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Abstract

Background: Treatment with antitumor necrosis factor alpha (anti-TNF-a] is safe and
effective as first-line therapy; however, its efficacy is limited due to primary nonresponse
(PNR] and secondary loss of response (LORJ, resulting in treatment discontinuation in
approximately 40%-50% of cases. Vedolizumab (VDZ) and ustekinumab (UST) therapies could
be good alternatives in patient with anti-TNF failure; however, no head-to-head randomized
comparison of these drugs as second- or third-line treatments has been made.

Objectives: This study aimed to assess the treatment persistence and comparative
effectiveness of UST and VDZ in patients with refractory Crohn’s disease (CD).

Design: In this nationwide retrospective study, patients with CD on UST or VDZ maintenance

therapy were enrolled. Clinical data at baseline, after induction, and at week 52 were obtained.

Methods: Clinical and biochemical activities as well as corticosteroid-free remission (SFR]
rates were assessed, while concomitant medications, comorbidities, hospitalizations, and
surgeries were recorded during the follow-up to detect any predictors.

Results: A total of 161 UST- and 65 VDZ-treated patients completed the follow-up. No
significant difference in clinical or biochemical remission rates was observed after induction
between the two treatment groups; however, clinical remission rate at week 52 was higherin
UST group. UST showed superior drug persistence than VDZ (86.5%, 57.9%, p <0.0001). The
drug type was predictive of clinical SFR at week 52 [p=0.011, odds ratio (OR]=2.39 with UST].
Drug failure rates were higher for VDZ than those for UST (PNR rates: 21.54% and 4.97%,
respectively, p<0.001, OR=8.267, p=0.001). LOR and escalations were more common during
UST treatment (61.5% versus 36.9%, p<0.001; 64.2% versus 23.1%, p<0.001). Hospital and
surgical admission rates did not differ significantly. Only one adverse event occurred with VDZ
at week 20, which led to drug cessation.

Conclusions: VDZ and UST were safe and effective for treating patients with CD in whom anti-
TNF therapy failed. UST showed superior drug persistence than VDZ, but dose escalation was
more frequent. Biologicals used in lower treatment lines resulted in better drug persistence.
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Introduction

Inflammatory bowel disease (IBD), Crohn’s dis-
ease (CD), and ulcerative colitis (UC) are chronic
inflammatory conditions of the gastrointestinal
tract.! Increased understanding of the immuno-
logical pathways underlying these diseases has led
to new therapeutic options, but the exact patho-
logical mechanisms remain unknown. The use of
biological therapies for IBD has revolutionized the
treatment of moderate to severe disease.?3 The
first approved molecular targeted antibody, which
was against tumor necrosis factor alpha (TNF-a),
was infliximab (IFX) introduced in 1998 by the
US FDA. Later, other drugs targeting TNF
showed proven efficacy and safety in patients with
moderate to severe IBD.* However, approxi-
mately 30% of patients fail to achieve an initial
response to anti-TNF therapy because of primary
nonresponse (PNR).>® Furthermore, 25%-45%
of patients need to stop using anti-TNF agents
because of loss of response (LOR) in the first
year.” Besides primary and secondary LOR, infu-
sion-related adverse events also limit the long-
term use of anti-TNF agents.®® Vedolizumab
(VDZ) and ustekinumab (UST) are newer thera-
peutic options in patients with anti-TNF failure.
Although these drugs provide alternative thera-
peutics with different mechanisms of action, evi-
dence indicates that the probability of treatment
success declines with each line of treatment.!? The
increase in available therapeutic options has bro-
ken down the long-standing barrier that limited
randomized head-to-head comparisons of the effi-
cacy and safety of different biological therapies.
Recently, two head-to-head trials comparing the
efficacies of adalimumab (ADA) wversus VDZ and
of ADA wversus UST in patients with moderate to
severe UC and CD were published.!1:12 However,
these trials did not answer the question of whether
or not integrin inhibition or I1.12/23 blockade is
the better therapeutic option after anti-TNF fail-
ure. Reviewing the results of two baseline studies,
GEMINI versus CERTIFI, conducted nearly
10years earlier does not help in estimating odds
because both concluded that patients with moder-
ate to severe CD who were resistant to TNF
antagonists had an increased rate of response to
induction with VDZ/UST relative to that with
placebo. Patients with an initial response to both
agents had significantly increased rates of response
and remission as maintenance therapy.!3-15

Although physicians in many countries use a hier-
archical prescribing order requiring prescribing

one or two anti-TNF agents prior to using newer
biological agents, real-life effectiveness usually
override study efficacies. In Hungary, at the time
of the current study, both VDZ and UST could
be prescribed as second- or third-line treatments
after one or two anti-TNF failures or as first-line
treatments if individual permission was obtained
by the National Health Insurance Fund of
Hungary. Therefore, switching to a newer bio-
logical agent with a different molecular target
may be delayed by months. Moreover, we are not
able to predict treatment success, so the choice of
the drugs in the second-, third-, or even fourth-
line mainly depends on the local practice or cen-
tral regulations of the country. Although clinical
experience with both biologicals continues to
grow, predicting the effectiveness of therapies in
terms of baseline disease severity and comorbidi-
ties is currently difficult, although defining the
ideal patient profile is expected to significantly
improve efficacy and safety. Consequently, more
real-life data are needed to reveal easily determi-
nable and routinely available clinical or labora-
tory parameters to predict the success of therapy
and to help select the best treatment choice for
each patient.

The primary study aim was to compare the effec-
tiveness and treatment persistence of VDZ and
UST in patients with CD who had mostly failed
anti-TNF treatment in a real-life setting. The sec-
ondary aim was to identify the predictive factors
and comorbidities associated with treatment suc-
cess and persistence in patients who used both
agents.

Materials and methods

Study design and data source

This was a retrospective multicentre cohort study
that included five tertiary referral IBD centers in
Hungary. The patients’ data were collected con-
secutively from the medical records systems and
stored in a uniform database. Data were obtained
at induction of both agents, at 16—20weeks after
induction and at week 52. Patients =18years old
with an established diagnosis of CD who were
receiving VDZ or UST therapy because of any
contraindication of first-line anti-TNF agents or
after failure of one or two anti-TNF agents were
enrolled in each participating center. Patients
were treated with UST or VDZ according to the
current regulations of the National Health
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Insurance Fund of Hungary according to a sum-
mary of the products’ characteristics. The patients
received intravenous VDZ treatment with an
induction regimen of 300 mg at weeks 0, 2, and 6
and received maintenance therapy with the same
dose after induction at every 8weeks. An esca-
lated regimen because of LOR was applied every
4weeks. UST therapy was initiated with a weight-
based intravenous infusion at baseline according
to the following specifications (260 mg for <55 kg,
390mg for 55-85kg, and 520mg for >85kg).
The first subcutaneous 90-mg induction dose was
administered at week 8 followed by a subsequent
maintenance dose of 90 mg administered subcu-
taneously at every 4-12weeks depending on dis-
ease activity. Enrolled patients provided written
informed consent for both treatments.

Second-, third-, and fourth-line therapies were
interpreted as the application of a different drug
after the first, second, and third switch from the
first-line biological agent, respectively.

Baseline parameters and outcomes

Clinical and demographic baseline data, includ-
ing sex, age at diagnosis, disease duration, loca-
tion (using the Montreal classification),!> disease
behavior (using the Montreal classification!?),
perianal phenotype, prior resections and
extraintestinal manifestations (EIMs), were col-
lected. Data regarding the period of the prior
anti-TNF treatment were also obtained. If
patients received both UST and VDZ treatments,
data were obtained only until the first treatment.
Patients with incomplete follow-up and no anti-
TNF treatment were excluded.

At baseline, data, including UST and VDZ treat-
ment lines, clinical activity based on the Clinical
Disease Activity Index (CDAI),!® biochemical
activity based on C-reactive protein (CRP) level,
concomitant corticosteroid or thiopurine therapy
and EIMs, were recorded. Clinical and biochemi-
cal activity, concomitant medications, EIMs, and
perianal symptoms were obtained at 16—20 weeks
after induction and at the end of follow-up at
week 52. If the drug was terminated after induc-
tion, a PNR was classified between weeks 16 and
20 because of the lack of efficacy. A LOR was
defined as the occurrence of disease activity that
led to treatment termination during the mainte-
nance phase after effective induction or an

escalated regimen was applied during treatment.
EIMs and perianal complaints were evaluated
based on both patients’ and physicians’ assess-
ments using improved and not improved binary
categories. The primary outcome was defined as a
corticosteroid-free composite remission (SFR)
after the induction at weeks 16-20 and at week 52.
Remission was defined by clinical (CDAI< 150)
and biochemical (CRP < 10mg/L)!7:18 activities.
The primary outcome was used to identify the
possible predictors of 1-year efficacy of both
agents. The secondary outcome was defined as
drug persistence at week 52.

Comorbidities were recorded and the Charlson
comorbidity index (CCI), including age, myocar-
dial infarction, chronic heart failure, peripheral
vascular diseases, cerebrovascular accidents and/
or transient ischemic attack, dementia, chronic
obstructive pulmonary disease (COPD), connec-
tive tissue disease, peptic ulcer disease, liver dis-
eases, diabetes mellitus, hemiplegia, chronic
kidney injury, solid tumor, leukemia, lymphoma,
and acquired immune deficiency syndrome, was
calculated at baseline. The CCI is a weighted
index that is being validated for stratifying risk of
comorbid conditions.’® The CCI could range
from a minimum of zero to a maximum of
33 points and was used to assess the effect of
comorbidities on drug survival in combination
with biological agents.

Hospitalization rates, surgical procedures, immu-
nomodulator, and/or corticosteroid necessity
during the follow-up due to disease activity were
also obtained. The escalated regimens defined
above were also recorded in case both agents were
used.

Statistical analysis

Statistical tests were performed using R statistical
software version 4.1.1 (R Foundation, Vienna,
Austria) and IBM SPSS software (IBM SPSS
Statistics for Windows, Version 26.0, IBM Corp.,
Armonk, NY, USA). Descriptive statistics were
presented as the mean * standard deviation of the
mean (SD) or median + interquartile range (IQR)
for continuous variables and as the count + per-
centage for categorical variables. Normality was
tested by visual interpretations. Continuous vari-
ables were tested via the Welch test or Mann—
Whitney U-test for independent samples to
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200 patients treated with
ustekinumab

96 patients treated with
vedolizumab

11 patients excluded A

Prior use of UST or VDZ

|

— 4 patients excluded

| 189 patients UST |

| 92 patients VDZ |

27 patients excluded Ap—

< 52 weeks follow-up

- | 15 patients excluded

| 162 patients UST I

| 77 patients VDZ |

1 patient excluded —

No prior use of anti-TNF agents

|

— 12 patients excluded

| 161 patients in UST cohort |

I 65 patients in VDZ cohort |

Figure 1. Flowchart of exclusion depending on prior UST or VDZ treatment, follow-up period or no prior anti-

TNF exposure.

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

compare differences between groups (after
assumptions checked in cases of each test),
whereas categorical variables were analyzed using
the chi-squared test and Fisher’s exact test to
compare proportions of groups. Kaplan—Meyer
analysis was performed to describe the persis-
tence of a therapeutic effect of both agents. After
identification of the possible predictive factors of
primary outcomes, PNR and LOR multivariate
logistic regression models were constructed (over-
all model fit was assessed by the Nagelkerke R?
and goodness of fit was determined by perform-
ing the Hosmer—Lemeshow test). A multivariable
Cox proportional hazards model was created to
assess the effect of the CCI and type of any drug-
on-drug survival. Continuity of the hazard ratio
(HR) over time was tested. Values of p<<0.05
were considered to be indicative of statistical
significance.

Results

Baseline characteristics

In all, 200 UST- and 96 VDZ-treated patients
were included in the study. Finally, after exclud-
ing data for sequential treatments with UST and
VDZ, incomplete follow-up data, and data of
patients without any prior anti-TNF treatment,

the data of 226 patients were considered eligible
for analysis (Figure 1).

In the UST and VDZ cohorts, 161 and 65 patients
were eligible for analysis, respectively (median
age: 36 and 35years, male/female ratio: 57/104
and 21/44, median treatment duration: 13.3 and
12.0years, respectively). There were no differ-
ences in the baseline demographic data between
the UST and VDZ cohorts. Among the baseline
clinical characteristics of the patients, perianal dis-
ease phenotype was significantly more common in
the UST cohort than in the VDZ cohort (44.7%
and 24.6%, p<<0.001), respectively. Differences
in treatment level, disease localization and behav-
ior, disease activity parameters, prior bowel resec-
tions, and concomitant medications were not
observed between the two groups at baseline. The
most relevant extraintestinal symptom was arthri-
tis in each group; however, neither the prevalence
of EIMs nor any of the other baseline parameters
differed significantly between the treatment
groups. Prior IFX treatment was terminated in 61
UST- and 38 VDZ-treated patients due to LOR
(37.9% wersus 58.5%, p=0.004), and in case of
19.3% wversus 12.3% due to PNR (p=0.21). Prior
IFX exposure resulted in cessation in 23.6% and
7.7% (p=0.005) in the UST and VDZ treatment
groups due to infusion-associated reactions. In
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9.9% of UST- and 13.9% of VDZ-treated
patients’ (p=0.40) prior IFX treatment was ter-
minated due to side effects. IFX treatment was
stopped due to pregnancy in 3.1% and 4.6%
(»p=0.58) of patients in the UST and VDZ
cohorts. In patients treated with IFX previously,
6.2% in the UST and 3.1% in the VDZ groups
(p=0.34), the cessation of therapy was due to
other patient associated causes. Prior ADA was
ceased due to LOR in 48.0% and 61.5%
(»=0.075) in the UST and VDZ groups, respec-
tively. In 18.6% and 12.3% (p=0.25) of patients
in UST and VDZ cohorts with prior ADA treat-
ment was terminated due to PNR. In addition,
ADA treatment was stopped due to treatment-
associated reactionsin 13.0% and 10.8% (p=0.64)
in the UST and VDZ, respectively, groups.
Previous ADA therapy was terminated due to side
effects in 7.5% and 4.6% (p=0.44) in the UST
and VDZ cohorts. Pregnancy resulted in cessation
of ADA therapy in 3.7% and 6.2% (p=0.42) of
patients in UST and VDZ groups. While other
patient-associated termination occurred in 9.3%
and 4.6% (p=0.24) in the UST and VDZ groups.
The baseline demographic and clinical character-
istics of the cohorts are summarized in Table 1.

Comorbidity prevalence and CC/ at baseline

Data of 226 patients were available for assessing
CCI at baseline. In all, 19 patients (8.4%) had at
least one comorbidity of which 11 (57.9%) were
on UST and 8 (42.1%) were on VDZ therapy
(»=0.179).

In the cohort of patients with at least one comor-
bidity, four patients were >60years old (21.05%),
5 were between 40 and 60years old (26.32%),
and 10 were <40years old (52.63%). Of the four
patients >60years old, three were on VDZ treat-
ment. Males were numerically more common in
the comorbidity group than in the noncomorbid-
ity group; however, statistical significance was not
measured (52.6% versus 32.9%, p=0.083). There
were no significant differences between groups
according to the age, median disease duration,
and follow-up time. The disease location was sta-
tistically similar in both groups (p=0.982). The
inflammatory phenotype was more common in
patients with comorbidities than in those without
comorbidities (73.7% wversus 47.3%), whereas
penetrating disease was less frequent in patients
with comorbidities (5.3%  wversus  30.9%)
(p=0.04). There was no difference in the baseline

disease activities between the comorbidity cohorts
(CDAI p»=0.80, CRP »=0.837). The baseline
characteristics of patients with and without
comorbidities are presented in Table 2.

Comorbidities did not differ significantly between
UST and VDZ groups (6.79% versus 12.3%,
p=0.179). There was a significant difference in
the CCI between the VDZ and UST cohorts.
More patients had a =1 higher score in the VDZ
cohort than in the UST cohort (p=0.046). CCI
diseases were numerically higher in the VDZ
group than those in the UST group (16.9 versus
7.4, p=0.059). The data referring comorbidities
are presented in Tables 2 and 3. The CCI score
was not associated with drug persistence in our
model (CCI HR=0.977, p=0.874).

SFR and therapy persistence

The clinical SFR rate was higher in the UST
group than that in the VDZ group at week 52
(59.46 versus 39.68, p=0.008); however, neither
biochemical SFR rates at week 52 (40.13 versus
34.92, p=0.48) nor SFR rates after the induction
period differed significantly between the two
groups (clinical: UST 56.94% wersus VDZ
46.30%, p=0.18; biochemical UST 45.26% ver-
sus VDZ 41.81%, p=0.66). Coupling data are
presented in Tables 4 and 5, and Figures 2 and 3
summarize these results. UST-treated patients
were more likely to remain on therapy than VDZ-
treated patients [UST: 86.5%, 95% confidence
interval (CI)=81.2%-92.0%; VDZ: 57.9%, 95%
CI=46.9%-71.3%; p<0.0001] (Figure 4).

Predictors of SFR

In addition to the lines of treatment, the possible
predictors of 52-week SFR were age, baseline
CDAI and CRP levels, and CCI score. The pos-
sible effect of the drug type on achieving clinical
remission was suggested (p=0.008); however,
differences in biochemical outcomes were not
detected (p=0.477). Differences between the
groups who did and did not achieve SFR accord-
ing to sex, comorbidity, combined immunomod-
ulatory therapy, escalated regimen, and disease
duration were not significant. Further details con-
taining the other possible predictors that were
excluded are summarized in Tables 5 and 6.

According to the significant parameters men-
tioned above, the logistic regression models
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Table 1. Baseline clinical and demographic characteristics of the patients.
Ustekinumab (n=161) Vedolizumab (n=65) p Value
Treatment line?, N (%)
2. 50 (31.1) 20 (30.8) 0.566
3. 94 (58.4) 41(63.1)
4. 17 (10.6) 4(6.2)
Sex, male, N (%) 57 (35.4) 21(32.3) 0.658
Age, median (IQR) 36 (15) 35(18) 0.838
Disease duration, years, median (IQR) 13.34 (10.30) 12.00 (10.20) 0.566
Disease location, N (%)
Ileum 22 (13.70) 11(16.90) 0.903
Colon 52 (32.30) 23 (35.40)
Ileocolic 75 (46.60) 31 (47.70)
Upper Gl involvement 12 (7.50) 0 (0)
Disease behavior, N (%)
Inflammatory disease 78 (48.45) 34 (52.31) 0.837
Stricturing disease 35(21.74) 14 (21.54)
Penetrating disease 48 (29.81) 17 (26.15)
Active perianal disease®, N (%) 72 (44.7) 16 (24.6) <0.001
EIMs, N (%)
Arthritis 36 (22.36) 14 (21.54) 0.893
Uveitis 0(0) 0(0) =
Erythema nodosum or pyoderma gangrenosum 6 (3.70) 0(0) -
Arthritis and skin disease 2 (1.24) 0 (0) -
Prior bowel resection, N (%) 69 (43.4) 25 (38.5) 0.497
Prior anti-TNF exposure, N (%)
ADA or infliximab 48 (29.81) 20 (30.77) -
ADA and infliximab 111 (68.94) 45 (69.23)
Disease activity, mean (SD)
CDAI 244.(107.59) 229 (94.08) 0.332
CRP 24.60 (32.67) 23.13(26.19) 0.735
CCl, N (%)
<1 148 (91.9) 54 (83.1) 0.051
—9 13 (8.1) 11(16.9)
Concomitant medication, N (%)
Corticosteroids 45 (27.95) 25 (38.46) 0.122
Immunosuppressants 34(21.12) 19 (29.23) 0.193

aAccording to different drugs.

bEvaluated based on both patients’ and physicians’ assessments.

CCl, Charlson comorbidity index; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; EIMs, extraintestinal manifestations; IQR, interquartile range; N, number;

SD, standard deviation of the mean.
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Table 2. Comorbidity characteristics at baseline.

Patients without Patients with p Value
comorbidities (n=207) comorbidities (n=19)

Treatment, N (%)

Ustekinumab 150 (72.5) 11 (57.9) 0.179

Vedolizumab 57 (27.5) 8(42.1)
Sex, male, N (%) 68 (32.9) 10 (52.6) 0.083
Age, years, median (IQR) 35.25(15.95) 38.00 (29.5) 0.166
Disease duration, years, median (IQR) 13 (10.38) 12 (9.5) 0.436
Follow-up time, weeks, median (IQR) 52 (0) 52 (0) 0.313
Disease location?, N (%)

Ileum 30 (14.5) 3(15.8) 0.982

Colon 69 (33.3) 6 (31.6)

Ileocolic 98 (47.3) 9 (42.1)

Upper Gl involvement 10 (4.8) 2(10.5) 0.289
Disease behavior?, N (%)

Inflammatory disease 98 (47.3) 14 (73.7) 0.04

Stricturing disease 45(21.7) 4(21.1)

Penetrating disease 64 (30.9) 1(5.3)
Perianal disease?, N (%) 98 (47.3) 7 (36.8) 0.38
Disease activity2, mean (SD)

CDAI 240 (104.48) 235(100.27) 0.80

CRP 24.27 (31.31) 22.89 (24.77) 0.837

aAt baseline.

CDAI, Crohn’s disease activity index; CRP, C-reactive protein; IQR, interquartile range; N, number; SD, standard deviation

of mean.

showed that drug type was a predictor of achiev-
ing clinical SFR (UST OR=2.385, p=0.011),
while it was not confirmable on biochemical SFR
(OR=1.337, p=0.403). By line of therapy, the
probability of achieving SFR based on CDAI
decreased with lines greater than third-line treat-
ment (third line wversus second line, p=0.007,
OR=0.38, fourth line wersus second line,
p»=0.315, OR=0.527). Baseline CDAI had a
possible weak effect on the primary clinical out-
come (OR=0.997, »p=0.075). In our models,
older age was a predictor of achieving SFR based
on CRP (OR=1.034, p=0.037). The models’

reliabilities were weak  (Nagelkerke R2:
CDAI=0.139 and CRP=0.120). Other model
details are presented in Tables 6 and 7.

Therapy discontinuation, LOR, and drug safety

Treatment discontinuation due to any reason was
more common in the VDZ cohort compared with
UST group (VDZ 41.54% and UST 13.04%,
$»<0.001) with a median duration of 28 (IQR:
28) and 20 (IQR: 32) weeks, respectively
(p=0.535). The PNR rate was more common in
the VDZ cohort than in the UST cohort (21.54%
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Table 3. Comorbidity prevalence at baseline.

Ustekinumab (n=161) Vedolizumab (n=65) p Value
Patients with one or more comorbidity, N (%) 11 (6.79) 8(12.3) 0.179
Charlson comorbidity index, N (%)
0 126 (78.26) 49 (75.38) 0.046
1 22 (13.66) 5(7.69)
2 9 (5.60) 4 (6.15)
>2 4 (2.48) 7(10.77)
AIDS (62, N (%) 0 0
COPD (1), N (%) 1(0.62) 0
Dementia (1], N (%) 0 0
Diabetes, N (%)
Uncomplicated (1) 2 (1.23) 2 (3.08)
End-organ damage (2) 0 0
Connective tissue disease (1), N (%) 0 0
Chronic kidney disease (2), N (%) 1(0.62) 1(1.54)
Leukemia (2), N (%) 1(0.62) 0
Lymphoma (2], N (%) 0 1(1.54)
Liver disease, N (%)
Mild (1) 2(1.23) 0
Moderate to severe (2] 0 1(1.54)
Myocardial infarction (1), N (%) 0 1 (1.54)
Congestive heart failure (1), N (%) 0 1(1.54)
Peptic ulcer (1), N (%) 2(1.23) 1(1.54)
Peripheral vascular disease (1], N (%) 0 1(1.54)
Solid tumor, N (%)
Localized (2) 2 (1.23) 1(1.54)
Metastatic (6) 0 0
CVA or TIA (1), N (%) 1(0.62) 1(1.54)
Hemiplegia (1), N (%) 0 0

aCCl item scores.
AIDS, acquired immune deficiency syndrome; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; N, number; TIA,
transient ischemic attack.
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Table 4. Nonparametric tests on corticosteroid-free remission at week 52 using CDAI.

SFR-CDAI Achieved Not achieved p Value

Total, N (%) N=2112 113 (53.55%) 98 (46.45%) -

BT, N (%) UST (N=148) 88 (59.5%) 60 (40.94%) 0.008
VDZ (N=63) 25 (39.7%]) 38 (60.3%)

Sex, N (%) Male (N=72) 42 (58.3%) 32 (41.7%)0 0.317
Female (N=139) 71 (51.1%) 68 (48.9%])

Baseline treatment level, N (%) 2 (N=66) 44 (66.67%) 22 (33.33%) 0.028
3 (N=127) 59 (46.46%) 68 (53.54%)
4 (N=18) 10 (55.56%) 8 (44.44%)

Comorbidity, N (%) No (N=193) 103 (53.4%) 90 (46.6%) 0.859
Yes (N=18) 10 (55.6%) 8 (44.4%)

Immunomodulator, N (%) No (N=168) 89 (47.0%) 79 (53.0%) 0,237
Yes (N=26) 17 (65.4%) 9 (34.6%)

Escalated regimen, N (%) No (N=95) 46 (51.6%) 49 (48.4%) 0.075
Yes (N=105) 64 (61.0%) 41 (39.0%)

CCl score, N (%) <1(N=187) 99 (52.9%]) 88 (47.1%) 0.618
=2 (N=24) 14 (58.3%) 10 (48.7%)

Age, mean (SD) 39.48(13.16) 37.0(11.55) 0.147

Disease duration, years, mean (SD) 13.52 (7.64) 13.65 (6.94) 0.905

Baseline CDAI, mean (SD) 223.7 (118.70) 251.99 (81.91) 0.046

Baseline CRP, mean (SD) 22.24(33.14) 26.52 (29.00) 0.345

aNumber of patients to assess data.

CCl, Charlson comorbidity index; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; N, number of; SD, standard deviation of the mean;
SFR, corticosteroid-free remission; UST, ustekinumab; VDZ, vedolizumab.

and 4.97%; p<<0.001). The type of drug and
baseline CRP were predictors of PNR (UST: OR
8.267, p=0.001; baseline CRP: OR 1.012,
p»=0.062). Coupling data and model details are
presented in Supplemental Tables 1 and 2.

LOR was more common in the UST group com-
pared with the VDZ cohort (61.5% and 36.9%,
$<<0.001). Only biological agent was identified as
a possible predictor of LOR (coupling data are
available in Supplemental Tables 3 and 4).
Therapy escalation was more commonly required
by the UST-treated patients than by the VDZ-
treated patients [#=97 (64.2%) wversus 15

(23.1%); p<0.001]. Escalation regimens of 12—
8weeks and 8—4weeks were administered in 36
and 67 UST-treated patients (34.95% and
65.05%, respectively).

There was only one infusion-associated reac-
tion resulting in treatment termination in the
VDZ cohort at week 20. In the UST cohort,
none of the patients presented drug-associated
adverse events. Serious infections were not
recorded in any of the treatment groups. In the
VDZ cohort, one patient stopped treatment at
week 16 because of pregnancy with an inactive
disease.
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Table 5. Nonparametric tests on corticosteroid-free remission at week 52 using CRP.

SFR-CRP Achieved Not achieved p Value

Total, N (%) N=2102 81 (38.57%) 129 (61.43%) -

BT, N (%) UST (N=147) 59 (40.1%) 88 (59.9%) 0.477
VDZ (N=63) 22 (34.9%) 41 (65.1%)

Sex, N (%) Male (N=73) 27 (37.0%) 46 (63.0%) 0.731
Female (N=137) 54 (39.4%) 83 (60.6%)

Baseline treatment level, N (%) 2 (N=62) 31 (50%) 31 (50%]) 0.083
3 (N=128) 44 (34.4%) 84 (65.6%)
4 (N=20) 6 (30%) 14 (70%)

Comorbidity, N (%) 0(N=193) 77 (39.9%) 116 (60.1%) 0.184
1(N=17) 4(23.5%) 13 (76.5%)

Immunomodulator, N (%) 0 (N=168) 64 (38.1%) 104 (61.9%) 0.248
1 (N=26) 13 (50%) 13 (50%])

Escalated regimen, N (%) 0 (N=103) 36 (37.5%) 60 (62.5%) 0.541
1 (N=96) 43 (41.7%) 60 (58.3%)

CCl score, N (%) <1(N=188) 72 (38.3%) 116 (61.7%) 0.812
=2 (N=22) 9 (40.9%) 13 (59.1%)

Age, mean (SD) 40.77 (12.90) 36.59 (11.76) 0.019

Disease duration, years, mean (SD) 13.95 (7.09) 13.20 (7.28) 0.461

Baseline CDAI, mean (SD) 231 (118.45) 246 (93.77) 0.322

Baseline CRP, mean (SD] 17.83 (35.80) 29.15 (27.05) 0.02

aNumber of patients to assess data.
CCl, Charlson comorbidity index; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; N, number of; SD, standard deviation of the mean;
SFR, corticosteroid-free remission; UST, ustekinumab; VDZ, vedolizumab.

Extraintestinal manifestations

The prevalence of EIMs did not differ at baseline
between the UST and VDZ cohorts (27.32% and
21.53%, respectively; p=0.367). During the
induction period, existing complaints were
improved in 13 patients in the UST cohort and in
3 patients in the VDZ cohort (29.55% versus
21.43%, respectively; p=0.554). During the
52-week follow-up, the symptoms of 14 UST-
and 4 VDZ-treated patients improved from base-
line (31.82% wversus 28.57%, respectively;
»=0.819).

Perianal disease

Active perianal disease was more common in the
UST cohort than in the VDZ cohort at baseline
(44.72% wersus 24.62%, p=0.005). After the
induction period, perianal symptoms were
improved in 30 patients in the UST cohort and in
six patients in the VDZ cohort (41.67% wversus
40.00%, respectively; p=0.905). During the
52-week follow-up, perianal symptoms were
improved in 39 patients in the UST cohort and in
five patients in the VDZ groups (54.17% and
33.33%, respectively; p=0.142).
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Hospitalizations

Hospital admission was required in 10 UST- and 8
VDZ-treated patients because of relapse (6.2% and
12.3%, respectively, p=0.126) at a mean of 27.6
and 13.5weeks after inclusion (p=0.022). Rates of
hospitalization because of surgery did not differ
between the treatment groups. Eighteen (11.2%)
UST- and 13 (20.0%) VDZ-treated patients were
admitted to surgery (p=0.081) after a mean of
32.6 weeks from initiation of both drugs (p=0.998).
Resections were performed in all surgically hospi-
talized UST-treated patients; whereas seven
patients required bowel resection (p=0.633) and
five patients needed perianal surgery in the VDZ
group. None of the examined possible predictors
differed significantly between the hospitalized and
non-hospitalized groups and between the surgically
treated and non-surgically treated groups. Coupling
data are presented in Supplemental Tables 5 and 6.

Discussion

This real-life multicentre nationwide study ana-
lyzed data of 161 UST- and 65 VDZ-treated
patients and demonstrated higher clinical SFR
rates during the UST compared with VDZ treat-
ments at week 52; however, biochemical SFR
rates and SFR rates after the induction did not
differ between the two groups. Remaining on
therapy was more likely among the UST-treated
patients than among the VDZ-treated patients.
This finding may have been influenced by the fact
that there was a significant difference in the fre-
quency of dose optimization between the cohorts.
The frequency of PNR was higher in the VDZ
cohort than that in the UST cohort, whereas the
frequency of LOR was higher in the UST cohort
than that in the VDZ cohort. Our results also
showed that using biologicals in a sequential way
has negative impact on achieving clinical SFR.

Trials that have investigated the possible pharma-
cokinetic backgrounds of VDZ response loss have
been contradictory. Ungar et al., in their multicen-
tric-observational trial, did not find a consistent
pharmacokinetic-pharmacodynamic correlation
in the possible mechanism of LOR to VDZ, in
contrast to anti-TNF drugs.2° Consistent with
that data, a Danish dual-center cohort study veri-
fied that the long-term clinical remission rates of
VDZ in IBD groups with escalated and non-esca-
lated regimens were similar.2! Data from the
ENTERPRISE study showed a VDZ treatment
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Figure 2. Proportion of patients achieving SFR after the induction
period (16-20weeks) based on clinical (CDAI < 150) and biochemical

(CRP < 10mg/L) parameters.

CDAI, Crohn’s disease activity index; CRP, C-reactive protein; SFR, corticosteroid-free

remission.

outcome with an additional 10™ week of infusion,
similar to that of the original regimen in perianal
CD.22 On the other hand, a systematic review and
meta-analysis proved that escalated regimens
could restore response to more than half of VDZ-
treated patients.?? The excess frequency of UST-
escalated regimens could be explained by the fact
that at the time of the introduction of UST, the
standard subcutaneous dose was administered
every 12th week in the maintenance phase, which
later changed to a standard 8-week maintenance
regimen per the label specification change.

Biemans et al. reported the significant superiority
of clinical and biochemical SFR at week 52 for
UST wersus VDZ therapy from a Dutch propen-
sity-score-matched trial. They did not prove the
superiority of UST either after induction or at
week 12 and week 24.2¢ A German single-center
study showed that 78.9% of patients with CD
and 68.1% of patients with UC continued VDZ
treatment after week 52.25 A meta-analysis that
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Figure 3. Proportion of patients achieving SFR at week 52 based on clinical
(CDAI < 150) and biochemical (CRP < 10mg/L) parameters.

CDAI, Crohn’s disease activity index; CRP, C-reactive protein; SFR, corticosteroid-free
remission.

compared the efficacies of UST and VDZ in CD
also collected data about clinical SFR and treat-
ment persistence and found significant superior-
ity of UST in both clinical SFR at week 52 and in

drug persistence.2® A recent multicentre-retro-
spective study from Italy displayed the equality of
UST and VDZ in terms of achieving objective
remission among patients with anti-TNF refrac-
tory CD at week 52; however, clinical remission
rates differed.2” Our study found 1-year persis-
tence rates of 86.5% for UST and 57.9% for
VDZ treatment, which are higher than the rates
found by Ylisaukko-Oja et al. of 46.2%-37.1%
for ADA and 47.1% for UST during 12 months
of treatment in a real-life setting.28

In this study, regression models were created to
identify the significant predictors of achieving
SFR at week 52. The regressions showed that
baseline UST treatment and lower treatment line
were significant predictors of outcomes, although
the Nagelkerke R? of the models indicated only
weak correlations. Miihl er al. proved that in
patients with UC, a lower partial-Mayo score was
associated with better SFR rates after 1year of
VDZ treatment, whereas in patients with CD, a
lower HBI was associated only with short-term
SFR rates.?> The PANIC study reported worsen-
ing persistence rates with increasing treatment
line, which was seen in our cohort as well.2°

Drug survival or long-term efficacy and safety are
influenced by age and presence of any comorbid-
ity. A previous study found that the prevalence of
comorbidities could predict the long-term treat-
ment outcome in IBD wia medication interac-
tions, reduced adherence and poorer response to
treatment.3? Asscher er al. verified that the pres-
ence of any comorbidity had higher predictive
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Figure 4. Kaplan-Meyer survival analysis showed the superiority in drug persistence of UST- versus VDZ-

treated group (p=0.001).
UST, ustekinumab; VDZ, vedolizumab.
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Table 6. Multivariate logistic regression model for prediction of clinical (CDAI) SFR at week 52.

Logistic regression for prediction of 52-week clinical (CDAI) SFR outcome (overall model fit: Nagelkerke R2=0.139; goodness
of fit: Hosmer and Lemeshow test, p=0.123; classification table: correct predictions=56.5%)

B S.E. df P OR 95% Cl for OR

Biological therapy 0.869 0.342 1 0.011 2.385 1.220 4.663
As second-line treatment - - 2 0.025 - - -

As third-line treatment?® -0.968 0.357 1 0.007 0.380 0.189 0.765
As fourth-line treatment? -0.640 0.638 1 0.315 0.527 0.151 1.839
Baseline CDAI -0.003 0.002 1 0.075 0.997 0.994 1.000
Baseline CRP -0.003 0.005 1 0.614 0.997 0.988 1.007
CCl score > 1 -0.294 0.634 1 0.643 0.745 0.215 2.585
Age 0.018 0.016 1 0.242 1.019 0.988 1.051
Constant 0.370 0.748 1 0.620 1.448 - -

2aCompared with second-line administration.
B, regression coefficient; CCl, Charlson comorbidity index; CDAI, Crohn’s disease activity index; Cl, confidence interval; CRP, C-reactive protein;

df, degree of freedom; OR, odds ratio; S.E., standard error; SFR, corticosteroid-free remission.

Table 7. Multivariate logistic regression model for prediction of biochemical (CRP) SFR at week 52.

Logistic regression for prediction of 52-week biochemical [CRP) SFR outcome (overall model fit: Nagelkerke R2=0.120;
goodness of fit: Hosmer and Lemeshow test p=0.309; classification table: correctly predictions=58.2%)

B S.E. df p OR 95% CI for OR
Biological therapy 0.290 0.347 1 0.403 1.337 0.678 2.637
As second-line treatment - - 1 0.188 - - -
As third-line treatment? -0.583 0.343 1 0.089 0.558 0.285 1.094
As fourth-line treatment? -0.757 0.621 1 0.217 0.464 0.137 1.569
Baseline CDAI -0.002 0.002 1 0.263 0.998 0.995 1.001
Baseline CRP -0.013 0.007 1 0.077 0.988 0.974 1.001
CCl score>1 -0.563 0.655 1 0.389 0.569 0.158 2.054
Age 0.033 0.016 1 0.037 1.034 1.002 1.067
Constant -0.547 0.758 1 0.393 0.524 - -

aCompared to second-line administration.
B, regression coefficient; CCl, Charlson comorbidity index; CDAI, Crohn’s disease activity index; Cl, confidence interval; CRP, C-reactive protein;

df, degree of freedom; OR, odds ratio; S.E., standard error; SFR, corticosteroid-free remission.

value than age alone in their VDZ- and UST-

parameters. In our study, the comorbidity fre-

treated IBD cohort.3! They did not find a strong quency did not differ significantly between

association between CCI score and efficacy/safety

cohorts; however, Asscher et al. have reported
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higher comorbidity rates during VDZ treatment.
According to our study, the most relevant dis-
eases were chronic heart failure, diabetes melli-
tus, and solid tumors. In this study, the CCI
scores at baseline were higher in the VDZ cohort
than those in the UST cohort, but the CCI score
did not have a clear effect on drug survival in our
model. Furthermore, age and comorbidity preva-
lence were not associated with SFR outcomes.
The increased safety suggested by the different
mechanism of action of VDZ in the presence of
serious comorbidities explains the choice in our
real-life setting.

UST and VDZ have been shown to have reassur-
ing safety profiles. A meta-analysis of UST in
patients with IBD found 16.7% incidence rate of
adverse events, 8% infection rate, and 3.9% seri-
ous infection rate.32 A safety analysis of VDZ
treatment from 46 studies has been reported.33
The overall adverse event rate ranged from 1% to
67% and the infection and serious infection rates
ranged from 5% to 24% and 4% to 10%, respec-
tively. That meta-analysis also reported that infu-
sion-related reactions were uncommon. In our
cohort, there was only one infusion-associated
reaction, which resulted in treatment termination
in the VDZ group. In the UST group, none of the
patients presented drug-associated adverse
events. Infections were not recorded in any of the
treatment groups.

Hospitalization rates due to surgery or disease
flare did not differ between the treatment cohorts
in our study. In real-world studies, hospitalization
rate reduction has been observed for VDZ treat-
ment and the pooled estimate from 13 studies
was 5.2% for UST treatment.3? In our study, the
hospitalization rates were 6.2% for UST and
10.4% for VDZ, without any statistically signifi-
cant difference.

The improvement in EIMs differed between UST
and VDZ because of their various mechanisms of
action. In our study, UST did not show superior
improvement of EIMs wversus VDZ. A systematic
review proved the efficacy of UST for the treat-
ment of EIMs, especially for dermatological and
rheumatological manifestations.?* Only a few
comparative clinical trials have been reported.

Perianal disease phenotype was more common in
UST-treated patients, but there was no significant
difference in symptomatic improvement between

the treatment groups. Post-hoc analyses of clinical
trials have provided only weak evidence that any
investigated drugs could induce and maintain per-
ianal fistula remission, so additional data are
needed.?>37

Several other clinical trials have proven the effi-
cacy and safety of new-generation biological
agents in patients with IBD. In these trials, data
were obtained from a selected population and
financial restrictions, physicians’ individual deci-
sions, and prior biological treatments, including
biosimilars, were not examined.!338 There have
been few head-to-head data comparisons of sec-
ond- and third-line applications of both UST and
VDZ in real-world study settings.24:39-40

Our retrospective comparative study was con-
ducted in five tertiary IBD centers in Hungary.
Datafrom 161 UST-and 65 VDZ-treated patients
were analyzed with the aim of assessing drug per-
sistence and identifying the possible predictors of
non-first-line administration of UST and VDZ in
patients with CD in addition to assessing their
safety profiles. On the basis of the statistically sig-
nificant difference between the groups that
achieved SFR and did not achieve SFR, we identi-
fied age as a positive predictor of achieving SFR,
but the difference over 4-5years between the
groups was not clinically relevant. Both UST and
VDZ were found to be safe and effective in patients
with refractory CD, but both drugs were more
effective in lower treatment lines. Patients with
higher age and/or with more comorbidities could
be treated by VDZ because of its mechanism of
action, but EIMs limited the usability of VDZ.

There were several limitations in our study that
should be considered. In Hungary, except in some
special indications (e.g. prior malignancy or coex-
isting dermatological disease), anti-TNF agents
are used as first-line therapy in IBD, so in our
study, the patients were receiving second- or third-
line treatments with UST or VDZ. However, this
treatment approach is also used in many other
European countries. In this multicentre study,
data from a relatively high number of patients in
Hungary were analyzed, but the patient sample
was not representative of all Hungarian patients
with IBD because of the demographic discrepan-
cies and multi-centric design. In addition, the high
number of statistical tests performed could have
increased the risk of type I errors. In addition, the
retrospective nature of this study did not allow
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extrapolation of the data. However, a study
strength was that our data represent real-life situ-
ations regarding the difficulty of choosing the
most effective biological agent with different
mechanisms of action after TNF failure in CD.

Conclusion

Our study results showed difference in clinical
SFR but not in biochemical SFR, hospitalization,
and surgery rates between patients treated with
UST and those treated with VDZ. However, UST
was associated with superior drug persistence ver-
sus VDZ at 1year, which was not influenced by
comorbidities. PNR was more common in VDZ-
treated patients. UST and VDZ were found to be
safe alternatives to anti-TNF refractory or intoler-
ant patients, although the use of these drugs in
lower-lines of therapy is recommended.
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