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ABSTRACT
Introduction Crohn’s disease (CD) is a chronic
inflammatory bowel disease with a heterogeneous clinical
presentation, relapse rate and treatment response. At
present, no markers are available to adequately predict
disease course at diagnosis. To prevent overtreatment of
patients with a relative mild disease course, a step-up
approach starting with corticosteroids is usually applied.
Timely introduction of potentially disease modifying drugs
and tight control of mucosal inflammation are crucial to
prevent disease-related complications in patients with a
complex disease course. We hypothesise that episodic
treatment with adalimumab monotherapy in combination
with close monitoring after drug discontinuation improves
long-term outcome and reduces drug-related side effects,
while preventing overtreatment.
Methods and analysis In this pragmatic multicentre
randomised controlled trial, newly diagnosed CD patients
or CD patients with a flare, naïve to thiopurines and
biologicals, will be included and randomised 1:1 to open-
label episodic (ie, 24 weeks) adalimumab monotherapy
or step-up care starting with corticosteroids. The primary
outcome is the number of yearly quarters of corticosteroid
free clinical (Monitor Inflammatory Bowel Disease At Home
score ≤3) and biochemical (C reactive protein within normal
range and faecal calprotectin ≤200 µg/g) remission at
week 96. Secondary outcomes are total healthcare costs,
cumulative corticosteroid dose, proportion of patients
with endoscopic remission at week 24, corticosteroid-free
clinical remission, time to remission and patient-reported
outcome measures on quality of life, (work) disability
and treatment adherence. Safety outcomes are drug-
related and disease-related adverse events and disease
progression on MRI-enterography at week 96.
Ethics and dissemination This study is approved by
the Medical Research Ethics Committee of azM/UM in
Maastricht dated 21 August 2019 (METC18-076) and is
monitored by the Clinical Trial Centre Maastricht according
to Good Clinical Practice guidelines. Written informed
consent will be obtained from all patients. Study results
will be published in international peer-reviewed medical
journals.

Strengths and limitations of this study
►► First randomised controlled trial evaluating efficacy

and safety of adalimumab monotherapy as first-line
treatment in Crohn’s disease, alongside health economic analyses.
►► The study design is pragmatic, so the results can be
extrapolated to real-life practice of Crohn’s disease
and have high external validity.
►► Patients are tightly home monitored by telemedicine
tool myIBDcoach and faecal calprotectine tests, ensuring timely adjustment of treatment if necessary.
►► Treatment allocation and data analyses are not
blinded.
Trial registration number NCT03917303.

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis
are debilitating diseases characterised by
a chronic relapsing and remitting course,
together referred to as inflammatory bowel
disease (IBD). In the Netherlands, at present
over 80 000 residents suffer from IBD and the
incidence is increasing.1 Direct healthcare
costs for IBD exceed €300M a year in the
Netherlands, of which medication cost is the
major cost driver.2
The complex and multifactorial aetiology
of CD results in a highly heterogeneous clinical presentation, relapse rate and treatment
response. Insufficient control of mucosal
inflammation, due to treatment delay or insufficient monitoring, leads to irreversible bowel
damage and complications, such as stenosis
and fistula.3 There is no curative treatment
and no markers exist to adequately predict
the disease course or treatment response at
diagnosis.
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intermittent treatment with infliximab.10 18 Infliximab
monotherapy has not been studied as first line treatment.
Adalimumab is not a chimeric but humanised monoclonal antibody with a low risk of antidrug antibody
formation; hence, addition of thiopurine to adalimumab
has only a marginal effect.12 19 Moreover, combination
therapy with adalimumab is not associated with a better
clinical response.12 19 Therefore, we hypothesise that
episodic adalimumab monotherapy as first-line treatment
for CD in combination with close disease activity monitoring after drug discontinuation improves long-
term
outcome and reduces drug-related side effects, while still
preventing overtreatment. In addition, we postulate that
the initial additional medication costs of adalimumab will
be offset by substantial gain in health and reduction in
costs later on, an economic consideration that is strengthened by the recent, vast drug costs reductions due to the
introduction of biosimilar adalimumab.

METHODS AND ANALYSIS
Study objectives
With this study, we will prospectively compare the long-
term efficacy, safety and costs of episodic adalimumab
monotherapy as first-
line treatment to step-
up care
starting with corticosteroids in newly diagnosed CD
patients or thiopurine and biological naïve CD patients
with a flare.
Study design
The Control Crohn Safe (CoCroS) study is a pragmatic,
multicentre, randomised controlled trial with two arms
and duration of 96 weeks. Patients will be randomised 1:1
to open-label adalimumab monotherapy or step-up care,
and will be tightly monitored and treated according to a
predefined algorithm. Figure 1 shows an overview of the
study design and the assessments during follow-up. An

Figure 1 Schematic overview of the study design and the follow-up procedures. Blood sampling includes C reactive
protein, haemoglobin, white cell count, platelets, creatinine, alanine aminotransferase, alkaline phosphatase and gamma-
glutamyltranferase. MRE, MR enterography.
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Although there are indications that treatment and tight
monitoring improve outcome over time,3 4 the burden
of CD is still increasing.5 Currently, a step-up treatment
approach is used to prevent overtreatment of patients
with a mild disease course and to minimise use of costly
medication, such as tumour necrosis factor blockers
(TNF blockers).6 7 Initial induction of remission using
corticosteroids is followed by maintenance of remission using thiopurines. In case of insufficient treatment
response, TNF blockers are introduced for re-induction
and maintenance of remission, either as monotherapy or
combined with thiopurine.6 However, studies have shown
that this step-
up approach may be unfavourable, with
frequent drug-related side effects, disease progression,
development of complications, chronic corticosteroid
use and disability.2 8
The landmark step-up/top-down study pointed to an
improved endoscopic outcome and reduced use of methylprednisolone with early introduction of infliximab in
combination with a thiopurine.9 TNF blockers are more
effective in maintaining corticosteroid free clinical and
endoscopic remission when introduced within two years
after diagnosis.10–13 In addition, drug-
related adverse
events occur less frequent with TNF blockers compared
with corticosteroids and thiopurines.14–16 Thus, a step-up
approach delays the initiation of potentially disease modifying TNF blockers in high-risk patients and prolongs
poorly tolerated corticosteroid exposure.
However, early introduction of TNF blockers is no
standard care. The chimeric TNF blocker infliximab has
shown to be more effective in combination with a thiopurine compared with monotherapy, but combination
therapy is associated with an increased risk of infections
and malignancies.10 17 Additionally, the risk of antidrug
antibody formation with allergic reactions and lower
therapeutic response rates after stopping and reinitiation is a relative contra-indication for monotherapy or
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Outcome parameters
The primary outcome is the number of yearly quarters
of corticosteroid free clinical (Monitor IBD At Home
(MIAH) score ≤3) and biochemical (C reactive protein
(CRP) within normal range and faecal calprotectin
≤200 µg/g) remission at week 96. Secondary outcomes are
total healthcare costs at week 96, proportion of patients
with endoscopic remission at week 24, cumulative corticosteroid dose at week 24, 48 and 96, corticosteroid-free
clinical remission (according to the MIAH score as well as
the Harvey Bradshaw Index) at week 24, 48 and 96, time
to remission, and patient-reported outcome measures on
quality of life, (work) disability and treatment adherence
at week 24, 48 and 96. Additional safety outcomes are drug-
related and disease-related adverse events throughout the
study and disease progression on periodic interval MRI
enterography at week 96.

►►

granulomatous infection, a positive chest radiograph
or Quantiferon or tuberculin skin test with purified
protein derivative, a recent history of an opportunistic infection (within the previous 6 months), active
or ongoing infection with hepatitis B or C, infection
with the HIV, or multiple sclerosis).
Contraindication for MRI-
enterography and CT
enterography.

Study population
Six hospitals in the Netherlands will enrol patients in
the CoCroS study, including one academic hospital. The
recruitment of patients started in November 2019 and full
inclusion is expected in May 2022. The first patient was
included in the Maastricht University Medical Center+on
23 December 2019. At the time of submission (17 July
2020), two hospitals are recruiting and we included nine
patients in total.
Patients can be included if they meet all of the following
inclusion criteria:
►► Newly diagnosed CD or a flare of an established diagnosis of CD, visiting the outpatient clinic or endoscopy ward of the participating centres.
6
►► CD diagnosis according to ECCO-guidelines +complete
ileocolonoscopy (last endoscopy performed <12
months before screening)+complete small bowel
imaging (MRI or CT enterography) at diagnosis.
►► Naïve to thiopurines and biologicals.
►► 18 years up to 70 years old.
►► Sufficient knowledge of Dutch language.
►► Smartphone with internet access.
Patients will be excluded if they meet any of the
following criteria:
►► Use of corticosteroids for a duration longer than 4
months in the year before screening.
►► Perianal fistula at screening.
►► Severe disease requiring hospitalisation at screening.
►► Short bowel syndrome or an ostomy.
►► Malignancy in the past 5 years (except adequately
treated non-melanoma skin cancer).
►► Contraindication for TNF-
blockers or immunosuppressive agents (ie, a symptomatic stricture, an abscess,
a history of inadequately treated tuberculosis or other

Study outline
Patients will be recruited at the IBD outpatient and endoscopy departments of the participating hospitals. After
signing an informed consent form, eligible patients will
be randomised to adalimumab monotherapy or step-up
care. Patients in the adalimumab group will receive
subcutaneous adalimumab 160 mg at week 0, 80 mg at
week 2 and then 40 mg every 2 weeks up to and including
week 24. Patients in the step-up group will receive oral
corticosteroids (prednisone 40 mg per day or budesonide
9 mg per day) with tapering according to local protocol.
If treatment response is insufficient, the corticosteroid
course will be prolonged and oral thiopurine maintenance will be started (azathioprine 2–2.5 mg/kg, mercaptopurine 50 mg or thioguanine 20 mg per day), with dose
adjustment based on therapeutic drug monitoring or
genotype. If treatment response remains insufficient after
dose optimisation, induction and maintenance using
TNF blockers (intravenous infliximab 5 mg/kg at week 0,
2, 6 and then every 8 weeks or subcutaneous adalimumab
160 mg at week 0, 80 mg at week 2 and then 40 mg every
2 weeks) will be started. If necessary, reinduction can be
combined with a corticosteroid course and maintenance
with a thiopurine. Choice of immunomodulator and TNF
blocker will be made by the treating gastroenterologist
and patient.
Before starting medication according to the assigned
study arm, the use of oral prednisone 20 mg per day or
oral budesonide 9 mg per day for maximal two weeks is
permitted. When starting with the assigned medication,
this prednisone or budesonide has to be discontinued.
All procedures in the follow-up schedule are part of
standard care, except for the MRI enterography at week
96. Outpatient clinic visits are planned at screening and
week 12, 24, 48 and 96 after inclusion. Other visits are
scheduled on indication. During these visits, the Harvey
Bradshaw Index,20 medication usage, physical examination, laboratory results, imaging and/or endoscopic
procedures and adverse events will be recorded using
an electronic case report form. The coordinating investigator will check the completeness of these forms.
All patients fill out questionnaires via the telemedicine
tool myIBDcoach every four weeks up to week 12 and thereafter monthly or three monthly depending on disease
activity.21 22 Questions regard disease activity, medication
use and side effects, but also factors affecting disease, such
as social support and patient reported outcome measures
on quality of life, work productivity and treatment adherence. In monitoring disease activity, myIBDcoach uses the
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additional file shows the study schedule in more detail
(see online supplemental file 1: Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT)
table). The protocol is checked with the SPIRIT checklist
(see online supplemental file 2: SPIRIT checklist).
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Figure 2 Schematic overview of the treatment algorithms
followed in the step-up care arm and the episodic
adalimumab monotherapy arm. The decision to go to the
next treatment step is based on the MIAH questionnaire,
faecal calprotectin, CRP and/or endoscopy. CRP, C reactive
protein; MIAH, Monitor Inflammatory Bowel Disease At
Home; TNF, tumour necrosis factor.

newly developed MIAH score, a symptom-based patient-
reported outcome measure validated relative to endoscopy.23 When the disease is in remission, defined as three
consecutive low monthly MIAH scores (≤3) and faecal
calprotectine scores <200 µg/g, patients are allowed
to complete myIBDcoach questionnaires once every 3
months. Patients will measure faecal calprotectin using
QuantOn Cal home tests (QoC; Preventis, Germany) at
week 8 and 12, and every 12 weeks thereafter. QuantOn
Cal is a faecal calprotectin immunological test combined
with a smartphone application.
Patients in both study arms undergo an ileocolonoscopy in week 24 to assess mucosal healing using the
simple endoscopic score for CD (SES-CD).24 Remission
is defined as a score below three and the absence of
ulcers. A MRI enterography is scheduled at the end of the
follow-up period to assess disease progression using the
Lémann index.25
During the study period, CD specific-
treatment is
limited to the two study algorithms. Treatment adjustment decisions in both study arms are based on the
MIAH score, CRP, faecal calprotectin and/or endoscopy.
Figure 2 shows the treatment algorithms followed in both
study arms. Therapeutic drug monitoring for thiopurines
and TNF blockers will be performed before escalation to
another drug.
Decision algorithms after endoscopic re-evaluation at
week 24 are:
►► SES-CD ≥3 or ulcers present on colonoscopy: next
treatment step.
►► SES-
CD <3 and no ulcers, MIAH score ≤3, faecal
calprotectine <200 µg/g, CRP within normal range:
4

Randomisation and blinding
After inclusion in this study, patients will be randomly
assigned 1:1 to one of the two treatment arms. Randomisation will be performed centrally with the randomisation service of ALEA using the minimisation method,
stratified for centre, disease location (ileal vs colon,
ileocolon and upper gastrointestinal tract) and disease
behaviour (inflammatory vs structuring and penetrating)
at screening according to the Montreal classification.26
The minimisation method is used to balance differences
between treatment groups in prognostic factors and to
balance difference in initial costs of treatment per centre.
Patients, healthcare providers and staff assessing
outcome measures will not be masked to treatment allocation. This open label was chosen because blinding in
this treatment strategy trial with complex treatment algorithms is not feasible.
Sample size
For the primary outcome, it was estimated that 63
patients would be needed per study arm to provide an
80% power to detect a 10% increase in the number of
yearly quarters of corticosteroid free remission at week
96 in the adalimumab group, assuming that the mean
number in the step-up care group would be 5 with an
SD of 2. This assumption is based on extrapolation of
the results of previous studies.9 10 Given the risk for non-
normally distributed data, which requires the use of a
non-parametric test, the number of patients was increased
with 15% to 73 in both treatment arms. Considering a
loss-to-follow-up of 8%, we expect inclusion of 79 patients
per treatment arm is necessary.
Statistical analyses
All outcome analyses will be based on the intention to
treat principle. Continuous variables will be compared
Janssen L, et al. BMJ Open 2021;11:e042885. doi:10.1136/bmjopen-2020-042885
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Adalimumab arm: stop adalimumab and continue
monitoring.
–– Step-up care-arm: continue monitoring and treatment (if initiated treatment is still ongoing).
Decision algorithms after assessment of the MIAH questionnaire, faecal calprotectine and CRP are:
►► MIAH score ≤3, faecal calprotectine <200 µg/g, CRP
within normal range: continue same treatment and
dose.
►► Faecal calprotectin >200 µg/g (no other explanation
than active CD): next treatment step.
►► MIAH-
score >3, faecal calprotectin <200 µg/g but
>100% increase compared with previous measurement, or increase in CRP (no other explanation than
active CD): next treatment step or assessment of
disease activity with ileocolonoscopy or imaging based
on treating gastroenterologist’s judgement.
►► MIAH-
score >3, faecal calprotectin <200 µg/g
and <100% increase, normal/no increase in CRP:
assessment of disease activity with ileocolonoscopy
or imaging based on treating gastroenterologist’s
judgement.
––
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Health economic analyses
A trial-based health economic analysis will be performed
from a societal perspective with a time horizon of 96
weeks. The outcome measure for the cost-utility analysis
will be the incremental costs per quality-
adjusted life-
years (QALY’s) gained. The scores of patients on the
EuroQol five-
dimensional five-
level will be converted
to utility scores by using the Dutch tariff based on the
preferences from a general population.27 Subsequently,
QALY’s are calculated by multiplying the utility score
relating to a certain health state with the length of time a
patient spent in that state. For the valuation of resource
use, unit prices will be derived from the Pharmacotherapeutic Compass,28 the Dutch Guideline for Economic
Evaluations in Healthcare and the Healthcare Insurance
Board29 30 or the hospital financial department. Productivity loss will be valued using the friction costs method.30
For the health economic analysis, data will be analysed
according to an intention-
to-
treat principle. Since the
distribution of costs is generally skewed, non-parametric
bootstrap analysis will be used to quantify the uncertainty
surrounding the incremental cost-
effectiveness ratio
(ICER). Probabilistic sensitivity analysis will be performed
to estimate for example the impact of parameters on the
ICER. Missing data will be imputed by using a multiple
imputation approach. In addition, a budget impact analysis will be performed to quantify the financial consequences of implementing the novel studied treatment
algorithm.

study in the Netherlands. This study will be conducted
in accordance with the principles of the Declaration of
Helsinki and the Good Clinical Practice (GCP) guidelines and is monitored by the Clinical Trial Center Maastricht. Consent will be obtained from the participating
centres and written informed consent will be obtained
from all patients. An additional file shows an example
of the subject information (see online supplemental file
3: English language example of subject information and
consent form). All substantial changes to the protocol will
be submitted as an amendment to the Medical Research
Ethics Committee. The second amendment was the most
recently approved, on 27 May 2020.
This study will be performed in an optimal and validated tight monitoring setting, using myIBDcoach and
faecal calprotectine home tests, ensuring safety and timely
adjusting or reinitiating of treatment if necessary. The risk
for infectious complications and/or malignancies associated with corticosteroids, immunomodulators, biologicals and especially combination treatment, is increased
in elderly patients and in children with CD. For ethical
reasons, this study does not focus on these subgroups.
Publication
All study results will be published in international peer
reviewed medical journals, regardless of the nature of the
outcome. First and last authors will depend on the specific
contributions in each manuscript. Site principal investigators will be coauthors. Study results will also be presented
at relevant national and international conferences.
Data deposition and curation
Data will be coded using consecutive numbers combined
with the name of the participating site. A subject identification code list will be used to link the data to the subject.
The coordinating investigator, those involved in the
execution of the study, research monitors and the Health
and Youth Care Inspectorate have access to the source
data at the investigator site. This is necessary to make sure
the research is correctly performed and reliable. Patient
identification log, hospital records, informed consent
forms, electronic CRFs and databases are kept for 15 years
after completing the study. The data are always handled
confidentially, in accordance with GCP guidelines and
the protocol.

Ethics and dissemination
Ethical and safety considerations
The protocol has been approved by the Medical Research
Ethics Committee of azM/UM in Maastricht dated 21
August 2019 (METC 2018–076). The Centrale Commissie
Mensgebonden Onderzoek, as Competent Authority, has
given no objection against the execution of the CoCroS

Patient and public involvement
The director of the Dutch patient organisation Crohn
en Colitis Ulcerosa Vereniging Nederland (CCUVN)
was involved in the application for the ZonMW grant as
project advisor and provided a support letter on behalf
of the CCUVN. In addition, members of the structured
clinic of
patient collaboration programme of the IBD-
MUMC +were involved in protocol development. Patients
and public are not involved in recruitment or conduction
of the study. The burden of intervention was assessed by
representatives of patient associations participating in the
Medical Research Ethics Committee.
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with the t-test or Man-Whitney U test depending on the
distribution of the data. Categorical variables will be
compared using the χ2 test or Fischer’s exact test when
necessary. Taking the total follow-up time into account,
a Kaplan Meier-survival curve will be calculated and the
log rank test will be used to assess the difference between
treatment arms.
In addition, changes from baseline in scores for
secondary outcome parameters will be analysed longitudinally using a generalised linear (mixed) model or
logistic regression model as appropriate, based on the
observed cases during the treatment period; treatment
group, inclusion centre, period by treatment interaction
and subject as fixed effects and baseline values as covariates. With regard to side effects, nature of side effects,
number of events for each side effect, number of subjects
with side effects and incidence will be described. Association of side effects with subject’s baseline characteristics
and concomitant treatment arm will be analysed using a
logistic regression model.
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DISCUSSION
Chronic relapsing diseases such as CD have an enormous
impact on patients’ quality of life, as well as on healthcare
systems. Novel treatment strategies that modify the disease
course and reduce the rate of relapses and complications
would offer considerable benefit. As reviewed recently,
well-designed trials assessing treatment strategies of early
introduction of TNF blockers that prevent overtreatment
and assess the disease modifying effect in combination
with healthcare costs are lacking.11
The novel treatment strategy investigated in this trial
aims to prevent undertreatment and overtreatment in all
CD subgroups and therefore no specific group of CD is
studied. Tight control of mucosal inflammation and close
monitoring are important to prevent complications.3
Undertreatment and overtreatment will be prevented
by assessing mucosal inflammation using colonoscopy at
week 24 and if necessary adjusting treatment. In addition,
patients will be tightly monitored with the frequent use
of the telemedicine tool myIBDcoach and faecal calprotectin home tests.
To assess the efficacy of episodic adalimumab monotherapy as first line treatment, the primary outcome of
this trial is the number of yearly quarters of corticosteroid free remission. This longitudinal primary outcome
measure was chosen because it takes the entire study
duration into account. In a remitting relapsing disease
such as CD, patients can experience different health
states. Hence, it is important to gain information on the
disease course and not just assess activity cross-sectional
at a time point, especially in trials investigating long-term
outcome. The goal is not only to manage active disease,
but also to modify the disease course. Based on previous
studies, we hypothesise that episodic treatment with adalimumab monotherapy will increase sustained remission
rates compared with step-up care.
In addition, cost–utility and cost-
effectiveness will
be assessed in this trial. Improved long-term outcome,
reduced drug-related side effects and reduced rate of
hospitalisations and complications are expected to lower
the costs of episodic adalimumab monotherapy. Moreover, before the start of this trial a biosimilar of adalimumab was registered in the Netherlands, resulting in a
decrease of the yearly costs per patient for adalimumab
from around €15K–€5K. Therefore, we hypothesise that
the initial additional costs of adalimumab will be offset
by substantial gain in health and reduction in costs later
6

on and that the total direct healthcare costs between the
study arms will be comparable at week 96.
The CoCroS trial is designed to fill in a knowledge gap
in the treatment (strategy) of CD. It is intended to provide
insight in the (long-term) efficacy, safety and costs of
early episodic adalimumab monotherapy compared with
conventional step-up care. With the results, we hope to
establish an evidence-based treatment strategy for CD,
including improvement of long-term outcomes, improvement of quality of life, reduction of drug-related side
effects, prevention of undertreatment and overtreatment
and reduction of costs.
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