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Anti-TNF therapy is the most important treatment for inflammatory bowel 
disease patients. However, primary nonresponders are frequent and clinical 
recurrence under maintenance therapy is reported in 40% of the treated 
patients. The aim of this article is to explain the most important targets 
for the future of treatments in inflammatory bowel disease and to report 
the results of these news drugs in clinical practice. Two Phase III studies 
clearly indicate the interest of golimumab and vedolizumab in induction 
and maintenance treatment for ulcerative colitis patients. Soon it will be 
possible to analyze the principal regulation defect in each patient to design 
a more personalized treatment. Before this step, it is important first to try 
to optimize treatment and then to consider a switch to another drug.
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Crohn’s disease (CD) and ulcerative colitis (UC) are inflammatory chronic dis-
eases that affect the intestinal tracts and patient quality of life [1]. CD is char-
acterized by a transmural inflammation of any portion of the GI tract from the 
mouth to the anus. In total, 25% of CD patients will develop perianal involve-
ment as anal fissures, fistulas or abscesses [2–4]. For UC, the rate of colectomy is 
approximately 20% at 20 years [5]. Although new molecules, such as anti-TNFa 
antibodies, demonstrate high efficacy in severe inflammatory bowel disease (IBD), 
the natural history of the patients remains unchanged. New therapeutic strat-
egies are needed to modify this situation, particularly in patients who are at risk 
of disease progression.

Evaluation of the step-care versus top-down strategies for CD patients 
The natural history of CD is marked by early, severe and active forms that may lead 
to worsening clinical complications, such as abscesses or fistulas [2–4] and a non-
negligible early surgery rate. In addition, it is important to remember that despite 
the effectiveness of current treatments, such as anti-TNF, the natural history of 
IBD remains unchanged, with a 50% rate of surgery at 10 years [6]. It is essential to 
identify patients who are suitable for early treatment because they are at high risk 
of disease progression as well as those who are at low-risk for whom over treatment 
will result in a poor therapeutic index. In each patient, benefits must always be 
weighed against risks. It is therefore necessary, especially in CD, to determine 
the severity of the impairment (mild to severe) and to predict the impact and the 
evolution on the digestive tract. For this purpose, the new Lemann clinical score 
takes into account anatomical, extension and severity of the disease [7].

Currently two types of treatment strategies in CD are proposed: accelerated 
step-care and top-down.

Sequential increase and additive therapy is recommended for the management 
of CD focusing on acute exacerbations and maintaining remission thereafter [8–10]. 
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The first line of treatment includes corticosteroids and 
immunosuppressants for steroid-refractory illness. Anti-
TNF therapies are only used for refractory patients or 
those intolerant to conventional therapies.

Although this strategy is well recognized, it has never 
resulted in a change in the natural history of IBD and 
has never been compared with other existing strategies.

 ■ Accelerated step-care strategy
There are currently two contradictory studies based 
on this strategy. In the first study by Candi et al., 
63 patients with active CD were randomized in a 
double-blind trial [11]. The patients were treated by 
azathioprine (AZA; 2.5 mg/kg) or placebo. After 
15 months, there was a highly significant difference in 
the proportion of patients in remission (42% receiving 
AZA vs 7% receiving placebo; p = 0.001), demonstrat-
ing the great interest of AZA for the maintenance of 
remission induced by corticosteroids. 

By contrast, the second study, a randomized placebo-
controlled trial of AZA in combination with corticoste-
roids, has recently reported a different set of findings 
[12]. Sans and coworkers evaluated the efficacy of early 
introduction of AZA in patients with recently diagnosed 
CD (diagnosed within 8 weeks). Patients (n = 131) 
were randomized to receive either AZA (2.5 mg/kg/
day; n = 68) or placebo (n = 63). CD activity index 
(CDAI) score was measured as a reflection of disease 
activity at the date of randomization. The CDAI score 
was 120 points in the AZA group and 90 points in the 
placebo group. There was no significant difference in 
corticosteroid-free remission rates between patients with 
quick introduction of AZA and those with conventional 
strategy therapy (44.1 vs 38.1%; p = 0.52).

Recently, Cosnes et al. reported a randomized trial 
that compared two strategies for CD patients with pre-
dictive factors of disability: a classic treatment with ste-
roids and AZA when patients present failure to steroids 
and AZA in the first months (above 6 months) with 
steroids that will be tapered [13]. The primary end point 
was the number of trimesters in remission. The results 
were comparable for each group whether there was early 
or no prescription of AZA. The inclusion criteria were 
not good enough to isolate subgroups of patients in 
which this step care strategy would be useful.

 ■ Early top-down
Four randomized trials have evaluated the use of 
combined TNF antagonist and immunosuppressive 
therapy for the induction of remission in patients with 
active CD.

In the first trial, 113 CD corticosteroid-dependent 
patients were randomized to receive infliximab (IFX) 
induction therapy at week 0, 2 and 6 [14]. 

All patients received concomitant AZA treatment. 
This study demonstrated that combination therapy was 
superior to AZA monotherapy (Table 1). Those results 
may understate the efficacy of combined immunosup-
pressants as IFX was only used during the induction 
phase [14]. 

The second trial was performed in patients with no 
prior treatment [15]. In total, 130 patients were randomly 
assigned to receive either early combined immunosup-
pression (three 5 mg/kg IFX infusions at weeks 0, 2, and 
6, with AZA) or conventional treatment. The primary 
outcome was corticosteroid-free remission at 6 months 
and 1 year. 

These results suggest that the introduction of com-
bined immunosuppression early in the course of CD is 
superior to the traditional step-care approach (Table 2). 
However, the percentage of patients with steroid-free 
remission at 2 years was comparable in the two groups. 

In the SONIC trial, Colombel et al. evaluated, in 
a double-blind trial, the efficacy of IFX monotherapy, 
AZA monotherapy, and the combination of the two 
drugs in 508 adults with moderate-to-severe CD [16]. 
Patients had no prior history of TNF antagonist use or 
immunosuppressive therapy. The primary end point was 
corticosteroid-free remission at week 26 (Figure 1). 

Similar results were also obtained at 1 year of treat-
ment. These results demonstrate the superiority of 
combination therapy over AZA or IFX monotherapy 
in naive patients treated relatively early in the course of 
the disease.

Feagan and coworkers conducted a 500-week, double-
blind, multicenter, controlled trial that compared combi-
nation therapy of methotrexate (MTX) and IFX to IFX 
alone in active CD [17]. Patients were randomly assigned to 
receive 25 mg of MTX subcutaneously weekly or placebo. 
Both groups received intravenous (iv.) IFX (5 mg/kg) in 
induction and then every 8 weeks. Prednisone was also 
tapered, beginning at week 1, to discontinuation by no 
later than week 14. By week 50, 30.6% of patients in the 
MTX group had failed treatment compared with 29.8% 
of those assigned to placebo (p = 0.63).

In contrast to the strong efficacy signal for combi-
nation therapy identified in the SONIC trial, no ben-
efit for combined therapy was observed in this patient 
population with relatively long-established disease [17].

Which strategy before an inactive CD?
In the authors’ practice, the primary goal is to obtain 
a clinical remission, but is that enough? In fact, should 
we monitor those patients through the use of imaging, 
endoscoping or biomarkers? Agreement is unanimous 
to obtain mucosal healing under treatment in IBD for 
symptomatic patients, though for asymptomatic patients, 
this aim is still controversial.
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In a recent study, Schoepfer questioned 270 gastro-
enterologists [18]. From a total of 153 respondants, 70% 
took their therapeutics decisions on clinical data only, 
24% on endoscopic data and 6% on biomarkers. Even if 
this study had methodological weaknesses, it shows that 
the impact of mucosal healing in therapeutic decision 
making remains limited.

From the importance of mucosal healing to 
lasting & deep remission
In the age of anti-TNFa therapy, mucosal healing is a 
very common end point in trials. Each study demon-
strates a favorable evolution in both the short- and long-
term in patients with active CD who display mucosal 
healing.

In ACCENT 1, induction or maintenance treat-
ment with IFX is efficient to obtain mucosal healing 
in patients with CD [19]. At week 10, mucosal healing 
rates were 29% after three iv. infusions compared with 
3% for only one infusion (p = 0.006). These findings 
were also confirmed with a long-term follow up, with 
44 versus 18% (p = 0.041) at week 54 for three and one 
infusions, respectively. In the same trial, patients with 
mucosal healing at week 54 remained asymptomatic for 
a mean of 20 weeks compared with just 4 weeks in the 
absence of mucosal healing [19].

In a substudy of ACCENT 1’s endoscopic results, 
Rutgeerts et al. found a corrilation between CD-
related hospitalization rates and the absence of mucosal 
healing [20].

The EXTEND study was the first to analyze muco-
sal healing as a primary end point in CD [21]. In total, 
135 patients with active ileocolonic CD were treated by 
adalimumab (ADA) in an induction regimen (160 then 
80 mg at week 2). At week 4, patients were double-blind-
edly randomized into two groups (ADA 40 mg/14 days 
or placebo). Every patient underwent an endoscopy at 
weeks 12 and 54. Mucosal healing was defined by an 
absence of endoscopic ulcerations. Mucosal healing rates 
under ADA were 27.4 and 24.2%, respectively, at weeks 
12 and 54 compared with 13.1 (p = 0.056) and 0% 
(p < 0.01) with the placebo, respectively.

In a post hoc study, Colombel et al. investigated the 
impact of deep remission in monitoring of patients [22]. 
This new concept was defined by a clinical CDAI score 
of <150 and the pressence of mucosal healing. In the 
group of 11 patients with a deep remission at week 12, 
hospitalization rates and hospitalizations for CD were 
both 0% over a 52-week period, in contrast with patients 
without deep remission, whose rates were 17 and 9%, 
respectively.

In a cohort study on 214 patients with CD treated by 
IFX and followed for 5 years, 64.8% of patients who dem-
onstrated mucosal healing remained in clinical remission 

until the end of the following period, compared with 
39.5% of patients without mucosal healing (p = 0.0004) 
[23]. Hospitalization rates were also lower in the mucosal 
healing group (42 vs 59%; p = 0.01). In fact, the use of 
abdominal surgery was significantly lower (14 vs 38.4%; 
p < 0.0001) with patients who exhibited mucosal healing.

From the Ibsen cohort, Frøslie et al. have studied 
the impact of long-term mucosal healing in IBD [24]. 
Approximately 458 patients with IBD were enrolled and 
followed for clinical and endoscopical results at 1 and 
5 years. Mucosal healing rates decrease the colectomy rate 
in UC and the use of intestinal resection in CD (p = 0.1).

If the concept of deep remission seems to be strongly 
correlated to a favorable evolution, it is difficult to 
know which endoscopic criteria have to be obtained. 
Mucosal healing could be defined as the absence of 

Table 1. Superiority of combination therapy over monotherapy on 
corticosteroids-free remission in Crohn’s disease patients between 
infliximab plus azathioprine versus placebo plus azathioprine 
groups at weeks 12, 24 and 52.

Week Corticosteroid-free remission p value

Infliximab (%) Placebo (%)

12 75 38 <0.001

24 57 29 0.03

52 40 22 0.04

Table 2. Corticosteroid-free remission at 6 and 12 months in 
combined therapy versus conventional therapy group.

Months Corticosteroid-free remission p value

Combined therapy (%) Conventional therapy (%)

6 60 35.9 0.006

12 61.5 42.2 0.03
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Figure 1. Corticosteroid-free remission at week 26 in azathioprine, 
infliximab and azathioprine-plus-infliximab groups in Crohn’s disease. 
AZA: Azathioprine; IFX: Infliximab.
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mucosal ulcerations, complete endoscopic remission 
(CD endoscopic index of severity score [CDEIS] < 3) 
or endoscopic remission (CDEIS < 6). In a Belgian 
cohort, a significant (but not complete) endoscopic 
improvement was also associated with a significantly 
decreased recourse to surgery compared with patients 
with complete mucosal healing (14.1 vs 14.0%) [23]. 
Conversely, in the STORI study, which analyzed the 
associated factors for clinical relapse after interruption 
of IFX plus AZA combination therapy in patients with 
clinical remission for at least 6 months, CDEIS scores of 
approximately 0 were associated with a clinical relapse 
under AZA [25].

Inflammatory biomarkers & news therapeutic 
concepts
Many biomarkers have been studied to provide unin-
vasive measures of mucosal healing. Two such factors 
seem to offer a potential benefit in the monitoring of 
IBD – the use of CRP and fecal calprotectin levels, 
which correlate closely with endoscopic activity during 
maintenance care.

 ■ Fecal calprotectin
Numerous studies have clearly demonstrated the corre-
lation between endoscopic activity and fecal calprotec-
tin assay in CD. In a prospective study, Schoepfer et al. 
included 140 patients with CD, as well as ilecolonoscopy 
and reported endoscopic activity (Simple Endoscopic 
Score for Crohn’s Disease [SES-CD]), clinical scores 
(CDAI), fecal calprotectin and CRP levels [26]. The cor-
relation between CDAI and SES-CD was relatively low 
(p = 0.38) with a diagnostic accuracy for detecting high 
CDAI endoscopic activity of only 40%. Conversely, fecal 
calprotectin was highly correlated with a SES-CD score 
(p = 0.75) with an accuracy to detect endoscopic activity 
of 87% for a threshold of 70 μg/g of stool. In a similar 
work in 77 CD patients, Sipponen et al. have reported a 
fecal calprotectin threshold of 200 μg/g of stool, which 
demonstrates a positive predictive value of endoscopic 
activity (CDEIS ≥ 3) of 94% and negative predictive 
value of 61% [27].

Fecal calprotectin also predicts clinical recurrence 
during the maintenance care. A Spanish study has 
reported data on 163 patients with IBD (74 CD) and 
clinical remission for at least 6 months [28]. The aver-
age fecal calprotectin levels were significantly higher in 
patients with a relapse in the aftermath of the disease 
than those remaining in the follow up in clinical remis-
sion (239 vs 136 μg/g of stool). A fecal calprotectin 
level of >150 μg/g of stool increased by four-times the 
subsequent risk of recurrence (28 vs 7%).

With fecal calprotectin levels of >150 μg/g of stool, 
most studies report similar findings, with a hazard ratio 

for response of 4.1–5.53 [29]. In a post hoc STORI study, 
De Suray et al. monitored the CRP and fecal calprotec-
tin levels every 2 months [30]. In total, 113 patients were 
included and 51 demonstrated a clinical recurrence for 
a median follow up of 10 months. Calprotectin levels 
(median) were significantly higher in the relapse group 
of patients (151 vs 51 μg/g of stool; p = 0.001). Increase 
of calprotectin above 250 μg/g of stool was associated 
with a risk of relapse in the short term (<6 months) 
with a hazard ratio of 6.5 (95% CI: 2.7–15.6; p < 0.01).

Finally, an early normalization of fecal calprotectin 
predicts a favorable outcome with anti-TNF therapy. 
A total of 60 patients with IBD (34 with CD) treated 
with anti-TNF (IFX or ADA), were monitored for their 
calprotectin level after induction regimen [31]. In total, 
52% of patients had normalized this biomarker after 
induction regimen of anti-TNF (<100 μg/g of stool). At 
12 months, 84% of patients, having normalized their 
calprotectin early, remained in clinical remission com-
pared with 38% of the group with a rate of >100 μg/g of 
stool after induction. In this study, a threshold of fecal 
calprotectin after induction by TNF blockers of 139 μg/g 
of stool had a sensitivity of 72% and a specificity of 80% 
for predicting unfavorable clinical outcomes [31].

 ■ CRP
Measuring CRP is also important before applying anti-
TNF treatment. In the SONIC study, three distinct 
regimens were compared in IBD patients (AZA, IFX or 
combotherapy) [32]. The use of IFX alone or in combina-
tion with AZA was associated with a significantly more 
favorable clinical course compared with the AZA-alone 
arm in patients with a baseline CRP level of >0.8 mg/l. 
In the CHARM study (comparing ADA with placebo 
in CD maintenance), clinical remission rates at week 26 
and 56 were significantly higher with ADA but without 
any impact on CRP at baseline [33].

Could elevation of CRP also be associated with an 
increased risk of clinical recurrence in a patient with 
CD who are asymptomatic? Numerous studies demon-
strate a elevated CRP to be strongly predictive of clini-
cal relapse (OR: 3.08–58.6%) [29]. In a subanalysis of 
STORI, the median concentration of CRP was higher 
in patients who are going to relapse (3.9 vs 2.8 mg/l; 
p = 0.07) [30]. An increase of CRP beyond 5 mg/l was 
associated with early relapse (within 4 months) with a 
hazard ratio of 4.2 (1.9–9.2; p = 0.01).

In a study of 201 patients with CD treated with ADA, 
a normalization of CRP within 12 weeks after the start 
of treatment was predictive of mucosal healing [34]. In 
an extensive work that included 718 patients with CD 
treated with IFX, Jurgens et al. studied the impact of 
CRP on immediate and long-term response [35]. IFX-
naive patients with high CRP levels respond more to 
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subsequent IFX treatment (90.8 vs 82.6%; p = 0.014). 
An early normalization of CRP was also correlated with 
a sustained response with IFX (p < 0.001). The threshold 
of CRP remains significantly higher in cases of loss of 
response to IFX. During the exhaust to IFX therapy, CRP 
levels were significantly higher (median = 11.2 mg/l). 
Finally, CRP was correlated with mucosal healing with 
a predictive value of up to 90% (p = 0.033) [35].

However, some points limit the use of these bio-
markers. For CRP, genetic polymorphisms may explain 
normal CRP levels in active CD. Denis et al. reported 
on 28 CD patients with CDAIs > 150, who had normal 
CRP levels [36]. In almost a third of cases, the CDEIS 
was ≥6. Regarding fecal calprotectin, even if its use 
is simple, its reproducibility over time is not perfect. 
De Suray et al. found significant intra-individual vari-
ability with this assay [29]. Moum et al. have reported 
similar results comparing 63 pairs of stools at 24-h 
intervals [37]. Currently, this assay is not commonly used 
in clinical practice in France. In the future, it may be 
carried out by the patient on their own stool, as the 
technique has given reliable results in preliminary stud-
ies. This ‘bedside’ assay may help to increase patient 
complience.

Optimizing the treatment of CD using 
biomarkers
In view of the data, this appears to be a very interesting 
concept. In practices, we could discuss a decrease of 
therapy in patients in deep remission. The STORI study 
[25] included 113 patients in clinical remission treated 
with a IFX–AZA combination for at least 6 months. 
Patients stopped IFX at inclusion. The aim of this work 
was to isolate predictive factors of relapse under AZA 
monitoring alone. Deleterious factors were found in the 
absence of surgery, steroid use between 6 and 12 months 
before stopping IFX, male gender, hemoglobin Phase II 
14.5 g/dl, leukocytes > 6 × 109/l, high-senstitivity CRP 
≥ 5 mg/l, fecal calprotectin ≥ 300 μg/g of stool, CDEIS 
> 0 and IFX concentration ≥ 2 mg/l. Patients who 
stopped IFX with at least four of these criteria rarely 
relapse by the 1-year follow up. This is in contrast to 
those with more than six criteria, for whom the sys-
tematic relapse was within less than 1 year (Figure 2). 
It is important to note that patients with recurrence 
were in remission with new IFX therapy for up to 90% 
of included patients. The study also demonstrates that 
mucosal healing is necessary but not sufficient before 
decreasing therapy. Only 30% of patients with healing 
mucosa (CDEIS = 0) did not present recurrence in the 
follow up. Moreover, CRP, calprotectin and healing 
mucosa on endoscopy are independent factors.

Regarding the feasibility to interrupt AZA treatment 
in patients treated for more than 4 years, Treton et al. 

have reported a significant relapse rate dependent on the 
duration of the pre-AZA period (14% at 1 year, 52% at 
3 years and 62% at 5 years) [38]. CRP over 20 mg/l had 
a hazard ratio of 58 for risk of relapse and seems to be a 
factor associated with relapse after AZA interruption.

Optimizing therapy in asymptomatic patients 
with elevated biomarkers
To date, no study can support this concept. Recently, 
a working group at the European Crohn’s and Colitis 
Organisation has reported these findings on mucosal 
healing and therapeutic impact [39]. The current find-
ings are clear: intensified therapy for mucosal healing in 
patients with CD in clinical remission without muco-
sal healing, is not recommended. Nonetheless, some 
experts have embrased the concept. In a recent develop-
ment, Louis et al. have finally proposed an empirical 
monitoring to validate the support of CD (Figure 3) [40].

To confirm this concept of therapeutic optimization 
based on the use of biomarkers, two multicenter stud-
ies are ongoing. The ADACAL study has been opened 
under the direction of three societies as GETAID 
in France. Patients with CD who have been treated 
with AZA alone and have a CDAI clinical score of 
<220 but with an increase fecal calprotectin beyond 
250 μg/g stool and/or elevated CRP > 5 mg/l, will be 
included. Endoscopy is performed for each patient. 
Included patients have CDEIS >3 or more than 10% 
in one segment. These patients will be randomized 
into two groups: placebo or ADA add patterns with 
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Figure 2. Predictive model for time to recurrence in the STORI cohort. 
Kaplan-Meier curves of time to recurrence following models and 
multivariate scores generated by a Cox model using a multiple imputation 
method. Independent factors associated with relapse: no previous surgery, 
corticosteroid use in 6–12 months before stopping infliximab, male, 
hemoglobin ≤ 14.5 g/dl, leukocytes > 6 × 109/l, high-sensitivity CRP ≥ 
5 mg/l, fecal calprotectin ≥ 300 µg/g, Crohn’s disease endoscopic index of 
severity score >0, infliximab ≥ 2 mg/l. 
†Number of deleterious factors. 
Reprinted with permission from [24].
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conventional induction and maintenance. The pri-
mary end point is the rate of treatment failure at week 
48. Determination of clinical score, quality of life 
and biomarkers will be performed every 12 weeks. 
In each arm, increase of these biomarkers over 50% 
will be followed by endoscopy and treatment will be 
intensified in case of non-mucosal healing. The results 
are strongly expected to confirm whether or not CD 
patient treatment can be optimized based only on 
biomarkers.

The second trial (CALM) has been designed to 
measure the impact of those biomarkers in therapeu-
tic strategies and the interest of tight control of the 
disease (Figure 4).

This work aims to determine whether tight con-
trol of the disease (clinical and biomarker) increases 
the rate of mucosal healing in CD at 1 year in 
immunosuppressants-naive patients or those on anti-TNF 
therapy.

The concept of optimization therapy in asymptomatic 
patients with elevated biomarkers seems to be logical and 
promising. However, recent evidence is mainly indirect, 
and currently, this strategy cannot be validated in prac-
tice. It may, in each case, be discussed only in consultation 
meetings regarding therapy. Only the results of the major 
studies underway will remove any ambiguity or doubt on 
this type of strategy.

Trough residual IFX
In patients treated with IFX in a maintenance strategy, 
treatment is usually tailored to symptoms, biology and 
even endoscopy. The advantage of this optimization 
guide with trough serum IFX is highly debated and 
prospective trials are awaited.

Several studies on the relationship between serum IFX 
and efficacy in CD and UC have been reported. However, 
most often, the presence of very low IFX concentrations, 
even undetectable, is correlated with a poor response.

The study by Van Moerkercke et al. has the advantage 
in demonstrating an outline of the concentration–effect 
relationship with a significant difference between total 
endoscopic mucosal-healing rate when serum IFX is 
higher than 5.77 μg/ml versus absence of healing when 
this rate is approximately 0.95 μg/ml (p = 0.004) [41]. 
These results are consistent with those from Maser et al. 
[42], thus indicating a relationship for the concentration–
effect on clinical, biological and endoscopy response. 
Similarly, in UC, Seow et al. have reported that patients 
with detectable trough residual IFX (TRI) present sig-
nificantly more healing mucosa than patients without 
detectable TRI.

A retrospective study assessed the value of TRI when 
immunosuppressive treatment is stopped in patients 

Baseline assessment: CRP, FcalP, CEUS, CT enterography, colonoscopy

Anti-TNF induction

Symptomatic remission Not in symptomatic remission

Treat to target
CRP every 4 weeks
F-CalP every 4 weeks
Colonoscopy week 12, 52
CEUS week 12, 24, 52

Assessment
CRP
F-CalP
Colonoscopy
CEUS

No evidence of
inflamation:
Continue scheduled
maintenance

Continued
inflammation:
Escalate therapy

Active inflamation:
Modify or change Rx

Figure 3. Assessment and monitoring for Crohn’s disease patients. 
CEUS: Contrast-enhanced ultrasound; CT: Computed tomography; 
F-CalP: Fecal calprotectin; Rx: Treatment. 
Reprinted with permission from [39].

Mucosal 
healing

 at week 56

Clinical Response

Tight control = clinical remission, fecal calprotectin, hs-CRP

n = 1
Steroids

n = 1

Unchanged treatment/ADA every 2 weeks/ADA by week/ADA + AZA + PDN

Unchanged treatment/ADA every 2 weeks/ADA by week/ADA + AZA + PDN
Patients 
naive to
IS and 

anti-TNF

Figure 4. Tight control of the disease (clinical and biomarker) on mucosal healing in Crohn’s disease at 1 year. 
ADA: Adalimumab; AZA: Azathioprine; hs-CRP: high-sensitivity CRP; IS: Immunosuppressants; PDN: Prednisone.
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receiving combination therapy with IFX and immuno-
suppressant in CD [43]. In this series of 223 patients with 
IFX, 158 received combination therapy and 65 mono-
therapy with anti-TNF. Of the 158 patients, 117 had dis-
continued the immunosuppressant after a median of 13 
months of combination therapy. Median follow up was 
40 months, 29 months after cessation of immunosup-
pressant. During follow up, 49% of patients had a flare 
of their disease requiring optimization of IFX. Of the 
117 patients who discontinued the immunosuppressant, 
21 had to stop IFX (7 and 14, respectively, for adverse 
loss of response). The authors have evaluated the impact 
of residual trough serum IFX rate and CRP at the time 
of immunosuppressant interruption to predict loss of 
response to IFX. The determination of serum IFX was 
measured with a specific home-made ELISA assay with 
a detection limit of 0.3 μg/ml. Two prognostic factors of 
loss of response to IFX after interruption of immunosup-
pressant were identified as undetectable serum IFX rate 
and CRP greater than 5 mg/l [43].

The interest to use serum IFX seems clearly established 
in this situation. However, variations in the results of 
these assays are, to date, limiting to their routine use.

Arias et al. have also conducted a randomized con-
trolled trial (TAXIT) in IFX responding IBD patients 
treated in maintenance [44]. The aim of the study was to 
compare the efficacy of 1-year treatment with IFX main-
tenance strategy based on trough serum IFX levels versus 
an approach based only on the symptoms. This study 
is ongoing and only preliminary results were presented 
at the congress. The prerequisite before randomization 
was that all patients have the same trough serum IFX. 
Levels between 3 and 7 μg/ml were found to be optimal 
and preset for the patient population. In patients with 
low trough serum IFX, the optimization of IFX cannot 

only restore a trough serum IFX therapeutic but also to 
decrease CRP levels.

There are few data on the use of trough serum IFX in 
UC. The Louvain team has investigated whether trough 
serum IFX measured at week 14 were predictive of opti-
mization and failure of IFX in their cohort of patients 
treated for UC refractory maintenance. Among the 135 
patients, 50% were optimized with a 61% efficacy. Over-
all, a low trough serum IFX at week 14 was associated 
with optimization and failure of IFX. A threshold of 
7.19 μg/ml was the most discriminating for predicting 
relapse of UC treated by IFX, with AUC of 0.67. These 
results are consistent with those from Bortlik et al. who 
have demonstrated that CD patients with TRI up to 
3 μg/ml present a significantly more sustained clinical 
remission than patients with TRI above 3 μg/ml.

The impact of antibodies to IFX on clinical response 
are, however, confounding. In a recent meta-analysis, the 
authors have concluded that the presence of antibodies to 
IFX was significantly associated with relapse under IFX. 
However, there was a strong heterogeneity in this analysis. 

For ADA, data regarding the impact of ADA trough 
levels and antidrug antibodies (ADAb) are very scarce. In 
an observational study, Karmiris et al. report the absence 
of correlation between trough levels of ADA and short-
term evolution of CD. Conversely, when the authors ana-
lyzed the interruption of ADA at 24 weeks, this group of 
patients present significantly low levels of ADA at week 
4, 8 and 12 than in patients under ADA treatment up to 
24 weeks. Moreover, West et al. have also reported the 
impact of ADAb in a small cohort of 30 CD patients 
under ADA. Patients with detectable ADAb present a 
very higher failure to ADA. 

These data could help to propose a new algorithm for 
treating patients using TNF blockers (Figure 5). 

Clinical failure TRI

Positive

Indetectable

Under cutoff

Therapeutic

Supratherapeutic
and normal CRP

ATI positive

ATI negative

Increase dose

New dose

Decease dose

Switch

Increase dose

Optimization with
IS?

If ATI + switch

If ATI low, 
increase dose

Figure 5. Therapeutic algorithm for inflammatory bowel disease patients in function of trough residual level of 
infliximab or antibodies to anti-TNF. 
ATI: Antibodies to infliximab; IS: Immunosuppressants; TRI: Trough residual infliximab.



www.future-science.com future science group486

Review: Clinical Trial Outcomes   Roblin, Dronne, Paul & Del Tedesco

 ■ What is the future for patients with failure of 
anti-TNF?
Finally, anti-TNFa therapy is the most important 
treatment for IBD patients. However, primary non-
responders are frequent and clinical recurrence under 
maintenance therapy is reported in 40% of cases. This 
part of the article will explain the most important tar-
gets of future treatments in IBD and to report the results 
of these news drugs in clinical practice.

 ■ New anti-TNFa
Golimumab (GLM) was evaluated in Phase II and III 
trials in induction therapy in patients with moderate-to-
severe active UC despite current adequate treatment or 
who had previously failed and were naive to anti-TNF 
therapy [45].

Patients with Mayo scores between 6 and 12, 
inclusive, including endoscopic subscore ≥2, were 
randomized to receive placebo/placebo; GLM 
200 mg/100 mg; GLM 400 mg/200 mg at week 0 
and 2, respectively. The primary end point was clini-
cal response at week 6. Secondary end points at week 
6 are clinical remission, mucosal healing and change 
from the baseline in the Inflammatory Bowel Disease 
Questionnaire (Table 3) [45].

The impact of GLM in maintenance was reported in 
a multicenter, randomized trial. All included patients 
have presented a clinical response after the induction 
study. In these UC patients, two doses of GLM were 
compared with placebo:

 ■ Placebo (n = 156);

 ■ GLM 50 mg/4 weeks subcutaneously (n = 153);

 ■ GLM 100 mg/4 weeks subcutaneously (n = 154).

The rates of clinical remission at week 54 were, 
respectively, for GLM 50 and 100 mg and placebo, 23.5, 
26.6 and 15.4% with p < 0.05 when GLM 100 mg was 
compared with placebo. 

Patients who had previously failed in anti-TNF 
therapy were not included in this study, this finally not 

allowing to know the impact of GLM in second line of 
anti-TNF therapy. 

Similarly, the development of a vaccine against 
TNFa (TNF kinoid) has demonstrated promising 
results in animal models of chronic inflammation and 
rheumatoid arthritis. The TNF-kinoid was moved into 
Phase I/II clinical trials in patients with moderately 
to severely active CD [46]. Three intramuscular injec-
tions were carried out on day 0, 7 and 28. The results 
indicated that TNF-kinoid was well tolerated with no 
serious side effects (Table 4).

This trial has also demonstrated a decrease of fecal 
calprotectin and an endoscopic improvement. However, 
such approaches remain highly discuss in term of safety 
and long-term efficacy. 

 ■ Therapies targeting mucosal intestinal immunity
New molecules are actively researched based on new 
knowledge of the disease and physiopathological mech-
anisms. One of the supposed mechanism for the patho-
genesis of IBD could be a high leukocytic infiltration 
of the intestinal mucosa. Extravasation of leukocytes 
from the blood into stromal tissues is carried out in 
several steps. Initially, leukocytes tether to the vascular 
endothelium through interactions between integrins on 
leukocytes and their ligands on the endothelial surface. 
Integrins are heterodimer proteins composed of an a 
and a b chain. These integrins, when activated by che-
mokines, allow leukocytes to adhere to the endothelium 
and then to cross it and enter the mucosa by a paracel-
lular pathway [47]. An important integrin involved in 
the pathogenesis of IBD is the a4b7 integrin, which 
is expressed on T cells and facilitates their binding to 
MAdCAM-1 [48].

An anti-MAdCAM-1 trial (PF-547659) has recently 
been launched [49]. In total, 80 UC patients were 
included, receiving anti-MAdCAM versus placebo. 
Response rates at week 12 were 42 versus 21%, respec-
tively. Remission was achieved for 22% of patients 
receiving the drug versus 0% in the placebo group [49]. 
A similar study is ongoing in CD [101]. 

Vedolizumab is an antibody that specifically tar-
gets a4b7 integrin. Its specificity has been studied 

Table 3. Clinical response, clinical remission, mucosal healing and change in Inflammatory Bowel 
Disease Questionnaire score for golimumab versus placebo at week 6.

Treatment group Randomized 
patients (n)

Clinical 
response (%)

Clinical 
remission (%)

Mucosal 
healing (%)

Change in IBDQ 
score (range)

Placebo 256 29.7 6.3 28.5 14.6

GLM 200 mg/100 mg 257 51.8* 18.7* 43.2** 27.4*

GLM 400 mg/200 mg 258 55.9* 17.8*** 45.3* 27*
*p < 0.0001;  **p = 0.0005; ***p < 0.001. 
GLM: Golimumab; IBDQ: Inflammatory Bowel Disease Questionnaire.
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Table 7. Clinical response and remission at week 6 in patients with 
prior anti-TNF failure and without anti-TNF exposure.

Clinical response (%) Clinical remission (%)

Patients with prior anti-TNF failure

Placebo (n = 63) 20.6 3.2

Vedolizumab (n = 82) 39 9.8

Difference 18.4 6.6

95% CI 3.9–32.9 9.8–22.8

Patients without prior anti-TNF exposure

Placebo (n = 76) 26.3 6.6

Vedolizumab (n = 118) 53.1 23.1

Difference 26.8 16.5

95% CI 13.7–39.9 2.4–30.2

by immunohistochemistry and demonstrates its high 
capacity to bind to the GI tract [50]. A Phase II trial 
has demonstrated the efficacy of vedolizumab for the 
induction of clinical and endoscopic remission in 181 
patients with active UC [51]. Patients have received 
0.5 or 2 mg/kg of vedolizumab versus placebo iv. The 
results are summarized on Table 5. The rate of side 
effects was similar in all treatment groups.

A similar trial was conducted in 185 patients with 
active CD [52]. At day 57, 37 and 30% of patients treated 
with vedolizumab at 2.0 and 0.5 mg/kg, respectively, 
had achieved clinical remission compared with 21% in 
the placebo group (p = 0.04 for 2.0 mg/kg vs placebo).

A first randomized Phase III, placebo-controlled, 
double-blind, multicenter trial (GEMINI I) studying 
the efficacy and safety of vedolizumab as induction 
therapy in patients with moderate to severe active 
UC in whom at least one prior therapy had failed has 
reported promising results (Tables 6 & 7) [53]. 

Similarly, the maintenance study confirms the supe-
riority of vedolizumab in UC. It was a multicenter, 
randomized study that compared two doses of vedoli-
zumab (iv. 300 mg/4 week or iv. 400 mg/8 week) and 
placebo. At week 52, clinical remission was, respec-
tively, for vedolizumab/4 weeks, vedolizumab/8 weeks 
and placebo, 44.8, 41.8 and 15.9% (p < 0.001). Heal-
ing mucosa at week 52 was, respectively 56, 51.6 and 
19.8% for each arm. Moreover, in patients who respond 
to induction treatment, vedolizumab is clearly effective 
for maintenance therapy in UC patients. Vedolizumab 
every 4 weeks seems to be no more effective than every 
8 weeks.

Vedolizumab has been also studied in CD. GEMINI 
II is a randomized, placebo-controlled, double-blind, 
multicenter Phase III trial studying induction and 
maintenance in patients with moderately to severe activ-
ity. The induction phase was evaluated in 368 patients. 
Patients were randomized 3:2 to receive iv. vedolizumab 
300 mg or placebo on day 1 and 15. The primary end 
points were clinical remission (CDAI Phase II 150) and 
clinical response (decrease of more than 100 points of 
CDAI from baseline) at week 6 (Table 8).

In this trial, it is important to note that 48% of 
the patients had prior anti-TNFa failure, with 55% of 
primary failure and 27% of second failure.

The maintenance phase has been studied in patients 
who have responded to the induction phase (decrease 
at week 6 of more than 70 CDAI points from baseline). 
Patients were randomized to receive either vedolizumab 
300 mg  iv. every 4 or 8 weeks, or placebo. Of the 
1115 patients enrolled and who received the induction 
phase, 461 were included in the maintenance phase. 
The primary end point was clinical remission (CDAI 
Phase II 150) at week 52. The secondary end point was 

Table 4. Efficacy of TNF-kinoid on clinical 
response and remission.

Week Clinical response (%) Clinical remission (%)

4 66 36

8 70 78

12 78 45

Table 5. Clinical and endoscopic remission at week 6: vedolizumab 
0.5 or 2.0 mg/kg versus placebo in active ulcerative colitis.

Tretment Clinical remission Endoscopic remission

Placebo 14 8

Vedolizumab 0.5 mg/kg 33* 28**

Vedolizumab 2.0 mg/kg 32* 12**
*p < 0.02; **p < 0.007.

Table 6. Clinical response, clinical remission and mucosal healing at 
week 6.

Clinical response 
(%)

Clinical remission 
(%)

Mucosal healing 
(%)

Placebo 
(n = 149)

25.5 5.4 24.8

Vedolizumab 
(n = 225)

47.1 16.9 40.9

Differences 21.6* 11.5** 16.1***
*p<0.001; **p = 0.001; ***p = 0.0013.

Table 8. Clinical remission and clinical response in the GEMINI II 
trial at week 6. 

Treatment Clinical remission, 
week 6 (%)*

Clinical response, 
week 6 (%)**

Placebo (n = 148) 6.8 25.7

Vedolizumab (n = 220) 14.5 31.4
*p = 0.206; **p = 0.2322.



www.future-science.com future science group488

Review: Clinical Trial Outcomes   Roblin, Dronne, Paul & Del Tedesco

clinical response (decrease of more than 100 points of 
CDAI from baseline) and corticosteroid-free remission 
at week 52 (Table 9).

In addition to develop alternative ways to tar-
get TNFa, many approaches actually target other 
pro-inflammatory cytokines such as IL-12/-23 or -6.

IL-12/-23 pro-inflammatory cytokines are composed 
of p40 subunit and are implied in induction and main-
tenance of inflammatory response. Ustekizumab targets 
the p40 subunit of those cytokines. Ustekizumab has 
been tested in a Phase II trial in patients with moder-
ate to severe active CD with promising results [54–56]. 
After 6 weeks of treatment, clinical response rates were 
significantly higher in patients receiving ustekizumab 
(58%) compared to the placebo (30%). However, at 8 
weeks, rates were not significantly different between 
ustekizumab (49%) and placebo (40%). The long-term 
response is still unknown, but it is interesting that a 
subgroup who had first responded to anti-TNFa ther-
apy had a higher response rate than the placebo group. 
This effect was also studied in another trial in which 
59% of patients who were previously treated with IFX, 
also responded to ustekizumab, compared to 26% of 
patients treated with placebo only. A recent multicenter 
Phase IIb trial in patients with moderate-to-severe active 
CD who were unresponsive to IFX was also realized. 
Those patients who have responded to ustekizumab 
have received maintenance therapy (Table 10).

However, there was no difference between the two 
groups for clinical remission (Table 8). The results of 
those three trials demonstrate that ustekizumab may be 
useful in patients who had failed to respond to previous 
treatment with anti-TNFa therapy.

Already approved as a second-line treatment for 
patients with rheumatic polyarthritis who have failed 
to respond to other therapies, tocilizumab is a mono-
clonal antibody to the IL-6 receptor. Tocilizumab has 
only been studied in one controlled Phase I trial with 
36 active CD patients. The results indicate that 80% 
of patients who were treated biweekly with an iv. perfu-
sion of tocilizumab for 12 weeks experienced a clini-
cal response, compared to 31% in the placebo group. 
However, only 20% of the tocilizumab-treated patients 
were in clinical remission [57].

Another target to prevent the infiltration of leuko-
cytes is to block the chemokines axis, which allows, 
in combination with integrins, a paracellular pathway 
into the intestinal mucosa. CCR9 seems to be the key 
chemokine receptor in the inflammation of intesti-
nal mucosa. CCX282-B (Traficet-EN), an inhibitor 
molecule of CCR9, was studied in a double-blinded, 
placebo-controlled, Phase II/III trial (PROTECT-1). 
In induction, 436 patients were included with moder-
ate-to-severe CD and received placebo or CCX282-B 
at a dose of 250 or 500 mg once a day or 250 mg twice 
a day. The primary end point, which was a decrease 
in the CDAI score of 100 points at week 12, occurred 
in 48, 55, 42 and 40 patients receiving CCX282-B 
at doses of 250 or 500 mg once a day (p = 0.029) 
or 250 mg twice a day, respectively, compared with 
40% of patients receiving placebo. After induction by 
CCX282-B, remission was maintained for 36 weeks in 
50% of the treated patients. It also indicated that 19% 
of the CCX282-B group had normal levels of CRP 
compared to 9% in the placebo group [58]. A Phase III 
trial is ongoing with this molecule.

Some cytokines are also useful for lymphocytes acti-
vation, function and proliferation. Those cytokines 
enter in the JAK pathway. Tofacitinib (Tf) is an inhibi-
tor of JAK 1, 2 and 3 kinases. Tf was studied in UC 
in a doubled-bind, placebo-controlled, Phase II trial 
[59]. This trial has evaluated its efficacy in 194 patients 
with moderate-to-severe active UC. Those patients 
were randomized to receive Tf at doses of 0.5, 3, 10 or 
15 mg, or placebo twice daily for 8 weeks (Table 11). 
The primary end point was the clinical response at 

Table 10. Clinical response at week 6 and 22, and clinical remission 
at week 22 in Crohn’s disease patients treated with ustekizumab 
versus placebo group.

Treatment Clinical response 
week 6 (%)

Clinical response 
week 22 (%)

Clinical remission 
week 22 (%)

Ustekizumab 39.7 69.4 41.7

Placebo 23.5* 42.5** 27.4
*p = 0.005; **p < 0.001.

Table 9. Study of vedolizumab on the maintenance phase.

Treatment Clinical remission at week 52 
(%; p value)

Clinical response at week 52 
(%; p value)

Corticosteroid-free remission at 
week 52 (%; p value)

Placebo (n = 153) 21.6 30.1 15.9†

Vedolizumab every 4 weeks 
(n = 154)

36.4 (0.0042) 45.5 (0.053) 28.8‡ (0.045)

Vedolizumab every 8 weeks 
(n = 154)

39 (0.007) 43.5 (0.0132) 31.7§ (0.0154)

†n = 82. ‡n = 80.  §n = 82.
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Table 12. Summary of the drugs tested or under evaluation for the treatment of inflammatory bowel 
diseases patients.

Drugs Phase of trial Type of IBD Treatment Duration (weeks) Results

Ustekinumab IIa CD I 6 Positive

Ustekinumab IIb CD I and M 6–22 Positive

TNF kinoid I/II CD I 12 Positive

Anti-MadCam II CD I 12 Positive

Anti-MadCam II UC I 12 Positive

Anti CCR9 II/III CD I and M 12–36 Positive

Tofacitinib IIb UC I 8 Positive

Golimumab III UC I and M 6/54 Positive

Vedolizumab III UC I and M 6/52 Positive

Vedolizumab III CD I and M 6/52 Positive

Anti-MadCam III UC I and M – In progress

Anti-MadCam III CD I and M – In progress

Ustekinuab III CD I and M – In progress

Anti IL6 III CD I and M – In progress

Anti CCR9 III CD I and M – In progress
CD: Crohn’s disease; I: Induction; IBD: Inflammatory bowel disease; M: Maintenance; UC: Ulcerative colitis.

8 weeks. The secondary end points were clinical remis-
sion, endoscopic response and endoscopic remission 
at 8 weeks.

Future perspective
New drugs will certainly be available for treatment 
of UC and CD in the near future. However, for now, 
we have to optimize our strategies (Table 12). If the 
concept of combotherapies is clear and could change 
the story of these diseases, an essential axiom of any 
early treatment paradigm is recognition that overtreat-
ment of low-risk patients will result in a poor thera-
peutic index. Consequently, it is essential to identify 
patients who are suitable for early treatment because 
they are at high risk of disease progression. Moreover, 
benefits must always be carefully weighed against 
risks. The cellular and molecular pathways of IBD are 

increasingly better understood. We hope in the future 
that it will be possible to observe for each patient the 
role of each abnormality. So, it is difficult to envis-
age new strategies without those data and to treat in 
a personalized manner, depending on the individual 
mechanistic analysis.
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Table 11. Efficacy of tofacitinib in Phase II trial.

Treatment End point at week 8

Clinical response 
(%; p value)

Clinical remission 
(%; p value)

Endoscopic response 
(%; p value)

Endoscopic remission 
(%; p value)

Placebo (n = 48) 42 (NA) 10 (NA) 46 (NA) 2 (NA)

Tf 0.5 mg (n = 31) 32 (0.59) 13 (0.76) 52 (0.64) 10 (0.14)

Tf 3 mg (n = 33) 48 (0.55) 33 (0.01) 58 (0.30) 18 (0.01)

Tf 10 mg (n = 33) 61 (0.10) 48 (<0.001) 67 (0.07) 30 (<0.001)

Tf 15 mg (n = 49) 78 (<0.001) 41 (<0.001) 78 (<0.001) 27 (<0.001)
Tf: Tofacitinib.
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