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General introduction and outline of the thesis 

Inflammatory bowel disease 

Inflammatory bowel disease (IBD) is comprised of the disorders Crohn’s disease (CD) and 
ulcerative colitis (UC). Symptoms of IBD include abdominal pain, diarrhea, increased stool 
frequency, rectal blood loss, bloating, fever, weight loss, loss of appetite and fatigue.1, 2 The 
pathogenesis of IBD is complex and incompletely understood with genetics, environmental 
factors, the microbiome and immune dysfunction playing a role. It is thought that 
inflammation of the bowel is caused by an aberrant immune response to commensal gut 
microbiota in genetically susceptible individuals.3  

UC and CD are characterized by relapsing and remitting episodes of bowel inflammation. 
They have distinct and overlapping pathologic and clinical characteristics. UC is characterized 
by inflammation limited to the mucosal layer of the colon. It usually involves the rectum and 
typically extends in a continuous way along the colon.1 CD is characterized by transmural 
inflammation and patchy inflammation. Transmural inflammation can lead to complications, 
such as fibrosis and strictures, which are not typically seen in UC. Transmural inflammation 
might also result in sinus tracts, perforations and fistula formation. CD may involve the 
gastrointestinal tract from mouth to perianal area, but the most commonly affected areas are 
the ileum and the colon.2 A small proportion of IBD patients in which the disease phenotype 
cannot be defined are classified as IBD-uncertain (IBD-U).4  

IBD patients can develop extra-intestinal manifestations, such as ankylosing spondylitis, 
iritis/uveitis, pyoderma gangrenosum, erythema nodosum and primary sclerosing cholangitis, 
which are more often seen in CD patients. IBD is also associated with diseases, such as asthma, 
bronchitis, pericarditis, psoriasis, rheumatoid arthritis, and multiple sclerosis.1, 2, 5-7  

The onset of IBD is usually at a young age, with most patients being affected by the disease 
before the age of 40.5 The incidence and prevalence of the disease are increasing and are highest 
in Western countries compared to regions such as Asia, Africa and South America.8 In the 
Netherlands estimated prevalence are 50.000 and 40.000 for UC and CD patients, respectively 
and incidence and prevalence are increasing.9, 10 

Diagnosis and monitoring of IBD patients 

Tools for diagnosis and monitoring of IBD patients include assessment of clinical disease 
activity (i.e. symptoms and physical examination), endoscopy, histopathology, biomarkers 
and cross-sectional imaging.11 Clinical disease activity indices that are widely used are the 
Harvey Bradshaw Index (HBI) in CD patients and the partial Mayo score and simple clinical 
colitis activity index (SCCAI) in UC patients.12, 13 It has been shown that clinical disease activity 
indices more accurately reflect presence of inflammation in UC than in CD patients, since CD 
patients with active disease are often asymptomatic.12-15  
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The most frequently used biomarkers to detect presence of inflammation are fecal calprotectin 
(FCP) and C-reactive Protein (CRP). Although these are useful in clinical practice, they are not 
always accurate and cannot be used to assess the location and extent of inflammation.16-19 

Endoscopy is used for assessment of luminal inflammation and to take biopsies for 
histopathologic assessment. Furthermore,it is used to assess treatment response and to treat 
strictures with endoscopic balloon dilation. Endoscopy may show erythema, decrease/absence 
of the vascular pattern, friability, erosions, ulcerations and spontaneous bleeding In UC 
patients. In CD patients, endoscopy may show ulcerations in a skip lesion pattern and 
strictures. Endoscopic scoring indices for grading of disease activity include the Crohn’s 
Disease Endoscopic Index of Severity (CDEIS), Simple Endoscopic Score for Crohn’s Disease 
(SES-CD) for CD patients and endoscopic Mayo score and ulcerative colitis endoscopic index 
of severity (UCEIS) for UC patients.12, 13, 20, 21 

Cross-sectional imaging modalities include Magnetic Resonance Imaging (MRI), Computed 
Tomography (CT) and ultrasound (US). These modalities are all useful for detection of 
inflammation and complications.22, 23 Given the complexity of IBD and the different diagnostic 
modalities, there is no gold standard for follow-up of IBD patients. Therefore, treatment 
decisions are usually based on a combination of information provided by these modalities.11  

Treatment of IBD 

Treatment of IBD patients is complex, consisting of anti-inflammatory medications and 
surgical interventions. A wide variety of anti-inflammatory agents are currently available 
including 5-aminosaliclyates, corticosteroids (intravenous, oral and topical), 
immunosuppressives (i.e. thiopurines and methotrexate), various biologics and JAK inhibitors 
(tofacitinib). In this thesis we focus on treatment with biologics.  

Biologics are available for the treatment of IBD since the nineties and are increasingly being 
used.24 Over the years several types have been approved. They can be divided into different 
classes, namely the tumor necrosis factor-alpha (TNF- α) antagonists (infliximab, adalimumab, 
golimumab, certolizumab pegol), anti-interleukin-12 and 23 agents (ustekinumab) and 
integrin inhibitors (vedolizumab, natalizumab, etrolizumab).  

Biologics are the most advanced medication for IBD and are effective for inducing and 
maintaining remission.25, 26 However, a considerable number of patients experience primary 
non-response, secondary loss of response or adverse effects. An important clinical problem in 
this respect is immunogenicity (i.e. development of anti-drug antibodies [ADA]) which is 
associated with lower serum drug levels (mainly for the anti-TNF agents), loss of response, 
and adverse effects such as infusion and injection site reactions.27-30 Strategies for treatment 
optimization include dose optimization by therapeutic drug monitoring (TDM) and 
combination treatment with immunosuppresives, which will be discussed in more detail later 
in this thesis. 
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IBD patients are often treated with biologics for many years when the treatment is effective, 
which is associated with significant costs.31 Although, in recent years these costs have reduced 
for anti-TNF agents with the introduction of biosimilars.32 Nevertheless, management of 
treatment costs is important. An important question in this respect is how and when to stop 
biologic treatment.. There are many potential reasons to discontinue biologic treatment, such 
as loss of efficacy, ADA formation, adverse effects, pregnancy, disease remission, patient 
preference and costs. In case of severe adverse effects or inefficacy the decision to discontinue 
treatment is usually simple. The decision to discontinue treatment in patients who are in 
remission is more difficult and evidence based guidelines regarding this topic are still 
lacking.33 

Treatment goals in IBD 

Treatment targets in IBD are becoming more ambitious with ‘restoration of intestinal integrity’ 
as the main goal.34 Previously, doctors and patients were satisfied if patient’s symptoms such 
as diarrhea and abdominal pain improved. However, in recent years endoscopy increasingly 
guides the therapeutic decision process, since evidence suggests that ‘mucosal healing’ is 
associated with improved long-term outcomes.35-37 Mucosal healing in UC patients is defined 
as an endoscopic Mayo score of 0 or 1 in most clinical trials (i.e. absence of friability, erosions, 
blood and ulcers in all colon segments and rectum).12, 37 Mucosal healing in CD patients is 
defined as absence of ulcers in all segments in most clinical trials.13, 37 However, there is 
mounting evidence that complete endoscopic healing (i.e. completely normal mucosa) and 
histological healing are preferable treatment goals.37, 38Reaching the desired treatment target is 
referred to as a ‘treat-to-target’ strategy. Furthermore, early evaluation of the effectiveness of 
treatment is of increasing importance to give clinicians the possibility to optimize treatment at 
an early stage. In IBD patients, this strategy would require multiple endoscopies to assess the 
mucosa, which creates logistic and economic problems as well as a considerable burden for 
the patient.39, 40 40 Hence, alternative methods for repeated assessment of disease activity are 
needed. Biomarkers can be used for this purpose, but are not location and disease specific and 
are not suitable for assessment of disease severity. CT-scans are usually performed in the acute 
setting due to radiation exposure and MRI is limited by waiting lists.22, 23, 41 Since IUS is a rapid, 
efficient, non-invasive and a relatively cheap imaging technique it is the most attractive tool 
for repeated assessment of disease activity.42   
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Ultrasound 

Technical aspects of ultrasound 

Ultrasound (US) is high frequency sound that the human ear cannot detect. Diagnostic US uses 
wave frequencies between 1 to 40 Mega-hertz (MHz). Imaging of the alimentary tract is usually 
performed with frequencies between 3 and 15 Mhz. US probes emit and receive soundwaves 
with piezoelectric (PE) crystals. The US waves are attenuated in human tissue by reflection, 
absorption and diffraction. The reflected sound waves are received by the US probe and 
transformed into images by the computer. Images from higher frequencies have better spatial 
resolution. However, higher frequencies penetrate less trough tissue due to more attenuation. 
On the contrary, images from lower frequencies have less spatial resolution but are more 
useful to examine deeper lying structures.  

Colour Doppler Signal (CDS) is an important US tool which is based on the Doppler effect. 
The Doppler effect is a frequency shift in sound that is reflected from a moving object. 
Movement away from the observer results in lower frequencies and movement towards the 
observer results in higher frequencies, whilst the emitted sound frequency of the moving 
object stays the same. This phenomenon is used to measure presence, speed and direction of 
blood flow in blood vessels and tissues. Blue colors usually represent movement away from 
the probe and red colors movement towards the probe. 

Intestinal ultrasound 

Intestinal ultrasound (IUS) is increasingly being used for the assessment of disease activity 
and complications in IBD patients. It is accurate in the diagnosis of IBD and to determine the 
extent and location of inflammation.23, 43 Furthermore, it can be used to detect complications of 
the disease, such as stenosis, fistulas and abscesses in CD patients.23, 43-45 Longitudinal studies 
have shown that ultrasound can be used for monitoring treatment effects.46-49 Therefore, it is 
an attractive tool in the outpatient clinic for point-of-care (POC) decision making.14, 42, 50-52 POC 
testing is rapid testing near or at the site of the patient, allowing for quick results and on the 
spot decision making. 42, 51, 52  

Several IUS parameters are useful when assessing disease activity in IBD patients. Most 
important is the assessment of the intestinal wall. Prior IUS studies showed that there is an 
association between intestinal layers visualized by IUS and histology. 53, 54 Soundwaves are 
reflected or absorbed differently by the different layers of the bowel wall, which is called wall 
layer stratification (WLS). Depending on the quality of the images, 5 to 9 layers can be depicted 
(figure 1).
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Figure 1. Depiction of layers of the intestinal wall as visualized by IUS (reused with copyright 
agreement).55, 56  

 

Bowel wall thickness (BWT) is generally considered the most important IUS parameter. The 
bowel wall measures 1-2 mm in thickness in healthy individuals.56 Inflammation results in 
thickening of the bowel wall. However, also fibrosis caused by chronic inflammation can lead 
to bowel wall thickening. Increased BWT and loss of WLS have been associated with increased 
disease activity in IBD patients, while fibrosis is more common in a thickened GI wall with 
visibile stratification.43, 44 Some studies have shown that inflammation is associated with a 
thickening of the submucosa layer while fibrosis is associated with thickening of the proper 
muscle layer.57-59 However, these associations are not useful for a reliable assessment of 
inflammation versus fibrosis. Hyperaemia within and around the bowel wall measured with 
CDS is another important parameter that is associated with inflammation. Bowel wall 
thickening without CDS has been associated with fibrosis, but absence of CDS in a thickened 
bowel wall does not exclude active inflammation and is not specific, nor sensitive for detection 
of fibrosis. 60-62 Other IUS parameters that are associated with active inflammation include 
presence of reactive lymph nodes, disruption of haustrations, absence of motility, fatty 
wrapping around the bowel and presence of complications such as fistulas and abscesses.23, 43, 

63 Figure 2 shows an example of terminal ileitis in a CD patient.  
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Figure 2. Terminal ileitis in a CD patient. 

 

Contrast enhanced ultrasound 

Contrast enhanced ultrasound (CEUS) is an imaging modality which is being studied 
increasingly for the assessment of inflammation and fibrosis in IBD patients (mainly CD). 
CEUS is performed by the injection of microbubbles. Microbubbles are phospholipid cells 
filled with gas, which can reach and pass the smallest capillaries in the body. The gas inside is 
sulphur hexafluoride which is breathed out when the microbubbles burst. Microbubbles 
always remain intravascular, and thus do not leak trough the capillaries into the surrounding 
tissue. Furthermore, they are not phagocytized and as such behave similarly to erythrocytes. 
Because of these properties, microbubbles can be used to study blood flow and tissue 
perfusion. Inflammation in CD leads to increased micro-vessel density and a local 
dysregulation of blood flow in the gastro-intestinal wall.64-66 This causes changes in the bowel 
wall perfusion which can be quantified with CEUS.57 Studies have shown an association 
between contrast enhancement and disease activity.67-71 Few studies have investigated CEUS 
for treatment follow-up.58 The details of the complex physics underlying CEUS won’t be 
discussed in this thesis. However, basic knowledge regarding several CEUS parameter is 
useful and will be discussed further. 

CEUS parameters 

CEUS parameters are derivatives of the contrast enhancement time-intensity curve (figure 3).58 
The amount of contrast enhancement is usually described in arbitrary units based on the 
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contrast signal intensity over time, which can be measured and quantified by a specialized 
software (Vuebox; Bracco Suisse SA, Geneva, Switzerland). Peak enhancement (PE) describes 
the highest signal intensity in the curve. The wash-in area under the curve (WiAUC) is the area 
under the curve (AUC) during the time to PE. The rise time (RT) is the time to PE from the 
beginning of enhancement. The mean transit time corresponds with the average time the 
microbubbles spend within a determinate volume of capillary circulation. The washin-rate 
(WiR) is the velocity of the upslope of the curve. The wash-out AUC (WoAUC) is the AUC 
from PE to the end of the curve and the wash-in/wash out AUC is the WiAUC and WoAUC 
combined. The fall time (FT) is the time from PE to the end of the curve and finally, the wash-
out rate (WoR) is the velocity of the down slope of the curve. Increase in these parameters 
represents increased perfusion and vascularity of the intestinal wall and is associated with 
inflammation.57, 58, 72-74 

 

 

Figure 3. Contrast enhancement time-intensity curve and associated parameters (reused with 
copyright agreement).58 

 



Chapter 1

18

 

 

Outline of the thesis 

In part I of this thesis, we study the implementation of IUS in IBD care. We aimed to contribute 
to the further optimization of IUS for detection of disease activity, follow-up of treatment and 
potential for POC assessment in IBD patients. In part II we study biologic treatment, focusing 
on immunogenicity of biologics, combination treatment with immunomodulators, anti-TNF 
use in the Netherlands and relapse after anti-TNF discontinuation 

Part I: Implementation of intestinal ultrasound in IBD 

In chapter 2 we performed a systematic review on available ultrasound indices to study their 
characteristics as well as their strengths and weaknesses in development methodology. Based 
on the results of chapter 2, we developed a novel IUS index for grading of disease activity in 
UC patients in chapter 3. We studied all potential IUS parameters based on the literature and 
our own experience and compared them with endoscopic disease activity. The most predictive 
parameters and cut-offs were used to construct a point-based index. In addition, inter- and 
intra-observer agreement were studied for different parameters. In chapter 4, we studied 
treatment decisions after POC IUS in a real-life cohort of IBD patients at the Amsterdam 
University Medical Centre. Additionally we compared IUS outcomes with clinical and 
biochemical parameters and other diagnostic modalities. Furthermore, we assessed the 
evolution of IUS implementation in our clinic over time. In chapter 5, we studied conventional 
IUS parameters and CEUS for follow-up of anti-TNF treatment in CD patients. We 
hypothesized that improvement in CEUS and regular IUS parameters are suitable for the 
assessment of early treatment response and can be used to predict endoscopic treatment 
response and remission. 

Part II: Biological and combination therapy in IBD 

In chapter 6, we reviewed optimal use of anti-TNF agents and in chapter 7 we reviewed 
combination immunosuppression in IBD. We discussed important topics such as therapeutic 
drug monitoring (TDM), anti-drug antibody (ADA) formation, treatments costs, screening 
before treatment, dosing strategies, management of loss of response, elective discontinuation, 
re-initiation, mechanisms of action of combination therapy. In chapter 8, we systematically 
reviewed incidence of ADA formation against biologic agents for the treatment of IBD, since 
ADA formation is an important factor for treatment failure of biologics. Furthermore, we 
studied the effect of combination therapy with immunosuppressives on ADA formation. In 
chapter 9, we studied patterns of anti-TNF use in the Netherlands using data from a healthcare 
provider, allowing us to study large patient numbers. Finally, in chapter 10 we studied 
patients who discontinued anti-TNF treatment who were in clinical remission. We aimed to 
study relapse rates and to identify predictors for relapse in a real-life cohort.   
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Abstract 

Background and aims 

Ultrasound (US) indices for assessing disease activity in IBD patients have never been critically 
reviewed. We aimed to systematically review the quality and reliability of available 
ultrasound (US) indices compared with reference standards for grading disease activity in IBD 
patients. 

Methods 

Pubmed, Embase and Medline were searched for relevant literature published within the 
period 1990 to June 2017. Relevant publications were identified through full text review after 
initial screening by two investigators. Data on methodology and index characteristics were 
collected. Study quality was assessed using a modified version of the Quadas-2 tool for risk of 
bias assessment. 

Results 

Of 20 studies with an US index, 11 studies met the inclusion criteria. Out of these 11 studies, 7 
and 4 studied Crohn’s disease (CD) and ulcerative colitis (UC) activity indices, respectively. 
Parameters that were used in these indices included bowel wall thickness (BWT), Doppler 
signal (DS), wall layer stratification (WLS), compressibility, peristalsis, haustrations, fatty 
wrapping, contrast enhancement (CE), and strain pattern. Study quality was graded high in 5 
studies, moderate in 3 studies and low in 3 studies. Ileocolonoscopy was used as the reference 
standard in 9 studies. In 1 study a combined index of ileocolonoscopy and barium contrast 
radiography and in 1 study histology was used as the reference standard. Only 5 studies used 
an established endoscopic index for comparison with US.  

Conclusions 

Several US indices for assessing disease activity in IBD are available; however, the 
methodology for development was suboptimal in most studies. For the development of future 
indices, stringent methodological design is required. 
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Introduction 

Assessing disease activity in inflammatory bowel disease (IBD) patients is becoming 
increasingly important. Treatment targets in IBD patients are shifting from symptom control 
to intestinal repair, an end point that has been associated with improved long-term outcomes.1, 

2 Ileocolonoscopy is the gold standard for the assessment of disease activity in IBD patients. 
Therefore, it is increasingly being implemented to guide treatment decisions and to evaluate 
treatment outcomes in clinical trials. Several endoscopic activity scores have been developed 
and validated and can be used to assess endoscopic disease activity.3-8 

For optimal monitoring of disease activity in IBD patients, ileocolonoscopy should be 
performed on a regular basis. However, repeated colonoscopies represent a logistic and 
economic challenge, as well as significant burden for the patient. Moreover, there is a small 
risk of bowel perforation and transmural or extra-luminal disease activity, and complications 
such as abscesses cannot be assessed. Finally, the ileum cannot be intubated in a significant 
proportion of patients due technical or anatomical difficulties. 

Biomarkers such as serum C-reactive protein (CRP) and fecal calprotectin have limited 
reliability for assessing and grading IBD disease activity.9 Therefore, cross-sectional imaging 
modalities, such as trans-abdominal ultrasound (US), computed tomography (CT) and 
magnetic resonance imaging (MRI) are increasingly being used in the management of IBD.10-12 
These imaging techniques can be used to determine the extent and location of inflammation 
and to detect disease complication, such as stenosis, fistulas and abscesses in patients with 
Crohn’s disease (CD).2, 10, 11, 13-20 Magnetic resonance imaging and CT show good results for 
grading disease activity, but they are not ideal for repeated use due to logistical reasons (MRI) 
or radiation exposure (CT).10, 11 Since US is rapid, non-invasive, relatively cheap, and can even 
be performed in a point-of-care setting, it appears to be the most suitable modality for 
systematic monitoring in IBD patients.21  

An accurate US index for grading disease activity would therefore be of great clinical value. 
Although various US activity indices for IBD patients exist, and have also been evaluated in 
previous reviews, the applicability of US in grading disease activity remains uncertain.11, 19, 22, 

23 Also, a comprehensive evaluation of the characteristics and methods of all available studies 
focusing on US activity indices for assessing disease activity in IBD has never been conducted. 

Here, we aim to critically review the quality and reliability of available US activity indices 
compared with reference standards for grading disease activity in IBD patients. This could 
serve as a basis for improving US activity indices and for the development of novel scoring 
systems.  
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Methods 

This systematic review has been conducted in accordance with the Preferred Items for 
Systematic Reviews and Meta-analyses (PRISMA) guidelines.24 The protocol has not been 
published in advance. 

Literature search 

PUBMED, MEDLINE, CENTRAL, and EMBASE were electronically searched for literature 
published within the period January 1990 until March 2017 on studies examining the use 
of US for grading disease activity in CD and UC. Details of the search criteria are provided in 
the supplementary material (Appendix E1). All reference lists of the included studies were 
searched for potentially relevant records. 

Inclusion and exclusion criteria 

Study inclusion was based on the following criteria: (1) Study of an US index consisting of at 
least three categories for disease activity grading (i.e. quiescent, moderate, or severe); (2) 
comparison with a reference test/standard such as ileocolonoscopy, MRI, barium contrast 
radiography, or histology; (3) a sample size of at least 20 patients; (4) articles written in English; 
(5) full text available (i.e. no abstracts). Studies that used a clinical activity index as the 
reference standard were not included, since these instruments poorly correlate with 
inflammatory disease activity, especially in CD.25  

Study selection 

All retrieved studies were assessed by one observer (SB). Irrelevant studies were excluded 
based on title, abstract, and study type (i.e. review, case report, comment, letter). The 

remaining titles and abstracts were independently assessed by two observers (SB, KN) for 
eligibility for full text review. Subsequently, the selected full texts were assessed by both 
observers in order to identify studies with US indices. Finally, the remaining studies were 
assessed for inclusion by both observers. Disagreements were resolved through discussion 
after every phase in the selection process. 

Data collection and analysis 

The following data were collected on study characteristics: study design, diagnosis, number 
of included patients, number of US exams, segments analysed, patient selection and inclusion 

methods, reference test and index used, blinding methods, and time between reference and 
US exams. Additionally, the following data were collected on the US indices: index 
parameters, severity grades, cut-offs, index calculation methods, sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), accuracy and correlation 
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coefficients with reference test. A meta-analysis was not performed due the heterogeneity in 
study methodology and index characteristics. 

Study quality grading 

All included studies were graded for methodological quality by two investigators (SB and KN) 
with a modified version of the QUADAS-2 tool.26 The QUADAS-2 tool is designed to assess 
the quality of diagnostic accuracy studies with signaling questions in 4 domains (patient 

selection, index test, reference test, and patient flow). The signaling questions of the modified 
tool are shown in table 1. Established reference indices were considered as good quality 
reference standards. If existing reference indices were modified for the purpose of the study, 
they were considered as lower quality reference standards. The questions in each domain 

could be answered with ‘yes’, ‘no’, or ‘unclear’. Unclear answers were considered as ‘no’ for 
the final quality grading. Each subdomain was graded as high risk of bias if ≥50% of the 
signaling questions were answered with ‘no’. A study was graded as high quality in the case 
of a low risk of bias in at least 6 out of the 7 subdomains. A study was graded as low quality 
in the case of a high risk of bias in 4 or more subdomains. All other studies were graded as 
moderate quality. Any disagreements were resolved through discussion.  

Table 1. Modified QUADAS-2 risk of bias assessment tool. 

Domain 1 Patient selection 
1A Was a consecutive or random sample used? 

Was a case-control or retrospective design avoided? 
Were inappropriate exclusions avoided? 
Was the samplesize appropriate (10 patients per index parameter)?a 

1B Did the patients match the review question? (confirmed IBD) 

Domain 2 Index test 
2A Blinding for the results of the reference test? 

Were the thresholds not pre-specified?b 
2B Concerns regarding applicability of the index (reproducibility)? 

Domain 3 Reference standard 
3A Was the reference standard used to classify the condition? 

Blinding for results of index test? 
Use of an established reference index?a 

3B Concerns regarding applicability of the reference test (reproducibility)? 

Domain 4 Flow and timing 
4A Appropriate interval between index and reference test ( ≥ 1 month) ? 

Did all patients receive reference test? 
Did all patients receive the same reference test? 
Were all patients included in the analysis? 

aThis item was not part of the original Quadas-2 tool 
bThis question was adapted from the original tool 
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Results 

Study selection 

A total of 2103 records were identified through electronic search, and 1656 remained after 
removal of duplicates. One additional record was identified through other sources. This 
particular study was published after the search date, but we decided to include it due to its 
relevance.27 After screening titles and abstracts, 140 potentially eligible studies were selected 
for full text review. After full text review, 21 records were identified that studied an US activity 
index (supplementary table 1). Out of these 21 studies, 11 met the inclusion criteria. A chart 
flow of the selection process is shown in figure 1.  

 

 
 

Figure 1. Flow chart of study selection process.
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Study characteristics 

The study characteristics are shown in table 2. Eight studies used a prospective and two 
studies a retrospective design. One study consisted of a retrospective development phase and 
a prospective validation phase. The total number of studied subjects was 771 (mean 70.1; SD 
56.2), and a total of 1088 (mean 98.9; SD 93.9) US exams were performed. In 4 studies, only the 
ileum was investigated. Ileocolonoscopy was used as the reference standard in 9 studies, in 1 
study a combined index of ileocolonoscopy or barium contrast radiography was used as the 
reference standard, and in 1 study histology was used as the reference standard.  

Crohn’s disease ultrasonographic activity indices 

Seven CD indices were identified from eight records. The parameters used in the CD indices 
included bowel wall thickness (BWT), Doppler signal (DS), wall layer stratification (WLS), 
compressibility, peristalsis, haustrations, fatty wrapping and contrast enhancement (CE). 
Crohn’s disease index details are provided in table 3.  

Futagami et al. developed an US index with BWT and WLS as parameters.28 The thresholds of 
the index were defined before the study. They compared the index with either endoscopy or 
barium contrast radiography in 55 patients. An endoscopic/radiological index was developed 
for comparison; thus, not all patients received the same reference standard. The overall 

correlation with the reference index was average (r2 = 0.62; p < 0.01). 

Neye et al. developed an US index with BWT and DS as parameters.29 The thresholds of the 
index were defined before the study. The index was compared with a newly developed 
endoscopic activity index in 22 patients (i.e. for each bowel segment: 1 (no lesions), 2 (aphtes), 
3 (aphtes and ulcers < 50%) to 4 (aphtes and ulcers >50%). The highest concordance was found 
in the descending colon (κ = 0.91; 95% CI 0.56–0.99) and the lowest in the ascending colon (κ 

= 0.75; 95% CI 0.56 – 0.94). Concordance for all bowel segments separately is shown in 
supplementary table 2. 

Drews et al. conducted a retrospective study comparing the Limberg score with histologic 
inflammation in ileum biopsies obtained by ileocolonoscopy in 32 CD patients.30 This index 
was first proposed by Limberg and semiquantitatively measures DS in thickened bowel 
segments (>4 mm).31 A histologic index for severity of inflammation was developed for the 
study. The association between the Limberg score and histologic grades of disease activity was 
poor (κ = 0.4375). 

Sasaki et al. conducted a retrospective study comparing the Limberg score with the SES-CD 
score in 108 CD patients.32 Only the ileum was investigated. The correlation between US and 
endoscopy was good (Þ = 0.709; p < 0.001). 
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Paredes et al. developed an US index with BWT and DS for grading of post-surgical recurrence 
in 33 patients.33 The index was compared with the endoscopic Rutgeerts score for post-
operative recurrence in 33 patients.34 The Rutgeerts score is a prognostic score to predict post-
operative disease course. The thresholds of the US index were determined before the study. 
The correlation of the US index with the Rutgeerts score was poor (κ = 0.29; p = unknown). For 

the diagnosis of moderate–severe recurrence, the correlation with endoscopy was average (κ 

= 0.57; p = 0.009). A follow-up study with similar methods was conducted, combining the index 
with contrast enhanced ultrasound (CEUS).35 Postoperative recurrence was assessed in 60 CD 
patients. A cut-off of 34.5% of maximum contrast enhancement predicted endoscopic 
recurrence most accurately. In combination with the other US parameters, the accuracy was 

94.4% and the correlation was good (κ =0.82; p < 0.001). A cut-off >46% contrast enhancement 

was best for the prediction of moderate–severe endoscopic recurrence.  

Pascu et al. developed an index with BWT, DS, compressibility, WLS and fatty wrapping as 
parameters.36 The index was compared with ileocolonoscopy using a modified Baron score in 
37 CD patients.6 The thresholds of the index were defined before the study. The overall activity 
index was calculated by the sum of segmental indices. The overall correlation between US and 
ileocolonoscopy was good [r = 0.830; p < 0.001].  

Novak et al. developed an index with BWT and DS as parameters. The study consisted of a 

retrospective phase for developing the index and a prospective phase for validating the 

index. The SES-CD or Rutgeerts score was used as the reference standard. The index was 

developed using univariate and multivariate logistic regression models. Cut-offs for 
discriminating between inactive/mild endoscopic disease and moderate/severe endoscopic 

disease were determined from the area under the receiver operating characteristic curve 
(AUROC). The SES-CD cut-off for active versus inactive disease was >5. Also, there were 7 UC 
patients in the development cohort. Additionally, there were 63 patients and 87 examinations 
in the validation cohort; thus, for 24 patients 2 US examinations were used for the statistical 
calculations. In both phases, ultrasonographers and endoscopists were not blinded for the 
results of the other examinations. The final US score could be calculated using a formula (table 
3). The AUROC was 0.836 for discerning disease activity in the validation cohort. 
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Table 3. Characteristics of Crohn’s disease indices. 

Index  

 Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 
Limberg 
Drews 
Sasaki 

- BWT < 4mm 
-no vessels 

- BWT > 4mm 
- no vessels 

- BWT >4mm  
- Spots of 
vascularity 

- BWT > 4 mm  
- longer 
stretches of 
vascularity 

- BWT > 4mm 
- long stretches 
of vascularity 
into mesentery 

 Normal Type A Type B Type C - 
Futaga
mi 

- BWT < 4mm 
- normal 
compressibility 
and peristalsis 
- Haustrations 
present 

- BWT <4mm  
- reduced 
compressibility 
and peristalsis 
- Loss of 
haustrations 

- BWT > 4mm  
- stratification 
intact 

- BWT > 4mm 
- loss of 
stratification 

- 

 The formula: 1 point for type A lesions [BWT -2] * 2 for type B lesions [BWT-2] * 4 for 
type C lesions 

 Grade 1 Grade 2 Grade 3 Grade 4 - 
Neye BWT < 5mm, no 

vessels/cm2 

- BWT < 5mm, 1-
2 vessels/cm2 

- BWT > 5 mm, 
no vessels/ cm2 

- BWT < 5mm, 
>2 vessels/cm2 

- BWT > 5mm, 
1-2 vessels/cm2 

- BWT > 5mm, 
2 vessels/cm2 

 

 

 Normal Recurrence Mod/Sev 
recurrence 

  

Paredes 
2010 

- BWT < 3mm 
- No DS 

BWT >3mm 
and/or positive 
DS 

BWT >5mm 
and DS grade 
2 or 3. 

  

 Normal Recurrence Mod 
recurrence 

Sev recurrence  

Paredes 
2013 

- BWT < 3mm 
- CE <34.5% 

-BWT 3-5 mm  
-CE <46%; 

-BWT >5mm 
or CE >46% 

-BWT >5 mm, 
or CE>70%, or 
presence of 
fistula.  

 

 

 

 

 

 

 

 



Chapter 2

40

 

 

Table 3. (Continued). 

 Grade 0 Grade 1 Grade 2 Grade 3 
Pascu -BWT < 3mm 

-No DS 
-BWT 3-5mm 
-Increased DS 
-Loss of 
compressibility 
-Accentuated WLS 

-BWT 5-8mm 
-Increased DS 
-Loss of 
compressibility 
-Loss of WLS 

-BWT > 8mm 
-Increased DS 
-Loss of 
compressibility 
-Loss of WLS 
-Fatty wrapping 

 Grade 0 Grade 1 Grade 2 Grade 3 
Novak -BWT < 3mm 

-No DS 
-BWT 3.1-6mm 
-DS mild 

-BWT 6.1-7.0mm 
-DS mod/sev 

-BWT >7.0mm 
-DS mod/sev 

 Score = (0.0563 * bwt1) + (2.0047 * bwt2) + (3.0881 * bwt3) + (1.0204 * doppler1) + (1.5460 * 
doppler2)  

BWT = bowel wall thickness; DS = Doppler signal; WLS = wall layer stratification; CE = contrast enhancement; 
Mod = moderate; Sev = severe. 

 

Ulcerative colitis ultrasonographic activity indices 

Four US indices were identified. The parameters used in the indices included BWT, DS, WLS, 
compressibility, fatty wrapping, and strain pattern. Ulcerative colitis index details are 
provided in table 4. 

Parente et al. developed an US index with BWT and DS for the assessment of mucosal healing.2, 

20 The index was compared with the endoscopic Baron score in 83 UC patients.6 The thresholds 
of the US index were defined before the study. Patients were assessed at 0, 3 , 9, and 15 months. 

At baseline, all patients had US scores and baron scores of 2–3. Concordance of the severity 

classes was average, with a weighted κ coefficient of 0.59 (95 % CI: 0.40–0.78).  

Ishikawa et al. 2011 proposed an US index with real-time elastography (RTE) based on normal, 
homogenous, random, and hard patterns37 and compared it with ileocolonoscopy in 37 UC 
patients. Ileocolonoscopic findings were classified as (A) normal mucosa, (B) mucosal edema 
and erosion without ulcer, (C) punched-out ulcer, and (D) extensive ulcer. A significant 
correlation was reported between type A, B , C, and D and normal, homogenous, random, 
and hard, respectively (chi-square p < 0.001). 

Civitelli et al. 2014 developed an US index for the assessment of disease activity in paediatric 

UC.38 Ultrasound parameters were compared with the endoscopic Mayo score as dependent 

variables in 50 patients. Multiple regression analysis showed that BWT (P = 0.0008), increased 
vascularity (P = 0.002), loss of stratification (P = 0.021), and absence of colon haustrations (P = 
0.031) were significantly associated with endoscopic disease severity. A US score >2 had a 
sensitivity of 100% and a specificity of 93% (AUC 0.98) for detecting severe endoscopic disease. 
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The US index correlated strongly with endoscopic disease activity (r = 0.94; P < 0.0001). 
Concordance between US and ileocolonoscopy for inactive, mild, moderate, and severe 
disease was very good (κ = 0.94; 95% CI 0.88–1). 

Pascu et al. developed an US index with BWT, DS, compressibility, WLS, and fatty wrapping 
as parameters.36 The index was compared with a modified Baron score in 24 UC patients. The 
US activity index showed a strong correlation with ileocolonoscopy (r = 0.974, P < 0.001). 

 

Table 4. Characteristics of ulcerative colitis indices. 

Index  

 Grade 0 Grade 1 Grade 2 -  
Parente - BWT < 4 mm 

- no or scarce 
intramural 
blood flow 

-BWT 4 – 6 mm 
and blood flow 

-BWT6 – 8 mm 
and blood flow 

  

 Grade 0 Grade 1 Grade 2 Grade 3  
Ishikawa Normal color 

pattern 
Homogenous 
color pattern 

Random color 
pattern 

Hard color 
pattern 

 

 Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 
Civitelli no findings 1 finding 2 findings 3 findings 4 findings 
 Findings: BWT > 3mm, increased DS, loss of WLS, absence of haustrations 

 Grade 0 Grade 1 Grade 2 Grade 3  
Pascu  -BWT < 3mm 

-No DS 
-BWT 3-4.5mm 
-Increased DS 
-Loss of 
compressibility 
-Accentuated 
WLS 

-BWT 4.5-6mm 
-Increased DS 
-Loss of 
compressibility 
-Loss of WLS 

-BWT >6mm 
-Increased DS 
-Loss of 
compressibility 
-Loss of WLS 
-FW 

 

BWT = bowel wall thickness; DS = Doppler signal; WLS = wall layer stratification; FW = fatty wrapping 

 

Grading of study quality 

Study quality was graded high in five studies, moderate in three studies, and low in three 

studies. Most concerns were raised in the subdomains regarding the index test and the 

reference standard. Blinding was performed properly in most studies, but in nine studies the 
thresholds of the index were defined before the study was performed. Civitelli et al. developed 
the US index using the reference standard as a dependent variable. Novak et al. developed the 
index in a retrospective study and validated it in a prospective study. Both studies were 
therefore used for quality grading. Five studies used an established endoscopic reference 
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index (i.e. SES-CD, Mayo, Rutgeerts score). In the other studies, either a newly developed 
index or a modified Baron index was used. Methods for patient selection were suboptimal in 
three studies. Flow and timing were good in all studies. The results of the Quadas-2 

assessment are shown in table 5. There were no studies that used central reading or inter- and 

intra-observer variability assessment, and only the study performed by Novak et al. used a 
development and validation phase. 

 

Table 5. Quadas-2 assessment results: risk of bias in all subdomains. 

Study Domain1: 
patient 
selection 

Domain 2: 
Index test 

Domain 3: 
reference 
standard 

Domain 4: 
Flow and 
timing 

Overall quality 

Futagami 1999 A: Low 
B: Low 

A: High 
B: Low 

A: High 
B: High 

A: Low Moderate 

Neye 2004 A: Low 
B: Low 

A: High 
B: Low 

A: High 
B: High 

A: Low 
 

Moderate 

Drews 2009 A: High 
B: Low 

A: High 
B: High 

A: High 
B: High 

A: Low 
 

Low 

Sasaki 2014  A: High 
B: Low 

A: High 
B: Low 

A: Low 
B: Low 

A: Low 
 

Moderate 

Paredes 2010 A: Low 
B: Low 

A: High 
B: Low 

A: Low 
B: Low 

A: Low 
 

High 

Paredes 2013 A: Low 
B: Low 

A: High 
B: Low 

A: Low 
B: Low 

A: Low 
 

High 

Novak 2017 A: Low 
B: Low 

A: High 
B: Low 

A: Low 
B: Low 

A: Low 
 

High 

Pascu 2004 A: High 
B: Low 

A: High 
B: Low 

A: High 
B: High 

A: Low 
 

Low 

Civitelli 2014 A: Low 
B: Low 

A: Low 
B: Low 

A: Low 
B: Low 

A: Low 
 

High 

Parente 2009/2010 A: Low 
B: Low 

A: High 
B: Low 

A: Low 
B: Low 

A: Low 
 

High 

Ishikawa 2011 A: High 
B: Low 

A: High 
B: High 

A: High 
B: High 

A: Low 
 

Low 
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Discussion 

To our knowledge, this is the first comprehensive systematic review on US scoring indices that 
can be used to assess disease activity in IBD patients. The methods that were used for the 
development of these indices were suboptimal in most studies. Although 20 studies were 
identified that studied an US activity index, 9 were excluded due to small patient numbers or 
because clinical activity indices were used as the reference standard, indicating poor 
methodology. Out of 11 included studies, only 5 of them were graded as high quality using 
the modified Quadas-2 tool. Based on these findings, we conclude that the methodology for 
the development of US indices for grading disease activity in IBD patients should be improved 
in future studies. 

Important criteria for the development of a diagnostic index are appropriate patient selection, 
a proper sample size, implementation of blinding, use of an established reference index, 
inclusion of patients with different disease activity, and proper study flow and timing (i.e. 
time between index and reference test and comparison of all patients with the same reference 
standard).26 In addition, a diagnostic index should ideally be developed using the reference 
index as the dependent variable. Parameters of the imaging modality that can predict 
outcomes of the reference index should be determined and used for further development of 
the index. Subsequently, the most predictive cut-off values should be determined with 
appropriate statistical methods.39 The methods that were used for the development of the so-
called simple endoscopic indices for CD (CDEIS and SES-CD) are good examples of such an 
approach.3, 8 

The most commonly used parameters in both the CD and UC indices were BWT, DS, and WLS 

(10, 9, and 3 indices in CD and 3, 3, and 2 indices in UC, respectively). Bowel wall thickness 

is the only quantifiable measurement, and in theory is probably the easiest to reproduce. 

However, it is important to standardize measurement methods in order to get reproducible 
results (i.e. measurement location and probe handling). DS is usually measured semi-
quantitatively and thus is more prone to interpretation. Additionally, the amount of DS is 
influenced by equipment and patient characteristics such as the amount of body fat and 
location of inflammation. To optimize reproducibility, clear definitions should be used and 
settings on the US scanner should be optimized and remain constant when assessing different 
patients (i.e. slow-flow settings). The assessment of WLS is also more subjective and thus clear 
definitions should be used. Fatty wrapping (FW), haustrations, compressibility, and 
peristalsis were rarely used as index parameters. However, FW is considered as an important 
finding and should be considered for score development in the future, especially in CD 
patients. 

Ileocolonoscopy was used as the reference standard in most of the included studies (n = 9), but 

only five studies compared US with an established endoscopic index (i.e. SES-CD, Mayo, 
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Rutgeerts’ score). In the other four studies, a newly developed or a modified index was used 

as the reference standard. Pascu et al. used, for example, the modified Baron score for 
assessing disease activity in both CD and UC. Since CD and UC are different entities, activity 
cannot be scored with the same scoring system. Futugami et al. used an activity score that was 
based on both endoscopic and barium contrast radiography findings in CD patients. It is likely 
that the comparison with these non-established reference indices has biased the results in these 
studies. This is also reflected by the wide range in statistical association between US and 
endoscopic indices in these studies.  

Additionally, in all these studies, the thresholds for ultrasonographic parameters were 
determined before the study. Establishment of index thresholds prior to a study is likely to 
result in overestimation of the diagnostic value.39 Civitelli et al. used an endoscopic index 
(Mayo endoscopic score) as a dependent variable in order to determine thresholds of US 

parameters for the development of an US index for paediatric UC patients.38 Additionally, 
Novak et al. conducted a retrospective study in which they determined parameters, cut-off 
values, and the formula for calculating the activity score.27 As a next step, they validated the 
index formula prospectively. However, a major limitation of this study was that 
ultrasonographers and endoscopists were not blinded for the results of the other examinations. 
Moreover, the SES-CD cut-off that was used for active disease was quite liberal (SES-CD >5), 
and there were 7 UC patients in the development cohort. 

Drews et al. compared the Limberg score (see table 3 for index characteristics) with histologic 
inflammation in biopsies in CD patients. Correlation between this score and the histology 
index was poor to average, depending on the cut-off values that were used. This could be 
explained by the fact that the location of, or small amount of tissue obtained through, biopsies 
may not accurately reflect disease activity. Additionally, a non-validated histology index was 
used. The Limberg score does seem to correlate better with endoscopic disease activity, as was 
shown by Sasaki et al.32 However, the data for this study were collected retrospectively, which 

may have introduced bias. Additionally, only ileal disease was compared in these studies, 
since the Limberg score was initially developed to assess the ileum.  

Interestingly, we found no studies that used an alternate cross-sectional imaging modality 
(e.g. MRI or CT) as the reference standard. This could be explained by the fact that disease 
activity indices for these modalities are also relatively rare, and that no standard and widely 
used activity index exists (i.e. such as the SES-CD or Mayo score). A comprehensive systematic 
review by Puylaert et al. described 11 studies on MRI and 3 studies on CT for grading of 
disease activity, which all used endoscopy, biopsies, or surgical specimens as the reference 
standard.11 This confirms our finding that thus far, US has not been compared with activity 
indices from other cross-sectional modalities. Such comparisons could be of value and should 
be conducted in future studies. 
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Small intestine contrast ultrasonography has also been studied for the grading of disease 
activity in IBD. We identified two studies describing a SICUS activity index.40, 41 However, 
both studies used clinical disease activity as the reference standard and therefore did not meet 
the inclusion criteria. Some studies have shown higher sensitivity and specificity of SICUS for 
the detection of inflammation than regular US.42-44 The development of SICUS indices with use 
of a good reference standard could therefore be of important value. SICUS is, however, more 

time consuming than regular US and thus is probably less useful in a point-of-care setting. 

The value of contrast enhancement for the assessment of disease activity in IBD is increasingly 
being studied. It seems to have promising potential for the assessment of disease activity.45-47 
For instance, the pattern of bowel wall enhancement and perfusion quantification may have 
value for disease activity assessment.35, 46, 48-51 The only index using CEUS that met our inclusion 
criteria was developed by Paredes et al.35 They showed a high accuracy of CEUS for the 
assessment of postoperative recurrence in 33 patients. We identified one other index using 

CEUS.52 However, this study was excluded because a clinical activity index was used as the 
reference standard. It is to be expected that CEUS will be increasingly used for the 
development of new indices in the future. However, it is important to note that CEUS 
parameters are more equipment dependent than classical US parameters. Additionally, results 
from perfusion quantification can currently not be compared between different ultrasound 
scanners.53 It has also been postulated that CEUS could be useful for differentiating between 
fibrosis and inflammation. However, results from different studies regarding this topic are 
conflicting.52, 54-56 Therefore, it remains to be seen if CEUS truly will have additional value for 
differentiation between disease activity and fibrosis. Finally, CEUS is more expensive and 

time -consuming than regular US. 

We identified one index using real -time elastography for the assessment of disease activity in 
UC patients.37 Although the concept seems interesting, many factors in this study may have 
introduced bias. For instance, endoscopic findings from specific locations were compared with 
US, but in reality it is difficult to compare precise locations between two modalities. The 
elastographic patterns also seemed difficult to interpret. This complicates the applicability and 
reproducibility of the index. Finally, no established endoscopic index was used as a reference 
standard. Elastography probably has more value for the detection of fibrotic intestinal tissue, 
as was shown in several studies.57, 58 

US for grading disease activity in IBD has been reviewed by other groups. Rimola et al. 
evaluated four US studies in a systematic review on different imaging modalities in CD 

patients.23 They reported good accuracy of the different indices, but they did not assess the 

quality of these studies. Puylaert et al. reviewed several imaging modalities for the grading of 

disease activity in CD, but they included only two US studies.11 They concluded that US has 

low accuracy for disease activity grading in CD, but the number of patients (n = 86) used in 
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their analysis was relatively low. Panes et al. discussed 12 US studies for grading the disease 

severity of 1231 patients and concluded that US findings correlate well with endoscopy and 
histology, but not with clinical activity indices and biomarkers.19 However, study and index 
quality were not assessed. Moreover, most studies that were reviewed used clinical and/or 
biochemical activity as a reference standard. Calabrese et al. recently reviewed a variety of 
aspects of US in CD, but only briefly elaborated on the use of US for grading CD activity.22 
They stated that the role of US in the evaluation of inflammatory activity remains 
controversial. Hence, the contradictory conclusions of these reviews exemplify the 

uncertainty regarding the use of US for disease activity grading in IBD and are probably 

caused by the heterogeneity of the different US activity indices that have been developed so 
far. 

Our study has some limitations. First, we decided not to perform a meta-analysis. In our 
opinion, a meta-analysis could not be performed due to the considerable differences between 
the studies and would probably have resulted in highly biased results. Second, some factors 

that are important for the development of diagnostic indices (such as implementation of 

central reading, inter-observer variability, and the conduction of a development and 

validation study) are not part of the Quadas-2 tool. However, there were no studies that used 

central reading or inter-observer variability assessment, and only the study performed by 
Novak et al. used a development and validation phase. 

In conclusion, gastrointestinal US seems a promising tool for the assessment of disease activity 
in IBD patients, but most available activity indices have been developed with suboptimal 
methodology. New indices should be developed with better methods in future studies. A 
reliable and standardized US activity index would be useful for facilitating the clinical 

decision -making process and for assessing and monitoring treatment outcomes in daily 

practice and in clinical trials.
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Supplementary material 

Supplementary table 1. Excluded studies describing an US index. 

Study/Index Modality Reference 
standard 

Participants Exclusion reason 

Hata 1994 Grayscale Surgical 
specimens 

17 Not enough 
patients 

Spalinger 2000 Grayscale/CDI CDAI 92 Clinical disease 
activity as 
reference  

Schirin-Sokhan 
2011 

Grayscale/CDI/CEUS ICC 18 Not enough 
patients 

Calabrese 2012 SICUS/Grayscale/CDI CDAI 110 Clinical disease 
activity as 
reference 

Sasaki 2014 Grayscale/CDI Surgical 
specimens 

10 Not enough 
patients 

Zorzi 2014 SICUS/Grayscale/CDI CDAI 29 Clinical disease 
activity as 
reference 

Baumgart 2015 Grayscale/CDI/RTE Histology 10 Not enough 
patients 

Fufezan 2015 RTE ICC/MRI 14 Not enough 
patients 

Medellin-
Kowalewski 2016 

Grayscale/CDI/CEUS HBI 127 Clinical disease 
activity as 
reference 

ICC = Ileocolonoscopy; CDAI = Crohn’s disease activity index; HBI = Harvey Bradshaw index. 
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Search strategy 

PubMed  

("Inflammatory Bowel Diseases"[Mesh] OR inflammatory bowel disease*[tiab] OR crohn disease*[tiab] 
OR crohn* disease*[tiab] OR ulcerative colitis[tiab] OR gastrointestinal wall*[tiab]) AND 
("Ultrasonography" [Mesh] OR ultrasound[tiab] OR sonograph*[tiab] OR ultrasonic[tiab] OR 
ultrasonograph*[tiab] OR echo*[tiab]) AND ("Gastrointestinal Tract"[Mesh] OR abdom*[tiab] OR 
transabdom*[tiab]) AND ("Sensitivity and Specificity"[MeSH Terms] OR  "Reproducibility of 
Results"[MeSH Terms] OR  "Longitudinal Studies"[MeSH Terms] OR  "Follow-Up Studies"[MeSH 
Terms] OR "Clinical Trial"[pt] OR "Comparative Study"[pt] OR  "Prospective Studies"[MeSH Terms] 
OR  "Evaluation Studies"[pt] OR "Retrospective Studies"[MeSH Terms] OR "Reference Values"[MeSH 
Terms] OR "diagnosis" [Subheading] OR diagnos*[tiab] OR sensitiv*[tiab] OR specific*[tiab] OR 
accura*[tiab]) 

EMBASE (OVID)  

(*inflammatory bowel disease/ or *ulcerative colitis/ or *Crohn disease/ or (inflammatory bowel 
disease* or crohn disease* or crohn* disease* or ulcerative colitis or gastrointestinal wall*).ti,ab.) AND 
(exp echography/ or (ultrasound or sonograph* or ultrasonic or ultrasonograph* or echo*).ti,ab.) AND 
(gastrointestinal tract/ or intestine wall/ or intestine/ or intestine fistula/ or blood vessel wall/ or 
intestine blood flow/ or gastrointestinal symptom/ or (abdom* or transabdom*).ti,ab.) AND 
("sensitivity and specificity"/ or comparative study/ or  controlled study/ or prospective study/ or 
reproducibility/ or longitudinal study/ or follow up/ or clinical trial/ or evaluation study/ or 
retrospective study/ or major clinical study/ or reference value/ or di.fs. or (diagnos* OR sensitiv* OR 
specific* OR accura*).ti,ab.) 

Cochrane Central Register of Controlled Trials (CENTRAL)  

#1 MeSH descriptor: [Inflammatory Bowel Diseases] explode all trees 

#2 inflammatory bowel disease* or crohn disease* or crohn* disease* or ulcerative colitis or 
gastrointestinal wall*:ti,ab,kw  (Word variations have been searched) 

#3 #1 or #2  

#4 MeSH descriptor: [Ultrasonography] explode all trees 

#5 ultrasound or sonograph* or ultrasonic or ultrasonograph* or echo*:ti,ab,kw  (Word variations 
have been searched) 

#6 #4 or #5  

#7 MeSH descriptor: [Gastrointestinal Tract] explode all trees 

#8 abdom* or transabdom*:ti,ab,kw  (Word variations have been searched) 

#9 #7 or #8  

#10 #3 and #6 and #9 in Trials 
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Abstract 

Introduction 

Intestinal ultrasound (IUS) is useful to assess inflammation in ulcerative colitis (UC) patients. 
We aimed to develop an ultrasonographic activity index using endoscopy as reference 
standard. 

Methods 

Patients were included consecutively. IUS was performed within 3 weeks from endoscopy. 
IUS parameters and endoscopy were compared for each colonic segment (except the rectum). 
The best parameters were used to construct a UC-IUS index, which was correlated with 
endoscopic disease activity using the Spearman’s rank test. 

Results 

In 60 patients, 207 colonic segments were evaluated endoscopically. BWT >2.1 mm was 
optimal to discriminate between Mayo 0 and Mayo 1-3 (sensitivity 82.6%; specificity 93.0%; 
AUC 0.910), a cut-off of 3.2 mm was optimal to discriminate between Mayo 0-1 and Mayo 2-3 
(sensitivity 89.1%; specificity 92.3%; AUC 0.946) and BWT >3.9 mm was optimal for detection 
of Mayo 3 (sensitivity 80.6%; specificity 84.1%; AUC 0.909). Presence of CDS predicted active 
disease, stretches of CDS were associated with Mayo 2-3, lack of haustrations predicted active 
disease and fat wrapping was associated with severe disease. Inter- and intra-rater ICC for 
BWT was substantial. Inter-rater agreement for CDS was substantial and ranged from slight 
to substantial for haustrations. Intra-rater agreement for CDS was substantial and ranged from 
moderate to almost perfect for haustrations. The index showed strong correlation with 
endoscopic disease activity (Mayo: ρ0.830; p<0.001, UCEIS: ρ 0.759; p<0.001). 

Conclusion 

We developed an UC-IUS index which showed strong correlation with endoscopic disease 
activity using internal validation. It is currently being validated in prospective studies.  
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Introduction 

Ulcerative colitis (UC) is a chronic inflammatory bowel disease characterized by relapsing and 
remitting episodes of inflammation usually limited to the mucosal layer of the colon. 
Treatment targets for UC patients nowadays include patient-reported as well as endoscopic 
remission. Recently, endoscopy is increasingly being used to guide treatment, since evidence 
suggests that mucosal healing (e.g. Mayo 0-1 activity) is associated with improved long-term 
outcomes.1, 2 However, it is challenging to repeatedly perform colonoscopies to assess mucosal 
disease activity due to the high cost and burden for the patient.3 Hence, alternative and reliable 
non-invasive methods to assess disease activity are needed. 

Blood tests such as the measurement of serum C-reactive protein, albumin and platelet counts 
have been evaluated, but these tests are not sufficiently sensitive or specific to reflect disease 
activity.4-7 Repeated measurement of faecal calprotectin (FCP) has been shown to accurately 
reflect the presence of disease activity.4, 8 However, disease location, extent and severity cannot 
be adequately assessed with this technique. Intestinal ultrasound (IUS) is a rapid, efficient, 
non-invasive and relatively cheap imaging technique, which can also be performed in a point-
of-care settings. IUS has been reported to be accurate in diagnosis of UC and can also be 
applied to determine the extent, severity and location of inflammation.9-12  

Therefore, IUS is an attractive tool for the assessment of disease activity in UC patients. So far, 
few studies have been performed to compare IUS with endoscopy.11, 13-16 Additionally, studies 
evaluating responsiveness of IUS to a medication with known efficacy, validation to 
endoscopy and evaluating reliability are scarce.11 In a previous systematic review, we showed 
that, although several IUS indices have been developed for the assessment of disease activity 
in UC patients, the methodology was suboptimal in most studies.9  

Therefore, we aimed to develop an ultrasound activity index for the assessment of disease 
activity in patients with UC, using endoscopy as the reference standard.  

  



Chapter 3

62

 

 

Methods 

Patient population 

Adult UC patients undergoing endoscopy for evaluation of disease activity or surveillance 
were eligible for inclusion. Patient were consecutively included based on clinical mayo score 
and SCCAI (i.e. 20 quiescent disease, 40 active disease). Patients underwent endoscopy and 
IUS along with FCP and serum CRP measurement within the shortest period possible with a 
maximum window of 3 weeks. If there was a change in treatment or symptoms between IUS 
and endoscopy, patients were excluded. IUS and endoscopy were not performed on the same 
day. At the time of endoscopy, the performing endoscopist was unaware of the IUS results 
and vice versa. Endoscopists and ultrasonographists were not blinded for clinical symptoms 
as would also be the case in a real-life clinical setting. 

Ultrasound examinations 

All the IUS examinations were performed by one of two investigators experienced in IUS (SB 
3 years  and KN 9 years of experience), with a Philips Epiq 5 ultrasound device using the C5-
1 convex transducer and L12-5 linear transducer. Frequency, focus and gain settings were 
optimised to get the best images. The examination was performed after at least 4 hours of 
fasting with the patient in supine position. The large intestine was scanned beginning at the 
terminal ileum and further following its course to the rectum. The 9 regions of the abdomen 
were also systematically scanned for the detection of enlarged lymph nodes and other possible 
pathology. Each colon segment scanned in B-mode was also examined with colour Doppler. 
The colour Doppler measurements were performed with standardised pre-sets with optimized 
wall filter, pulse repetition frequency , frequency, and velocity scale for registration of the slow 
flow in the GI wall. Cine loops were video-recorded of each segment in longitudinal sections 
in B-mode and colour Doppler mode. 

Ultrasound parameters and measurements 

The following IUS parameters were recorded during the procedure: bowel wall thickness 
(BWT), Colour Doppler Signal (CDS), image quality, normal or abnormal colonic haustrations, 
presence of fat wrapping (hyperechoic fat around the bowel), and presence of enlarged  lymph 
nodes (short axis > 5mm). BWT was measured from, but not including, the central hyperechoic 
line of the lumen to the end of the outer hypoechoic margin of the wall (representing the 
muscularis propria). All BWT measurements were performed in duplicate on longitudinal 
sections since it is easiest to notice the thickest wall section in longitudinal direction. CDS was 
divided in 3 categories: absent/single vessel (categorized as absent), spots or stretches of CDS. 
Image quality was categorized as good, average, low or uninterpretable. Assessment of image 
quality was based on the opinion of the ultrasonographer, since there is no validated index for 
this purpose. Normal colonic haustrations were defined as clearly visible haustrations or 
collapsed colonic folds with BWT <2 mm. Abnormal colonic haustrations were defined as a 
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clearly disrupted or tube-like appearance. All measurements and image interpretations were 
performed by two observers (SB and KN) on the same cine loops to assess inter-rater 
variability. Additionally, 20 cases (5 for each severity category) were randomly selected, re-
anonymized and scrambled for a second interpretation by both observers to assess intra-rater 
variability. The time between first and second read was at least 3 months. 

Endoscopy 

Colonoscopy or sigmoidoscopy were performed according to standard procedures at our 
clinic by IBD experts. Endoscopic disease activity was scored using the ulcerative colitis 
endoscopic index of severity (UCEIS) and the Mayo endoscopic sub-score for each segment.17, 

18 A Mayo endoscopic subscore of 1, 2 or 3 was considered as mild, moderate or severe disease, 
respectively. A UCEIS score of 4-5, 6-8 and 9-11 was considered as mild, moderate or severe 
disease, respectively. 

Biomarkers 

Blood samples were collected and analysed for C-reactive protein (mg/L) and stool samples 
were and analysed for FCP (µg/g) (Bühlmann fCal® ELISA). The upper limit of detection of 
the FCP test was 1800 µg/g. Samples were collected within 3 weeks before or after IUS as long 
as there was no change in treatment or clinical symptoms.  

Clinical assessments 

Medical history was assessed and information on the duration of ulcerative colitis, medical 
treatment, age, gender, weight, height and BMI were collected. At the IUS visit, symptom 
severity was scored using the simple clinical colitis activity index (SCCAI) and Mayo score.17, 

19 

Sample size calculation 

The sample size calculation was based on mean BWT in 2 patient groups, representing UC 
patients in remission (group 1) and UC patients with active endoscopic disease (group 2). 
Based on literature data we assumed a colon wall thickness in healthy controls of a mean 1.1 
mm (SD 0.3) and the cut-off of between normal and abnormal thickness of 2.0 mm.9, 20 The 
colon wall in a heterogeneous group of UC patients with active disease was assumed to have 
a mean thickness of 4.5 mm (SD1.3).9, 11, 15 For the sample size calculation this resulted in a 
sample size of 20 in each group, which would offer 80% power to detect a difference in means 
of 0.9mm assuming that the Group 1 standard deviation is 0.3 and the Group 2 standard 
deviation is 1.3 using a two group Satterthwaite t-test with a 0.05 two-sided significance level. 
Since we intended to study patients in multiple categories of disease activity we intended to 
include 20 patients with quiescent disease and 40 with active disease. 
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Statistical analysis  

Descriptive statistics were used to characterize the population. BWT, CDS, fat wrapping, WLS, 
haustration pattern and enlarged lymph nodes were compared with endoscopic findings for 
each segment except for the rectum. Normally distributed parameters were compared with 
unpaired T-tests. Categorical parameters were compared with logistic regression. ROC 
analysis was performed for BWT to determine optimal cut-offs. The most predictive 
parameters and cut-off values were used to construct a point-based UC-US index. The results 
obtained from the person actually performing IUS were used for this purpose. The index was 
calculated for each patient and compared with the Mayo score and UCEIS score for each 
segment using the Spearman’s rank correlation test. A value of 0.00–0.10 was considered as 
negligible correlation, 0.10–0.39 as weak correlation, 0.40–0.69 as moderate correlation, 0.70–
0.89 as strong correlation and 0.90–1.00 as very strong correlation.21 Inter-rater and intra-rater 
agreement for categorical data was tested with Cohen’s kappa statistics. A value of 0.0-0.20 
was considered as slight agreement, 0.21-0.4 as fair agreement, 0.41-0.60 as moderate 
agreement, 0.61-0.80 as substantial agreement and 0.81-1.0 as almost perfectagreement.22, 23 
Inter-rater and intra-rater agreement for continuous BWT measurements was tested using 
intra class correlation (ICC) statistics for average measurements. An ICC value of less than 0.50 
was considered as poor agreement, a value of 0.50-0.75 as moderate agreement, a value of 0.75-
0.90 as substantial agreement and a value of 0.90-1.00 as almost perfect agreement.24 A p-value 
of <0.05 was considered to be statistically significant. All statistical analyses were performed 
using SPSS 25.0 software (IBM Corporation, Armonk, NY, USA). 

Ethical approval and patient consent 

This study was approved by the ethical committee of the Academic University Medical Center 
Amsterdam. All patients provided written informed consent prior to participation in this 
study.  
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Results 

Patient population 

A total of 60 UC patients were included. Patient characteristics are shown in table 1. Sixteen 
patients were in complete endoscopic remission (Mayo 0) and 44 patients had active 
endoscopic disease (13 Mayo 1, 15 Mayo 2 and 18 Mayo 3). Six patients had active proctitis 
only. In total, 207 colonic segments were explored at endoscopy (60, 58, 49 and 40 in sigmoid, 
descending, transverse and ascending colon, respectively). IUS was performed within a 
median of 7 days (IQR 5-11 days) from endoscopy, without change in treatment or symptoms 
in between. FCP samples were collected within a median of 2 days (IQR 0-4 days) from IUS. 

Table 1 Patient characteristics. 

Characteristic n=60 

Male gender  28 (47%) 
Age (median, IQR) 44 (30-54) 
Height cm (mean, SD) 176.4 (10.0) 
BMI (mean, SD) 24.1 (3.2) 
Medication use 

- 5-ASA 
- Corticosteroids (oral/topical) 
- Thiopurines 
- Anti-TNF 
- Vedolizumab 
- Tofacitinib 
- Tacrolimus (topical) 

 
36 (60%) 
25 (42%) 
7 (12%) 
8 (13%) 
1 (2%) 
3 (5%) 
1 (2%) 

Endoscopy results  
- Mayo 0 
- Mayo 1 
- Mayo 2 
- Mayo 3 
- UCEIS <4 
- UCEIS 4-5 
- UCEIS 6-8 
- UCEIS 9-11 

16 (27%) 
11 (18%) 
15 (25%) 
18 (30%) 
15 (25%) 
13 (22%) 
15 (25%) 
17 (28%) 

Segments endoscopically explored 
- Rectum 
- Sigmoid 
- Descending 
- Transverse 
- Ascending 

 
60 (100%) 
60 (100%) 
58 (97%) 
49 (82%) 
40 (67%) 

- Total segments explored (excl. rectum) 207 
- Proctitis only 6 (10%) 
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Ultrasound 

Image quality 

Image quality for different colonic segments is shown in table 2. Image quality in the rectum 
was average or higher in only 48.3% of patients. In 38.3% of patients image quality was low 
and in 13.3% the images were considered uninterpretable. Image quality was considered 
average or higher in 98.3% in the sigmoid and descending colon and 96.7% in the transverse 
and ascending colon.  

 

Table 2. US image quality per segment 

 Good Average Low Uninterpretable 

Rectum 12 (20.0%) 17 (28.3%) 23 (38.3%) 8 (13.3%) 
Sigmoid 49 (81.7%) 10 (16.7%) 0 (0%) 1 (1.7%) 
Descending 48 (80.0%) 11 (18.3%) 0 (0%) 1 (1.7%) 
Transverse 45 (75.0%) 13 (21.7%) 2 (3.3%) 0 (0%) 
Ascending 43 (71.7%) 15 (25.0%) 2 (3.3%) 0 (0%) 

 

 

 

Figure 1. Mean bowel wall thickness for different Mayo scores 
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Bowel wall thickness 

Mean BWT was statistically different between Mayo 0 and Mayo 1 endoscopic activity 
(p<0.001) and between Mayo 1 and Mayo 2 endoscopic activity (p<0.001), but not between 
Mayo 2 and Mayo 3 (p=0.548) (figure 1). A BWT cut-off of 2.1mm was best to discriminate 
between inactive and active endoscopic disease activity (Mayo 0 vs Mayo 1-3) (sensitivity 
82.6%; specificity 93.0%; AUC 0.910). A BWT cut-off of 3.2mm, was best to discriminate 
between Mayo 0-1 and Mayo 2-3 endoscopic disease activity (sensitivity 89.1%; specificity 
92.3%; AUC 0.946). A BWT cut-off of 3.9mm was best to discriminate between Mayo 0-2 and 
Mayo 3 endoscopic disease activity (sensitivity 80.6%; specificity 84.1%; AUC 0.909). ROC 
curves are shown in Figure 3. For individual segments,  a BWT cut-off of 2.1mm was best to 
discriminate between Mayo 0 vs Mayo 1-3 in the sigmoid (sensitivity 88.6%; specificity 88.0%; 
AUC 0.913), 2.5mm in the descending (sensitivity  85.2%; specificity 87.1%; AUC 0.907), 
1.75mm in the transverse (sensitivity  88.9%; specificity 90.3%; AUC 0.944) and 2.6mm in the 
ascending colon (sensitivity 75%%; specificity 100%%; AUC 0.903). The mean difference in 
BWT in all segments for the 2 observers was 0.4mm (SD 0.9; p<0.001). The inter-rater 
agreement for continuous BWT measurements was almost perfect (ICC 0.917; 95%CI 0.853-
0.948; p< 0.001). The intra-rater agreement for continuous BWT measurements was substantial 
(ICC 0.802; 95%CI 0.729-0.855; p<0.001). Based on the ROC cut-off points, the following 
categories for BWT were made: < 2 mm, 2.0-2.9 mm, 3.0–3.9 mm and ≥ 4 mm. Sensitivity and 
specificity values were 82.6% and 90% for 2mm, 89.1% and 90.9% for 3mm and 77.4% and 
85.0%% for 4mm. Inter-rater agreement for these categories was moderate for the sigmoid (κ 
0.53; p<0.001), descending (κ 0.58; p<0.001), transverse (κ 0.55 ; p<0.001) and ascending colon 
(κ 0.43; p<0.001). Intra-rater agreement was substantialfor the sigmoid (κ 0.68; p<0.001), 
transverse (κ 0.63; p<0.001) and ascending (κ 0.68; p<0.001) colon and moderate for the 
descending colon (κ 0.59; p<0.001). The rectum was excluded from this analysis.  

Colour Doppler signal 

Examples of different CDS categories are shown in figure 2. Presence of any CDS was 
associated with presence of endoscopic disease activity (OR 14.0; 95% CI 6.8-28.7; p<0.001). 
Presence of any CDS was also associated with moderate to severe endoscopic activity as 
compared to mild or quiescent endoscopic activity (OR 14.9; 95% CI 7.3-30.4; p < 0.001) and 
stretches of CDS was more strongly associated with moderate-severe endoscopic activity (OR 
22.3; 95% CI 7.3-67.8; p<0.001). Presence of stretches of CDS did also discriminate between 
moderate and severe endoscopic activity (OR 7.2; 95% CI 3.0-17.4; p<0.001). Inter-rater 
agreement was substantialfor the sigmoid (κ 0.79; p<0.001), descending (κ 0.78; p<0.001), 
transverse (κ 0.75; p<0.001) and ascending (κ 0.60; p<0.001) colon. Intra-rater agreement was 
substantial for the sigmoid (κ 0.78; p<0.001), descending (κ 0.69; p<0.001), transverse (κ 0.60; 
p<0.001) and ascending (κ 0.65; p<0.001) colon.
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No CDS 

 

Single vessel (categorized as absent) 

 

Spots of CDS 

 

Stretches of CDS 

Figure 2. Categories of CDS 

 

 

   

           A         B     C 

Figure 3. A. ROC curve for BWT in Mayo 0 vs Mayo 1-3 segments. B. ROC curve for BWT in Mayo 
0-1 vs Mayo 2-3 segments. C. ROC curve for BWT in Mayo 0-2 vs Mayo 3 segments. 
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Haustrations 

Examples of normal and abnormal haustrations are shown in figure 4. An abnormal 
haustration pattern was strongly associated with active endoscopic disease (OR 126.2; 95% CI 
36.3-438.7; p<0.001). It was also associated, albeit to a lesser extent, with moderate-severe 
endoscopic disease (OR 100.7; 95% 35.0-290.1; p<0.001). Inter-rater agreement was substantial 
for the sigmoid (κ 0.69; p<0.001) and descending colon (κ 0.61; p<0.001), fair for the transverse 
colon (κ 0.36; p=0.004) and slight for the ascending colon (κ 0.17; p<0.001). Intra-rater 
agreement was substantial for the sigmoid colon (κ 0.65; p<0.001), moderate for the descending 
(κ 0.59; p<0.001) and transverse (κ 0.52; p<0.001) colon and substantial for the ascending colon 
(κ 0.80; p<0.001). 

 

 

Normal haustration pattern 

 

Partially disrupted haustration 
pattern (categorized as 
abnormal) 

 

Completely disrupted 
haustration pattern 
(categorized as abnormal) 

Figure 4. Haustration pattern 

Fat wrapping 

Fat wrapping was observed in 14/60 (23.3%) patients. Presence of fat wrapping was strongly 
associated with severe endoscopic disease (OR 34; 95% CI 6.0-191.8; p <0.001). Inter and intra-
rater agreement for fat wrapping was not assessed since this could not be properly assessed 
using the available cine-loops. 

Wall layer stratification 

WLS was classified as normal in 55/60 (92%) patients in the sigmoid colon and the descending 
colon and in 56/60 (93%) patients in the transverse and the ascending colon. Since WLS was 
normal in most cases, association between endoscopic disease activity was not assessed. 

Lymph nodes 

Presence of enlarged lymph nodes was observed in only 3/60 (5%) patients. Association 
between presence of lymph nodes and disease activity could therefore not be assessed. 
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Biomarkers 

In the patients without endoscopic activity the median FCP level was 48 µg/g (IQR 33-180) and 
the median CRP level was 1.7 mg/L (IQR 0.6-3.0). In the patients with endoscopic activity the 
median FCP level was 878 µg/g (IQR 274-1800) and the median CRP level was 3.5 mg/L (IQR 
1.6-10.4). An FCP cut-off of 212 µg/g (sensitivity 81.8%; specificity 81.2%; AUC 0.870) most 
accurately predicted endoscopic disease activity (Mayo 0 vs Mayo 1-3). An FCP cut-off of 391 
µg/g (sensitivity 81.8%; specificity 81.5%; AUC 0.878) most accurately predicted moderate to 
severe endoscopic disease activity (Mayo 0-1 vs Mayo 2-3). An FCP cut-off of 878 most 
accurately predicted severe endoscopic disease activity (sensitivity 83.3%; specificity 78.6%; 
AUC 0.867). 

Combination of CDS and BWT for detection of disease activity 

Sensitivity and specificity for detection of disease activity was tested for two combinations of 
CDS and BWT cut-offs. A combination of BWT > 2mm or presence of DS resulted in a 
sensitivity of 88% and a specificity of 84.3% for detection of disease activity in any colon 
segment but the rectum. A combination of BWT > 3mm or presence of CDS with BWT < 3mm 
resulted in a sensitivity of 81.5% and specificity of 87.8% for detection of disease activity in 
any colon segment. A combination of BWT > 2mm and CDS resulted in a sensitivity of 58.7% 
and specificity of 96.5% and a combination of BWT > 3mm and presence of CDS resulted in a 
sensitivity of 54.3% and specificity of 97.4%. 

Combination of BWT and FCP for detection of disease activity 

Sensitivity and specificity for detection of disease activity was tested for a combination of BWT 
and FCP cut-offs in 54 patients (table 3). Patients with proctitis only were excluded from this 
analysis. A combination of BWT >2mm or FCP > 200 µg/g resulted in a sensitivity of 94.9% and 
specificity of 66.7%% for detection of active disease (i.e. >Mayo 0) 

 

Table 3. Sensitivity and specificity for different combinations of BWT and FCP cut-offs 

Combination Sensitivity Specificity 

BWT > 2mm or FCP > 200 µg/g 94.9% 66.7% 
BWT > 2mm and FCP > 100 µg/g 86.7% 87.2% 
BWT > 2mm and FCP > 200 µg/g 76.9% 93.3% 
BWT > 2mm and FCP > 300 µg/g 71.8% 93.3% 
BWT > 2mm and FCP > 400 µg/g 69.2% 93.3% 
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UC-IUS index 

Based on the most predictive cut-offs and categories that were identified in the analysis, a 
point-based index was constructed. The index is shown in table 3. The score was calculated 
and compared per colon segment, excluding the rectum. Subsequently, the final scores were 
analysed for correlation with the UCEIS and endoscopic Mayo score. The IUS index showed 
strong correlation with the endoscopic mayo score (ρ = 0.830; p<0.001). The index also showed 
strong correlation with the UCEIS index (ρ = 0.759; p<0.001). The final IUS score was also 
calculated for the second observer and compared with the other IUS score. The mean 
difference between observers for the final IUS score was 0.28 (SD 1.1; p=0.08) The IUS score 
showed strong correlation between observers (ρ = 0.877; p<0.001).  

 

Table 4. UC-IUS index 

UC-IUS score 

Parameters Points (0-7) 

Bowel wall thickness  

- > 2mm 
- > 3mm 
- > 4mm 

1 
2 
3 

Doppler signal  

- Spots 
- Stretches 

1 
2  

Abnormal haustrations 1 

Fat wrapping 1 
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Discussion 

In this study, we developed a new IUS index for the grading of disease activity in UC patients. 
Endoscopy was used as the reference standard. It showed strong correlation with endoscopic 
disease activity through internal validation in this cohort. The index is currently being 
validated and tested for sensitivity to change in UC patients receiving medical treatment. 

Several other IUS indices have been suggested for the assessment of disease activity in UC 
patients.9, 11, 13, 14, 16, 25 The methodology used in these earlier studies were different as in most 
studies, the index parameters and cut-off values were defined before comparison with the 
reference standard.13, 15, 25 We based the inclusion of parameters and determination of cut-off 
values on comparison with the endoscopic results, since it has been postulated that such an 
approach is optimal for the development of reliable diagnostic instruments.26  

Despite the methodological differences, there are obvious similarities between our novel index 
and other IUS indices for assessing disease activity in UC patients. Evidently, BWT and the 
presence of CDS are used as parameters in most indices. However, the cut-off values for BWT, 
CDS categories and other included parameters tend to differ between studies. Parente et al. 
used a predefined cut-off of 4mm for BWT and categorized CDS as present or absent.11 Pascu 
et al. used a BWT cut-off of 3mm and added increased CDS, loss of compressibility and loss of 
WLS as parameters.25 Allocca et al. developed an index with BWT, CDS, WLS and presence of 
reactive lymph nodes as parameters.13 The cut-off values and included parameters were 
predefined but the index showed good correlation with the Mayo endoscopic subscore. To our 
knowledge, the only index that determined cut-off values and parameters based on endoscopy 
as the reference standard, was developed by Civitelli et al. for assessing disease activity in 
pediatric UC patients.14 These authors developed an index with BWT, CDS, loss of WLS, and 
presence of haustrations as parameters. 

The variability in cut-off values and parameters included in different IUS indices shows that 
it is currently debatable which are best for the assessment of disease activity in UC patients. 
Additionally, it suggests that IUS is prone to variability in interpretation, as is the case with 
many diagnostic modalities. Therefore, we chose to construct a point-based score that is easy 
to use and thus less prone to variation. We did not mathematically weigh the included factors 
since in our opinion this will make the score unnecessarily complicated. The amount a factor 
is weighed would be different in every cohort and one would probably need hundreds of 
patients to be able to accurately weigh factors in a heterogenous population. 

Since diagnostic modalities are prone to variability in interpretation, it is important to assess 
inter-rater agreement. To our knowledge, only Allocca et al. investigated inter-rater agreement 
of IUS examinations in UC patients.13 In this study, all IUS examinations were performed by 
two ultrasonographers and the agreement between examiners for the overall IUS score was 
excellent. However, inter- and intra-rater agreement for the individual IUS parameters was 
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not assessed. In our study, we investigated inter- and intra-rater agreement for individual IUS 
parameters by reading cine loops by two investigators (SB & KN). To our knowledge, this has 
not been reported before. For continuous BWT values, inter-rater agreement was excellent and 
intra-rater agreement  was good, showing that BWT measurements are reproducible between 
and within observers. For the constructed categories of BWT, inter-rater agreement was good 
and intra-rater agreement ranged from moderate to good. The lower agreement in the BWT 
categories is probably a result of the fact that small differences in the continuous 
measurements could mean a difference in categories, thus potentially leading to lower 
agreement. Inter-rater and intra-rater agreement for CDS assessment was good, but fair or 
poor with regard to haustrations in the transverse and ascending colon. Another recent study 
showed poor inter- and intra-rater agreement for haustrations and moderate to good 
agreement for the other parameters.27 This shows that assessing haustrations is probably the 
most difficult of the included parameters. Since abnormal haustrations were clearly associated 
with disease activity we decided to include it in the index. An ongoing validation study will 
have to show if this parameter should remain part of the index. We were unable to assess inter- 
and intra-rater agreement for fat wrapping since the recorded cineloops were too short and 
stationary for this purpose. To properly assess fat wrapping you would need sweeping 
movement over a large area, which was only performed in live scanning. Inter- and intra-rater 
agreement could probably be improved with more experience and optimisation of 
measurement definitions in the future. However, it is important to note that we used multiple 
categories for most parameters which likely resulted in lower agreement. Another important 
factor could be that it is more difficult to assess certain parameters using cineloops. It is to be 
expected that inter-rater agreement will decline when more investigators are involved in 
image interpretation. Nevertheless, correlation of the final score was strong between 
observers. This shows that a combination of parameters results in a more accurate overall 
assessment. It could also be that IUS interpretation may be more reliable when performing the 
examination than when only interpreting cineloops. This is important to take into 
consideration, especially when considering the use of IUS in clinical trials that rely on central 
reading. Reliability of central reading of IUS examinations should therefore be investigated in 
future studies. 

There are different technical aspects that are of importance when interpreting the results of 
this work and other comparable studies. For instance, IUS examinations are usually performed 
with a single US device in most studies. This is of importance for consistency when assessing 
parameters, such as CDS in the bowel wall. However, it is likely that there are differences in 
sensitivity of CDS measurements between US machines and US vendors. To our knowledge, 
a comparison of different US machines for measuring CDS in the bowel wall has never been 
conducted. Such a study would be of particular interest. Another potential issue when 
performing CDS measurements is the distance between the bowel wall and the US probe. Due 
to physical limitations of ultrasound, high frequency colour Doppler does not penetrate as 
deep into the body as lower frequency colour Doppler due to attenuation, while low frequency 
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Doppler has lower spatial resolution. This could reduce the number of vessels detected in 
deeper lying bowel segments and resulting in undervaluation of disease activity.28 Another 
factor that could potentially influence the presence of CDS is fibrosis of the bowel wall in 
patients with longstanding UC. To our knowledge, no studies exist that have looked at the 
relationship between CDS and fibrosis in UC. However, two prior studies have indicated that 
fibrosis can result in reduced bowel wall vascularisation and less CDS in Crohn’s disease 
patients.29, 30 

We also assessed sensitivity and specificity for detection of disease activity when combining 
BWT with FCP measurements. Here, we show that sensitivity and specificity increases when 
combining these two parameters. Addition of FCP could therefore be of additive value in 
patients with minor findings on IUS, in order to better discriminate between quiescent and 
mild disease. FCP could also be useful for detection of proctitis in patients that have normal 
IUS findings in all colonic segments. Since FCP is already widely used, we believe that 
combining FCP and IUS for monitoring of disease activity should be of particular interest in 
clinical practice and in future studies. 

Our study has several strengths. Firstly, we used a systematic approach for determination of 
cut-off values and selection of IUS parameters with endoscopy as the reference standard. 
Secondly, ultrasonographers and endoscopists were blinded for the results of the other 
examination. Thirdly, we assessed inter- and intra-rater agreement of the IUS parameters 
using cine-loop. Finally, the UC-IUS score was correlated with 2 different endoscopic scores. 
Our study also has some limitations. Firstly, IUS examinations were not performed twice by 
different ultrasonographers. Secondly, there was no central reading of the endoscopy and 
thirdly, we could not assess inter- and intra-rater agreement for all parameters (i.e. fat 
wrapping). 

In conclusion, we developed an UC-IUS index that showed strong correlation with endoscopic 
disease activity through internal validation in the same cohort. Addition of FCP increased the 
accuracy of detection of disease activity. We showed that IUS could be a reliable substitute for 
endoscopy for assessing disease activity in UC patients, except in patients with proctitis. Broad 
implementation of IUS could therefore reduce the need for endoscopy and may especially be 
useful for rapid (on the spot) detection of flares and for monitoring of treatment outcomes. 
Since this is a pilot study, the UC-IUS index should be validated in future studies and tested 
for sensitivity to change after medical treatment. 
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Abstract 

Introduction 

Intestinal ultrasound (IUS) is useful for assessment of inflammation, complications and 
treatment follow-up in inflammatory bowel disease (IBD) patients. We aimed to study 
outcomes and impact on disease management for point-of-care (POC) IUS in IBD patients. 

Methods 

Two patient cohorts undergoing POC IUS (January 2016 - July 2018 and October 2019 - 
December 2019) were included retrospectively. Disease management after IUS was analysed 
and IUS outcomes were compared with symptoms, biomarkers and additional imaging within 
8 weeks from IUS. To study differences in use of IUS over time, cohorts were compared. 

Results 

In total, 345 examinations (280 in Crohn’s disease (CD)/65 in Ulcerative Colitis (UC)) were 
performed. Present inflammation on IUS was comparable between symptomatic and 
asymptomatic CD (67.6% vs 60.5%; p=0.291). In 60%, IUS had impact on disease management 
with change in medication in 47.8%. Additional endoscopy/MRI was planned after 32.8% of 
examinations showing good correlation with IUS in 86.3% (ρ=0.70, p<0.0001) and 80.0% 
(ρ=0.75, p<0.0001) of cases, respectively. Fecal calprotectin was higher in active versus inactive 
disease on IUS (664 µg/g vs 79 µg/g; p<0.001). Over the years IUS was performed more 
frequently to monitor treatment response and the use of MRI was reduced within the cohort. 

Conclusions 

POC IUS affects clinical decision making and could detect pre-clinical relapse in CD patients 
with potential to reduce additional endoscopy or MRI. In addition, the paradigm expands 
towards monitoring treatment and close follow-up for IUS. Based on our results we propose a 
POC IUS algorithm for follow-up of IBD patients. 
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Introduction 

Inflammatory bowel disease (IBD) is a common denominator for the chronic inflammatory 
conditions ulcerative colitis (UC) and Crohn’s disease (CD). The chronic and relapsing pattern 
causes long-term bowel damage and complications such as stenosis and perforating disease in 
CD patients.1 Therefore, complete and objective control of inflammation is the preferred 
treatment target leading to superior long-term outcomes.2, 3 Currently, this ‘treat to target’ 
concept is the ultimate strategy in the treatment of IBD patients.1, 4 

To adequately control inflammation, close monitoring of the disease is crucial.5 Clinical 
symptoms such as abdominal pain, diarrhoea, rectal blood loss as well as non-invasive 
biomarkers such as C-reactive protein (CRP) and fecal calprotectin (FCP) are useful to guide 
clinical decision making, but are not always sensitive and accurate and lack information on 
disease severity and extent.6-8 

Diagnostic modalities for monitoring IBD patients include endoscopy, magnetic resonance 
imaging (MRI), computed tomography (CT) and intestinal ultrasound (IUS). Endoscopy is 
considered the reference standard for assessment of mucosal disease activity 9. However, it is 
impossible to frequently implement this technique due to burden for the patient, costs and 
waiting lists.9, 10 MRI is useful for the assessment of complications and small bowel 
inflammation. However, implementation is also limited by costs and waiting lists 11. CT-scans 
are quick but generally only recommended in the acute setting due to radiation exposure. 
Since IUS is non-invasive, accurate, reliable and cheap, it is a suitable tool for frequent 
assessment of the bowel, especially in a point-of-care (POC) setting.12-17 Additionally, it has 
been shown that patients prefer IUS over other modalities.18 

POC medicine is defined as medical testing at or near the site of patient care with fast results 
which facilitate rapid clinical decision making. POC tests for CRP and FCP are already widely 
available but lack the ability to objectify complications, location, severity and extent of disease 
activity.19, 20 On the contrary, IUS has the potential to identify these and thereby guide 
immediate decision making. Whereas studies have shown good accuracy and reliability of 
IUS, there is limited data on the impact of IUS outcomes on daily clinical decision making.21, 22  

In this retrospective study, we studied a large cohort of IBD patients that were evaluated with 
POC IUS in a real-world outpatient setting and aimed to provide insight on the impact of POC 
IUS in daily clinical practice. Additionally, we compared IUS outcomes with symptoms, 
biomarkers and additional imaging or endoscopy. Furthermore, we highlight the potential of 
POC IUS to reduce the need and cost of additional imaging and to avoid treatment delay. Our 
findings may serve as a basis for future prospective studies and for the optimal 
implementation of POC IUS in IBD patients.  
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Methods 

Patient population and study design 

IBD patients that were evaluated with POC IUS at the outpatient IBD clinic of the Amsterdam 
University Medical Centre were included consecutively from implementation in our clinic 
(January 2016) up to reaching 250 patients in July 2018. To compare evolution of POC IUS in 
clinical practice over time we collected a second cohort retrospectively before the COVID 
pandemic between October 2019 and December 2019. All patients were identified using the 
IUS outpatient lists in the electronic health cohort. All data were retrieved from electronic 
patient records. Exclusion criteria were: no formal IUS report available, under 18 years of age 
or no confirmed IBD diagnosis at the moment of data collection. 

Patient, biomarker and treatment data 

The following baseline data were collected: age at IUS, gender, age at diagnosis, disease 
phenotype (Montreal classification), medication use, previous surgery, clinical symptoms and 
biochemical markers (FCP and CRP). Data on clinical symptoms were collected and scored at 
data collection as follows: General well-being  good vs bad, presence/absence of abdominal 
pain, diarrhoea, rectal blood loss, urgency, bloating, loss of appetite, and extra intestinal 
manifestations. Patients were considered symptomatic when they had at least one symptom. 
FCP and CRP values were collected and compared with IUS when they were available within 
4 weeks from IUS. FCP values >50 µg/g and CRP values >5 mg/L were considered as elevated, 
reflecting active inflammation. The following data on disease management after IUS were 
collected: medication started, stopped or adjusted, additional endoscopy or imaging planned, 
endoscopic dilation planned, surgery planned, continuation without change. 

IUS examinations  

All examinations were performed by investigators specifically trained in IUS (S.B.[>200 IUS in 
2016], F.V. [>500 IUS in October 2019], K.G. [>500 IUS in October 2019], M.J. [>200 IUS in 
October 2019]). All IUS examinations at our clinic are performed by systematically scanning 
the bowel from the ileum through all segments of the colon and the rectum. Additionally, a 
sweep of the remaining small bowel is performed. Patients were not fastening. IUS parameters 
as mentioned below were noted in a standardized report. All the examinations were 
performed with a Philips EPIQ 5G machine with C5-1, L12-5 and L18-4 transducers or with a 
Hitachi Noblus machine with C5 and L13 transducers. At Colour Doppler the velocity was 
adjusted for slow flow detection with a maximum velocity scale of 5-7 cm/s.  

IUS parameters 

IUS data were collected by assessing IUS reports and reason for IUS was documented. Bowel 
wall thickness (BWT), colour Doppler signal (CDS), presence of fatty-wrapping, loss of colonic 
haustrations, loss of wall layer stratification, presence of reactive lymph nodes and absence of 
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small bowel motility were scored per segment (terminal ileum, ascending colon, transverse 
colon, descending colon, sigmoid and rectum). Presence of disease activity was scored per 
segment and confirmed when BWT > 2.0 and 3.0 mm for the small bowel and colon, 
respectively and a second parameter was pathologic (Supplementary Table 1). In addition, 
presence of complications was documented. Quality of the images was also documented and 
scored as good (proper evaluation), moderate (sufficient but incomplete evaluation), poor 
(hard to draw conclusions) and very poor (no conclusions possible). Furthermore, reasons for 
poor acquisition were collected (i.e. artefacts, reduced quality due to bowel gas, abdominal fat, 
complex anatomy due to surgery etc.). Uncertainty was scored by evaluation of the IUS report 
stating that ultrasonographer was uncertain due bowel gas, minor findings, abdominal fat or 
complex anatomy. Inconclusive was scored as poor image quality. The IUS results were 
considered adequate when a maximum of 1 bowel segment (excluding the rectum) could not 
be assessed.  

Additional imaging 

The following data on endoscopy and MRI performed after IUS were collected by assessing 
reports: presence of inflammation, location of inflammation, presence of complications and 
location of complications per segment. When additional imaging was performed within 8 
weeks of IUS and the results of IUS and additional imaging were considered adequate, the 
outcomes were compared. All endoscopies were performed by an accredited 
gastroenterologist, according to local protocol. Endoscopic disease activity was defined as an 
eMayo score ≥ 1 and a SES-CD score ≥ 3 in at least one segment. Findings were considered 
comparable when disease activity, complications or normal findings were detected in the same 
locations in the bowel. Since this was a retrospective study, we did not compare disease 
severity between IUS, endoscopy and MRI. 

Statistical analysis 

Descriptive statistics were used to study the population. Differences in proportions were 
tested with the Chi-square test. Differences in not normally distributed continuous variables 
were tested using a Mann-Whitney U test and correlation was computed using Spearman’s 
correlation coefficient. . A value of 0.00–0.10 was considered as negligible correlation, 0.10–
0.39 as weak correlation, 0.40–0.69 as moderate correlation, 0.70–0.89 as strong correlation and 
0.90–1.00 as very strong correlation.23 Agreement between dichotomous variables was also 
tested with Cohen’s kappa statistics. A value of 0.0-0.20 was considered as slight agreement, 
0.21-0.4 as fair agreement, 0.41-0.60 as moderate agreement, 0.61-0.80 as substantial agreement 
and 0.81-1.0 as almost perfect agreement.24, 25 A p-value < 0.05 was considered statistically 
significant. All analyses were performed with SPSS 25.0 software (IBM Corporation, Armonk, 
NY, USA). 
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Ethical approval and patient consent 

This study was approved by the ethical committee of the Academic Medical Center 
Amsterdam. All data were anonymously extracted from the patient record and retrieving 
informed consent was therefore not necessary. 
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Results 

Patient population 

We studied 301 patients with confirmed IBD in whom 345 IUS examinations were performed. 
Of these, 242 had CD and 59 UC (280 CD and 65 UC examinations, respectively). Cohort 
characteristics are described in Table 1.

Table 1. Cohort characteristics. 

IUS examinations n = 345 

 

CD patients  n = 242 

Examinations in CD patients; n n = 280  
Male; n (%) 92 (38.0%) 
Age at IUS; median (IQR), years  37 (27-52) 
Disease duration at time of IUS in median years (IQR) 10 (4-19) 
Montreal classification in CD patients  
 A1 (<16 years) 
 A2 (17-40 years) 
 A3 (>40 years) 
 L1 (ileum) 
 L2 (colon) 
 L3 (ileocolonic) 
 + L4 (upper GI) 

L4 only 
 B1 (non stricturing, non-penetrating) 
 B2 (stricturing) 
 B3 (penetrating) 
 P (Perianal disease) 

45 (18.6%) 
164 (67.8%) 
33 (13.6%) 
106 (43.8%) 
36 (14.9%) 
99 (40.9%) 
1 (0.4%) 
1 (0.4%) 
138 (57.0%) 
58 (24.0%) 
46 (19.0%) 
66 (27.3%) 

Previous surgical resection at time of IUS 
ICR and ileal re-resections 
(partial) colonic resection 

 
113 (40.4%) 
31 (11.1%) 

Medication use at time of IUS 
Biologicals (infliximab, adalimumab, vedolizumab, 
ustekinumab)  

 Immunomodulators (thiopurines/methotrexate) 
 Corticosteroids (oral/topical) 

5-ASA (oral/topical 

 
112 (40.0%) 
64 (22.9%) 
48 (17.1%) 
10 (3.6%) 

UC patients n = 59 

IUS examinations in UC patients; n 65 
Male; n(%) 22 (37.3%) 
Age at IUS; median (range), years 40 (27-51) 
Disease duration at time of IUS in median years (IQR) 7 (5-13) 
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Table 1. (Continued). 

Disease extent  
 E1 (proctitis) 
 E2 (left-sided) 
 E3 (pancolitis) 

5 (8.5%) 
19 (32.2%) 
35 (59.3%) 

Previous surgical resection at IUS 0 (0%) 
Medication use at time of IUS 

Biologicals (infliximab, adalimumab, golimumab, 
vedolizumab)  

 Immunomodulators 
 Corticosteroids (oral/topical) 
 5-ASA 

Tofacitinib 

 
25 (38.5%) 
 
17 (26.2%) 
13 (20.0%) 
38 (58.5%) 
3 (4.6%) 

IUS=intestinal ultrasound, CD=Crohn’s disease, IQR=interquartile range, ICR=ileocecal resection, 
ASA=aminosalicylate, UC=ulcerative colitis 

Intestinal ultrasound  

The indications for IUS are shown in Supplementary Table 2, the commonest being symptoms 
of active disease and/or elevated FCP. Of 345 IUS examinations, 190 (55.1%) showed active 
disease and 113 (32.8%) showed no signs of inflammation. In 37 (10.7%) examinations, 
presence of inflammation was uncertain and in 5 (1.4%) the examinations were inconclusive. 
A total of 73 complications were detected in CD patients (i.e. strictures, abscesses, phlegmones 
and fistulas). The results of the IUS examinations are summarized in Table 2. Uncertainty and 
low image quality were explained by a variety of reasons (i.e. minor findings, bowel gas, 
abdominal fat, complex surgical history), as shown in Supplementary Table 3. 

Disease management after IUS 

Disease management after IUS is shown in Table 3. In 207/345 (60%) cases the treatment plan 
was changed (i.e. medication, imaging, surgery). Medication use was changed in 99/207 
(47.7%) cases and in 122/207 (58.9%) cases additional imaging or endoscopy was planned after 
IUS. In 77/207 (37.2%) cases, additional evaluation was performed because this was considered 
necessary by the treating gastroenterologist (i.e. more information needed or IUS insufficient). 
Surgery was performed 16 times after IUS. Reasons for additional evaluation are shown in 
Supplementary Table 4.  
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Table 2. Summary of IUS findings 

2a. Disease activity 

CD (n=280) Inflammation No inflammation Uncertain Inconclusive 
Overall 161 (57.5%) 83 (29.6%) 31 (11.1%) 5 (1.8%) 
Terminal ileum 118 (42.1%) 128 (45.7%) 23 (8.2%) 11 (3.9%) 
Ascending colon 33 (11.8%) 233 (83.2%) 3 (1.1%) 11 (3.9%) 
Transverse colon 26 (9.3%) 239 (85.4%) 3 (1.1%) 12 (4.3%) 
Descending colon 32 (11.4%) 235 (83.9%) 6 (2.1%) 7 (2.5%) 
Sigmoid 34 (12.1%) 226 (80.7%) 12 (4.3%) 8 (2.9%) 
Rectum 7 (2.5%) 124 (44.3%) 8 (2.9%) 141 (50.4%) 
Ileocolonic 
anastomosis 
(n=113) 

48 (42.5%) 55 (48.7%) 8 (7.1%) 3 (2.7%) 

Proximal small 
bowel* 

9 (3.2%) 265 (94.6%) 0 (0%) 6 (2.1%) 

Ileum affected length 

Length cm 0-5 5-10 10-15 15-20 20-25 25-30 >30 Unknown 
N = 118 14 28 22 8 8 8 3 27** 
% 11.9% 23.7% 18.6% 6.8% 6.8% 6.8% 2.5% 22.9% 

UC (n=65)     

Overall 29 (44.6%) 30 (46.2%) 6 (9.2%) 0 (0%) 
Ascending colon 6 (9.2%) 58 (89.2%) 1 (1.5%) 0 (0%) 
Transverse colon 7 (10.8%) 58 (89.2%) 0 (0%) 0 (0%) 
Descending colon 22 (33.8%) 42 (64.6%) 1 (1.5%) 0 (0%) 
Sigmoid 28 (43.1%) 33 (50.8%) 3 (4.6%) 1 (1.5%) 
Rectum 25 (38.5%) 19 (29.2%) 4 (6.2%) 17 (26.2%) 

2b. Complications in CD 

 Present Absent Uncertain Inconclusive 
Stricture 48 (17.1%) 206 (73.6%) 20 (7.2%) 6 (2.1%) 
Pre-stenotic 
dilation 

29 (10.4%) 236 (84.3%) 8 (2.9%) 7 (2.5%) 

Phlegmone 12 (4.3%) 260 (92.9%) 1 (0.4%) 7 (2.5%) 
Abscess 6 (2.1%) 264 (94.3%) 3 (1.1%) 7 (2.5%) 
Fistula 7 (2.5%) 261 (93.3%) 6 (1.8%) 6 (1.8%) 

*8 had disease activity in the proximal (terminal ileum), 1 had disease activity in the proximal 
jejunum/duodenum 
** Reasons for unknown length not shown. 
Uncertain = doubt regarding disease activity due to various reasons (i.e. suboptimal images, minor findings) 
Inconclusive = no conclusions possible due to poor image quality 
CD=Crohn’s disease, UC=ulcerative colitis  
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Table 3. Disease management after IUS. 

 CD examinations (n=280) UC examinations (n=65) 

No change n=138 (40%) 106 (37.9%) 32 (49.2%) 
Imaging n=122 (35.4%) 104 (37.1%) 18 (27.7%) 
Endoscopy 
-Total 
    -Dilation stricture 

 
73(26.1%) 
    13 (17.8%) 

 
16 (24.6%) 
- 

MRI 23 (8.6%) 1 (3.1%) 
CT-scan 8 (3.5%) 1 (3.1%) 
Medication change n=99 (28.7%) 75 (26.8%)  24 (36.9%) 
Biologicals 
-Start 
-Dose intensification 
-Dose de-escalation 
-Stop 

 
25 (8.9%) 
4 (1.4%) 
1 (0.4%) 
1 (0.4%) 

 
3 (4.6%) 
3 (4.6%) 
- 
- 

Immunomodulators 
-Start 
-Stop 

 
23 (8.2%) 
2 (0.7%) 

 
3 (4.6%) 
1 (1.5%) 

Tofacitinib 
-Stop 

 
- 

 
1 (1.5%) 

Corticosteroids (oral/topical) 
-Start 
-Stop 

 
9 (3.2%) 
1 (0.5%) 

 
4 (6.2%) 
- 

Budesonide 
-Start 
-Stop 

 
8 (2.9%) 
- 

 
1 (1.5%) 
1 (1.5%) 

5-ASA 0 (0%) 6 (9.2%) 
Inclusion in clinical trial 1 (0.5%) 1 (1.5%) 

Surgical resection  

Total 16 (5.7%) - 

CD=Crohn’s disease, UC=ulcerative colitis, MRI=magnetic resonance imaging, CT=computed tomography, 
ASA=aminosalicylate , >1 management decision was possible per patient 

 

IUS versus clinical symptoms 

In total, 254/345 (73.6%) patients that received IUS were symptomatic. IUS examinations with 
uncertain or inconclusive outcome were excluded from comparison with clinical symptoms 
(n=42). IUS showed inflammation and/or complications in 145/222 (65.2%) symptomatic 
patients. In comparison, IUS showed inflammation and/or complications in 44/81 (54.3%) 
asymptomatic patients (p=0.080). In 117/173 (67.6%) symptomatic CD patients, IUS showed 
inflammation and/or complications. Conversely, IUS showed inflammation and/or 
complications in 43/71 (60.5%) asymptomatic CD patients (p=0.291). In 28/49 (57.1%) 
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symptomatic UC patients, IUS showed active disease. In comparison, IUS showed active 
disease in 1/10 (10.0%) asymptomatic UC patients (p=0.007). 

IUS versus biomarkers 

FCP measurements were available within 1 month of IUS in 229/345 (66.4%) cases and the 
median time between FCP measurement and IUS was 7 days (IQR 1-16). FCP levels were 
compared with IUS examinations with certain outcome (n=195). The median FCP level was 
664 µg/g (IQR 278-1800) and 75 µg/g (IQR 22-351) in all IBD patients who had IUS 
examinations showing active or inactive disease, respectively (p<0.001). In CD patients, the 
median FCP level was 517 µg/g (IQR 224-1706) versus 79 µg/g (IQR 25-276) (p<0.001) and for 
UC patients the median FCP level was 1720 µg/g (IQR 400-3304) versus 75 µg/g (IQR 18-772) 
in IUS examinations showing active or inactive disease (p<0.001). IUS showed active disease 
in 110/155 (71.0%) cases with FCP > 50 µg/g versus 6/40 (15.0%) cases with FCP < 50 µg/g 
(P<0.001). The same comparisons were made for a FCP cut-off of 150 µg/g and 250 µg/g based 
on a previous work26, 27. IUS showed active disease in 101/137 (73.7%) cases with FCP > 150 
µg/g versus 14/58 (24.1%) cases with FCP < 150 µg/g (p<0.001) and IUS showed active disease 
in 90/113 (79.6%%) cases with FCP > 250 µg/g versus 26/82 (31.7%) cases with FCP < 250 µg/g 
(p<0.001).  

CRP measurements were available within 1 month of IUS in 275 (79.7%) cases and the median 
time between CRP measurement and IUS was 5 days (IQR 0-17). CRP levels were compared 
with IUS examinations with certain outcome (n=259). When comparing active disease or 
complications versus inactive disease on IUS, the median CRP level in was 5.5 mg/L (IQR 1.9-
20.1) versus 2.1 mg/L (IQR 0.8-5.5) (p<0.001). In CD patients, the median CRP level was 6.7 
mg/L (IQR 1.8-20.5) versus 1.9 mg/L (IQR 0.7-3.7) (p< 0.001) and in UC patients the median 
CRP level was 3.6 mg/L(IQR 1.4-20.8) versus 1.8 (IQR 0.6-6.4) (P=0.076). IUS showed disease 
activity or complications in 86/111 (77.5% ) cases with CRP level >5mg/L versus 76/148 (51.4%) 
in cases with CRP level <5mg/L (p<0.001).  

Endoscopy after IUS 

Endoscopy was planned following IUS in 89 cases and was performed within 8 weeks after 
IUS in 65 cases. The median time between IUS and endoscopy was 4 weeks (IQR 1-6). Of these, 
51 IUS examinations and endoscopies had a certain outcome, which were analysed further. 
Overall, presence or absence of disease activity was comparable between IUS and endoscopy 
44 out of 51 times (86.3%) (p<0.001) and showed strong correlation (ρ=0.70, p<0.0001). The 
Kappa agreement was substantial (κ= 0.61; p<0.001). In 36/41 (87.8%) cases, both IUS and 
endoscopy showed active disease. In 5/13 (38.5%) cases, endoscopy showed active disease 
while IUS did not. Of these, 2/5 had rectal disease and 1/5 had minor findings on IUS, not 
considered as active disease. Of the remaining 2 with normal IUS, 1 had ileitis and 1 had left 
sided Crohn’s colitis (SES-CD 4) on endoscopy. Fecal calprotectin levels were elevated in all 
these 5 patients( 4/5 FCP >150 µg/g and 1/5 FCP > 50 µg/g). In 2/10 (20.0%) cases IUS showed 
active colonic disease while endoscopy did not. Both patients (1 CD and 1 UC) were treated 
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with corticosteroids for several weeks before endoscopy was performed. In 12/12 cases with a 
stricture on IUS, this stricture was also seen on endoscopy. However, endoscopy identified a 
stricture which was not seen on IUS in 4 cases. Full comparison between IUS and endoscopy 
is shown in Table 4. 
 
MRI after IUS 

MRI was planned after IUS in 24 cases of which 19 were conducted within 8 weeks. The 
median time between MRI was 4 weeks (IQR 3-7). In 15 cases, the IUS results were considered 
adequate (see below), which were analysed further. Overall, assessment of disease activity and 
strictures was comparable between IUS and MRI in 12/15 (80.0%) (P<0.001) cases and showed 
strong correlation (ρ=0.75, p<0.0001). The  agreement was moderate (κ= 0.47; p=0.032). In 15 
IUS and MRI examinations with certain outcome (i.e. adequate image quality and no doubt) 
and MRI performed within 8 weeks, 9/12 (75.0%) IUS examinations showed active disease 
comparable to MRI versus 3/12 (25.0%) IUS examinations that did not show active disease of 
which MRI showed active disease (p=0.018). Full comparison between IUS and MRI is shown 
in Table 4.  

IUS from 2016-2018 versus IUS in 2019 

Characteristics of the two cohorts were compared. A total of 250 and 95 IUS examinations were 
performed in the first and second cohort. For the same period in 2016 (October-December) and 
2019 (October-December) 40 and 95 IUS examinations were performed, respectively. 
Distribution of age, gender, disease duration, age at disease onset and Montreal classification 
were not different between cohorts. In addition, presence of clinical symptoms were equally 
distributed in both cohorts. In the first cohort, FCP was more frequently ≥50 µg/g (83.7% vs 
53.7%, p<0.0001) and ≥250 µg/g (57.1% vs 40.0%, p=0.004) compared to the second cohort. 
Other biochemical parameters were not significantly different between cohorts.  

In the first cohort, confirming active inflammation (63% vs 43%, p=0.001) and complications 
(30.2% vs 11.1%, p<0.0001) were more often indications to request IUS than in the second 
cohort. In addition, IUS showed active disease more often in the first cohort as opposed to the 
second cohort (70% vs 55.8%, p=0.017). In the second cohort, monitoring treatment response 
was more often an indication to perform IUS when compared to the first cohort (25.0% vs 6.4%, 
p<0.0001). Furthermore, patients in the first cohort were treated less with corticosteroids (9.6% 
vs 39%, p<0.0001) and biologicals (35.2% vs 51.6%, p=0.004) while use of thiopurines and 
methotrexate was similar between the cohorts. Disease management after IUS was 
comparable, except for a more frequent decision to continue current treatment in the second 
cohort (36.4% vs 49.5%, p=0.019). 

There were no differences in certainty of the IUS conclusion, visibility of segments and 
detection of complications. Furthermore,  the results of subsequent endoscopy or MRI and 
their correlation with IUS did not differ between the groups. However, we did perform MRI 
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more frequently in the first cohort when compared to the second cohort (8.4% vs 2.1%, 
p=0.024). There was no difference in amount of performed endoscopies between the cohorts. 

 

Table 4. Comparison of IUS findings versus endoscopy and when IUS and additional imaging were 
adequate and performed within 8 weeks. 

IUS versus Endoscopy  

N=51 Comparable 
findings 

IUS active IUS 
inconclusive 

Endoscopy 
active 

Endoscopy 
inconclusive 

Overall  44/51 (86.3%) 38/51 (74.5%) - 41/51 (80.4%) - 
Terminal 
ileum 

37/38 (97.4%) 19/51 (37.3%) 2/51 (3.9%) 20/51 (39.2%) 11/51 (21.6%) 

Ascending 
colon 

38/43 (88.4%) 3/51 (5.9%) - 4/51 (7.8%) 8/51 (15/7%) 

Transverse 
colon 

36/45 (80.0%) 10/51 (19.6%) - 9/51 (17.6%) 6/51 (11.8%) 

Descending 
colon 

44/51 (86.3%) 15/51 (29.4%) - 14/51 (27.5%) - 

Sigmoid 
colon 

44/50 (88.0%) 17/51 (33.3%) - 16/51 (31.4%) - 

Rectum 26/40 (65.0%) 10/51 (19.6%) 11/51 (21.6%) 21/51 (41.2%) - 
Stricture 47/51 (92.2%) 12/51 (23.5%) - 16/51 (31.4%) - 

IUS versus MRI 

n=15 Comparable findings IUS present MRI present 
Disease activity 
Overall  12 (80.0%) 9 (60%) 12 (80.0%) 
Ileal disease 12 (80.0%) 8 (53.3%) 11 (73.3%) 
Proximal small bowel 
disease 

9 (60.0%) 1 (6.7%) 4 (26.7%) 

Complications 
Stricture  12 (80.0%) 5 (33.3%) 8 (53.3%) 
Intra-abdominal abscess 15 (100%) 0 (0%) 0 (0%) 
Intra-abdominal fistula 12 (80.0%) 1 (6.7%) 1 (6.7%) 

Overall = presence/absence of disease activity for endoscopy and presence/absence of disease activity and/or 
complications for MRI 
IUS inconclusive= segment not investigated due to various reasons 
Endoscopy inconclusive = not investigated due to various reasons (i.e. sigmoidoscopy, technical difficulties etc.) 
IUS=intestinal ultrasound, MRI=magnetic resonance imaging 
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Proposal of a POC IUS algorithm 

In Figure 1 we propose a POC IUS algorithm, based on the results of this study and previous 
studies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Proposal of a point-of-care intestinal ultrasound algorithm  

CD=Crohn’s disease, UC=ulcerative colitis, IUS=intestinal ultrasound 
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Discussion 

In this study we describe the validity of POC IUS and its impact on disease management in a 
large real-world cohort of IBD patients. In our cohort, IUS revealed presence of disease activity 
in more than half of patients leading to change in medication in almost half of these patients. 
This is in line with previous work.21 In most cases treatment was initiated or upscaled as 
opposed to downscaling or stopping treatment. 

When comparing IUS findings with clinical symptoms we observed a large proportion of 
asymptomatic CD patients with signs of inflammation and/or complications on IUS. In CD 
patients, symptoms show poor correlation with biochemical or endoscopic disease activity and 
complications.21, 28, 29 Therefore, IUS had an important role in the detection of pre-clinical or 
subclinical relapse in CD patients, especially when combined with biochemical markers. 
Conversely, clinical symptoms are more reliable in UC patients, as shown by our data and in 
previous studies.30-32 Therefore, presence of disease activity on IUS in UC patients together 
with clinical disease activity or elevated biochemical markers could be sufficient to guide 
disease management. Additionally, IUS is sufficient in most UC patients with symptoms 
and/or elevated biomarkers to confirm disease activity and to determine disease extent, as also 
suggested previously.33  

Endoscopy did not provide additional information regarding presence of inflammation in 
86.3% of cases when the IUS results were considered adequate. As such, IUS has significant 
cost, time and burden-saving potential. Several studies, have shown high accuracy, sensitivity 
and specificity for IUS when compared to other modalities in both CD and UC patients.17, 33-40 
In our cohort, we also showed comparable detection of inflammation for  IUS and endoscopy. 
However, it is important to note that we did not compare disease severity between the two 
modalities and that we did not include IUS examinations with uncertain outcome in the 
comparison.  

In our cohort, we found endoscopically active disease in 5/13 patients despite ‘normal’ IUS. 
Two of these patients had rectal disease and in the other three IUS did not detect ileal or colonic 
disease. Additionally, in 7/10 (70%) patients with uncertain outcome on IUS, active disease 
was observed with endoscopy. Hence, a certain proportion of patients will benefit from 
additional investigation even when IUS does not indicate disease activity. Clinical disease 
activity and/or elevated biomarkers could guide the decision to perform additional evaluation 
in these cases.  

In approximately 25% of CD patients a complication was found, most often a stricture with or 
without prestenotic dilation. Since many CD patients develop strictures over time, POC IUS 
could play an important role in early detection of strictures and guiding decision making in 
these patients. In our cohort, IUS guided disease management such as referring patient for 
endoscopic dilation and/or surgery. Although data is lacking on identifying strictures with 
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IUS that are most suitable for endoscopic dilation, anti-inflammatory treatment or surgery, 
IUS has the potential to guide disease management and ongoing studies are focusing on this 
(Netherlands Trial Register: NL9105).  

IUS is less accurate when assessing the proximal small bowel or the rectum.33 In our study, 
MRI showed small bowel disease more often than IUS in a small proportion of patients. Taylor 
et al. found similar results when MRI and IUS were compared in small bowel CD.38 
Furthermore, proctitis was more frequently shown with endoscopy than with IUS. This is in 
line with previous work, showing that IUS is generally not feasible for assessment of the 
rectum 33. However, since IUS was comparable with endoscopy for assessment of the rectum 
in 65% of cases, it could be useful in some cases, especially in patients with established proctitis 
and in combination with FCP. However, a recent study found perineal ultrasound to be a more 
accurate but non-invasive alternative to assess the rectum when compared to endoscopy.41  

Furthermore, we have studied the implementation of IUS over time in clinical practice. When 
we started utilizing IUS in our clinic in 2016, all examinations were performed by one 
physician, predominantly to confirm active disease or diagnose complications in patients with 
clinical symptoms or elevated biomarkers. In recent years, the paradigm for IUS has expanded 
towards monitoring treatment response and reassuring quiescent disease. This has resulted in 
an increased demand in IUS examinations and more physicians who were trained at our clinic 
are now performing IUS. Concurrently, MRI was performed less frequently in the second 
cohort. In this cohort more patients received therapy with probably milder disease activity and 
hence less MRI requests. However, the increase of IUS in the second cohort might also be a 
valid reason for the decline in MRI Although future research should confirm this statement, 
we show that with sufficient expertise, IUS could be used as first non-invasive choice in a POC 
setting.  

Overall, our findings indicate that POC IUS has the potential to reduce the need for endoscopy 
and MRI with the latter already occurring in clinical practice. It seems that additional 
evaluation should mainly be considered when the results of IUS are uncertain and in case of 
suspicion of small bowel disease, proctitis or in cases of extensive complications such as 
multiple strictures and complex fistulising disease. Indeed, in our cohort endoscopy was more 
often planned when the IUS outcome was uncertain. Other indications for endoscopy include 
stricture dilation or screening for malignancy. It has been postulated that endoscopy or MRI 
should also be considered for decisions such as starting and monitoring treatment with 
biologicals. This too may be subject for debate since studies have shown that IUS can be 
reliably used for follow-up of biologic treatment.1, 12, 14, 42-44 More studies on this topic are 
expected in the future.  

Other studies that investigated the implementation of POC IUS are limited. Novak et al. 
studied POC IUS in 49 CD patients by comparing POC IUS with regular care in a blinded 
study.21 They found that POC IUS changed clinical management in 60% of patients, which is 
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similar to our findings. Additionally, they showed that many asymptomatic CD patients had 
signs of active disease on IUS, also in concordance with our findings. Shatanantan et al. 
compared POC IUS in 74 IBD patients with ileocolonoscopy in a blinded study and found high 
sensitivity and specificity of POC IUS for detection of disease activity in both UC and CD.22 A 
third study found also a high correlation for IUS and endoscopic disease activity in CD 
patients.45 In our cohort we found similar findings. We studied a large real-world cohort and 
further demonstrated the impact of IUS on clinical decision making. Furthermore, we 
performed a detailed analysis of IUS outcomes and reasons for uncertainty in daily clinical 
practice. With regards to uncertainty, bowel gas, obesity and mild inflammation all 
contributed to poor image quality or uncertainty. In these patients, endoscopy or other cross-
sectional imaging techniques are more suitable to detect inflammation. However, endoscopy 
was performed only in a small number of patients with uncertain IUS outcome thus controlled 
studies are needed to elucidate the role of additional endoscopy in patients with uncertain 
outcomes at IUS as inflammation might be limited or absent. On the contrary, an unsuccessful 
endoscopy could be an additional reason for IUS to objectify disease activity, predominantly 
in the TI or proximal small bowel.45  

To illustrate the use of POC IUS in daily clinical practice we propose an algorithm which may 
have the potential to reduce unnecessary additional evaluation in the future and to reduce 
delay in disease management. In a recent review, Allocca et al. also proposed a POC IUS 
algorithm based on the available literature.46 This algorithm is mostly comparable with our 
suggestion. However, we defined a somewhat different strategy between UC and CD patients, 
since absence of symptoms is more reliable in UC patients. Additionally, we propose when 
additional imaging should be performed after IUS, such as when the IUS outcome is uncertain. 
We also propose to assess treatment response at different time points in CD and UC patients 
since recent studies suggest that UC patients respond to treatment earlier than CD patients.14, 

47 However, prospective studies are needed to optimize the implementation of POC IUS for 
the monitoring of IBD patients. Especially the best timing for assessment of treatment response 
and IUS evaluation in patients without symptoms and normal biomarkers is unknown. From 
a logistic point of view it would also be challenging to frequently perform scheduled IUS in 
every IBD patient in a large clinic with a large cohort of patients. This emphasizes the need for 
proper risk assessment. In our algorithm we propose to perform POC IUS once a year in CD 
patients. However, it is plausible that predicted disease progression should also be taken into 
account when determining the frequency of scheduled IUS.  

Our study has several limitations. Firstly, this was a retrospective observational cohort study. 
Therefore, comparisons with symptoms, biochemical markers and other imaging modalities 
were probably less reliable than in a prospective controlled setting. We could not properly 
account for time, change of symptoms and change of medication between IUS and additional 
imaging. Additionally, we did not compare severity between IUS and endoscopy or MRI as 
endoscopy/MRI might show already improvement after starting any treatment based on IUS 
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findings. Also, there is a considerable risk for selection bias between the first and second cohort 
as IUS became more standard care over time. Hence, reason for IUS could have changed 
accordingly. In addition, we did not have a control group receiving no IUS and we could 
therefore not determine the absolute effect on disease management for IUS. However, we were 
able to study a large cohort of patients. Additionally, real-world data are more representative 
of the clinical situation, which could also be considered a strength. For instance, our data may 
reliably show the incidence of problems that may arise when performing IUS, such as poor 
image quality and unreliable results due to bowel gas, abdominal fat or mild disease activity. 
Regardless, we show a clear impact of IUS in clinical disease management in a real-world 
cohort.  

In conclusion, POC IUS significantly impacts disease management in the follow-up of IBD 
patients and has the potential to reduce the need for additional endoscopy and MRI. We 
proposed an algorithm for implementation of POC IUS. Prospective studies are needed to 
study the optimal implementation and timing of POC IUS in close-monitoring and treatment 
follow-up in daily clinical care.
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Supplementary material 

Supplementary Table 1. Intestinal ultrasound parameters. 

IUS parameter Measurement technique Pathologic 

Bowel Wall 

Thickness 

(Thickness in longitudinal plane + Thickness in 

cross-sectional plane) / 2 

BWT > 3.0 mm for 

colonic segments; 

BWT > 2.0 mm for TI 

Colour Doppler 

Signal 

0: absent 

1: small spots (single vessels) visible within the wall 

2: long stretches visible within the wall 

3: long stretches visible extending into the 

mesentery 

> Grade 1 

Loss of wall layer 

stratification 

0: preserved  

1: not preserved 

Not preserved 

Loss of haustration 0: preserved 

1: not preserved 

Not preserved 

Fatty wrapping 0: absent 

1: present 

Present 

IUS=intestinal ultrasound, BWT=bowel wall thickness, TI=terminal ileum  

 

Supplementary Table 2. Indications for IUS (patients could have more than one indication). 

Indication  CD (n=280) UC (n=65) Total (n=365) 

Symptoms of active disease 142 (50.7%) 56 (86.2%) 198 (57.4%) 
Suspicion of stricture/abscess 83 (29.6%) 2 (3.1%) 85 (24.6%) 
Elevated FCP 107 (38.2%) 23 (35.4%) 130 (37.7%) 
Elevated CRP 99 (35.4%) 16 (24.6%) 115 (33.3%) 
Monitoring treatment response 27 (9.6%) 13 (20.0%) 40 (11.6%) 

CD = Crohn’s disease, UC = ulcerative colitis, FCP=fecal calprotectin, CRP=C-reactive protein 
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Supplementary Table 3. Image quality and reasons for uncertainty. 

Image quality 

Good 243 (70.4%) 

Moderate 68 (19.7%) 

Poor 29 (8.4%) 

Very poor 5 (1.4%) 

Reasons for uncertainty (patients could have more than 1 reason) 

Minor findings 28 (8.1%) 

Bowel gas 31 (9.0%) 

Abdominal fat 34 (9.9%) 

Complex surgical history 8 (2.3%) 

 

 

Supplementary Table 4. Reasons for additional endoscopy, MRI or CT. 

 N=122 

IUS insufficient/additional evaluation deemed necessary 77 
Baseline evaluation before starting or follow-up of biological treatment 13 
Stricture dilation 14 
Evaluation of treatment response 3 
Extensive complications 4 
Inclusion in clinical trial 8 
Melena 1 
Suspicion of malignancy 2 

IUS=intestinal ultrasound 
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Abstract 

Background and Aims 

Objective measures are superior to clinical improvement in Crohn’s Disease (CD) treatment 
response assessment. In this perspective, intestinal ultrasound (IUS) is emerging with recent 
studies demonstrating high accuracy for IUS to detect CD flares. However, less is known for 
IUS in treatment follow-up and early transmural changes. Therefore, we investigate 
conventional IUS parameters and contrast-enhanced ultrasound (CEUS) parameters to predict 
(early) endoscopic treatment response. 

Methods 

Consecutive patients with endoscopically active CD starting anti-TNFα therapy were 
included. In addition, clinical, biochemical, IUS and CEUS parameters at baseline (T0), after 4-
8 weeks (T1) and 12-34 weeks (T2) were collected. The most severely inflamed segment at 
endoscopy (highest segmental SES-CD) and IUS (highest segmental bowel wall thickness 
(BWT)) was identified. At T2, endoscopic response (decrease SES-CD≥50%) and endoscopic 
remission (SES-CD=0) was scored for this most severe segment.  

Results 

40 patients were included, 14 reached endoscopic remission and 17 endoscopic response. At 
T1 (3.1 mm [1.9-4.2] vs 5.3 mm [3.8-6.9], p=0.005) and T2 (2.0 mm [1.8-3.1] vs 5.1 [3.0-6.3] mm, 
p=0.002) BWT was lower in patients with endoscopic remission. 18% BWT decrease at T1 (OR: 
10.80, 95%CI: 1.69-68.94, p=0.012) and 29% at T2 (OR: 37.50, 95%CI: 2.77-507.48, p=0.006) 
predicted endoscopic response. 3.2 mm was most accurate to determine endoscopic remission 
(OR: 39.42, 95%CI: 7.67-202.57, p<0.0001). In addition to BWT, Colour Doppler Signal (OR: 
13.76, p=0.03) and the CEUS parameter Wash-out Rate (OR: 0.76, p=0.019) improved the 
prediction model. 

Conclusion 

Both (early) IUS and CEUS parameters predicted endoscopic response and remission. 
Furthermore, we provide accurate cut-off values for BWT reflecting endoscopic response and 
remission at different time points.  
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Introduction 

Crohn’s disease (CD) is a chronic inflammatory disease, which can affect the complete 
gastrointestinal (GI) tract. It is characterized by a relapse-remitting pattern with often an onset 
in young adulthood.1 In the treatment of CD, close-monitoring in a treat-to-target setting is a 
key principle to prevent relapse and complications.2 Although the presence of clinical 
symptoms might reflect active inflammation, clinical scoring indices show poor correlation 
with the true state of disease activity; hence, other objective measures are needed.2  

Endoscopy has become the gold standard to objectify active inflammation 1, 2. However, it is 
invasive, expensive and not without risks.3, 4 Consequently, it is an unattractive tool for 
frequent monitoring. Alternatively, non-invasive biochemical markers such as C-reactive 
protein (CRP) and fecal calprotectin (FCP) are being used  and theoretically attractive. 
However, they lack ability to determine disease location, severity and extent of disease activity 
and are not always accurate.5, 6 

Intestinal ultrasound (IUS) is a promising non-invasive, cross-sectional imaging technique that 
has a low cost and high accessibility. Previous studies showed a high accuracy of IUS to detect 
disease activity, severity and extent when compared to endoscopy or MRI.7-9 Furthermore, 
reliability is high among different operators.10 Predominantly bowel wall thickness (BWT), 
combined with colour Doppler signal (CDS) indicate presence of disease activity in most 
patients. Multiple cross-sectional studies have confirmed these findings.8, 11 So far, studies 
assessing the capability of IUS to measure change (i.e. responsiveness) after initiation of 
treatment in CD using IUS are limited, particularly with endoscopy as the reference standard.  

In addition B-mode and Doppler parameters, contrast-enhanced ultrasound (CEUS) has been 
investigated.12-15 Inflammation in CD leads to increased micro-vessel density and a local 
dysregulation of blood flow in the GI-wall.16-18 This causes changes in the bowel wall perfusion, 
which can be quantified with CEUS. Previous studies have shown a role for CEUS in 
determining disease activity at endoscopy and furthermore in predicting endoscopic response 
and remission in an early phase.12-14 However, data are conflicting and limited.  

In this study, we aimed to investigate conventional IUS parameters and CEUS parameters to 
predict endoscopic treatment response and remission early after treatment initiation. If IUS 
shows treatment response in an early phase, this could be utilized as an early surrogate marker 
for endoscopic assessment and this could allow for tight monitoring. In addition, we aimed to 
determine cut-off values for IUS and CEUS parameters to reflect endoscopic treatment 
response and remission.
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Materials and Methods 

Study design 

This was a single center, longitudinal, prospective cohort study. Patients ≥18 years of age with 
active CD at endoscopy (simple endoscopic score for Crohn’s disease (SES-CD)≥3 in at least 
one segment) starting treatment with TNFα inhibitors (adalimumab or infliximab) were 
eligible for inclusion.  

Patients were excluded when there was no endoscopy performed at the start of treatment and 
treatment was changed between baseline endoscopy and IUS examination. Previous TNF-α 
inhibitor use, pregnancy, obesity (BMI>35 kg/m2), chronic obstructive lung disease, unstable 
heart disease, ongoing gastroenteritis or a previous allergic reaction to SonoVue or its 
components were also exclusion criteria. In addition, patients were excluded when there was 
no thickened bowel segment at IUS or endoscopy did not show at least aphthous ulcers. All 
patients were informed and gave informed consent. This study was approved by the medical 
ethical committee of the Amsterdam University Medical Center (MEC2015_359).  

Procedures 

Medical history and demographics were collected at baseline. At start of treatment (T0), after 
4-8 weeks (T1) and after 12-34 weeks (T2) the Harvey-Bradshaw Index (HBI) score, C-reactive 
protein (CRP), albumin, haemoglobin, leukocyte count, thrombocyte count and fecal 
calprotectin (FCP) levels were collected and IUS with CEUS was performed. At T0 and T2 a 
complete ileocolonoscopy was performed. 

Intestinal ultrasound measurements 

All the IUS examinations were performed by one of 3 trained ultrasonographers (K.N., S.B. 
and F.V) using an Epiq 5G ultrasound scanner (Philips, the Netherlands) with a C5-1 convex 
and L12-5 linear probe. Frequency, focus and gain settings were optimised to get the best 
images in the patient. For CDS the L12-5 transducer was used with a velocity scale of 5 cm/s 
for registration of the slow flow in the GI wall. The terminal ileum (TI) and large intestines 
were scanned by following its course from the TI in the right lower quadrant to the rectum 
while the small intestine was examined by scanning systematically through the nine sectors of 
the abdomen. Images and cine loops of pathological segments were stored per segment. At the 
time of IUS, the sonographer was blinded to biochemical and endoscopic disease activity 
information.  

At least 3 months after IUS examination and blinded to all other patient data and each other’s 
data, two raters (S.B. (5 years of IUS experience) and F.V. (3 years of IUS experience)) 
independently scored all IUS parameters per segment (Table 1) using a DICOM-viewer 
(RadiAnt DICOM Viewer [Software]. Version 2016). As there is a current lack of consensus per 
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parameter, measurements and definitions were based on current literature and were discussed 
in a study team consensus meeting before the scoring procedures started (10, 34). Next to 
individual parameters, presence or absence of disease activity was scored per rater. In 
addition, the most severely affected segment was defined as the segment with the highest BWT 
and was also independently determined by the two raters.  

Contrast-enhanced ultrasound measurements 

The L12-5 transducer was used together with contrast specific presets on an Epiq 5G 
ultrasound scanner that were equal for all patients. The most affected (i.e. thickest) bowel 
segment was chosen for CEUS measurements. At T1 and T2 CEUS measurements were 
performed in the same segment, also when BWT normalized. The mechanical index (MI) was 
set as close to 0.05 as possible by adjusting power and depth, and the focus region was set just 
below the area of interest. The gain was kept constant during the study. 2.4 mL of contrast 
agent (Sonovue, Bracco, Milan, Italy) with 10 mL 0.9% saline was administered via a venous 
catheter with a diameter of at least 1.1 mm in the left elbow vein. Immediately after 
administration, a cine-loop was recorded for 90 seconds. This procedure and recording was 
performed twice in the same segment.  

At post-processing all CEUS cine-loops were analysed by one ultrasonographer (F.V.) with 
VueBox (Bracco, Milan, Italy). The complete bowel with surrounding mesentery was 
delineated using the peritoneum as delineation border. Then, motion compensation was 
applied utilizing the peak-enhancement (PE) slide as reference standard. Subsequently, 
images with >1 cm motion out of the delineation area were omitted. The cine-loop with least 
omitted images was used in further processing and analysis. Then, four region of interests 
(ROI) were drawn with ROI1 encompassing the complete anterior wall, ROI2 the submucosa, 
ROI3 a single vessel in mucosa or submucosa and ROI 4 mucosa and submucosa 
(Supplementary Figure 1a-b). All ROIs (except ROI3) had to be over 0.05 cm2 surface and at 
least one ROI had to reach a quality of fit ≥ 85%.19 

Subsequently, data on peak enhancement (PE), wash-in area under the curve (WiAUC), rise 
time (RT), mean transit time (MTT), time to peak (TTP), wash-in rate (WiR), wash-in perfusion 
index (WiPi), wash-out area under the curve (WoAUC), wash-in and wash-out area under the 
curve (WiWoAUC), fall time (FT) and wash-out rate (WoR) were collected both as linear and 
log converted data (decibel)  or seconds (s). To assess inter-observer agreement for CEUS 
measurements 30 CEUS cine-loops were randomly selected and similarly rated by a second 
reader (K.N.). 
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Ileocolonoscopy 

The patients were also scheduled for ileocolonoscopy at T=0 and T=2. All examinations were 
performed by trained gastroenterologists. The interval between the first ileocolonoscopy and 
IUS was always shorter than 12 weeks without changes in treatment between the procedures. 
The ileocolonoscopies were directly scored per segment for SES-CD. In addition, the most 
affected segment was determined as the segment with the highest SES-CD score. Segmental 
endoscopic remission was defined as SES-CD=0, segmental endoscopic treatment response 
was defined as a decrease of SES-CD≥50% and complete endoscopic remission was defined as 
SES-CD=0 in all segments. The performing gastroenterologist was blinded for the results of 
IUS.  

Statistics 

Statistical analysis was performed with SPSS Statistics for Windows, version 26 (IBM Corp., 
Armonk, N.Y., USA). All normally distributed data were reported in mean ± SD and non-
normally distributed in median and interquartile range (IQR). Mann-Whitney-U tests were 
used to compare continuous non-parametric variables, Chi-square tests for dichotomous 
variables and Wilcoxon rank tests or McNemar tests for paired samples. Area under the curve 
(AUROC) was used to determine accuracy, sensitivity and specificity. Logistic regression was 
used to determine odds ratios and for univariable and multivariable analysis. Spearman 
correlation coefficient was used to determine correlation with 0.00–0.09, 0.10–0.39, 0.40–0.69, 
0.70–0.89, 0.90–1.00 considered as negligible, weak, moderate, strong, very strong correlation, 
respectively. Inter-observer agreement was assessed with intra-class correlation coefficient 
(ICC), weighted kappa (κ) and Cohen’s kappa (κ) for continuous, ordinal and dichotomous 
outcomes.20, 21 For ICC, a value below 0.50 was considered as poor, 0.50-0.75 as moderate, 0.75-
0.90 as substantial and 0.90-1.00 as strong agreement. Kappa statistics 0.0-0.20, 0.21-0.40, 0.41-
0.60, 0.61-0.80 and 0.81-1.00 were considered as slight, fair, moderate, substantial and perfect 
agreement, respectively. For ICC a p-value of 0.05 was used to determine significance.  
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Table 1. Intestinal ultrasound parameters. 

IUS parameter Technique/categories Pathologic 

Bowel wall thickness (2x longitudinal plane + 2 x cross-sectional plane)/4 ≥3.0 mm 
Colour Doppler 
Signal 

1: absent;  
2: small spots (single vessels) within the wall;  
3: long stretches within the wall;  
4: long stretches extending into the mesentery 
5: measurement failed 

Category 3 or 4 

Wall layer 
stratification 

1: preserved;  
2: focal loss (< 3 cm extent) 
3: extensive loss (≥ 3 cm extent) 
4: measurement failed 

Category 2 or 3 

Presence of 
inflammatory fat 

1: absent;  
2: uncertain; 
3: present 

Category 3 

Presence of enlarged 
lymph nodes (≥5 mm 
in shortest axis) 

1: absent; 
2: uncertain; 
3: present 

Category 3 

Motility in terminal 
ileum 

1: present; 
2: uncertain; 
3: absent 

Category 3 

Colonic haustrations 1: preserved; 
2: uncertain 
3: loss 

Category 3 
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Results 

Baseline and follow-up characteristics 

From April 2016 to March 2020 we included 40 consecutive CD patients with active disease 
starting anti-TNFα treatment. Baseline characteristics are shown in Table 2. Follow-up is 
demonstrated in Supplementary figure 2. In total, 23 patients underwent a second endoscopy 
at T2 (median: 22 weeks [IQR: 19-26.5]) to evaluate treatment response. In further analysis, all 
patients that underwent surgery between T0 and T2 were considered as non-responders. 

At baseline endoscopy the worst segment was the TI in 26/40 and a colonic segment in 14/40 
patients, respectively. At baseline IUS the TI was the worst segment in 25/40 patients and a 
colonic segment in 15/40 patients (Table 2). Per segment analysis (sigmoid, descending, 
transverse, ascending colon and TI) showed strong correlation between endoscopic and IUS 
presence or absence of disease (ρ=0.81, p<0.0001). BWT was higher in patients with disease 
activity in the TI than in the colon (5.8 ± 1.5 mm vs 4.9 ± 1.2 mm, p=0.04). There was a mean of 
38 ± 38 days between baseline ileocolonoscopy and IUS without change in treatment. 

At T2, 14/40 (35.0%) [14/23 (60.9%)] patients had complete endoscopic remission in all 
segments and 17/40 (42.5%) [17/23 (73.9%)] had endoscopic response. Patients with a colonic 
segment as the most severely affected at T0, were more likely to have endoscopic response 
(OR: 2.59 (95%CI: 1.43-4.70), p=0.004) and remission (OR: 3.07 (95%CI: 1.44-6.52), p=0.006) at 
T2 as compared to patients with disease activity in the TI at T0. There was a mean of 39 ± 21 
days between ileocolonoscopy and IUS at T2. 
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Table 2. Baseline characteristics. 

Baseline  n = 40 

Female; n (%) 20 (50.0%) 
Age at inclusion; median (range), years  33 (18-68) 
Disease duration in median years (IQR) 3.88 (1-14.25) 
Montreal classification in CD patients  
 A1 (<16 years) 
 A2 (17-40 years) 
 A3 (>40 years) 
 L1 (ileum) 
 L2 (colon) 
 L3 (ileocolonic) 
 B1 (non stricturing, non-penetrating) 
 B2 (stricturing) 
 B3 (penetrating) 
 P (Perianal disease) 

5 (12.5%) 
27 (67.5%) 
8 (20.0%) 
17 (42.5%) 
9 (22.5%) 
14 (35.0%) 
16 (40.0%) 
12 (30.0%) 
12 (30.0%) 
11 (27.5%) 

Previous surgical resection at time of IUS 
ICR and ileal re-resections 
(partial) colonic resection 

 
15 (37.5%) 
5 (12.5%) 

Medication use in medical history 
Biologicals (infliximab, adalimumab, vedolizumab, ustekinumab)  
 Immunomodulators (thiopurines/methotrexate) 
 Corticosteroids  
Aminosalicylates 
Medication use at inclusion 
             Corticosteroids 
             Aminosalicylates 
             Immunomodulators (thiopurines/methotrexate) 
Medication after inclusion 
             Infliximab 
             Adalimumab 

 
15 (37.5%) 
20 (50.0%) 
30 (75.0%) 
8 (20.0%) 
 
6 (15.0%) 
1 (2.5%) 
25 (62.5%) 
 
28 (70.0%) 
12 (30.0%) 

Clinical and biochemical parameters in median (IQR) 
 Harvey-Bradshaw Index 
 C-reactive protein in mg/L 
 Hemoglobin in mmol/L 
 Leukocyte count in 109/L 
 Platelet count 1012/L 
 Albumin in g/L 
 Fecal calprotectin in µg/g  

 
5.0 (3.0-8.0) 
8.25 (2.43-30.08) 
8.10 (7.40-8.88) 
7.65 (5.95-10.75) 
340.0 (269.25-405.25) 
41.0 (37.75-44.25) 
688.0 (382.0-1810.50) 
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Table 2. (Continued). 

Intestinal ultrasound parameters 
 Most severe affected segment 
              -Sigmoid colon 
              -Descending colon 
              -Transverse colon 
              -Ascending colon 
              -Terminal ileum 
 
 Bowel wall thickness in mm (median and IQR) 
 
 Colour Doppler Signal 
               -No signal 
               -Single vessel 
               -Stretches within the wall 
               -Stretches in the wall and mesentery 
               -Measurement failed 
 
 Loss of stratification 
              -Preserved 
              -Focal loss (< 3 cm) 
              -Extensive loss (≥ 3 cm) 
              -Measurement failed 
 
 Presence of inflammatory fat 
              -Not present 
              -Uncertain 
              -Present 
 
 Presence of lymph nodes (> 5 mm in shortest axis) 
              -Present 
              -Uncertain 
              -Not present 
 
 Motility in terminal ileum (n=25) 
              -Present 
              -Uncertain 
              -Absent 
 
 Colonic haustrations (n=15) 
              -Loss 
              -Preserved 

 
 
5 (12.5%) 
4 (10.0%) 
2 (5.0%) 
4 (10.0%) 
25 (62.5%) 
 
5.21 (4.60-6.84) 
 
 
1 (2.5%) 
5 (12.5%) 
21 (52.5%) 
10 (25.0%) 
3 (7.5%) 
 
 
19 (47.5%) 
11 (27.5%) 
7 (17.5%) 
3 (7.5%) 
 
 
8 (20.0%) 
6 (15.0%) 
26 (65.0%) 
 
8 (20.0%) 
3 (7.5%) 
29 (72.5%) 
 
 
 
3 (12.5%) 
3 (12.5%) 
19 (79.2%) 
 
 
11 (73.3%) 
4 (26.7%) 
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Table 2. (Continued). 

Endoscopic parameters 
 Most severe affected segment 
              -Rectum 
              -Sigmoid colon 
              -Descending colon 
              -Transverse colon 
              -Ascending colon 
              -Terminal ileum 
 Total SES-CD score (median and IQR) 
 SES-CD of most affected segment (median and IQR) 

 
 
1 (2.5%) 
6 (15.0%) 
2 (5.0%) 
2 (5.0%) 
3 (7.5%) 
26 (65.0%) 
9.0 (5.25-15.00) 
6.50 (3.25-8.00) 

IQR= interquartile range, ICR= ileocecal resection 

 

IUS parameters 

Correlation with SES-CD 

There was moderate to strong correlation for BWT (ρ=0.61, p<0.0001) (Figure 1), CDS (ρ=0.73, 
p<0.0001), loss of motility (ρ=0.50, p=0.001), presence of inflammatory fat (ρ=0.58, p<0.0001) 
and loss of haustrations (ρ=0.48, p=0.031) with presence of disease activity at endoscopy (≥SES-
CD 1) both at T0 and T2. In addition, there was weak correlation for loss of wall layer 
stratification (WLS) (ρ=0.34, p=0.007). ΔBWT at T1 (ρ=0.54, p=0.003) and T2 (ρ=0.47, p=0.025) 
correlated moderately with ΔSES-CD for the most severe segment (Figure 2). 

Bowel wall thickness 

Patients with endoscopic response had a significantly lower BWT at T1 and T2 compared to 
patients without endoscopic response (Figure 3). Similarly, for endoscopic remission, BWT 
was lower at T1 (3.1 mm [1.9-4.2] vs 5.3 mm [3.8-6.9], p=0.005) and T2 (2.0 mm [1.8-3.1] vs 5.1 
[3.0-6.3] mm, p=0.002). In addition, decrease in BWT at T1 was significantly different between 
endoscopic responders versus non-responders (ΔBWT: -1.7 mm [-2.6- -0.2] vs -0.1 mm [-1.1-
0.7], p=0.012), respectively. At T2, BWT decreased further compared to T0 and was 
significantly different between endoscopic responders and non-responders (ΔBWT: -2.5 mm 
[-3.3- -1.4] vs -0.7 [-1.5- -0.2], p=0.035), respectively.  

At T2, a BWT cut-off value of 3.2 mm was most accurate to predict endoscopic remission 
(AUROC: 0.940, 95%CI: 0.862-1.000, p<0.0001) with 70% sensitivity and 85% specificity. For 
prediction of endoscopic response a decrease in BWT from baseline expressed in percentage 
was most accurate. At T1, a 18% decrease in BWT predicted endoscopic response (AUROC: 
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0.765, 95%CI: 0.580-0.949, p=0.02) with 82% sensitivity and 71% specificity. A 29% decrease 
in BWT at T2 predicted endoscopic response (AUROC: 0.833, 95%CI: 0.626-1.000, p=0.017) 
with 83% sensitivity and 88% specificity 

 

 

 

 

 

 

 

 

Figure 1. Correlation between SES-CD score 
and BWT for the most severe affected segment 
(ρ=0.61, p<0.0001). 

Figure 2. Correlation between ΔBWT (T1 
(ρ=0.54, p=0.003) and T2 (ρ=0.47, p=0.025)) 
and ΔSES-CD for the most severe affected 
segment. 
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Time-point Endoscopic response Endoscopic non-response p-value 

Median BWT [IQR] at T0 4.7 mm [4.2-6.8] 5.4 mm [4.7-7.0] 0.40 

Median BWT [IQR] at T1 3.9 mm [2.5-4.8] 5.4 mm [3.4-6.4] 0.005 

Median BWT [IQR] at T2 2.5 mm [1.8-3.3] 5.3 mm [4.0-6.4] 0.001 

Figure 3. Decrease in BWT in the most severe affected segment at IUS according to endoscopic 
response and non-response at T1 and T2.  
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Other parameters 

When there was endoscopic response, presence of hyperemia (CDS 3 or 4) decreased 
significantly at T1 (T0: 87% vs T1: 35.5%, p=0.004) and T2 (T0: 87% vs T2 6%, p<0.0001) 
(Supplementary Figure 3a). A decrease of 1-point in CDS score at T1 (OR: 2.89, 95%CI: 1.054-
7.907, p=0.039) and T2 (OR: 5.44, 95%CI: 1.258-23.478, p=0.023) was associated with endoscopic 
response. WLS normalized more frequently at T2 when there was endoscopic response (T0: 
55% vs T2: 12%, p=0.016) but not at T1 (T0: 53% vs T1: 29%, p=0.289). However, a 
normalization of WLS at T1 (OR: 4.91, 95%CI: 0.496-48.622, p=0.174) or T2 (OR: 3.56, 95%CI: 
0.326-38.777, p=0.30) respectively could not predict endoscopic response at T2. Presence of 
lymph nodes did not decrease significantly when there was endoscopic response at T1 (T0: 
19% vs T1: 19%, p=1.00) or at T2 (T0: 19% vs T2: 6.3%, p=0.08). Presence of inflammatory fat 
did decrease with a trend towards significance at T1 (T0: 82% vs T1: 44%, p=0.07) and 
significantly at T2 (T0: 82% vs T2: 6%, p<0.0001), respectively (Supplementary Figure 3b). 
There was no significant change in presence of inflammatory fat when there was no 
endoscopic response. In patients with disease activity in the TI, motility returned at T2 
(absence of motility T0: 88% vs T2: 10%, p=0.03) but not at T1 (absence of motility T0: 88% vs 
T1: 45%, p=0.25). When there was no endoscopic response at T2, there was no significant 
change in motility (data not shown). When there was endoscopic response, colonic 
haustrations normalized significantly at T1 (absence of haustrations T0: 78% vs absence of 
haustrations at T1: 14%, p=0.031) and at T2 (absence of haustrations T0: 78% vs absence of 
haustrations at T2: 0%, p=0.016). When there was no endoscopic response, there was no 
normalization of colonic haustrations (data not shown).  

Contrast-enhanced ultrasound 

40, 32 and 23 patients underwent CEUS at T0, T1 and T2, respectively. In 3 patients at T1 and 
6 patients at T2 CEUS measurements were of low quality of fit due to a normal BWT (n=7) or 
present motility in the TI (n=2) and were excluded from further analysis. For the 17 patients 
at T2 with a second endoscopy and valid CEUS measurements available, 12 (71%) patients 
had endoscopic response and 8 (47%) patients were in endoscopic remission. 

CEUS was analyzed for ROI 1, 2 and 3. ROI 4 measurements were omitted from further 
analysis as air in the lumen was often within the ROI resulting in uninterpretable data or a 
ROI matching ROI 2. Quality of fit (QoF) at baseline was high for ROI1 (median: 93.81% [84.93-
96.17]), ROI2 (median: 88.21% [80.68-91.97]) and ROI3 (median: 93.06% [80.19-95.16]). At T1 
and T2 QoF for all ROIs did not significantly differ with regards to baseline (data not shown). 
At T1 QoF for ROI 3 was lower when there was endoscopic response compared to no 
endoscopic response at T2 (median QoF ROI 3: 73.11% [47.28-84.94] vs 86.38% [81.59-93.47], 
p=0.012). 
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Supplementary Table 1a-c demonstrates the logarithmic differences in CEUS parameters for 
the three ROIs between intestinal segments with and without endoscopic remission at T2. The 
corresponding linear CEUS data is demonstrated in Supplementary Table 2a-c. At T1, none of 
the logarithmic or linear data could predict endoscopic remission (data not shown). For ROI1, 
percentage decrease of WoR at T1 was significantly different when there was endoscopic 
response compared to non-response at T2 (median ΔT0-T1: -32.55% [-44.74- -1.90] vs -1.28% [-
12.58-49.53], p=0.04). At T2, decrease in percentage for PE, WiR, WiPI and WoR was 
significantly more pronounced in endoscopic responders (Supplementary Figure 4). For ROI2, 
ROI3 and the other CEUS parameters there was no significant change distinguishing 
endoscopic responders from non-responders at T1 or T2. Also, for the linear data at T1 or T2 
there was no significant change with regards to baseline for all three ROI’s (data not shown).  

Clinical and biochemical response 

HBI, ΔHBI, FCP and ΔFCP values were significantly different between endoscopic responders 
and non-responders at T1 and T2 (Supplementary Table 3). Corresponding AUROC and cut-
off values for FCP are demonstrated in Supplementary Table 4. All other (change in) 
biochemical parameters were not significantly different between endoscopic responders and 
non-responders. 

Multivariable regression for endoscopic remission and response with conventional IUS and CEUS 
parameters, HBI and FCP 

When BWT was dichotomized with a cut-off value of 3.2 mm endoscopic remission was 
shown (OR for BWT≤3.2 mm: 39.42, 95%CI: 7.67-202.57, p<0.0001) and normalization of CDS 
(CDS<3) significantly improved the model (OR: 13.76, 95%CI: 1.28-147.78, p=0.03). Adding the 
other IUS parameters, FCP or HBI did not significantly improve the model. In addition, BWT 
decrease of 18% and 29% at T1 (OR: 10.80, 95%CI: 1.69-68.94, p=0.012) and T2 (OR: 37.50, 
95%CI: 2.77-507.48, p=0.006) predicted endoscopic response, respectively. The other IUS 
parameters, FCP and HBI did not significantly improve the model to predict endoscopic 
response. When combined with BWT, WoR significantly improved the model to predict 
endoscopic remission at T2 (WoR per 1 dB increase: OR: 0.76, 95%CI: 0.60-0.96, p=0.019). All 
other CEUS parameters did not improve the model. In addition, at T1, none of the absolute 
CEUS values nor change in CEUS parameters at T1 or T2 contributed to the model with BWT 
to predict endoscopic response.  

Inter-observer agreement per segment 

There was perfect agreement on the most affected segment between the two raters (κ=0.81, 
95%CI: 0.68-0.93, p<0.0001). Per segment agreement on presence of disease activity is 
demonstrated in Supplementary Table 5. For BWT, there was strong agreement for sigmoid 
colon (ICC: 0.979, 95%CI: 0.938-0.993, p<0.0001), ascending colon (ICC: 0.971, 95%CI: 0.855-
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0.994, p<0.0001) and TI (ICC: 0.953, 95%CI: 0.917-0.973, p<0.0001). There was substantial and 
moderate agreement for descending (ICC: 0.884, 95%CI: 0.669-0.960, p<0.0001) and transverse 
colon (ICC: 0.697, 95%CI: 0.006-0.907, p=0.024), respectively. Agreement per parameter and 
per segment is demonstrated in Supplementary Table 6.  

Inter-observer agreement for CEUS 

For CEUS measurements there was moderate to strong agreement (Supplementary Table 7). 
Particularly, WoR had strong agreement (ICC: 0.943 (0.875-0.974, p<0.0001). For the other ROIs 
(single vessel and submucosa) there was moderate to strong agreement (data not shown). 
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Discussion 

IUS, particularly BWT and CDS, showed moderate to strong correlation with the SES-CD in 
the most severe affected segment. In addition, BWT and CDS were subjective to response and 
decreased in patients with endoscopic response (Figure 4). After 4-8 weeks after treatment 
initiation BWT showed already a significant decrease with 18% thereby predicting endoscopic 
response with high accuracy (OR: 10.80, 95%CI: 1.69-68.94, p=0.012). Accuracy increases after 
12-34 weeks with a BWT decrease of 29% being most accurate to determine endoscopic 
response (OR: 37.50, 95%CI: 2.77-507.48, p=0.006) and a cut-off value of 3.2 mm most accurate 
to reflect endoscopic remission (OR: 39.42, 95%CI: 7.67-202.57, p<0.0001). Although other IUS 
parameters and CEUS parameters also decrease when there is endoscopic response they are 
of limited merit in predicting and determining endoscopic outcomes in addition to BWT and 
CDS. Furthermore, inter-observer agreement for both conventional IUS parameters and CEUS 
parameters was good to perfect indicating a high reliability for IUS and CEUS in clinical 
practice.  

In this study, we have demonstrated high accuracy for IUS, and specifically BWT to predict 
endoscopic response and remission early after initiation of anti-TNFα treatment. Previous 
studies have demonstrated the value of IUS to measure treatment response.12, 22-31 The largest 
study was conducted by Kucharzik et al and showed IUS to detect response to treatment in a 
large cohort of CD patients clinically responding to anti-inflammatory treatment.28 Most IUS 
parameters normalized within the first 3 months of treatment, which is in concordance with 
our findings. However, a robust reference standard was not present. In our study, 
predominantly BWT, CDS and inflammatory fat were discriminative in an early phase and 
are perhaps the most responsive to improvement and healing of the wall which has also been 
demonstrated in recent studies.12, 22, 24-26, 29, 31 Moreover, these parameters were often pathologic 
at baseline in most patients whereas WLS and presence of lymph nodes were less frequently 
seen and, accordingly, also less responsive to change during treatment. 

Previous studies have investigated IUS response according to endoscopic response and 
remission.22-26, 29, 31, 32 Although these studies found favorable outcomes for patients reaching 
transmural healing in addition to mucosal healing, definitions for transmural healing varied 
and were not validated. Therefore, in our cohort, we decided to investigate which IUS 
parameters best reflect endoscopic response and remission. To our knowledge, this is first 
study presenting accurate cut-off values and decrease in percentages for BWT indicating 
endoscopic remission and response in the corresponding segments, respectively. Intriguingly, 
a BWT cut-off value of 3.2 mm reflected endoscopic remission both in the TI and colon 
accurately. Whereas in diagnosing CD a cut-off value of 2.0 mm (especially in the TI) or 3.0 
mm, is not uncommon, this might be too stringent to determine endoscopic remission after 
anti-inflammatory treatment.8, 11 Moreover, fibrosis or scar tissue might results in a thickened 
bowel wall.33 However, a certain proportion of patients reached a cut-off value <2.0 mm or 3.0 
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mm. Consequently, even in patients with a BWT<3.2 mm, there might be room for 
improvement. Future research should elucidate this.  

 

A 
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Figure 4. (A) Response on IUS and paired colonoscopy in the most severe affected segment 
(descending colon). BWT decreases with 22% at T1 from 5.5 mm (T0) to 4.3 mm (T1). At T2 BWT 
decreased further to 2.6 mm or 53% with regards to baseline. Also Colour Doppler Signal shows 
improvement over time and colonic haustrations have returned. SES-CD=7 at baseline with deep 
ulcerations present. At T2, SES-CD=0 with no ulcers present, presence of pseudopolyps and mucosal 
scar tissue. (B) No response on IUS and paired colonoscopy in the most severe affected segment 
(terminal ileum). BWT shows no improvement with 7.7 mm at baseline, 8.1 mm at T1 and 8.1 mm at 
T2. Colour Doppler Signal improves at T1 but deteriorates at T2 and is similar to baseline. SES-
CD=10 in the neoterminal ileum at baseline. At T2, SES-CD=9, no endoscopic response.  
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IUS is also sensitive enough to demonstrate endoscopic response. A 29% decrease of BWT at 
T2 reflected endoscopic treatment response. A recent study defining treatment response 
according to SES-CD score and the Crohn’s Disease Activity Index found similar findings after 
12 weeks of treatment with anti-TNFα.34 Another study defined IUS response as a decrease of 
25% in BWT and found moderate correlation with endoscopic response after 16 weeks of 
treatment with ustekinumab according to the SES-CD score in the corresponding segment.27 
In our cohort, a decrease of 18% at T1 could already reflect endoscopic treatment response in 
an early phase. However, future research should confirm this statement in prospective 
designs with larger patient cohorts. 

Most CEUS parameters significantly reflected endoscopic disease activity, in line with 
previous studies.12, 30, 35, 36 In our cohort only percentage change in WoR and FT could 
significantly predict endoscopic response and non-response whereas previous studies also 
showed other parameters to reflect endoscopic response.12, 34 Quaia et al. found a significant 
percentage change in most CEUS parameters after 6 weeks of treatment between endoscopic 
responders and non-responders after 14 weeks of treatment. Similarly, Laterza et al. found a 
percentage change for almost all evaluated CEUS parameters already after 2 to 6 weeks of 
treatment in endoscopic responders after 12 weeks.34 In contrast to these previous studies, we 
had to exclude patients due to normalization of the bowel wall or return of motility resulting 
in poor CEUS cine-loops while most of these patients were endoscopic responders. 
Consequently, change for CEUS parameters during treatment within the endoscopic 
responding group might be underestimated. Although we reached high inter-observer 
agreements for most CEUS parameters in a subset of randomly selected patients, CEUS might 
become less feasible when BWT normalizes. Secondly, we included multiple CD phenotypes 
whereas other studies included only patients with terminal ileitis. Since there is emerging 
evidence that TI and colonic CD respond differently to treatment, CEUS might be more 
suitable for the TI to detect early changes.37, 38 However, this is not supported by actual data 
as we had limited amount of patients and separate analyses for colon and TI were not feasible. 
Thirdly, not all patients had complete follow-up or stopped treatment for various reasons. 
This resulted in fewer follow-up endoscopies, but it also reflects real-world data.  

While BWT is the most important parameter indicating endoscopic remission, CDS or WoR 
added significantly to the model reflecting endoscopic remission. Two recent studies using 
consensus panels found a combination of BWT with CDS accurately to reflect endoscopic 
disease activity and endoscopic response.10, 39 In addition, a recent and partly validated scoring 
index with endoscopy as reference standard incorporated both BWT and CDS.40 In clinical 
practice, patients with a normal BWT but increased CDS are less likely to have reached 
complete endoscopic remission for the specific segment. Whether this should lead to dose 
escalation or change of treatment is unclear and is subject for future studies. Potentially, WoR 
could fulfill a similar role as CDS. While promising and reproducible, measuring WoR is more 
difficult and time-consuming than CDS as a patient needs contrast administration and CEUS 
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cine-loops need post-processing. Especially in a point-of-care setting this is less attractive. In 
addition, a recent study found similar accuracy for a model with BWT and CDS compared to 
a model with BWT, CDS and CEUS parameters.30 Since CDS is a reliable parameter to score, 
CDS deserves recommendation over WoR to be incorporated in future scoring indices and 
definitions for transmural response or healing.10 Consequently, the role for CEUS in treatment 
follow-up and response assessment is limited.  

In addition, we have shown that next to BWT, decrease in FCP accurately detects endoscopic 
response in an early phase. However, early absolute measurements for FCP could not predict 
endoscopic response or remission. Moreover, FCP is subjective to other circumstances which 
could lead to false-positive or negative results when compared to endoscopic outcomes.41, 42 
In our cohort, we have demonstrated that both absolute measurements and change in BWT 
measurements reflects endoscopic disease activity at a later stage. Consequently, BWT is not 
inferior to FCP and additionally informs on disease extent. Incorporating FCP in an IUS 
parameter based prediction model did not significantly improve the model to predict 
endoscopic response or remission. 

Our study has a few limitations. Some patients did not reach T2 because of surgery, worsening 
disease or loss to follow-up. Although this is suboptimal for the analysis, our results truly 
reflect clinical practice which might therefore also be a strength of this study. Also, time 
between IUS and endoscopy was in some patients suboptimal. We generally performed IUS 
and CEUS with the first anti-TNFα administration and reflects a real-world and point of care 
setting. Furthermore, we scored IUS and CEUS cine-loops and images per segment after the 
patient visit which might have resulted in a certain bias for inter-observer agreement. IUS is 
operator-dependent and ideally inter-observer agreement is scored in a real-time setting with 
blinded operators. However, our scoring methods approaches a clinical trial setting with 
central reading and we have demonstrated a feasible and reliable process using still images 
and cine-loops to score IUS and CEUS parameters.  

Our study also has several strengths. Sonographer and gastroenterologists were blinded to 
the other examinations. In addition, we used a validated and robust endoscopic reference 
standard and have shown good correlation with IUS and CEUS parameters. Also, we did not 
predefine IUS response or remission but showed changes on IUS and demonstrated cut-off 
values for BWT according to endoscopic changes.  

In conclusion, we have demonstrated IUS response to anti-TNFα treatment according to 
endoscopic treatment response and remission. As endoscopy is still the gold standard but 
invasive, IUS, and especially decrease of BWT in percentages, has potential to determine 
endoscopic response in most patients for both the TI and colon. In addition, this is feasible in 
an early phase. The additional value of performing (early) CEUS in this perspective was 
limited in our study. Defining, standardization and validation of transmural healing and 
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transmural response should be a next step in incorporation of IUS in research and clinical 
practice.  
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Supplementary Material 

Supplementary Table 1a. Logarithmic CEUS measurements for ROI1 (complete wall) for both T0 
and T2 in the most severe affected segment for present endoscopic disease activity (SESCD≥1) and 
absent endoscopic disease activity (SESCD=0) analyzed with a non-parametric Mann-Whitney U 
Test.  

 Present endoscopic 
disease activity at T2 
(n=9)  

No present endoscopic 
disease activity at T2 
(n=8) 

p-value 

Peak enhancement in dB 
(median [IQR]) 

32.56 [30.51-33.65] 25.74 [24.02-29.24] 0.006 

Wash-in area under the 
curve in dB (median [IQR]) 

39.16 [35.97-40.21] 34.42 [31.39-38.78] 0.08 

Rise time in seconds 
(median [IQR]) 

7.45 [5.01-11.24] 9.08 [7.63-12.34] 0.24 

Mean transit time in 
seconds (median [IQR]) 

43.02 [20.12-104.42] 58.78 [36.44-117.33] 0.93 

Time to peak in seconds 
(median [IQR]) 

10.24 [6.21-14.92] 11.38 [9.96-14.21] 0.28 

Wash-in rate in dB (median 
[IQR]) 

25.60 [22.30-27.68] 18.35 [14.60-21.10] 0.008 

Wash-out area under the 
curve in dB (median [IQR]) 

42.74 [39.69-44.92] 38.56 [35.23-44.90] 0.32 

Wash-in and wash-out area 
under the curve in dB 
(median [IQR]) 

44.44 [41.22-46.14] 39.99 [36.74-46.25] 0.26 

Wash-in perfusion index in 
dB (median [IQR]) 

30.67 [28.77-31.92] 23.84 [22.16-27.56] 0.006 

Fall time in seconds 
(median [IQR]) 

17.13 [12.60-33.26] 24.62 [19.33-40.67] 0.26 

Wash-out rate in dB 
(median [IQR]) 

20.48 [15.81-21.81] 13.30 [9.11-14.54] 0.005 
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Supplementary Table 1b. Logarithmic CEUS measurements for ROI2 (submucosa) for both T0 
and T2 in the most severe affected segment for present endoscopic disease activity (SESCD≥1) and 
absent endoscopic disease activity (SESCD=0) analyzed with a non-parametric Mann-Whitney U 
Test.  

 Present endoscopic 
disease activity (n=9) 

No present endoscopic 
disease activity (n=8) 

p-value 

Peak enhancement in dB 
(median [IQR]) 

34.37 [32.06-36.79] 29.83 [26.17-32.01] 0.01 

Wash-in area under the 
curve in dB (median 
[IQR]) 

40.30 [37.95-42.87] 36.88 [32.35-42.04] 0.11 

Rise time in seconds 
(median [IQR]) 

6.31 [5.20-9.67] 7.53 [5.80-10.28] 0.33 

Mean transit time in 
seconds (median [IQR]) 

50.46 [22.63-83.80]  47.57 [28.33-93.04] 0.76 

Time to peak in seconds 
(median [IQR]) 

11.04 [6.28-14.62] 10.44 [8.78-14.30] 0.33 

Wash-in rate in dB 
(median [IQR]) 

28.07 [23.78-30.83] 11.37 [19.05-24.64] 0.01 

Wash-in perfusion index 
in dB (median [IQR]) 

32.40 [30.25-34.82] 27.89 [24.23-30.10] 0.01 

Wash-out area under the 
curve in dB (median 
[IQR]) 

43.09 [40.70-46.82] 40.16 [35.46-45.57] 0.28 

Wash-in and wash-out 
area under the curve in 
dB (median [IQR]) 

44.93 [42.56-48.40]  41.84 [37.18-47.16] 0.23 

Fall time in seconds 
(median [IQR]) 

16.79 [9.74-22.36] 15.99 [12.78-23.98] 0.51 

Wash-out rate in dB 
(median [IQR]) 

23.79 [19.28-24.23] 17.12 [14.68-20.29] 0.01 
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Supplementary Table 1c. Logarithmic CEUS measurements for ROI3 (single vessel) for both T0 
and T2 in the most severe affected segment for present endoscopic disease activity (SESCD≥1) and 
absent endoscopic disease activity (SESCD=0) analyzed with a non-parametric Mann-Whitney U 
Test. 

 Present endoscopic 
disease activity (n=9) 

No present endoscopic 
disease activity (n=8) 

p-value 

Peak enhancement in dB 
(median [IQR]) 

33.73 [30.99-34.50] 27.43 [23.81-30.29] 0.008 

Wash-in area under the 
curve in dB (median [IQR]) 

40.11 [35.98-41.02] 34.90 [31.15-41.21] 0.12 

Rise time in seconds 
(median [IQR]) 

8.02 [5.03-10.16] 8.13 [7.69-10.52] 0.23 

Mean transit time in 
seconds (median [IQR]) 

40.62 [23.80-95.82]  53.84 [30.71-131.23] 0.53 

Time to peak in seconds 
(median [IQR]) 

11.00 [6.01-914.35] 10.51 [10.06-13.45] 0.26 

Wash-in rate in dB (median 
[IQR]) 

27.30 [22.97-29.01] 19.27 [15.47-22.07] 0.005 

Wash-in perfusion index in 
dB (median [IQR]) 

31.86 [29.26-32.75] 25.57 [22.03-28.47] 0.008 

Wash-out area under the 
curve in dB (median [IQR]) 

43.55 [39.54-45.37] 38.87 [34.97-45.36] 0.30 

Wash-in and wash-out area 
under the curve in dB 
(median [IQR]) 

45.17 [41.12-46.74]  40.34 [36.49-46.77] 0.26 

Fall time in seconds 
(median [IQR]) 

18.43 [12.93-26.35] 22.40 [17.57-27.38] 0.23 

Wash-out rate in dB 
(median [IQR]) 

22.14 [16.49-22.66] 14.48 [9.79-16.40] 0.004 
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Supplementary Table 2a. Linear CEUS measurements for ROI1 (complete wall) for both T0 and 
T2 in the most severe affected segment for present endoscopic disease activity (SESCD≥1) and absent 
endoscopic disease activity (SESCD=0), (a.u.=arbitrary units) analyzed with a non-parametric 
Mann-Whitney U Test. 

 Present endoscopic 
disease activity (n=9)  

No present endoscopic 
disease activity (n=8) 

p-value 

Peak enhancement in a.u. 
(median [IQR]) 

1800 [1142-2224] 354 [254-843] 0.016 

Wash-in area under the 
curve in a.u.  (median IQR]) 

8250 [3945-10610] 2865 [1375-6855] 0.13 

Wash-in rate in dB (median 
[IQR]) 

363 [170-586] 68 [42-129] 0.13 

Wash-out area under the 
curve in a.u. (median 
[IQR]) 

18800 [9265-31200] 4080 [3270-29100] 0.25 

Wash-in and wash-out area 
under the curve in a.u. 
median [IQR]) 

27800 [13200-41450] 5930 [4680-36900] 0.22 

Wash-in perfusion index in 
a.u.  (median [IQR]) 

1170 [766-1499] 242 [166-574] 0.017 

Wash-out rate in a.u. 
(median [IQR]) 

112 [38-152] 23 [11-30] 0.16 
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Supplementary Table 2b. Linear CEUS measurements for ROI3 (submucosa) for both T0 and T2 
in the most severe affected segment for present endoscopic disease activity (SESCD≥1) and absent 
endoscopic disease activity (SESCD=0), (a.u.=arbitrary units) analyzed with a non-parametric 
Mann-Whitney U Test. 

 Present endoscopic 
disease activity (n=9) 

No present endoscopic 
disease activity (n=8) 

p-value 

Peak enhancement in a.u. 
(median [IQR]) 

2740 [1610-44998] 1016 [424-1600] 0.018 

Wash-in area under the 
curve in a.u. (median [IQR]) 

10700 [5975-19600] 4890 [1770-13926] 0.15 

Wash-in rate in dB (median 
[IQR]) 

647 [239-1253] 159 [105-292] 0.065 

Wash-out area under the 
curve in a.u. (median [IQR]) 

20400 [11815-49803] 9910 [3580-25600] 0.13 

Wash-in and wash-out area 
under the curve in a.u. 
(median [IQR]) 

31100 [17800-72362] 15300 [5340-37800] 0.12 

Wash-in perfusion index in 
a.u. (median [IQR]) 

1740 [1061-2855] 456 [251-845] 0.002 

Wash-out rate in a.u. 
(median [IQR]) 

240 [84-266] 59 [30-122] 0.17 
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Supplementary Table 2c. Linear CEUS measurements for ROI3 (single vessel) for both T0 and 
T2 in the most severe affected segment for present endoscopic disease activity (SESCD≥1) and absent 
endoscopic disease activity (SESCD=0), (a.u.=arbitrary units) analyzed with a non-parametric 
Mann-Whitney U Test. 

 Present endoscopic 
disease activity (n=9) 

No present endoscopic 
disease activity (n=8) 

p-value 

Peak enhancement in a.u. 
(median [IQR]) 

2360 [1275-2508] 613 [258-1080] 0.021 

Wash-in area under the 
curve in a.u.  (median [IQR]) 

7010 [3486-11700] 3565 [1365-7548] 0.26 

Wash-in rate in a.u.  (median 
[IQR]) 

538 [198-834] 131 [50-254] 0.05 

Wash-out area under the 
curve in a.u. (median [IQR]) 

22600 [9600-34800] 3570 [3060-25100] 0.18 

Wash-in and wash-out area 
under the curve in a.u. 
(median [IQR]) 

32900 [13680-47450] 5310 [4300-33300] 0.17 

Wash-in perfusion index in 
a.u.  (median [IQR]) 

1530 [853-1900] 435 [170-714] 0.02 

Wash-out rate in a.u. 
(median [IQR]) 

151 [39-172] 35 [11-46] 0.14 
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Supplementary Table 3. Median and Δmedian values for HBI and FCP in patients with and 
without endoscopic response at T1 and T2. [HBI: Harvey-Bradshaw Index, FCP: fecal calprotectin). 

Parameter T1 p-value T2 p-value 

 Endoscopic 
response 

Endoscopic 
non-response 

 Endoscopic 
response 

Endoscopic 
non-response 

 

HBI 1.0 [0.0-2.5] 4.0 [3.0-7.0] 0.002 1.0 [0.0-2.0] 3.0 [0.5-8.5] 0.049 

ΔHBI -2.0 [-4.0-  
-1.0] 

0.00 [-5.3-2.3] 0.22 -3.5 [-4.8- -1.3] -2.0 [-5.5-0.0] 0.42 

FCP (µg/g) 75 [19-250] 239 [38-405] 0.29 73 [11.50-164] 83 [20-189] 0.88 

ΔFCP (µg/g) -1199 [-3029- 
-456] 

-256 [-606-42] 0.013 -1699 [-3309-  
-967] 

-92 [-314-19] 0.006 

 

Supplementary Table 4. Area under the ROC-curve analysis for ΔFecal calprotectin at T1 and T2 
to determine endoscopic response after 12-34 weeks of anti-TNFα. 

Parameter Cut-off 
value 

Area under the 
ROC 

Sensitivity Specificity p-value 

ΔFecal 
calprotectin T0-T1 

-600 µg/g 0.82 (95%CI: 0.65-
0.96) 

75% 71% 0.014 

ΔFecal 
calprotectin T0-T2 

-676 µg/g 0.96 (95%CI: 0.85-
1.00) 

100% 82% 0.009 
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Supplementary Table 5. Inter-observer agreement on presence of disease activity per segment at 
IUS.  

Segment Kappa agreement (95%CI) Significance 

Sigmoid colon κ=0.72 (0.54-0.90) p<0.0001 
Descending colon κ=0.808 (0.66-0.95) p<0.0001 

Transverse colon κ=0.732 (0.56-0.91) p<0.0001 

Ascending colon/cecum κ=0.62 (0.35-0.86) p<0.0001 

Terminal ileum κ=0.72 (0.58-0.85) p<0.0001 
Absence of disease activity κ=0.60 (0.36-0.83) p<0.0001 

 

Supplementary Table 6. Inter-observer agreement per IUS parameter per segment. 

Segment Doppler Loss of 
WLS 

Fatty 
wrapping 

Presence of 
lymphnodes 

Loss of 
haustrations 

Loss of 
motiltiy 

Sigmoid 
colon 

κ=0.62 
(0.37-0.88), 
p<0.0001 

κ=0.56 
(0.28-0.84), 
p<0.0001 

κ=0.57 
(0.24-0.90), 
p=0.014 

κ=0.25         
(-0.15-0.65), 
p<0.0001 

κ=0.67   
(0.46-0.89), 
p<0.0001 

n/a 

Descending 
colon 

κ=0.64 
(0.41-0.88), 
p<0.0001 

κ=0.69 
(0.49-0.88), 
p<0.0001 

κ=0.38(0.03-
0.73), 
p=0.041 

κ=1.00   
(1.00-1.00), 
p<0.0001 

κ=0.70  
(0.53-0.88), 
p<0.0001 

n/a 

Transverse 
colon 

κ=0.56 
(0.25-0.88), 
p-0.002 

κ=0.61 
(0.36-0.86), 
p<0.0001 

κ=0.39 
(0.03-0.74), 
p=0.053 

κ=1.00  
(1.00-1.00), 
p<0.0001 

κ=0.52  
(0.29-0.75), 
p<0.0001 

n/a 

Ascending 
colon/cecum 

κ=0.51 
(0.24-0.78), 
p=0.012 

κ=0.80 
(0.54-1.07), 
p<0.0001 

κ=0.33        
(-0.16-0.82), 
p=0.26 

κ=0.49         
(-0.11-1.09), 
p<0.0001 

κ=0.65  
(0.29-1.00), 
p<0.0001 

n/a 

Terminal 
ileum 

κ=0.75 
(0.60-0.90), 
p<0.0001 

κ=0.61 
(0.43-0.79), 
p<0.0001 

κ=0.80 
(0.70-0.91), 
p<0.0001 

κ=0.23         
(-0.04-0.49), 
p=0.029 

n/a κ=0.65 
(0.49-0.81), 
p<0.0001 

 



Chapter 5

138

 

 

Supplementary Table 7. Intra-class correlation coefficients for the two blinded raters per CEUS 
parameter for ROI1 (complete wall) (n=30). 

CEUS parameter Intraclass correlation coefficient (95%CI) p-value 

Peak enhancement 0.973 (0.944-0.987) <0.0001 
Wash-in Area under the curve 0.935 (0.864-0.969) <0.0001 
Rise Time 0.826 (0.634-0.917) <0.0001 
Mean transit time 0.632 (0.226-0.825) 0.004 
Wash-in rate 0.971 (0.940-0.986) <0.0001 
Wash-in peak intensity 0.976 (0.949-0.988) <0.0001 
Wash-out Area under the curve 0.926 (0.838-0.966) <0.0001 
Wash-in wash-out Area under the curve 0.933 (0.852-0.969) <0.0001 
Fall Time 0.671 (0.278-0.850) 0.003 
Wash-out rate 0.943 (0.875-0.974) <0.0001 
Quality of fit 0.710 (0.390-0.862) 0.001 
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B 

Figure 1 (a-b). Region of interests for the terminal ileum in a 25 year-old Crohn’s Disease patient 
with a: the contrast-enhanced still image for peak enhancement and b: the time-intensity curves per 
region of interest. (Blue: delineation area, Green: complete wall, Yellow: mucosa and submucosa, 
Purple: mucosa, Orange: Submucosa, White: single vessel/hotspot). 
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Figure 2. Flow-diagram of follow-up. [IUS=intestinal ultrasound, CEUS=contrast-enhanced 
ultrasound]. 
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Figure 3. Significant change in Colour Doppler Signal (A) and inflammatory fat (B) during anti-
TNFα treatment in patients with and without endoscopic response after 12 to 34 weeks.  
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Figure 4 (a-d). Decrease in percentage according to endoscopic response per time-point for peak 
enhancement (A), wash-in rate (B), wash-in perfusion index (C) and wash-out rate (D). 
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Abstract 

After the introduction of anti-tumor necrosis factor (anti-TNF) agents, the clinical outcome of 
patients with Inflammatory Bowel Disease (IBD) has improved significantly. However, use of 
anti- TNF therapy is complicated by loss of response. In order to maintain remission, adequate 
serum levels are required. Hence, therapeutic drug monitoring (TDM) is important in order to 
optimize serum drug levels, especially in patients with loss of response to these agents. 
Optimization of anti-TNF therapy by applying TDM enables clinicians to regain response to 
TNF blockers in a significant proportion of patients. It is important to use anti-TNF agents in 
their most optimal way, since these therapeutic agents are expensive and the medical options 
after failing anti-TNF therapy are limited. Here, we will discuss how to optimize treatment 
with anti-TNF agents in IBD patients in order to improve treatment efficacy, prevent anti-drug 
antibody formation, reduce side effects, discontinue unnecessary treatment and manage costs. 
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Introduction 

In recent years, medical treatment of patients suffering from inflammatory bowel disease (IBD) 
has changed significantly. Novel therapeutic agents have become available and our 
knowledge how to optimize treatment strategies for IBD patients has improved markedly. The 
need for individualized treatment regimens is becoming more and more important.  

Identification of the pro-inflammatory cytokine tumor necrosis factor (TNF) as an important 
inflammatory mediator in several chronic inflammatory conditions paved the way for the 
development of TNF antagonists. These anti-TNF agents not only bind and neutralize TNF, 
but they also down regulate inflammation by inducing apoptosis.1 Currently, there are four 
anti-TNF agents available for the treatment of IBD, namely infliximab (IFX), adalimumab 
(ADL), golimumab (GLM, only for ulcerative colitis (UC)) and certolizumab pegol (CZP). CZP 
has only been approved for Crohn’s Disease (CD) in the United States and Switzerland, and 
will not be discussed here.2 IFX and ADL are efficacious in inducing and maintaining clinical 
remission in patients with CD and UC.3-7 Introduction of these two agents has led to a decrease 
in bowel-related surgery and hospitalization rates. IFX is an effective drug to treat fistulizing 
CD, but for ADL there are less data available.8, 9 GLM is an effective agent to induce and 
maintain remission in patients with moderate-to-severe UC.10, 11 Treatment with anti-TNF 
agents contributed to a better disease control with a reduction in (late) complications of the 
disease and improved quality of life in IBD patients.12 Unfortunately, a considerable 
proportion of patients fail to respond to anti-TNF induction therapy and these patients are 
labeled as primary non-responders. Up to 50% of patients who initially respond to anti-TNF 
therapy show loss of response (LOR) over time (i.e. secondary LOR), which often leads to 
discontinuation of treatment.13 An important factor that contributes to secondary LOR is the 
development of anti-drug antibodies (ADA). The so-called ‘immunogenicity’ can result in 
faster clearance of the drug subsequently leading to lower serum drug levels and LOR.14-16 
Formation of ADA is also associated with infusion reactions.17, 18 

Therapeutic options for IBD patients who fail anti-TNF therapy are limited, although novel 
agents such as anti-interleukin-23 antibodies and Janus kinase inhibitors may offer alternatives 
in the foreseeable future. Nonetheless, it is important to use anti-TNF agents in their most 
optimal way in order to improve treatment efficacy, reduce side-effects and manage costs.19 
Here, we will discuss how to optimize treatment with anti-TNF therapy in patients with IBD. 
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Development of anti-TNF treatment 

Our knowledge regarding the effective use of anti-TNF agents has improved considerably 
during recent years. Instead of switching to other agents in the case of LOR, prevention of 
secondary LOR by applying the right intervention is a more common approach nowadays. 
Importance of adequate serum levels of anti-TNF antibodies has been well established and 
several factors that may influence serum drug concentrations have been identified.20-27 
Rutgeerts et al. showed that patients who received scheduled IFX treatment instead of episodic 
treatment had fewer hospitalizations, higher rates of mucosal healing and a reduction in the 
formation of Ada compared to patients who received episodic treatment.28 Maser et al. 
demonstrated a positive association between detectable IFX trough levels (TLs), higher rates 
of clinical remission and endoscopic improvement in CD patients on maintenance treatment 
with IFX.28, 29 Since serum drug levels seem to be positively associated with clinical outcome, 
it is essential to define appropriate cut-off levels. From ACCENT-1 it was concluded that the 
therapeutic threshold of IFX serum levels should be above 3.5 µg/ml.21 It remains unclear if 
there is a maximum to the therapeutic range. However, recent work from our group showed 
that high IFX and ADL TLs (i.e. > 5.5 and 6.6 µg/ml, respectively) were associated with a lower 
disease-specific quality of life in IBD patients, particularly, regarding systemic symptoms and 
emotional status. A trend towards lower SF-36 and higher fatigue scores was observed in the 
higher anti-TNF TL group, but this difference was not significant.30 Based on available 
literature, it appears that a TL of 3 µg/ml should be sufficient for IBD patients who are in 
clinical remission. Vande Casteele et al. showed in the TAXIT study that in patients with a TL 
> 7 ug/ml, the IFX dosage could safely be de-escalated.31 In clinical practice, this means that 
IFX dosages may be reduced to achieve a TL of 3 µg/ml, which might result in a decrease in 
side-effects, reduction of costs and a higher proportion of patients who maintain clinical 
remission. The PRECISION study, a currently ongoing prospective trial at our institute, is 
performed to test these hypotheses. For ADL, a serum concentration at trough above 6–7 µg/ml 
is considered to be sufficient and a TL above 4.9 µg/ml is associated with mucosal healing.14, 32 

One of the latest additions to the anti-TNF class of drugs is GLM, a subcutaneous human anti-
TNF agent that was recently approved by the Food and Drug Administration and European 
Medicines Agency for the treatment of moderately to severely active UC. The therapeutic 
window for GLM remains to be determined in IBD patients.10, 11 Data on the pharmacokinetic 
profile of GLM are based on trials in patients with ankylosing spondylitis, psoriatic arthritis 
and rheumatoid arthritis.33-35 We are currently performing a pharmacokinetic study in UC 
patients who receive GLM treatment in order to increase our knowledge about the 
pharmacokinetic profile of this agent. A meta-analysis from Thorlund et al. suggested that IFX 
and GLM are comparable in efficacy and that both agents may statistically be superior to ADL, 
but more research is needed to confirm these findings.36 
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Risk stratification 

Appropriate selection of patients before initiating anti-TNF therapy is essential. Disease 
phenotype (severity, extent of the disease, etc.) and the medical history, such as previous 
(non)response to other therapeutic agents, should be taken into account. Poor prognostic 
factors that are associated with disabling disease can be used to select patients who benefit 
from early intervention with anti-TNF agents, so-called top-down therapy. Especially, adult 
patients with a young age at diagnosis (i.e. < 40 years), extensive small bowel involvement 
and/or perianal CD benefit from early introduction with anti-TNF therapy.37 However, the 
majority of patients have a relatively milder disease course and show a favorable response to 
conventional step-up care that consists of sequential treatment with 5-aminosalicylic acid, 
corticosteroids, immunomodulators and biologicals (mainly anti-TNF agents). However, 
incorporation of an algorithm with response assessment guiding treatment escalation 
(‘accelerated stepcare’) was recently shown to be beneficial.38 Besides correct risk stratification 
before starting anti-TNF therapy, the increased risk of malignancy and opportunistic 
infections when starting combination therapy is important to take into account.39 

Screening before starting anti-TNF treatment 

Screening procedures that should be done before anti-TNF treatment is started are partly 
based on evidence (guidelines) and on expert opinion. Screening for infectious diseases should 
be performed at baseline, including screening for tuberculosis (using Mantoux, chest X-ray 
and Interferon Gamma Release Assay (IGRA)) as well as viral serology for hepatitis B, hepatitis 
C, cytomegalovirus (CMV), Epstein-barr virus (EBV), varicella zoster virus (VZV) and human 
immunodeficiency virus (the latter two only on indication). Pneumococcal vaccination and 
annual influenza is advised before anti-TNF therapy is started. Yellow fever (in the case of 
traveling to endemic areas), hepatitis B (in high-risk groups: homosexual men, those traveling 
to endemic areas and intravenous drug abuse) and VZV (in the case of seronegativity or 
increased exposure risk, e.g. young children) should be considered. Stool tests for 
Salmonella/Shigella/Yersinia/ Campylobacter (SSCY)/Escherichia coli and Clostridium 
difficile toxins should be routinely done. Screening for other infectious diseases should be 
performed according to geographical location and prevalence. 

Combination therapy 

In addition to the implementation of scheduled treatment with anti-TNF agents, the 
importance of combination therapy with an immunomodulator in order to enhance anti-TNF 
treatment efficacy and in order to prevent immunogenicity has been recognized. The impact 
of combination therapy on IFX monotherapy is well understood.40-42 For ADL, there is less 
evidence that combination therapy is superior to monotherapy.43 Several randomized 
controlled trials showed that concomitant use of immunomodulators (azathioprine, 6-
mercaptopurine or methotrexate) increases anti-TNF serum levels and reduces 
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immunogenicity thereby improving clinical outcome.40-42 However, in the COMMIT trial IFX 
in combination with methotrexate was not more effective than IFX monotherapy, but it must 
be recognized that all patients received a high dose of prednisolone at the time induction 
treatment with IFX was started.44 Furthermore, combination therapy might also reduce the 
incidence and severity of infusion reactions, which are (at least partially) related to 
immunogenicity.16, 45, 46 Evidence suggests that combination treatment is important, especially 
within the first 12 months after starting anti-TNF therapy in order to reduce the risk of 
developing immunogenicity.47 Furthermore, there is evidence to support the idea that 
combination therapy with IFX and azathioprine is more cost-effective compared to IFX 
monotherapy.48 Hence, starting anti-TNF therapy in combination with an immunomodulator 
should be the preferred strategy, but this decision has to be made on an individual basis since 
combination treatment is associated with an increased risk of malignancies and opportunistic 
infections.39, 49-55 An immunomodulator can also be introduced in patients with LOR while 
receiving anti-TNF monotherapy, since recapturing response after addition of 
immunomodulators has been described.56, 57 In our center, a significant proportion of patients 
with LOR on anti-TNF monotherapy regained response after addition of an 
immunomodulator. In these patients, we observed an accompanied increase in serum drug 
concentrations and in most patients ADA levels disappeared. Further research should be 
performed in order to identify patient- and disease-specific characteristics that could predict 
which patients  would  benefit  from  combination therapy. Besides ADA at a continuous 
measurable level, transient ADA can also appear during treatment, but their clinical 
contribution seems not significant.47, 58  

Appropriate dosing of anti-TNF agents in patients with active IBD 

When optimizing serum concentrations of anti-TNF agents in order to obtain therapeutic drug 
levels, it is important to take the severity of the disease into account, which can be reflected by 
increased C-reactive protein (CRP) and low serum albumin levels, amongst others. A low body 
weight and the presence of ADA also have a negative impact on the pharmacokinetic profile 
of these drugs by increasing their clearance.59, 60 Recent studies by Brandse et al. and Yarur et 
al. investigated the role of luminal (feces) and mucosal (tissue) compartments in the 
pharmacokinetics of IFX.27, 61 Brandse et al. showed that a significant proportion of IFX is lost 
through leakage from the gut into the feces, especially during induction treatment in patients 
with severe colitis and this was associated with impaired clinical outcomes. Interestingly, no 
correlation was found between fecal and serum concentrations of IFX, although strict 
quantification of fecal loss of IFX was not performed.61 Furthermore, therapeutic antibodies 
can also be degraded by proteases in the mucosal compartment, in particular 
metalloproteinases.62 In order to fully understand the pharmacokinetic profile of anti-TNF 
agents, a pharmacokinetic model is being developed consisting of three physiological 
compartments (i.e. tissue, serum and feces). 
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Induction therapy with anti-TNF agents in IBD patients using standard dosages is sufficient 
in the majority of patients. For IFX, the induction phase consists of 5 mg/kg infusions that are 
administered at week 0, 2 and 6. For ADL, usually 160 mg subcutaneously (s.c) is used as 
starting doses although in some countries 80 mg is the preferred starting dose. For GLM, the 
weight of the patient should be taken into account. Induction treatment consists of 200 mg s.c. 
followed by 100 mg s.c. after two weeks. In Europe, after the induction phase, patients ≥ 80 kg 
receive 100 mg every 

4 weeks and patients < 80 kg receive maintenance treatment with 50 mg GLM every four 
weeks. However, there is evidence that IBD patients with severe inflammation should receive 
higher doses of anti-TNF agents in the acute phase of the disease.63 The goals of administering 
higher doses of anti-TNF induction treatment are to neutralize circulating and tissue TNF, to 
correct for fecal loss and protease inactivation and to avoid occurrence of low serum drug 
levels and rapid ADA formation. Based on our own experience, hospitalized patients who 
have low albumin and high CRP levels benefit most from this approach. In patients who show 
a partial response with inadequate drug levels during the induction phase, treatment should 
be intensified by giving additional doses or by shortening the treatment interval, instead of 
immediately switching to another agent. Serum CRP and fecal calprotectin are valuable 
monitoring tools in this context.64-66 In the case of switching between different anti-TNF agents, 
it is known that patients who developed ADA to IFX more often develop ADA to ADL versus 
anti-TNF naïve patients.67, 68 Identification of these patients on beforehand is not possible yet, 
but there is evidence that immunogenicity to IFX is associated with HLA-DRB1.69 A sys- 
tematic review performed by Gisbert et al. showed that therapeutic efficacy of a second anti-
TNF agent in CD patients mainly depends on the reason for switching.70 When primary or 
secondary failure was the reason to switch within class, relatively low remission rates were 
seen (30% and 45%, respectively) compared to patients who were intolerant to the first anti-
TNF agent.70 In our opinion, a second (or third) anti-TNF agent can be efficacious in patients 
with prior response to an anti-TNF agent and subsequent intolerance to these agents. 

Management of loss of response 

Before the era of TDM, the management of secondary LOR to anti-TNF agents consisted of 
empiric treatment intensification by either increasing the dose or by shortening the interval 
(based on patient’s/physician’s preference). Alternatively, patients could be switched to 
another drug (out or within class). This approach was largely based on trial and error rather 
than on evidence and many patients probably did not receive optimal treatment. Nowadays, 
TDM is more and more used in daily practice in order to improve treatment efficacy and to 
reduce side-effects. This is done by individually adjusting the dose within a relatively narrow 
therapeutic range, because treatment with anti-TNF agents can easily be over or under dosed. 

In IBD patients who receive treatment with anti-TNF agents, TDM is usually applied in the 
case of suspicion of active disease and secondary LOR (figure 1). The first step is to determine 



Chapter 6

154

 

 

clinical and biochemical disease activity. CRP testing is relatively cheap and widely available, 
but an elevated serum CRP concentration is not specific for intestinal inflammation. Fecal 
calprotectin has a greater specificity for intestinal inflammation compared to CRP and 
correlates significantly with endoscopic disease activity, especially in UC.71, 72 Combining CRP, 
calprotectin and additional information seen at endoscopy, in most cases allows the physician 
to determine disease activity.73-76 Endoscopy and imaging modalities (such as magnetic 
resonance imaging) are particularly useful in order to differentiate between active 
inflammation and other causes of abdominal pain such as fibrostenotic strictures, 
gastrointestinal infections or functional pain (Irritable Bowel Syndrome). If active disease is 
confirmed, the next step is to  perform TDM according to the LOR algorithm that we use in 
our clinic (figure 1). 

If patients fail to respond to induction treatment with anti-TNF agents or lose response over 
time (primary or secondary LOR, respectively), the first question that should be answered is 
whether the patient may benefit from dose escalation. Depending on the combination of 
results, patients can be divided into three different groups: (I) patients with low or 
undetectable serum concentrations with ADA; (II) patients with low or undetectable serum 
drug levels without ADA; and (III) patients with therapeutic drug levels without ADA. In the 
first group, increased serum concentrations and a decline in ADA can be achieved by adding 
an immunomodulator.56, 57 If patients already receive combination therapy, it seems valid to 
intensify anti-TNF treatment by doubling the dose or decreasing the treatment interval, but 
this seems only a successful strategy in patients with low ADA titers.77-79 Katz et al. showed 
that in patients with CD, doubling the IFX dose was not superior to halving the treatment 
interval in terms of regaining response. However, dose-doubling may be the preferable choice 
in terms of costs.80 When deciding which type of dose intensification should be applied, it is 
important to take the symptoms of the patient into account. If patients have symptoms during 
the entire treatment interval, increasing the dose is recommended. If symptoms appear during 
the treatment interval, for example, at week 6 after the last infusion, shortening the interval 
seems more logical. When none of these options are available, treatment should be switched 
to another agent (within or out of class). 

In the second situation (i.e. low or undetectable serum drug levels without ADA), dose 
intensification may suffice to regain response.24, 77-79 Again, two different strategies of dose 
intensification can be applied: increasing the dose or shortening the treatment interval. If dose 
intensification is not sufficient, switching to another agent is recommended. 

In the third group (i.e. patients with therapeutic drug levels without ADA) anti-TNF treatment 
appears to be ineffective. For these patients, evaluation of disease activity is key, endoscopy 
being the most informative diagnostic tool. If active endoscopic disease is confirmed, anti-TNF 
therapy should be discontinued and switch out of class should be initiated (i.e. drug with 
another mode of action). It is possible that in such patients other cellular mediators than TNF 
play a dominant role. Vedolizumab, a monoclonal antibody which binds to α4β7 integrins, is 
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a valuable option for CD and UC patients who fail anti-TNF therapy.81, 82 In the nearby future, 
ustekinumab (anti-IL12/ IL23) will likely become available for patients with refractory IBD. 

When assessing LOR, adherence to treatment should also be determined. A systematic review 
performed by Lopez et al. showed that more than three-quarters of IBD patients adhere to 
biologics, but when assessing secondary LOR, non-adherence to treatment should be 
recognized since poor adherence may undermine the therapeutic benefit of biologics.83-86 

Individualized treatment strategies 

Personalized medicine is becoming more and more important in modern healthcare. 
Individualized anti-TNF treatment strategies are a major area of research and several 
strategies are gradually being implemented in clinical practice. We already discussed the use 
of TDM for the management of LOR, but TDM is also becoming increasingly important for 
treatment optimization. VandeCasteele et al. showed that targeting patient’s serum drug levels 
to the therapeutic range of IFX resulted in higher clinical remission rates in CD patients as 
compared to conventional dosing.31 After dose optimization, it seemed not beneficial to 
continue concentration-based dosing in order to maintain clinical remission. Clinical remission 
is an important outcome for patients, but mucosal healing (i.e. no ulcers seen at endoscopy) is 
the desired treatment goal, since this is associated with improved long-term outcomes and it 
can also be objectively measured.87, 88 There is evidence to support the idea that TDM predicts 
the likelihood of achieving mucosal healing following IFX dose intensification in CD and UC.24 

Anti-TNF agents are expensive and account for 64% and 31% of the total health costs in CD 
and UC in The Netherlands.19 TDM seems to be a cost-effective approach, as it was shown that 
costs of individualized treatment using algorithm based interventions were significantly lower 
compared to costs of empiric IFX dose intensification (5 mg/kg every four weeks) in CD 
patients failing IFX.89, 90 Hence, TDM perfectly fits in the personalized treatment approach in 
order to optimize treatment outcomes and manage costs. 

Other valuable tools for personalization of anti-TNF therapy are so-called point-of-care 
diagnostic tests, since rapid diagnostic results might be helpful in certain clinical situations in 
order to make proactive treatment adjustments. Endoscopy is the gold standard for 
assessment of disease activity, but this cannot be implemented on a regular basis. 
Transabdominal ultrasound is a safe and relatively cheap technique that has proven to be 
valuable for follow-up of IBD patients and to monitor treatment efficacy.91, 92 Therefore, this 
modality is being used in our out-patient clinic for point-of-care assessment of disease activity. 
Moreover, MRI technology can be very useful for assessing small bowel disease and perianal 
disease in CD patients.93, 94 For optimization of anti-TNF therapy, point-of-care tests that 
measure serum drug concentrations in (capillary) blood seem to be a valuable tool as they 
would allow for rapid treatment adjustments, thereby avoiding unnecessary treatment delay. 
A quick test for fecal calprotectin is already available for ‘on the spot’ assessment of disease 
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activity.95 Hence, introduction of point-of-care assays will allow for rapid treatment 
adjustments. 

Discontinuation and reintroduction of anti-TNF treatment 

In a proportion of patients anti-TNF therapy is discontinued because of longstanding 
remission. Discontinuation of anti-TNF therapy may be considered for various reasons, such 
as safety concerns, pregnancy, preference of the patient, etc. We believe that several criteria 
must be met before discontinuation of anti-TNF therapy is considered. In the case of deep 
remission (defined by clinical, biochemical and endoscopic remission), discontinuation of anti-
TNF therapy may be considered, but this should be done on an individual basis. The long-
term outcome of patients previously included in de STORI trial showed that after stopping 
anti-TNF treatment because of sustained remission under combination therapy, 85% of the 
patients had to restart treatment again. In the case of extensive small bowel disease and/or 
symptomatic perianal fistulas, long-term treatment with anti-TNF agents is indicated, because 
alternative medical therapies are limited.96-98 Retreatment of patients that experience a relapse 
after cessation of IFX therapy is usually well tolerated and the success rate is high, ranging 
from 71% to 94% in different studies.96-98 Nevertheless, for IFX it is known that patients have 
an increased risk of developing (severe) infusion reactions and delayed hypersensitivity 
during reintroduction with IFX.18, 99, 100 Despite limited evidence, we do recommend to always 
restart IFX together with corticosteroids and a H1-receptor antagonist as pre-medication in 
order to reduce the chance of developing an acute infusion reaction.101, 102 There is also evidence 
that reintroduction of anti-TNF therapy together with an immuno- modulator decreases the 
risk of infusion reactions.102 

Expert commentary 

Preventing and managing LOR remains one of the most challenging aspects in the 
management of IBD patients who receive treatment with anti-TNF agents. There is evidence 
that personalized strategies improve treatment outcomes with anti-TNF agents.24, 31 Low serum 
drug concentrations and ADA are associated with LOR. Therefore, optimization of serum drug 
concentrations and minimizing the chance of ADA formation should be the first step in 
preventing LOR. We recommend to start anti-TNF therapy in combination with an 
immunomodulator, if possible, and to incorporate TDM in the early phase of anti-TNF therapy 
(i.e. during the induction phase) in order to prevent primary and secondary LOR by 
optimizing serum drug concentrations in adult patients. In pediatric patients, there is too little 
evidence especially about the safety of combination therapy. During induction therapy, 
doubling the anti-TNF dose in the case of severe colitis seems to be of value in order to prevent 
primary LOR. 

Nowadays, TDM is mainly used to assess secondary LOR. But optimization of serum drug 
levels during induction therapy is not implemented on a regular basis yet. In our view, TDM 



Optimization of anti-TNF therapy

C
ha

pt
er

 6

157

 

 

should be applied more often since it may result in preventing secondary LOR, especially for 
patients that may not have received the optimal dose in the first place. In order to ensure that 
patients respond to treatment with anti-TNF agents, endoscopic evaluation after starting anti-
TNF therapy is mandatory in our opinion. There are no data to answer the question what the 
best timing is for performing 

endoscopy. For CD patients who embark on anti-TNF therapy, we evaluate endoscopic disease 
activity after approximately 6 months. For UC patients, we evaluate endoscopic responses at 
week 10–18 after starting anti-TNF therapy. Moreover, fecal calprotectin is often used as a 
surrogate marker to assess disease activity in our outpatient clinic as it has been shown that 
there is a high correlation between fecal calprotectin and endoscopic disease activity in IBD 
patients.72, 103 The ultimate goal of all these strategies is to discontinue ineffective or 
unnecessary treatment, improve treatment efficacy and reduce side-effects of anti-TNF 
therapy. 

Five-year view 

After the recent introduction of vedolizumab, other biologicals such as ustekinumab (IL-12/ 
IL-23 blocking antibody) will be introduced for the treatment of IBD in the nearby future. 
Personalized treatment with biologicals (anti-TNF treatment being at the forefront) will 
become more and more important and this type of treatment will be facilitated by point-of-
care tests, such as on the spot measurements of serum drug concentrations, CRP and fecal 
calprotectin that allow for immediate treatment decisions. It is likely that disease activity will 
also be monitored via E-health which may lead to less hospital visits.104 Another example of 
such technology is the development of so-called dash- board systems (i.e. software packages 
that integrate information and calculations about therapeutics from multiple components into 
a single interface for use in the clinical environment), which are currently being developed in 
order to simplify TDM of anti-TNF agents.105 This will likely improve implementation of TDM 
on a larger scale and should enable gastroenterologists to make proactive treatment 
adjustments in order to maintain a targeted TL. TDM will also be increasingly used in order 
to prevent primary non-response instead of only managing secondary LOR. 

Biosimilar IFX has recently entered the IBD arena. Efficacy and safety data from clinical trials 
in rheumatoid arthritis and spondyloarthritis have been extrapolated to IBD. We believe that 
ongoing clinical trials that investigate treatment efficacy and switching strategies in IBD 
patients with anti-TNF biosimilars will increase our knowledge and confidence in using these 
agents. The use of anti-TNF biosimilars will significantly reduce treatment costs which will 
result in the ability to treat more patients with anti-TNF therapy. In conclusion, the future of 
IBD treatment with anti-TNF agents will become more personalized, the number of available 
therapeutic agents will increase in the next five years end the use of anti-TNF biosimilars will 
expand. 
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Figure 1. TDM algorithm (LOR=Loss of response, ADA=anti-drug antibodies). In patients with 
positive ADA, an immuno modulator can be introduced or therapy intensification (increasing dose or 
decreasing interval) can be applied. If therapy intensification is not sufficient, switching to another 
agent (out or within class) is recommended. 
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Abstract 

Whether to use biologic treatment for inflammatory bowel disease as monotherapy or in 
combination with immunosuppressives has been a matter of debate in the last 2 decades. 
Combination therapy was not superior in any of the registration trials for Crohn’s disease 
and ulcerative colitis for TNF antagonists, vedolizumab, or ustekinumab. It needs to be 
mentioned, though, that none of these trials were powered to detect such differences, and 
that many patients entered the trial after having failed conventional immunosuppressives. 
Postmarketing studies revealed that patients on background immunosuppression have a 
lower risk of immunogenicity (often resulting in infusion/injection reactions) than patients 
on monotherapy. In the SONIC and UC-SUCCESS trials, superiority of the combination 
azathioprine-infliximab was demonstrated in Crohn’s disease and ulcerative colitis, 
respectively. This trial design has not been used with any other biologic for IBD, so far. 
Meanwhile, it has also become clear that combination treatment with TNF antagonists is 
associated with increased toxicity, mainly infections, but also malignancy such as 
lymphoproliferative disease. This toxicity could perhaps be reduced by using lower doses 
of immunosuppressives, a strategy that has been shown to be equally potent in reducing 
immunogenicity. Additionally, combination treatment could be used for a limited period 
of time (12 months or even shorter) since most immunogenicity develops in the beginning 
of the biologic treatment. Patients who develop anti-drug-antibodies later on can often be 
rescued by reintroduction of thiopurines or methotrexate. 

In summary, combination treatment is certainly beneficial with infliximab, at least in the 
first 12 months of treatment. With other TNF antagonists, vedolizumab, and 
ustekinumab, the available data do not offer clear guidance. In patients without 
increased risk of toxicity, and certainly in those with limited treatment options, it may 
be wise to offer combination treatment with all biologics for the time being and at least 
during the initiation phase. 
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Introduction and historical background 

Initial studies with the anti-TNF agent infliximab for Crohn’s disease (CD) and 
ulcerative colitis (UC) did not demonstrate increased efficacy when this therapeutic 
antibody was combined with immunosuppressive agents, however in the Phase 3 study 
ACCENT-1 for CD, a trend towards greater efficacy of combination treatment was 
observed at week 30 (P = 0.062).1, 2  

It also became rapidly clear that after discontinuation and reinitiation of infliximab (IFX) 
treatment, patients on background immunosuppressive treatment experienced fewer 
infusion reactions and loss of response, a phenomenon that was explained by lower anti-
IFX antibody formation.3 It took until 2008, when the results of the SONIC trial were 
published, before it was demonstrated that combination treatment of IFX with the 
immunosuppressive azathioprine (AZA) led to superior clinical and endoscopic results 
compared to either monotherapy in CD.4 Combination treatment was characterized by 
higher IFX serum concentrations and a lower immunogenicity risk. This finding was 
replicated in the UC-SUCCESS trial.5 Subsequently, combination treatment has been 
recommended for all patients in whom IFX is started. 

The observations for other biologics, which are more humanized than the chimera IFX, are 
less convincing. In the Phase 3 trials with adalimumab (ADL), golimumab (GOLI), 
certolizumab pegol (CZP), vedolizumab (VEDO), and ustekinumab (UST), no evidence was 
found for an additional benefit from combined immunosuppression, although none of 
these trials were powered to answer this question specifically.6-14 SONIC-like programs were 
never performed for biologics other than IFX. For most biologics some retrospective data 
or cohort studies suggest benefit of combination immunosuppression, but presently the 
results do not appear strong enough to recommend combined treatment for all patients 
receiving non IFX biologics. 

Mechanisms of action of combination therapy 

Several mechanisms have been proposed to explain the increased effectiveness of combined 
immunosuppressives and anti-TNF therapy (mainly IFX) compared with anti-TNF therapy 
alone. The best documented feature of combination therapy in this regard is the reduction in 
risk of immunogenicity, (ie, anti-drug antibody formation) with both the thiopurines and 
methotrexate (MTX). Presence of anti-drug antibodies against IFX has been associated with a 
4-fold increase in drug clearance, most likely due to enhanced clearance of drug/anti-drug 
antibody immune complexes.15  Rapid drug clearance results in low or undetectable 
circulating drug concentrations, which are associated with lower success rates for induction 
of remission and with loss of response. The extent of reduction in antidrug antibodies 
appears similar for the thiopurines and MTX.4, 5, 16, 17 The rate of antidrug antibody 
formation is lower with ADL than IFX and so the effect of suppression of anti-drug 
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antibodies with immunosuppressives may be less pronounced with ADL combination 
therapy.18 Combination immunosuppressive therapy leads, however, to less 
immunogenicity and higher ADL serum concentrations.19, 20 Of note, anti-drug antibody 
formation has been observed as early as 18 days after commencing IFX, leading to a 
greater chance of nonresponse, and so it seems advisable to commence 
immunosuppression as early as possible in combination with anti-TNF-alpha therapy.15  

In addition to preventing immunogenicity, introduction of an immunosuppressant 
also has a high chance of reversing anti-drug antibody formation, with most cases 
reversing within 12 months using either a thiopurine or MTX.21, 22 One study also has 
shown a median increase in IFX trough concentrations of 2.84 mg/L with addition of a 
thiopurine or MTX to IFX.22 

It has been postulated that the addition of immunosuppression to anti-TNF-alpha therapy 
may have benefits beyond altered immunogenicity or pharmacokinetics, resulting in 
treatment synergy. There are limited data to support this. However, in vitro studies have 
shown that anti-TNF drugs induce regulatory macrophages that assist in wound and mucosal 
healing and that AZA, when combined with IFX, further increases the number and wound-
healing properties of these macrophages, which then also display stronger 
immunosuppressive properties.23-26 This would support the possibility of synergy at the 
pharmacological level. 

Efficacy   of  combined immunosuppression 

The efficacy of IFX combined with  immunosuppressive agents has been studied 
extensively. The SONIC trial showed that combination therapy resulted in higher rates of 
corticosteroid-free clinical remission and mucosal healing (absence of ulcers) after 26 
weeks of treatment in CD patients (56.8% vs 44.4%; P = 0.02 and 43.9% vs 30.1%; P = 0.06, 
respectively).4 A recent posthoc analysis of this trial showed significantly higher rates of 
anti-drug antibodies in the monotherapy patients (36% vs 8%). The benefit of combination 
therapy seemed mainly driven by the effect of AZA on the pharmacokinetics and 
immunogenicity of IFX in those on combination therapy.27 

Likewise, the UC-SUCCESS trial showed increased corticosteroid-free remission in UC 
patients  on  combination therapy after 16 weeks of  treatment (39.7% vs 22.1%,   P = 0.017), 
although in this trial the mucosal healing rates (assessed by local investigators) were not 
higher with combination than with monotherapy (62.8% vs 54.6%, P = 0.295 in 
combination vs monotherapy).5 The superiority of IFX combination therapy in UC 
patients also was shown in a systematic review and meta-analysis.27 

IFX combined with parenteral MTX was studied in the COMMIT trial for CD. After 50 
weeks of treatment starting with an induction regimen of prednisone, no improved 
clinical efficacy was observed in the combination group compared to monotherapy, 
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although patients receiving MTX had higher serum concentrations of IFX on average.16 

The corticosteroid induction treatment for up to 14 weeks may have affected the efficacy 
outcomes blurring the potential additional benefit of MTX. Also, unlike the SONIC trial, 
this trial had no endoscopic endpoint. 

As stated above, the superiority of combination immunosuppression with ADL has been 
demonstrated less convincingly. The question has never been investigated in a prospective 
trial. The large Phase 3 trials with ADL for CD, CHARM, and ulcerative colitis, ULTRA, 
could not demonstrate an additional benefit of combined immunosuppression.14, 28 A 
recent systematic review and meta-analysis included 24 CD studies and showed no 
difference for induction of clinical remission (OR 0.86; 95% CI: 0.70–1.06; P = 0.19) and 
clinical response (OR 1.01; 95% CI: 0.62–1.65; P = 0.96) and also no differences for 
maintenance of clinical remission (OR 0.97; 95% CI: 0.79–1.14; P = 0.75) or response (OR 0.91; 
95% CI: 0.54–1.54; P = 0.74).19 

A few isolated studies, nonetheless, reported clinical benefit of combination treatment 
with immunosuppressives. Matsumoto et al showed no difference in clinical efficacy in 
CD patients  on  combination  therapy versus monotherapy in a 52-week prospective trial 
(remission rates 68% vs 72%). However, endoscopic improvement (the secondary outcome 
defined as a decrease of SES-CD of  at  least 8 points from the baseline, or SES-CD ≤ 4) 
was more frequently attained in patients after 26 weeks of  combination treatment [84.2%,   
n = 5 vs 63.8%, n = 58 (P = 0.019)].20 Nevertheless, this endoscopic difference was not 
sustained after 52 weeks of treatment. Kariyawasam and colleagues conducted a 
retrospective study in 91 CD patients and found higher rates of induction and 
maintenance of clinical response on combination treatment (83% vs 61%; P = 0.02 and 81% 
vs 60%; P < 0.0001, respectively), but they did not assess endoscopic outcomes.29 Reenaers 
showed lower risk of ADL failure in the first semester of combination treatment (5% vs 
10%; P = 0.04; OR 0.48) and fewer flares beyond 6 months of  combination treatment in a 
retrospective dataset (14% vs 36%; P = 0.02; OR 0.31).30 Finally, Cosnes showed longer anti-
TNF survival in patients on combination treatment with similar effect for ADL  and IFX 
[adjusted HR 2.17 (95% CI: 1.71–2.70)].31 

In conclusion, data regarding ADL combination therapy are conflicting and most studies 
that showed clinical benefit used a retrospective design. Therefore, adequate prospective 
studies that are properly powered are needed to clarify this issue. 

The effect of combination therapy with the anti-TNF agents GOLI and CZP is unknown. 
The PURSUIT trials (GOLI in UC) and PRECISE trials (CZP in CD) did not report data on 
clinical efficacy of combination therapy.6, 7, 11, 13 To our knowledge no other studies on 
combination therapy with these agents have been conducted. 

The efficacy of VEDO combination therapy also remains uncertain. The Gemini I and II 
trials showed no clinical bene- fit of VEDO combined with immunosuppressive  agents  
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in CD and UC, but the trials were not designed to answer this question.9, 10 Following these 
Phase 3 trials, several postmarketing cohort studies equally did not show beneficial 
outcomes of VEDO combination therapy in either CD or UC when compared to 
monotherapy.32-34 One multicenter cohort study showed different results indicating 
superior clinical efficacy after 54 weeks of VEDO treatment with an immunosuppressant 
in CD, with an odds ratio of 8.33 (95% CI 2.15–32.26).35 This was a retrospective study, 
however, and only patients that responded to 14 weeks of induction treatment were 
included in this analysis. Therefore, it is difficult to draw firm conclusions based on this 
study. 

Currently, there is no evidence supporting superiority of UST combination therapy. The 
UNITI trials did not show better outcomes for patients on background 
immunosuppressive therapy treated with UST, but these trials were evidently not 
powered to address this question.8 Battat et al showed equivalent corticosteroid-free and 
endoscopic remission for UST monotherapy and combination therapy after 26 weeks of 
treatment in 62 CD patients.36 However, the study was not designed, and was 
underpowered, to assess this outcome. 

Long-term outcomes of combination therapy are relatively unknown. It is not clear what 
the effect of combination treatment is on outcomes such as surgery and disease behavior 
over many years. However, it is to be expected that adequate control of inflammation 
leads to better long-term outcomes. This is reflected by the fact that the number of 
hospitalizations and surgeries have diminished since the introduction of biologic agents.37 

Effect of immunosuppression on withdrawal of biologics 

The timing of anti-TNF treatment withdrawal in IBD patients in remission has been a 
matter of discussion. According to the STORI trial, approximately 50% of patients with CD 
previously treated with >1 year of IFX in combination with  an antimetabolite experienced 
a relapse within 18 months  after discontinuation of IFX (with continued 
immunosuppression).38 Risk factors for relapse included male sex, the absence of previous 
surgical resection, and elevated inflammatory biomarkers. Importantly, relapsing patients 
on continued immunosuppressives were successfully retreated with IFX after a median 
drug-holiday of 6.6 months. None of the patients experienced a significant infusion 
reaction, as followed-up to the third retreatment infusion. Although the follow-up is 
limited and pre-infusion corticosteroid prophylaxis was applied, median IFX trough levels 
were not significantly different between the baseline and third retreatment infusions. 
Additionally, no increase in the formation of anti-drug antibodies was detected in these 
patients with sustained antimetabolite treatment. 

The IMID (immunosuppression withdrawal in Crohn's disease) study evaluated whether 
continued treatment with immunosuppressives beyond 6 months of combination 
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treatment offered benefit over scheduled IFX monotherapy in patients with CD in stable 
remission.39 There was no significant difference in the proportion of patients requiring 
dose intensification of IFX or stopping IFX therapy among patients on IFX monotherapy 
or continued combined immunosuppression. However, discontinued 
immunosuppression was associated with lowering of median IFX concentrations, which 
correlated with elevated serum CRP levels and clinical scores. 

Additionally, an open-label randomized trial recently showed that in IBD patients with 
durable remission on combination therapy, dose reduction of AZA to 1–1.25 mg/kg/day 
was as effective as treatment at full dose in terms of clinical relapse after 1 year.40 Median 
IFX trough levels dropped significantly in the IFX monotherapy group compared to the 
combination treatment or reduced AZA dose groups. 

Effect of combined immunosuppression on immunogenicity and serum 
concentrations of biologic drug 

Many studies have shown a significant reduction in IFX anti-drug antibody formation 
with combination therapy versus IFX monotherapy in patients on maintenance treatment.1, 

4, 5, 16, 41, 42 The degree of reduction in anti-drug-antibodies appears similar for the 
thiopurines and MTX, although no head-to-head studies have been performed specifically 
addressing this question.4, 5, 16, 17 Reduction of  immunogenicity results  in higher IFX serum 
concentrations. On the other hand, the reduction in immunogenicity also could be 
explained by a boost in IFX serum concentrations caused by immunosuppressives. As an 
example, in the SONIC study, week 30 median trough IFX concentrations were 1.6 mg/L 
for IFX monotherapy vs. 3.5 mg/L for combination with AZA, and patients with higher 
trough concentrations had a higher chance of remission.4 As mentioned above, a recent 
prospective trial conducted by Roblin et al. showed that lower doses of AZA were equally 
effective in maintaining adequate IFX concentrations and preventing antibody formation 
as full AZA doses.40 

The rate of antidrug antibody formation is lower in patients treated with ADL when 
compared to IFX.12, 43-45 Although ADL combination immunosuppressant therapy has 
generally not been shown to be more effective, it leads to less immunogenicity and higher 
ADL trough concentrations.19, 20, 46 A systematic review showed that the presence of anti-
drug antibodies was associated with a significant reduction in concentrations of IFX and 
ADL (−7.07, 95%CI 5.25-8.9).46 It is unclear why ADL combination therapy is not as 
effective as IFX combination therapy. Other factors such as tissue concentrations may be 
of relevance here. Since ADL appears to be less immunogenic than IFX, reduction of 
antibody formation to ADL could be less important. 

A post-hoc analysis of the PURSUIT trials showed a small increase in GOLI serum 
concentrations in patients receiving combination treatment with 50 mg GOLI every 4 
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weeks but not in patients receiving 100 mg every 4 weeks, but this did not influence clinical 
treatment efficacy.47 The Precise I and II trials showed a small difference in the 
development of antibodies against CZP in mono versus combination therapy.11, 13 The 
influence of immunogenicity on treatment efficacy and drug serum concentrations was 
not reported, but it is to be expected that lower antibody formation results in higher CZP 
serum concentrations. Concomitant immunosuppressive treatment also resulted in lower 
immunogenicity to VEDO in the GEMINI I and II trials.9, 10 The immunogenicity of UST 
appears to be very low.8, 36 The effect of combination therapy on the immunogenicity of 
UST has not been studied and remains unknown. 

Safety of combination therapy 

There are 2 areas of particular interest when discussing the safety of combination 
treatment: the risk of infections and malignancy. Safety data for combination treatment 
is derived from pooled post-hoc analysis of registration trials, from dedicated trials on 
combination treatment, and from registries with long-term outcomes. 

Data on the safety of combination treatment with biologic drugs derived from individual 
registration trials is limited by the relatively low number of events and short-term follow-
up. However, a pooled analysis of sponsor-initiated trials on IFX in IBD, (mainly based on 
results from the ACCENT I, ACCENT II, SONIC, and ACT I and II studies) resulted in 
1713 IFX-treated patients (and 406 placebo-treated patients) with or without concomitant 
immunosuppressives.48 There was no increased incidence of infections, serious 
infections,  

or malignancy with IFX monotherapy when compared to placebo. Immunosuppression 
in patients with UC was associated with a higher incidence of infections [120.07 (95% CI 
110.66, 130.08)/100 patient-years vs 92.47 (84.54, 100.94)/100 patient-years]. The most 
common serious infections in IFX-treated patients were pneumonia, cellulitis, abdominal 
abscess, and perirectal abscess. Additionally, among placebo-treated patients with CD, 
those on immunosuppressives had a higher incidence of malignancy compared to no 
immunosuppressive treatment [1.84 (0.22, 6.66)/100 patient-years vs 0.00 (0.00, 0.00)/100 
patient-years].48 

Clinical registries play an important role in evaluating medication safety. They include 
larger numbers of patients with a long follow-up period compared to randomized trials 
and represent real-life practice. The Crohn’s Therapy, Resource, Evaluation, and 
Assessment Tool (TREAT) Registry was a US-based prospective registry that was designed 
to examine the safety of CD medications, including IFX. The registry included 6273 
patients with CD who were followed up for a median duration exceeding 6 years. In an 
exposure-based analysis, the use of immunosuppressives alone (OR 4.19; 95% CI 0.58– 
30.37; P = 0.16) or in combination with IFX (OR 3.33; 95% CI 0.46– 24.06; P = 0.23) was 
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associated with a numerically greater risk of malignancy than treatment with IFX alone 
(OR 1.96; 95% CI 0.23–17.02; P = 0.54), however, this was not statistically significant.49 

In comparison, ENCORE was a European 5-year prospective safety registry, that included 
2960 IFX-naive CD patients treated with IFX or conventional therapy.50 The most common 
serious infections were abscess, pneumonia, peritonitis, and sepsis, but incidence rates 
were not different in the IFX and AZA/6-MP combination treatment group compared with 
the infliximab monotherapy group [25.4/1000 patient-years (95% CI 20.4, 31.4) vs. 39.1/1000 
patient-years (20.2, 68.3)]. IFX was associated with an increased rate of benign 
haematological conditions. However, 45/46 of  these incidents were reported in patients 
on combination therapy. Lymphoproliferative disorders and malignancy were reported in 
49/1541 IFX-treated patients. The rates per 1000 patient-years exposure in patients with 
and without AZA/6-MP combination were 7.0 (95% CI 5.1, 9.3) and 14.5 (6.6, 27.5), 
respectively. 

In a pooled analysis of 1594 patients with CD who participated in clinical trials of ADL 
(CLASSIC I and II, CHARM, GAIN, EXTEND, and ADHERE) giving a total of 3050 
patient-years of exposure, 44% were receiving concomitant immunosuppressives (563 
with thiopurines and 131 with MTX). There were 44 malignancies reported in 34 patients 
(2.1%), 12 events on ADL monotherapy and 32 events on combination treatment. In this 
analysis, incidence of nonmelanoma skin cancer (NMSC) or other cancers was not 
increased in patients receiving ADL monotherapy compared to the normal population. 
However, patients receiving combination therapy had a higher incidence of NMSC 
(standardized incidence ratio, 4.59; 95% CI 2.51–7.70) and other malignancies 
(standardized incidence ratio, 3.04; 95% CI 1.66–5.10). Patients receiving combination 
therapy had an increased risk for NMSC (relative risk, 3.46; 95% CI 1.08–11.06) and other 
malignancies (relative risk, 2.82; 95% CI 1.07–7.44), compared to patients receiving ADL 
monotherapy.51 

The PYRAMID registry analysed long-term safety of ADL in patients with CD, which also 
included subgroup analysis on serious infections and malignancy in patients with ADL 
monotherapy compared to combination treatment.52  Of 5061 patients enrolled, 2444 
completed the 6-year follow-up, which resulted in a cumulative ADL exposure of 16,680.4 
patient-years. There were 24.2% of patients who received concomitant 
immunosuppressives and an additional 11.6% of patients who received both 
corticosteroids and immunosuppressives at baseline. There was a significant difference in 
the incidence of treatment-emergent malignancies between the ADL monotherapy and 
ADL and thiopurine combination therapy groups (1.9 vs. 3.1%, P = 0.014). Nine of the 10 
patients diagnosed with lymphoma received concomitant immunosuppressive treatment. 
Additionally, there was a significant difference in the incidence of treatment-emergent 
serious infections when comparing ADL monotherapy and combination therapy groups 
(9.6 vs. 12.7%, P = 0.007). 
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Data are limited with regard to the safety of combination treatment of 
immunosuppressives with VEDO and UST. In the GEMINI 1 and II studies, 19 (17%) and 
16 (17%) patients treated with VEDO received concomitant immunosuppressive or 
glucocorticoids and immunosuppressives at baseline, respectively.9, 10 A pooled analysis 
of 6 VEDO trials including 2830 patients with 4811 patient-years of VEDO exposure 
indicated that baseline immunosuppressive use was not associated with serious 
infections in either CD or UC.53 In the maintenance trial of UST, 35%, 39%, and 33% of 
patients in the placebo, 90 mg UST every 12 weeks, and 90 mg UST every 8 weeks groups 
received stable doses of concomitant immunosuppressives, respectively, including overall 

1281 patients.36 During 1 year of treatment, 3 opportunistic infections occurred, including 
1 case of Listeria meningitis (under UST and prednisolone treatment) and 2 cases of 
esophageal candidiasis (1 with UST treatment and 1with  UST,  MTX and prednisolone 
combination therapy). There were 8 NMSC events occurring in 5 patients, 2 of whom were 
receiving placebo and 3 receiving UST maintenance treatment. Of the 5 patients with 
NMSC 3 were currently using or had previously used immunosuppressives. 

The SECURE registry was established to evaluate safety outcomes in patients with CD 
treated with CZP. However, no results are yet available from the interim analysis that 
compares CZP monotherapy with combination treatment.54 

A systematic review and meta-analysis including 11,702 persons with immune-mediated 
diseases (RA, IBD, and psoriasis) and a prior diagnosis of cancer found that rates of cancer 
recurrence were similar among individuals who received no immunosuppression (37.5 
per 1000 person-years), anti-TNF therapy (33.8 per 1000 person-years), 
immunosuppressive therapy (33.8 per 1000 person-years), or combination treatment (54.5 
per 1000 person-years; P > 0.1 for all), although recurrence was numerically higher in the 
latter group.55 A subgroup analysis of new and recurrent cancers separately, type of 
immunosuppressive therapy, or immune-mediated disease showed similar results, with 
no increase in risk. However, prolonged treatment with thiopurines appears to be 
associated with a small increase in risk of lymphoma.56 Additionally, the ongoing I-CARE 
project aims to evaluate prospectively the presence and the extent of safety concerns 
(cancers, especially lymphoma, and serious infection risks) for anti-TNF monotherapy or 
combination treatment among IBD patients (NCT02377258). 

In conclusion, risk of serious infections has been shown to be increased with combination 
immunosuppressive treatment in comparison to monotherapy.48, 57 The rate of malignancy 
with thiopurine therapy has been reported to be 2- to 5-fold higher for both 
lymphoproliferative disorders and NMSC and has also been associated with increased 
risk of overall cancer compared with IBD patients not treated with thiopurines.58-60 There 
is no current evidence to clearly indicate increased risk of malignancy with anti-TNF 
monotherapy or with combination MTX.61 The increased risk of cancer with thiopurine 
and anti-TNF combination therapy is a safety risk in IBD. Based  on current evidence, the 
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relative contribution of thiopurines to risk may be more important than that of anti-TNF 
drugs.62 Combining immunosuppressives with VEDO or UST seems to be safe, although 
prospective data specifically addressing this topic are not currently available. 

Recommendations for clinical practice 

Combination treatment is pivotal for successful monoclonal antibody treatment in IBD. 
Benefits and harms of combination treatment and recommendations for clinical practice are 
summarized in table 1. In patients starting on IFX, it should currently be recommended that  
the IFX be combined with thiopurines (and if not tolerated, with MTX) for at least 1 year. In 
combination treatment, it is probable that lower doses of immunosuppressives suffice 
compared to monotherapy doses of immunosuppressives. It remains to be confirmed if 
immunosuppressives can be completely abandoned in the presence of higher serum 
concentrations of monoclonal drugs. Safety and (potential) toxicity, mainly associated with 
thiopurines in combination with anti-TNF, has to be balanced against the clinical benefit with 
combination treatment. For instance, the small risk of lymphoma associated with prolonged 
thiopurine treatment could be considered when deciding to continue combination treatment 
beyond 1 year. 

Immunosuppressives also play a role in the management of immunogenicity. Multiple 
studies have demonstrated that adding or switching immunosuppressives when anti-
drug anti- bodies appear is often a successful intervention, with suppression of antidrug 
antibodies and increase of monoclonal drug concentrations, with recapture of clinical 
benefit. 

Finally, immunosuppressives appear to have a beneficial effect when patients stop anti-
TNF treatment. Patients who continue immunosuppressives have a significantly lower 
risk of relapse. It remains to be seen if the initiation of an immunosuppressive when the 
biologic drug is discontinued can maintain remission. 

Combination treatment with VEDO and UST warrants further exploration. Although 
the immunogenicity of these agents is lower than that of IFX, initial combination with an 
immunosuppressive for a number of months may be beneficial. 
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Table 1. Benefits and Harms of Combination Treatment in IBD and Recommendations for Practice. 

 Benefits Harms Recommendations 
IFX -Lower 

immunogenicity 
-Higher serum 
concentrations 
-Increased efficacy 
-Reverse antibody 
formation 
-No increased 
infection risk 
 

-Small increase in 
malignancy risk with 
thiopurines 
 

-At least 1 year of 
treatment 
-Lower IM doses may 
suffice 
 

ADL -Lower 
immunogenicity 
-Higher serum 
concentrations 
-Increased efficacy 
questionable 
-Reverse antibody 
formation 
-No increased 
infection risk 

-Small increase in 
malignancy risk with 
thiopurines 
 

 

GOLI -Slightly higher serum 
concentrations 

-Unknown  -Questionable 

CZP -Slightly lower 
immunogenicity 

-Unknown  -Questionable 

VEDO -Unknown  -Unknown  -Questionable 
UST -Unknown  -Unknown  -Questionable 

IFX = infliximab; ADL = adalimumab; GOLI = golimumab; CZP = certolizumab pegol; VEDO = 
vedolizumab; UST = ustekinumab; IM = immunosuppressive 
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Abstract 

Background and aims  

Immunogenicity with formation of anti-drug antibodies (ADA) to biologics is an important 
reason for treatment failure in inflammatory bowel disease (IBD). Our aim was to assess the 
rate of ADA, the effect of combination therapy with immunomodulators on ADA and the 
influence of ADA on efficacy and safety of biologics for IBD treatment.  

Methods  

MEDLINE, Embase and Cochrane Central Register of Controlled Trials (CENTRAL) were 
searched from inception to April 2020 for trials of biologics that assessed immunogenicity. The 
overall certainty of evidence was evaluated using Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE). The primary outcome was rate of ADA. Secondary 
outcomes included efficacy and safety outcomes among patients with detectable versus 
undetectable ADA. For dichotomous outcomes, pooled risk ratios (RR) and 95% confidence 
intervals (CI) were calculated.  

Results  

Data from 68 studies were analysed and 33 studies (5850 patients) were included in the meta-
analysis. Pooled ADA rates for biologic monotherapy were 28.0% for infliximab, 7.5% for 
adalimumab, 3.8% for golimumab, 10.9% for certolizumab, 6.2% for ustekinumab and 16.0% 
for natalizumab. Pooled ADA rates were 8.4% for vedolizumab and 5.0% for etrolizumab for 
combo- and monotherapy combined. In all biologics, ADA rates were underestimated by use 
of drug sensitive ADA assays and higher dose and/or frequency. ADA rate was significantly 
reduced in patients treated with combination therapy for infliximab (RR 0.52; 95% CI 0.44, 
0.62), adalimumab (RR: 0.31; 95% CI 0.14, 0.69), golimumab (RR: 0.29; 95% CI 0.10, 0.83), 
certolizumab pegol (RR: 0.30; 95% CI 0.14, 0.67) and natalizumab (RR: 0.20; 95% CI 0.11, 0. 39). 
ADA to infliximab were associated with lower clinical response rates (RR: 0.75; 95% CI 0.61, 
0.91) and higher rates of infusion reactions (RR: 2.36; 95% CI 1.85, 3.01).  

Conclusions 

Differences in analytical methods to detect ADA hamper comparison of true ADA rates across 
biologics in IBD. Use of combination therapy with immunomodulators appeared to reduce 
ADA positivity for most biologics. For infliximab, ADA were associated with reduced drug 
efficacy and increased adverse events.  



Systematic review: ADA formation against biologics in IBD

C
ha

pt
er

 8

189

 

 

Introduction 

Although biologics were first introduced for the treatment of inflammatory bowel disease 
(IBD) in the late nineties guidelines regarding their optimal use are still evolving. Over the last 
several decades IBD-related healthcare costs have increased significantly due to increased 
utilization of tumor necrosis factor-alpha (TNF-α) antagonists and other biologics.1, 2 
Accordingly, optimal use of biologics is necessary to enhance efficacy, reduce adverse effects 
and manage costs.  

The TNF-α antagonists infliximab, adalimumab, golimumab and certolizumab pegol act by 
targeting and inhibiting TNF-α, a pro-inflammatory cytokine that has a central role in mucosal 
inflammation in IBD.3, 4 Ustekinumab binds to the common p40 subunit of the pro-
inflammatory cytokines interleukin (IL)-12 and IL-23 which are also known to play a role in 
the pathophysiology of IBD.5 Natalizumab binds to the α4 subunit of the α4β1 and α4β7 integrin, 
thereby blocking the binding to respectively vascular cell adhesion molecule 1 (VCAM-1) and 
mucosal vascular addressin cell adhesion molecule 1 (MAdCAM-1) and inhibiting the 
migration of mononuclear leukocytes to different tissues, predominantly the gut and central 
nervous system.6 Vedolizumab recognizes a conformational epitope of the heterodimer α4β7 
which blocks binding to MAdCAM-1, thereby inhibiting the migration of gut-selective 
leukocytes.7 Etrolizumab tartgets the β7 unit of the heterodimeric integrins α4β7 and αEβ7, 
thereby inhibiting migration of gut-selective leukocytes.8 

A major concern when treating patients with biologics is the development of anti-drug 
antibodies (ADA), since ADA are associated with lower serum drug concentrations, loss of 
response, and adverse effects such as infusion and injection site reactions.9-11 Several strategies 
for prevention of ADAs formation have been investigated. Combination therapy comprised of 
a biologic with an immunomodulator prevents ADA formation.12, 13 Higher anti-TNF dosing is 
associated with less ADA detection.14, 15 Pre-treatment with hydrocortisone has also been 
shown to prevent ADA formation and infusion reactions; however, data supporting this 
strategy are limited.16 There is also some evidence that a decline in ADA may be achieved by 
adding or switching immunomodulators.17, 18  

The incidence of immunogenicity varies considerably across studies and biologic agents. A 
critical factor related to this variability may be the sensitivity of the assay used to detect ADA.19, 

20 Qualitative terms are used to distinguish between drug ‘tolerant’ assays that are able to 
measure ADA in the presence of detectable drug concentrations, and drug ‘sensitive’ assays 
which are not. Drug tolerant assays are preferred for detecting ADA to assess the true ADA 
rate.  

Strategies for optimal management of ADA formation are still evolving, and the exact 
influence of concomitant immunomodulator therapy on immunogenicity remains unclear. 
Therefore, the objectives of this systematic review were to determine the rate of ADA 
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formation in patients on monotherapy or combination therapy, and the impact of ADA 
formation on the pharmacokinetics, efficacy and safety of biologics in patients with IBD.  
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Methods 

This systematic review and meta-analysis was conducted using the methods described in the 
Cochrane Handbook of Systematic Reviews,21 and reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.22 The 
review protocol was registered in the Cochrane Database of Systematic Reviews.23 

Eligibility criteria 

Any trial of biologics that enrolled adult Crohn’s disease (CD) or ulcerative colitis (UC) 
patients (16 years or older) and assessed immunogenicity was eligible for inclusion. 
Interventions of interest included adalimumab, certolizumab pegol, golimumab, infliximab, 
natalizumab, vedolizumab, ustekinumab and etrolizumab administered alone or in 
combination with another agent (i.e. corticosteroids [including pre-medication], thiopurines, 
or methotrexate).  

Comparisons and outcomes 

The primary outcomes of interest were ADA formation and ADA concentration among 
patients treated with monotherapy compared to combination therapy. Secondary outcomes 
included drug serum concentration and rates of response (clinical, endoscopic or biochemical), 
remission (clinical, endoscopic or biochemical) and adverse events (including acute, delayed 
or injection site reactions) in patients with detectable versus undetectable ADA. Response and 
remission rates were pooled for analysis irrespective of the definition employed in the original 
study. 

Search strategy 

MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials (CENTRAL) were 
searched from inception to April 21, 2020 (Supplementary Appendix 1). No language or date 
restrictions were applied. The bibliographies of relevant articles and conference proceedings 
from Digestive Disease Week and United European Gastroenterology Week (2013 to 2020) 
were hand searched to identify additional studies.  

Screening and data extraction 

Two authors (SB and NVC) independently screened search results and extracted information 
on study design, participants, intervention, comparison, outcomes, and risk of bias using a 
standardized data collection form. Secondary outcome data were only collected if 
immunogenicity data were reported. Disagreements were resolved through discussion with a 
third author (JFB or CEP). For unclear or missing data, an attempt was made to contact the 
original study authors for clarification.  
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Risk of bias assessment 

The Cochrane risk of bias tool was used to assess the methodological quality of randomized 
controlled trials (RCTs) 24. The Newcastle-Ottawa Quality Assessment Scale (NOS) was used 
for quality assessment of the observational studies.25  

Heterogeneity 

Heterogeneity was assessed using the Chi2 test (p <0.10 was considered statistically significant) 
and the I2 statistic.26 I2 values of 0%, <50%, >50% and >75% were interpreted as indicating no, 
low, moderate and high heterogeneity, respectively26 

Data synthesis and analysis 

Data from individual trials were pooled for meta-analysis if the intervention(s), population, 
and outcomes were sufficiently similar (determined by consensus). Data were not pooled for 
analysis if there was a high degree of heterogeneity (I2 >75%).  

For dichotomous outcomes, the risk ratio (RR) and corresponding 95% confidence interval (CI) 
were calculated. If outcome data were reported at multiple timepoints, the primary timepoint 
defined by the original study authors was used. A fixed-effect model was used to pool data, 
however, we planned to use a random-effects model in the case of significant, unexplained 
heterogeneity. Review Manager (RevMan 5.4; The Nordic Cochrane Centre for The Cochrane 
Collaboration, Copenhagen, Denmark) was used to perform data analysis according to the 
intention-to-treat principle.  

Sensitivity and subgroup analyses 

Sensitivity analyses were conducted to investigate potential sources of heterogeneity and 
assess the impact of removing low quality studies from the pooled analyses. Where possible, 
subgroup analyses were performed to assess the influence of the following factors on the 
overall RR estimate: study design (randomized versus observational; induction versus 
maintenance), patient population (CD versus UC versus IBD), combination therapy regimen 
(combination therapy versus monotherapy) and ADA assay type (drug sensitive versus drug 
tolerant). 

Quality of the evidence  

The Grading of Recommendations, Assessment, Development and Evaluations (GRADE) 
approach was used to assess the overall certainty of the evidence. Results from RCTs were 
initially considered high-quality, but potentially downgraded due to risk of bias; indirectness 
of evidence; unexplained heterogeneity; publication bias or sparse data.27 Observational data 
were initially considered low quality. Outcomes with less than 35 events were reduced by two 
GRADE levels; outcomes with less than 300 events were reduced by one GRADE level. 
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Results 

Search results 

The search identified 11881 records, from which 3368 duplicates were removed. Of the 
remaining 8513 records, 7994 were deemed ineligible based on title and abstract. Full-text 
review was required for 519 records, and 398 records were excluded. Most excluded studies 
did not report on ADA formation or had no control group. A total of 68 studies met the 
inclusion criteria (Figure 1). The included studies are described in Supplementary Table 1. 
ADA formation rates in each study are shown in Supplementary Table 2. Table 1 summarizes 
the main results and provides an overall assessment of the certainty of the evidence. 

 

 

Figure 1. Prisma flow diagram 
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Risk of bias assessment 

The risk of bias assessments are reported in Supplementary Tables 3 and 4. The RCTs scored 
low or unclear risk of bias for most domains. One study was rated as high risk of bias with 
respect to attrition bias, and seven studies were rated as high risk of bias with respect to 
blinding. For the observational studies, one study was deemed to be at high risk of bias (NOS 
*score 6), and 13 studies were deemed to be at low risk of bias (*range 7-9).  

Infliximab  

The search identified 26 eligible studies for infliximab, 5 of which were RCTs and 21 were 
observational. Thirteen studies allowed us to evaluate combination therapy to monotherapy. 
Eleven studies allowed us to evaluate ADA-positive to ADA-negative or ADA-undetectable 
patients. Seventeen studies included patients with CD, six studies included patients with UC, 
and two studies included IBD patients (Supplementary Table 1).  

ADA formation 

Thirteen studies allowed us to evaluate ADA formation rates among patients treated with 
infliximab monotherapy versus combination therapy with an immunomodulator 
(supplementary table 1). Follow-up ranged between 12 weeks and 36 months (median). ADA 
development occurred in 15.8% (136/863) of patients on combination therapy compared to 
28.0% (269/962) of patients on monotherapy. The pooled RR was 0.52 (95% CI 0.44, 0.62, 13 
studies, p<0.001; GRADE high; Figure 2.1.1) with low heterogeneity (I2= 40%, p=0.07).  

The pooled RR for RCT studies was 0.13 (95% CI 0.05, 0.33, 3 studies, p<0.001, GRADE 
moderate; Figure 2.1.2) with no heterogeneity detected (I2= 0%, p=0.49). The pooled RR for 
observational studies was 0.59 (95% CI 0.49, 0.71, 10 studies, p<0.001, GRADE high; Figure 
2.1.3). The RR estimates continued to demonstrate a statistically significant effect in favour of 
combination therapy when data were pooled based on study design (induction versus 
maintenance [Figures 2.1.4 and 2.1.5] and CD versus UC [Figures 2.1.6 and 2.1.7], with 
between-study heterogeneity remaining low. The RR estimate did not show a statistically 
significant effect in the mixed population (Figure 2.1.8). 

ADA formation resulting from infliximab combination therapy with azathioprine was 
evaluated in four studies. The pooled RR was 0.50 (95% CI 0.37, 0.67, p<0.001, GRADE 
moderate; Figure 2.1.9). The between study heterogeneity was moderate (I2=74%). When 
removing the study by Vermeire et al. (a study on episodic infliximab treatment) from the 
analysis, the pooled RR was 0.15 (95% CI 0.05, 0.41; p<0.001, GRADE moderate; 
Supplementary Figure 1). 

Two studies compared the presence of ADA formation among patients treated with infliximab 
monotherapy relative to infliximab in combination with methotrexate (Figure 2.1.10) with a 
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pooled RR of 0.51 (95% CI 0.36, 0.72, p<0.001; GRADE moderate). The between-study 
heterogeneity was moderate (I2=61%).  

Two studies explored the effect of combined infliximab and corticosteroid therapy on ADA 
formation, without the use of concomitant immunomodulators (Figure 2.1.11). Sixteen percent 
(32/200) of patients on combination therapy developed ADAs, compared to 21% (57/277) of 
patients on monotherapy. This effect was not statistically significant (RR 0.80, 95% CI 0.53, 
1.22, p=0.30; GRADE moderate), and the between-study heterogeneity was low (I² = 33%).  

The pooled RR for studies that used a drug sensitive assay was 0.49 (95% CI 0.41, 0.60, 11 
studies, p<0.001; GRADE high), and the between study heterogeneity was low (I² = 31%) 
(Figure 2.1.12). For two studies that used a drug tolerant assay, ADA development occurred 
in 19% (24/128) of patients receiving combination therapy versus 29% (39/136) of patients 
receiving monotherapy. The pooled RR was 0.51 (95% CI 0.13-2.01; p=0.34 GRADE low) and 
the between-study heterogeneity was high (I² = 78%) (Figure 2.2). When removing Oh et al. (a 
prospective observational study) from the analysis, the RR was 0.23 (95% CI 0.07, 0.77; p=0.02, 
GRADE low; Supplementary Figure 2). 

ADA concentration 

Four infliximab studies reported ADA concentrations. We did not combine quantitative data 
for analysis due to the heterogeneous units of measurement used to define ADA 
concentrations and heterogeneity in statistical reporting. 

For the Baert et al. study, the median ADA concentration was higher in patients receiving 
monotherapy relative to combination therapy.9 The median concentration of ADAs to 
infliximab was 13.8 µg/ml (95% CI 7.9-16.2) among patients with luminal disease receiving 
monotherapy therapy, compared to 1.3 µg/ml (95% CI 0.6-3.2) among patients with luminal 
disease receiving combination therapy. In patients with fistulizing disease receiving 
monotherapy, the median concentration of ADAs to IFX was 21.4 µg/ml (95% CI 13.2-24.5) 
compared to 1.5 µg/ml (95% CI 0.4-8.8) among patients with fistulizing disease receiving 
combination therapy.  

In a study by Farrell et al., ADA concentrations were lower in patients pretreated with 
hydrocortisone compared to placebo (median 2.9 versus 11.1 µg/ml at week 8 and 1.6 versus 
3.4 µg/ml at week 16).16  

Among 96 patients who developed ADA to infliximab, Vermeire et al. reported 27 (28%), 30 
(31%) and 39 (41%) patients with ADA concentrations of below 8, above 8 or above 20 µg/ml 
respectively.28 

Using a drug tolerant assay, Oh et al. showed a lower median ADA concentration of 8.064 
AU/mL (IQR 6.929-9.908) in patients in remission compared to 11.209 AU/mL (IQR 8.008-
118.835) in patients with active disease.29 
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Serum drug concentrations 

Five infliximab studies compared serum drug concentrations among ADA-positive and ADA-
negative patients. We did not combine data for analysis due the heterogeneous cut-off values 
used to define ADA-positive and ADA-negative patients. A post-hoc analysis of the ACT-1 
and ACT-2 trials showed that patients with ADA formation had a higher likelihood of low 
drug serum concentrations (p<0.001).30, 31 Seow et al. showed that of 66/108 patients with 
undetectable drum serum concentrations, 44 (66.7%) were ADA-positive and 22 (33.3%) were 
ADA negative.32 Vermeire et al. showed lower median concentrations of 7.55 µg/mL (IQR2.65-
13.73) after 1 infusion of infliximab in patients who later became ADA-positive, compared 
with median drug serum concentrations of 11.15 µg/mL [IQR 5.98-18.98] in patients who 
remained ADA-negative.28 Oh et al. reported median trough levels of 0.141 µg/mL (IQR 0.002-
0.869) in ADA-positive patients versus median trough levels of 1.415 µg/mL (IQR 0.570-2.495) 
in ADA-negative patients, using a drug tolerant assay.29 Van Stappen et al. reported an inverse 
correlation between ADA concentration, as measured with a drug ‘tolerant’ assay, and 
infliximab trough concentrations in a posthoc analysis of the TAXIT trial.33 Patients in the 
highest quadrant of ADA concentrations had lower trough concentrations when compared to 
the two lowest quadrants and ADA-negative patients (p<0.001). Median trough concentrations 
were lower in ADA-positive patients when using a drug tolerant and a drug sensitive assay 
(0.0, IQR 0.0-0.0 µg/ml) compared with ADA-negative patients (1.8, IQR 1.4-2.4 µg/ml) 
(p<0.001) and patients who were ADA-positive with a drug tolerant assay only (1.7, IQR 0.7-
2.3, p<0.001). There was no difference in trough concentration between ADA-negative patients 
and patients who were ADA-positive with a drug tolerant assay only (p=1.0). Indicating that 
low concentration ADA that are undetectable at trough using a drug ‘sensitive’ assay may be 
pharmacologically less relevant. 

Clinical outcomes 

A lower overall clinical response to infliximab rate was observed in ADA-positive compared 
with ADA-undetectable patients (RR 0.75, 95% CI 0.61, 0.91, p=0.004, 7 studies, GRADE high; 
Figure 3). The heterogeneity was low for this comparison (I2= 0%, p=0.51). 

Endoscopic outcomes 

Two infliximab studies reported on endoscopic outcomes in relation to ADA status. Data were 
not pooled due to high heterogeneity. Seow et al. showed no difference in endoscopic 
improvement between ADA-positive and ADA-undetectable patients (25% vs 35%; p=0.61). 
However, detectable infliximab serum drug concentrations were associated with endoscopic 
improvement (76% vs 28%; P<0.001).32 Reguiero et al. observed a higher endoscopic recurrence 
rate after ileocecal resection in ADA positive (64.7%, 11/17) vs ADA negative (46.7%, 7/15) or 
ADA inconclusive (30.1%, 22/73) patients.34  
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Biochemical outcomes 

No infliximab studies reported on the relationship between biochemical disease activity and 
ADA formation. 

Adverse events 

Infliximab infusion reactions occurred in 65/175 (37.1%) of ADA-positive patients versus 
165/1067 (15.5%) ADA-undetectable patients (RR 2.36, 95% CI 1.85, 3.01, p<0.001, 5 studies, 
GRADE moderate; Figure 4). Moderate heterogeneity was detected (I2= 59%, p=0.04).  

One study reported significantly higher median ADA titers in patients with infusion reactions 
compared to those without (20.1 vs 3.2 µg/ml) 9. Concentrations of 8 µg/ml or higher predicted 
a higher risk of infusion reactions (RR 2.40; 95% CI 1.65, 3.66; P<0.001). A single study by Ye et 
al. reported that 2/2 patients that had an infusion reaction at week 30 were ADA positive. In 
total, 19/220 infusion reactions were reported but ADA formation was not reported in these 
cases.35 

Antibody assays 

In four infliximab studies, a drug-tolerant assay was used for the assessment of ADA 
formation. In these studies, the reported ADA formation rates were 47/138 (34.1%), 16/126 
(12.7%), 21/122 (17.2%) and 13/42 (31%), respectively. 
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IBD: inflammatory bowel disease; CD: Crohn’s disease; UC: ulcerative colitis; MTX: methotrexate. 

Figure 2. ADA formation in infliximab combo- versus monotherapy. 
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Figure 3. Clinical response to infliximab in patients with positive versus undetectable ADA.  

 

 

Figure 4. Infusions reactions in infliximab treated patients with positive versus undetectable ADA. 

 

Adalimumab  

The search identified 10 RCTs of adalimumab treatment that met the eligibility criteria. Seven 
studies reported data on combination therapy. One study randomized patients to receive 
adalimumab in combination with immunomodulators or as monotherapy. No studies 
compared ADA-positive to ADA-negative patients. The majority of studies included patients 
with CD and two studies included patients with UC (Supplementary Table 1).  

ADA formation 

ADA formation occurred in 2.2% (6/273) of patients receiving adalimumab combination 
therapy compared to 7.5% (32/425) of patients treated with monotherapy. The pooled RR was 
0.31 (95% CI 0.14, 0.69, 5 studies, p=0.004, GRADE moderate; Figure 5.1.1). No heterogeneity 
was detected (I² = 0%, P=0.82). The RR estimate continued to demonstrate a statistically 
significant protective effect in favour of combination therapy when data were pooled based 
on study design (maintenance treatment; Figure 5.1.2). Data on the influence of methotrexate, 
thiopurines or corticosteroids were unavailable.  
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Other outcomes 

Data on the impact of ADA formation on clinical, biochemical and endoscopic outcomes or 
serum drug concentrations and adverse events were not available. 

 

 

Figure 5. ADA formation in adalimumab combo- versus monotherapy.

 

Infliximab and adalimumab 

One study by Roblin et al. showed increased incidence of ADA development and undetectable 
drug concentrations in the monotherapy group after switching TNF antagonist therapy (i.e. 
from infliximab to adalimumab or from adalimumab to infliximab) because of clinical failure 
and immunogenicity.36 Starting the subsequent biologic with combination therapy 
significantly reduced ADA development and the incidence of undetectable drug 
concentrations (adalimumab and azathioprine: Hazard ratio [HR] 0.12; 95% CI 0.03, 0.40; 
p<0.001; infliximab and azathioprine: HR 0.16 95%; CI 0.06, 0.37; p<0.001). This effect was 
consistent only for infliximab and not for adalimumab when ADA were measured using a 
drug tolerant assay (adalimumab and azathioprine: HR 0.61; 95% CI 0.30, 1.24; p=0.17; and 
infliximab and azathioprine: HR 0.18; 95% CI 0.08, 0.41). 

Golimumab  

The search yielded three RCTs of golimumab treatment that met the eligibility criteria. None 
of the studies randomized patients to monotherapy or combination therapy. No studies 
compared ADA-positive to ADA-negative patients. All three studies analyzed UC patients 
(Supplementary Table 1).  
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ADA formation 

Sandborn et al. reported data on the protective effect of combination therapy on ADA 
formation.37, 38 ADA formation occurred in 1.1% (4/362) of patients on combination therapy 
compared to 3.8% (28/741) of patients on monotherapy. The calculated RR was 0.29 (95% CI 
0.10, 0.83; p=0.02; GRADE moderate) (Supplementary Figure 3). A post-hoc analysis of 
PURSUIT-SC, PURSUIT-M and PURSUIT-IV showed much higher ADA detection when using 
a drug tolerant assay (21.8% versus 2.8%). ADA rates were higher in patients in the PURSUIT-
M study who were randomized to placebo after induction treatment (31.6% versus 20.2%). 
ADA rates were lower in patients receiving immunomodulators (11.8% versus 26.9%; p<0.001) 
and ADA rates were lower in patients receiving golimumab monotherapy doses of 100mg 
versus 50mg (22.4% versus 37.1%; p-value unavailable). Additionally, ADA-positive patients 
with a drug-tolerant assay had lower ADA titers as opposed to ADA-positive patients with a 
drug-sensitive assay. Trough serum golimumab concentrations were lower in ADA-positive 
patients 0.51 vs 0.85 µg/mL [50 mg q4w]; 0.85 vs 1.60 µg/mL [100 mg q4w]). 

Other outcomes 

A post-hoc analysis of Sandborn et al. reported clinical and endoscopic outcomes in relation 
to ADA status at weeks 6 and 54 and no significant associations were found.39 However, in the 
post-hoc analysis by Adedokun et al., clinical response rates were lower at week 54 in ADA-
positive versus ADA-negative patients when using a drug-tolerant assay (38.1% versus 52.8%; 
p=0.047). ADA-formation did not have an impact on injection site reactions. Other data on the 
effect of ADA formation on biochemical outcomes or adverse events were not available. 

Certolizumab pegol  

The search yielded six RCTs that evaluated treatment with certolizumab pegol that met the 
eligibility criteria. None of the studies randomized patients to monotherapy or combination 
therapy. Two studies compared ADA-positive to ADA-negative patients. All studies analyzed 
CD patients (Supplementary Table 1).  

ADA formation 

Three certolizumab pegol studies provided data on the effect of combination therapy on ADA 
formation, of which two could be compared. ADA formation occurred in 3.3% (7/213) of 
patients on combination therapy compared to 10.9% (36/331) of patients on monotherapy (RR 
0.30, 95% CI 0.14, 0.67; 2 studies; p=0.003, GRADE moderate; Figure 6). Heterogeneity was low 
(I² = 0%, p=0.43). In all studies, patients received scheduled maintenance treatment for more 
than 14 weeks. In the PRECiSE 3 study, an extension of PRECiSE 1 and PRECiSE 2, ADA 
formation occurred in 14.6% (31/213) of patients on combination therapy compared to 27% 
(103/382) of patients who received monotherapy (RR 0.54; 95% CI 0.37, 0.78; p<0.001). Data on 
the effect of methotrexate, thiopurines or corticosteroids on ADA formation were unavailable. 
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In the PRECiSE 2 trial it was shown that immunogenicity rates were higher in patients 
receiving induction treatment who were then assigned to placebo when compared to patients 
receiving maintenance treatment (18% versus 8%). This was mainly reflected by patients 
receiving monotherapy (24% ADA positive). 

Serum drug concentrations 

An integrated analysis of 5-year follow-up of the PRECiSE trial showed a lower range of mean 
drug serum concentrations in ADA-positive versus ADA-negative patients (0.88-15.25 vs 8.33-
29.89 µg/ml) and no influence of ADA-formation on adverse events.40 

Clinical outcomes 

Sandborn et al. reported that of the 17 patients with positive tests for ADA against 
certolizumab pegol, 12 (71%) had a response through week 26, compared with 62% (121/196) 
of patients with negative antibody tests.41 In a 7-year analysis of the PRECiSE 3 trial, Sandborn 
et al. found no difference in clinical disease activity between persistently ADA-positive and 
ADA-undetectable patients.42 

Biochemical outcomes 

Sandborn et al. demonstrated that median CRP and fecal calprotectin concentrations were 
higher (p<0.05 at some visits) and plasma CZP concentrations were significantly lower 
(p<0.0001 at all visits) in patients with persistent ADAs when compared to the ADA negative 
group.42 

Other outcomes 

Data on the influence of ADA formation on endoscopic outcomes and antibody assays were 
not available.
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Figure 6. ADA formation in certolizumab pegol combo- versus monotherapy. 

 

Vedolizumab  

The search yielded nine RCTs that met eligibility criteria. No eligible observational studies 
were identified. None of the studies randomized patients to vedolizumab with or without an 
immunomodulator. None of the studies compared ADA-positive to ADA-negative patients. 
Four studies analyzed CD patients and five studies analyzed UC patients (Supplementary 
Table 1). 

ADA formation 

ADA formation occurred in 8.4% of patients treated with vedolizumab. Numerical data on 
ADA formation in patients treated with monotherapy or concomitant immunomodulator 
therapy were unavailable. Feagan et al. reported that concomitant immunomodulator therapy 
was associated with decreased immunogenicity.43 No other data were available regarding the 
influence of combination therapy on antibody formation to vedolizumab.  

Infusion reactions 

Three studies reported on infusion reactions in patients treated with vedolizumab. The 
number of infusion reactions was very low, however most patients with an infusion reaction 
were ADA-positive. Wyant et al. reported no relationship between immunogenicity and safety 
in an long-term safety analysis of the GEMINI studies44 

Other outcomes 

Feagan et al. studied ADA formation against MLN02 (a predecessor compound of 
vedolizumab which had a modified amino acid sequence and was expressed in a different 
system) at dosages of 0.5 mg/kg and 2.0 mg/kg, and showed that ADAs were more frequently 
detected at lower dosages.45 Additionally, it was reported that patients with clinically 
significant ADA titers had lower remission rates. Sandborn et al. showed that ADA to 
subcutaneous or intravenous vedolizumab resulted in lower drug exposure and reduced 
efficacy, although the number of ADA-positive patients was very low.46 It was also observed 
that patients receiving vedolizumab induction treatment who were then randomized to 
placebo had higher ADA rates (30%). Other relevant data on the influence of ADA formation 
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on clinical, biochemical and endoscopic outcomes or serum drug concentrations and adverse 
events were not available . 

Ustekinumab  

The search yielded four RCTs that met the eligibility criteria. No eligible observational studies 
were identified. None of the studies randomized patients to ustekinumab in combination with 
immunomodulators or ustekinumab monotherapy. One study compared ADA-positive to 
ADA-negative patients. All studies analyzed CD patients (Supplementary Table 1). 

ADA formation 

ADA development occurred in 3.7% (10/273) of patients on combination therapy compared to 
6.2% (40/644) of patients treated with monotherapy (RR 0.59; 95% CI 0.30, 1.12; 2 studies; 
p=0.13; GRADE moderate; Supplementary Figure ). Low heterogeneity was detected (I2= 30%, 
p=0.23). 

Other outcomes 

In a post-hoc analysis of UNIFI, Adedokun et al. reported lower serum ustekinumab 
concentrations in ADA-positive versus ADA-negative patients at week 24 (0.31 µg/ml; IQR 
0.11-2.14, vs 2.76 µg/ml; IQR 1.87-4.18). They also showed  that there was no relationship 
between ADA status and clinical efficacy. Furthermore they reported no difference in 
endoscopic response between ADA positive and negative patients and no relationship 
between ADA positivity and injection site reactions or anaphylactic reactions.47, 48 Other data 
on the influence of antibody formation on clinical, biochemical and endoscopic outcomes or 
serum drug concentrations and adverse events were not available. 

Natalizumab  

The search yielded six RCTs and one prospective study that met the eligibility criteria. None 
of the studies randomized patients to natalizumab in combination with immunomodulators 
or natalizumab monotherapy. None of the studies compared ADA positive to ADA negative 
patients. All studies analyzed CD patients (Supplementary Table 1).  

ADA formation 

ADA development occurred in 2.6% (10/389) of patients treated with combination therapy 
compared to 16.0% (60/374) of patients assigned to monotherapy  (RR 0.20; 95% CI 0.11, 0.39; 
2 studies, p<0.001; GRADE moderate; Supplementary Figure 5). No heterogeneity was 
detected (I² = 0%, P = 0.48). Only one study assessed maintenance treatment (>14 weeks), thus 
no subgroup analysis could be performed. Data on the effect of methotrexate, thiopurines or 
corticosteroids on ADA formation were unavailable.  
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Other outcomes 

Data on the influence of ADA formation on clinical, biochemical and endoscopic outcomes or 
serum drug concentrations and adverse events were not available. None of the studies used 
drug tolerant assays. 

Etrolizumab  

The search yielded two RCTs that met the eligibility criteria. No eligible observational studies 
were identified. None of the studies randomized patients to etrolizumab in combination with 
immunomodulators or etrolizumab monotherapy. None of the studies compared ADA-
positive to ADA-negative patients. Both studies analyzed UC patients (Supplementary Table 
1). 

ADA formation 

ADAs were measured in 119 patients. Reported ADA formation rates were 4.9% (4/81) 
(Vermeire et al.) and 5.3% (2/38) (Rutgeerts et al.).8, 49 ADAs were detected with a drug tolerant 
assay in both studies. None of the studies reported on the effect of combination therapy on 
antibody formation. Other data on the influence of ADA formation on clinical, biochemical 
and endoscopic outcomes or serum drug concentrations and adverse events were not 
available. 
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Discussion 

The results of this systematic review and meta-analysis showed that ADA formation to 
biologic agents was reduced in patients treated with combination therapy compared to 
patients treated with monotherapy. Combination therapy has been the preferred strategy for 
patients starting infliximab treatment, however our findings are consistent with the notion that 
starting combination therapy with immunomodulators may also be an effective strategy for 
reducing ADA formation in patients treated with adalimumab, golimumab, certolizumab 
pegol, and natalizumab. Although comparative evidence is lacking, it is likely that 
combination therapy reduces ADA formation for other approved biologics agents (i.e., 
ustekinumab, etrolizumab and vedolizumab). For instance, Feagan et al. noted lower 
immunogenicity in patients treated with vedolizumab in combination with an 
immunomodulator, yet quantitative data are lacking.43 ADA formation with ustekinumab was 
lower in patients treated with combination therapy compared to monotherapy (4% vs 6%), 
however this difference was not statistically significant, which may be a consequence of the 
low number of patients developing ADA. 

ADA formation has a negative impact on clinical, biochemical, and endoscopic outcomes. For 
example, ADA formation to infliximab has usually been associated with lower clinical 
response rates and Vande Casteele et al. demonstrated higher concentrations of CRP in ADA 
positive patients.50 Nonetheless, Seow et al. found that ADA positivity had no influence on 
endoscopic outcomes in patients treated with infliximab.32 Sandborn et al. found higher 
median CRP and fecal calprotectin concentrations in patients persistently positive for ADA to 
certolizumab pegol, however this was not reflected in clinical outcomes.42 Based on the 
available evidence, no robust conclusions can be drawn regarding the effect of ADA formation 
on biochemical and endoscopic treatment outcomes. Importantly, none of these studies were 
powered to assess the influence of ADA formation on these outcomes. Additionally, it is 
relevant to note that ADA positive patients may have sufficient serum drug concentrations 
during the majority of the treatment interval, especially for drugs that are more frequently 
administered (e.g. adalimumab). Lastly, patients who are in remission and develop ADAs are 
unlikely to immediately lose response due to pharmacodynamic carryover.  

Several studies reported on ADA formation and infusion reactions to infliximab or 
vedolizumab.9, 16, 31, 45, 51-53 ADA formation was associated with an increased risk for infusion 
reactions with infliximab (RR 2.36; 95% CI 1.85, 2.81), however the data regarding 
vedolizumab were insufficient for meta-analysis.  

Rates of ADA formation differed substantially amongst biologics, and across different studies 
of the same agent. The highest reported incidence of ADA formation in patients receiving 
scheduled infliximab, adalimumab or golimumab monotherapy was 40.7% (44/108), 16.7% 
(1/6) and 37.1%, respectively. For scheduled certolizumab pegol and vedolizumab treatment, 
the highest reported incidence of ADA formation was 24.2% (30/124) and 10.8% (4/37), 
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respectively. Lower rates were reported in patients receiving scheduled natalizumab, 
ustekinumab and etrolizumab monotherapy (4.1% [5/123], 11.1% [2/18], 4.6% [23/505] and 
4.9% [4/81], respectively), despite the use of drug tolerant assays for the newer molecules 
(ustekinumab and etrolizumab). Higher proportions of ADAs were seen in the older studies 
where patients were treated episodically, or only received induction treatment with one to 
three infusions (i.e. phase 2 studies). For instance, the highest reported incidence of ADA 
formation for episodic infliximab was 60.8% (76/125).9 Additionally, ADA rates were higher 
for episodic vedolizumab, certolizumab pegol and golimumab treatment.14, 45, 54-56 For the other 
biologics, the impact of episodic treatment is unknown. Another reason for differences in 
immunogenicity could be differences in structure of the agent (i.e. infliximab is a chimeric 
monoclonal antibody). Although the described differences in ADA rates should be interpreted 
cautiously because of differences between assays it is likely that immunogenicity is of less 
concern with newer biologics especially given that these agents have been assessed, in the 
most part, using highly sensitive drug-tolerant assays. 

There were several aspects that we could not assess in this review. Only a few studies used 
drug tolerant assays and a meta-analysis of studies comparing different assays could therefore 
not be made. However, immunogenicity rates for infliximab, vedolizumab and golimumab 
are higher when measuring with a drug tolerant assay.14, 33, 55, 57 Furthermore, we were unable 
to assess the impact of drug dose on immunogenicity due to lack of sufficient data. Thus it is 
important to note that higher drug concentrations in patients treated with higher doses may 
have masked the detection of ADA. Despite those limitations, there are data suggesting that 
higher doses of infliximab and golimumab result in less immunogenicity.14, 15 It has been 
shown that ADA formation results in low serum drug concentrations due to accelerated 
clearance, which is the main reason for treatment failure due to ADA formation, together with 
drug neutralization.58, 59 Some of the included studies showed lower serum drug 
concentrations in ADA-positive patients, but we could not perform a meta-analysis due to 
scarce data and data heterogeneity. We could also not account for the impact of route of 
administration, which may also be a factor influencing immunogenicity. For instance, there is 
evidence that subcutaneous infliximab is less immunogenic than intravenous infliximab.60 
Furthermore, we did not assess the difference between neutralizing versus non-neutralizing 
and transient vs. sustained antibodies, since most studies did not distinguish between the two. 
Transient ADAs are probably clinically less relevant and sustained ADAs are more likely to 
result in treatment failure.61, 62 Additionally, we did not evaluate the risk of developing ADAs 
when rechallenging with the same biologic agent or when switching to a second biologic. For 
instance, it has been shown that the risk of ADA formation is higher when switching to a 
second TNF antagonist.63, 64 It has also been shown that re-treatment with the same TNF 
antagonist after stopping maintenance treatment (‘drug holiday’) is associated with a higher 
risk of adverse events such as infusion reactions and ADA development, which is also seen 
with episodic treatment.9, 65, 66 We did also not assess risk of immunogenicity when  switching 
from originator to biosimilar biologicals since this was not within the scope of this review. 
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Nevertheless, is has been shown in previous studies that switching to a biosimilar is safe, 
effective and not associated with increased immunogenicity.67, 68 Lastly, there is also some 
evidence that genetic factors play a role in immunogenicity.69 Thus, these results should be 
interpreted with caution and in the context of important aforementioned data gaps. The 
incidence of ADA for different biologics is likely higher than reported, since most studies used 
drug sensitive assays. Additionally, there are several important factors impacting ADA 
formation that could not be properly assessed in this review. However, this does not negate 
the fact that ADA formation is associated with poorer treatment outcomes and that 
combination therapy with an immunomodulator results in less immunogenicity, which is 
mainly of importance for agents with considerable immunogenic potential. Given the fact that 
immunogenicity is much lower for the newest agents (e.g. anti-integrins and ustekinumab), 
the benefit of combination therapy for prevention of ADA formation is probably trivial in these 
agents. 

Reduced ADA formation in patients treated with infliximab in combination with an 
immunomodulator has also been shown in several uncontrolled or retrospective studies.10, 11, 

70, 71 Another systematic review, studying the immunogenicity of TNF antagonists in 
autoimmune inflammatory diseases found similar results.72 However, most of the studies in 
this review were not conducted in patients with IBD. ADA formation was also associated with 
inferior treatment outcomes. Nevertheless, in other cohort studies it has been shown that 
immunogenicity increases drug clearance, resulting in lower serum drug concentrations that 
are, in turn, associated with poorer treatment outcomes for various biologic agents.10, 11 

Despite the available evidence, several knowledge gaps remain. For instance, not much is 
known on how ADA titers are associated with serum drug concentrations and what ADA 
titers result in sub-therapeutic serum drug concentrations (i.e. patients could have sub-
therapeutic drug concentrations due to ADA formation which is not detected by drug sensitive 
assays). To evaluate this question, studies with drug tolerant assays should be conducted. 
Drug sensitive assays only show ADAs when serum drug concentrations are low or 
undetectable and thus an inverse correlation between both continuous measures is a self-
fulfilling prophecy. Detecting ADAs earlier on, before serum drug concentrations become sub-
therapeutic, could be of clinical value and should be evaluated in future studies. In this review, 
we identified some studies that used a drug tolerant assay. However, the studies did not 
evaluate this issue. A retrospective study showed that a cut-off in ADA lower than 282 ng/mL 
was valuable for decision making for interval shortening and dose doubling in infliximab.73 
Controlled prospective studies for different biologics are needed to further assess this 
phenomenon. These questions also highlight the importance of harmonizing ADA detection 
methods. Usage of uniform assays and standards would result in more comparable data for 
meta-analysis and would ultimately lead to improved clinical utility. Additionally, small 
retrospective cohort studies have suggested that adding an immunomodulator in 
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monotherapy patients who develop ADAs may reverse ADA formation.17, 18 However, no 
prospective controlled studies have been conducted. 

With respect to combination therapy, the optimal doses of immunomodulators that suffice for 
prevention of ADA formation are unknown. To our knowledge only one study has addressed 
this issue.74 Roblin et al. showed that lower doses of azathioprine worked equally well for ADA 
prevention with infliximab. More studies on this topic should be conducted in the future. 
However, it has been shown that lower doses of methotrexate suffice for prevention of 
immunogenicity in rheumatic diseases.75 

This study has several strengths. To our knowledge this is the first comprehensive systematic 
review and meta-analysis studying immunogenicity and comparing monotherapy with 
combination therapy in IBD patients. An extensive literature search was conducted and all 
available biologics for treatment of IBD were evaluated. In doing so, we highlighted several 
knowledge gaps that need to be addressed in the future. This review also has some limitations. 
Firstly, the search was conducted in April 2020. New data may have become available in the 
meantime, especially regarding newer agents. Given the scale of this project it was not possible 
to finish the manuscript within one year after the search. Therefore, this review should be 
updated in the future when more data regarding the newer agents has become available. 
Furthermore, ADA formation was not the primary outcome in any of the studies. As a result, 
many studies reported on ADA formation in a smaller subset of patients with available blood 
samples and not in the entire cohort which could potentially lead to over or underestimation 
of ADA rates. Additionally, factors such as the amount of blood samples taken, the time-points 
for measuring, assay types, and treatment duration were not always comparable across 
studies. Moreover, in the older studies with infliximab, patients were treated episodically, 
resulting in higher immunogenicity rates which is not applicable to the scheduled treatment 
regimens used today. Such heterogeneity has likely influenced the results of the meta-analysis. 
Nevertheless, we believe that most evidence was sufficient to draw reliable conclusions 
regarding ADA formation and combination therapy with immunomodulators. 

In conclusion, our analyses showed that combination therapy reduced ADA formation for 
most biologics for which data were available. The protective effect of combination therapy on 
ADA formation may be greater for those biologics with higher immunogenic potential and 
thus the risks associated with combination therapy may not outweigh the potential benefits 
for newer, less immunogenic agents. Combination therapy for a subsequent biologic agent 
should be considered when switching from a biologic agent in a sensitized patient because of 
persistent loss of response and presence of ADA. Future studies should focus on harmonizing 
ADA assays, determining clinically relevant concentration cut-offs for ADA and optimal 
dosing of immunomodulators to prevent ADA formation.  
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Supplementary material 

Supplementary Appendix 1. Search strategies. 

MEDLINE (OVID; 1946-present) 
1. random$.tw. 2. factorial$.tw. 3. (crossover$ or cross over$ or cross-over$).tw. 4. placebo$.tw. 
5. single blind.mp. 6. double blind.mp. 7. triple blind.mp. 8. (singl$ adj blind$).tw. 9. (double$ adj 
blind$).tw. 10. (tripl$ adj blind$).tw. 11. assign$.tw. 12. allocat$.tw. 13. crossover procedure/ 
14. double blind procedure/ 15. single blind procedure/ 16. triple blind procedure/ 17. randomized 
controlled trial/ 18. or/1-17 19. (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human 
cell/ or (human or humans).ti.) 20. 18 not 19 21. exp Crohn disease/ or crohn*.mp. 22. (colitis and 
ulcerat*).mp. 23. ulcerative colitis.mp. or exp ulcerative colitis/ 24. inflammatory bowel disease*.mp. 
25. IBD.mp. 26. 21 or 22 or 23 or 24 or 25 27. 20 and 26 28. exp monoclonal antibody/ 29. anti-tum*.mp. 
or exp anti tumor necrosis factor/ 30. exp tumor necrosis factor antibody/ or exp tumor necrosis factor 
alpha antibody/ or anti-TNF.mp. or anti TNF.mp. 31. anti-alpha.mp. 32. infliximab.mp. or exp 
infliximab/ or cA2.mp. 33. ustekinumab.mp. or CNTO 1275.mp. or exp ustekinumab/ 34. exp 
certolizumab pegol/ or certolizumab*.mp. or CDP870.mp. 35. natalizumab.mp. or exp natalizumab/ or 
alpha-4.mp. or alpha4.mp. 36. vedolizumab.mp. or exp vedolizumab/ or alpha4beta7.mp or alpha-
4beta-7.mp or MLN02.mp or MLN-02.mp. 37. adalimumab.mp. or exp adalimumab/ 38. exp 
golimumab/ or golimumab.mp. or CNTO*148.mp. 39. exp mucosal addressin cell adhesion molecule 1/ 
or anti-madcam.mp. 40.etrolizumab.mp.or rhuMAb Beta7.mp. or exp etrolizumab/ 41. 28 or 29 or 30 or 
31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 42. 27 and 41 
 
EMBASE (Ovid; 1947-present) 
1. random$.tw. 2. factorial$.tw. 3. (crossover$ or cross over$ or cross-over$).tw. 4. placebo$.tw. 
5. single blind.mp. 6. double blind.mp. 7. triple blind.mp. 8. (singl$ adj blind$).tw. 9. (double$ adj 
blind$).tw. 10. (tripl$ adj blind$).tw. 11. assign$.tw. 12. allocat$.tw. 13. crossover procedure/ 
14. double blind procedure/ 15. single blind procedure/ 16. triple blind procedure/ 17. randomized 
controlled trial/ 18. or/1-17 19. (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human 
cell/ or (human or humans).ti.) 20. 18 not 19 21. exp Crohn disease/ or crohn*.mp. 22. (colitis and 
ulcerat*).mp. 23. ulcerative colitis.mp. or exp ulcerative colitis/ 24. inflammatory bowel disease*.mp. 
25. IBD.mp. 26. 21 or 22 or 23 or 24 or 25 27. 20 and 26 28. exp monoclonal antibody/ 29. anti-tum*.mp. 
or exp anti tumor necrosis factor/ 30. exp tumor necrosis factor antibody/ or exp tumor necrosis factor 
alpha antibody/ or anti-TNF.mp. or anti TNF.mp. 31. anti-alpha.mp. 32. infliximab.mp. or exp 
infliximab/ or cA2.mp. 33. ustekinumab.mp. or CNTO 1275.mp. or exp ustekinumab/ 34. exp 
certolizumab pegol/ or certolizumab*.mp. or CDP870.mp. 35. natalizumab.mp. or exp natalizumab/ or 
alpha-4.mp. or alpha4.mp. 36. vedolizumab.mp. or exp vedolizumab/ or alpha4beta7.mp or alpha-
4beta-7.mp or MLN02.mp or MLN-02.mp. 37. adalimumab.mp. or exp adalimumab/ 38. exp 
golimumab/ or golimumab.mp. or CNTO*148.mp. 39. exp mucosal addressin cell adhesion molecule 1/ 
or anti-madcam.mp. 40.etrolizumab.mp.or rhuMAb Beta7.mp. or exp etrolizumab/ 41. 28 or 29 or 30 or 
31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 42. 27 and 41 
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COCHRANE LIBRARY 
1. Crohn 2. Colitis 3. Inflammatory bowel disease 4. IBD 5. monoclonal antibody 6. anti-tum* or anti 
tumor necrosis factor or tumor necrosis factor antibody or tumor necrosis factor alpha antibody or anti-
TNF or anti TNF or anti-alpha 7. infliximab or cA2 8. ustekinumab or CNTO 1275 9. certolizumab or 
CDP870 10. natalizumab or alpha-4or alpha4 11. vedolizumab or alpha4beta7 or alpha-4beta-7 or 
MLN02 or MLN-02. 12. Adalimumab 13. Golimumab or CNTO148 14. mucosal addressin cell adhesion 
molecule 1 or anti-madcam 15. Etrolizumab 16. #1 or #2 or #3 or #4 17. #5 or #6 or #7 or #8 or #9 or #10 
or #11 or #12 or #13 or #14 or #15 18. #16 and #17  
 
Cochrane IBD/FBD Group Register 
anti-tum* or anti tumor necrosis factor or tumor necrosis factor antibody or tumor necrosis factor alpha 
antibody or anti-TNF or anti TNF or anti-alpha or infliximab or cA2 or ustekinumab or CNTO 1275 
natalizumab or alpha-4or alpha4 or vedolizumab or alpha4beta7 or alpha-4beta-7 or MLN02 or MLN-
02 or adalimumab or golimumab or CNTO148 or mucosal addressin cell adhesion molecule 1 or anti-
madcam or etrolizumab 
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Supplementary Table 4. Quality assessment of the observational studies*. 

 Study Selection (Max 4) Comparability (Max 
2) 

Outcome (Max 3) Total (Max 
9) 

Infliximab 
 Baert 20031 **** ** *** 9 
 Farrell 20035 

(study 1) 
**** ** *** 9 

 Fernandes 
20207     

 Oh 201712 **** ** **1 8 
 Seow 201023 **** ** *** 9 
 Vermeire 

200732 
**** ** *** 9 

 Yokoyama 
201734 

**** - **1 6 

Adalimumab 
 Regueiro 

201615 ***3 ** **1 8 

 Roblin 201716 **** ** **1 8 
 Rutgeerts 

2005a18 
**** ** **1 8 

 Rutgeerts 
2005b18 

**** ** **1 8 

 Sands 200422 ***2 ** **1 7 
Certolizumab pegol 

 Gordon 200291 **** ** **1 8 
 Sandborn 

2016110 
**** ** **1 8 

*The Newcastle-Ottawa Quality Assessment Scale for case-control studies was used for observational data. 
Comparisons of monotherapy versus combination therapy were considered observational if the patients were not 
randomized to monotherapy or combination therapy and the study reported event(s) of interest in these two 
groups.  
1Unclear whether the assessment was independent and blinded  
2Only included patients with fistulizing Crohn’s disease 
3Only included patients with CD who had undergone ileocolonic resection with ileocolonic anastomosis 
4Single-country study  
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Supplementary Figure 1. ADA formation in infliximab combotherapy with thiopurine versus 
monotherapy (sensitivity analysis). 

 

 

Supplementary Figure 2. ADA formation in infliximab combotherapy versus monotherapy in drug 
tolerant assays (sensitivity analysis). 

 

 

Supplementary figure 3. ADA formation in golimumab combo- versus monotherapy. 

 

 

Supplementary figure 4. ADA formation in ustekinumab combotherapy versus monotherapy. 
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Supplementary Figure 5. ADA formation in natalizumab combotherapy versus monotherapy. 
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Abstract 

Introduction  

Real-life patterns of anti-TNF use remain largely unknown. We aimed to investigate: survival 
rates, clinical outcomes and costs of anti-TNF agents in a large population of IBD patients. 

Methods 

Health insurance data from 22,082 IBD patients were provided by Achmea Healthcare. Time 
to anti-TNF discontinuation, treatment intensification, corticosteroid initiation and 
hospitalization were analyzed in patients starting with anti-TNF treatment from January 2008 
till December 2014. Treatment regimens were analyzed at different time points. 

Results 

In this cohort, 855 and 1,199 subjects started infliximab and adalimumab treatment, 
respectively. The median time to anti-TNF discontinuation was 600 days (IQR 156–1693). The 
proportion of subjects receiving intensified treatment increased over time (infliximab at 3 vs. 
24 months: 22.2% vs. 33.6%, p=0.01; adalimumab at 3 vs. 24 months: 10.5% vs. 19.3%, p<0.001). 
Cessation of anti-TNF treatment was less common in Crohn’s disease patients (HR 0.79, 
p=0.001) and in patients receiving intensified treatment (HR 0.62, p=0.001). Immunomodulator 
use was associated with longer time to corticosteroid initiation (HR 0.80, p=0.048), but not with 
longer drug survival (HR 0.99, p=0.617). Hospitalization was more common in Crohn’s disease 
patients (HR 1.49, p=0.011). Corticosteroid initiation was lower in Crohn’s disease patients (HR 
0.57, p<0.001) and in patients using infliximab (HR 0.55, p<0.001).  

Conclusions 

Discontinuation of anti-TNF therapy occurred earlier than previously reported and was 
associated with a diagnosis of ulcerative colitis and non-intensified anti-TNF treatment. 
Immunomodulator use at the start of anti-TNF treatment was associated with longer time to 
corticosteroid inititiation, but not with longer drug survival. 
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Introduction 

The introduction of anti-tumor necrosis factor (anti-TNF) antibodies has revolutionized the 
therapy of Crohn’s disease and ulcerative colitis, collectively known as inflammatory bowel 
disease (IBD). Anti-TNF agents are able to induce and maintain remission in IBD patients.1–6 
Infliximab was registered in the Netherlands for Crohn’s disease in 1999 and for ulcerative 
colitis in 2006 and adalimumab was registered in the Netherlands for Crohn’s disease and 
ulcerative colitis in 2007 and 2012, respectively. 

The clinical management of IBD patients with anti-TNF agents is complicated by primary and 
secondary non-response. Approximately 30% of patients do not respond to anti-TNF 
induction therapy (primary non-responders)1–7, and up to half of initial responders will 
gradually lose response over time (secondary non-responders).1,8–11 Primary and secondary 
non-response are related to low serum drug concentrations and the development of anti-drug-
antibodies.12–19 The proportion of IBD patients with a durable response to anti-TNF treatment 
in a real-life setting has been investigated in relatively small cohorts.10,11  

Several strategies are used to prevent and treat primary and secondary non-response to anti-
TNF agents. Firstly, combination therapy (consisting of an anti-TNF agents combined with an 
immunomodulator) is more effective compared to anti-TNF monotherapy20, which can (at 
least partly) be explained by reduced anti-drug antibody formation.21 Secondly, loss of 
response can often be managed by increasing the dose and/or decreasing the dosing interval 
of anti-TNF agents.22 Thirdly, loss of response to anti-TNF agents, especially when this is 
related to anti-drug-antibody formation, can be overcome by switching to another anti-TNF 
agent22, or by adding an immunomodulator if a patient receives anti-TNF monotherapy.  

It is unknown how many IBD patients receive combination therapy and how often anti-TNF 
treatment is intensified in daily practice. Furthermore, associated treatment outcomes and 
drug costs of anti-TNF agents in a large real-life population are relatively unknown. Van der 
valk et al. studied IBD health care and medication costs in a Dutch cohort of 2252 patients in 
201123. Bernstein et al. assessed costs of IBD management in a large real-life Canadian cohort 
in 2005 and 2006, but they did not specifically focus on anti-TNF use and related treatment 
outcomes.24 

The aim of the present study was to investigate: (i) drug survival rates of anti-TNF agents, (ii) 
clinical outcomes of anti-TNF therapy, and (iii) drug costs of TNF blockers in a large 
population consisting of approximately 22,000 Dutch IBD patients.  
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Methods 

Database 

Health insurance claims data were provided by Achmea Healthcare, the largest health 
insurance provider in the Netherlands. Data were available from 2008 to 2014 on 
approximately 2.7 million insured persons in 2008, gradually increasing to approximately 4.2 
million insured persons in 2014. This population is a representative sample of the urbanized 
area of the Netherlands.25 

Data collection 

The following data were collected from subjects who received IBD-related health care between 
2008 and 2014 (observation period).  

Background information: year of birth, gender, number of days insured by Achmea per year, 
year of death (if applicable), start and stop date of the insured period. 

IBD-related health care: diagnosis (Crohn’s disease or ulcerative colitis) and treatment setting 
(inpatient or outpatient). 

IBD-related medication use: administration/dispensation date, dose and costs of infliximab, 
adalimumab, corticosteroids [prednisone or budesonide], thiopurines [azathioprine, 6-
mercaptopurine or 6-tioguanine] and methotrexate. Data on infliximab use was available from 
2012 to 2014 due to a different reimbursement system before 2012. Prior to 2012, infliximab 
costs were reimbursed as part of hospital care, thus treatment details were not specified in 
healthcare claims before 2012. As from 2012, infliximab costs are directly reclaimed by 
pharmacies based on specific dosages and dispensation dates. 

Comorbidity: documented healthcare claims for psoriatic arthritis, ankylosing spondylitis, 
psoriasis and rheumatoid arthritis. 

Outcomes  

The primary outcome was anti-TNF drug survival (i.e. time from start of anti-TNF therapy to 
discontinuation). Secondary outcomes included time to anti-TNF dose intensification, time to 
corticosteroid initiation and time to IBD-related hospitalization in anti-TNF starters and 
analysis of potential determinants for time to drug discontinuation, treatment intensification, 
hospitalization, and corticosteroid initiation. Moreover, treatment intervals, dosing regimens 
and drug costs of anti-TNF therapy were analyzed.   
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Classifications, definitions, calculations and selection criteria 

All analyses were performed on patients aged ≥ 18 years at the end of the observation period. 
Patients who received their first infliximab infusion > 16 weeks after start of the observation 
period were considered as infliximab starters. Patients who received their first pharmacy 
dispensation of adalimumab > 6 months after start of the observation period were considered 
as adalimumab starters. These cut-offs were based on the assumption that infliximab intervals 
are unlikely to exceed a 16-week period and that the amount of dispensed adalimumab vials 
is unlikely to cover a treatment period longer than 6 months. 

In order to distinguish between patients starting with anti-TNF monotherapy or combination 
therapy, pharmacy dispensations of immunomodulators and anti-TNF agents were divided 
into semesters. Anti-TNF starters receiving a prescription for an immunomodulator in the first 
semester of anti-TNF treatment were defined as patients using combination therapy. 

An infliximab dose adaptation was defined as a dose increase or decrease of at least 50 mg 
and/or an increase or decrease in the treatment interval between two infusions of ≥ 25%. 
Infliximab discontinuation was defined as a definitive treatment stop or an infusion interval 
of > 16 weeks. Infliximab restart was defined as at least one infliximab infusion after treatment 
discontinuation.  

Adalimumab dosing regimens were based on the average amount of adalimumab provided at 
each dispensation (amount dispensed in mg divided by the time until next dispensation). 
Adalimumab dosing regimens were categorized into < 40 mg every other week, 40 mg every 
other week, 40 mg every week and > 40 mg every week based on the following cut-offs: < 15 
mg per week, 15-30 mg per week, 30-60 mg per week and > 60 mg per week, respectively. 
Adalimumab dose adaptations were defined as a change in dosing regimen category that was 
maintained for at least 2 consecutive dispensations. Adalimumab discontinuation was defined 
as a definite treatment stop or when the average amount of adalimumab that was dispensed 
by the pharmacy was < 10 mg per week. Adalimumab restart was defined as at least one 
adalimumab dispensation after discontinuation. 

Time to drug discontinuation, treatment intensification, hospitalization, out and in-hospital 
corticosteroid initiation (prednisone and budesonides) were analyzed in all patients who 
started with anti-TNF therapy within the observation period. For all survival analyses, 
patients were censored on December 31th 2014, at time of death or at the time of an 
interruption of the insured period (i.e. if patients switched to another health insurance 
provider). In order to analyze time to corticosteroid initiation, hospitalization and treatment 
intensification, patients were also censored at the time of anti-TNF discontinuation.  

Corticosteroid use during anti-TNF induction therapy (4 weeks for adalimumab and 6 weeks 
for infliximab) was used as a cut-off point for analyzing time to corticosteroid initiation. 
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Because the definitions of infliximab and adalimumab treatment intensification were not 
comparable, time to treatment intensification was analyzed for both agents separately.  

Average anti-TNF treatment intervals and dosages were determined in patients who started 
with anti-TNF treatment during the observation period at 3, 6, 12 and 24 months after 
treatment initiation if they were not censored and still receiving the same anti-TNF agent. 
Mean infliximab dose relative to body weight was estimated using an average body weight of 
Dutch men and women of 70 kilogram.26  

Drug costs of each anti-TNF dispensation were provided by Achmea. Total anti-TNF costs 
were calculated as the sum of all dispensations within the observation period and for each 
year separately.  

Statistical analysis  

All analyses were performed using SPSS 23.0 (IBM, Chicago, Illinois). Descriptive statistics 
were used to study cohorts characteristics. Observed periods are presented in person-years. 
Comparisons between groups of not normally distributed dichotomous data were performed 
using Fisher’s exact tests. Survival data are presented as Kaplan-Meier curves. Univariate and 
multivariate analysis of time to event data was performed using Cox proportional hazards 
regression. The proportional hazards assumption was tested using visual inspection of log 
minus log survival plots. The threshold for statistical significance was set at p < 0.05. 

Ethical approval 

All provided data were completely anonymized. Data were requested and obtained through 
official procedures. Therefore, no ethical approval was required. 
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Results 

Cohort characteristics 

A total of 22,082 patients that received IBD-related care between 2008 and 2014 were identified. 
The total observation period comprised 131,134 person-years. Cohort characteristics are 
provided in table 1. From 2008 to 2014, 1498 patients were treated with adalimumab, and 1,671 
patients were treated with infliximab between 2012 and 2014. The proportion of patients 
receiving anti-TNF treatment increased from 17% in 2012 to 19.7% in 2014 (infliximab and 
adalimumab combined). In this period, 476 out of 2929 (16.3%) patients had received both 
infliximab and adalimumab. From 2008 to 2014, 24% of IBD patients receiving an anti-TNF 
agent also received care (indicated by a documented health insurance claim) for at least one 
other disease for which anti-TNF agents are indicated, such as psoriatic arthritis, ankylosing 
spondylitis, psoriasis or rheumatoid arthritis. 

Anti-TNF use 

Infliximab 

Of patients receiving IBD-related care, the proportion of patients that was treated with 
infliximab increased from 10.3% in 2012 to 11.3% in 2014. In these patients, yearly drug costs 
of infliximab treatment were €17.4 million in 2012, increasing to €19.7 million in 2014. At the 
start of infliximab therapy, the proportion of patients receiving combination therapy was 
60.4%, of whom the vast majority received azathioprine (66.5%) or 6-mercaptopurine (26.6%). 
The proportion of patients receiving combination therapy was comparable in 2012 (59.0%), 
2013 (61.0%) and 2014 (61.4%). 

During the observation period, 20,252 infliximab infusions were administered. In total 855 
patients (550 Crohn’s disease, 305 ulcerative colitis) started with infliximab within the 
observation period. The distribution of infliximab administration intervals in these patients 
over time is shown in figure 1. The proportion of patients receiving infliximab maintenance 
treatment with an infusion interval between 7 and 9 weeks decreased with longer treatment 
duration (treatment interval between 7 and 9 weeks at 3 months vs. 24 months: 72.3% vs. 
60.9%, p=0.02). The proportion of patients receiving infliximab with an infusion interval 
shorter than 7 weeks increased with longer treatment duration (treatment interval < 7 weeks 
at 3 months vs. 24 months: 22.2% vs. 33.6%, p=0.01). No clinical factors were significantly 
associated with time to infliximab intensification (i.e. decreased infusion intervals) in 
univariable and multivariable analysis (table 2). No change in mean infliximab dose per kg 
bodyweight was observed over time (3 months vs. 24 months: 5.8 [SD 1.8] vs. 5.7 [SD 2.1], 
p=0.64).
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Adalimumab 

Of patients receiving IBD-related care, the proportion that was treated with adalimumab 
increased from 3.2% in 2008 to 8.4% in 2014. From 2008 to 2014, 121,406 adalimumab syringes 
were dispensed with a median of 60 (IQR 28 - 118) syringes per patient. Yearly drug costs of 
adalimumab treatment increased from €3.2 million in 2008 to €13 million in 2014. At the start 
of adalimumab treatment, the proportion of patients receiving combination therapy was 
52.5%, of whom the vast majority received azathioprine (64.4%) or 6-mercaptopurine (18.1%). 
The proportion of patients starting adalimumab combined with an immunomodulator 
increased from 42.1% to 51.5% between 2008 and 2014.  

A total of 1,199 subjects (940 Crohn’s disease, 259 ulcerative colitis) started with adalimumab 
treatment within the observation period. The distribution of adalimumab administration 
intervals among these subjects over time is shown in figure 2. The proportion of patients 
receiving 40 mg adalimumab every other week decreased with longer treatment duration (at 
3 months vs. 24 months: 81.5% vs. 71.2%, p<0.001),whereas the proportion of patients that 
received intensified adalimumab treatment (i.e. ≥ 40 mg every week) increased with longer 
treatment duration (at 3 months vs. 24 months: 10.5% vs. 19.3%, p<0.001). No clinical factors 
were significantly associated with time to adalimumab intensification in univariable and 
multivariable analysis (table 2).  

 

 

 

 

 

 

 

Figure 1. Distribution of infliximab infusion 
intervals over time.  

Figure 2. Distribution of adalimumab 
treatment intervals over time.  
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Table 2. Univariable and multivariable Cox proportional hazards regression analysis of time to anti-
TNF treatment intensification. 

 Univariable analysis Multivariable analysis 
 HR (95% CI) p-value HR (95% CI) p-value 

Adalimumab 

Crohn’s disease 
(vs ulcerative 
colitis) 

0.73 (0.43-1.24) 0.246 0.72 (0.43-1.23) 0.232 

Male gender 1.06 (0.70-1.59) 0.779 1.07 (0.71-1.61) 0.743 
Combination 
treatment at 
initiation 

1.13 (0.75-1.69) 0.560 1.15 (0.76-1.72) 0.511 

Infliximab 

Crohn’s disease 
(vs ulcerative 
colitis) 

1.07 (0.72-1.57) 0.746 1.10 (0.74-1.63) 0.634 

Male gender 1.39 (0.96-2.00) 0.081 1.4 (0.97-2.03) 0.073 
Combination 
treatment at 
initiation 

0.78 (0.54-1.13) 0.192 0.78 (0.54-1.13) 0.197 

HR: Hazard rate; CI: confidence interval 
 

Drug survival 

Median time to anti-TNF treatment discontinuation was 600 days (IQR 156 – 1693 days). At 6, 
12 and 24 months after initiation of anti-TNF treatment, the proportion of patients receiving 
continuous treatment with anti-TNF agents was 72.5% (95% CI 70.5-74.5), 61.5% (95% CI 59.1-
63.9) and 45.6% (95% CI 43.1-48.1), respectively. Univariable and multivariable analysis of 
factors associated with time to drug discontinuation are shown in table 3. Patients with 
Crohn’s disease were less likely to stop anti-TNF treatment compared to ulcerative colitis 
patients (hazard ratio [HR] 0.79 [95% CI 0.69-0.91], p=0.001). Patients who received anti-TNF 
treatment intensification were less likely to discontinue their treatment (HR 0.62 [95% CI 0.47-
0.82], p=0.001). A trend was observed towards a higher discontinuation rate in patients 
receiving infliximab compared to adalimumab (HR 1.14 [95% CI 0.99-1.34], p=0.071). 
Combination treatment at initiation of anti-TNF therapy was not associated with longer drug 
survival (HR 0.99 [96%CI 0.87-1.11]. Kaplan-Meier curves of time to anti-TNF discontinuation 
are shown in figure 3. The proportion of patients that restarted infliximab or adalimumab 
treatment within 6 months after discontinuation was 19.2% and 21.4%, respectively. The 
proportion of patients that restarted infliximab and adalimumab within 12 months after 
cessation of anti-TNF therapy, was 24.3% and 33.4%, respectively (supplementary figure 1 and 
2).  
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Figure 3. Kaplan-Meier curves of time to anti-TNF treatment discontinuation: a. Crohn’s disease vs. 
ulcerative colitis; b. adalimumab vs. infliximab; c. standard treatment vs. intensified treatment; d. 
monotherapy vs combinationtherapy. 
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Table 3. Univariable and multivariable Cox proportional hazards regression analysis of time to drug 
discontinuation. 

 Univariable analysis Multivariable analysis 
 HR (95% CI) p-value HR (95% CI) p-value 

Crohn’s disease 
(vs ulcerative 
colitis) 

0.79 (0.68-0.89) <0.001 0.79 (0.69-0.91) 0.001 

Male gender 0.92 (0.81-1.04) 0.173 0.92 (0.81-1.04) 0.172 
Infliximab (vs 
adalimumab) 

1.13 (0.99-1.28) 0.065 1.14 (0.99-1.30) 0.071 

Combination 
treatment at 
initiation 

1.00 (0.89-1.13) 0.94 0.99 (0.87-1.11) 0.617 

Treatment 
intensification 

0.61 (0.50-0.75) <0.001 0.62 (0.47-0.82) 0.001 

HR: Hazard rate; CI: confidence interval 

 

IBD-related hospitalization 

Among patients who started with anti-TNF treatment within the observation period, the 
cumulative proportion of patients that was hospitalized for IBD-related problems was 9.2% 
(95% CI 7.8-10.6), 13.7% (95% CI 11.9-15.5) and 19.8% (95% CI  17.3-22.3), at 6, 12 and 24 
months, respectively. Univariable and multivariable analysis of factors associated with time 
to hospitalization is provided in table 4. Crohn’s disease was the only factor that was 
significantly associated with hospitalization (HR 1.49 [95% CI 1.10-2.03], p=0.011). A Kaplan-
Meier plot of time to hospitalization is shown in figure 4. 

 

 

 

 

 

 

 

 

Figure 4. Kaplan-Meier curves of time to hospitalization: Crohn’s disease vs. ulcerative colitis. 
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Corticosteroid initiation 

The cumulative proportion of patients receiving corticosteroids after initiation of anti-TNF 
treatment was 14.4% (95% CI 12.4-16.4), 19.2% (95% CI 16.8-21.6) and 27.2% (95%CI 24.1-30.3) 
at 6, 12 and 24 months, respectively. Univariable and multivariable analysis of factors 
associated with time to corticosteroid initiation is provided in table 5. Patients with Crohn’s 
disease (HR 0.57 [95% CI 0.45-0.73] p<0.001) and patients receiving infliximab (HR 0.55 [95% 
CI 0.42-0.72] p<0.001) were less likely to receive treatment with corticosteroids. Patients who 
received combination therapy at time of initiation of anti-TNF treatment used significantly less 
corticosteroids as compared to patients receiving anti-TNF monotherapy (HR 0.80 [95% CI 
0.64-1.00] p=0.048). Kaplan-Meier plots of time to corticosteroid initiation are depicted in figure 
5. 

Table 4. Univariable and multivariable Cox proportional hazards regression analysis of time to 
hospitalization. 

 Univariable analysis Multivariable analysis 
 HR (95% CI) p-value HR (95% CI) p-value 

Crohn’s disease 
(vs ulcerative 
colitis) 

1.46 (1.08-1.98) 0.014 1.49 (1.10-2.03) 0.011 

Male gender 0.972 (0.77-1.23) 0.812 0.98 (0.77-1.24) 0.853 
Infliximab (vs 
adalimumab) 

1.04 (0.82-1.33) 0.733 1.11 (0.86-1.43) 0.419 

Combination 
treatment at 
initiation 

0.83 (0.66-1.05) 0.127 0.83 (0.65-1.04) 0.109 

Treatment 
intensification 

1.26 (0.92-1.72) 0.151 1.24 (0.91-1.70) 0.178 

HR: Hazard rate; CI: confidence interval 
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Table 5. Univariable and multivariable Cox proportional hazards regression analysis of time to 
corticosteroid initiation. 

 Univariable analysis Multivariable analysis 
 HR (95% CI) p-value HR (95% CI) p-value 

Crohn’s disease 
(vs ulcerative 
colitis) 

0.61 (0.48-0.77) <0.001 0.57 (0.45-0.73) <0.001 

Male gender 1.15 (0.92-1.44) 0.221 1.13 (0.91-1.42) 0.270 
Infliximab (vs 
adalimumab) 

0.59 (0.45-0.76) <0.001 0.55 (0.42-0.72) <0.001 

Combination 
treatment at 
initiation 

0.67 (0.51-0.87) 0.002 0.80 (0.64-1.00) 0.048 

Treatment 
intensification 

1.07 (0.78-1.46) 0.673 1.12 (0.82-1.53) 0.479 

HR: Hazard rate; CI: confidence interval 
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Figure 5. Kaplan-Meier curves of time to corticosteroid use: a. Crohn’s disease vs. ulcerative colitis; b. 
adalimumab vs. infliximab; c. Anti-TNF monotherapy vs combination therapy (i.e. anti-TNF 
combined with an immunomodulator) at anti-TNF initiation. 
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Discussion 

To our knowledge, this study is the first to describe real life patterns of anti-TNF use and 
associated treatment outcomes in a large IBD population in the Netherlands. In this cohort of 
more than 22,000 Crohn’s disease and ulcerative colitis patients, the proportion of patients 
receiving infliximab or adalimumab increased to approximately 20% in 2014 which accounted 
for €32.7 million of drug costs. However, it is important to note that drug costs of anti-TNF 
therapy decreased substantially after the introduction of biosimilar infliximab in 2015 in The 
Netherlands. Anti-TNF discontinuation occurred in approximately 40% of patients within the 
first year after treatment initiation and this was associated with a diagnosis of ulcerative colitis, 
infliximab use and non-intensified anti-TNF treatment regimens. Thus, we here show that the 
real-life anti-TNF discontinuation rate is substantially higher than previously reported. 
Moreover, we demonstrate that the proportion of IBD patients receiving intensified anti-TNF 
treatment gradually increases over time.  

Anti-TNF discontinuation rates range from 5% to 23% at 12 months of follow-up according to 
different studies.8,27 There are several potential explanations for these differences. Firstly, most 
of these studies concern analyses of clinical trials and tertiary care cohorts which may not 
provide reliable estimates of real-life drug survival.8,27,10,11 Furthermore, early discontinuation 
(due to primary non-response or intolerance) may not have been included in these estimates. 
On the other hand, we may have overestimated the discontinuation rate due to the definitions 
that were applied. These definitions could not account for poor treatment adherence, short 
drug holidays or episodic treatment strategies. This may also have contributed to a higher 
proportion of patients restarting the same anti-TNF agent within 12 months (24% and 33% for 
infliximab and adalimumab, respectively). However, we presume that the number of patients 
receiving episodic treatment with TNF blockers is very low in this cohort, since it is well 
known that scheduled continuous treatment is the preferred treatment strategy.  

Strikingly, immunomodulator use at the start of anti-TNF treatment was not associated with 
a longer drug survival or time to anti-TNF intensification. This is an unexpected finding 
because combination therapy appears to be more effective than either therapeutic agent alone, 
explained by reduced immunogenicity, increased anti-TNF serum levels and possible 
synergistic effects.20,28 Nevertheless, several previous studies also found no significant 
association between time to anti-TNF intensification and concomitant immunomodulator 
use.29,30,31 We hypothesize that patients with more severe disease are more likely to receive 
combination therapy. Consequently, the potential beneficial effect of combination therapy 
may be neutralized by the patients’ poorer prognosis. Furthermore, some patients in our 
cohort could have been misclassified as patients who started with combination therapy. We 
defined combination therapy at the time of anti-TNF initiation as a pharmacy dispensation of 
an immunomodulator in the same semester as the first anti-TNF administration. As a result, 
some patients may have already discontinued the immunomodulator prior to anti-TNF 
initiation. However, we did find a significantly longer time to corticosteroid initiation in 
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patients on combination therapy as compared to anti-TNF monotherapy, which reflects the 
beneficial effect of concomitant immunomodulator use.  

A diagnosis of ulcerative colitis was associated with a shorter time to anti-TNF discontinuation 
and corticosteroid initiation. This could reflect lower response rates to anti-TNF agents in 
ulcerative colitis compared to Crohn’s disease patients. Although head-to-head studies are 
lacking, it has been suggested that anti-TNF agents may be more effective in Crohn’s disease 
as compared to ulcerative colitis.32 In line with this notion, previous studies have found higher 
rates of anti-TNF treatment intensification in ulcerative colitis compared to Crohn’s disease 
patients.29,30,31 A possible explanation for this difference is a higher inflammatory burden and 
a higher drug clearance in ulcerative colitis patients.19,29,33 However, we did not find a 
significant association between time to treatment intensification and a diagnosis of ulcerative 
colitis. Furthermore, other studies found no difference in time to infliximab discontinuation 
between Crohn’s disease and ulcerative colitis.29 

It is currently unclear if infliximab or adalimumab is superior for the treatment of IBD because 
head to head studies are lacking. Results from meta-analyses and several studies show 
conflicting results.34–41 A population study in IBD patients showed no difference in efficacy 
between these two agents.40 In our study, infliximab use was associated with a reduced risk of 
corticosteroid initiation compared to adalimumab. However, the difference in cut-off point 
between adalimumab and infliximab that we used for time to corticosteroid initiation (an 
induction period of 4 and 6 weeks, respectively) might have influenced the results. 
Nevertheless, this finding has also been reported previously in another administrative claims 
database study that consisted of 1,400 ulcerative colitis patients starting anti-TNF therapy.35 
Furthermore, no difference in time to hospitalization was found, and a trend towards a higher 
drug discontinuation rate was seen in infliximab users compared to adalimumab. We 
postulate that the small difference in discontinuation rate could be explained by the fact that 
IBD patients with severe disease requiring hospitalization are more likely to receive treatment 
with infliximab.42 Disease severity at the start of anti-TNF treatment could not be assessed in 
our database, which can cause potential bias for the comparison of both agents. Hence, based 
on our results we cannot draw firm conclusions with regard to differences in therapeutic 
efficacy between infliximab and adalimumab. An ongoing study will determine if higher 
induction and maintenance doses of adalimumab will improve the outcome in ulcerative 
colitis patients (NCT02065622). 

The present study cohort is a representative sample of the Dutch IBD population, consisting 
of both second and third line patients. More than 22,000 IBD patients receiving IBD-related 
care between 2008 and 2014 were included. Long-term data from large population based 
cohorts allow for robust analyses of patterns of drug use. However, this study has several 
limitations. Firstly, adalimumab use was based on the amount of drug that was dispensed by 
pharmacists to patients. Therefore, actual drug use, premature drug discontinuation, 
therapeutic compliance and variation in drug dispense rates because of logistical reasons (such 
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as lost drug) could not be assessed. Secondly, the definitions that were used for patient 
selection and classification (such as selection of anti-TNF starters, anti-TNF discontinuation, 
combination therapy, treatment intensification and corticosteroid initiation) may have 
resulted in selection bias. Thirdly, relevant clinical information such as disease location, 
behaviour and severity or reasons for anti-TNF discontinuation and corticosteroid initiation 
could not be obtained. In addition, surgical interventions could not be evaluated since detailed 
data on IBD related surgery was not available. Furthermore, the Dutch health insurance claims 
system does not allow for a diagnosis of IBD-unspecified. Consequently, all IBD cases were 
categorized as either Crohn’s disease or ulcerative colitis, while approximately 8% of the 
Dutch IBD population is diagnosed with IBD-unspecified.43 Despite these limitations, this 
study contributes to the knowledge on the use of anti-TNF agents and is the first to describe 
patterns of anti-TNF use in a large real-life population in the Netherlands. 

In conclusion, the proportion of IBD patients receiving anti-TNF treatment increased to almost 
20% in 2014, which is a major cost driver. Discontinuation of anti-TNF agents appears to occur 
earlier than previously reported, which was associated with a diagnosis of ulcerative colitis 
and non-intensified anti-TNF treatment regimens, but not with combination therapy. 
However, immunomodulator use at the start of anti-TNF treatment was associated with a 
longer time to corticosteroid initiation.  
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Supplemental figure 1. Time to restart of adalimumab after discontinuation. 

 

 

 

 

 

 

 

Supplemental figure 2. Time to restart of infliximab after discontinuation. 
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Abstract 

Objective 

We investigated relapse rates after anti-TNF withdrawal in inflammatory bowel disease (IBD) 
patients, response to restart of anti-TNF treatment and predictors for relapse. 

Methods 

IBD patients in remission receiving infliximab (IFX) or adalimumab (ADL) treatment for ≥ 1 year who 
discontinued treatment were included. Relapse rates and predictors for relapse were studied using 
survival and Cox regression analysis. 

Results 

In total, 101 patients were included (77 CD, 24 UC). A total of 56 patients (55%) experienced a relapse 
(CD 38, UC 18) with a median time to relapse of 32 and 18 months in CD and UC, respectively. Of 
patients that were retreated with the same anti-TNF agent, 84% responded. A trough serum 
concentration ≥ 2 µg/ml within one year prior to anti-TNF discontinuation was associated with a 
higher relapse rate in CD patients (HR 2.89; p=0.018), which was more evident in patients requiring 
retreatment with biologicals, bowel-related surgery or experimental medication (HR: 4.18; p=0.009). 
A young age (<17 years) at diagnosis was associated with a higher relapse rate (HR: 2.29; p=0.040) 
and fecal calprotectin levels < 25µg/g with a lower relapse rate in CD patients (HR: 0.34; p=0.041). 
Relapse rates, requiring treatment with biologicals or experimental medication, was lower in UC 
patients who continued immunosuppressive treatment (HR: 0.26; p=0.042).  

Conclusions 

Approximately 55% of patients relapsed after anti-TNF withdrawal with a median time to relapse of 
32 and 18 months in CD and UC, respectively. Retreatment with the same anti-TNF was successful in 
84% of patients.  
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Introduction 

The introduction of anti-tumor necrosis factor (anti-TNF) agents has revolutionized the treatment of 
inflammatory bowel disease (IBD) and has resulted in better long-term outcomes.1-7 Anti-TNF agents 
are able to induce mucosal healing and decrease the risk of hospitalization and surgery.6-9 Patients 
that achieve remission with anti-TNF agents are often treated for many years if they tolerate the 
treatment.10, 11 Long-term treatment with anti-TNF agents is considered to be safe12-16, although side 
effects include infusion/injection site reactions, infections, skin problems and a small increase in risk 
for some malignancies in combination with immunosuppressive agents.13, 15, 17 As a result, the 
proportion of patients treated with anti-TNF agents is steadily increasing which is associated with 
high costs 8, 18 in spite of the introduction of biosimilars.19  

Due to the increasing number of IBD patients treated with anti-TNF agents, elective discontinuation 
of these agent is of particular interest. Common reasons for anti-TNF discontinuation are loss of 
efficacy, anti-drug-antibody formation, side-effects, pregnancy, patient preference, disease remission 
and costs. The decision to stop anti-TNF treatment in patients with primary non-response, secondary 
loss of response or severe side effects is usually simple. However, the decision to stop treatment in 
patients in remission or in patients with mild side effects, is more difficult and is influenced by factors 
such as doctor and patient preference, treatment duration, treatment adherence and costs. It is known 
that adherence to long-term treatment is generally low, which is associated with suboptimal 
treatment outcomes and this also might be a reason to stop treatment.20, 21  

Several studies have been conducted to investigate the effect of anti-TNF withdrawal and 
retreatment.22-30 These studies showed that retreatment with the same anti-TNF agent was effective 
in the majority of patients. Nevertheless, it still remains uncertain when and how to stop anti-TNF 
treatment in IBD patients who are in remission and which patients are likely to have successful 
retreatment. Therefore, guidelines on elective anti-TNF discontinuation in IBD patients are still 
lacking.  

In this study, we aimed to evaluate the frequency of relapse, predictive factors associated with relapse 
and effect of retreatment after discontinuation of anti-TNF treatment in a tertiary cohort of IBD 
patients in corticosteroid-free clinical remission. These real life findings might be useful for the 
development of future prediction models and guidelines. 
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Methods 

Study design and patient population 

This was a single-center observational cohort study performed at the Department of 
Gastroenterology and Hepatology of the Amsterdam UMC. Consecutive adult CD and UC patients 
that discontinued infliximab (IFX) or adalimumab (ADL) treatment between November 2012 and 
February 2018 were included. Patients were in corticosteroid free clinical remission and treated with 
IFX or ADL for at least 1 year. All patients were prospectively followed on the outpatient clinic by 
IBD experts with regular appointments. Clinical, biochemical, endoscopic and radiological evaluation 
were performed during follow-up at physician’s discretion. All patients were followed until the end 
of the observation period (September 2018) or until relapse. Patients with a relapse that were retreated 
with an anti-TNF agent, were followed until the end of the observation period or when retreatment 
failed. 

Definitions 

Remission was determined by physician’s global assessment and was based on absence of clinical 
symptoms and/or normal biochemistry (i.e. fecal calprotectin < 250 µg/g and C-reactive protein (CRP) 
< 5 mg/l) and/or endoscopic/radiologic remission (no signs of active inflammation) in the year prior 
to discontinuation. The cut-off for fecal calprotectin of 250 µg/g was based on data showing that it 
correlates well with endoscopic lesions.31 In case endoscopic, radiological or biochemical evaluations 
were not available in the year prior to discontinuation, inclusion was based on absence of clinical 
symptoms alone. Relapse was defined as the requirement for (re)treatment with IBD medication (i.e. 
corticosteroids, immunosuppressives, biologicals or experimental medication), dose increase of IBD 
medication in follow-up period or IBD-related surgical interventions (i.e. bowel resections, deviating 
ileo/colostomy). In case of a relapse, treatment decisions were made at physician’s discretion. 
Response to retreatment with the same anti-TNF agent was determined by physician’s global 
assessment based on clinical, biochemical, endoscopic and/or radiological assessments. Intensified 
IFX schedules were defined as treatment intervals < 7 weeks or a dose of 10mg/kg and intensified 
ADL schedule were defined as doses of 40mg every week. 

Data collection 

Data were collected from medical records. The following data were collected: gender, diagnosis, date 
of diagnosis, Montreal classification, smoking habits, IBD-related surgical history, previous and 
current medical treatment, anti-TNF start and stop date, anti-TNF treatment schedule and reasons 
for anti-TNF discontinuation. At time of anti-TNF discontinuation, we reviewed age, duration of anti-
TNF treatment, continued IBD medication, laboratory results (CRP, albumin, hemoglobin, 
leukocytes, thrombocytes and fecal calprotectin), endoscopic and radiologic results in the year prior 
to discontinuation of TNF inhibitors. Duration of follow-up and occurrence of relapse was 
documented. At time of relapse and after anti-TNF retreatment, clinical, biochemical, endoscopic and 
radiological data were collected.  
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Statistical analysis 

Descriptive statistics were used to characterize the patient population. Results were provided as 
numbers (percentages) for discrete variables and median (range) for continuous variables and as 
frequencies and percentages for categorical variables. Differences in not normally distributed paired 
parameter were tested with the Wilcoxon signed rank test. Time to relapse and relapse rates were 
assessed using Kaplan Meier analysis. Univariable Cox regression analysis was used to study 
potential predictors for relapse. Multivariable Cox proportional hazard analysis was not performed 
since data was collected retrospectively resulting in occasionally missing data. The proportional 
hazards assumption was tested by testing the product of time to relapse and each variable for 
interaction within the model with the same variable alone. A p-value of <0.05 was considered to be 
statistically significant. All statistical analyses were performed using SPSS 24.0 software (IBM 
Corporation, Armonk, NY, USA). 

Ethical approval and patient consent 

This study was approved by the ethical committee of the Amsterdam UMC. Since this was a 
retrospective study, included patients provided consent with an opt-out procedure. 
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Results 

Patient population 

In total, 101 patients who discontinued anti-TNF treatment were included (77 CD, 24 UC). Patient 
characteristics are shown in table 1. The median follow-up time of all patients was 47 months (IQR 
33-51). The median treatment duration prior to anti-TNF discontinuation was 53 months (IQR 24.5-
86.5). At time of anti-TNF discontinuation, 51% of patients did not continue any medical treatment 
and 37% continued treatment with immunosuppressive agents (table 2). 

Table 1. Patient characteristics in CD and UC patients. 

CD patients n = 77 

Characteristic  

Male; n (%) 27 (35%) 
Age; median (range), years  43 (34-53) 
Montreal classification  
 A1 (<16 years) 
 A2 (17-40 years) 
 A3 (>40 years) 
 L1 (ileum) 
 L2 (colon) 
 L3 (ileocolonic) 
 + L4 (upper GI) 
 B1 (non stricturing, non-penetrating) 
 B2 (stricturing) 
 B3 (penetrating) 
 P (Perianal disease) 

11 (14%) 
64 (83%) 
2 (3%) 
24 (31%) 
20 (26%) 
33 (43%) 
9 (12%) 
48 (62%) 
20 (26%) 
9 (12%) 
29 (38%) 

Median months anti-TNF use (IQR) 60 (29-91) 
Endoscopy available <1year 44 (57%) 
Fecal calprotectin available <1 year 49 (64%) 
Radiology (MRI, US) available <1 year 3 (4%) 
Discontinued anti-TNF type and schedules  
 Infliximab 
  Normal 
  Intensified 

 37 (48%) 
 33 (89%) 
 4 (11%) 

 Adalimumab 
  Normal 
  Intensified 

 40 (52%) 
 31 (78%) 
 9 (12%) 

Previous surgical resection 
 1 resection 
 2 resections 
 >2 resections 

 
19 (25%) 
11 (14%) 
3 (4%) 
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Table 1. (Continued). 

Previous medication use 
 Infliximab 
 Adalimumab 
 Thiopurines 
 Methotrexate 
 Corticosteroids 
 Budesonide 

 
28 (36%) 
9 (12%) 
72 (94%) 
27 (35%) 
63 (82%) 
36 (47%) 

Disease duration median years (IQR) 19 (13-27) 

UC patients n = 24 

Characteristic  

Male  8 (33%) 
Age; median (range), years 48 (33-57) 
Montreal classification  
 E1 (proctitis) 
 E2 (left-sided) 
 E3 (pancolitis) 
 S1 (mild) 
 S2 (moderate) 
 S3 (severe) 

1 (4%) 
10 (42%) 
13 (54%) 
0 (0%) 
6 (25%) 
18 (75%) 

Median months anti-TNF use (IQR) 29 (16-73) 
Endoscopy available <1year 16 (67%) 
Fecal calprotectin available <1 year 17 (71%) 
Discontinued anti-TNF type and schedules  
 Infliximab 
  Normal 
  Intensified 

 20 (83%) 
 16 (80%) 
 4 (20%) 

 Adalimumab 
  Normal 
  Intensified 

 4 (17%) 
 4 (100%) 
 0 (0%) 

Previous surgical resection 
 1 resection 

 
1 (4%) 

Previous medication use 
 Infliximab 
 Adalimumab 
 Thiopurines 
 Methotrexate 
 Corticosteroids 
 Budesonide 

 
4 (17%) 
1 (4%) 
21 (88%) 
4 (17%) 
23 (96%) 
3 (13%) 

Disease duration median years (IQR) 14 (7-31) 
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Table 2. Continued treatment at time of anti-TNF discontinuation in CD and UC patients. 

CD patients n = 77 

None 49 (64%) 
Immunomodulators 
 Thiopurines 
 Methotrexate 

26 (34%) 
22 (29%) 
4 (5%) 

5-ASA 2 (3%) 
 

UC patients n = 24 

None 2 (8%) 
Immunomodulators 
 Thiopurines 
 Methotrexate 

11 (46%) 
 11 (46%) 
 0 (0%) 

5-ASA 19 (79%) 

 

Anti-TNF discontinuation 

IFX and ADL treatment was discontinued in 57/101 (56%) and in 44/101 (44%) of patients, 
respectively. Endoscopy results showing quiescent disease within 1 year from anti-TNF 
discontinuation were available in 60/101 patients. Fecal calprotectin levels <250 µg/g in the year prior 
to discontinuation were available in 66/101 and CRP concentrations < 5mg/l were available in 94/101. 
Thirty three patients had both normal endoscopy and fecal calprotectin levels within 1 year prior to 
anti-TNF discontinuation and 7/101 had normal radiological findings in combination with normal 
fecal calprotectin levels. In 8/101 patients remission was based on clinical symptoms alone. Out of 
these 8 patients, 1 patient had a normal endoscopy (performed 21 months prior to discontinuation) 
and 2 patients had normal fecal calprotectin levels (measured at 13 months and 23 months prior to 
discontinuation) during anti-TNF treatment. Six patients had measurable anti-drug antibodies prior 
to anti-TNF discontinuation. Table 3 shows additional reasons besides disease remission why it was 
decided to discontinue anti-TNF treatment. 

Relapse rates 

In total, 56/101 (55%) patients relapsed during the observation period. The relapse rate for CD patients 
was 49% (38/77) and 75% (18/24) for UC patients (figure 1). The median time to relapse was 28 months 
for all patients (figure 2a). The median time to relapse was 32 months in CD and 18 months in UC 
patients (figures 2b and c). Time to relapse was not significantly different between CD and UC 
patients (p=0.143). Within 1 year after anti-TNF discontinuation, 22/77 (29%) CD and 8/24 (33%) UC 
patients relapsed and corresponding numbers within 2 years were 32/77 (42%) and 12/24 (50%). In 
45/101 (45%) patients (33 CD, 12 UC), treatment with biologicals (i.e. anti-TNF, vedolizumab), IBD-
related surgery or experimental medication (clinical trials) was required at the time of relapse. The 
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median time to relapse for this subgroup was 41 months for all patients (44 months for CD and 38 
months for UC patients (figures 3 a,b,c).  

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart of included patients. 

 

 

Table 3. Reasons for discontinuing anti-TNF treatment. 

Reasons for discontinuation n (%) 
Side effects 24 (24%) 
Infections 7 (7%) 
Low trough levels 2 (2%) 
Anti-drug antibodies 6 (6%) 
Patient preference 14 (14%) 
Malignancy 2 (2%) 
Pregnancy 2 (2%) 

All patients (n=101) were in remission at time of anti-TNF discontinuation. This table shows additional 
reasons that contributed to the decision to stop anti-TNF treatment.

IBD patients in 
remission

n = 101

CD patients

n = 77

Relapse

n = 38 (49.4%)

No relapse

n = 39 (50.6%)

UC patients

n = 24

Relapse

n = 18 (75%)

No relapse

n = 6 (25%)
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Figure 2 a,b,c,. Time to relapse in all patients (a), CD patients (b) and UC patients (c). 
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Figures 3a,b,c. Time to relapse requiring treatment with biologicals, surgery or experimental medication in 
all patients (a), CD patients (b) and UC patients (c). 
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Table 4. Treatment started at relapse in CD and UC patients. 

 CD patients UC patients 

Patients with relapse n = 38 n = 18 
Infliximab 12 (32%) 8 (47%) 
Adalimumab 14 (18%) 1 (6%) 
Golimumab - 2 (8%) 
Vedolizumab 3 (4%) - 
Experimental medication 4 (5%) - 
Thiopurines 3 (8%) 2 (11%) 
Methotrexate 3 (8%) 2 (11%) 
Corticosteroids (oral or topical) 4 (11%) 4 (17%) 
Budesonide (oral or topical) 5 (13%) 1 (4%) 
5-ASA (oral or topical) -  8 (33%) 
Cyclosporine -  1 (4%) 

All treatments started at relapse in CD and UC patients. Patients could start a combination of these treatments. 

 

Efficacy of anti-TNF retreatment 

Anti-TNF treatment was re-started in 37 patients (20 infliximab, 15 adalimumab, 2 golimumab). 
Thirty three patients were re-treated with the same anti-TNF agent that was discontinued earlier (19 
IFX, 14 ADL). The median follow-up time for patients retreated with the same anti-TNF agent was 38 
months (IQR 29-26). Retreatment with any anti-TNF agent was successful in 30/37 (81%) patients 
(22CD, 8 UC). Retreatment with the same anti-TNF agent was successful in 28/33 (84%) of which 21 
were CD and 7 were UC patients. In 21/33 patients fecal calprotectin levels were available and 
improved significantly after a median of 4 (IQR 2-11) months (mean 1384 µg/ml vs 196 µg/ml; 
p<0.001). CRP levels were available in 24 patients showing a significant decrease after a median of 11 
months (IQR 8-21) (mean 13.6 mg/ml vs 2.5 mg/ml; p=0.001). Insufficient endoscopic and radiological 
data were available to reliably assess retreatment effects.  

Three patients did not respond to retreatment with the same anti-TNF. One patient had side effects 
(allergic reaction and skin rash) and in 1 patient the follow-up time after retreatment was only 1 
month. One patient lost response to retreatment after an initial response after 17months, 1 patient 
stopped the anti-TNF agent at 18 months after retreatment because of achieving clinical and 
biochemical remission after 8 months and 1 patient stopped the anti-TNF agent after retreatment 
because of anti-TNF induced lupus after a favorable initial response.  

Predictors for relapse in patients requiring IBD treatment 

Variables included in the univariable cox proportional hazards analysis are shown in table 5. The 
assumption of proportionality was met for all tested variables. A trough serum drug concentration 
>2 µg/ml, irrespective of the anti-TNF agent in the year prior to discontinuation, was associated with 
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a higher relapse risk in CD patients (HR: 2.89; p = 0.018), but not in UC patients (HR: 1.14; p=0.829) 
with serum drug concentrations >2 µg/ml. Fecal calprotectin values <50 µg/g were not associated with 
a lower relapse risk in CD and UC patients (HR: 0.53; p=0.114 and HR: 1.06; p=0.93). However, fecal 
calprotectin values <25 µg/g before discontinuation were associated with a lower relapse risk in CD 
(HR: 0.34; p=0.041), but not in UC patients (HR: 0.79; p=0.697). Continuation of immunosuppressive 
agents was not associated with a lower relapse risk in all IBD patients, but a trend towards a lower 
relapse rate was observed in UC patients (HR: 0.37; p=0.071). A younger age at diagnosis in CD 
patients (<17 years) was associated with a higher relapse risk (HR: 2.29; p=0.040). A trend towards a 
higher relapse risk was seen in CD patients that received prior intensified anti-TNF treatment (HR: 
1.96; p=0.081). Due to incomplete data in several variables, multivariate analysis was not performed 
using variables p<0.1. 

Predictors for relapse in patients requiring biologicals, surgery or experimental medication 

Subgroup analysis was performed in patients who relapsed requiring treatment with biologicals (n= 
40), IBD-related surgery (n=1) or experimental medication in the setting of a clinical trial (n=4). In this 
group, continuing treatment with immunosuppressive agents was associated with a lower relapse 
risk in UC (HR: 0.60; p=0.042), but not in CD patients (HR: 0.83; p=0.405). A trough level > 2 µg/ml 
was associated with a higher relapse rate in all patients (HR: 3.31; p=0.008) and in CD (HR: 4.18; 
p=0.009), but not in UC patients (HR: 1.14; p=0.829). A younger age at diagnosis in CD patients (<17 
years) was associated with a higher relapse risk (HR: 2.68; p=0.017). A trend towards a higher relapse 
risk was observed in CD patients requiring prior intensified anti-TNF treatment (HR: 2.00; p=0.089) 
and a trend towards a lower relapse risk was seen in patients with fecal calprotectin values <25 µg/g 
(HR:0.45; p=0.069). Due to incomplete data in several variables, multivariate analysis was not 
performed with variables p<0.1.
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Discussion 

In this observational cohort study we observed an overall relapse rate after anti-TNF 
discontinuation of 55% out of 101 consecutive IBD patients, with a median follow-up of 47 
months. Of CD patients, 49% and of UC patients 75% relapsed. Retreatment with anti-TNF 
therapy was effective in 84% of patients. The relatively long follow-up period before and after 
relapse (median 47 and 38 months, respectively) in our cohort, allows for good estimations of 
relapse rate and retreatment success. 

The outcomes in our study are comparable with relapse rates reported previously.22, 23, 26-28, 30, 32 
However, follow-up periods vary considerably between the different studies and most of them 
lack long-term outcomes. Long-term data from the STORI trial in CD patients after IFX 
withdrawal showed that approximately 20% of patients remained without biological 
treatment, surgery or perianal disease with a 7 year follow-up period.30 In our study, half of 
CD patients remained relapse free with a median follow-up of 32 months. The success 
percentage of retreatment of 84% in our cohort is in line with other studies ranging between 
71% and 94%.22, 23, 27-30, 32-35 An exception was the study performed by Fiorino et al. In their cohort 
of 193 UC patients only 51% achieved remission after anti-TNF retreatment.33 In the STORI 
trial, anti-TNF retreatment was safe and effective in the 88% of patients.30 The small differences 
in reported relapse rates after anti-TNF cessation as well as in efficacy outcomes after 
retreatment between these studies could be explained by heterogeneity in study populations, 
different definitions of response and remission and variable follow-up periods after 
discontinuation and retreatment. Overall, it seems evident that a substantial proportion of IBD 
patients that discontinue anti-TNF treatment are prone to experience a relapse within several 
years and that retreatment with the same anti-TNF agent is effective and safe in the majority 
of patients. 

Predicting which patients have an increased relapse risk is of great value for the decision 
making process when considering elective anti-TNF discontinuation. We identified several 
potential predictors for relapse in our cohort. Low trough levels at the time of anti-TNF 
discontinuation were associated with a lower relapse risk in CD patients, but not in UC 
patients. This predictor has also been identified by Ben Horin et al. and by the STORI 
investigators.26, 30 Thus, a significant proportion of patients that remain in remission with low 
anti-TNF serum concentrations probably do not need the drug, hence they might be over-
treated. Only 6 patients had measurable anti-drug antibodies prior to anti-TNF 
discontinuation. Therefore, we were unable to assess the effect of anti-drug antibody 
formation on relapse risk. Continuation of immunosuppressive agents was associated with a 
lower relapse risk in UC patients, but not in CD patients in our study. This was also shown in 
a cohort of UC patients by Fiorino et al.33 Casanova et al showed a minor advantage of 
continuation of immunosuppressive agents in CD patients after anti-TNF discontinuation.22 In 
addition, disease onset at a younger age in CD patients was associated with an increased 
relapse risk in our cohort, which has also been reported in 3 other studies.22, 23, 36 Low fecal 
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calprotectin levels (<25 µg/ml) before anti-TNF discontinuation were associated with a lower 
relapse rate, which was mainly observed in CD patients. The frequently used cut-off of 50 µg/g 
was not associated with a lower relapse rate in this study. Therefore, we decided to investigate 
the 25 µg/g cut-off as potential predictor for relapse since unpublished data from our group 
suggest that lower fecal calprotectin values could predict histological remission more 
accurately. Other studies have also shown that normal biochemistry (i.e. CRP < 5mg/ml and 
fecal calprotectin < 250 µg/g) at the time of anti-TNF discontinuation is associated with a lower 
relapse risk.32 Therefore, it seems appropriate to at least confirm that fecal calprotectin levels 
are within the normal range before electively stopping anti-TNF treatment. Finally, we 
observed a trend towards a higher relapse risk in CD patients who received prior intensified 
anti-TNF treatment. To our knowledge this association, although not statistically significant, 
has not yet been observed in other studies. 

Several other predictors for an increased relapse risk have been identified by others, including 
treatment with ADL, anti-TNF discontinuation because of adverse events, stricturing disease, 
perianal disease, gender, disease duration, ileocolonic or colonic disease, previous anti-TNF 
use and previous failure to immunosuppressives.22, 28, 30, 32, 35-37 However, in our study none of 
these factors were identified as potential risk factors. Variability in relapse predictors between 
different studies could be explained by heterogeneity in study populations, study design, 
follow-up time and statistical methods. Nevertheless, several risk factors and protective 
factors have been identified in various independent cohorts which should be confirmed in 
larger prospective studies.  

Identification of patients that are likely to have a favorable response to retreatment is also 
important for elective discontinuation of anti-TNF therapy. To our knowledge, only one study 
by Baert et al. has addressed this issue so far.34 They showed that absence of anti-drug 
antibodies and re-initiation with immunosuppressive agents were predictive for safe and 
effective infliximab retreatment. These findings are not surprising since it is well known that 
combination therapy and absence of anti-drug antibodies are important factors for successful 
anti-TNF treatment.38, 39 In our cohort, we were unable to assess predictors for successful 
retreatment due to the relative low number of patients that were retreated with anti-TNF 
agents. Larger cohorts are needed to identify additional predictors for successful retreatment. 

Our study has several limitations. Firstly, this was not a controlled study and evaluations were 
performed at physician’s discretion. However, patients were followed up with regular 
appointments on the outpatient clinic, hence occurrence of relapses could be accurately 
estimated. Additionally, data from real-life experience could be considered a strength, since it 
reflects the normal clinical setting. Secondly, patient data were collected retrospectively. 
Therefore, biochemical, endoscopic and/or radiological data were not always available. 
Results from the univariable Cox regression analysis for the identification of potential relapse 
predictors should thus be interpreted with caution and should be considered as an explorative 
analysis. For this reason we decided not to perform a multivariable Cox regression analysis. 
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To our opinion, predictive models using multiple variables should be based on large 
prospective datasets. Finally, our cohort consists of 77 CD and 24 UC patients. Especially the 
UC patient number might be too small for analyzing relapse predictors. Despite this, we 
identified several predictors that could be associated with a lower or higher relapse risk, 
confirming earlier work. These predictors might be used in future algorithms in order to 
discontinue anti-TNF treatment in patients with a low relapse risk.  

In conclusion, this real life IBD cohort shows a relapse rate of 55% and retreatment success of 
84% confirming previous studies. The most important predictors for an increased relapse risk 
after stopping anti-TNF therapy in our cohort were a young age (< 17 years), trough levels 
>2µg/ml and elevated fecal calprotectin levels in CD patients. Continuation of 
immunosuppressive agents was associated with a decreased relapse risk in UC patients. 
Prospective studies are needed to confirm these predictors for relapse and to identify factors 
that could predict successful retreatment with anti-TNF agents.  
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Part I: Implementation of intestinal ultrasound 

Part I of this thesis focuses on optimal implementation of intestinal ultrasound (IUS) for 
inflammatory bowel disease (IBD) patients. A crucial aspect when treating IBD patients is 
grading of the severity of inflammation, since this influences the treatment choice. Existing 
IUS indices for grading disease severity were never thoroughly reviewed. In chapter 2 we 
identified 21 studies with an IUS index through literature search of which 11 (7 Crohn’s disease 
[CD] and 4 ulcerative colitis [UC]) met the inclusion criteria for further review. Several indices 
that used clinical disease activity as reference standard were excluded from the analysis. Study 
quality for risk of bias was graded with a modified version of the QUADAS-2 tool and scored 
as high in 5 studies, moderate in 3 studies and low in 3 studies. The IUS parameters used in 
the indices included bowel wall thickness (BWT), colour Doppler signal (CDS), wall layer 
stratification(WLS), compressibility, peristalsis, haustrations, fatty wrapping, contrast 
enhancement (CE), and strain pattern. Only one CD index was validated in a second cohort. 
We concluded that that the methodology for the developed indices was suboptimal in most 
studies and that more stringent methodology was required for development of future indices.  

Based on the results of chapter 2, we developed a novel UC-IUS index in chapter 3. Several 
IUS parameters (BWT, CDS, haustrations, fat wrapping, enlarged lymphnodes and WLS) were 
compared with endoscopy in 60 UC patients in different endoscopic categories of disease 
severity. Additionally inter- and intra-rater agreement were tested for most parameters by 
assessment of recorded cine loops. With ROC analysis, BWT cut-offs of 2.1, 3.2 and 3.9 mm 
were determined to detect mild, moderate and severe (i.e. eMayo 1, 2 and 3) endoscopic 
disease activity, respectively. Spots of CDS were associated with active disease and stretches 
of CDS with moderate to severe endoscopic disease. Disrupted haustrations were strongly 
associated with active disease and presence of fat wrapping with severe disease. Inter – and 
intra-rater were substantial for BWT and CDS. For haustrations inter- and intra-rater 
agreement varied from slight to substantial, indicating that this parameter was more difficult 
to agree on. However, since it seemed a parameter of importance, it was included in the final 
index. For fat wrapping inter- and intra-rater agreement were not assessed since the recorded 
cine loops were not suitable for this purpose. A point-based index was constructed including 
BWT, CDS, haustrations and fat wrapping as parameters. The index will be validated and 
tested for sensitivity to change in UC patients treated with anti-inflammatory agents. The 
index showed strong correlation with endoscopy through internal validation and the 
correlation between observers was also strong. 

An important purpose of the index developed in chapter 3, would be for implementation of 
point-of-care (POC) assessment of IBD patients. In chapter 4, we studied the impact of POC 
IUS on treatment decisions in our clinic in 345 IUS examinations from 2 different cohorts (250 
cohort 1; 195 cohort 2). Cohort 1 was collected between January 2016 and July 2018 and cohort 
2 between October 2019 and December 2019. IUS outcomes were compared with clinical 
symptoms, biomarkers, endoscopy and MRI. POC IUS had an impact on treatment decisions 
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in approximately 60% of cases and medication use was changed in approximately 50% of cases. 
IUS showed inflammation or complications in many asymptomatic CD patients, whereas 
symptoms in UC patients were more reliable. The IUS results showed good correlation with 
endoscopy and MRI. Furthermore, we showed change in IUS implementation between the 2 
cohorts, with a shifting paradigm towards more treatment follow-up and more use of IUS over 
the years. Based on the results we proposed a POC IUS algorithm for follow-up of IBD patients.  

In chapter 5 we studied the use of conventional IUS and contrast enhanced ultrasound (CEUS) 
parameters for follow-up of anti-TNF treatment in 40 CD patients. Our aim was to assess if 
early changes in IUS parameters after treatment initiation could be used to predict endoscopic 
treatment response later on. Patients received IUS at baseline (T0), 4-8 weeks (T1) and 12-34 
weeks (T3). Per segment analysis (sigmoid, descending, transverse, ascending colon and TI) 
showed good correlation between endoscopy and IUS. The inter-observer agreement was also 
good. A BWT decrease of 18% after 4-8 weeks and 29% after approximately 6 months predicted 
endoscopic response at 6 months. The presence of CDS also decreased significantly at T1 and 
T2 in patients with endoscopic response. Most other conventional IUS parameters also 
improved in patients with endoscopic response but were less or not predictive at T1. For the 
CEUS parameters, the percentage decrease in wash out rate (WoR) at T1 was significantly 
different between endoscopic responders versus non-responders. Furthermore, decrease in 
percentage for peak enhancement (PE), wash in rate (WiR), wash in perfusion index (WiPI) 
and WoR at T2 was significantly more pronounced in endoscopic responders. When 
constructing a multivariable regression model BWT and CDS were most useful to predict 
endoscopic remission and response. Addition of other IUS or clinical parameters did not 
improve the model. WoR was the only CEUS parameter that slightly improved the model to 
predict endoscopic remission at T2, but not at T1. Therefore we concluded that measurement 
of BWT and CDS might be sufficient to assess treatment response in CD patients in an early 
stage after treatment initiation.  

Part II: Optimal use of biologics 

Part II of this thesis includes several studies on biologic treatment in IBD patients. In chapter 
6 & 7 optimization of anti-TNF therapy and combination immunosuppression are discussed. 
We highlighted the importance of patient selection, screening, combination treatment, dosing 
strategies, managing loss of response, TDM, individualized treatment and stopping and 
reinitiating treatment in chapter 6. In chapter 7 we further zoomed in on combination 
immunosuppression (anti-TNF and immunomodulators), discussing mechanism of action, 
efficacy, safety and effect on withdrawal of anti-TNF therapy. Both chapters include useful 
recommendations for clinical practice.  

Since anti-drug antibody (ADA) formation is one of the most important clinical problems in 
treatment with biologics (mainly anti-TNF agents), we further focused on this topic in Chapter 
8. Literature regarding ADA formation against all the biologics for treatment of IBD was 
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systematically reviewed. Data from 68 studies were analyzed and 33 studies were included in 
the meta-analysis. Pooled ADA rates differed substantially between agents and were higher 
for the older (anti-TNF) agents. However, the use of drug sensitive assays in most studies 
hampered comparison of true ADA rates. Furthermore, we showed that combination therapy 
with immunosuppressives reduces ADA positivity for most biologics. ADA formation was 
also associated with lower clinical response rates and higher rates of infusion reactions in 
patients treated with infliximab.  

Patterns of anti-TNF use in the Netherlands were studied in chapter 9 using anonymous data 
from a Dutch healthcare provider. We studied approximately 22.000 IBD patients of which 855 
patients started infliximab between 2011 and 2014 and 1199 patients started adalimumab 
between 2008 and 2014. Anti-TNF usage increased significantly over the studied years and the 
proportion of patients receiving intensified treatment increased over time. Immunomodulator 
use was associated with longer time to corticosteroid initiation but not with longer drug 
survival in this cohort. 

In chapter 10 we studied relapse rates and predictors for relapse after anti-TNF 
discontinuation in a real-life cohort of 101 IBD patients (77 CD and 24 UC). All patients were 
in clinical remission at time of anti-TNF discontinuation. In our cohort approximately 55% of 
patients relapsed after anti-TNF withdrawal with a median time to relapse of 32 and 18 months 
in CD and UC, respectively. Retreatment with the same anti-TNF agent was successful in 84% 
of patients. We found several predictors associated with a higher relapse rates which were 
higher trough levels prior to cessation and a young age at diagnosis. Low fecal calprotectin 
levels were associated with a lower relapse rate in CD patients and continuing 
immunomodulators was protective in UC patients. 
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Our knowledge regarding IBD has increased significantly in the last decades. Over the years, 
the number of therapeutic options have increased with the introduction of several biologics 
and a small molecule (tofacitinib). It is to be expected that the number of treatment options 
will only increase in the future, with many ongoing clinical trials.  

As a result of the expanding pool of treatment options, treatment paradigms in IBD are 
evolving. Doctors are not satisfied with improvement of symptoms alone, but strive for 
complete resolution of inflammation. However, this goal can sometimes be hard to reach and 
we are still a long way from curing IBD. 

Nevertheless, ambitious treatment targets require for tight monitoring and optimization of 
current treatment options. In this thesis we aimed to further contribute to these important 
pillars in the management of IBD patients. 

Part I: Implementation of intestinal ultrasound 

In part I of this thesis, our goal was to further optimize the implementation of IUS for the 
assessment of disease activity, follow-up of treatment and for point-of-care (POC) assessment 
of IBD patients.  

There are several advantages to POC testing such as less outpatients visits, facilitation of quick 
decision making, less treatment delay and potentially lower costs. For these reasons POC 
management of IBD patients is becoming of increasing interest.1, 2 IUS is the only imaging 
modality suitable for POC follow-up of IBD patients.1-3 Only a few studies have been 
performed on this topic which have shown promising results.1, 4 We showed that POC IUS 
significantly impacts clinical decision making and that it has the potential to reduce additional 
endoscopies and MRI scans. When we first started to perform IUS in our clinic, we mainly 
focused on confirming disease flare-ups. Over the years, the paradigm expanded to treatment 
monitoring. We proposed a POC IUS algorithm for monitoring of IBD patients which should 
be tested and optimized in clinical practice. Mainly the best timing for scheduled IUS in CD 
patients who are in clinical remission is unknown. However, it seems reasonable to perform 
IUS more often in CD patients with a complex disease history while the frequency in 
monitoring can probably be reduced in patients with long-term transmural remission, 
although there is no evident data backing this statement. Nevertheless, it has been stated that 
transmural healing is associated with better long-term outcomes.5 Large cohorts/registries 
with long-term follow up of IBD patients monitored with IUS should be collected to determine 
the best intervals for monitoring with IUS, especially in CD patients. 

With the implementation of POC IUS in our clinic from the ground up, we believe to have set 
an example for what this can lead to. To date this is still evolving with more of our physicians 
and specialized nurses implementing the technique. We hope that more IBD clinics in the 
Netherlands will follow our example and to our knowledge, several have begun to do so.  
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For optimal POC IUS, accurate assessment of disease severity is essential. Immediate 
knowledge on the outpatient clinic regarding severity has the potential to reduce development 
of severe complications when patients are assessed on a frequent basis. Additionally, it can 
support clinicians when to act quickly and to treat more aggressively without the need to wait 
for further investigation with endoscopy or MRI.6, 7  

The definitions for grading of disease severity with IUS are evolving.6 By systematically 
reviewing available IUS indices in chapter 2, we highlighted problems with the existing IUS 
indices for grading of disease severity and our findings were confirmed by another group 2 
years later.8  

Especially in UC patients, IUS for grading of disease severity has been understudied. We 
showed that many UC patients with a bowel wall thickness (BWT) below 3mm may have 
active mucosal inflammation, which is usually mild (i.e. Mayo 1). In other studies a BWT cut-
off of 3 or 4 mm is often used to classify active disease.9 We also showed that a combination of 
FCP and IUS results in higher sensitivity for detection of disease activity which can be of 
particular use in patients with proctitis and mild disease activity. Other available UC indices 
appear to be less sensitive for the detection of mild disease activity and have used an 
endoscopic Mayo score of 1 as cut-off for mucosal healing.8-10 Although this definition is often 
used in clinical trials, mounting evidence suggests that complete endoscopic remission (i.e. 
eMayo 0) or even histological healing are preferable long-term outcomes.7, 11 Therefore, more 
sensitive IUS criteria are needed and we took one step further towards defining these criteria.  

However, it is important to note that detection of mild disease with IUS will remain 
challenging. For instance, many UC patients with BWT between 2-3 mm or even above 3 mm 
do not have active inflammation. This can be a result of factors such as wrong measurements 
(e.g. measuring a collapsed bowel, measuring oblique), tissue fibrosis, measurement of other 
abnormalities such as (pseudo)polyps or just variations in normal anatomy. These potential 
confounders should always be taken into account when performing IUS and addition of other 
IUS parameters in combination with clinical and biochemical parameters can aid to determine 
if there is indeed active inflammation in UC patients. 

In this thesis we did not focus on detection of disease activity with IUS in CD patients since 
the available data for this purpose were already quite convincing.12 Many IUS indices for 
disease activity in CD patients had already been developed (albeit mostly with suboptimal 
methodology) and several new ones have become available in recent years 13, 14 Saevik et al. 
developed a simple ultrasound activity score (SUS-CD score).13 This index uses different 
degrees of BWT and CDS and showed good correlation with the SES-CD. We are currently 
working on a joint effort to externally validate this index by using cohorts from different 
clinics, including our own. The IBUS-SAS score is a segmental activity score developed by 
Novak et al. and includes BWT, hyperaemia, WLS and inflammatory mesenteric fat as 
parameters.14 This index was developed on a theoretical basis through expert consensus but 
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should be tested in clinical practice using endoscopy as the reference standard. With all these 
initiatives it is clear that there are currently multiple options to assess disease severity with 
IUS in IBD patients. Furthermore there are ongoing initiatives for development of new indices. 
All the newly developed indices have strengths and weaknesses and there is no general 
consensus on which one to use in clinical practice. In the future we should focus on optimizing 
and harmonizing current indices and develop uniform standards that can be used in clinics 
around the globe and in clinical trials.  

Another important factor in this regard is agreement of measurements between observers. 
Ideally, a good IUS index show good reproducibility between observers. Some studies have 
already been performed on this topic and future studies should further focus on optimizing 
inter-observer agreement of the most important IUS parameters.14, 15 Furthermore, technical 
differences between US devices have never been investigated, which can also influence the 
reliability of IUS indices. This is for instance of importance when assessing parameters such as 
Colour Doppler Signal (CDS) and contrast enhanced ultrasound (CEUS). These parameters are 
more dependent on processing of ultrasound machines and it may very well be that there are 
differences in sensitivity for these parameters between different US machines. Studies 
comparing equipment have never been performed and are therefore of particular interest in 
the future. 

Besides detecting and grading disease severity, the second important pillar of POC IUS in IBD 
patients is monitoring treatment effect. In chapter 5 we concluded that conventional 
parameters BWT and CDS might be sufficient to predict endoscopic response in an early phase 
after treatment initiation and that CEUS may not add much for this purpose. Some other 
studies have shown that improvement of CEUS parameters could be associated with 
endoscopic response.16-19 However, since CEUS is time consuming, more prone to investigator 
variability and difficult to analyze on the spot, it is probably not of much added value in the 
POC setting. The most important parameters seem to be a sufficient decrease in BWT and CDS 
after treatment initiation. Recently, it has been proposed by a panel of experts that reduction 
in BWT 25% or>2.0 mm or >1.0 mm and 1 CDS reduction could be used to assess response.20 
These recommendations were based on existing literature and should be tested in clinical 
practice. 

In this thesis we did not focus on monitoring treatment in UC patients. Several studies have 
shown good accuracy of IUS for this purpose.10, 21 Preliminary data from our group shows that 
also in UC patients BWT and CDS are sufficient to predict endoscopic response in an early 
phase after initiation of anti-inflammatory treatment. Thus it seems reasonable to conclude 
that improvement in BWT and CDS are sufficient when measuring treatment response in both 
CD and UC patients. Other IUS parameters also improve after treatment but tend to do so in 
a later stage. Complete transmural healing and normalization of all IUS parameters are 
probably associated with the best long-term outcomes.5, 22, 23 However, this statement should 
be further investigated in long-term prospective registries. 
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Still, there are several other knowledge gaps remaining. One of the most intriguing questions 
is if IUS could be used to distinguish inflammation from fibrosis. It has been proposed that 
CEUS, elastography and even conventional CDS may be useful for this purpose in CD 
patients.24-28 Knowledge on the presence of fibrosis could be of great value for clinical decision 
making, especially in patients with stricturing disease. Predominantly inflammatory strictures 
could be treated with anti-inflammatory medication while predominantly fibrotic strictures 
would require endoscopic dilation or surgery. Although several studies on the assessment of 
fibrosis in IBD patients have been performed, the data are conflicting.26, 28-33 An important factor 
is that there are very few data comparing resection specimens with IUS findings.34 In an 
ongoing study at our clinic we are comparing IUS findings with presence of fibrosis resection 
specimens (Netherlands Trial Register: NL9105). We hope to further elucidate the potential of 
CEUS and elastography for assessment of fibrosis in IBD patients which could potentially 
greatly improve clinical decision making. 

In conclusion, the implementation of IUS for management of IBD patients has improved 
significantly in recent years but there is still room for further optimization. Future research 
should focus on harmonizing IUS indices for grading of severity, optimization of POC IUS 
implementation, monitoring treatment effect and the assessment of intestinal fibrosis. 

Part II: Optimal use of biologics 

In part II of this thesis we focused on optimal use of biologics. Biologics are being used 
increasingly for treatment of IBD patients. In chapter 9 we showed the increasing trend of anti-
TNF use in the Netherlands. It is likely that this trend has continued in recent years and with 
the introduction of newer biologics the proportion of IBD patients on biologic treatment is only 
increasing. This increasing use is associated with significant costs, although the costs for anti-
TNF agents have reduced with the introduction of biosimilars.35 Nevertheless, management of 
treatment costs is one of the most important reasons to optimize biologic treatment. In other 
words, only patients that really need the treatment should receive biologics, treatment should 
be discontinued timely when it’s ineffective and dosing and co-medication should be 
optimized for optimal results with the lowest possible costs. 

Anti-drug antibody formation 

Prevention of anti-drug antibody (ADA) formation, which is mostly of concern for the anti-
TNF agents, is one of the most important factors in treatment optimization. In chapter 8 we 
studied the effect of combination treatment on ADA formation in a large and comprehensive 
systematic review. Combination treatment significantly reduces ADA formation for infliximab 
and to a lesser extent for several anti-TNF agents. For this reason (besides others), infliximab 
in combination with an immunomodulator is the currently the most effective treatment 
available for moderate to severe disease. Furthermore it costs less than the newer therapeutic 
agents (e.g. vedolizumab, ustekinumab and tofacitinib). 
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Combination therapy is therefore preferred when starting infliximab and could also be 
considered when initiating other anti-TNF agents. However, immunomodulators (just like 
anti-TNF agents) are not always tolerated which reduces the number of patients receiving 
combination therapy, leading to suboptimal outcomes.36, 37 An understudied question in this 
regard is what doses of immunomodulators actually suffice for ADA reduction. It’s 
conceivable that lower doses of immunomodulators are sufficient for prevention of ADA 
formation which would potentially lead to a better side-effect profile. We could not answer 
this question in this thesis. Future studies should therefore focus on anti-TNF treatment in 
combination with lower doses of immunomodulators.  

A similar statement can be made for addition of immunomodulators in patients on anti-TNF 
monotherapy (which is often adalimumab) that develop ADA There is some evidence from 
retrospective studies that addition of an immunomodulator suppresses ADA formation with 
therapeutic drug levels as a result.38, 39 This strategy should therefore be considered in patients 
on anti-TNF monotherapy that develop ADA and that have the time to await its effect. 
However, prospective studies are needed to further study this concept. Questions such as for 
what ADA titers would such a strategy be viable, in what proportion of patients would this 
strategy have effect and how long would it take for ADA to disappear require answers. 

When considering anti-TNF dosing in relation to ADA development, there is also room for 
improvement. Currently, in many patients that lose response with sub-therapeutic anti-TNF 
serum levels, the dose of the drug is increased or the treatment interval is decreased.40 In 
clinical practice, ADA are usually measured with drug sensitive assays. However, there is 
increasing evidence that many patients may have lower drug levels due to ADA that are not 
measured presence of the drug, leading to sub-therapeutic levels.41, 42 Since ADA formation 
can lead to accelerated clearance, it may play an important role in patients with sub-
therapeutic levels.43 Instead of increasing the dose or decreasing the interval, addition of an 
immunomodulator could potentially have a similar effect on drug serum levels and thus on 
regaining efficacy these patients. Future studies should focus on the use of drug-tolerant 
assays in clinical practices for this purpose. 

Biologic discontinuation 

Another topic regarding optimal use of biologics which was addressed in this thesis, is 
discontinuation of anti-TNF agents in patients who achieved remission. Our data and data 
from other studies have shown that many patients relapse after anti-TNF discontinuation.44-50 
In a recent systematic review all the available studies on CD patients were evaluated and a 
relapse prediction model was developed which showed moderate discriminative ability.44 
Predictive factors for relapse included clinical symptoms at discontinuation, a young age at 
diagnosis, no use of concomitant immunomodulators, smoking, second line anti-TNF, upper 
gastrointestinal involvement, adalimumab vs infliximab, age at cessation, C-reactive protein, 
longer disease duration and fecal calprotectin. None of the factors showed high 
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discriminability. Furthermore, the model has not been validated yet. In a Cochrane systematic 
review, RCTs addressing anti-TNF discontinuation in CD patients with quiescent disease were 
reviewed.50 The authors concluded that outcomes after discontinuation are uncertain and that 
more adequate studies are needed. Continuation of an immunomodulator could maybe 
prevent relapse, but current data are not convincing. For UC patients data are very limited and 
no prediction model exists to date. Future studies focusing on UC patients that discontinue 
anti-TNF treatment would therefore be of particular interest.  

Nevertheless, it seems difficult to adequately identify patients that have a low relapse chance 
after anti-TNF discontinuation. When using common sense, elective anti-TNF discontinuation 
is probably not wise in patients that were treated for severe penetrating disease or that have a 
complex disease history with multiple surgeries. One should probably also be careful in 
patients that developed ADA at some point during treatment since this may later influence 
the effect of retreatment (e.g. higher chance treatment failure due to ADA development). Anti-
TNF discontinuation should therefore mainly be considered in patients with relatively 
uncomplicated disease since most studies have shown good effect of retreatment in more than 
80% of patients. However, this still means that approximately 1 in 5 patients cannot be 
successfully retreated. Studies focusing on identifying patients that have the highest chance of 
successful retreatment are therefore of particular interest and should be conducted. 
Furthermore, discontinuation and retreatment studies for the newer biologics are lacking and 
should be conducted in the future. 

If it is decided to discontinue biologic treatment in patients in remission, it seems sensible to 
tightly monitor patients thereafter. As stated in part I of this thesis, IUS would be the best 
imaging tool for this purpose. Prospective studies in patients that discontinue anti-
inflammatory treatment that are in transmural remission and are tightly monitored with IUS 
thereafter would be of great interest. Identifying patients with a pre-clinical relapse with IUS 
would allow for quick re-initiation of treatment before more bowel damage has occurred and 
this could potentially increase the efficacy of retreatment. 

Towards a personalized treatment approach 

To conclude this thesis we want to spend a few words envisioning the future of treatment of 
IBD patients. Currently, the treatment paradigm consists of starting with anti-inflammatory 
drugs such as corticosteroids, immunomodulators and mesalazine. If these don’t work 
treatment is upscaled tot anti-TNF therapy and if this fails treatment is escalated to the newer 
biologics such as vedolizumab or ustekinumab or a Jak inhibitor (tofacitinib). There are several 
new drugs becoming available in the future which target different molecules in different 
inflammatory pathways. Furthermore, the field of fecal transplantation for treatment of IBD is 
progressing51 and surgical approaches are also evolving with an important place for optimally 
timed surgery.52, 53 All these treatment options potentially pave the way to a more personalized 
treatment approach. The main question in this regard is what inflammatory pathways drive 
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inflammation and could this guide the decision process? We won’t further elaborate since this 
is beyond the scope of this thesis. Nevertheless, we envision a future in which patients receive 
optimally tailored treatment regimens with tight monitoring with non-invasive tools (IUS and 
biomarkers) allowing for timely treatment optimization and for safe ‘drug holidays’. There are 
still so many things to improve for IBD patients. We hope to have contributed a bit further 
with the work described in this thesis. 
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Nederlandse samenvatting 

Deel I: Implementatie van intestinale echografie 

Deel I van dit proefschrift richt zich op optimale implementatie van intestinale echografie voor 
patiënten met een inflammatoire darmziekte (IBD). Cruciaal voor de behandeling van IBD 
patiënten is kennis over de ernst van darminflammatie omdat dit de behandelkeuze 
beïnvloedt. Bestaande echografische scores voor het graderen van ziekteactiviteit bij IBD 
patiënten waren niet eerder systematisch geëvalueerd. In hoofdstuk 2 hebben we 21 studies 
die een echografische score voor IBD beschreven geïdentificeerd middels literatuuronderzoek, 
waarvan 11 studies (7 ziekte van Crohn en 4 colitis ulcerosa) voldeden aan onze inclusiecriteria 
voor nadere analyse. Echografische scores die waren ontwikkeld met klinische ziekteactiviteit 
als referentie standaard werden bijvoorbeeld niet geïncludeerd, omdat klinische 
ziekteactiviteit niet altijd betrouwbaar is en bovendien niet bruikbaar is voor bepaling van o.a. 
de ziektelokalisatie. De kwaliteit van de studies werd beoordeeld met een gemodificeerde 
versie van de QUADAS-2 tool. Vijf studies werden gescoord als hoge kwaliteit, 3 als matige 
en 3 als slechte kwaliteit. De echografische parameters gebruikt in de verschillende scores 
waren darmwanddikte, kleuren Doppler signaal, comprimeerbaarheid van de darm, 
peristaltiek, haustraties, vetinfiltratie, contrast aankleuring en strain elastografisch patroon. 
Slechts 1 score voor de ziekte van Crohn was gevalideerd in een tweede cohort. We 
concludeerden daarom dat de methodologie voor de meeste scores suboptimaal was en dat 
meer stringente methodologie vereist was voor de ontwikkeling van nieuwe echografische 
scores. 

In navolging op onze conclusies uit hoofdstuk 2 hebben we een nieuwe echografische score 
ontwikkeld voor colitis ulcerosa patiënten in hoofdstuk 3 (UC-IUS index). Verschillende 
echografische parameters (darmwanddikte, kleuren Doppler signaal, haustraties, 
vetinfiltratie, vergrote lymfklieren, stratificatie van de darmwand lagen) werden vergeleken 
met 60 colitis ulcerosa patiënten met verschillende categorieën van endoscopische 
ziekteactiviteit. Tevens werden inter- en intra-beoordelaarsbetrouwbaarheid getest voor de 
meeste parameters met gebruik van opgenomen cineloops. Darmwanddikte afkap punten van 
2.1, 3.2 en 3.9 mm bleken het meest predictief voor het detecteren van respectievelijk Mayo 1, 
2, en 3 endoscopische ziekteactiviteit. Stipjes van kleuren Doppler signaal waren geassocieerd 
met enige vorm van ziekteactiviteit en uitgestrekt kleuren Doppler signaal was meer 
geassocieerd met matig tot ernstige endoscopische ziekteactiviteit. Een verstoord 
haustratiepatroon was sterk geassocieerd met actieve ziekte en de aanwezigheid van 
vetinfiltratie was geassocieerd met ernstige ziekteactiviteit. De overeenkomst tussen 
beoordelaars was goed voor darmwanddikte en kleuren Doppler signaal. Voor haustratie 
patroon varieerde de overeenkomst van matig tot goed, hetgeen aantoont dat deze parameter 
lastiger consistent te beoordelen is. Desalniettemin werd de parameter geïncludeerd in de 
index vanwege de sterke associatie met ziekteactiviteit. Betrouwbaarheid tussen beoordelaars 
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voor de parameter vetinfiltratie werd niet onderzocht omdat de opgenomen cineloops hier 
niet geschikt voor waren. Op basis van de resultaten werd een punten scoringssysteem 
geconstrueerd met de parameters darmwanddikte, kleuren Doppler signaal, haustratrie 
patroon en vetinfiltratie. Het scoresysteem zal worden gevalideerd op nieuwe cohorten van 
colitis ulcerosa patiënten, voor en na behandeling met anti-inflammatoire medicatie. Het 
scoresysteem toonde sterke correlatie met endoscopische ziekte activiteit op basis van interne 
validatie en de betrouwbaarheid tussen beoordelaars was ook sterk. 

Een belangrijk doel van het scoresysteem ontwikkeld in hoofdstuk 3 is de implementatie voor 
point-of-care beoordeling van IBD patiënten. In hoofdstuk 4 hebben we de impact van point-
of-care echografie op behandelbeslissingen in onze kliniek onderzocht op basis van 345 
echografische onderzoeken in 2 verschillende cohorten (250 cohort 1; 195 cohort 2). Cohort 1 
werd verzameld in de periode van januari 2016 tot en met juli 2018 en cohort 2 van oktober 
2019 tot en met december 2019. Echografische uitkomsten werden vergeleken met 
symptomen, biomarkers, endoscopie en MRI. Point-of-care echografie beïnvloedde 
behandelbeslissingen in ongeveer 60% van de gevallen en medicatie gebruik werd aangepast 
in ongeveer 50% van de gevallen. Echografie toonde inflammatie of complicaties in menig 
patiënt met de ziekte van Crohn zonder symptomen, terwijl de aanwezigheid van symptomen 
bij colitis ulcerosa patiënten meestal betrouwbaar was voor de aanwezigheid van inflammatie. 
De echografische uitkomsten correleerden sterk met endoscopie en MRI. Daarnaast toonden 
we een verandering in implementatie in tussen de 2 cohorten met een verschuivend 
paradigma naar meer monitoring van behandeling en toegenomen toepassing van echografie 
sinds begin van implementatie. Gebaseerd op de resultaten hebben we een point-of-care 
echografie algoritme voor opvolging van IBD patiënten voorgesteld. 

In hoofdstuk 5 hebben we het gebruik van conventionele echografie en contrast echografie 
onderzocht voor het vervolgen van behandeling met anti-TNF therapie in 40 patiënten met de 
ziekte van Crohn. Het doel was om te onderzoeken of vroege verandering in echografische 
parameters kunnen worden gebruikt voor het voorspellen van endoscopische respons later in 
de behandeling. Patiënten ondergingen echografie voor start behandeling (T0), na 4 tot 8 
weken (T1) en na 12 tot 34 weken (T3). Analyse per darm segment (colon sigmoideum, 
descendens, transversum, ascendens en terminaal ileum) toonde goede correlatie tussen 
endoscopie en echografie. De betrouwbaarheid tussen beoordelaars was tevens goed. Een 
afname in darmwanddikte van 18% na 4 tot 8 weken en 29% na ongeveer 6 maanden 
voorspelde endoscopische respons na ongeveer 6 maanden. Het kleuren Doppler signaal nam 
ook significant af op zowel T1 als T2 in patiënten met endoscopische respons. De meeste 
andere conventionele echografische parameters verbeterden ook bij patiënten met 
endoscopische respons maar waren minder of niet voorspellend op T1. Wat betreft de contrast 
echografische parameters was de procentuele afname in ‘wash out rate’ opT1 significant 
verschillend tussen endoscopische responders versus non-responders. Daarnaast was de 
procentuele afname in ‘peak enhancement’, ‘wash in rate’, ‘wash in perfusion index’en ‘wash 
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out rate’ op T2 groter in endoscopische responders. In een multivariabel regressie model 
waren vroege afname in darmwanddikte en kleuren Doppler signaal voorspellend voor het 
bereiken van endoscopische respons. Toevoeging van andere conventionele echografische 
parameters verbeterde het model niet. ‘Wash out rate’was de enige contrast echografische 
parameter die het model op T2 iets verbeterde, maar niet op T1. Daarom concludeerden we 
dat metingen van darmwanddikte en kleuren Doppler signaal waarschijnlijk voldoende zijn 
voor vroege beoordeling van behandel effect in patiënten met de ziekte van Crohn. 

Deel II: Optimaal gebruik van biologicals 

Deel II van dit proefschrift behelst enkele studies over behandeling met biologicals (met name 
anti-TNF therapie) in IBD patiënten. In hoofdstuk 6 & 7 bespreken we optimalisatie van anti-
TNF therapie en inzichten omtrent combinatie therapie. We bediscussiëren het belang van 
patiënt selectie, screening, geïndividualiseerde behandeling, stoppen en herstarten van 
behandeling in hoofdstuk 6. In hoofdstuk 7 verdiepen we ons in combinatie 
immunosuppressie (anti-TNF en immunomodulators), gericht op manier van werking, 
effectiviteit, veiligheid en effect op stoppen van anti-TNF therapie. Beide hoofdstukken 
bevatten bruikbare aanbevelingen voor de klinische praktijk.  

Omdat anti-drug antilichaam (ADA) vorming tegen biologicals (voornamelijk de anti-TNF 
middelen) een belangrijke oorzaak is voor het falen van therapie, hebben we ons nader gericht 
op dit probleem in hoofdstuk 8. We hebben systematisch literatuur onderzoek verricht naar 
ADA vorming tegen alle beschikbare biologicals voor de behandeling van IBD. Data van 68 
studies werden geanalyseerd en 33 studies werden geïncludeerd in de meta-analyse. 
Gepoolde incidentie van ADA formatie verschilde sterk per biological en was hoger voor de 
oudere (anti-TNF) middelen. Het gebruik van ‘drug sensitieve’ assays in de meeste studies 
belemmerde echter het bestuderen en vergelijken van ware ADA incidentie. 
Combinatietherapie met immunomodulatoren verminderde ADA detectie voor de meeste 
biologicals. ADA ontwikkeling was bovendien geassocieerd met een slechtere klinische 
respons en meer infusie reacties in patiënten behandeld met infliximab.  

In hoofdstuk 9 bestudeerden we anti-TNF gebruik in Nederland op basis van anonieme 
zorgverzekeringsdata van ongeveer 22.000 IBD patiënten. Tussen 2011 en 2014 werd 
behandeling met infliximab gestart in 855 patiënten en tussen 2008 en 2014 werd behandeling 
met adalimumab gestart in 1199 patiënten. Het anti-TNF gebruik in Nederland steeg 
significant over de jaren en de proportie patiënten die een geïntensifieerde dosis kreeg nam 
toe over de tijd. Het gebruik van een immunomodulator was geassocieerd met langere tijd tot 
corticosteroïd initiatie maar niet met langer anti-TNF gebruik in het bestudeerde cohort. 

In hoofdstuk 10 hebben we de incidentie van ziekte opvlamming na staken van anti-TNF 
therapie en voorspellers daarvoor bestudeerd in een levensgetrouw cohort van 101 IBD 
patiënten (77 ziekte van Crohn, 24 colitis ulcerosa). Alle patiënten waren in klinische remissie 
ten tijde van staken van anti-TNF therapie. Ongeveer 55% van de patiënten kreeg een 
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opvlamming met een mediane tijd tot opvlamming van 32 maanden in patiënten met de ziekte 
van Crohn en 18 maanden in patiënten met colitis ulcerosa. Herbehandeling met dezelfde anti-
TNF remmer was succesvol in 84% van de patiënten. Hogere dalspiegels voor het staken en 
jonge leeftijd bij diagnose waren voospellers voor een grotere kans op opvlamming. Lage 
fecaal calprotectine waarden waren geassocieerd met een lagere kans op opvlamming in 
patiënten met de ziekte van Crohn en doorgebruiken van een immunomodulator was 
beschermend in patiënten met colitis ulcerosa. 
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Dankwoord 

In dit proefschrift heb ik mij kunnen richten op toepassing van echografie voor inflammatoire 
darmziekten en enkele onderwerpen gericht op optimalisatie van medicamenteuze therapie 
met biologicals. Echografie voor inflammatoire darmziekten is een sterk onderbelicht 
onderwerp in Nederland. Gedurende mijn promotie traject heb ik de kans gekregen om 
hiermee een start te maken in Nederland. Door het feit dat alles van de grond af moest worden 
opgebouwd, was het een lange weg met pieken en dalen. Inmiddels groeit de interesse voor 
het onderwerp en is er toenemend enthousiasme onder Nederlandse MDL artsen om dit toe 
te passen. Ik ben erg trots en dankbaar dat ik hiervoor de eerste stappen heb kunnen zetten 
maar ik had dit alles uiteraard niet kunnen bewerkstelligen zonder de ondersteuning van 
velen! 

Allereerst wil ik alle patiënten bedanken die aan mijn studies hebben deelgenomen. Zonder 
jullie interesse en enthousiasme was de realisatie van dit proefschrift niet mogelijk geweest!  

Beste Geert, ik weet nog goed dat we samen naar Bergen gingen om kennis te maken met de 
onderzoeksgroep aldaar. Dit was de start van ons echografie project. Door jouw visie om de 
IBD echografie naar Nederland te halen is het allemaal begonnen. Ik ben je enorm dankbaar 
dat ik het vertrouwen van je heb gekregen om hiervoor de kar te trekken. Daarnaast heb ik 
veel respect voor jouw tomeloze inzet voor het vakgebied en de gave om altijd mogelijkheden 
te zien en te creëren! 

Beste Mark, ik heb genoten van onze samenwerking. Ik kon altijd laagdrempelig met je sparren 
en kon mijn ei kwijt als dat nodig was. Je bijdragen aan de verschillende studies en 
manuscripten waren altijd zeer waardevol! 

Beste Krisztina, jij bent later in mijn promotie traject in het AUMC komen werken. Samen met 
Floris heb je de IBD echografie in het AMC verder doorontwikkeld. Ik ben trots om te zien 
waar het nu staat. Ik waardeer onze prettige samenwerking en je vriendelijkheid enorm. 
Geniet van je pas gevonden moederschap! 

Geachte leden van de promotiecommissie, prof. dr J. Stoker, prof. dr. W.A. Bemelman, prof. 
dr. C.Y. Ponsioen, prof. dr. B. Oldenburg, dr. P.C.F. Stokkers, prof. dr. C. Maaser. Veel dank 
voor jullie zitting in mijn promotiecommissie en de moeite om de wetenschappelijke waarde 
van mijn proefschrift te beoordelen. 

Dear colleagues from Bergen, Norway and especially Kim, Trygve and Odd Helge. Thank you 
for inviting me at your clinic to learn intestinal ultrasound and for the fruitful cooperation 
thereafter. I had a blast! 

Lieve kamergenoten van A3, het ‘zweetkamertje’. Wat was het gezellig met jullie op de kamer! 
Frank, jij hebt me als A3 founding father met open armen ontvangen toen ik startte in het 
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AMC. Annieke, ik heb met je meegeleefd toen je in je promotietraject te maken kreeg met 
talloze hordes. Ik bewonder je doorzettingsvermogen enorm! Leonie, zowel kamer als 
onderzoeksgroep genootje. Door jou voelde ik me direct welkom bij de IBD groep en wat 
hebben we het mooi gehad op verschillende feesten en congressen. Jasper, de bourgondische 
internist. Knap dat je het hebt aangedurfd je traject te wijzigen en internist te worden. Je was 
altijd een fijn klankbord! Thomas, ‘dat trekt echt op niets’ is een uitspraak die ik nooit meer 
zal vergeten. Je hebt je PhD in record tijd afgerond, respect! Snel een rondje golf! Anouk, 
gezellig dat je een tijd bij ons bent geweest! Bizar hoe snel en goed jij Nederlands sprak als 
Zwitserse. Weggebonjourd van kamer A3 en neergedaald op kamer C2. Bente, respect voor 
jouw keuze om iets anders te gaan doen. Paul, ook jij hebt voor een ander pad gekozen. 
Hopelijk heeft dat jou gebracht wat je zocht. Esther, onze tijd samen op de kamer was kort, 
krachtig en gezellig! 

Lieve collega onderzoekers van de IBD onderzoeksgroep, ik heb genoten met jullie! Sara, 
misschien wel de meest goedlachse persoon die ik ken. Altijd in voor gezelligheid. We hebben 
er allebei een handje van om tot het einde door te gaan. Geniet van je prachtige dochter! Toer, 
ik voel me vereerd dat ik mag komen draaien op je bruiloft! In antwoord op jouw dankwoord: 
we gaan zeker weer eens muziek maken! Anne, danskoningin, je was een fijne collega en wat 
heb ik een respect voor jouw tomeloze ambitie. Floris, het was top om met je samen te werken. 
Je hebt de echografie projecten met verve overgenomen en het geheel weer naar een hoger 
plan getild. Mijntje, onze paden kruisten elkaar van korte duur. Ik wens je alle succes op je 
nieuwe carrière pad. 

Loebje, uitmuntende paranimf! We go way back. Ik vind het prachtig dat we nog steeds zo 
goed bevriend zijn. Japie D, DJ Dantez, wat heb je een strakke cover gemaakt. Nu dit boek af 
is moeten we weer vaker muziek gaan maken! Henk-Jan, mr. Fuzzy, dank voor al je hulp bij 
het afronden van mijn proefschrift. Snel een muzieksessie in studio Weesp! Len, Tony, Kyle, 
Jopie, mijn goede maten. Door de drukte van alle dag is het moeilijk om elkaar regelmatig te 
blijven zien. Ik koester menig memorabel moment met jullie. Dat er nog vele moge komen! 

Vrienden en vriendinnen van vroeger, jaarclubmaten, (oud) huisgenoten, studie vrienden, 
hockeyvrienden, burners etc. etc. Dank voor alle mooie gezamenlijke momenten en jullie 
vriendschap! 

Lieve Westerveldjes en aanhang, Dick, Lily, Marjo, Roel, Eelco, Liset en Esmee. Wat zijn jullie 
een fijne mensen. Ik ben bij jullie in een warm bad beland. Dat we samen nog maar vele 
feestglaasjes mogen drinken! 

Lieve Nispjes en Hesjes, Constant, Marianne, Louise, Michiel, Stijn, Philip en Emma. Familie 
is het allerbelangrijkste en jullie zijn me ontzettend dierbaar. Cons jongen, je wordt gemist… 
Wat had ik het mooi gevonden als jij erbij was geweest. Je had voor nog meer leven in de 
brouwerij gezorgd (pun intended). 
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Lieve oma Hetty, wat een leven heeft u al achter de rug. U bent uw tijd altijd ver vooruit 
geweest. Ik heb uw gedrevenheid en vastberadenheid altijd als voorbeeld gezien.  

Lieve oma Thea, wat vind ik het leuk dat u bij de verdediging kan zijn en ik voel me vereerd 
dat ik opa mag opvolgen als promovendus. Ik hoop dat deze dag mooie herinneringen bij u 
oprakelt. Ik heb tijdens het schrijven van mijn proefschrift vaak aan jullie gedacht en aan de 
heerlijke tijd die ik in mijn jeugd met jullie heb beleefd. 

Eva, andere uitmuntende paranimf en natuurlijk mijn lieve zusje. Ik heb grote bewondering 
voor hoe ogenschijnlijk gemakkelijk jij door het leven laveert. Wat heb je al veel bereikt op 
jonge leeftijd! Die effectiviteit en doelgerichtheid van jou, daar kan ik nog een puntje aan 
zuigen. Waar ik soms probeer te scoren met een omhaal en een hakje, hou jij het liever bij een 
droge knal. Mike, je weet met wat voor topper je samen bent. Eef, had zich geen betere gozer 
kunnen wensen. Die dikke met die lange haren bleek voor haar vanaf het begin de ware. Lucas, 
Guus, Jan en t.b.a., met jullie is het altijd keten. Ik vind het heel bijzonder dat ik jullie oom mag 
zijn! 

Caroline, mijn lieve grote zus. Ik ben waanzinnig trots op je. Je hebt meerdere tegenslagen 
gekend in je leven maar je krabbelt altijd weer bovenop. Ik heb veel bewondering voor jouw 
weerbaarheid en je bent de liefste tante die Yara zich kan wensen. Gerco, het is super om je in 
de familie te hebben. Zorg maar goed voor mijn grote zus! 

Pap, rots in de branding. Jouw behulpzaamheid gedurende mijn levenspad is zo essentieel 
geweest. Zie dit boek als de culminatie daarvan. Zonder jou was ik er nooit gekomen! Zonder 
jou was ik waarschijnlijk ook nooit arts geworden. Dank voor alles! Mam, wat lijken wij in veel 
opzichten op elkaar. Soms botst dat een beetje, maar nooit voor lang. Ik kan me geen lievere 
en betere moeder wensen. Altijd heb je achter me gestaan en heb je me ondersteund. Jij bent 
degene die al mijn passies vanaf begin af aan heeft gevoed en je hebt er voor gezorgd dat ik 
heb doorgezet als ik het zelf even niet meer zag zitten. 

Lieve Pippa, our firstborn daughter from another (canine) mother. Met jouw komst en 
onvoorwaardelijke liefde heb je ons leven verrijkt! 

Noukie, mijn schatje, wat hou ik veel van jou. Wat ben je lief en loyaal. Ik voel me altijd 
gesteund door jou. We hebben al zoveel mooie en soms ook moeilijke momenten samen 
beleefd. In sommige opzichten zijn we elkaars tegenpolen en in andere juist niet. Dat maakt 
dat we zo goed samen gaan. Ik heb enorm veel bewondering voor je en ik prijs mezelf elke 
dag gelukkig met jou! Lieve Yara, jouw geboorte heeft ons leven op zijn kop gezet. Wat ben je 
toch een heerlijk lief meisje met nu al een sterk eigen willetje. Je brengt me dagelijks aan het 
schateren en ik kan me geen leven meer indenken zonder jou!  
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