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ABSTRACT

Introduction Crohn’s disease (CD) and ulcerative colitis
(UC) are remitting—relapsing inflammatory diseases often
culminating in disease complications and/or need for
surgery. Biologic monoclonal antibody drugs (‘Biologics’)
are efficacious for both diseases, but there are no
systematic assessments of their efficacy if administered
early after disease onset (‘top-down’ strategy) vis-a-vis
later in the course of disease (‘step-up’ approach).
Methods and analysis Electronic databases (MEDLINE,
EMBASE/EMBASE classic Cochrane CENTRAL register of
controlled trials, the Cochrane IBD Group Specialised Trials
Register and Clinicaltrials.gov registry) will be searched to
identify all randomised placebo-controlled clinical trials of
food and drug administration (FDA)-approved biologics for
CD and UC (by March 2016). Two independent reviewers
will screen identified papers, extract data and assess

the risk of bias according to the Cochrane Handbook for
Systematic Reviews of Interventions. Individual-patient-
level data (IPD) will be extracted from the identified

trials through data-sharing platforms for pharmaceutical
companies’ sponsored trials and by contacting principal
investigators of independent investigator-initiated trials.
We will analyse induction of remission in patients with
early-disease (<18 months since disease onset) versus
patients with longer disease duration, using a generalised
linear mixed effect model and by a two-stage approach
using coefficient for the treatment-by-subgroup interaction
within each trial. We will perform receiver operator

curve analysis of optimal disease duration for response.
Analyses will be separate for CD and UC. This first-of-its-
kind meta-analysis at IPD level of interaction of disease
duration with the response to biologics in UC and CD

may elucidate the impact of early initiation of biologics,
which is of paramount importance for clinical practice and
management strategies of inflammatory bowel disease.
Ethics and dissemination This meta-analysis was
approved by the Ethics Committee of the First Affiliated
Hospital of Sun Yat-sen University. Findings will be

Strengths and limitations of this study

» The meta-analysis, whose protocol is described, will
be the first to evaluate by individual-patient level
data the association between duration of inflamma-
tory bowel disease (IBD) and response to biological
drugs, thereby accounting for multiple confounders
that may impact the outcome of biologics treatment.

» The meta-analysis will only analyse data from ran-
domised placebo-controlled clinical trials thereby
ensuring high-quality source data with standardised
outcome measures.

» The meta-analysis will employ data obtained from
drug companies for all six FDA-approved biologics
for IBD by 2017. This will increase generalisability
of the results to multiple therapeutic agents in IBD.

» Limitations of this meta-analysis include the choice
to refrain from analysis of data from real-life co-
horts, and the non-inclusion of ustekinumab, which
was approved for use in Crohn’s disease after this
study had commenced.

published in peer-reviewed journal and disseminated via
scientific meetings and links with organisations.
PROSPERO registration number CRD42018041961.

BACKGROUND

Crohn's disease (CD) and ulcerative colitis
(UC) are chronic immune-driven inflamma-
tory diseases of the gut, collectively known as
inflammatory bowel disease (IBD). Under-
standing of the progressive structural damage
to the gut caused by incessant and/or recur-
rent bouts of inflammation in CD has led to
the hypothesis that early initiation of biolog-
ical therapy (top-down strategy) may better
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control underlying inflammation and prevent disease
progression, compared with a later initiation of these
drugs (step-up approach).! * This contention has been
supported by the SUTD trial which showed clinical benefit
for top-down versus step-up treatment with infliximab
in patients with CD.> REACT, a non-blinded controlled
cluster randomised trial, did not show clinical benefit
but did find lower rate of disease complications among
CD patients treated by top-down compared with step-up
approach. However, no trial has directly compared effi-
cacy of biologics in patients with early versus late disease.
Such comparison is only available through some post hoc
subanalyses of clinical trials and uncontrolled observa-
tions in retrospective cohorts. Some,”” although not all,?
of these studies seemed to indicate a better response rate
to anti-tumour necrosis factor (TNF) agents among CD
patients with early as opposed to late disease. Nonetheless,
the impact of duration of CD on the response to biolog-
ical therapy has hitherto not been systematically investi-
gated. Furthermore, whether such correlation exists in
patients with UC has not been specifically explored.

Therefore, the primary objectives of this study are to
investigate the impact of disease duration on the rate of
remission induction in CD and in UC, separately anal-
ysed. To this end, we will compare the efficacy of FDA-ap-
proved biologics’ in patients with early short-term disease
versus those with a long-duration of disease.

METHODS AND DESIGN

This will be a systematic review and meta-analysis
performed according to the Cochrane Handbook for
Systematic Reviews of Intervention” and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement.'’ The present protocol was devised in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocol 2015."

PRIMARY OUTCOME

The primary outcome in the study is induction of remis-
sion defined as remission at the end of induction as
per the study-specific predefined time point and within
4-14 weeks following initiation of treatment by biologics
approved by the FDA for IBD at the time of launching of
this study (November 2015). A Crohn’s Disease Activity
Index (CDAI) <150 is defined as remission for assessment
of primary outcome of CD trials, whereas a total Mayo
score <2 with no individual subscore >1 is the primary
remission outcome for UC trials. If these scores were
unavailable, the remission/response measures are based
on the specific clinical score and outcome definition
employed by the respective clinical trial.

Induction of remission is preferred over maintenance
of remission as the primary outcome of this meta-analysis,
reasoning that response to induction more closely reflects
underlying IBD biology and its modulation by dura-
tion of disease, compared with assessment of continued

response during maintenance (which is more prone to

confounders unrelated to disease biology per se, such

as immunogenicity, compliance and so forth). However,
response and remission as well as sustained response will
also be analysed as secondary outcomes (see below).

This study will address the following question pertaining
to patients, intervention, comparator, outcome (PICO):
in adults of more than 18 years of age with CD or UC
(P), do those who receive biological drugs or placebo
when having short-term duration of disease less than or
equal to 18 months (I) compared with patients who have
long duration (>18 months) of disease (C), have higher
proportion of induction of remission by the biological
drug compared with placebo (O)? We hypothesised
that the patients with shortterm duration of disease
will benefit more from the biological drug, that is, the
proportion of remission will be higher in these patients
compared with patients with long duration of disease.

Of note, this hypothesis as well as the rest of the
outcomes will be analysed separately for CD and UC.

We will analyse the following secondary endpoints
in a comparative analysis of patients with short versus
long duration of disease.

» The proportion of induction of response: clin-
ical response is defined as CDAI reduction of 100
points from baseline for CD and as a total Mayo
Drop=30% AND=>3 points with either bleeding score
of 0 or 1 OR drop of bleeding score 21, for UC
trials. When these are not available, the response is
defined as per the clinical trial’s designated response
definition.

» The proportion of response and remission at the
end of the maintenance phase of the trial (when
applicable), at specific time period between weeks
16 and 54 designated for assessment of the main-
tenance treatment by the trial. These two mainte-
nance outcomes are exploratory given the possible
confounding effects of time points of assessments,
the heterogeneity across studies in the feed-in cohorts
entering maintenance studies and factors such as
immunogenicity and compliance which may further
confound maintenance treatment success.

» In UC patients: the proportion of colectomy for
patients with short versus long duration of disease at
the end of the trial.

» Rate of intestinal surgeries and rate of hospitalisations
for patients with short versus long duration of disease
at the end of the trial.

As a part of a subgroup analysis of the primary outcome,
the impact of the class of the biological drug will be
assessed by performing a separate subgroup analysis of
the primary outcome in patients treated with anti-TNF
class of drugs and in patients treated by anti-integrins.

Disease duration definitions

The definition of short-disease duration (‘early disease’)
is somewhat arbitrary given the absence of evidence
or of biological markers that are able to delineate the
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underlying biology of early disease and distinguish it from
late disease. In the SONIC trial, for instance, a cut-off of
3 years was adopted in the stratified randomisation to
delineate short/long disease duration.'” Other published
studies and expert opinions’ definitions of ‘early disease’
range between 1 and 5 years since onset.” ® %7

A recent International Organisation for the Study of
Inflammatory Bowel Diseases (IOIBD) working group
pragmatically defined early CD as one that is <18 months
in duration." Thus, the present meta-analysis will employ
the IOIBD disease duration time point of 18 months to
define early versus late disease for the purpose of the
primary analysis. However, bearing in mind the chronic
life-long course of IBD, the diverse definitions existing,
the possibility that patients enrolled into clinical trials
at such early stage of their disease are a unique patient
group and the paucity of patients with <18 months of
disease in clinical trials hampering the statistical power of
the analysis, we will also perform two sensitivity analyses
of the primary outcome and of maintenance of remis-
sion, defining short-term disease duration by <3 years
and by <5 years cut-off time points, as well as an receiver
operator characteristics (ROC) analysis to define the
most accurate point to distinguish disease duration with
favourable versus unfavourable response to therapy. For
individuals for whom only year-based duration of disease
(year of onset) is available rather than month-based
time frame, the 1 July of the respective year of disease
onset—as the midpoint of the calendric year—was arbi-
trarily chosen for the imputation of disease duration.

Search strategy and study selection

Studies were identified by a search of the non-language
restricted medical literature conducted with MEDLINE
(1976 to November 2015) and EMBASE/EMBASE classic
(1946 to November 2015). The full search strategy and
search terms are available as online supplementary
material. This was further supplemented by a search of
the Cochrane CENTRAL register of controlled trials,
the Cochrane IBD Group Specialised Trials Register
and clinical trials registry (Clinicaltrials.gov) using all
developmental and generic drug names, as specified in
online supplementary material. Abstract proceedings
from Digestive Diseases Week, United European Gastro-
enterology Week and the European Crohn’s and Colitis
Organisation between 2007 and November 2015 were
hand-searched to identify potentially eligible studies
published only in abstract form. Additionally, existing
Cochrane systematic reviews were reviewed for relevant
referenced trials,lg’22 AGA technical review® and ECCO
guidelines.** ® The citation lists of identified relevant
studies were used for performing a further cross-search
of the literature.

Data extraction and quality assessment

Titles and/or abstracts of studies retrieved using the
search strategy and those from additional sources were
screened independently by two review authors (JG and

YZ) to identify studies that potentially meet the inclusion
criteria outlined above. The full text of these potentially
eligible studies was retrieved and independently assessed
for eligibility by two review team members (GZ and
SB-H). Any disagreement between two reviewers over the
eligibility of particular studies was resolved by joint discus-
sion by four investigators (SB-H, JG, YZ and RM).

Trials’ characteristics were derived from the respec-
tive publications and CRFs according to predefined
data fields to denote: type of study (induction, mainte-
nance and induction+maintenance), number of centres,
geographical region, disease type (UC or CD), number
of enrolled patients, median disease duration (or mean if
median was unavailable), clinical scores used for outcome
measurements, time points for induction and/or main-
tenance outcome determination, percentage with prior
anti-TNFa exposure and percentage of patients receiving
concomitant immunomodulator. De-identified individual
patient level data were received from sponsors of indus-
try-funded RCTs, including the individual treatment allo-
cation, the duration of disease and the various outcome
parameters (see below). Data will be received from the
companies after data-sharing committees’ approval.
For investigator-initiated trials which were not industry
sponsored or owned, the first and senior authors were
contacted to provide the aforementioned information.
Tabulation and analysis of data from designated SAS or
R company-specific computerised research environments
will be performed. Data will be extracted as per intention-
to-treat outcomes unless precluded by trial reporting.

Assessment of risk of bias

Two investigators independently assessed the risk of bias
as described in the Cochrane Handbook for Systematic
Reviews of Interventions.*® Factors assessed included the
following. 1. Sequence generation (ie, was the allocation
sequence adequately generated?). 2. Allocation sequence
concealment (ie, was allocation adequately concealed?).
3. Blinding (ie, was knowledge of the allocated interven-
tion adequately prevented during the study?). 4. Incom-
plete outcome data (ie, were incomplete outcome data
adequately addressed?). 5. Selective outcome reporting
(ie, are reports of the study free of suggestion of selective
outcome reporting?).

6. Other potential sources of bias (ie, was the study
apparently free of other problems that could put it at
a high risk of bias?). Specifically, because of the nature
of disease duration subgroup analysis, potential bias by
selective recruitment or allocation of patients with certain
disease duration parameters was sought.

Risk of bias was summarised as low risk, high risk or
unclear risk of bias per the individual study. Disagree-
ments were discussed and resolved by consensus. Studies
with high risk of bias were excluded from the main
analysis.

The GRADE criteria were used to assess the overall
quality of evidence by: (1) risk of bias from the studies,
(2) indirect evidence, (3) inconsistency (unexplained
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heterogeneity), (4) imprecision in data and (5) publica-
tion bias. These were assessed as detailed elsewhere by
the GRADE consensus.”” The overall quality of evidence
for each outcome was determined and classified as high
quality (ie, further research is very unlikely to change the
confidence in the estimate of effect); moderate quality
(ie, further research is likely to have an important impact
on the confidence in the estimate of effect and may
change the estimate); low quality (ie, further research
is very likely to have an important impact on the confi-
dence in the estimate of effect and is likely to change
the estimate) or very low quality (ie, the estimate is very
uncertain). Missing data, consistency of internal data and
follow-up duration and outcome was examined, tabu-
lated and compared with the trial protocol and latest trial
report or publication.

Data synthesis and statistical analysis

General approach in meta-analysis

In the current analysis, we will employ individual partici-
pant data (IPD) meta-analysis, considered the ‘gold-stan-
dard’, provided that the raw data from the trials are
available.” * Two main techniques will be used in
the analysis of IPD, known as one-stage and two-stage
approaches. Briefly, the one-stage approach employs the
methodology of mixed models applied to the full set of
IPD, and two-stage approach is based on synthesising the
estimates of an effect calculated within each study sepa-
rately. The one-stage approach is believed to be prefer-
able for estimating patient-level interactions,” *' essential
for testing hypotheses in the current project, as it allows
for the direct estimation of interactions. The choice of
two-stage versus one-stage modelling for the primary anal-
ysis depends on the level of heterogeneity of the duration
of disease (short term vs long term)—the main covariate
in the study—measured by Q estimate as suggested by
Simmonds and Higgins,” whereas the two-stage approach
is preferred over one-stage approach if Q/t<<1, where tis
the number of studies and Q is a measure of heteroge-
neity of covariates in each study calculated as follows:

Q:Z%, where m is the difference of the mean

covariate value in each study from the overall covariate
value and ¢ is the standard deviation of the covariate (z)
in each study. For the purpose of completeness of anal-
ysis, both two-stage and one-stage approaches will be
performed.

We will use variance of the random treatment effect as
a measure of heterogeneity, along with Q statistic and I”
estimates, being more intuitive for interpretation, even
though the later measures originate from the two-stage
meta-analysis approach. To assess whether the variation
across trials was due to true heterogeneity or chance,
heterogeneity among studies will be evaluated using the
Chisquare test (a p-value <0.10 considered statistically
significant) and the I” statistic. I? values range from 0% to
100%, with 0% representing no observed heterogeneity.*
An I? value >50% is considered substantial.

All analyses in the study will be performed on all avail-
able cases from the trials. The missing pattern of the
main covariates will be inspected and missing values of
outcomes and main covariates will be imputed in cases
where these covariates are known risk factors for the
outcomes, for example, gender, age or clinical history,
and are not missing in more than 50% of observations
in a trial. We will impute median values separately within
each trial. Multiple imputation techniques will be used
to complete the data required for the primary outcome
analysis, and present the data along with the main anal-
ysis, as a part of sensitivity analysis. This analysis assumes
that missing covariates and endpoints were missing
(completely) at random (M(C)AR).

Specific analyses performed

The primary analysis of the primary outcomewill be performed
using two approaches. (A) A mixed effects logistic regres-
sion separately within UC or CD strata. An interaction
term of the treatment and subgroup of disease duration
is included in the model, following the recommendations
on performing meta-analyses of subgroup treatment
effects and reducing across-trial confounding.*® Specifi-
cally, in the one-stage approach: we will use a generalised
linear mixed model, accounting for the clustering among
patients from the same study by including random study
intercept to provide a more conservative estimate of the
likelihood of benefit of biologics.”* The model includes
the treatment-by-duration of disease interaction®® and
a random effect for the interaction term if duration of
disease varies substantially between the studies (Q/
t>1). The link function of the model (logistic, log-bino-
mial, Poisson and negative binomial) is chosen based
on the outcome distribution and the model fit. (B) The
two-staged approach will also be performed, in which
the coefficient for the treatment-by-subgroup interaction
within each trial was computed as log odds/relative ratio
for the outcome for biologics versus placebo in patients
with short disease duration compared with those with
long duration of disease. Thereafter, treatment effect
measures for the dichotomous outcome of induction of
remission in short versus long duration of disease are
determined as pooled ratio with 95% CI of these indi-
vidual trial coefficient.

Asasecondaryanalysis of the primary outcome, the treat-
ment effect will be adjusted in the model by including the
following covariates: exposure to prior anti-TNF, use of
concomitant immunomodulators, prior surgery, disease
phenotype and extent for CD, disease extent for UC, age,
gender, BMI, smoking status, CRP (elevated or not at
baseline as per the laboratory normal range in the respec-
tive trial), albumin (below normal or not), difference
in clinical scores used to measure the efficacy outcomes
and the class of the biologic (anti-TNF vs anti-integrins).
Covariates are handled by the below mentioned subanal-
yses, and by meta-regression (if more than 10 studies
were available). The procedure PROC NLMIXED will
be undertaken to perform the analysis described above.
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Unlike all the above covariates, immunogenicity is not

a baseline variable but rather evolves during therapy.

Therefore, immunogenicity is not included in the model

incorporating baseline patient characteristics.

Secondary analyses include analyses of the response to
induction, the maintenance of response, maintenance
of remission and the proportion of colectomy (for UC
patients only), as well as the subgroup analysis of the
primary outcome within the strata of patients treated
with anti-TNF class of drugs and patients treated by
anti-integrins.

Preplanned sensitivity analyses will assess the primary
outcome by the following conditions.

1. Including also trials with high risk of bias.

2. Including only the studies employing the predefined
clinical score criterion for remission induction
(CDAI<150 or Mayo<2 with no individual subscore>1
for CD and UG, respectively).

3. Using a fixed-effect model to pool data if heterogene-
ity assessment reveals I* <50%.

4. Including only trials in which all patients were an-
ti-TNF naive.

5. Including only patients who rolled over to the mainte-
nance phase after responding to induction (only for
the outcome of maintenance of remission, in applica-
ble trials).

6. Analysing the primary outcomes using techniques of
Bayesian analysis with vague priors for the treatment
effect estimates.

7. Analysing the primary outcomes separately for indus-
try and academic sources.

To assess the optimal threshold for duration of disease
that best ‘predicts’ the likelihood of patients’ response
to treatment, a summary ROC curve will be constructed
based on the random effects generalised linear model
adjusting for clustered structure of the pooled database,
with the study outcomes as outlined above and contin-
uous disease duration as independent covariate in the
model.

SAS V.9.4 and R V.3.2.5 software will be used for the
main statistical analysis. We will generate Forest plots
of pooled effect estimates (RR or OR) with 95% ClIs, as
well as funnel plots. The latter are assessed for evidence
of asymmetry and therefore possible publication bias or
other small study effects, using the Egger test, if there
are sufficient (n=10) eligible studies included in the
meta-analysis, in line with published recommendations.”
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