomization and blinding methods.

Statistical Results

Meta-analyses pooled all included studies for
each condition, comparing new and flare IBD
events in treatment and placebo arms in anti-
TNF, anti-IL-17, ixekizumab, and secukinumab
trials. Two-thirds of anti-IL-17 trials and 95% of
anti-TNF trials had no events in either placebo
or treatment arms (Table 2). There were only
four IBD events in placebo groups, all occurring
in spondyloarthritis trials. The lack of events in
the placebo arm prevented the use of most
meta-analysis methods using observed data, so
sensitivity analyses were performed to enable
use and comparison of meta-analysis methods.

The low event rate makes heterogeneity dif-
ficult to assess, but estimates were very low,

Table 1 Profile of included trial participants, grouped by
intervention received

Anti-IL-
17

Anti-
TNF

Placebo

Mean age (years) 45.7 42.9 43.8

Male (%) 63.2 65.1 64.5

White/European (%) 82.3 70.7 74.7

Past IBD excluded by trial

(%)

0 3.2 2.1

Active IBD excluded by

trial (%)

35.5 16.9 22.9

Median trial period

(weeks)

16 16 16

Table 2 Summary of IBD events in RCTs using anti-TNF, secukinumab, or ixekizumab for psoriasis, psoriatic arthritis, or
spondyloarthritis

Condition Treatment Number of
trials

No. of new IBD
cases

No. of flares of
known IBD

Subject count

Treatment Placebo Treatment Placebo Treatment Placebo

Psoriasis Secukinumab 14 2 0 2 0 3058 1345

Psoriasis Ixekizumab 3 1 0 1 0 1653 461

Psoriasis Anti-TNF 30 0 0 0 0 6142 2788

PsA Secukinumab 5 4 0 1 0 1622 760

PsA Ixekizumab 2 1 0 0 0 454 224

PsA Anti-TNF 14 0 0 0 0 2242 1442

Spondyloarthritis Secukinumab 5 3 0 3 0 801 394

Spondyloarthritis Ixekizumab 2 3 0 2 1 376 191

Spondyloarthritis Anti-TNF 21 4 3 2 0 2559 1697

Total 96 18 3 11 1 18,907 9302

1608 Rheumatol Ther (2021) 8:1603–1616



with all meta-analyses reporting I2 of zero apart
from new IBD events in spondyloarthritis anti-
TNF trials with a low-to-moderate I2 of 37.2
(Peto’s method). Meta-analysis forest plots have
not been provided due to the large range of
variation from our analysis of these low and no
event rate trials. Instead, forest plots have been
used to demonstrate the large uncertainty
around estimates of OR for each comparison.

Only one subject in an anti-IL-17 RCT pla-
cebo arm had an IBD event, in a spondy-
loarthritis trial, allowing calculation using all
four meta-analysis methods. Comparing one vs.
five events, all methods produced similar OR
estimates with wide confidence intervals (CI),
none finding a significant difference (Table 3).

There were 3–4 new IBD events per arm in
spondyloarthritis anti-TNF trials, producing
similar effect size and CI estimates by all four
meta-analysis methods (Table 4).

Comparisons with zero-count arms were
progressed to sensitivity analysis, which pro-
duced very wide CI for all analyses. Even the
highest observed event count of six produced
wide CI upon sensitivity analysis (Fig. 2).

HG and SGS methods were unable to provide
an estimate of effect and/or CI when event rates
were\3 in both intervention arms and only a
single study reported any events. For all com-
parisons not involving zero, MH calculated
results similar to those from HG and SGS
methods.

DISCUSSION

IBD events on anti-IL-17 therapy and placebo
were very rare, with no demonstrable difference
in event rate. Our analyses were severely limited
by low event rates and the performance of meta-
analysis methods on this dataset. This study is
the largest meta-analysis of anti-IL-17 and anti-
TNF trials and aimed to limit reporting bias and
to assess the use of meta-analysis techniques
recommended for low event rates. Previous
studies have mostly been per-medication inte-
grated analyses that pool all available data at
the patient level, without performing meta-
analysis looking for an effect.

Despite pooling 31 anti-IL-17 RCTs, our
comparisons were hindered by event scarcity
and counts of zero. We chose to pool biologics
in the same class but not different diseases and
not new and flare events. Events were more
common in both anti-TNF or anti-IL-17 than
placebo, with new IBD events twice as common
as flares on treatment or placebo, despite an
estimated 3.8% of participants reporting past
IBD.

For a clinically relevant comparison to the
anti-IL-17 analysis, we also performed a meta-
analysis of IBD events in anti-TNF trials. Anti-
TNF agents are the major alternative to anti-IL-
17 for inflammatory arthritis and psoriasis, and
can also produce adverse effects. After our lit-
erature search, two more head-to-head trials
were published, comparing adalimumab to anti-
IL-17 agents—one against secukinumab and
one against ixekizumab [40, 41]. Each trial had
two IBD events on anti-IL-17 treatment and
none on adalimumab, rates likely insufficient
for hypothesis testing [40, 41]. Additionally,
head-to-head comparisons may be confounded
by an IBD-suppressing effect of anti-TNF agents
given their use as a licensed treatment for IBD.
Our pooled event counts did not exhibit any
IBD-suppressing effect of anti-TNF, with twice
as many IBD events on anti-TNF than placebo,
although events were of very low frequency.
Meta-analysis of events on anti-TNF in
spondyloarthritis produced an OR with wide CI
crossing 1. The comparison of IBD events on
anti-TNF requires many more events, and is of
interest given the known phenomenon of
paradoxical effects. Our findings are insufficient
to compare event rates on anti-TNF to anti-IL-
17, and reiterate how at low event rates, recog-
nized therapeutic effects may not be evident.

We reported a similar frequency of IBD
events to previous cohorts, which have
observed IBD event rates of 0.1–0.2 /100 PY in
psoriasis, 0.16–0.57/100 PY in psoriatic arthritis,
and 1–2/100 PY in spondyloarthritis patients on
biologic therapy [19, 42–45]. Reporting bias
may have increased the new IBD event count, as
many RCTs consist of biologic-naive subjects
who may not have previously been regularly
asked about bowel symptoms.
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Most RCTs had zero events in one or both
arms, suggesting that event frequency was low
but providing limited information for OR/RR
calculation. We are not aware of any statistical
method that can obtain pooled estimates when
both intervention arms have no events. Sensi-
tivity analyses enabled us to compare the utility
of four meta-analysis methods recommended
for low event rate data.

Previous publications report similar IBD
event rates on anti-IL-17, and also faced diffi-
culties from rare events, pooling multiple dis-
eases and from choosing a statistical method
where no stand-out exists. Previous integrated
analyses have pooled patient-level data from
ixekizumab or secukinumab studies of psoriasis,
psoriatic arthritis and axial spondyloarthritis,
and report CI but no formal hypothesis testing.
This would require accurate modeling of

Table 4 IBD events on anti-TNF in placebo-controlled trials of psoriasis, spondyloarthritis, and PsA

Condition IBD
event
type

Study
count

Studies
with no
events

Event
rate in
controls
(per
subject)

Event
rate on
anti-TNF
(per
subject)

OR by
Peto’s
method
(CI)

OR by
MH
method
(CI)

OR by HG
method
(CI)

RR by SGS
method
(CI)

Spondyloarthritis New 21 18 3/1697 4/2559 1.22

(0.27,

5.48)

1.21

(0.28,

5.22)

1.22 (0.27,

5.51)

1.14 (0.37,

3.58)

Spondyloarthritis Flare 21 20 0/1697 2/2559 1.04a

(0.09,

11.4)

1.04a

(0.09,

11.6)

Calculation

failed

Calculation

failed

Psoriasis New 30 30 0/2788 0/6142 N/A N/A N/A N/A

Psoriasis Flare 30 30 0/2788 0/6142 N/A N/A N/A N/A

PsA New 14 14 0/1442 0/2242 N/A N/A N/A N/A

PsA Flare 14 14 0/1442 0/2242 N/A N/A N/A N/A

a Sensitivity analysis result. Sensitivity analysis was not performed if no events occurred in either arm

Fig. 2 Sensitivity meta-analysis of new IBD in anti-IL-17 spondyloarthritis trials, comparing event rates of 1/585 to 6/1177
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between-disease and between-study variability
[46].

Two previous meta-analyses of anti-IL-17
trials for arthritis and psoriasis identified fewer
IBD events than our study, with one study
performing meta-analysis with zero pooled
events on placebo [21, 22, 47]. These meta-
analyses pooled quite different studies, includ-
ing blinded and open-label periods from trials
of rheumatoid arthritis, psoriasis, psoriatic
arthritis, and axial spondyloarthritis. Their
inclusive approach marginally increased event
counts at the expense of increasing between-
study heterogeneity. Both previous meta-anal-
yses chose a MH risk difference method, which
is limited by low power and an inability to
process pooled counts of zero [29, 30]. Authors
addressing this topic face statistical compro-
mises and benefit from discussion of the statis-
tical challenges faced by each subsequent
publication.

A recently published French study of 16,793
new users of anti-IL-17 agents did not find an
increased risk of IBD compared to new users of
etanercept [48]. This study design was able to
control for severity of underlying disease, which
could potentially affect the rate of new IBD.

Our novel approach involved meta-analysis
using multiple methods, with the a priori plan
to perform sensitivity analyses, an approach
suggested by previous authors [30, 47]. Our
analyses of observed data and sensitivity anal-
yses produced point estimates with large
degrees of uncertainty, inadequate for confident
hypothesis testing in this case.

Increased sample size without more events
did not improve certainty using either Peto’s or
MH methods. This occurs because these two
methods exclude 0–0 studies from analysis
[47, 49]. Future studies using these methods
should capture more events, ideally more than
three per arm. While 0–0 trials are not infor-
mative for RR calculation, they are evidence for
no difference in absolute risk, which in this case
is more clinically relevant than RR. Quantifica-
tion of absolute and relative risk of treatment-
induced IBD is of great importance as spondy-
loarthritis has few treatment options and IBD
flares can have substantial morbidity.

The four meta-analysis methods demon-
strated lower certainty at lower event rates.
With sufficient events, all methods provided
similar OR estimates, although CI were wide,
with Peto’s method often producing the nar-
rowest CI. Peto’s major limitation for biologic
RCTs is that it underestimates event rates in the
larger arm when intervention groups are of
unequal size, and most trials we included had
intervention arms twice as large as the control.
Peto’s and MH are fixed-effect methods, less
suitable when between-study variation is sig-
nificant. In this case, we did not pool different
diseases and calculated measures of hetero-
geneity did not indicate significant hetero-
geneity. SGS and HG use random-effects but on
multiple analyses failed to calculate any esti-
mate when event counts were\3 and when
only one study reported any events. The limi-
tations of each method reiterate the recom-
mendations of previous authors who state that
meta-analysis method choice is critical and
should be accompanied by sensitivity analysis
using multiple methods when event data are
sparse [30].

We included studies of variable design,
including duration, follow-up protocols, and
reporting. All were biologic RCTs, so the studies
were likely as similar as possible for a meta-
analysis. We were unable to account for dura-
tion in our meta-analysis but two-thirds of RCTs
were of 12–16 weeks long. Use of only double-
blinded periods aimed to reduce reporting bias
but excluded prolonged open-label follow-up
studies.

Reporting of IBD events by authors was
variable, with no standard definition of an IBD-
related adverse event, and few studies reported
pre-existing IBD. Some events, such as single,
self-limited episodes of diarrhea, were described
but not investigated, and trial protocols
regarding possible IBD have changed over time.
Eleven IBD events were inadequately described
(five secukinumab, four anti-TNF, two placebo),
so we assumed they were new IBD events,
introducing slight bias towards new IBD.
Exclusion criteria also varied between RCTs and
were at times vague, e.g., ‘systemic inflamma-
tory conditions that may confound evaluation
of benefit’. Once a possible safety signal is
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identified in a drug class, particularly one with a
novel mechanism of action, enhanced system-
atic reporting of that adverse event would help
to better elucidate the nature of any risk, and
reassure prescribers and regulators. In the case
of IL-17A inhibitors, understanding this risk
would be more achievable with standardization.
This issue would benefit from standardization of
IBD event reporting, including an unequivocal
IBD event rate, investigation of suspected IBD
events, and reporting of previous IBD in
participants.

IBD risk from treatments is ideally assessed
by large, prolonged placebo-controlled RCT
data. Head-to-head comparisons of biologics are
confounded by recognized IBD suppressive
effects. In the absence of an ideal dataset,
another confounded but potentially helpful
approach would be to observe IBD events in a
biologics registry or long-term cohort. High-risk
cohorts of individuals with spondyloarthritis
with a past or family history of IBD could be
regularly surveyed after commencing
treatment.

The limitations of the current study are low
event rates, inconsistent standard definition of
an IBD-related adverse event, and variable
reporting of the detail of IBD event rates.

CONCLUSIONS

Our systematic review and meta-analysis of
anti-IL-17 and anti-TNF RCTs found new and
flare IBD events to be rare on these treatments
and rarer on placebo. We compared four
methods of meta-analysis, which provided
similar point estimates but wide confidence
intervals, and we were not able to perform
confident hypothesis testing. Many of our
comparisons had pooled event rates of zero,
preventing the use of most meta-analysis
methods using observed data. None of our
meta-analyses of observed data or sensitivity
analyses demonstrated a significant difference
in event rate between anti-IL-17 agents or anti-
TNF and placebo.

Our statistical findings reiterate those of
previous studies, finding limitations of all
methods tested. Requirements for improved

hypothesis testing include more IBD events
(even if the rate is lowered), more events in
placebo arms and equal treatment arm sizes if
using Peto’s method. Informative IBD event
data might be found from high-risk groups in
placebo-controlled RCTs or from observational
data.
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