
Effective drugs for inflammatory bowel 
disease (IBD) have been available for 
over 70 years1. Following the advent of 
anti- tumour necrosis factor (anti- TNF) 
therapy in the mid-1990s, treatment goals 
started to evolve and moved towards more 
robust targets2, including mucosal healing, 
given its potential for disease modification, 
and probably also histological healing, which 
has been associated with a reduced risk of 
hospitalization, colectomy and colorectal 
cancer in patients with ulcerative colitis3. 
Multiple therapeutic options (biologic 
agents and small molecules) are currently 
available for IBD, and this armamentarium 
will increase further over the next decade4 
(Fig. 1). Given this increase in the number of 
novel treatments aiming for more stringent 
outcomes, comparative evidence is critical 
to help physicians and patients select the 
most appropriate therapeutic option, as well 
as to enable health authorities and payers to 
determine the optimal position of specific 
agents within treatment algorithms.

Until 2018, comparative data in IBD 
relied on indirect evidence provided by 

of health authorities and payers when 
considering the reimbursement of novel 
treatments in an era in which increasing 
health- care costs conflict with growing 
health- care budget constraints12.

With the introduction of more robust 
outcomes such as endoscopic remission, 
which have been linked to reduced placebo 
response rates13,14, direct comparisons 
between agents have become a more 
attractive option in IBD15. The VARSITY 
(the efficacy and safety study of vedolizumab 
intravenous compared to adalimumab 
subcutaneous in participants with ulcerative 
colitis) trial compared the efficacy and 
safety of intravenous vedolizumab 
(a monoclonal antibody against α4β7 
integrin) and subcutaneous adalimumab 
(a monoclonal antibody against TNF) 
in moderate- to- severe active ulcerative 
colitis and was the first head- to- head trial 
between biologic agents with different 
modes of action in IBD16. Head- to- head 
trials comparing other treatment options 
such as etrolizumab (a monoclonal antibody 
against β7 integrin) and infliximab (an 
intravenously administered TNF blocker) 
or adalimumab are currently running and 
results are expected in the next 5 years.

In this Perspective, we provide an 
overview of the past, current and future 
concepts of trials in IBD, with a focus 
on head- to- head trials, together with a 
critical appraisal of comparative evidence 
in the treatment of IBD, emphasizing the 
methodological challenges and current 
available data.

Shifting priorities in IBD research
The main target of early IBD research 
was the development of drugs to control 
disease symptoms, improve quality of life and 
alter disease progression. This approach led 
to the current therapeutic armamentarium 
that consists of immunomodulators, 
anti- TNF blockers, anti- adhesion therapy, 
IL-12–IL-23 blockers and janus kinase (JAK) 
inhibitors4. Compared with other IMIDs, the 
number of therapeutic options with proven 
efficacy in clinical trials remains limited, 
and IBD studies continue to focus on how 
to optimize the use of existing drugs and 
treatment strategies. To choose the right 
drug for the right patient, the ideal scenario 
of personalized, predictive medicine is on the 

meta- analyses and comparative real- world 
evidence. Although the first head- to- head 
trials in IBD (sulfasalazine versus steroids 
and azathioprine, olsalazine versus 
mesalazine, or mesalazine Multi Matrix 
system (MMX, Cosmo) versus mesalazine) 
were performed decades ago5–7, direct 
comparisons between biologic agents have 
been lacking until now (Fig. 1). Indeed, the 
modest effect size of all currently available 
drugs compared with placebo has always 
made competitive head- to- head trials in IBD 
particularly unattractive to industry8, despite 
the appeal to clinicians, payers and patients. 
Methodological challenges concerning the 
study design and population, the choice 
of comparator and end point, the use of 
blinding, and different potential dosing 
and escape strategies further complicate 
head- to- head trials comparing biologic 
agents for IBD. In other immune- mediated 
inflammatory disorders (IMIDs), such as 
rheumatoid arthritis, multiple sclerosis 
and plaque psoriasis, however, such studies 
were performed much earlier9–11, and direct 
comparative evidence remains a key request 
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horizon17, but practical insights into the 
clinical use of drugs in patients are still 
scarce. Thus, direct comparison of existing 
biologic agents and newer IBD drugs in 
head- to- head randomized controlled trials 
(RCTs) has become a key feature in current 
IBD research (Box 1).

Comparing therapeutic options for IBD
Meta- analysis, real- world evidence and 
head- to- head trials are the tools for 
comparing different therapeutic options 
for IBD, each with its own strengths and 
weaknesses (TaBle 1). In this regard, it is 
important to distinguish a drug’s efficacy 
(its effect in a controlled environment that 
can only be offered by a clinical trial) with 
its effectiveness (its effect in real- world 
circumstances).

Meta- analysis. Meta- analysis is the 
quantitative, scientific synthesis of research 
results from many individual studies, often 
RCTs. A meta- analysis should always be 
preceded by a systematic review, which aims 
to provide a robust overview of the efficacy 
of an intervention, a problem, or field of 
research. The systematic review process 
includes formal methodological guidelines 
for the literature search, study screening, 
data extraction and coding, along with 
detailed documentation of each step18. The 
systematic review aims to be transparent, 
reproducible and updatable and should 
address well- defined research questions. 
Only if the systematic review reveals 
sufficient and appropriate quantitative 
data can a meta- analysis be performed to 
assess the magnitude of the outcome across 
the selected relevant primary studies to 
analyse the causes of variation among study 
outcomes by using effect sizes19.

In contrast to a narrative review, a 
systematic review with meta- analysis can 

accurately summarize results across studies 
in a comprehensive and quantitative manner. 
Nevertheless, owing to a lack of stringent 
methodological and reporting quality 
criteria, results of meta- analyses are often 
criticized and controversial20. Indeed, the use 
of statistically flawed approaches can lead to 
erroneous and misleading results. Thus, the 
term ‘meta- analysis’ should be applied only 
to studies that use well- established statistical 
procedures, such as appropriate effect- size 
calculation, weighting and heterogeneity 
analysis with statistical models that take into 
account the distinct hierarchical structure of 
meta- analytical data, or develop rigorously 
justifiable methodological advances of 
these methods19. Other caveats exist: a 
meta- analysis can highlight areas in which 
evidence is deficient, but cannot overcome 
these deficiencies. The over- representation 
or under- representation of populations, 
species or systems in the scientific literature, 
as well as selective or incomplete data 
reporting in primary publications (that 
is, publication bias), remain an important 
challenge to meta- analysis21. Furthermore, 
meta- analyses risk becoming rapidly 
outdated because results can be markedly 
different within a few years as more studies 
emerge.

Network meta- analysis is a technique 
for comparing multiple treatments 
simultaneously in a single analysis by 
combining direct and indirect evidence 
within a network of RCTs22. This approach 
has become particularly attractive in IBD 
research as it could help in assessing the 
comparative effectiveness of different 
treatments regularly used in clinical practice. 
Nevertheless, network meta- analysis is 
more complex and resource intensive 
than pair- wise meta- analysis. Assessment 
of transitivity — that is, ruling out 
systematic differences between the available 

comparisons other than the treatments being 
compared — is crucial for the validity of a 
network meta- analysis, and input from both 
clinicians and statisticians is needed when 
developing the clinical question22.

In IBD, there is wide variety in the 
design of registration trials for new 
drugs. Key differences include patient 
populations, the choice of symptom- based 
measures (clinical remission or clinical 
response) versus objective outcomes 
(biomarker levels, endoscopy findings or 
histopathology analysis) as end points and 
variable analytical methods (for example, 
different methods to deal with missing data, 
such as last observation carried forward, 
in which the last observed score is used 
for all subsequent missing time points, 
or non- responder imputation, in which 
all participant dropouts are assumed to 
be non- responders)23. This variety makes 
meta- analysis particularly challenging and 
explains why comparable analyses often 
lead to differing conclusions. The primary 
goal of apparently similar meta- analyses 
often differs as well, affecting the number 
of included studies and, consequently, the 
results. By way of example, differences 
between clinical trials and meta- analyses for 
biologic agents approved for ulcerative colitis 
are shown in Supplementary Tables 1 and 2. 
In clinical trials, the exact definition and 
timing of the assessment of the primary 
end point vary, and the studied population 
can be more or less treatment refractory 
depending on the inclusion and exclusion 
criteria. Other differences are in the 
interpretation of clinical scoring systems 
(average versus worst- rank), corticosteroid 
tapering regimens and handling of missing 
data. For meta- analyses, comparisons can 
be made directly between different drugs, or 
indirectly versus placebo. Studied end points 
can be effectiveness, safety, or both.

First head-to-head trial 
comparing different IBD 
drugs (sulfasalazine vs 
prednisone vs azathioprine 
vs placebo, Crohn’s disease)

First head-to-head trial in IBD 
including biologic therapy 
(infliximab + azathioprine vs 
infliximab vs azathioprine, 
Crohn’s disease)

First head-to-head trial 
comparing a biologic originator 
with a biosimilar in patients with 
IBD (infliximab, ulcerative colitis 
and Crohn’s disease)

First head-to-head trial in IBD 
including two biologic agents 
with different modes of action 
(adalimumab vs vedolizumab, 
ulcerative colitis)

First clinical trial 
showing efficacy of 
medical treatment 
in IBD (cortisone)

First* clinical trial 
showing efficacy of 
anti-TNF therapy in 
IBD (infliximab)

First* clinical trials 
showing efficacy of 
anti-adhesion therapy 
in IBD (vedolizumab)

First* clinical trial 
showing efficacy of 
anti-IL-12–IL-23 therapy 
in IBD (ustekinumab)

First* clinical trial showing 
efficacy of oral small 
molecules (JAK inhibitors) 
in IBD (tofacitinib)

1955 1979 2002 2010 2013 2016 2017 2018 2019

Fig. 1 | Key events in IBD drug development. Timeline showing key trials in IBD drug development (green panels) and head- to- head comparative research 
(yellow panels). IBD, inflammatory bowel disease; JAK , janus kinase; TNF, tumour necrosis factor. *Phase III, randomized controlled trial.
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Real- world evidence. Real- world evidence 
is defined as the clinical evidence regarding 
the usage and potential benefits or risks of 
a medicinal product derived from analysis 
of data acquired from clinical practice24. 
Information relates to patients’ health status 
or delivery of health care, and is routinely 
collected from a variety of sources, such as 
electronic health records or administrative 
databases24. Real- world studies are 
observational and are able to provide large 
datasets from diverse patient populations 
over a long period of time25. The best source 
of real- world data remains debated, and 
to obtain the most granular information 
possible, big data analysis from electronic 
records, combining multiple data sources, 
might become the favoured tool26.

Although evidence generated from 
practice- based observations seems to be of 
less scientific value than data from RCTs, 
real- world observations fulfil an important 
role in IBD research. Indeed, the strict 
protocol- specified criteria for enrolment 
into RCTs might not reflect clinical reality, 
in which health- care practitioners are faced 
with patients with wider ranges of disease 
severity and age, taking a broader range 
of concomitant medications and often 
with more and varying comorbidities27. 
Real- world evidence also offers the 
opportunity to compare the value of 
different health- care systems, as well 
as looking into ‘hard’ outcomes in the 
long- term, such as bowel damage and 
surgery in patients with IBD over a period 
of years, which is not possible in the shorter 
time frames of most RCTs. Nevertheless, 
comparing real- world evidence between 
different treatment strategies is fallible:  
data collection is primarily retrospective, 
and can have systematic bias in sampling and 
ascertainment, as well as being inherently 
incomplete compared with trial data  
collection, which has set criteria and 
protocols24,25. This limitation might in part  
explain why retrospective studies and RCTs 
sometimes lead to different conclusions. 
A typical example is therapeutic drug 
monitoring in patients with IBD, with  
some retrospective data supporting 
proactive infliximab dosing based on  
trough concentrations maintained at a 
certain level28, whereas prospective trials 
have never confirmed this aspect29,30.

Propensity score matching can 
counter systematic differences in baseline 
characteristics, by down- sizing known 
confounders and by reducing the effects 
of multiple covariates to a single score, the 
propensity score. This process enables 
the estimation of population- average 

treatment effects and helps to overcome 
selection bias by comparison of outcomes 
across treatment groups, pairs or pools 
of propensity score- matched patients31. 
However, matching ideally requires very 
large registries with thousands of patients 
to achieve groups with sufficient patient 
numbers, and propensity score matching can 
only be used if the patients had access to all 
treatment options being compared, with an 
equal probability of each treatment option. 
Furthermore, propensity score matching 
does not counter unobserved covariates, so 
residual confounding could still influence 
the results32.

The ideal cohort for comparative 
real- world effectiveness research has a 
large (n >1,000) number of patients across 
multiple sites with varying practices, 
which provides granular data to enable 
deeper matching, multiple analytical 
approaches to assess consistency and 
instrumental variable analysis to estimate 
causal relationships. An example of such 
a cohort is the multicentre VICTORY 
(vedolizumab for health outcomes in 
inflammatory bowel disease) Consortium, 
that includes >2,500 patients from 12 
different centres in the USA and Canada. 
This cohort has been used to compare the 
effectiveness of vedolizumab and anti- TNF 
therapy in patients with ulcerative colitis33. 
Preliminary results demonstrated that 
propensity score matching accounted for 
differences in age, sex, prior ulcerative 
colitis- related hospitalization, disease extent, 
disease severity, steroid- refractoriness or 
dependence, and prior anti- TNF therapy 
failure. Initial analysis showed a 54% versus 
37% clinical remission rate favouring 
vedolizumab at 1 year (OR 1.54, 95% CI 
1.08–2.18), implying a 54% benefit over 
anti- TNF agents, with fewer serious adverse 
events (OR 0.29, 95% CI 0.12–0.73)33. 

Caution is warranted when interpreting 
these data, as the retrospective collection 
of data from multiple centres might have 
affected uniformity.

Although RCTs often include patients 
with refractory disease, real- world 
effectiveness research has the additional 
benefit of taking into account a more varied 
set of patients with baseline characteristics 
often changing over time, which can 
gradually lead to improved effectiveness 
and disease outcomes in clinical practice. 
A large study from the USA showed that 
more patients who had not previously 
received biologic agents have been treated 
with vedolizumab since FDA approval in 
2014 (from 6% to 12% among patients 
with Crohn’s disease (2014–2015 versus 
2015–2017) and from 29% to 36% among 
patients with ulcerative colitis (2014–2015 
versus 2015–2017), with increasing 
remission and mucosal healing rates in 
patients with Crohn’s disease and fewer 
hospitalizations and operations in patients 
with ulcerative colitis34.

Head- to- head trials. Head- to- head trials 
are RCTs that compare different active 
interventions (for example, vedolizumab 
versus adalimumab in ulcerative colitis16) 
or treatment strategies (for example, early 
combined immunosuppression versus 
conventional management in Crohn’s 
disease35) randomly assigned across groups 
or participants. The design of head- to- head 
trials differs from that of observational 
studies, in which a population is assigned 
to different interventions based on patient 
or provider factors and local guidelines 
(Fig. 2). Head- to- head trials are the current 
gold standard in comparative research; they 
are designed and powered to enable formal 
comparison between distinct therapies or 
therapeutic strategies36.

Box 1 | past, present and future perspectives of IBD trials

past perspective
•	Developing	inflammatory	bowel	disease	(IBD)	drugs	that	induce	and	maintain	clinical	remission

•	Developing	disease-	modifying	drugs	to	reduce	IBD-	related	complications

present perspective
•	Optimizing	the	use	of	existing	treatment	options	(strategy	trials)

•	Enlarging	the	spectrum	of	disease-	modifying	IBD	drugs	by	exploring	modes	of	action	different	
from	that	of	anti-	tumour	necrosis	factor	(TNF)	blockade

•	Directly	comparing	biologic	agents	and	new	IBD	drugs

Future perspective
•	Identifying	predictive	biomarkers	for	disease	evolution	as	well	as	response	to	therapy	
(personalized	medicine)

•	Revealing	and	therapeutically	modifying	gut	microbiota–host	interactions	(towards	definite	cure	
of	IBD?)
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There is speculation that pharmaceutical 
companies avoid head- to- head comparisons 
to avoid jeopardizing their market share by 
unfavourable results37. However, when the 
status of head- to- head trials across different 
indications, including IBD, was mapped, 
most (>55%) were industry sponsored, 
although fewer than 15% of these had two 
industry funders38. Industry- sponsored trials 
were larger, more commonly registered, 
more frequently used a non- inferiority 
design and had a higher citation impact than 
non- industry- sponsored trials. Interestingly, 
and some might suggest not surprisingly, 
they were more likely to show a favourable 
response towards the experimental 
treatment than non- industry- sponsored 
trials38. This finding might be a consequence 
of the non- inferiority design (discussed 
later). In our opinion, comparative trials 
carry greater credibility when driven by 
non- profit entities; although the latter face 
cost as a major barrier, the principal pitfalls 
of undertaking head- to- head trials remain in 
their design.

Head- to- head trial design
Type of comparison. Active controlled 
clinical trials methodology can be classified 
by type of comparison7,15,16,39 (Fig. 3). The 
most convincing way of determining 
whether an investigational intervention 
is more efficacious than its comparator is 
by performing a superiority trial. In such 
comparison, the sample size calculation is 
conventionally based on achieving adequate 
power to demonstrate that the relevant 
confidence limit for a difference between the 

two treatments excludes zero, assuming that 
the experimental treatment is superior by a 
given amount (‘delta’). It is, however, difficult 
for new agents to demonstrate superiority 
over established agents as the increase in 
efficacy might be small, so non- inferiority 
trials are often favoured.

Non- inferiority trials aim to demonstrate 
a minimum level of efficacy in a new 
drug compared with an established drug 
by a pre- specified degree, because the 
new drug might offer other advantages 
such as an improved safety profile, easier 
administration or reduced costs. The key 
challenge is to determine the non- inferiority 
margin, which is the clinically acceptable 
maximum difference between two 
treatments. This margin directly influences 
sample size estimates and study conclusions. 
To maintain the validity of non- inferiority 
trials, the margin should be narrow enough 
to preserve a clinically relevant amount 
of the active comparator’s treatment 
effect. ‘Clinical relevance’ is a subjective 
term, open to debate and contention, but 
in IBD a difference in effect between an 
investigational drug and a comparator (be it 
placebo or active agent) of 10% is generally 
considered appropriate, because the efficacy 
of all agents is modest40. This margin 
depends, of course, on the outcome being 
compared (clinical remission or response, 
objectively confirmed or not). Although it 
is often thought that non- inferiority trials 
need to be much larger than superiority 
trials, there is no good reason why the size 
of the delta in superiority trials and the 
non- inferiority margin in non- inferiority 

trials, and by implication the sample size, 
should be different. Superiority trials are, 
however, sometimes smaller because the 
delta is chosen as the value that corresponds 
to the expected difference, with optimistic 
values selected to reduce the sample size41.

Tsui et al.42 evaluated whether published 
non- inferiority trials were adequately 
designed. Most trials (101 of 162) used an 
active comparator that had not even been 
shown to be effective itself, meaning that 
both treatments could be equally ineffective. 
In fewer than half the trials that used an 
effective comparator (25 of 61), the chosen 
margin was small enough to preserve more 
than 50% of the comparator’s treatment 
effect42. In other words, only 25 of 162 trials 
compared active treatment with active 
treatment42. Remarkably, in almost 10% of 
non- inferiority trials, the design enabled 
the intervention to be declared non- inferior 
even if it was worse than placebo or another 
historical cohort42. In this regard, the 
NOR- SWITCH (switching from originator 
infliximab to biosimilar infliximab 
compared with maintained treatment with 
originator infliximab) trial is relevant. The 
NOR- SWITCH trial was a randomized, 
non- inferiority, double- blinded study, in 
which infliximab originator was compared 
with infliximab biosimilar (CT- P13) in 
patients with different IMIDs39. The primary 
end point was the percentage of participants 
experiencing disease worsening (variously 
defined). For IBD, disease worsening meant 
a change from a baseline Harvey- Bradshaw 
index of ≥4 points and a score of ≥7 points 
for Crohn’s disease; for ulcerative colitis, 

Table 1 | strengths and weaknesses of different comparative approaches

approach strengths Weaknesses

Meta- analysis Provides context that individual studies cannot provide

Outcomes might include more precise estimate of treatment 
effects or risk factors for disease than individual studies

Reduces the need for repeated research studies

Included studies should be similar enough to be pooled

Potential research and publication bias

Erroneous or poorly conducted studies can adversely affect 
results of entire meta- analysis

Needs appropriate comparison methods to adjust for trial 
differences

Real- world evidence Bridges the gap between clinical trials and practice

Provides information on a population- based level from a wide 
variety of sources

Captures long- term data about effectiveness and safety , 
including rare events, in heterogeneous populations

Complements randomized controlled trials

Data completeness, accuracy and consistency may not be 
uniform (potential selection bias, information bias, recall bias 
and detection bias)

Study populations are unselected, which limits treatment 
comparisons

Head- to- head trials Gold standard: compare therapies in the same population 
and setting

Increasingly required by regulatory authorities

Expensive

Long timelines

Eligible participants do not always reflect real- world patients 
owing to strict inclusion and exclusion criteria

Require careful study design and selection of appropriate 
comparator and end points
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it meant a change from a baseline Partial 
Mayo score of >3 and a score of ≥5. The 
non- inferiority margin was set at 15%. 
Although the study reached its primary 
end point in the overall population (and 
also in the IBD population specifically), the 
range of risk differences between distinct 
types of IMIDs was notable, and the chosen 
margin has been criticized as being too wide 
to include clinically relevant differences39 
(Supplementary Table 3).

A favoured alternative to non- inferiority 
design is a placebo- controlled trial with a 
non- powered reference arm43. Here, the 
active comparator serves only to estimate 
the reference drug’s efficacy, to confirm 
previous results and assist the regulators 
(or payers) in determining the drug’s value. 
The advantages of this type of design include 
lower sample sizes, ranging between the 
active reference arm, the tested molecule 
and the placebo, and the opportunity to 
compare different dosage levels of the same 
drug. Nevertheless, interpretation remains 
complicated. Differences between the 
original (placebo- controlled) trial and the 
investigational drug, placebo- controlled 
with a non- powered reference arm, will 
cast doubt on the conclusions about the 
comparator. The lack of power in this 
type of study is, however, likely to explain 
discrepancies, unless outcome measures 
differ substantially15. In a pooled analysis of 
the two CORE (colonic release budesonide) 
I and II studies that analysed the outcomes 
of treatment with budesonide MMX at 
different doses versus placebo in patients 
with ulcerative colitis44, the primary end 
point data were lower than those observed 
for other ulcerative colitis therapies at the 
same time point (18% versus 29–60%)45–47. 
Nevertheless, these latter trials used clinical 
remission alone as an end point, whereas the 
CORE studies combined clinical (no rectal 
bleeding and normal stool frequency) and 
endoscopic (no mucosal friability at full 
colonoscopy) outcome parameters44.

Choice of comparator. Head- to- head trials 
comparing biologic agents in IBD have 
attracted serious interest because of ethical 
concerns raised by health authorities and 
industry around placebo treatment, the 
societal cost of therapy and repercussions 
of disease progression and adverse events15. 
These worries are shared by patients and 
clinicians, the latter guided by the principles 
of the 1964 Declaration of Helsinki, one of 
which states: “Physicians who combine 
medical research with medical care 
should involve their patients in research 
only to the extent that this is justified by 

its potential preventive, diagnostic or 
therapeutic value and if the physician has 
good reason to believe that participation 
in the research study will not adversely 
affect the health of the patients who serve 
as research subjects”48. Indeed, effective 
drugs for IBD have been available for a long 
time (>70 years)1, so trials comparing two 
active treatments are overdue and reduce 
the chance of study participants receiving 
placebo. This approach should facilitate 
recruitment in IBD trials, now often 
disappointingly slow, because it is easier to 
convince a patient to participate in a clinical 
trial without a sham arm15.

The choice of comparator needs to be 
carefully considered and depends on what 
the investigator or study sponsor would 
most like to know. There might not be 
such a thing as a ‘good’ or a ‘bad’ choice 
of comparator, as the key is the correct 
interpretation of the results, although 
fairness has to be taken into account. 
When performing head- to- head trials in 
IBD it is important to consider whether 
concomitant treatments should be allowed 
or not. For example, the use of infliximab in 
combination with azathioprine is superior to 
the use of infliximab monotherapy in both 
ulcerative colitis and Crohn’s disease49,50; 
consequently, infliximab monotherapy 
cannot reasonably be used as an ‘honest’ 
comparator in a head- to- head trial with 
another biologic agent. Furthermore, 
concomitant steroids, and whether or 
not forced tapering of those should be 
imposed, is crucial to compare results 

in IBD regulatory trials. Put simply, 
investigator- decided steroid dose favours the 
placebo and reduces the absolute difference 
between placebo and study drug. To test its 
efficacy, a study drug is best tested in the 
context of mandatory steroid withdrawal.  
In the VARSITY head- to- head trial 
comparing adalimumab and vedolizumab 
for moderate- to- severe active ulcerative 
colitis, 36% patients in both groups were 
receiving concomitant steroids at baseline, 
but there was no forced steroid tapering16. 
At 52 weeks, the secondary outcome 
measure of corticosteroid- free remission 
rates was generally low across both 
treatment groups. There was a numerical 
but not statistically significant advantage 
for adalimumab over vedolizumab (26 of 
119 (22%) versus 14 of 111 (13%); P = 0.08). 
Whether the lack of forced steroid tapering 
also affected the primary outcome (clinical 
remission at week 52, which significantly 
favoured vedolizumab; P = 0.006) of 
the VARSITY trial remains unclear, but the 
results for almost all the other secondary 
outcome measures (such as endoscopic 
mucosal healing) were consistent with the 
primary outcome, favouring vedolizumab. 
There was no multivariate analysis of data 
about steroid dosing during the study16.

Use of blinding. Blinding refers to keeping 
trial participants, investigators (usually 
health- care providers) or assessors (those 
analysing the outcome data) unaware of the 
results of outcome assessments. Blinding 
can improve compliance and retention of 

Screening inclusion and exclusion criteria

Outcome (most typically ‘efficacy’) in a 
randomized controlled trial 

Outcome (most typically ‘effectiveness’) in a 
real-world setting

Shared decision

Randomization

Treatment option 1

Treatment option 2

Choice influenced by 
• Demographics 
• Disease phenotype
• Prior treatments 
• Patient preference 
• Payer influence 
• Local guidelines

Participant
Randomized controlled 
(e.g. head-to-head)
trial

Patient
Observational study
(comparative real-world
evidence)

Fig. 2 | randomized controlled trials versus observational studies. Differences in the design of 
randomized controlled trials and observational studies can affect comparative outcomes of distinct 
treatment options.
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trial participants while reducing biased 
supplemental care or treatment51. In head- 
to- head trials, the implications of double 
blinding, single blinding, non- blinding, or 
open- label treatment should be carefully 
considered. If a regulatory agency requests 
an active control arm in a phase III head- 
to- head trial, double blinding is mandatory, 
meaning that all participants, investigators 
and assessors have to be unaware of 
intervention assignments throughout 
the trial32. The main reason is to avoid 
expectation bias influencing treatment 
effect. When comparing drugs with different 
modes of administration (for example, 
oral versus subcutaneous or intravenous), 
blinding can be a logistical and expensive 
challenge, requiring a double- dummy 
blinding strategy. With this approach, the 
comparators do not need to look identical, 
because the placebo is given to match the 
appearance of each study drug52.

Trials that are not double blinded should 
not automatically be deemed inferior. Single 
blinding means that only one of the three 
groups, normally the participants rather 
than investigators or assessors, remains 
unaware of intervention assignments. This 
approach can be sufficient if the purpose of 
the trial is to demonstrate a drug’s effect in 
real- world situations32. In IBD research, the 
CONSTRUCT (comparison of infliximab 

and ciclosporin in steroid- resistant 
ulcerative colitis) trial compared the clinical 
effectiveness of infliximab with ciclosporin 
in patients with acute severe ulcerative 
colitis, through a single- blinded design53. 
A dynamic algorithm protected against 
investigator preference and randomly 
assigned patients in a one- to- one fashion, 
but local investigators and participants were 
aware of the treatment allocated, whereas 
the chief investigator and analysts were 
blinded53. There are examples in other fields 
of research, such as rheumatoid arthritis9.

Non- blinding can be applied when 
testing outcome parameters that are 
unlikely to be influenced by participants’ 
or investigators’ expectations (for example, 
serum trough concentrations of the 
drugs being tested or immunogenicity in 
patients treated with a biosimilar versus 
biologic originator)54,55. An example in IBD 
research is the CALM trial, a multicentre, 
randomized, open- label, active- controlled, 
two- group, phase III, efficacy and safety 
study to evaluate two treatment algorithms, 
tight control and conventional management, 
in patients with moderate- to- severe active 
Crohn’s disease56. The primary end point was 
endoscopic mucosal healing and absence of 
deep ulcers 48 weeks after randomization. 
Although participants and investigators 
were blinded to patient allocation, 

post- screening C- reactive protein (CRP) 
and faecal calprotectin levels, treatment in 
this study was non- blinded or open label. 
In our opinion, the design of the CALM trial 
potentially influenced the primary outcome, 
as interpretation of endoscopy was subject 
only to local reading, whereas a central 
reading process would have been less prone 
to expectation bias of the investigators. 
Nevertheless, objective (secondary) 
end points such as low CRP or faecal  
calprotectin levels differed between the  
two treatment strategies at the end  
of the trial, which provides reassurance 
that the primary outcome (tight control 
significantly increases the likelihood 
of endoscopic mucosal healing in early 
Crohn’s disease) was a real effect56.

Choice of end point. The design of 
head- to- head trials is also influenced 
and sometimes complicated by specific 
requirements of regulators. According to 
the European Medicines Agency (EMA) 
draft guidelines on the development of 
new drugs published in 2018, the primary 
end point in studies of ulcerative colitis or 
luminal Crohn’s disease should concern the 
proportion of patients with symptomatic 
and endoscopic remission, defined and 
justified according to validated instruments 
used for evaluating signs, symptoms and 

Placebo-controlled with
non-powered reference arm

Randomized

Drug A Drug BPlacebo

Advantages
Fewer participants needed than in  
conventional RCTs
Disadvantages
No conclusions can be drawn from  
under-powered reference arm
Examples
MMX mesalazine vs 5-ASA vs 
placebo in ulcerative colitis 
(Kamm et al.7)

Advantages
Appropriate for evaluating new therapeutics
Disadvantages
Key methodological issue: defining non-inferiority 
margin
Examples
Infliximab biosimilar vs infliximab originator in 
various IMIDs (Jørgensen et al.39)

Non-inferiority

Randomized

Drug A Drug B

Drug A better Drug B better

2

–Δ Δ0

1

Superiority

Randomized

Drug A Drug B

Drug A better Drug B better

5

Δ0

4
3

Advantages
• Appropriate for approving new therapeutics
• Might change routine clinical practice and influence   
 reimbursement criteria of approved drugs
Disadvantages
Difficult to demonstrate superiority of a new agent over 
established agents
Examples
Adalimumab SC vs vedolizurnab IV in ulcerative colitis 
(Sands et al.16)

Fig. 3 | types of head-to-head trial and their advantages and disadvantages. In a non- inferiority trial, the hypothesis that a new drug is non- inferior to 
the reference drug is tested, while a superiority trial is designed to test whether a new drug is more efficacious than the reference drug. In a placebo- 
controlled trial with a non- powered reference arm, the active comparator serves to estimate the reference drug’s efficacy , to confirm previous results and 
assist the regulators (or payers) in determining the drug’s value. 1, lower limit of confidence interval does not overlap with non- inferiority margin (hypothesis 
of non- inferiority accepted); 2, lower limit of confidence interval overlaps with non- inferiority margin (hypothesis of non- inferiority rejected); 3, confidence 
interval does not include zero treatment difference (drug B superior to drug A); 4, confidence interval does include zero treatment difference (no difference 
between drug A and drug B); 5, confidence interval does not include zero treatment difference (drug A superior to drug B). 5- ASA , 5- aminosalicylic acid; 
IMID, immune- mediated inflammatory disease; IV, intravenous; MMX, Multi Matrix system; RCT, randomized controlled trial; SC, subcutaneous.
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mucosal inflammation57,58. The EMA 
guidelines are complemented by those of 
the FDA, although the latter seems more 
aspirational by suggesting the incorporation 
of a not- yet- validated histology instrument 
in the definition of mucosal healing and 
the development of new patient- reported 
outcomes (PROs) in ulcerative colitis59. The 
timing of measuring the primary end point 
depends on the aim of the treatment course 
(for example, induction versus maintenance) 
and the pharmacodynamic properties of  
the tested drugs. A different time point 
for the assessment of symptomatic 
and endoscopic remission might be 
acceptable57,58. These are generic proposals 
that go some way to avoiding the artificial 
divide between induction and maintenance 
therapy in IBD, while also focusing on the 
need to control the biology of the disease, 
which is inflammation.

Unfortunately, validated cut- offs of 
clinical and endoscopic scoring systems 
are often lacking, leading to wide 
heterogeneity in applied definitions60–62. In 
the STRIDE (selecting therapeutic targets 
in inflammatory bowel disease) programme, 
an international specialist panel agreed 
that the target for clinical therapeutic trials 
in IBD was a PRO measure combined 
with objective evidence (imaging). For 
ulcerative colitis, the PRO was clinical 
remission, defined as complete resolution 
of rectal bleeding and altered bowel habit, 
and endoscopic remission, defined as a Mayo 
endoscopic subscore (or Ulcerative Colitis 
Endoscopic Index of Severity score) of 0 or 1 
(reF.2). In Crohn’s disease, PRO remission 
was defined as resolution of abdominal pain 
(using a visual analogue scale) and altered 
bowel habit (using the Bristol stool scale), 
and imaging remission as resolution of 
ulcerations at ileocolonoscopy or resolution 
of inflammatory findings on cross- sectional 
imaging2. A similar consortium defined 
a set of end points for the development 
of anti- fibrosis drugs in Crohn’s disease63. 
These outcomes have yet to be introduced 
into regular practice as neither the existing 
PROs nor the anti- fibrosis drug’s end 
points are prospectively validated63,64, but 
the effect of such tight end points can be 
seen in the studies of budesonide MMX 
in ulcerative colitis: in the two registration 
trials, the remission rates with placebo were 
5–7%, whereas those with the active agent 
were only in the region of 18%, although 
differences between the two remained 
statistically significant44. End points that 
act as a surrogate marker for future disease 
activity are elusive, although histopathology 
might yet prove of value, as concordance 

between clinical, endoscopic and histological 
remission has been associated with increased 
rates of steroid- free remission and a 
reduction in hospitalization for ulcerative 
colitis over a succeeding period of 6 years65.

More stringent outcomes have reduced 
placebo response rates in IBD66, but 
caution is warranted to avoid becoming 
overly restrictive. A post hoc analysis of 
data from the EXTEND (extending the 
safety and efficacy of adalimumab through 
endoscopic healing) trial assessed the 
effect of different definitions of clinical 
and endoscopic remission on treatment 
efficacy estimations in Crohn’s disease67. 
By increasing the stringency of week-12 
clinical end points, placebo response rates 
reduced by at least 12%, whereas absolute 
treatment effects increased by maximum 
of 10%. By contrast, when amending 
the endoscopic end point by lowering the 
target score, the treatment effect reduced 
from 24% to 8%, and composite end points 
further diminished response rates and 
effect sizes. These findings demonstrate 
that increasing the stringency of combined 
clinical endoscopic end point definitions in 
Crohn’s disease trials reduces the ability to 
detect treatment- related changes in disease 
activity, so a focus on end points that reflect 
clinical benefit alone is warranted67. As a 
consequence, quality of life can be a primary 
outcome: it is the (often unstated) goal of 
medicine, but is rarely measured in practice. 
In the CONSTRUCT trial (see earlier), 
no differences between infliximab and 
ciclosporin for the treatment of acute severe 
colitis based on quality- adjusted survival, 
or the area under the curve of scores 
from the Crohn’s and Ulcerative Colitis 
Questionnaire, were found53. Colectomy and 
mortality rates were likewise similar between 
the two treatment groups, but were only 
secondary outcomes53. The other IBD study 
that has used quality of life as a primary end 
point is the LIR!C (laparoscopic ileocolic 
resection versus infliximab treatment of 
distal ileitis in Crohn’s disease) trial, an 
open- label RCT that demonstrated equal 
outcomes of infliximab treatment and 
ileocolic resection in patients with limited, 
non- stricturing, ileocaecal Crohn’s disease68.

Study populations. One of the drawbacks 
of head- to- head clinical trials is that they 
generally use exclusion criteria similar 
to phase II and phase III trials, which 
might not be relevant to the general IBD 
population32. Many trials are, at least in part, 
conducted at academic medical centres, 
for which the referral population might 
be more refractory to treatment, so most 

participants might have received treatment 
with immunosuppressive and/or biologic 
agents in the past and have a longer disease 
duration compared with the general IBD 
population66. Comparative trials should, 
therefore, critically appraise their inclusion 
and exclusion criteria, taking into account 
that in clinical practice, biologic therapy is 
often started for the cumulative effect of low- 
to- moderate disease activity and, depending 
on context, previous response to therapy, 
physician preference, patient preference and 
payer provision. One way to make clinical 
trials more relevant to everyday practice is 
to use a cluster randomization design, in 
which randomization is by centre, including 
all patients in one arm in a single centre, 
and not by individual patient, as a centre 
in reality will adopt a unified strategy to all 
their patients. The REACT (randomized 
evaluation of an algorithm for Crohn’s 
disease treatment) trial used this approach: 
41 centres were randomly assigned to 
either conventional management or early 
combined immunosuppression with a 
TNF antagonist and an antimetabolite. 
Although the primary end point (control 
of symptoms) was not different between 
the groups, the design demonstrated 
that the risk of major adverse outcomes 
(disease- related hospitalization, surgery 
or complications) was lower in the centres 
randomly assigned to early combined 
immunosuppression35. Almost 2,000 
patients were recruited, and the response 
to early combined immunosuppression was 
broadly comparable to results in registration 
trials, suggesting that patients recruited 
individually to trials are more representative 
of clinical practice than commonly 
acknowledged35.

Dosing and escape arms. Dosing in head- to- 
head trials comparing biologic treatments 
should mimic clinical practice. Escape 
arms including dose escalation and the 
possibility of switching to another biologic 
therapy should follow society treatment 
guidelines. Patients who ‘escape’ should 
not be included in the primary outcome, 
as the escape therapy might improve 
apparent outcomes.

Defining different dosing and escape 
arms can be a major hurdle in study 
design, potentially increasing the burden 
on participants. For example, in a current 
double- dummy blinded trial, the effectiveness 
and safety of infliximab versus etrolizumab 
is being compared in patients with ulcerative 
colitis who have not previously received 
biologic agents (NCT02136069)69. The 
study protocol does not offer the option of 

Nature reviews | GastroenteroloGy & HepatoloGy

P e r s P e c t i v e s



dose escalation in instances of treatment 
failure, although it is well established 
that therapeutic drug monitoring helps 
select infliximab- treated patients who 
could benefit from this approach70. Trial 
participants with non- response or loss of 
response to infliximab could, therefore, be 
switched to the etrolizumab arm, whereas 
they might potentially have regained 
response to infliximab dose escalation.

Comparing biologic agents for IBD
Existing head- to- head trials. Only a few 
trials have compared biologic agents with 
conventional treatment or with each other in 
patients with IBD (TaBle 2).

Several studies have aimed to show 
the superiority of combination therapy 
with immunomodulators and infliximab, 
compared with either treatment as 
monotherapy49,50,71. The superiority of the 
‘combotherapy’ hypothesis was confirmed 
for infliximab and azathioprine in both 
Crohn’s disease and ulcerative colitis49,50, 
but negative for infliximab and methotrexate 
in Crohn’s disease71. In this latter trial, 
patients receiving combination therapy 
less frequently developed antibodies to 
infliximab, hinting that a longer study 
duration could have altered primary 
outcomes, although the study duration was 
already longer than in trials with infliximab 

and azathioprine (50 weeks versus 16 to 
30 weeks)49,50,71. Other landmark trials 
have compared the clinical effectiveness of 
ciclosporin and infliximab in patients with 
acute, severe steroid- refractory ulcerative 
colitis53,72. Laharie et al.72 hypothesized 
that ciclosporin would less often lead to 
treatment failure; both participants and 
investigators were not blinded to treatment 
allocation and outcomes were assessed 
early after initiation of therapy. By contrast, 
Williams et al.53 designed a non- inferiority 
trial with a different primary outcome, 
based on quality of life and with a longer 
follow- up; the chief investigator and analysts 
were blinded to treatment allocation. 

Table 2 | principal published head- to- head trials with biologic agents in IBD

reference Comparator treatment 
population

number 
of 
patients

primary end 
point

perioda type of 
comparison

Blinding Main finding

Biologic agent vs conventional agent

Colombel 
et al. (2010)50

Infliximab and 
azathioprine 
vs infliximab vs 
azathioprine

Moderate- to-  
severe active 
Crohn’s disease, 
naive to IMM and 
biologic agents

508 Achieving 
CS- free clinical 
remission

26 weeks Superiority Double- blinded, 
double- dummy

Infliximab ± 
azathioprine 
superior to 
azathioprine 
alone

Laharie et al. 
(2012)72

Ciclosporin vs 
infliximab

Acute severe 
ulcerative colitis 
refractory to 
IV CS

115 Treatment 
failureb

98 days Superiority Non- blinded Ciclosporin 
not more 
effective than 
infliximab

Panaccione 
et al. (2014)49

Infliximab and 
azathioprine 
vs infliximab vs 
azathioprine

Moderate- to-  
severe active 
ulcerative colitis, 
naive to biologic 
agents

239 Achieving 
CS- free clinical 
remission

16 weeks Superiority Double- blinded, 
double- dummy

Infliximab + 
azathioprine 
superior 
to either 
monotherapy 
infliximab or 
azathioprine

Feagan et al. 
(2014)71

Infliximab and 
methotrexate 
vs infliximab

Active Crohn’s 
disease receiving 
CS, naive to 
biologic agents

126 Time to 
treatment 
failurec

50 weeks Superiority Double- blinded, 
double- dummy

Infliximab + 
methotrexate 
not superior 
to infliximab 
alone

Williams 
et al. (2016)53

Ciclosporin vs 
infliximab

Acute severe 
ulcerative colitis 
refractory to 
IV CS

270 Quality- adjusted 
survival

3 years Non- inferiority Single- blinded No difference 
between 
ciclosporin 
and infliximab

Biologic agent vs biosimilar

Jørgensen 
et al. (2017)39

Infliximab 
originator 
vs infliximab 
biosimilar

Crohn’s disease, 
ulcerative colitis 
or other IMID, at 
least 6 months 
stable infliximab 
treatment

482 Disease 
worsening

52 weeks Non- inferiority Double- blinded Switching 
from infliximab 
originator 
to infliximab 
biosimilar 
non- inferior to 
continuation 
of infliximab 
originator

Biologic agent vs biologic agent

Sands et al. 
(2019)16

Vedolizumab IV 
vs adalimumab 
SC

Moderate- to- 
 severe active 
ulcerative colitis

769 Achieving 
clinical 
remission

52 weeks Superiority Double- blinded, 
double- dummy

Vedolizumab 
superior to 
adalimumab

CS, corticosteroid; IBD, inflammatory bowel disease; IMID, immune- mediated inflammatory disease; IMM, immunomodulator; IV, intravenous; SC, subcutaneous. 
aTime point at which the primary outcome was assessed. bAbsence of clinical response on day 7 or relapse between day 7 and day 98 or absence of CS- free 
remission on day 98 or severe adverse event leading to treatment interruption, colectomy or death. cLack of CS- free clinical remission during week 14 or failure  
to maintain remission to week 50.
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Despite marked differences between the 
two study designs, the conclusions were 
identical: ciclosporin and infliximab are 
equivalent in the management of acute, 
severe ulcerative colitis53,72.

The first comparison of biologic agents 
for the treatment of IBD confirmed that 
switching infliximab originator to its 
biosimilar was not inferior to continuing 
with the originator39. To date (2020), the 
only published RCT comparing biologic 
agents with two different modes of 
action is the VARSITY trial16. This trial 
demonstrated superior clinical remission 
with vedolizumab than with adalimumab 
in the treatment of moderate- to- severe 
active ulcerative colitis. Although the 
trial included both patients who had not 
and patients who had received anti- TNF 
agents, which could have impaired the 
outcomes in adalimumab- treated patients, 
the superiority of vedolizumab was more 
pronounced in those who had not received 
anti- TNF agents. By contrast, and as already 

remarked, corticosteroid- free remission 
rates numerically favoured adalimumab, 
although only a small percentage of patients 
treated with corticosteroids at baseline 
could stop these during the trial (40 of 230 
in both arms), which lacked a mandated 
corticosteroid- tapering regimen. Although 
this aspect might be explained by residual 
disease activity, it might also reflect 
treatment habits in a steroid- dependent 
population. Notably, treatment optimization 
through dose adjustment in the VARSITY 
trial was not possible owing to the study 
design, although higher dosing of both 
adalimumab and vedolizumab might have 
improved clinical outcomes73,74.

Other head- to- head trials involving 
biologic agents have focused on the 
optimized use of established treatment 
options, such as studies comparing an 
infliximab dosing strategy based on 
serum trough concentrations with an 
infliximab dosing strategy based on clinical 
features29,30. Although both studies failed 

to show superiority of concentration- based 
dosing, the results should be interpreted 
with caution. In the TAXIT (trough 
concentration adapted infliximab 
treatment) RCT only a highly selected 
group of patients treated with maintenance 
infliximab for at least 14 weeks and in stable 
clinical remission were included, and the 
optimization phase balanced trough levels 
of all participants between prespecified 
intervals even before randomization. This 
selection bias might have contributed to 
the lack of difference in primary outcome 
between the concentration- based and 
clinically based dosing arms29. In an RCT 
investigating tailored treatment with 
infliximab (TAILORIX; tailored treatment 
with infliximab for active luminal Crohn’s 
disease) some methodological issues 
existed, as in the concentration- based 
arms the investigators could also decide to 
dose optimize infliximab based on clinical 
symptoms or biomarkers alone30. The 
TAXIT and TAILORIX trials highlight 

Table 3 | selected ongoing head- to- head trials between biologic agents in IBD

study name and/
or Clinicaltrial.
gov number

Comparator type of study treatment population number of 
patients (±a)

primary end point periodb

NCT0287163577 BI695501 (biosimilar) 
SC vs adalimumab SC

Phase III, randomized, 
double- blinded

Active luminal Crohn’s 
disease

140 Clinical response 4 weeks

GARDENIA69

NCT02136069

Etrolizumab SC vs 
infliximab IV

Phase III, randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active ulcerative colitis, 
naive to biologic agents

390 Clinical response 
(week 10) and 
remission (week 54)

10 and 
54 weeks

HIBISCUS 1 and 2 
(reFs78,79)

NCT02163759

NCT02171429

Etrolizumab SC vs 
adalimumab SC vs 
placebo

Phase III, randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active ulcerative colitis, 
naive to biologic agents

350 Clinical remission 10 weeks

EXPEDITION80

NCT03616821

Brazikumab IV/SCc 
vs vedolizumab IV vs 
placebo

Phase II, randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active ulcerative colitis

375 Clinical remission 10 weeks

SEAVUE81

NCT03464136

Ustekinumab IV/SCc 
vs adalimumab SC

Phase III, randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active luminal Crohn’s 
disease, naive to biologic 
agents

350 Clinical remission 52 weeks

VEGA82

NCT03662542

Guselkumab IV/SCc 
+ golimumab SC vs 
guselkumab IV/SCc vs 
golimumab SC

Phase II, randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active ulcerative colitis

210 Clinical response 12 weeks

INTREPID83

NCT03759288

Brazikumab IV/SCc 
vs adalimumab SC vs 
placebo

Phase II/III, 
randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active Crohn’s disease

1,140 Endoscopic 
response and clinical 
remission

12 and 
52 weeks

VIVID-1 (reF.84)

NCT03926130

Mirikizumab IV/SCc 
vs ustekinumab IV/
SCc vs placebo

Phase III, randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active Crohn’s disease

1,100 Endoscopic 
response and clinical 
remission

52 weeks

GALAXI 1, 2 and 3 
(reF.85)

NCT03466411

Guselkumab IV/SCc 
vs ustekinumab IV/
SCc vs placebo

Phase II/III, 
randomized, 
double- blinded, 
double- dummy

Moderate- to- severe 
active luminal Crohn’s 
disease

2,000 Clinical response 
(phase II) and 
remission (phase III)

12 weeks

IBD, inflammatory bowel disease; IV, intravenous; SC, subcutaneous. aFinal number likely to change. bTime point at which the primary outcomes were assessed.  
cIV during induction, and continued SC treatment during maintenance.
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the importance of performing a thorough 
analysis of a trial’s design looking beyond 
the main outcomes. A detailed review of 
treatment strategy trials, including other 
examples comparing different routes 
of administration of the same drug75, 
or top- down and step- up treatment 
strategies35,76, is, however, outside the scope 
of this article, but a concise overview is given 
in Supplementary Table 4.

Ongoing head- to- head trials. Multiple head- 
to- head trials comparing biologic agents 
in the treatment of IBD are in progress. 
Most contrast biologic agents with different 
modes of action in a double- blinded, 
double- dummy setting. Primary end points 
in all trials are achieving clinical response or 
remission at pre- specified time points69,77–85 
(TaBle 3; Fig. 4).

Conclusions
Given the increase in the number of novel 
IBD treatments aiming for more stringent 
outcomes, comparative research has been 
prioritized in the current landscape of 
IBD trials. Largely owing to the request 
of health authorities and payers, several 
head- to- head trials between biologic 
agents for the treatment of IBD have been 
launched in the past few years, and this 
trend will continue over the next decade. 
Although the results of such trials will 
influence prescribers worldwide, it remains 
unlikely that the trials alone are going 
to determine the positioning of biologic 
therapy. Comparing active treatments in an 
RCT is expensive and complex and is mainly 
driven by industry. This approach enhances 
the likelihood of a favourable response 
to the experimental treatment, which should 
be taken into account when interpreting 
results38. Trial design will continue to 
face immense hurdles, given the evolving 

understanding of the sophisticated science 
behind biologic agents in the treatment 
of IBD. Strategy trials, belonging broadly 
to the range of head- to- head studies, have 
enlarged our knowledge about how to 
optimize the use of established therapies, 
illustrated by therapeutic drug monitoring 
or treat- to- target approaches29,30,56. 
Furthermore, biomarkers predicting 
response to therapy are opening the door to 
personalized medicine, further complicating 
concepts of a ‘fair’ head- to- head study 
design86,87. Head- to- head research 
might eventually evolve to head- to- head 
performance trials, comparing therapy 
allocation and optimization based on 
different (bio)markers, rather than simply 
comparing therapeutic agents. To maintain 
relevance, head- to- head trials between 
biologic agents should also select and stratify 
patients more effectively, based on disease 
and patient biology, while using the same 
objective measures and PROs as those 
applied in clinical practice. Several other 
questions remain unanswered. What is a 
clinically meaningful difference between 
two IBD drugs? What is the long- term effect 
on durability and disease complications of 
the differences observed between two IBD 
drugs? And should we favour non- inferiority 
trials, as efficacy of biologic agents and 
small molecules seems to have reached a 
plateau? Finally, the quest for optimization 
and comparison of established treatment 
options should not restrain the focus of 
future IBD research from improving the 
understanding of disease pathogenesis, as 
many mechanisms are poorly understood 
and need to be unravelled to improve 
long- term outcomes in patients with IBD.
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