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real-world experience

Fabio Salvatore Macaluso

, Marcello Maida, Mauro Grova, Federica Crispino,

Giulia Teresi, Adele Orlando and Ambrogio Orlando

Abstract: During past years, the increasing knowledge of molecular mechanisms of
inflammatory bowel disease (IBD) have led to the development of several targeted biological
therapies. This great expansion of available medical options has prompted the need for
comparative data between drugs. For years, given that most randomized controlled trials
(RCTs) were performed only versus placebo, this demand has clashed with the absence of
head-to-head trials comparing two or more treatments. The quality of evidence coming from
real-world experience was low overall, so it was extremely difficult to clarify the correct
positioning of the biologicals inside the therapeutic algorithms for IBD. Fortunately, times
are changing: head-to-head comparative RCTs have been conducted or are ongoing, and

the methodological quality of real-world studies is gradually increasing, mainly thanks to a
higher rate of application of statistical methods capable of reducing the selection bias, such
as the propensity score. In this evolving scenario, the increasing number of comparative
RCTs is providing high-quality data for a correct drug positioning in IBD. In parallel, real-
world observational studies are supporting the data coming from RCTs, and covering those
comparisons not performed in the RCT setting. We believe that there is moderate evidence
already available to support clinicians in the correct choice between different biologicals, and
data will certainly be more robust in the near future.
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Introduction

Inflammatory bowel disease (IBD) — a term
including Crohn’s disease (CD), ulcerative colitis
(UC), and unclassified colitis — are chronic condi-
tions that require lifelong management, as the
precise etiology is unknown and a causal therapy
does not exist.! Considerable improvement in the
understanding of molecular mechanisms of these
diseases has been achieved over the past two dec-
ades,? leading to the introduction of novel tar-
geted therapies, namely biologicals — that is,
monoclonal antibodies that selectively block key

mediators of inflammation — and novel small mol-
ecule drugs — that is, compounds with a molecu-
lar weight <1kDa able to diffuse through cell
membranes and then fit for the oral route of
administration.? The expansion of the therapeutic
options — coupled with the intention to cure
beyond symptoms, that is, to achieve ambitious
therapeutic targets such as mucosal healing,*
deep remission,’ and histological healing® — makes
IBD management more and more complex. In
this scenario, all physicians dealing with IBD
would like to know which drugs are most effective
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for their patients, in order to make the correct
therapeutic choices. In other words, there is a
great demand for comparative data between
drugs, a need that for years has clashed with the
absence of head-to-head trials comparing two (or
more) treatments and with the availability of ran-
domized controlled trials (RCTs) analyzing the
efficacy of active compounds only wversus placebo.
Furthermore, the quality of evidence arising from
real-world experience (RWE) was low overall
—with few exceptions — so that it was extremely
difficult to clarify the correct positioning of drugs
inside the therapeutic algorithms for IBD.
Fortunately, times are changing: head-to-head
RCTs have been conducted or are ongoing, and
the methodological quality coming from RWE is
gradually increasing following the application of
statistical methods capable of reducing the selec-
tion bias, such as the propensity score.

This review aims to summarize the current avail-
able evidence on head-to-head comparisons of
biological drugs for IBD, based on data from
RCTs and RWE.

RCTs versus RWE: and the winner is. . .?

When a treatment is clearly effective, no sophisti-
cated statistical analysis is necessary. For instance,
no complex study design is needed to demonstrate
the efficacy of paracetamol in reducing the body
temperature of patients with fever. Unfortunately,
this is not the rule, as most drugs are unlikely to
cause significant and positive effects in all patients,
particularly in heterogeneous diseases such as
IBD. As a consequence, we often need large sam-
ple sizes to demonstrate mild effects. This is also
true when a study is designed to compare two
treatments. In this context, RCTs are at the top of
the hierarchy of evidence-based medicine. This is
clearly expressed by the two methodologies most
frequently used to grade the quality of evidence
and the strength of recommendations, key points
for the development of clinical guidelines: the
Oxford levels of evidence and the Grading of
Recommendations Assessment, Development
and Evaluation (GRADE) criteria. The Oxford
levels of evidence rank systematic reviews (with
homogeneity) of RCTs and individual RCTs
(with narrow confidence intervals) at the top of
the evidence (la and 1b, respectively), while the
evidence arising from cohort and case—control
studies is positioned lower (2a: systematic reviews
of cohort studies; 2b: individual cohort study; 2c:

‘outcomes’ research/ecological studies; 3a: sys-
tematic reviews with homogeneity of case—control
studies; 3b: individual case—control study; 4: case-
series and poor quality cohort and case—control
studies). The GRADE approach is a system for
rating the quality of a body of evidence in system-
atic reviews in which the evidence from RCTs is
graded as high/moderate quality, while that arising
from RWE is graded as low/very low quality. The
high level of evidence of RCTs is due to their rig-
orous data reporting and to the strength of rand-
omization, a procedure that eliminates known and
unknown confounders of treatment effect. In
other words, RCTs are designed to explore (or
compare) the intrinsic efficacy of drugs in ideal
circumstances. However, RCTs are not perfect
tools. The major drawback of RCTs lies in their
poor external validity, as there is a well-known
sharp discrepancy between the patients enrolled in
clinical trials and those encountered in clinical
practice.” Pair-wise or network meta-analyses of
RCTs are often used to compare different treat-
ments, and their overall quality of evidence is
judged to be high. Even though pair-wise and net-
work meta-analyses evaluate data from direct
comparisons in RCTs (drug wversus drug or drug
versus placebo), their final comparisons should be
considered as indirect. Keeping in mind that indi-
rect evidence can be helpful in the absence of
head-to-head RCTs, meta-analyses should be
interpreted with caution, as they may suffer from
the same limitations as the RCTs they pool (poor
external validity) and from big differences in the
study designs.® As a consequence of these issues
and the current paucity of head-to-head RCTs,
the direct comparisons between drugs in IBD
mostly rely on observational studies. RWE ranks
one step lower in the hierarchy of evidence-based
medicine due to numerous factors: observational
studies are often retrospective, data collection is
not rigorous, they suffer from selection bias, the
sample size and length of follow-up are often too
small to give reliable results.® In addition, the defi-
nitions of study outcomes are often not rigorous:
response and remission are usually based on clini-
cal judgement, and not on validated indexes or
objective measures of inflammation such as
C-reactive protein or fecal calprotectin, while
endoscopic data are usually limited or absent.
Over the past few years, their overall quality has
increased. This improvement is mainly due to two
factors: (a) the implementation of large, multi-
center cohorts able to create considerable sample
sizes; (b) the application of rigorous statistical
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methodologies able to reduce the selection bias. In
this context, the use of the propensity score has
become increasingly popular in recent years.!0
This is a score built according to the likelihood
that a treatment has been administered to a patient
taking into account all covariates that may influ-
ence this choice. It thus acts as a proxy between
treatment and confounders in order to simulate a
sort of randomization. It should be noted that this
score cannot create a real randomization, but only
an adjustment for known confounders, while the
adjustment for unknown confounders can be
obtained only with the randomization.!! It is still
unclear whether the propensity score is superior to
standard multivariable analyses, such as simple
linear models or complex hierarchical models tak-
ing into account multiple levels — methods aiming
to explore the relationship between a dependent
variable and two or more independent variables
(covariates) by concomitantly adjusting for the
contributions of all the other covariates present in
the predictive model.

On the basis of all the aforementioned considera-
tions, it would be incorrect to put RCTs and
RWE on two opposite levels. They should be seen
as complementary settings, in which the qualita-
tively high evidence obtained by RCTs can be
confirmed — that is, externally validated — by the
data obtained by real world studies, particularly
when they are conducted with rigorous statistical
methods such as the propensity score analysis. In
addition, other relevant applications of RWE can
be emphasized, such as investigation on disease
subtypes, outcomes, or populations that are usu-
ally excluded from clinical trials (e.g. assessment
of the effectiveness of a drug on extra-intestinal
manifestations, or analysis of safety and effective-
ness on elderly or frail patients), as well as the
evaluation of the long-term safety of drugs using
prospective observational registries.

Head-to-head comparative RCTs of
biologicals in IBD

The VARSITY study

The VARSITY study!? is considered a milestone for
scientific literature of IBD, because it is the first
head-to-head comparative RCT between two drugs.
In detail, it was a multicenter, phase IIIb, double-
blind, double-dummy, randomized trial which com-
pared vedolizumab (VDZ) with adalimumab (ADA)

in 729 patients with moderately to severely active
UC. Previous exposure to tumor necrosis factor
(TNF)-a inhibitors was allowed in up to 25% of
patients. Dose escalation was not permitted in
either treatment group. The primary outcome
was clinical remission at week 52 (defined with
the full Mayo score), while endoscopic improve-
ment and corticosteroid-free remission at week
52 were secondary endpoints. At week 52, clinical
remission was observed in a higher percentage in
the VDZ group than in the ADA group (31.3%
versus 22.5%; p=0.006), as was endoscopic
improvement (39.7% wversus 27.7%; p<<0.001).
Conversely, corticosteroid-free clinical remission
occurred more frequently in the ADA group
(12.6% wversus 21.8%), although this difference
was not statistically significant.

While recognizing the courageous pioneering
approach in comparing two drugs for the first
time in IBD history, the VARSITY study had
some important limitations. First of all, it included
mostly TNF-o inhibitor naive patients, while
VDZ is used, in clinical practice, mostly as a sec-
ond-line drug, after failure of TNF-a inhibitor(s).
This issue, coupled with the lack of treatment
optimization, represents a clear gap between the
setting of this RCT and clinical practice. Finally,
evidence of a greater rate of corticosteroid-free
clinical remission in patients with ADA highlights
a certain degree of variability in reduction or
withdrawal of steroids that may have influenced
all clinical endpoints.

Other head-to-head comparative RCTs

To date, the VARSITY study is the only head-to-
head comparative RCT to have been fully pub-
lished, but other RCTs have recently been
completed, or are nearing completion, or are in
progress (Table 1). Some of them compare
directly two different biologicals, while others
have a placebo-controlled arm plus an active
comparator arm. These studies are mainly testing
etrolizumab (ETRO) — an anti-integrin that selec-
tively inhibits a4f7 and aEf7 to control traffick-
ing of immune cells into the gut and their
inflammatory effects on the intestinal lining!3 —
and several selective interleukin (IL)-23 inhibi-
tors, versus ustekinumab (UST) or VDZ. There
are no planned head-to-head RCTs involving
Janus kinase inhibitors (JAK) inhibitors or modu-
lators of the sphingosine-1-phosphate receptor.
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Table 1. Comparative head-to-head or placebo and active-controlled trials in inflammatory bowel disease.

Study name or

Drugs

Disease - patients

Status

Estimated

NCT number completion date
VARSITY,? Vedolizumab versus adalimumab  UC - 75% Bio-naive Completed, data -
published
EFFICACI Vedolizumab versus infliximab UC - Failure to Recruiting 4 January 2022
subcutaneous anti-TNFs
SEAVUE Ustekinumab versus adalimumab CD - Bio-naive patients Active, not recruiting 4 June 2021
HIBISCUS I|,14 Etrolizumab versus adalimumab UC - Anti-TNF-naive Completed, data -
versus placebo patients presented
HIBISCUS I, Etrolizumab versus adalimumab UC - Anti-TNF-naive Completed, data
versus placebo patients presented
GARDENIA,® Etrolizumab versus infliximab UC - Anti-TNF-naive Completed, data
patients presented
EXPEDITION Brazikumab versus vedolizumab ~ UC Recruiting 4 December 2022
versus placebo
NCT03759288 Brazikumab versus adalimumab  CD Recruiting 4 December 2022
versus placebo
LUCENT-ACT Mirikizumab versus vedolizumab  UC Not yet recruiting 5 June 2024
versus placebo
VIVID-1 Mirikizumab versus ustekinumab  CD Recruiting 25 July 2023
versus placebo
NCT04524611 Risankizumab versus CD - Failure to anti-TNFs  Recruiting 11 June 2023
ustekinumab
GALAXI Guselkumab versus ustekinumab  CD Recruiting 15 October 2024
versus placebo
NCT03558152 UTTR1147A versus vedolizumanb  UC Recruiting 12 January 2022
versus placebo
TRIDENT JNJ-64304500 versus CD Active, not recruiting 10 September 2022

ustekinumab versus placebo

CD, Crohn’s disease; TNF, tumor necrosis factor; UC, ulcerative colitis.

Results of the HIBISCUS I'* and II'> studies
have recently been disclosed. These are two iden-
tical, randomized, double-blind, double-dummy,
placebo-controlled, multicenter studies evaluat-
ing the efficacy and safety of ETRO versus ADA
and placebo in patients with moderately to
severely active UC who have not been previously
treated with TNF-qo inhibitors. In the HIBISCUS
I induction study, ETRO met the primary end-
point (percentage of participants in clinical remis-
sion with ETRO compared to placebo at week
10), while the HIBISCUS II induction study did

not meet the primary endpoint, which was the
same as HIBISCUS 1.

GARDENIA was a randomized, double-blind,
double-dummy study evaluating the efficacy and
safety of ETRO wersus infliximab (IFX) in patients
with moderately to severely active UC who have
not been previously treated with TNF-a inhibi-
tors.1® The primary endpoint was a combination
of clinical response at week 10 and clinical remis-
sion at week 54, which was similar for IFX
(19.7%) and ETRO (18.6%). Similarly, relevant
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secondary endpoints — including endoscopic
improvement, endoscopic remission, and clinical
remission at week 54 — were not different between
the two drugs. On the basis of these results, the
future of ETRO as an effective treatment for UC
is currently uncertain.

Head-to-head comparisons of

biologicals in IBD arising from RWE

There is a huge body of RWE on the comparison
of effectiveness between different drugs in IBD.
In order to provide a summary of the more rele-
vant studies, we selected those with a higher
methodological quality, with a particular focus on
those based on the application of the propensity
score (Table 2).

Comparisons between different TNF-o

inhibitors

As IFX and ADA are the main TNF-a inhibitors
used in patients with CD, the absence of com-
parative RCT's was compensated by several real-
world studies aiming at comparing the two
biologicals. Overall, the two drugs appeared to be
equally effective in patients with CD. A 2014
Dutch study reported no significant difference in
l1-year and 2-year rates of steroid-free clinical
response between ADA and IFX-treated TNF-a
inhibitor-naive patients.!” Similar findings were
observed in a consecutive series of 362 naive
patients with CD in Austria.!® A prospective, reg-
istry-based study reported similar rates of clinical
response and drug survival in ADA and IFX-
treated patients at 6 months and at 2years.!° The
Sicilian Network for Inflammatory Bowel
Diseases (SN-IBD) — a group composed of 16
centers licensed to prescribe biologicals in Sicily,
Italy — performed this comparison in TNF-a
inhibitor-naive and non-naive patients, showing
comparable efficacy and safety of the two drugs in
both subgroups.2? Other studies were conducted
on administrative databases. Osterman er al.?!
showed no significant difference in the risk of
hospitalization and abdominal surgery between
ADA and IFX-treated patients. An elegant
nationwide, register-based, propensity score-
matched cohort study performed in Denmark
among 827 biological-naive patients with CD
confirmed the equivalence between the two drugs,
in terms of the percentage of CD-related hospi-
talizations, major abdominal surgery and serious
infections requiring hospitalization.??

In UC, the most interesting comparison among
TNF-a inhibitors, in our opinion, is between the
two subcutaneous agents, ADA and golimumab
(GOL). A direct comparison with IFX is limited
by the fact that this drug is generally used when
the disease activity is more severe, while the other
two biologicals are chosen more often in patients
with less severe (i.e. moderate) activity.
Nevertheless, some comparative studies involving
IFX have also been published. A retrospective,
single-center, French study compared treatment
persistence rates of IFX versus ADA as first and
second-line TNF-o inhibitors, showing overall
similar rates of persistence between the two
drugs.?? A recent small Korean study compared
IFX and ADA among patients naive to TNF-a
inhibitors, confirming no significant differences
between the two groups in the rates of clinical
remission and clinical response at 8 or 52 weeks.?*

Focusing on the comparison between ADA and
GOL, the SN-IBD performed a comparative real-
world study between the two biologicals.?>
Clinical benefit was reported in 79% of patients
in the ADA group and 63% in the GOL group
(p=0.026) after 8 weeks, and in 67% in the ADA
group and 47% in the GOL group (»p=0.008) at
the end of follow-up. These results were con-
firmed by propensity score analysis. A further
analysis considering ADA optimization as treat-
ment failure showed that the difference in clinical
benefit between ADA and GOL was not signifi-
cant. This finding suggests that the difference
between the two drugs is affected by the fact that
GOL could not be optimized at the time in Italy.

Vedolizumab versus TNF-o inhibitors

The approval of VDZ for IBD treatment by the
US Food and Drug Administration (FDA) and in
Europe in 2014 opened the possibility of choos-
ing an alternative target to TNF-o inhibition.
Consequently, the interest in comparing the effi-
cacy of different mechanisms of action in RWE
was unavoidable.

The SN-IBD performed a comparison of the
effectiveness of VDZ and ADA in CD through a
propensity score weighted cohort study.26 Five
hundred and eighty-five treatments (VDZ:
n=277; ADA: n=308) were included. Despite
rates of clinical response being numerically higher
for ADA at 12 and 52 weeks, the difference with
VDZ was not statistically significant. Cox survival
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analysis weighted for propensity score showed no
significant difference in the probability of failure-
free survival between the two drugs. These find-
ings were overall confirmed by the data from the
VICTORY Consortium, in which the propensity
score weighted comparison between VDZ and
anti-TNFoa agents in patients with CD showed
no significant difference between the two treat-
ments in terms of clinical remission, steroid-free
clinical remission or endoscopic remission at
1year. Therapy with TNF-a inhibitors was asso-
ciated with higher treatment persistence com-
pared to VDZ, while rates of non-infectious
serious adverse events, but not serious infections,
were significantly lower with VDZ compared to
TNF-a inhibitors.??

In an attempt to confirm the results of the
VARSITY study, the SN-IBD recently performed
a multicenter, real-world comparison of the effi-
cacy of VDZ and ADA - with the addition of
GOL as a third arm — in UC through a propensity
score weighted cohort study.?8 Four hundred and
sixty-three patients (VDZ: n=187; ADA: n=168;
GOL: #=108) were included, with a median fol-
low-up of 48weeks. While no significant differ-
ence was found between the three biologicals
after 12 weeks of treatment, steroid-free remission
was reported in 51% of patients in the VDZ
group, 31% of patients in the ADA group, and in
29% of patients in the GOL group (p=0.002 for
VDZ versus ADA, p=0.001 for VDZ versus GOL,
p=n.s. for ADA versus GOL) at 52 weeks. Patients
treated with VDZ had reduced probability of
treatment discontinuation compared to those
treated with ADA [hazard ratio (HR): 0.42,
$<0.001] and GOL (HR: 0.30, p<<0.001), while
patients treated with ADA had reduced risk of
treatment discontinuation compared to those
treated with GOL (HR: 0.71, p=0.048). Overall,
this study was able to confirm the superiority of
VDZ over ADA — extending this finding also over
GOL - thus helping to translate the results
derived from a RCT to everyday practice. These
findings have been confirmed by the recently
published study of the VICTORY Consortium,
which analyzed the effect of VDZ and TNF-a
inhibitors in UC using propensity score weighted
comparisons.?® VDZ-treated patients were more
likely to achieve clinical remission, steroid-free
clinical remission, and steroid-free deep remis-
sion than those treated with TNF-o inhibitors.
Results were consistent across subgroup analyses
in TNF-antagonist naive and exposed patients,

and for VDZ wversus IFX and wversus subcutaneous
TNF-a inhibitors separately. There were no sta-
tistically significant differences in the risk of seri-
ous adverse events or serious infections between
the two groups.

Finally, focusing on the comparison between
TNF-a inhibitors and VDZ as second-line bio-
logicals, at least two studies should be mentioned.
Favale er al.3° demonstrated higher effectiveness
of VDZ over ADA in patients with UC who had
experienced a secondary failure with IFX (failure
rate: 48.0% for ADA wersus 22.4% for VDZ,
p»=0.035). A recent Swedish study with propen-
sity score matching showed that, in patients with
a previous exposure to a first-line treatment with
TNF-a inhibitors, drug survival was comparable
in VDZ and TNF-a inhibitors as second-line bio-
logicals in both UC and CD. The only difference
in the reported outcomes was that VDZ-treated
patients had lower survival without IBD-related
hospitalization compared to TNF-o inhibitor
treated patients (82% versus 93%, p=0.02).3!

Vedolizumab versus ustekinumab

The recent approval of ustekinumab (UST) for
the treatment of moderately to severely active CD
led to the introduction of a biological with a novel
mechanism of action — the inhibition of IL.-12 and
IL-23 axis?> — which has particular relevance,
similarly to VDZ, for patients who fail TNF-a
inhibitor treatment(s). Observational cohort
studies have shown that 85-100% of patients
receiving VDZ or UST in daily practice had pre-
viously been exposed to TNF-a inhibitors.36:37 As
a consequence, the absence of RCTs comparing
VDZ and UST in anti-TNF refractory patients
has been compensated by real-world studies
exploring differences between the two drugs in
this setting. Three studies have recently been
published. Biemans er al.3?2 compared 128 VDZ
and 85 UST-treated patients with previous fail-
ure to anti-TNF treatment, showing that UST-
treated patients were more likely to achieve
corticosteroid-free clinical remission [odds ratio
(OR): 2.58, p=0.004], biochemical remission
(OR: 2.34, p=0.027), and combined corticoster-
oid-free clinical and biochemical remission (OR:
2.74, p=0.014) after 52 weeks, while safety out-
comes were comparable between the two drugs.
These findings were confirmed after propensity
score matched analysis. Similar results were
obtained by a French study comparing 107
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Table 3. Head-to-head comparisons between biologics arising from RCTs and RWE in inflammatory bowel

disease: summary of evidence.

Crohn’s disease
1. IFX and ADA seem to have similar effectiveness.

2.VDZ and TNF-inhibitors seem to have similar effectiveness.
3. There are signals of higher effectiveness of UST over VDZ as a second-line biological after a previous

failure with TNF-a inhibitors.

Ulcerative colitis

1. The current evidence is not conclusive about differences of effectiveness between IFX and ADA (or GOL).
2. There is superiority of VDZ over ADA. It is possible that this superiority may be extended also to the other

TNF-a inhibitors.

3. As a second-line biological after a failure with a TNF-a inhibitor, there are controversial data on
potential differences between VDZ and another TNF-a inhibitor.

ADA, adalimumab; GOL, golimumab; IFX, infliximab; RCT, randomized controlled trial; RWE, real-world experience; TNF,

tumor necrosis factor; UST, ustekinumab; VDZ, vedolizumab.

UST-treated patients and 132 VDZ-treated
patients with intention-to-treat analysis and pro-
pensity scores weighted comparison.?? At week
48, UST achieved a higher clinical remission rate
(OR=1.92) and treatment persistence (OR=
2.54) than VDZ, although the rate of corticoster-
oid-free clinical remission did not differ signifi-
cantly between the two drugs. Finally, the study
by Townsend et al.,>* comparing 85 VDZ-treated
patients and 45 UST-treated patients, confirmed
the possibility of a higher efficacy of UST in this
setting, even though methodological issues can be
raised regarding this study, and caution is still
needed before declaring the superiority of UST
over VDZ in anti-TNF-a failure patients.?8 One
must keep in mind that the incorrect application
of the propensity score can lead to distorted esti-
mates, and sophisticated statistical methods can-
not replace randomization, because they cannot
completely adjust for all the differences in risk
factors at baseline.

Conclusions

Table 3 summarizes the current evidence on
direct comparisons between biologicals arising
from RCTs and RWE. The first completed head-
to-head comparative RCTs and the increasing
number of ongoing RCT's will provide high-quality
data for a correct drug positioning in IBD. In par-
allel, real-world observational studies, with
improved methodological quality, will support
the data coming from RCTs and will cover com-
parisons not performed in the RCT setting. We
believe that there is already moderate evidence to
support clinicians in the correct choice of the

most appropriate drug and that in the near future
the data will be even more robust.
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