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Abstract

 Introduction—Anti-integrin therapy for the treatment of patients with Crohn’s disease is 

rapidly evolving. Two agents, natalizumab and vedolizumab, are approved by the United States 

Food and Drug Administration for the treatment of Crohn’s disease, with vedolizumab the primary 

anti-integrin used due to a more favorable safety profile. Several other anti-integrins are in various 

stages of development.

 Areas Covered—This review discusses the current state of anti-integrin therapy as well as 

suggestions for positioning of these agents in clinical practice. Emerging anti-integrin therapies, 

their underlying mechanisms of action, and available safety and clinical data are also reviewed.

 Expert Opinion—Anti-integrins are effective for the treatment of Crohn’s disease, even in 

patients refractory to other therapies. Their use should be considered in patients with Crohn’s 

disease who do not respond to, develop non-response to, or have contraindications to anti-TNF 

therapy. Anti-integrin therapies can be offered as a first biologic therapy, in particular for older 

patients, patients with concurrent multiple sclerosis (natalizumab only), and in patients with 

contraindications to anti-TNF therapy. In patients with more severe symptoms, providers should 

consider co-induction with corticosteroids if possible to hasten remission.
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 1. Introduction

Inflammatory bowel disease (IBD) consists of two primary subtypes: Crohn’s disease (CD) 

and ulcerative colitis (UC). Both CD and UC are chronic inflammatory disorders of the 

gastrointestinal (GI) tract. Although CD and UC differ with respect to the segments of the 
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GI tract that can be affected, the depth of inflammation (transmural vs. mucosal) that occurs, 

and propensity for developing serious complications, therapeutic options for the treatment of 

moderate to severe CD and UC are similar. Medical therapies commonly utilized in these 

patients include corticosteroids, immune suppressants, and/or biologic agents. Surgery is 

typically offered to patients with disease nonresponsive to medical therapy or to patients 

who develop complications of disease including strictures, fistulas, or intra-abdominal 

abscesses.

Anti-integrin agents, like tumor necrosis factor (TNF)-α inhibitors, are biologic agents 

designed to target molecules that contribute to the development of intestinal inflammation. 

Unlike TNF-α inhibitors, which are antibodies directed against the pro-inflammatory 

cytokine TNF-α, anti-integrin therapy modulates inflammation by binding to integrins that 

contribute to leukocyte trafficking, thereby preventing leukocyte migration into GI mucosa 

and the development of inflammation within these tissues. Potential advantages associated 

with targeting integrins are blockade of an inflammatory pathway alternate to the TNF-α 

pathway, possibly reducing inflammation in patients who would otherwise be deemed 

refractory to medical therapy, and the possibility of decreased side effects compared to a 

drug that acts systemically, particularly if the integrin targeted is expressed only in GI tissue. 

The following review discusses anti-integrin agents that are currently available, novel anti-

integrin therapies under development, and how anti-integrin therapy may impact the future 

treatment of patients with CD.

 2. Background

 2.1. Epidemiology

Both CD and UC are becoming increasingly common, particularly in industrialized nations.

[1] In the United States (US) and Europe, approximately 3.6 million individuals have IBD 

with approximately 30,000 new cases of IBD diagnosed in the US each year.[2] In North 

America, the prevalence of CD is 26–199 cases per 100,000 persons with an incidence of 

3.1–14.6 cases per 100,000 person-years.[3] Most individuals with IBD are diagnosed 

during the second and third decades of life, although a second smaller peak in diagnoses 

occurs after the age of 40 years.[2,4] Data from epidemiologic studies suggests a genetic 

contribution as first-degree relatives of patients with IBD have a five-fold risk of developing 

either CD or UC.[4] In patients with CD, up to 35% of patients have at least one relative 

with IBD.[5] Furthermore, the economic impact of CD is significant with a systematic 

review finding the total economic burden due to CD to be between $10.9 and $15.5 billion in 

the US. Direct costs per patient in the US are approximately $18,500 per patient per year.[6]

Article highlights

• CD is a chronic inflammatory disorder of the GI tract. Medical management 

of CD is generally favored, except for severe cases that may require surgical 

resection.

• Traditional biologic agents target the pro-inflammatory cytokine TNF-α. 

Anti-integrins block efflux of immune cells from the vascular compartment 

into GI mucosal tissues.
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• In the United States, two anti-integrin agents, natalizumab and 

vedolizumab, are approved for the treatment of CD. Several additional anti-

integrin molecules are in various stages of development.

• Natalizumab is linked to the development of PML, an often fatal neurologic 

disease.

• Vedolizumab gained regulatory approval in 2014 and is not linked to PML.

• Anti-integrin molecules may be used to induce and maintain remission in 

patients with CD.

• Anti-integrins can be used for maintenance therapy in patients who undergo 

induction therapy with corticosteroids. They may also be used in patients 

who do not respond to, who lose response to, or in those with 

contraindications to anti-TNF therapy.

• Additional data demonstrating efficacy of novel anti-integrin agents for the 

treatment of CD will be required prior to their introduction to the market.

• Continued development and eventual regulatory approval of additional anti-

integrins for the treatment of UC is expected.

This box summarizes key points contained in the article.

 2.2. Pathophysiology

Multiple factors contribute to the development of IBD, including environmental exposures, 

aberrant host immune responses, genetic predisposition, and the composition of luminal 

microbes.[7,8] Environmental exposures linked to the development of CD include smoking, 

diet, oral contraceptives, infections, vaccinations, and childhood factors [7]; however, only 

smoking has been linked definitively to CD pathogenesis. [9] With regard to genetics, a total 

of 163 loci have been linked to IBD, 140 of which are linked to both CD and UC or to CD 

alone.[10] Specific genes implicated in the development of CD include NOD2, IL23R, 
TNFSF15, ATG16L1, and TLR4.[7] In CD a variety of leukocytes including macrophages, 

neutrophils, T lymphocytes, and dendritic cells, contribute to the inflammatory milieu.[11] 

In CD, innate immune cells such as macrophages and dendritic cells, which are typically 

conditioned to be noninflammatory and induce tolerance, display an activated phenotype and 

enhanced production of pro-inflammatory cytokines.[7] In addition, antibody production by 

B cells is increased along with T-cell production of Th1 and Th17 cytokines.[7]

 2.3. Treatment options

A variety of treatment options exist for patients with CD, including antibiotics, 5-

aminosalicylates, corticosteroids, immune suppressants, and/or biologic therapy. Medical 

therapy is typically selected based on the severity of symptoms, likelihood of recurrent 

symptoms developing, and whether remission is being induced or maintained. Surgery 

remains the treatment of choice in patients who develop complicated CD such as strictures, 

fistulas, or intra-abdominal abscesses. Complications associated with CD are common, with 

up to 80% of patients undergoing surgery during their lifetime.[12] Biologic therapy has 
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previously been used after failure or intolerance of conventional therapy. More recently, 

however, anti-TNF therapy has been used earlier in a patient’s disease course or even at the 

time of diagnosis, particularly in patients at increased risk for the development of 

complicated CD. Unfortunately, up to 40% of CD patients do not respond to induction 

therapy with TNF-α inhibitors with an additional 40% losing response over time.[13] 

Strategies such as dose escalation or narrowing of dosing interval can recapture response in 

the majority of patients.[14] Changing therapy to a second TNF-α inhibitor can also be 

effective although this effect typically wanes over time.[14] In addition to TNF-α inhibitors, 

anti-integrin therapies have also been developed for the treatment of patients with CD and 

UC. At present, natalizumab and vedolizumab are the only two anti-integrin agents approved 

by the US Food and Drug Administration (FDA) for use in CD.

 2.4. Leukocyte trafficking and IBD

An influx of leukocytes, including T cells, into gut mucosa occurs in patients with active 

IBD. T cells are implicated in the development of chronic inflammatory states and, when 

activated, contribute to the pro-inflammatory cytokine profiles observed in gut mucosa from 

patients with active CD and UC. Although leukocyte infiltration and derangements in 

intestinal barrier function are both observed, the inciting factor that leads to these events 

occurring has not been definitively identified. Nonetheless, leukocytic infiltration of affected 

intestinal mucosa contributes to an environment of pro-inflammatory cytokines ultimately 

resulting in clinical disease.

Leukocyte extravasation from the vascular compartment into intestinal mucosa is a highly 

coordinated and complex process involving interactions between surface receptors on 

leukocytes and their ligands on vascular endothelial cells. Several steps – tethering/rolling, 

activation, adhesion, and extravasation/migration – occur allowing immune cells to enter 

stromal tissues (Figure 1). Initially, transient interactions develop between leukocytes and 

endothelial cells, decreasing the speed of leukocytes relative to the endothelial surface. 

When sufficiently slowed, leukocytes ‘roll’ along the endothelium permitting integrins 

expressed on leukocytes to interact with their ligands on endothelial cells. During this 

process, leukocytes are exposed to pro-inflammatory cytokines, which further enhance 

binding between integrins and their ligands readying them to cross the endothelial surface 

and ultimately enter GI mucosa.[15–17]

Integrins, which play a critical role in leukocyte trafficking and extravasation from the 

vascular compartment into target tissues, are heterodimers and consist of an α and β subunit. 

In total, 18 α subunits and 8 β subunits have been identified. The integrins α4β1, α4β7, 

αEβ7, and αLβ2 have been implicated as receptors that contribute to leukocyte trafficking. 

Consequently, they have been identified as potential pharmacologic targets with efforts 

being made to manipulate or block these integrins, their subunits, and/or their ligands in 

order to prevent or reduce leukocyte influx into target tissues.[18] The following manuscript 

discusses the current state of anti-integrin therapy for the treatment of patients with CD as 

well as emerging therapies currently undergoing clinical trials.
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 3. Available agents

 3.1. Natalizumab

The first anti-integrin agent approved for use in patients with CD was natalizumab, a 

monoclonal antibody directed against the α4-integrin chain. By targeting α4, natalizumab 

blocks both the α4β1 and α4β7 integrins. The International Efficacy of Natalizumab in 

Crohn’s Disease Response and Remission (ENCORE) study demonstrated that natalizumab 

was effective for inducing clinical response and remission in 509 patients with moderate to 

severely active CD with objective evidence of inflammation (Table 1).[19] Patients were 

randomized to natalizumab 300 mg or placebo administered intravenously at weeks 0, 4, and 

8 with a primary end point of clinical response, defined as ≥70 point decrease in the Crohn’s 

Disease Activity Index (CDAI) at week 8 that was sustained through week 12. Clinical 

response was achieved in 48% of patients receiving natalizumab compared to 32% of those 

receiving placebo (p < 0.001) with sustained remission observed in 26% of patients 

receiving natalizumab compared to 16% of patients receiving placebo (p = 0.002).[19]

ENACT-2 examined the ability of natalizumab to act as a maintenance agent in patients with 

active CD (Table 1). A total of 339 patients who had an initial response to natalizumab 

received either 300 mg of natalizumab or placebo every 4 weeks for 56 weeks. The primary 

end point was sustained clinical response (≥70 point decrease in CDAI) through week 36 

with clinical remission (CDAI < 150) being a secondary end point. At week 36, clinical 

response was achieved in 61% of patients receiving natalizumab compared to 28% of those 

receiving placebo (p < 0.001). Clinical remission was maintained in 44% of patients 

receiving natalizumab compared to 26% of those receiving placebo (p = 0.003).[20]

Although natalizumab is effective for the induction of clinical response and remission in 

patients with moderate to severely active CD, its use is associated with the development of 

progressive multifocal leukoencephalopathy (PML), a rare but often fatal neurologic disease. 

Two multiple sclerosis and one CD patient receiving natalizumab developed PML in 

postmarketing surveillance. Because of this, natalizumab was withdrawn from the market by 

the US FDA and later reintroduced under a special prescribing program for the treatment of 

multiple sclerosis.[21] In 2008, natalizumab was granted approval for the treatment of CD, 

but prescribers were required to participate in a monitoring program.[22] Factors 

contributing to the development of PML include ≥2 years of natalizumab therapy, prior 

exposure to immune suppressants, and John Cunningham virus seropositivity. The overall 

incidence of PML in patients exposed to natalziumab is approximately 1.4 cases per 1000 

patient years (95% CI: 1.20–1.72).[21] More recently, the use of natalizumab has largely 

been supplanted by vedolizumab, which has similar efficacy to natalizumab,[23] but has not 

been linked to PML.

 3.2. Vedolizumab

Vedolizumab is a humanized monoclonal IgG1 antibody that blocks the α4β7 integrin 

heterodimer without binding to the α4β1 integrin. By only binding α4β7, vedolizumab 

prevents leukocyte extravasation into GI mucosa as mucosal vascular addressin cell adhesion 

molecular 1 (MAdCAM-1), α4β7’s ligand, is expressed on the endothelial surface of venules 
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and lymphoid tissue within the GI tract.[24] Unlike natalizumab, vedolizumab does not bind 

α4β1. As a result, the ability of α4β1 to bind its ligand, vascular cell adhesion protein 1 

(VCAM-1) is preserved (Figure 1), permitting continued immune surveillance within the 

central nervous system (CNS) and theoretically eliminating the risk of PML. Preliminary 

studies indicated that vedolizumab does not affect T-cell recruitment to the cerebrospinal 

fluid (CSF) nor does it affect immune surveillance of the CNS.[25,26]

The efficacy of vedolizumab for the treatment of CD was demonstrated in the GEMINI 

studies [27,28] (Table 2). Investigators conducted two randomized, double-blind, placebo-

controlled trials of vedolizumab in patients with active CD. One trial was an induction trial 

and included 368 patients assigned to receive vedolizumab or placebo at weeks 0 and 2 and 

747 receiving open-label vedolizumab at weeks 0 and 2. Disease activity was assessed at 

week 6. Approximately 15% of patients receiving vedolizumab were in clinical remission at 

week 6 versus 7% of patients receiving placebo (p = 0.02). The second trial examined the 

effects of vedolizumab maintenance therapy. A total of 461 patients who responded to 

vedolizumab were randomly assigned to receive placebo or vedolizumab until week 52. In 

patients receiving vedolizumab every 8 weeks, 39% were in clinical remission at week 52 

versus 22% of those receiving placebo (p < 0.001).[27] Vedolizumab was also found to be 

effective for the treatment of patients with UC, with 47% of UC patients receiving 

vedolizumab attaining clinical response compared to 26% of those receiving placebo (p < 

0.001).[28] Based on the data from the above studies, vedolizumab gained approval from the 

US FDA for the treatment of moderate to severe CD and UC on 20 May 2014.[29]

A subsequent meta-analysis comparing the efficacy of natalizumab and vedolizumab found 

that both agents have similar efficacy in inducing remission and response in anti-TNF-naïve 

and anti-TNF-exposed patients with similar safety profiles and an absence of PML in 

patients treated with vedolizumab.[23,30]

 4. In development

 4.1. Etrolizumab

Etrolizumab (rhuMAb β7) is a humanized IgG1 monoclonal antibody that targets the β7 

subunit of the α4β7 and αEβ7 integrins, preventing binding between these integrins and their 

ligands MAdCAM-1 and E-cadherin, respectively.[31] As described above, leukocyte 

migration into gut mucosal tissues is regulated in part by interactions between α4β7 on the 

surface of leukocytes and MAdCAM-1 expressed on endothelial cells. Unlike α4β7, αEβ7 is 

expressed on mucosal intraepithelial T cells and binds E-cadherin on epithelial cells. It is 

thought that αEβ7/E-cadherin-1 binding promotes T-cell retention within mucosal tissues.

[32–34] Expression of αEβ7 is increased in both active UC and CD [35,36] and blockade of 

this integrin has been shown to attenuate colitis in animal models.[37] Animal studies have 

also shown that blockade of the β7 subunit of α4β7 and αEβ7 reduces lymphocyte homing to 

GI mucosa.[38,39] By targeting both α4β7 and αEβ7, it is thought that inflammation can be 

modulated by decreasing leukocyte recruitment into GI mucosa as well as by decreasing 

leukocyte retention within the gut.[31]
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A phase I study examined the safety and pharmacology of etrolizumab in patients with 

moderate to severe UC. No dose-limiting toxicities were noted, nor did patients develop 

infusion or injection site reactions. Clinical response was observed in 12 (66%) etrolizumab-

treated patients compared to 4 (80%) placebo-treated patients. Three (16%) etrolizumab-

treated patients were in clinical remission compared to 1 (20%) placebo-treated patient. 

Anti-etrolizumab antibodies developed in two patients (5%) who received drug [31] (Table 

3).

The results from a double-blind, placebo-controlled, randomized, phase II study examining 

the ability of etrolizumab to induce remission in patients with moderate to severely active 

UC were recently published.[40] Patients with a Mayo Clinic Score (MCS) of ≥5 (≥6 in the 

US) and disease extending ≥25 cm from the anal verge were randomized to one of two doses 

of etrolizumab or to placebo. The primary end point was clinical remission which was 

defined as a MCS of ≤2. A total of 124 patients were randomized with 119 patients 

ultimately enrolled. No patients in the placebo group were in clinical remission at week 10. 

Eight (21%) patients in the etrolizumab 100 mg group (p = 0.004) and 4 (10%) in the 300 

mg group (p = 0.048) achieved clinical remission at week 10. Clinical response did not differ 

between treatment arms with 39 (33%) patients in the etrolizumab 100 mg group, 39 (31%) 

patients in the 300 mg group, and 41 (29%) patients in the placebo group achieving clinical 

response at week 10. Serious adverse events occurred in five (12%) etrolizumab 100 mg 

subjects, two (5%) etrolizumab 300 mg subjects, and five (12%) placebo subjects [40] 

(Table 3).

A phase III study examining the safety and efficacy of etrolizumab in patients with 

moderately to severe active CD is currently recruiting patients.[47] Phase III studies 

examining the safety and efficacy of etrolizumab in UC patients are also currently underway 

[48] as are studies examining its efficacy in patients naïve to TNF-α inhibitors [49–52] and 

in patients refractory or intolerant of TNF-α inhibitors.[53] At present, etrolizumab holds 

promise as an alternative agent for the treatment of patients with moderate to severe UC; 

however, its efficacy in patients with CD remains unclear.

 4.2. AJM300

AJM300 is an orally administered humanized anti-α4 integrin antagonist, preventing α4β1 

from binding VCAM-1 and α4β7 from binding MAdCAM-1. It is effective in attenuating 

murine models of colitis.[54] A randomized, double-blind, placebo-controlled multicenter 

trial was performed to evaluate the safety, efficacy, and dose response of AJM300 in patients 

with CD. Seventy-one patients with active CD were randomized to receive AJM300 40 mg, 

AJM300 120 mg, AJM300 240 mg, or placebo three times daily for 8 weeks (Table 3). 

Patients had a CDAI of ≥150 and an abnormal C-reactive protein (CRP). The primary end 

point was a decrease in CDAI from baseline to week 4 or later. Secondary end points were 

clinical response defined as a ≥70 point decrease in CDAI. CDAI decreases were greater in 

all three AJM300 groups when compared to placebo; however, no significant difference in 

clinical response was observed in patients receiving AJM300 when compared to placebo. 

The safety profile of AJM300 was favorable.[41] A full manuscript describing the safety and 

efficacy of AJM300 in patients with CD has not been published.
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Data from a phase II study examining the efficacy of AJM300 for treating moderately active 

UC in 102 patients who had an inadequate response or intolerance to 5-amino-salicylic acid 

or corticosteroids was recently published (Table 3). Patients were randomized to receive 

AJM300 960 mg or placebo three times daily for 8 weeks. The primary end point was 

clinical response at week 8. Patients receiving AJM300 were significantly more likely to 

achieve a clinical response (63% vs. 26%) and clinical remission (24% vs. 3.9%) compared 

to patients receiving placebo. Mucosal healing rates were also significantly greater in the 

AJM300 groups (59% vs. 29%). No serious adverse events were detected.[42]

 4.3. AMG 181

AMG 181 is an IgG2 humanized monoclonal antibody directed against the α4β7 integrin. 

The in vitro pharmacology of AMG 181 was studied in cynomolgus monkeys for up to 13 

weeks and favorable pharmacokinetic, pharmacodynamic, and safety profiles were observed,

[18] prompting further study in humans. A phase I clinical trial enrolled 68 healthy male 

subjects who received a single dose of AMG 181 at varying doses or placebo. In addition, 

three UC patients received AMG 181 and one UC patient received placebo. At day 43, two 

UC patients receiving AMG 181 were in remission and one UC patient had achieved clinical 

response. All three UC patients had mucosal healing. The patient who received placebo did 

not achieve a clinical response, clinical remission, or mucosal healing. No serious adverse 

events were reported [43] (Table 3).

A randomized, double-blind, placebo controlled, multiple dose study to evaluate the efficacy 

of AMG 181 in patients with moderate to severe CD is underway. The primary end point of 

the study is clinical remission, defined as CDAI < 150, at week 8. Up to 80% of patients 

recruited for this study may have had prior anti-TNF exposure. Patients must have had an 

inadequate response or loss of response or intolerance to immune suppressants and/or anti-

TNF agents or corticosteroids. After completing the double-blind portion of the trial, 

subjects may enter an open-label extension during which AMG 181 will be administered at a 

single dose. Patients who do not achieve improvement or who develop worsening disease 

will be eligible to enter the open-label phase of the study early.[55] This study is no longer 

recruiting participants, but results have not yet been made available.

 4.4. PF-00547659

PF-00547659 is a fully human IgG2 monoclonal antibody directed against MAdCAM-1, 

blocking its ability to act as a ligand to α4β7. A phase I study enrolled 80 patients with 

active UC who received single or multiple doses of PF-00547659 or placebo (Table 3). At 

week 4, 52% of patients receiving PF-00547659 achieved a clinical response compared to 

32% of those receiving placebo (p = 0.102). At week 12, 42% of patients receiving 

PF-00547659 achieved a clinical response compared to 21% of those receiving placebo (p = 

0.156). There was no difference in clinical remission rates at week 4 between patients 

receiving PF-00547659 and placebo (13% vs. 11%, p = 0.551), but there was a trend toward 

significance at week 12 with 22% of PF-00547659 patients achieving clinical remission 

compared to none of those receiving placebo (p = 0.056). Although there was a trend toward 

endoscopic response and remission in the PF-00547659 group at week 4, this was lost by 

week 12. Adverse event rates were similar between patients receiving placebo and those 
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receiving PF-00547659. In addition, a trend toward an increase in circulating α4β7 

lymphocytes was observed in patients receiving PF-00547659.[44]

Preliminary results from a randomized, multicenter, double-blind, placebo-controlled, dose-

ranging study to evaluate the efficacy and safety of PF-00547659 in patients with CD were 

presented at Digestive Disease Week (DDW) 2015 (Table 3). This phase II study enrolled 

267 patients. The primary end point was a ≥70 point decrease in CDAI at week 8 or week 

12. Secondary end points included remission, ≥100 point decrease in CDAI, and safety. 

Subjects must have failed or been intolerant of TNF-α inhibitors and/or immune 

suppressants, have a CRP > 3 mg/L, and ulcerations on colonoscopy. No statistically 

significant difference in CDAI-70 response was observed between subjects receiving 

PF-00547659 (58–62%) and those receiving placebo (59%); however, remission rates at 

week 12 in subjects with a baseline CRP > 18 mg/L were higher in PF-00547659 treated 

subjects when compared to those receiving placebo. Molecular analysis demonstrated that 

soluble MAdCAM levels were lower in subjects receiving PF-00547659. Similarly, a dose-

related increase in β7+ lymphocytes was observed in those receiving PF-00547659, 

indicating that PF-00547659 is pharmacologically active. The authors argued that no 

difference in primary end point was observed due to a high placebo response rate.[45,56]

 4.5. Alicaforsen

Alicaforsen (ISIS 2302) is an antisense oligodeoxynucleotide that inhibits expression of 

intercellular adhesion molecular 1 (ICAM-1). ICAM-1 is a member of the immunoglobulin 

superfamily and is expressed on vascular endothelial cells and leukocytes. ICAM-1 binds β2 

integrins, among other molecules, and facilitates leukocyte migration from the vascular 

space.[57] ICAM-1 also signals T cells during antigen presentation [58] and facilitates 

cytotoxic T cell, natural killer cell, and neutrophil damage of target cells.[59] Preventing 

ICAM-1 expression was considered a potential therapeutic target in CD as ICAM-1 

expression is upregulated in patients with IBD and also increased in the setting of increased 

TNF-α production.[46]

Two double-blind, placebo-controlled studies examined the ability of alicaforsen or placebo 

to induce remission in 331 patients with active CD. Alicaforsen was administered three 

times weekly for 4 weeks. This study failed to demonstrate a difference in primary end point 

(Table 3), which was clinical remission by week 12 (alicaforsen 34% vs. placebo 34%). 

Alicaforsen was well tolerated although infusion reactions occurred more frequently in the 

alicaforsen group. The authors posited several explanations for the lack of efficacy including 

onerous dosing schedule, inclusion of refractory CD patients, and/or inclusion of patients 

with noninflammatory causes of symptoms as only 3% of patients had a CRP ≥ 10 mg/L.

[46] We are unaware of any further studies exploring the efficacy of alicaforsen in either 

patients with CD or UC, although a study examining topical alicaforsen in antibiotic 

refractory pouchitis is planned.[60]

 5. Conclusions

Continued investigation of agents that modulate inflammation within the GI tract, including, 

but not limited to, anti-integrin therapies is clearly warranted. In addition to anti-integrin 
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therapies, drugs targeting cytokines continue to be developed for use in CD. Examples 

include ustekinumab (anti-p40 [IL-12/IL-23]), brodalumab (anti-IL-17), AMG 139 (anti-

p19), BE-8 (anti-IL-6), and tocilizumab (anti-IL-6 receptor).[61] In addition to targeting pro-

inflammatory cytokines directly, anti-inflammatory cytokine, anti-T-cell therapy, and 

hormone therapy are also being studied for use in CD.[61] Orally active molecules represent 

promising new therapies as they will be easier to administer compared to intravenous 

infusions or subcutaneous injections. Tofactinib is a JAK1/JAK3 inhibitor that 

mechanistically decreases the downstream generation of pro-inflammatory cytokines. It is 

currently being studied for the treatment of both CD and UC patients, as are other JAK 

inhibitors. Mongersen is an orally administered antisense oligonucleotide that is being 

studied in patients with active CD. Mongersen inhibits SMAD7, which itself inhibits 

transforming growth factor β1, an anti-inflammatory cytokine.

New therapies continue to be approved and developed for the treatment of patients with 

IBD. Anti-integrins are the newest class of biologic approved for the treatment of CD and 

UC. These agents have an important role in the treatment of patients with an inadequate 

response, loss of response, or intolerance of anti-TNF biologics. Despite being available for 

use, many gastroenterologists are unfamiliar with administering these agents. It is likely that 

these agents will be used more frequently as a first biologic if vedolizumab’s long-term 

safety profile continues to be excellent, as expected. In addition, providers await 

retrospective and prospective studies detailing the use of anti-integrin agents in clinical 

practice. In particular, it will be interesting to see if pharmacodynamic data emerges to help 

providers optimize treatment based on drug levels. It is also critical that novel diagnostics be 

developed to assist providers in identifying which patients are more likely to benefit from 

specific therapies (personalized medicine). These diagnostics will allow providers to move 

away from a one-size-fits-all approach to treatment. At present, a significant number of 

patients have refractory or aggressive CD and are subjected to multiple surgical 

interventions and long-term complications. Identifying these patients early in the disease 

course and offering more aggressive treatment with biologic agents (like anti-integrins) is 

expected to improve outcomes.

Anti-integrins, such as vedolizumab, are effective for the induction and maintenance of 

response/remission in patients with CD and UC. Because of a slower onset of action, it may 

take up to 10 weeks to attain a response. Providers can consider co-induction with 

corticosteroids in patients with greater disease activity. Vedolizumab has largely supplanted 

natalizumab given its improved safety profile. Vedolizumab is appropriate for patients with 

an inadequate response, loss of response, or intolerance to anti-TNF agents. Earlier use of 

vedolizumab will likely occur with expanded use of the drug and as information emerges 

regarding long-term safety. Vedolizumab may be a preferred biologic in subsets of patients 

eligible for biologic therapy such as patients with a contraindication to anti-TNF biologics 

and in older patients with IBD.

We expect that anti-integrins will continue to be developed for the treatment of patients with 

IBD. As additional data emerges and experience is gained, these agents will be used more 

commonly and effectively, and may, in fact, offer an enhanced safety profile compared to 

TNF-α inhibitors.
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 6. Expert opinion

Although a variety of medications and biologic agents exist for the treatment of patients with 

CD, a significant number of patients do not respond to or lose response to anti-TNF therapy. 

Anti-integrin therapy offers a different mechanistic target than anti-TNF therapy, affording 

the opportunity to modulate inflammation in patients who may suffer from ‘non-TNF-α’ 

mediated inflammation. By targeting integrins, it is possible that symptoms can be improved 

and inflammation reduced in patients who are primary nonresponders to anti-TNF therapy as 

well as those who lose response to anti-TNF therapy over time (Figure 2).

Vedolizumab, which has largely supplanted natalizumab because it does not cross into the 

CSF and to date has not been linked to the development of PML, is more effective than 

placebo for inducing and maintaining remission in patients with active CD and has similar 

efficacy to natalizumab for the treatment of CD.[23] Despite this, over half of patients with 

CD experience either no response or an incomplete response to vedolizumab therapy. A 

greater proportion of vedolizumab-treated patients were in remission at week 10 when 

compared to patients receiving placebo (26.6% vs. 12.1%, p = 0.001).[30] This study, among 

others, suggests that examining response to vedolizumab at week 6 may be premature and 

matches our anecdotal experience that response to vedolizumab is typically not observed 

until at least week 8–10. This observation is further supported by an abstract presented at 

DDW 2014 which showed that a proportion of week 6 nonresponders to vedolizumab 

attained a CDAI-100 response after week 6.[62]

Despite the improved safety profile of vedolizumab compared to natalizumab, its efficacy, 

particularly for the treatment of patients with CD, does not appear to be superior to anti-TNF 

biologics. Perhaps its greatest limitation is that the onset of action is slow, limiting its use in 

patients with severely active disease. These patients require co-induction with 

corticosteroids, with vedolizumab used to maintain a steroid-induced remission. Even so, 

from a mechanistic perspective, targeting integrins that facilitate leukocyte extravasation into 

GI mucosa appears to be a sound strategy for treating inflammation in patients with IBD. 

Consequently, several other biologic agents targeting integrins continue to be developed.

Of the anti-integrin agents currently in development, only alicaforsen has data published in 

manuscript form regarding its efficacy for the treatment of patients with CD. Etrolizumab, 

AJM300, AMG 181, and PF-00547659 are in varying stages of premarketing studies for the 

treatment of UC. Clinical trials studying the efficacy of AJM 300 and AMG 181 for the 

treatment of patients with CD are either underway or were recently completed, but these 

data have not been presented. Preliminary data regarding the efficacy of PF-00547659 was 

presented at DDW 2015,[45] but has not yet been presented in manuscript form. At present, 

etrolizumab is closest to gaining regulatory approval as it is in phase III trials, although this 

would be for the treatment of patients with UC as no published data exists regarding its 

efficacy for the treatment of patients with CD.

In four of five anti-integrin agents currently being developed, clinical trials have focused on 

the ability of these agents to treat patients with UC, not patients with CD. The reason for the 

lack of development of these agents in CD is not clear. Studies may have been conducted 
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only in subjects with UC, but the possibility exists that further studies are not being planned 

due to lack of demonstrated efficacy in this population. If so, this would run counter to the 

initial anti-integrin experience with efficacy of both natalizumab and vedolizumab 

demonstrated in patients with CD. Regardless, the lack of data presented in CD for anti-

integrins currently being developed is a cause for concern and may reflect a therapeutic 

limitation in newer agents that have not yet come to market. Natalizumab and vedolizumab 

both, however, prove that targeting integrins is an effective mechanism for the treatment of 

CD and, as such, continued development of anti-integrins is warranted. As with anti-TNF 

therapy, it has been shown that antibodies can develop to vedolizumab. Having other agents 

available within this drug class will provide patients with options for continued integrin 

blockade if they lose response to their initial anti-integrin agent.

It is clear that the anti-integrin field will continue to develop over the coming years. Even if 

more promising data does not emerge regarding the efficacy of agents in development for the 

treatment of CD, data does exist suggesting a role for their continued development for the 

treatment of patients with UC. It is very likely that additional anti-integrins will come to 

market and gain approval at least for use in patients with UC.

Regarding vedolizumab, whether it is equally effective in CD and UC is currently being 

investigated. The phase III GEMINI studies, which demonstrated the ability of vedolizumab 

to maintain remission in UC and CD, examined response rates when compared to placebo at 

week 6. In CD, 31.4% of subjects responded to vedolizumab compared to 25.7% of those 

receiving placebo (p = 0.23).[27] This difference did not reach statistical significance with a 

delta value of only 5.7%. In UC, 47.1% of subjects responded to vedolizumab compared to 

25.5% of those receiving placebo (p < 0.001). [28] This difference was statistically 

significant with a delta value of 21.6%. It has been suggested that these data indicate that 

vedolizumab is more effective for treating UC than CD; however, it is not clear that week 6, 

the time point used in the GEMINI studies, is the most appropriate to assess vedolizumab’s 

efficacy. It is also difficult to compare response to treatment across different studies due to 

differences in the disease states and populations. CD is a much more heterogeneous disease 

than UC. CD disease course is frequently complicated by stricturing and penetrating 

complications which are less likely to response to anti-integrin therapy. Although excluded 

from clinical trials, these patients may be inadvertently included in pivotal trials. In addition, 

there is often a disconnect between disease activity and subjective symptoms in patients with 

CD. Other mechanisms for abdominal pain and diarrhea such as postsurgical changes, small 

intestinal bacterial overgrowth, concurrent psychiatric disease, and superimposed irritable 

bowel syndrome often increase disease activity scores resulting in lower response rates. In 

addition, patients treated with vedolizumab as part of the pivotal CD trials were more likely 

to be treated with an anti-TNF, including treatment with two or more anti-TNF agents. A 

recent study determined response rates in 172 refractory IBD patients (107 CD, 59 UC, and 

6 IBD of undetermined type) treated with vedolizumab at two large academic centers; 49% 

and 54% of patients with CD and UC responded to treatment, respectively.[63] This 

difference was not statistically significant. These patients differed significantly from those in 

the GEMINI studies, with only 35% meeting eligibility criteria for GEMINI. Over 70% had 

failed at least two anti-TNFs. Of those who were on steroids, over 70% were off of steroids 
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by week 14. The authors argued that these data provide further evidence supporting 

vedolizumab’s efficacy, even in a highly refractory, real-world population.

At present, vedolizumab is the de facto sole anti-integrin biologic available for the treatment 

of patients with CD. Since its efficacy is similar to natalizumab and side-effect profile is 

more favorable, our practice has been to treat patients refractory to or intolerant of anti-TNF 

therapy with vedolizumab. We also consider vedolizumab as ‘first-line’ biologic therapy in 

patients with contraindications to anti-TNF therapy and in older patients. We no longer offer 

natalizumab to patients with CD due to the risk of developing PML unless they have 

concurrent multiple sclerosis. Patients who were treated with natalizumab prior to 

vedolizumab becoming available have been transitioned to vedolizumab therapy.
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Figure 1. 
Leukocyte extravasation into gut mucosa.[17] (A) Leukocyte recruitment into gut mucosa 

occurs in stages and depends on interactions between receptors and ligands expressed on 

leukocytes and the endothelial surface. (B) Natalizumab prevents leukocyte extravasation by 

binding α4, causing pharmacologic inhibition of the α4β1 and α4β7 integrins. (C) 

Vedolizumab is more selective as binding is directed against the α4β7 integrin, inhibiting 

leukocyte migration into gut mucosa without off-target effects from binding α4β1. Adapted 

from [17] with permission
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Figure 2. 
Proposed algorithm for treatment of moderate to severe Crohn’s disease. Remission may be 

induced either with corticosteroid therapy (intravenous or oral) with transition to 

maintenance therapy using anti-TNF agents, immune suppressants, combination therapy 

(anti-TNF therapy with immune suppressant), or anti-integrin therapy with or without 

immune suppressant. In patients in whom remission is induced with anti-TNF agents, that 

agent is continued for maintenance therapy if the patient responds to induction therapy. In 

cases of primary nonresponse to anti-TNF induction, remission may be induced with 

corticosteroid therapy. In that case, either an immune suppressant or anti-integrin agents 

with or without an immune suppressant may be used for maintenance therapy. * Anti-TNF 

and immune suppressant (azathioprine, mercaptopurine, methotrexate). ** Consider addition 

of immune suppressant, rather than switching within or outside of drug class, in patients 

with low titer antibodies. NB: In symptomatic patients, active disease should be confirmed 

prior to therapeutic changes. In addition, therapeutic drug monitoring should be performed, 

if available (infliximab, adalimumab, azathioprine, mercaptopurine) to ensure dose 

optimization.
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