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A B S T R A C T

The number of available biological therapies have doubled over the last 10 years and the arrival of novel mol-
ecules (interleukin 23p19 inhibitors) is ongoing alongside the development of small molecules. As a result of this
vast landscape of treatment, positioning advanced therapies (according to clinical situation, efficacy and safety) is
of paramount importance to providing personalized, appropriate IBD treatment.

In this publication the recent available literature is summarized for practical integration into clinical practice
including comparative efficacy data, patient and disease demographics. We refer to recent publications and expert
opinion in order to facilitate the decision making process of positioning biologicals IBD treatment.
1. Introduction

Biological therapies have revolutionized the management of inflam-
matory bowel diseases (IBD). Monoclonal antibodies against tumor ne-
crosis factor alpha (anti-TNF) have been the cornerstone of IBD therapy
since the start of the century. In 1998, infliximab was the first biological
medication approved for the use of Crohn's disease (CD), followed by
adalimumab. Numerous studies have demonstrated their efficacy and
cost effectiveness for the induction and maintenance of remission in CD
(Townsend et al., 2020) and ulcerative colitis (UC) (Colombel et al.,
2007; Pantavou et al., 2019). Golimumab for UC (Sandborn et al., 2014)
and Certolizumab pegol for CD (Schreiber et al., 2010; Yamazaki et al.,
2019) are other anti-TNF inhibitors that are currently available. After
over 20 years of experience of prescribing anti-TNF agents, their safety
profile has been well described and dose optimization has been incor-
porated into daily clinical practice although proactive monitoring re-
mains a question of debate (Argollo et al., 2020).

More recently, two additional biologicals, with different mechanisms
of action, have complemented the IBD armamentarium. The first is
vedolizumab, a humanized monoclonal antibody to the homing receptor
α4β7 integrin complex, blocking the interaction of the surface homing
molecules of activated immune cells with the endothelium to reduce
diapedesis. The second is ustekinumab, a humanized monoclonal
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antibody to the interleukin (IL) p40 subunit common to IL12/23. These
new agents have now proved their efficacy not only against placebo but
also in head-to-head trials against anti-TNF agents in specific indications
(Sands et al., 2019, 2021; Irving et al., 2021). Consequently, they possess
a comfortable market position compared to the historical anti-TNF
agents, when not surpassing them for certain targeted groups of pa-
tients. However, striking efficacy differences have not been shown to
support their superiority and anti-TNF agents remain the most appro-
priate medications in presence of most concomitant extraintestinal
manifestations or in fistulizing CD (Juillerat et al., 2020; Papamichael
et al., 2021; Singh et al., 2021). Additionally, other biologicals such as
etrolizumab (Danese et al., 2021; Peyrin-Biroulet et al., 2021; Rubin
et al., 2021) (monoclonal antibody against the B7 subunit of integrins
α4β7 and αЕβ7) as well as guselkumab, mirikizumab and risankizumab,
other monoclonal antibodies which binds to p19 subunit of interleukin
23 (Sandborn et al., 2020; Schett et al., 2021) are emerging in themarket.

As treatment choices expand with the introduction of newer bi-
ologicals with proven efficacy against placebo decision making pathways
become necessary in order to differentiate between the biologicals. The
aim of this publication is to provide an evidence based guidance which
aids the decision making process in positioning biologicals according to
the efficacy, patient characteristics, safety profile and specific in-
dications. The positioning of the novel small molecules in the treatment
of IBD is beyond the scope of this article.
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Abbreviations

CD Crohn's disease
IBD inflammatory bowel disease
OR odd ratio
TNF Tumor Necrosis Factor alpha
UC ulcerative colitis
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2. Comparative efficacy of available biological agents

The biological agents available for IBD treatment and their individual
characteristics are summarized in Table 1.
2.1. Head to head trials

Direct comparison of drugs are uncommon in the IBD literature.
Randomized, double blinded, double dummy, head to head comparative
trials in IBD provide evidence comparing two drugs and overcome the
problem of bias that is often present in observational studies. In the IBD
field, the first head to head published was the VARSITY trial (Sands et al.,
2019). This trial, conducted over 1 year, compared 383 UC patients
treated with vedolizumab to 386 UC patients treated with adalimumab.
The primary outcome was reached. At week 52 the clinical remission rate
(31.3% vs. 22.5%; P ¼ 0.006) and endoscopic improvement (39.7% vs.
27.7%; P < 0.001) was significantly higher with vedolizumab compared
to adalimumab. There were no striking safety differences between the
two drugs over the 1-year period.

The first head to head in Crohn's disease was recently presented at
Digestive Disease Week (DDW) 2021(Sands et al., 2021) and European
Crohn's and Colitis Organization (ECCO) congress 2021(Irving et al.,
2021). The SEAVUE study compared ustekinumab with adalimumab in
386 bio-naïve patients with moderate to severe CD over 52 weeks.
Table 1
Characteristics of the available biologics.
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Participants were required to discontinue immunomodulators prior to
initiation. This study showed similar efficacy between the 2 groups at
week 52: 65% in the ustekinumab group (n124/N191) vs. 61% in the
adalimumab (n119/N195), p ¼ 0.47. Interestingly, the rapidity of
response was also similar between the two groups. The subanalyses re-
ported a trend toward more safety, less use of concomitant steroids and a
slightly better endoscopic response (particularly in patients with higher
endoscopic scores at baseline) in the ustekinumab group.

Additional head to head trials have been conducted in the etrolizu-
mab study program (GARDENIA vs. infliximab (Danese et al., 2021) and
HIBISCUS vs. adalimumab (Rubin et al., 2021)) and Guselkumab phase II
study (GALAXY vs. Ustekinumab (Sandborn et al., 2022)) which were
presented at the United European Gastroenterology (UEG) conference in
2020. These studies didn't show significant differences in the primary
endpoints. More head to head trials are certainly under way and will help
us better position biological agents and small molecules in the treatment
algorithm (Pouillon et al., 2020). Of note, the result of the first positive
head to head study (VARSITY) had been foreseen by prior indirect
comparison information from network meta-analyses.
2.2. Network meta-analysis

When no head to head trials are available, network meta-analysis are
used to compare efficacy of biologics agents against placebo.

One of the first meta-analyses, published in 2015, focused on the
efficacy of first line biological therapy in UC (Danese et al., 2014). The
authors suggested that in naïve UC patients infliximab and vedolizumab
are more effective in inducing clinical response (Odd ratios (OR) 5.33
and 4.51, resp.) and maintaining remission (OR 2.78 and 5.19 resp.)
compared to other regimens. These observations were confirmed in the
most recent meta-analysis from the same group (Bonovas et al., 2018)
and another analysis that included ustekinumab (Singh et al., 2018a).
This latter meta-analysis reported some benefit of ustekinumab over
adalimumab or vedolizumab after anti-TNF exposure in UC patients.
Among anti-TNF agents, infliximab remains the most efficient agent in
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UC (Thorlund et al., 2015), but not in terms of cost effectiveness (Toor
et al., 2015).

In CD, a meta-analysis of 9 randomized trials with mixed first-line and
second line indications confirmed the superiority of infliximab alone for
induction (OR 2.8) or in combination with azathioprine for maintenance
of remission (OR 3.0) (Hazlewood et al., 2015). A recent pooled analysis
of 4 clinical trial programs (EXTEND, UNITY, VERSIFY, CPT-13 BIO-
SIMILAR) was presented at ECCO congress 2022 and confirmed that
infliximab achieved a higher proportion of 1-year endoscopic healing
compared to adalimumab, ustekinumab and vedolizumab in CD patients,
but not in bio-naïve patients (Narula et al., 2022).

As second line therapy, it is also important to consider that the effi-
cacy of vedolizumab will be influenced by previous anti-TNF exposure, a
numerical difference was seen in the response to therapy in UC (Feagan
et al., 2017) and CD patients (Sands et al., 2017). An impact which was
clearly significant at week 6 after induction (Sands et al., 2014).

In summary, the most recent meta-analysis in CD which included
ustekinumab concluded that infliximab or adalimumab are the best first-
line agents, and ustekinumab a preferred second-line agent in patients
with prior anti-TNF alpha agents’ exposure (Singh et al., 2018b).

2.3. Real life propensity score weighted data

Another way to compare efficacy between drugs is a retrospective
analysis of prospective data from epidemiological cohort studies using
the best adjustment of confounders. A good example of this a the Mayo
Clinic study using propensity score matching to evaluate the efficacy of
anti-TNF agents in >3000 biologic-naïve CD patients, extracted from a
national administrative claims database (Singh et al., 2016). The authors
demonstrated that infliximab was associated with less hospitalization,
abdominal surgery and corticosteroid use compared to adalimumab and
certolizumab.

Another recent propensity score matched post hoc analysis of clinical
trial programs compared infliximab with the newcomer ustekinumab
(Narula et al., 2021a). This suggested a similar efficacy of the two
compounds as first line biological agents in CD patients. The same
analysis was conducted in naïve UC patients, which showed that inflix-
imab and had similar efficacy based on clinical response, but a significant
higher rate of steroid free clinical remission (30% vs. 15%) and endo-
scopic remission (36% vs. 26%) was achieved in infliximab treated pa-
tients (Narula et al., 2021b). The Sicilian Network for IBD reported
similar efficacy for adalimumab and vedolizumab in CD patients in a
propensity score matched analysis of a cohort conducted between 2016
and 2019 (Macaluso et al., 2021), but superiority of vedolizumab in UC
patients (Macaluso et al., 2020). Finally, a propensity score matched
analysis of a cohort conducted in Germany (the VEDO IBD study from
Kompetenznetz Darmerkrankungen) has been presented at the recent
ECCO congress 2022 comparing vedolizumab and anti-TNF agents in UC
patients. This work confirmed a more persistent clinical response (61.7%
vs. 40.3%; OR 2.39 (95% CI 1.39–4.10)) and steroid-free remission
(36.5% vs. 24.0%; OR 1.82 (95% CI 1.00–3.34)) at one year under
vedolizumab (Plachta-Danielzik et al., 2022).

2.4. Available data on treatment sequences in algorithms and guidelines

Data from the literature on strategies to position biological therapy is
scarce. Guidance and consensus statements exist to help aid the decision
making process. However there is a tendency to position all biologics on
the same level and to consider them as interchangeable in the ECCO
Guidelines (Torres et al., 2020; Raine et al., 2021). These guidelines, used
the novel Grade methodology which prioritizes meta-analyses (or
perform their own) to extract the necessary data to answer specific (so
call PICO) questions on IBD management (e.g. for anti-TNF agents in UC)
(Raine et al., 2021)).

In the most recent publication from the American Gastroenterology
Association: “Technical Review, the Medical Management of Moderate to
3

Severe Luminal and Perianal Fistulizing Crohn's Disease”, the question of
comparing the efficacy between all available biologics is addressed
(Singh et al., 2021). The conclusion was that in biologic-naïve patients
with moderate to severely active CD, infliximab, adalimumab, and
ustekinumab are the most effective compared to vedolizumab and cer-
tolizumab pegol. Infliximab was considered the strongest for induction.
However, in patients exposed to anti-TNF agents (mostly to infliximab),
the benefit of one biological agent over the other remains uncertain. A
summary of the efficacies of the various biological agents, according to
the line of treatment and previous treatment failures and patients'
phenotype, is provided in Table 2. The final word about the efficacy of
biologics in IBD and the theoretical “therapeutic ceiling”which cannot be
broken (Alsoud et al., 2021) could potentially come from combining
these agents such as demonstrated by the recent VEGA study. This 3-arm
trial presented as one of the highlights of the recent ECCO congress 2022,
compared golimumab (GOL), guselkumab (GUS) and their combined use
during induction period of 12 weeks. This showed a significant higher
rate of clinical response (83% for combination therapy vs. 75% for GUS
(p ¼ 0.215) and 61% for GOL (p ¼ 0.003)) and clinical remission (47%
for combination therapy vs. 24% for GUS (p ¼ 0.005) and 25% for GOL
(p¼ 0.007) based onmodifiedMayo score) without added risks for safety
in moderate to severely active UC patients naïve to biologics (Sands et al.,
2022).

3. Personalizing choice of biologic

3.1. Prior biologic exposure

In current clinical practice we are confronted with numerous options
of treatment sequencing. Personalizing IBD treatment depends on pre-
vious drug exposure IBD (1st, 2nd, 3rd line of treatment), prior treatment
response, comorbidities, safety profile, patient preferences and patient
risk for future IBD complications (disease severity). For example, primary
non response to an anti-TNF was found to be a predictor for diminished
treatment efficacy with an anti-integrin biologic (Singh et al., 2018c).
First and second line agent treatment sequences and treatment response
have been presented in the previous chapter. However, data are even
scarcer concerning third line of treatment after two anti-TNFs exposure.
A retrospective small series of 67 patients with Crohn's disease treated
with 3rd line anti-TNF agent (Allez et al., 2010) reported a lower
response rate and the lack of late responders at 6 months. A recent
multicenter retrospective study reported the outcome of patients with
late CD who had failed treatment with one anti-TNF agent and either
vedolizumab or ustekinumab. After 48 weeks on a third line of biologic
therapy the remission rate was 30.7% whereas the surgery rate was
23.5% (Kassouri et al., 2020).

There is a mechanistic role for anti-IL 23 agents in TNF refractory IBD
patients. During anti TNF treatment, in non-responders compared to re-
sponders, there is upregulation of apoptosis resistant IL23p19, IL23R,
and IL17 A as demonstrated by studies using immunophenotyping of T
cells. (Bek et al., 2016; Schmitt et al., 2019). This phenomenon suggests
that ustekinumab (as IL-12/IL-23 inhibitor) and other IL-23 inhibitor
agents may have a mechanistic potential in late CD (Eftychi et al., 2019)
when an expansion of Th1 and Th17 cells (Veny et al., 2010) may have
occurred.

3.2. Disease characteristics and patient profile

3.2.1. Comorbidities, age, gender and body mass index and muscle mass
The decision on drug selection in clinical practice is often guided by

disease severity that requires efficacious treatment with rapid onset of
action, an acceptable safety profile balanced against potential adverse
effects, in particular when the decision results in the use of high dose of
corticosteroids (Ford et al., 2011) (Graphical Abstract). When the sit-
uation is less acute, depending patient comorbidities, the safety profile of
the biologic is one of the major factor influencing the decision. For



Table 2
Efficacy of biological treatments according to the line of treatment, earlier exposure, disease phenotype and patient characteristics.
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example the risk of specific biologic adverse events, such as infections or
lymphomas is higher in the elderly population (Sturm et al., 2017; Hruz
et al., 2020). This is also a key point in the management of frail or
malnourished patients (Kochar et al., 2020). A pooled analysis of data
from four randomized trials including 2257 UC patients reported that
older patients have an increased baseline risk of adverse effects not
related to anti-TNF therapy. In older IBD patients, a protective effect
against the development of severe adverse events have been demon-
strated in UC (OR 0.54 (0.35–0.83, p < 0.01) but not CD (OR 1.3
(0.8–1.20)) when administering vedolizumab compared to anti-TNF
agents (Cheng et al., 2021). Earlier publications, also suggested a very
good safety of anti-TNF agents in older populations (Bonovas et al.,
2016). At this stage, we can thus consider all biological agents, when
indicated, as safe in all populations.

In some large clinical trials, initiation of biologic therapy at a younger
age was associated with better response, for example infliximab in both
CD and UC patients (Vermeire et al., 2002; Billiet et al., 2015). However,
other studies, (particularly in long term follow-up of patients cohorts),
did not find such an association as well as no differences in response
according to gender (Ferrante et al., 2008; Sprakes et al., 2012; Arias
4

et al., 2015; Iborra et al., 2017). Although much fewer studies are
available, remission rates observed with vedolizumab in elderly and
pediatric population appear to match those reported in the general adult
population (Asscher et al., 2020; Ibraheim et al., 2020). The same ob-
servations were also made for ustekinumab (Asscher et al., 2020; Conrad
and Kelsen, 2020; Gisbert and Chaparro, 2020).

Obesity may contribute to the development and to the course of IBD
through altered pharmacokinetics and obesity-mediated chronic
inflammation (Singh et al., 2020). However, it remains unclear whether
obesity influences response to biological therapies. On the one hand, a
recent meta-analysis that investigated the outcome of anti-TNF therapy
in IBD patients stratified by BMI, Dai et al. observed a higher rate of
treatment failure in UC but not in CD patients with higher BMI (Dai et al.,
2020). On the other hand, other reports failed to find an association
between BMI and treatment response in IBD (Singh et al., 2018d). At this
stage, there is little data on the impact of BMI on the response to vedo-
lizumab or ustekinumab in IBD, but response to the second was lower in a
study of obese patients with psoriasis (Pirro et al., 2021).

Sarcopenia, often associated with malnutrition, has an important
impact in IBD patients on quality of life, prognosis, outcome of surgical
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interventions and treatment with biologics and immunomodulators
(Ryan et al., 2019). Only two studies investigated the direct effect of
biological agents on sarcopenia: the first reported an improvement of
quadriceps muscle volume and strength in CD patients after 25 weeks of
infliximab treatment (Subramaniam et al., 2015), whereas Csontos et al.
observed that UC and CD patients on anti-TNF agents had an improve-
ment in fat free mass index after 12 week already (Csontos et al., 2016).

3.2.2. Disease duration, phenotype, genetics, biomarkers, and extraintestinal
manifestations

Short duration of disease has long been associated with better
response to infliximab as well as other anti-TNF agents. This was reported
in the first pediatric randomized trial by Hyams et al., which yielded
better response and remission rates than observed in adults with longer
duration of disease. This observation later confirmed in others pediatric
studies (Hyams et al., 2007; Walters et al., 2014). Similarly, registration
trials with adalimumab and certolizumab pegol, which stratified ac-
cording to disease duration showed better responses in patients with
shorter disease duration (Colombel et al., 2007; Schreiber et al., 2010). A
large meta-analysis of 60168 CD patients, confirmed and extended this
observation for other biological therapies, including golimumab and
vedolizumab (Ben-Horin et al., 2021). However, the same analyses,
failed to show an association between disease duration and response in
30227 UC patients. Regarding vedolizumab, a retrospective analysis of
the Swiss IBD cohort showed an impact of disease duration on response in
UC but not in CD patients (Mader et al., 2021). Very limited data are
available regarding ustekinumab in early CD. In a retrospective pediatric
cohort, treated with ustekinumab, the rate of remission was 61.1% in
patients despite prior anti-TNF failure, suggesting a high potential with
this agent in early disease (Kim et al., 2021).

Differentiation canalsobemadeon theextensionand locationofdisease
which may have a direct impact on the response to biological treatment
(AtreyaandSiegmund,2021). Ina recent geneticassociation study,Cleynen
et al.determined that the separationof IBDbetween ilealCD, colonicCDand
UCcouldbeconsideredas a continuumofphenotypes, towhich specific risk
score could be applied (Cleynen et al., 2016). Concerning disease behavior,
better results were obtained in CD with anti-TNF agents in patients with
non-stricturing, non-penetrating disease (B1 according to the Montr�eal
classification), as compared to stricturing disease (B2) orfistulizing disease
(B3) (Moranetal., 2014;Bouhniketal., 2018;Nunez-Gomezetal.,2018). In
UC,only limiteddataareavailable toguide therapyof isolatedproctitiswith
biological agents. In a national retrospective study in France, half of 104
patients with ulcerative proctitis achieved remissionwith various anti-TNF
therapies and 60% achievedmucosal healing (Pineton de Chambrun et al.,
2020). In a large retrospective single center cohort, clinical response to
biological therapy (mostly infliximab) was obtained in 70% of 118 5-ASA
refractory ulcerative proctitis patients, as compared to 11% with azathio-
prine (Dubois et al., 2020).

Concerning pouch patients, a recent large randomized, double-blind
placebo-controlled study presented at ECCO congress, the EARNEST
trial, was the first significant benefits across multiple treatment outcomes
in patients with chronic pouchitis after IPAA for UC (Travis et al., 2022).
Till then our best options for pouchitis refractory to antibiotics were
mostly anti-TNF agents but without very high level of evidence (Kayal
and Dubinsky, 2022): only one randomized controlled trial with adali-
mumab (Kjær et al., 2019).

Recent studies have linked the risk of antibody development against
biologic therapies, in particular anti-TNF agents, to the HLA profile of
patients (Sazonovs et al., 2020, 2021). The authors associated the car-
riage of the HLA-DQA1*05 allele, common to 40% of Europeans, with a
higher rate of immunogenicity to infliximab and adalimumab. Although
details of the evidence has been discussed, the same association was
found in the ABIRISK consortium in autoimmune diseases (Hassler et al.,
2020). Whether information on HLA allele carriage can be used pro-
spectively to identify patients at risk of developing antibodies for a spe-
cific prospective intervention remains to be seen.
5

Although the serological biomarkers ASCA and pANCA have long
been used to help classify indeterminate colitis, their value in guiding
medical therapy is still limited. A recent study associated presence of
ASCA with extensive and severe disease phenotype and the need for an
early use of biologics for a better prognosis in a cohort of 273 CD pedi-
atric patients (Chandrakumar et al., 2019), whereas a meta-analysis
found that pANCA positive IBD patients had a lower response rate to
infliximab therapy (Nguyen et al., 2015).

Extraintestinal manifestations occur in half of IBD patients and
represent an important cause of morbidity and disability (Vavricka et al.,
2011; Juillerat et al., 2020). Among EIMs, articular manifestations affect
30% of patients. They include non-inflammatory joint pain as well as
inflammatory joint manifestations including axial arthritis considered as
spondyloarthropathies. Since their approval in IBD, infliximab and later
the other anti-TNF agents represent the best treatment choice in IBD
patient with rheumatological manifestations, supported bymultiple trials
in both CD and UC, in addition to their well-established efficacies in most
rheumatological indications (Herfarth et al., 2002; Generini et al., 2004;
Lofberg et al., 2012; Louis et al., 2018).

Vedolizumab may not represent the most appropriate biologic in
presence of articular manifestations of IBD. Indeed, by virtue of its
binding to α4β7 integrin, this antibody may not impede the entry of
proinflammatory cells in joints. In fact, it may even contribute to higher
influx of these cells to distant sites, as suggested by Diaz et al., who
observed de novo extraintestinal manifestations in vedolizumab-treated
IBD patients (Diaz et al., 2020). An increased incidence of extra-
intestinal manifestation in vedolizumab treated IBD patients have also
been observed, compared to anti-TNF agents in a large American claims
database (Dubinsky et al., 2018). However, by improving disease activity
these drugs could still have an indirect impact on associated EIM, mostly
peripheral arthritis, as suggested by the recent EMOTIVE retrospective
analysis (Kopylov et al., 2021). Ustekinumab, however, has also limited
role in this indication, as this drug is also indicated in rheumatoid
arthritis (Kerschbaumer et al., 2020). Dermatological extraintestinal
manifestations occur in up to 15% of IBD patients (Vavricka et al., 2011).
The most common, erythema nodosum, depends on the underlying dis-
ease activity, whereas pyoderma gangrenosum may be associated with
active or inactive intestinal disease and requires rapid management, most
commonly with systemic medication. Treatment includes oral cortico-
steroids, cyclosporine, tacrolimus and anti-TNF therapy (infliximab or
adalimumab), drugs that have good efficacy in several cases reports and
small case series (Juillerat et al., 2007). Cases reports and a recent
semi-systematic review suggest that IBD cutaneous lesions may respond
to the newer IBD drugs. This is the case for ustekinumab and less
frequently for vedolizumab (Phillips et al., 2020; Ben Abdallah et al.,
2021). Uveitis also appears to respond to anti-TNF agents (Leal et al.,
2019), whereas no biological agents, despite high expectations for
vedolizumab, has shown efficacy in primary sclerosing cholangitis
(Christensen et al., 2018; Lynch et al., 2020).

Fistula development affects up to 50% of CD patients over 20 years of
disease course. Half of these patients experience perianal fistula (Rub-
bino et al., 2021). After surgical drainage of pelvic sepsis, medical ther-
apy may be undertaken. Best results so far are obtained with anti-TNF
agents. Among them, only infliximab has been evaluated in a large,
dedicated placebo-randomized trial. Out of 366 patients who received
induction with 5 mg/kg infliximab at Week 0, 2 and 6, 195 responders
were randomized to maintenance therapy or placebo. At Week 54, 36%
of infliximab treated patients had a complete absence of fistula against
19% in the placebo group (Sands et al., 2004). Regarding the other bi-
ologicals, subanalyses of randomized trials showed effectiveness of
adalimumab, vedolizumab and ustekinumab in fistula closure, however
the patient numbers are limited. All the data regarding these studies are
put in perspective in the previously cited AGA Technical Review (Singh
et al., 2021). Recently, a small, randomized trial prospectively tested two
vedolizumab regimens in fistulizing CD patients with better results
achieved in the high dose group. However, the trial was prematurely
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interrupted due to recruitment challenges (Schwartz et al., 2021). These
results are in keeping with others, suggesting that therapeutic drug
monitoring to achieve high trough levels is of prime importance to
achieve the therapeutic goal of fistula closure (Nones et al., 2021).

4. Conclusions

Providing personalized IBD treatment by appropriately positioning
biologics relies on numerous factors. Treatment decision is based not
only on drug efficacy but also depends on IBD disease severity, activity
and phenotype, the patient's current situation and wishes. The most
appropriate drug should combine a rapid resolution of symptoms, good
potential on pre-set targets, as well as an optimal long term safety profile.
In this regard, perhaps the current available biological agents will be
challenged by the development of the novel small molecules and a new
generation of antibodies which are more focused on the key inflamma-
tory pathways and involved in the pathogenesis of IBD.
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