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Inflammatory bowel disease; Crohn’s disease and ulcerative colitis

The term inflammatory bowel disease (IBD) is used for chronic inflammatory disease 

of the colon and small intestine. The most important IBDs are Crohn’s disease (CD) and 

ulcerative colitis (UC). The prevalence of IBD has increased in the past 50 years, up to 

5/1000 persons for UC and 3/1000 persons for CD in developed countries.1,2, 3 In Europe an 

estimated 3 million people, mostly young adults (15-40 years), are affected by IBD, with a 

direct healthcare cost of €4.6-5.6 billion per year.4 The two different IBDs can be

distinguished by genetic predisposition, risk factors, and clinical, endoscopic, and histological

features. The exact cause of IBD is unknown; however, IBD is generally thought to be 

caused by a continuing inappropriate intestinal mucosal immune response, possibly related 

to (commensal) gut microbiota, in genetically susceptible hosts, resulting in intestinal

inflammation.5,6

Crohn’s disease is characterized by chronic mucosal inflammation, which can occur

in any part of the gastro-intestinal tract (from mouth to anus), with predominance for the 

ileocecal region (terminal ileum). (Figure 1) Patients with CD typically present with 

symptoms of (cramping) abdominal pain, persisting diarrhea and weight loss. Symptoms

depend on the location and severity of disease. Most cases of Crohn’s disease manifest with 

intestinal inflammation, but the disease tends to evolve over time from luminal disease into 

clinical patterns that are primarily stricturing (obstructive narrowing of the lumen) or 

penetrating (fistulizing).7-9

Figure 1: the anatomic locations of CD and UC
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John Hopkins Medicine Gastroenterology & Hepatology; https://www.gi.jhsps.org
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In ulcerative colitis, in contrast, inflammation is restricted to the colon, with the rectum 

almost always affected, spreading proximally in a continuous and diffuse manner trough part 

of or the entire colon. Besides abdominal pain and weight loss, UC often manifest with 

bloody diarrhea, urge and sometimes fecal incontinence. Dependent on the anatomic extent 

of involvement, patients can be classified as having proctitis (with inflammation limited to 

rectum), left-sided colitis (up to the splenic flexure), or pancolitis (beyond the splenic flexure). 

(Figure 1) A typical periappendicular red patch is observed in some patients with proctitis or 

left-sided colitis.10, 11  

Measures for disease activity; clinical disease activity, endoscopy and histology 

The diagnosis of IBD is made on the basis of medical history and physical 

examination, supplemented with objective findings from endoscopic, radiological, laboratory, 

and histological studies.12 The course of disease is unpredictable with alternating episodes of 

relapse and remission.13 Several scores, which consist of symptoms like abdominal pain, 

bowel frequency, rectal bleeding and (subjective) physician’s assessment, have been 

developed to measure clinical disease activity, such as the Harvey Bradshaw Index (HBI) 

and the (more complex) Crohn’s Disease Activity Index (CDAI) for CD and the Mayo score or 

Simple Clinical Colitis Activity Index (SCCAI) for UC.14-17 

Nonetheless, clinical disease activity (symptoms of disease) has shown to poorly 

correlate with mucosal disease activity, particularly in CD.14, 18 Therefore, endoscopy is 

considered as the gold standard for assessing disease activity.19, 20 The Crohn’s Disease 

Endoscopic Index of Severity (CDEIS) is often used to score endoscopic activity in clinical 

trials for CD.21 For UC, the more simple endoscopic Mayo score (0-3: inactive, mild, 

moderate, severe ulcerative colitis) scores mucosal impressions, such as: loss of vascular 

pattern, erythema, friability, erosion, ulcerations and spontaneous bleeding.16 Recently, a 

new and more detailed endoscopic score was developed for UC: the Ulcerative Colitis 

Endoscopic Index of Severity (UCEIS).22 

Figure 2: Colonic mucosa of patient with severe ulcerative colitis 

Chapter 1

Figure 2 depicts colonic mucosa of a patient with severe ulcerative colitis. Severity is

marked by complete loss of vascular pattern, erythema and continuous purulent and deep 

ulceration. The need for objective endpoints and centralized reading of endoscopy was

emphasized in a comparative therapeutic trial of mesalamine versus placebo in ulcerative 

colitis.23 In this trial ‘objective’ centralized reading of endoscopies by observers, who were

blinded to treatment and patient, yielded a bigger and significant effect of mesalamine (in the 

treatment arm vs. the placebo arm) compared to unblinded endoscopic scoring performed by

the treating physicians. 

Finally, histology of mucosal biopsies remains important in the diagnosis of IBD. For

UC, Geboes et al. proposed a histopathological score considering microscopic features like

crypt destruction, chronic cellular infiltrate, neutrophils and architectural changes (such as 

erosion or ulceration).24

Inflammatory markers
Both mucosal bowel imaging and biopsy collection require an endoscopic procedure,

which (including bowel preparation) is often experienced as invasive to patients, thereby not

allowing frequently repeated examinations. Consequently, less invasive surrogate markers

are needed for identification of and screening for IBD, to monitor (mucosal) disease activity,

to predict response or relapse and to guide therapeutic decisions in patients with IBD.

Several biomarkers have been proposed and thus far the general inflammatory

marker serum C-reactive protein (CRP) is most commonly used in clinical practice. However, 

this marker is not specific for bowel inflammation.25 Moreover, CRP elevation is present in 

more than half of the patients with active CD, but only one third of active UC patients show

elevated CRP levels.26, 27 Another general inflammatory marker, the blood leukocyte count, is

influenced by immunosuppressive therapies, such as corticosteroids and thiopurines. Serum

albumin is a prognostic marker in patients with UC, but albumin levels are influenced by the 

nutritional state of the patient.28 Inconsistent findings have been reported on circulating 

serum or tissue TNFα levels correlated with inflammation or response in IBD.29-32

Last decade an increasing amount of ‘gut specific’ fecal biomarkers have been

suggested for the diagnosis and management of IBD.33 The stool marker that is commonly

used in clinical practice, fecal calprotectin, makes up 60% of the total cytosolic protein 

concentration in neutrophil granulocytes and macrophages.34 Calprotectin is thought to be 

resistant to enzymatic degradation and therefore stable in stools at room temperature for

several days. A small sample can be assessed by a simple ELISA. The accuracy of fecal

calprotectin is generally better in UC than in CD.35-37 Cut-offs have been proposed of >50

µg/g for differentiating IBD from irritable bowel syndrome and >250 µg/g for the presence of

ulcers.34, 37 Still, there are some pitfalls causing false positive (NSAID use, the presence of
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malignancy or gastrointestinal infection) and negative results (diluted sample) and 

interpretation of fecal calprotectin levels are hampered by considerable inter- and intra-assay 

variability.38-40  

Thus, although several markers are available and commonly used to measure 

disease activity, it remains unclear which of these measures best reflects the ‘inflammatory 

load’ and could therefore be best used in a model for therapeutic decision making. 

Therapies 
Treatment objectives in IBD have evolved from the treatment of symptoms and 

induction of clinical remission to more stringent outcomes, including sustained steroid-free 

remission, restoration of nutritional state, ‘mucosal healing’, prevention of hospital admission 

and bowel resection and improving quality of life. A ‘step-up’ approach is used for the 

treatment of IBD with the prescription of the least toxic, but also the least potent, drugs for 

mild disease and stronger immunosuppressant therapy for refractory severely active and 

relapsing IBD. 

The first-line therapy for patients with mild to moderate ulcerative colitis is 

5-aminosalicylic acid (5-ASA, mesalazine), a derivative of salicylic acid, which includes oral

and rectal mesalazine formulations. Mesalazine is the preferred initial treatment for induction

and maintenance in patients with mild to moderate colitis41, 42 For distal UC, such as proctitis,

mesalazine suppositories or enemas can be an effective ‘add-on’ to oral therapy with

mesalazine.43, 44 Proctitis and left-sided ulcerative colitis might respond better to rectal

mesalazine or topical steroids rather than oral 5-aminosalicylic acid compounds or systemic

corticosteroids. Systemic corticosteroids are appropriate if symptoms of active colitis do not

respond to mesalazine.45

The optimum first-line therapy for mild Crohn’s disease is dependent on the disease 

location. Patients with ileal or ileocecal Crohn’s disease are usually treated with budesonide 

at 9 mg daily to induce remission.46, 47  

IBD patients who do not respond to first-line therapy generally receive induction 

therapy with oral or intravenous prednisolone (up to 40–60 mg daily). A first episode of 

disease or exacerbation is, depending on the severity, typically treated by a short course of 

these steroids. The efficacy of steroids was first reported by Truelove in 1954. This study 

was already placebo controlled and even used sigmoidoscopy as an endpoint.48  Although 

most patients with CD or UC initially respond to corticosteroids, many patients become 

steroid dependent, which comes with substantial short and long term side-effects, such as 

diabetes mellitus and osteoporosis.49 The response to an intravenous course of steroids is 

best evaluated around the third day of administration.50 Treatment options including 

colectomy should be discussed with patients with severely active UC or Crohn’s Colitis not 

12

responding to intravenous steroids. In case of persisting symptoms on this regime or

recurrence of complaints with tapering treatment, alternative therapeutics should be 

considered.

Azathioprine (AZA) or 6-mercaptopurine, both nucleoside analogues and 

immunomodulators, were traditionally used to treat leukemia (albeit in higher doses). 

Currently, these thiopurines are recommended for maintaining clinical and endoscopic

remission and avoiding steroid requirement in the treatment of steroid dependent CD or UC. 
51-53 For some patients, who have infrequently relapsing moderately active IBD failing on first-

line treatment, restarting steroids with an immunomodulator may be appropriate.45, 47

However, treatment with thiopurines is limited by a delayed onset of therapeutic action and

frequent adverse events.

In the past decades, several biological drugs that target the inflammatory cytokine

tumor necrosis factor-alpha (TNF-α) have improved the management and outcome of

patients with CD and UC. Infliximab (IFX), a chimeric (mouse/human) monoclonal antibody

against TNFα, is administered intravenously at 5mg/kg with an induction phase in week 0-2-6 

and maintenance therapy every 8 weeks thereafter. Infliximab binds with high affinity to

soluble and membrane-bound TNF to form a stable complex that blocks the association of

this cytokine to its receptor.54 Binding of anti-TNF antibodies to membrane-bound TNF has

been associated with induction of T cell apoptosis and formation of wound healing 

macrophages.55, 56 This mechanism of action of anti-TNF is subject to variation in the Fc tail

of the antibody and the presence of costimulatory molecules.56

Van Deventer et al. first reported, in a letter to Lancet, about a 12-year old girl with

Crohn’s disease, who was unresponsive to medical therapy, in whom clinical remission was

achieved by treatment with anti-TNF monoclonal antibodies (chimeric monoclonal cA2, later

known as infliximab).57 Almost a decade later, The ACCENT-1 trial provided the rationale for

the final registration of IFX as induction and maintenance therapy for patients with CD.58

Three years later, IFX got approved for UC by the publication of the ACT study by Rutgeerts

et al..59 Notably, in this study 10mg/kg IFX dosing was almost equally effective as 5mg/kg 

(clinical response at week 8: 5mg: 64%, 10 mg: 69%, placebo: 29%) and hospitalized or

steroid refractory patients were excluded.

Adalimumab, a humanized anti-TNF antibody, which is administered subcutaneously,

represents the second anti-TNF antibody that induces and maintains clinical remission and 

mucosal healing in patients with CD or UC.60, 61 Thirdly, Golimumab, also a subcutaneous

humanized anti-TNF antibody, has recently been approved for the treatment of moderate to 

severely active Ulcerative Colitis.62, 63 Anti-TNF therapy, with or without immunomodulator,

should be considered as an alternative for patients with objective evidence of active disease 

who have previously been steroid-refractory, steroid-dependent, or steroid-intolerant.45, 47 For
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luminal CD, IFX and adalimumab appear to have generally similar efficacy and adverse-

event profiles, so the choice depends on availability, route of delivery, patient preference, 

cost and national guidelines.47 

The combination therapy of IFX with azathioprine results in higher rates of mucosal 

healing than the treatment with either one of those agents in Crohn’s disease. Also in UC, 

the combination of IFX and AZA was found to be superior to monotherapy.64 Arguably this 

combination therapy of IFX with an immunomodulators can still be considered the most 

powerful drugs that are available for UC. 

Intravenous cyclosporine, a calcineurin inhibitor originally developed to prevent organ 

rejection in renal transplant patients, was shown to be effective particularly in steroid 

refractory patients with severe UC.65, 66 The CYSIF trial reported equal effectiveness of IFX 

compared to cyclosporine for the treatment of severe colitis. However, cyclosporine dosing 

was based on serum concentrations, whereas for IFX therapeutic ranges for the induction 

phase were still unknown.67 Moreover, cyclosporine cannot be used as maintenance therapy, 

due to toxicity concerns, whereby patients should be continued on thiopurine monotherapy. 

In view of similar effectiveness, IFX might be preferred over cyclosporine, because it can be 

continued as maintenance treatment in responding patients, particularly in those for whom 

thiopurines as maintenance therapy has been ineffective. 

Finally, just recently, Vedolizumab, an α4β7 integrin antagonist, which limits the 

migration of leukocytes specifically to the gut, was added to the medical armamentarium, 

with its approval for active CD and UC.68, 69 

Despite all available therapies, many patients are still refractory to medical treatment 

and will eventually need surgery. Loss of response or intolerance to medical therapy should 

lead to re-evaluation of disease activity, exclusion of complications and discussion of surgical 

options with the patient. The decision to intensify or switch therapy and consider surgery in 

patients with severely active IBD should preferably be discussed in a multidisciplinary 

meeting involving both the gastroenterologist’s and the surgeon’s perspective. Up to half of 

all patients with CD will eventually need some kind of bowel surgery, whereas an estimated 

one third of UC patients will need colonic resection at some point.4 For ileal Crohn’s disease 

(short segment) small bowel resections or (laparoscopic) ileocecal resections are often 

required to reduce the inflammatory burden, thereby increasing the efficacy of subsequent 

anti-inflammatory treatment. Patients with steroid and/or anti-TNF refractory ulcerative colitis 

typically undergo laparoscopic (sub)total colectomy with temporarily ileostomy and 

consecutive ileal-pouch anal anastomosis procedure. Complicated IBD surgery should only 

be performed in medical and surgical expertise centers.47 

Chapter 1

Optimizing anti-TNF therapy: immunogenicity, pharmacokinetics and therapeutic drug 

monitoring

Clearly, there is a need to optimize medical therapies for patients with IBD. Although 

being amongst the most efficacious drugs for active IBD, anti-TNF therapies have 

considerable limitations. Substantial healthcare society costs are involved with the 

prescription of these biological agents. Regular dosing of anti-TNF costs about €20.000 per

patient per year. Anti-TNF is estimated to account for 2/3 of all costs in CD and 1/3 of all

costs in UC patients.70 Adalimumab (Humira, AbbVie) and infliximab (Remicade, MSD) were 

both ranked in US top 10 drugs sales of 2013, with $5.4 billion and $3.9 billion sales,

respectively. Moreover, about one third of IBD patients do not respond to these antibodies in

the first 3 months, during induction phase, a phenomenon called primary non-response.58, 59

In addition, another 20-40 % of initial responders lose response over time: so called 

secondary non-response.71 (Figure 3)

Figure 3: estimated primary and secondary non-response to anti-TNF in IBD

The mechanism of primary non-response to anti-TNF remains poorly understood.72

Secondary non-response has been associated with several factors: Particularly in CD, non-

inflammatory complications like the formation of fibrostenotic strictures can cause loss of

response.71 But loss of response has also been attributed to the formation of anti-drug 

antibodies, which have been shown to neutralize the drug and can cause acute infusion 

reactions.73 Furthermore, a low serum trough level of the drug, the serum concentration just

before the next infusion or injection (also without the presence of anti-drug antibodies), has 

been correlated with secondary non-response.74, 75

The immunogenicity of anti-TNF antagonists is influenced by structural properties of

the drug, such as: the extent of humanisation (chimeric or humanized construction),

aggregates, glycosylation or the affinity to the human neonatal Fc Receptor. 76-78 The 
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the combination of IFX and AZA was found to be superior to monotherapy.64 Arguably this

combination therapy of IFX with an immunomodulators can still be considered the most

powerful drugs that are available for UC. 

Intravenous cyclosporine, a calcineurin inhibitor originally developed to prevent organ

rejection in renal transplant patients, was shown to be effective particularly in steroid 

refractory patients with severe UC.65, 66 The CYSIF trial reported equal effectiveness of IFX

compared to cyclosporine for the treatment of severe colitis. However, cyclosporine dosing 

was based on serum concentrations, whereas for IFX therapeutic ranges for the induction 

phase were still unknown.67 Moreover, cyclosporine cannot be used as maintenance therapy,

due to toxicity concerns, whereby patients should be continued on thiopurine monotherapy.

In view of similar effectiveness, IFX might be preferred over cyclosporine, because it can be 

continued as maintenance treatment in responding patients, particularly in those for whom

thiopurines as maintenance therapy has been ineffective.

Finally, just recently, Vedolizumab, an α4β7 integrin antagonist, which limits the

migration of leukocytes specifically to the gut, was added to the medical armamentarium, 

with its approval for active CD and UC.68, 69

Despite all available therapies, many patients are still refractory to medical treatment

and will eventually need surgery. Loss of response or intolerance to medical therapy should 

lead to re-evaluation of disease activity, exclusion of complications and discussion of surgical

options with the patient. The decision to intensify or switch therapy and consider surgery in 

patients with severely active IBD should preferably be discussed in a multidisciplinary 

meeting involving both the gastroenterologist’s and the surgeon’s perspective. Up to half of

all patients with CD will eventually need some kind of bowel surgery, whereas an estimated 

one third of UC patients will need colonic resection at some point.4 For ileal Crohn’s disease 

(short segment) small bowel resections or (laparoscopic) ileocecal resections are often 

required to reduce the inflammatory burden, thereby increasing the efficacy of subsequent

anti-inflammatory treatment. Patients with steroid and/or anti-TNF refractory ulcerative colitis

typically undergo laparoscopic (sub)total colectomy with temporarily ileostomy and 

consecutive ileal-pouch anal anastomosis procedure. Complicated IBD surgery should only

be performed in medical and surgical expertise centers.47

Chapter 1

Optimizing anti-TNF therapy: immunogenicity, pharmacokinetics and therapeutic drug 

monitoring 

Clearly, there is a need to optimize medical therapies for patients with IBD. Although 

being amongst the most efficacious drugs for active IBD, anti-TNF therapies have 

considerable limitations. Substantial healthcare society costs are involved with the 

prescription of these biological agents. Regular dosing of anti-TNF costs about €20.000 per 

patient per year. Anti-TNF is estimated to account for 2/3 of all costs in CD and 1/3 of all 

costs in UC patients.70 Adalimumab (Humira, AbbVie) and infliximab (Remicade, MSD) were 

both ranked in US top 10 drugs sales of 2013, with $5.4 billion and $3.9 billion sales, 

respectively. Moreover, about one third of IBD patients do not respond to these antibodies in 

the first 3 months, during induction phase, a phenomenon called primary non-response.58, 59 

In addition, another 20-40 % of initial responders lose response over time: so called 

secondary non-response.71 (Figure 3) 

Figure 3: Estimated primary and secondary non-response to anti-TNF in IBD 
The mechanism of primary non-response to anti-TNF remains poorly understood.72 

Secondary non-response has been associated with several factors: Particularly in CD, non-

inflammatory complications like the formation of fibrostenotic strictures can cause loss of 

response.71 But loss of response has also been attributed to the formation of anti-drug 

antibodies, which have been shown to neutralize the drug and can cause acute infusion 

reactions.73 Furthermore, a low serum trough level of the drug, the serum concentration just 

before the next infusion or injection (also without the presence of anti-drug antibodies), has 

been correlated with secondary non-response.74, 75 

The immunogenicity of anti-TNF antagonists is influenced by structural properties of 

the drug, such as: the extent of humanisation (chimeric or humanized construction), 

aggregates, glycosylation or the affinity to the human neonatal Fc Receptor. 76-78 The 
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generation of anti-drug antibodies is also affected by treatment characteristics: e.g. route of 

administration (subcutaneous versus intravenous), dose regimen and duration.79 Finally, 

patient characteristics seem to have an impact on immunogenicity. IBD patients that have 

developed antibodies to a previous anti-TNF agent are prone to the development anti-drug 

antibody to the consecutive anti-TNF agent.80 This could be due to genetic predisposition, for 

example HLA-DRB1 appears to be associated with anti-drug antibody formation.81 

Monoclonal antibodies are glycosylated proteins with specific molecular targeting.76 

Typically, these biological agents exhibit receptor mediated tissue distribution and, because 

of their high molecular weight and hydrophilicity, demonstrate low tissue penetration and long 

half-lives. Antibodies are often largely confined to blood and extra-cellular fluid spaces. Their 

non-linear pharmacokinetic and pharmacodynamic properties can partially be explained by 

binding of monoclonal antibodies to their target antigen.82 Monoclonal antibodies typically do 

not undergo renal elimination, due to their high molecular weight, but degradation by 

proteolytic catabolism by phagocytic cells is believed to be the primary route of clearance.83,

84 Interaction between the Fc receptor of IgG antibodies with the Fc gamma receptor on 

monocytes and macrophages mediates the endosomal uptake of these antibodies and will 

lead to subsequent degradation. 

The formation of anti-drug antibodies represents the major form of immune mediated 

clearance. Neutralisation by these antibodies causes rapid clearance and thereby loss of 

function of the drug. Infrequent or episodic exposure to anti-TNF agents stimulates the 

appearance of those anti-drug antibodies. Patients that restart treatment after a drug holiday 

are at risk for developing anti-drug antibodies. Therefore, treatment should not (‘electively’) 

be interrupted or discontinued in patients with active disease.85 Thus, anti-TNF should be 

administered at scheduled occasions with induction followed by maintenance treatment.58 86,

87 The formation of antibodies to IFX (ATI) can be prevented by the concomitant treatment 

with immunomodulators.88, 89 For adalimumab, it remains uncertain whether concomitant 

immunomodulators are needed to prevent anti-drug antibody formation, although a 

retrospective study did observe significant less flares in the first semester in patients that 

used co-immunomodulators.90 Likewise, pretreatment hydrocortisone or concomitant 

administration of corticosteroids appears to prevent the development of ATI.91, 92 

The appearance of anti-drug antibodies seems to be a dynamic phenomenon: anti-

drug antibodies gradually disappear after definite discontinuation of anti TNF.93, 94 Two types 

of anti-drug antibodies have been identified: persistent and transient anti-drug antibodies. 

Transient anti-drug antibodies, which seem of little clinical significance, can appear randomly 

at any time during treatment.95 Nevertheless, the temporal evolution of ATI has also been 

correlated with clinical loss of response. Most patients develop antibodies to IFX within the 

first 12 months of therapy.96 Concomitant use of an immunomodulator prolongs ATI-free 

Chapter 1

survival, even in scheduled-treated patients.96 In patients with rheumatoid arthritis, 

suppression of ATIs was observed after IFX dose intensification.97 Finally, a small case-

series from Israel demonstrated a gradual decline of anti-drug antibodies after addition of

immunomodulators.98 Unfortunately, various anti-drug antibody detection assays are used in 

different studies, making it impossible to compare results. Traditionally, drug intolerant

assays were used that cannot measure anti-drug antibodies in the presence of high 

circulating drug concentrations. (Figure 4) Recently, a more sensitive assay has been 

developed to detect anti-drug antibodies in the presence of high circulating drug 

concentrations.99

Figure 4: Drug intolerant assay

Low serum trough concentrations, also without the presence of these neutralizing

anti-drug antibodies, have been correlated with therapeutic response in both CD and UC.74, 75

This has provided a rationale for optimization of anti-TNF therapy by therapeutic drug 

monitoring in patients with IBD. Several studies have indicated that the therapeutic range for

IFX trough concentrations during maintenance therapy should range between 3-7 µg/ml for

therapeutic response.100-103 For adalimumab, therapeutic concentrations above 5 µg/ml have

been correlated with improved clinical outcomes and mucosal healing.104, 105

Figure 5: Concept of therapeutic window

Definition of these therapeutic ranges has already led to the first dose optimisation study. 

In the so called TAXIT trial, all patients with IBD were dose optimized within serum IFX

trough concentrations of 3-7 µg/ml in the first phase of the study. Departing from there,
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generation of anti-drug antibodies is also affected by treatment characteristics: e.g. route of

administration (subcutaneous versus intravenous), dose regimen and duration.79 Finally,

patient characteristics seem to have an impact on immunogenicity. IBD patients that have 

developed antibodies to a previous anti-TNF agent are prone to the development anti-drug 

antibody to the consecutive anti-TNF agent.80 This could be due to genetic predisposition, for

example HLA-DRB1 appears to be associated with anti-drug antibody formation.81

Monoclonal antibodies are glycosylated proteins with specific molecular targeting.76

Typically, these biological agents exhibit receptor mediated tissue distribution and, because 

of their high molecular weight and hydrophilicity, demonstrate low tissue penetration and long 

half-lives. Antibodies are often largely confined to blood and extra-cellular fluid spaces. Their

non-linear pharmacokinetic and pharmacodynamic properties can partially be explained by 

binding of monoclonal antibodies to their target antigen.82 Monoclonal antibodies typically do 

not undergo renal elimination, due to their high molecular weight, but degradation by

proteolytic catabolism by phagocytic cells is believed to be the primary route of clearance.83,

84 Interaction between the Fc receptor of IgG antibodies with the Fc gamma receptor on 

monocytes and macrophages mediates the endosomal uptake of these antibodies and will 

lead to subsequent degradation.

The formation of anti-drug antibodies represents the major form of immune mediated 

clearance. Neutralisation by these antibodies causes rapid clearance and thereby loss of

function of the drug. Infrequent or episodic exposure to anti-TNF agents stimulates the 

appearance of those anti-drug antibodies. Patients that restart treatment after a drug holiday

are at risk for developing anti-drug antibodies. Therefore, treatment should not (‘electively’)

be interrupted or discontinued in patients with active disease.85 Thus, anti-TNF should be 

administered at scheduled occasions with induction followed by maintenance treatment.58 86,

87 The formation of antibodies to IFX (ATI) can be prevented by the concomitant treatment

with immunomodulators.88, 89 For adalimumab, it remains uncertain whether concomitant

immunomodulators are needed to prevent anti-drug antibody formation, although a 

retrospective study did observe significant less flares in the first semester in patients that

used co-immunomodulators.90 Likewise, pretreatment hydrocortisone or concomitant

administration of corticosteroids appears to prevent the development of ATI.91, 92

The appearance of anti-drug antibodies seems to be a dynamic phenomenon: anti-

drug antibodies gradually disappear after definite discontinuation of anti TNF.93, 94 Two types

of anti-drug antibodies have been identified: persistent and transient anti-drug antibodies. 

Transient anti-drug antibodies, which seem of little clinical significance, can appear randomly

at any time during treatment.95 Nevertheless, the temporal evolution of ATI has also been 

correlated with clinical loss of response. Most patients develop antibodies to IFX within the 

first 12 months of therapy.96 Concomitant use of an immunomodulator prolongs ATI-free 
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survival, even in scheduled-treated patients.96 In patients with rheumatoid arthritis, 

suppression of ATIs was observed after IFX dose intensification.97 Finally, a small case-

series from Israel demonstrated a gradual decline of anti-drug antibodies after addition of 

immunomodulators.98 Unfortunately, various anti-drug antibody detection assays are used in 

different studies, making it impossible to compare results. Traditionally, drug intolerant 

assays were used that cannot measure anti-drug antibodies in the presence of high 

circulating drug concentrations. (Figure 4) Recently, a more sensitive assay has been 

developed to detect anti-drug antibodies in the presence of high circulating drug 

concentrations.99 

Figure 4: Drug intolerant assay110 
Low serum trough concentrations, also without the presence of these neutralizing 

anti-drug antibodies, have been correlated with therapeutic response in both CD and UC.74, 75 

This has provided a rationale for optimization of anti-TNF therapy by therapeutic drug 

monitoring in patients with IBD. Several studies have indicated that the therapeutic range for 

IFX trough concentrations during maintenance therapy should range between 3-7 µg/ml for 

therapeutic response.100-103 For adalimumab, therapeutic concentrations above 5 µg/ml have 

been correlated with improved clinical outcomes and mucosal healing.104, 105  

Figure 5: Concept of therapeutic window (www.thebody.com/content/art13513.html)
Definition of these therapeutic ranges has already led to the first dose optimisation study. 

In the so called TAXIT trial, all patients with IBD were dose optimized within serum IFX 

trough concentrations of 3-7 µg/ml in the first phase of the study. Departing from there, 
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patients were then randomized to conventional dosing based on clinical symptoms or dosing 

based on the targeted trough range 3-7 µg/ml during maintenance therapy. Level based 

dosing resulted in longer ‘relapse free survival’, but not in significant higher rates of clinical 

remission. Nevertheless, successful dose de-escalation was established in patients with 

supratherapeutic levels, whilst retaining disease control.103 A different randomized, controlled 

trial demonstrated that individualized algorithm based therapy is more cost-effective than 

‘blind’ dose intensification in patients with Crohn’s disease with loss of response to IFX.106 

Dose intensification is able to regain response in 45-75% of patients with CD.107, 108 Whether 

dose increase or interval decrease is best to regain response remains unsure. Halving 

intervals was not found to be superior to dose-doubling in a multicenter retrospective 

cohort.109 Dose increase does not require an additional infusion visit, with associated costs 

and patient inconvenience, whereas decreasing the dosing interval allows for more precise 

titration based on the timing of the recurrence of symptoms. Currently, therapeutic drug 

monitoring has been established and incorporated in algorithms for patients with symptoms 

suggestive for loss of response on anti-TNF maintenance therapy.71, 110-112 

Several factors have been identified to affect serum concentrations of anti-TNF 

antibodies, such as body weight, neutralizing anti-drug antibodies and concomitant use of 

immunomodulators.73, 88, 113

Figure 6: Factors that have been identified or suggested to affect anti-TNF drug levels. 

Furthermore, high CRP and low serum albumin, both reflecting a high inflammatory load, 

have also been suggested to have an impact on anti-TNF drug levels, but clinical data, 

especially regarding IFX induction in ulcerative colitis, are scarce.74, 79, 114 Most 

pharmacokinetic data available are derived from IFX maintenance therapy studies, 

pharmacokinetic population computer modelling or from studies involving patients with 

rheumatoid arthritis.102, 113-116 Specifically in patients with severe UC, the situation seems to 

be considerably different with massive presence of (mucosal) inflammation, severe ulceration 

and potential fecal loss of proteins. 

Chapter 1

Outline of this thesis: therapeutic drug monitoring based on inflammatory markers

Clinical observations suggest that patients with severe UC may benefit from higher

than standard doses of anti-TNF.117, 118 Those patients likely have a higher serum and

mucosal TNF burden that acts as a ‘sponge’ or antigen sink to quickly absorb and bind anti-

TNF monoclonal antibodies and may lead to insufficient therapeutic exposure. 

We hypothesize that patients with severe IBD exert rapid clearance and might not

receive sufficient anti-TNF to suppress the amounts of TNF, resulting in primary non-

response.119, 120 Furthermore, we postulate that in patients with severe ulcerative colitis,

therapeutic antibodies may be lost in feces, through ulcerated and denuded mucosa. This

might increase clearance and affect pharmacokinetics of anti-TNF agents. Understanding of

the inflammatory burden and drug levels in these patients is needed to individualize drug 

dosing and optimize anti-TNF therapy in patients with IBD.

This thesis will therefore focus on the research question: Can assessment of the 

inflammatory load and drug levels help to optimize the outcomes of anti-TNF therapy in

patients with IBD?

Chapter 2 discusses several markers to measure inflammatory load in patients with 

UC, compared to leukocyte scintigraphy. Chapter 3 demonstrates that disease localization 

influences fecal calprotectin levels in patients with ileal or (ileo)colonic Crohn’s disease.

Chapter 4 introduces a new concept of fecal loss of IFX which may contribute to primary 

non-response in severe colitis. Chapter 5 reports on early formation of anti-drug antibodies

and how inflammatory load affects the pharmacokinetics of IFX induction therapy in UC.

Chapter 6 presents the analysis of several factors that influence the PK in a large cohort of

IBD patients. Chapter 7 shows that supratherapeutic anti-TNF levels are correlated with 

impaired quality of life in patients with IBD in clinical and biochemical remission on anti-TNF 

maintenance therapy. Chapter 8 establishes the correlation between IFX serum levels and 

disease activity in children with IBD. Chapter 9 investigates the effect of IFX retreatment

after consecutive discontinuation of IFX and adalimumab in refractory CD. Chapter 10

discusses the contribution of this thesis to the optimization of anti-TNF therapy based on 

markers for response and how inflammatory load affects the pharmacokinetics of infliximab 

and provides future perspectives.
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patients were then randomized to conventional dosing based on clinical symptoms or dosing 

based on the targeted trough range 3-7 µg/ml during maintenance therapy. Level based 

dosing resulted in longer ‘relapse free survival’, but not in significant higher rates of clinical

remission. Nevertheless, successful dose de-escalation was established in patients with 

supratherapeutic levels, whilst retaining disease control.103 A different randomized, controlled 

trial demonstrated that individualized algorithm based therapy is more cost-effective than 

‘blind’ dose intensification in patients with Crohn’s disease with loss of response to IFX.106

Dose intensification is able to regain response in 45-75% of patients with CD.107, 108 Whether

dose increase or interval decrease is best to regain response remains unsure. Halving 

intervals was not found to be superior to dose-doubling in a multicenter retrospective 

cohort.109 Dose increase does not require an additional infusion visit, with associated costs

and patient inconvenience, whereas decreasing the dosing interval allows for more precise 

titration based on the timing of the recurrence of symptoms. Currently, therapeutic drug 

monitoring has been established and incorporated in algorithms for patients with symptoms

suggestive for loss of response on anti-TNF maintenance therapy.71, 110-112

Several factors have been identified to affect serum concentrations of anti-TNF 

antibodies, such as body weight, neutralizing anti-drug antibodies and concomitant use of

immunomodulators.73, 88, 113

Figure 6: Factors that have been identified or suggested to affect anti-TNF drug levels.

Furthermore, high CRP and low serum albumin, both reflecting a high inflammatory load,

have also been suggested to have an impact on anti-TNF drug levels, but clinical data,

especially regarding IFX induction in ulcerative colitis, are scarce.74, 79, 114 Most 

pharmacokinetic data available are derived from IFX maintenance therapy studies, 

pharmacokinetic population computer modelling or from studies involving patients with

rheumatoid arthritis.102, 113-116 Specifically in patients with severe UC, the situation seems to 

be considerably different with massive presence of (mucosal) inflammation, severe ulceration 

and potential fecal loss of proteins.

Chapter 1

Outline of this thesis: therapeutic drug monitoring based on inflammatory markers 

Clinical observations suggest that patients with severe UC may benefit from higher 

than standard doses of anti-TNF.117, 118 Those patients likely have a higher serum and 

mucosal TNF burden that acts as a ‘sponge’ or antigen sink to quickly absorb and bind anti-

TNF monoclonal antibodies and may lead to insufficient therapeutic exposure.  

We hypothesize that patients with severe IBD exert rapid clearance and might not 

receive sufficient anti-TNF to suppress the amounts of TNF, resulting in primary non-

response.119, 120 Furthermore, we postulate that in patients with severe ulcerative colitis, 

therapeutic antibodies may be lost in feces, through ulcerated and denuded mucosa. This 

might increase clearance and affect pharmacokinetics of anti-TNF agents. Understanding of 

the inflammatory burden and drug levels in these patients is needed to individualize drug 

dosing and optimize anti-TNF therapy in patients with IBD.  

This thesis will therefore focus on the research question: Can assessment of the 

inflammatory load and drug levels help to optimize the outcomes of anti-TNF therapy in 

patients with IBD? 

Chapter 2 discusses several markers to measure inflammatory load in patients with 

UC, compared to leukocyte scintigraphy. Chapter 3 demonstrates that disease localization 

influences fecal calprotectin levels in patients with ileal or (ileo)colonic Crohn’s disease. 

Chapter 4 introduces a new concept of fecal loss of IFX which may contribute to primary 

non-response in severe colitis. Chapter 5 reports on early formation of anti-drug antibodies 

and how inflammatory load affects the pharmacokinetics of IFX induction therapy in UC. 

Chapter 6 presents the analysis of several factors that influence the PK in a large cohort of 

IBD patients. Chapter 7 shows that supratherapeutic anti-TNF levels are correlated with 

impaired quality of life in patients with IBD in clinical and biochemical remission on anti-TNF 

maintenance therapy. Chapter 8 establishes the correlation between IFX serum levels and 

disease activity in children with IBD. Chapter 9 investigates the effect of IFX retreatment 

after consecutive discontinuation of IFX and adalimumab in refractory CD. Chapter 10 

discusses the contribution of this thesis to the optimization of anti-TNF therapy based on 

markers for response and how inflammatory load affects the pharmacokinetics of infliximab 

and provides future perspectives. 

General introduction and outline of this thesis



500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse

20

REFERENCES 

1. Cosnes J, Gower-Rousseau C, Seksik P, et al. Epidemiology and natural history of
inflammatory bowel diseases. Gastroenterology 2011;140:1785-94.

2. Vind I, Riis L, Jess T, et al. Increasing incidences of inflammatory bowel disease and
decreasing surgery rates in Copenhagen City and County, 2003-2005: a population-based
study from the Danish Crohn colitis database. Am J Gastroenterol 2006;101:1274-82.

3. Molodecky NA, Soon IS, Rabi DM, et al. Increasing incidence and prevalence of the
inflammatory bowel diseases with time, based on systematic review. Gastroenterology
2012;142:46-54.e42; quiz e30.

4. Burisch J, Jess T, Martinato M, et al. The burden of inflammatory bowel disease in Europe. J
Crohns Colitis 2013;7:322-37.

5. Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis of inflammatory bowel disease.
Nature 2011;474:307-17.

6. Ng SC, Bernstein CN, Vatn MH, et al. Geographical variability and environmental risk factors
in inflammatory bowel disease. Gut 2013;62:630-49.

7. Cosnes J, Cattan S, Blain A, et al. Long-term evolution of disease behavior of Crohn's
disease. Inflamm Bowel Dis 2002;8:244-50.

8. Gasche C, Scholmerich J, Brynskov J, et al. A simple classification of Crohn's disease: report
of the Working Party for the World Congresses of Gastroenterology, Vienna 1998. Inflamm
Bowel Dis 2000;6:8-15.

9. Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated clinical, molecular and
serological classification of inflammatory bowel disease: report of a Working Party of the 2005
Montreal World Congress of Gastroenterology. Can J Gastroenterol 2005;19 Suppl A:5A-36A.

10. D'Haens G, Geboes K, Peeters M, et al. Patchy cecal inflammation associated with distal
ulcerative colitis: a prospective endoscopic study. Am J Gastroenterol 1997;92:1275-9.

11. Rubin DT, Rothe JA. The peri-appendiceal red patch in ulcerative colitis: review of the
University of Chicago experience. Dig Dis Sci 2010;55:3495-501.

12. Baumgart DC, Sandborn WJ. Inflammatory bowel disease: clinical aspects and established
and evolving therapies. Lancet 2007;369:1641-57.

13. Langholz E, Munkholm P, Davidsen M, et al. Course of ulcerative colitis: analysis of changes
in disease activity over years. Gastroenterology 1994;107:3-11.

14. Best WR, Becktel JM, Singleton JW, et al. Development of a Crohn's disease activity index.
National Cooperative Crohn's Disease Study. Gastroenterology 1976;70:439-44.

15. Harvey RF, Bradshaw JM. A simple index of Crohn's-disease activity. Lancet 1980;1:514.
16. Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-aminosalicylic acid therapy for mildly

to moderately active ulcerative colitis. A randomized study. N Engl J Med 1987;317:1625-9.
17. Walmsley RS, Ayres RC, Pounder RE, et al. A simple clinical colitis activity index. Gut

1998;43:29-32.
18. Peyrin-Biroulet L, Reinisch W, Colombel J-F, et al. Clinical disease activity, C-reactive protein

normalisation and mucosal healing in Crohn's disease in the SONIC trial. Gut 2014;63:88-95.
19. D'Haens G, Sandborn WJ, Feagan BG, et al. A review of activity indices and efficacy end

points for clinical trials of medical therapy in adults with ulcerative colitis. Gastroenterology
2007;132:763-86.

20. Annese V, Daperno M, Rutter MD, et al. European evidence based consensus for endoscopy
in inflammatory bowel disease. J Crohns Colitis 2013;7:982-1018.

21. Mary JY, Modigliani R. Development and validation of an endoscopic index of the severity for
Crohn's disease: a prospective multicentre study. Groupe d'Etudes Therapeutiques des
Affections Inflammatoires du Tube Digestif (GETAID). Gut 1989;30:983-9.

22. Travis SP, Schnell D, Krzeski P, et al. Reliability and initial validation of the ulcerative colitis
endoscopic index of severity. Gastroenterology 2013;145:987-95.

23. Feagan BG, Sandborn WJ, D'Haens G, et al. The role of centralized reading of endoscopy in
a randomized controlled trial of mesalamine for ulcerative colitis. Gastroenterology
2013;145:149-157 e2.

24. Geboes K, Riddell R, Ost A, et al. A reproducible grading scale for histological assessment of
inflammation in ulcerative colitis. Gut 2000;47:404-9.

25. Vermeire S, Van Assche G, Rutgeerts P. Laboratory markers in IBD: useful, magic, or
unnecessary toys? Gut 2006;55:426-31.

Chapter 1

26. Solem CA, Loftus EV, Jr., Tremaine WJ, et al. Correlation of C-reactive protein with clinical,
endoscopic, histologic, and radiographic activity in inflammatory bowel disease. Inflamm
Bowel Dis 2005;11:707-12.

27. Henriksen M, Jahnsen J, Lygren I, et al. C-reactive protein: a predictive factor and marker of
inflammation in inflammatory bowel disease. Results from a prospective population-based
study. Gut 2008;57:1518-23.

28. Ho GT, Mowat C, Goddard CJ, et al. Predicting the outcome of severe ulcerative colitis:
development of a novel risk score to aid early selection of patients for second-line medical
therapy or surgery. Aliment Pharmacol Ther 2004;19:1079-87.

29. Gardiner KR, Halliday MI, Barclay GR, et al. Significance of systemic endotoxaemia in
inflammatory bowel disease. Gut 1995;36:897-901.

30. Martinez-Borra J, Lopez-Larrea C, Gonzalez S, et al. High serum tumor necrosis factor-alpha
levels are associated with lack of response to infliximab in fistulizing Crohn's disease. Am J
Gastroenterol 2002;97:2350-6.

31. Olsen T, Goll R, Cui G, et al. Tissue levels of tumor necrosis factor-alpha correlates with
grade of inflammation in untreated ulcerative colitis. Scand J Gastroenterol 2007;42:1312-20.

32. Lacruz-Guzman D, Torres-Moreno D, Pedrero F, et al. Influence of polymorphisms and TNF
and IL1beta serum concentration on the infliximab response in Crohn's disease and ulcerative
colitis. Eur J Clin Pharmacol 2013;69:431-8.

33. Kopylov U, Rosenfeld G, Bressler B, et al. Clinical utility of fecal biomarkers for the diagnosis
and management of inflammatory bowel disease. Inflamm Bowel Dis 2014;20:742-56.

34. van Rheenen PF, Van de Vijver E, Fidler V. Faecal calprotectin for screening of patients with
suspected inflammatory bowel disease: diagnostic meta-analysis. BMJ 2010;341:c3369.

35. Schoepfer AM, Beglinger C, Straumann A, et al. Ulcerative colitis: correlation of the
Rachmilewitz endoscopic activity index with fecal calprotectin, clinical activity, C-reactive
protein, and blood leukocytes. Inflamm Bowel Dis 2009;15:1851-8.

36. Schoepfer AM, Beglinger C, Straumann A, et al. Fecal calprotectin correlates more closely
with the Simple Endoscopic Score for Crohn's disease (SES-CD) than CRP, blood leukocytes,
and the CDAI. Am J Gastroenterol 2010;105:162-9.

37. D'Haens G, Ferrante M, Vermeire S, et al. Fecal calprotectin is a surrogate marker for
endoscopic lesions in inflammatory bowel disease. Inflamm Bowel Dis 2012;18:2218-24.

38. Labaere D, Smismans A, Van Olmen A, et al. Comparison of six different calprotectin assays
for the assessment of inflammatory bowel disease. United European Gastroenterol J
2014;2:30-7.

39. Lasson A, Stotzer P-O, Öhman L, et al. The Intra-Individual Variability of Faecal Calprotectin:
A Prospective Study In Patients With Active Ulcerative Colitis, 2015.

40. Dumoulin EN, Van Biervliet S, Langlois MR, et al. Proteolysis is a confounding factor in the
interpretation of faecal calprotectin. Clin Chem Lab Med 2015;53:65-71.

41. Sandborn WJ, Regula J, Feagan BG, et al. Delayed-release oral mesalamine 4.8 g/day (800-
mg tablet) is effective for patients with moderately active ulcerative colitis. Gastroenterology
2009;137:1934-43.e1-3.

42. Sandborn WJ, Korzenik J, Lashner B, et al. Once-daily dosing of delayed-release oral
mesalamine (400-mg tablet) is as effective as twice-daily dosing for maintenance of remission
of ulcerative colitis. Gastroenterology 2010;138:1286-96, 1296.e1-3.

43. Gionchetti P, Rizzello F, Venturi A, et al. Comparison of mesalazine suppositories in proctitis
and distal proctosigmoiditis. Aliment Pharmacol Ther 1997;11:1053-7.

44. Marteau P, Probert CS, Lindgren S, et al. Combined oral and enema treatment with Pentasa
(mesalazine) is superior to oral therapy alone in patients with extensive mild/moderate active
ulcerative colitis: a randomised, double blind, placebo controlled study. Gut 2005;54:960-5.

45. Dignass A, Lindsay JO, Sturm A, et al. Second European evidence-based consensus on the
diagnosis and management of ulcerative colitis part 2: current management. J Crohns Colitis
2012;6:991-1030.

46. Kane SV, Schoenfeld P, Sandborn WJ, et al. The effectiveness of budesonide therapy for
Crohn's disease. Aliment Pharmacol Ther 2002;16:1509-17.

47. Dignass A, Van Assche G, Lindsay JO, et al. The second European evidence-based
Consensus on the diagnosis and management of Crohn's disease: Current management. J
Crohns Colitis 2010;4:28-62.

48. Truelove SC, Witts LJ. Cortisone in ulcerative colitis; preliminary report on a therapeutic trial.
Br Med J 1954;2:375-8.

General introduction and outline of this thesis



500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse

1

21

REFERENCES

1. Cosnes J, Gower-Rousseau C, Seksik P, et al. Epidemiology and natural history of
inflammatory bowel diseases. Gastroenterology 2011;140:1785-94.

2. Vind I, Riis L, Jess T, et al. Increasing incidences of inflammatory bowel disease and
decreasing surgery rates in Copenhagen City and County, 2003-2005: a population-based
study from the Danish Crohn colitis database. Am J Gastroenterol 2006;101:1274-82.

3. Molodecky NA, Soon IS, Rabi DM, et al. Increasing incidence and prevalence of the
inflammatory bowel diseases with time, based on systematic review. Gastroenterology
2012;142:46-54.e42; quiz e30.

4. Burisch J, Jess T, Martinato M, et al. The burden of inflammatory bowel disease in Europe. J
Crohns Colitis 2013;7:322-37.

5. Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis of inflammatory bowel disease.
Nature 2011;474:307-17.

6. Ng SC, Bernstein CN, Vatn MH, et al. Geographical variability and environmental risk factors
in inflammatory bowel disease. Gut 2013;62:630-49.

7. Cosnes J, Cattan S, Blain A, et al. Long-term evolution of disease behavior of Crohn's
disease. Inflamm Bowel Dis 2002;8:244-50.

8. Gasche C, Scholmerich J, Brynskov J, et al. A simple classification of Crohn's disease: report
of the Working Party for the World Congresses of Gastroenterology, Vienna 1998. Inflamm
Bowel Dis 2000;6:8-15.

9. Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated clinical, molecular and
serological classification of inflammatory bowel disease: report of a Working Party of the 2005
Montreal World Congress of Gastroenterology. Can J Gastroenterol 2005;19 Suppl A:5A-36A.

10. D'Haens G, Geboes K, Peeters M, et al. Patchy cecal inflammation associated with distal
ulcerative colitis: a prospective endoscopic study. Am J Gastroenterol 1997;92:1275-9.

11. Rubin DT, Rothe JA. The peri-appendiceal red patch in ulcerative colitis: review of the
University of Chicago experience. Dig Dis Sci 2010;55:3495-501.

12. Baumgart DC, Sandborn WJ. Inflammatory bowel disease: clinical aspects and established
and evolving therapies. Lancet 2007;369:1641-57.

13. Langholz E, Munkholm P, Davidsen M, et al. Course of ulcerative colitis: analysis of changes
in disease activity over years. Gastroenterology 1994;107:3-11.

14. Best WR, Becktel JM, Singleton JW, et al. Development of a Crohn's disease activity index.
National Cooperative Crohn's Disease Study. Gastroenterology 1976;70:439-44.

15. Harvey RF, Bradshaw JM. A simple index of Crohn's-disease activity. Lancet 1980;1:514.
16. Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-aminosalicylic acid therapy for mildly

to moderately active ulcerative colitis. A randomized study. N Engl J Med 1987;317:1625-9.
17. Walmsley RS, Ayres RC, Pounder RE, et al. A simple clinical colitis activity index. Gut

1998;43:29-32.
18. Peyrin-Biroulet L, Reinisch W, Colombel J-F, et al. Clinical disease activity, C-reactive protein

normalisation and mucosal healing in Crohn's disease in the SONIC trial. Gut 2014;63:88-95.
19. D'Haens G, Sandborn WJ, Feagan BG, et al. A review of activity indices and efficacy end

points for clinical trials of medical therapy in adults with ulcerative colitis. Gastroenterology
2007;132:763-86.

20. Annese V, Daperno M, Rutter MD, et al. European evidence based consensus for endoscopy
in inflammatory bowel disease. J Crohns Colitis 2013;7:982-1018.

21. Mary JY, Modigliani R. Development and validation of an endoscopic index of the severity for
Crohn's disease: a prospective multicentre study. Groupe d'Etudes Therapeutiques des
Affections Inflammatoires du Tube Digestif (GETAID). Gut 1989;30:983-9.

22. Travis SP, Schnell D, Krzeski P, et al. Reliability and initial validation of the ulcerative colitis
endoscopic index of severity. Gastroenterology 2013;145:987-95.

23. Feagan BG, Sandborn WJ, D'Haens G, et al. The role of centralized reading of endoscopy in
a randomized controlled trial of mesalamine for ulcerative colitis. Gastroenterology
2013;145:149-157 e2.

24. Geboes K, Riddell R, Ost A, et al. A reproducible grading scale for histological assessment of
inflammation in ulcerative colitis. Gut 2000;47:404-9.

25. Vermeire S, Van Assche G, Rutgeerts P. Laboratory markers in IBD: useful, magic, or
unnecessary toys? Gut 2006;55:426-31.

Chapter 1

26. Solem CA, Loftus EV, Jr., Tremaine WJ, et al. Correlation of C-reactive protein with clinical,
endoscopic, histologic, and radiographic activity in inflammatory bowel disease. Inflamm
Bowel Dis 2005;11:707-12.

27. Henriksen M, Jahnsen J, Lygren I, et al. C-reactive protein: a predictive factor and marker of
inflammation in inflammatory bowel disease. Results from a prospective population-based
study. Gut 2008;57:1518-23.

28. Ho GT, Mowat C, Goddard CJ, et al. Predicting the outcome of severe ulcerative colitis:
development of a novel risk score to aid early selection of patients for second-line medical
therapy or surgery. Aliment Pharmacol Ther 2004;19:1079-87.

29. Gardiner KR, Halliday MI, Barclay GR, et al. Significance of systemic endotoxaemia in
inflammatory bowel disease. Gut 1995;36:897-901.

30. Martinez-Borra J, Lopez-Larrea C, Gonzalez S, et al. High serum tumor necrosis factor-alpha
levels are associated with lack of response to infliximab in fistulizing Crohn's disease. Am J
Gastroenterol 2002;97:2350-6.

31. Olsen T, Goll R, Cui G, et al. Tissue levels of tumor necrosis factor-alpha correlates with
grade of inflammation in untreated ulcerative colitis. Scand J Gastroenterol 2007;42:1312-20.

32. Lacruz-Guzman D, Torres-Moreno D, Pedrero F, et al. Influence of polymorphisms and TNF
and IL1beta serum concentration on the infliximab response in Crohn's disease and ulcerative
colitis. Eur J Clin Pharmacol 2013;69:431-8.

33. Kopylov U, Rosenfeld G, Bressler B, et al. Clinical utility of fecal biomarkers for the diagnosis
and management of inflammatory bowel disease. Inflamm Bowel Dis 2014;20:742-56.

34. van Rheenen PF, Van de Vijver E, Fidler V. Faecal calprotectin for screening of patients with
suspected inflammatory bowel disease: diagnostic meta-analysis. BMJ 2010;341:c3369.

35. Schoepfer AM, Beglinger C, Straumann A, et al. Ulcerative colitis: correlation of the
Rachmilewitz endoscopic activity index with fecal calprotectin, clinical activity, C-reactive
protein, and blood leukocytes. Inflamm Bowel Dis 2009;15:1851-8.

36. Schoepfer AM, Beglinger C, Straumann A, et al. Fecal calprotectin correlates more closely
with the Simple Endoscopic Score for Crohn's disease (SES-CD) than CRP, blood leukocytes,
and the CDAI. Am J Gastroenterol 2010;105:162-9.

37. D'Haens G, Ferrante M, Vermeire S, et al. Fecal calprotectin is a surrogate marker for
endoscopic lesions in inflammatory bowel disease. Inflamm Bowel Dis 2012;18:2218-24.

38. Labaere D, Smismans A, Van Olmen A, et al. Comparison of six different calprotectin assays
for the assessment of inflammatory bowel disease. United European Gastroenterol J
2014;2:30-7.

39. Lasson A, Stotzer P-O, Öhman L, et al. The Intra-Individual Variability of Faecal Calprotectin:
A Prospective Study In Patients With Active Ulcerative Colitis, 2015.

40. Dumoulin EN, Van Biervliet S, Langlois MR, et al. Proteolysis is a confounding factor in the
interpretation of faecal calprotectin. Clin Chem Lab Med 2015;53:65-71.

41. Sandborn WJ, Regula J, Feagan BG, et al. Delayed-release oral mesalamine 4.8 g/day (800-
mg tablet) is effective for patients with moderately active ulcerative colitis. Gastroenterology
2009;137:1934-43.e1-3.

42. Sandborn WJ, Korzenik J, Lashner B, et al. Once-daily dosing of delayed-release oral
mesalamine (400-mg tablet) is as effective as twice-daily dosing for maintenance of remission
of ulcerative colitis. Gastroenterology 2010;138:1286-96, 1296.e1-3.

43. Gionchetti P, Rizzello F, Venturi A, et al. Comparison of mesalazine suppositories in proctitis
and distal proctosigmoiditis. Aliment Pharmacol Ther 1997;11:1053-7.

44. Marteau P, Probert CS, Lindgren S, et al. Combined oral and enema treatment with Pentasa
(mesalazine) is superior to oral therapy alone in patients with extensive mild/moderate active
ulcerative colitis: a randomised, double blind, placebo controlled study. Gut 2005;54:960-5.

45. Dignass A, Lindsay JO, Sturm A, et al. Second European evidence-based consensus on the
diagnosis and management of ulcerative colitis part 2: current management. J Crohns Colitis
2012;6:991-1030.

46. Kane SV, Schoenfeld P, Sandborn WJ, et al. The effectiveness of budesonide therapy for
Crohn's disease. Aliment Pharmacol Ther 2002;16:1509-17.

47. Dignass A, Van Assche G, Lindsay JO, et al. The second European evidence-based
Consensus on the diagnosis and management of Crohn's disease: Current management. J
Crohns Colitis 2010;4:28-62.

48. Truelove SC, Witts LJ. Cortisone in ulcerative colitis; preliminary report on a therapeutic trial.
Br Med J 1954;2:375-8.

General introduction and outline of this thesis



500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse

22

49. Faubion WA, Jr., Loftus EV, Jr., Harmsen WS, et al. The natural history of corticosteroid
therapy for inflammatory bowel disease: a population-based study. Gastroenterology
2001;121:255-60.

50. Travis SP, Farrant JM, Ricketts C, et al. Predicting outcome in severe ulcerative colitis. Gut
1996;38:905-10.

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

52. Cassinotti A, Actis GC, Duca P, et al. Maintenance treatment with azathioprine in ulcerative
colitis: outcome and predictive factors after drug withdrawal. Am J Gastroenterol
2009;104:2760-7.

53. Candy S, Wright J, Gerber M, et al. A controlled double blind study of azathioprine in the
management of Crohn's disease. Gut 1995;37:674-8.

54. Tracey D, Klareskog L, Sasso EH, et al. Tumor necrosis factor antagonist mechanisms of
action: a comprehensive review. Pharmacol Ther 2008;117:244-79.

55. Atreya R, Zimmer M, Bartsch B, et al. Antibodies against tumor necrosis factor (TNF) induce
T-cell apoptosis in patients with inflammatory bowel diseases via TNF receptor 2 and intestinal
CD14(+) macrophages. Gastroenterology 2011;141:2026-38.

56. Vos AC, Wildenberg ME, Duijvestein M, et al. Anti-tumor necrosis factor-alpha antibodies
induce regulatory macrophages in an Fc region-dependent manner. Gastroenterology
2011;140:221-30.

57. Derkx B, Taminiau J, Radema S, et al. Tumour-necrosis-factor antibody treatment in Crohn's
disease. Lancet 1993;342:173-4.

58. Hanauer SB, Feagan BG, Lichtenstein GR, et al. Maintenance infliximab for Crohn's disease:
the ACCENT I randomised trial. Lancet 2002;359:1541-9.

59. Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for induction and maintenance
therapy for ulcerative colitis. N Engl J Med 2005;353:2462-76.

60. Rutgeerts P, Van Assche G, Sandborn WJ, et al. Adalimumab induces and maintains mucosal
healing in patients with Crohn's disease: data from the EXTEND trial. Gastroenterology
2012;142:1102-1111 e2.

61. Sandborn WJ, van Assche G, Reinisch W, et al. Adalimumab induces and maintains clinical
remission in patients with moderate-to-severe ulcerative colitis. Gastroenterology
2012;142:257-65 e1-3.

62. Sandborn WJ, Feagan BG, Marano C, et al. Subcutaneous golimumab induces clinical
response and remission in patients with moderate-to-severe ulcerative colitis.
Gastroenterology 2014;146:85-95; quiz e14-5.

63. Sandborn WJ, Feagan BG, Marano C, et al. Subcutaneous golimumab maintains clinical
response in patients with moderate-to-severe ulcerative colitis. Gastroenterology 2014;146:96-
109 e1.

64. Panaccione R, Ghosh S, Middleton S, et al. Combination therapy with infliximab and
azathioprine is superior to monotherapy with either agent in ulcerative colitis.
Gastroenterology 2014;146:392-400 e3.

65. D'Haens G, Lemmens L, Geboes K, et al. Intravenous cyclosporine versus intravenous
corticosteroids as single therapy for severe attacks of ulcerative colitis. Gastroenterology
2001;120:1323-9.

66. Lichtiger S, Present DH, Kornbluth A, et al. Cyclosporine in severe ulcerative colitis refractory
to steroid therapy. N Engl J Med 1994;330:1841-5.

67. Laharie D, Bourreille A, Branche J, et al. Ciclosporin versus infliximab in patients with severe
ulcerative colitis refractory to intravenous steroids: a parallel, open-label randomised
controlled trial. Lancet 2012;380:1909-15.

68. Sandborn WJ, Feagan BG, Rutgeerts P, et al. Vedolizumab as induction and maintenance
therapy for Crohn's disease. N Engl J Med 2013;369:711-21.

69. Feagan BG, Rutgeerts P, Sands BE, et al. Vedolizumab as induction and maintenance
therapy for ulcerative colitis. N Engl J Med 2013;369:699-710.

70. van der Valk ME, Mangen MJ, Leenders M, et al. Healthcare costs of inflammatory bowel
disease have shifted from hospitalisation and surgery towards anti-TNFalpha therapy: results
from the COIN study. Gut 2014;63:72-9.

71. Ben-Horin S, Chowers Y. Review article: loss of response to anti-TNF treatments in Crohn's
disease. Aliment Pharmacol Ther 2011;33:987-95.

Chapter 1

72. Papamichael K, Gils A, Rutgeerts P, et al. Role for therapeutic drug monitoring during
induction therapy with TNF antagonists in IBD: evolution in the definition and management of
primary nonresponse. Inflamm Bowel Dis 2015;21:182-97.

73. Baert F, Noman M, Vermeire S, et al. Influence of immunogenicity on the long-term efficacy of
infliximab in Crohn's disease. N Engl J Med 2003;348:601-8.

74. Maser EA, Villela R, Silverberg MS, et al. Association of trough serum infliximab to clinical
outcome after scheduled maintenance treatment for Crohn's disease. Clin Gastroenterol
Hepatol 2006;4:1248-54.

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

76. Watier H. Variability factors in the clinical response to recombinant antibodies and IgG Fc-
containing fusion proteins. Expert Opin Biol Ther 2005;5 Suppl 1:S29-36.

77. Brinks V, Jiskoot W, Schellekens H. Immunogenicity of therapeutic proteins: the use of animal
models. Pharm Res 2011;28:2379-85.

78. Suzuki T, Ishii-Watabe A, Tada M, et al. Importance of neonatal FcR in regulating the serum
half-life of therapeutic proteins containing the Fc domain of human IgG1: a comparative study
of the affinity of monoclonal antibodies and Fc-fusion proteins to human neonatal FcR. J
Immunol 2010;184:1968-76.

79. Ordas I, Mould DR, Feagan BG, et al. Anti-TNF monoclonal antibodies in inflammatory bowel
disease: pharmacokinetics-based dosing paradigms. Clin Pharmacol Ther 2012;91:635-46.

80. Frederiksen MT, Ainsworth MA, Brynskov J, et al. Antibodies against infliximab are associated
with de novo development of antibodies to adalimumab and therapeutic failure in infliximab-to-
adalimumab switchers with IBD. Inflamm Bowel Dis 2014;20:1714-21.

81. Billiet T, Vande Casteele N, Van Stappen T, et al. Immunogenicity to infliximab is associated
with HLA-DRB1. Gut 2015;64:1344-5.

82. Ternant D, Paintaud G. Pharmacokinetics and concentration-effect relationships of therapeutic
monoclonal antibodies and fusion proteins. Expert Opin Biol Ther 2005;5 Suppl 1:S37-47.

83. Tabrizi MA, Tseng CM, Roskos LK. Elimination mechanisms of therapeutic monoclonal
antibodies. Drug Discov Today 2006;11:81-8.

84. Mould DR, Green B. Pharmacokinetics and pharmacodynamics of monoclonal antibodies:
concepts and lessons for drug development. BioDrugs 2010;24:23-39.

85. Louis E, Mary JY, Vernier-Massouille G, et al. Maintenance of remission among patients with
Crohn's disease on antimetabolite therapy after infliximab therapy is stopped.
Gastroenterology 2012;142:63-70 e5; quiz e31.

86. Rutgeerts P, Feagan BG, Lichtenstein GR, et al. Comparison of scheduled and episodic
treatment strategies of infliximab in Crohn's disease. Gastroenterology 2004;126:402-13.

87. Rutgeerts P, Diamond RH, Bala M, et al. Scheduled maintenance treatment with infliximab is
superior to episodic treatment for the healing of mucosal ulceration associated with Crohn's
disease. Gastrointest Endosc 2006;63:433-42; quiz 464.

88. Colombel JF, Sandborn WJ, Reinisch W, et al. Infliximab, azathioprine, or combination
therapy for Crohn's disease. N Engl J Med 2010;362:1383-95.

89. Baert F, Drobne D, Gils A, et al. Early trough levels and antibodies to infliximab predict safety
and success of reinitiation of infliximab therapy. Clin Gastroenterol Hepatol 2014;12:1474-
81.e2; quiz e91.

90. Reenaers C, Louis E, Belaiche J, et al. Does co-treatment with immunosuppressors improve
outcome in patients with Crohn's disease treated with adalimumab? Aliment Pharmacol Ther
2012;36:1040-8.

91. Farrell RJ, Alsahli M, Jeen YT, et al. Intravenous hydrocortisone premedication reduces
antibodies to infliximab in Crohn's disease: a randomized controlled trial. Gastroenterology
2003;124:917-24.

92. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab maintenance therapy for fistulizing
Crohn's disease. N Engl J Med 2004;350:876-85.

93. Ben-Horin S, Mazor Y, Yanai H, et al. The decline of anti-drug antibody titres after
discontinuation of anti-TNFs: implications for predicting re-induction outcome in IBD. Aliment
Pharmacol Ther 2012;35:714-22.

94. Steenholdt C, Al-khalaf M, Brynskov J, et al. Clinical implications of variations in anti-infliximab
antibody levels in patients with inflammatory bowel disease. Inflamm Bowel Dis 2012;18:2209-
17.

95. Vande Casteele N, Gils A, Singh S, et al. Antibody response to infliximab and its impact on
pharmacokinetics can be transient. Am J Gastroenterol 2013;108:962-71.

General introduction and outline of this thesis



500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse

1

23

49. Faubion WA, Jr., Loftus EV, Jr., Harmsen WS, et al. The natural history of corticosteroid
therapy for inflammatory bowel disease: a population-based study. Gastroenterology
2001;121:255-60.

50. Travis SP, Farrant JM, Ricketts C, et al. Predicting outcome in severe ulcerative colitis. Gut
1996;38:905-10.

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

52. Cassinotti A, Actis GC, Duca P, et al. Maintenance treatment with azathioprine in ulcerative
colitis: outcome and predictive factors after drug withdrawal. Am J Gastroenterol
2009;104:2760-7.

53. Candy S, Wright J, Gerber M, et al. A controlled double blind study of azathioprine in the
management of Crohn's disease. Gut 1995;37:674-8.

54. Tracey D, Klareskog L, Sasso EH, et al. Tumor necrosis factor antagonist mechanisms of
action: a comprehensive review. Pharmacol Ther 2008;117:244-79.

55. Atreya R, Zimmer M, Bartsch B, et al. Antibodies against tumor necrosis factor (TNF) induce
T-cell apoptosis in patients with inflammatory bowel diseases via TNF receptor 2 and intestinal
CD14(+) macrophages. Gastroenterology 2011;141:2026-38.

56. Vos AC, Wildenberg ME, Duijvestein M, et al. Anti-tumor necrosis factor-alpha antibodies
induce regulatory macrophages in an Fc region-dependent manner. Gastroenterology
2011;140:221-30.

57. Derkx B, Taminiau J, Radema S, et al. Tumour-necrosis-factor antibody treatment in Crohn's
disease. Lancet 1993;342:173-4.

58. Hanauer SB, Feagan BG, Lichtenstein GR, et al. Maintenance infliximab for Crohn's disease:
the ACCENT I randomised trial. Lancet 2002;359:1541-9.

59. Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for induction and maintenance
therapy for ulcerative colitis. N Engl J Med 2005;353:2462-76.

60. Rutgeerts P, Van Assche G, Sandborn WJ, et al. Adalimumab induces and maintains mucosal
healing in patients with Crohn's disease: data from the EXTEND trial. Gastroenterology
2012;142:1102-1111 e2.

61. Sandborn WJ, van Assche G, Reinisch W, et al. Adalimumab induces and maintains clinical
remission in patients with moderate-to-severe ulcerative colitis. Gastroenterology
2012;142:257-65 e1-3.

62. Sandborn WJ, Feagan BG, Marano C, et al. Subcutaneous golimumab induces clinical
response and remission in patients with moderate-to-severe ulcerative colitis.
Gastroenterology 2014;146:85-95; quiz e14-5.

63. Sandborn WJ, Feagan BG, Marano C, et al. Subcutaneous golimumab maintains clinical
response in patients with moderate-to-severe ulcerative colitis. Gastroenterology 2014;146:96-
109 e1.

64. Panaccione R, Ghosh S, Middleton S, et al. Combination therapy with infliximab and
azathioprine is superior to monotherapy with either agent in ulcerative colitis.
Gastroenterology 2014;146:392-400 e3.

65. D'Haens G, Lemmens L, Geboes K, et al. Intravenous cyclosporine versus intravenous
corticosteroids as single therapy for severe attacks of ulcerative colitis. Gastroenterology
2001;120:1323-9.

66. Lichtiger S, Present DH, Kornbluth A, et al. Cyclosporine in severe ulcerative colitis refractory
to steroid therapy. N Engl J Med 1994;330:1841-5.

67. Laharie D, Bourreille A, Branche J, et al. Ciclosporin versus infliximab in patients with severe
ulcerative colitis refractory to intravenous steroids: a parallel, open-label randomised
controlled trial. Lancet 2012;380:1909-15.

68. Sandborn WJ, Feagan BG, Rutgeerts P, et al. Vedolizumab as induction and maintenance
therapy for Crohn's disease. N Engl J Med 2013;369:711-21.

69. Feagan BG, Rutgeerts P, Sands BE, et al. Vedolizumab as induction and maintenance
therapy for ulcerative colitis. N Engl J Med 2013;369:699-710.

70. van der Valk ME, Mangen MJ, Leenders M, et al. Healthcare costs of inflammatory bowel
disease have shifted from hospitalisation and surgery towards anti-TNFalpha therapy: results
from the COIN study. Gut 2014;63:72-9.

71. Ben-Horin S, Chowers Y. Review article: loss of response to anti-TNF treatments in Crohn's
disease. Aliment Pharmacol Ther 2011;33:987-95.

Chapter 1

72. Papamichael K, Gils A, Rutgeerts P, et al. Role for therapeutic drug monitoring during
induction therapy with TNF antagonists in IBD: evolution in the definition and management of
primary nonresponse. Inflamm Bowel Dis 2015;21:182-97.

73. Baert F, Noman M, Vermeire S, et al. Influence of immunogenicity on the long-term efficacy of
infliximab in Crohn's disease. N Engl J Med 2003;348:601-8.

74. Maser EA, Villela R, Silverberg MS, et al. Association of trough serum infliximab to clinical
outcome after scheduled maintenance treatment for Crohn's disease. Clin Gastroenterol
Hepatol 2006;4:1248-54.

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

76. Watier H. Variability factors in the clinical response to recombinant antibodies and IgG Fc-
containing fusion proteins. Expert Opin Biol Ther 2005;5 Suppl 1:S29-36.

77. Brinks V, Jiskoot W, Schellekens H. Immunogenicity of therapeutic proteins: the use of animal
models. Pharm Res 2011;28:2379-85.

78. Suzuki T, Ishii-Watabe A, Tada M, et al. Importance of neonatal FcR in regulating the serum
half-life of therapeutic proteins containing the Fc domain of human IgG1: a comparative study
of the affinity of monoclonal antibodies and Fc-fusion proteins to human neonatal FcR. J
Immunol 2010;184:1968-76.

79. Ordas I, Mould DR, Feagan BG, et al. Anti-TNF monoclonal antibodies in inflammatory bowel
disease: pharmacokinetics-based dosing paradigms. Clin Pharmacol Ther 2012;91:635-46.

80. Frederiksen MT, Ainsworth MA, Brynskov J, et al. Antibodies against infliximab are associated
with de novo development of antibodies to adalimumab and therapeutic failure in infliximab-to-
adalimumab switchers with IBD. Inflamm Bowel Dis 2014;20:1714-21.

81. Billiet T, Vande Casteele N, Van Stappen T, et al. Immunogenicity to infliximab is associated
with HLA-DRB1. Gut 2015;64:1344-5.

82. Ternant D, Paintaud G. Pharmacokinetics and concentration-effect relationships of therapeutic
monoclonal antibodies and fusion proteins. Expert Opin Biol Ther 2005;5 Suppl 1:S37-47.

83. Tabrizi MA, Tseng CM, Roskos LK. Elimination mechanisms of therapeutic monoclonal
antibodies. Drug Discov Today 2006;11:81-8.

84. Mould DR, Green B. Pharmacokinetics and pharmacodynamics of monoclonal antibodies:
concepts and lessons for drug development. BioDrugs 2010;24:23-39.

85. Louis E, Mary JY, Vernier-Massouille G, et al. Maintenance of remission among patients with
Crohn's disease on antimetabolite therapy after infliximab therapy is stopped.
Gastroenterology 2012;142:63-70 e5; quiz e31.

86. Rutgeerts P, Feagan BG, Lichtenstein GR, et al. Comparison of scheduled and episodic
treatment strategies of infliximab in Crohn's disease. Gastroenterology 2004;126:402-13.

87. Rutgeerts P, Diamond RH, Bala M, et al. Scheduled maintenance treatment with infliximab is
superior to episodic treatment for the healing of mucosal ulceration associated with Crohn's
disease. Gastrointest Endosc 2006;63:433-42; quiz 464.

88. Colombel JF, Sandborn WJ, Reinisch W, et al. Infliximab, azathioprine, or combination
therapy for Crohn's disease. N Engl J Med 2010;362:1383-95.

89. Baert F, Drobne D, Gils A, et al. Early trough levels and antibodies to infliximab predict safety
and success of reinitiation of infliximab therapy. Clin Gastroenterol Hepatol 2014;12:1474-
81.e2; quiz e91.

90. Reenaers C, Louis E, Belaiche J, et al. Does co-treatment with immunosuppressors improve
outcome in patients with Crohn's disease treated with adalimumab? Aliment Pharmacol Ther
2012;36:1040-8.

91. Farrell RJ, Alsahli M, Jeen YT, et al. Intravenous hydrocortisone premedication reduces
antibodies to infliximab in Crohn's disease: a randomized controlled trial. Gastroenterology
2003;124:917-24.

92. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab maintenance therapy for fistulizing
Crohn's disease. N Engl J Med 2004;350:876-85.

93. Ben-Horin S, Mazor Y, Yanai H, et al. The decline of anti-drug antibody titres after
discontinuation of anti-TNFs: implications for predicting re-induction outcome in IBD. Aliment
Pharmacol Ther 2012;35:714-22.

94. Steenholdt C, Al-khalaf M, Brynskov J, et al. Clinical implications of variations in anti-infliximab
antibody levels in patients with inflammatory bowel disease. Inflamm Bowel Dis 2012;18:2209-
17.

95. Vande Casteele N, Gils A, Singh S, et al. Antibody response to infliximab and its impact on
pharmacokinetics can be transient. Am J Gastroenterol 2013;108:962-71.

General introduction and outline of this thesis



500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse

24

96. Ungar B, Chowers Y, Yavzori M, et al. The temporal evolution of antidrug antibodies in
patients with inflammatory bowel disease treated with infliximab. Gut 2014;63:1258-64.

97. Pascual-Salcedo D, Plasencia C, Ramiro S, et al. Influence of immunogenicity on the efficacy
of long-term treatment with infliximab in rheumatoid arthritis. Rheumatology (Oxford)
2011;50:1445-52.

98. Ben-Horin S, Waterman M, Kopylov U, et al. Addition of an immunomodulator to infliximab
therapy eliminates antidrug antibodies in serum and restores clinical response of patients with
inflammatory bowel disease. Clin Gastroenterol Hepatol 2013;11:444-7.

99. Wang SL, Ohrmund L, Hauenstein S, et al. Development and validation of a homogeneous
mobility shift assay for the measurement of infliximab and antibodies-to-infliximab levels in
patient serum. J Immunol Methods 2012;382:177-88.

100. Van Moerkercke W, Ackaert C, Compernolle G, et al. 405 High Infliximab Trough Levels are
Associated With Mucosal Healing in Crohn's Disease. Gastroenterology;138:S-60.

101. Bortlik M, Duricova D, Malickova K, et al. Infliximab trough levels may predict sustained
response to infliximab in patients with Crohn's disease. J Crohns Colitis 2013;7:736-43.

102. Adedokun OJ, Sandborn WJ, Feagan BG, et al. Association between serum concentration of
infliximab and efficacy in adult patients with ulcerative colitis. Gastroenterology
2014;147:1296-1307 e5.

103. Vande Casteele N, Ferrante M, Van Assche G, et al. Trough concentrations of infliximab guide
dosing for patients with inflammatory bowel disease. Gastroenterology 2015;148:1320-9.e3.

104. Karmiris K, Paintaud G, Noman M, et al. Influence of trough serum levels and immunogenicity
on long-term outcome of adalimumab therapy in Crohn's disease. Gastroenterology
2009;137:1628-40.

105. Roblin X, Marotte H, Rinaudo M, et al. Association between pharmacokinetics of adalimumab
and mucosal healing in patients with inflammatory bowel diseases. Clin Gastroenterol Hepatol
2014;12:80-84.e2.

106. Steenholdt C, Brynskov J, Thomsen OO, et al. Individualised therapy is more cost-effective
than dose intensification in patients with Crohn's disease who lose response to anti-TNF
treatment: a randomised, controlled trial. Gut 2014;63:919-27.

107. Regueiro M, Siemanowski B, Kip KE, et al. Infliximab dose intensification in Crohn's disease.
Inflamm Bowel Dis 2007;13:1093-9.

108. Hibi T, Sakuraba A, Watanabe M, et al. Retrieval of serum infliximab level by shortening the
maintenance infusion interval is correlated with clinical efficacy in Crohn's disease. Inflamm
Bowel Dis 2012;18:1480-7.

109. Katz L, Gisbert JP, Manoogian B, et al. Doubling the infliximab dose versus halving the
infusion intervals in Crohn's disease patients with loss of response. Inflamm Bowel Dis
2012;18:2026-33.

110. Ordas I, Feagan BG, Sandborn WJ. Therapeutic drug monitoring of tumor necrosis factor
antagonists in inflammatory bowel disease. Clin Gastroenterol Hepatol 2012;10:1079-87; quiz
e85-6.

111. Vermeire S, Gils A. Value of drug level testing and antibody assays in optimising biological
therapy. Frontline Gastroenterol 2013;4:41-43.

112. Vande Casteele N, Gils A. Pharmacokinetics of anti-TNF monoclonal antibodies in
inflammatory bowel disease: Adding value to current practice. J Clin Pharmacol 2015;55
Suppl 3:S39-50.

113. Dotan I, Ron Y, Yanai H, et al. Patient factors that increase infliximab clearance and shorten
half-life in inflammatory bowel disease: a population pharmacokinetic study. Inflamm Bowel
Dis 2014;20:2247-59.

114. Fasanmade AA, Adedokun OJ, Olson A, et al. Serum albumin concentration: a predictive
factor of infliximab pharmacokinetics and clinical response in patients with ulcerative colitis. Int
J Clin Pharmacol Ther 2010;48:297-308.

115. Fasanmade AA, Adedokun OJ, Ford J, et al. Population pharmacokinetic analysis of infliximab
in patients with ulcerative colitis. Eur J Clin Pharmacol 2009;65:1211-28.

116. Ternant D, Ducourau E, Perdriger A, et al. Relationship between inflammation and infliximab
pharmacokinetics in rheumatoid arthritis. Br J Clin Pharmacol 2014;78:118-28.

117. Nattiv R, Wojcicki JM, Garnett EA, et al. High-dose infliximab for treatment of pediatric
ulcerative colitis: a survey of clinical practice. World J Gastroenterol 2012;18:1229-34.

118. Rosen MJ, Minar P, Vinks AA. Review article: applying pharmacokinetics to optimise dosing of
anti-TNF biologics in acute severe ulcerative colitis. Aliment Pharmacol Ther 2015;41:1094-
103.

Chapter 1

119. Kevans D, Murthy S, Iacono A, et al. Sa2031 Accelerated Clearance of Serum Infliximab
During Induction Therapy for Acute Ulcerative Colitis is Associated With Treatment Failure.
Gastroenterology;142:S-384-S-385.

120. Mori S, Ueki Y. Primary lack of efficacy of infliximab therapy for rheumatoid arthritis:
pharmacokinetic characterization and assessment of switching to tocilizumab. Mod Rheumatol
2011;21:628-36.

General introduction and outline of this thesis



500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse500651-L-bw-Brandse

1

25

96. Ungar B, Chowers Y, Yavzori M, et al. The temporal evolution of antidrug antibodies in
patients with inflammatory bowel disease treated with infliximab. Gut 2014;63:1258-64.

97. Pascual-Salcedo D, Plasencia C, Ramiro S, et al. Influence of immunogenicity on the efficacy
of long-term treatment with infliximab in rheumatoid arthritis. Rheumatology (Oxford)
2011;50:1445-52.

98. Ben-Horin S, Waterman M, Kopylov U, et al. Addition of an immunomodulator to infliximab
therapy eliminates antidrug antibodies in serum and restores clinical response of patients with
inflammatory bowel disease. Clin Gastroenterol Hepatol 2013;11:444-7.

99. Wang SL, Ohrmund L, Hauenstein S, et al. Development and validation of a homogeneous
mobility shift assay for the measurement of infliximab and antibodies-to-infliximab levels in
patient serum. J Immunol Methods 2012;382:177-88.

100. Van Moerkercke W, Ackaert C, Compernolle G, et al. 405 High Infliximab Trough Levels are
Associated With Mucosal Healing in Crohn's Disease. Gastroenterology;138:S-60.

101. Bortlik M, Duricova D, Malickova K, et al. Infliximab trough levels may predict sustained
response to infliximab in patients with Crohn's disease. J Crohns Colitis 2013;7:736-43.

102. Adedokun OJ, Sandborn WJ, Feagan BG, et al. Association between serum concentration of
infliximab and efficacy in adult patients with ulcerative colitis. Gastroenterology
2014;147:1296-1307 e5.

103. Vande Casteele N, Ferrante M, Van Assche G, et al. Trough concentrations of infliximab guide
dosing for patients with inflammatory bowel disease. Gastroenterology 2015;148:1320-9.e3.

104. Karmiris K, Paintaud G, Noman M, et al. Influence of trough serum levels and immunogenicity
on long-term outcome of adalimumab therapy in Crohn's disease. Gastroenterology
2009;137:1628-40.

105. Roblin X, Marotte H, Rinaudo M, et al. Association between pharmacokinetics of adalimumab
and mucosal healing in patients with inflammatory bowel diseases. Clin Gastroenterol Hepatol
2014;12:80-84.e2.

106. Steenholdt C, Brynskov J, Thomsen OO, et al. Individualised therapy is more cost-effective
than dose intensification in patients with Crohn's disease who lose response to anti-TNF
treatment: a randomised, controlled trial. Gut 2014;63:919-27.

107. Regueiro M, Siemanowski B, Kip KE, et al. Infliximab dose intensification in Crohn's disease.
Inflamm Bowel Dis 2007;13:1093-9.

108. Hibi T, Sakuraba A, Watanabe M, et al. Retrieval of serum infliximab level by shortening the
maintenance infusion interval is correlated with clinical efficacy in Crohn's disease. Inflamm
Bowel Dis 2012;18:1480-7.

109. Katz L, Gisbert JP, Manoogian B, et al. Doubling the infliximab dose versus halving the
infusion intervals in Crohn's disease patients with loss of response. Inflamm Bowel Dis
2012;18:2026-33.

110. Ordas I, Feagan BG, Sandborn WJ. Therapeutic drug monitoring of tumor necrosis factor
antagonists in inflammatory bowel disease. Clin Gastroenterol Hepatol 2012;10:1079-87; quiz
e85-6.

111. Vermeire S, Gils A. Value of drug level testing and antibody assays in optimising biological
therapy. Frontline Gastroenterol 2013;4:41-43.

112. Vande Casteele N, Gils A. Pharmacokinetics of anti-TNF monoclonal antibodies in
inflammatory bowel disease: Adding value to current practice. J Clin Pharmacol 2015;55
Suppl 3:S39-50.

113. Dotan I, Ron Y, Yanai H, et al. Patient factors that increase infliximab clearance and shorten
half-life in inflammatory bowel disease: a population pharmacokinetic study. Inflamm Bowel
Dis 2014;20:2247-59.

114. Fasanmade AA, Adedokun OJ, Olson A, et al. Serum albumin concentration: a predictive
factor of infliximab pharmacokinetics and clinical response in patients with ulcerative colitis. Int
J Clin Pharmacol Ther 2010;48:297-308.

115. Fasanmade AA, Adedokun OJ, Ford J, et al. Population pharmacokinetic analysis of infliximab
in patients with ulcerative colitis. Eur J Clin Pharmacol 2009;65:1211-28.

116. Ternant D, Ducourau E, Perdriger A, et al. Relationship between inflammation and infliximab
pharmacokinetics in rheumatoid arthritis. Br J Clin Pharmacol 2014;78:118-28.

117. Nattiv R, Wojcicki JM, Garnett EA, et al. High-dose infliximab for treatment of pediatric
ulcerative colitis: a survey of clinical practice. World J Gastroenterol 2012;18:1229-34.

118. Rosen MJ, Minar P, Vinks AA. Review article: applying pharmacokinetics to optimise dosing of
anti-TNF biologics in acute severe ulcerative colitis. Aliment Pharmacol Ther 2015;41:1094-
103.

Chapter 1

119. Kevans D, Murthy S, Iacono A, et al. Sa2031 Accelerated Clearance of Serum Infliximab
During Induction Therapy for Acute Ulcerative Colitis is Associated With Treatment Failure.
Gastroenterology;142:S-384-S-385.

120. Mori S, Ueki Y. Primary lack of efficacy of infliximab therapy for rheumatoid arthritis:
pharmacokinetic characterization and assessment of switching to tocilizumab. Mod Rheumatol
2011;21:628-36.

General introduction and outline of this thesis


