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ABSTRACT

Background Despite research, there are still
controversial areas in the management of Crohn’s disease
(CD).

Objective To establish practical recommendations on
using anti-tumour necrosis factor (TNF) drugs in patients
with moderate-to-severe CD.

Methods Clinical controversies in the management of CD
using anti-TNF therapies were identified. A comprehensive
literature review was performed, and a national survey
was launched to examine current clinical practices when
using anti-TNF therapies. Their results were discussed

by expert gastroenterologists within a nominal group
meeting, and a set of statements was proposed and tested
in a Delphi process.

Results Qualitative study. The survey and Delphi process
were sent to 244 CD-treating physicians (response rate:
58%). A total of 14 statements were generated. All but two
achieved agreement. These statements cover: (1) use of
first-line non-anti-TNF biological therapy; (2) role of HLA-
DQA1*05 in daily practice; (3) attitudes in primary non-
response and loss of response to anti-TNF therapy due to
immunogenicity; (4) use of ustekinumab or vedolizumab

if a change in action mechanism is warranted; (5) anti-
TNF drug level monitoring; (6) combined therapy with an
immunomodulator.

Conclusion This document sought to pull together the
best evidence, experts’ opinions, and treating physicians’
attitudes when using anti-TNF therapies in patients with
CD.

INTRODUCTION
Crohn’s disease (CD) has become a global
medical condition with accelerating inci-
dence in newly industrialised countries, but
with stabilisation in western countries in which
due to incidence exceeding mortality, disease
prevalence is increasing.' * CD is associated
with substantial morbidity, impaired quality
of life, work disability, and high burden of
hospitalisation and surgical interventions.”
Over the last years, significant advances
have been made in CD. New therapies
with different action mechanisms have
been approved for managing patients with

,” Luis Menchen,®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Nowadays, significant advances in Crohn’s disease
(CD) have been made, including new therapies with
different action mechanisms.

= However, there are still many controversial areas
concerning CD management.

WHAT THIS STUDY ADDS

= This consensus document sought to provide guid-
ance in the decision-making process, primarily
focusing on uncertain clinical scenarios, especially
when the evidence is lacking or in the event dif-
ferent available strategies are available. For these
cases, the experts’ statements through a Delphi
process have proven to be a valid and useful tool.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The project results complement the recommenda-
tions provided via national and international con-
sensus documents and guidelines.

= The project results might help achieve optimal re-
sponse, remission, mucosal healing, quality of life,
and using adequate healthcare resources.

moderate-to-severe CD. Different classes of
biological therapies are currently available,
including the anti-tumour necrosis factor
(anti-TNF) drugs, adhesion molecule inhib-
itor vedolizumab (VDL), and anti-interleukin
12/23 agent ustekinumab (UST).° More
recently, upadacitinib, an oral selective
Janus kinase inhibitor, has been approved.”
However, there is limited evidence regarding
the optimal positioning of these agents as
first-line or second-line therapies. Head-to-
head robust comparative data are still scarce.”
Besides, the introduction of anti-TNF biosim-
ilars has generated substantial cost-savings for
inflammatory bowel disease (IBD),” limiting
the use of other agents as firstline thera-
pies in many centres. Therefore, anti-TNF
drugs remain an essential component of CD
treatment.
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Current treatment paradigms include a ‘treat-to-target’
approach, a modality that is focused on objective thera-
peutic goals, mainly mucosal healing rather than mere
absence of symptoms.'’ ' This treatment strategy of tight
disease monitoring, which is at least as crucial as the
medical therapy choice, has recently been associated with
improved clinical outcomes in patients with CD under-
going anti-TNF treatment."!

Therapeutic drug monitoring (TDM) has emerged as
a key element to optimise the use of biological therapies
in managing patients with CD (dose escalation, dose
interval shortening, and adding an immunomodulator
(IMM))."*""* However, the role of proactive TDM remains
controversial.'"” Low drug levels and the subsequent loss
of response are usually related to immunogenicity, which
has been linked, among others, to HLA—DQAI*OB%;
nevertheless, the impact of HLA determination in clin-
ical practice is still debatable.?®?’

Consensus documents and clinical guidelines are
primarily aimed to analyse the best available evidence
in order to provide guidance in the treatment decision-
making process.**** Usually, they are focused on the
most relevant or common patient clinical profiles. Still,
in daily practice, the treating physicians must deal with
clinical scenarios that are not specifically covered by
these documents.

This consensus document sought to provide guid-
ance for managing patients with moderate-to-severe CD,
including patient stratification for specific therapies or
monitoring strategies, with special attention given to
areas that still remain controversial. We are confident
that this project likely complements the recommenda-
tions provided via national and international consensus
documents and guidelines.

METHODS

Study design

This was a qualitative project based on a survey, compre-
hensive literature review, experts’ and treating physi-
cians’ opinions, and Delphi process.

First, a steering committee comprising nine gastroen-
terologists with expertise in IBD was established. These
experts identified relevant clinical controversies in
managing patients with moderate-to-severe CD under-
going anti-TNF therapies (table 1). A comprehensive
literature review was performed to answer these ques-
tions. In parallel, a national survey was launched to
analyse current clinical practice regarding controversial
clinical scenarios (not shown).

Survey

A structured and anonymised survey with closed ques-
tions was generated using the SurveyMonkey online plat-
form. The survey was composed of two main sections that
included different questions and variables: (1) sociode-
mographic and medical practice-related variables (age,
gender, hospital characteristics, years of clinical practice,

Table 1 Current controversies in managing patients with
moderate-to-severe Cohn’s disease (CD) using anti-TNFo

# Question

1 When can first-line non-anti-TNF biological therapy be
considered?

2 What is the current role of HLA-DQA1*05 in daily
practice?

3 In patients with primary non-response to anti-TNF
therapy, which is the best attitude (except for patients
with perianal disease, spondyloarthritis, other
extraintestinal manifestations, etc)?

4 In patients with CD and loss of response to anti-TNF
therapy due to immunogenicity, which is the best
attitude?

5 In patients with CD who are refractory to anti-TNF
therapy and in whom a change of action mechanism is
considered, which one should be the preferred option,
ustekinumab or vedolizumab?

6 How should we monitor anti-TNFo drug levels during
induction?

7 When can combined therapy with an anti-TNF and IMM
be considered in patients with CD?

IMM, immunomodulator; TNF, tumour necrosis factor.

etc); (2) opinion and attitude in daily practice related to
using anti-TNF drugs, VDL, or UST in naive and refrac-
tory patients, as well as the role of HLA-DQA1#*05 or TDM.
An invitation to participate in the survey was emailed to a
representative number of IBD-treating physicians all over
Spain. The invitation letter included a link to the web
survey. Reminder emails were sent 4 and 6 weeks later.
The survey front page comprised information about the
survey and project objectives while asking for voluntary
participation. By reading and responding, health profes-
sionals provided their consent. All respondents were able
to review and change their responses by scrolling up and
down the page prior to definitive submission. The survey
was first piloted and appropriately revised in order to
eliminate redundancy, as well as difficult or ambiguous
questions. The survey was conducted between December
2021 and January 2022.

Literature review

A literature review, advised by a documentarist
with expertise in Medline, was performed. We used
PubMed’s Clinical Queries tool and individual searches
using Medical Subject Headings and free-text terms
up to September 2022, which were then updated for
publishing purposes in March 2023. Our search aim was
to identify articles pertaining to adults with moderate-to-
severe CD describing one of the following: (1) efficacy
and safety of anti-TNF drugs in controversial clinical
scenarios (table 1); (2) role of HLA-DQAI1*05; (3) drug
level monitoring. Meta-analyses, systematic literature
reviews (SLRs), randomised controlled trials (RCTs),
and observational studies were included. Two reviewers
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independently selected articles, first by title and abstract;
then by reading the full articles in detail, they both
collected data. Evidence and result tables were gener-
ated. gtudy quality was assessed using the 2011 Oxford
scale.™

Nominal group meeting

The steering committee discussed the results of the
survey and literature review, proposing several statements
and other general principles, reflections, and recommen-
dations, which were all aimed to improve the manage-
ment of patients with moderate-to-severe CD undergoing
anti-TNF therapies.

Delphi

Statements were submitted to a Delphi process,36 in
which IBD-treating physicians were invited to participate
in the survey. They provided a vote ranging from l=totally
disagree to 10=totally agree. Agreement was considered
(grade of agreement, GA) if at least 70% of participants
voted >7. When the GA was <70%, the statement was
re-evaluated and, if appropriate, re-edited and voted in a
second Delphi round.

Statistical analysis

A descriptive analysis of the survey and Delphi was
performed. Distribution of frequencies, mean and SD or
the median and IQR, depending on the distribution, as
well as minimum and maximum values, were employed.
Analyses were performed using Stata V.12 statistical soft-
ware (Stata Corporation, College Station, Texas, USA).

Final document

Following the Delphi process, and based on the results
of the narrative review, the final document was written.
A methodologist assisted in assigning to each statement
a level of evidence (LE) and grade of recommendation
(GR), according to the Center for Evidence-Based Medi-
cine of Oxford.”” The document circulated among the
steering committee for final assessment and comments.

RESULTS

The survey and Delphi were sent to 244 IBD-treating
physicians all over the country, resulting in a response
rate of 58%. Overall, a total of 14 statements were gener-
ated, with all but two reaching a predefined consensus
(table 2).

Question 1. When can first-line non-anti-TNF biological
therapy be considered?

Statement 1. In frail patients with CD, a biological therapy other
than an anti-TNF (UST, VDL) can be considered as first line
(LE 3a; GR C; GA 91 %).

Frailty is a physiological syndrome characterised by
diminished reserves and reduced resistance to stressors,
resulting from the cumulative decline of multiple phys-
iological systems that enhance vulnerability to adverse
health outcomes.® Therefore, frail patients with CD

are particularly vulnerable to disease consequences and
therapy-related undesirable effects.”*

Several RCTs involving patients with CD have demon-
strated the efficacy, with an adequate safety profile, of
UST and VDL as firstline biological therapy, meaning
during induction and on maintenance. ™ However,
specific subanalyses in frail patients exist. Real-world data
suggest VDL and UST to be equally safe and effective in
young and elderly patients with CD who are biologics
naive." * Taking account of the increased risk of infec-
tion on using anti-TNF drugs, especially when given
along with concomitant IMMs,39 UST or VDL could
be prescribed as first-line biological therapy, at least in
frail patients with CD. %0 However, it should be noted
that comparative safety data between UST and VDL and
anti-TNF drugs are still scarce. In this context, an obser-
vational study depicted that the risk of serious infections
associated with VDL was low when compared with inflix-
imab (IFX) only in patients with ulcerative colitis, but not
in those with CD.

Question 2. What is the current role of HLA-DQA1%#05 in
daily practice?

Statement 2. Along with usual clinical procedures, testing
patients for HLA-DQA1*05 in daily practice might assist physi-
cians in the therapeutic decision-making process (LE 2a; GR B;
GA 81%).

The HLA-DQAT1*05 allele is carried by approximately
40% of Europeans.”® Some observational studies have
depicted it to be significantly associated with increased
immunogenicity upon anti-TNF drugs, and with
decreased drug persistence at 3 years.?® *” The immuno-
genicity rate has proven to be higher for monotherapy
compared with IMM-combined therapy.®® ? However,
preliminary data have suggested UST responses not to be
influenced by the HLA-DQA1%#05 allele.”’

Thus, HLA-DQAI1*05 carriage might help physi-
cians consider: (1) anti-TNF therapy combined with
IMMs (if no contraindications); (2) proactive TDM in
induction (immunogenicity risk and subsequent loss of
response) 19222352, (3) individualised non-anti-TNF treat-
ment. VDL and UST have been associated with lower
drug survival in patients who are refractory to anti-TNF
drugs in comparison with naive patients.47 3% However,
more research is needed to fully support this state-
ment. Accordingly, a long-term and individualised treat-
ment strategy should currently be evaluated. Given this
context, a non-anti-TNF treatment might be considered
in patients at high risk of response loss.

On the other hand, if the test is negative, this could
contribute to using anti-TNF monotherapy in selected
patients.

Question 3. In patients with primary non-response to
anti-TNF therapy, which is the best attitude (except for
patients with perianal disease, spondyloarthritis, other
extraintestinal manifestations (EIMs), etc)? Primary
non-response was defined as a non-response by induc-
tion end on using standard doses and regimens if
TDM monitoring was impossible. This question also
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Table 2 Delphi results in detail

# Statement

Mean

1 In frail patients with CD, a biological therapy other than an 8.31
anti-TNF (ustekinumab, vedolizumab) can be considered as

first-line therapy.

2 Along with usual clinical procedures, testing patients for 7.63
HLA-DQA1*05 in daily practice might help physicians in the

therapeutic decision-making process.

3  ltis recommended attempting (depending on the local 8.69
context, as well as patient’s characteristics and response)
anti-TNF therapy optimisation during induction.

4  Anindividualised anti-TNF dose intensification (with or 8.94
without IMMs) might be considered: (1) in patients with
inadequate drug exposure based on drug levels; (2) if
therapeutic drug monitoring is not possible; (3) if clinical data
suggest inadequate drug exposure (eg, initial biomarkers

decrease with final increase).

5 In patients with CD and loss of response to anti-TNF therapy 8.56
due to immunogenicity, it is recommended critically checking

the actions performed so far.

6 In patients with CD and loss of response to anti-TNF 8.56
therapy, a second anti-TNF might be especially appropriate
in patients with perianal disease or certain extraintestinal
manifestations (axial spondyloarthritis, uveitis, and

suppurative hidradenitis).

7 Ustekinumab and vedolizumab are valid therapeutic options 8.63
in patients refractory to anti-TNF drugs; however, due to the
current lack of robust comparative data, the experts prioritise

ustekinumab over vedolizumab.

8 Patient and disease characteristics might influence the 7.38
selection of ustekinumab or vedolizumab: ustekinumab is
the preferred option for patients with severe CD, certain
extraintestinal manifestations, ileum and perianal disease,
whereas vedolizumab is preferred for frail patients.

9  The induction phase is key in the treatment of patients with  8.69

CD.

10 Although current supporting evidence is limited, proactive 713
TDM with anti-TNF drugs is recommended during induction.

11 If a pharmacokinetic model is available upon using anti-TNF  6.09
drugs, it is recommended performing three assessments
during induction, one early after induction initiation and two

later on.

12 If a pharmacokinetic model is not available upon using anti- 6.21
TNF drugs, and as a general guidance, the assessment of
IFX drug levels at weeks 2 and 6, and ADA at weeks 4 and 8

might help in TDM.

13  Anti-TNF therapy with IMMs is a valid therapeutic choice 7.56
in selected patients with CD, including those with severe
disease, certain extraintestinal manifestations, patients with
loss of response to an anti-TNFo due to immunogenicity or
at high risk of it, or when using a second anti-TNF.

14 If anti-TNF in monotherapy is considered, ADA is preferred, 9.19
with proactive TDM recommended. Subcutaneous IFX
monotherapy might be another therapeutic option.

*Agreement was defined if at least 70% of participants voted >7 using a scale ranging from 1=totally disagree to 10=totally agree.
ADA, adalimumab; CD, Crohn’s disease; IFX, infliximab; IMMs, immunomodulators; Max, maximum; Min, minimum; TDM, therapeuticdrug

monitoring; TNF, tumour necrosis factor.
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comprised primary non-response preventive strategies
during induction.

Statement 3. It is recommended attempting (depending on local
context, patient’s characteristics, and response) anti-TNF therapy
optimisation during induction (LE 5; GR D; GA 100%).
Statement 4. An individualised anti-TNF dose intensification
(with or without IMMs) might be considered: (1) in patients with
inadequate drug exposure based on drug levels; (2) if TDM is
impossible; (3) if clinical data suggest inadequate drug exposure
(eg, initial biomarker decrease with subsequent increase) (LE 5;
GR D; GA 100%).

The primary non-response rate to anti-TNF therapy is
about 30%."> " ** At least one-third of patients exhibiting
primary failure to anti-TNF drugs might be inadequately
exposed to anti-TNF drugs due to accelerated drug clear-
ance.” In the PANTS prospective study, the only factor
independently associated with primary non-response was
low anti-TNF drug concentration at week 14.*> Undetect-
able or low anti-TNF drug concentrations upon induction
were shown to be associated with increased risk of drug
antibody development, treatment discontinuation, and
lower treatment response during induction and main-
tenance.'? 22 2 52 Therefore, Delphi participants agreed
regarding the clinical utility to perform TDM during
induction in patients with CD on anti-TNF therapy, espe-
cially in those with increased drug clearance or at least at
risk of it'? 2252 (see also question 3).

If inadequate drug exposure based on drug levels is
detected, individualised anti-TNF dose intensification is
recommended (with or without IMMs). The SERENE
trial found that a higher induction regimen using adali-
mumab (ADA) was not superior to a standard induction
regimen, with clinically adjusted and TDM maintenance
strategies proven to be similarly efficacious,”’ suggesting
that TDM would likely be productive in selected patients,
such as those with increased drug clearance or at risk of
1t.

On the other hand, the experts were aware of the
difficulties that some centres face with TDM (eg, delays
to obtain the results, local protocols, etc). Thus, if
effective TDM is impossible on induction, the experts
would suggest to be especially cautious with patients
presenting with factors associated with inadequate
anti-TNF exposure, including severe disease, high
inflammatory burden, paediatric patients, high body
mass index, or male patients.'* *° o7 Accordingly, the
experts would consider individualised anti-TNF inten-
sification (with or without IMMs) at treatment initia-
tion or with clinical data suggesting inadequate drug
exposure.

If a primary non-response is confirmed, an empirical
anti-TNF dose intensification,” *® * combined therapy
with IMMs,”® or both is recommended. Although the
evidence clearly supports a drug class switch,*7 % 60 61
anti-TNF dose intensification or employing IMMs is the
preferred option, particularly in the event of clinical
improvement (without full response criteria) observed.
The experts consider it appropriate to optimise all

therapeutic options, given that current CD treatment
armamentarium is still limited.

The selection of treatment strategies upon primary
non-response likely depends on several factors, including
patients’  characteristics and preferences, disease
features, local protocols, previous treatments, or biolog-
ical therapy line.

The experts also recommend taking account of the
upper limit of the anti-TNF concentration range. Even if
drug concentration is within the normal range, it could
still be increased up to the upper limit. The upper limit of
range typically refers to drug concentrations that are asso-
ciated with more stringent therapeutic outcomes, such
as biochemical, endoscopic, histological, or composite
remission.'* ® This might be particularly useful when
considering anti-TNF dose intensification, combined
therapy with IMMs, or both.

An SLR reported a remission rate of 30% to a second
anti-TNF in the event of non-response.” Observational
studies have demonstrated similar results.” " Given that
evidence suggests that not all anti-TNF drugs are iden-
tical, sharing the same action mechanism and pharmaco-
kinetic properties,”” ® % in cases where a second anti-TNF
is considered, the experts recommend associating an
IMM with proactive TDM on induction and mainte-
nance.* "

However, in patients with primary non-response to
anti-TNF drugs and drug levels within the therapeutic
range or at the upper limit, switching to another drug
class would be more appropriate.*' !

Finally, in patients with primary failure to anti-TNF
who do not respond to anti-TNF dose intensification or
combination therapy with IMMs, the experts recommend
switching to another drug class.*7 %% 6061
Question 4. In patients with CD and loss of response to
anti-TNF therapy due to immunogenicity, which is the
best attitude?

Statement 5. In patients with CD and loss of response to anti-TNF
therapy due to immunogenicity, it is recommended critically
checking the actions performed so far (LE 5; GR D; GA 88 % ).
Statement 6. In patients with CD and loss of response to anti-TNF
therapy, a second anti-TNF might be especially appropriate in
patients with perianal disease or those with certain EIMs (axial
spondyloarthritis, wveitis, suppurative hidradenitis) (LE 3a;
GR C; GA 94%).

Secondary loss of response to anti-TNF drugs in CD is
considered to be as high as 23-46% at year 1.” Immuno-
genicity due to the formation of antibodies against the
anti-TNF is a common implication.72

Delphi participants agreed that in the case of loss of
response to anti-TNF therapy due to immunogenicity,
assessing whether immunogenicity was preventable
appears to be vital in order to improve CD manage-
ment. In patients with secondary loss of response due to
immunogenicity, a great variability in the rates of clin-
ical response (33-100%) and remission (15-83%) was
found upon empirical anti-TNF dose intensification.”
Small observational studies have reported reductions
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in antibody levels and increases in drug trough levels
resulting in clinical responses upon adding an IMM
drug.” 19 patients with low antibodies appear to display
a better response to reinduction, drug intensification,
or combined IMM therapy.*’ These treatment strategies
should be considered in this setting, along with TDM or
close clinical monitoring, especially in patients with low
antibody levels.

On the other hand, in case of loss of response to an
anti-TNF due to immunogenicity, both the efficacy
and safety of a second anti-TNF have been depicted
in several studies.”” * A change to another anti-TNF
agent was shown to be associated with higher remis-
sion rates (around 55%) compared with anti-TNF dose
intensification.** ® Patients with high anti-TNF drug
antibody levels do not properly respond to dose inten-
sification, whereas switching to another anti-TNF agent
may restore clinical response.86 Patients who develop
antibodies to an anti-TNF have also been shown to be
prone to develop antibodies to subsequent anti-TNF
drugs.87 % For each 10-fold increase in anti-TNF antibody
concentration, the probability of developing antibodies
to a subsequent anti-TNF increases has been estimated
at 1.73.* Therefore, in patients with high anti-TNF drug
antibody levels, switching within drug classes would be a
better option than intensification. If a second anti-TNF is
eventually considered, the experts recommend proactive
TDM or close clinical monitoring along with adding an
IMM.* 9" Recently, an RCT that compared a switch to
a second anti-TNF either alone or with adding azathio-
prine in patients with immune-mediated loss of response
found that at 24 months, survival rates without clinical
failure and without appearance of unfavourable pharma-
cokinetics were 22% vs 77% and 22% vs 78 %, respectively
(p<0.001).%

According to available evidence, patients with loss
of response to anti-TNF therapy who might benefit
most from a second anti-TNF are those with perianal
disease™ 7 and certain EIMs, more specifically, axial
spondyloarthritis, uveitis, and suppurative hidradenitis.”
Given these situations, a switch to a different drug class
might result in a loss of efficacy. A second anti-TNF could
also be assessed in other patients with CD, whereas all
pros and cons should be considered and discussed with
the patient.

Question 5. In patients with CD who are refractory to
anti-TNF therapy and in whom a change of action mecha-
nism is being considered, which one of the two following
drugs should be preferred, UST or VDL?

Statement 7. UST and VDL are valid options in patients who
are refractory to anti-TNF drugs; nevertheless, due to the current
lack of robust comparative data, the experts do prioritise UST
over VDL (LE 4; GR D; GA 94%).

Statement 8. Patient and disease characteristics might influence
the selection of either UST or VDL. UST appears preferable for
patients with severe CD, certain EIMs, or ileal and perianal
disease (LE 2b; GR C; GA 70% ), whereas VDL would be the
preferred option for frail patients (LE 4; GR C; GA 70%).

In patients with CD refractory to anti-TNF drugs, UST
and VDL have proven their efficacy, effectiveness (clinical
remission, mucosal healing, biomarkers, etc), and safety
upon induction and maintenance as well."! 475499100

Patient and disease characteristics might determine
the selection of either UST or VDL. For example, unlike
the observations made with VDL, UST levels were shown
to be associated with clinical responses*' ® '"'71%; there-
fore, UST could be suitable for patients with severe CD.
Data from observational studies have shown UST to be
associated with higher clinical remission rates than VDL
in several patient subgroups, including those with either
ileal CD'™ or perianal disease.'” In addition, an SLR also
revealed that UST was an effective option for treating
EIMs, especially dermatological and rheumatological
manifestations.'” In frail patients with CD, VDL would
be preferred by the experts,'"” ' whereas UST could
also be a reasonable option according to available data
in this patient subgroup.” * '% Promising results have
been reported on using UST in patients with CD and skin
manifestations.'*” '

Regarding safety, VDL therapy has been associated with
an increased risk of enteric infections, with special atten-
tion given to Clostridioides difficile.""!

Further evidence from comparative RCTs and prospec-
tive registries is necessary to definitively define the
positioning of UST and VDL in patients with CD who
are refractory to anti-TNF therapy. Whether or not
second-line VDL should be combined with IMM is still
controversial.'?

Question 6. How should we monitor anti-TNFa drug
levels during induction?

Statement 9. The induction phase is key in the treatment of
patients with CD (LE la; GR A; GA 94%).

Statement 10. Although current supporting evidence is still
limited, proactive TDM with anti-TNF drugs is recommended
during induction (LE 2a; GR B—-C; GA 71%).

Statement 11. If a pharmacokinetic model is available, when
using anti-TNF drugs, it is recommended performing three
assessments during induction, meaning one early after induc-
tion initiation and two others later on (LE 2a; GR B—C; GA
50%).

Statement 12. If a pharmacokinetic model is not available, when
using anti-TNF drugs, and as a general guidance, the assess-
ment of IFX drug levels at weeks 2 and 6, and ADA at weeks 4
and 8 might help regarding TDM (LE 3b; GR C; GA 57 % ).

TDM during induction with anti-TNF drugs is crucial,
given that patients can present with factors that are asso-
ciated with increased drug clearance, including active
disease, often characterised by low serum albumin and
high Creactive protein (CRP) levels."****” Because of this,
there is a higher risk of inadequate drug exposure, early
immunogenicity, drug discontinuation, and treatment
failure both upon induction and maintenance.' *** %
Similarly, higher IFX levels at weeks 6 and 14 have been
reported to be associated with higher rates of sustained
clinical response, clinical remission, and biological remis-
sion at year 1 in patients with CD.”® ' Data from the
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Table 3 Potential benefits of TDM of biological agents
during induction

# Benefit

1 Reduced treatment failures (primary and secondary)
2 Reduced immunogenicity

3 Less inappropriate switching out of class (but also
within class)

4 More rapid attainment of remission
5 Less corticosteroid and immunomodulator therapy use
6 Increased cost-effectiveness

TDM, therapeutic drug monitoring.

PANTS Study showed that ADA levels at week 14 were
independently associated with primary non-response and
lack of remission at week 54.% Therefore, TDM and dose
adjustments (if necessary) should be performed upon
induction."" In line with other consensus documents
and experts’ opinions,'”> TDM during induction might
generate some benefits (table 3).

Proactive TDM targeting adequate drug concentra-
tions during induction could be an effective strategy to
prevent immunogenicity and primary non-response, and
to improve drug efficacy during induction and mainte-
nance phases.

The NOR-DRUM RCT compared the efficacy and safety
of proactive TDM starting early during the induction
phase with standard IFX therapy in patients with several
immune-mediated inflammatory diseases, including
IBD.*! The primary endpoint (clinical remission at
week 30) and other secondary outcomes were not met.
However, these results should be interpreted with great
caution. First, the trial did not reach statistical power to
test the hypotheses within each disease subgroup. Only
one-third of the study population who received the
randomised intervention were patients with IBD. More-
over, mucosal healing as a stringent objective therapeutic
outcome was not investigated, and the 3mg/mL IFX
concentration threshold for enabling treatment optimis-
ation might be considered very low based on recent data
in IBD including experts’ consensus,'? '*%2115

Subsequently, paediatric and adult patients with IBD
were enrolled in a prospective single-arm intervention
trial, which evaluated the impact of dashboard-guided
optimised induction dosing on IFX durability and immu-
nogenicity in a real-world setting.” At week 52, 70% of
patients remained on IFX, of whom 97% were in steroid-
free remission, with 100% reporting normal CRP values.
The proportion of patients who developed antidrug
antibodies during the study was 12.7%.” The ongoing
OPTIMIZE RCT will compare the efficacy and safety of
a proactive TDM-combined pharmacokinetic dashboard-
driven IFX dosing with standard of care, early during the
induction phase, in patients with moderately to severely
active CD."'*

Data from observational studies have revealed that
proactive TDM compared with empirical dose optimi-
sation or reactive TDM was associated with better ther-
apeutic outcomes, including treatment persistence, less
need for surgery or hospitalisation, and lower immuno-
genicity risk,'” ' 1177120

Regarding maintenance, the NOR-DRUM B RCT
compared the effectiveness and safety of proactive
TDM in sustaining disease control during maintenance
therapy with IFX in patients with immune-mediated
inflammatory diseases versus standard IFX therapy
without TDM.? Sustained disease control without
disease worsening was observed in 73.6% of patients in
the TDM group vs 55.9% in the standard therapy group
(p<0.001). The adverse event rate was similar between
both groups.’ By contrast, in the SERENE trial, clini-
cally adjusted and TDM maintenance strategies using
ADA were shown to be similarly efficacious at week 56 in
more than 300 patients with CD.*! Potential study design
issues have been described that might explain the lack
of differences.'*!

In summary, although current robust supporting
evidence is still limited, proactive TDM with anti-TNF
drugs is recommended during induction. For the experts,
proactive TDM is probably most crucial in patients with
severe disease and in those with higher drug clear-
ance.'? ## % As exposed previously, the experts consider
the local context (resources, protocols, TDM, pharma-
cokinetic model availability, etc) to be very relevant, as
it might influence therapeutic decisions and attitudes
during induction and during maintenance as well. For
example, in centres with slow assay result turnaround, a
reactive TDM strategy during induction might be more
appropriate.

In recent years, different pharmacokinetic models have
been developed to support individualisation of anti-TNF
dosing during induction so as to achieve adequate drug
levels and treatment goals.'* According to the experts,
should a pharmacokinetic model be available, a very
early assessment must ideally be performed, followed by
a second one in order to achieve a very low error range
with the third determination. If a pharmacokinetic model
is not available, IFX levels at weeks 2 and 6,12 9859114 Hhd
ADA levels at weeks 4 and 8 might be considered.'*'**
Question 7. When can combined therapy with an anti-TNF
and IMM be considered in patients with CD?

Statement 13. Anti-TNF therapy with IMMs is a valid thera-
peutic choice in selected patients with CD, including those with
severe disease, certain EIMs, loss of response to an anti-TNFo
due to immunogenicity or at high risk of it, or when using a
second anti-TNF (LE 4; GR C-D; GA 100% ).

Statement 14. If anti-TNF in monotherapy is considered, ADA is
preferved, with proactive TDM recommended. Subcutaneous IFX
monotherapy might be another option (LE 1a; GR B; GA 75 %).

The main reason for combined therapy of anti-TNF
and IMMs as thiopurines or methotrexate is the preven-
tion/reduction of loss of response. Despite some
conflicting results, combination therapy with an IMM
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reduces antidrug antibody formation in patients with CD
on anti-TNF drugs according to published evidence.'**

The addition of IMMs is also frequently used, targeting
asynergistic effect aimed to achieve and maintain disease
remission upon induction and maintenance, especially
with IFX and in certain patient subgroups.” 01

Data from the SONIC trial involving patients with early
moderate-to-severe CD demonstrated that at week 24,
the combination of IFX and azathioprine was more effec-
tive than IFX monotherapy in terms of clinical response
rates and corticosteroid-free remission, with a trend
towards combined therapy in mucosal healing rates.'*
The benefits of combination therapy were still present
at year'® and post-hoc analyses revealed superiority of
combination therapy in achieving composite measures of
deep remission.'*® Although the COMMIT trial revealed
that the efficacy of IFX combined with methotrexate
was similar to that of IFX monotherapy,127 these results
must be considered with great care, given that this trial
displayed some methodological issues, such as a high-
dose corticosteroid induction regimen being applied in
both treatment groups.

An SLR and meta-analysis of three anti-TNF drugs (IFX,
ADA, and certolizumab pegol) compared with placebo,
which was stratified regarding concomitant IMMs,'*®
reported a benefit for combination therapy in preventing
antidrug antibodies, whereas it failed to demonstrate a
benefit for clinical remission.'* However, a priori subgroup
analysis showed that combination therapy with IFX was more
effective than monotherapy concerning remission at month
6, which was not observed for either ADA or certolizumab
pegol. Another meta-analysis of ADA-combined therapy
revealed that combination therapy with ADA was mildly
superior to ADA monotherapy for induction of CD remis-
sion, whereas the rate of 1-year remission and need for dose
escalation were similar in both groups.'® It should be noted
that most patients from these subanalyses, while being refrac-
tory to IMM, continued receiving these drugs during the
trial. Besides, ADA and certolizumab pegol trials included a
significant proportion of patients who had previously failed
to respond to IFX, exhibiting luminal or fistulising CD.

Real-world evidence suggests that combination therapy
might be superior to monotherapy.” 70124 The PANTS
Study showed IFX and ADA combined with IMM therapy
to be associated with a higher remission rate at week 54
compared with monotherapy, the shown difference being
lower for ADA.* Similar results were reported in another
observational study including more than 11000 patients
with IBD."”

As previously exposed, several studies have also revealed
clinical benefits of adding IMM in patients with loss of
response to anti-TNF, as well as in those with a second or
subsequent line of anti-TNF therapy.”*® TS558

Anti-TNF monotherapy has proven to present other
additional advantages including safeness, lower finan-
cial burden, and superior treatment adherence.'”
While RCTs have not identified differences in infection

rates,’”™ ** observational studies have suggested that

combination therapy might increase the risk of serious
and opportunistic infections versus anti-TNF mono-
therapy.” '** Considering the risk of lymphoma, adding
an anti-TNF agent to an agent that has already been asso-
ciated with lymphomas increases this risk.”’ '** Data from
controlled and observational studies have so far depicted
the absolute rate of lymphoma in patients on combina-
tion therapy, which still remains very low.” '**

Taking into account that IFX immunogenicity might
be higher compared with ADA,* ** %> ADA is preferred
when considering an anti-TNF as monotherapy.

In addition, experts have recommended considering other
factors that might influence the decision-making regarding
combination versus monotherapy with anti-TNF drugs, such
as patient, disease, and treatmentspecific characteristics.
ADA monotherapy could be an option in selected patients
as firstline biological therapy. The second anti-TNF should
be used in combination, even in ADA cases.®® Combined
therapy could also be a temporary treatment strategy. In
patients having achieved and maintained previously speci-
fied therapeutic goals, IMM de-escalation and cessation can
be attempted.'* " The optimal duration of continuing IMM
therapy prior to de-escalation remains controversial. An RCT
revealed the first 6 months of combination therapy to be the
most crucial to prevent immunogenicity,™® whereas obser-
vational studies have also depicted that numerous patients
need more time prior to attempting dose de-escalation and
an eventual IMM therapy cessation.”” ™*® Thus, this decision
should be carefully planned and individually adjusted.

Recently, a subcutaneous IFX formulation has been
approved for clinical use. A 54-week phase I RCT has
demonstrated the pharmacokinetic non-inferiority of
subcutaneous versus intravenous IFX, with comparable
efficacy, safety, and immunogenicity profiles.'* This trial
also observed higher and more stable drug concentra-
tions with the subcutaneous formulation that was main-
tained above the target therapeutic concentration.'”
Therefore, it seems reasonable to consider IFX mono-
therapy when administered subcutaneously, although
more data still need to be compiled.

DISCUSSION

Despite current guidelines, optimal therapeutic deci-
sions in patients with moderate-to-severe CD remain
challenging, especially in the era of biosimilars, with cost
issues being key in drug positioning.”** Personalising
treatment and selecting the most appropriate therapy
for each patient are crucial to achieve optimal response,
remission, mucosal healing, quality of life, and using
adequate healthcare resources.

This project has generated aseries of statements focused
on non-resolved issues or uncertainty and ongoing debate
regarding anti-TNF therapy. These statements have been
based on the currently available best evidence, as well
as on the experience of an expert steering committee,
along with the subsequent evaluation of a broad group of
IBD-treating physicians.
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Although four classes of biological therapies are
currently available, therapeutic options in CD are still
limited. Thus, it is key to optimise not only anti-TNF
therapy but also all biological therapies, and to consider
all possible strategies during induction and mainte-
nance, including dose intensification and the addition of
IMMs,? 26 58 59 6970 1380124 11y from the beginning and
also in case of primary non-response or secondary loss
of response. In the event of failure, especially in cases of
secondary loss of response to an anti-TNF, it is crucial to
critically evaluate all of the decisions/actions performed
so far, with the aim of preventing treatment failures in
the future.”™ All treatment decisions should be care-
fully individualised, given that they depend on patient,
disease, treatment characteristics and the local context
(protocols, TDM availability, delays with the results of the
drug levels, experience of the gastroenterologists with
biologic drugs, etc); therefore, some treatment strategies
might be more appropriate.69 70104 124

In this Delphi consensus, we have also addressed one of
the current hot topics in IBD management, namely the
role of TDM during anti-TNF induction. There is a lot of
evidence demonstrating that undetectable or low anti-TNF
drug concentrations during induction are associated with
increased risk of drug antibody development, discontin-
uation of treatment, and lower response in induction and
maintenance.' * * ** Similarly, data from observational
studies have shown an association between higher anti-TNF
drug concentrations upon induction, as well as favourable
therapeutic outcomes in induction and maintenance.” '?
Therefore, the experts reinforce induction as a key phase in
CD management and support TDM to optimise the use of
anti-TNF drugs in this setting.'*™*

However, the specific role of proactive TDM in induc-
tion designed to prevent immunogenicity and primary
non-response, as well as aimed to improve efficacy, is
still controversial.'”™® Published evidence from RCTs
does not support very early proactive TDM, but these
trials present several limitations.'* '* ** % 11> Real-world
evidence is in general in favour of proactive TDM but
it has limitations as well.*” Although current supporting
evidence is still limited, we have recommended proactive
TDM with anti-TNF drugs based on experts’ opinion and
on data from meta-analysis.'”” The ongoing OPTIMIZE
RCT will compare the efficacy and safety of a proactive
TDM-combined pharmacokinetic dashboard-driven IFX
dosing with standard of care, early during the induction
phase, in patients with moderately to severely active CD.
This trial will probably shed light on this matter.

In fact, the two statements that did not reach the
predefined agreement level were related to proactive
TDM with anti-TNF drugs at induction. Despite being
recommended, there was no agreement found on
the time points of drug level assessments. This prob-
ably reflects the complexity of anti-TNF pharmacology,
heterogeneity of CD and patients, observed interindi-
vidual and intraindividual variability of drug pharma-
cokinetic during induction, as well as the variability of

assays and cut-off thresholds.'” In addition, the desired
anti-TNF concentration might differ depending on the
targeted therapeutic objective.”

We have discussed and proposed different clinical
scenarios in which potentially proactive TDM on induction
might be especially beneficial. One refers to patients with
severe disease and those with higher drug clearance, with
preliminary data supporting its use.'” #1712 The experts
also agreed on recommending proactive TDM in view of
optimised anti-TNF monotherapy instead of combination
therapy. Monotherapy might improve patients’ safety,70 2
but it also increases the risk of immunogenicity, with lower
response rates reported.” 70124126 patients with mild disease
(concerning severity and activity) or safety concerns are
candidates for anti-TNF monotherapy. Thus, proactive TDM
at induction might help physicians prevent immunogenicity
and treatment failures.'? **

Well-designed trials are required so as to investigate
whether personalised induction regimens and treatment
to target dose intensification improve outcomes. Given
this context, dashboard-guided dosing models and rapid
testing assays that allow for individualisation of dosing by
incorporating pharmacokinetic variables that affect drug
clearance during induction should be assessed and anal-
ysed. Further research is also necessary to elucidate the
role of HLA-DQA1*05 in daily practice, whereas routine
HLA-DQA1*05 carriage testing might contribute to
treatment individualisation. Currently, there are not data
regarding the level of implementation of HLA testing
in daily practice or whether this is cost-effective or not.
According to the previous observations,"™ subcutaneous
IFX may represent a new opportunity for some patients.

We finally discussed the role of UST and VDL after
TNF failure, as both drugs have demonstrated effi-
cacy and safety in CD." 475499100 Currently published
comparative evidence is quite conflicting.'”* " 11 Byt
in general, especially based on data from meta-analysis,
UST might provide some advantages in several patient
subgroups.'” '** Further randomised head-to-head trials
will be necessary to definitively clarify this point.

On the other hand, we should address this article’s limita-
tions. The main limitation is the lack of published quality
evidence that specifically addresses some of the open ques-
tions. For this reason, expert opinions are the only tool to
deliver recommendations that may help clinicians in uncer-
tain clinical scenarios. In this regard, a strength of this study
is the broad evaluation of the statement set that was extended
to a significant number of IBD-treating gastroenterologists
through a Delphi process. A very high agreement level in all
but two statements was reached, which increases the validity
of the statements. On the other hand, as we did not perform
an SLR, we cannot assure that all relevant data were anal-
ysed. However, our literature search was very comprehen-
sive and the evidence was reviewed by the panel of experts.
Finally, it is important to mention that at the time of this
project, upadacitinib was not approved and therefore was
not included in our work. Upadacitinib has demonstrated
efficacy and safety in induction and maintenance in patients
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with moderate-to-severe CD.” Further research is necessary
to define its role in treatment selection.

Author affiliations

'Gastroenterology Department, Hospital Universitario Puerta de Hierro,
Majadahonda, Spain

%Gastroenterology Department, CIBEREHD, Madrid, Spain

®Gastroenterology Department, Complexo Hospitalario Universitario de Pontevedra,
Pontevedra, Spain

*Gastroenterology Department, Polytechnic Hospital, Valencia, Spain
5Gastroenterology Department, Hospital Universitario Doctor Negrin, Las Palmas de
Gran Canaria, Spain

SGastroenterology Department, Hospital Universitario Son Espases, Palma, Spain
Hospital General Universitario Gregorio Marafion, Madrid, Spain
8Gastroenterology, Hospital General Universitario Gregorio Marafion, Madrid, Spain
%Gastroenterology Department, Hospital Universitario de Salamanca, Salamanca,
Spain

Twitter Fernando Mufioz @medimacfer

Acknowledgements We would like to thank the following physicians with
expertise in IBD for their participation in the survey and Delphi process: Maria
Abanades Tercero, Inmaculada Alonso Abreu, Lidia Buendia Sanchez, José Manuel
Benitez Cantero, Esther Bernardos Martin, Federico Bighelli, Raquel Camargo
Camero, Ana Campillo Arregui, Amelia Castellano Lopez, Marta Carrillo-Palau,
Miguel Angel de Jorge Turrion, Maria del Moral, Ma Teresa Diz-Lois Palomares, Ma
Luisa Galve Martin, Gloria Garcia del Castillo, Tomas Garcia Guerrero, Daniel Ginard,
Monica Gonzalez Garcia, Yago Gonzalez-Lama, Beatriz Gros, Ivan Guerra, Alejandro
Hernandez Camba, Myriam Herrera Mercader, Rebeca Higuera, Eva Iglesias, Nuria
Jiménez Garcia, Lilyan Kolle Casso, Raquel Laveda Cano, Jose Lazaro Pérez Calle,
Alejandro Lopez Jerez, Blanca Lopez Lario, Noemi Mancefiido Marcos, Rebeca
Manzano Fernandez, Teresa de Jests Martinez Pérez, Pilar Martinez Tirado, Virginia
Matallana Royo, Luis Fernando Mayorga Ayala, Luis Menchén, Francisco Mesonero,
José Miranda Bautista, Sara Monsalve Alonso, Fernando Mufioz, Verdnica Opio
Maestro, Ramon Pajares, Inmaculada Pavon Guerrero, Pablo Pérez Galindo, Angel
Ponferrada, Patricia Ramirez de la Piscina, José Joaquin Ramirez Palanca, Saioa
Rubio Iturria, Jose Luis Rueda, Alexandra Ruiz-Cerulla, Rosario Salmoral Luque,
Susana Tabernero da Veiga, Ma Angeles Tejero Bustos, Manuel Van-Domselaar,
Milagros Vela Gonzalez, Yolanda Ver, and Miren Vicufa. Estibaliz Loza, who works
at the Institute of Musculoskeletal Health (Instituto de Salud Musculoesquelética,
INMUSC), provided assistance in methodological coordination and developing this
manuscript.

Contributors FM and YG-L contributed to the conception and design of the
study, acquisition of data, analysis and interpretation of data, drafting the article
or revising it critically for important intellectual content, and to the final approval
of the version to be submitted. ER, DC, GB, DC, DG, IM-J, and LM contributed to
the acquisition of data, analysis and interpretation of data, drafting the article, or
revising it critically for intellectual content, and to the final approval of the version
to be submitted. Author responsible for the overall content is YG-L.

Funding An unrestricted grant from Janssen.
Disclaimer Jansen did not participate at any stage of the project.

Competing interests IM-J has served as a speaker, consultant, or advisory
member for or has received unrestricted grants from Dr Falk Pharma, Galapagos,
Tillotts, Otsuka, Sandoz, MSD, AbbVie, Takeda, Janssen, Pfizer, Amgen, Kern
Pharma, and Ferring. GB has served as a speaker, consultant, or advisory
member for or has received unrestricted grants from AbbVie, Takeda, Janssen,
Pfizer, Galapagos, Kern Pharma, Tillotts, and Ferring. ER has served as a speaker,
consultant, or advisory member for or has received research funding from MSD,
AbbVie, Takeda, Janssen, Galapagos, Fresenius Kabi, Pfizer, Amgen, Kern Pharma,
and Ferring. YG-L has served as a speaker, consultant, or advisory member for

or has received unrestricted grants from MSD, AbbVie, Takeda, Janssen, Pfizer,
Amgen, Kern Pharma, and Ferring. LM has served as a speaker, consultant or
advisory member for or has received unrestricted grants from MSD, AbbVie,
Takeda, Janssen, Pfizer, Biogen, Galapagos, Kern Pharma, Tillotts, Dr Falk Pharma,
Ferring, Medtronic, and General Electric. DG has served as a speaker, consultant,
or advisory member for or has received unrestricted grants from AbbVie, Takeda,
Janssen, Pfizer, Biogen, Adacyte, Sandoz, and Ferring. DC has served as a
speaker, consultant, or advisory member for or has received unrestricted grants
from AbbVie, Takeda, Janssen, Pfizer, Adacyte, Galapagos, Fresenius-Kabi, and
Ferring. FM has served as a speaker, consultant, or advisory member for or has

received unrestricted grants from AbbVie, Takeda, Janssen, Pfizer, and Ferring.
DC has served as a speaker, consultant or advisory member for or has received
unrestricted grants from AbbVie, Fresenius-Kabi, Ferring, Galapagos, Gilead,
Janssen, Kern, MSD, Pfizer, and Takeda.

Patient consent for publication Not required.

Ethics approval This study was conducted in accordance with Good Clinical
Practice guidelines and current version of the revised World Medical Association’s
Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. All data
relevant to the study are included in the article or uploaded as online supplemental
information.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Ignacio Marin-Jimenez http://orcid.org/0000-0001-5424-2484
Fernando Mufioz http://orcid.org/0000-0003-1295-7240

REFERENCES

1 Ng SC, Shi HY, Hamidi N, et al. Worldwide incidence and
prevalence of inflammatory bowel disease in the 21st century:

a systematic review of population-based studies. Lancet
2017;390:2769-78.

2 Jones G-R, Lyons M, Plevris N, et al. IBD prevalence in Lothian,
Scotland, derived by capture-recapture methodology. Gut
2019;68:1953-60.

3 Buie MJ, Quan J, Windsor JW, et al. Global hospitalization trends
for crohn’s disease and ulcerative colitis in the 21(St) century:

a systematic review with temporal analyses. Clin Gastroenterol
Hepatol 2023;21:2211-21.

4 van der Have M, van der Aalst KS, Kaptein AA, et al. Determinants
of health-related quality of life in crohn’s disease: a systematic
review and meta-analysis. J Crohns Colitis 2014;8:93-106.

5 LesoV, Gervetti P, Macrini MC, et al. Inflammatory bowel diseases
and work disability: a systematic review of predictive factors. Eur
Rev Med Pharmacol Sci 2021;25:165-81.

6 Singh S, Murad MH, Fumery M, et al. Comparative efficacy
and safety of biologic therapies for moderate-to-severe crohn’s
disease: a systematic review and network meta-analysis. Lancet
Gastroenterol Hepatol 2021;6:1002-14.

7 Loftus EV, Panés J, Lacerda AP, et al. Upadacitinib induction
and maintenance therapy for crohn’s disease. N Engl J Med
2023;388:1966-80.

8 Sands BE, Irving PM, Hoops T, et al. Ustekinumab versus
adalimumab for induction and maintenance therapy in biologic-
naive patients with moderately to severely active crohn’s disease:
a multicentre, randomised, double-blind, parallel-group, phase 3B
trial. Lancet 2022;399:2200-11.

9 Severs M, Oldenburg B, van Bodegraven AA, et al. The economic
impact of the introduction of biosimilars in inflammatory bowel
disease. J Crohns Colitis 2017;11:289-96.

10 Shah SC, Colombel J-F, Sands BE, et al. Systematic review with
meta-analysis: mucosal healing is associated with improved
long-term outcomes in crohn’s disease. Aliment Pharmacol Ther
2016;43:317-33.

11 Colombel J-F, Panaccione R, Bossuyt P, et al. Effect of tight
control management on crohn’s disease (CALM): a multicentre,
randomised, controlled phase 3 trial. Lancet 2017;390:2779-89.

12 Sparrow MP, Papamichael K, Ward MG, et al. Therapeutic drug
monitoring of biologics during induction to prevent primary non-
response. J Crohns Colitis 2020;14:542-56.

13 Papamichael K, Gils A, Rutgeerts P, et al. Role for therapeutic
drug monitoring during induction therapy with TNF antagonists
in IBD: evolution in the definition and management of primary
nonresponse. Inflamm Bowel Dis 2015;21:182-97.

14 Cheifetz AS, Abreu MT, Afif W, et al. A comprehensive literature
review and expert consensus statement on therapeutic drug
monitoring of biologics in inflammatory bowel disease. Am J
Gastroenterol 2021;116:2014-25.

10 Gonzalez-Lama Y, et al. BMJ Open Gastroenterol 2024;11:¢001246. doi:10.1136/bmjgast-2023-001246

"1ybuAdoo Ag parosiold "eaisiq4 uoneaonp3 easjolqig 1odaq / eaisiH4 10V
22 2v4/29d1N e $202 ‘6¢ Arenuer uo jwodlwq-onsebuadolway/:dny woly papeojumoq ‘v20g Arenuer £2 Uo 9¢2T00-£202-1seblwa/osTT 0T se paysiand 1siy :jossiusolises) uado NG


https://twitter.com/medimacfer
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5424-2484
http://orcid.org/0000-0003-1295-7240
http://dx.doi.org/10.1016/S0140-6736(17)32448-0
http://dx.doi.org/10.1136/gutjnl-2019-318936
http://dx.doi.org/10.1016/j.cgh.2022.06.030
http://dx.doi.org/10.1016/j.cgh.2022.06.030
http://dx.doi.org/10.1016/j.crohns.2013.04.007
http://dx.doi.org/10.26355/eurrev_202101_24382
http://dx.doi.org/10.26355/eurrev_202101_24382
http://dx.doi.org/10.1016/S2468-1253(21)00312-5
http://dx.doi.org/10.1016/S2468-1253(21)00312-5
http://dx.doi.org/10.1056/NEJMoa2212728
http://dx.doi.org/10.1016/S0140-6736(22)00688-2
http://dx.doi.org/10.1093/ecco-jcc/jjw153
http://dx.doi.org/10.1111/apt.13475
http://dx.doi.org/10.1016/S0140-6736(17)32641-7
http://dx.doi.org/10.1093/ecco-jcc/jjz162
http://dx.doi.org/10.1097/MIB.0000000000000202
http://dx.doi.org/10.14309/ajg.0000000000001396
http://dx.doi.org/10.14309/ajg.0000000000001396
http://bmjopengastro.bmj.com/

15

16

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Vande Casteele N, Ferrante M, Van Assche G, et al. Trough
concentrations of infliximab guide dosing for patients with
inflammatory bowel disease. Gastroenterology 2015;148:1320-9.
D’Haens G, Vermeire S, Lambrecht G, et al. Increasing Infliximab
dose based on symptoms, biomarkers, and serum drug
concentrations does not increase clinical, endoscopic, and
corticosteroid-free remission in patients with active Luminal crohn’s
disease. Gastroenterology 2018;154:1343-51.

Papamichael K, Chachu KA, Vajravelu RK, et al. Improved long-
term outcomes of patients with inflammatory bowel disease
receiving proactive compared with reactive monitoring of

serum concentrations of Infliximab. Clin Gastroenterol Hepatol
2017;15:1580-8.

Vaughn BP, Martinez-Vazquez M, Patwardhan VR, et al. Proactive
therapeutic concentration monitoring of Infliximab may improve
outcomes for patients with inflammatory bowel disease:

results from a pilot observational study. Inflamm Bowel Dis
2014;20:1996-2003.

Alanon Pardo M, Roncero Garcia-Escribano O, Bernardos Martin
E, et al. Monitorizacion Farmacocinética de Terapias Biologicas
en Enfermedad Inflamatoria intestinal. Revista de La OFIL
2021;31:49-57.

Syversen SW, Jorgensen KK, Goll GL, et al. Effect of therapeutic
drug monitoring vs standard therapy during maintenance
Infliximab therapy on disease control in patients with immune-
mediated inflammatory diseases: a randomized clinical trial. JAMA
2021;326:2375-84.

D’Haens GR, Sandborn WJ, Loftus EV, et al. Higher vs standard
adalimumab induction dosing regimens and two maintenance
strategies: randomized SERENE CD trial results. Gastroenterology
2022;162:1876-90.

Verstockt B, Moors G, Bian S, et al. Influence of early adalimumab
serum levels on immunogenicity and long-term outcome of anti-
TNF naive crohn’s disease patients: the usefulness of rapid testing.
Aliment Pharmacol Ther 2018;48:731-9.

Kennedy NA, Heap GA, Green HD, et al. Predictors of anti-TNF
treatment failure in anti-TNF-naive patients with active luminal
crohn’s disease: a prospective, multicentre, cohort study. Lancet
Gastroenterol Hepatol 2019;4:341-53.

Syversen SW, Goll GL, Jergensen KK, et al. Effect of therapeutic
drug monitoring vs standard therapy during infliximab induction
on disease remission in patients with chronic immune-mediated
inflammatory diseases: a randomized clinical trial. JAMA
2021;325:1744-54.

Dubinsky MC, Mendiolaza ML, Phan BL, et al. Dashboard-driven
accelerated Infliximab induction dosing increases infliximab
durability and reduces immunogenicity. Inflamm Bowel Dis
2022;28:1375-85.

Sazonovs A, Kennedy NA, Moutsianas L, et al. HLA-DQA1*05
carriage associated with development of anti-drug antibodies

to Infliximab and adalimumab in patients with crohn’s disease.
Gastroenterology 2020;158:189-99.

Hassler S, Bachelet D, Duhaze J, et al. Clinicogenomic factors of
biotherapy immunogenicity in autoimmune disease: a prospective
multicohort study of the ABIRISK consortium. PLoS Med
2020;17:e1003348.

Hashash JG, Mourad FH. Positioning biologics in the management
of moderate to severe crohn’s disease. Curr Opin Gastroenterol
2021;37:351-6.

Nguyen NH, Singh S, Sandborn WJ. Positioning therapies in

the management of crohn’s disease. Clin Gastroenterol Hepatol
2020;18:1268-79.

Reinglas J, Gonczi L, Kurt Z, et al. Positioning of old and

new BIOLOGICALS and small molecules in the treatment

of inflammatory bowel diseases. World J Gastroenterol
2018;24:3567-82.

Turner D, Ricciuto A, Lewis A, et al. STRIDE-II: an update on

the selecting therapeutic targets in inflammatory bowel disease
(STRIDE) initiative of the International organization for the study
of IBD (IOIBD): determining therapeutic goals for treat-to-target
strategies in IBD. Gastroenterology 2021;160:1570-83.

Terdiman JP, Gruss CB, Heidelbaugh JJ, et al. American
gastroenterological association Institute guideline on the use of
thiopurines, methotrexate, and anti-TNF-A biologic drugs for the
induction and maintenance of remission in inflammatory crohn’s
disease. Gastroenterology 2013;145:1459-63.

D’Haens GR, Panaccione R, Higgins PDR, et al. The London position
statement of the world congress of gastroenterology on biological
therapy for IBD with the European crohn’s and colitis organization:
when to start, when to stop, which drug to choose, and how to
predict response Am J Gastroenterol 2011;106:199-212;

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Torres J, Bonovas S, Doherty G, et al. ECCO guidelines on
therapeutics in crohn’s disease medical treatment. J Crohns Colitis
2020;14:4-22.

CEBM., Medicine. CfEB. CEBM levels of evidence 2011. University
of Oxford; 2011. Available: http://www.cebm.net/index.aspx?o=
1025

Fitch K, Bernstein S, Aguilar M, et al. The RAND/UCLA
appropriateness method user’s manual. Santa Monica, CA RAND;
2001. Available: http://www.rand.org/content/dam/rand/pubs/
monograph_reports/2011/MR1269.pdf [Accessed 11 Apr 2013].
CEBM, OUCfE-BM. CEBM levels of evidence 2011. 2011.
Available: https://www.cebm.net/

Hamilton W, Round J. Identifying frailty in primary care. BMJ
2017;358:j4478.

Kirchgesner J, Lemaitre M, Carrat F, et al. Risk of serious and
opportunistic infections associated with treatment of inflammatory
bowel diseases. Gastroenterology 2018;155:337-46.

Kochar B, Cai W, Cagan A, et al. Pretreatment frailty is
independently associated with increased risk of infections after
immunosuppression in patients with inflammatory bowel diseases.
Gastroenterology 2020;158:2104-11.

Feagan BG, Sandborn WJ, Gasink C, et al. Ustekinumab as
induction and maintenance therapy for crohn’s disease. N Engl J
Med 2016;375:1946-60.

Hanauer SB, Sandborn WJ, Feagan BG, et al. IM-UNITI: three-year
efficacy, safety, and immunogenicity of ustekinumab treatment of
crohn’s disease. J Crohns Colitis 2020;14:23-32.

Sandborn WJ, Rebuck R, Wang Y, et al. Five-year efficacy and
safety of ustekinumab treatment in crohn’s disease: the IM-UNITI
trial. Clin Gastroenterol Hepatol 2022;20:578-90.

Feagan BG, Lasch K, Lissoos T, et al. Rapid response to
vedolizumab therapy in biologic-naive patients with inflammatory
bowel diseases. Clin Gastroenterol Hepatol 2019;17:130-8.

Sands BE, Feagan BG, Rutgeerts P, et al. Effects of vedolizumab
induction therapy for patients with crohn’s disease in whom tumor
necrosis factor antagonist treatment failed. Gastroenterology
2014;147:618-27.

Battat R, Kopylov U, Bessissow T, et al. Association between
ustekinumab trough concentrations and clinical, biomarker, and
endoscopic outcomes in patients with crohn’s disease. Clin
Gastroenterol Hepatol 2017;15:1427-34.

Sands BE, Sandborn WJ, Van Assche G, et al. Vedolizumab as
induction and maintenance therapy for crohn’s disease in patients
naive to or who have failed tumor necrosis factor antagonist
therapy. Inflamm Bowel Dis 2017;23:97-106.

Battat R, Ma C, Jairath V, et al. Benefit-risk assessment of
vedolizumab in the treatment of crohn’s disease and ulcerative
colitis. Drug Saf 2019;42:617-32.

Adar T, Faleck D, Sasidharan S, et al. Comparative safety

and effectiveness of tumor necrosis factor o antagonists and
vedolizumab in elderly IBD patients: a multicentre study. Aliment
Pharmacol Ther 2019;49:873-9.

Casas-Deza D, Larruela-Calvo J, Gomollén F, et al. Efectiveness
and safety of Ustekinumab in elderly patients with Crohn’s disease:
real world evidence from the Eneida Registry. J Crohns Colitis
2023:83-91.

Colombel JF, Martin-Arranz MD, Brinkman M, et al. HLA-Dga1*05
not associated with Ustekinumab loss of response and antidrug
antibodies in ulcerative colitis and Crohn's disease patients.
Inflamm Bowel Dis 2023.

Costable NJ, Borman ZA, Ji J, et al. Prior immunogenicity to anti-
TNF biologics is not associated with increased anti-drug antibodies
to vedolizumab or ustekinumab. Dig Dis Sci 2022;67:2480-4.
Vermeire S, Loftus EV Jr, Colombel J-F, et al. Long-term efficacy of
vedolizumab for crohn’s disease. J Crohns Colitis 2017;11:412-24.
Kawalec P, Moc¢ko P, Malinowska-Lipien |, et al. Efficacy and safety
of ustekinumab in the induction therapy of TNF-A-refractory
crohn’s disease patients: a systematic review and meta-analysis.
J Comp Eff Res 2017;6:601-12.

Singh S, George J, Boland BS, et al. Primary non-response to
tumor necrosis factor antagonists is associated with inferior
response to second-line biologics in patients with inflammatory
bowel diseases: a systematic review and meta-analysis. J Crohns
Colitis 2018;12:635-43.

Sanchez-Hernandez JG, Rebollo N, Munoz F, et al. Therapeutic
drug monitoring of tumour necrosis factor inhibitors in the
management of chronic inflammatory diseases. Ann Clin Biochem
2019;56:28-41.

Ordas |, Mould DR, Feagan BG, et al. Anti-TNF monoclonal
antibodies in inflammatory bowel disease: pharmacokinetics-based
dosing paradigms. Clin Pharmacol Ther 2012;91:635-46.

Gonzalez-Lama Y, et al. BMJ Open Gastroenterol 2024;11:€001246. doi:10.1136/bmjgast-2023-001246 11

"1ybuAdoo Ag parosiold "eaisiq4 uoneaonp3 easjolqig 1odaq / eaisiH4 10V
22 2v4/29d1N e $202 ‘6¢ Arenuer uo jwodlwq-onsebuadolway/:dny woly papeojumoq ‘v20g Arenuer £2 Uo 9¢2T00-£202-1seblwa/osTT 0T se paysiand 1siy :jossiusolises) uado NG


http://dx.doi.org/10.1053/j.gastro.2015.02.031
http://dx.doi.org/10.1053/j.gastro.2018.01.004
http://dx.doi.org/10.1016/j.cgh.2017.03.031
http://dx.doi.org/10.1097/MIB.0000000000000156
http://dx.doi.org/10.4321/s1699-714x20210001000012
http://dx.doi.org/10.1001/jama.2021.21316
http://dx.doi.org/10.1053/j.gastro.2022.01.044
http://dx.doi.org/10.1111/apt.14943
http://dx.doi.org/10.1016/S2468-1253(19)30012-3
http://dx.doi.org/10.1016/S2468-1253(19)30012-3
http://dx.doi.org/10.1001/jama.2021.4172
http://dx.doi.org/10.1093/ibd/izab285
http://dx.doi.org/10.1053/j.gastro.2019.09.041
http://dx.doi.org/10.1371/journal.pmed.1003348
http://dx.doi.org/10.1097/MOG.0000000000000735
http://dx.doi.org/10.1016/j.cgh.2019.10.035
http://dx.doi.org/10.3748/wjg.v24.i32.3567
http://dx.doi.org/10.1053/j.gastro.2020.12.031
http://dx.doi.org/10.1053/j.gastro.2013.10.047
http://dx.doi.org/10.1038/ajg.2010.392
http://dx.doi.org/10.1093/ecco-jcc/jjz180
http://www.cebm.net/index.aspx?o=1025
http://www.cebm.net/index.aspx?o=1025
http://www.rand.org/content/dam/rand/pubs/monograph_reports/2011/MR1269.pdf
http://www.rand.org/content/dam/rand/pubs/monograph_reports/2011/MR1269.pdf
https://www.cebm.net/
http://dx.doi.org/10.1136/bmj.j4478
http://dx.doi.org/10.1053/j.gastro.2018.04.012
http://dx.doi.org/10.1053/j.gastro.2020.02.032
http://dx.doi.org/10.1056/NEJMoa1602773
http://dx.doi.org/10.1056/NEJMoa1602773
http://dx.doi.org/10.1093/ecco-jcc/jjz110
http://dx.doi.org/10.1016/j.cgh.2021.02.025
http://dx.doi.org/10.1016/j.cgh.2018.05.026
http://dx.doi.org/10.1053/j.gastro.2014.05.008
http://dx.doi.org/10.1016/j.cgh.2017.03.032
http://dx.doi.org/10.1016/j.cgh.2017.03.032
http://dx.doi.org/10.1097/MIB.0000000000000979
http://dx.doi.org/10.1007/s40264-018-00783-1
http://dx.doi.org/10.1111/apt.15177
http://dx.doi.org/10.1111/apt.15177
http://dx.doi.org/10.1093/ecco-jcc/jjac108
http://dx.doi.org/10.1093/ibd/izad273
http://dx.doi.org/10.1007/s10620-021-07046-7
http://dx.doi.org/10.1093/ecco-jcc/jjw176
http://dx.doi.org/10.2217/cer-2017-0022
http://dx.doi.org/10.2217/cer-2017-0022
http://dx.doi.org/10.1093/ecco-jcc/jjy004
http://dx.doi.org/10.1093/ecco-jcc/jjy004
http://dx.doi.org/10.1177/0004563218782286
http://dx.doi.org/10.1038/clpt.2011.328
http://bmjopengastro.bmj.com/

58

59

60

Cornillie F, Hanauer SB, Diamond RH, et al. Postinduction serum
infliximab trough level and decrease of C-reactive protein level

are associated with durable sustained response to Infliximab: a
retrospective analysis of the ACCENT | trial. Gut 2014;63:1721-7.
Bar-Yoseph H, Levhar N, Selinger L, et al. Early drug and anti-
Infliximab antibody levels for prediction of primary nonresponse to
infliximab therapy. Aliment Pharmacol Ther 2018;47:212-8.

Honap S, Meade S, Ibraheim H, et al. Effectiveness and safety of

79

80

Ungar B, Kopylov U, Engel T, et al. Addition of an
immunomodulator can reverse antibody formation and loss of
response in patients treated with adalimumab. Aliment Pharmacol
Ther 2017;45:276-82.

Yanai H, Lichtenstein L, Assa A, et al. Levels of drug and antidrug
antibodies are associated with outcome of interventions after

loss of response to infliximab or adalimumab. Clin Gastroenterol
Hepatol 2015;13:522-30.

ustekinumab in inflammatory bowel disease: a systematic review 81 Peyrin-Biroulet L, Laclotte C, Bigard MA. Adalimumab maintenance
and meta-analysis. Dig Dis Sci 2022;67:1018-35. therapy for crohn’s disease with intolerance or lost response

61 MacDonald JK, Nguyen TM, Khanna R, et al. Anti-IL-12/23P40 to Infliximab: an open-label study. Aliment Pharmacol Ther
antibodies for induction of remission in crohn’s disease. Cochrane 2007;25:675-80.

Database Syst Rev 2016;11:CD007572. 82 Papadakis KA, Shaye OA, Vasiliauskas EA, et al. Safety and

62 Papamichael K, Cheifetz AS, Melmed GY, et al. Appropriate efficacy of adalimumab (D2E7) in crohn’s disease patients
therapeutic drug monitoring of biologic agents for patients with an attenuated response to infliximab. Am J Gastroenterol
with inflammatory bowel diseases. Clin Gastroenterol Hepatol 2005;100:75-9.
2019;17:1655-68. 83 Hinojosa J, Gomollon F, Garcia S, et al. Efficacy and safety of

63 Gisbert JP, Marin AC, McNicholl AG, et al. Systematic review with short-term adalimumab treatment in patients with active crohn’s
meta-analysis: the efficacy of a second anti-TNF in patients with disease who lost response or showed intolerance to infliximab: a
inflammatory bowel disease whose previous anti-TNF treatment prospective, open-label, multicentre trial. Aliment Pharmacol Ther
has failed. Aliment Pharmacol Ther 2015;41:613-23. 2007;25:409-18.

64 Lofberg R, Louis E, Reinisch W, et al. Adalimumab effectiveness 84 Afif W, Loftus EV, Faubion WA, et al. Clinical utility of measuring
in TNF-antagonist-naive patients and in infliximab nonresponders infliximab and human anti-chimeric antibody concentrations in
with crohn’s disease: results from the care study: 1069. Am J patients with inflammatory bowel disease. Am J Gastroenterol
Gastroenterol 2008;103:5S418. 2010;105:1133-9.

65 Lichtiger S, Binion DG, Wolf DC, et al. The CHOICE trial: 85 Casanova MJ, Chaparro M, Minguez M, et al. Effectiveness and
adalimumab demonstrates safety, fistula healing, improved quality safety of the sequential use of a second and third anti-TNF agent in
of life and increased work productivity in patients with crohn’s patients with inflammatory bowel disease: results from the Eneida
disease who failed prior infliximab therapy. Aliment Pharmacol Ther registry. Inflamm Bowel Dis 2020;26:606-16.
2010;32:1228-39. 86 Paul S, Moreau AC, Del Tedesco E, et al. Pharmacokinetics of

66 Ho GT, Mowat A, Potts L, et al. Efficacy and complications of adalimumab in inflammatory bowel diseases: a systematic review
adalimumab treatment for medically-refractory crohn’s disease: and meta-analysis. Inflamm Bowel Dis 2014;20:1288-95.
analysis of nationwide experience in Scotland (2004-2008). Aliment 87 Roblin X, Vérot C, Paul S, et al. Is the pharmacokinetic profile
Pharmacol Ther 2009;29:527-34. of a first anti-TNF predictive of the clinical outcome and

67 Nesbitt A, Fossati G, Bergin M, et al. Mechanism of action of pharmacokinetics of a second anti-TNF Inflamm Bowel Dis
certolizumab pegol (CDP870): in vitro comparison with other 2018;24:2078-85.
anti-tumor necrosis factor alpha agents. Inflamm Bowel Dis 88 Vande Casteele N, Abreu MT, Flier S, et al. Patients with low drug
2007;13:1323-32. levels or antibodies to a prior anti-tumor necrosis factor are more

68 Roblin X, Williet N, Boschetti G, et al. Addition of azathioprine to likely to develop antibodies to a subsequent anti-tumor necrosis
the switch of anti-TNF in patients with IBD in clinical relapse with factor. Clin Gastroenterol Hepatol 2022;20:465-7.
undetectable anti-TNF trough levels and antidrug antibodies: a 89 Chanchlani N, Lin S, Auth MK, et al. Implications for sequencing
prospective randomised trial. Gut 2020;69:1206-12. of biologic therapy and choice of second anti-TNF in patients with

69 Ananthakrishnan AN, Sakuraba A, Barnes EL, et al. The benefit inflammatory bowel disease: results from the Immunogenicity to
of combination therapy depends on disease phenotype second anti-TNF therapy (IMSAT) therapeutic drug monitoring
and duration in crohn’s disease. Aliment Pharmacol Ther study. Aliment Pharmacol Ther 2022;56:1250-63.
2017;46:162-8. 90 Bar-Yoseph H, Waterman M, Aimog R, et al. Prevention of

70 Hashash JG, Fadel CGA, Rimmani HH, et al. Biologic monotherapy antidrug antibody formation to Infliximab in Crohn’s patients
versus combination therapy with immunomodulators in the with prior failure of thiopurines. Clin Gastroenterol Hepatol
induction and maintenance of remission of crohn’s disease and 2017;15:69-75.
ulcerative colitis. Ann Gastroenterol 2021;34:612-24. 91 Arieira C, Dias de Castro F, Curdia Gongalves T, et al. Combination

71 Feagan BG, Rutgeerts P, Sands BE, et al. Vedolizumab as induction therapy in inflammatory bowel disease patients: do we need
and maintenance therapy for ulcerative colitis. N Engl J Med to maximize the dose of azathioprine Scand J Gastroenterol
2013;369:699-710. 2020;55:920-3.

72 Roda G, Jharap B, Neeraj N, et al. Loss of response to anti-tnfs: 92 QiuY, Mao R, Chen B-L, et al. Effects of combination therapy
definition epidemiology, and management. Clin Transl Gastroenterol with immunomodulators on trough levels and antibodies against
2016;7:e135. tumor necrosis factor antagonists in patients with inflammatory

73 Mattoo VY, Basnayake C, Connell WR, et al. Systematic bowel disease: a meta-analysis. Clin Gastroenterol Hepatol
review: efficacy of escalated maintenance anti-tumour necrosis 2017;15:1359-72.
factor therapy in crohn’s disease. Aliment Pharmacol Ther 93 Present DH, Rutgeerts P, Targan S, et al. Infliximab for the
2021;54:249-66. treatment of fistulas in patients with crohn’s disease. N Engl J Med

74 Ben-Horin S, Waterman M, Kopylov U, et al. Addition of an 1999;340:1398-405.
immunomodulator to Infliximab therapy eliminates antidrug 94 Sands BE, Anderson FH, Bernstein CN, et al. Infliximab
antibodies in serum and restores clinical response of patients maintenance therapy for fistulizing crohn’s disease. N Engl J Med
with inflammatory bowel disease. Clin Gastroenterol Hepatol 2004;350:876-85.
2013;11:444-7. 95 Hanauer SB, Sandborn WJ, Rutgeerts P, et al. Human anti-tumor

75 Ong DEH, Kamm MA, Hartono JL, et al. Addition of thiopurines can necrosis factor monoclonal antibody (Adalimumab) in crohn’s
recapture response in patients with crohn’s disease who have lost disease: the CLASSIC-I trial. Gastroenterology 2006;130:323-33.
response to anti-tumor necrosis factor monotherapy. 96 Sandborn WJ, Rutgeerts P, Enns R, et al. Adalimumab induction
J Gastroenterol Hepatol 2013;28:1595-9. therapy for crohn disease previously treated with infliximab: a

76 Macaluso FS, Sapienza C, Ventimiglia M, et al. The addition randomized trial. Ann Intern Med 2007;146:829-38.
of an immunosuppressant after loss of response to anti-TNFo 97 Echarri A, Castro J, Barreiro M, et al. Evaluation of adalimumab
monotherapy in inflammatory bowel disease: a 2-year study. therapy in multidisciplinary strategy for perianal crohn’s disease
Inflamm Bowel Dis 2018;24:394-401. patients with infliximab failure. J Crohns Colitis 2010;4:654-60.

77 Orlando A, Renna S, Rizzuto G, et al. Selective use of combination 98 Guillo L, D’Amico F, Serrero M, et al. Assessment of extraintestinal
therapy in patients with Infliximab-resistant inflammatory bowel manifestations in inflammatory bowel diseases: a systematic
disease: data from a tertiary referral center. Clin Gastroenterol review and a proposed guide for clinical trials. United European
Hepatol 2016;14:914. Gastroenterol J 2020;8:1013-30.

78 Strik AS, van den Brink GR, Ponsioen C, et al. Suppression of anti- 99 Schreiber S, Dignass A, Peyrin-Biroulet L, et al. Systematic
drug antibodies to infliximab or adalimumab with the addition of review with meta-analysis: real-world effectiveness and safety of
an immunomodulator in patients with inflammatory bowel disease. vedolizumab in patients with inflammatory bowel disease.
Aliment Pharmacol Ther 2017;45:1128-34. J Gastroenterol 2018;53:1048-64.

12 Gonzalez-Lama Y, et al. BMJ Open Gastroenterol 2024;11:¢001246. doi:10.1136/bmjgast-2023-001246

"1ybuAdoo Ag parosiold "eaisiq4 uoneaonp3 easjolqig 1odaq / eaisiH4 10V
22 2v4/29d1N e $202 ‘6¢ Arenuer uo jwodlwq-onsebuadolway/:dny woly papeojumoq ‘v20g Arenuer £2 Uo 9¢2T00-£202-1seblwa/osTT 0T se paysiand 1siy :jossiusolises) uado NG


http://dx.doi.org/10.1136/gutjnl-2012-304094
http://dx.doi.org/10.1111/apt.14410
http://dx.doi.org/10.1007/s10620-021-06932-4
http://dx.doi.org/10.1002/14651858.CD007572.pub3
http://dx.doi.org/10.1002/14651858.CD007572.pub3
http://dx.doi.org/10.1016/j.cgh.2019.03.037
http://dx.doi.org/10.1111/apt.13083
http://dx.doi.org/10.14309/00000434-200809001-01069
http://dx.doi.org/10.14309/00000434-200809001-01069
http://dx.doi.org/10.1111/j.1365-2036.2010.04466.x
http://dx.doi.org/10.1111/j.1365-2036.2008.03919.x
http://dx.doi.org/10.1111/j.1365-2036.2008.03919.x
http://dx.doi.org/10.1002/ibd.20225
http://dx.doi.org/10.1136/gutjnl-2019-319758
http://dx.doi.org/10.1111/apt.14125
http://dx.doi.org/10.20524/aog.2021.0645
http://dx.doi.org/10.1056/NEJMoa1215734
http://dx.doi.org/10.1038/ctg.2015.63
http://dx.doi.org/10.1111/apt.16479
http://dx.doi.org/10.1016/j.cgh.2012.10.020
http://dx.doi.org/10.1111/jgh.12263
http://dx.doi.org/10.1111/jgh.12263
http://dx.doi.org/10.1093/ibd/izx010
http://dx.doi.org/10.1016/j.cgh.2015.12.022
http://dx.doi.org/10.1016/j.cgh.2015.12.022
http://dx.doi.org/10.1111/apt.13994
http://dx.doi.org/10.1111/apt.13862
http://dx.doi.org/10.1111/apt.13862
http://dx.doi.org/10.1016/j.cgh.2014.07.029
http://dx.doi.org/10.1016/j.cgh.2014.07.029
http://dx.doi.org/10.1111/j.1365-2036.2007.03254.x
http://dx.doi.org/10.1111/j.1572-0241.2005.40647.x
http://dx.doi.org/10.1111/j.1365-2036.2006.03232.x
http://dx.doi.org/10.1038/ajg.2010.9
http://dx.doi.org/10.1093/ibd/izz192
http://dx.doi.org/10.1097/MIB.0000000000000037
http://dx.doi.org/10.1093/ibd/izy111
http://dx.doi.org/10.1016/j.cgh.2021.01.006
http://dx.doi.org/10.1111/apt.17170
http://dx.doi.org/10.1016/j.cgh.2016.06.028
http://dx.doi.org/10.1080/00365521.2020.1792543
http://dx.doi.org/10.1016/j.cgh.2017.02.005
http://dx.doi.org/10.1056/NEJM199905063401804
http://dx.doi.org/10.1056/NEJMoa030815
http://dx.doi.org/10.1053/j.gastro.2005.11.030
http://dx.doi.org/10.7326/0003-4819-146-12-200706190-00159
http://dx.doi.org/10.1016/j.crohns.2010.07.012
http://dx.doi.org/10.1177/2050640620950093
http://dx.doi.org/10.1177/2050640620950093
http://dx.doi.org/10.1007/s00535-018-1480-0
http://dx.doi.org/10.1007/s00535-018-1480-0
http://bmjopengastro.bmj.com/

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

Parrot L, Dong C, Carbonnel F, et al. Systematic review with meta-
analysis: the effectiveness of either ustekinumab or vedolizumab
in patients with crohn’s disease refractory to anti-tumour necrosis
factor. Aliment Pharmacol Ther 2022;55:380-8.

Alsoud D, Vermeire S, Verstockt B. Monitoring vedolizumab and
ustekinumab drug levels in patients with inflammatory bowel
disease: hype or hope? Curr Opin Pharmacol 2020;55:17-30.
Adedokun OJ, Xu Z, Gasink C, et al. Pharmacokinetics and
exposure response relationships of ustekinumab in patients with
crohn’s disease. Gastroenterology 2018;154:1660-71.

Omoniyi A, Zhenhua X, Christopher G, et al. Exposure-response
to SC ustekinumab in moderate —severe crohn’s disease: results
from the IM-UNITI maintenance study: P-007. Am J Gastroenterol
2018;113:S2.

Alric H, Amiot A, Kirchgesner J, et al. The effectiveness of either
ustekinumab or vedolizumab in 239 patients with crohn’s disease
refractory to anti-tumour necrosis factor. Aliment Pharmacol Ther
2020;51:948-57.

Guillo L, D’Amico F, Danese S, et al. Ustekinumab for extra-
intestinal manifestations of inflammatory bowel disease: a
systematic literature review. J Crohns Colitis 2021;15:1236-43.
Cohen NA, Plevris N, Kopylov U, et al. Vedolizumab is effective
and safe in elderly inflammatory bowel disease patients: a
Binational, multicenter, retrospective cohort study. United European
Gastroenterol J 2020;8:1076-85.

Kochar B, Pate V, Kappelman MD, et al. Vedolizumab is
associated with a lower risk of serious infections than anti-tumor
necrosis factor agents in older adults. Clin Gastroenterol Hepatol
2022;20:1299-305.

Singh S, Kim J, Luo J, et al. Comparative safety and effectiveness
of biologic therapy for crohn’s disease: a CA-IBD cohort study. Clin
Gastroenterol Hepatol 2023;21:2359-69.

Khorrami S, Ginard D, Marin-Jiménez |, et al. Ustekinumab for the
treatment of refractory crohn’s disease: the Spanish experience

in a large multicentre open-label cohort. Inflamm Bowel Dis
2016;22:1662-9.

Iborra M, Beltran B, Fernandez-Clotet A, et al. Real-world long-
term effectiveness of ustekinumab in crohn’s disease: results from
the ENEIDA registry. Aliment Pharmacol Ther 2020;52:1017-30.
Colombel J-F, Sands BE, Rutgeerts P, et al. The safety of
vedolizumab for ulcerative colitis and crohn’s disease. Gut
2017;66:839-51.

Kirchgesner J, Desai RJ, Schneeweiss MC, et al. Decreased risk
of treatment failure with vedolizumab and thiopurines combined
compared with vedolizumab monotherapy in crohn’s disease. Gut
2022;71:1781-9.

van Hoeve K, Dreesen E, Hoffman I, et al. Adequate infliximab
exposure during induction predicts remission in paediatric patients
with inflammatory bowel disease. J Pediatr Gastroenterol Nutr
2019;68:847-53.

Nalagatla N, Falloon K, Tran G, et al. Effect of accelerated
Infliximab induction on short- and long-term outcomes of acute
severe ulcerative colitis: a retrospective multicenter study and
meta-analysis. Clin Gastroenterol Hepatol 2019;17:502-9.

Sethi S, Dias S, Kumar A, et al. Meta-analysis: the efficacy of
therapeutic drug monitoring of anti-TNF-therapy in inflammatory
bowel disease. Aliment Pharmacol Ther 2023;57:1362-74.
Papamichael K, Jairath V, Zou G, et al. Proactive infliximab
optimisation using a pharmacokinetic dashboard versus standard
of care in patients with crohn’s disease: study protocol for a
randomised, controlled, multicentre, open-label study (the
OPTIMIZE trial). BMJ Open 2022;12:€057656.

Syed N, Tolaymat M, Brown SA, et al. Proactive drug monitoring is
associated with higher persistence to Infliximab and adalimumab
treatment and lower healthcare utilization compared with reactive
and clinical monitoring. Crohns Colitis 360 2020;2:0taa050.
Sanchez-Hernandez JG, Rebollo N, Martin-Suarez A, et al. A
3-year prospective study of a multidisciplinary early proactive
therapeutic drug monitoring programme of infliximab treatments
in inflammatory bowel disease. Brit J Clinical Pharma
2020;86:1165-75.

Papamichael K, Cheifetz AS. Proactive adalimumab monitoring in
inflammatory bowel disease: current data and future perspectives.
J Crohns Colitis 2020;14:878-9.

Papamichael K, Vajravelu RK, Vaughn BP, et al. Proactive infliximab
monitoring following reactive testing is associated with better
clinical outcomes than reactive testing alone in patients with
inflammatory bowel disease. J Crohns Colitis 2018;12:804-10.
Papamichael K, Dubinsky MC, Cheifetz AS. Proactive therapeutic
drug monitoring of adalimumab in patients with crohn’s disease.
Gastroenterology 2023;164:164-5.

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

Strik AS, Wang Y-MC, Ruff LE, et al. Individualized dosing of
therapeutic monoclonal antibodies-a changing treatment paradigm.
AAPS J 2018;20:99.

Vande Casteele N, Baert F, Bian S, et al. Subcutaneous absorption
contributes to observed interindividual variability in adalimumab
serum concentrations in crohn’s disease: a prospective multicentre
study. J Crohns Colitis 2019;13:1248-56.

Dulai PS, Siegel CA, Colombel JF, et al. Systematic review:
monotherapy with antitumour necrosis factor o agents versus
combination therapy with an immunosuppressive for IBD. Gut
2014;63:1843-53.

Colombel JF, Sandborn WJ, Reinisch W, et al. Infliximab,
azathioprine, or combination therapy for crohn’s disease. N Engl J
Med 2010;362:1383-95.

Colombel J-F, Reinisch W, Mantzaris GJ, et al. Randomised clinical
trial: deep remission in biologic and immunomodulator naive
patients with crohn’s disease - a SONIC post hoc analysis. Aliment
Pharmacol Ther 2015;41:734-46.

Feagan BG, McDonald JWD, Panaccione R, et al. Methotrexate
in combination with Infliximab is no more effective

than Infliximab alone in patients with crohn’s disease.
Gastroenterology 2014;146:681-688.

Jones JL, Kaplan GG, Peyrin-Biroulet L, et al. Effects of
concomitant Immunomodulator therapy on efficacy and safety of
anti-tumor necrosis factor therapy for crohn’s disease: a meta-
analysis of placebo-controlled trials. Clin Gastroenterol Hepatol
2015;13:2233-40.

Kopylov U, Al-Taweel T, Yaghoobi M, et al. Adalimumab
monotherapy versus combination therapy with immunomodulators
in patients with crohn’s disease: a systematic review and meta-
analysis. J Crohns Colitis 2014;8:1632-41.

Targownik LE, Benchimol El, Bernstein CN, et al. Combined
biologic and immunomodulatory therapy is superior to
monotherapy for decreasing the risk of inflammatory bowel
disease-related complications. J Crohns Colitis 2020;14:1354-63.
Peyrin-Biroulet L, Salleron J, Filippi J, et al. Anti-TNF monotherapy
for Crohn’s disease: a 13-year multicentre experience. J Crohns
Colitis 2016;10:516-24.

Allez M, Vermeire S, Mozziconacci N, et al. The efficacy and safety
of a third anti-TNF monoclonal antibody in crohn’s disease after
failure of two other anti-TNF antibodies. Aliment Pharmacol Ther
2010;31:92-101.

Lopez A, Billioud V, Peyrin-Biroulet C, et al. Adherence to anti-TNF
therapy in inflammatory bowel diseases: a systematic review.
Inflamm Bowel Dis 2013;19:1528-33.

Chalhoub JM, Rimmani HH, Gumaste VV, et al. Systematic review
and meta-analysis: adalimumab monotherapy versus combination
therapy with immunomodulators for induction and maintenance of
remission and response in patients with crohn’s disease. Inflamm
Bowel Dis 2017;23:1316-27.

Battat R, Lukin D, Scherl EJ, et al. Inmunogenicity of tumor
necrosis factor antagonists and effect of dose escalation on anti-
drug antibodies and serum drug concentrations in inflammatory
bowel disease. Inflamm Bowel Dis 2021;27:1443-51.

Reinisch W, Colombel J-F, Sandborn WJ, et al. Factors associated
with short- and long-term outcomes of therapy for crohn’s disease.
Clin Gastroenterol Hepatol 2015;13:539-47.

Oussalah A, Chevaux JB, Fay R, et al. Predictors of infliximab
failure after azathioprine withdrawal in crohn’s disease treated with
combination therapy. Am J Gastroenterol 2010;105:1142-9.

Sokol H, Seksik P, Carrat F, et al. Usefulness of co-treatment with
immunomodulators in patients with inflammatory bowel disease
treated with scheduled Infliximab maintenance therapy. Gut
2010;59:1363-8.

Schreiber S, Ben-Horin S, Leszczyszyn J, et al. Randomized
controlled trial: subcutaneous versus intravenous Infliximab CT-P13
maintenance in inflammatory bowel disease. Gastroenterology
2021;160:2340-53.

Biemans VBC, van der Woude CJ, Dijkstra G, et al.
Ustekinumab is associated with superior effectiveness
outcomes compared to Vedolizumab in crohn’s disease
patients with prior failure to anti-TNF treatment. Aliment
Pharmacol Ther 2020;52:123-34.

Townsend T, Razanskaite V, Dodd S, et al. Comparative
effectiveness of ustekinumab or vedolizumab after one year in

130 patients with anti-TNF-refractory crohn’s disease. Aliment
Pharmacol Ther 2020;52:1341-52.

Garcia MJ, Rivero M, Fernandez-Clotet A, et al. Comparative study
of the effectiveness of vedolizumab versus ustekinumab after anti-
Tnf failure in crohn’s disease (versus-CD): data from eneida registry.
J Crohns Colitis 2023:jjad124.

Gonzalez-Lama Y, et al. BMJ Open Gastroenterol 2024;11:€001246. doi:10.1136/bmjgast-2023-001246 13

"1ybuAdoo Ag parosiold "eaisiq4 uoneaonp3 easjolqig 1odaq / eaisiH4 10V
22 2v4/29d1N e $202 ‘6¢ Arenuer uo jwodlwq-onsebuadolway/:dny woly papeojumoq ‘v20g Arenuer £2 Uo 9¢2T00-£202-1seblwa/osTT 0T se paysiand 1siy :jossiusolises) uado NG


http://dx.doi.org/10.1111/apt.16714
http://dx.doi.org/10.1016/j.coph.2020.09.002
http://dx.doi.org/10.1053/j.gastro.2018.01.043
http://dx.doi.org/10.14309/00000434-201802001-00007
http://dx.doi.org/10.1111/apt.15706
http://dx.doi.org/10.1093/ecco-jcc/jjaa260
http://dx.doi.org/10.1177/2050640620951400
http://dx.doi.org/10.1177/2050640620951400
http://dx.doi.org/10.1016/j.cgh.2021.08.047
http://dx.doi.org/10.1016/j.cgh.2022.10.029
http://dx.doi.org/10.1016/j.cgh.2022.10.029
http://dx.doi.org/10.1097/MIB.0000000000000842
http://dx.doi.org/10.1111/apt.15958
http://dx.doi.org/10.1136/gutjnl-2015-311079
http://dx.doi.org/10.1136/gutjnl-2022-327002
http://dx.doi.org/10.1097/MPG.0000000000002265
http://dx.doi.org/10.1016/j.cgh.2018.06.031
http://dx.doi.org/10.1111/apt.17313
http://dx.doi.org/10.1136/bmjopen-2021-057656
http://dx.doi.org/10.1093/crocol/otaa050
http://dx.doi.org/10.1111/bcp.14229
http://dx.doi.org/10.1093/ecco-jcc/jjz191
http://dx.doi.org/10.1093/ecco-jcc/jjy039
http://dx.doi.org/10.1053/j.gastro.2022.04.014
http://dx.doi.org/10.1208/s12248-018-0257-y
http://dx.doi.org/10.1093/ecco-jcc/jjz050
http://dx.doi.org/10.1136/gutjnl-2014-307126
http://dx.doi.org/10.1056/NEJMoa0904492
http://dx.doi.org/10.1056/NEJMoa0904492
http://dx.doi.org/10.1111/apt.13139
http://dx.doi.org/10.1111/apt.13139
http://dx.doi.org/10.1053/j.gastro.2013.11.024
http://dx.doi.org/10.1016/j.cgh.2015.06.034
http://dx.doi.org/10.1016/j.crohns.2014.07.003
http://dx.doi.org/10.1093/ecco-jcc/jjaa050
http://dx.doi.org/10.1093/ecco-jcc/jjw008
http://dx.doi.org/10.1093/ecco-jcc/jjw008
http://dx.doi.org/10.1111/j.1365-2036.2009.04130.x
http://dx.doi.org/10.1097/MIB.0b013e31828132cb
http://dx.doi.org/10.1097/MIB.0000000000001203
http://dx.doi.org/10.1097/MIB.0000000000001203
http://dx.doi.org/10.1093/ibd/izaa313
http://dx.doi.org/10.1016/j.cgh.2014.09.031
http://dx.doi.org/10.1038/ajg.2010.158
http://dx.doi.org/10.1136/gut.2010.212712
http://dx.doi.org/10.1053/j.gastro.2021.02.068
http://dx.doi.org/10.1111/apt.15745
http://dx.doi.org/10.1111/apt.15745
http://dx.doi.org/10.1111/apt.16057
http://dx.doi.org/10.1111/apt.16057
http://dx.doi.org/10.1093/ecco-jcc/jjad124
http://bmjopengastro.bmj.com/

	Controversies in the management of anti-­TNF therapy in patients with Crohn’s disease: a Delphi consensus
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Survey
	Literature review
	Nominal group meeting
	Delphi
	Statistical analysis
	Final document

	Results
	Discussion
	References


