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Abstract

Background and Aims: Management of Crohn’s disease and ulcerative colitis has typically relied 
upon treatment intensification driven by symptoms alone. However, a ‘treat-to-target’ management 
approach may help to address underlying inflammation, minimise disease activity at early stages 
of inflammatory bowel disease, limit progression, and improve long-term outcomes.
Methods: A systematic literature review was conducted to identify data relevant to a treat-to-target 
approach in inflammatory bowel disease, published between January 1, 2007 and May 15, 2017.
Results: Consistent with recommendations of the Selecting Therapeutic Targets in Inflammatory 
Bowel Disease [STRIDE] working group, studies have investigated factors influencing the 
achievement of both endoscopic and histological mucosal healing and patient-level outcomes in 
inflammatory bowel disease [IBD]. Histological healing and biomarker levels have also been shown 
to be modifiable outcomes. Although there is a lack of prospectively derived evidence validating 
mucosal healing as a treatment target, data are emerging to suggest that targeting mucosal 
healing or inflammation rather than symptoms may be cost-effective in some settings. The review 
highlighted several strategies that may support the implementation of a treat-to-target approach in 
IBD. The prospective randomised CALM study demonstrated how tight control [whereby treatment 
decisions are based on close monitoring of inflammatory biomarkers] leads to improvements in 
endoscopic and clinical outcomes. The review also considered the influence of coordinated care 
from a multidisciplinary team and patient engagement with improved adherence, as well as the 
role of therapeutic drug monitoring in inflammatory bowel disease management.
Conclusions: A treat-to-target strategy may impact on disease progression and improve outcomes 
in inflammatory bowel disease. Prospective studies including long-term data are required to 
ensure that the most appropriate targets and strategies are identified.
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1. Introduction

Crohn’s disease [CD] and ulcerative colitis [UC] are progressive in-
flammatory disorders of the gastrointestinal tract which can lead to 
serious complications and disability if not optimally treated.1–3 The 
conventional approach to treatment of these conditions—collectively 
termed inflammatory bowel disease [IBD]—has focused on control 
of symptoms using a step-up pharmacological intervention strategy, 
with progressive intensification of therapy and/or surgical resec-
tion as the disease worsens or therapy fails to control symptoms.4–7 
Treatment options include non-specific therapies such as different 
formulations of the anti-inflammatory agent 5-aminosalicylic acid 
[5-ASA], glucocorticosteroids, immunomodulators, and more spe-
cific biologic therapy such as anti-tumour necrosis factor-alpha anti-
bodies [anti-TNFα].5 More recent additions include anti-integrins, 
anti-interleukin 12/23 agents, and the JAK inhibitor tofacitinib.5,8 
Surgical resection is usually reserved for patients with complications 
or those with intractable disease.

However, it is becoming increasingly apparent that treatment strat-
egies aimed purely at controlling symptoms do not alter the course of 
these disorders, as they fail to induce repair of the inflammatory le-
sions.9,10 Even after surgical resection, especially in CD, the disease can 
often recur. As is the case for rheumatoid arthritis, strategies for the man-
agement of IBD have changed substantially in recent years, with a move 
towards preventing disease progression and improving long-term out-
comes for patients.4 Newer management strategies focus on control of 
both symptoms and inflammation—demonstrated by clinical outcomes 
such as mucosal healing [both endoscopic and histological] and fistula 
repair—rather than control of symptoms alone.10 Mucosal healing in pa-
tients with early-stage IBD often predicts sustained remission11 and may 
be associated with reduced hospitalisation and surgery.12

Recognition of the importance of minimising disease activity at an 
early stage in IBD has led to the consideration of a ‘treat-to-target’ [T2T] 
management approach. Treatment targets are defined with the aim of 
improving outcomes and reducing the risk of end-organ damage such 
as the development of stricture, fistula, or functional impairment. Such 
strategies have been adopted for various chronic disorders including 
rheumatic conditions, vascular medicine, and metabolic disorders such 
as diabetes mellitus.13,14 A T2T approach is, however, a collaborative 
approach between the physician and the patient. It involves identifying 
an appropriate target, selecting initial therapy according to the risk of 
disease progression, measuring baseline characteristics of disease, moni-
toring progress, and optimising therapy to reach the agreed goal.

We report here a systematic literature review designed to explore 
the data available to support a T2T approach in IBD, using various 
strategies. In the first instance, this involves an assessment of the 
appropriateness of various potential clinical targets, including symp-
toms, biomarkers, and endoscopic-based outcomes and quality of life 
measures, as well as levels of biomarkers or serum drug concentra-
tions. Data relating to the impact of T2T management on economic 
outcomes are also considered. The remainder of the review covers 
data supporting a range of strategies supporting the implementation 
of a T2T approach to eventually improve outcomes. These strategies 
include: achievement of tight disease control; the involvement of a 
multidisciplinary team; adherence of patients to treatment regimens; 
and therapeutic drug monitoring.

2. Methods

The systematic literature search was designed to ascertain the im-
pact of a T2T IBD management approach on short-term clinical 

outcomes [patient and health care professional [HCP]-centred out-
comes], long-term benefits [e.g. rates of hospitalisation/surgery], 
and costs.

The search terms for the literature search comprised three elem-
ents; publications were required to include terms relating to: [i] T2T 
or related tools/care strategy; [ii] IBD; and [iii] patient/HCP/cost out-
comes [search terms are detailed in the Supplementary Appendix, 
available as Supplementary data at ECCO-JCC online].

Searches were conducted in Embase® and Medline® for art-
icles published between 1 January 2007 and 15 May 2017. In add-
ition, conference proceedings from Digestive Disease Week [DDW; 
Chicago, USA, May 6-9, 2017] were hand-searched to ensure that 
emerging data were included.

Articles identified through these searches underwent a two-stage 
screening process. Titles and abstracts were scanned for relevance to 
the clinical question being investigated. Second, full-text copies of 
relevant articles were obtained and reviewed against the inclusion 
criteria [Supplementary Appendix]. Any duplicate articles, or those 
considered to be of insufficient quality on the basis of population, 
design, or relevance, were excluded. Articles were required to report 
primary data; systematic reviews could be included at the full-text 
screening stage in order to check their bibliographies for relevant 
publications, but were themselves excluded.

Data were extracted from included articles by one reviewer into a 
data extraction table and checked for accuracy by a second reviewer. 
Where available, data were extracted relating to: study characteris-
tics [design, region]; participant characteristics [population: CD/UC/
mixed], length of disease, sample size]; baseline characteristics [age, 
gender, treatment history, disease severity]; treatment [comparators, 
T2T elements]; and outcomes after management [clinical scores, 
hospitalisation, surgery, symptoms, remission].

3. Results

In total, 1409 articles were screened, 280 were assessed for eligibility 
[full-text], and 111 were included in the data extraction and analysis 
[Figure 1]. Of these, 61 articles were identified to support the focus 
on the association between a T2T approach and outcomes in this 
review [Table 1].9,15–74 In addition, five articles published since the 
search was conducted were identified by the authors as relevant to 
the review topic.75–79 To provide context to the discussion of these 
data, some additional background material was identified by the 
authors.11,13,80–91

3.1. Impact of T2T on clinical short-term and long-
term outcomes
The ‘Selecting Therapeutic Targets in Inflammatory Bowel Disease’ 
[STRIDE] International Organization for the Study of Inflammatory 
Bowel Diseases [IOIBD] working group sought to achieve inter-
national expert consensus on appropriate evidence-based treatment 
targets for IBD which could be used in T2T strategies in routine 
clinical practice.13 The group recommended that the primary thera-
peutic target in both UC and CD should be the composite endpoint 
of both clinical/patient-reported outcome [PRO] and endoscopic re-
mission. For UC, clinical/PRO remission was defined as resolution of 
rectal bleeding and diarrhoea/altered bowel habit, with endoscopic 
remission described as a Mayo endoscopic subscore of 0–1. In the 
case of CD, clinical/PRO remission was identified by resolution of 
abdominal pain and diarrhoea/altered bowel habit, with endoscopic 
remission defined as resolution of ulceration at ileocolonoscopy, or 
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resolution of findings of inflammation on cross-sectional imaging in 
patients who cannot be adequately assessed with ileocolonoscopy. 
STRIDE recommended that clinical/PRO remission should be as-
sessed at a minimum of 3 months during active disease for both UC 
and CD, and endoscopic remission should be assessed at 3-monthly 
intervals during active disease for UC, or at 6–9-monthly intervals for 
CD.13 Adjunctive targets/measures for UC and CD were identified as 
histological remission and biomarker remission (normal C-reactive 
protein [CRP] and calprotectin), respectively, though these were not 
recommended as targets owing to a lack of evidence.13

The focus on mucosal healing in the STRIDE recommendations 
was supported by indirect evidence of its association with outcomes 
such as reduced risk of relapse, fewer surgeries, fewer hospitalisations, 
and successful steroid tapering.11,13,80–87 Our literature review revealed 
that most of the support for a T2T approach with the aim of achieving 
mucosal healing has been derived from retrospective studies.

Two single-centre retrospective chart review studies demon-
strated that modification of treatment based on close endoscopic 
monitoring was associated with mucosal healing in patients with 
CD9 and UC,15 respectively. The CD study included 67 patients with 
a confirmed diagnosis and evidence of ulcers at an initial endoscopic 
procedure, who underwent at least two consecutive endoscopic pro-
cedures during the study period [in fact, 31% had three consecutive 
endoscopic procedures and 9% had four].9 Mucosal healing was 
defined as the absence of any ulcers in any segment of the gastro-
intestinal tract during the endoscopic procedure, and was achieved 
by 19.4%, 41.8%, and 50.7% patients at 24 weeks, 52 weeks, and 
end of follow-up [median 62 weeks], respectively. Two factors were 
significantly associated with mucosal healing: repeated endoscopic 
procedures within 26 weeks [versus more than 26 weeks] from the 
previous endoscopic procedure (hazard ratio [HR], 2.35; 95% confi-
dence interval [CI], 1.15–4.97; p = 0.019) and adjustment of medical 
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Figure 1. PRISMA diagram showing identified, screened and included articles. In addition, five articles published since the search was conducted were identified 
by the authors as relevant to the review topic.75–79
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therapy [introduction or switch of immunosuppressives; introduc-
tion, optimisation, or switch within the class or out of the class of 
biologics; or changes in both immunosuppressives and biologics] 
when mucosal healing was not observed [HR, 4.28; 95% CI, 1.9–
11.5; p = 0.0003]. Of the total 72 adjustments in medical therapy, 
12.5% were made in the absence of clinical symptoms.9 Similar find-
ings were reported in the UC study, in which 60 patients underwent 
at least two consecutive endoscopic assessments [43%, 13%, and 
0.03% had 3, 4, and 5 assessments, respectively].15 In this study, mu-
cosal healing was defined as unremarkable findings including ab-
sence of any type of friability [even mild], with possible remaining 
slight and patchy loss of vascular pattern or erythema from inactive 
disease equivalent to a zero Mayo endoscopic subscore. The propor-
tions of patients with mucosal healing at Weeks 26, 52, and 76 were 
31.1%, 46.6%, and 53.3%, respectively. This study also evaluated 
histological healing, defined as the absence of inflammatory infiltrate 
but with possible remaining disturbance of the architecture of the 
mucosa; the proportions of patients achieving this target were 25%, 
35.4%, and 50% at the three time points, respectively. As was the 
case in the CD study, adjustment in medical therapy in case of per-
sistent inflammatory activity was associated with mucosal healing 
[HR, 9.8; 95% CI, 3.6–34.5; p < 0.0001] and—in this case—also 
with histological healing [HR, 9.2; 95% CI, 3.4–31.9; p < 0.001]. Of 
the total 51 adjustments in medical therapy, 15.6% were made in the 
absence of clinical symptoms.15

These data are supported by the findings of a retrospective ob-
servational cohort study of 272 patients with CD, in which disease 
management was based on serial endoscopic findings. The cumula-
tive probability of mucosal healing [defined as a score of 0–2 using 
an endoscopic score system] increased from 10% at 6  months to 
77.6% after 60  months.45 Factors independently associated with 
mucosal healing included frequent endoscopic procedures [separated 
by intervals of fewer than 26 weeks; HR, 1.56; 95% CI, 1.05–3.39] 
and adjustment of medical therapy when healing was not achieved 
[HR, 2.07; 95% CI, 1.26–2.33].

The open-label ‘Randomised Evaluation of an Algorithm for 
Crohn’s Treatment’ [REACT] trial was an assessment of an inter-
vention strategy for IBD, focused on a target of clinical remission.22 
In this cluster randomisation trial, 41 community gastroenterology 
practices were assigned to an algorithm of treatment escalation to 
early combined immunosuppression with a TNF antagonist and 
antimetabolite based on symptoms [Harvey-Bradshaw Index re-
mission and no corticosteroid use] or conventional management.22 
It is worth noting that although the study was designed to assess 
impact of protocolised drug escalation, patients had an average 
disease duration of more than 12  years. There was no significant 
between-group difference for the primary outcome: the propor-
tion of patients in corticosteroid-free remission [Harvey-Bradshaw 
Index score ≤4] at 12 months at the practice level. The early com-
bined immunosuppression approach was, however, associated with 
a lower 24-month patient-level composite rate of major adverse out-
comes [occurrence of surgery, hospital admission, or serious disease-
related complications] versus conventional management [27.7% vs 
35.1%, respectively; HR, 0.73; 95% CI, 0.62–0.86; p = 0.0003]. As 
a symptom-based outcome was used in this trial, the effect on out-
comes may have been attributable to improved control of inflam-
mation rather than an impact on the disease course. The ongoing 
REACT2 trial [ClinicalTrials.gov, NCT01698307] may provide 
some clarification. In this case, the target is mucosal healing rather 
than symptom control; this trial should offer valuable insight into a 
T2T approach.Pu
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Our literature review identified data describing the relationship 
between endoscopic and clinical/PRO-based outcomes. In a chart 
review of 115 children with new-onset UC, completeness of early 
response was a better predictor of outcomes than baseline disease se-
verity, leading to a proposal of Paediatric Ulcerative Colitis Activity 
Index [PUCAI] <10 as a feasible treatment goal.31 An analysis of 
data from the EXTend the Safety and Efficacy of Adalimumab 
Through ENDoscopic Healing [EXTEND] study showed signifi-
cant predictive effects of endoscopic assessment scores at Week 12 
for quality of life outcomes at Week 52.35 In an analysis of 3 years 
of data from the ‘Adalimumab for the Induction and Maintenance 
of Clinical Remission in Subjects With Crohn’s Disease’ [CHARM] 
study and its extension [ADHERE], patients who achieved both clin-
ical response and absence of mucosal ulceration maintained better 
physical and disease-specific quality of life outcomes compared with 
patients who achieved only one of these outcomes.36

3.2. The impact of treating to target on economic 
outcomes
A number of studies have explored the economic impact of different 
targeted treatment approaches for IBD. One analysis used a decision 
analytical model to compare the cost effectiveness of two treatment 
strategies for patients with moderate-to-severe CD initiating treatment 
with infliximab.24,25 In the clinical response arm, dose was escalated in 
patients who did not achieve clinical response or remission at Year 1, 
and in the mucosal healing arm, patients with persistence of mucosal 
ulceration at Year 1 underwent treatment escalation irrespective of 
clinical symptoms. Cost-effectiveness data were sensitive to the efficacy 
of therapy; the mucosal healing strategy was both more effective and 
less costly than the clinical response approach when mucosal healing 
and clinical response rates reached 45% and 54%, respectively.25

The economic implications of different treatment strategies have 
also been investigated in the UC setting. Saini and colleagues em-
ployed a Markov cohort model to simulate three different treat-
ment strategies in patients with newly diagnosed mild to moderate 
UC [quiescent disease, after induction of remission with 5-ASA 
agents].23 Costs were derived from sources dating from 2006 to 
2009. This study suggested that inflammation-targeted treatment 
[5-ASA therapy only for patients with a positive stool inflamma-
tory marker] was less costly than symptom-targeted treatment 
[treatment for symptomatic disease flares only] or continuous main-
tenance treatment for all patients [cumulative per-patient costs of 
$22,798, $24,378, and $25,621, respectively]. Given that effective-
ness [in terms of quality-adjusted life-years] was similar across the 
three groups, inflammation-targeted treatment was proposed to be 
the most cost-effective strategy.

Finally, an economic model has been used to evaluate the 
cost-effectiveness of a tight control strategy versus conventional clin-
ical management, using data from the CALM trial.79 This analysis 
indicated that cost benefits associated with increased remission rates, 
reduced hospitalisations, and improved quality of life outweighed 
the increased drug costs, and the tight control approach was deemed 
the more cost-effective strategy.79

4. Strategies Supporting a T2T Approach

4.1. Tight control
The STRIDE group did not recommend the use of biomarkers as 
a target, suggesting that these facilitate the monitoring of a pa-
tient rather than being a target for treatment per se.13 However, re-
peated endoscopic evaluation may not be practical nor acceptable to 

patients, given their invasive nature and high cost. The use of bio-
markers, serving as a surrogate for certain targets, may have clinical 
value. ‘Tight control’ describes a management approach in which 
treatment decisions are based on close monitoring of outcome meas-
ures such as biomarkers, with the objective of improvement in pa-
tient outcomes as a result.

A prospective randomised trial [CALM] assessed the benefits 
of a tight control strategy as compared with standard clinical man-
agement [symptom-driven care] in CD [preliminary data identified 
by our literature search; since published in full].16,17,75 The study 
included 244 patients with moderately to severely active CD, with 
most patients being enrolled relatively early in the disease course 
[median disease duration 1.0 and 0.9 years in the tight control and 
clinical management groups, respectively]. Treatment was offered in 
four escalating steps: in the tight control group, escalation was trig-
gered by failure to fulfil success criteria (CD Activity Index [CDAI] 
<150, CRP <5  mg/L, faecal calprotectin [FC] <250  μg/g, and no 
prednisone), whereas in the standard care group, the criteria were 
simply CDAI decrease ≥70 or 100 [at randomisation or post‐ran-
domisation, respectively] or CDAI <200 and no prednisone, both 
reflecting routine clinical practice.16,17 The primary endpoint was CD 
endoscopic index of severity [CDEIS] <4 and absence of deep ul-
cers, which was achieved by 45.9% and 30.3% of the tight control 
and standard clinical management groups, respectively [adjusted risk 
difference 16.1 [95% CI, 3.9–28.3; p = 0.01].16 As well as being as-
sociated with superior endoscopic and deep remission, the tight con-
trol approach was also associated with a lower rate of CD-related 
hospitalisations compared with standard clinical management [13.2 
versus 28.0 events/100 patient-years; p = 0.021].17 These data sug-
gest that biomarker levels may be used to guide treatment adjust-
ments in order to achieve superior endoscopic and clinical outcomes.

Our literature search identified two other studies in which treat-
ment for IBD was guided by biomarkers. In a study of 91 adults 
with UC in remission, treatment was guided by the biomarker FC 
alone.34 Patients were randomised to an intervention group, in which 
5-ASA dose escalation was triggered by an FC value >300 mg/g, or 
a control group with no intervention. No significant difference was 
reported between these two groups in the relapse rate to Month 18. 
However, the relapse rate was significantly lower in the active inter-
vention than the control group in the subset of patients with FC 
>300 mg/g [28.6% vs 57.1%; p < 0.05]. In a retrospective observa-
tional study of 52 patients with IBD with secondary loss of response 
to infliximab or adalimumab, patients were assessed for treatment 
response every 6 months in a virtual clinic, and treatment was ad-
justed according to biomarkers [CRP and FC] and global physician 
assessment.18 This approach allowed intensified anti-TNF therapy to 
be offered according to patient need, and was associated with recap-
ture of clinical response in 64% of patients enrolled for ≥12 months; 
32% were successfully de-escalated back to standard dosing.

Thus, although biomarkers are not currently recognised as tar-
gets in the STRIDE recommendations, a tight-control approach 
based on biomarkers may be an effective strategy for achieving the 
target, as demonstrated in CALM.16,17,75

4.2. Coordinated care by a multidisciplinary team
A T2T management strategy requires a holistic approach with all 
involved parties working towards common treatment targets, which 
may involve a multidisciplinary team. Although not reflecting direct 
assessments of a T2T management approach, some studies identi-
fied by this review considered the association of multidisciplinary 
care with outcomes in IBD. For example, Van Deen and colleagues 
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developed an evidence-based multidisciplinary care pathway which 
was associated with a positive impact on clinical disease activity 
indices and quality of life scores, allowed individual flexibility, 
and harmonised care across providers.19,74 Similarly, a ‘patient-
centred medical home’ providing total care for patients with IBD, 
incorporating remote monitoring and telemedicine, has been shown 
to promote improved quality of life and to reduce the frequency of 
emergency room visits and hospitalisations.37,38 A multicentre study 
in California demonstrated positive effects of coordinated IBD care 
and remote patient monitoring on IBD-specific outcomes, including 
less steroid use, fewer emergency visits, and fewer hospitalisations, 
compared with standard care.39,40 The inclusion of other modalities 
into the care team may help to optimise the T2T approach; for ex-
ample, intestinal ultrasound may offer a cost effective alternative to 
colonoscopy for monitoring disease activity, although this has not 
been demonstrated in a prospective study.44

The patient is, of course, a critical member of the multidiscip-
linary team and their active commitment to their own disease man-
agement is particularly important in a T2T setting. The extent to 
which patients’ engagement in their care impacts on outcomes 
was reported by a study of 333 patients with mild/moderate UC 
and 5-ASA treatment.42 A ‘web-group’ of patients receiving disease-
specific information and coordinating self-care via a website dem-
onstrated improved adherence to acute treatment, shorter relapse 
duration, and fewer outpatient visits than a standard care group, 
though frequencies of relapse, hospitalisation, surgery, and adverse 
events were unaffected. A  German study assessing the impact of 
involving patients in proactively assessing their health and planning 
their care reported significantly fewer outpatient visits, fewer disease-
related problems, and improved self-management skills [health edu-
cation impact questionnaire scores] compared with standard care.41 
A Dutch study [published subsequent to our literature search] evalu-
ated a self-management strategy for patients with IBD supported 
by a telemedicine system [myIBDcoach] that monitors and registers 
disease activity.76 Over 12 months, the study met one of its primary 
outcomes: patients randomised to this system had significantly fewer 
outpatient visits to the gastroenterologist or nurse. The telemedicine 
system also conferred a significant advantage in terms of hospital 
admissions compared with standard care. There was, however, no 
significant difference between groups in mean numbers of flares, cor-
ticosteroid courses, emergency visits, and surgeries, nor in patient-
reported quality of care scores [the other co-primary outcome].76

4.3. Adherence to management regimens
As indicated above, patient ‘buy-in’ to understand their treat-
ment target[s] is a critical element of a successful T2T approach. 
Adherence of patients to their prescribed treatment and monitoring 
regimens is necessary for prescribed treatment adjustments to be ef-
fective in working towards target outcomes. A considerable number 
of studies identified by this literature review have explored the asso-
ciation between patients’ adherence to treatment for IBD and out-
comes. Numerous real-world studies have shown that adherence to 
IBD therapy [5-ASA or biologic] is associated with improved disease 
course, fewer hospitalisations and emergency visits, better quality of 
life, and reduced health care use and costs.54,56–64,66–70,72 A budget im-
pact model indicated that the once-daily dosing, made possible with 
multimatrix mesalamine, may be associated with better adherence 
and reduced health care use and costs compared with other 5-ASA 
formulations.73 Adherence may be improved by displaying informa-
tion in a patient-friendly way, offering telephone nurse counselling, 
or individualising care based on patient preferences.55,65,71

4.4. Therapeutic drug monitoring
The adjustment of treatment to achieve target serum levels of 
thiopurines and/or biologics is a form of T2T strategy that can help 
to support the achievement of the ultimate objective, which is to op-
timise clinical remission and mucosal healing. There has been much 
discussion of the merit of using therapeutic drug monitoring in the 
IBD setting, supported by conflicting evidence on the merits of pro-
active [routine, at predetermined timepoints] versus reactive [in re-
sponse to suboptimal disease control] monitoring.88,89 The American 
Gastroenterological Association has specifically considered this issue 
and does not currently recommend proactive monitoring in IBD,90 
though there is suggestion that it may yet be adopted as standard of 
care.91 Patients with declining serum drug concentrations, and the 
appearance of anti-drug antibodies before the development of clin-
ical symptoms, may be the best candidates for treatment adjustment 
to avoid relapse.

The literature review identified a number of controlled assess-
ments of therapeutic drug monitoring. A prospective, randomised, 
double-blind trial was conducted in 122 biologic-naïve adult patients 
with active CD, aiming to establish whether maintenance of serum 
levels of infliximab above 3  μg/mL through proactive therapeutic 
drug monitoring produced higher rates of clinical and endoscopic 
remission than symptom-based dosing adjustments [published sub-
sequent to the literature search].78 The primary endpoint of sustained 
corticosteroid-free clinical remission [CDAI  <  150] from Weeks 
22–54, with no ulcers at Week 54, was achieved by similar propor-
tions of patients in groups where dosing was adjusted on the basis of 
clinical symptoms and biomarker analysis and/or serum infliximab 
concentrations [33% and 27%], as in the control group where ad-
justments were based on clinical symptoms alone [40%; p = 0.50 
between groups].78 A failure to meet the primary endpoint was also 
observed in a 1-year randomised controlled trial of 263 patients 
[178 with CD and 85 with UC] with stable responses to maintenance 
infliximab therapy, in which dose optimisation was based on a target 
trough concentration of 3–7 μg/mL.50 There was no significant dif-
ference in the proportion of patients who achieved remission when 
dosing was based on clinical features or the target trough concen-
tration of infliximab. The rate of relapse was, however, significantly 
reduced in the concentration-based dosing group [17% vs 7%, re-
spectively; p = 0.018].50 A follow-up analysis of this trial [published 
subsequent to the literature search] revealed that rates of hospital-
isation, surgery, and steroid use were below 15% in both groups.77 
The rate of infliximab discontinuation was, however, significantly 
lower in the first year after the trial ended in the concentration-
based dosing group compared with the clinic-based dosing group 
(2/21 [10%] versus 10/27 [37%], respectively; p = 0.04). The dif-
ference between these two groups in rate of infliximab discontinu-
ation in the first year, due to loss of response or immunogenicity, 
was not significant (1/10 [10%] versus 5/11 [45%], respectively; 
p = 0.15).77 In a single-blind trial of patients with CD, patients failing 
infliximab therapy were randomised to receive either infliximab at 
an increased dosing frequency of 5 mg/kg every 4 weeks, or treat-
ment based on serum concentrations of infliximab and infliximab 
antibodies according to a predefined algorithm.51,52 The study found 
that individualised treatment according to the algorithm was more 
cost-effective than standard dose escalation, although the response 
rates were not significantly different between the groups.

The literature review also identified a number of uncontrolled, 
‘real-world’ studies that explored the success of therapeutic drug 
monitoring strategies. Retrospective studies have demonstrated, un-
surprisingly, that rates of mucosal healing/clinical remission in CD 
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and UC are improved by higher serum drug concentrations.27,28,48 
In one study—a single-centre retrospective cohort study of children 
aged 5–18  years with IBD—serum infliximab levels during main-
tenance treatment did not show significant correlation with patient-
reported clinical status.46 In a prospective observational study of 52 
patients [34 CD, 18 UC], who were developing secondary failure to 
infliximab, reactive therapeutic drug monitoring, strongly predicted 
the likelihood of achieving mucosal healing following infliximab 
dose intensification.49 Finally, a retrospective cohort analysis of dose-
optimisation events based on therapeutic dose monitoring [n = 149] 
or empirical decisions [n = 163] demonstrated that the former ap-
proach was associated with higher endoscopic remission rates and 
fewer relapses.47

Velayos and colleagues used a decision analytical model to simu-
late the responses of patients with CD who had become unresponsive 
to anti-TNF therapy.53 The study explored an aspect of therapeutic 
drug monitoring that involved a priori diagnostic testing to target 
treatment based on the most likely mechanistic cause for loss of re-
sponse. The study demonstrated that a testing-based strategy yielded 
rates of remission and response similar to an empirical dose escal-
ation strategy, but was less expensive [$31,870 vs $37,266, respect-
ively]. The testing-based strategy resulted in a higher percentage 
of surgeries [48% vs 34%] and lower percentage use of high-dose 
biological therapy [41% vs 54%] than the empirical approach. 
Support for the cost-effectiveness of treating to an algorithm based 
on infliximab trough levels and anti-infliximab antibody formation 
was generated by a small single-centre evaluation of 33 patients with 
IBD.43 This management approach was associated with a 7.4% an-
nual cost reduction compared with baseline.

5. Discussion

A T2T approach has been recommended for quite some years for 
chronic medical conditions such as rheumatoid arthritis, hyper-
tension, and type 2 diabetes mellitus, and is increasingly being ex-
plored as a management strategy for other diseases.92,93 For example, 
treating to a target of clinical remission or low disease activity has 
been extremely successful in reducing joint damage in patients with 
rheumatoid arthritis.94 Treatment targets are typically specific quan-
titative measures, based on comprehensive, evidence-based, gener-
ally accepted target values.14

Publication of the STRIDE recommendations for selecting treat-
ment targets in CD and UC represents a first step towards a T2T 
approach in IBD management. As stated by the STRIDE authors 
themselves, more data are needed to determine how treating to these 
targets might alter the course of IBD and impact on patients’ quality 
of life.13 The STRIDE recommendations highlight the importance of 
both clinical- and PRO-based remission as a treatment target. This 
patient-centred approach is forward-thinking and may help to avoid 
the scenario that has been noted in the rheumatoid arthritis setting, 
where successful achievement of clinical targets has not necessarily 
been accompanied by similar trends in patient experience.94 Although 
the literature review did not yield prospective data showing a benefit 
of targeting mucosal or histological healing instead of symptoms in 
CD or UC, results of a recent long-term extension of the CALM 
study suggest that mucosal healing is a valid target: early treatment 
of patients with CD who achieved the target of endoscopic or deep 
remission after 1 year of intensive treatment were less likely [versus 
those who did not achieve either definition of remission] to experi-
ence disease progression over a median of 3 years.95

Nonetheless, there is potential for targets in IBD to develop fur-
ther with improved understanding. Clarity may be sought, for ex-
ample, on the extent of endoscopic healing that should be used to 
define the target. Indeed, the recommendation for ‘complete ulcer 
disappearance’ in CD may need to be reconsidered. Remission may 
be an unrealistic target, and is not clearly defined.96 Despite not yet 
being recommended as a target by STRIDE, histological healing was 
included as a target in the UC study by Bougen and colleagues.15 
There is a strong push to target histological healing in UC, despite 
the lack of prospective data to support this strategy. It might be 
speculated that cross-sectional imaging and/or histological remission 
could also become a potential future target for CD management.

There is a lack of long-term data showing that treating to target 
in CD or UC is able to block disease progression. Nonetheless, the 
studies considered in this review indicate that a T2T approach could 
have a positive impact on clinical and economic outcomes in IBD, 
in both CD and UC. An overview of factors that may play a role in 
the T2T strategy is shown schematically in Figure 2. A key strategy 
supporting the implementation of a T2T approach is that of ‘tight 
control’. The CALM trial [which has been published in full since 
the literature review was conducted]75 was a T2T study in which 
the normalisation of biomarkers was part of a tight control strategy. 
CALM demonstrated a clear benefit, in terms of clinical and endo-
scopic outcomes, of escalating anti-TNFα and thiopurine therapy 

SETTING THE TARGET

•  Assess prognosis
•  Patient engagement
•  Collaboration of MDT

TARGET ACQUISITION

•  Tight control
•  Adherence
•  Therapeutic drug monitoring

OUTCOMES

•  Mucosal healing
•  Clinical disease activity
•  QOL
•  Hospitalizations
•  Surgery
•  Visits
•  Healthcare resource use
•  Healthcare expenditure
•  Productivity

TREATMENT
MODIFICATION

MDT, multidisciplinary team; QOL, quality of life.

Figure 2. Schematic illustration of factors that may play a role in a treat-to-
target strategy in inflammatory bowel disease.
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at early stages of CD on the basis of measures of disease activity 
defined by clinical symptoms and biomarkers. It will be useful to 
evaluate whether there is a ‘window of opportunity’ for thera-
peutic intervention that is required in order to modify the course 
of IBD. Delays in initiating disease-modifying antirheumatic drugs 
[DMARD biologics] are a recognised challenge in efforts to prevent 
permanent damage from rheumatoid arthritis, for example.97

As far as strategies are concerned, the only strong evidence for 
biomarker normalisation as a part of a tight control approach to 
achieve the ‘target’ is derived from the CALM study. In real life, 
the effective use of biomarkers in a T2T approach may be con-
founded by variation between individual patients in the most ap-
propriate target levels. If the target is mucosal healing, then it is 
important that the surrogate reflects mucosal inflammation in the 
individual patient. No recommendation can be made so far to in-
corporate therapeutic drug monitoring as part of T2T strategies, 
since the primary endpoints of three prospective studies were not 
met.50–52,78 However, a recent study suggests that proactive [versus re-
active] therapeutic drug monitoring of adalimumab in biologic-naïve 
children with Crohn’s disease was more likely to lead to sustained 
corticosteroid-free clinical remission [from Week 8 to Week 72],98 
and there is growing evidence that proactive therapeutic drug moni-
toring may be a cost-effective strategy.99 Nevertheless, the issue is 
complex: it is quite feasible that optimal serum drug concentrations 
differ by the target that needs to be reached [such as symptom con-
trol, mucosal healing, or fistula repair] and by individual patient fac-
tors. Moving forward, it may be increasingly relevant to focus on 
induction therapy, where factors affecting biologic clearance—such 
as circulating and tissue TNF levels, low albumin levels, and protein 
loss—can lead to lower drug concentrations; anti-drug antibodies 
may also be associated with loss of response. We are getting closer 
to the point where, using dashboard systems, the pharmacokinetics 
and early drug clearance can be predicted and could be integrated in 
the T2T approach.100

A strength of the evidence presented in this review is the avail-
ability—though very limited—of real-world data. It will be crit-
ical that T2T strategies are adequately tested in pragmatic studies, 
as adopting treatment algorithms in practice can be challenging. 
A registry study of patients with rheumatoid arthritis demonstrated 
that although a strategy of treating to a target of clinical remission 
was considered to be the most effective, direct costs to the health 
care service were rather high.101 It is noteworthy that the study 
population had established disease and costs were accrued for up to 
2 years; as discussed above, this may suggest that the window of op-
portunity for disease modification had been missed in these patients, 
and does not negate the possibility that a treat-to-target approach 
may be more effective over a longer period of time and when consid-
ering cost-effectiveness from a broader perspective.

It is relevant to consider the timing of surgery in the context of 
treating to target in IBD. Traditionally, surgical resection has been 
reserved for patients with complications and/or refractory dis-
ease. This may lead to unnecessary delay in restoration of a better 
quality of life in cases where response to medical treatment is un-
likely. In CD, surgical resection induces ‘mucosal healing’ although 
intestinal tissue is lost and can lead to unpleasant physiological 
consequences such as bile acid diarrhoea and vitamin B12 defi-
ciency. In a recent Dutch trial, patients with limited ileal CD re-
fractory to thiopurine treatment were randomised to laparoscopic 
ileocaecal resection or biologic treatment with infliximab.102 One 
year later, quality of life was similar among both groups, but 
the surgery approach was economically more beneficial. Hence, 

it appears that a limited ileocaecal resection, followed by close 
monitoring of recurrence and treatment intensification accord-
ingly, is a strategy that needs to be considered in suitable patients. 
Likewise, patients with severe UC who are unlikely to respond to 
medical treatment could benefit from earlier colectomy, although 
ideally, predictive markers of [non-]response would be needed to 
make reliable predictions.

As for any systematic literature review, the search criteria were 
intended to be inclusive, but may not have considered all relevant 
publications. For example, the review did not identify the random-
ised, postoperative Crohn’s endoscopic recurrence [POCER] trial, 
conducted in a setting which is of considerable interest for the T2T 
approach. In this trial, patients undergoing intestinal resection of all 
macroscopic CD lesions were randomised to an active postoperative 
management strategy which involved stepping up treatment in re-
sponse to endoscopic recurrence.103 The study suggested that se-
lective immune suppression adjusted for early recurrence, rather 
than routine use, was an effective strategy to prevent postoperative 
disease recurrence.

The conclusions that may be drawn from this literature review 
are subject to several limitations. There is a lack of data relating 
to the potential to slow down disease progression in CD in order 
to avoid bowel damage and disability; this may be the most rele-
vant long-term outcome. Owing to the paucity of data specifically 
evaluating T2T approaches in IBD, we considered other aspects 
of individualised treatment and their links with outcomes. The 
relevance of these factors to T2T management was variable and 
not easy to quantify. There is a clear need for longer-term data in 
order to better evaluate the impact of management strategies on 
relevant outcomes, particularly in the setting of chronic diseases 
such as IBD. It should also be considered that T2T is not the 
only individualised management approach. A modelling exercise 
suggested, for example, that a benefit-based tailored treatment 
approach that aimed to reduce the estimated risk of complica-
tions based on age, sex, and biomarker values, could prove more 
effective and cost-efficient than a T2T approach with the aim 
of achieving target levels of biomarkers in patients with type 2 
diabetes.104

6. Conclusions

As the movement towards treating to target in IBD gains mo-
mentum, it is timely to consider the available evidence supporting 
its implementation in practice and to initiate a number of research 
initiatives that will answer important remaining questions. Studies 
have indicated that a T2T approach can positively impact on 
clinical, economic, and patient-centred outcomes in CD and UC. 
Longer-term data are, however, currently lacking; the extent to 
which the potential benefits are restricted to early stages of disease 
needs to be further defined. In support of these findings, aspects of 
management such as multidisciplinary care and patient engagement 
and adherence have been seen to contribute positively to outcomes 
in IBD, further emphasising the emerging role of individualised care. 
Stronger evidence of long-term cost-effective benefits is needed in 
order to implement T2T strategies in routine practice and to shift 
current practices.
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