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Advances in science have led to the development of mul-
tiple biologics and small molecules for the treatment of
inflammatory bowel diseases (IBDs). This growth in
advanced medical therapies has been accompanied by an
increase in methodological innovation to study and
compare therapies. Guidelines provide an evidence-based
approach to integrating therapies into routine practice,
but they are often unable to provide timely recommenda-
tions as new therapies come to market, and they have
limited incorporation of real-world evidence when making
recommendations. This limits the scope and usability of
guidelines, and a gap remains in defining how best to po-
sition and integrate advanced medical therapies for IBD. In
this review, we provide a framework for clinicians and
researchers to understand key differences in sources of
evidence, how different methodologies are applied to study
the comparative effectiveness of advanced medical thera-
pies in IBD, and considerations for how these sources of
evidence can be used to better integrate current guideline
recommendations. Over time, we anticipate this frame-
work will allow for a transition to living guidelines and/or
practice recommendations.
Keywords: Comparative Effectiveness Research; Causal Infer-
ence; Real-World Data.
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I(UC) and Crohn’s disease (CD)—are chronic immune-
mediated disorders that often require long-term use of bi-
ologics and/or small molecules to achieve sustained disease
remission. Substantial advances have been made in our
understanding of disease mechanisms and the development
of novel advanced medical therapies. With this increased
therapeutic armamentarium comes a need to better un-
derstand how different levels of evidence should be used to
integrate therapies in routine practice. Randomized
controlled trials (RCTs) represent the most scientifically
robust source of data to define treatment efficacy and
comparative efficacy. RCTs form the basis for guidelines and
societal recommendations, however, they have limitations
for IBD specifically related to generalizability of study
populations,1 and feasibility for timely completion to inform
utilization in the ever-evolving practice setting. Real-world
evidence (RWE), the real-world setting investigation of
therapies already found to be efficacious in RCTs, provides
an understanding of effectiveness and safety when pre-
scribed by licensed providers with varying degrees of
expertise and practice patterns.2 RWE is generated more
rapidly within the first years of drug availability, offers an
assessment of routine practice effectiveness and safety, and
may help to identify populations in which the greatest po-
tential benefit or risk may be seen. However, the uncon-
trolled environment within which these data are generated
creates difficulties in making inferences about the validity of
results. A critical gap remains in how we approach recom-
mendations for advanced medical therapy positioning, and
there is a need to bridge guideline recommendations
informed by RCTs with practice-level data. In this review,
we will discuss relative advantages and disadvantages of
data sources for evidence generation, how these data
sources can and have been applied to guide the integration
of biologics and small molecules for IBD, and we will pro-
vide considerations for future efforts to assimilate the
necessary evidence more rapidly for advanced medical
therapies as they come to market for IBD. Finally, we pro-
vide an updated framework for advanced medical therapy
positioning from the current American Gastroenterological
Association (AGA) guidelines for both CD and UC for pro-
vider use.

Randomized Clinical Trials vs Real-
World Evidence

The underlying conceptual framework of “measurable”
and “unmeasurable” confounders defines the core debate
around RWE. Measurable confounders are any factors that
can be directly quantified or assessed, and unmeasurable
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confounders are all other unknown factors that may or may
not influence outcomes. The concept of measurable varies
by data source, such as endoscopic disease activity, which
might be a measurable confounder in an observational
cohort in which endoscopy assessments are available but in
a claims data set where the data cannot be ascertained, it
becomes an unmeasurable confounder. Thus, the presence
of unmeasurable confounders cannot be consistently or
adequately accounted for and there are data set–specific
limitations that need to be considered. In contrast, the act
of randomly assigning participants to different interventions
balances all confounders, measurable and unmeasurable, if
sufficiently powered; this is why RCTs are felt to be the
highest-quality evidence for comparisons3–5 (Figure 11,4–6).
Accordingly, it has been suggested that the ideal approach to
bridging gaps in evidence synthesis is not to increasingly
rely on observational data sets where data gaps may
introduce bias, but instead to remove obstacles to ran-
domized trial completion and ideally design and conduct
large, simple trials that can be integrated with routine
clinical care.7

In the field of IBD, there are specific limitations that
must be considered before discounting RWE as an impor-
tant source of evidence synthesis to guide advanced medical
therapy integration (Supplementary Table 18–14). IBD is not
simply 2 diseases—CD and UC—but rather 2 categories (CD
and UC) with multiple permutations for sub-groups (based
on demographic characteristics, treatment exposures, and
disease extent and location, or prior complications) and
disease phenotypes (eg, perianal disease and pouchitis) that
cannot be feasibly studied individually in RCTs. The most
common limitation cited for RCTs, which has supported the
promotion of RWE for advanced medical therapies in IBD, is
the lack of generalizability in findings due to excessively
stringent eligibility criteria for trials. The strict eligibility
criteria are used for a number of reasons, including the
following: to minimize risk of trial failure by enrolling a
homogeneous population in which outcomes measures are
relatively well defined and without introducing safety risks
through inclusion of patients with significant comorbidity;
to minimize placebo effects through use of centralized
reading of endoscopy, which introduces additional proced-
ures and processes; and lack of validity for current patient-
reported outcome and endoscopic indices for sub-
populations cared for in routine practice who are usually
excluded from trials (eg, pouch, ostomy, and postoperative).
RWE offers a distinct advantage here in its ability to rapidly
assimilate effectiveness and safety data post market
approval for advanced medical therapies to guide treatment
integration among subtypes typically excluded from clinical
trials, vulnerable populations (eg, older adult or pediatric
patients, active or recent cancer, concomitant infectious
diseases, such as HIV and hepatitis C or B), underserved and
underrepresented populations often not enrolled (eg, racial
and ethnic minority groups, low socioeconomic status, or
those with disabilities), and difficult to treat or high-risk
populations (eg, recent hospitalizations, multiple surgical
procedures, or multiple biologic failures). It is impractical to
consider performing RCTs in all of these populations to
either confirm efficacy and safety or define comparative
effectiveness and safety. Therefore, we must critically
appraise current data synthesis approaches in the field to
understand how RCTs and RWE can be used together to
allow for strengths of one to overcome weaknesses of the
other and define the optimal integration of advanced med-
ical therapies in routine practice.
Approaches to Use of Data to Guide
Integration

To date, there have been 2 head-to-head clinical trials for
regulatory approved advanced medical therapies completed
in the field of IBD, the VARSITY trial, which compared
vedolizumab with adalimumab in UC, and the SEAVUE trial,
which compared ustekinumab with adalimumab in CD.15,16

The VARSITY trial demonstrated superiority for vedolizu-
mab vs adalimumab for clinical and endoscopic remission,
however, criticism remains due to a lack of uniform steroid-
tapering protocol and its potential influence on the out-
comes. Results from the SEAVUE trial did not show supe-
riority for ustekinumab vs adalimumab in achieving
symptom-based remission, and criticisms remain that the
high rates of clinical remission in this early-disease,
moderately active, CD cohort are not representative of
routine practice expectations for effectiveness. There are
very few examples of real-world clinical trials (ie, explana-
tory trials) conducted to date in the field of IBD. Typically,
these trials are considered pragmatic trials, as defined by
the Pragmatic-Explanatory Continuum Indicator Summary 2
criteria, which uses a 9-domain spoked wheel approach for
trial design decisions to ensure applicability. These domains
are scored from 1 (very explanatory) to 5 (very pragmatic)
to facilitate discussion, consensus, and ensure trial design is
consistent with intended use of trial results.17 The 2 trials in
the field of IBD considered closest to the definition of
pragmatic trials are the REACT trial and REACT2 trial.18

These were both designed as cluster randomized trials
comparing the effectiveness of treatment algorithms in CD
when implemented into routine care in community prac-
tices. Aside from these studies, all other considerations for
comparative effectiveness and safety of regulatory approved
advanced therapies have been made through indirect as-
sessments via the following main approaches: network
meta-analyses and either post-hoc comparisons of individ-
ual participant data (IPD) from RCTs or observational
comparative studies, using various statistical approaches to
adjust for measurable confounders. In the following sec-
tions, we outlined the rationale, methodology, advantages,
and limitations, as well as use cases, for each of these
methodologies.
Network Meta-Analyses
Rationale. Network meta-analyses involve the simul-

taneous analysis of direct evidence (from RCTs directly
comparing treatments of interest) and indirect evidence
(from RCTs comparing treatments of interest with a com-
mon comparator), to calculate a mixed-effect estimate as the



Figure 1. Comparison of RCTs with RWE observational studies studying comparative effectiveness and safety of 2 therapies in
IBD. In contrast to highly selected participants in RCTs, where the act of randomization balances both measurable and un-
measurable confounders and both groups have an equal opportunity to receive either therapy and/or presumed equal baseline
probability to experience outcomes of interest, observational studies include broader populations and have multiple levels of
influence on treatment choice, adherence, probability of experiencing outcomes of interest, and variability in care delivery or
observational period.
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weighted average of the 2, as shown in Figure 2.19,20 Such a
technique can help improve the precision of the estimate
(compared with direct evidence alone), and also allows
estimation of the comparative efficacy of 2 active treat-
ments, even if no studies compare them directly. These in-
direct comparisons of competing interventions, adjusted by
a common control such as placebo, can help to partially
account for prognostic characteristics of patients in different
trials, and may allow for more rapid and ongoing assimila-
tion of data to inform stakeholders regarding the optimal
integration of advanced medical therapies in clinical
practice.

Approach. When performing and interpreting a
network meta-analysis, there are 2 key assumptions: tran-
sitivity (ie, similarity of trials and populations) and coher-
ence (ie, consistency of findings).19,21,22 Transitivity implies
that trials are sufficiently similar in important clinical and
methodological characteristics. When designing and inter-
preting a network meta-analysis, it is critical to understand
whether included trials are conceptually very similar in
terms of key effect modifiers, such as patients (similar dis-
ease characteristics and severity, including prior failure of
therapies); interventions (standard dose and schedule of
approved therapies from phase 3 trials); co-interventions
(such as steroid dose and tapering protocols, which can
influence treatment efficacy); outcome assessment (similar
definitions and measures of outcome, such as criteria for
endoscopy scoring and methodology used for
scoring—central vs local); and trial design and quality (treat
straight-through design vs re-randomization of responders,
open-label feeders into maintenance phase, timing of
outcome assessment, and low risk of bias). These judgments
are made a priori by the investigators and are subjective.
After conducting a network meta-analysis, coherence (sta-
tistical agreement) should be assessed between direct and
indirect comparison for the same treatment comparison
pair. If incoherence is observed, potential reasons should be
examined, including genuine diversity in findings due to
differences in enrolled participants, interventions, back-
ground treatment and management, and definition and
measurement of outcomes, or bias in direct (or head-to-
head trials) or indirect comparisons due to limitations in
trial design or patient populations.

There are 2 main statistical approaches to performing a
network meta-analysis: Bayesian and Frequentist
methods.21 Bayesian models use the deviance information
criterion to compare models and assess overall goodness of
fit, whereas non-Bayesian models often use hypothesis tests
based on deviance statistics. Regardless of the approach
selected, it is recommended that the model fits the data well.
Inconsistency or heterogeneity in network meta-analyses is
assessed using global measures of inconsistency and loop-
specific approaches for each comparison where direct and
indirect evidence exists. Network meta-analyses are best
presented as risk estimates comparing different in-
terventions with each other (relative risk or odds ratio [OR],



Figure 2. Approach to use of clinical trial data to generate different levels of evidence. Network meta-analyses take group-level
estimates to make inferences on comparative effectiveness between 2 interventions using a common comparator (often
placebo [PBO]) or available data from head to head trials. Post-hoc analyses of individual participant data take patient-level
data and perform either propensity score modeling, which assigns a propensity score to sum up dependent variables and
allow for matching or weighting of participants from each treatment group to make comparisons, and matching-adjusted
indirect comparison, which reweights baseline summary statistics from individual participant data in one study to baseline
summary statistics of another study.
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with 95% CIs or 95% credible intervals in case of Bayesian
analysis). In addition, ranking probabilities best presented
as surface under the cumulative ranking curve, or P-scores
(based on point estimates and SEs of the network estimates
under the normality assumption23) can help inform relative
efficacy, although these are frequently overinterpreted.24

Finally, findings from network meta-analysis, like findings
from traditional meta-analysis, should be critically
appraised using standard approaches, such as Grading of
Recommendations Assessment, Development and Evalua-
tion for network meta-analysis.25

Use case. A recent network meta-analysis that exam-
ined the comparative efficacy of different advanced medical
therapies for the management of tumor necrosis factor
(TNF)-naïve and TNF-exposed patients with moderate to
severe UC informed the AGA clinical guidelines for the
management of moderate to severe UC.26 The AGA guide-
lines suggested using infliximab or vedolizumab rather than
adalimumab for induction of remission in adult outpatients
with moderate to severe UC who are naïve to biologic
agents.27,28 In adult outpatients with moderate to severe UC
who have previously been exposed to infliximab, particu-
larly those with primary nonresponse, the AGA suggests
using ustekinumab or tofacitinib, rather than vedolizumab
or adalimumab for induction of remission.

Strengths and limitations. The following are the key
strengths of network meta-analyses: ability to compare in-
terventions that have not been compared head to head;
being able to deal with multiple treatments and synthesize
comparative efficacy of the entire body of RCT evidence for
a specific condition; and potentially increasing precision,
especially with connected networks.29 However, network
meta-analyses often fail to provide a clear choice (ie, either
infliximab or vedolizumab as first-line therapy in the AGA
guidelines) and there are several important limitations in
interpreting network meta-analyses and their applicability
to integrating advanced medical therapies, which are out-
lined in Supplementary Table 2.30,31 First, there has been a
substantial evolution in how disease activity is assessed
over time. For example, there has been an evolution in how
endoscopy is assessed (local readers vs central readers) and
how friability is used in the Mayo endoscopic subscore from
the original infliximab trials, which separated mild (Mayo 1)
and moderate (Mayo 2) friability, to modern-day trials
where any friability is now considered moderate (Mayo 2).
In CD, there has been a shift from using the full Crohn’s
Disease Activity Index to using stool frequency and
abdominal pain subscores only, while awaiting fully vali-
dated disease activity measures.32 This was recommended
by the US Food and Drug Administration in 2015 due to the
high placebo rates, but this shift cannot be fully accounted
for when comparing CD trials pre 2015 to post 2015 in
network meta-analyses.33 Second, judgments on transitivity
or comparability of trial participants are subjective. In pa-
tients with IBD, prior exposure to biologic therapies, the
impact of different biologic exposures (TNF-antagonist vs
others) on efficacy of subsequent therapies, reasons for
treatment failure (eg, primary nonresponse and secondary
loss of response), disease duration, disease distribution, and
burden of inflammation, can significantly influence treat-
ment efficacy and these have evolved considerably over
time in cohorts enrolled. Third, co-interventions are not
standardized across trials with consideration for steroid
dosing at entry and steroid-tapering regimens, which likely
influence efficacy estimates for active therapy and placebo
arms. Through study-level synthesis, network meta-
analyses are unable to account for these differences in
trial populations or co-interventions. Fourth, network
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meta-analyses are unable to adequately account for differ-
ences in trial design and conduct. Although some ap-
proaches have been suggested, there are additional layers of
assumptions involved and this is particularly important for
the evolution in trial design with re-randomization of re-
sponders in maintenance being commonplace. Yet, network
meta-analyses continue to compare trials without consid-
eration for how long-lasting pharmacodynamic impacts may
influence placebo rates during maintenance, thereby influ-
encing ranking. An example of this is seen in the recently
completed risankizumab trials for CD.34,35 Fifth, some
network meta-analyses that include early-phase clinical
trials can introduce instability and be overly optimistic for
newer therapies. There is frequent over-reliance on ranking
probabilities, without a critical appraisal of the quality of
evidence. Finally, network meta-analyses are unable to
adequately inform comparative safety of therapies, due to
low frequency of major adverse events in short-term clinical
trials of IBD. For these reasons, network meta-analyses
cannot be solely relied on for decisions on how advanced
medical therapies should be integrated into clinical practice.
Post-Hoc Comparisons of Individual Participant
Data From Randomized Trials

Rationale. It is impractical to expect head-to-head tri-
als for all possible comparisons of advanced medical ther-
apies in IBD, and the limitations of fully relying on network
meta-analyses to inform these comparisons has been out-
lined above. RCT data sets still represent the most well-
phenotyped and monitored cohorts in existence for
advanced medical therapies, thereby providing the highest
quality assessment for potential measurable confounders.
One strategy to overcome the limitations noted for study
level comparisons through network meta-analyses is to use
IPD from separate RCTs to make more direct participant
comparisons after adjusting for key potential confounders.
Although the potential for confounding is still an important
consideration, given the absence of randomization between
the interventions being compared, evolutions in techniques
to account for unevenly distributed confounding factors
have allowed for more optimal use of IPD to guide
comparative effectiveness research in IBD and inform inte-
gration of advanced medical therapies.

Approach. IPD is often obtained through repositories,
such as the Yale University Open Data Access Project and
Vivli, which act as custodians for these data for pharma-
ceutical companies that have conducted the RCTs. Although
these central data repositories have proven to be extremely
valuable, particularly within the context of recent efforts to
optimize data transparency, open science, and data
sharing36; they are not without limitations in accessibility,
usability, and timeliness in data availability. A substantial
proportion of requests for data never yield completed pro-
jects due to complexities in data analyses and realizations
by investigators that their expertise was insufficient to
perform the proposed work, as outlined by the co-directors
of the Yale University Open Data Access Project.37

Furthermore, variation in data file types, inability to
readily integrate data across platforms that separately store
pivotal IBD trial data sets, and delays in data upload by
sponsors, impact timeliness in data synthesis. Nonetheless,
post-hoc analyses of IPD from these RCTs in IBD when
feasible offer several benefits.

Several approaches have now been applied to statisti-
cally adjust IPD when comparing interventions from
different studies in IBD, with propensity score approaches
being the most widely used (Figure 2). The main limitation
with traditional regression (logistic or proportional hazard)
modeling is the need for a larger number of events to allow
for accurate adjustment of potential confounders. Methods
using propensity scores can mitigate the potential for se-
lection bias by improving balance of baseline covariates
between groups without being restricted by number of
covariates accounted for in cohorts. The assignment of
propensity scores for all included patients acts as a proxy
between treatment assignment and potential confounders,
thereby maximizing comparability. Growing evidence sup-
ports propensity score approaches to be superior to
regression modeling,38 and propensity score approaches for
IPD comparisons across trials help to address the following
key limitations in effect modifiers of network meta-analyses:
patients—an ability to account for disease characteristics,
severity, and prior treatment failures as covariates; co-
interventions—an ability to account for variation in doses
used between induction and maintenance and/or concomi-
tant medications, such as steroids; and outcome assessment
and trial design—an ability to make definitions uniform
across cohorts through recalculation of end points and/or
modification of timing of assessment for comparisons from
those used in the original RCTs.

Use case. The network meta-analysis for UC, which
informed the AGA guidelines, recommended either inflix-
imab or vedolizumab for first-line use in UC, however, it
could not comment on any potential superiority of these
drugs to each other, individual patients most ideal for either
therapy, or 1-year outcomes due to variations in trial de-
signs that could not be accounted for through study-level
comparisons. A post-hoc analysis of IPD for biologic-naïve
patients with UC from these pivotal phase 3 programs for
infliximab and vedolizumab was able to overcome these
barriers and observed that although both drugs were com-
parable for achieving improvements in symptomatic
improvement at 1 year, infliximab was superior for
achieving corticosteroid-free clinical and endoscopic
remission at 1-year in biologic-naïve patients with UC.39

This demonstrates an ability for IPD to extend observa-
tions from network meta-analyses to inform integration of
advanced medical therapies in routine practice. In CD, IPD
has had a particular advantage when considering more
objective and robust outcomes. Although several network
meta-analyses have compared the relative efficacy of
various biologics for achieving clinical remission in CD,40–42

no comparisons have been made for 1-year endoscopic
remission (ER), given the varying use of ER as an end point,
variations in definitions of ER, and timing of assessment
across trials, small sample sizes for endoscopy secondary
outcomes, and differences in trial design due to evolutions
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in use of re-randomization of responders approaches. Using
patient-level clinical trial data obtained from the Yale Uni-
versity Open Data Access Project and Vivli, a comparison of
adalimumab, infliximab, ustekinumab, and vedolizumab
found that adalimumab and infliximab had rates of ER su-
perior to those of vedolizumab, and among patients with
ileal CD with large (0.5 cm) ulcers, infliximab achieved the
highest rates of ER at 1 year.43 A major strength of this
study was the ability to use a uniform definition for study
outcomes, which were global ER (Simple Endoscopic Score
for Crohn’s disease score < 3) and segment-specific ER
(Simple Endoscopic Score for Crohn’s disease score ¼ 0). In
this regard, IPD comparisons can be extremely informative
and consideration should be given to a stepwise triage of
questions to be addressed with network meta-analyses
defining key comparisons needing assessments and then
post-hoc IPD analyses being used to provide more granular
refinement for integration in practice.

Strengths and limitations. Advantages of conducting
indirect patient comparisons using patient-level clinical trial
data include the use of robust prospective collected data
from phase 3 and 4 clinical trials, use of standardized clin-
ical symptom indices to measure disease activity, an ability
to deconstruct disease activity measures (such as endo-
scopic sub-scores) to create uniform definitions across tri-
als, and the ability to compare outcomes uniformly defined
across common time points. Several limitations should also
be acknowledged. Indirect comparisons cannot replace the
need for randomization due to the inability to balance for
unknown confounders. As these are not randomized com-
parisons, results from indirect comparisons cannot be
interpreted as such. Given the observational nature of in-
direct comparisons, there remains the potential for several
biases, which may be introduced if the assumptions un-
derlying indirect comparison are violated,44 giving rise to
other methodological issues. Finally, availability and acces-
sibility of data make it difficult to readily apply this meth-
odology to inform decision making, as advanced medical
therapies come to market. To specifically overcome this
limitation, a greater emphasis has been placed recently on a
new technique—matching-adjusted indirect comparison
(MAIC)45 (Figure 2). This approach reweights IPD from one
study to the baseline summary statistics of another, to
provide greater adjustment for observed trial differences
compared with conventional meta-analytic methods.46 This
allows for more timely comparative evidence than pro-
pensity score approaches with IPD, but helps to partially
overcome limitations of network meta-analyses by incor-
porating trial level IPD characteristics from one group. Early
analyses using this approach have been applied for thera-
pies yet to obtain US Food and Drug Administration
approval (filgotinib47,48) or those very recently approved
(upadacitinib49 and ozanimod50), but caution should be
taken with widely adopting this methodology and relying
heavily on these results for informing treatment integration,
given you only have IPD from one group (vs IPD from both
groups for propensity score approaches) and therefore the
weighting adjusted may be biased due to large weights being
applied to a small proportion of the index population to
balance the groups.51 An example of this is seen in a recent
article comparing multivariate regression modeling, MAIC,
and propensity score matching for the comparison of vedo-
lizumab with adalimumab in biologic-naïve participants
from 2 independently conducted trials GEMINI (vedolizu-
mab) and ULTRA (adalimumab), with the head-to-head trial
(VARSITY; vedolizumab vs adalimumab) serving as ground
truth. In this analysis, MAIC favored adalimumab over
vedolizumab, which differed from the propensity score
approach using IPD from both studies and the head-to-head
VARSITY trial, which both favored vedolizumab.52 MAIC is an
attractive analytic approach for sponsors to rapidly compare
emerging therapies using internal IPD data sets with external
cohort-level summary statistics to inform positioning as
therapies come to market, but caution needs to be taken
when interpreting the results and further work is needed to
refine how these analyses are done for IBD therapies.
Observational Comparative Studies
Rationale. RWE has several limitations, including se-

lection bias, unsystematic data collection, inconsistency in
outcome measurements or data availability, and retrospec-
tive design, which must be considered when interpreting
comparative effectiveness data generated from observa-
tional cohort studies. However, there are multiple advan-
tages to the use of RWE, which have driven the dramatic
increase in studies over the past decade. First, the use of
these therapies in patient populations or cohorts not
included in the pivotal clinical trial programs creates a
greater generalizability for efficacy estimates and compar-
ative effectiveness findings in routine practice. Second, the
way these therapies are used in routine practice often al-
lows for an exploration of off-label dosing (ie, dose opti-
mization) and clinical benefits that can lead to novel insights
into optimally integrating these therapies into practice.
Third, the large size of these cohorts and use in patients
with comorbid conditions often allows for an assessment of
safety, particularly for events of key importance such as
cancer, cardiovascular events, or serious infections, which
are often not feasible in clinical trial data sets due to the
short follow-up period and/or highly restrictive eligibility
criteria. Finally, there is an increased interest in using RWE
to inform treatment positioning for payors with increased
adoption and consideration by international societies such
as ISPOR (Professional Society for Health Economics and
Outcomes Research) on how RWE may be used by regula-
tory agencies through the 21st Century Cures Act. Most
importantly, RWE gives providers an opportunity to assess
the “face validity” of treatment efficacy in the patients they
treat in routine practice and provides them with confidence
in expectations, as well as evidence to appeal payor de-
cisions on positioning and/or dosing of advanced medical
therapies. For these reasons, RWE plays a pivotal role in
defining how therapies are integrated into clinical practice.

Approach. Methodological approaches to RWE gener-
ation with observational cohorts follow statistical principles
like post-hoc analyses of IPD from RCTs. The primary
consideration within observational cohort data RWE
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generation is the cohort creation and methodology for data
integration. There are 2 broad approaches to obtaining real-
world data—grass roots data collection and integration or
systematic data storage with careful curation using available
metadata to guide cohort creation. Examples of grass roots
approaches include the GETAID (Groupe d’Étude Thér-
apeutique des Affections Inflammatoires du Tube Digestif)
collaboration in France,53–58 I-CARE (IBD Cancer and
Serious Infections in Europe) European collaboration,12

and the IBD Health Outcomes Consortium in the United
States.9–11,59–61 These groups reported systematic data
collection, prospectively or retrospectively, using pre-
defined data coding sheets, definitions, and quality-control
measures to collate deidentified data into common data
repositories through pre-established data sharing agree-
ments to comply with data privacy. Although this approach
often provides a higher degree of confidence in data quality,
it requires considerable time and resources investment,
which limits feasibility. Furthermore, it remains dependent
on investigator engagement and data availability, which
does not adequately overcome barriers related to inclusion
of underserved or underrepresented populations often not
seen in these centers. An alternative approach to using real-
world data for RWE generation in IBD is to use available
metadata from closed or open health care systems through
natural language processing and privacy-preserving data
linkage approaches. Successful examples of these ap-
proaches include the Veterans Affairs Health System,62–65

and the University of California Research eXchange
(UCReX).66–68 These large health system–based data in-
tegrations rely on common enterprise data warehouses of
existing medical records to collate patient-level information
in deidentified manners, and then create opportunities for
use of honest data brokers and/or remote data integration to
study large populations across diverse geographic regions
with varying provider care approaches, access, and/or so-
cioeconomic barriers influencing outcomes. Although neither
of these approaches can overcome limitations seen with RWE
using real-world data, they do offer unique opportunities to
extend observations from network meta-analyses and/or
post-hoc analyses of IPD to determine consistency.

Use case. Continuing with our theme use case of first-
line biologic therapy in moderate to severe UC, the US IBD
Health Outcomes Consortium studied the comparative
effectiveness of vedolizumab and TNF-antagonist therapy in
UC. They observed vedolizumab to be superior to TNF-
antagonist therapy for the achievement of clinical remis-
sion, steroid-free clinical remission, and steroid-free deep
remission (clinical plus endoscopic remission), which was
mostly driven by the sub-group comparison in biologic-
naïve patients and for vedolizumab vs adalimumab. The
point estimate for comparative effectiveness of clinical
remission from this study (hazard ratio, 1.65 in favor of
vedolizumab; 95% CI, 1.23–2.22) was very similar to that
seen in the subsequently completed head-to-head RCT of
vedolizumab and adalimumab (OR, 1.57 in favor of vedoli-
zumab; 95% CI, 1.14–2.16).15,69 This is in contrast to the
network meta-analysis completed before the VARSITY trial
(OR, 2.41 in favor of vedolizumab; 95% CI, 0.75–7.79),70 and
the subsequent network meta-analysis completed shortly
after with VARSITY data included (OR, 1.31 in favor of
vedolizumab; 95% CI, 0.88–1.95).26 Taken together, the
totality of data from network meta-analyses, post-hoc ana-
lyses of IPD from clinical trials, and RWE from observational
cohort data, demonstrated consistency in choice of first-line
biologics for moderate to severe UC with differences in
relative strengths and limitations that help to further bolster
confidence when the totality of data are assessed together.

Strengths and limitations. The strengths and limita-
tions of real-world data from observational cohorts has
been outlined throughout this review, but one specific lim-
itation worth noting is the absence of centralized endo-
scopic video recording, which could be readily addressed in
the coming years. There has been a substantial increase in
uptake of video-recording solutions for routine endoscopic
procedures, including “always on” capture devices, which
allow for assessment of colonoscopy quality and are used
for colon cancer screening augmentation.71 These endo-
scopic video-recording solutions have been embedded for
the goal of ensuring quality and potential applications for
artificial intelligence, primarily for adenoma detection.
However, over time, if these video-recording solutions are
linked with large collaborative consortiums in open or
closed health system models, a tremendous opportunity is
created to harness real-world data for rapid assessment of
therapies as they come to market with rigorous data mea-
sures. The promise of real-world data and use of real-world
data to guide advanced medical therapies in IBD is therefore
at a critical junction and we anticipate substantial successes
in coming years.

Personalized Medicine and Prediction Models:
Integrating Individual Participant Data From
Randomized Controlled Trials With Real World
Data Sets to Guide Integration of Advanced
Medical Therapies in Inflammatory Bowel
Disease

Within the entire framework we have outlined, we must
acknowledge that these data sources provide only group-
wise comparisons for individual therapies. They do not offer
concrete opportunities to provide patient-level assessments
for optimal advanced medical therapy selection. In this re-
gard, prediction modeling will likely be the final data point
to consider when fully defining how advanced medical
therapies should be integrated. A case use example of this,
which leveraged the multiple data sources outlined above, is
the US IBD Health Outcomes Consortium Clinical Decision
Support Tool for UC and CD (www.CDSTforIBD.com).72

Using IPD from the pivotal phase 3 clinical trial program
for vedolizumab in UC, a regression model was built and
subsequently validated in the routine practice cohort from
the US IBD Health Outcomes Consortium and demonstrated
good discriminative performance for steroid-free clinical
and endoscopic remission with vedolizumab in UC. Most
notably, the prediction was specific to vedolizumab, and the
tool did not predict outcomes for TNF-antagonist therapy in
routine practice. A subsequent validation of the tool in the

http://www.CDSTforIBD.com
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VARSITY trial data set for predicting histoendoscopic
remission using blinded central reads of videos and histol-
ogy demonstrated the tool was able to predict outcomes for
vedolizumab but not adalimumab in this RCT.73 Although
the overall trial demonstrated superiority of vedolizumab to
adalimumab, the decision support tool was able to identify a
sub-group of patients who would benefit most from vedo-
lizumab and a sub-group who might benefit from adalimu-
mab over vedolizumab within this trial data set. Finally, a
recent extension of the tool applied to the tofacitinib trial
data sets obtained through Vivli demonstrated that the tool
identified patients most likely to respond to vedolizumab
relative to adalimumab and tofacitinib, despite this sub-
group of high-probability patients having factors that
would traditionally be considered associated with high
probability of response to any advanced medical therapy.
There was an inverse probability of response to tofacitinib
relative to vedolizumab and adalimumab, which further
confirmed that prediction modeling may help to further
refine groupwise comparative estimates to fully define how
advanced medical therapies should be integrated into
routine practice. Similar observations have been made for
decision support tools from the consortium built for vedo-
lizumab and ustekinumab in CD, which have undergone
validation by other groups internationally and have been
found to have drug specificity in prediction across broad
populations.74–79 As clinical trial data become increasingly
available through open access data platforms, and routine
practice observational cohorts become increasingly higher
in data quality, opportunities exist to expand decision sup-
port tool creation and validation to guide treatment
positioning.
State of Affair for Advanced Medical
Therapy Positioning

As we have outlined in this review, current guidelines
cannot fully inform treatment positioning and integration,
and no single source of evidence can be relied on to make
these decisions. Therefore, a combined approach is needed
where all sources of evidence are considered together in a
rank-order manner with RCTs, network meta-analyses,
post-hoc analyses of individual participant data, and then
RWE. In this regard, we provide suggested recommenda-
tions that extend the current AGA guidelines for both UC
and CD. These recommendations should not be considered
as formal endorsements, but they represent the opinion of
the authors based on best-available evidence. These
extended recommendations can be found in
Table 115,39,41,43,80–88
Conclusions and Future Considerations
RCTs remain the gold standard for evidence, and a shift

toward more comparative studies is developing with the use
of multiple active comparator arms to reduce probability of
randomization to placebo, and trials would ideally be
designed with uniform end-point assessments and mea-
surement of core outcome sets to allow for more uniform
comparison within network meta-analyses.89 An additional
shift toward more pragmatic trial designs is also needed
where studies have minimum eligibility criteria, include
simple interventions that could be incorporated with
routine care, and measure nontraditional outcomes or rare
events (safety) that are most important to patients and
enable simple outcome data to be extracted from routine
health records.90

When considering observational data and causal
inference, target trial emulation may offer a unique op-
portunity to optimize study quality.91 Target trial emula-
tion is a 2-step process. The first step is articulating the
causal question in the form of the protocol of a hypo-
thetical randomized trial that would provide the answer.
This protocol specifies key elements as a clinical trial,
including eligibility criteria, treatment strategies, treat-
ment assignment, the start and end of follow-up, out-
comes, causal contrasts, as well as data analysis plan. The
randomized trial described in the protocol becomes the
target study for the causal inference of interest. The sec-
ond step is explicitly emulating the components of that
protocol using the observational data: finding eligible in-
dividuals, assigning them to a treatment strategy
compatible with their data, following them up from
assignment until outcome or end of follow-up, and con-
ducting the same analysis as the corresponding target
trial, except that there is adjustment for baseline con-
founders to emulate random treatment assignment
through propensity score methods. This approach was
used recently to compare vedolizumab monotherapy vs
vedolizumab in combination with thiopurines for the
management of IBD. Using observational data from 3
administrative claims databases, mirroring the SONIC and
SUCCESS trials comparing infliximab monotherapy vs
infliximab in combination with thiopurines, Kirchgesner
and colleagues86 inferred that combination therapy with
vedolizumab and thiopurines was associated with lower
treatment failure compared with vedolizumab mono-
therapy in CD but not UC.

Finally, irrespective of how the evidence is generated,
there remains a need for rapid integration and lessons can
be learned from the COVID-19 pandemic using living
guidelines. A living guideline is defined as “optimization of
the standard guideline process, as it allows updating of
individual recommendations as soon as new relevant ev-
idence becomes available.”92,93 The aim of a living guide-
line is to provide accurate, relevant, and trustworthy
advice to clinicians, policy makers, and other decision
makers in a timely manner, particularly in the context of
rapidly evolving evidence and an urgent need to inform
decision making. The unit of update in living guidelines is
an individual recommendation, and not necessarily the
whole guideline. Living guidelines were immensely useful
to inform pharmacologic management of COVID-19.94

Given the rapidity with which new advanced medical
therapies are becoming available in IBD, which quickly
make current guidelines obsolete, living guidelines may
offer a unique consideration to ensure applicability to
routine care.



Table 1.Positioning of Biologics and Small Molecules for Moderate to Severe Ulcerative Colitis and Crohn’s Disease

AGA recommendations Gaps in guidance Updated guidance

UC
Biologic-naïve
Infliximab or vedolizumab over

adalimumab for biologic-naïve
patients with UC

No recommendation on superiority of
infliximab vs vedolizumab

Infliximab superior to vedolizumab,
adalimumab, ustekinumab,
ozanimod39,80,81

No clear recommendation for ustekinumab Vedolizumab superior to adalimumab15

Unable to assess ozanimod No demonstrated superiority among
vedolizumab, ustekinumab, and
ozanimod

Biologic-exposed
Ustekinumab or tofacitinib over

vedolizumab for infliximab-exposed
patients with UC

Recommendation limited to infliximab-
exposed patients with UC

Upadacitinib superior to tofacitinib,
ustekinumab, vedolizumab, adalimumab,
ozanimod in TNF-antagonist exposed
patients with UC80,81

No recommendation on superiority of
ustekinumab vs tofacitinib

Ustekinumab superior to vedolizumab or
tofacitinib in TNF-antagonist exposed
patients with UC82

No recommendation for upadacitinib or
ozanimod in TNF-antagonist exposed

No demonstrated superiority among
ozanimod, ustekinumab, and
vedolizumab

Combination therapy
Combining TNF-antagonist,

vedolizumab, and ustekinumab
therapy with thiopurines or
methotrexate over biologic
monotherapy in patients with UC

Limited comparative data for thiopurine or
methotrexate combination therapy with
vedolizumab and ustekinumab vs
biologic monotherapy to inform
statement

No evidence to support the routine use of
thiopurines or methotrexate with
vedolizumab or ustekinumab compared
with monotherapy of biologics for
UC83,84

CD (luminal)
Biologic-naïve
Infliximab, adalimumab, and

ustekinumab are recommended and
vedolizumab suggested over
certolizumab for TNF-antagonist-
naïve CD patients

Recommendations limited to TNF-
antagonist exposure due to trial design

No recommendation on superiority of
infliximab or ustekinumab

Unable to assess risankizumab or
upadacitinib

Infliximab and risankizumab favored over
ustekinumab, adalimumab, vedolizumab,
and certolizumab43,85,88

No demonstrated superiority between
infliximab and risankizumab

Biologic-exposed
In TNF-antagonist primary

nonresponders ustekinumab is
recommended and vedolizumab is
suggested. In secondary TNF
antagonist nonresponders,
ustekinumab or adalimumab
recommended and vedolizumab
suggested

Recommendations limited to TNF-
antagonist exposure due to trial design

Risankizumab and upadacitinib favored over
ustekinumab, adalimumab, and
vedolizumab85

Unable to assess risankizumab or
upadacitinib

No demonstrated superiority between
risankizumab and upadacitinib

Combination therapy
In biologic and immunosuppressant-

naïve CD, combination thiopurine or
methotrexate recommended with
TNF-antagonist therapy

No recommendation made for vedolizumab
or ustekinumab

Addition of thiopurine to vedolizumab may
reduce risk of treatment failure86

No evidence to support the routine use of
thiopurines or methotrexate with
ustekinumab compared with
ustekinumab monotherapy84

NOTE. JAK inhibitors (tofacitinib and upadacitinib) are not considered in biologic-naïve populations, given US Food and Drug
Administration and European Medicines Agency labeling restricting the use of JAK inhibitors to biologic/TNF-antagonist–
exposed individuals.
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Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://doi.org/10.1053/
j.gastro.2023.10.033.
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Supplementary Table 1.Current Advantages or Limitations of Randomized Trials and Opportunities for Improving Value of Real-World Evidence Synthesis for
Inflammatory Bowel Disease to Guide Advanced Medical Therapy Integration

Limitation or advantage Source Impact Solution
Value or opportunity of
RWE data synthesis RWE examples

Enrollment eligibility:
Limitations in number of
prior treatment failures
(mesalamine
monotherapy failures,
only 1–2 advanced
therapy failures) and/or
demographic
characteristics of cohorts
enrolled (eg, proctitis,
pouch, ostomy, fistulae,
and number of surgeries)

Industry: Attempts to
minimize risk of failed
trials or high AE reporting
due to hard-to-treat
populations with
comorbid conditions or
sub-groups with high
anticipated placebo
effect

Academia: Lack of validity
for current PRO and
endoscopic measures for
sub-populations (ie,
ostomy, pouch, proctitis,
and altered anatomy due
to surgery)

Recruitment: Need to
activate hundreds of
sites, across dozens of
countries, to identify
eligible patients with
increased reliance on
certain regions (emerging
markets)

Coordination: Increased
reliance on CROs with
exponential impact on
financial cost of trials and
inefficient timelines

Disease measures: Develop
new tools and/or modify
or validate existing tools
for sub-populations often
excluded

Drug discovery: Shift in drug
discovery toward
profiling of complex,
refractory populations
recognizing need for
therapies specifically in
biologic failure
populations

Sub-populations: Allows for
assessment of approved
therapies in populations
not included in trials to
enhance generalizability
of findings to routine
practice

Efficiency: Academic
collaborations and
consortiums to optimize
patient identification,
enrollment, and/or
monitoring, minimizing
cost

Target RWE8;
US IBD Health Outcomes

Consortium
(VICTORY9,10,
SUCCESS11);

I-CARE and GETAID
initiatives12

Quality: RCTs provide high-
quality assessments of
demographic
characteristics and
measurement of PROs
and endoscopy with
central reading for
inclusion/exclusion and
measurement of
treatment effect

Investigators:
Misclassification by site
investigators
(consciously or
subconsciously) for
disease activity
measures, particularly
endoscopy, to increase
recruitment in financially
lucrative clinical trials

Medical records: Lack of
uniform data collection
approaches to define
patient demographic
characteristics, disease
activity measures, or
monitoring

PRO monitoring: Lack of
tools for patient-centered
data collection

Failed trials:
Misclassification by local
site investigators for
endoscopic scoring has
led to “negative” trial
results for efficacious
therapies

Coordination: Need for
centralized endoscopy
scoring with added trial
complexity burden and
cost; feedback cycle of
increased reliance on
CRO

Routine endoscopy videos:
Use of routine video
recording (for adenoma
detection) and allow for
use of these videos for
enrollment and activity
assessments (centrally
read or through artificial
intelligence)

Uniform data collection:
Creation of EMR-based
note templates or NLP
approaches to harmonize
data across practice
locations and link to
claims data sets

Patient self-reporting:
Increased utilization of
PRO monitoring directly
by patients

Central monitoring:
Integrated health
systems with uniform
data collection and/or
multisite endoscopic
recording will allow for
closed system
completion of large
observational studies to
answer important
questions (eg, biosimilar
switch; sequencing
studies) not feasible for
traditional clinical trials
due to cost and
complexity of designs

Veterans Affairs assessment
of treatment integration,
efficacy, safety13;
integrated EMR data
warehouses (PCORNet)14

AE, adverse event; CRO, contract research organization; EMR, electronic medical record; NLP, natural language processing; PRO, patient-reported outcomes.
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Supplementary Table 2.Strengths and Limitations of Different Nonrandomized Sources of Data for Integration of Advanced Medical Therapies for Inflammatory Bowel
Diseases

Network meta-analysis Post-hoc analysis using individual participant data Routine practice observational cohorts

Strengths Limitations Strengths Limitations Strengths Limitations

Highest-quality evidence
from well-controlled
RCTs, level 1 evidence
readily accepted by
payors

Unable to account for
evolutions in end-point
measurement timing and
method of assessment
(central vs local
endoscopy scoring), as
well as definitions used

Use of well-characterized
uniformly monitored
cohorts from RCTs with
an ability to partially
overcome variations in
timing and definitions of
assessments for
comparison

Not readily accepted by
payors or societal
guidelines, limiting
impact on advanced
medical therapy
implementation

Readily accepted by
providers (face validity of
effectiveness and safety)
and increasing
acceptance by payors
(particularly for off-label
dosing) and regulatory
authorities (21st Century
Cures Act)

Often not well characterized
or uniformly monitored,
with risks for data
missingness or
inaccurate end-point
measurement due to
natural clinical variations
in follow-up and
assessment

Rapidly updated as new
therapies are approved

Potential limitations in
transivity or comparability
in trial populations

IPD-level data allows for
sub-selection of
intervention cohorts most
closely matched

Limited by data availability
and delays in IPD being
uploaded to public
platforms

Rapid data generation as
therapies come to market
for populations not
studied in clinical trials

Comparability in populations
limited by payor
positioning, provider
decisions on use, and
patient acceptance

More precise than single
direct or indirect
estimate30,31

Covariates cannot be
adjusted for at the
individual participant
level

Precise adjustments for
covariates and
confounders related to
efficacy outcomes

Cohort size and event rates
limit ability to fully adjust
for covariates in relation
to secondary outcomes
of interest

Large cohort sizes with an
ability to apply statistical
adjustments for
balancing across multiple
outcomes including rare
events

Missingness of data creates
inability to fully adjust for
key covariates and
increased risk for
unmeasured confounder
effects in comparisons

Deal with multiple therapies
and synthesize evidence
for a disease

Unable to account for
differences in trial design
or conduct to provide
clear guidance on all
comparisons

Able to account for
differences in trial design
by “reconstructing” data
sets to be comparable
and better inform key
comparisons

Unable to deal with multiple
therapies simultaneously
for comparisons

Deal with multiple therapies
and comparisons, across
wide-ranging populations
from varying regions

Unable to account for
access barriers, or other
external influences that
are controlled for in RCTs

Provides comparisons for
interventions not
previously assessed
head to head

Unable to inform safety due
to low event rates

Provides comparisons for
interventions not
previously assessed
head to head

Unable to inform safety due
to low event rates

Informs safety comparisons
and assessment of any
new safety signals

Provides comparative
effectiveness estimates,
but with lower confidence
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