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Abstract

Crohn's disease (CD) is a chronic immune‐mediated inflammatory condition which

can negatively impact a patient's quality of life. The traditional management strat-

egy for CD has focused on symptomatic control, however, this approach fails to

prevent organ damage and to change the progressive course of this disease. Thus,

the field has moved towards a treat‐to‐target strategy that includes identifying

individualized objective targets, choosing a therapy based on individual factors that

include disease severity and risk, closely monitoring disease activity at predefined

time points, and optimizing therapies as needed. Due to the increasing number of

therapies approved for CD, this review explores the various factors which should be

considered in the sequencing of treatment options together with using the treat‐to‐
target framework to control disease activity early in its course and provide holistic

patient care.
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INTRODUCTION

Crohn's disease (CD), a type of inflammatory bowel disease (IBD), is a

chronic, immune‐mediated inflammatory condition which primarily

affects the gastrointestinal tract.1 Uncontrolled, this inflammation

may result in cumulative damage to the bowel and the development

of disease‐related complications, including stricture formation with

possible obstruction, fistulae and abscesses, and in those with CD

involving the large intestine, an increased risk of colorectal cancer.1

These and other disease ramifications negatively impact a patient's

quality of life and ability to perform activities of daily living.2

Traditional IBD management strategies have focused on symp-

tomatic control, but this does not prevent bowel damage or alter the

progressive course of this disease.3 Studies demonstrate that up to

50% of patients in clinical remission continue to have evidence of

objective inflammation.4 As such, newer strategies of management

have shifted from controlling symptoms alone to managing both

patient symptoms and inflammation defined by endoscopic and

transmural healing.5 The goals of management include clarifying the

disease type and severity, inducing remission rapidly,6 and main-

taining steroid‐free remission. Ultimately, the aim is to change the

natural course of the disease, avoid hospitalization and surgery, avoid

drug‐related and disease‐related complications, reduce the costs of

care, and provide patients with stable functional remission.

The need to identify effective therapies and to control disease

activity at early stages in the disease course has led to the adoption

of the treat‐to‐target strategy for managing IBD.7 This strategy in-

volves identifying an objective target agreed upon by the patient and

physician, choosing the initial therapies based on disease severity and

risk profile, assessing the target after a predefined amount of time,

and optimizing therapy to achieve the target.7 Furthermore, the in-

clusion of less conventional treatment targets including traditional

and novel extra‐intestinal manifestations allows for a more holistic

approach to patient care.6 This leads to the notion of choosing the

right drug, for the right patient, at the right time. Additionally, with

the increasing therapeutic armamentarium at the physician's
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disposal, this allows for a greater level of personalization in patient

care.

In this article, we discuss the treat‐to‐target model for CD

management and the multiple factors influencing the sequencing of

therapies for patients with CD.

TREAT‐TO‐TARGET IN CROHN'S DISEASE

Rationale behind treat‐to‐target

Early and appropriate therapy, particularly in patients with CD, is

associated with improved short and long‐term outcomes including a

reduction in hospitalization and surgery.8 It is thought that using a

proactive treatment and monitoring strategy will increase the likeli-

hood of achieving disease control, endoscopic healing, and disease‐
related complications. Taken together, this should also reduce

health‐related costs and burden on the health system.9

Multiple studies have investigated whether a treat‐to‐target
strategy can achieve improved outcomes when compared with

routine clinical management. One of the first studies introducing this

concept in CD was a retrospective study by Bouguen et al. In this

study, the authors investigated whether adjusting therapy based on

the presence of endoscopic lesions resulted in higher rates of

endoscopic healing, defined as no ulcerations. They found that pa-

tients undergoing more frequent endoscopic evaluation (HR 2.35

95% CI 1.15–4.97, p = 0.019) and therapeutic optimization (HR 4.28

95% CI 1.9–11.5, p = 0.0003) were significantly more likely to ach-

ieve endoscopic healing.10

The prospective, ‘Randomized Evaluation of an Algorithm for

Crohn's Treatment (REACT)’ study showed that patients randomized

to the early combined immunosuppression arm with an anti‐tumor
necrosis factor agent (anti‐TNF) and an antimetabolite based on

clinical symptoms (Harvey‐Bradshaw Index ≤4) had lower rates of

major adverse outcomes (occurrence of surgery, hospital admission

or serious disease related complications) when compared with pa-

tients receiving conventional management (HR, 0.73; 95% CI, 0.62–

0.86; p = 0.0003).11 The limitations of this study include using clinical

symptoms alone to guide management as opposed to using objective

measures of remission as a treatment target. The multi‐center ran-
domized CALM study, in comparison, used objective biochemical

markers, C‐reactive protein (CRP) and fecal calprotectin, to guide

therapeutic decisions in the treat‐to‐target arm, with a primary

endpoint of ‘mucosal healing’, defined as a CD Endoscopic Index of

Severity score of <4. Therapeutic decisions based on these objective

markers achieved superior clinical and endoscopic outcomes in pa-

tients with CD.12 Interestingly the recent randomized, prospective

trial, STARDUST, which compared symptom‐based to treat‐to‐target
management based on endoscopic findings in patients receiving

Ustekinumab found no difference in the endoscopic response.13

However, when stratified by baseline disease severity (either endo-

scopic or history of bowel damage), patients with a more severe

disease phenotype at baseline achieved higher rates of endoscopic

healing. Overall, these data support the use of treat‐to‐targets in CD
particularly in patients with a history of severe/complicated disease.

The possible limitations of the treat‐to‐target strategy include

that it can be labor intensive and costly in terms of the repeated

testing and the time patients need to invest in the treatment and

monitoring plans. However, there are some data showing its cost‐
effectiveness.9 Additionally, as shown in the STARDUST trial, the

treat‐to‐target strategy may not be appropriate for all patients.

Selecting the right target for the right patient

The treat‐to‐target strategy involves obtaining a baseline assessment
of disease activity and severity, communicating with the patient to

identify individualized targets, choosing an initial therapy based on

individual risk factors, reassessing the target early with monitoring

during both the active and quiescent phase, and optimizing treatment

strategies. Biochemical markers of inflammation include C‐reactive
protein (CRP), the Endoscopic Healing Index (EHI), and fecal calpro-

tectin. Endoscopic options include colonoscopy, esophagogas-

troduodenoscopy, and capsule endoscopy, and radiologic imaging

options include computed tomography enterography (CTE), magnetic

resonance enterography (MRE), and intestinal ultrasound. These

provide objective markers for inflammation and provide multiple

options for disease monitoring,14 but all of these must be bench-

marked at a baseline time of known active disease in an individual

patient. Benchmarking usually occurs at the time of ileocolonoscopy

and labs and before treatment is initiated or changed. If the patient

has not achieved the target at the agreed upon timepoint, assess

adherence, adjust dosing, add a therapy, or change the therapy and

then reassess the target.

The Selecting Therapeutic Targets in Inflammatory Bowel Dis-

ease Endpoints (STRIDE) consortium has provided consensus on the

various goals or targets when developing a treatment and monitoring

strategy with the patient. These are separated into short, interme-

diate, and long‐term targets, which if achieved, will lead to sustained

functional remission. The short‐term goals include symptomatic

response and remission. Intermediate goals include normalization of

inflammatory markers such as CRP and fecal calprotectin and,

importantly, achieving normal growth and development in children.6

Long‐term goals include endoscopic healing, normalized quality of

life, and the absence of disability6 (defined using the IBD‐Disability
Index15). The group has defined clinical remission in CD as the res-

olution of abdominal pain and altered bowel habits and endoscopic

remission as the resolution of ulceration at ileocolonoscopy or the

resolution of inflammation by cross sectional imaging if ileocolono-

scopy cannot adequately assess inflammation.16 While not formally

included in STRIDE, another objective goal includes transmural

healing in patients with CD, which has been associated with

improved long‐term outcomes including lower rates of hospitaliza-

tion, therapy escalation, steroid use, and surgery.17,18 From a prac-

tical point of view, timing of disease assessment and target

assessment is an evolving priority. Although prior assessments were
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recommended in a timeframe of months, more recent updates and

our own practice suggests that most effective therapies can be

reassessed using benchmarked targets including fecal calprotectin

and bowel wall thickness as assessed by intestinal ultrasound in

6 weeks or even sooner.19–21

In addition to these clear goals, other less considered elements

should be examined. The induction of remission should be rapid—

from a patient perspective this would allow time to return to daily

activities and reduce disability‐related loss of functionality. Another

important aspect of rapid induction of remission is reducing the

exposure to steroid therapy and ensuring that any therapy or goal is

achieved off steroids. Other goals should include addressing the

common extra‐intestinal manifestations (EIMs) of joint pain or skin

involvement as well as the less commonly considered EIMs such as

pain, fatigue, mental health disorders, and sexual dysfunction.6 Fa-

tigue has been associated with poor health‐related quality of life,22

and patients have reported that CD negatively impacts their sexual

function.23 Additionally, high rates of anxiety and depression in pa-

tients with active and quiescent CD suggests the need for stan-

dardization of screening for mental health disorders in these

patients.24 By clearly defining and achieving these goals, we can

hopefully modify the natural history of IBD. Furthermore, as these

goals may vary from patient to patient, they may provide a rationale

for therapeutic sequencing patterns in CD management. In Figure 1,

we provide a practical approach to incorporating treat‐to‐target.

SEQUENCING THERAPIES IN CD

The ‘step‐up’ strategy

Traditionally, the management of IBD has followed the so‐called
‘step‐up’ strategy which focused primarily on gastrointestinal symp-

tomatic relief and endoscopic remission. In this strategy, amino-

salicylates, steroids, and immunomodulators such as thiopurines and

methotrexate were used as first line therapies. If these therapies

failed or were not adequate, treatments were changed to advanced

therapies such as biologics or small molecules. This strategy for dis-

ease management has numerous shortfalls. The primary deficit is that

it lacks any degree of risk stratification and personalization of ther-

apy based on the individual patients and their specific disease char-

acteristics, and patients must get sicker or suffer disease progression

or a complication before they can be moved up to other options.

Furthermore, newer therapies are positioned agnostically to existing

ones. As such, disease and patient related factors (family history of

IBD, young age, smoking history, history of appendectomy, extent

of inflammation, perianal or penetrating disease, endoscopic findings

of deep or large ulcerations, histologic findings such as granulomas

and poor or inadequate response to initial induction therapy), which

may influence a specific therapeutic decision, are not taken into ac-

count. Lastly, the ‘step‐up’ strategy by definition does not provide

guidance for therapy de‐escalation and assumes that the therapy

used for induction will dictate what is later used for maintenance.

Considerations beyond the ‘step up approach’

When choosing a CD therapy, it is important to consider a variety of

factors including the patient's disease activity, severity and duration,

co‐morbid illnesses, the accessibility and affordability of the treat-

ment, the patient's lifestyle and preferences, and the involvement of

extra‐intestinal manifestations. It is necessary to discuss these fac-

tors and choose objective targets in a shared decision‐making pro-

cess with the patient. Another important aspect to consider is that

the benefit to risk ratio is not a constant throughout a patient's

illness. During the acute phase in patients who are symptomatic or

have risk factors for severe disease, a more aggressive approach may

be warranted. This is in contrast to other situations where safety

considerations (elderly, or immune suppressed patients), patient

preference (mode of administration, frequency of dosing) and access

to care (insurance coverage and cost and time to patient) may weigh

in more in the deliberation.

Biologic therapies as a first line treatment

Clinical trials have repeatedly demonstrated that early initiation of a

biologic therapy either alone or in combination with an immune

modulator is superior to immune modulator alone regardless of the

biologic chosen.26,27 However, a question regarding the sequencing

F I GUR E 1 A practical approach to incorporating treat‐to‐
target decision making into clinical practice. Modified from
Christensen and Rubin.25
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of biologics in patients with moderate to severe CD remains. The

SEAVUE study, a randomized, double blind, parallel group, active‐
controlled phase 3b trial, found that ustekinumab and adalimumab

are bot highly effective in treating moderately to‐severely active

Crohn's disease in biologically naïve patients.28 A network meta‐
analysis of 18 clinical trials by Singh and colleagues found that in

biologic‐naïve patients, infliximab and adalimumab ranked the highest

for inducing clinical remission and endoscopic improvement in pa-

tients with moderate to severe CD.29 In patients with prior anti‐TNF
exposure, ustekinumab was superior for the induction of clinical

remission and may be the preferred second‐line agent.30 Similarly, a

comparison of ustekinumab with vedolizumab as a second line

therapy after anti‐TNF found that ustekinumab is more effective in

maintenance, but both are just as effective in induction.31 These data

highlight that factors other than clinical disease severity should help

guide therapy choice, and perhaps the use of certain therapies for

induction and other for maintenance is feasible.

Clinical severity guiding initial therapy choice

The treat‐to‐target paradigm assesses multiple factors affecting

the patient and provides a more personalized and rational

approach to drug selection. A symptomatic patient who is expe-

riencing a significantly reduced quality of life will have very

different treatment goals compared to a patient who is in clinical

remission but still has objective evidence of disease. This highlights

that no single strategy is a perfect fit for all patients, and there

needs to be a certain adaptability in the physician's approach. In

the above example, a symptomatic patient will require a therapy

with rapid induction qualities with the target being symptomatic

remission and return to day‐to‐day functioning. As such, steroids

may be the primary induction agent used and the response to

steroids could inform downstream decisions regarding subsequent

therapy.

Considering disease phenotype and location

Therapy considerations also differ depending on disease phenotype

and location. Perianal involvement, for example, provides unique

therapeutic considerations. In these patients, in whom improvement

or resolution of perianal disease is the target, an aggressive therapy

approach with the use of anti‐TNF as a first line agent in combination
with an immune modulator and antibiotics is most approprite.32,33 In

this scenario, once the target is reached—decrease drainage, closure

of fistula openings—therapy can be de‐escalated with the cessation

of antibiotics and then continued monitoring performed. While

vedolizumab and ustekinumab have also shown to be effective in

treating fistulizing CD, the most robust data are for anti‐TNFs and as
such these should ideally be used as first line therapies in such cir-

cumstances.34,35 Additionally, it has been shown that patients with

colonic CD have greater response rates to vedolizumab when

compared with patients with ileal involvement. These data indicate

that disease location should be taken into account when deciding

upon medications particularly when considering use of

vedolizumab.36

EIMS and co‐existing immune conditions affect
therapy choice

Another factor to consider when choosing a therapy is the presence

of co‐existing immune conditions or EIMs where therapeutic targets

are different and include resolution of skin lesions, joint pain and

inflammation, eye inflammation or neurological outcomes. For

example, in patients with concomitant plaque psoriasis or psoriatic

arthritis, the primary drug considerations should be anti‐TNF,37,38

ustekinumab,39,40 methotrexate,41 or risankizumab,42,43 all shown to

be effective for both conditions. Additionally, JAK inhibitors can be

considered in patients with psoriatic arthritis,37 but by label, after

anti‐TNF therapy has been used. Rizankizumab has been recently

approved for use in patients with moderate to severe CD. However,

its sequencing in relation to ustekinumab is unclear at this time.

Despite this, in patients with moderate‐to‐severe plaque psoriasis,

risankizumab was more effective in achieving a clinical response that

ustekinumab indicating that in patients with both conditions, rizan-

kizumab may be preferable.43 Patients with rheumatoid arthritis

should receive either an anti‐TNF,44 JAK inhibitor,45 or metho-

trexate.46 It is notable that the cytokine IL‐23 is not expressed on

joints and the anti‐integrin therapy vedolizumab may not treat an

independent or parallel joint process either. Currently, JAK inhibitors

are not approved for the treatment of CD. However, the phase 2 and

3 trials of upadacitinib in CD are promising and indicate its use in co‐
existing immune conditions is a viable treatment option.47 Other

EIMS and co‐existing immune conditions are detailed in Figure 2.

Additional considerations for sequencing medications in Crohn's

disease are outlined in Figure 3.

Future directions for therapeutic sequencing
algorithms

Prediction of response to therapy is the subject of ongoing investi-

gation. This interesting and much desired goal is being looked at from

multiple directions. The gut microbiome is of interest and studies

have shown that certain gut microbial signatures may be predictive

of response to vedolizumab, infliximab and ustekinumab.48–50 Of

interest is whether gut microbial manipulation prior to initiating a

biologic can increase response rates. Other studies have shown

certain genomic and proteomic markers can predict treatment

response in CD patients to anti‐TNFs.51–55 Future strategies include
biomarker driven selections and considering combination therapies

including vedolizumab or anti‐IL‐23 plus a JAK inhibitor, or anti‐IL‐23
plus anti‐TNF. Initial data from real‐world studies have shown early

promise and safety of combination biologic therapy.56,57
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F I GUR E 2 Considering therapeutic options based on co‐existing immune conditions or extraintestinal manifestations

F I GUR E 3 Considerations for sequencing of medical therapies in Crohn's disease
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CONCLUSION

The treat‐to‐target management strategy in CD promotes the open

communication between the patient and provider to identify

personalized targets and choose an initial therapy with continuous

monitoring of the targets and optimization of therapies. It in-

corporates both patients' reported symptoms and inflammation

assessed through benchmarked biomarkers and endoscopy to guide

treatment options with the goal of controlling the inflammation,

preventing organ damage and improving quality of life. With the

increasing number of available treatment options for CD, it is

important to consider a variety of factors before choosing a therapy.

Choosing therapies based on activity and severity of the disease, co‐
morbid illnesses, the phase of the disease, and accessibility and

affordability provide a rational approach to sequencing therapies and

may result in improved disease‐related outcomes.
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