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Introduction
Inflammatory bowel disease (IBD) is caused by a 
dysregulation of the immune system inducing the 
production of proinflammatory cytokines and 
adhesion molecules. Tumor necrosis factor α 
(TNFα) was identified in the late 1990s as a pro-
inflammatory cytokine playing a key role in the 
inflammatory process in IBD. Beyond aminosal-
icylates, corticosteroids and immunosuppressive 
agents (azathioprine, mercaptopurine and metho-
trexate), the last two decades have been marked 
by the development of inhibitors of TNF antago-
nists, which, since the beginning of the 2000s, 
have revolutionized the management of IBD. A 
better understanding of the mucosal immune 
response in IBD has, more recently, led to the 
development of new drugs directed at inflamma-
tory cytokines and leukocyte-trafficking mole-
cules. Among these, vedolizumab acts by blocking 

the interaction between an integrin present on the 
surface of gut-specific lymphocytes and a recep-
tor on the vascular endothelium of the intestinal 
tract (α4β7 and MAdCAM-1, respectively), and 
ustekinumab is directed against the common p40 
subunit of interleukin (IL)-12 and IL-23. Other 
promising targets for new therapeutic strategies 
are currently being developed, such as JAK/
STAT signaling pathway inhibitors (tofacitinib, 
filgotinib, upadacitinib etc.), an integrin inhibitor 
[β7 integrin inhibitor (etrolizumab)], and a sphin-
gosine 1-phosphate receptor modulator that is a 
selective small molecule immunomodulatory ago-
nist for G protein-coupled S1P receptor (S1P1), 
leading to internalization of the S1P1 receptor 
present on the surface of C-C chemokine recep-
tor type 7 positive lymphocytes and trapping 
these lymphocytes in lymph nodes. A recent 
review provides an update on the current status in 
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clinical development of these new classes of ther-
apeutics.1 With the development of multiple new 
therapies that have different mechanisms of action 
there is an interest in better characterizing patients 
and selecting those who may respond preferen-
tially to specific therapies. Indeed, some patients 
may not respond to a specific therapy (primary 
nonresponders) or lose the initial response over 
time (secondary nonresponders). For example, 
the incidence of primary nonresponse for TNF 
antagonist therapy varies between clinical trial 
and clinical practice from 10 to 30%,2–4 and the 
annual risk of secondary nonresponse from 13% 
per patient year for infliximab (IFX)5 to 20.3% 
for adalimumab.6 Thus, to avoid the risk of non-
response to a drug, it is likely that it would be 
better to choose the most suitable therapy for 
each patient at the initiation of the therapy or at 
loss of response, strengthening the concept of 
personalized medicine. Indeed, personalized 
medicine is a relatively new concept that has the 
potential to optimize efficacy, decrease the risk of 
adverse drug events, and reduce costs if the treat-
ment is the most suitable therapy for a selected 
patient. Once treatment has started, personalized 
medicine also incorporates a personalized sup-
port for the patient. A tight and personalized con-
trol of disease activity is warranted to prevent 
long-term complications and improve quality of 
life (QoL). For example, the development of a 
telemedicine system for patients with IBD has 
been shown to improve medical adherence and 
could be essential in the future for the manage-
ment of patients with IBD. This review discusses 
the concept of personalized medicine in IBD in 
the context of improved quality of clinical prac-
tice and targeted-care pathways.

Personalized medicine in selecting the 
therapy

Considering the characteristics of the patient 
and the disease
The last few decades have been marked by major 
therapeutic advances for the management of IBD. 
These advances are due to an enhancement of the 
panel of treatments available and in addition to a 
better knowledge of the therapeutic strategies for 
the most active IBD cases or those with some char-
acteristics of aggressive disease that could lead to 
irreversible damage. The course of the disease is 
variable, with some patients having much more 
aggressive disease than others. However, the main 
difficulty in managing IBD is the early detection of 

patients with potentially severe disease. It is likely 
that disease outcome is variable between patients 
and, although some criteria have been defined as 
predictors of disabling disease (Table 1), sufficient 
data are not yet available to allow an accurate pre-
diction of disease severity for a specific patient at the 
stage of disease diagnosis. Thus, some patients with 
criteria considered as potentially severe could in fact 
have a favorable outcome, while the converse is also 
possible. Some risk factors of complicated Crohn’s 
disease (CD) have been demonstrated to be associ-
ated with a poor prognosis, including younger age at 
diagnosis, extensive disease, upper gastrointestinal 
involvement, smoking, fistulizing or stricturing phe-
notype, perianal disease, and the need for corticos-
teroids.7–10 For ulcerative colitis (UC), a post hoc 
analysis of the pivotal Active Ulcerative Colitis 
Trials (ACTs) for the efficacy of IFX demonstrated 
that the risk of colectomy was associated with a 
C-reactive protein (CRP) level above 20 mg/liter, 
the need for corticosteroids at inclusion, the  
presence of a Mayo score greater than 10, and a 
recent diagnosis (<3 years).11 Similarly, in the 
inflammatory bowel South-Eastern Norway 
(IBSEN) cohort, four factors were associated with a 
higher risk of colectomy: extent of disease, age  
(<40 years), need for systemic steroids, and CRP 
(⩾30 mg/liter) or erythrocyte sedimentation rate 

Table 1.  Factors predictive of disabling disease and 
nonresponse to TNF antagonists.

Factors predictive of disabling disease

Extensive disease

Upper gastrointestinal involvement

Smoking

Younger age at diagnosis

Perianal disease

Stricturing or penetrating disease

Factors predictive of primary nonresponse to 
TNF antagonists

Longer disease duration (>2 years)

Small bowel involvement

Smoking

Normal CRP

Genetic mutations (FAS-L, caspase 9)

CRP, C-reactive protein; TNF, tumor necrosis factor; 
FAS-L, fatty acid synthase-ligand. 
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(⩾30 mm/h) at diagnosis.12,13 Endoscopic findings 
can also help to predict disease behavior. In particu-
lar, the presence of deep ulcerations in CD has been 
demonstrated to be predictive of more aggressive 
disease, with a higher risk of developing penetrating 
disease.14 Conversely, in UC, with the arrival of 
TNF antagonists, the severity of inflammation at 
initial colonoscopy did not seem to markedly affect 
the outcome.15 Biomarkers might also be helpful to 
identify patients who are at risk of a complicated 
disease course. In particular, numerous studies have 
indicated that anti-Saccharomyces cerevisiae anti-
bodies (ASCA) positivity and newly discovered 
antibodies such as CBir1, Anti-OmpC antibody or 
anti-I2 in CD are correlated with a higher risk of 
stricturing, penetrating disease and small bowel 
resection.16–18 Similarly, antichitobioside carbohy-
drate antibody (ACCA), antilaminaribioside carbo-
hydrate antibodies (ALCA), antimannobioside 
carbohydrate antibodies (AMCA) and gASCA have 
also been associated with complicated disease and 
surgery.19 However, although these biological mark-
ers are recognized as indicating a risk of a compli-
cated disease course, they are not routinely assessed.

Beyond the characteristics of the patients and the 
disease, some situations must be considered as spe-
cial, and encourage a close monitoring of the dis-
ease. In CD, between 70% and 90% of patients will 
require surgery during their lifetime. Surgery is 
often considered as a last-resort treatment for CD, 
in the case of failure of medical treatment or con-
secutive to a disease complication. In the postopera-
tive course, monitoring of the anastomosis by 
colonoscopy is recommended to detect an endo-
scopic relapse and to adapt the treatment. It is likely 
that the goal of therapeutic management in the 
postoperative course is to avoid repeat surgery. 
Some clinical factors have been established as asso-
ciated with risk of recurrence in this situation: 
according to the second European evidence-based 
consensus on the diagnosis and the management of 
CD, these factors are smoking, penetrating behavior 
of disease, perianal location, extensive small bowel 
resection and prior intestinal surgery.20 In UC, 
another situation is the risk of pouchitis following 
ileal pouch anal anastomosis. This risk ranges from 
14% to 59% and risk factors include the presence of 
extraintestinal manifestations, primary sclerosing 
cholangitis and nonsmoking.21 These criteria justify 
special attention in the monitoring of patients.

Over the last two decades a change in the treat-
ment strategy for patients with IBD has come 

under intense discussion. In 2004, D’Haens and 
colleagues evaluated the benefit of a top-down 
strategy (start with a combination of biological 
therapy and immunosuppressant and de-escalate 
if possible) compared with the standard step-up 
management (start with steroids and step up to 
immunosuppressant and biologics if necessary). 
These authors demonstrated that clinical remis-
sion rates without steroids were similar at week 
104 but the mucosal healing rate was higher with 
the top-down strategy.22,23 However, if a top-
down strategy were recommended for all patients 
diagnosed with CD, a significant number of 
patients would be overtreated. In this context, it 
seems important to well characterize a population 
at high risk of a damaging disease course that will 
profit from a highly effective therapy.

Therefore, for patients with IBD and risk factors 
of complicated disease, the European Crohn’s 
and Colitis Organization (ECCO) consensus 
recommends a highly effective therapy early in 
the course of the disease and the possible com-
bining of therapeutics. The SONIC study dem-
onstrated that a combination of IFX/
immunosuppressor was more effective than IFX 
or immunosuppressor alone, both to achieve 
corticosteroid-free remission (56.8%, 44.4% 
and 30.0%, respectively) and mucosal healing 
(43.9%, 30.1% and 16.5%, respectively).24 
Indeed, the aim of a highly effective treatment 
early in the course of the disease by combining 
therapies is to offer the possibility to modify the 
disease course and then to avoid the risk of com-
plications, hospitalizations and surgery.25,26 The 
recent REACT study demonstrated that an early 
combined immunosuppression (ECI) was more 
effective than conventional management for 
controlling the risk of major adverse outcomes  
in CD, represented by surgery, hospital admis-
sion or serious disease-related complications 
(27.7% and 35.1%, respectively, p = 0.0003).27 
However, although the baseline characteristics 
of the patients were well balanced in both groups, 
most of the patients included had longstanding 
disease and prior intestinal resection. The find-
ings of this study should thus be confirmed in 
patients who are newly diagnosed or have a 
shorter disease duration. Furthermore, in this 
study, the primary outcome, the proportion of 
patients in corticosteroid-free remission at 12 
months, was not superior in the ECI group com-
pared with the conventional management group 
(66% versus 61.9%; p = 0.52).
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Considering the choice of drug
The last two decades have been marked by the 
arrival of TNF antagonist agents and more 
recently other therapeutic drugs targeting differ-
ent pathways of inflammation. Beyond the inhibi-
tion of TNFα (anti-TNF agents), other treatments 
that have been approved for CD include a drug 
targeting IL-12/23 (ustekinumab) and another 
for CD and UC that blocks the α4β7 integrin pre-
sent on the surface of gut-specific lymphocytes 
and the MAdCAM-1 receptor on the vascular 
endothelium (vedolizumab). More recently, the 
JAK/STAT signaling pathways represent another 
promising target, given that a large number of 
cytokines operate by activating JAK signaling 
during the inflammatory response. These new 
therapeutic options are of great value since they 
allow the envisaging of different sequences of 
therapy in the case of failure of one treatment. 
For example, in spite of the clinical efficacy of 
anti-TNF agents, around 10–30% of patients do 
not respond to the first biological therapy but 
could be responders to another therapeutic class. 
The question then arises, which molecules should 
be used as a first-line therapy in the future? 
Although all the immunosuppressive therapies 
that are currently approved for the treatment of 
CD are effective and could theoretically be used, 
it will be crucial to consider the right drug in 
appropriately selecting the initial therapy; that is, 
in determining predictive factors of response to 
targeted therapy. In the case of disease with 
aggressive factors, the treatment should be highly 
effective in order to avoid a delay that would allow 
the potential development of intestinal damage 
with irreversible consequences (perianal disease, 
extensive small bowel inflammation). In this case, 
it is likely that a drug with a certitude of efficacy 
will be the most suitable therapy.

In this context of personalized medicine, it is 
important to point out that some clinical trials are 
becoming more and more selective in their patient 
inclusion with respect to disease characteristics. 
For example, Gilead has just launched two phase II 
trials to evaluate filgotinib in the treatment of peri-
anal fistulizing CD [ClinicalTrials.gov identifier: 
NCT03077412] and CD limited to the small bowel 
only [ClinicalTrials.gov identifier: NCT03046056]. 
In the future, with the results of such studies where 
the selection criteria have been tightened, the 
choice of drug could be made depending on disease 
location or disease behavior, strengthening the con-
cept of personalized medicine.

In this context of personalized medicine, many 
studies have investigated predictive factors of 
therapeutic efficacy in comparing responders and 
nonresponders after the initiation of the therapy. 
Thus, a number of individual patient characteris-
tics have been evaluated for an association with a 
response to TNF antagonist agents. Studies have 
demonstrated that young age, isolated CD colitis, 
and elevated CRP levels at the initiation of ther-
apy are variables favoring a short-term response 
to IFX.28,29 Conversely, smokers were less likely 
to respond than nonsmokers30,31 and those with a 
disease duration longer than 2 years were less 
likely to respond than those with a shorter disease 
duration.32 Genetic markers have also been evalu-
ated to predict response to IFX but no gene has 
been found to be sufficiently relevant for use in 
clinical practice (Table 1).33–35

Other studies have evaluated some predictive fac-
tors of therapeutic efficacy at baseline (before the 
initiation of the therapy), demonstrating that 
gene expression profile, molecular imaging, and 
the microbiome could be of interest for this con-
cept. Again, predictive factors of TNF antagonist 
agent response have been the most studied.

Thus, gene expression profiles could be of inter-
est for response to IFX. In the study by Arjis and 
colleagues, the gene expression profiles from 37 
patients with active CD (19 Crohn’s colitis and 
18 Crohn’s ileitis) were compared before and 
after first IFX treatment. In Crohn’s colitis, a top-
five gene set (TNFAIP6, S100A8, IL11, G0S2, 
S100A9) was demonstrated to completely dis-
criminate responders and nonresponders, with a 
100% accurate predictive gene signature. 
Conversely, this study failed to identify a predic-
tive gene set for Crohn’s ileitis.36 The same analy-
sis was performed by the same authors for UC, 
showing that the top five differentially expressed 
genes between two cohorts of responders and 
nonresponders (osteoprotegerin, stanniocalcin-1, 
prostaglandin-endoperoxide synthase 2, IL-13 
receptor α2, IL-11) could separate the two groups 
with 95% sensitivity and 85% specificity.37 
Similarly, Toedter and colleagues demonstrated 
that in UC, unlike responders, nonresponders did 
not show significantly modulated gene expression 
before and after IFX therapy, especially for the 
TH1, TH2 and TH17 pathways.38 However, 
although these studies allow a better understand-
ing of the mechanisms of response and resistance 
to TNFα antagonist therapy, gene expression 
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profiling of patients with IBD is not yet used in 
clinical practice to differentiate response to IFX.

More recently, other studies have suggested that 
molecular imaging could be predictive of TNF 
antagonist agent efficacy. Molecular imaging is rep-
resented by single photon emission computed 
tomography (SPECT) and positron emission 
tomography (PET). These have mainly been evalu-
ated to detect active disease in IBD.39 However, 
Van den Brande and colleagues also tested whether 
the ability of rapid anti-TNF-induced apoptosis in 
the gut could predict the efficacy of anti-TNF treat-
ment in IBD. In this study, (99 m)Technetium 
(Tc)-annexin V SPECT was performed in murine 
models and in 14 patients with CD; after IFX infu-
sion, colonic (99 m)Tc-annexin V significantly 
increased in patients responding to therapy com-
pared with nonresponders (mean increase of 98.7% 
in colonic uptake of marker in responders versus 
15.2% in nonresponders, p = 0.03).40 Molecular 
imaging has also been tested with topical fluores-
cent antibodies in order to predict response to the 
introduction of IFX in IBD.41 Patients with high 
numbers of membrane-bound TNF immune cells 
detected by topical antibody administration showed 
significantly higher short-term response rates 
(92%) at week 12 upon subsequent anti-TNF ther-
apy compared with patients with low cell counts 
(15%): the high membrane-bound TNF (mTNF) 
group had a significantly lower Crohn’s disease 
activity index (CDAI) score than the low mTNF 
group at week 12 (92 versus 249; p = 0.02), a sig-
nificant reduction in steroid use (p = 0.04), and a 
sustained remission (p = 0.04). Sensitivity and 
specificity for the prediction were 92% and 85%, 
respectively. This in vivo molecular imaging thus 
has the potential to individualize specific therapies 
based on molecular-level analysis. 

Similarly, some studies are evaluating the effects of 
anti-integrin therapies at a molecular level. A recent 
study aimed to identify the immunophenotype, 
cytokine production and cytokine responsiveness of 
lymphocyte subpopulations that do versus do not 
bind vedolizumab in the peripheral blood of patients 
with CD, and demonstrated that circulating integ-
rin α4β7+ lymphocytes targeted by vedolizumab 
had a proinflammatory phenotype. In the rand-
omized, controlled, phase II trial of another  
anti-integrin therapy, etrolizumab, a humanized 
monoclonal antibody that selectively binds the  
β7 subunit of the heterodimeric integrins α4β7  
and αEβ7, the presence of baseline colonic αE 

expression detected by flow cytometry assays 
improved response to the drug. Indeed, in this study 
etrolizumab reduced αE+ cell association with the 
intestinal epithelium, suggesting that αEβ7+ lym-
phocytes contribute to the physiopathology of UC.42 
In a concept of personalized medicine it is then 
interesting to consider that therapeutic antibody tar-
gets like ustekinumab, anti-integrin or anti-JAK 
could be tested at a molecular level to determine the 
best pathway of inflammation to treat for a patient 
needing a targeted therapy.

The gut microbiome has also been evaluated to 
predict outcome and therapeutic response in 
IBD. Over the last decade, increasing numbers of 
studies have highlighted the role of the gut micro-
biome in IBD. These microbial studies have 
determined the normal composition of the gut 
microbiome and its perturbations in the setting of 
IBD. In particular, the most well defined change 
that has been noted in patients with CD is the 
reduced abundance of Firmicutes compared with 
controls, especially Faecalibacterium prausnitzii. 
Several trials have studied the role of pro- and 
prebiotics, antibiotics and fecal transplantation in 
CD treatment. However, few studies have ana-
lyzed the role of the microbiome to predict the 
course of IBD. A subanalysis of the prospective 
STORI study, which aimed to identify predictive 
factors of clinical relapse after IFX discontinua-
tion, evaluated the gut microbiota composition of 
33 patients with CD and 29 control subjects. A 
low level of F. prausnitzii (p = 0.014) and a low 
level of Bacteroides (p = 0.030) predicted relapse 
independently of high CRP level (p = 0.0001).43 
In another longitudinal prospective cohort of 19 
patients with newly diagnosed IBD, Shaw and 
colleagues demonstrated that patients with IBD 
had dysbiosis compared with controls and analy-
sis of the microbiome at baseline could potentially 
be used to predict a response in treatment-naive 
patients. The authors found differences in spe-
cific gut microbiome genera between responders 
and nonresponders, including in particular, 
Akkermansia.44 Similarly, Ananthakrishnan and 
colleagues conducted a prospective study with 42 
patients with CD and 43 patients with UC initiat-
ing anti-integrin therapy (vedolizumab). Among 
31 patients with CD achieving week 14 remis-
sion, community α diversity at baseline was sig-
nificantly higher, and Roseburia inulinivorans and 
a Burkholderiales species were two more abundant 
species. However, this did not achieve statistical 
significance in UC. The authors supposed that a 
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more diverse microbiome composition at baseline 
may reflect prevalent microbes or metabolites 
with an anti-inflammatory effect on colonic 
inflammation and a less disrupted mucosal bar-
rier, leading to a greater treatment response. The 
findings of this study strengthen the concept that 
the gut microbiome plays a role of initiation and 
propagation of luminal inflammation, and can be 
regulated by biological therapy. In demonstrating 
the association between baseline gut microbiome 
composition and clinical remission, the authors 
suggested incorporating both clinical and micro-
biome data in predicting clinical remission.45

Personalized medicine in the monitoring 
therapy

Monitoring of remission in patients with IBD
Over the last decade, many strategic studies on the 
use of IBD therapy have been carried out, particu-
larly for TNF antagonist agents. In these studies, 
the therapeutic strategy has been completely 
changed. Indeed, with the arrival of TNF antago-
nist agents, the goal of the treatment is to obtain a 
deep remission for patients with IBD and to avoid 
the risk of disease complications in the long term, 
represented by the bowel damage related to 
inflammation both in CD and UC. Deep remis-
sion leads to a better QoL, lower need for hospi-
talization and surgery, and lower rate of colorectal 
cancer. Beyond the absence of symptoms of dis-
ease activity, parameters of remission for assessing 
the response to treatment are becoming essential.

In the context of personalized medicine, thera-
peutic goals have been proposed by a group of 
IBD experts, the International Organization for 
the Study of IBD (IOIBD) group. The aim of this 
consensus was to define the role of several param-
eters of remission in the management of the dis-
ease and to suggest a target to reach for a patient 
with IBD. In CD, the targets proposed by the 
group of experts were represented by clinical 
remission, defined in the patient-reported out-
come as resolution of abdominal pain and diar-
rhea/altered bowel habit due to the disease 
activity; endoscopic remission or ‘mucosal heal-
ing’ defined as resolution of ulceration at ileoco-
lonoscopy or resolution of findings of inflammation 
on cross-sectional imaging in patients who cannot 
be adequately assessed with ileocolonoscopy. In 
UC, the targets proposed by the group of experts 
were clinical remission, defined as resolution of 

rectal bleeding and diarrhea/altered bowel habit 
(related to the disease activity), and endoscopic 
remission (mucosal healing), defined as a Mayo 
endoscopic subscore of 0 or 1. However, these 
targets should be considered as an aid in the man-
agement of our patients and it is likely that the 
response to an induction therapy is extremely 
variable between patients.

Therefore, it is likely that the management of 
patients with IBD is currently focused on more 
objective rather than subjective parameters, such 
as normalization of laboratory evidence of inflam-
mation [CRP, fecal calprotectin (FC) etc.], 
mucosal healing, histologic healing and normali-
zation/stabilization of imaging.

Biologic remission.  Biologic parameters are widely 
available and relatively inexpensive to evaluate, and 
allow regular monitoring of patients with IBD. 
Louis and colleagues found that after induction 
therapy with a TNF antagonist, the response rate to 
IFX was significantly higher in patients with an 
elevated (>5 mg/liter) compared with normal (<5 
mg/liter) CRP value before treatment (76% versus 
46%; p = 0.004).29 Other studies have demon-
strated that early normalization of CRP level is cor-
related with a sustained long-term response (p < 
0.001),46 without the need for therapeutic adjust-
ment.47 Similarly, studies have evaluated the inter-
est of FC measurement to predict IBD outcome in 
clinical practice. Molander and colleagues demon-
strated that normalization of FC (<100 µg/g) after 
induction therapy with TNF antagonist was predic-
tive of sustained clinical remission after 12 months 
compared with an elevated postinduction FC level 
(88% versus 38%; p < 0.0001).48 Additionally, for 
patients with IBD in remission, elevated FC is a 
predictor of relapse during follow up49 or before 
anti-TNF discontinuation.50 However, it is likely 
that these biologic parameters should be consid-
ered merely as helpful for management of the dis-
ease, but an abnormality of one of them alone 
should not lead to a therapeutic modification.

Endoscopic remission.  In contrast to corticoste-
roids,51 azathioprine is capable of inducing and 
maintaining mucosal healing in CD, but this effect 
may take months to be achieved and appears to be 
modest (only 16.5% of patients at week 26 in the 
SONIC trial).24 However, interestingly, D’Haens 
and colleagues demonstrated that successful aza-
thioprine therapy defined by clinical remission was 
often accompanied by complete mucosal healing 
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(in the colon in 70% of patients and in the ileum in 
54% of patients).52 In patients with CD, metho-
trexate seems to have less efficacy to induce muco-
sal healing than azathioprine or TNF antagonists.53 
In randomized clinical trials, the effect of TNF 
antagonists on mucosal healing in CD has mostly 
been studied as a secondary endpoint (except for 
the EXTEND study for CD, which used complete 
mucosal healing as a primary endpoint). In this 
study (EXTEND) and in an ACCENT 1 sub-
study, mucosal healing was achieved in 24% of 
patients at 52 weeks who received adalimumab54 
and 50% of patients at 54 weeks who received 
scheduled IFX, respectively.55 However, the muco-
sal healing may be merely partial and Schnitzler 
and colleagues demonstrated that mucosal healing 
induced by IFX treatment, even when partial, was 
also associated with an improved long-term out-
come of the disease.56 Thus, it seems essential to 
achieve at least an endoscopic improvement with 
the induction therapy.

In contrast to CD, many studies have demon-
strated that mesalazine is capable of promoting 
mucosal healing in UC, with variability in rates 
due to the design of the studies (up to 80%).57–59 It 
is important to note that the Mayo score of 1 was 
included in the definition of mucosal healing in 
these studies, which includes mild erythema and 
friability. Similarly, azathioprine is capable of 
inducing mucosal healing in up to half of patients 
with UC treated for at least 6 months, which can 
be maintained over time.60,61 Ardizone and col-
leagues demonstrated that, compared with mesala-
mine, azathioprine is significantly more effective in 
inducing clinical and endoscopic remission.62 In 
the ACT, ULTRA-2 and PURSUIT studies, 
mucosal healing (defined as Mayo endoscopic sub-
score of 0 or 1) was also significantly achieved in 
about 46%, 25% and 42% for IFX, adalimumab 
and golimumab, respectively, at 1 year (versus 
18%, 15% and 27% for placebo, respectively).63–65 
However, a recent study evaluated the risk of 
relapse according to the degree of mucosal healing 
(i.e. Mayo 0 versus Mayo 1), showing that patients 
with an endoscopic Mayo score of 1 had a higher 
risk of relapse than those with a score of 0 (9.4% 
versus 36.6% of relapse at 6 months, respectively, p 
< 0.001).66 This result highlights the prognostic 
importance of mucosal healing in UC, although 
this target is sometimes difficult to achieve.

Histologic remission.  For the experts of the 
IOIBD group, in patients with UC, histological 

remission and biologic markers of remission are 
considered as an adjunctive target.67 However, 
histologic healing also seems to be of prognostic 
importance. Indeed, Riley and colleagues demon-
strated that 52% of patients with an acute inflam-
matory cell infiltrate relapsed compared with 
25% of relapses in the absence of such infiltrate (p 
= 0.02). Relapse rates were higher in the presence 
of crypt abscesses, mucin depletion and breaches 
in the surface epithelium.68 Other studies would 
be essential to determine precisely the role of his-
tologic remission in UC.

Therapeutic drug monitoring in the induction 
and maintenance therapy
To optimize the use of drugs, pharmacokinetic 
measurements of TNF antagonists are being 
more frequently employed in the management of 
IBD in the induction and maintenance phases. 
Some studies have evaluated the role of trough 
levels (TLs) and antidrug antibody (ADA) con-
centrations for anti-TNF agents. A significant 
correlation between anti-TNF pharmacokinetic 
concentrations and clinical response is suggested; 
indeed, patients can have factors known to be 
associated with higher clearance of the drug, that 
is, low albumin level, high body weight and 
inflammatory burden (with high concentration of 
CRP and specific fecal markers). In 2006, Maser 
and colleagues confirmed the link between phar-
macokinetics and clinical outcome by demon-
strating that in patients with CD treated with 
scheduled maintenance infusions, the rate of clin-
ical remission was higher for those with detecta-
ble IFX levels than for patients in whom TLs 
were undetectable (82% versus 6%; p < 0.001).69 
In the same way, for UC, Seow and colleagues 
reported that detectable levels of IFX at week 54 
after IFX initiation were associated with higher 
rates of clinical remission (69% versus 15%; p < 
0.001) and endoscopic improvement (76% versus 
28%; p < 0.001).70

Role of therapeutic drug monitoring in assessing a 
response to a drug.  In the CLASSIC I trial, Chui 
and colleagues demonstrated that adalimumab 
concentrations were higher in patients with CD 
who achieved clinical remission compared with 
nonresponders at week 4 (8.1 versus 5.05 µg/ml, p 
< 0.05).71 In UC, in the pivotal ULTRA 2 trial, 
median trough serum adalimumab concentra-
tions were also higher in patients who achieved 
remission at week 8 and week 52 (11.4 ± 5.15 
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and 10.8 ± 7.45, respectively) compared with 
patients who did not achieve remission (8.49 ± 
4.35 and 6.18 ± 4.22, respectively).64 In the 
PURSUIT studies for golimumab, it is interesting 
that, based on receiver operating characteristic 
curve analysis, a serum golimumab concentration 
of 2.5 µg/ml minimum at week 6 seemed to be an 
adequate concentration for induction of clinical 
response.72

Additionally, studies have attempted to identify 
anti-TNF TL cutoffs that can predict a favorable 
clinical outcome after IFX initiation. In CD, 
Cornillie and colleagues, in a post hoc analysis of 
the pivotal ACCENT 1 trial, demonstrated that a 
serum IFX TL of at least 3.5 µg/ml at week 14 
post IFX induction in association with a mini-
mum of 60% CRP decrease was significantly asso-
ciated with a durable sustained response.73 In the 
same way, Bortlik and colleagues showed that a 
serum IFX TL greater than 3 µg/ml at week 14 or 
22 was associated with a decreased risk of treat-
ment failure during a median follow up of 2 years 
(hazard ratio 0.34; 95% confidence interval 0.16–
0.75).74 Although the cutoff differed between 
studies (according to the TNF antagonist agent 
and the definition of the time of clinical remis-
sion), a minimum of 3 µg/ml for IFX and 5 µg/ml 
for adalimumab is recognized to be considered as 
beneficial during maintenance therapy.3,75

Pharmacokinetic parameters could be helpful to 
guide therapeutic decisions, in particular in two 
separate situations: managing the loss of response 
to the drug, and considering drug withdrawal for 
patients with disease in remission.

Role of therapeutic drug monitoring optimization in 
case of loss of response.  It is well known that, 
despite a well conducted treatment with anti-TNF 
agents, some patients may lose clinical remission 

over time. Two meta-analyses found a loss of 
response in 37% and 18.2% for IFX and adalim-
umab, respectively, with annual risk calculated to 
be 13% and 24.4% per patient year, respectively.5,6 
In this situation, measurement of TLs and ADA is 
an essential component in determining the most 
suitable therapy, alongside optimization of the 
therapy with an increased dose of the drug, asso-
ciation with a concomitant immunomodulatory 
drug, or a switch to another therapeutic class. 
Bendtzen and colleagues have designed an algo-
rithm that may prove useful in dealing with these 
complexities (although this is not yet validated in 
clinical studies).76 In particular, in this algorithm 
(Table 2), for patients exhibiting a low drug con-
centration without antibodies against the drug, an 
increase in the dose is advised in theory. Patients 
exhibiting a low drug concentration due to a high 
level of ADAs can, in theory, benefit from chang-
ing to another TNF antagonist treatment against 
which the patient has not yet developed antibod-
ies. Finally, in the algorithm, for patients with a 
high drug concentration, a switch to another ther-
apeutic class should be considered. For patients 
developing secondary failure to IFX, Paul and col-
leagues demonstrated that after IFX dose intensi-
fication, increase in IFX TLs at week 8 (with a Δ 
IFX TL > 0.5 µg/ml) was associated with mucosal 
healing in both CD and UC.77

Role of therapeutic drug monitoring for drug de-
escalation or drug withdrawal.  In the TAXIT trial, 
Vande Casteele and colleagues demonstrated the 
interest of pharmacokinetic measurements, in 
particular for patients exhibiting high TLs. The 
authors implemented a drug de-escalation in 
patients with CD with clinical remission and high 
TLs (>7 µg/ml) by one of two means: reduction of 
the dose to 5 mg/kg (if previously on 10 mg/kg) or 
extension of the interval between two infusions, 
each time by 2 weeks (to a maximum interval of 

Table 2.  Therapeutic adjustment algorithm in the case of loss of response to IFX; adapted from Bendtzen and 
colleagues.76

Loss of clinical response Antidrug antibody

Negative High concentration

Trough 
level

Low 
concentration

Dose 
intensification

Switch to another TNF 
antagonist or add IS

Normal 
concentration

Switch to another 
therapeutic class

Switch to another 
therapeutic class

IFX, infliximab; TNF, tumor necrosis factor; IS, immunosuppressors.
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12 weeks). Of 72 patients with TLs greater than 7 
μg/ml, 93% achieved a normal range after dose 
reduction without affecting clinical outcome.78 
Pharmacokinetic parameters may also be useful 
for patients with CD in clinical remission for 
whom a withdrawal of anti-TNF is considered. 
The STORI study aimed to identify predictive 
factors of clinical relapse after IFX discontinua-
tion in patients with nonactive CD. This study 
demonstrated that relapse occurred in 50% of 
these patients within 18 months of IFX with-
drawal, and the presence of clinical, biological and 
endoscopic criteria of remission prior to anti-TNF 
discontinuation predicted a relapse-free survival 
over time. TL measurement was performed prior 
to IFX cessation and revealed for the first time 
that TLs above 4.5 µg/ml were predictive of 
relapse.50 The fact that patients with higher TLs at 
the time of IFX discontinuation were more prone 
to relapse suggests that these patients probably 
require continued anti-TNF administration to 
maintain an adequate drug concentration and 
therefore clinical remission. Similarly, Ben Horin 
and colleagues compared the duration of relapse-
free survival in patients with IBD in remission 
who discontinued IFX or adalimumab in the pres-
ence or absence of detectable levels of the drug. 
Forty-eight patients were included (30 CD, 18 
UC) and followed up with a median time of 12 
months. After anti-TNF cessation, relapse 
occurred in 80% of patients with measurable drug 
levels compared with 32% of patients with unde-
tectable drug levels (OR 8.4, p = 0.002). Although 
the number of patients in the study is low, and 
about one-third of them had relapsing disease in 
the first year, this suggests that the finding of an 
undetectable anti-TNF drug level in a patient 
with stable, long-term, deep remission may iden-
tify a subset of patients whose clinical remission is 
no longer dependent on anti-TNF treatment, 
which may then be stopped.79

Role of therapeutic drug monitoring for preemptive 
optimization of the drug. With the arrival of TNF 
antagonist pharmacokinetic measurement, the 
proactive measurement of TLs even for patients 
with IBD in clinical remission has been devel-
oped, with the primary objective of maintaining 
optimal anti-TNF concentrations, and conse-
quently reducing costs and the risk of adverse 
events. Comparative observational studies evalu-
ating the role of routine, proactive therapeutic 
drug monitoring (TDM) for achieving remission 
are very scarce.

A recent randomized, controlled study, TAILORIX 
[ClinicalTrials.gov identifier: NCT01442025], 
aimed to compare the management of patients 
with IBD according to pharmacological and clini-
cal criteria versus clinical criteria alone. The authors 
hypothesized that prospective TDM would lead to 
higher remission rates compared with pure symp-
tom-based dose adaptations. The primary end-
point of this trial was sustained steroid-free clinical 
remission from week 22 to week 54 and absence of 
ulceration after 1 year.

Of the 122 patients included in this study, the pri-
mary endpoint was attained in 47% in group 1 
[dose intensification of IFX in (maximally two) 
steps of 2.5 mg/kg based on clinical symptoms and 
pharmacologic analysis], 38% in group 2 (dose 
intensification of IFX from 5 to 10 mg/kg based on 
the same criteria) and 40% in group 3 (IFX dose 
increase to 10 mg/kg based on clinical symptoms 
alone). The authors concluded that proactive, 
TL-based dose intensification was not superior to 
dose intensification based on symptoms alone.80 
However, due to the design of the study, compari-
son between the three groups remains difficult 
and the conclusions should be considered care-
fully. Conversely, in a recent retrospective study, 
Papamichael and colleagues compared patients 
with IBD receiving proactive drug monitoring 
(titrated to a target concentration) versus reactive 
monitoring (titration performed after loss of 
response). In this study, proactive monitoring was 
associated with better clinical outcomes (greater 
drug durability, less surgery or hospitalization, 
and lower risk of immunogenicity to IFX).81

Proactive TDM is probably very interesting in the 
context of de-escalation of IFX dose in patients 
with IBD in clinical and endoscopic remission 
and with supratherapeutic levels of IFX. In a pro-
spective study including 20 patients with CD, 
Paul and colleagues proposed in such cases a pro-
gressive de-escalation of IFX, reducing the dose 
by 1 mg/kg at each 8-weekly infusion. The de-
escalation was stopped when an IFX TL of 3–7 
µg/ml was reached. The IFX TL was achieved in 
this range in 18 patients (90%) without relapse. 
None of the patients had a TL below 3 µg/ml after 
de-escalation. Most of the patients achieved the 
targeted TLs at an IFX dose of 7 mg/kg.82

Proactive TDM should also be of interest for 
patients with IBD and an abnormal profile of 
pharmacokinetics. Indeed, some patients can 
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have undetectable TLs associated with high or 
sustained antibodies. In these patients, in the case 
of loss of response, some studies have reported 
that adding an immunomodulator can be inter-
esting.83,84 Indeed, with this strategy, half of these 
patients showed normalized IFX pharmacokinet-
ics at 6 months and had a clinical response.

Telemedicine in IBD
Telemedicine is represented by several applica-
tions of telemonitoring, teleconsulting and tele-
education. It is likely that the extent of use of 
mobile phones and the internet have helped the 
development of telemedicine programs, with 
respect to both telemonitoring (symptoms, side 
effects, medications, weight etc.) and tele-educa-
tion. Telemedicine has been used successfully in 
chronic pathologies such as diabetes, asthma, 
congestive heart failure and IBD. It is useful in 
IBD because, given the unpredictable nature of 
the disease, flares can occur at any time, with the 
need for continuous medication to improve/main-
tain health.85–87 Telemedicine studies have 
focused on techniques to improve outpatient 
management (out of the provider office). Until 
now, in the case of disease flare, first management 
has often been initiated via a phone call, but in 
some cases, this could be avoided. Indeed, previ-
ous UC studies demonstrated that some patients 
were able to initiate treatment following a treat-
ment plan, leading to fewer office visits or hospi-
talizations than controls. In these studies, 
telemedicine was well accepted by patients and 
had a positive impact on health outcomes. 
Moreover, QoL was maintained without evidence 
of anxiety about the program.88,89

Some remote-care models have been used for 
better management of patients with IBD. For 
example in Spain the Crohn colitis care unit 
(UACC), a care program using a remote commu-
nication system, proved its efficacy by demon-
strating a decrease in the ratio of hospitalized/
UACC-registered patients between the start and 
end of a study period.90 The aim of these remote-
care applications is to improve medical adherence 
and QoL of patients with IBD, which must be 
higher than with a standard clinical follow up. 
This is achieved through a better understanding 
of the disease by the patient, and better commu-
nication between patients and healthcare provid-
ers. Moreover, these remote-care models have the 
advantage of reducing direct and indirect costs 

incurred from transport, loss of working hours, 
and so on, which contributes to public savings.

It is likely that, in the future, for the develop-
ment of these programs, gastroenterologists will 
be helped by other IBD specialists. Indeed, due 
to their high workload, gastroenterologists could 
be helped by IBD nurse specialists. In this con-
text, in a recent study the telemedicine program, 
myIBDcoach, has been developed with IBD 
nurse specialists and dietitians,91,92 and has been 
compared with standard follow up. In myIBD-
coach the telemedicine tool monitors many 
parameters, including disease activity, medica-
tion side effects, QoL, asthenia, stress and work 
participation. Although no differences were 
observed in disease flare, corticosteroid use or 
emergency visits between the two study groups, 
patients using myIBDcoach reported higher 
medication adherence rates (p < 0.001), better 
QoL and similar self-efficacy scores compared 
with controls. Moreover, patients graded the 
system with a mean of 7.8/10, and 93% of 
patients recommended the program to other 
patients.

Telemedicine has some advantages, but also lim-
its (Figure 1). Primary limits of telemedicine con-
cern the limits of self management by a patient 
and the absence of a physical examination in the 
case of an emergency request, with the risk of los-
ing information. Another limit of the telemedi-
cine applications is the confidentiality of the 

Figure 1.  Limits of telemedicine. Do physicians 
have enough time to apply the telemedicine program 
alone? What is the limit of self management by 
patients in the case of an emergency? How should 
the payment of this time-consuming activity be 
considered?
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personal information of patients. Indeed, tele-
medicine includes the liabilities of the health pro-
fessional and the duty to maintain the privacy of 
patient records. All personal information that can 
circulate on the internet needs to be managed on 
safe servers in these programs. Another limit is 
the issue of funding/reimbursement for remote 
care provided using a telemedicine service. It 
would be useful if telemedicine practitioners 
could work with insurance companies, with the 
objective to develop the service for patients. In 
the United States, telemedicine is progressing 
towards expanded reimbursement for telemedi-
cine services and this can be from private sources. 
An evaluation found that 81% of practitioners 
who received private payment reported no diffi-
culty in reimbursement with telemedicine services 
compared with traditional face-to-face consulta-
tions.93 Conversely, without reimbursement, we 
cannot expect to see a widespread adoption of 
telemedicine services.

In conclusion, with the arrival of new drugs, per-
sonalized medicine is emerging and will become a 
requirement in the management of patients with 
IBD. The most suitable therapy should be dis-
pensed early in the course of the disease, espe-
cially for patients exhibiting characteristics of 
aggressive disease. In addition to the progress of 
therapeutics in IBD, some studies are currently 
being evaluated for predictive factors of response 
to these drugs to better manage IBD. The best 
control of IBD in the context of personalized 
medicine will progress more and more through an 
implication of the patients via the development of 
telemedicine, which will encourage patients 
towards better adhesion to their management 
program.

Acknowledgements
MF wrote the draft and XR supervised the work.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
MF has received payment for lectures from 
Abbvie, Ferring, Norgine MSD, Takeda, and 
Vifor. XR has received payment for lectures from 
Abbvie, Ferring, Janssen, MSD, Pfizer, Takeda, 
and Theradiag.

References
	 1.	 Coskun M, Vermeire S and Nielsen OH. Novel 

targeted therapies for inflammatory bowel 
disease. Trends Pharmacol Sci 2017; 38: 127–142.

	 2.	 Sprakes MB, Ford AC, Warren L, et al. Efficacy, 
tolerability, and predictors of response to 
infliximab therapy for Crohn’s disease: a large 
single centre experience. J Crohns Colitis 2012; 6: 
143–153.

	 3.	 Hanauer SB, Feagan BG, Lichtenstein GR, et al. 
Maintenance infliximab for Crohn’s disease: the 
ACCENT I randomised trial. Lancet 2002; 359: 
1541–1549.

	 4.	 Ford AC, Sandborn WJ, Khan KJ, et al. Efficacy 
of biological therapies in inflammatory bowel 
disease: systematic review and meta-analysis. Am 
J Gastroenterol 2011; 106: 644–659; quiz 660.

	 5.	 Gisbert JP and Panes J. Loss of response and 
requirement of infliximab dose intensification 
in Crohn’s disease: a review. Am J Gastroenterol 
2009; 104: 760–767.

	 6.	 Billioud V, Sandborn WJ and Peyrin-Biroulet L. 
Loss of response and need for adalimumab dose 
intensification in Crohn’s disease: a systematic 
review. Am J Gastroenterol 2011; 106: 674–684.

	 7.	 Munkholm P, Langholz E, Davidsen M, et al. 
Intestinal cancer risk and mortality in patients 
with Crohn’s disease. Gastroenterology 1993; 105: 
1716–1723.

	 8.	 Franchimont DP, Louis E, Croes F, et al. Clinical 
pattern of corticosteroid dependent Crohn’s 
disease. Eur J Gastroenterol Hepatol 1998; 10: 
821–825.

	 9.	 Lichtenstein GR, Olson A, Travers S, et al. 
Factors associated with the development of 
intestinal strictures or obstructions in patients 
with Crohn’s disease. Am J Gastroenterol 2006; 
101: 1030–1038.

	10.	 Loly C, Belaiche J and Louis E. Predictors of 
severe Crohn’s disease. Scand J Gastroenterol 
2008; 43: 948–954.

	11.	 Sandborn WJ, Rutgeerts P, Feagan BG, et al. 
Colectomy rate comparison after treatment of 
ulcerative colitis with placebo or infliximab. 
Gastroenterology 2009; 137: 1250–1260; quiz 
1520.

	12.	 Solberg IC, Lygren I, Jahnsen J, et al. Clinical 
course during the first 10 years of ulcerative 
colitis: results from a population-based inception 
cohort (IBSEN Study). Scand J Gastroenterol 
2009; 44: 431–440.

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 11

12	 journals.sagepub.com/home/tag

	13.	 Solberg IC, Hoivik ML, Cvancarova M, et al. 
Risk matrix model for prediction of colectomy 
in a population-based study of ulcerative colitis 
patients (the IBSEN study). Scand J Gastroenterol 
2015; 50: 1456–1462.

	14.	 Allez M and Lemann M. Role of endoscopy in 
predicting the disease course in inflammatory 
bowel disease. World J Gastroenterol 2010; 16: 
2626–2632.

	15.	 Jarnerot G, Hertervig E, Friis-Liby I, et al. 
Infliximab as rescue therapy in severe 
to moderately severe ulcerative colitis: a 
randomized, placebo-controlled study. 
Gastroenterology 2005; 128: 1805–1811.

	16.	 Mow WS, Vasiliauskas EA, Lin YC, et al. 
Association of antibody responses to microbial 
antigens and complications of small bowel 
Crohn’s disease. Gastroenterology 2004; 126: 
414–424.

	17.	 Targan SR, Landers CJ, Yang H, et al. 
Antibodies to CBir1 flagellin define a unique 
response that is associated independently with 
complicated Crohn’s disease. Gastroenterology 
2005; 128: 2020–2028.

	18.	 Vasiliauskas EA, Kam LY, Karp LC, et al. 
Marker antibody expression stratifies Crohn’s 
disease into immunologically homogeneous 
subgroups with distinct clinical characteristics. 
Gut 2000; 47: 487–496.

	19.	 Ferrante M, Henckaerts L, Joossens M, et al. 
New serological markers in inflammatory bowel 
disease are associated with complicated disease 
behaviour. Gut 2007; 56: 1394–1403.

	20.	 Van Assche G, Dignass A, Panes J, et al. The 
second European evidence-based consensus 
on the diagnosis and management of Crohn’s 
disease: definitions and diagnosis. J Crohns  
Colitis 2010; 4: 7–27.

	21.	 Hata K, Ishihara S, Nozawa H, et al. Pouchitis 
after ileal pouch-anal anastomosis in ulcerative 
colitis: diagnosis, management, risk factors, and 
incidence. Dig Endosc 2017; 29: 26–34.

	22.	 D’Haens G, Baert F, van Assche G, et al. Early 
combined immunosuppression or conventional 
management in patients with newly diagnosed 
Crohn’s disease: an open randomised trial.  
Lancet 2008; 371: 660–667.

	23.	 Baert F, Moortgat L, Van Assche G, et al. 
Mucosal healing predicts sustained clinical 
remission in patients with early-stage Crohn’s 
disease. Gastroenterology 2010; 138: 463–468; 
quiz e410–e461.

	24.	 Colombel JF, Sandborn WJ, Reinisch W, et al. 
Infliximab, azathioprine, or combination therapy 
for Crohn’s disease. N Engl J Med 2010; 362: 
1383–1395.

	25.	 Lichtenstein GR, Yan S, Bala M, et al. Infliximab 
maintenance treatment reduces hospitalizations, 
surgeries, and procedures in fistulizing Crohn’s 
disease. Gastroenterology 2005; 128: 862–869.

	26.	 Feagan BG, Panaccione R, Sandborn WJ, et al. 
Effects of adalimumab therapy on incidence of 
hospitalization and surgery in Crohn’s disease: 
results from the CHARM study. Gastroenterology 
2008; 135: 1493–1499.

	27.	 Khanna R, Bressler B, Levesque BG, et al. 
Early combined immunosuppression for the 
management of Crohn’s disease (REACT): a 
cluster randomised controlled trial. Lancet 2015; 
386: 1825–1834.

	28.	 Vermeire S, Louis E, Carbonez A, et al. 
Demographic and clinical parameters influencing 
the short-term outcome of anti-tumor necrosis 
factor (infliximab) treatment in Crohn’s disease. 
Am J Gastroenterol 2002; 97: 2357–2363.

	29.	 Louis E, Vermeire S, Rutgeerts P, et al. A 
positive response to infliximab in Crohn disease: 
association with a higher systemic inflammation 
before treatment but not with -308 TNF gene 
polymorphism. Scand J Gastroenterol 2002; 37: 
818–824.

	30.	 Parsi MA, Achkar JP, Richardson S, et al. 
Predictors of response to infliximab in patients 
with Crohn’s disease. Gastroenterology 2002; 123: 
707–713.

	31.	 Arnott ID, McNeill G and Satsangi J. An analysis 
of factors influencing short-term and sustained 
response to infliximab treatment for Crohn’s 
disease. Aliment Pharmacol Ther 2003; 17: 
1451–1457.

	32.	 Siegel CA and Melmed GY. Predicting response 
to Anti-TNF agents for the treatment of Crohn’s 
disease. Therap Adv Gastroenterol 2009; 2: 
245–251.

	33.	 Urcelay E, Mendoza JL, Martinez A, et al. IBD5 
polymorphisms in inflammatory bowel disease: 
association with response to infliximab. World J 
Gastroenterol 2005; 11: 1187–1192.

	34.	 Louis E, El Ghoul Z, Vermeire S, et al. 
Association between polymorphism in IgG 
Fc receptor IIIa coding gene and biological 
response to infliximab in Crohn’s disease. Aliment 
Pharmacol Ther 2004; 19: 511–519.

	35.	 Hlavaty T, Ferrante M, Henckaerts L, et al. 
Predictive model for the outcome of infliximab 

https://journals.sagepub.com/home/tag


M Flamant and X Roblin

journals.sagepub.com/home/tag	 13

therapy in Crohn’s disease based on apoptotic 
pharmacogenetic index and clinical predictors. 
Inflamm Bowel Dis 2007; 13: 372–379.

	36.	 Arijs I, Quintens R, Van Lommel L, et al. 
Predictive value of epithelial gene expression 
profiles for response to infliximab in Crohn’s 
disease. Inflamm Bowel Dis 2010; 16: 2090–2098.

	37.	 Arijs I, Li K, Toedter G, et al. Mucosal gene 
signatures to predict response to infliximab in 
patients with ulcerative colitis. Gut 2009; 58: 
1612–1619.

	38.	 Toedter G, Li K, Marano C, et al. Gene 
expression profiling and response signatures 
associated with differential responses to 
infliximab treatment in ulcerative colitis. Am J 
Gastroenterol 2011; 106: 1272–1280.

	39.	 Caobelli F, Evangelista L, Quartuccio N, et al. 
Role of molecular imaging in the management of 
patients affected by inflammatory bowel disease: 
state-of-the-art. World J Radiol 2016; 8: 829–845.

	40.	 Van den Brande JM, Koehler TC, Zelinkova Z, 
et al. Prediction of antitumour necrosis factor 
clinical efficacy by real-time visualisation of 
apoptosis in patients with Crohn’s disease. Gut 
2007; 56: 509–517.

	41.	 Atreya R, Neumann H, Neufert C, et al. In vivo 
imaging using fluorescent antibodies to tumor 
necrosis factor predicts therapeutic response in 
Crohn’s disease. Nat Med 2014; 20: 313–318.

	42.	 Vermeire S, O’Byrne S, Keir M, et al. 
Etrolizumab as induction therapy for ulcerative 
colitis: a randomised, controlled, phase 2 trial. 
Lancet 2014; 384: 309–318.

	43.	 Rajca S, Grondin V, Louis E, et al. Alterations 
in the intestinal microbiome (dysbiosis) as a 
predictor of relapse after infliximab withdrawal 
in Crohn’s disease. Inflamm Bowel Dis 2014; 20: 
978–986.

	44.	 Shaw KA, Bertha M, Hofmekler T, et al. 
Dysbiosis, inflammation, and response to 
treatment: a longitudinal study of pediatric 
subjects with newly diagnosed inflammatory 
bowel disease. Genome Med 2016; 8: 75.

	45.	 Ananthakrishnan AN, Luo C, Yajnik V, et al. Gut 
microbiome function predicts response to anti-
integrin biologic therapy in inflammatory bowel 
diseases. Cell Host Microbe 2017; 21: 603–610. e603.

	46.	 Jurgens M, Mahachie John JM, Cleynen I, et al. 
Levels of C-reactive protein are associated with 
response to infliximab therapy in patients with 
Crohn’s disease. Clin Gastroenterol Hepatol 2011; 
9: 421–427. e421.

	47.	 Magro F, Rodrigues-Pinto E, Santos-Antunes J, 
et al. High C-reactive protein in Crohn’s disease 
patients predicts nonresponse to infliximab 
treatment. J Crohns Colitis 2014; 8: 129–136.

	48.	 Molander P, af Björkesten CG, Mustonen H, 
et al. Fecal calprotectin concentration predicts 
outcome in inflammatory bowel disease after 
induction therapy with TNFalpha blocking 
agents. Inflamm Bowel Dis 2012; 18: 2011–2017.

	49.	 De Vos M, Louis EJ, Jahnsen J, et al. Consecutive 
fecal calprotectin measurements to predict 
relapse in patients with ulcerative colitis receiving 
infliximab maintenance therapy. Inflamm Bowel 
Dis 2013; 19: 2111–2117.

	50.	 Louis E, Mary JY, Vernier-Massouille G, et al. 
Maintenance of remission among patients with 
Crohn’s disease on antimetabolite therapy after 
infliximab therapy is stopped. Gastroenterology 
2012; 142: 63–70. e65; quiz e31.

	51.	 Modigliani R, Mary JY, Simon JF, et al. Clinical, 
biological, and endoscopic picture of attacks of 
Crohn’s disease. Evolution on prednisolone. 
Groupe d’Etude Therapeutique des Affections 
Inflammatoires Digestives. Gastroenterology 1990; 
98: 811–818.

	52.	 D’Haens G, Geboes K and Rutgeerts P. 
Endoscopic and histologic healing of Crohn’s 
(ileo-) colitis with azathioprine. Gastrointest 
Endosc 1999; 50: 667–671.

	53.	 Laharie D, Reffet A, Belleannee G, et al. Mucosal 
healing with methotrexate in Crohn’s disease: a 
prospective comparative study with azathioprine 
and infliximab. Aliment Pharmacol Ther 2011; 33: 
714–721.

	54.	 Rutgeerts P, Van Assche G, Sandborn WJ, et al. 
Adalimumab induces and maintains mucosal 
healing in patients with Crohn’s disease: data 
from the EXTEND trial. Gastroenterology 2012; 
142: 1102–1111. e1102.

	55.	 Rutgeerts P, Diamond RH, Bala M, et al. 
Scheduled maintenance treatment with infliximab 
is superior to episodic treatment for the healing 
of mucosal ulceration associated with Crohn’s 
disease. Gastrointest Endosc 2006; 63: 433–442; 
quiz 464.

	56.	 Schnitzler F, Fidder H, Ferrante M, et al. 
Mucosal healing predicts long-term outcome of 
maintenance therapy with infliximab in Crohn’s 
disease. Inflamm Bowel Dis 2009; 15: 1295–1301.

	57.	 Kruis W, Kiudelis G, Racz I, et al. Once daily 
versus three times daily mesalazine granules in 
active ulcerative colitis: a double-blind,  

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 11

14	 journals.sagepub.com/home/tag

double-dummy, randomised, non-inferiority trial. 
Gut 2009; 58: 233–240.

	58.	 Lichtenstein GR, Ramsey D and Rubin DT. 
Randomised clinical trial: delayed-release oral 
mesalazine 4.8 g/day vs. 2.4 g/day in endoscopic 
mucosal healing – ASCEND I and II combined 
analysis. Aliment Pharmacol Ther 2011; 33: 
672–678.

	59.	 Sandborn WJ, Kamm MA, Lichtenstein GR, 
et al. MMX Multi Matrix System mesalazine 
for the induction of remission in patients with 
mild-to-moderate ulcerative colitis: a combined 
analysis of two randomized, double-blind, 
placebo-controlled trials. Aliment Pharmacol Ther 
2007; 26: 205–215.

	60.	 Lopez-Palacios N, Mendoza JL, Taxonera C, 
et al. Mucosal healing for predicting clinical 
outcome in patients with ulcerative colitis using 
thiopurines in monotherapy. Eur J Intern Med 
2011; 22: 621–625.

	61.	 Paoluzi OA, Pica R, Marcheggiano A, et al. 
Azathioprine or methotrexate in the treatment 
of patients with steroid-dependent or steroid-
resistant ulcerative colitis: results of an open-label 
study on efficacy and tolerability in inducing and 
maintaining remission. Aliment Pharmacol Ther 
2002; 16: 1751–1759.

	62.	 Ardizzone S, Maconi G, Russo A, et al. 
Randomised controlled trial of azathioprine and 
5-aminosalicylic acid for treatment of steroid 
dependent ulcerative colitis. Gut 2006; 55: 
47–53.

	63.	 Rutgeerts P, Sandborn WJ, Feagan BG, et al. 
Infliximab for induction and maintenance therapy 
for ulcerative colitis. N Engl J Med 2005; 353: 
2462–2476.

	64.	 Sandborn WJ, van Assche G, Reinisch W, et al. 
Adalimumab induces and maintains clinical 
remission in patients with moderate-to-severe 
ulcerative colitis. Gastroenterology 2012; 142: 
257–265. e251–e253.

	65.	 Sandborn WJ, Feagan BG, Marano C, et al. 
Subcutaneous golimumab maintains clinical 
response in patients with moderate-to-severe 
ulcerative colitis. Gastroenterology 2014; 146: 
96–109. e101.

	66.	 Barreiro-de Acosta M, Vallejo N, de la Iglesia D, 
et al. Evaluation of the risk of relapse in ulcerative 
colitis according to the degree of mucosal healing 
(Mayo 0 vs 1): a longitudinal cohort study. J 
Crohns Colitis 2016; 10: 13–19.

	67.	 Peyrin-Biroulet L, Sandborn W, Sands BE, et al. 
Selecting therapeutic targets in inflammatory 

bowel disease (STRIDE): determining 
therapeutic goals for treat-to-target. Am J 
Gastroenterol 2015; 110: 1324–1338.

	68.	 Riley SA, Mani V, Goodman MJ, et al. 
Microscopic activity in ulcerative colitis: what 
does it mean? Gut 1991; 32: 174–178.

	69.	 Maser EA, Villela R, Silverberg MS, et al. 
Association of trough serum infliximab to clinical 
outcome after scheduled maintenance treatment 
for Crohn’s disease. Clin Gastroenterol Hepatol 
2006; 4: 1248–1254.

	70.	 Seow CH, Newman A, Irwin SP, et al. Trough 
serum infliximab: a predictive factor of clinical 
outcome for infliximab treatment in acute 
ulcerative colitis. Gut 2010; 59: 49–54.

	71.	 Chiu YL, Rubin DT, Vermeire S, et al. Serum 
adalimumab concentration and clinical remission 
in patients with Crohn’s disease. Inflamm Bowel 
Dis 2013; 19: 1112–1122.

	72.	 Adedokun OJ, Xu Z, Marano CW, et al. 
Pharmacokinetics and exposure-response 
relationship of golimumab in patients with 
moderately-to-severely active ulcerative colitis: 
results from phase 2/3 PURSUIT induction and 
maintenance studies. J Crohns Colitis 2017; 11: 
35–46.

	73.	 Cornillie F, Hanauer SB, Diamond RH, et al. 
Postinduction serum infliximab trough level and 
decrease of C-reactive protein level are associated 
with durable sustained response to infliximab: a 
retrospective analysis of the ACCENT I trial. Gut 
2014; 63: 1721–1727.

	74.	 Bortlik M, Duricova D, Malickova K, et al. 
Infliximab trough levels may predict sustained 
response to infliximab in patients with Crohn’s 
disease. J Crohns Colitis 2013; 7: 736–743.

	75.	 Reinisch W, Colombel JF, Sandborn WJ, et al. 
Factors associated with short- and long-term 
outcomes of therapy for Crohn’s disease. Clin 
Gastroenterol Hepatol 2015; 13: 539–547. e532.

	76.	 Bendtzen K, Ainsworth M, Steenholdt C, 
et al. Individual medicine in inflammatory 
bowel disease: monitoring bioavailability, 
pharmacokinetics and immunogenicity of anti-
tumour necrosis factor-alpha antibodies. Scand J 
Gastroenterol 2009; 44: 774–781.

	77.	 Paul S, Del Tedesco E, Marotte H, et al. 
Therapeutic drug monitoring of infliximab and 
mucosal healing in inflammatory bowel disease: 
a prospective study. Inflamm Bowel Dis 2013; 19: 
2568–2576.

	78.	 Vande Casteele N, Ferrante M, Van Assche G, 
et al. Trough concentrations of infliximab guide 

https://journals.sagepub.com/home/tag


M Flamant and X Roblin

journals.sagepub.com/home/tag	 15

dosing for patients with inflammatory bowel 
disease. Gastroenterology 2015; 148: 1320–1329. 
e1323.

	79.	 Ben-Horin S, Chowers Y, Ungar B, et al. 
Undetectable anti-TNF drug levels in patients 
with long-term remission predict successful drug 
withdrawal. Aliment Pharmacol Ther 2015; 42: 
356–364.

	80.	 D’Haens G, Vermeire S, Lambrecht G, et al. 
Drug-level based dosing versus symptom-based 
dose adaptation in patients with Crohn’s disease: 
a prospective, randomized multicenter study 
(TAILORIX). Gastroenterology 2016; 150(Suppl. 
1): S143.

	81.	 Papamichael K, Chachu KA, Vajravelu R, et al. 
Improved long-term outcomes of patients with 
inflammatory bowel disease receiving proactive 
compared with reactive monitoring of serum 
concentrations of infliximab.

	82.	 Paul S, Roblin X and Peyrin-Biroulet L. Letter: 
infliximab de-escalation based on trough levels in 
patients with inflammatory bowel disease. Aliment 
Pharmacol Ther 2015; 42: 939–940.

	83.	 Ungar B, Kopylov U, Engel T, et al. Addition 
of an immunomodulator can reverse antibody 
formation and loss of response in patients treated 
with adalimumab. Aliment Pharmacol Ther 2017; 
45: 276–282.

	84.	 Ben-Horin S, Waterman M, Kopylov U, et al. 
Addition of an immunomodulator to infliximab 
therapy eliminates antidrug antibodies in serum 
and restores clinical response of patients with 
inflammatory bowel disease. Clin Gastroenterol 
Hepatol 2013; 11: 444–447.

	85.	 Joshi A, Amelung P, Arora M, et al. Clinical 
impact of home automated telemanagement in 
asthma. AMIA Annu Symp Proc 2005: 1000.

	86.	 Shea S, Weinstock RS, Starren J, et al. A 
randomized trial comparing telemedicine case 

management with usual care in older, ethnically 
diverse, medically underserved patients with 
diabetes mellitus. J Am Med Inform Assoc 2006; 
13: 40–51.

	87.	 Schofield RS, Kline SE, Schmalfuss CM, et al. 
Early outcomes of a care coordination-enhanced 
telehome care program for elderly veterans with 
chronic heart failure. Telemed J E Health 2005; 
11: 20–27.

	88.	 Robinson A, Thompson DG, Wilkin D, et al. 
Guided self-management and patient-directed 
follow-up of ulcerative colitis: a randomised trial. 
Lancet 2001; 358: 976–981.

	89.	 Kennedy AP, Nelson E, Reeves D, et al. 
A randomised controlled trial to assess the 
effectiveness and cost of a patient orientated self 
management approach to chronic inflammatory 
bowel disease. Gut 2004; 53: 1639–1645.

	90.	 Casellas-Jorda F, Borruel-Sainz N, Torrejon-
Herrera A, et al. Effect upon hospital  
activity of the application of a continued care 
model centered on patients with inflammatory 
bowel disease. Rev Esp Enferm Dig 2012; 104: 
16–20.

	91.	 de Jong M, van der Meulen-de Jong A, Romberg-
Camps M, et al. Development and feasibility 
study of a telemedicine tool for all patients with 
IBD: MyIBDcoach. Inflamm Bowel Dis 2017; 23: 
485–493.

	92.	 de Jong MJ, van der Meulen-de Jong AE, 
Romberg-Camps MJ, et al. Telemedicine for 
management of inflammatory bowel disease 
(myIBDcoach): a pragmatic, multicentre, 
randomised controlled trial. Lancet 2017; 390: 
959–968.

	93.	 Whitten P and Buis L. Private payer 
reimbursement for telemedicine services in the 
United States. Telemed J E Health 2007; 13: 
15–23.

Visit SAGE journals online 
journals.sagepub.com/
home/tag

SAGE journals

https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag



