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Abstract The medical management of Crohn’s disease
is a rapidly evolving field with expanding therapeutic
drug options and treatment strategies. In addition to
corticosteroids, immunomodulators, and anti-tumor ne-
crosis (anti-TNF) agents, a new anti-adhesion medica-
tion (vedolizumab) has been approved. Individualized
patient-based dosing of immunomodulators and biologic
agents is now possible with therapeutic drug monitoring
(TDM). There is a changing paradigm in treatment
goals to achieve deeper remission identified by compos-
ite clinical and endoscopic endpoints. More aggressive
treatment strategies in the postoperative setting have
been proposed due to emerging data on medication ef-
ficacy in this setting. Management algorithms that strat-
ify CD patients into risk groups to balance treatment
benefit against adverse events and costs are being de-
veloped to translate research into clinical practice. This
review provides an update on these new developments
for practicing gastroenterologists.
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Introduction

Crohn’s disease (CD) is a chronic idiopathic transmural in-
flammatory process involving the gastrointestinal tract, often
characterized by periods of clinical remission alternating with
episodes of active and symptomatic disease [1]. The natural
history of CD, as defined by population-based cohort studies,
is one of progression from inflammatory lesions to the devel-
opment of penetrating and fibrostenotic complications such as
stricture(s), fistula(s), and abscess(es) [1]. Uncontrolled in-
flammation can lead to disability and other adverse outcomes
such as surgical resections and hospitalizations [1].

The medical management of CD and the treatment goals
that were initially based on symptom control using corticoste-
roids has been revolutionized since the introduction of immu-
nomodulators (azathioprine, 6-mercaptopurine, and
methotrexate) and anti-tumor necrosis factor (anti-TNF) ther-
apies into clinical practice. Therapeutic strategies have
emerged that can reduce complications and thus modify the
disease course [2••]. Growing data now supports the use of
drug levels in CD management algorithms [3]. Furthermore,
in patients who have achieved treatment goals on these med-
ications, protocols are being explored to potentially identify
patients for de-escalation of therapy [4•]. An anti-adhesion
molecule, vedolizumab, has been recently approved for the
management of CD [5••]. These changes make CD manage-
ment a truly dynamic arena of medicine.

Medications

Aminosalicylates

The therapeutic efficacy of 5-aminosalicylates (5-ASAs) is
now widely disputed in CD. In a Swiss IBD cohort of 1420
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CD patients, 835 (59 %) individuals were reported to have
been treated with 5-ASA agents, successfully (physician glob-
al assessment) in 46 % [6]. This report is in contrast to a meta-
analysis analysis of 23 randomized controlled trials (RCTs) of
CD (7 in active, 13 in quiescent, and 3 in active and quiescent
CD) [7]. There was a trend towards a benefit with
sulfasalazine over placebo in inducing remission (two RCTs,
relative risk (RR)=0.83; 95% confidence interval (CI)=0.69–
1.00), but no definite benefit of mesalamine over placebo
(four RCTs, RR=0.91; 95 % CI=0.77–1.06). Neither
sulfasalazine (four RCTs, RR=0.98; 95 % CI=0.82–1.17)
nor mesalamine (RR=0.94; 95 % CI=0.87– 1.01) were effec-
tive in preventing quiescent CD relapse. In patients in surgical
remission, the role of 5-ASAs is also controversial. A meta-
analysis of 11 RCTs evaluated the risk of relapse of CD in
remission after surgery with 5-ASAvs. placebo or no therapy
[8]. Overall, mesalamine was more effective than placebo or
no therapy (RR=0.80; 95 % CI=0.70–0.92) with a number
need to treat (NNT) of 10. In total, there is very little robust
data to support the use of 5-ASA therapy in Crohn’s disease.

Corticosteroids (CS) have been a mainstay in the acute
treatment of CD for several decades [9]. They have been used
in topical, oral, and parenteral formulations. Oral forms in-
clude prednisone and more recently, budesonide (a
controlled-ileal release medication). Budesonide (9 mg/day)
has been shown to be numerically, but not statistically, more
effective than Eudragit-L-coated mesalamine (4.5 g/day) in
patients with mildly to moderately active CD [10]. Further-
more, once daily (9 mg) dosing has been shown to be equiv-
alent to three times a day dosing both in achieving clinical
remission, mucosal healing (MH), and deep remission [11].
No benefit, however, was shown in a meta-analysis analysis of
12 studies for maintenance of remission with budesonide in
CD, particularly when used beyond 3 months following in-
duction of remission [12].

Thiopurines

Azathioprine (AZA) and 6-mercaptopuine (6-MP) are
thiopurine analogs that have been used for several decades
in the management of steroid-dependent moderate-to-severe
inflammatory bowel disease (IBD). A recent Cochrane review
analyzed 13 RCTs of AZA and 6-MP therapy for CD: 9 com-
pared to placebo and 6 included active comparators [13].
Compared to placebo, thiopurines demonstrated a steroid-
sparing effect (64 vs. 46 %; RR=1.34; 95 % CI=1.02–1.77),
but were not statistically significant in achieving clinical re-
mission (48 vs. 37%; RR=1.23; 95 % CI=0.97–1.55). The 3-
year, randomized, parallel, open-label RAPID (Résultat de
l’Adjonction Précoce d’ImmunoDépresseurs) trial compared
early (within the first 6 months after diagnosis) AZA at
2.5 mg/kg/day (n=65) with conventional step-care treatment
(n=67) in patients at high risk for disabling CD [14•]. This

study did not demonstrate a difference between the groups in
terms of proportion of trimesters spent in corticosteroid-free
and anti-TNF-free remission during the first 3 years after inclu-
sion (67 vs. 56 %, p=0.69). In another prospective double-
blind trial, AZathioprine for Treatment or Early CD in adults
(AZTEC)with a recent (<8weeks) CD diagnosis, patients were
randomly assigned to AZA (2.5 mg/day, n=68) or placebo (n=
63) [15•]. Early AZA therapy was no more effective than pla-
cebo in achieving sustained corticosteroid-free remission at
week 76 (44.1 vs. 36.5 %, respectively, p=0.48). However, a
meta-analysis analysis of 10 retrospective observational studies
(n=12,586 CD patients) demonstrated a significant reduction
in the need for a surgical resection (hazard ratio (HR)=0.59;
95 % CI=0.48–0.73) [16]. These studies raise questions re-
garding the efficacy of thiopurines for the induction of remis-
sion as monotherapy and whether corticosteroid-free clinical
remission is an ideal endpoint for CD assessment [17].

Methotrexate

Methotrexate (MTX) is often used as a second-line immuno-
modulator or as an alternative to thiopurine analogs in the
treatment of patients with CD. A recent Cochrane meta-
analysis identified a single large randomized trial that sug-
gested benefit for induction of remission (and steroid sparing
effect) in refractory CD with intramuscular MTX (25 mg/
week) and maintenance of remission at a dose of 15 mg/week,
compared to placebo [18, 19]. Combination therapy with
MTX and infliximab (IFX) was assessed in the COMMIT trial
[20•]. In this double-blind, placebo-controlled trial, MTX, in
combination with IFX, was compared with IFX monotherapy
in 126 CD who had initiated prednisone induction therapy
within the preceding 6 weeks. MTX was started at an initial
weekly subcutaneous dose of 10 mg, escalating to 25 mg/
week (n=63), or placebo (n=63). No difference was detected
between the groups for the primary endpoint of maintaining
prednisone-free clinical remission (Crohn’s Disease Activity
Index (CDAI) <150) through week 50 (30.6 vs. 29.8 %, HR=
1.16; 95 % CI=0.62–2.17). However, this trial enrolled CD
patients without a minimum threshold CDAI or endoscopy
criteria, and nearly 30 % of the patients in each arm had a
CDAI score <150, potentially impacting achievement of the
primary end-point [21]. The clinical benefit and tolerability of
MTX monotherapy after thiopurine therapy discontinuation
(lack of response or adverse event) studied in 174 consecutive
CD patients demonstrated sustained clinical benefits in 98
(86 %), 50 (63 %), 27 (47 %), and 3 (20 %), at 6, 12, 24,
and 60 months, respectively [22].

Tumor Necrosis Factor-Alpha Inhibitors

Approved TNF inhibitors in the management of CD include
infliximab (IFX), adalimumab (ADA), and certolizumab
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pegol (CZP) [23••]. Recent guidelines from the American
Gastroenterological Association (AGA) have recommended
the use of these agents either as monotherapy or in combina-
tion with thiopurines for the induction and maintenance of
remission in moderate to severe CD [23••]. Long-term data
on the efficacy of the TNF inhibitors is accumulating. In a
tertiary center experience among 469 CD patients treated with
IFXmaintenance therapy for a median 4.5 years, the estimated
5-year sustained benefit was 55.7 % [24]. Similar data was
reported at 4 years follow-up among ADA-treated patients
with moderately to severely active CD enrolled in the
CHARM and ADHERE clinical trials with 54 % of those in
remission at 1-year maintaining remission [25]. The long-term
efficacy of CZP was demonstrated in an open-label extension
trial (PRECiSE 3) for up to 7 years, where remission rates (by
last observation carried forward) were 56 % at year 3 and
55 % at year 7 [26].

Several studies have evaluated predictors of long-term re-
sponse on these agents. In a prospective study of 42 CD pa-
tients treated for at least 3 months with TNF inhibitors (52 %
ADA and 48 % IFX), endoscopic remission at 1 year (11/33,
33 %) was significantly more common among those who had
been in endoscopic remission at 3 months, compared with
those with endoscopically active disease at 3 months (7/10,
70 % vs. 4/23, 17 %, p=0.01) [27]. In a post hoc analysis of
the ACCENT I trial, a higher baseline CRP was associated
with a higher probability of maintained remission, and CRP
normalization (<0.5 mg/dL) at week 14 resulted in a higher
probability of maintained response (p<0.001) or remission
(p=0.052) through 54 weeks of IFX therapy [28]. Young
age at the start of IFX and colonic CD are additional factors
that have been found to be associated with a beneficial long-
term (>5 years) use of IFX [29]. Studies have also shown that
IFX can be reinstituted in patients who have previously re-
ceived IFX or ADA [30]. In the absence of head-to-head trials
of the three approved TNF antagonists, studies have attempted
to address this issue using either clinical trial data or USMedi-
care data [31•, 32, 33•] with divergent conclusions. This in-
cludes network meta-analyses that have demonstrated greater
effectiveness for ADA and IFX plus AZA, [31•] IFX [32] or
equally effectiveness for IFX and ADA [33•].

Vedolizumab

Vedolizumab (VDZ) is a humanized, anti-α4β7 integrin, im-
munoglobulin G1 monoclonal antibody that has recently been
approved for the induction and maintenance of remission in
patients with moderate to severe active CD [34]. This is dosed
as 300 mg infused intravenously at 0, 2, and 6 weeks, then
every 8 weeks thereafter. The safety and efficacy of
vedolizumab was studied in two pivotal Phase-3 trials, GEM-
INI 2 and 3 in CD [5••, 35•]. In GEMINI 2, CD patients with
moderate to severe active disease (CRP >2.87 mg/L,

colonoscopic ulceration, or a fecal calprotectin (FC)
>250mcg/g plus evidence of ulcers on imaging) were enrolled
[5••]. One of the primary endpoints in the induction phase of
clinical remission (CDAI≤150 points) at week 6 was achieved
in 14.5 % on VDZ vs. 6.8 % on placebo (p=0.02). At week
52, the primary maintenance phase endpoint of clinical remis-
sion was achieved in 39 % receiving VDZ every 8 weeks,
36.4 % receiving VDZ every 4 weeks, and 21.6 % receiving
placebo (p<0.001 and p=0.004; Q4weekly and Q8weekly
compared to placebo, respectively). GEMINI 3 enrolled pa-
tients with moderate to severe active CD, most of whom
(76 %) had failed anti-TNF therapy [35•]. The primary end-
point of clinical remission at week 6 in the anti-TNF failure
sub-group was not achieved (15.2 % on VDZ vs. 12.1 % on
placebo, p=0.43). However, the secondary endpoint of clini-
cal remission at week 10 was higher among those treated with
VDZ compared to placebo (26.6 vs. 12.1 %, RR=2.2; 95 %
CI=1.3-3.6). Summarizing the two trials, VDZ appears to be
efficacious in moderate-to-severe active CD, including in pa-
tients refractory to conventional therapy including anti-TNF
agents.

The safety profile of vedolizumab has been explored [36].
Drug-related adverse events (AEs) include headache, 6 %;
nasopharyngitis, 4 %; nausea, 4 %; arthralgia, 4 %; upper
respiratory infection, 3 %; and fatigue, 3 %. Gastrointestinal
disorders were the most frequently reported serious AEs and
included disease exacerbation in both ulcerative colitis (8 %)
and CD patients (11 %). Except for anal abscess in CD (2 %),
all serious infection incidence rates were <1 %, both overall
and by indication. No cases of progressive multifocal
leukoencephalopathy have been reported. Malignancies were
observed in <1 % of patients (two cases each of colon cancer
and malignant melanoma).

Therapeutic Strategies

Treat-to-Target

Mucosal healing (MH) has been proposed as a treatment target
as it is associated with improved clinical outcomes (reductions
in hospitalizations, surgeries, and corticosteroid use) in CD
patients [2••, 37]. The feasibility of treating to a target of
MH was demonstrated in a study of 67 CD patients with a
median follow-up period of 62 weeks [38•]. In this study, a
short time (<26weeks) between endoscopic procedures (HR=
2.35; 95 % CI=1.15–4.97) and adjustment of medical therapy
when MH was not observed (HR=4.28; 95 % CI=1.9–11.5)
were predictive of MH. A newer proposed strategy is treating
to a target of deep remission (a composite of symptom control
and endoscopic mucosal healing) [39•, 40]. At week 52 of the
EXTEND trial involving ADA, patients who achieved deep
remission (at week 12) required significantly fewer ADA
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treatment adjustments, hospitalizations, and CD-related sur-
geries; they had significantly less activity impairment; and
had better quality of life and physical function compared with
patients not achieving deep remission. This was also associat-
ed with estimated total cost savings of US$10,360 (from
weeks 12 through 52) compared with lack of deep remission
[41•]. This concept will likely continue to expand, potentially
to include radiologic targets as well.

Step Up vs. Top Down Algorithms

Management algorithms for CD have evolved over time into
two broad strategies. These have either been the conventional
or accelerated step up care (differentiated on the timing of
immunomodulator and anti-TNF usage) versus the early top-
down therapy (initial aggressive therapy with anti-TNF agents
in combination with an immunomodulator) [42•]. The step-up
approach has been associated with lower efficacy, disease
progression, and repeated corticosteroid use (with higher risk
of infections) [42•]. In comparison, the early top-down thera-
py has been associated with a lower rate of disease-related
complications, higher rates of mucosal healing, and decreased
rates of surgery and hospitalization [42•]. The strongest evi-
dence for early treatment with combination of anti-TNF
agents and an immunomodulator comes from the SONIC trial
[43••]. In this study performed in CD patients with no prior
anti-TNF or immunomodulator exposure, more patients in the
combination arm (IFX plus AZA) were in corticosteroid-free
remission at week 26 than in the IFX monotherapy group
(56.8 vs. 44.4 %, p=0.02) or the AZA monotherapy group
(30.0 %, p<0.001). Similar results were shown after 1 year
of follow-up. Despite the concerns of higher costs associated
with the top-down approach, a recent Markov model simulat-
ing a 5-year duration of step-up vs. top-down using IFX,
AZA, and corticosteroids demonstrated the cost-
effectiveness of the top-down approach [44]. Given the poten-
tially higher risk of drug-related serious adverse events, utiliz-
ing a shared decision making process in partnership with pa-
tients is ideal [45•]. An algorithmic approach has been pro-
posed (Fig. 1) for the selection of treatment strategy in patients
with an early diagnosis (<2 years) of CD naïve to prior use of
immunomodulator therapy or anti-TNF agents and the ab-
sence of pre-existing transmural complications [40].

De-Escalation of Medical Therapy

Reduction of medical therapy remains a controversial topic
among clinicians. The infliximab diSconTinuation in CrOhn’s
disease patients in stable Remission on combined therapy with
Immunosuppressors trial (STORI) included 115 CD patients
in remission on IFX and AZA for at least 1 year (more than
6 months of corticosteroid-free remission) whose IFX was
stopped and were followed for at least 1 year [46•]. After a

median follow-up period of 28 months, 52 (45.2 %) patients
experienced a relapse with a 1-year rate of 43.9 %. Risk fac-
tors for relapse included male sex, the absence of surgical
resection, leukocyte counts >6.0×109/L, hemoglobin
≤145 g/L, CRP ≥5.0 mg/L, and fecal calprotectin ≥300 mcg/
g. Patients with no more than two of these risk factors (∼29 %
of the study population) had a 15 % risk of relapse within
1 year. Another prospective observational cohort, the Relapse
After Stopping biologicals in Hungary (RASH), studied the
predictors of relapse after discontinuation of anti-TNF agents
in 121 patients (87 on IFX, 34 on ADA) with CD in remission
after 1 year of anti-TNF therapy [47]. In this study, previous
biological therapy and elevated CRP level at week 52 (when
the biological therapy was discontinued) were independently
associated with the time to re-initiation of infliximab therapy,
with smoking being borderline-significant. Within 1 year of
discontinuation of biological therapy (despite concomitant
thiopurine usage in 77.7 %), resumption of therapy was nec-
essary in 55 (45%) patients with another 43% of the untreated
patients requiring restarting of biologic therapy over the next
18–24 months. In another observational, single-center, retro-
spective study of all CD patients with a primary response to
IFX, 53 discontinued IFX while in clinical steroid-free remis-
sion [48]. Of these, 36 (68 %) had a relapse within 1 year after
discontinuation.

The strategy of discontinuing the immunomodulator dur-
ing combination therapy with IFX has also been explored.
One clear concern with this approach is the risk of immuno-
genicity and lower anti-TNF concentrations after immuno-
modulator withdrawal. A retrospective study of immunomod-
ulator withdrawal during combination therapy with IFX was
performed in 117 CD patients in durable response for greater
than 6 months (ongoing clinical benefit with CRP below
10 mg/L and persistent improvement in symptoms such as
abdominal pain, liquid stools, or blood in stools). During the
follow-up after withdrawal (median 29 months), 45/117 pa-
tients (38 %) experienced a disease flare necessitating IFX
dose escalation, though the median levels of IFX remained
stable after immunomodulators were withdrawn (before:
3.2 mcg/mL; 95 % CI=1.6–5.8 mcg/mL and after: 3.7 mcg/
mL; 95 % CI=1.3–6.3 mcg/mL) [49•]. At the time of immu-
nomodulator withdrawal, trough levels of IFX (<5 mcg/mL)
and CRP (>5 mg/L) were predictive of the need for IFX dose
escalation, IBD surgery, and discontinuation of IFX due to
loss of response.

These studies indicate that there may be a subset of patients
on combination therapy with a biologic agent and an immu-
nomodulator who can be maintained on monotherapy. If that
is to be attempted, most clinicians favor immunomodulator
withdrawal based on the limited data available. Various au-
thors have proposed algorithms where patients may be risk
stratified and de-escalation avoided in patients who have a
younger age of onset, perianal disease, internal penetrating
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disease, or have required more than one biologic to achieve
remission [4•, 50]. The duration of therapy and depth of re-
mission prior to de-escalation remain a matter of debate and
further prospective studies are required to clarify this treat-
ment strategy. Most experts also recommend obtaining drug
levels prior to de-escalating to monotherapy.

Therapeutic Drug Concentration Monitoring

Therapeutic drug concentration monitoring (TDM) is a new
focus in CD management algorithms, commercially available
for both infliximab and adalimumab. In luminal CD, primary
non-response (PNR) was noted at week 4 in placebo-
controlled trials at 71 % for CZP, 40 % for IFX, and 41 %
for ADA [51]. Additionally, there is an annual risk for loss of
response at 13 % per patient-year with IFX and 24 % per
patient-year with ADA [52, 53]. The relationship between
IFX drug levels and disease activity was explored using
2021 samples from 532 participants in four prospective CD
RCTs or cohort maintenance studies of IFX [54]. An IFX
trough concentration (TC) ≥3 mcg/mL was predictive of low-
er CRPwith an area under the curve (AUC) of 0.74. In another
prospective study of 84 CD patients, week 14 or 22 IFX TC
>3 mcg/mL was associated with a decreased risk of treatment
failure at 1 year (HR=0.34; 95 % CI=0.16–0.75) [55]. The
role of TDM in ADA treatment was studied in a cross-

sectional study of 59 CD patients, where an ADA ≤5 mcg/
mL predicted elevation of CRP levels [56]. Similar results
were demonstrated in another cross-sectional study, where
an ADATC>4.85 mcg/mL was predictive for clinical remis-
sion (likelihood ratio (LR), 2.5; sensitivity, 81 %; specificity,
67 %) and a TC<4.9 mcg/mL for absence of MH (LR, 4.3;
sensitivity, 66 %; specificity, 85 %) [57•].

Anti-Drug Antibodies

Anti-drug antibodies (ADAs) are also assessed as part of the
commonly available commercial assays used in TDM. In a
meta-analysis of 1378 patients with IBD (1077 CD), those
who developed antibodies to infliximab (ATI) compared to
those without, had a risk ratio of 3.2 (95 % CI=2.0–4.9) to
lose clinical response to IFX and also resulted in lower IFX
TC [58]. Antibodies to infliximab mostly develop within the
first 12 months of therapy [59]. Sustained ATI are ADAs
detected at more than one time point and maybe of greater
concern than transient ATI (detected at a single time point).
In a study involving retrospective testing of 1232 consecutive
samples from 90 IBD patients (64 CD), 68 % of those with
sustained ATI discontinued IFX treatment compared to 13 %
of patients with transient ATI [60•].With scheduled IFX, com-
bination with an immunomodulator results in longer ATI-free
survival vs. IFX monotherapy (p=0.003) [59]. Addition of

Early Crohn’s disease (moderate-severe) 

High risk for rapid progression to bowel damage and disability

Predictors from literature

Early onset (< 40 yrs)
Small bowel involvement
Perianal disease at diagnosis
Endoscopic severe disease 

Predictors applied in clinical practice

Diagnosis at age < 40 yrs (expected 
post-dg life expectancy > 30-40 yrs)
Extensive anatomic involvement
Perianal and/or severe rectal 
disease
Deep ulcers
Prior surgical resection
Stricturing and/or penetrating 

Yes No

Early top-down

IMS + anti-TNF 

Accelerated step-up care

CS + IMS

Fail to respond

Fig. 1 Proposed algorithm for
treatment of early Crohn’s disease
(disease duration less than 2 years
and no prior exposure to
immunomodulators or anti-TNF
therapies). In this algorithm,
patients with predictors for rapid
progression to bowel damage and
disability should be treated with a
top-down approach with
immunomodulators and anti-TNF
therapies. IMS
immunomodulators; CS
corticosteroids; TNF tumor
necrosis factor; Dg diagnosis.
Figure adapted and reproduced
from Ordás et al., [42•] with
permission from BMJ Publishing
Group. ©2011
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immunomodulators to treatment regimens in patients with ATI
may restore response [61•]. Dose escalation to overcome low-
level ATA is also being explored as a mechanism to regain
clinical response [62].

Testing at Loss of Response

There are several potential advantages to a reactive strategy of
TDM at the time of loss of response to anti-TNF agents in-
cluding identifying a non-TNF driven inflammatory cascade,
dose intensification in those with low concentrations of the
drug, avoiding dose intensification in patients with high
ADAs, and potentially reducing overall healthcare costs
[63]. In a randomized, single-blinded, multicenter study of
69 CD patients with loss of response to IFX, 36 underwent
empiric intensification (5 mg/kg every 4 weeks) while 33
underwent an algorithmic intervention using an IFX level
drawn at the time of the loss of response [64••]. A level of
≥0.5 mcg/mL was considered to be therapeutic. In an
intention-to-treat analysis, algorithmic treatment cost was
lower compared with empiric intensification (€6038 vs.
€9178, p<0.001) with similar clinical efficacy at week 12.
In a decision-analytic model, incremental cost-effectiveness
of a TDM-based approach vs. empiric strategy was examined
over 1 year in two simulated CD cohorts [65]. Similar quality
adjusted life years (QALYs) gains were seen with the TDM
strategy compared to the empiric strategy, but at lower cost
(US$31,870 vs. US$37,266, respectively) with similar rates of
remission and response.

Dose Optimization Strategy

There are several potential advantages to TDM with a goal of
optimizing the dose based on drug concentration in the serum
rather than waiting to check levels at the time of loss of re-
sponse. These include early disease control with sustained
response, reducing loss of response and consequent drug dis-
continuation during the maintenance phase, and avoiding ad-
verse events associated with supratherapeutic drug concentra-
tions [66•]. In a post hoc analysis of A Crohn’s Disease Clin-
ical Trial Evaluating Infliximab in a New Long-term Treat-
ment Regimen I (ACCENT I) trial, median week 14 IFX TC
among those with durable sustained response (week 54) to the
5 mg/kg dose was significantly higher compared to those
without [67]. Additionally, a week 14 IFX TC ≥3.5 mcg/mL
predicted durable sustained response on 5 mg/kg (OR=3.5).
The strategy of concentration-based dosing was compared to
clinically based dosing of IFX in a 1 year, randomized, con-
trolled trial of a cohort of 263 IBD patients (178 with CD)
with stable responses to maintenance IFX therapy, the Trough
concentration Adapted infliXImab Treatment (TAXIT) trial
[68••]. After dose escalation or reduction using an algorithm
to reach a target TC of 3–7 mcg/mL in all patients

(optimization phase), 251 IBD patients were randomized 1:1
to either receive IFX dosing based on their clinical features
(n=123) or dosing based on TDM (n=128) (maintenance
phase). Overall, the primary endpoint of clinical and biochem-
ical remission at 1 year after the optimization phase was sim-
ilar, whether dosed based on clinical features or TDM (66 vs.
69 %, p=0.69). However, a significantly higher proportion of
CD patients who underwent dose escalation for a low TC in
the optimization phase went into clinical remission (88 % post
versus 64 % pre-optimization, p=0.02). Additionally, among
the 72 IBD patients with TC >7 mcg/mL, 67 patients (93 %)
achieved TC of 3–7 mg/mL after dose reduction, resulting in a
28 % reduction in drug cost than before dose reduction
(p<0.001). Finally, fewer flares were reported in the TDM
group compared to clinically based dosing (7 vs. 17 %, p=
0.02). Continued TDM strategy after achieving TC optimiza-
tion, however, was not superior to dosing based on clinical
features.

Prevention of Postoperative Recurrence

The prevention of postoperative CD recurrence (POR) re-
mains a critical aspect of CD care. Several therapies have been
assessed for this purpose, including aminosalicylates,
thiopurines, imidazole antibiotics, and anti-TNF agents
[69•]. Both aminosalicylates and imidazole antibiotics have
been shown to have a modest benefit, with safety and tolera-
bility issues with long-term antibiotic usage [69•]. A meta-
analysis of four RCTs (three with AZA and one with 6-MP)
involving 433 CD patients demonstrated that thiopurines were
more effective than placebo in preventing both clinical and
endoscopic postoperative recurrence in CD (at 1 and 2 years),
but with a higher rate of AEs leading to drug withdrawal [70].
Several studies have recently evaluated the efficacy of IFX
([71, 72•, 73] and ADA [74, 75, 76•] for preventing POR. In
an open-label extension of an RCTwith follow-up for 5 years,
patients assigned to the IFX group in the first year after sur-
gery (compared to placebo) were more likely to stay in endo-
scopic remission and had a lower rate of POR requiring addi-
tional resections (20.0 vs. 64.3 %, p=0.047) [72•]. Similar
results were seen with ADA in a prospective, randomized
unblinded trial (n=51) after ileocolonic resection.After 2 years
of follow-up, a significantly lower proportion of patients dem-
onstrated endoscopic POR with ADA (6.3 %) compared with
the AZA (64.7 %) and mesalamine groups (83.3 %).

Evolving algorithms on postoperative management of CD
have highlighted the importance of risk stratification of pa-
tients to decide initial choice of medications. These risk fac-
tors have varied and often include smoking, prior penetrating
disease, perianal disease, and prior resections [69•, 77]. There
is often agreement on the need to treat high-risk groups for
postoperative CD with an anti-TNF agent. Experts, however,
have varied in their recommended approach in classifying the
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remaining patients as moderate and low risk. Key questions
that remain to be answered in the postoperative setting include
dose optimization strategies using low-dose IFX (3 mg/kg)
and titrating the dose based on level of fecal biomarkers such
as fecal calprotectin [78, 79•].

Conclusions

The medical management of CD is a rapidly evolving field.
New medications continue to emerge and expand the arma-
mentarium available to clinicians. Strategies to improve drug
efficacy and limit AEs using treat-to-target approaches, TDM,
and de-escalation protocols are being refined.

Compliance with Ethics Guidelines

Conflict of Interest Parakkal Deepak and David H. Bruining declare
that they have no conflict of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Cosnes J, Gower–Rousseau C, Seksik P, Cortot A. Epidemiology
and natural history of inflammatory bowel diseases.
Gastroenterology. 2011;140(6):1785–94. e1784.

2.•• Bouguen G, Levesque BG, Feagan BG, Kavanaugh A, Peyrin-
Biroulet L, Colombel JF, et al. Treat to target: a proposed new
paradigm for the management of Crohn’s disease. Clin
Gastroenterol Hepatol. 2015;13(6):1042–50. This review evalu-
ates current literature and proposes an algorithm for treating
to a target of mucosal healing in Crohn’s disease.

3. Ordás I, Feagan BG, SandbornWJ. Therapeutic drugmonitoring of
tumor necrosis factor antagonists in inflammatory bowel disease.
Clin Gastroenterol Hepatol. 2012;10(10):1079–87.

4.• Pariente B, Laharie D. Review article: why, when and how to de-
escalate therapy in inflammatory bowel diseases. Aliment
Pharmacol Ther. 2014;40(4):338–53. This reviews studies of de-
escalation of immunosuppressants (IS) and/or anti-TNF treat-
ments and proposes algorthms for this strategy in inflamamtory
bowel disease.

5.•• Sandborn WJ, Feagan BG, Rutgeerts P, Hanauer S, Colombel JF,
Sands BE, et al. Vedolizumab as induction andmaintenance therapy
for Crohn’s disease. N Engl J Med. 2013;369(8):711–21. In the
GEMINI 2 trial, vedolizumab-treated Crohn’s disease patients
(compared to placebo) were more likely achieve remission at
week 6 and to maintain remission at week 52.

6. Schoepfer A, Bortolotti M, Pittet V, Mottet C, Gonvers JJ, Reich O,
et al. The gap between scientific evidence and clinical practice: 5‐

Aminosalicylates are frequently used for the treatment of Crohn’s
disease. Aliment Pharmacol Ther. 2014;40(8):930–7.

7. Ford AC, Kane SV, Khan KJ, Achkar J-P, Talley NJ, Marshall
JK, et al. Efficacy of 5-Aminosalicylates in Crohn’s disease:
systematic review and meta-analysis. Am J Gastroenterol.
2011;106(4):617–29.

8. Ford AC, Khan KJ, Talley NJ, Moayyedi P. 5-Aminosalicylates
prevent relapse of Crohn’s disease after surgically induced remis-
sion: systematic review and meta-analysis. Am J Gastroenterol.
2011;106(3):413–20.

9. Prantera C, Marconi S. Glucocorticosteroids in the treatment of
inflammatory bowel disease and approaches to minimizing system-
ic activity. Ther Adv Gastroenterol. 2013;6(2):137–56.

10. Tromm A, Bunganic I, Tomsova E, Tulassay Z, Lukas M,
Kykal J, et al. Budesonide 9 mg is at least as effective as
mesalamine 4.5 g in patients with mildly to moderately active
Crohn’s disease. Gastroenterology. 2011;140(2):425–34. e421;
quiz e413-424.

11. Dignass A, Stoynov S, Dorofeyev AE, Grigorieva GA, Tomsova E,
Altorjay I, et al. Once versus three times daily dosing of oral
budesonide for active Crohn’s disease: a double-blind, double-dum-
my, randomised trial. J Crohns Colitis. 2014;8(9):970–80.

12. Kuenzig ME, Rezaie A, Seow CH, Otley AR, Steinhart AH,
Griffiths AM, et al. Budesonide for maintenance of remission in
Crohn’s disease. Cochrane Database Syst Rev. 2014;8:CD002913.

13. Chande N, Tsoulis DJ, MacDonald JK. Azathioprine or 6-
mercaptopurine for induction of remission in Crohn’s disease.
Cochrane Database Syst Rev. 2013;4:CD000545.

14.• Cosnes J, Bourrier A, Laharie D, Nahon S, Bouhnik Y, Carbonnel F,
et al. Early administration of azathioprine vs conventional manage-
ment of Crohn’s disease: a randomized controlled trial.
Gastroenterology. 2013;145(4):758–65. e752; quiz e714-755. In
this ope-label clinical trial, early use of azathioprine within 6
months of Crohn’s disease diagnosis was no more effective than
conventional azathioprine usage in increasing time of
cortiosteroid and anti-TNF -free remission in 3 years of
follow-up after inclusion.

15.• Panes J, Lopez-Sanroman A, Bermejo F, Garcia-Sanchez V, Esteve
M, Torres Y, et al. Early azathioprine therapy is no more effective
than placebo for newly diagnosed Crohn ’s disease .
Gastroenterology. 2013;145(4):766–74. e761. In this prospective
double-blind trial, early use of azathioprine within 8 weeks of
Crohn’s disease diagnosis was not superior to placebo in achiev-
ing sustained corticosteroid-free remission.

16. Chatu S, Subramanian V, Saxena S, Pollok RC. The role of
thiopurines in reducing the need for surgical resection in Crohn’s
disease: a systematic review and meta-analysis. Am J
Gastroenterol. 2014;109(1):23–34. quiz 35.

17. Rieder F, Reinisch W. Thiopurines and the natural course of
Crohn’s disease: did we finally find the right therapeutic target?
Am J Gastroenterol. 2014;109(7):1037–40.

18. McDonald JW, Wang Y, Tsoulis DJ, MacDonald JK, Feagan BG.
Methotrexate for induction of remission in refractory Crohn’s dis-
ease. Cochrane Database Syst Rev. 2014;8:CD003459.

19. Patel V, Wang Y, MacDonald JK, McDonald JW, Chande N.
Methotrexate for maintenance of remission in Crohn’s disease.
Cochrane Database Syst Rev. 2014;8:CD006884.

20.• Feagan BG,McDonald JW, Panaccione R, Enns RA, Bernstein CN,
Ponich TP, et al. Methotrexate in combination with Infliximab is no
more effective than Infliximab alone in patients with Crohn’s dis-
ease. Gastroenterology. 2014;146(3):681–8. e681. In the
COMMIT trial, Crohn’s disease patients treated with metho-
trexate in combination with infliximab were no more likely to
achieve corticosteroid-free remission at week 14 and sustain
remission through week 50 compared to infliximab alone.

Curr Gastroenterol Rep (2015) 17: 41 Page 7 of 10 41



21. Narula N, Peyrin-Biroulet L, Colombel JF. Combination therapy
with Methotrexate in inflammatory bowel disease: time to
COMMIT? Gastroenterology. 2014;146(3):608–11.

22. Seinen ML, Ponsioen CY, de Boer NK, Oldenburg B, Bouma G,
Mulder CJ, et al. Sustained clinical benefit and tolerability of meth-
otrexate monotherapy after thiopurine therapy in patients with
Crohn’s disease. Clin Gastroenterol Hepatol. 2013;11(6):667–72.

23.•• Terdiman JP, Gruss CB, Heidelbaugh JJ, Sultan S, Falck–Ytter YT.
American Gastroenterological Association Institute guideline on
the use of thiopurines, Methotrexate, and anti–TNF-α biologic
drugs for the induction and maintenance of remission in inflamma-
tory Crohn’s disease. Gastroenterology. 2013;145(6):1459–63.

24. Eshuis EJ, Peters CP, van Bodegraven AA, Bartelsman JF,
Bemelman W, Fockens P, et al. Ten years of Infliximab for
Crohn’s disease: outcome in 469 patients from 2 tertiary referral
centers. Inflamm Bowel Dis. 2013;19(8):1622–30.

25. Panaccione R, Colombel JF, Sandborn WJ, D’Haens G, Zhou Q,
Pollack PF, et al. Adalimumab maintains remission of Crohn’s dis-
ease after up to 4 years of treatment: data from CHARM and
ADHERE. Aliment Pharmacol Ther. 2013;38(10):1236–47.

26. Sandborn WJ, Lee SD, Randall C, Gutierrez A, Schwartz DA,
Ambarkhane S, et al. Long-term safety and efficacy of certolizumab
pegol in the treatment of Crohn’s disease: 7-year results from the
PRECiSE 3 study. Aliment Pharmacol Ther. 2014;40(8):903–16.

27. af Bjorkesten CG, Nieminen U, Sipponen T, Turunen U, Arkkila P,
Farkkila M. Mucosal healing at 3 months predicts long-term endo-
scopic remission in anti-TNF-treated luminal Crohn’s disease.
Scand J Gastroenterol. 2013;48(5):543–51.

28. Reinisch W, Wang Y, Oddens BJ, Link R. C-reactive protein, an
indicator for maintained response or remission to Infliximab in
patients with Crohn’s disease: a post-hoc analysis from ACCENT
I. Aliment Pharmacol Ther. 2012;35(5):568–76.

29. Juillerat P, Sokol H, Froehlich F, Yajnik V, Beaugerie L, Lucci M,
et al. Factors associated with durable response to Infliximab in
Crohn’s disease 5 years and beyond: a multicenter international
cohort. Inflamm Bowel Dis. 2015;21(1):60–70.

30. Brandse JF, Peters CP, Gecse KB, Eshuis EJ, Jansen JM, Tuynman
HA, et al. Effects of Infliximab retreatment after consecutive dis-
continuation of Infliximab and adalimumab in refractory Crohn’s
disease. Inflamm Bowel Dis. 2014;20(2):251–8.

31.• Hazlewood GS, Rezaie A, Borman M, Panaccione R, Ghosh S,
Seow CH, et al. Comparative effectiveness of immunosuppressants
and biologics for inducing and maintaining remission in Crohn’s
disease: a network meta-analysis. Gastroenterology. 2015;148(2):
344–54. e345; quiz e314-345. In this network, meta-analysis,
network meta-analysis, adalimumab and infliximab plus aza-
thioprine were the most effective therapies for induction and
maintenance of remission of Crohn’s disease.

32. Singh S, Garg SK, Pardi DS, Wang Z, Murad MH, Loftus Jr EV.
Comparative efficacy of biologic therapy in biologic-naive patients
with Crohn disease: a systematic review and network meta-analy-
sis. Mayo Clin Proc. 2014;89(12):1621–35.

33.• Osterman MT, Haynes K, Delzell E, Zhang J, Bewtra M,
Brensinger C, et al. Comparative effectiveness of Infliximab and
adalimumab for Crohn’s disease. Clin Gastroenterol Hepatol.
2014;12(5):811–7. e813. In a retrospective cohort study using
U.S.Medicare data, infliximab and adalimumabwere shown to
have similar rates of drug discontinuation, need for surgery or
hospitalziation for Crohn’s disease.

34. Bryant R, Sandborn W, Travis S. Introducing vedolizumab to clin-
ical practice: who, when, and how? J Crohn’s Colitis. 2015;9(4):
356–66.

35.• Sands BE, Feagan BG, Rutgeerts P, Colombel JF, Sandborn WJ, Sy
R, et al. Effects of vedolizumab induction therapy for patients with
Crohn’s disease in whom tumor necrosis factor antagonist treatment
failed. Gastroenterology. 2014;147(3):618–27. e613. In GEMINI

3 trial involving vedolizumab induction therapy in Crohn’s dis-
ease patients who had failed anti-TNF medications previously,
vedolizumab was superior to placebo in inducing remission at
week 10 but not at week 6.

36. Colombel J-F, Sands B, Hanauer S, Rutgeerts P, Sandborn W,
Danese S, D’Haens G, Panaccione R, Sankoh S, Fox I: Long-
term safety of vedolizumab for the treatment of ulcerative colitis
or Crohn’s disease. In: American Journal of Gastroenterology:
2013: Nature Publishing Group 75 Varick St, 9th Flr, New York,
NY 10013–1917 USA; 2013: S502-S503.

37. Baert F, Moortgat L, Van Assche G, Caenepeel P, Vergauwe P, De
Vos M, et al. Mucosal healing predicts sustained clinical remission
in patients with early-stage Crohn’s disease. Gastroenterology.
2010;138(2):463–8. quiz e410-461.

38.• Bouguen G, Levesque BG, Pola S, Evans E, Sandborn WJ.
Endoscopic assessment and treating to target increase the likelihood
of mucosal healing in patients with Crohn’s disease. Clin
Gastroenterol Hepatol. 2014;12(6):978–85. In a retrospective
analysis examining the feasibility of achieving mucosal healing
in clinical practice, duration between endoscopies of less than
26 weeks and appropriate adjustment to medical therapy were
the main determinants of achieving mucosal healing.

39.• Panaccione R, Colombel JF, Louis E, Peyrin-Biroulet L, Sandborn
WJ. Evolving definitions of remission in Crohn’s disease. Inflamm
Bowel Dis. 2013;19(8):1645–53. Review of various proposed
definitions for remission in Crohn’s disease ranging from clin-
ical, endoscopic to radiological remission.

40. Sandborn WJ, Hanauer S, Van Assche G, Panés J, Wilson S,
Petersson J, et al. Treating beyond symptoms with a view to im-
proving patient outcomes in inflammatory bowel diseases. J Crohns
Colitis. 2014;8(9):927–35.

41.• Colombel JF, Rutgeerts PJ, Sandborn WJ, Yang M, Camez A,
Pollack PF, et al. Adalimumab induces deep remission in patients
with Crohn’s disease. Clin Gastroenterol Hepatol. 2014;12(3):414–
22. e415. In the EXTEND trial of patients with moderate to
severe ileocolonic CD who received adalimumab induction
and maintenance therapy, patients achieving deep remission
at week 12 had better week 52 outcomes than those not achiev-
ing deep remission.

42.• Ordás I, Feagan BG, Sandborn WJ. Early use of immunosuppres-
sives or TNF antagonists for the treatment of Crohn’s disease: time
for a change. Gut. 2011;60(12):1754–63. This is a review article
detailing the risk versus benefits of convential step-care, accel-
erated step-care and early top-down therapy in Crohn’s
disease.

43.•• Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Kornbluth
A, Rachmilewitz D, et al. Infliximab, azathioprine, or combination
therapy for Crohn’s disease. N Engl J Med. 2010;362(15):1383–95.
In the SONIC trial patients with moderate-to-severe Crohn’s
disease treated with infliximab plus azathioprine were more
likely to have a corticosteroid-free clinical remission at weeks
26 and 50 than with infliximab or azathioprine monotherapy.

44. Marchetti M, Liberato NL, Di Sabatino A, Corazza GR. Cost-
effectiveness analysis of top-down versus step-up strategies in pa-
tients with newly diagnosed active luminal Crohn’s disease. Eur J
Health Econ. 2013;14(6):853–61.

45.• Siegel CA. Shared decision making in inflammatory bowel disease:
helping patients understand the tradeoffs between treatment options.
Gut. 2012;61(3):459–65. This reviews the use of decision aids as
part of the shared decision making process in inflammatory
bowel disease.

46.• Louis E, Mary JY, Vernier-Massouille G, Grimaud JC, Bouhnik Y,
Laharie D, et al. Maintenance of remission among patients with
Crohn’s disease on antimetabolite therapy after Infliximab therapy
is stopped. Gastroenterology. 2012;142(1):63–70. e65; quiz e31. In
the STORI trial, while 50 % of patients with Crohn’s disease

41 Page 8 of 10 Curr Gastroenterol Rep (2015) 17: 41



treated for at least 1 year with infliximab and an antimetabolite
agent experienced a relapse within 1 year after discontinuation
of infliximab, risk factors were identified which when absent
may make this strategy viable.

47. Molnar T, Lakatos PL, Farkas K, Nagy F, Szepes Z, Miheller P,
et al. Predictors of relapse in patients with Crohn’s disease in remis-
sion after 1 year of biological therapy. Aliment Pharmacol Ther.
2013;37(2):225–33.

48. Steenholdt C, Molazahi A, AinsworthMA, Brynskov J, Ostergaard
Thomsen O, Seidelin JB. Outcome after discontinuation of
Infliximab in patients with inflammatory bowel disease in clinical
remission: an observational Danish single center study. Scand J
Gastroenterol. 2012;47(5):518–27.

49.• Drobne D, Bossuyt P, Breynaert C, Cattaert T, Vande Casteele N,
Compernolle G, et al. Withdrawal of Immunomodulators after Co-
treatment does not reduce trough level of infliximab in patients with
Crohn’s disease. Clin Gastroenterol Hepatol. 2015;13(3):514–21.
e514. In this retrospective analysis, withdrawal of immunomod-
ulators after at least 6 months of co-treatment with infliximab
was shown not to reduce the trough levels of infliximab in pa-
tients with Crohn’s disease.

50. Sorrentino D, Nash P, Viladomiu M, Hontecillas R, Bassaganya-
Riera J. Stopping anti-TNF agents in patients with Crohn’s disease
in remission: is it a feasible long-term strategy? Inflamm Bowel
Dis. 2014;20(4):757–66.

51. Allez M, Karmiris K, Louis E, Van Assche G, Ben-Horin S, Klein
A, et al. Report of the ECCO pathogenesis workshop on anti-TNF
therapy failures in inflammatory bowel diseases: definitions, fre-
quency and pharmacological aspects. J Crohns Colitis. 2010;4(4):
355–66.

52. Gisbert JP, Panes J. Loss of response and requirement of Infliximab
dose intensification in Crohn’s disease: a review. Am J
Gastroenterol. 2009;104(3):760–7.

53. Billioud V, Sandborn WJ, Peyrin-Biroulet L. Loss of response and
need for adalimumab dose intensification in Crohn’s disease: a sys-
tematic review. Am J Gastroenterol. 2011;106(4):674–84.

54. Feagan BG, Singh S, Lockton S, Hauenstein S, Ohrmund L, Croner
LJ, et al. 565 novel Infliximab (IFX) and antibody-to-Infliximab
(ATI) assays are predictive of disease activity in patients with
Crohn’s disease (CD). Gastroenterology. 2012;142(5):S-114.

55. Bortlik M, Duricova D, Malickova K, Machkova N, Bouzkova E,
Hrdlicka L, et al. Infliximab trough levels may predict sustained
response to infliximab in patients with Crohn’s disease. J Crohns
Colitis. 2013;7(9):736–43.

56. Yarur AJ, Deshpande AR, Sussman DA, Hauenstein S, Lockton S,
Barkin JS, et al. Serum adalimumab levels and antibodies correlate
with endoscopic intestinal inflammation and inflammatory markers
in patients with inflammatory bowel disease. Clin Res Highlights
IBD Diagn Anti-Tumor Necrosis Factor Monit. 2013;9(8
Supplement 4):6.

57.• Roblin X,Marotte H, RinaudoM, Del Tedesco E,MoreauA, Phelip
JM, et al. Association between pharmacokinetics of adalimumab
and mucosal healing in patients with inflammatory bowel diseases.
Clin Gastroenterol Hepatol. 2014;12(1):80–4. e82. In this cross-
sectional study, trough adalimumab concentrations were asso-
ciated withmucosal healing with a level<4.9 mcg/mL predictive
of the absence of mucosal healing.

58. Nanda KS, Cheifetz AS, Moss AC. Impact of antibodies to
Infliximab on clinical outcomes and serum Infliximab levels in
patients with inflammatory bowel disease (IBD): a meta-analysis.
Am J Gastroenterol. 2013;108(1):40–7. quiz 48.

59. Ungar B, Chowers Y, Yavzori M, Picard O, Fudim E, Har-Noy O,
et al. The temporal evolution of antidrug antibodies in patients with
inflammatory bowel disease treated with infliximab. Gut.
2014;63(8):1258–64.

60.• Vande Casteele N, Gils A, Singh S, Ohrmund L, Hauenstein S,
Rutgeerts P, et al. Antibody response to infliximab and its impact
on pharmacokinetics can be transient. Am J Gastroenterol.
2013;108(6):962–71. In this retrospective analysis, antibodies
to infliximab were differentiated between transient antibodies
that did not affect clinical outcome versus sustained high anti-
bodies that resulted in loss of response to infliximab.

61.• Ben-Horin S, Waterman M, Kopylov U, Yavzori M, Picard O,
Fudim E, 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(4):444–7. Preliminary data in 3
Crohn’s disease patients showing that addition of immunomod-
ulators reduced anti-infliximab antibodies, increased serum
infliximab levels and restored clinical response lost due to
anti-infliximab antibodies.

62. Roblin X, Rinaudo M, Del Tedesco E, Phelip JM, Genin C, Peyrin-
Biroulet L, et al. Development of an algorithm incorporating phar-
macokinetics of adalimumab in inflammatory bowel diseases. Am J
Gastroenterol. 2014;109(8):1250–6.

63. Vande Casteele N, Feagan BG, Gils A, Vermeire S, Khanna R,
Sandborn WJ, et al. Therapeutic drug monitoring in inflammatory
bowel disease: current state and future perspectives. Curr
Gastroenterol Rep. 2014;16(4):378.

64.•• Steenholdt C, Brynskov J, Thomsen OO,Munck LK, Fallingborg J,
Christensen LA, et al. Individualised therapy is more cost-effective
than dose intensification in patients with Crohn’s disease who lose
response to anti-TNF treatment: a randomised, controlled trial. Gut.
2014;63(6):919–27. In this randomised, controlled, single-blind,
multicentre study, treatment of secondary infliximab failure
using an algorithm-based approach incorporating both
infliximab and infliximab antibody was shown to reduce aver-
age treatment costs per patient comparedwith routine IFX dose
escalation, with similar clinical efficacy.

65. Velayos FS, Kahn JG, Sandborn WJ, Feagan BG. A test-based
strategy is more cost effective than empiric dose escalation for
patients with Crohn’s disease who lose responsiveness to
Infliximab. Clin Gastroenterol Hepatol. 2013;11(6):654–66.

66.• Vaughn BP, Sandborn WJ, Cheifetz AS. Biologic concentration
testing in inflammatory bowel disease. Inflamm Bowel Dis.
2015;21(6):1435–42. This review provides an algorithmic ap-
proach for the use of anti-TNF concentration testing in both
the reactive and proactive settings.

67. Cornillie F, Hanauer SB, Diamond RH, Wang J, Tang KL, Xu Z,
et al. Postinduction serum Infliximab trough level and decrease of
C-reactive protein level are associated with durable sustained re-
sponse to Infliximab: a retrospective analysis of the ACCENT I
trial. Gut. 2014;63(11):1721–7.

68.•• Vande Casteele N, Ferrante M, Van Assche G, Ballet V,
Compernolle G, Van Steen K, et al. Trough concentrations of
Infliximab guide dosing for patients with inflammatory bowel dis-
ease. Gastroenterology. 2015;148(7):1320–9. e1323. In this pro-
spective trial, concentration based dosing of infliximab com-
pared to clinically based dosing, while not superior for achiev-
ing remission after 1 year, was associated with fewer flares
during the course of treatment and cost savings.

69.• Sorrentino D. State-of-the-art medical prevention of postoperative
recurrence of Crohn’s disease. Nat Rev Gastroenterol Hepatol.
2013;10(7):413–22. This review presents an in-depth review of
strategies to prevent postoperative recurrence of Crohn’s dis-
ease with a propsoed algorithm to target therapy based on the
risk of recurrence.

70. Peyrin-Biroulet L, Deltenre P, Ardizzone S, D’Haens G, Hanauer
SB, Herfarth H, et al. Azathioprine and 6-mercaptopurine for the
prevention of postoperative recurrence in Crohn’s disease: a meta-
analysis. Am J Gastroenterol. 2009;104(8):2089–96.

Curr Gastroenterol Rep (2015) 17: 41 Page 9 of 10 41



71. Yoshida K, Fukunaga K, Ikeuchi H, Kamikozuru K, Hida N, Ohda
Y, et al. Scheduled Infliximab Monotherapy to prevent recurrence
of Crohn’s disease following ileocolic or ileal resection: a 3-year
prospective randomized open trial. Inflamm Bowel Dis.
2012;18(9):1617–23.

72.• Regueiro M, Kip KE, Baidoo L, Swoger JM, Schraut W.
Postoperative therapy with infliximab prevents long-term Crohn’s
disease recurrence. Clin Gastroenterol Hepatol. 2014;12(9):1494–
502. e1491. A prospective, open-label trial showing that con-
tinuing infliximab beyond 1 year after an ileocolonic resection
prevents postoperative recurrence of Crohn’s disease.

73. Sakuraba A, Sato T, Matsukawa H, Okamoto S, Takaishi H,
Ogata H, et al. The use of infliximab in the prevention of
postsurgical recurrence in polysurgery Crohn’s disease pa-
tients: a pilot open-labeled prospective study. Int J Color Dis.
2012;27(7):947–52.

74. Papamichael K, Archavlis E, Lariou C, Mantzaris GJ.
Adalimumab for the prevention and/or treatment of post-
operative recurrence of Crohn’s disease: a prospective, two-
year, single center, pilot study. J Crohns Colitis. 2012;6(9):
924–31.

75. Aguas M, Bastida G, Cerrillo E, Beltran B, Iborra M, Sanchez-
Montes C, et al. Adalimumab in prevention of postoperative recur-
rence of Crohn’s disease in high-risk patients. World J
Gastroenterol. 2012;18(32):4391–8.

76.• Savarino E, Bodini G, Dulbecco P, Assandri L, Bruzzone L, Mazza
F, et al. Adalimumab is more effective than azathioprine and
mesalamine at preventing postoperative recurrence of Crohn’s dis-
ease: a randomized controlled trial. Am J Gastroenterol.
2013;108(11):1731–42. In this randomized, prospective, three-
armed, unblinded controlled study with parallel group design
with 2 years follow-up, patients receiving adalimumab after
intestinal resection had lower endoscopic and clinical recur-
rence compared to azathioprine and mesalamine.

77. Hashash JG, Regueiro MD. The evolving management of postop-
erative Crohn’s disease. Expert Rev Gastroenterol Hepatol.
2012;6(5):637–48.

78. Sorrentino D, Hauenstein S, Marino M, Lockton S, Zarifi D, Del
Bianco T, et al. Tu1155 Low dose infliximab for prevention of
postoperative recurrence of Crohn’s disease: long term follow-up
and impact of infliximab trough levels and antibodies to Infliximab.
Gastroenterology. 2013;144(5):S-777.

79.• Wright EK, Kamm MA, De Cruz P, Hamilton AL, Ritchie KJ,
Krejany EO, et al. Measurement of fecal calprotectin improves
monitoring and detection of recurrence of Crohn’s disease after
surgery. Gastroenterology. 2015;148(5):938–47. e931. In this pro-
spective clinical trial, fecal calprotectin >100 μg/g indicated en-
doscopic recurrence with 89 % sensitivity and 91 % negative
predictive value. It was also shown to predict those likely to
relapse and play a role in monitoring response to treatment.

41 Page 10 of 10 Curr Gastroenterol Rep (2015) 17: 41


	Update on the Medical Management of Crohn’s Disease
	Abstract
	Introduction
	Medications
	Aminosalicylates
	Thiopurines
	Methotrexate
	Tumor Necrosis Factor-Alpha Inhibitors
	Vedolizumab

	Therapeutic Strategies
	Treat-to-Target
	Step Up vs. Top Down Algorithms
	De-Escalation of Medical Therapy
	Therapeutic Drug Concentration Monitoring
	Anti-Drug Antibodies
	Testing at Loss of Response
	Dose Optimization Strategy
	Prevention of Postoperative Recurrence

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



