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Abstract 

Crohn's Disease (CD) is a chronic inflammatory, relapsing and remitting condition that leads 

to structural damage of the bowel wall. It can be located in any part of the gastrointestinal 

tract with associated extra-intestinal manifestations. It varies in severity having many 

complications resulting in significant morbidity. In the past decade medical management of 

CD has evolved rapidly and with ongoing research it continues to show promising novel 

therapies. In this article we aim to give an overview of current literature on old and new 

therapy options for luminal CD looking at data including their efficacy and safety. With new 

oral biologic therapies such as the Janus Kinase inhibitor and gut specific targeted therapies 

developing their place in this ever growing marketplace treatment options for physicians are 

going to become even more challenging.  
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1. Introduction 

Inflammatory bowel diseases (IBD), Ulcerative Colitis (UC) and Crohn's Disease (CD), are chronic, 

intermittent and, debilitating conditions. The prevalence of IBD in the UK is 0.5-1% with an 

estimated 600,000 people thought to be affected [1]. The aetiology remains unknown but it is 

thought to be a combination of genetic susceptibility with an environment trigger leading to an 

inappropriate up regulated mucosal immune response [2]. In addition CD has an increased 

mortality of up to 50% when compared to the background population [3].  

Up until the 1960s, when studies reported the efficacy of steroids in CD, the fundamental 

treatment was supportive care and surgery [4]. Since then treatment has radically evolved. 

Current treatment involves glucocorticosteroids, 5-aminosalicylates, immunomodulators and 

biologics, of which includes, anti-tumour necrosis factor (anti-TNF) agents, interleukin-12/23 

inhibitor (ustekinumab) and α4β7 integrin inhibitor (vedolizumab) and potential novel oral 

therapies. 

Current treatment for CD is directed at inducing and maintaining clinical response and 

remission, with the ultimate aim of improvement in patient reported symptoms, prevention of 

disability, biomarker remission and complete endoscopic mucosal healing [5]. The wide variability 

in disease extent, and severity, alongside an ever-growing range of therapies can make decisions 

regarding treatment challenging. With developing therapies targeting lymphocyte trafficking, 

direct interleukin 23 inhibition and the specific janus kinase inhibitors this decision will 

undoubtedly become more complicated. In this article we provide an overview of existing data on 

old and new therapies for CD to help clinicians evaluate their current and potential future role in 

management. 

2. Materials and Methods 

A comprehensive evidence based electronic search in English using the PubMed database 

between 1965 to January 2019 was conducted. Key terms used included "inflammatory bowel 

disease", "Crohn's Disease", “therapies”, “treatments”, "5- aminosalicylic acid, 5-ASA", 

“corticosteroids”, “prednisolone”, ”azathioprine”, ”thiopurines “, ” methotrexate“, "anti TNF”, 

"infliximab", "adalimumab", "certolizumab pegol", " natalizumab", "vedolizumab", "ustekinumab", 

"tofacitinib", "upadacitinib" and "autologous haematopoietic stem cell therapy"  

To include most up-to-date data a further search was conducted via the Congress of the 

European Crohn's and Colitis Organisation (ECCO), United European Gastroenterology Week 

(UEGW) and Digestive Disease Week (DDW) abstract database. Key terms used include "Crohn's" 

and "phase". Reference lists from retrieved articles were also examined to identify any additional 

studies of relevance. 
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3. Old and New Therapies 

3.1 Anti-Inflammatory Therapies  

3.1.1 5- Aminosalicylic Acid, 5-ASA  

5- aminosalicylic acid (5-ASA), is first line therapy in patients with mild-moderate UC and is 

widely used in standard treatment for mild to moderate-severe UC. The actual benefits of 5-ASA in 

CD are controversial. Its role in maintenance therapy as well as post-surgical resection has been 

reviewed. 

In 1993 a GETAID study divided patients into two groups, presumed high risk for early relapse 

or lower risk. Patients were given Pentasa, ® Ferring pharmaceuticals, 2g/day for 2 years. In the 

high risk of relapse group Pentasa reduced the relapse rate compared with placebo (29% versus 

45%, p = < 0.003) [6]. A further study found that mesalazine reduced clinical relapse rates overall 

compared with placebo (25% versus 36%) but not reaching statistical significance [7]. A meta-

analysis in 2011 reported that both sulfasalazine and mesalamine were ineffective in preventing 

relapse in patients with quiescent CD, but in a per protocol analysis mesalamine appeared to 

reduce the risk of relapse (RR=0.79; 95% CI=0.66-0.95, NNT=13) [8].  

In regards to its role in the prevention of post-surgical relapse one study (after three years 

follow up) reported that 31% of patients treated with mesalazine 3g/day post resection had 

clinical recurrence compared with 41% in the control group (p = 0.031) [9]. Another showed 

mesalazine (asacol) 2.4g/day reduced clinical and endoscopic recurrence rates at 24 months but 

the significance of these results are questionable as the study was not double blinded and the 

control group did not receive placebo [10].  

5- ASA are well tolerated and show low toxicity but with the conflicting and mixed results their 

role in CD is limited and not recommended by ECCO [11]. 

3.1.2 Glucocorticosteroids 

Glucocorticosteroids (GCS) have an important role in active CD to induce clinical remission 

although their use often becomes limited due to their numerous side effects [12] and risk of 

dependence. Studies as early as the 1950's have shown benefit of GCS in CD. The National 

Cooperative CD Study, a randomised, prospective, double blind, placebo controlled trial reported 

prednisone (0.25–0.75 mg/kg/day) lead to a reduction in disease activity in 60% of patients versus 

30% in the placebo group; improvement was based on the Crohn's Disease Activity Index (CDAI) 

[13].  

Furthermore, GETAID’s studies reported the ability of tapered GCS dosing to induce clinical 

remission in active colonic or ileocolonic CD. A prospective multicentre study of 142 patients 

showed more than 90% of patients achieved remission. Oral prednisolone (1 mg/kg/day) was 

administered for 3–7 weeks then reduced in steps of 5-10 mg per 10 days to discontinue. It should 

be noted, however, that only 29% of patients in clinical remission also achieved endoscopic 

remission [14]. The length of GCS treatment, did not appear to affect remission rate after 

cessation (85% after 7 weeks versus 87% after 15 weeks), however, multiple courses of GCS in the 

previous 3 years and short time period between treatments appear to be risk factors for relapse 

[15]. 
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With the numerous side effects related to GCS newer studies have been developed to assess 

non-systemic GCS in the treatment of IBD such as budesonide and beclomethasone dipropionate. 

Budesonide is rapidly effective in its controlled ileal release (CIR) formulation [16, 17]. Campieri et 

al compared budesonide 9 mg once daily with budesonide 4.5 mg twice daily or prednisolone 40 

mg/day in mild to moderate active CD. After eight weeks, remission was achieved in 60% treated 

with budesonide 9 mg once daily or prednisolone, and 42% treated with budesonide twice daily (p 

= 0.062) [16]. This was supported by another study by Rutgeerts et al 1994 [17]. The properties of 

this gastric resistant formulation, together with its high GCS potency, rapid absorption and 

extensive first pass liver metabolism, reduce the risk of steroid associated side effects [12, 17].  

Budesonide CIR has also been compared to mesalazine in mild to moderate active CD reporting 

that after 16 weeks, 62% of patients were in remission compared to 36% of those treated with 

mesalazine (p < 0.001) [18]. There may also be a role in maintenance therapy, budesonide 6 

mg/day has shown to be significantly more effective than placebo in prolonging time to relapse in 

CD, and in switching steroid dependent patients from systemic steroids [12]. 

The British Society of Gastroenterology (BSG) (2019) and ECCO (2017) guidelines recommend 

steroids to induce remission but they have no role in maintaining remission [11, 19]. 

3.2 Immunomodulator Therapy 

3.2.1 Thiopurines 

Thiopurines (namely mercaptopurine, azathioprine and 6-thioguanine) are purine antagonists 

which inhibit DNA and RNA synthesis. They were introduced in the treatment of CD based on their 

effectiveness in treating other autoimmune conditions. Given the lengthy time until clinical 

response is observed in most patients (commonly response rates between 12-17 weeks) their 

main role is in maintenance therapy, as steroid sparing agents or in addition to biologics to 

prevent antibody production [20]. 

A meta-analysis reported that 73% of patients treated with azathioprine were able to maintain 

remission over 6–18 months, compared to 62% in the placebo group (RR 1.19, 95% CI, 1.05-1.34) 

[21]. 

A meta-analysis to assess the effectiveness of thiopurines for the induction of remission in 

active CD concluded that azathioprine and 6-mercaptopurine offer no advantage over placebo for 

induction of remission or clinical improvement. In this study 48% of patients achieved remission 

compared to 37% of placebo patients (5 studies, 380 patients; RR 1.23, 95% CI 0.97 to 1.55) [22]. 

However, this analysis reported statistically a significant difference in steroid sparing (defined as 

prednisone dose < 10 mg/day while maintaining remission) between azathioprine and placebo. In 

addition, 64% of azathioprine patients were able to reduce their prednisone dose to < 10 mg/day 

compared to 46% of placebo patients (RR 1.34, 95% CI 1.02 to 1.77) [22].  

Both the AZTEC [23] and GETAID [24] study evaluated early use of azathioprine in CD. They 

concluded that azathioprine is no more effective than placebo or conventional therapy in 

increasing time of clinical or steroid free remission. Post-hoc analysis of the AZTEC study reported 

lower relapse rates in the azathioprine group than in the placebo group (11.8% vs 30.2%; P = 0.01) 

[23]. 
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The landmark SONIC (Study of Biologic and Immunomodulator Naive Patients in Crohn's 

Disease), was a randomised, double-blind trial, evaluating the efficacy of infliximab monotherapy, 

azathioprine monotherapy, and infliximab and azathioprine combination therapy in 

immunomodulator and biologic naive patients with moderate-to-severe CD. The authors reported 

that combination therapy or infliximab monotherapy was more likely to induce a corticosteroid-

free clinical remission than azathioprine monotherapy. For combination therapy 57% were in 

corticosteroid-free clinical remission at week 26 (the primary end point), as compared with 44% 

receiving infliximab alone (p=0.02) and 30% receiving azathioprine alone (p<0.001 for the 

comparison with combination therapy and p=0.006 for the comparison with infliximab) [25]. This 

is further supported by a meta-analysis by Chande et al [22]. One major factor for the increased 

efficacy is thought to be a lower incidence of infliximab antibody production and higher infliximab 

trough levels. This is supported by a post-hoc analysis of the SONIC study by Reinisch et al who 

found that higher infliximab trough levels were associated with steroid free remission and mucosal 

healing [26]. 

Despite well-established evidence that thiopurines are effective in CD there is some concern 

regarding their use due to rates of adverse reactions with up to 60% of IBD patients discontinuing 

therapy during their disease course [27]. Common adverse events include pancreatitis, leukopenia, 

nausea, allergic reaction and infection [21]. The increase risk of opportunistic infection has been 

shown to be increased 2-3 fold [28]. Several studies demonstrate an associated 1.3 to 1.7 overall 

relative risk of cancer such as lymphomas, myeloid disorders and skin cancers [27]. It is important 

to note that although the relative risk is increased, the absolute risk still remains small, and 

evidence shows that the treatment benefit outweighs the risk [29]. 

3.2.2 Methotrexate  

Methotrexate is a folic acid antagonist with anti-interleukin properties. Two pivotal trials 

conducted by the North American Crohn’s Study Group Investigators established the role for 

methotrexate in steroid dependence and maintaining remission. The first was a double-blind, 

placebo-controlled multicentre study of weekly 25mg injections of methotrexate in patients who 

had chronically active CD despite a minimum of three months of prednisone therapy. Results 

concluded that 39.4 % were in clinical remission in the methotrexate group, compared with 19.1 % 

in the placebo group (p = 0.025). The methotrexate group received less prednisone overall than 

those in the placebo group (p = 0.026) [30]. Their second study showed low dose methotrexate 

(15mg intramuscular once weekly) induced remission in 65% of patients at 40 weeks, compared 

with 39% in the placebo group (p=0.04). Also noted was that there were fewer patients in the 

methotrexate group than in the placebo group required prednisone for relapse (28% vs. 58 %, 

p=0.01) [31]. 

Despite this evidence there is a low clinical usage of methotrexate in CD. This may be due to 

the route of administration, high incidence of nausea when anti-emetics are not utilised (20%) or 

concerns regarding long term safety, especially regarding liver toxicity, given the lack of studies 

beyond 1 year [32]. 

The few long term studies show clinical benefit and ability to maintain remission substantially 

reduces over time. A meta- analysis by Hausmann et al, including 267 CD patients with long-term 



OBM Hepatology and Gastroenterology 2019; 3(3), doi:10.21926/obm.hg.1903031 

 

Page 6/27 

follow-up, highlighted the cumulative probability to maintain remission on methotrexate 

monotherapy decreases by approximately 30% over a 3-year time period [33]. 

Since the first report of hepatosplenic T-cell lymphoma, with combined thiopurine and anti-TNF 

therapy, the use of methotrexate as choice of first line immunomodulator in paediatric CD has 

grown [34]. As these patients transition into adult services long term safety will need to be further 

evaluated.  

The Combination of Maintenance Methotrexate-Infliximab Trial (COMMIT) aimed to evaluate 

the potential superiority of combination therapy over infliximab monotherapy. The addition of 

methotrexate to infliximab was well tolerated and lead to antibody suppression with higher 

trough levels. Unlike the SONIC trial these results did not correlate with an improvement in clinical 

outcome compared to infliximab monotherapy during the 50 weeks duration of the trial [35]. 

These results may have been due to several factors such as the study's inclusion criteria, 

concurrent steroid therapy or lack of synergistic effect of methotrexate and infliximab [35, 36]. 

Further studies are needed to evaluate this unanswered question. 

In clinical practice The BSG and ECCO recommend immunomodulator therapy as steroid sparing 

agents [11, 19]. They are recommended for maintenance of remission but are not established 

therapy for induction of remission given their slow onset of action. 

3.3 Calcineurin Inhibitors 

Calcineurin inhibitors, Tacrolimus and Cyclosporine, suppress the production of inflammatory 

cytokines and T-cell activation. They have a narrow therapeutic window with side effects ranging 

from nausea to severe renal failure. 

3.3.1 Tacrolimus 

Tacrolimus is used as rescue therapy in refractory UC and has been used in fistulating CD. It 

does appear to be well tolerated and should be considered as an alternative therapy in refractory 

CD or those intolerant to conventional therapy. There are scarce and small studies evaluating its 

long term benefit and safety [37]. 

3.3.2 Cyclosporine 

The first published randomised, control trial of oral cyclosporine in CD by Brynskov et al 

suggested 12 weeks of high dose cyclosporine (median 7.6 mg/kg/day) had beneficial therapeutic 

effect for induction of remission compared to placebo [38]. At the end of the treatment period 59% 

had improvement in the treatment group, compared with 32 % in the placebo (p = 0.032) [38]. A 

systemic review article by McDonald et al reported that further studies have failed to show any 

statistically significant benefit for clinical improvement or induction of remission for low dose 

cyclosporine treatment (5 mg/kg/day) [39]. Furthermore the primary trial by Brynskov et al had a 

small study number, lack of validated clinical grading scale and on review there are no statistically 

significant differences in the mean CDAI score at 12 weeks demonstrating it is no more effective 

than placebo for induction of remission in CD [39]. Higher doses have not been adequately 

evaluated. Current evidence indicates cyclosporine treatment has no role in CD.  
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3.4 Antibiotic Therapy in CD 

Research has been published on the use of broad spectrum antibiotics in CD on the assumption 

and rationale that intestinal bacteria are involved in the pathogenesis of the disease. 

A prospective study to report the effects of metronidazole and co-trimoxazole to induce 

remission in CD was published. Metronidazole was used as a single agent or in combination with 

co-trimoxazole, and compared with co-trimoxazole alone and a double placebo. After 4 weeks’ 

there was no difference in response among the four groups [40]. In another study metronidazole 

(250mg four times daily) in combination with ciprofloxacin (500mg twice daily) was compared to a 

standard steroid treatment for 12 weeks. Both treatments showed similar rates of remission; 

suggesting a potential alternative to steroid treatment [41]. Unfortunately, systemic 

metronidazole is associated with significant side effects. Topical metronidazole 10% ointment has 

some benefit for peri-anal CD. This was associated with a reduction in Paediatric CDAI (PCDAI) of 

at least five points compared with the placebo group. It was well tolerated, with minimal adverse 

effects suggesting its use as a potential treatment for peri-anal pain and discharge [42]. 

A 6 month preliminary study by Arnold et al compared adding ciprofloxacin (500mg twice daily) 

versus placebo to the treatment of moderately active, but resistant cases of CD. The results 

reported a significant reduction in CDAI score compared to placebo group (p < 0.001) suggesting 

that it may be an effective agent [43]. 

An open-label study evaluating rifaximin 600 mg/day for 16 weeks in mild-moderately active CD 

concluded that 59% of patients achieved remission, with a significant reduction of the mean CDAI 

score compared with baseline [44]. This finding was not supported by a multicentre, double-blind, 

randomised, placebo-controlled trial that concluded rifaximin 800 mg twice daily was superior to 

placebo in inducing clinical remission but this was not statistically significant [45]. 

A 4 week study of 25 patients with active CD receiving ornidazole 500 mg/day showed that the 

CDAI score fell gradually from week 0 to week 4 (p < 0.001), the percentage of patients achieving 

remission increased progressively from week 0 to week 4 (75%) [46]. 

Anti-TB treatment was assessed in a 2 year placebo-controlled, double-blinded, randomised 

trial. Paratuberculosis, a mycobacterium avium subspecies, has been suspected as a cause of CD. 

Combination therapy with clarithromycin, rifabutin, and clofazimine was assessed in active CD, 

with a further year of follow-up. No evidence of a continued benefit was seen; some short-term 

improvement occurred at week 16 with significantly more patients achieving remission in the 

antibiotic arm (66%) than the placebo arm (50%) likely because of non-specific antibacterial 

effects [47].  

The results suggest that antibiotics have a potential beneficial role in CD, however, further high 

quality studies are needed. 

3.5 Probiotic Therapy 

Probiotics have shown efficacy and promise in UC, however, none of those tested have shown 

effectiveness in inducing or maintaining remission in CD [48]. 
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3.6 Anti-Tumour Necrosis Factor (TNF) Therapy 

TNF cytokines play a vital role in the inflammatory process in CD hence targeted therapy with 

anti-TNF blockage. Infliximab, adalimumab and certolizumab pegol are anti-TNF antibodies 

approved for the treatment of moderate to severe CD, in those refractory or intolerant of 

conventional therapy. Certolizumab is not licensed for use in the UK. A meta-analysis in 2012 

concluded that infliximab, adalimumab and certolizumab were effective as induction and 

maintenance therapy, including in those with fistulating disease [49]. Furthermore anti-TNF 

treatment has also been shown to be a strong inducer of mucosal healing [50]. 

3.6.1 Infliximab 

Infliximab is an immunoglobulin G1 (IgG1) chimeric monoclonal antibody and is delivered 

intravenously. The ACCENT-I randomised control trial assessed the benefit of maintenance 

infliximab treatment in those with active CD who had responded to a single infusion of infliximab. 

The authors reported that those who responded to an initial dose of infliximab had a higher 

probability of remission at weeks 30 and 54, if infliximab therapy was maintained every 8 weeks. 

They were also more likely to stop glucocorticosteroids and to maintain their response for a longer 

period of time, with a similar incidence of infection across all groups [51]. Not only did this study 

highlight the efficacy of infliximab in maintenance therapy but it also concluded fewer hospital 

stays, higher rates of mucosal healing and less development of antibodies, it also provided a 

rationale for dose escalation in those losing response [52]. 

The ACCENT-II trial was then published 2 years later to evaluate infliximab effectiveness as 

maintenance therapy in fistulating CD. The trial included 306 patients with one or more draining 

abdominal or perianal fistulas of at least three month duration. At week 54, 19% in the placebo 

group had a complete absence of draining fistulas, as compared with 36% in the infliximab group 

(p=0.009) [53]. Two recent studies strongly suggest that optimal treatment of peri-anal fistulating 

CD requires significantly higher target infliximab levels in both induction and maintenance therapy 

[54, 55]. 

As previously discussed the SONIC trial in 2010 demonstrated the superiority of infliximab over 

azathioprine as well as the advantage of combination therapy [25].  

3.6.2 Adalimumab 

Adalimumab was the first designed fully human IgG1 monoclonal antibody against TNF. The 

CLASSIC-I trial established adalimumab as induction therapy. In this study 299 anti-TNF therapy 

naive patients were randomized to 4 dosing groups and received subcutaneous injections at 

weeks 0 and 2. The highest rate of remission was seen at the highest dose studied (160 mg at 

week 0, 80 mg at week 2) with a remission rate of 36% versus 12% in the placebo group (p= 0.001) 

[56]. There was a linear dose response curve with a ceiling effect not achieved therefore it is 

unclear if higher dosing would be more effective [57]. The GAIN trial further evaluated 

adalimumab as an induction agent but this time as second line therapy in those who failed 

infliximab therapy. In this study 301 patients completed the trial with 21% in the adalimumab 

group versus 7% in the placebo group achieving remission at week 4 (p < 0.001) [58]. 
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Both the CLASSIC-II and CHARM studies evaluated the efficacy and safety of adalimumab as 

maintenance therapy. CLASSIC-II followed up 276 patients from CLASSIC-I study. In this study 55 

patients in remission at both weeks 0 and 4 were re-randomised to adalimumab 40 mg every 

other week, 40 mg weekly, or placebo for 56 weeks. Patients not in remission were enrolled in an 

open-label arm and received adalimumab 40 mg every other week. For those patients randomised 

at week 4, 79% who received adalimumab 40 mg every other week and 83% who received 40 mg 

weekly were in remission at week 56, versus 44% for placebo (p = 0.05). In the open-labelled arm 

46% patients were in clinical remission at week 56. [59] The larger open-label CHARM study 

enrolled 854 patients who did not responding to alternative immunosuppression including 

infliximab. The percentage of randomised responders in remission was significantly greater in the 

adalimumab group compared to placebo. At week 56, every other week and weekly dosing of 

adalimumab 40mg, was similarly effective, 36% and 41%, and superior to placebo 12% (p < .001) 

[60]. 

The DIAMOND study, an open-labelled prospective study of 177 patients, compared 

adalimumab monotherapy with adalimumab combination therapy with azathioprine (25-200mg 

daily), in biologic and thiopurine naive patients [61]. The primary end point was clinical remission 

at 26 weeks (CDAI ≤150) and Simple Endoscopy Score for CD (SES-CD) was assessed at week 26 

and 52. The results reveal that clinical remission rate at week 26 was not significantly different 

between the two groups (71.8% versus 68.1%; p = 0.63). However, the rate of endoscopic 

improvement at week 26 was significantly higher in the combination group than in the 

monotherapy group (84% versus 64%; p = 0.019) [61]. 

A phase III trial by Colombel et al has reported that adalimumab therapy induces healing of 

draining fistulas in patients with active CD. The mean number of draining fistulas per day was 

significantly decreased compared with placebo treated patients. In most patients complete fistula 

healing was sustained for up to 2 years [62]. 

Adalimumab was well tolerated in all studies with similar adverse events in all groups except 

injection site reactions were more common with adalimumab [56, 59]. In the CHARM trial a 

greater percentage of patients receiving placebo discontinued treatment because of an adverse 

event (13.4%) than those receiving adalimumab (6.9% and 4.7% in the every other week and 

weekly dosing groups, respectively) [60] This highlights the importance and benefit of disease 

control. 

3.6.3 Certolizumab Pegol 

Certolizumab pegol is an antigen-binding fragment (Fab’) of an IgG antibody attached to 

polyethylene glycol that has a high affinity for anti-TNF [48]. 

A large phase II trial reported its efficacy in moderate to severe CD. The clinical response rates 

were highest for certolizumab 400 mg, greatest at week 10 (certolizumab 52.8%; placebo 30.1%; p 

= .006) but this significance was lost at week 12 (certolizumab 44.4%; placebo 35.6%; p = 0.278) 

presumed due to high placebo rates in patients with low serum CRP [63]. This was then followed 

up by the PRECiSE-I, II and III trials which reported certolizumabs benefit in induction and 

maintenance therapy in moderate to severe CD. PRECiSE-I reported modest improvement in 

response rates at week 6 and 26, as compared with placebo, but with no significant improvement 

in remission rates [64]. PRECiSE-II and III went on to successfully demonstrate maintenance of 
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remission [65, 66]. In PRECiSE-II patients who responded to induction therapy at week 6, remission 

(defined by a CDAI score of ≤150) at week 26 was achieved in 48% of patients in the certolizumab 

group and 29% of those in the placebo group (p<0.001) [65]. Furthermore the MUSIC trial 

reported evidence of mucosal healing with certolizumab therapy as early as week 10 and 

maintained through week 54 [67]. In addition post-hoc analysis of the PRECiSE-II study reported 

improved likelihood of sustained fistula closure [68]. 

The PRECiSE-III study followed patient on certolizumab for up to 7 years. During 1920 patient-

years of exposure no new safety signals were experienced. Regarding serious infection and 

malignancies, incidence rates (new cases/100 patient-years) were 4.37 and 1.06 respectively. 

Lymphoproliferative malignancies were not reported [66]. 

With lack of direct comparative studies the choice of initial or subsequent CD therapies can be 

challenging. Hazlewood et al performed a meta-analysis of 39 randomised controlled trials 

comparing methotrexate, azathioprine/6-mercaptopurine, infliximab, adalimumab, certolizumab, 

vedolizumab, or combined therapies with placebo or an active agent for induction and 

maintenance of remission in patients with CD. They concluded that adalimumab and infliximab 

plus azathioprine show superior efficacy [69]. Again, highlighting the important therapeutic role of 

anti-TNF therapy. 

With all anti-TNF therapy the most significant adverse effects are opportunistic infections, 

malignancies, injection/infusion reactions and autoantibody formation. A meta-analysis evaluated 

21 studies concluding that there were no differences in the frequency of death, malignancies or 

severe infections. There was however noted to be an increased frequency of hepatosplenic T-cell 

lymphoma in young patients [70]. A further meta-analysis by Kawalec et al evaluated 19 studies. 

This reported no statistically significant difference in the incidence of any adverse effects during 

long-term maintenance therapy with the anti-TNF agents when compared with placebo (RR = 0.99, 

95% CI: 0.93–1.05, p = 0.72) [49]. 

ECCO recommend anti-TNF therapy for moderate to severe CD which is steroid dependent 

despite immunomodulator use, or, in widespread active disease particularly with adverse 

prognostic factors [11]. The BSG also support this recommendation with a further statement that 

combination infliximab and thiopurine therapy should be used rather than monotherapy [19]. 

Furthermore the consensus from both BSG and ECCO is that all anti-TNF therapies have similar 

efficacy in luminal CD and similar reported adverse effects therefore therapy choice is situation 

dependent e.g availability, patient preference, cost [11, 19]. 

3.7 Anti-Integrin Based Therapy 

3.7.1 Natalizumab  

Studies of natalizumab, a monoclonal antibody that modulates gut and brain lymphocyte 

migration by antagonising α4β1 and α4β7 integrin, showed promising results in CD including 

modest induction benefits, rising response and remission rates over 12 weeks and maintenance 

effects [71]. However its use has been limited by the development in some patients of progressive 

multifocal leukoencephalopathy (PML), an opportunistic brain infection that is caused by 

reactivation of latent JC polyomavirus and can be fatal [72, 73]. 
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3.7.2 Vedolizumab 

Vedolizumab is a "gut-selective" humanised IgG1 monoclonal antibody that binds to α4β7 

integrin expressed on the surface of lymphocytes [74]. It is gut selective, hence theoretically less 

likely to cause PML but may have similar kinetic characteristics to Natalizumab [71]. 

The GEMINI trials, demonstrated vedolizumab’s efficacy as induction and maintenance therapy 

in patients with moderately to severely active UC or CD who were naive to, or had prior exposure 

to, TNF antagonists [71, 75]. Post-hoc analysis of the GEMINI trials report vedolizumab has 

increased efficacy over placebo in CD regardless of previous anti-TNF status. Overall, however, 

rates of response and remission were higher when vedolizumab was used as a first line biologic. 

Responders to vedolizumab induction at week 6 (48.9% of TNF-naive and 27.7% of TNF-failure 

patients) were in remission with vedolizumab at week 52 (versus 26.8% and 12.8% with placebo). 

Efficacy appeared to be similar between the different types of anti-TNF failure or number of 

previous failed, and the safety profile was similar in both subgroups [75]. 

Furthermore post-hoc analysis of GEMINI-2 reported beneficial effects in fistulating CD [76]. 

Exploratory analyses were conducted in 461 responders to 6 week vedolizumab induction therapy 

who received maintenance placebo (VDZ/PBO, n = 153) or vedolizumab (VDZ/VDZ, n = 308).Data 

from 153 (33%) patients with a history of fistulating CD and 57 (12%) patients with ≥1 actively 

draining fistula was evaluated. Fistula closure rates at week 14 were higher in VDZ/VDZ treated 

patients compared VDZ/PBO (28% versus 11%, 95% CI-11.4-43.9). Also patients in the VDZ/VDZ 

group had faster time to fistula closure and were more likely to have fistula closer at week 52 [76]. 

Vedolizumab is thought to have a slow onset of action. A post-hoc analysis of GEMINI phase 3 

trials reported significantly improved patient-reported symptoms (abdominal pain and stool 

frequency) as early as week 2 and this continued to improve through the first 6 weeks, particularly 

when vedolizumab was used as first-line biologic therapy [74]. 

Vedolizumab is thought to have a favourable safety profile and this was supported in a review 

evaluating the safety data from six trials of vedolizumab, this included 2830 patients with 4811 

persons-years of vedolizumab exposure [77]. There was no increased risk of any infection or 

serious infection. Serious clostridium infections, sepsis and tuberculosis were reported 

infrequently (≤0.6% of patients). No cases of PML were observed. <1% (18) patients treated with 

vedolizumab were diagnosed with a malignancy [77]. 

ECCO consensus recommend vedolizumab as therapy for moderate to severe CD who have 

failed anti-TNF or immunomodulator therapy, or those refractory to corticosteroids [11]. The BSG 

also recommend vedolizumab in both anti-TNF naive patients and in those where anti-TNF 

treatment has failed [19]. 

3.7.3 Etrolizumab 

Etrolizumab is a humanised anti-β7 monoclonal antibody which has been evaluated in 

moderate to severe CD as an induction agent. The phase III BERGAMOT study included 300 

patients with moderate to severe CD (refractory/intolerant to anti–TNF agents, 

immunosuppressants, and/or corticosteroids) [78]. Patients were assigned to 3 groups (2:2:1) 

etrolizumab 105 mg subcutaneously every 4 weeks, etrolizumab 210 mg at weeks 0, 2, 4, 8, and 12, 

or placebo for 14 weeks. 
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Symptomatic remission was achieved in a greater proportion of patients who received 

ertolizumab at both doses compared with placebo from week 6 through to 14. At week 14 

endoscopic improvement (≥50% reduction from baseline SES-CD was achieved in 21% and 17.4% 

of patients who received ertolizumab (105mg and 210mg respectively) compared to 3.4% who 

received placebo. Etrolizumab was well tolerated and there were no reports of PML [78].  

3.7.4 Alicaforsen 

Targeted inhibition of the endothelial ligands intercellular adhesion molecule-1 (ICAM-1) and 

mucosal addressin cell adhesion molecule (MAdCAM) has been recognised in IBD. These two 

molecules are involved in leukocyte recruitment and are over expressed in inflamed mucosa hence 

targeted therapy [79]. 

Alicaforsen is an ICAM-1 anti-sense oligonucleotide and highly selective ICAM-1 inhibitor. 

Intravenous therapy in CD showed no significant efficacy compared to placebo [80]. Promising 

results where however seen in pouchitis. 

3.7.5 SHP647 

SHP647 is an anti-MAdCAM-1 monoclonal antibody. In the OPERA study patients were 

randomised to SHP647 22.5 mg, 75 mg, 225 mg or placebo [81]. The phase 2 study reported the 

clinical end-point of a 70 CDAI point decrease from baseline at week 8 or 12 was not significantly 

different between SHP647 and placebo. Despite this finding SHP647 showed a continued dose 

related decrease in soluble MAdCAM and a dose related increase in circulating β7+ central 

memory T cells showing active pharmacology [82]. 

The 72 week OPERA-II phase 2 extension study was designed to assess the long-term safety and 

efficacy of SHP647 [83]. Patients were enrolled who had completed the 12 week induction phase 

of OPERA-I or had a clinical response to 225 mg SHP647 in the open-label TOSCA study [81, 84]. In 

total 268 patients entered the treatment period with 149 completing the study. All patients 

received 75mg of SHP647 subcutaneous every 4 weeks; dose de-escalation to 22.5 mg or 

escalation to 225 mg could be performed. Over the course of the study no patient required dose 

reduction. However 157 patients required dose escalation with these patients appearing to have 

higher inflammatory indicators. Furthermore 19.8% of patients in the treatment period 

discontinued therapy due to adverse events, the most common being a CD flare. In total, 92.9% of 

patients experienced an adverse event, but these were deemed to be treatment related in only 

46.3% of patients. The most common treatment related adverse event were nasopharyngitis 

(5.6%), arthralgia (6.0%), and headache (5.2%). Furthermore, results reported a sustained Harvery 

Bradshaw Index response rate suggesting efficacy of SHP647 over 72 weeks of treatment. No 

reports of PML were demonstrated [83]. 

3.7.6 Andecaliximab 

Matrix metalloproteinase-9 (MMP9) plays a role in the underlying pathogenesis of CD. The 

efficacy of andecaliximab, a MMP9 inhibitor, as induction therapy in moderate to severe CD has 

been reported in a phase 2 randomised, placebo-control trial [85]. In this study 187 patients were 

randomised to receive subcutaneous injections of placebo weekly, andecaliximab 150mg every 2 
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weeks, andecaliximab 150mg weekly or andecaliximab 300mg weekly, for 8 weeks. The primary 

endpoint of patient-reported clinical response and endoscopic response failed to show a 

meaningful difference between the andecaliximab group and placebo group. Andecaliximab was 

well tolerated [85]. 

3.7.7 E6011 

E6011 is a humanised anti-fractalkine monoclonal antibody which could provide a potentially 

novel therapy for CD. Fractalkine/CX3CL1 has been demonstrated as new type of leukocyte 

trafficking regulator. It signals via its leukocyte receptor CX3CR1 allowing them to migrate directly 

to inflammatory sites [86]. 

A phase 1/2 study was conducted in patients with mild to moderate CD who had failed 

conventional therapy [86]. In this study 28 patients were allocated to one of four dosing groups (2, 

5, 10, and 15 mg/kg). E6011 was administered intravenously every 2 weeks for 12 weeks. At week 

12, CDAI decrease ≥ 70, CDAI decrease ≥ 100 and clinical remission (CDAI ≤ 150) were seen in 

10/25 (40%), 9/25 (36%) and 4/25 (16%) patients who had baseline CDAI ≥ 220, respectively. In 

total 9 patients had a clinical response/remission at week 12 then entered an extension period 

were they received the same dosing. Results report 4/7 (57%) of these patients had a sustained 

CDAI decrease ≥ 70 or clinical remission at week 52.  

This drug appears safe and well tolerated; the most common adverse event reported was a 

viral upper respiratory tract infection. Serious adverse events were not considered to be related to 

the study drug [86]. 

3.8 Anti-Interleukin Therapy 

3.8.1 Ustekinumab 

Ustekinumab is a human IgG kappa monoclonal antibody that blocks interleukin-12 and 

interleukin-23. 

The UNITI trials established ustekinumab's role in both induction and maintenance. UNITI-1 and 

UNITI-2 were 8 week induction trials, UNITI-1 in 741 patients who failed anti-TNF α therapy and 

UNITI-2 in 628 patients who failed conventional therapy. Both established that ustekinumab was 

more effective than placebo at inducing remission, with statistically significant clinical response 

(CDAI decrease ≥100points) seen at week 6. In UNITI-1 33.7% and 34.3% (6 mg/kg and 130 mg 

dosing group, respectively) achieved clinical response versus 21.5% in the placebo group [87]. In 

UNITI-2 at week 6, 55.5% and 51.7% achieved clinical response versus 28.7% in the placebo group 

[88]. 

Similar results were seen for clinical remission at week 8. In UNITI-1 clinical remission was seen 

in 20.9% and 15.9% (6 mg/kg and 130mg dosing group, respectively) versus 7.3% in the placebo 

group (p < 0.001, p = 0.003, respectively) [87]. In UNITI-2 at week 8, 40.2% and 30.6% were in 

clinical remission versus 19.6% in the placebo group (p ≤ 0.009) [88]. Secondary analysis did 

conclude that there was a non-significance in CDAI score compared to placebo in UNITI-1 

compared to UNITI-2, however, the results still favour ustekinumab treatment [89]. 

IM-UNITI highlighted ustekinumab as maintenance therapy. In this study 397 patients who 

completed the induction trials were randomised to maintenance subcutaneous injections of either 
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90 mg every 8 weeks, 90mg every 12 weeks or placebo. A significantly greater proportions of 

patients maintained clinical response at week 44; 59.4% in the 8 weekly group and 58.1% in the 12 

weekly group versus 44.3% administered placebo (p=0.05 for both) [89]. A further study of 140 

patients, of which >90% failed anti-TNF therapy, reported the role in maintenance therapy with 

clinical, endoscopic and radiological response. In total 71.8% maintained clinical response at 52 

weeks, with 64.4% maintaining endoscopic or radiological response [90]. 

There have been retrospective reports of ustekinumab in peri-anal CD. Post-hoc analysis 

including data from the UNITI trials reported complete fistula resolution was obtained in 14.1% in 

the placebo group, 24.2% in the 130mg dosing group, 27.7% with 6mg/kg dosing and 24.7% of all 

ustekinumab at week 8. The IM-UNITI study also reported a higher percentage of patients in the 

ustekinumab group had fistula response compared to placebo (80% versus 45.5%). Although none 

of these results show statistical significance it shows ustekinumab may have some role in peri-anal 

disease with more studies needed to conclude its significance [91]. 

Ustekinumab safety has been well established in the treatment of psoriasis and in CD clinical 

trials the serious adverse event rate is similar to placebo [90]. There were no reported cases of 

death, malignancy, lymphoma or serious infections during a long-term maintenance study [90]. 

Biologics have not been extensively evaluated in pregnancy. A recent case study highlighted that, 

when checked in a woman treated with ustekinumab until week 30 of pregnancy, the cord blood 

ustekinumab level was markedly higher than the maternal blood level. There were no adverse 

effects noted on the baby in the follow up period of one year [92]. 

The BSG advise that ustekinumab can be used as induction and maintenance therapy for CD, 

both in anti-TNF naive patients and in those where anti-TNF treatment has failed [19]. There is no 

updated consensus from ECCO. 

3.8.2 Brodalumab 

Brodalumab is a humanised monoclonal antibody that targets interleukin-17. A phase 2 

randomised, double-blinded, placebo-controlled study was conducted in those with moderate to 

severe CD. The study reported disappointing results with a disproportionate incident of cases of 

worsening CD in active treatment groups and no evidence of significant effectiveness. The study 

was terminated early [93]. 

3.8.3 Risankizumab 

Risankizumab is a humanised monoclonal antibody that targets the p19 subunit of interleukin 

23. In a phase 2 study by Feagan et al it was superior over placebo in inducing clinical and 

endoscopic remission [94]. In this study 121 patients with moderate to severe CD were 

randomised to receive risankizumab 200mg, 600mg or placebo at week 0, 4 and 8. At week 12 31% 

of risankizumab patients compared to 15% of placebo were in clinical remission (p=0.0489). In the 

200mg dosing group 24% had clinical remission compared to 37% in the 600mg dosing group [94]. 

A follow up open-label extension study found that extended induction therapy was effective at 

increasing clinical response and remission at week 26. Furthermore at week 52 71% of these 

people had maintained clinical remission; 81% had clinical response, 35% showed endoscopic 

remission and 55% and endoscopic response [95]. 
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Risankizumab was well tolerated with most adverse events deemed mild or moderate and 

considered unrelated to treatment. The most frequent adverse events were arthralgia (22%), 

headache (20%), abdominal pain (18%), nasopharyngitis (16%), nausea (16%), and pyrexia (13%) 

[95]. 

3.8.4 Brazikumab (MEDI2070) 

Brazikumab, similar to Risankizumab, is a humanised monoclonal antibody that selectively 

targets p19 on the subunit of interleukin 23. A phase 2a induction study demonstrated clinical 

effectiveness in 121 patients with moderate to severe CD, who previously had failed anti-TNF 

therapy. At week eight, clinical response (> 100 drop from baseline CDAI score or CDAI < 150) was 

achieved in 49.2% of patients in receiving brazikumab, compared to 26.7% of patients receiving 

placebo (p = 0.010) [96]. Brazikumab appeared to be well tolerated with similar adverse events as 

Risankizumab, most commonly headache and nasopharyngitis [96]. 

The role of selective blockage of interleukin 23 in the treatment of CD needs further evaluation. 

Other early studies are undergoing for guselkumab (CNTO1959), tildrakizumab (MK3222), and 

mirikizumab (LY3074828) [97]. 

3.9 Janus Kinase (JAK) Inhibitor Therapy 

3.9.1 Tofacitinib 

In August 2018 Tofacitinib, an oral non-selective JAK inhibitor, received European approval for 

the treatment of moderate to severe UC. It's efficacy has been shown in UC by the OCTAVE trials. 

Phase 2b studies evaluating tofacitinib in CD were conducted by Panés et al [98]. After week 8 of 

induction therapy, the percentage of patients with clinical remission (CDAI <150) was 43.5% and 

43.0% with 5 and 10 mg twice daily dosing, compared with 36.7% in the placebo group (p=0.325 

and p=0.392 for 5 and 10 mg twice daily versus placebo). In the 26-week maintenance phase, the 

primary endpoint (clinical response-100 or clinical remission) was seen in a higher proportion of 

patients in the tofacitinib 10 mg dosing group than placebo (55.8% versus 38.1%, p=0.130) Despite 

this evidence of minor efficacy these findings did not reach statistically significance [98]. 

Tofacitinib has yet to demonstrate its efficacy in CD. 

3.9.2 Upadacitinib 

Unlike tofacitinib, upadacitinib, is a selective oral JAK 1 inhibitor. Data from the CELEST study 

reported upadacitinib as induction and maintenance therapy in CD [99, 100]. A sub analysis of a 16 

week induction study of 220 patients reported that a significantly greater number of patients 

treated with upadacitinib (6, 12 and 24mg twice daily) achieved modified clinical remission as 

early as week 4 compared with placebo [99]. 

A phase 2 CELEST extension trial reported outcomes after 52 weeks of therapy [100]. Patients 

who completed the 16 week induction phase were re-randomised to receive upadacitinib 3mg 

twice daily, 12mg twice daily, or 24mg daily for 36 weeks. The 24mg group was subsequently 

stopped, with a 6mg twice daily dosing group initiated to evaluate an intermediate maintenance 

dose. Dose dependent results were observed, and increased rates of modified clinical remission 
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and endoscopic remission were overall greater in the 6mg and 12mg groups. In those who 

achieved clinical and endoscopic response at week 16 modified clinical remission was seen in 

41.2%, 62.5%, 73.3% and 40% of the 3mg, 6mg, 12mg and 24mg group respectively at 52 weeks. 

Furthermore endoscopic remission was achieved in 25%, 25%, 37.5% and 10% in the 3mg, 6mg, 

12mg and 24mg group respectively [100]. 

The general safety profile was similar to other studies in rheumatoid arthritis. There were no 

dose dependent adverse events. One case of Hodgkin’s disease and one case of malignant 

neoplasm of thymus occurred in the 12mg dosing group [100]. 

3.9.3 Filgotinib 

Filgotinib is another selective JAK 1 inhibitor administered orally once daily. The phase 2 

FITZROY study enrolled 174 patients with active CD randomised to 2 groups, 200mg Filgotinib once 

daily or placebo, for 10 weeks. 47% of patients treated with filgotinib achieved clinical remission 

compared to 23% treated with placebo (p= 0.0077) [101]. An analysis of all periods of filgotinib 

and placebo exposure over 20 weeks found serious treatment related adverse effects were 

reported in 9% (14/152) of filgotinib treated patients compared to 4% (3/67) of placebo [101]. 

Further phase 3 studies on selected JAK inhibition are awaited. 

3.10 Sphingosine-1-Phosphate (S1P) Therapy 

3.10.1 Ozanimod 

Studies have shown Ozanimod, an oral immunomodulator that selectively targets S1P1 and 

S1P5, is effective and safe in the treatment of UC. The STEPSTONE trial further questions its role 

and efficacy in CD [102]. This phase 2, open-label study evaluated endoscopic improvement and 

clinical outcomes following treatment with ozanimod 1mg daily for 12 weeks in 69 patients with 

moderate to severe CD. Patients with available data at baseline and week 12 were included in the 

analysis of the SES-CD matched intestinal segments (n=60) and the analysis of CDAI (n=59). SES-CD 

score reductions from baseline of ≥50% were seen in 27% of patients and of ≥25% in 43% of 

patients. Patients who had shorter disease duration and lower disease severity had a greater 

endoscopic response. At week 12, in 66% of patients a CDAI response (CDAI decrease ≥100) was 

seen, and CDAI remission (CDAI < 150) in 46% [102]. 

Through the study most reported adverse events appeared to be related to underlying CD [102]. 

Another S1P modulator Etrasimod is showing promising results in phase 2 trials for UC but trials 

for CD are awaited [103]. 

3.10.2 Laquinimod 

Laquinimod is also an oral novel S1P receptor immunomodulator. A phase 2 study by D'Haens 

et al suggests a treatment benefit in induction therapy in moderate to severe CD. Laquinimod 0.5 

mg showed consistent effects on remission, 48.3% versus 15.9% in the placebo group at week 8. 

Furthermore 55.2% in the treatment group achieved a reduction in CDAI >100 versus 31.7% in the 

placebo while 62.1% achieved a CDAI reduction >70 versus 34.9% in the placebo. It appeared safe 

and well tolerated [104]. Further phase 3 studies have not taken place. 
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3.11 Autologous Haematopoietic Stem Cell Therapy 

Autologous haematopoietic stem cell transplantation (AHSCT) as treatment for refractory CD 

has been investigated in a limited number of small volume studies. Currently the ASTIC study is the 

only randomised control trial of AHSCT in CD [105]. Included were patients with refractory CD not 

amenable to surgery despite treatment with ≥3 immunosuppressive/biologic therapies. 23 

patients underwent AHSCT. The control group was comprised of 22 patients who received 

standard CD treatment. The primary aim was sustained disease remission at 1 year; CDAI <150, no 

active treatment for at least 3 months, and no endoscopic/radiological evidence of active disease. 

The results were not statistically significant with only 2 patients (8.7%) achieving the primary 

outcome versus 1 control patient (4.5%) (p =0 .60). AHSCT was also associated with significant 

toxicity with 76 reported serious adverse events versus 38 in the control group [105]. 

The primary outcomes in ASTIC have been criticized for being too stringent. A further 1 year 

follow up study, including pooled data from ASTIC, showed clinical benefit in 40 transplant 

patients [106]. Evidence of efficacy with complete endoscopic healing in 50% of patients, and 47% 

were assessed as free of disease on endoscopy and radiology imaging at 1 year. Additionally those 

who relapsed were re-sensitised to anti-TNF therapy to which they had previously been refractory. 

Of the 23 patients with available data 76 serious adverse events occurred, most commonly 

treatment related infection. Smoking and per-anal disease were associated with increased serious 

adverse events [106]. 

A recent Retrospective Survey of Long-term Outcomes from the European Society for Blood 

and Marrow Transplantation found 68% post AHSCT patients experienced complete 

remission/significant improvement in symptoms at a median follow-up of 41 months. It again 

highlighted re-sensitivity with 57% (24/42) patients responsive to therapies of which they had 

previously been refractory, and similar to ASTIC perianal disease was associated with adverse 

treatment free survival [107]. 

These show the potential treatment benefit of AHSCT in a specific cohort of patients. 

3.12 Bispecific Antibodies 

A bispecific antibody is an antibody containing two different antigen-binding sites in one 

molecule. The main use of these currently is in oncology with catumaxomab and blinatumomab 

approved for clinical use. Further novel bispecific antibodies are being evaluated in pre-clinical and 

clinical trials for the treatment of inflammatory conditions, such as psoriatic arthritis [108]. These 

bispecific antibodies target cytokines and integrins involved in IBD pathogenesis. Given the 

complexity of the pathogenesis of CD bispecific antibodies targeting multiple cytokine pathways is 

proposed as a potential future alternative therapy [109]. 

4. 'Treat-to Target' Approach in Crohn's Disease  

The risk of colorectal and small bowel cancer is increased two to eightfold among IBD patients 

with various factors such as persistent inflammation contributing to this increased risk [3]. The 

'Treat to target' strategy in CD has changed the primary aim of treatment with a focus on absolute 

control of inflammation. 
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The Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) programme was 

undertaken by the International Organisation for the Study of Inflammatory Bowel Diseases [5]. 

The programme used evidence-based expert consensus to set targets for monitoring and 

adjusting treatment to achieve that target. The recommendations for treating to target in CD 

are clinical and patient-reported remission, and endoscopic remission. Clinical and patient 

reported remission is defined as resolution of abdominal pain and diarrhoea or altered bowel 

habit (assessed at least every 3 months until resolution, then every 6 to 12 months). 

Endoscopic remission is defined as resolution of ulceration at ileocolonoscopy, or resolution of 

inflammation on cross-sectional imaging in patients who cannot be assessed adequately by 

ileocolonoscopy (assessed at least every 6 to 9 months during active disease). Biomarker, C-

reactive protein (CRP) and faecal calprotectin are considered an adjunctive target [5]. 

The CALM study supports this approach [110]. The CALM Study was the first study to 

demonstrate that the decision to escalation therapy using combined clinical symptoms and 

biomarkers, faecal calprotectin and CRP, results in better clinical and endoscopic outcomes. In 

this study 244 CD patients were randomised into 2 groups. A significantly greater proportion of 

patients in the group combining biomarkers and clinical symptoms achieved mucosal healing at 

48 weeks compared to those using clinical symptoms alone; 46% versus 30% [110]. The REACT 

study also highlighted the importance of evidence of mucosal healing as objective measures 

and clinical remission appear to correlate poorly with disease activity [111]. 

The 'Treat to Target' approach is quickly becoming gold standard in most practise. Full 

implementation of this approach will be challenging due to numerous factors such as resources 

and patient compliance. 

5. Conclusion 

CD has significant morbidity associated with lack of disease control. With old therapies showing 

significant potential toxicity and unclear efficacy the new targeted therapies are becoming more 

attractive choices in the management of CD to induce deep clinical remission. With lack of direct 

comparative or combination studies the choice of initial or subsequent therapies can be 

challenging. Anti- TNF therapy remains an important treatment option with the most clinical 

evidence and analysis of cost-effectiveness shows infliximab domination over both adalimumab 

and ustekinumab in terms of net monetary benefit [112]. The addition of selective JAK inhibition, 

targeted interleukin-23 blockage and potential bispecific antibodies are exciting prospective 

therapies for future clinical therapy. Furthermore potential oral therapies have numerous benefits, 

including, the lack of requirement for hospital attendance and equipment for injection, no 

autoantibody formation and short half-life. Future trials will help conclude their place in the 

management of this complex and debilitating condition. 
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