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Purpose of review

Since there is a lack of head-to-head randomized controlled trials, little direction is provided from
guidelines on the positioning of biologics for the treatment of Crohn’s disease (CD). This review utilizes
comparative effectiveness and safety results from real-world data and network meta-analyses to inform
clinical practice for positioning of biological therapies in the treatment of moderate-to-severe CD.

Recent findings

We summarize the results of studies pertaining to the identification of predictors for response to biologics in
CD. Recently published studies about the management of moderate-to-severe CD are discussed and a
positioning algorithm is proposed for the therapeutic approach of these patients.

Summary

Different classes of biologics are comparable with regards to safety and almost similar in effectiveness in the
management of CD. There are certain clinical scenarios in which one biologic is more effective than another.
For instance, patients with a more aggressive disease phenotype such as fistulizing disease would benefit
from infliximab over other biologics, whereas in older patients at a higher risk for infectious complications, it
may be more appropriate to use ustekinumab or vedolizumab over the anti-tumor necrosis factor (TNF)
agents. More data pertaining to identifying predictors of response to the different available therapies and
head-to-head comparison trials are needed to personalize our therapeutic approach of CD patients.
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To guide the choice of treatment in patients with
Crohn’s disease (CD), identification of potential pre-
dictors of response to the different available medica-
tions and patient risk stratification based on disease
severity are extremely important factors to consider.
At initial evaluation, CD patients are categorized into
low-risk (mild) versus high-risk (moderate-to-severe)
for the development of CD-related complications. A
risk stratification index has been proposed based on
the disease burden (biomarkers of disease activity,
extent and endoscopic appearance, i.e. size/depth of
ulcers), the impact of the disease on the patient (symp-
toms, quality of life, disability), and disease course
(perianal complications, prior intestinal resection,
extra-intestinal manifestations) [1]. High-risk CD
patients may have the following features: diagnosed
atayoung age<30years,have tobaccouse,elevated C-
reactive protein (CRP) and/or fecal calprotectin levels,
deep and large mucosal ulcers on colonoscopy or
imaging, have a long segment of bowel involvement,
have the perianal disease, extra-intestinal manifesta-
tions, and/or prior bowel resections [1–3].
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has changed over recent years. In the past, physi-
cians followed a ‘step-up’ therapy approach for all
CD patients starting with the least potent medica-
tions and escalating in a stepwise manner, reserving
the more potent and potentially more toxic biologic
agents for last resort. More recently, due to a better
understanding of the natural history of CD, it has
been demonstrated that early and rapid control of
inflammation (endoscopic and clinical remission)
modifies the disease trajectory and yields better out-
comes. This fundamental concept has supported the
‘top-down’ therapy approach, particularly for
patients with moderate-to-severe (high-risk) CD,
r Health, Inc. All rights reserved.

rved. www.co-gastroenterology.com

mailto:ja38@aub.edu.lb


KEY POINTS

� Multiple predictors of response to different biologics
have been investigated, but to date, none are reliable.

� Ongoing research is focused on personalizing the
therapeutic approach and selecting the right
medication for each unique person.

� When selecting treatment options for patients with
moderate-to-severe Crohn’s disease, in addition to
categorizing them into high and low-risk patients, we
take into account the presence of fistulizing disease,
extra-intestinal involvement, age of the patient, the risk
for frequent infections, current and prior history of
malignancy, as well as the extent of bowel involved, to
make the biologic selection.

� In older patients who are at increased risk of infection
and malignancy, we opt for using vedolizumab or
ustekinumab, unless these patients suffer from the
extensive disease with fistulizing complications, in
which case, we would use anti-tumor necrosis factor
(TNF) agents.

� Anti-TNFs, especially infliximab, is used in patients with
fistulizing Crohn’s disease.

Inflammatory bowel disease
while reserving the ‘step-up’ approach for patients
with mild (low-risk) CD [4].

The therapeutic armamentarium is expanding
(Table 1). Previously, the only available biologics for
CD included the antitumor necrosis factor-a (anti-
TNF-a) agents, but recently, vedolizumab and usteki-
numab have become approved and are readily avail-
able for the treatment of moderate-to-severe CD. Due
to the lack of head-to-head randomized controlled
trials, little direction is provided from guidelines on
the positioning of the available biologics. As such, we
have been relying on real-world data, observational
comparativeeffectiveness, andnetworkmeta-analyses
to inform comparative effectiveness and safety of the
different biologics and serve as a guide for their posi-
tioning in the treatment of moderate-to-severe CD.
 Copyright © 2021 Wolters Kluwer H

Table 1. Approved biologics for the treatment of inflammatory b

Biologic Mechanism of action Rou

Infliximab (Remicade) Anti-TNF Intra

Adalimumab (Humira) Anti-TNF Sub

Certolizumab pegol (Cimzia) Anti-TNF Sub

Golimumab (Simponi) Anti-TNF Sub

Vedolizumab (Entyvio) Anti-integrin a-4 b7 Intra

Natalizumab (Tysabri) Anti-integrin a-4 Intra

Ustekinumab (Stelara) Anti-IL-12/IL-23 Intra

Anti-IL, anti-interleukin; anti-TNF, antitumor necrosis factor; CD, Crohn’s disease; UC
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We hereby discuss these results and propose a posi-
tioning therapeutic algorithm for these patients.
PREDICTORS OF RESPONSE TO
DIFFERENT BIOLOGICS

Approximately two-thirds of CD patients have an
initial response to their first biologic drug and many
will lose this response with time, either due to
immunogenicity or mechanistic failure of the bio-
logic [5

&&

]. Those who have initial nonresponse to a
certain biologic may respond to a different class of
biologics. Therefore, it is important to identify pre-
dictors of response to the available biologics to
optimize efficacy, gain time at achieving remission,
reduce cost, and minimize unnecessary drug adverse
effects. Many predictors of response, or no response,
have been investigated including a patient’s clinical
characteristics, disease behavior, serologic biomark-
ers of inflammation, proteomic markers, as well as
pharmacogenetic biomarkers amongst others.

For anti-TNF biologics, almost all clinical char-
acteristics including age, sex, weight, duration of
disease as well as disease location and extent, CRP
levels, and fecal calprotectin were not shown to
predict response to treatment [5

&&

]. In addition,
although serum TNF levels were not found to predict
response to infliximab [6], higher intestinal mucosal
expression of TNF [7] as well as interleukin (IL)-17
and IL-23 [8] was associated with higher short-term
response whereas oncostatin M expression was asso-
ciated with failure of response [9]. Many genes have
been explored using genome-wide association stud-
ies (GWAS) and despite the presence of some poten-
tial predictive factors for response in some
polymorphisms in the members of the TNF family,
more studies are needed to prove their use in clinical
practice [10]. On the other hand, five mucosal dif-
ferentially expressed genes in patients with colonic
CD predicted infliximab response with 100% accu-
racy [11]. Protein extracts of peripheral blood mono-
nuclear cells from 30 outpatients diagnosed with
ealth, Inc. All rights reserved.

owel disease

te of administration Approved for

venous CD, UC

cutaneous CD, UC

cutaneous CD

cutaneous UC

venous CD, UC

venous CD

venous induction; subcutaneous maintenance CD, UC

, ulcerative colitis.
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ulcerative colitis or CD predicted response to anti-
TNF therapy in 96% [12]. The personalised anti-TNF
therapy in Crohn’s disease Consortium described a
significant association between the presence of
human leukocyte antigen -DQA1�05 and the devel-
opment of immunogenicity with the use of anti-TNF
agents [13

&

].
Similar to anti-TNF biologics, no clinical charac-

teristics have been found to predict response to vedo-
lizumab. One study showed that the expression of
a4b7 in blood as well as the presence of T, B, and
natural killer (NK) cells was a good marker for vedo-
lizumab response [14]. However, high levels of circu-
lating IL-6 [15] and low or absent a4b7 integrin
expression in colonic mucosa are associated with
nonresponse [16]. A clinical decision support tool
(CDST) for vedolizumab, taking into account prior
bowel surgery, prior anti-TNF therapy, history of the
fistulizing disease, baseline albumin and baseline
CRP, was able to identify patients in clinical remis-
sion, corticosteroid-free remission, and mucosal
healing with an area under the receiver operator
curve of 0.67, 0.66, and 0.72, respectively [17

&

]. In
this CDST, the low probability cutoff value identified
patients at a low likelihood of responding to vedoli-
zumab with high sensitivity, whereas the high prob-
ability cut-off value identified patients at a higher
likelihood of responding to therapy with moderate
specificity. In a subsequent analysis, this model pre-
dicted vedolizumab drug concentration with good
accuracy in the Study of Vedolizumab in Patients
With Moderate to Severe Ulcerative Colitis trial
cohort, and predicted a two-fold increase in surgery
risk over 12 months of vedolizumab therapy in the
vedolizumab for health outcomes in inflammatory
bowel diseases consortium among low to intermedi-
ate probability versus high probability patients [17

&

].
Predictors of response to ustekinumab are incon-

sistent [5
&&

]. Although some studies showed that pre-
vious anti-TNF therapy is a risk factor for treatment
failure, other studies have reported that the response is
independent of previous anti-TNF failure [18,19].

Future research is needed to develop a compre-
hensive predictive model incorporating patient and
disease-related factors including genetic, clinical,
biochemical, proteomic, and endoscopic/mucosal
factors to personalize the treatment approach. This
is where artificial intelligence and machine learning
technology may play a critical role in advancing
these predictive models [20].
COMPARATIVE EFFECTIVENESS AND
COMPARATIVE SAFETY

There is a lack of head-to-head randomized con-
trolled trials comparing the efficacy and safety of
 Copyright © 2021 Wolters Kluwe
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different biologics in the treatment of moderate-to-
severe CD. For that reason, we rely on different
network meta-analyses comparing different biologic
agents to placebo, observational comparative effec-
tiveness and safety studies, as well as real-world data
to try to position the different medications for the
treatment of CD [21

&

].
Similar to several registry-based and multicenter

cohort studies, an observational population-based
study comparing the different anti-TNF agents
amongst biologic-naı̈ve CD patients, showed no
differences in CD-related hospitalizations or major
abdominal surgeries between infliximab and adali-
mumab treated patients [22]. Also, there were no
significant differences in safety between infliximab
and adalimumab treated patients. However, a US
administrative claims-based study of biologic-naı̈ve
CD patients showed that infliximab was associated
with lower CD-related hospitalizations, corticoster-
oid use, and less abdominal surgeries compared to
adalimumab [23]. When compared to certolizumab
pegol, infliximab treated patients had lower rates of
all-cause hospitalization and CD-related hospitali-
zation [23]. All three biologic agents had compara-
ble rates of serious infections.

In a network meta-analysis, Singh et al. [24] sepa-
rately analyzed the comparative efficacy of the first
biologic (biologic naı̈ve) agents and second biologic
(prior anti-TNF exposure) agents. For the biologic
naı̈ve patients, eight randomized controlled trials
onthemoderate-to-severe luminal CDwere included.
Results showedthat infliximaband adalimumab were
most effective, followed by ustekinumab and vedoli-
zumab as first-line treatments for inducing clinical
remission and clinical response in biologic-naı̈ve
patients. In moderate-to-severe patients with luminal
CD and prior anti-TNF exposure, six randomized
controlled studies were included and concluded that
adalimumab and ustekinumab were superior to vedo-
lizumab for inducing clinical remission in patients
with prior exposure to anti-TNF agents [24]. Patients
with primary nonresponse to infliximab were
excluded from the analysis. After selecting patients
who had a clinical response to induction therapy,
adalimumab and infliximab ranked highest for main-
tenance of remission. On network meta-analysis,
none of the biologics caused significant serious
adverse events compared to placebo in the mainte-
nance trials, and ustekinumab had the lowest risk of
serious adverse events and infection.

Real-world data showed that CD patients receiv-
ing vedolizumab as first-line therapy have higher
clinical remission rates compared to nonbiologic
naı̈ve patients receiving vedolizumab [25,26]. Bohm
et al. [27

&

] compared anti-TNF agents to vedolizumab
in CD using a retrospective observational cohort
r Health, Inc. All rights reserved.
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Inflammatory bowel disease
propensity score-weighted comparison and showed
no significant difference between vedolizumab and
anti-TNF agents with regards to clinical remission,
steroid-free clinical remission and endoscopic remis-
sion. Rates of noninfectious serious adverse events,
but not serious infections, were significantly lower
with the use of vedolizumab compared to anti-TNF
agents [27

&

]. Interestingly, in a separate observational
study of elderly inflammatory bowel disease (IBD)
patients, Adar et al. [28] found no significant differ-
ence in safety or rates of CD clinical remission
between vedolizumab and anti-TNF agents.

Regarding ustekinumab, Scott et al. [29] used
clinical trials and observational data to identify an
ideal therapy sequence for patients with CD, includ-
ing patients who used ustekinumab for at least
1 year. Incorporating advanced simulation meth-
ods, a Markov model was constructed. The base case
used was that of a young male with moderate-to-
severe CD who is naı̈ve to biologics and immuno-
modulatory drugs. The standard of care treatment
algorithm was defined as initial therapy with inflix-
imab and azathioprine, followed by adalimumab
and azathioprine, vedolizumab, and lastly surgical
resection. The model assessed different positions for
ustekinumab; before the standard of care or between
the different treatment modalities. Clinical out-
comes were calculated in quality-adjusted life years
(QALYs), taking into account remission, response,
surgical events, adverse events, infection, and lym-
phoproliferative disorders. Ustekinumab as first-line
therapy yielded the greatest QALYs, resulting in 10%
more patients in remission or response, fewer seri-
ous or infectious adverse events, and 2% fewer sur-
geries at 1 year, compared with other algorithms.
POSITIONING ALGORITHM

The expanding therapeutic armamentarium for the
treatment of patients with moderate-to-severe CD
allows patients different treatment options. Ongo-
ing research is focused on personalizing the thera-
peutic approach and selecting the right medication
for each unique person. By risk stratifying patients
according to their disease severity and prognosis for
the development of CD-related complications and
by identifying predictors of response to certain bio-
logics, personalized medicine becomes possible. Of
course, other factors that affect the selection of the
medication includes patient preference as well as
the cost to the patient promoting the importance of
shared decision making.

The most updated American College of Gastro-
enterology (ACG) Clinical Guidelines for the Man-
agement of CD in Adults makes a strong
recommendation for the use of anti-TNF agents,
 Copyright © 2021 Wolters Kluwer H
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ustekinumab, and vedolizumab for the induction
and maintenance of patients with moderate-to-
severe CD [4]. For patients with severe/fulminant
CD, the ACG makes a strong recommendation to
consider using anti-TNF agents, particularly inflix-
imab. As for CD patients with the perianal fistulizing
disease, enterocutaneous or rectovaginal fistulas,
the ACG makes a strong recommendation that
infliximab should be considered with a moderate
level of evidence. Although adalimumab and certo-
lizumab may be effective and should also be consid-
ered, there is a low level of evidence supporting this
strong recommendation. The current available
American Gastroenterological Association (AGA)
guidelines on the management of inflammatory
CD have been published in 2013, before the
approval of ustekinumab and vedolizumab for the
management of CD [30]. More updated guidelines
on the management of moderate-to-severe CD are in
the press and have been circulated for public com-
ment. These updated guidelines by Feuerstein et al.
recommend the use of anti-TNF (strong recommen-
dation), ustekinumab (strong recommendation), or
vedolizumab (conditional recommendation) for the
induction and maintenance of remission of patients
with moderate-to-severe luminal CD. In biologic
naı̈ve patients, the AGA recommends infliximab,
adalimumab, or ustekinumab over certolizumab
pegol (strong recommendation) and suggests the
use of vedolizumab over certolizumab pegol (condi-
tional recommendation). In those patients who are
primary nonresponders to anti-TNF agents, the AGA
recommends the use of ustekinumab (strong recom-
mendation) and suggests the use of vedolizumab
(conditional recommendation). For CD patients
with active perianal fistula, the AGA makes a strong
recommendation for the use of infliximab. In a
conditional recommendation, the use of adalimu-
mab, ustekinumab, and vedolizumab is suggested.

After reviewing the available guidelines and the
comparative effectiveness and safety results, we pro-
pose the following algorithm (Fig. 1). In our algo-
rithm, and similar to what has been previously
published by several other groups, we take into
account special patient populations which influence
the choice of biologic and these include: high-risk
patients with the fistulizing disease, especially peria-
nal disease, those with extra-intestinal manifesta-
tions, elderly patients over the age of 65 years,
patients at a higher risk of infections, and those with
an active or past diagnosis of malignancy. An expert
opinion meeting from Canada evaluated physicians’
preferences for the use of specific biologic agents in
different CD clinical scenarios using RAND/Univer-
sity of California Los Angeles appropriateness meth-
odology and included factors similar to what we
ealth, Inc. All rights reserved.

Volume 37 � Number 4 � July 2021



FIGURE 1. Algorithm for positioning biologics in the treatment of patients with moderate-to-severe Crohn’s disease. The above
algorithm guides therapeutic decisions for patients with moderate-to-severe Crohn’s disease. The algorithm does not reflect the
use of monotherapy vs. combination therapy. If there is an overlap in a patient’s clinical scenario, we suggest treating
according to the higher risk phenotype (e.g. disease severity outweighs the presence of extra-intestinal manifestations). ADA,
adalimumab; anti-TNF, antitumor necrosis factor; CD, Crohn’s disease; EC, enterocutaneous; EIM, extra-intestinal
manifestations; IFX, infliximab; RV, rectovaginal; USTE, ustekinumab; VEDO, vedolizumab.

Positioning biologics in the management of moderate Hashash and Mourad
propose in our algorithm [31
&&

]. Additional factors
that they considered to influence biologic choice
included the presence of antidrug antibody status
and consideration of potential pregnancy.
CONCLUSION

To date, there are no reliable predictors of response to
the different biologic agents and as previously men-
tioned, head-to-head clinical trials comparing bio-
logics are lacking. These results are needed to better
tailor therapy choice and objectively personalize
treatments for the different phenotypes of patients
with moderate-to-severe CD. Until then, physicians
and patients may select the biologic agent based on
physician experience and patient preference.
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