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Background: There is an increasing diversification in the treatment landscape for
inflammatory bowel diseases (IBD) leading to therapeutic challenges that can only
incompletely be covered by prospective randomized double-blind trials. Real-world
observations are therefore an important tool to provide insights into therapeutic strategies.
Objectives: To describe the real-world treatment algorithms in an IBD referral centre.
Design: Single-centre retrospective cohort study.

Methods: We retrospectively analysed prospectively collected data on treatment sequences
and outcomes from 502 patients with Crohn’s disease (CD) and ulcerative colitis (UC) treated
with infliximab, adalimumab, vedolizumab or ustekinumab at a large German tertiary referral

centre.

Results: Treatment decisions correlated to baseline patient characteristics. Over time,
infliximab continued to be the preferred first-line option in CD and UC, although ustekinumab
and vedolizumab, respectively, became increasingly important choices. Remission rates
decreased with the advancement of therapy lines.

Conclusion: We provide insights into the evolution of tertiary centre real-world treatment
sequences that might - together with other observations - help to guide the selection

of therapies in IBD. Our data also strongly underscore the unmet need for biomarkers

supporting treatment decisions.
Trial registration: None.
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Introduction

The treatment landscape in inflammatory bowel
disease (IBD) is rapidly evolving. Since the
approval of infliximab for Crohn’s disease (CD)
around 25 years ago, numerous further therapeu-
tic agents have been developed, evaluated in clini-
cal trials and approved by regulatory authorities
for the treatment of CD and/or ulcerative colitis
(UC).** Today, not only biologics such as anti-
TNF, anti-integrin, anti-II.-12/23 and anti-IL-23

antibodies but also small molecules such as Jak
inhibitors and sphingosine-1-phosphate receptor
modulators are available.>-11

While this offers plenty of options for the treat-
ment of patients with CD or UC, it also
enhances the necessity to choose between these
different classes and their representatives.!?
Only little data are available to guide such deci-
sions since only a few head-to-head trials
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directly comparing specific compounds have
been performed.!3-15> Moreover, the heterogene-
ity of individual disease phenotypes, courses and
previous treatments adds substantial further
complexity to the picture and virtually precludes
evidence-based therapeutic algorithms fitting to
every patient.

At the same time, randomized trials have consist-
ently demonstrated that pre-treated patients show
lower rates of remission to a new drug than bio-
naive patients,>7 which suggests that it is impor-
tant to select the individually most effective drug
right at the beginning and early in the disease
course.

Therefore, in parallel to huge efforts to identify
biomarkers that predict individual response to
therapy,16-18 real-world observational studies
are an important source of information that
helps to assess the efficacy of various treatment
options under more realistic conditions and in a
specific clinical context. While numerous such
studies have been conducted to address the clin-
ical performance of a specific compound in pro-
or retrospective cohorts, far fewer data are
available on the real-world relative positioning
of therapeutic substances in treatment algo-
rithms as well as their context-dependent
performance.

Thus, we here report a post hoc tertiary single-
centre analysis of prospectively collected real-
world data from a cohort of patients with IBD
treated at a large German tertiary referral centre.
Focussing on the biologics infliximab, adali-
mumab, vedolizumab and ustekinumab, we
explore individual treatment trajectories and their
historical trends as well as the outcomes of ther-
apy depending on their positioning in the treat-
ment algorithms. We show that, while the advent
of novel therapeutic options has clearly changed
the choice of drugs in the second and third line of
therapy, infliximab continues to be the preferred
first-line agent and that, indeed, remission rates
for all compounds decrease in advanced therapy
lines.

Hence, in addition to providing interesting
insights into the evolution of tertiary centre
real-world therapeutic algorithms, these data
further support the notion that precision

approaches for individually tailored therapy are
urgently needed.

Methods

Patients

543 consecutive patients treated with infliximab,
adalimumab, ustekinumab or vedolizumab for
either CD or ulcerative colitis at the IBD outpa-
tient clinic of the Department of Medicine 1,
University Hospital Erlangen, between January
2018 and June 2022 were included into the
study. Patients were identified with the help of
the Clinic’s electronic booking system with an
established diagnosis of either UC or CD and
active treatment with one of the above-men-
tioned substances being the sole inclusion crite-
ria. 41 patients whose data were previously
reported in other real-world cohorts were
excluded. The full electronic records of these
patients were retrospectively reviewed to retrieve
information on previous and ongoing treatments
and their outcomes. The first, second and third
lines of advanced therapy were defined as the
first, second and third treatment with one of the
above-mentioned biologics and not taking into
account any previous conventional treatment.
Patients treated with other compounds (e.g.
golimumab, tofacitinib, filgotinib) were not
included due to the substantially smaller cohort
sizes.

Treatment was indicated as per the label at the
discretion of the responsible physicians. Clinical
information was retrieved from the electronic
patient records including standardized and pro-
spectively collected disease characteristics and
assessment of disease activity.

The baseline clinical parameters of the patient
cohort are summarized in Table 1 and refer to the
initiation of first-line therapy.

Outcomes

Clinical remission was defined as a partial Mayo
Score (PMS) below 2 points for UC and a Harvey-
Bradshaw Index (HBI) below six points for CD
and was determined at weeks 16 and 52. Steroid-
free remission was defined as clinical remission
without the intake of any corticosteroids and was
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Table 1. Baseline characteristics at initiation of first-line therapy.

Parameter Crohn’s disease Ulcerative colitis
Patients 290 212
Mean age at initial diagnosis (years) 27.7 30.0
Mean age at the start of first-line therapy (years) 36.0 39.5
Gender (male/female) 158/132 119/93
Disease phenotype (Montreal classification)
E1 35 (16.5%)
E2 72 (33.9%)
E3 105 (49.5%)
L1 48 (16.6%)
L2 41 (14.1%)
L3 150 (51.7%)
L4+ 51(17.6%)
B1 109 (37.6%)
B2 53 (18.3%)
B3 128 (44.1%)
Clinical activity (HBI for CD, PMS for UC] at start of first-line 6.3 (*4.1) 4.3 (*2.3)
therapy
Endoscopic activity (SES-CD for CD, EMS for UC) at the start of 7.6 (+5.3) 2.1(%0.9)
first-line therapy
Extraintestinal manifestations
Arthropathy 83 (28.6%) 31 (14.6%)
Skin 36 (12.4%) 16 (7.5%)
Uveitis 20 (6.9%) 12 (5.6%)
Previous surgery 127 (43.8%) 14 (6.6%)

CD, Crohn’s disease; EMS, Endoscopic Mayo Score; HBI, Harvey-Bradshaw Index; PMS, Partial Mayo Score; SES-CD,
simplified endoscopic score for Crohn’s disease; UC, ulcerative colitis.

determined at week 52. Endoscopic remission
was defined as a Simple Endoscopic Score for
Crohn’s disease (SES-CD) of less than three
points for Crohn’s disease and an endoscopic
Mayo Score (EMS) of less than 2 points for UC
on the first follow-up endoscopy under treatment
(week 35.2+2.6 for UC, week 50.4*2.8 for
Crohn’s disease (mean* SEM)). Biochemical
remission was determined at week 52 and was

determined as normal levels of C-reactive protein
(<5mg/L).

Statistical analysis

Statistical analyses were performed using
Microsoft Excel and GraphPad Prism. Results
are shown as mean (with standard error of the
mean (SEM)), percentages, fractions or absolute
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Figure 1. Real-world treatment sequences in Crohn’s disease. Flow chart of the real-world sequences of
advanced treatments initiated with infliximab (a), adalimumab (b}, vedolizumab (c) or ustekinumab (d] in

patients with Crohn’s disease.

numbers depending on the type of graph.
Statistical comparisons were performed with
Brown-Forsythe ANOVA and Dunnett’s T3
multiple comparisons test or Fisher’s exact test.

Ethics

The study was approved by the Ethics Committee
of the Friedrich-Alexander-Universitdt Erlangen-
Nirnberg (20-288-Br). The reporting of this
study conforms to the Strengthening the Reporting
of Observational Studies in Epidemiology
(STROBE) statement!® (Supplemental Material).

Results

Treatment trajectories in CD

In all, 290 patients with CD were included in the
analysis and were followed up over a mean of
29.4 *+ 1.2months. The majority of them com-
menced advanced therapy with an anti-TNF anti-
body: 160 (55.2%) received infliximab as a

first-line agent and 93 (32.1%) adalimumab. 31
(10.7%) and 6 (2.1%) patients were started on
ustekinumab and vedolizumab, respectively, as
their first biologic (Figure 1). Interestingly, there
were obvious differences between these groups.
This concerned disease phenotypes, but there
was also a clear trend towards higher disease
activity in patients starting with anti-TNF agents
(Supplemental Table 1) suggesting that these
aspects probably contributed to the choice of
treatment. Surprisingly, no such differences were
observed in the proportion of patients suffering
from extraintestinal manifestations.

88 out of 160 patients (55.0%) starting on inflixi-
mab were switched to a second-line biologic dur-
ing follow-up. Here, ustekinumab was the
preferred choice (55.7%) followed by adali-
mumab (34.1%) and vedolizumab (10.2%). The
predominant third-line treatment after second-
line ustekinumab was adalimumab and usteki-
numab after second-line adalimumab or
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Figure 2. Evolution of treatment choices in Crohn’s disease. Percentages of patients with Crohn’s disease
assigned to treatment with infliximab, adalimumab, ustekinumab or vedolizumab stratified according to
treatment line and according to treatment initiation 2017 and earlier (a), 2018/2019 (b) and 2020-2022 (c).

vedolizumab (Figure 1(a)). Out of the 93 patients
starting on adalimumab, 79 (84.9%) were
switched to a second-line biologic, most often inf-
liximab (49.4%) followed by wustekinumab
(38.0%). In the third line, ustekinumab was pref-
erentially used after infliximab and vedolizumab,
whereas infliximab was most often selected fol-
lowing ustekinumab (Figure 1(b)). Only a few
patients required a switch to second- or third-line
therapy after first-line vedolizumab or usteki-
numab (Figure 1(c) and (d)).

Since vedolizumab (2014) and ustekinumab
(2016) were approved only shortly before our
study period, we also wanted to address whether
these treatment sequences changed over time. To
this end, we analysed the percentages of patients
receiving any of these antibodies in 2017 and

earlier, in 2018 and 2019 as well as in 2020-2022
(Figure 2). Over this timeframe, infliximab was
consistently the most used compound in first-line
therapy and even increased its share over time.
On the contrary, the use of adalimumab clearly
declined, whereas the use of ustekinumab gradu-
ally increased from 3% to 32% and vedolizumab
was only rarely used. In the second line, usteki-
numab was the preferentially used agent from
2018 on along with the rarer use of infliximab and
adalimumab. In the third line, ustekinumab was
already frequently used in the 2017 and earlier
period and continued to be the preferred choice
later on. Here, vedolizumab was chosen in 37%
of the patients in 2017 and earlier, but subse-
quently only used in 9% (2018/2019) and 13%
(2020-2022) of the patients, while the use of inf-
liximab increased over time.
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Figure 3. Real-world efficacy of biologic treatment in Crohn’s disease. Fractions of patients with Crohn’s
disease achieving clinical remission at week 52 under treatment with infliximab, adalimumab, vedolizumab or
ustekinumab stratified according to treatment line and depending on whether treatment was continued until

week 52 (‘per protocol,, a) or not (‘intention to treat’, b).

Collectively, these data showed that infliximab
continued to be the first choice for the therapy of
CD, while ustekinumab developed into the pre-
ferred second-line treatment shortly after approval
mainly at the expense of adalimumab.

Efficacy of biologics in different treatment lines

in CD

We further aimed to address whether the real-
world efficacy of these biologics differed in differ-
ent treatment lines and analysed clinical remission
at week 52 (Figure 3), clinical remission at week
16 (Supplemental Figure 1), steroid-free remis-
sion at week 52 (Supplemental Figure 2), endo-
scopic remission (week 50.4 + 2.8; Supplemental
Figure 3) and biochemical remission at week 52
(Supplemental Figure 4). Although some excep-
tions occurred, the overall picture clearly showed

that remission rates were highest in first-line ther-
apy and gradually worsened in second- and third-
line. This was particularly evident in patients who
were treated ‘per protocol’ until these endpoints,
but the same trend could also be observed in an
‘intention-to-treat’ approach, thus also including
patients who had switched therapy before the
respective time point. Despite some variations
across the groups, there was no clear association
of age, disease duration or sex with treatment out-
comes (Supplemental Figure 5).

Therefore, these data underscored that the selec-
tion of a highly effective therapy in early therapy
lines seems particularly important.

Treatment trajectories in UC
In all, 212 patients with UC were included in the
analysis and were followed up over a mean of
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Figure 4. Real-world treatment sequences in ulcerative colitis. Flow chart of the real-world sequences of
advanced treatments initiated with infliximab (a), adalimumab (b), vedolizumab (c) or ustekinumab (d} in

patients with ulcerative colitis.

27.5 *4.2months. The majority of them (125,
59.0%) received infliximab as their first advanced
therapy. Vedolizumab was used in 45 patients
(21.2%), adalimumab in 36 patients (17.0%) and
ustekinumab in six patients (2.8%; Figure 4).
Similar to CD, baseline characteristics of these
patient groups differed apparently and patients
starting on an anti-TNF agent had higher clinical
and endoscopic disease activity (Supplemental
Table 2), but not increased rates of extraintestinal
manifestations. This suggested that disease activ-
ity but not extraintestinal manifestations were
considered in the choice of treatment.

In total, 74 out of 125 patients (59.2%) starting
on infliximab were switched to a second-line bio-
logic during follow-up. In most cases, this was
vedolizumab (44, 59.5%), followed by adali-
mumab (17, 23.0%) and ustekinumab (13,
17.6%). In the third line, ustekinumab and adali-
mumab were predominantly followed by vedoli-
zumab, while adalimumab and ustekinumab were
evenly used after vedolizumab (Figure 4(a)). Out
of the 36 patients starting on adalimumab, 30

(83.3%) were switched to a second-line biologic,
most often infliximab (66.7%) followed by ved-
olizumab and ustekinumab (both 16.7%). In the
third line, vedolizumab was preferentially used
after infliximab and infliximab after vedolizumab
(Figure 4(b)). In all, 21 patients (46.7%) had to
be switched to second-line treatment following
first-line vedolizumab. Infliximab was chosen as
second-line therapy in 71.4% and ustekinumab
was the preferred choice in third-line therapy
(Figure 4(c)).

To address, how dynamic this situation devel-
oped following the approval of vedolizumab
(2014) and ustekinumab (2019), we additionally
addressed changes in the treatment sequences
over time (2017 and earlier, 2018/2019 and
2020-2022; Figure 5). Although with a small
decrease, infliximab kept the pole position as the
preferred therapeutic agent over this time course.
However, the use of vedolizumab as a first-line
agent substantially increased from 2018 on,
mainly at the expense of adalimumab. In the sec-
ond line, ustekinumab was used in around
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Figure 5. Evolution of treatment choices in ulcerative colitis. Percentages of patients with ulcerative colitis
assigned to treatment with infliximab, adalimumab, ustekinumab or vedolizumab stratified according to
treatment line and according to treatment initiation 2017 and earlier (a), 2018/2019 (b) and 2020-2022 (c).

one-sixth and one-third of the patients in the
2018/2019 and 2020-2022period, respectively,
which went along with reductions in the use of
vedolizumab and adalimumab. In the third line,
ustekinumab was most frequently used right after
its approval, whereas the use of vedolizumab in
this therapy line substantially decreased.

Altogether, it appears that infliximab remained
the preferred first choice for the therapy of UC in
this referral centre cohort, while there was an evo-
lution towards the use of vedolizumab in the first
or second and the use of ustekinumab in the sec-
ond or third line.

Efficacy of biologics in different treatment lines

in UC

Again, we also analysed the real-world efficacy
of these biologics stratified according to the dif-
ferent lines of therapy and evaluated clinical

remission at week 52 (Figure 6), clinical remis-
sion at week 16 (Supplemental Figure 6),
steroid-free remission at week 52 (Supplemental
Figure 7), endoscopic remission (week 35.2 =
2.6, Supplemental Figure 8) and biochemical
remission at week 52 (Supplemental Figure 9).
Similar to CD, these analyses overall, although
not in every constellation, demonstrated a
reduction of response rates with the advance-
ment of therapy lines in a ‘per protocol’ analy-
sis, while no clear trends could be observed in
the ‘intention-to-treat’ analysis. Although we
observed some variations across the groups,
there was no clear association of age, disease
duration or sex with treatment outcomes
(Supplemental Figure 10).

Persistence on treatment
Finally, we aimed to answer the question of how
long patients continued to be treated with these
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Figure 6. Real-world efficacy of biologic treatment in ulcerative colitis. Fractions of patients with ulcerative
colitis achieving clinical remission at week 52 under treatment with infliximab, adalimumab, vedolizumab or
ustekinumab stratified according to treatment line and depending on whether treatment was continued until

week 52 (‘per protocol,, a) or not (‘intention to treat’, b).

drugs. In both entities, persistence on treatment
was worst with adalimumab and best with
Ustekinumab (Figure 7). Persistence on vedoli-
zumab in CD was similar to adalimumab over the
first 20 months but then approached the curve of
infliximab. In UC, persistence on vedolizumab
and infliximab was similar over 50 months.

Discussion

Treatment options for IBD are rapidly increasing
and, thus, the question of which drug to use in
which patient becomes more and more impor-
tant. Only a few randomized head-to-head
trials have been performed: The VARSITY
trial compared vedolizumab versus adalimumab
in UC and demonstrated the superiority of
vedolizumab,!? the SEAVUE trial compared

ustekinumab and adalimumab in CD and showed
similar efficacy!* and data from the SEQUENCE
trial in CD suggest that risankizumab is superior
to ustekinumab.!®

Although these trials provided very important
information for guiding treatment decisions, the
pure amount of treatment options will make it
impossible to generate comparative evidence for
all potential choices. While network meta-analy-
ses have tried to indirectly compare drugs used
for IBD,2° they cannot overcome the problem
that data have been generated in different trials.
Moreover, it emerges that the relative positioning
of a drug in the treatment algorithm, that is in
which line it is used and after which previous
treatments, also seems to affect its efficacy, fur-
ther enhancing the lack of high-quality evidence

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17
(a) Crohn’s Disease (b) Ulcerative Colitis
5, 100 >, 100
o o J
4] © -
E o S
[ (] 7
= = h
[ [ h
S S ]
o S50 o 50
o Q ]
c c ]
] [
- - -
o 2 ]
4 4 ]
g g
o+-—r——rrrrrrrrrrrrrre +--r-r-r-r—r-r-rrrr—rrrrrrrrr
0 20 40 0 20 40
Months Months
——Infliximab ——Infliximab
—— Adalimumab —— Adalimumab
—— Vedolizumab —— Vedolizumab
Ustekinumab Ustekinumab

Figure 7. Persistence on therapy. Kaplan-Meier plots showing the persistence on therapy with infliximab,
adalimumab, vedolizumab and ustekinumab in patients with Crohn’s disease (a) and ulcerative colitis (b).

for individual therapeutic choices. Thus, in addi-
tion to criteria such as extraintestinal manifesta-
tions, co-morbidities or lifestyle, many drugs are
currently selected based on the physicians’ and
patients’ experiences and preferences.

One way to shed more light on these aspects is
through real-world studies. Initially, such real-
world studies in IBD mainly focussed on validat-
ing the results of randomized trials in more
realistic patient cohorts.?!-23> However, they have
also been able to elucidate novel aspects that are
difficult to address in randomized controlled tri-
als such as comparative and sequential aspects,
which have recently come into the focus of real-
world reports.?42¢ Here, we report the experi-
ences made at a large tertiary IBD centre in
southern Germany between 2018 and 2022. We
show that vedolizumab (mainly in UC) and
ustekinumab (more in CD than in UC) have been
increasingly used over time, but have not been
able to challenge the predominance of infliximab
as the preferred first-line treatment for both indi-
cations, whereas the importance of adalimumab
clearly decreased. Moreover, our data further
support the concept that the odds of achieving
remission decrease with the advancement of ther-
apy lines and therefore strongly underscore the
unmet need for appropriate patient stratification
to enable the selection of the individually most
effective treatment early in the disease course.

When interpreting these data, it is important to
consider that they concern a cohort from a ter-
tiary centre, where it is very likely that severe and
more refractory cases accumulate and that the
patient cohorts are therefore more likely to resem-
ble clinical trial collectives than elsewhere. This
might also explain the persisting predominance of
infliximab in UC in this cohort, although other
real-world investigations have shown that vedoli-
zumab is now more frequently used.?’” Indeed,
our data support the notion that the disease sever-
ity had an impact on the choice of therapy. It was
also noteworthy that the fraction of patients
achieving the remission endpoints was higher
than in many of the pivotal trials adding to the
recently emerging picture that real-world out-
comes may be substantially better than in rand-
omized trials.?® Our data further show that the
persistence on ustekinumab was longer than for
the other drugs both in CD and UC, but this
might be biased by the fact that ustekinumab was
the last of the four agents to be introduced to the
market and predominantly used in second- and
third-line therapy. Thus, when interpreting the
presented data, it is mandatory to take into
account the historical availability of the drugs
instead of drawing conclusions based on the cur-
rent choice of options. Moreover, in general, it
must be considered that persistence on treatment
might not only be driven by disease activity but
also by other factors.
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Overall, our data are well in line with other real-
world observations. In accordance with data from
the ROTARY study,?* adalimumab showed the
least persistence on treatment in our cohort and,
in accordance with a South Korean registry,®
ustekinumab the highest persistence in CD.
Superior persistence on ustekinumab in CD had
also been reported in the Australian PANIC
study, which yet described the highest persistence
on vedolizumab in UC in contrast to our study.3°
Superior persistence on vedolizumab compared
to anti-TNF antibodies was also found in a recent
meta-analysis, highlighting that some variation
exists between different cohorts.?! Since vedoli-
zumab is more likely to have a benefit in patients
with lower disease activity,32 the enrichment in
refractory cases in our cohort might have contrib-
uted to this finding.

Similar to other cohorts, however, we observed
unexpectedly high remission rates for first-line
vedolizumab that were nominally higher than
with the other biologics.33 Although, for a single-
centre study, we included a large number of
patients, we observed substantial distribution to
specific therapy sequences and therefore rather
low patient numbers in different algorithms in
advanced therapy lines. Thus, we primarily aimed
to describe treatment algorithms and outcomes
rather than to perform direct statistical compari-
sons between the different agents in specific ther-
apy sequences. Our data demonstrating that
baseline differences were associated with the
choice of first-line agents show that such direct
comparisons would not be valid. Thus, the data
must be understood as descriptive.

It is therefore not surprising that our data do not
replicate some previous reports using propensity-
score matching to compare cohorts and demon-
strating, for example, higher efficacy of second-line
ustekinumab compared with vedolizumab in
CD34 or higher persistence on vedolizumab than
infliximab in UC.?7

Our data are also limited by the fact that it is a
single-centre retrospective study that might not
easily be generalized to other settings. Moreover,
the focus on the four biologics infliximab, adali-
mumab, vedolizumab and ustekinumab has been
outdated by the rapid evolution of therapeutic
choices in IBD. We decided not to include tofaci-
tinib despite its approval for UC during the study
period in 2018,5 since too few patients received

the drug to report meaningful remission rates.
For filgotinib and ozanimod, which were approved
for UC in 2021,%° the follow-up period was too
short for our analyses. Upadacitinib (UC and
CD), risankizumab (CD and UC), mirikizumab
(UC) and etrasimod (UC) were approved after
the study period.”-8:10:11.35 However, while these
compounds will likely have a substantial impact
on real-world treatment sequences, it is clear that
it will take considerable time to collect similar
data for these agents.

In conclusion, the tertiary centre real-world ther-
apeutic patterns that we describe add further
details to a growing fund of observational studies
that might together contribute to clinical practice
guidelines and help to shape individual therapeu-
tic decisions. Moreover, our data strongly encour-
age further efforts to identify biomarkers for the
precise tailoring of effective therapy to patients.
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