
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Optimizing anti-TNF therapy in inflammatory bowel disease

Brandse, J.F.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Brandse, J. F. (2015). Optimizing anti-TNF therapy in inflammatory bowel disease. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/optimizing-antitnf-therapy-in-inflammatory-bowel-disease(be721a7a-6e56-4c4a-8628-609dc92cc26d).html


500651-L-os-Brandse500651-L-os-Brandse500651-L-os-Brandse500651-L-os-Brandse Processed on: 11_12_2015Processed on: 11_12_2015Processed on: 11_12_2015Processed on: 11_12_2015

Hanke Brandse

Hanke Brandse

Voor het bijwonen van de 
openbare verdediging
 van het proefschri� 

door:

Donderdag 17 december 2015
 om 14 uur 

in de Agnietenkapel
Oudezijdsvoorburgwal 231 

te Amsterdam

Paranimfen:

Promo�eborrel:
Vrijdag 18 december 2015  

om 21 uur in Kapitein Zeppos
Gebed Zonder End 5  

te Amsterdam

Uitnodiging

Op�mizing an����� 
�herap� in

�n�ammator� �owel
Disease

Hanke
�randse

�oli�s ulcerosa en de ziekte van �rohn� tezamen ook wel ��D �in�ammator� bowel disease� 
genoemd� zijn chronische ontstekingsziekten van de darm die vaak gepaard gaan met hevige 
buikpijn en diarree. An����� medica�e� zoals in�i�imab en adalimumab zijn e�ec�eve 
behandelingen voor deze ziekte. Deze ontstekingsremmende medicijnen� zijn echter 
kostbaar en niet alle pa��nten hebben baat bij de therapie. Dit proefschri� beschrij� hoe de 
mate van ontsteking� de an����� concentra�es in het bloed en an�sto�en tegen an����� 
elkaar be�nvloeden en hoe het meten van ontstekingswaarden en medicijnconcentra�es 
kan helpen om het e�ect van an����� therapie te voorspellen en te verbeteren in pa��nten 
met ��D.

�iet alle ��D pati�nten hebben verhoogde ontstekingswaarden in het bloed� en ook 
de waarden van calprotectine� een ontstekingseiwit in de ontlasting� wissel  afhankelijk 
van de locatie van de ziekte in de darm. �ij het inschatten van de ernst van de ontsteking 
moet de aard van de ziekte dus overwogen worden. 

Pa��nten met erns�ge coli�s ulcerosa� die geen baat hebben bij in�i�imab� blijken 
dit medicijn te verliezen in de ontlas�ng door �lekkage� van in�i�imab uit zweren in het 
darmslijmvlies. Daarnaast hebben coli�s pa��nten met veel ontsteking vaak juist lagere 
in�i�imab concentra�es in het bloed en minder genezing van de darm. �ovendien 
ontwikkelen sommige pa��nten al vroeg an�sto�en tegen in�i�imab die het medicijn 
neutraliseren waardoor het nauwelijks e�ect hee� op de darmontsteking. Het vroeg�jdig 
iden��ceren van coli�s ulcerosa pa��nten met lage in�i�imab concentra�es in het bloed 
zou het mogelijk maken om deze pa��nten meer in�i�imab toe te dienen en daarmee 
poten�eel het e�ect van in�i�imab te verbeteren. Daarentegen rapporteren pa��nten met 
onnodig hoge an����� concentra�es in het bloed een lagere kwaliteit van leven als gevolg 
van bijwerkingen. Deze pa��nten zouden mogelijk juist baat hebben bij het verminderen 
van de dosis. 

Het meten van ontsteking maakt het mogelijk om de bloedconcentra�es van in�i�imab 
beter te voorspellen en kan daarmee leiden tot het nauwkeuriger en individueler berekenen 
van de dosis die nodig is voor het op�male e�ect van an�����.
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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

General introduction and outline of this thesis
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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

General introduction and outline of this thesis
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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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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
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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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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
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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 
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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 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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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 
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ABSTRACT  

Background and aim

The correlation between the Simple Endoscopic Index for Crohn’s Disease (SES-CD) 

and fecal calprotectin is well established in (ileo)colonic Crohn’s disease (CD). 

However, for ileal CD existing data are conflicting.  The aim of this study was to 

evaluate the biomarker profile in CD patients with varying severity and location of 

mucosal ulceration. 

Methods 

An electronic patient database search identified CD patients in whom 

ileocolonoscopy, fecal calprotectin (CALPRO), serum C-reactive protein 

(CRP) and blood leukocyte counts (LEU) were measured within a four week interval 

without changes in medication. Ileocolonoscopies were scored for the presence of 

ulcers in each segment as defined by the SES-CD and the sum of segmental ulcer 

scores resulted in a partial SES-CD (pSES-CD).  

Results 

Fourty-four patients were identified of whom 9/44 had ileal CD, 20/44  colonic and 

15/44 ileocolonic CD based on the Montreal classification. In the total study 

population CALPRO correlated best with pSES-CD (r=0.76, p<0.0001), followed by 

LEU (r=0.54, p=0.0004) and CRP (r=0.45, p=0.0026). Patients with ileal CD had 

significantly lower CALPRO level than those with (ileo)colonic disease even in the 

presence of large and/or very large ulcers (mean±SEM: 297±81µg/g vs. 1523±97µg/

g, p<0.0001). LEU was also significantly lower in the presence of large and/or very 

large ulcers in ileal CD compared to those with (ileo)colonic disease 

(mean±SEM: 6.7±0.9×109/l vs. 10.6±0.8×109/l, p=0.02). A similar trend was identified 

regarding CRP levels. 

Conclusions 

Even in the presence of large or very large ulcers, patients with ileal Crohn’s may not 

have markedly elevated fecal calprotectin levels.  
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INTRODUCTION

The severity of mucosal damage in Crohn’s disease (CD) does not correlate well with

clinical symptoms.1, 2 To date, ileocolonoscopy is considered the gold standard to 

evaluate the severity of gut inflammation. To reduce costs and patient discomfort, 

several serum and fecal markers have been evaluated as tools to monitor CD activity.

Of these biomarkers, fecal calprotectin has been shown to be the most accurate in 

the detection of endoscopically active disease, followed by serum C-reactive protein

(CRP) and leukocyte count.3, 4 Additionally, erythrocyte sedimentation rate, blood 

platelet count and serum albumin level are also commonly used, although are 

regarded as less accurate markers of inflammation. Active intestinal inflammation is

associated with an acute phase reaction and migration of leukocytes to the gut.

Calprotectin represents 60% of the cytosolic protein concentration of neutrophil

granulocytes and macrophages.5 Therefore its concentration in the stool is believed 

to be proportionate to neutrophil migration to the gastrointestinal tract, which makes it

a sensitive marker of gut inflammation.6

However, existing data are conflicting with regard to fecal calprotectin concentration

and endoscopic mucosal damage in ileal as opposed to colonic or ileocolonic CD.

Recently a fecal calprotectin cut-off of >250µg/ml was suggested to indicate 

endoscopically active disease, regardless of disease localization.1 In contrast, it was

previously found that fecal calprotectin levels were significantly lower in 

endoscopically active ileal CD compared to CD with (ileo)colonic localization.3 This

may suggest that the calprotectin cut-off used for active disease is influenced by

disease localization.

Therefore, the objective of this study was to evaluate the correlation between 

mucosal ulcerations and fecal as well as serum biomarkers and to examine possible 

differences between biomarker profiles of patients with ileal and (ileo)colonic CD.
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ABSTRACT
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Methods 

Patients and study design 

A retrospective search was carried out in the patient database of the Academic 

Medical Centre, Amsterdam, to identify CD patients seen between 2011 and 2013 

who had undergone complete ileocolonoscopy and fecal calprotectin was measured 

within four weeks. Serum CRP and full blood count were additionally evaluated.  

Patients who had change in their IBD-related medication during the study period, 

patients with incomplete ileocolonoscopy, with history of aspirin or NSAID use, with 

erosive and/or ulcerative upper gastrointestinal disease, infectious gastroenteritis, 

colon polyp, colorectal cancer and total colectomy were excluded.  

The search identified 48 patients, of whom two were excluded due to incomplete 

endoscopy, one patient due to extensive bowel resection (total colectomy and ileal 

pouch anal anastomosis) and one patient due to NSAID use. Two patients who 

underwent subtotal colectomy were not excluded; in those patients the endoscopic 

score was only attributed to the residual segments. No patients were excluded due to 

change in medication during the study period.  

Patients’ demographic data, such as age, gender, Montreal classification, medication 

at the time of endoscopy, change in medication between endoscopy and biomarker 

measurement and previous history of IBD-related surgery were documented.  

The study complies with the principles laid down in the Declaration of Helsinki. The 

work was approved by the Ethical Committee of the Academic Medical Center in 

Amsterdam.  

Biomarker measurement  

Fecal calprotectin was measured by quantitative enzyme-linked immunosorbent 

assay (Bühlmann Calprotectin ELISA Kit, Bühlmann Laboratories AG, Schönenbuch, 

Switzerland) according to the manufacturer’s instructions. All fecal samples were 

processed within 72 hours after collection. The test had an upper detection limit of 

1800µg/g. Fecal samples of calprotectin levels above 1800 µg/g were not routinely 

further diluted for a second measurement and are therefore noted as 1800µg/g. 

Blood samples were measured for serum CRP (upper limit of normal was 5 mg/l) and 

full blood count (blood leukocyte normal range 4.0-10.5x109/l) as routine laboratory 

values. In patients, who had laboratory tests more than once within the four-week 

study interval, the measurements closest in time to endoscopy were used for 

analysis.  
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Scoring of mucosal ulceration

Ileocolonoscopies were scored for the presence of ulcers in each segment as absent

(0), aphthous (1), large (0.5-2cm) (2) and very large (>2cm) (3), as defined by the 

Simple Endoscopic Score for Crohn’s Disease (SES-CD) in all five segments (i.e.

terminal/neoterminal ileum, right colon, transverse colon, left colon and rectum).7 The 

sum of segment scores resulted in a partial SES-CD (pSES-CD) between 0-15 points.

The scoring was based on videos where available, on photodocumentation and 

endoscopy reports. Photodocumentation of endoscopies was in line with the 

guidelines of the European Society of Gastrointestinal Endoscopy.8

Statistical analysis

Statistical analysis was performed with Prism 5.01 (GraphPad Software Inc., CA,

USA). Results of numerical data are presented as mean±SEM. Correlation between 

biomarkers (fecal calprotectin, serum CRP and blood leukocyte count) and pSES-CD 

was assessed by the Spearman’s rank correlation coefficient (r). Correlation between 

pSES-CD and blood leukocyte count was additionally separately evaluated in 

patients who received neither corticosteroids, nor azathioprine/6-mercaptopurine

(AZA/6-MP) treatment during the study period.

The total study population and patients with ileal and (ileo)colonic localization were 

separately stratified according to the worst mucosal lesion present at endoscopy: no 

ulcers, aphthous lesions, large or very large ulcers. One-way analysis of variance 

was performed for fecal calprotectin followed by Tukey’s post-test for multiple 

comparison. 

Fecal calprotectin, serum CRP and blood leukocyte count were all compared in ileal

and (ileo)colonic disease in patients with large and/or very large ulcers by using the

student’s t test. A p value of < 0.05 was considered statistically significant.
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USA). Results of numerical data are presented as mean±SEM. Correlation between 
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was assessed by the Spearman’s rank correlation coefficient (r). Correlation between 

pSES-CD and blood leukocyte count was additionally separately evaluated in 

patients who received neither corticosteroids, nor azathioprine/6-mercaptopurine 
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separately stratified according to the worst mucosal lesion present at  endoscopy: no 

ulcers, aphthous lesions, large or very large ulcers. One-way analysis of variance 

was performed for fecal calprotectin followed by Tukey’s post-test for multiple 

comparison.  
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Correlation of pSES-CD with biomarkers in the total study population

In the total study population the ulcer score pSES-CD correlated best with fecal

calprotectin (n=44, r=0.76, p<0.0001), followed by blood leukocyte count (n=40,

r=0.54, p=0.0004) and serum CRP (n=43, r=0.45, p=0.0026). Figure 1 demonstrates

the correlation between pSES-CD and biomarkers on a scatter plot. Additionally, in 

patients who received neither corticosteroids nor AZA/6-MP, the pSES-CD also 

showed correlation with the blood leukocyte count (n=27, r=0.45, p=0.017).

Figure 1 Correlation between pSES-CD and biomarkers in the total population

1a Correlation between pSES-CD and fecal calprotectin, 1b Correlation between 

pSES-CD and blood leukocyte count, 1c Correlation between pSES-CD and serum

CRP.

Fecal calprotectin levels stratified according to the worst endoscopic lesion

present

In the total population 3 patients had no ulcers, 9 patients had aphthous ulcers

(<5mm), while 12 patients exhibited large (5-20mm) and 19 patients very large ulcers

(>20mm) as defined by the SES-CD. In the total population a gradual increment in 

fecal calprotectin level was seen when stratified according to worst endoscopic lesion 

present as demonstrated by Figure 2a. Calprotectin level (mean±SEM) was

41.3±16µg/g in patients with no ulcers, 351.9±53µg/g in patients with aphthous ulcers, 

992.8±212.3µg/g in patients with large and 1409±618.3µg/g in patients with very

large ulcers. 

In patients with (ileo)colonic disease localization (n=35) a significant difference was

seen in fecal calprotectin levels between patients with no ulcers (n=3, 41.3±16µg/g) 

versus patients with large (n=7, 1447±615.1µg/g, p<0.0001) or very large ulcers

(n=17, 1557±455.4µg/g, p<0.0001). Difference in fecal calprotectin level was also 

significant between patients with aphthous ulcers (n=7, 383.4±139.9µg/g) versus

patients with large (p<0.0001) or very large ulcers (p<0.0001) (Figure 2b). 
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Results

Patient characteristics 

Fourty-four patients (19 male, age 36.5±2.0 years) were studied, of which 9 patients 

were characterized as ileal (L1), 20 as colonic (L2) and 15 as ileocolonic (L3) 

according to the Montreal classification. Of the patients with ileal disease, one patient 

received oral prednisolone, one budesonide and two patients 6-MP at the time of the 

study period. Among patients with (ileo)colonic disease location none received oral 

prednisolone, four patients received budesonide and five patients were on AZA/6-

MP. The patients’ baseline characteristics are demonstrated in Table 1.   

Patient characteristics n=44 
Gender, female, n  (%) 25 (57%) 
Age (years): mean, range 36.5 (17-66) 
Montreal classification, n (%) 
Age at diagnosis (years): 

A1 (≤16) 
A2 (17-40) 
A3 (≥40) 

Disease location: 
L1 (ileal) 
L2 (colonic) 
L3 (ileocolonic) 
+L4 (upper gastrointestinal)

Behavior: 
B1 (non stricturing, non penetrating) 
B2 (stricturing) 
B3 (penetrating) 
+p (perianal disease)

 9 (21%) 
30 (68%) 
 5 (11%) 

 9 (21%) 
20 (45%) 
15 (34%) 
 3  (7%) 

21 (48%) 
17 (39%) 
 6 (14%) 

14 (32%) 
Medication at endoscopy, n (%): 
No medication 
Thiopurines 
Anti-TNF 
Corticosteroids 
5-ASA
Vedolizumab
Ustekinumab

17 (39%) 
 9 (20%) 
 8 (18%) 
 7 (16%) 
 4   (9%) 
 1   (2%) 
 1   (2%) 

History of previous bowel resection, n  (%) 16 (36%) 
Table 1. ASA: aminosalicylic acid; TNF-α: tumor necrosis factor α 

In the total study population 14 (mean; range: 1-28; 95% CI: 12.8-16.3) days elapsed 

between endoscopy and fecal calprotectin measurement. There was no significant 

difference between the timing of endoscopy and fecal calprotectin measurement in 

patients with isolated ileal disease 16.3 (range: 7-25; 95% CI: 11.2-21.4) days and 

with (ileo)colonic disease 13.5 (mean; range: 1-28; 95% CI: 10.9-16) days.  In the 

total study population 13.7 (mean; range: 0-28; 95% CI: 11.5-15.9) days elapsed 

between endoscopy and blood biomarker measurement. 
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Correlation of pSES-CD with biomarkers in the total study population 
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patients with large (p<0.0001) or very large ulcers (p<0.0001) (Figure 2b).  
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Due to the relatively low number of patients with ileal disease (n=9) no separate 

analysis was carried out for fecal calprotectin levels stratified for severity of 

endoscopic lesions.  Notably, seven of the patients with ileal disease had large or 

very large ulcers whereas the fecal calprotectin was lower than 200µg/g in four of 

them. 

Figure 2 Fecal calprotectin levels stratified according to the worst endoscopic 

lesion present 2a Total population, 2b Patients with (ileo)colonic disease 

localization 

Figure 3 Biomarker levels compared in ileal and (ileocolonic) Crohn’s disease 

in patients with ulcers larger than 0.5cm 3a Fecal calprotectin, 3b Blood leukocyte 

count, 3c Serum CRP 

Biomarker levels compared in ileal and (ileo)colonic Crohn’s disease in 

patients with ulcers larger than 0.5cm  

Patients with ileal CD (n=7) had a significantly lower fecal calprotectin level than 

those with (ileo)colonic disease (n=25) in the presence of large and/or very large 

ulcers (297±81µg/g vs. 1523±97µg/g, p<0.0001, Figure 3a). Blood leukocyte count 

was also significantly lower in the presence of large and/or very large ulcers in ileal 

CD compared to patients with (ileo)colonic disease (6.7±0.9x109/l vs. 10.6±0.8x109/l, 
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p=0.02, Figure 3b). A similar trend was identified for serum CRP levels (5.3±2.2mg/l

vs. 39.9±13.4mg/l, p=0.17, ns, Figure 3c).
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Due to the relatively low number of patients with ileal disease (n=9) no separate

analysis was carried out for fecal calprotectin levels stratified for severity of

endoscopic lesions. Notably, seven of the patients with ileal disease had large or

very large ulcers whereas the fecal calprotectin was lower than 200µg/g in four of

them.

Figure 2 Fecal calprotectin levels stratified according to the worst endoscopic 

lesion present 2a Total population, 2b Patients with (ileo)colonic disease 

localization

Figure 3 Biomarker levels compared in ileal and (ileocolonic) Crohn’s disease 

in patients with ulcers larger than 0.5cm 3a Fecal calprotectin, 3b Blood leukocyte 

count, 3c Serum CRP

Biomarker levels compared in ileal and (ileo)colonic Crohn’s disease in

patients with ulcers larger than 0.5cm

Patients with ileal CD (n=7) had a significantly lower fecal calprotectin level than 

those with (ileo)colonic disease (n=25) in the presence of large and/or very large 

ulcers (297±81µg/g vs. 1523±97µg/g, p<0.0001, Figure 3a). Blood leukocyte count

was also significantly lower in the presence of large and/or very large ulcers in ileal

CD compared to patients with (ileo)colonic disease (6.7±0.9x109/l vs. 10.6±0.8x109/l, 
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p=0.02, Figure 3b). A similar trend was identified for serum CRP levels (5.3±2.2mg/l 

vs. 39.9±13.4mg/l, p=0.17, ns, Figure 3c). 
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Discussion 
This study evaluated the fecal as well as serum biomarker profile of Crohn’s 

disease patients. CD patients with large and/or very large ulcers confined to the 

ileum had significantly lower fecal calprotectin levels compared to patients with 

similar ulcerations in the colon. We found that patients with normal fecal calprotectin 

level may even have large or very large ileal ulcerations. Therefore, disease location 

should be taken into consideration when interpreting fecal calprotectin values in 

clinical practice.  

Consistent with previous findings, our results show that fecal calprotectin, 

blood leukocyte count and serum CRP correlate well with endoscopic disease activity 

in CD.3 Furthermore, our data also confirms that fecal calprotectin shows the closest 

correlation with endoscopic mucosal damage.3 However, previous reports are 

conflicting about the sensitivity of fecal calprotectin in CD with different disease 

localization.1, 3, 9-11 In a large cohort of Crohn’s patients, Schoepfer et al. showed that 

ileocolonic CD was associated with significantly higher fecal calprotectin level 

compared to CD localized to the terminal ileum.3 Fecal calprotectin was also shown 

to correlate with histological findings in ileocolonic and colonic CD, but not in ileal 

disease localization.12  

In the present study the extent of small bowel disease localization was 

assessed by ileocolonoscopy; hence, evaluation was limited to the terminal ileum. 

Therefore, active inflammation of proximal small bowel segments could not be 

excluded. Small bowel lesions evaluated by MR follow-through was shown to 

correlate with fecal calprotectin concentration.13 In contrast, others reported that fecal 

calprotectin levels poorly correlate with active small bowel CD as detected by 

capsule endoscopy.14 

Indications to use fecal calprotectin as a biomarker in clinical practice are 

steadily expanding. As a non-invasive marker it is not only used to estimate 

endoscopic activity at a given time point, but also to predict relapse or response to 

therapy.15-17 Recently, a rapid point-of care test has been shown to reliably predict 

recurrence in post-operative CD.18 With this rising interest several groups came up 

with proposed cut-off levels as an indicator of significant mucosal inflammation (i.e. 

large ulcers) in CD patients, generally ranging between 200-300ug/g.1, 19, 20 Notably, 

in our study four out of seven patients with ileal disease exhibiting large or very large 

ulcers (in the absence of colonic disease activity) had fecal calprotectin levels below 

200µg/g. However, variability between fecal samples and different assays could 

considerably influence these outcomes.21-23 To overcome this variability, two 

consecutive measurements, within a one-month interval, preferably from morning 
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stool samples, have been proposed to be more reliable than one single 

measurement to predict relapse in ulcerative colitis.24

A possible explanation of lower fecal calprotectin values found in active ileal

CD compared to colonic CD is that the total ulcerated surface could be lower in the 

ileum. This could result in a lower mucosal and systematic inflammatory load in

patients with ileal ulcerations, compared to patients with similar colonic ulcers.

In conclusion, our results suggest that disease location should be taken into 

account when interpreting fecal calprotectin levels. Patients with ileal CD may have 

large or very large ulcers even in the absence of markedly elevated fecal calprotectin 

levels. Consequently, cut-off values for ileal CD may differ from those with 

(ileo)colonic disease.
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ABSTRACT 

Background and aim

The inflammatory burden influences therapeutic decisions in patients with ulcerative colitis 

(UC). We aimed to study which commonly used markers of disease activity correlate best 

with inflammatory burden in patients with UC using leukocyte scintigraphy (SPECT-CT) as 

the gold standard. 

Methods

Patients with different severity of UC underwent colonoscopy with biopsies and leukocyte 

SPECT-CT scintigraphy. Serum CRP, fecal calprotectin and clinical questionnaires were 

collected. The maximum uptake of Technetium-labelled leukocytes was calculated as a 

SPECT score for each colon segment and a Summed Activity Score (SAS) for 5 colonic 

segments combined.  

Results

Thirty patients with UC were included, 14/30 (47%) had left-sided colitis and 16/30 (53%) 

had pancolitis. One patient (3%) had inactive UC, 5/30 (17%) mild, 11/30 (37%) moderate 

and 13/30 (43%) severe disease activity based on the endoscopic Mayo score. The 

endoscopic Mayo score correlated better with the SPECT score than the UCEIS (r= 0.50, 

P<0.01 and r=0.32, P=0.08, respectively). The Geboes UC histology score correlated 

equally well as the Mayo score (r= 0.50, P<0.01). We found a significant correlation between 

scintigraphy and fecal calprotectin (r 0.44, P=0.02), but not with serum CRP (r 0.25, P=0.18). 

Fecal calprotectin reflected inflammatory burden significantly better in left-sided colitis (r 

0.80, P=0.001) than in pancolitis (r 0.22, P=0.41). 

Conclusions  

The inflammatory burden in UC, measured by SPECT-CT, is better reflected by the 

endoscopic Mayo score and the Geboes histology score than by the UCEIS. Fecal 

calprotectin is a more accurate inflammatory marker than CRP, predominantly in patients 

with left-sided colitis. 

Introduction

Assessing the inflammatory activity is essential in therapeutic decision making in 

Ulcerative Colitis (UC).1 There is an increasing awareness that besides the extent and the

severity of the inflammatory activity, the total ‘inflammatory burden’ can affect

pharmacokinetics of therapeutic agents such as anti-TNF antibodies. As a consequence,

knowledge about the degree of inflammatory burden could be helpful to guide ‘individualized’

drug dosing.2 Currently endoscopy is considered the gold standard for assessing disease 

activity and extent and also to quantify response to anti-inflammatory treatment.3, 4 However, 

the extent of inflammation is subjectively measured at endoscopy and it may be difficult to 

precisely quantitate the total inflammatory burden. Endoscopy may underestimate the 

inflammatory burden as it only accounts for luminally visible inflammation and endoscopic

scores are based on the ‘most affected’ segment. It is currently unknown which of the two 

frequently used endoscopic scores for UC performs best as a marker of inflammatory

burden. 

In addition to endoscopy, several ‘surrogate’ markers of inflammation, such as serum

C-reactive protein (CRP) and fecal calprotectin are often used to measure inflammatory

burden, despite a number of important limitations.5-9 Elevation of serum CRP is absent in 

approximately half of the patients with active UC.10 Fecal calprotectin was shown to be a 

somewhat reliable ‘surrogate’ marker for endoscopic lesions in UC, but there is considerable 

inter- and intra-test variability8. Moreover, fecal calprotectin measurements on stool samples

from the same patient can vary significantly depending on the time of the day.11, 12 Finally, 

these biomarkers do not provide information about the extent of disease, since even patients

with only proctitis can have very elevated biomarkers. Thus, although these tools are widely

available and commonly used to measure disease activity, it is not clear which of these 

measures best reflects the ‘inflammatory load’ in UC and could therefore be best used in a 

model for therapeutic decision making. 

Leukocyte scintigraphy has previously been validated as a method to image and 

quantify inflammatory activity in the colon.13-16 Over the past decade, labelling techniques

and particularly gamma camera sensitivity have improved substantially. Moreover the 

addition of SPECT-CT provides even more accurate inflammatory imaging. (Low-dose)

computed tomography not only provides more accurate anatomical reference but also 

results in adequate attenuation correction improving accuracy of measurement of

inflammatory activity. We therefore used novel state-of-the-art scintigraphy including 

SPECT-CT as an objective marker of inflammatory burden and compared it to frequently 

used tools to measure disease activity, including endoscopic Mayo score and the more 

recently developed Ulcerative Colitis Endoscopic Index of Severity (UCEIS).8, 17, 18 In

addition, we determined the correlation with Geboes histology score, serum CRP and 
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questionnaires were collected. The maximum uptake of Technetium-labelled leukocytes was

calculated as a SPECT score for each colon segment and a Summed Activity Score (SAS)

for 5 colonic segments combined.  

Results: Thirty patients with UC were included, 14/30 (47%) had left-sided colitis and 16/30 

(53%) had pancolitis. One patient (3%) had inactive UC, 5/30 (17%) mild, 11/30 (37%)

moderate and 13/30 (43%) severe disease activity based on the endoscopic Mayo score. 

The endoscopic Mayo score correlated better with the SPECT score than the UCEIS (r=

0.50, P<0.01 and r=0.32, P=0.08, respectively). The Geboes UC histology score correlated 

equally well as the Mayo score (r= 0.50, P<0.01). We found a significant correlation between 

scintigraphy and fecal calprotectin (r 0.44, P=0.02), but not with serum CRP (r 0.25, P=0.18). 

Fecal calprotectin reflected inflammatory burden significantly better in left-sided colitis (r 

0.80, P=0.001) than in pancolitis (r 0.22, P=0.41). 

Conclusions  

The inflammatory burden in UC, measured by SPECT-CT, is better reflected by the 

endoscopic Mayo score and the Geboes histology score than by the UCEIS. Fecal

calprotectin is a more accurate inflammatory marker than CRP, predominantly in patients
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severity of the inflammatory activity, the total ‘inflammatory burden’ can affect 

pharmacokinetics of therapeutic agents such as anti-TNF antibodies. As a consequence, 

knowledge about the degree of inflammatory burden could be helpful to guide ‘individualized’ 

drug dosing.2 Currently endoscopy is considered the gold standard for assessing disease 

activity and extent and also to quantify response to anti-inflammatory treatment.3, 4 However, 

the extent of inflammation is subjectively measured at endoscopy and it may be difficult to 

precisely quantitate the total inflammatory burden. Endoscopy may underestimate the 

inflammatory burden as it only accounts for luminally visible inflammation and endoscopic 

scores are based on the ‘most affected’ segment. It is currently unknown which of the two 

frequently used endoscopic scores for UC performs best as a marker of inflammatory 

burden. 

In addition to endoscopy, several ‘surrogate’ markers of inflammation, such as serum 

C-reactive protein (CRP) and fecal calprotectin are often used to measure inflammatory

burden, despite a number of important limitations.5-9 Elevation of serum CRP is absent in

approximately half of the patients with active UC.10 Fecal calprotectin was shown to be a

somewhat reliable ‘surrogate’ marker for endoscopic lesions in UC, but there is considerable

inter- and intra-test variability8. Moreover, fecal calprotectin measurements on stool samples

from the same patient can vary significantly depending on the time of the day.11, 12 Finally,

these biomarkers do not provide information about the extent of disease, since even patients

with only proctitis can have very elevated biomarkers. Thus, although these tools are widely

available and commonly used to measure disease activity, it is not clear which of these

measures best reflects the ‘inflammatory load’ in UC and could therefore be best used in a

model for therapeutic decision making.

Leukocyte scintigraphy has previously been validated as a method to image and 

quantify inflammatory activity in the colon.13-16 Over the past decade, labelling techniques 

and particularly gamma camera sensitivity have improved substantially. Moreover the 

addition of SPECT-CT provides even more accurate inflammatory imaging. (Low-dose) 

computed tomography not only provides more accurate anatomical reference but also 

results in adequate attenuation correction improving accuracy of measurement of 

inflammatory activity. We therefore used novel state-of-the-art scintigraphy including 

SPECT-CT as an objective marker of inflammatory burden and compared it to frequently 

used tools to measure disease activity, including endoscopic Mayo score and the more 

recently developed Ulcerative Colitis Endoscopic Index of Severity (UCEIS).8, 17, 18 In 

addition, we determined the correlation with Geboes histology score, serum CRP and 
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calprotectin in stool. Herewith, we aimed to prospectively study which commonly used 

measurements of disease activity best reflect inflammatory burden in patients with UC as 

detected by leukocyte SPECT-CT. 
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Methods

Study design

In this prospective study, patients with UC who were scheduled to undergo

colonoscopy were invited to participate in this study at the Academic Medical Centre in

Amsterdam, the Netherlands, between November 2012 and October 2014. Patients with

positive stool cultures, renal failure (eGFR < 60 ml/minute), prior colon resection and those

receiving intravenous corticosteroid treatment in the last 36 hours were excluded.

Clinical disease activity was assessed by Simple Clinical Colitis Activity Index

(SCCAI) and the clinical components of the Mayo score (partial Mayo score: including 

number of bowel movements compared to normal, rectal blood loss and physician global

assessment).19-21

All patients underwent a complete colonoscopy with 2 biopsies taken in every colonic

segment (ascending, transverse, descending colon, sigmoid and rectum). Endoscopic

disease activity was assessed by an independent reader who reviewed the videos of the

colonoscopies and who was blinded to the patients’ condition and the other results of this

study. The endoscopic Mayo score and UCEIS were scored per colonic segment and as a 

summed ‘extent’ score for the colon as a whole based on published guidelines.18, 21, 22 For 

the UCEIS, vascular pattern, bleeding and ulceration sub scores were also assessed 

separately.

Colonic biopsies were scored for histopathological disease activity using the Geboes

score per segment by one single blinded GI pathologist (SE).23-25 Geboes scores were 

measured on a continuous scale from 0 to 22, providing a better intra-observer agreement

than the categorical scoring, as was recently shown.26 The Geboes histologic score is based 

on the most affected segment, for the extent of histologic inflammation we also assessed 

the Geboes histologic ‘extent’ score, a sum of the Geboes histologic score of all colonic

segments.

In addition, haemoglobin, haematocrit, leukocyte and thrombocyte count, erythrocyte 

sedimentation rate (ESR), serum CRP and albumin were measured at the same time. Fecal

calprotectin was determined by ELISA (Bühlmann, Schönenbuch, Switzerland). Fecal

supernatants were diluted for fecal calprotectin results if they turned out to be above the 

upper limit of quantification of this test (1800ug/g).

Leukocyte scintigraphy SPECT-CT

 Leukocyte scintigraphy SPECT-CT was performed within one week and without any

changes in therapy. Patients’ peripheral blood leukocytes were isolated and granulocytes

were labelled in mixed leukocyte suspension using 99mTc-HMPAO according to the 
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consensus protocol for leukocyte labelling.27 An average of 200 ± 10 MBq of Tc99m-labeled 

granulocytes was re-injected into the patient.  

Planar anterior and posterior 5-min CT images of the abdomen and pelvis were 

obtained at 45 min post reinjection using a large-field-of-view gamma camera Siemens 

Symbia T16 fitted with a low-energy general-purpose collimator. The 45-min image was 

used for accurate colonic segment localization and determination of extent of bowel activity. 

Just prior to scintigraphy the patient was asked to void, to empty the urinary bladder, and to 

clear the leukocyte tracing in that region. 

At 60 min post-reinjection SPECT was performed (figure 1). A 360° circular orbit was 

used acquiring 60 views of 40 seconds in a 20 min duration study. An image matrix of 128 x 

128 pixels was used. Immediately following the SPECT a low dose CT was performed. After 

data acquisition, images were processed on a Siemens workstation using iterative 

reconstruction (3DOSEM) with CT based attenuation correction. Transaxial abdominal slices 

of 4.8 mm thickness were reconstructed. After reconstruction, a 9-point smoothing was 

applied. 

Figure 1. :Transversal Leukocyte scintigraphy SPECT image of UC patient with sigmoiditis 

Scintigraphic Data Analysis 

The planar scintigrams were evaluated by a single nuclear medicine specialist (RB) 

without knowledge of the clinical, laboratory, endoscopic and histologic findings. On SPECT 

images, the colon was divided into 5 segments: ascending colon, transverse colon, 

descending colon, sigmoid and rectum. Tracer uptake was determined as described by 

Weldon et al. and also used in a previous validation without SPECT-CT.13, 28 Therefore, the 

maximum counts per pixel in each of these segment was measured using region of interest 

analysis of serial transaxial slices to obtain the maximal value for each colon segment. The 

SPECT segment uptake ratio was expressed as a fraction of bone marrow activity, obtained 
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by averaging the maximum counts in five transaxial slices of lumbar spine. This uptake was

compared per colonic segment as the SPECT segment score and on a predefined validated 

categorical 4–point scale, from normal (‘no uptake/activity’), mild (‘less activity than bone 

marrow’), moderate (‘equal to bone marrow’) to severe (‘more activity than bone marrow).13,

28 SPECT-CT activity was also expressed as a continuous variable for the summed 

inflammatory activity in all 5 colonic segments: the Summed Activity Score (SAS), reflecting 

the total colonic inflammatory burden, as previously described.13, 28

The study was approved by the Medical Ethics Committee of the Academic Medical

Center (AMC) of the University of Amsterdam. Written informed consent was obtained from

all patients. All authors had access to the study data and reviewed and approved the final

manuscript.
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Scintigraphic Data Analysis

The planar scintigrams were evaluated by a single nuclear medicine specialist (RB)

without knowledge of the clinical, laboratory, endoscopic and histologic findings. On SPECT 

images, the colon was divided into 5 segments: ascending colon, transverse colon,

descending colon, sigmoid and rectum. Tracer uptake was determined as described by

Weldon et al. and also used in a previous validation without SPECT-CT.13, 28 Therefore, the 

maximum counts per pixel in each of these segment was measured using region of interest

analysis of serial transaxial slices to obtain the maximal value for each colon segment. The 

SPECT segment uptake ratio was expressed as a fraction of bone marrow activity, obtained 
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by averaging the maximum counts in five transaxial slices of lumbar spine. This uptake was 

compared per colonic segment as the SPECT segment score and on a predefined validated 

categorical 4–point scale, from normal (‘no uptake/activity’), mild (‘less activity than bone 

marrow’), moderate (‘equal to bone marrow’) to severe (‘more activity than bone marrow).13,

28 SPECT-CT activity was also expressed as a continuous variable for the summed 

inflammatory activity in all 5 colonic segments: the Summed Activity Score (SAS), reflecting 

the total colonic inflammatory burden, as previously described.13, 28  

The study was approved by the Medical Ethics Committee of the Academic Medical 

Center (AMC) of the University of Amsterdam. Written informed consent was obtained from 

all patients. All authors had access to the study data and reviewed and approved the final 

manuscript. 
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Results 

Thirty-two UC patients who met the inclusion criteria were studied. One patient was 

excluded due to incomplete colonoscopy (malignant stenosis) and one patient was excluded 

because technetium-99m isotopes were temporarily unavailable. Therefore, data of 30 

patients were available for analysis. 

Patient characteristics are summarized in table 1. At endoscopy 14/30 (47%) patients 

had left-sided colitis (including proctitis) and 16/30 (53%) pancolitis. Based on the 

endoscopic component of the Mayo score, 1/30 (3%) of patients had grade 0 (inactive), 5/30 

(17%) grade 1 (mild), 11/30 (37%) grade 2 (moderate) and 13/30 (43%) grade 3 (severe) 

disease. The rectosigmoid was the most severely inflamed colon segment, based on the 

Mayo endoscopy score, in almost all patients (27/30). 

TABLE 1. Patient characteristics N=30 

Age (years), median (IQR)      46 (35-57) 
Gender; male, n (%) 22/30 (73%) 

Disease duration, (years), median (IQR)     12 (4-23) 

Current medication, n (%): 
¥ 5-ASA
¥ Thiopurines
¥ Anti-TNF
¥ Prednisone

24/30 (80%) 
  4/30 (13%) 
  3/30 (10%) 
  3/30 (10%) 

Serum CRP (mg/L), median (IQR)   4.3 (2.0-12.5) 
Fecal calprotectin (ug/g), median (IQR) 579 (309-1295) 
SCCAI, median (IQR)     6 (2-9) 
Full Mayo score, median (IQR)     8 (5-10) 
Extent of disease, n (%): 

¥ Left-sided colitis
¥ Pancolitis

14/30 (47%) 
16/30 (53%) 

Endoscopic Mayo score, n (%): 
¥ Mayo 0
¥ Mayo 1
¥ Mayo 2
¥ Mayo 3

  1/30   (3%) 
  5/30 (17%) 
  9/30 (30%) 
15/30 (50%) 

Legends: IQR; Interquartile range, 5-ASA; mesalamine, anti-TNF; anti-Tumor Necrosis 

Factor alpha, CRP; C-reactive protein, SCCAI; Simple Clinical Colitis Activity Index 

At leukocyte scintigraphy SPECT-CT a median (IQR) SPECT segment score 

(expressed as ratio compared to bone marrow) of 0.85 (0.39-1.35) was measured in the 

most affected colon segment. Based on this SPECT segment score the UC patients were 

classified as having 11/30 (37%) mild (‘less activity than bone marrow’), 13/30 (43%) 

moderate (‘equal to bone marrow’) or 6/30 (20%) severe (‘more activity than bone marrow) 

disease for their most affected colon segment as previously described. The median (IQR) 

SAS score for all 5 colonic segments together was: 1.86 (1.19- 2.90). 7/30 (23%) of patients 
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had a typical peri-appendicular red patch at endoscopy, which was confirmed by a clear

isolated uptake of leukocytes in the ileocecal region at SPECT scan in all 7 patients. 

When the most affected segment was assessed in isolation, the SPECT segment

score significantly correlated with the endoscopic Mayo score (r 0.50, P<0.01) and the 

Geboes histologic score (r 0.50, P<0.01), scores that each also depend on the most affected 

segment/biopsy. Correlation with the UCEIS was poor and did not reach statistical 

significance (r 0.32, P=0.08). (table 2, figure 2). The endoscopic Mayo score for the most

affected segment correlated well with the UCEIS for that segment (r 0.74, P<0.0001) and the

UCEIS correlated better with histology than the endoscopic Mayo score (r 0.49, P<0.01 

versus r 0.43, P=0.02) for that segment. 

TABLE 2. Correlations for most affected segment

Correlations (Spearman 

r, P-value)

Endoscopy 

Mayo

Endoscopy 

UCEIS

Geboes

histology

SPECT segment score r 0.50 (P<0.01) r 0.32 (P=0.08) r 0.50 (P<0.01)

Geboes histology r 0.43 (P=0.02) r 0.49 (P<0.01)

Endoscopy UCEIS r 0.74 (P<0.0001)

Legends: UCEIS; ulcerative colitis endoscopic index of severity

Figure 2 Correlations of the SPECT Summed activity Score, being the total uptake of

leukocytes in all colonic segments with fecal calprotectin (a), partial (clinical) Mayo score (b),

endoscopic Mayo score (c) and Geboes histologic score (d)
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had a typical peri-appendicular red patch at endoscopy, which was confirmed by a clear 

isolated uptake of leukocytes in the ileocecal region at SPECT scan in all 7 patients. 

When the most affected segment was assessed in isolation, the SPECT segment 
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Geboes histologic score (r 0.50, P<0.01), scores that each also depend on the most affected 
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TABLE 3. Correlation Table Summed SPECT-CT Activity score  (Spearman rank, r) 

TABLE 3.  
Correlation with SAS 

N=30 
(Spearman r, 
P-values)

Fecal calprotectin 
Serum CRP 
SCCAI 
Partial Mayo score  
Endoscopic Mayo score 
Endoscopic Mayo extent 
Full Mayo score 
UCEIS score 
UCEIS extent score 
UCEIS extent ulcer subscore 
Geboes histologic score 

r 0.44 (P=0.02) 
r 0.25 (P=0.18) 
r 0.42 (P=0.02) 
r 0.51 (P<0.01) 
r 0.42 (P=0.02) 
r 0.34 (P=0.07) 
r 0.48 (P<0.01) 
r 0.21 (P=0.26) 
r 0.33 (P=0.07) 
r 0.50 (P<0.01) 
r 0.51 (P<0.01) 

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple clinical 
colitis activity index, Partial Mayo score; clinical score, Endoscopic Mayo extent; Summed 
endoscopic Mayo score of all colonic segments, Full Mayo score; combined clinical and 
endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity 

For the colon as a whole, global colonic inflammation measured by the SPECT-CT 

summed activity score (SAS) correlated with the endoscopic Mayo score (r 0.42, P=0.02), 

but not with the UCEIS r 0.21 (P=0.26)(table 3) The endoscopic Mayo extent score (which 

sums up the different scores of all 5 segments) surprisingly had a worse correlation with the 

total inflammation by SPECT-CT than the endoscopic scores based on the most affected 

segment. Nevertheless the ulcer subscore of the UCEIS did have a good correlation with the 

total inflammatory burden as detected by SPECT-CT (r 0.50, P<0.01). Also the Geboes 

histologic score, which depends on the histologic score of the most affected biopsy, had a 

better correlation (r 0.51, P<0.01) with the SAS compared to the cumulative Geboes 

histologic score of all colonic segments (r 0.40, P=0.03). This correlation with Geboes 

histologic score with Summed SPECT-CT activity was best in the subgroup of patients with 

pancolitis: r=0.67 (P<0.01)(table 4). 
TABLE 4. Correlations with SAS Pancolitis (n=16) Left-sided colitis (n=14) 

Serum CRP 

Fecal calprotectin 

SCCAI 

Partial Mayo score 

Endoscopic Mayo score 

Full Mayo score 

UCEIS score 

Geboes histologic score 

r 0.11 (P=0.67) 

r 0.22 (P=0.41) 

r 0.25 (P=0.35) 

r 0.38 (P=0.14) 

r 0.54 (P=0.03) 

r 0.33 (P=0.21) 

r 0.17 (P=0.53) 

r 0.67 (P<0.01) 

r 0.65 (P=0.02) 

r 0.80 (P=0.001) 

r 0.73 (P<0.01) 

r 0.83 (P<0.001) 

r 0.18 (P=0.55) 

r 0.74 (P<0.01) 

r 0.28 (P=0.34) 

r 0.35 (P=0.24) 

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple 
clinical colitis activity index, Partial Mayo score; clinical score, Full Mayo score; combined 
clinical and endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity 
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Looking at biomarkers, the Summed SPECT-CT Activity Score correlated far better

with fecal calprotectin (r 0.44, P=0.02) than with serum C-reactive protein levels (r 0.25, 

P=0.18) or serum albumin (r-0.10, P=0.61)(table 3). Fecal calprotectin correlated particularly

well with the Summed SPECT-CT activity score, in patients with left-sided colitis: r=0.80 

(P<0.001) compared to patients with pancolitis: r 0.22 (P=0.41)(table 4). However, when

looking at patients with severe UC and Mayo endoscopy score 3 (n=15), serum C-reactive 

protein correlated better (r=0.53, P<0.05) with the Summed SPECT-CT Activity score 

(n=15), than fecal calprotectin (r=0.19, P=0.51).  

Clinical disease activity measured with partial Mayo score, the clinical components of

the Mayo score (r=0.51 (P<0.01) correlated better with the Summed SPECT-CT activity

Score than the SCCAI (r 0.42, P=0.02). Fecal calprotectin performed better in correlation 

with clinical scores (r=0.50, P<0.01 and r 0.55, P<0.01 respectively) than CRP 0.24 

(P=0.21)(supplementary table 1). 

Supplementary TABLE 1. 

Correlation with fecal calprotectin

N=30

(Spearman r, P-values)

Serum CRP

SCCAI

Partial Mayo score

Endoscopic Mayo score

Endoscopic Mayo extent

Full Mayo score

UCEIS score

UCEIS extent

UCEIS extent ulcer subscore

r 0.24 (P=0.21)

r 0.50 (P<0.01)

r 0.55 (P<0.01)

r 0.13 (P=0.52)

r 0.41 (P=0.03)

r 0.47 (P=0.01)

r 0.09 (P=0.65)

r 0.32 (P=0.09)

r 0.36 (P=0.06)

Legends: CRP; C-reactive protein, ESR: Erythrocyte sedimentation rate, SCCAI; simple

clinical colitis activity index, UCEIS; ulcerative colitis endoscopic index of severity
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TABLE 3. Correlation Table Summed SPECT-CT Activity score (Spearman rank, r)

TABLE 3. 
Correlation with SAS

N=30
(Spearman r, 
P-values)

Fecal calprotectin
Serum CRP
SCCAI
Partial Mayo score 
Endoscopic Mayo score
Endoscopic Mayo extent
Full Mayo score
UCEIS score
UCEIS extent score
UCEIS extent ulcer subscore
Geboes histologic score

r 0.44 (P=0.02)
r 0.25 (P=0.18)
r 0.42 (P=0.02)
r 0.51 (P<0.01)
r 0.42 (P=0.02)
r 0.34 (P=0.07)
r 0.48 (P<0.01)
r 0.21 (P=0.26)
r 0.33 (P=0.07)
r 0.50 (P<0.01)
r 0.51 (P<0.01)

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple clinical 
colitis activity index, Partial Mayo score; clinical score, Endoscopic Mayo extent; Summed 
endoscopic Mayo score of all colonic segments, Full Mayo score; combined clinical and 
endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity

For the colon as a whole, global colonic inflammation measured by the SPECT-CT

summed activity score (SAS) correlated with the endoscopic Mayo score (r 0.42, P=0.02),

but not with the UCEIS r 0.21 (P=0.26)(table 3) The endoscopic Mayo extent score (which 

sums up the different scores of all 5 segments) surprisingly had a worse correlation with the 

total inflammation by SPECT-CT than the endoscopic scores based on the most affected 

segment. Nevertheless the ulcer subscore of the UCEIS did have a good correlation with the 

total inflammatory burden as detected by SPECT-CT (r 0.50, P<0.01). Also the Geboes

histologic score, which depends on the histologic score of the most affected biopsy, had a 

better correlation (r 0.51, P<0.01) with the SAS compared to the cumulative Geboes

histologic score of all colonic segments (r 0.40, P=0.03). This correlation with Geboes 

histologic score with Summed SPECT-CT activity was best in the subgroup of patients with 

pancolitis: r=0.67 (P<0.01)(table 4). 

TABLE 4. Correlations with SAS Pancolitis (n=16) Left-sided colitis (n=14)

Serum CRP

Fecal calprotectin
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Partial Mayo score

Endoscopic Mayo score

Full Mayo score

UCEIS score

Geboes histologic score

r 0.11 (P=0.67)

r 0.22 (P=0.41)

r 0.25 (P=0.35)

r 0.38 (P=0.14)

r 0.54 (P=0.03)

r 0.33 (P=0.21)

r 0.17 (P=0.53)

r 0.67 (P<0.01)

r 0.65 (P=0.02)

r 0.80 (P=0.001)

r 0.73 (P<0.01)

r 0.83 (P<0.001)

r 0.18 (P=0.55)

r 0.74 (P<0.01)

r 0.28 (P=0.34)

r 0.35 (P=0.24)

Legends: SAS; Summed SPECT-CT activity, CRP; C-reactive protein, SCCAI; simple clinical
colitis activity index, Partial Mayo score ; clinical score, Full Mayo score; combined clinical
and endoscopic score, UCEIS; ulcerative colitis endoscopic index of severity
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Looking at biomarkers, the Summed SPECT-CT Activity Score correlated far better 

with fecal calprotectin (r 0.44, P=0.02) than with serum C-reactive protein levels (r 0.25, 

P=0.18) or serum albumin (r-0.10, P=0.61)(table 3). Fecal calprotectin correlated particularly 

well with the Summed SPECT-CT activity score, in patients with left-sided colitis: r=0.80 

(P<0.001) compared to patients with pancolitis: r 0.22 (P=0.41)(table 4). However, when 

looking at patients with severe UC and Mayo endoscopy score 3 (n=15), serum C-reactive 

protein correlated better (r=0.53, P<0.05) with the Summed SPECT-CT Activity score 

(n=15), than fecal calprotectin (r=0.19, P=0.51).  

Clinical disease activity measured with partial Mayo score, the clinical components of 

the Mayo score (r=0.51 (P<0.01) correlated better with the Summed SPECT-CT activity 

Score than the SCCAI (r 0.42, P=0.02). Fecal calprotectin performed better in correlation 

with clinical scores (r=0.50, P<0.01 and r 0.55, P<0.01 respectively) than CRP 0.24 

(P=0.21)(supplementary table 1). 

Supplementary TABLE 1.  

Correlation with fecal calprotectin 

N=30 

(Spearman r, P-values) 

Serum CRP 

SCCAI 

Partial Mayo score 

Endoscopic Mayo score 

Endoscopic Mayo extent 

Full Mayo score 

UCEIS score 

UCEIS extent 

UCEIS extent ulcer subscore 

r 0.24 (P=0.21) 

r 0.50 (P<0.01) 

r 0.55 (P<0.01) 

r 0.13 (P=0.52) 

r 0.41 (P=0.03) 

r 0.47 (P=0.01) 

r 0.09 (P=0.65) 

r 0.32 (P=0.09) 

r 0.36 (P=0.06) 

Legends: CRP; C-reactive protein, ESR: Erythrocyte sedimentation rate, SCCAI; simple 

clinical colitis activity index, UCEIS; ulcerative colitis endoscopic index of severity 

51

Disease activity markers and leukocyte SPECT-CT in UC



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

Discussion 

This study demonstrates that disease severity and inflammatory load assessed by 

SPECT-CT as gold standard correlates well with both endoscopic and histologic scores in 

patients with active UC. The endoscopic Mayo score reflects the inflammatory burden more 

reliably than the UCEIS. At the level of biomarkers, fecal calprotectin performed better than 

serum CRP in particular in patients with left-sided colitis. 

Previously, the combination of leukocyte scintigraphy and SPECT-CT has mainly 

been studied in the context of suspected IBD without parallel ‘complete’ colonoscopy and 

systematic biopsies as reference.28 It was suggested that leukocyte SPECT scan has low 

sensitivity and specificity compared to routine planar white cell scan, precluding its use for 

the routine detection of UC.29 However, combined use of multidetector Computed 

Tomography Enteroclysis and leukocyte scintigraphy was shown to be useful in diagnosing 

and monitoring UC disease course.30 In our study, we are the first to compare inflammatory 

burden, measured with state-of-the-art SPEC-CT, with histology by extensive systematic 

biopsy taking, the most recently developed endoscopic grading scale (UCEIS) and the 

relatively ‘novel’ biomarker fecal calprotectin in patients with an established diagnosis of UC. 

We believe that SPECT-CT represents the most reliable and objective instrument to 

measure inflammatory load in UC, since it fully quantifies the number of leukocytes present 

in the inflamed colon, not limited to the mucosal lining alone. Therefore it appears more 

accurate than endoscopic measures, usually considered the ‘gold standard’. Endoscopy is 

hampered by important inter- and intra-observer variability which was recently demonstrated 

in a study of mesalamine for mild to moderately active UC.31 The correlation between 

scintigraphy and the histology score, which as main component also reflects the amount of 

leukocytes in the biopsies, mirrors the validity of this technique.  

 In an earlier Belgian study, the Geboes histologic score and the endoscopic Mayo 

score were measured in parallel. The histologic and endoscopic activity scores correlated 

significantly in inactive and severe disease, but important misclassifications occurred in mild-

moderate disease.32 Our cohort had a relatively small number of patients with mild disease, 

however SPECT-CT was able to identify scintigraphic activity in all patients, even in patients 

with inactive or mild endoscopic disease. Detecting subtle endoscopic lesions, comparable 

to distinguishing endoscopic Mayo score 0 and 1 has clinical implications with respect to 

disease progression and risk for colectomy.33 Equally, even subtle histologic abnormalities 

such as basal plasmocytosis in patients with quiescent UC have been shown to be of critical 

importance to predict the future disease course.34 In this study leukocyte SPECT-CT was 

able to detect even low grade inflammation, revealing whether patients had attained ‘deep 

remission’ as a treatment objective. 
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Our study showed that endoscopy scores based on the most affected area reflect the 

total inflammatory load measured with SPECT-CT better than the sum of the scores of the 

different segments. The ulceration in the most affected segment (generally the rectosigmoid)

was often so pronounced that it represented the vast majority of the inflammatory burden.

Indeed when we only looked at  ‘ulcerated surfaces’ of all colonic segments (UCEIS ‘extent’

ulcer subscore), this resulted in better correlation with SPECT-CT than the overall score

(including vascular pattern and bleeding), suggesting that ulceration was the main and 

dominant component determining the inflammatory load.

Biomarkers that reflect the severity of inflammation are essential in daily practice. In 

this study we included measurements of fecal calprotectin and serum CRP, the two most

frequently used tests in this regard. In Crohn’s disease, fecal calprotectin levels are lower

when ulceration is limited to the terminal ileum.35 Interestingly, we also found a worse 

correlation of fecal calprotectin with SPECT in UC patients with pancolitis compared to those 

with left-sided colitis. Although calprotectin is considered to be a very stable protein, it still

may be degraded down the colon by proteases, such as trypsine or metalloproteinases, 

abundantly present in the inflamed gut.

Serum C-reactive protein correlated best with inflammatory load by SPECT-CT in

patients with endoscopic Mayo 3 compared to patients with less severe disease. The 

absence of serum C-reactive protein elevation in many UC patients with active disease was

already reported earlier and limits the sensitivity as an inflammatory biomarker in a 

considerable group of patients. The biomarker appears reliable however, in patients with 

severely active disease and even more so in hospitalized patients with acute severe 

ulcerative colitis where it can even be used to facilitate treatment decisions.2

Another interesting observation was the sensitivity of the SPECT-CT scan to detect

isolated periappendicular inflammation. This phenomenon, commonly described as ‘cecal

patch’ and typically seen in UC patients with left-sided disease, was observed in 7/30 (23%)

of our patients.36(supplementary figure 1)
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This study demonstrates that disease severity and inflammatory load assessed by 

SPECT-CT as gold standard correlates well with both endoscopic and histologic scores in 

patients with active UC. The endoscopic Mayo score reflects the inflammatory burden more

reliably than the UCEIS. At the level of biomarkers, fecal calprotectin performed better than 

serum CRP in particular in patients with left-sided colitis.

Previously, the combination of leukocyte scintigraphy and SPECT-CT has mainly

been studied in the context of suspected IBD without parallel ‘complete’ colonoscopy and 

systematic biopsies as reference.28 It was suggested that leukocyte SPECT scan has low

sensitivity and specificity compared to routine planar white cell scan, precluding its use for 

the routine detection of UC.29 However, combined use of multidetector Computed 

Tomography Enteroclysis and leukocyte scintigraphy was shown to be useful in diagnosing

and monitoring UC disease course.30 In our study, we are the first to compare inflammatory 

burden, measured with state-of-the-art SPEC-CT, with histology by extensive systematic 

biopsy taking, the most recently developed endoscopic grading scale (UCEIS) and the

relatively ‘novel’ biomarker fecal calprotectin in patients with an established diagnosis of UC.

We believe that SPECT-CT represents the most reliable and objective instrument to

measure inflammatory load in UC, since it fully quantifies the number of leukocytes present

in the inflamed colon, not limited to the mucosal lining alone. Therefore it appears more 

accurate than endoscopic measures, usually considered the ‘gold standard’. Endoscopy is

hampered by important inter- and intra-observer variability which was recently demonstrated 

in a study of mesalamine for mild to moderately active UC.31 The correlation between

scintigraphy and the histology score, which as main component also reflects the amount of

leukocytes in the biopsies, mirrors the validity of this technique. 

In an earlier Belgian study, the Geboes histologic score and the endoscopic Mayo 

score were measured in parallel. The histologic and endoscopic activity scores correlated 

significantly in inactive and severe disease, but important misclassifications occurred in mild-

moderate disease.32 Our cohort had a relatively small number of patients with mild disease,

however SPECT-CT was able to identify scintigraphic activity in all patients, even in patients

with inactive or mild endoscopic disease. Detecting subtle endoscopic lesions, comparable 

to distinguishing endoscopic Mayo score 0 and 1 has clinical implications with respect to 

disease progression and risk for colectomy.33 Equally, even subtle histologic abnormalities

such as basal plasmocytosis in patients with quiescent UC have been shown to be of critical

importance to predict the future disease course.34 In this study leukocyte SPECT-CT was

able to detect even low grade inflammation, revealing whether patients had attained ‘deep 

remission’ as a treatment objective.
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Our study showed that endoscopy scores based on the most affected area reflect the 

total inflammatory load measured with SPECT-CT better than the sum of the scores of the 

different segments. The ulceration in the most affected segment (generally the rectosigmoid) 

was often so pronounced that it represented the vast majority of the inflammatory burden. 

Indeed when we only looked at  ‘ulcerated surfaces’ of all colonic segments (UCEIS ‘extent’ 

ulcer subscore), this resulted in better correlation with SPECT-CT than the overall score 

(including vascular pattern and bleeding), suggesting that ulceration was the main and 

dominant component determining the inflammatory load. 

Biomarkers that reflect the severity of inflammation are essential in daily practice. In 

this study we included measurements of fecal calprotectin and serum CRP, the two most 

frequently used tests in this regard. In Crohn’s disease, fecal calprotectin levels are lower 

when ulceration is limited to the terminal ileum.35 Interestingly, we also found a worse 

correlation of fecal calprotectin with SPECT in UC patients with pancolitis compared to those 

with left-sided colitis. Although calprotectin is considered to be a very stable protein, it still 

may be degraded down the colon by proteases, such as trypsine or metalloproteinases, 

abundantly present in the inflamed gut.  

Serum C-reactive protein correlated best with inflammatory load by SPECT-CT in 

patients with endoscopic Mayo 3 compared to patients with less severe disease. The 

absence of serum C-reactive protein elevation in many  UC patients with active disease was 

already reported earlier and limits the sensitivity as an inflammatory biomarker in a 

considerable group of patients. The biomarker appears reliable however, in patients with 

severely active disease and even more so in hospitalized patients with acute severe 

ulcerative colitis where it can even be used to facilitate treatment decisions.2 

Another interesting observation was the sensitivity of the SPECT-CT scan to detect  

isolated periappendicular inflammation. This phenomenon, commonly described as ‘cecal 

patch’ and typically seen in UC patients with left-sided disease, was observed in 7/30 (23%) 

of our patients.36(supplementary figure 1)  
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All these patients had clear uptake of leukocytes in the ileocecal region at SPECT scan, 

while backwash ileitis or ileal Crohn’s disease had been excluded by ileal intubation at 

current and/or previous ileocolonoscopy. The incidence of this type of ‘segmental 

inflammation’ was previously reported to be as high as 75% in patients with left-sided UC.37 

Recently, worse functioning in patient-reported outcomes (PROs) have been 

associated with disease activity in patients with IBD.38 The American Food and Drug 

Administration (FDA) has evaluated clinical endpoints for clinical trials in patients with IBD 

and issued a recommendation to combine patient-reported outcomes and endoscopy, as 

endpoints for clinical trials in drug development.39 In the present study we find that the partial 

(clinical) Mayo score correlated well with the colonic presence of leukocytes suggesting that 

symptomatic scores could also reflect the inflammatory load. This finding could further 

stimulate the progress to patient reported outcomes in clinical trials for patients with UC.  

Several instruments have been developed to measure response to anti-inflammatory 

treatment in UC. The sensitivity to change of nuclear leukocyte scanning has been studied in 

only a limited number of experiments.40 Repeated 99mTc-HMPAO scintigraphy was shown 

to be associated with failure of treatment with corticosteroids or cyclosporine in  acute 

severe hospitalized UC patients.41 Future studies could focus on the SPECT-CT in response 

to therapies such as tumour necrosis factor antagonists or leukocyte migration inhibitors. 

Although patients’ exposure to radiation remains a concern, particularly in the context of 

repeated examinations, this has been minimized significantly by the introduction of the low-

dose CT-scan. The cost of leukocyte scintigraphy (approximately €450) is comparable to 

that of a colonoscopy in the Netherlands, but such costs may widely vary between different 

health care systems. Furthermore, availability of this technique is not limited to tertiary 

centres, since leukocyte isolation and labelling can be performed at commercial nuclear 

laboratories. Imaging can be done at any hospital with SPECT-scan capacity. 

Our study has certain limitations, among which the modest sample size. Our cohort 

had relatively few patients with mild disease, since all patients were enrolled based on their 

indication for scheduled colonoscopy. Nonetheless, we were able to establish significant 

correlations with endoscopic, histologic and biomarker endpoints. Moreover, endoscopic, 

scintigraphic and histologic scorings were all done by independent observers blinded to the 

other results of the study, assuring objective outcome measures.  

In conclusion, leukocyte SPECT-CT correlates with both endoscopic and histologic 

scores for UC. Endoscopic Mayo score reflects the inflammatory burden better than UCEIS. 

Fecal calprotectin is a more accurate inflammatory marker than serum CRP, particularly in 

left-sided colitis. Leukocyte SPECT-CT offers a promising tool to quantify inflammatory load 

in patients with UC. Future research should focus on the technique’s sensitivity to assess 

response to anti-inflammatory agents, particularly leukocyte migration inhibitors.  
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health care systems. Furthermore, availability of this technique is not limited to tertiary 

centres, since leukocyte isolation and labelling can be performed at commercial nuclear
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indication for scheduled colonoscopy. Nonetheless, we were able to establish significant

correlations with endoscopic, histologic and biomarker endpoints. Moreover, endoscopic,

scintigraphic and histologic scorings were all done by independent observers blinded to the 

other results of the study, assuring objective outcome measures.
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ABSTRACT 

Background and aim

It is not clear why some patients with ulcerative colitis (UC) do not respond to 

treatment with antitumor necrosis factor (TNF) agents, such as infliximab. It could be 

that some patients have high level of inflammation, with large quantities of TNF to be 

neutralized by the drug. We investigated whether loss of anti-TNF agents through 

ulcerated intestinal mucosa reduces the efficacy of these drugs in patients with 

severe UC.  

Methods

We collected fecal samples from 30 consecutive patients with moderate to severely 

active UC during the first 2 weeks of infliximab therapy at the University of 

Amsterdam hospital. Infliximab concentrations were measured in serum and 

supernatants of fecal samples using an enzymelinked immunosorbent assay 

(Sanquin Biologicals Laboratory, Amsterdam, The Netherlands). Clinical and 

endoscopic responses were assessed 2 and 8 weeks and 3 months after 

treatment began.  

Results 

Infliximab was detected in 129 of 195 fecal samples (66%); the highest 

concentrations were measured in the first days after the first infusion. Patients that 

were clinical nonresponders at week 2 had significantly higher fecal concentrations 

of infliximab after the first day of treatment than patients with clinical responses 

(median concentration, 5.01 mg/mL in nonresponders vs 0.54 mg/mL in responders; 

P=0.0047). We did not observe a correlation between fecal and serum 

concentrations of infliximab.  

Conclusions 

Infliximab is lost into stools of patients with UC. High fecal concentrations of 

infliximab in the first days after therapy begins are associated with primary 

nonresponse. Additional studies are needed to determine how therapeutic antibodies 

are lost through the intestinal mucosa and how this process affects treatment 

response. 
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Background

Monoclonal antibodies against tumour necrosis factor (TNF) have greatly

improved the management of patients with inflammatory bowel disease (IBD). Infliximab

is a chimeric anti-TNF antibody with proven efficacy in both Crohn’s disease (CD) and 

ulcerative colitis (UC).1, 2 However, a substantial number of patients do not respond to 

anti-TNF treatment (primary non-responders) and many others develop a secondary loss

of response over time.3 Both phenomena are still poorly understood.

Loss of response is often associated with undetectable serum drug 

concentrations and or the development of neutralizing anti-drug antibodies. 4,5, 6 In

contrast, the reasons for primary non-response are largely unknown, although several

potential mechanisms have been proposed. Certain subtypes of IBD may primarily be 

driven by pathophysiologic mechanisms that are less dependent on TNF.7 Furthermore,

binding of anti-TNF antibodies to membrane-bound TNF has been associated with 

induction of T cell apoptosis and formation of wound healing macrophages.8-10 Both of

these mechanisms of action depend on the presence of the membrane bound form of

TNF and it has previously been suggested that the presence of membrane bound form

of TNF may predict clinical response to treatment with anti-TNF.11

An alternative mechanism for primary non-response is enhanced antibody 

clearance resulting in inadequate exposure to drug. Clearance of monoclonal antibodies

is influenced by multiple factors including body mass index, gender, use of concomitant

immunosuppressive agents, the serum albumin concentration, and inflammatory

burden.12-14 Monoclonal antibodies typically undergo proteolysis within the 

reticuloendothelial system which is believed to be the primary route of clearance. 15-17

In severe colitis, massive intestinal loss of proteins, electrolytes and other minerals

occurs through the ulcerated epithelial surface.18, 19 It is well established that patients

with severe colitis often require higher than standard doses of anti-TNF antibodies to 

achieve clinical improvement.6 Based on these observations we hypothesized that fecal

loss of antibodies could represent a yet unknown mechanism of increased drug 

clearance from a ‘leaky gut’, contributing to an insufficient therapeutic effect in patients

with severe ulcerative colitis.
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patients with severe colitis often require higher than standard doses of anti-TNF 

antibodies to achieve clinical improvement.6 Based on these observations we 

hypothesized that fecal loss of antibodies could represent a yet unknown mechanism 

of increased drug clearance from a ‘leaky gut’, contributing to an insufficient 

therapeutic effect in patients with severe ulcerative colitis.
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Methods 

Anti-TNF naïve patients with moderate-to-severely active ulcerative 

colitis (endoscopic Mayo score 2/3), who were started on a regular dose of 5 

mg/kg intravenous infliximab after failing corticosteroids and/or 

immunomodulators were studied prospectively. Patients collected at least 4 

consecutive fecal samples during the first 2 weeks of treatment, at day 0, 1, 4, 7, 

11, and/or 14. Clinical disease activity at baseline was documented with the 

Simple Clinical Colitis Activity Index (SCCAI), in addition to endoscopic 

assessment of the disease mucosa by endoscopic Mayo score.20
 Furthermore, 

laboratory tests at baseline and week 2 included serum hemoglobin, albumin, 

C-reactive protein and fecal calprotectin (Bühlmann ELISA).

Fecal samples were diluted 1:5  in phosphate buffered saline containing 6% 

bovine serum albumin. Samples were then homogenized by vortexing for 60 minutes, 

centrifuged at 3000g for  5 minutes and 100 ul supernatant was collected and stored 

in freezer (-20°C). Infliximab concentrations were measured in serum at week 2 and 

fecal supernatants using an ELISA (Sanquin Biologicals Laboratory, Lower Limit of 

Quantitation 0.03ug/ml). 21
 Antibodies to infliximab were also measured at week 2 

using an radioimmunoassay. Infliximab-specific IgG was measured by an antigen-

binding test.22, 23 The fecal calprotectin ELISA that was used (Bühlmann laboratories 

AG) had an upper detection limit of 1800ug/g, values above this limit were further 

noted as 1800ug/g. 

Clinical response was assessed at week 0 and 2 and 3 months after initiation 

of treatment with infliximab by the treating physician who was unaware of either the 

serum or stool drug concentrations. Clinical response was defined as a total score of  

SCCAI ≤ 4 points or a drop in SCCAI of ≥ 50% from the baseline value.24 Endoscopic 

response was defined as improvement of the endoscopic Mayo score of at least one 

point from baseline to week 8.25, 26

Patients who needed additional/higher infliximab doses because of 

deteriorating symptoms or patients who required  colectomy due to lack of response 

within the first 3 months were considered to be non-responders at 3 months. 

This study was approved by the local ethical committee according to 

national Dutch legislation and written informed consent was obtained in all cases. 
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Mann Whitney test, Fisher’s exact test was used for univariate analysis of predictors for

response and for correlation analysis between serum and stool concentrations

Spearman rank was used. The area under the curve for the fecal infliximab

concentrations versus time was calculated by using the trapezoidal rule. Specific power

calculation was not performed because of lack of preliminary data. A P value <.05 was

considered statistically significant. SPSS® software version 20.0 (SPSS Inc., Chicago,

IL, USA) was used for statistical analysis. All co-authors had access to the study data 

and had reviewed and approved the final manuscript.
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addition to endoscopic assessment of the disease mucosa by endoscopic Mayo score.20
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centrifuged at 3000g for 5 minutes and 100 ul supernatant was collected and stored in 

freezer (-20°C). Infliximab concentrations were measured in serum at week 2 and fecal

supernatants using an ELISA (Sanquin Biologicals Laboratory, Lower Limit of

Quantitation 0.03ug/ml). 21 Antibodies to infliximab were also measured at week 2 using 

an radioimmunoassay. Infliximab-specific IgG was measured by an antigen-binding 

test.22, 23 The fecal calprotectin ELISA that was used (Bühlmann laboratories AG) had an 

upper detection limit of 1800ug/g, values above this limit were further noted as

1800ug/g.

Clinical response was assessed at week 0 and 2 and 3 months after initiation of

treatment with infliximab by the treating physician who was unaware of either the serum

or stool drug concentrations. Clinical response was defined as a total score of SCCAI ≤

4 points or a drop in SCCAI of ≥ 50% from the baseline value.24 Endoscopic response 

was defined as improvement of the endoscopic Mayo score of at least one point from

baseline to week 8.25, 26

Patients who needed additional/higher infliximab doses because of deteriorating 

symptoms or patients who required colectomy due to lack of response within the first 3 

months were considered to be non-responders at 3 months. 

This study was approved by the local ethical committee according to national

Dutch legislation and written informed consent was obtained in all cases.

We used descriptive statistics and data were presented as non-normally

distributed, with median value and interquartile ranges (IQR). Differences in infliximab

serum and stool concentrations for responders and non-responders were analyzed with
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Results 

Thirty consecutive anti-TNF naïve patients with moderate-to-severely 

active colitis (18 pancolitis and 12 left-sided colitis) were included. No 

patients refused to participate. (TABLE 1)  
TABLE 1 Baseline Characteristics N=30 
Gender: male, n (%) 19/30 (63%) 
Age, median (IQR)      40 (29-49) 
Disease duration, median (IQR)          8 (0-15) 
Left-sided colitis, n (%) 
Pancolitis, n (%) 

12/30 (40%) 
18/30 (60%) 

UC Endoscopic Mayo score 2 UC 
Endoscopic Mayo score 3 

  4/30 (13%) 
26/30 (87%) 

Hospitalized, n (%) 10/30 (33%) 
Corticosteroid refractory, n (%) 28/30 (93%) 
Concomitant thiopurines 16/30 (53%) 
UC Simple Clinical Colitis Activity Index, median (IQR)      10 (7-12) 
Hb (g/dl), median (IQR) 
CRP (mg/l), median (IQR) 
Serum Albumin (g/l), median (IQR) Fecal 
calprotectin (ug/g), median (IQR) 

11.5 (10.0-12.9)   
13.6 (3.4-57.6) 

    37 (30-41)   
1800 (702-1800) 

Legend: IQR; Interquartile range, Hb; Hemoglobin, CRP; C-Reactive Protein, UC: 

Ulcerative colitis. 

All patients received infliximab 5 mg/kg at week 0 and 2, except for 2 

patients who failed to demonstrate any clinical and biochemical improvement at 

day 5 and therefore received a second infusion of 10 mg/kg at that time. These 

patients were considered to be non-responders. The demographic characteristics 

of the patients are shown in table 1. One third of patients were hospitalized for 

severe disease and had failed intravenous treatment with corticosteroids. 

Infliximab was not detected in any of the fecal samples collected before the 

start of treatment. During the first 2 weeks of treatment, infliximab was detectable in 

feces of 25/30 patients (83%) and in 129/195 (66%) of all fecal samples. (FIGURE 1) 

The highest concentrations were measured in the first days following the first 

infliximab infusion (fecal concentration day 1 (median, IQR): 1.70, 0.01-9.75 ug/ml). 

At day 1, Infliximab was detected in fecal samples in 22 out of 30 patients. At 

week 2 serum infliximab concentrations (median, IQR) were 17.15 (13.25-25.01) ug/

ml. 
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Figure 1. Infliximab concentrations in fecal supernatant 14 days after the first infliximab 
infusion.

Clinical response was observed in 18/30 patients (60%) by week 2 and in 14/30 

patients (47%) by month 3. Twenty-three patients underwent a second endoscopy at

week 8 including 2 patients receiving an extra IFX dose. Of the 21 patients on regular

treatment, 12/21 (57%) had an endoscopic response. (TABLE 2)

Week 2 non-responders had significantly higher fecal infliximab concentrations

on the first day after the infliximab infusion than week 2 responders (median 5.01 (1.91-

20.14) vs. 0.54 (0.0-4.40) ug/ml, P=.0047). (FIGURE 2). Endoscopic non-responders at

week 8 (9/21) had higher fecal infliximab concentrations compared to patients with 

endoscopic improvement (median 4.66 (1.49-16.29) vs 1.16 (0.0-4.82) ug/ml

respectively, P=.0588). Patients without response by month 3 (16/30) also ended to

have higher fecal infliximab concentrations (median 2.51 (1.23-11.58) vs. 0.54 (0.0-8.07) 

ug/ml) at day 1 compared to responders (P=.1081).

TABLE 2 Effects of infliximab induction at week 2, week 8 and month 3
Week 2 clinical response, n (%) 18/30 (60%)
Week 8 endoscopic response, n (%) 12/21 (57%)
Month 3 clinical response, n (%) 14/30 (47%) 
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who failed to demonstrate any clinical and biochemical improvement at day 5 and 

therefore received a second infusion of 10 mg/kg at that time. These patients were 

considered to be non-responders. The demographic characteristics of the patients are

shown in table 1. One third of patients were hospitalized for severe disease and had 

failed intravenous treatment with corticosteroids. 

Infliximab was not detected in any of the fecal samples collected before the start

of treatment. During the first 2 weeks of treatment, infliximab was detectable in feces of

25/30 patients (83%) and in 129/195 (66%) of all fecal samples. (FIGURE 1) The highest

concentrations were measured in the first days following the first infliximab infusion

(fecal concentration day 1 (median, IQR): 1.70, 0.01-9.75 ug/ml). At day 1, Infliximab

was detected in fecal samples in 22 out of 30 patients. At week 2 serum infliximab 

concentrations (median, IQR) were 17.15 (13.25-25.01) ug/ml.
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Figure 1. Infliximab concentrations in fecal supernatant 14 days after the first 

infliximab infusion. 

Clinical response was observed in 18/30 patients (60%) by week 2 and in 14/30 

patients (47%) by month 3. Twenty-three patients underwent a second endoscopy 

at week 8 including 2 patients receiving an extra IFX dose. Of the 21 patients on 

regular treatment, 12/21 (57%) had an endoscopic response. (TABLE 2) 

Week 2 non-responders had significantly higher fecal infliximab 

concentrations on the first day after the infliximab infusion than week 2 responders 

(median 5.01 (1.91-20.14) vs. 0.54 (0.0-4.40) ug/ml, P=.0047). (FIGURE 2). 

Endoscopic non-responders at week 8 (9/21) had higher fecal infliximab 

concentrations compared to patients with endoscopic improvement (median 

4.66 (1.49-16.29) vs 1.16 (0.0-4.82) ug/ml respectively, P=.0588). Patients 

without response by month 3 (16/30) also ended to have higher fecal infliximab 

concentrations (median 2.51 (1.23-11.58) vs. 0.54 (0.0-8.07) ug/ml) at day 1 

compared to responders (P=.1081).  

TABLE 2 Effects of infliximab induction at week 2, week 8 and month 3 
Week 2 clinical response, n (%) 18/30 (60%) 
Week 8 endoscopic response, n (%) 12/21 (57%) 
Month 3 clinical response, n (%) 14/30 (47%) 
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The areas under the curve of fecal loss 

of infliximab during the first 2 weeks were 16.8 for 

non-responders at week 2 versus 4.6 ug/ml/

day for responders (12 vs. 18; P=.0048), 16.5 

versus 4.8 ug/ml/day for endoscopic 

(non-)response at week 8 (9 vs. 12; P=.09) and 

12.8 versus 4.8 ug/ml/day (16 vs. 14; P=0.15) 

at month 3. While multiple biochemical 

parameters including C-reactive protein, 

hemoglobin and fecal calprotectin were 

analyzed, fecal infliximab concentration at day 1 

was the only predicting factor for endoscopic 

response to infliximab (TABLE 3). 

For clinical non-responders at week 2, 

serum infliximab concentrations (median, IQR) 

were 16.55 (8.55-24.02) ug/ml compared to 

responders 17.15 (13.75-26.25) ug/ml (P=.81).  

No direct correlation between fecal levels 

and serum levels was observed. (r=-0.15, 

P=.44). (Supplementary FIGURE 3) Patients 

with detectable infliximab levels in feces 

had a significantly more severe colitis, 

indicated by higher clinical scores and fecal 

calprotectin concentrations at baseline compared 

to patients in which infliximab could not be

detected the first day after infusion. (Supplementary TABLE 4) In addition, patients with 

relatively lower (than our median) baseline serum albumin levels were found to have 

significantly higher fecal IFX concentrations at day 1 and lower serum IFX concentrations 

at week 2. (Supplementary TABLE 5) Moreover, patients with a fecal calprotectin of 

>1000ug/g at week 2 had significantly higher median (IQR) fecal IFX AUC compared to

patients with lower calprotectin levels at week 2: 16.49 (7.97-43.33) ug/ml/day vs.

0.15 (0.0-5.08) ug/ml/day (P<0.01). Finally, week 2 fecal Calprotectin levels showed

a correlation with fecal AUC: r:0.56 (P<0.01).
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Legend: IQR; Interquartile range, Hb; Hemoglobin, CRP; C-Reactive Protein, 

IFX; infliximab 

TABLE 3 Early predictors for endoscopic response (N=21) 

Predictor, median (IQR) Responders(n=12) Non-responders(n=9) P value 

Disease duration (years) 10 (0-15) 4 (2-12) .67

Concomitant Thiopurines  4/12 (33%) 5/9 (56%) .40

Baseline Colitis Activity Index 10 (6-12) 10 (10-13) .35

Baseline Hb (g/dl) 11.0 (10.0-13.1) 11.6 (10.8-13.2) .35

Baseline CRP (mg/l)  13.5 (6.4-45.5) 11.0 (2.4-75.0) .72

Baseline Albumin (g/l) 37 (32-41) 38 (32-40) .89

Fecal calprotectin (ug/g) 1800 (625-1800) 1800 (981-1800) ns

Fecal IFX day 1 (ug/ml)  1.16 (0.0-4.82)  4.66 (1.49-16.29)  .0588
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NR: non-response, ER:endoscopic response, 
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The areas under the curve of fecal loss of

infliximab during the first 2 weeks were 16.8 for non-

responders at week 2 versus 4.6 ug/ml/day for

responders (12 vs. 18; P=.0048), 16.5 versus 4.8 

ug/ml/day for endoscopic (non-)response at week 8 

(9 vs. 12; P=.09) and 12.8 versus 4.8 ug/ml/day (16 

vs. 14; P=0.15) at month 3. While multiple

biochemical parameters including C-reactive protein,

hemoglobin and fecal calprotectin were analyzed, 

fecal infliximab concentration at day 1 was the only

predicting factor for endoscopic response to

infliximab (TABLE 3).

For clinical non-responders at week 2, serum

infliximab concentrations (median, IQR) were 16.55 

(8.55-24.02) ug/ml compared to responders 17.15 

(13.75-26.25) ug/ml (P=.81). 

No direct correlation between fecal levels and 

serum levels was observed. (r=-0.15, P=.44).

(Supplementary FIGURE 3) Patients with 

detectable infliximab levels in feces had a 

significantly more severe colitis, indicated by higher

clinical scores and fecal calprotectin concentrations

at baseline compared to patients in which infliximab 

could not be detected the first day after infusion. (Supplementary TABLE 4) In addition,

patients with relatively lower (than our median) baseline serum albumin levels were 

found to have significantly higher fecal IFX concentrations at day 1 and lower serum IFX

concentrations at week 2. (Supplementary TABLE 5) Moreover, patients with a fecal

calprotectin of >1000ug/g at week 2 had significantly higher median (IQR) fecal IFX AUC

compared to patients with lower calprotectin levels at week 2: 16.49 (7.97-43.33)

ug/ml/day vs. 0.15 (0.0-5.08) ug/ml/day (P<0.01). Finally, week 2 fecal Calprotectin 

levels showed a correlation with fecal AUC: r:0.56 (P<0.01).
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Legends: IQR; Interquartile range, Hb; Hemoglobin, CRP; C-Reactive Protein, 

IFX; infliximab  
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Predictor, median (IQR) Responders(n=12) Non-responders(n=9) P value 

Disease duration (years)     10 (0-15)      4 (2-12) .67 

Concomitant Thiopurines  4/12 (33%)   5/9 (56%) .40 

Baseline Colitis Activity Index     10 (6-12)    10 (10-13) .35 

Baseline Hb (g/dl)  11.0 (10.0-13.1) 11.6 (10.8-13.2) .35 

Baseline CRP (mg/l)  13.5 (6.4-45.5) 11.0 (2.4-75.0) .72 

Baseline Albumin (g/l)     37 (32-41)    38 (32-40) .89 

Fecal calprotectin (ug/g) 1800 (625-1800) 1800 (981-1800) ns 

Fecal IFX day 1 (ug/ml)  1.16 (0.0-4.82)  4.66 (1.49-16.29)  .0588
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Discussion 

We report that intestinal loss of therapeutic anti-TNF antibodies is 

associated with treatment failure in patients with moderate-to-severely active 

ulcerative colitis. This is the first observation showing that a therapeutic antibody 

can be found at detectable levels in feces. Our data is likely a conservative 

estimate of the quantity of antibody lost in the gut, since these therapeutic 

proteins are degraded by proteases that are abundantly present in the 

intestinal lumen of IBD patients and proteases were not neutralized in our 

assay.27 The assay that we used in this study detects intact antibody and Fab2 

fragments, but may not detect Fab fragments or other/further breakdown 

products of infliximab.21
 Fecal samples were deep frozen and homogenized 

and analyzed several weeks later. Therefore, degradation of part of the antibody 

cannot be excluded. 

Given that the peak fecal infliximab concentration was observed approximately 

2 days after the first infusion, it appears that the greatest loss of infliximab occurs at 

the time when serum drug concentrations are the highest and when the mucosa is 

most severely inflamed and, hence, more ‘leaky’. Patients with significant fecal loss of 

infliximab had more severe disease at baseline. Patients with low serum albumin 

concentrations at baseline had higher fecal IFX concentrations at day 1 and lower 

serum IFX concentrations at week 2. This underscores the probable role of protein 

loss in lowering serum IFX concentrations and the idea that severe disease and 

extensively ulcerated surface is the cause of intestinal loss, similar to observations 

made with immunoglobulins.18 Because the current cohort mainly consisted of 

patients with extensive colonic disease (with large ulcerated surfaces), no significant 

association was found between extent of disease and fecal loss. 

This cohort only included patients with ulcerative colitis. However, in an 

additional pilot study we analyzed fecal samples of 4 CD patients (2 patients with 

colonic disease and 2 patients with isolated small bowel disease). Three of them 

also had measurable fecal infliximab levels, suggesting that antibody loss may not 

be limited to the ulcerated colon alone. 

Anti-infliximab antibodies were not detectable in serum samples at week 2. 

The ability to evaluate antibodies to infliximab is hampered by the fact that the 

antibody assay that was used cannot detect anti-infliximab antibodies in the presence 

of high circulating infliximab concentrations. Antibodies to infliximab were also not 

detected in 
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feces. Furthermore, no significant difference was observed in patients with or without

concomitant thiopurines with regard to serum or fecal levels of infliximab.

In this cohort, we observed a rather high rate of primary non-response to 

infliximab in comparison with previously reported studies. 2, 28-30 However, this is most

likely due to the fact that this particular cohort mainly consisted of patients with severely

active colitis (endoscopic Mayo score 3). Moreover, our early and strict definition of

response may have contributed to this high ‘failure’ rate.

Although fecal loss of infliximab appears to contribute to primary non-response in 

ulcerative colitis, it is probably not the only factor influencing the pharmacokinetics of

these therapeutic antibodies. The lack of correlation between early fecal infliximab

concentrations and day 14 serum infliximab concentrations could be explained by other

factors influencing the serum concentration of the drug.12 Although it has been 

suggested that serum drug concentrations are highly relevant for clinical effect, recent

data indicate that mucosal concentrations may be even more important, at least in

severe types of colitis. Mucosal anti-TNF concentrations and the ratio of anti-TNF-to-

TNF in tissue were reported to be lower in severely inflamed parts of the colon, which 

suggested that mucosal inflammation is the most likely cause of antibody loss.31 Fecal

loss of infliximab could hence represent a separate elimination route, affecting the 

mucosal compartment separately of the blood compartment. Its contribution in relation to

proteolysis within the reticuloendothelial system remains to be determined. Recently,

molecular imaging of intestinal membrane-bound TNF positive immune cells with 

fluorescent antibodies, at the site of action (mucosa), has been proposed as a potential

modality to predict therapeutic response to biological treatment.11

Evidently, fecal loss of monoclonal antibodies may represent a reflection of

disease activity rather than only a causal factor of primary non-response.18 As such, it

could even be considered as a biomarker for disease activity, identifying patients at high 

risk for colectomy. The importance of early detection of non-response is exemplified by 

the two patients who were given an ‘accelerated’ 10 mg/kg (double dose) infusion and 

consequently avoided colectomy. Both patients that had received IFX 10mg/kg at day 5,

had high serum CRP (306 and 128 mg/l) and low serum albumin (25 and 29 g/l) and

were hospitalized for severe symptoms. After initial slight improvement of CRP and 

Albumin the first days after a regular dose of IFX (5 mg/kg), those parameters

deteriorated again at day 5 in both patients: CRP (217 and 111.8 mg/l), Albumin (21 and 

27 g/l). Because the clinical condition of the patients deteriorated, it was decided to 

67

Loss of infliximab into feces in UC



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

4

Discussion

We report that intestinal loss of therapeutic anti-TNF antibodies is associated 

with treatment failure in patients with moderate-to-severely active ulcerative colitis. This

is the first observation showing that a therapeutic antibody can be found at detectable 

levels in feces. Our data is likely a conservative estimate of the quantity of antibody lost

in the gut, since these therapeutic proteins are degraded by proteases that are 

abundantly present in the intestinal lumen of IBD patients and proteases were not

neutralized in our assay.27 The assay that we used in this study detects intact antibody 

and Fab2 fragments, but may not detect Fab fragments or other/further breakdown 

products of infliximab.21 Fecal samples were deep frozen and homogenized and 

analyzed several weeks later. Therefore, degradation of part of the antibody cannot be 

excluded.

Given that the peak fecal infliximab concentration was observed approximately 2 

days after the first infusion, it appears that the greatest loss of infliximab occurs at the 

time when serum drug concentrations are the highest and when the mucosa is most

severely inflamed and, hence, more ‘leaky’. Patients with significant fecal loss of

infliximab had more severe disease at baseline. Patients with low serum albumin 

concentrations at baseline had higher fecal IFX concentrations at day 1 and lower serum

IFX concentrations at week 2. This underscores the probable role of protein loss in 

lowering serum IFX concentrations and the idea that severe disease and extensively

ulcerated surface is the cause of intestinal loss, similar to observations made with 

immunoglobulins.18 Because the current cohort mainly consisted of patients with 

extensive colonic disease (with large ulcerated surfaces), no significant association was

found between extent of disease and fecal loss.

This cohort only included patients with ulcerative colitis. However, in an additional

pilot study we analyzed fecal samples of 4 CD patients (2 patients with colonic disease 

and 2 patients with isolated small bowel disease). Three of them also had measurable 

fecal infliximab levels, suggesting that antibody loss may not be limited to the ulcerated

colon alone.

Anti-infliximab antibodies were not detectable in serum samples at week 2. The 

ability to evaluate antibodies to infliximab is hampered by the fact that the antibody

assay that was used cannot detect anti-infliximab antibodies in the presence of high 

circulating infliximab concentrations. Antibodies to infliximab were also not detected in 
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feces. Furthermore, no significant difference was observed in patients with or without 

concomitant thiopurines with regard to serum or fecal levels of infliximab. 

In this cohort, we observed a rather high rate of primary non-response to 

infliximab in comparison with previously reported studies. 2, 28-30
 However, this is most 

likely due to the fact that this particular cohort mainly consisted of patients with 

severely active colitis (endoscopic Mayo score 3). Moreover, our early and strict 

definition of response may have contributed to this high ‘failure’ rate. 

Although fecal loss of infliximab appears to contribute to primary non-response 

in ulcerative colitis, it is probably not the only factor influencing the pharmacokinetics 

of these therapeutic antibodies. The lack of correlation between early fecal infliximab 

concentrations and day 14 serum infliximab concentrations could be explained by 

other factors influencing the serum concentration of the drug.12
 Although it has been 

suggested that serum drug concentrations are highly relevant for clinical effect, 

recent data indicate that mucosal concentrations may be even more important, at 

least in severe types of colitis. Mucosal anti-TNF concentrations and the ratio of anti-

TNF-to-TNF in tissue were reported to be lower in severely inflamed parts of the 

colon, which suggested that mucosal inflammation is the most likely cause of 

antibody loss.31 Fecal loss of infliximab could hence represent a separate elimination 

route, affecting the mucosal compartment separately of the blood compartment. Its 

contribution in relation to proteolysis within the reticuloendothelial system remains to 

be determined. Recently, molecular imaging of intestinal membrane-bound TNF 

positive immune cells with fluorescent antibodies, at the site of action (mucosa), has 

been proposed as a potential modality to predict therapeutic response to biological 

treatment.11  

Evidently, fecal loss of monoclonal antibodies may represent a reflection of 

disease activity rather than only a causal factor of primary non-response.18 As such, it 

could even be considered as a biomarker for disease activity, identifying patients at 

high risk for colectomy. The importance of early detection of non-response is 

exemplified by the two patients who were given an ‘accelerated’ 10 mg/kg (double 

dose) infusion and consequently avoided colectomy. Both patients that had received 

IFX 10mg/kg at day 5, had high serum CRP (306 and 128 mg/l) and low serum 

albumin (25 and 29 g/l) and were hospitalized for severe symptoms. After initial slight 

improvement of CRP and Albumin the first days after a regular dose of IFX (5 mg/kg), 

those parameters deteriorated again at day 5 in both patients: CRP (217 and 111.8 

mg/l), Albumin (21 and 27 g/l). Because the clinical condition of the patients 

deteriorated, it was decided to administer a second dose of IFX at day 5.
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 This intervention led to rapid improvement of the clinical condition of both patients 

and patients were discharged. Week 2 CRP were 23.2 and 3.9 mg/l and Albumin 32 

and 35 g/l. Endoscopy at week 8 showed mucosal healing (endoscopic Mayo score 

≤1) in both patients. Up to date both patients have not had a colectomy (follow-up 34 

and 18 months respectively). In line with this observation, a recent study showed that 

an intensified infliximab induction strategy for acute severe colitis reduced colectomy 

rates significantly.32  

In conclusion, intestinal loss of infliximab in moderate-to-severely active 

ulcerative colitis is associated with a diminished response to this treatment. Patients 

with severe disease may therefore benefit from more intensive dosing regimens. This 

strategy warrants a prospective clinical trial. 
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administer a second dose of IFX at day 5. This intervention led to rapid improvement of

the clinical condition of both patients and patients were discharged. Week 2 CRP were 

23.2 and 3.9 mg/l and Albumin 32 and 35 g/l. Endoscopy at week 8 showed mucosal

healing (endoscopic Mayo score ≤1) in both patients. Up to date both patients have not

had a colectomy (follow-up 34 and 18 months respectively). In line with this observation,

a recent study showed that an intensified infliximab induction strategy for acute severe 

colitis reduced colectomy rates significantly.32

In conclusion, intestinal loss of infliximab in moderate-to-severely active

ulcerative colitis is associated with a diminished response to this treatment. Patients with 

severe disease may therefore benefit from more intensive dosing regimens. This

strategy warrants a prospective clinical trial.
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ABSTRACT 
Background and aim

The pharmacokinetics of infliximab (IFX) during induction treatment for Ulcerative Colitis 

(UC) have not been studied. We investigated serum IFX concentrations and early 

appearance of antibodies to infliximab (ATI) during induction treatment in moderate-to-severe 

UC. 

Methods 
Moderate-severe UC patients (endoscopic Mayo ≥ 2) receiving IFX induction treatment were 

enrolled prospectively. Serial serum and fecal samples were collected for 6 weeks and tested 

for IFX concentrations, ATI, C-reactive protein (CRP), albumin and fecal calprotectin. 

Treatment success was defined as endoscopic response (≥ 1 point reduction in the 

endoscopic Mayo score) at week 8.  

Results 

Nineteen of the 20 included patients completed the conventional IFX induction regimen 

(5mg/kg at week 0,2 and 6). Eleven patients (58%) showed endoscopic response. The 

median (IQR) serum IFX concentration at week 6 was 8.1 (3.0-13.7) ug/ml in responders 

versus 2.9 (0.01-5.8) ug/ml in non-responders (P=0.03). ATIs were detected in 7 patients as 

early as on day 18 (median 28, 18-42). Six of the 8 non-responders tested ATI+ compared to 

1/11 responders (P<0.01, OR:30, 95%CI:2.2-406.2). ROC analysis revealed that baseline 

CRP > 50mg/l was associated with lower week 0-6 drug exposure by area under the curve 

(AUC) (587 vs. 1361 mg/L/day, P=0.001). The median AUC for serum IFX was 1230 

mg/L/day in non-responders and 1352 mg/L/day in responders (p=0.65).  

Conclusions 

Week 6 IFX concentrations separated responders from non-responders significantly. Early 

development of ATI impaired IFX concentrations and predicted non-response. Patients with 

high baseline serum CRP levels had lower serum IFX concentrations and worse outcome.  

Background

Infliximab (IFX) is effective to induce and maintain clinical remission and mucosal

healing in patients with moderate-to-severe ulcerative colitis (UC).1, 2 Combination therapy of

IFX with azathioprine was shown to be superior to monotherapy with either agent alone for

achieving corticosteroid-free remission at 16 weeks.3 However, approximately one third of

UC patients have no or limited response to IFX induction therapy, a phenomenon which is

called ‘primary non-response’. In addition, approximately one quarter of patients lose 

response to IFX during the first year of maintenance therapy.1, 4 Loss of response has been 

associated with the appearance of neutralizing antidrug antibodies and with low serum drug 

concentrations, even in the absence of neutralizing antibodies, in patients with Crohn’s

disease during IFX maintenance treatment.5, 6 In UC, undetectable IFX trough levels

(measured immediately prior to infusion during maintenance therapy) have been associated 

with a higher risk of colectomy.7 Most conventional antidrug antibody assays cannot measure 

antidrug antibodies in the presence of circulating drug. Therefore, the early development of

antidrug antibodies during IFX induction therapy and its relation to IFX concentrations and 

response have not been studied in detail, so far. 

Several factors are known to affect serum concentrations of therapeutic anti-TNF

antibodies, such as the presence of neutralizing anti-drug antibodies and the use of

concomitant immunomodulators. Furthermore, mode of administration (intravenous versus

subcutaneous), body weight, high serum C-reactive protein (CRP) concentrations and low 

serum albumin concentrations (both reflecting a high inflammatory load) have also been 

suggested to affect anti-TNF serum concentrations.6, 8, 9

The current IFX dosing regimen (5mg/kg at week 0, 2 and 6) is based on the original

prospective registration trials, which excluded hospitalized patients with steroid refractory

acute severe UC.1 This population was studied in a different placebo-controlled trial in 

Sweden, reporting a decreased colectomy rate in hospitalized UC patients that were treated 

with a single IFX infusion compared to placebo.2 Furthermore, a French head-to-head 

comparative study of IFX and ciclosporin in hospitalized patients with severe UC refractory to 

intravenous steroids, revealed that rescue therapy with ciclosporin was not superior to IFX, 

leading to ‘treatment failure rates’ in 60 and 54% of patients respectively. In this ‘CYSIF’ trial, 

ciclosporin was administered using predefined therapeutic drug monitoring ranges, whereas

IFX was given at standard doses.10

The optimal therapeutic range for serum concentrations of IFX during induction 

therapy in UC is unknown. The available pharmacokinetic data of IFX in UC are solely

derived from patients receiving maintenance therapy and population computer modelling.11-14

However, the situation during induction therapy in the acute phase of UC is

considerably different from that in the maintenance phase. It has been hypothesized that 
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patients with a high inflammatory burden during the induction phase have an accelerated 

clearance of anti-TNF antibodies due to massive presence of (circulating and tissue) TNF 

and fecal loss of the therapeutic antibody.15, 16 This hypothesis has already led to dose 

intensification in clinical practice at certain medical centres. Recently an Irish group reported 

a reduction in the colectomy rate after the introduction of an ‘accelerated IFX dosing regimen’ 

when compared to a historical cohort.17  

To test the hypothesis that patients with high inflammatory burden have higher 

clearance, we conducted a prospective multicenter pharmacokinetic study of IFX induction 

therapy in patients with moderate-to-severely active UC. We aimed to investigate whether 

antidrug antibodies appear during IFX induction therapy in patients with moderate-to-severe 

UC and if in patients with high inflammatory burden enhanced clearance of IFX contributes to 

primary non-response. 
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Methods

This prospective cohort study was performed at two centres in Amsterdam, the 

Netherlands (an academic referral center, the Academic Medical Center and a regional

teaching hospital, OLVG), between July, 2012 and March, 2014. Consecutive anti-TNF naive 

adults with moderate-to-severe UC (endoscopic Mayo score 2 or 3) were included after

giving informed consent. Following negative screening for tuberculosis and gastrointestinal

infections, infliximab was administered intravenously at a dose of 5 mg/kg, either during 

admission or at the outpatient infusion clinic. Further infusions (5mg/kg) were given at week

2 and 6, in accordance with the IFX label. Corticosteroids were allowed during the study and 

gradually tapered after the second IFX infusion. For patients that used thiopurines

(azathioprine or 6-mercaptopurine)) at baseline, doses were kept stable throughout the

induction phase. In thiopurine naïve patients, 6-mercaptopurine was introduced 7 days after

the first IFX infusion except in case of prior intolerance or other contraindications.

Patients were monitored intensively from the day before the first infusion up to week

6, with consecutive measurements of serum IFX, antibodies to IFX (ATI), C-reactive protein

(CRP) and albumin and fecal calprotectin concentrations at day 0 (1hr after the end of the 

first infusion), day 1, 4, 7, 11, 14 (immediately before and 1hr after infusion), and day 18, 21,

28 and 42. (supplementary figure 1)

Fecal calprotectin concentrations were measured using an ELISA (Bühlmann, 

Schönenbruch, Switzerland). Fecal supernatants were diluted if fecal calprotectin results 

were above the upper limit of detection of the test (1800 ug/g). 

Clinical response was monitored weekly using the Simple Clinical Colitis Activity

Index (SCCAI).18 All patients underwent a sigmoidoscopy at baseline before IFX was started 

and at week 8 after treatment initiation. Endoscopic disease severity was assessed by an 

independent reader (blinded to the study results) on video’s or endoscopic photographs

using the Mayo endoscopic subscore. Endoscopic response was defined as improvement by

at least 1 point and mucosal healing as a Mayo endoscopic score ≤1.19 Absence of response

was defined as a lack of endoscopic improvement and/or clinical deterioration with a need for

additional unscheduled IFX dosing or colectomy within 3 months. The decision for additional

unscheduled IFX dosing or colectomy was made without knowledge of the serum IFX or anti-

IFX antibody concentrations.
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Serum infliximab and antibodies to IFX 

All serum samples were analyzed for IFX concentrations by Sanquin Laboratories 

(Amsterdam, The Netherlands) using a previously validated radioimmunoassay.20-22 

Antibodies to IFX (ATIs) were measured with a homogeneous mobility shift assay 

(Prometheus Laboratories, San Diego, CA).23 This assay is, contrary to conventional bridging 

ELISAs, able to detect anti-IFX antibodies in the presence of drug. The Homogeneous 

mobility shift assay uses fluorescently labeled IFX to isolate anti-IFX antibodies complexes 

based on their molecular weight. Anti-IFX complexes are quantified by size-exclusion high 

performance liquid chromatography (SE-HPLC) with fluorescent detection. 

Statistical analysis and PK modelling 

We used descriptive statistics and data are presented as non-normally distributed 

with medians and interquartile ranges (IQR). Differences in area under the serum 

concentration versus time curve (AUCs; see below) were analyzed using the Mann-Whitney 

U test, whereas a Fisher’s exact test was used for univariate analysis of predictors of 

response, which were further analyzed by ROC analysis. For correlation analysis a 

Spearman’s rank correlation coefficients were determined. A P value <0.05 was considered 

statistically significant. SPSS® software version 20.0 (SPSS Inc., Chicago, IL, USA) was 

used for statistical analysis.  

IFX concentrations at the different time points were analyzed simultaneously by non-

linear mixed-effects modelling software (NONMEM (version 7.2.0), Globomax LLC, Ellicott 

City, Maryland, USA). The time profile of the IFX concentrations was described using a 2-

compartment PK model. Estimated parameters were clearance (CL), volume of distribution of 

the central compartment (V1), intercompartment clearance (Q) and volume of distribution of 

the peripheral compartment (V2). Inter-patient variability and covariance were estimated for 

CL, V1 and V2. 

Correlations between pharmacokinetic parameters and covariates were evaluated in 

an attempt to explain the inter-patient variability in the pharmacokinetic parameters CL, V1 

and V2. The evaluated covariates included antibodies to IFX, serum CRP, albumin 

concentrations and body weight. The covariate model was built using stepwise forward 

inclusion (P<0.05) followed by backward elimination (P<0.01).  

Individual pharmacokinetic parameter estimates were obtained by Bayesian analysis 

using the final population model. The individual parameters were used to calculate the area 

under the curve (AUC) for serum infliximab concentrations versus time. (For further details 

about the pharmacokinetic analysis, see the supplementary method section) 
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This study was approved by the local medical ethical committee in accordance with

Dutch national legislation. Written informed consent was obtained from all patients. All co-

authors had access to the study data and reviewed and approved the final manuscript.
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This study was approved by the local medical ethical committee in accordance with 

Dutch national legislation. Written informed consent was obtained from all patients. All co-

authors had access to the study data and reviewed and approved the final manuscript. 
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Results 
Twenty consecutive UC patients were included between July, 2012 and March, 2014. 

All but one patient suffered from severe Mayo 3 colitis at baseline endoscopy and one third 

of patients were hospitalized at initiation of IFX therapy. Patient and baseline characteristic 

are shown in table 1.  

TABLE 1. Baseline Characteristics N=20 

Gender, Male (n) % 

Age (years), median (IQR) 

Weight (kg), median (IQR) 

Disease duration (years), median (IQR) 

Extent of UC, n (%): 

Left-sided colitis 

Pancolitis 

Endoscopic Mayo score 3, n (%) 

Corticosteroid refractory, n (%) 

Hospitalized, n (%) 

Concomitant thiopurines, n (%) 

Serum Haemoglobin, (g/l), median (IQR) 

Serum CRP (mg/l), median (IQR) 

Serum Albumin (g/l), median (IQR) 

Fecal Calprotectin (ug/g), median (IQR) 

Clinical Colitis Activity Index, median (IQR) 

13 (65%) 

 36 (27-44) 

70 (61-75) 

 6 (0-13) 

 7 (35%) 

13 (65%) 

19 (95%) 

19 (95%) 

  7 (35%) 

11 (55%) 

115.9 (99.8-127.2) 

25.8 (4.2-84.8) 

37 (30-41) 

2030 (981-3183) 

10 (8-13) 

Legends: UC; ulcerative colitis, CRP; C-reactive protein, IQR: inter quartile range 

Clinical and endoscopic outcome 

One patient received an additional and accelerated IFX infusion of 10 mg/kg on day 5 

because of rapid disease exacerbation based on clinical and biochemical parameters. This 

patient was excluded from further analysis from that time point onwards. Subsequently, the 

patient improved rapidly and could be discharged from the hospital 6 days after the additional 

infusion. Two patients underwent a colectomy within 3 months of IFX initiation. These 3 

patients were considered to have complete absence of response to conventional IFX 

induction therapy, whereas the remainder (n=17) at least showed some clinical benefit. 

The standard IFX induction regimen resulted in an endoscopic response in 58% 

(11/19) and mucosal healing in 47% (9/19) of the patients. The baseline characteristics of the 

endoscopic responders compared to non-responders were not significantly different. 

(Supplementary table 1) 
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Antibodies to IFX

Antibodies to IFX were detected in 7/20 patients. These antibodies were measurable 

as early as day 18, 4 days after second infusion. Six of the seven patients with detectable 

ATIs were endoscopic non-responders at week 8 (P<0.01, OR:30). (table 2) The single 

patient with detectable ATIs that had an endoscopic response developed an acute infusion 

reaction at the fifth IFX infusion (ie at week 22). Concomitant use of immunomodulators did 

not significantly change the formation of anti-IFX antibodies. 

TABLE 2

ATI + (n=7) ATI - (n=13) P value, (OR)

Week 6 IFX level(ug/ml), median (IQR) 0.0 (0.0-2.7) 8 (5.6-11.8) P<0.01

Endoscopic non-responders 6/8 2/8 P<0.01, OR:30

Endoscopic responders 1/11 10/11

Immunomodulator use 3/12 9/12 P=0.36

No immunomodulator 4/8 4/8
Legends: IFX; infliximab, ATI; anti-IFX antibodies, IQR; inter quartile range

Pharmacokinetics

Serum IFX concentrations showed considerable variation 1 hour after the first (range 

70.2-148.1 ug/ml) and the second (46.8-200.5) infusion (figure 1).

Figure 1. Serum infliximab (IFX) concentration versus time profile. Each dot represents a 

separate observation. The curve represents the median.
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of patients were hospitalized at initiation of IFX therapy. Patient and baseline characteristic

are shown in table 1.
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Clinical and endoscopic outcome

One patient received an additional and accelerated IFX infusion of 10 mg/kg on day 5 

because of rapid disease exacerbation based on clinical and biochemical parameters. This

patient was excluded from further analysis from that time point onwards. Subsequently, the 

patient improved rapidly and could be discharged from the hospital 6 days after the additional

infusion. Two patients underwent a colectomy within 3 months of IFX initiation. These 3 

patients were considered to have complete absence of response to conventional IFX

induction therapy, whereas the remainder (n=17) at least showed some clinical benefit.

The standard IFX induction regimen resulted in an endoscopic response in 58% 

(11/19) and mucosal healing in 47% (9/19) of the patients. The baseline characteristics of the 

endoscopic responders compared to non-responders were not significantly different. 

(Supplementary table 1)
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Antibodies to IFX 

Antibodies to IFX were detected in 7/20 patients. These antibodies were measurable 

as early as day 18, 4 days after second infusion. Six of the seven patients with detectable 

ATIs were endoscopic non-responders at week 8 (P<0.01, OR:30). (table 2) The single 

patient with detectable ATIs that had an endoscopic response developed an acute infusion 

reaction at the fifth IFX infusion (ie at week 22). Concomitant use of immunomodulators did 

not significantly change the formation of anti-IFX antibodies. 

TABLE 2 

ATI + (n=7) ATI - (n=13) P value, (OR) 

Week 6 IFX level(ug/ml), median (IQR) 0.0 (0.0-2.7) 8 (5.6-11.8) P<0.01 

Endoscopic non-responders   6/8    2/8 P<0.01, OR:30 

Endoscopic responders 1/11 10/11 

Immunomodulator use 3/12   9/12 P=0.36 

No immunomodulator   4/8    4/8 
Legends: IFX; infliximab, ATI; anti-IFX antibodies, IQR; inter quartile range 

Pharmacokinetics 

Serum IFX concentrations showed considerable variation 1 hour after the first (range 

70.2-148.1 ug/ml) and the second (46.8-200.5) infusion (figure 1).  

Figure 1. Serum infliximab (IFX) concentration versus time profile. Each dot represents a 

separate observation. The curve represents the median. 
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The concentration-time profiles could be adequately described using a two-compartment 

model. After administration, IFX distributed mainly within the central compartment (plasma 

volume), with limited cellular 

penetration because of the high 

molecular weight and hydrophilicity 

of IFX; respective central and 

peripheral volumes of distribution 

were 3.3 L and 2.2 L. In the final 

pharmacokinetic multivariate model 

significant associations were found 

between IFX clearance and the 

presence of ATI and the serum 

albumin concentration. The 

pharmacokinetic parameters are 

presented in supplementary table 2. 

In the presence of ATI, typical 

clearance was more than doubled 

(increase from 0.43 L/day to 1.00 

L/day, 2.3 fold, P<0.01), which is 

reflected in a much smaller AUC in 

these patients. (figure 2) As a result 

ATI decreased the distribution half-

life from 2.0 to 1.5 days and the 

elimination half-life from 9.9 to 5.9 

days. Serum albumin and 

clearance were negatively 

correlated (P<0.01). Clearance was 

0.87, 0.54 and 0.40 L/day with 

serum albumin values of 25, 38 and 

50 g/l, respectively. 

Figure 2 2a: Area under the curve for serum infliximab concentration versus time, for 

antibody to infliximab positive patients versus antibody to infliximab negative patients. 

2b and 2c: examples of infliximab concentration and ATI titer for 2 subjects from week 2-6.

Predictive baseline markers for serum infliximab concentrations (exposure)

Individual PK profiles of serum IFX were obtained by Bayesian analysis using the 

developed multivariate model. (Supplementary methods) Based on Receiver Operating 

Curves (ROC) the AUC of serum IFX over time, a reliable reflection of drug exposure (the 

amount of circulating drug), was significantly smaller in patients with a baseline serum CRP

>50 mg/l than in patients with CRP below 50 mg/l (587 vs. 1361 mg/L/day, P=0.001).

Likewise, in patients with a baseline serum albumin level of <35 g/l, there was a trend

towards a lower AUC compared to patients with higher serum albumin levels (636 mg/l/day

versus 1354 mg/l/day, P= 0.07). Patients with high fecal calprotectin at baseline (>1800

μg/g) had a lower median AUC than patients with lower fecal calprotectin levels (1197

mg/l/day vs. 1422 mg/l/day), but this difference was not statistically significant (P=0.09).

However, extent of disease, another marker of inflammatory load significantly influenced the

AUC with lower drug exposure in patients with pancolitis compared to left-sided colitis

(P=0.03). Finally the AUC was also reduced in hospitalized patients versus outpatients

(P=0.02) and in those who concomitantly received prednisone (P=0.02). We did not find

significant differences in drug exposure among patients with and without immunomodulators,

although the study was not powered to show this. (figures 3a, 3b, 3c, 3d, 3e)

Figure 3 Figure 3a,b,c,d,e: Area under the curve (AUC) for serum infliximab (IFX)

concentration versus time for serum C-reactive protein (CRP) ≤/>50 mg/l (3a), serum

albumin ≥/<35 g/l (3b), Fecal calprotectin ≤/> 1800 ug/g(3c), co-immunomodulator use (3d)

or hospitalization status (3e) at baseline.
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volume), with limited cellular

penetration because of the high 

molecular weight and hydrophilicity

of IFX; respective central and 

peripheral volumes of distribution 

were 3.3 L and 2.2 L. In the final

pharmacokinetic multivariate model

significant associations were found 

between IFX clearance and the 

presence of ATI and the serum
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pharmacokinetic parameters are 
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correlated (P<0.01). Clearance was

0.87, 0.54 and 0.40 L/day with 
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50 g/l, respectively. 

Figure 2 Area under the curve for

serum infliximab concentration 

versus time, for antibody to 

infliximab positive patients versus antibody to infliximab negative patients.
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Predictive baseline markers for serum infliximab concentrations (exposure) 
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Curves (ROC) the AUC of serum IFX over time, a reliable reflection of drug exposure (the 

amount of circulating drug), was significantly smaller in patients with a baseline serum CRP 

>50 mg/l than in patients with CRP below 50 mg/l (587 vs. 1361 mg/L/day, P=0.001).

Likewise, in patients with a baseline serum albumin level of <35 g/l, there was a trend
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versus 1354 mg/l/day, P= 0.07). Patients with high fecal calprotectin at baseline (>1800

μg/g) had a lower median AUC than patients with lower fecal calprotectin levels (1197

mg/l/day vs. 1422 mg/l/day), but this difference was not statistically significant (P=0.09).

However, extent of disease, another marker of inflammatory load significantly influenced the

AUC with lower drug exposure in patients with pancolitis compared to left-sided colitis

(P=0.03). Finally the AUC was also reduced in hospitalized patients versus outpatients

(P=0.02) and in those who concomitantly received prednisone (P=0.02). We did not find

significant differences in drug exposure among patients with and without immunomodulators,

although the study was not powered to show this. (figures 3a, 3b, 3c, 3d, 3e)

Figure 3 Figure 3a,b,c,d,e: Area under the curve (AUC) for serum infliximab (IFX) 

concentration versus time for serum C-reactive protein (CRP) ≤/>50 mg/l (3a), serum 

albumin ≥/<35 g/l (3b), Fecal calprotectin ≤/> 1800 ug/g(3c), co-immunomodulator use (3d) 
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Serum IFX concentration and endoscopic outcome 

Endoscopic responders did not have a significantly different AUC compared to non-

responders (1352 mg/L/day vs. 1230 mg/L/day, P=0.65). (figure 4a) However, the median 

serum IFX concentrations curves separated progressively after the second infusion, towards 

lower concentrations in endoscopic non-responders. As a consequence, the median week 6 

IFX trough concentrations were significantly higher in endoscopic responders (8.1 [3.0-13.7] 

ug/ml) compared to endoscopic non-responders (2.9 [0.01-5.8] ug/ml) (P=0.03). At week 6 a 

serum IFX concentration of >6.6 ug/ml was identified as a cut-off for endoscopic response, 

with an odds ratio of 18.7 (1.6-223) (P=0.02). Receiver operator curve analysis revealed an 

AUC: 0.80, with a sensitivity of 88% and a specificity of 73%.  

An explorative analysis of the subgroup of patients with complete absence of 

response (including the patient with an additional dose that was not included in the 

endoscopic response analysis and both patients that underwent colectomy), showed 

significantly lower AUC up to day 4 in these patients compared to the patients with clinical 

response (P<0.05) (figure 4b), suggesting that in this subgroup of patients with very severe 

colitis and lack of response clearance was dramatically increased resulting in a low AUC and 

therefore low drug exposure. 
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Discussion

In this intensive pharmacokinetic study we observed that anti-drug antibodies already

appear during induction treatment, impair IFX drug concentrations and predict non-response 

in patients with moderate-severe UC. Furthermore, high baseline CRP levels had a strong 

negative impact on serum IFX concentrations in UC patients receiving conventional IFX

induction therapy. In addition to baseline CRP, low serum albumin levels and extensive 

colitis correlated with lower serum IFX concentrations and a smaller AUC. Low serum IFX

concentrations at week 6 were associated with a lack of endoscopic response. This

observation is consistent with the hypothesis that patients with a high ‘inflammatory burden’

show increased clearance of IFX and may benefit from an intensified IFX induction schedule. 

The appearance of antibodies to IFX had a clear impact on IFX PK in our study,

leading to faster IFX clearance and lower serum drug concentrations. The formation of

antidrug antibodies in association with response has previously been reported during IFX

maintenance therapy, but in those studies patients often received ‘episodic’ treatment or had 

restarted IFX after a ‘drug holiday’.5, 24 In contrast, our study only looked at anti-TNF naïve 

patients during the induction phase and the majority of patients were on concomitant

immunosuppressive agents. Nevertheless, we observed detectable antibodies to IFX as

early as before the third infusion in 7 out of 20 (35%) patients. Three patients (out of 12, ie

25%) who received concomitant treatment with immunosuppressive agents developed ATIs

versus 4/8 (ie 50%) patients receiving IFX monotherapy (P=0.36). Although this difference 

was not statistically significant, this observation appears to confirm the potential protective 

role of concomitant immunomodulators to prevent formation of ATIs. Besides prevention of

ATI formation, concomitant immunomodulatory therapy has also been associated with higher

serum IFX concentrations in the absence of detectable ATIs.11, 24, 25 In our cohort,

concomitant immunomodulators did not influence serum IFX concentrations, possibly 

because certain patients (2/11) started their immunomodulators 7 days after IFX initiation.

The effect of thiopurines on IFX pharmacokinetics might require a more, however the 

correlation between duration of thiopurine treatment and serum IFX concentration has not yet 

been examined.

Looking at IFX exposure over time as ‘area under the curve’ the most striking 

difference was observed in the first 4 days following the first IFX infusion among patients with 

complete absence of response and responders. This supports the hypothesis that the 

amount of TNF to be neutralized is the highest at the start of induction treatment and that the 

standard dose of IFX does not suffice in the presence of overwhelming inflammation in some 

patients. Serum IFX concentrations at week 6 were indeed lower in endoscopic non-

responders compared to endoscopic responders establishing an association between serum

IFX concentration and endoscopic response.
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Serum IFX concentration and endoscopic outcome

Endoscopic responders did not have a significantly different AUC compared to non-

responders (1352 mg/L/day vs. 1230 mg/L/day, P=0.65). (figure 4a) However, the median 

serum IFX concentrations curves separated progressively after the second infusion, towards

lower concentrations in endoscopic non-responders. As a consequence, the median week 6 

IFX trough concentrations were significantly higher in endoscopic responders (8.1 [3.0-13.7] 

ug/ml) compared to endoscopic non-responders (2.9 [0.01-5.8] ug/ml) (P=0.03). At week 6 a 

serum IFX concentration of >6.6 ug/ml was identified as a cut-off for endoscopic response,

with an odds ratio of 18.7 (1.6-223) (P=0.02). Receiver operator curve analysis revealed an

AUC: 0.80, with a sensitivity of 88% and a specificity of 73%.

An explorative analysis of the subgroup of patients with complete absence of

response (including the patient with an additional dose that was not included in the 

endoscopic response analysis and both patients that underwent colectomy), showed 

significantly lower AUC up to day 4 in these patients compared to the patients with clinical

response (P<0.05) (figure 4b), suggesting that in this subgroup of patients with very severe 

colitis and lack of response clearance was dramatically increased resulting in a low AUC and 

therefore low drug exposure. 
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endoscopic response (4a) and 

absence of response (4b).
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Discussion 

In this intensive pharmacokinetic study we observed that anti-drug antibodies already 

appear during induction treatment, impair IFX drug concentrations and predict non-response 

in patients with moderate-severe UC. Furthermore, high baseline CRP levels had a strong 

negative impact on serum IFX concentrations in UC patients receiving conventional IFX 

induction therapy. In addition to baseline CRP, low serum albumin levels and extensive 

colitis correlated with lower serum IFX concentrations and a smaller AUC. Low serum IFX 

concentrations at week 6 were associated with a lack of endoscopic response. This 

observation is consistent with the hypothesis that patients with a high ‘inflammatory burden’ 

show increased clearance of IFX and may benefit from an intensified IFX induction schedule. 

The appearance of antibodies to IFX had a clear impact on IFX PK in our study, 

leading to faster IFX clearance and lower serum drug concentrations. The formation of 

antidrug antibodies in association with response has previously been reported during IFX 

maintenance therapy, but in those studies patients often received ‘episodic’ treatment or had 

restarted IFX after a ‘drug holiday’.5, 24 In contrast, our study only looked at anti-TNF naïve 

patients during the induction phase and the majority of patients were on concomitant 

immunosuppressive agents. Nevertheless, we observed detectable antibodies to IFX as 

early as before the third infusion in 7 out of 20 (35%) patients. Three patients (out of 12, ie 

25%) who received concomitant treatment with immunosuppressive agents developed ATIs 

versus 4/8 (ie 50%) patients receiving IFX monotherapy (P=0.36). Although this difference 

was not statistically significant, this observation appears to confirm the potential protective 

role of concomitant immunomodulators to prevent formation of ATIs. Besides prevention of 

ATI formation, concomitant immunomodulatory therapy has also been associated with higher 

serum IFX concentrations in the absence of detectable ATIs.11, 24, 25 In our cohort, 

concomitant immunomodulators did not influence serum IFX concentrations, possibly 

because certain patients (2/11) started their immunomodulators 7 days after IFX initiation. 

The effect of thiopurines on IFX pharmacokinetics might require a more, however the 

correlation between duration of thiopurine treatment and serum IFX concentration has not yet 

been examined. 

Looking at IFX exposure over time as ‘area under the curve’ the most striking 

difference was observed in the first 4 days following the first IFX infusion among patients with 

complete absence of response and responders. This supports the hypothesis that the 

amount of TNF to be neutralized is the highest at the start of induction treatment and that the 

standard dose of IFX does not suffice in the presence of overwhelming inflammation in some 

patients. Serum IFX concentrations at week 6 were indeed lower in endoscopic non-

responders compared to endoscopic responders establishing an association between serum 

IFX concentration and endoscopic response. 
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Post infusion ‘peak’ IFX concentrations were obtained 1 hour after the first and 

second infusion. This approach has previously been described in patients with rheumatoid 

arthritis receiving 3 or 10mg/kg infliximab.26 These concentrations approximate the maximum 

concentration (Cmax) for infliximab and are directly proportional to the intravenous dose over 

this range. Strikingly, in the current study we observed a wide variation in IFX ‘peak’ 

concentrations, which did however not correlate with endoscopic response. One hour post 

infusion is probably too short to measure the effects of TNF neutralization or drug loss in the 

feces. During maintenance therapy the measurement of functionally active IFX in the serum 

directly after an infusion has been suggested to be predictive for loss of response to IFX 

maintenance therapy in patients with Crohn’s disease, but data in ulcerative colitis are 

lacking.27  

The clearance of IFX in the present study was much higher than previously reported 

in patients with rheumatoid arthritis and ankylosing spondylitis and in a heterogeneous cohort 

of IBD patients mostly receiving maintenance IFX. 26, 28-31 The higher clearance observed in 

the current study may be explained by the fact that we measured serum IFX levels at the 

start of treatment in the most severe phase of the disease, associated with the highest 

degree of inflammatory burden. This high inflammatory load may have led to rapid 

consumption of therapeutic antibodies in the vascular and intestinal compartments. 

In line with earlier observations during IFX maintenance therapy, we found a striking 

correlation between high serum CRP or low serum albumin and lower IFX levels during 

induction therapy.32 The serum CRP could even serve as a marker for low IFX levels and 

associated loss of response in patients on maintenance therapy.	  An increase in CRP can 

reflect a decreasing serum IFX level preceding loss of response to IFX maintenance therapy 

in patients with Crohn’s disease.33 Similarly, pre-treatment baseline CRP levels correlated 

negatively with serum trough IFX levels at 14 weeks after the start of treatment in RA 

patients.34 Although CRP elevation is often absent in mild-to-moderately active UC, it was 

elevated at baseline in 15/20 (75%) patients in our cohort and it proved to be a useful marker 

of inflammatory load and a predictor of low serum IFX concentrations.35 

Patients with lower serum albumin concentration also had a significantly higher IFX 

clearance and shorter half-life than patients with high serum albumin. Correlation between 

serum IFX correlation and serum albumin has previously been described during IFX 

maintenance therapy.31, 36 It is hypothesized that the common rescue pathway for both 

albumin and IgG, involving the neonatal Fc receptor (FcRn), may be responsible for the 

correlation between serum albumin and serum IFX levels. Serum albumin reflects the 

efficacy of FcRn salvage recycling by non-competitive binding with IgG. The FcRn facilitates 

IgG and albumin homeostasis by recycling them across cell membranes back to the central 

circulatory system.36, 37 
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Our study did not confirm body weight as an independent factor influencing serum

drug concentrations. In an earlier study during maintenance therapy, body weight was

reported to affect infliximab PK: with higher clearance and increase of total volume of

distribution at higher body weights, while low body weight associated with decreased serum

IFX concentrations.31, 38 Our study cohort may have been too small to confirm those findings

and during induction therapy the impact of the disease severity to clearance is probably 

much more important than body weight, the only factor for which the dose was corrected in 

this study. 

Besides classic proteolysis, IFX also disappears from the circulation through intestinal

protein loss. Fecal excretion of IgG has been related to disease activity.39 We previously 

reported fecal loss of IFX in patients with severe ulcerative colitis.16 The relationship between 

fecal loss and serum IFX concentrations remains unclear, since serum concentrations are 

influenced by multiple other factors and the concentrations of fecal IFX may be affected by

the presence of proteases. Furthermore, it is still poorly understood how different body

compartments affect each other’s pharmacokinetics and pharmacodynamics. Intravenously

administered TNF antibodies bind to soluble and membrane bound TNF, whereby TNF in

various compartments may create TNF concentration gradients, hence leading to TNF

redistribution.40 The kinetics of TNF and antibodies to TNF in the serum and the intestinal

tissue most likely affect and alter each other. The mucosal concentrations of IFX are likely to

be at least as important as serum concentrations with respect to the pharmacodynamics.

Recently mucosal anti-TNF concentrations and the ratio of anti-TNF-to-TNF in tissue were 

reported to be lower in severely inflamed parts of the colon, which suggested that mucosal

inflammation is the most likely cause of antibody loss.41

In the single patient that was given an accelerated IFX infusion in an attempt to avoid 

colectomy, day 4 serum IFX concentrations were extremely low as a consequence of

dramatically increased clearance. By administering a second dose at 10 mg/kg, we were 

able to achieve clinical, biochemical and endoscopic response and the patient avoided 

colectomy. This observation is in line with previous reports that an accelerated IFX induction 

regime may reduce the need for short-term colectomy.17

A limitation of our study is the rather small sample size which rendered the regression 

analysis for predictors of response somewhat challenging. Despite this, however, our study 

provided relevant new insights in the early pharmacokinetics of IFX in severe UC. The 

numerous serial measurements allowed for an accurate AUC estimation and the PK 

modelling identified serum albumin and CRP at baseline and the formation of detectable 

ATIs at week 6 as factors influencing IFX serum concentrations and clearance. 

In conclusion, anti-drug antibodies already appear during induction treatment, impair

IFX serum concentrations and predict non-response in patients with UC. UC patients with 
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The clearance of IFX in the present study was much higher than previously reported

in patients with rheumatoid arthritis and ankylosing spondylitis and in a heterogeneous cohort

of IBD patients mostly receiving maintenance IFX. 26, 28-31 The higher clearance observed in 

the current study may be explained by the fact that we measured serum IFX levels at the 

start of treatment in the most severe phase of the disease, associated with the highest

degree of inflammatory burden. This high inflammatory load may have led to rapid 

consumption of therapeutic antibodies in the vascular and intestinal compartments. 

In line with earlier observations during IFX maintenance therapy, we found a striking 

correlation between high serum CRP or low serum albumin and lower IFX levels during 

induction therapy.32 The serum CRP could even serve as a marker for low IFX levels and 

associated loss of response in patients on maintenance therapy. An increase in CRP can 

reflect a decreasing serum IFX level preceding loss of response to IFX maintenance therapy 

in patients with Crohn’s disease.33 Similarly, pre-treatment baseline CRP levels correlated 

negatively with serum trough IFX levels at 14 weeks after the start of treatment in RA

patients.34 Although CRP elevation is often absent in mild-to-moderately active UC, it was

elevated at baseline in 15/20 (75%) patients in our cohort and it proved to be a useful marker

of inflammatory load and a predictor of low serum IFX concentrations.35

Patients with lower serum albumin concentration also had a significantly higher IFX

clearance and shorter half-life than patients with high serum albumin. Correlation between 

serum IFX correlation and serum albumin has previously been described during IFX

maintenance therapy.31, 36 It is hypothesized that the common rescue pathway for both 

albumin and IgG, involving the neonatal Fc receptor (FcRn), may be responsible for the 

correlation between serum albumin and serum IFX levels. Serum albumin reflects the 

efficacy of FcRn salvage recycling by non-competitive binding with IgG. The FcRn facilitates

IgG and albumin homeostasis by recycling them across cell membranes back to the central

circulatory system.36, 37
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Our study did not confirm body weight as an independent factor influencing serum 

drug concentrations. In an earlier study during maintenance therapy, body weight was 

reported to affect infliximab PK: with higher clearance and increase of total volume of 

distribution at higher body weights, while low body weight associated with decreased serum 

IFX concentrations.31, 38 Our study cohort may have been too small to confirm those findings 

and during induction therapy the impact of the disease severity to clearance is probably 

much more important than body weight, the only factor for which the dose was corrected in 

this study. 

Besides classic proteolysis, IFX also disappears from the circulation through intestinal 

protein loss. Fecal excretion of IgG has been related to disease activity.39 We previously 

reported fecal loss of IFX in patients with severe ulcerative colitis.16 The relationship between 

fecal loss and serum IFX concentrations remains unclear, since serum concentrations are 

influenced by multiple other factors and the concentrations of fecal IFX may be affected by 

the presence of proteases. Furthermore, it is still poorly understood how different body 

compartments affect each other’s pharmacokinetics and pharmacodynamics. Intravenously 

administered TNF antibodies bind to soluble and membrane bound TNF, whereby TNF in 

various compartments may create TNF concentration gradients, hence leading to TNF 

redistribution.40 The kinetics of TNF and antibodies to TNF in the serum and the intestinal 

tissue most likely affect and alter each other. The mucosal concentrations of IFX are likely to 

be at least as important as serum concentrations with respect to the pharmacodynamics. 

Recently mucosal anti-TNF concentrations and the ratio of anti-TNF-to-TNF in tissue were 

reported to be lower in severely inflamed parts of the colon, which suggested that mucosal 

inflammation is the most likely cause of antibody loss.41  

In the single patient that was given an accelerated IFX infusion in an attempt to avoid 

colectomy, day 4 serum IFX concentrations were extremely low as a consequence of 

dramatically increased clearance. By administering a second dose at 10 mg/kg, we were 

able to achieve clinical, biochemical and endoscopic response and the patient avoided 

colectomy. This observation is in line with previous reports that an accelerated IFX induction 

regime may reduce the need for short-term colectomy.17 

A limitation of our study is the rather small sample size which rendered the regression 

analysis for predictors of response somewhat challenging. Despite this, however, our study 

provided relevant new insights in the early pharmacokinetics of IFX in severe UC. The 

numerous serial measurements allowed for an accurate AUC estimation and the PK 

modelling identified serum albumin and CRP at baseline and the formation of detectable 

ATIs at week 6 as factors influencing IFX serum concentrations and clearance. 

In conclusion, anti-drug antibodies already appear during induction treatment, impair 

IFX serum concentrations and predict non-response in patients with UC. UC patients with 
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high baseline serum CRP and low serum albumin levels exhibit increased clearance of the 

drug and lower serum IFX concentrations during IFX induction therapy, predicting poor 

endoscopic outcome. Our data therefore support the hypothesis that a antidrug antibodies 

and high ‘inflammatory burden’ result in increased clearance of IFX and may contribute to 

primary non-response. Larger prospective trials are warranted to investigate early antidrug 

antibody formation and if patients with high inflammatory burden consistently benefit from a 

more intensified IFX induction therapy and if primary non-response to IFX can thereby be 

prevented. 
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high baseline serum CRP and low serum albumin levels exhibit increased clearance of the 

drug and lower serum IFX concentrations during IFX induction therapy, predicting poor

endoscopic outcome. Our data therefore support the hypothesis that a antidrug antibodies

and high ‘inflammatory burden’ result in increased clearance of IFX and may contribute to 

primary non-response. Larger prospective trials are warranted to investigate early antidrug 

antibody formation and if patients with high inflammatory burden consistently benefit from a 

more intensified IFX induction therapy and if primary non-response to IFX can thereby be 

prevented.
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ABSTRACT 

Background and aim

Factors influencing the pharmacokinetics (PK) of infliximab (IFX) in inflammatory bowel 

disease (IBD) patients were identified from clinical trials. We studied a large cohort of IBD 

patients to identify patient, disease and treatment characteristics influencing IFX PK. 

Methods

IFX and antibodies to IFX (ATI) measurements in IBD patients were collected at a single 

center. Gender, age, body weight, location and behaviour of disease, dose, 

immunomodulators, albumin, CRP were collected. IFX concentrations and ATI were 

measured using an ELISA and antigen binding test from Sanquin laboratories. PK and ATI 

were analysed simultaneously by nonlinear mixed-effects modelling. 

Results

997 IFX concentrations and 756 ATI measurements from 332 IBD patients (253 Crohn’s 

disease, 79 ulcerative colitis) were included. 80% of patients received IFX as the first anti-

TNF agent, 43% received concomitant immunomodulation. The mean IFX dose was 5.2 mg/

kg. ATIs were detected in 75/332 (23%) patients; ATI titers higher than 30 AU/mL were 

associated with undetectable IFX concentrations. PK characteristics were similar for both 

IBDs. Clearance was affected over each range by: body weight (40-149 kg) from 0.27 to 0.53 

L/Day, albumin (2-5.4 g/dL) from 0.93 to 0.24 L/Day and the presence of ATIs (0-53000 AU/

ml) from 0.36 L/Day to 15.93 L/Day (P<0.001). Anti-TNF naive patients exhibited lower

clearance than previously exposed patients.

Conclusions

ATI, high body weight and low albumin increases IFX clearance. We identified an IFX

concentration below which risk of ATI increases. Identification of influential PK and ATI

factors improves prediction of infliximab levels, potentially allowing precise individualised

dosing and cost reduction.

Introduction

Higher Infliximab (IFX) serum concentrations have been associated with improved clinical 

and endoscopic outcomes in patients with Crohn’s disease (CD) and ulcerative colitis (UC).1,

2 Serum trough level based dosing of IFX resulted in lower rate of disease relapse compared 

to conventional clinically based dosing in patients with IBD, in a recent Belgian study.3 A 

higher proportion of patients in clinical remission was observed after dose escalation in CD

patients with an IFX serum concentration of >3 µg/ml at trough. Furthermore, dose reduction

was safe in IBD patients in clinical remission, whilst retaining disease control.3 Moreover, 

individualized, algorithm based, therapy was more cost-effective than routine IFX dose 

escalation in patients with CD.4 Adjusting the dose based on serum trough levels of the drug,

i.e. therapeutic drug monitoring, has thereby become incorporated in therapeutic algorithms

and has become part of clinical practice in many medical centers, over the past years.5, 6

Several factors have been suggested to influence the pharmacokinetics (PK) of IFX in

patients with inflammatory bowel disease (IBD).5, 7 The development of antibodies to IFX

(ATI) was found to reduce serum IFX concentrations and negatively impact response.8

Concomitant immunosuppressive therapy reduces antibody formation and improves the PK

of IFX.9 In addition, PK analysis of 2 clinical trials in ulcerative colitis revealed that serum IFX

levels were negatively correlated with serum albumin levels.10 Finally, higher C-reactive 

protein (CRP) levels have been correlated with lower serum IFX concentrations.1, 11 Notably,

these factors have mainly been derived from clinical trials with strict inclusion or exclusion 

criteria, often excluding refractory IBD patients with complex and severe disease.12 Other

studies have used simulations with computer modelling to identify predictive determinants of

IFX PK, nonetheless reports of the assessment of day to day clinical data from large medical

centers are scarce.

We aimed to study the real-life PK of IFX in a large cohort of IBD patients, to identify 

patient, disease and treatment characteristics that influence serum concentrations and 

clearance of IFX.  
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ABSTRACT

Background&aims: Factors influencing the pharmacokinetics (PK) of infliximab (IFX) in 

inflammatory bowel disease (IBD) patients were identified from clinical trials. We studied a 

large cohort of IBD patients to identify patient, disease and treatment characteristics

influencing IFX PK.

Methods: IFX and antibodies to IFX (ATI) measurements in IBD patients were collected at a 

single center. Gender, age, body weight, location and behaviour of disease, dose,

immunomodulators, albumin, CRP were collected. IFX concentrations and ATI were 

measured using an ELISA and antigen binding test from Sanquin laboratories. PK and ATI

were analysed simultaneously by nonlinear mixed-effects modelling.

Results: 997 IFX concentrations and 756 ATI measurements from 332 IBD patients (253 

Crohn’s disease, 79 ulcerative colitis) were included. 80% of patients received IFX as the first

anti-TNF agent, 43% received concomitant immunomodulation. The mean IFX dose was 5.2 

mg/kg. ATIs were detected in 75/332 (23%) patients; ATI titers higher than 30 AU/mL were 

associated with undetectable IFX concentrations. PK characteristics were similar for both 

IBDs. Clearance was affected over each range by: body weight (40-149 kg) from 0.27 to 0.53 

L/Day, albumin (2-5.4 g/dL) from 0.93 to 0.24 L/Day and the presence of ATIs (0-53000 

AU/ml) from 0.36 L/Day to 15.93 L/Day (P<0.001). Anti-TNF naive patients exhibited lower

clearance than previously exposed patients.

Conclusions: ATI, high body weight and low albumin increases IFX clearance. We identified 

an IFX concentration below which risk of ATI increases. Identification of influential PK and 

ATI factors improves prediction of infliximab levels, potentially allowing precise individualised 

dosing and cost reduction.
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Introduction 
Higher Infliximab (IFX) serum concentrations have been associated with improved clinical 

and endoscopic outcomes in patients with Crohn’s disease (CD) and ulcerative colitis (UC).1,2 

Serum trough level based dosing of IFX resulted in lower rate of disease relapse compared  

to conventional clinically based dosing in patients with IBD, in a recent Belgian study.3 A 

higher proportion of patients in clinical remission was observed after dose escalation in CD 

patients with an IFX serum concentration of >3 µg/ml at trough. Furthermore, dose reduction 

was safe in IBD patients in clinical remission, whilst retaining disease control.3 Moreover, 

individualized, algorithm based, therapy was more cost-effective than routine IFX dose 

escalation in patients with CD.4 Adjusting the dose based on serum trough levels of the drug, 

i.e. therapeutic drug monitoring, has thereby become incorporated in therapeutic algorithms

and has become part of clinical practice in many medical centers, over the past years.5, 6

Several factors have been suggested to influence the pharmacokinetics (PK) of IFX in 

patients with inflammatory bowel disease (IBD).5, 7 The development of antibodies to IFX 

(ATI) was found to reduce serum IFX concentrations and negatively impact response.8 

Concomitant immunosuppressive therapy reduces antibody formation and improves the PK 

of IFX.9 In addition, PK analysis of 2 clinical trials in ulcerative colitis revealed that serum IFX 

levels were negatively correlated with serum albumin levels.10 Finally, higher C-reactive 

protein (CRP) levels have been correlated with lower serum IFX concentrations.1, 11 Notably, 

these factors have mainly been derived from clinical trials with strict inclusion or exclusion 

criteria, often excluding refractory IBD patients with complex and severe disease.12 Other 

studies have used simulations with computer modelling to identify predictive determinants of 

IFX PK, nonetheless reports of the assessment of day to day clinical data from large medical 

centers are scarce. 

We aimed to study the real-life PK of IFX in a large cohort of IBD patients, to identify 

patient, disease and treatment characteristics that influence serum concentrations and 

clearance of IFX.  
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Patients and Methods 

Study design 

In this retrospective cohort study, all serum IFX concentration measurements from 

patients with IBD were identified at the Academic Medical Center (academic referral center) 

from November 2004 till August 2014. A total of 1000 IFX concentrations and 760 ATI titers 

from 333 IBD patients were included for initial analysis. Data from one patient was excluded 

due to insufficient dosing information, 2 PK observations and 4 ATI titers were dropped due 

to high conditional weighted residuals. This resulted in the final database with serum IFX 

concentration data from 332 IBD patients (253 CD, 79 UC) with 997 IFX observations 

(median 2 observations, range 1-18) and 756 ATI titers (median 2 observations, range 1-16). 

Outcome measures 

Medical charts of all patients were reviewed for patient, disease and treatment 

characteristics. Patients’ characteristics included: gender, age, length and body weight For 

disease characteristics, information about location and behaviour of disease (Montreal 

Classification) was collected. In addition, treatment characteristics were studied, specifically 

dosing regimen (exact dose and frequency) and use of concomitant immunomodulators. 

Finally, laboratory values: hemoglobin, thrombocytes, leukocytes, erythrocyte sedimentation 

rate, serum CRP, albumin, ALT, AST and γGT were also entered in the database if 

measured during IFX treatment with IFX. 

A mean of 3 serum IFX concentrations and ATI measurements were available per 

patient. The majority of measurements were trough concentrations, collected just before an 

infusion, however in some patients also mid-infusion measurements were collected. The 

timing of all measurements relative to the last IFX infusion was registered in all patients. The 

indication for IFX concentration and ATI measurement was generally suspicion of loss of 

response, but IFX concentrations were also measured in the patients in clinical remission to 

screen for dose reduction. Serum IFX concentrations and ATI were measured using a 

validated ELISA and antigen binding test (radioimmunoassay, Sanquin Laboratories, 

Amsterdam, The Netherlands).13-15 Lower limits of quantification were: 0.003 µg/ml for IFX 

serum concentration and 12 AU/ml for anti-IFX antibody titer. Although this assay is ‘drug 

sensitive’, ATIs cannot be measured in the presence of high circulating drug. 

Pharmacokinetic and statistical analysis 

PK data was analysed by nonlinear mixed-effects modelling using Nonmem 7.2 

software (ICON Development Solutions Inc. Dublin Ireland) and described using a 2-

compartiment PK model with first order elimination.16 A Log transform Both Sides (LTBS) 

approach was used to improve model stability and also to ensure the model would not 
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produce negative concentrations. The stochastic approximation expectation method (SAEM)

and the M3 method was used to allow observations below the limit of assay to contribute to 

the likelihood.17 Model building was conducted using standard approaches.18 A PK model

was built first. Covariates were first evaluated graphically, and covariates showing trends or

were known to influence IFX PK were singly as covariates via Nonmem and accepted at

p<0.01 using the likelihood ratio test.19 All influential covariates were combined into a full

model. Co-variates were retained on backwards elimination at P<0.001 (multivariate 

analysis). Finally, the model was evaluated using both non-parametric unstratified bootstrap 

and visual predictive check.20, 21 In addition, basic goodness of fit and other model

performance metrics were assessed.22 Once the PK model was stable, the PK parameters

were fixed and the ATI data were evaluated using a semi-physiologic two-part model where 

low IFX concentrations were used as a trigger to form ATI. In this two-part model, the time 

below the “trigger concentration” was summed and contributed to increasing probability of

ATI formation. Individually estimated ATI then fed back to increase IFX clearance. Owing to 

the long run times, covariate evaluations were not completed at the time of this report.

However, it would be expected that factors such as concomitant administration of

immunomodulators would reduce the probability of ATI.
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rate, serum CRP, albumin, ALT, AST and γGT were also entered in the database if

measured during IFX treatment with IFX.

A mean of 3 serum IFX concentrations and ATI measurements were available per

patient. The majority of measurements were trough concentrations, collected just before an 

infusion, however in some patients also mid-infusion measurements were collected. The 

timing of all measurements relative to the last IFX infusion was registered in all patients. The 

indication for IFX concentration and ATI measurement was generally suspicion of loss of

response, but IFX concentrations were also measured in the patients in clinical remission to 

screen for dose reduction. Serum IFX concentrations and ATI were measured using a 

validated ELISA and antigen binding test (radioimmunoassay, Sanquin Laboratories,

Amsterdam, The Netherlands).13-15 Lower limits of quantification were: 0.003 µg/ml for IFX

serum concentration and 12 AU/ml for anti-IFX antibody titer. Although this assay is ‘drug 

sensitive’, ATIs cannot be measured in the presence of high circulating drug.

Pharmacokinetic and statistical analysis

PK data was analysed by nonlinear mixed-effects modelling using Nonmem 7.2

software (ICON Development Solutions Inc. Dublin Ireland) and described using a 2-

compartiment PK model with first order elimination.16 A Log transform Both Sides (LTBS)

approach was used to improve model stability and also to ensure the model would not
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produce negative concentrations. The stochastic approximation expectation method (SAEM) 

and the M3 method was used to allow observations below the limit of assay to contribute to 

the likelihood.17 Model building was conducted using standard approaches.18 A PK model 

was built first. Covariates were first evaluated graphically, and covariates showing trends or 

were known to influence IFX PK were singly as covariates via Nonmem and accepted at 

p<0.01 using the likelihood ratio test.19 All influential covariates were combined into a full 

model. Co-variates were retained on backwards elimination at P<0.001 (multivariate 

analysis). Finally, the model was evaluated using both non-parametric unstratified bootstrap 

and visual predictive check.20, 21 In addition, basic goodness of fit and other model 

performance metrics were assessed.22 Once the PK model was stable, the PK parameters 

were fixed and the ATI data were evaluated using a semi-physiologic two-part model where 

low IFX concentrations were used as a trigger to form ATI. In this two-part model, the time 

below the “trigger concentration” was summed and contributed to increasing probability of 

ATI formation. Individually estimated ATI then fed back to increase IFX clearance. Owing to 

the long run times, covariate evaluations were not completed at the time of this report. 

However, it would be expected that factors such as concomitant administration of 

immunomodulators would reduce the probability of ATI. 
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Results 

A total of 997 distinct IFX concentrations measurements were included, representing 

data from 332 IBD patients: 253 Crohn’s disease patients and 79 patients with ulcerative 

colitis. (Table 1) For CD, 55/253 patients had ileal, 80/253 patients had colonic and 118/253 

had ileocolonic disease. For UC, 6/79 patients were classified as proctitis, 30/79 patients had 

left-sided colitis and 43/79 pancolitis. 

Table 1 Patient characteristics  N (%) 

Age years (mean, SD) 
Gender 
Body weight kg (mean, SD) 
Smoker 
Albumin g/L (mean, SD) 
Disease duration years (mean, SD) 
Disease extent (Montreal classification) 
Crohn’s disease: (n=253)       

Male 

Active 

Ileal 
Colonic 
Ileocolonic 

      38.6 (13.9) 
179/332 (54%) 
      72.3 (16.3) 
  78/332 (23%) 
      35.2 (15.2) 

       12 (9.22) 

  55/253 (22%) 
  80/253 (32%) 
118/253 (46%) 

Ulcerative Colitis: (n=79)   

Line of Treatment 
Concomitant medication 

Proctitis  
Left-sided colitis 
Pancolitis  
Anti-TNF naïve 
Immunomodulators 

      6/79   (8%) 
    30/79 (38%) 
    43/79 (54%) 
264/253 (80%) 
144/332 (43%) 

Operation None 
Ileal cecal resection 
Subtotal colectomy 
Small bowel resection 

221/332 (67%) 
       50 (15%) 
       57 (17%) 

       4   (1%) 

264/332 (80%) of patients used IFX as their first anti-TNF treatment and 144/332 

(43%) were receiving concomitant immunomodulation, with a mean IFX dose of 5.2 mg/kg, at 

time of measurement. 73 of 144 patients on immunosuppressives received this treatment 

discontinuously or at variable doses, mainly due intolerance or incompliance. IFX was 

undetectable in 125/997 (13%) of samples. ATIs were detected in 75/332 (23%) patients, 

resulting in unmeasurable serum IFX concentrations in 83% of their samples. ATI titers 

higher than 30 AU/mL (n=76) were associated with unmeasurable IFX concentrations in 

100% of samples. 

IFX was well described using a two compartment model with linear clearance. The 

mean (inter individual variability) values for clearance, central and peripheral volume of 

distribution were 0.38 L/day (50%), 5.07 L (30%) and 3.59 L (32%). PK characteristics were 

similar for Crohn’s disease and ulcerative colitis (Table 2A). The parameters for the 

formation of ATI (Table 2B) are highly variable, reflecting large between subject differences 

in patients forming ATI. The “trigger concentration” below which the risk of ATI begins to 

increase is low (0.0252 ug/ml) but could be estimated because the M3 method was 

implemented. 
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Table 2 A. PK Model Parameters Mean (inter individual
variability) 

Clearance (L/Day) 0.359  (38.1%)

Effect of Weight on Clearance 0.523

Effect of Albumin on Clearance -1.38

Effect of Line on Clearance 0.0521

Effect of ATI on Clearance 0.601

Central Volume of Distribution (L) 4.72 (68.6%) 

Effect of Weight on Central Volume of Distribution 0.473

Inter-Compartmental Clearance (L) 0.0697 (58.1)

Effect of Weight on Inter-Compartmental Clearance 0.523

Peripheral Volume of Distribution 2.4 L (71.7%)

Effect of Weight on Peripheral Volume of 
Distribution

0.473

PK characteristics were comparable for Crohn’s disease and Ulcerative Colitis

Table 2 B. ATI Model Parameters Mean (inter individual variability)

“ATI Trigger Concentration” (ug/L) 0.0252 (Not Estimated) 

ATI Formation Rate Constant (1/Day) 79.2 (179)

ATI Elimination Rate Constant (1/Day) 2.08 (251)

ATI Effect on IFX Clearance (for the 
simultaneous fit of Data)

0.00399

The presence of ATIs, body weight and serum albumin were identified as covariates

independently (P<0.001) affecting clearance. Anti-TNF naive patients exhibited slightly lower

clearance than the previously exposed patients. (Figure 1)

Anti-IFX antibodies exhibit a mean (SE) 4.40 (11.1) fold and serum albumin a -

1.65 (8.4) fold effect on clearance (P<0.001). The model was normalized to a reference 

patient of 70 kg, albumin of 4 g/dL and no ATI. Over the range of weight (40 to 149 kg)

clearance increased from 0.27 to 0.60 L/Day. (Table 3) Over the range of albumin (2 to 5.4 

g/dL) clearance ranged from 1.20 to 0.23 L/Day and over the range of ATI titer in the 

database (0 to 53000), clearance increased from baseline (0.383 L/Day) to 2332.38 L/Day. In

patients who received IFX as their first biologic agent, a slightly higher clearance was

measured than the previously exposed patients.
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had ileocolonic disease. For UC, 6/79 patients were classified as proctitis, 30/79 patients had 
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Body weight kg (mean, SD)
Smoker
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Operation None
Ileal cecal resection
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4   (1%)

264/332 (80%) of patients used IFX as their first anti-TNF treatment and 144/332 

(43%) were receiving concomitant immunomodulation, with a mean IFX dose of 5.2 mg/kg, at 

time of measurement. 73 of 144 patients on immunosuppressives received this treatment

discontinuously or at variable doses, mainly due intolerance or incompliance. IFX was

undetectable in 125/997 (13%) of samples. ATIs were detected in 75/332 (23%) patients,

resulting in unmeasurable serum IFX concentrations in 83% of their samples. ATI titers

higher than 30 AU/mL (n=76) were associated with unmeasurable IFX concentrations in

100% of samples.

IFX was well described using a two compartment model with linear clearance. The 

mean (inter individual variability) values for clearance, central and peripheral volume of

distribution were 0.38 L/day (50%), 5.07 L (30%) and 3.59 L (32%). PK characteristics were 

similar for Crohn’s disease and ulcerative colitis (Table 2A). The parameters for the 

formation of ATI (Table 2B) are highly variable, reflecting large between subject differences

in patients forming ATI. The “trigger concentration” below which the risk of ATI begins to 

increase is low (0.0252 ug/ml) but could be estimated because the M3 method was

implemented.
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Table 2 A. PK Model Parameters Mean (inter individual 
variability)  

Clearance (L/Day) 0.359  (38.1%) 
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ATI Formation Rate Constant (1/Day) 79.2 (179) 

ATI Elimination Rate Constant (1/Day) 2.08 (251) 

ATI Effect on IFX Clearance (for the 
simultaneous fit of Data) 

0.00399 

The presence of ATIs, body weight and serum albumin were identified as covariates 

independently (P<0.001) affecting clearance. Anti-TNF naive patients exhibited slightly lower 

clearance than the previously exposed patients. (Figure 1)  

Anti-IFX antibodies exhibit a mean (SE) 4.40 (11.1) fold and serum albumin a -

1.65 (8.4) fold effect on clearance (P<0.001). The model was normalized to a reference 

patient of 70 kg, albumin of 4 g/dL and no ATI. Over the range of weight (40 to 149 kg) 

clearance increased from 0.27 to 0.60 L/Day. (Table 3) Over the range of albumin (2 to 5.4 

g/dL) clearance ranged from 1.20 to 0.23 L/Day and over the range of ATI titer in the 

database (0 to 53000), clearance increased from baseline (0.383 L/Day) to 2332.38 L/Day. In 

patients who received IFX as their first biologic agent, a slightly higher clearance was 

measured than the previously exposed patients. 
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Figure 1A, 1B, 1C, 1D: Effect of Body weight, Antibodies to Infliximab, serum 
Albumin or line of treatment on infliximab clearance 1A-C: The open blue circles are 
individual estimates of clearance, the solid red line is the bootstrapped median effect of the 
covariate on the clearance and shaded gray area is the 95% confidence interval of the effect. 
1 D: Simulated matched infliximab concentration time profiles exploring the impact of line of 
treatment. Line=0 is anti-TNF naïve, Line=1 is a patient who had prior treatment with one 
anti-TNF agent, Line=2 is a patient who had prior treatment with two anti-TNF agents 

Because serum CRP values tended to change rapidly after initiation of treatment, this 

factor could not be evaluated as independent covariate. Use of concomitant 

immunomodulators was often intermittent with transient effect on IFX PK. Nevertheless, the 

administration of continuous concomitant immunomodulators was associated with a 

decrease in clearance.  

The final simultaneous IFX PK and ATI model was tested using a visual predictive 

check (VPC). For the visual predictive checks, the final model was used to simulate multiple 

replicates of the original database. From the simulated data, percentiles were calculated by 

simulation replicate and the “grand percentiles” and associated confidence intervals were 

96

Chapter 6

determined over all replicates. The same percentiles were determined from the observed 

data. In a VPC the model simulated percentiles and observed percentiles should generally

be in agreement and the observed data should be contained within the 2.5th to 97.5th

percentiles of the simulated data.

Table 3. Proportional change in clearance for body weight,
serum albumin, Anti-drug antibodies and line of treatment
Body weight (kg) Clearance (L/Day) Percent Reference

40 0.27 74.63
70 0.36 100.00

100 0.43 120.51
149 0.53 148.45

Albumin (g/dL) Clearance (L/Day) Percent Reference
2 0.93 260.27
3 0.53 148.74
4 0.36 100.00

5.4 0.24 66.09
ADA titer (AU/ml) Clearance (L/Day) Percent Reference

0 0.36 100.00
1 0.38 105.99

10 0.45 124.71
30 0.53 148.09

100 0.72 199.44
300 1.05 292.72

1000 1.79 497.64
3000 3.13 869.81

53000 15.93 4425.67
Line of treatment Clearance (L/Day) Percent Reference

0 0.34 94.92
1 0.36 100.00
2 0.38 105.35

VPCs for both patients with CD and UC show that the model based on the factors as

described above can accurately predict IFX serum concentrations. (Figure 2A-C) The

relationship between patients having low IFX concentrations (below the “ATI trigger

concentration”) and the probability of ATI shows that as patients have longer intervals of

times below the identified trigger concentration, the probability of ATI increases (Figure 3). 

The visual predictive check plot for ATI shows that the model was able to predict the 

occurrence of ATI. (Figure 4). The VPC for ATI shows some early appearance of ATI that

was not well predicted by the model. However later appearance of ATI is described well.
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Figure 1A, 1B, 1C, 1D: Effect of Body weight, Antibodies to Infliximab, serum
Albumin or line of treatment on infliximab clearance 1A-C: The open blue circles are 
individual estimates of clearance, the solid red line is the bootstrapped median effect of the 
covariate on the clearance and shaded gray area is the 95% confidence interval of the effect. 
1 D: Simulated matched infliximab concentration time profiles exploring the impact of line of
treatment. Line=0 is anti-TNF naïve, Line=1 is a patient who had prior treatment with one 
anti-TNF agent, Line=2 is a patient who had prior treatment with two anti-TNF agents

Because serum CRP values tended to change rapidly after initiation of treatment, this

factor could not be evaluated as independent covariate. Use of concomitant

immunomodulators was often intermittent with transient effect on IFX PK. Nevertheless, the 

administration of continuous concomitant immunomodulators was associated with a 

decrease in clearance.

The final simultaneous IFX PK and ATI model was tested using a visual predictive 

check (VPC). For the visual predictive checks, the final model was used to simulate multiple 

replicates of the original database. From the simulated data, percentiles were calculated by 

simulation replicate and the “grand percentiles” and associated confidence intervals were
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determined over all replicates. The same percentiles were determined from the observed 

data. In a VPC the model simulated percentiles and observed percentiles should generally 

be in agreement and the observed data should be contained within the 2.5th to 97.5th 

percentiles of the simulated data.  

Table 3. Proportional change in clearance for body weight, 
serum albumin, Anti-drug antibodies and line of treatment 
Body weight (kg) Clearance (L/Day) Percent Reference 

40 0.27 74.63 
70 0.36 100.00 

100 0.43 120.51 
149 0.53 148.45 

Albumin (g/dL) Clearance (L/Day) Percent Reference 
2 0.93 260.27 
3 0.53 148.74 
4 0.36 100.00 

5.4 0.24 66.09 
ADA titer (AU/ml) Clearance (L/Day) Percent Reference 

0 0.36 100.00 
1 0.38 105.99 

10 0.45 124.71 
30 0.53 148.09 

100 0.72 199.44 
300 1.05 292.72 

1000 1.79 497.64 
3000 3.13 869.81 

53000 15.93 4425.67 
Line of treatment Clearance (L/Day) Percent Reference 

0 0.34 94.92 
1 0.36 100.00 
2 0.38 105.35 

VPCs for both patients with CD and UC show that the model based on the factors as 

described above can accurately predict IFX serum concentrations. (Figure 2A-C) The 

relationship between patients having low IFX concentrations (below the “ATI trigger 

concentration”) and the probability of ATI shows that as patients have longer intervals of 

times below the identified trigger concentration, the probability of ATI increases. (Figure 3) 

The visual predictive check plot for ATI shows that the model was able to predict the 

occurrence of ATI. (Figure 4) The VPC for ATI shows some early appearance of ATI that 

was not well predicted by the model. However later appearance of ATI is described well.  
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Figure 2A, 2B, 2C: Visual Predictive Checks for UC, CD and all patients 
The open blue symbols are the observed data, the solid red line is the median of the 
observed data the dashed red lines are the lower 2.5th and upper 97.5th percentile of the 
observed data, the solid black line is the median of the simulated data, the black dashed 
lines are the lower 25th and upper 97.5th percentiles of the simulated data, the shaded gray 
area is the confidence interval of the simulated percentiles 
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Figure 3: Relationship Between Concentrations Falling Below ATI Trigger and
Probability of ATI Schematic graph showing the relationship between time and patients IFX
concentrations that are below the ATI “trigger” concentration and the probability that a patient
will develop ATI

Figure 4: Visual Predictive Check for ATI titer The open blue symbols are the observed 
data, the solid red line is the median of the observed data the dashed red lines are the lower
2.5th and upper 97.5th percentile of the observed data, the solid black line is the median of
the simulated data, the black dashed lines are the lower 25th and upper 97.5th percentiles of
the simulated data, the shaded gray area is the confidence interval of the simulated 
percentiles
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Figure 2A, 2B, 2C: Visual Predictive Checks for UC, CD and all patients The open blue 
symbols are the observed data, the solid red line is the median of the observed data the 
dashed red lines are the lower 2.5th and upper 97.5th percentile of the observed data, the 
solid black line is the median of the simulated data, the black dashed lines are the lower 25th 
and upper 97.5th percentiles of the simulated data, the shaded gray area is the confidence 
interval of the simulated percentiles
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Figure 3: Relationship Between Concentrations Falling Below ATI Trigger and 
Probability of ATI Schematic graph showing the relationship between time and patients IFX 
concentrations that are below the ATI “trigger” concentration and the probability that a patient 
will develop ATI 

Figure 4: Visual Predictive Check for ATI titer The open blue symbols are the observed 
data, the solid red line is the median of the observed data the dashed red lines are the lower 
2.5th and upper 97.5th percentile of the observed data, the solid black line is the median of 
the simulated data, the black dashed lines are the lower 25th and upper 97.5th percentiles of 
the simulated data, the shaded gray area is the confidence interval of the simulated 
percentiles 
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Discussion 

 In the current study we demonstrate that antibodies to infliximab, high body weight 

and low serum albumin levels are associated with increased infliximab clearance from the 

serum leading to a significantly shorter half-life. A model, based on the PK factors that were 

identified in current study, as shown by Visual Predictive Checks for both CD and UC (figure 

2A-2C), showed that the present model could accurately simulate serum IFX concentrations 

that were consistent with the observed data. In addition other model performance metrics 

including parameter precision, and goodness of fit plots showed the model was descriptive of 

the data. As a consequence, such a model appears to be useful for personalized dosing of 

IFX. Perhaps more importantly we were able to link the probability of formation of ATI to a 

trigger concentration of IFX. Thus concentrations falling below this “trigger concentration” 

contribute to the probability that ATI will form. If this trigger is hit often enough or long 

enough, ATI formation becomes highly probable. 

A recent smaller study (n=54) by Dotan et al., also revealed that albumin, body weight 

and ATI led to increased clearance of IFX.23 In addition, a PK model for dose optimization 

was also assessed in a retrospective study in 42 IBD patients, however this study included 

only patients that were responding to IFX with detectable drug levels.24 The report by 

Buurman et al., reported no effect of body weight but did find an effect of sex on clearance 

with male patients having a clearance that was 35% higher than females. In our results we 

found that the average weight of a male patient was 79.14 kg with an associated average 

clearance of 0.44 L/Day while the average weight of the female patients was 66.5 kg and 

their clearance was 0.355 L/day (19.3% lower than males). Thus, the suggested effect of sex 

on clearance, is likely to be a reflection of the independent effect of body weight. This current 

report confirms several factors to be associated with IFX PK, in a larger heterogeneous 

cohort, with multiple IFX measurements per patient and taking into account IFX 

measurements that were below the limit of assay quantification. The large number of patients 

allowed for accurate analysis of patient, disease and treatment factors that influence 

clearance. Moreover, simultaneous modelling of IFX and ATI (as a continuous function) 

allowed us to determine the concentrations needed to reduce the likelihood of developing 

ATIs. 

Anti-IFX antibody responses have been reported to appear either in transient or 

persistent form.25, 26 The clinical meaning of (transient) antidrug antibodies has been disputed 

in previous studies.27, 28 We previously demonstrated that anti-IFX had an enormous impact 

on IFX clearance.11 In present study we also found that all patients with ATI titer of >30 

AU/ml had no detectable IFX concentrations, indicating that these ATI titers have a major 

clinical significance. Most likely, however, antibodies that are ‘technically unmeasurable’ with 
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drug assays like the present (that cannot detect antibodies in the presence of high circulating 

drug) may also affect IFX clearance. 

IFX clearance was increased in patients with high body weight. Our cohort did not contain 

many patients with extremes in body weight but the weights did span a large range which

makes identification of patient factors on clearance more robust. Clearance of IFX changes

based on weight, but not in proportional linear fashion. If one considers IFX clearance 

normalized to body weight, then based on our results, a patient weighing 40 kg would have a

clearance of 0.0067 L/Day/kg whereas a patient who weighs 149 kg would have a clearance 

of 0.0036 L/Day/kg. It becomes readily apparent that while patients with lower body weight

do indeed have a lower clearance than patients with high body weight, when taken in terms

of body size or body surface area (e.g. clearance as L/Day/kg) low weight patients have a 

higher clearance/kg than patients with high body weight. Therefore mg/kg dosing results in 

low concentration for low body weight patients.

The clearance of IFX in the present study was much higher than previously reported in 

patients with rheumatoid arthritis and ankylosing spondylitis, but comparable to a recent

cohort of IBD patients.23, 29, 30 The higher clearance observed for IBD compared to other

immune mediated diseases, may be reflection of a relatively high inflammatory burden, with

large amounts of TNF to be neutralized, in IBD that could serve as a ‘sink’ for available anti-

TNF.31 Additionally, this increased clearance may be reflective of proteolysis by

metalloproteinases or protein losing enteropathy which is unlikely to be seen in patients with 

rheumatoid arthritis and ankylosing spondylitis.32 This high inflammatory load with potential

loss of intestinal epithelial integrity may lead to rapid consumption of therapeutic antibodies

in the vascular and intestinal compartments.33

A pharmacokinetic study in patients with rheumatoid arthritis identified pre-infusion C-

reactive protein and concomitant use with methotrexate as factors influencing the PK of

IFX.30 Our study could not reproduce these finding in patients with IBD. Elevation of serum

CRP is absent in large proportion of IBD patients.34 Moreover, CRP levels change rapidly 

during IFX treatment, particularly during induction therapy, whereby the moment of

measurement (before/after treatment) can influence the CRP levels considerably. Therefore 

serum CRP could not be evaluated as independent covariate in the current study. 

Use of concomitant immunomodulators was often intermittent in our patients (73 of 144 

patients on immunomodulators did not receive these drugs continuously), especially during 

the first year of thiopurine use, patients had to reduce dose or even discontinue thiopurines

due to side effects, intolerance or toxicity. After initiation or discontinuation of thiopurines and 

methotrexate, clearance does not change instantly, but the gradual drug interacting effect of

immunomodulatory agents on IFX PK takes time. The use of continuous concomitant

immunomodulators was nevertheless associated with a decrease in clearance over time.
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Discussion

In the current study we demonstrate that antibodies to infliximab, high body weight

and low serum albumin levels are associated with increased infliximab clearance from the 

serum leading to a significantly shorter half-life. A model, based on the PK factors that were 

identified in current study, as shown by Visual Predictive Checks for both CD and UC (figure 

2A-2C), showed that the present model could accurately simulate serum IFX concentrations

that were consistent with the observed data. In addition other model performance metrics

including parameter precision, and goodness of fit plots showed the model was descriptive of

the data. As a consequence, such a model appears to be useful for personalized dosing of

IFX. Perhaps more importantly we were able to link the probability of formation of ATI to a 

trigger concentration of IFX. Thus concentrations falling below this “trigger concentration”

contribute to the probability that ATI will form. If this trigger is hit often enough or long 

enough, ATI formation becomes highly probable.

A recent smaller study (n=54) by Dotan et al., also revealed that albumin, body weight

and ATI led to increased clearance of IFX.23 In addition, a PK model for dose optimization

was also assessed in a retrospective study in 42 IBD patients, however this study included 

only patients that were responding to IFX with detectable drug levels.24 The report by

Buurman et al., reported no effect of body weight but did find an effect of sex on clearance 

with male patients having a clearance that was 35% higher than females. In our results we 

found that the average weight of a male patient was 79.14 kg with an associated average 

clearance of 0.44 L/Day while the average weight of the female patients was 66.5 kg and 

their clearance was 0.355 L/day (19.3% lower than males). Thus, the suggested effect of sex 

on clearance, is likely to be a reflection of the independent effect of body weight. This current

report confirms several factors to be associated with IFX PK, in a larger heterogeneous

cohort, with multiple IFX measurements per patient and taking into account IFX

measurements that were below the limit of assay quantification. The large number of patients

allowed for accurate analysis of patient, disease and treatment factors that influence 

clearance. Moreover, simultaneous modelling of IFX and ATI (as a continuous function)

allowed us to determine the concentrations needed to reduce the likelihood of developing 

ATIs.

Anti-IFX antibody responses have been reported to appear either in transient or

persistent form.25, 26 The clinical meaning of (transient) antidrug antibodies has been disputed 

in previous studies.27, 28 We previously demonstrated that anti-IFX had an enormous impact

on IFX clearance.11 In present study we also found that all patients with ATI titer of >30

AU/ml had no detectable IFX concentrations, indicating that these ATI titers have a major

clinical significance. Most likely, however, antibodies that are ‘technically unmeasurable’ with
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drug assays like the present (that cannot detect antibodies in the presence of high circulating 

drug) may also affect IFX clearance. 

IFX clearance was increased in patients with high body weight. Our cohort did not contain 

many patients with extremes in body weight but the weights did span a large range which 

makes identification of patient factors on clearance more robust. Clearance of IFX changes 

based on weight, but not in proportional linear fashion. If one considers IFX clearance 

normalized to body weight, then based on our results, a patient weighing 40 kg would have a 

clearance of 0.0067 L/Day/kg whereas a patient who weighs 149 kg would have a clearance 

of 0.0036 L/Day/kg. It becomes readily apparent that while patients with lower body weight 

do indeed have a lower clearance than patients with high body weight, when taken in terms 

of body size or body surface area (e.g. clearance as L/Day/kg) low weight patients have a 

higher clearance/kg than patients with high body weight. Therefore mg/kg dosing results in 

low concentration for low body weight patients.  

The clearance of IFX in the present study was much higher than previously reported in 

patients with rheumatoid arthritis and ankylosing spondylitis, but comparable to a recent 

cohort of IBD patients.23, 29, 30 The higher clearance observed for IBD compared to other 

immune mediated diseases, may be reflection of a relatively high inflammatory burden, with 

large amounts of TNF to be neutralized, in IBD that could serve as a ‘sink’ for available anti-

TNF.31 Additionally, this increased clearance may be reflective of proteolysis by 

metalloproteinases or protein losing enteropathy which is unlikely to be seen in patients with 

rheumatoid arthritis and ankylosing spondylitis.32 This high inflammatory load with potential 

loss of intestinal epithelial integrity may lead to rapid consumption of therapeutic antibodies 

in the vascular and intestinal compartments.33 

A pharmacokinetic study in patients with rheumatoid arthritis identified pre-infusion C-

reactive protein and concomitant use with methotrexate as factors influencing the PK of 

IFX.30 Our study could not reproduce these finding in patients with IBD. Elevation of serum 

CRP is absent in large proportion of IBD patients.34 Moreover, CRP levels change rapidly 

during IFX treatment, particularly during induction therapy, whereby the moment of 

measurement (before/after treatment) can influence the CRP levels considerably. Therefore 

serum CRP could not be evaluated as independent covariate in the current study.  

Use of concomitant immunomodulators was often intermittent in our patients (73 of 144 

patients on immunomodulators did not receive these drugs continuously), especially during 

the first year of thiopurine use, patients had to reduce dose or even discontinue thiopurines 

due to side effects, intolerance or toxicity. After initiation or discontinuation of thiopurines and 

methotrexate, clearance does not change instantly, but the gradual drug interacting effect of 

immunomodulatory agents on IFX PK takes time. The use of continuous concomitant 

immunomodulators was nevertheless associated with a decrease in clearance over time. 
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Line of treatment was predictive of clearance, with anti-TNF naive patients exhibiting 

slightly lower clearance than the previously exposed patients when all other factors are taken 

into account. 

Limitations of this study include the retrospective design, which was associated with 

missing laboratory data and hampered the response assessment in some patients. We did 

not report on how many times IFX therapy was intensified or adverse events. Nevertheless, 

patient and treatment and disease characteristics were completely available in all patients.  

Indication for (trough) IFX serum concentrations and ATI measurements were generally 

suspicion of loss of response, however in some patients mid-infusion levels were assessed 

as well. PK analysis could correct for the time to previous infusion, making the data even 

more robust than trough analysis alone.  

In conclusion, the presence of ATIs, body weight and serum albumin independently 

affected clearance. Clearance was slightly lower in previous exposed compared to anti-TNF 

naïve patients. Patients whose concentrations fell below the “trigger concentration” long 

enough had a high probability of developing ATI. Incorporating these PK factors in model 

guided dosing may improve outcomes compared to current fixed dosing. Dashboard 

systems, which can help to make therapeutic decisions regarding dosing, provide a 

promising tool in the tailored management of IBD patients.35 Future studies, such as the 

ongoing PRECISION study (Clinical.Trials.gov identifier: NCT02453776), should determine 

whether precision dosing of IFX based on PK factors, such as body weight, presence of 

ATIs, serum albumin and CRP, will result in higher likelihood of sustained clinical remission 

and decrease of costs compared to conventional IFX dosing. 
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Line of treatment was predictive of clearance, with anti-TNF naive patients exhibiting 

slightly lower clearance than the previously exposed patients when all other factors are taken 

into account.

Limitations of this study include the retrospective design, which was associated with 

missing laboratory data and hampered the response assessment in some patients. We did

not report on how many times IFX therapy was intensified or adverse events. Nevertheless,

patient and treatment and disease characteristics were completely available in all patients.

Indication for (trough) IFX serum concentrations and ATI measurements were generally

suspicion of loss of response, however in some patients mid-infusion levels were assessed 

as well. PK analysis could correct for the time to previous infusion, making the data even 

more robust than trough analysis alone.

In conclusion, the presence of ATIs, body weight and serum albumin independently 

affected clearance. Clearance was slightly lower in previous exposed compared to anti-TNF 

naïve patients. Patients whose concentrations fell below the “trigger concentration” long 

enough had a high probability of developing ATI. Incorporating these PK factors in model

guided dosing may improve outcomes compared to current fixed dosing. Dashboard 

systems, which can help to make therapeutic decisions regarding dosing, provide a 

promising tool in the tailored management of IBD patients.35 Future studies, such as the 

ongoing PRECISION study (Clinical.Trials.gov identifier: NCT02453776), should determine 

whether precision dosing of IFX based on PK factors, such as body weight, presence of

ATIs, serum albumin and CRP, will result in higher likelihood of sustained clinical remission 

and decrease of costs compared to conventional IFX dosing.
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ABSTRACT 

Background and aim

High serum concentrations of Infliximab (IFX) and Adalimumab (ADA) may be associated 

with adverse effects in patients with inflammatory bowel disease (IBD). We aimed to 

investigate whether high anti-TNF trough levels (TLs) were associated with toxicity and 

impaired quality of life (QoL). 

Methods

We conducted a prospective cohort study in IBD patients in clinical and biochemical 

remission on IFX or ADA maintenance therapy. Trough serum concentrations and antidrug 

antibodies were measured in addition to biochemical markers of inflammation in serum and 

stool to confirm quiescent disease. QoL was assessed using IBDQ and SF-36. Side effects 

such as fatigue and arthralgia were measured with a visual analogue score. Skin toxicity 

was reported with an EORTC derived score. 

Results

252 IBD patients on maintenance anti-TNF therapy were screened, of whom 95  (73 CD, 22 

UC; 72 IFX, 23 ADA) were in clinical and biochemical remission and included.  Median TLs 

were 5.5µg/ml and 6.6 µg/ml for IFX and ADA, respectively. Patients with anti-TNF TLs 

above median had lower IBDQ  scores than patients with lower TLs (IBDQ 176 vs. 187, 

P=0.02), 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. Skin 

and arthralgia scores were not significantly different between both groups. 

Conclusions

IBD patients with higher anti-TNF serum concentrations had significantly lower disease-

specific QoL. Fatigue, arthralgia and skin lesions do not occur more often in these patients. 

This data is reassuring that high serum concentrations of anti-TNF antibodies are not toxic. 

Introduction

The introduction of anti-Tumor Necrosis Factor (TNF) agents, such as Infliximab (IFX)

and Adalimumab (ADA), has led to major progress in the treatment of inflammatory bowel

disease (IBD). IFX and ADA are effective to induce and maintain remission in patients with

Crohn’s disease (CD) and ulcerative colitis (UC).1-4 Detectable IFX or ADA trough levels

(TLs) are associated with higher rates of sustained clinical and biochemical remission and 

improved endoscopic outcomes.5-7 Moreover, IFX TL >3 µg/ml at the start of maintenance 

treatment has been predictive for sustained response to IFX, and patients receiving 

maintenance treatment with ADA were less like likely to discontinue therapy if TLs were 

higher than 5.6 µg/ml at week 12.7-9 Recently, a prospective trial compared therapeutic drug 

monitoring (TDM) based IFX dosing to conventional dosing in IBD patients, suggesting a 

therapeutic window for IFX TLs between 3 and 7 µg/ml.10

Chronic use of anti-TNF agents has been associated with a range of side effects, 

such as dermatological manifestations, arthralgia, infusion or injection side reactions,

infections or malignancies.11 A proportion of patients with IBD or rheumatoid arthritis

receiving treatment with anti-TNF agents experience paradoxical inflammatory, mainly

psoriatiform or eczema like, skin lesions.12-15 The etiologic mechanism which is responsible 

for this phenomenon has not been completely clarified. It is hypothesized that, in 

predisposed individuals, TNF inhibition can cause a cytokine disbalance, resulting in local 

up-regulation of plasmacytoid dendritic cells that unrestrictedly produce interferon-α, and 

abundance of IL-23, thereby inducing the onset of psoriatic skin lesions.16, 17 Topical therapy 

with corticosteroids resolves these symptoms in some patients, whereas other patients are 

forced to discontinue anti-TNF treatment, but can effectively switch to an alternative anti-TNF 

agent.18-20 Typically, these symptoms subside after discontinuation of the drug.21

Furthermore, arthralgia has been associated with maintenance treatment with anti-

TNF agents in IBD patients with quiescent disease. Elevated antinuclear antibodies (ANA) 

and anti-dsDNA levels are detectable in these patients.22 Similarly, paradoxical

polyarthritis flares have been observed in rheumatoid arthritis patients treated with

IFX maintenance therapy. A dose increase of IFX resulted in further deterioration of arthritis

complaints in these patients.23

Clinical observations suggest that higher TLs, e.g above the arbitrary level of 7µg/ml 

for IFX, may be associated with side effects. Distinguishing these potential drug related side 

effects from extra-intestinal manifestations can be challenging, since skin lesion and arthritis

can also occur as an extra-intestinal manifestation in IBD patients.24, 25

Sparse data exists about the possible correlation between high anti-TNF TLs and 

suspected anti-TNF side-effects. Therefore, we aimed to investigate anti-TNF TLs, quality of
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life and side-effects in IBD patients who are in clinical and biochemical remission receiving 

maintenance therapy with IFX or ADA. 
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Patients and Methods

Study Design

This prospective study was performed at two centres in Amsterdam, the Netherlands

(an academic referral center, the Academic Medical Center and a regional teaching hospital, 

OLVG), between January, 2013 and March, 2015. Patients with a confirmed diagnosis of

IBD, receiving IFX or ADA maintenance therapy, were eligible for screening. Clinical 

remission was assessed with the Harvey Bradshaw Index (HBI) and Simple Clinical Colitis

Activity Index (SCCAI) for CD and UC, respectively, using cut-off values of <5 points for both 

scores.26, 27

Biochemical remission was defined as fecal calprotectin concentrations < 250 µg/g 

and C-reactive protein (CRP) serum levels ≤ 5 mg/L.28

Serum concentrations of IFX and ADA were measured at trough (immediately before 

an infusion or injection) along with anti-IFX and anti-ADA antibodies using a radio-

immunoassay (Sanquin laboratories, Amsterdam, The Netherlands). Biochemical parameters

known to be associated with fatigue or ongoing inflammation were also measured including 

haemoglobin, haematocrit, leukocyte and thrombocyte count, serum albumin, serum Vitamin

D and thyroid stimulating hormone (TSH).

Patients that were found to have anti-drug antibodies, hypothyroidism or anaemia 

(defined by WHO criteria as <13.0 g/dl for men and <12.0 g/dl for women) were excluded. In 

addition, patients with established rheumatic (rheumatoid arthritis, ankylosing spondylitis) or

dermatologic (psoriasis, eczema) diseases or documented rheumatic or dermatologic

symptoms prior to initiating anti-TNF agents and patients with significant and established co-

morbidity (including cancer, infectious diseases, irritable bowel syndrome, etc.) or pregnancy

were also excluded.

Outcomes measures

IFX and ADA serum TLs were assessed using an enzyme linked immune sorbent

assay (ELISA) (Sanquin Biologicals Laboratory, lower limit of quantification 0.03µg/ml).29

Antibodies to IFX and ADA were also determined with an antigen-binding test using an 

radioimmunoassay.30, 31 Fecal Calprotectin was measured by ELISA (Bühlmann laboratories

AG).

Patients were asked to complete questionnaires consisting of several items on health-

related quality of life (HRQL) and disease-related quality of life (DRQL) reflecting their

symptoms in the 8 weeks prior to the current infusion or injection.

HRQL was measured with the validated Medical Outcomes Study 36-Item Short Form

(SF-36) which has a Physical and a Mental component score (PCS an MCS) across 36 
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items. A higher score indicates a better HRQL. This questionnaire has been used for 

comparing HRQL of IBD patients with the general population.32, 33 

Disease-related quality of life (DRQL) was measured using the IBDQ (Inflammatory 

Bowel Disease Questionnaire), a 32-item questionnaire consisting of four dimensions: bowel-

related symptoms (e.g., loose stools, abdominal pain), systemic function (e.g., fatigue, sleep 

pattern), social function (e.g., ability to attend work and social events), and emotional status 

(e.g., anger, depression, irritability). The response for each question ranges from one to 

seven (1 corresponding to ‘significant impairment’ and 7 to ‘no impairment’.34, 35 The overall 

IBDQ score is the sum of the responses to each of the IBDQ questions. The total IBDQ 

ranges from 32 (very poor DRQL) to 224 (perfect DRQL). Patients in symptomatic remission 

usually have a score of 170 or more. The validity, reliability, and responsiveness of this 

questionnaire has been previously established.36 

Patients were asked to rate fatigue and arthralgia using 100 mm visual analogue 

scores (VAS). VAS scales are frequently used in HRQL analyses as a reliable instrument to 

measure pain and have been validated in several studies.37 Patients were presented a line 

scale indicating ‘no fatigue’ and ‘no artalgia’ (far left) to ‘extreme fatigue’ and ‘extreme 

arthralgia’ (far right). The indicated value on this continuum led to  a number between 0 and 

100 mm, with greater scores indicating greater pain/fatigue severity and intensity. In addition, 

fatigue was also assessed using the FACIT-F (Functional Assessment of Chronic Illness 

Therapy-Fatigue) scale. This instrument consists of 13 items, each of which is scored on a 5-

point Likert scale of fatigue symptoms, with lower scores reflecting more severe fatigue.38, 39  

Finally, 3 questions specifically focusing on dermatological side effects of anti-TNF 

agents were selected from European Organization for Research and Treatment of Cancer 

(EORTC) questionnaires. A skin score was composed consisting of questions about rash, 

xerosis and pruritus. Each question could be answered from 1 (no symptoms at all) to 4 

(severe symptoms), resulting in a summed score from 3-12, with higher scores indicating 

more severe skin lesions. 

Statistical analysis and ethical considerations 

Data are presented as median with inter quartile range (IQR) in case of non-

parametric data and as mean with standard deviation in case of parametric data. Due to 

different pharmacokinetics of IFX and ADA (intravenous versus subcutaneous 

administration) and presumable different therapeutic ranges, subgroup analysis for treatment 

characteristics and median/interquartile analysis for IFX or ADA TLs were performed 

separately. The two study cohorts were divided in halves based on anti-TNF TL outcomes, 

resulting in two groups; lower than or equal to median TL (H1) or higher than the 50th 

percentile: H2. The lower or upper halves of IFX and ADA were combined for analysis. Data 
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were non-parametric distributed and analyzed comparing medians with the Mann-Whitney U

test or Fisher exact test. Except for anti-TNF TLs, questionnaire outcomes were also 

compared based on patient (Gender, BMI, smoking), disease (diagnosis, duration) or

treatment (type of anti-TNF, duration, combination therapy) factors. A p value < 0.05 was

considered statistically significant. Correlations were analysed using Spearman rank. Data 

were analysed using SPSS® 20.0 (IBM Corp., Armonk, NY, U.S.A).

This study was approved by the local ethical committee according to national Dutch 

legislation. All patients consented to participation in this study. Patients receiving IFX were 

investigated during their infusion clinic visit in parallel to clinical care. Patients receiving ADA

were assessed during an extra hospital visit on the day before or the day of the next ADA

injection to ensure that trough concentrations were measured. 

Figure 1.: Inclusion Flow chart
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Results 

Patient and treatment characteristics. 

Two-hundred and fifty-two patients were found to be eligible based on clinical disease 

activity and were invited to participate. One hundred and eighty-eight patients consented with 

participation and were enrolled in this study. At time of infusion or injection, 6 patients 

appeared to have (previously unknown) co-morbidity or clinical activity and were excluded. 

Incomplete laboratory results or questionnaires resulted in the exclusion of 8 additional 

patients. After review of the biochemical results, 73 (60 CD, 13 UC) of the remaining 173 

(42%) patients that were in clinical remission appeared not to be in biochemical remission 

(i.e. fecal calprotectin level > 250 µg/g and/or CRP>5 mg/l). Median (IQR) fecal calprotectin 

levels in the group with elevated fecal calprotectin values were: 588 (370-1279) µg/g. Five of 

the 173 (3%) patients had detectable anti-drug antibodies (3 to IFX, 2 to ADA with anti-drug 

antibody titers ranging from 16-140 AU/ml). These patients were excluded for further 

analysis, resulting in a final study cohort of 95 patients (Figure 1) who were truly in remission. 

Legends: H1;lower half, H2:upper half, IFX: infliximab, ADA: adalimumab, IQR: interquartile 
range, HBI: Harvey Bradshaw Index, SCCAI: Simple Clinical Colitis Activity Index 

The final study cohort consisted of 73 patients with CD and 22 patients with 

UC (table 1). Seventy-two and 23 patients received IFX and ADA maintenance therapy, 

respectively (table 2). The majority (76/95=80%) of patients received regular IFX (5mg/kg, 

Table 1. Patient characteristics Total (n=95) H1 (n=51) 
IFX≤5µg/ml 
ADA≤6.6µg/ml 

H2 (n=44) 
IFX>5µg/ml 
ADA>6.6µg/ml 

 P-
value 

Crohn’s Disease, n (%) 
Montreal Age A1, A2, A3 (n,n,n) 
Montreal Location L1, L2, L3 
(n,n,n) 
Montreal Behaviour B1, B2, B3 
(n,n,n) 
Peri-anal disease (n) 

Ulcerative Colitis, n (%) 
Montreal Extent: E1, E2, E3 (n,n,n) 

73 (77%) 
10, 56, 7 
12, 17, 44 

26, 21, 26 

22 
22 (23%) 
1, 14, 7 

37 (73%) 
6, 25, 6 
8,7, 22 

13,12,12 

9 
14 (28%) 
1, 8, 5 

36 (82%) 
4, 31, 1 
4, 10, 22 

13,10,13 

13 
8 (18%) 
0, 6, 2 

ns 

ns 

Age (years), median (IQR) 42 (32-52) 46 40 P=0.10 
Gender (female), n (%) 55 (58%) 30 (59%) 25 (57%) ns 
Body Mass Index (kg/m2) 24 (22.1-25.5) 24.1 23.2 ns 
Current smoking, n (%) 24 (25%) 14 (28%) 10 (23%) ns 
Disease duration (years), median (IQR) 12 (7-21) 13 12 ns 
HBI, median (IQR)  1 (0-2) 1 1 ns 
SCCAI, median (IQR)  0 (0-1) 0 0 ns 
Haemoglobin (g/L), median (IQR) 13.9 (13.1-

14.7) 
14.0 14.1 ns 

Haematocrit (L/L), median (IQR) 0.41 (0.39-
0.44) 

0.41 0.42 ns 

Leukocyte count (*109), (median, IQR) 7.1 (5.6-8.9) 6.9 7.6 P=0.21 
Thrombocytes (*109), median (IQR) 262 (209-308) 271 258 ns 
Albumin (g/L), median (IQR)  44 (42-47) 44 45 ns 
C-reactive protein (mg/L), median (IQR) 1.0 (0.5-2.6) 1.0 1.0 ns 
Vitamin D (nmol/l), median (IQR) 62 (48-79) 61 62 ns 
Fecal Calprotectin (µg/g), median (IQR) 65 (20-124) 68 54 ns 
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q8wk) or ADA (40mg, q2wk) maintenance therapy with a median treatment duration of 4 and 

2 years, respectively. Concomitant immunomodulators were used by 32% of the patients on 

IFX and  22% of those on ADA.

Legends: IQR: interquartile range, q..wk: once every ..weeks

Classification according lower/upper anti-TL halves

Because of different pharmacokinetic profiles (due to intravenous versus

subcutaneous administration) patients were divided into groups for lower and upper halves of

median serum anti-TNF TLs for both anti-TNF agents. The median (IQR) IFX TL was: 5.0 

(3.0-7.0) µg/ml and median ADA TL 6,6 (5,5 - 9,9) µg/ml. Patients with median or lower than 

median anti-TNF TLs were classified as lower half anti-TNF TL group (H1), whereas patients

with higher than median anti-TNF TLs were classified as upper half anti-TNF TL group (H2).

Patient characteristics were comparable between the H1 and H2 group and 

biochemical parameters that are known to be associated with fatigue or active inflammation

(e.g., Hb, CRP, fecal calprotectin) were not significantly different between the two study

groups (table 1).

Generic and disease related quality of life

The median IBDQ of all patients was 181 (table 3). The IBDQ was significantly lower

in patients with higher anti-TNF TLs (176 vs. 187, P=0.02) (figure 2). Patients with higher

anti-TNF TLs scored significantly lower on two particular domains of IBDQ: systemic

symptoms (4.8 vs. 5.0, P=0.03) and emotional status (5.46 vs. 5.83, P=0.04) (figure 3A).

Overall, anti-TNF TLs were inversely correlated with IBDQ, but this did not reach significance 

(r=-0.15, P=0.14).

A trend towards a lower physical and mental component summary scale of SF-36 

was observed in the H2 group compared to patients in the H1 group (table 3). These patients

scored lower or equal at each separate aspect of the SF-36 compared to patients with lower

anti-TNF TLs (figure 3B).

Table 2. Anti-TNF characteristics Infliximab (n=72) Adalimumab (n=23)
Dose and frequency, n (%) 5mg/kg, q8wk: 55 (76%)

5mg/kg, q6wk:   8 (11%)
5mg/kg, q4wk:   4  (6%)

10mg/kg, q8wk:   2   (3%)
10mg/kg, q6wk:   2   (3%)
10mg/kg, q4wk:   1   (1%)

40mg, q2wk: 21 (91%)
40mg, q1wk:   2   (9%)

Treatment duration (years), median (IQR) 4 (2-8) 2 (1-4)
Combination therapy, n (%) 23 (32%) 5 (22%)
Serum concentration (µg/ml), median (IQR) 5.0 (3.0-7.0) 6.6 (5.5-9.0)
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Results 

Patient and treatment characteristics.

Two-hundred and fifty-two patients were found to be eligible based on clinical disease 

activity and were invited to participate. One hundred and eighty-eight patients consented with 

participation and were enrolled in this study. At time of infusion or injection, 6 patients

appeared to have (previously unknown) co-morbidity or clinical activity and were excluded.

Incomplete laboratory results or questionnaires resulted in the exclusion of 8 additional

patients. After review of the biochemical results, 73 (60 CD, 13 UC) of the remaining 173 

(42%) patients that were in clinical remission appeared not to be in biochemical remission 

(i.e. fecal calprotectin level > 250 µg/g and/or CRP>5 mg/l). Median (IQR) fecal calprotectin 

levels in the group with elevated fecal calprotectin values were: 588 (370-1279) µg/g. Five of

the 173 (3%) patients had detectable anti-drug antibodies (3 to IFX, 2 to ADA with anti-drug 

antibody titers ranging from 16-140 AU/ml). These patients were excluded for further

analysis, resulting in a final study cohort of 95 patients (Figure 1) who were truly in remission.

Legends: H1;lower half, H2:upper half, IFX: infliximab, ADA: adalimumab, IQR: interquartile range,
HBI: Harvey Bradshaw Index, SCCAI: Simple Clinical Colitis Activity Index

The final study cohort consisted of 73 patients with CD and 22 patients with 

UC (table 1). Seventy-two and 23 patients received IFX and ADA maintenance therapy,

respectively (table 2). The majority (76/95=80%) of patients received regular IFX (5mg/kg,

Table 1. Patient characteristics Total (n=95) H1 (n=51)
IFX≤5µg/ml
ADA≤6.6µg/ml

H2 (n=44)
IFX>5µg/ml
ADA>6.6µg/ml

 P-
value

Crohn’s Disease, n (%)
Montreal Age A1, A2, A3 (n,n,n)
Montreal Location L1, L2, L3 
(n,n,n)
Montreal Behaviour B1, B2, B3 
(n,n,n)
Peri-anal disease (n)

Ulcerative Colitis, n (%)
Montreal Extent: E1, E2, E3 (n,n,n)

73 (77%)
10, 56, 7
12, 17, 44

26, 21, 26

22
22 (23%)
1, 14, 7

37 (73%)
6, 25, 6
8,7, 22

13,12,12

9 
14 (28%)
1, 8, 5

36 (82%)
4, 31, 1
4, 10, 22

13,10,13

13
8 (18%)
0, 6, 2

ns

ns

Age (years), median (IQR) 42 (32-52) 46 40 P=0.10
Gender (female), n (%) 55 (58%) 30 (59%) 25 (57%) ns
Body Mass Index (kg/m2) 24 (22.1-25.5) 24.1 23.2 ns
Current smoking, n (%) 24 (25%) 14 (28%) 10 (23%) ns
Disease duration (years), median (IQR) 12 (7-21) 13 12 ns
HBI, median (IQR) 1 (0-2) 1 1 ns
SCCAI, median (IQR) 0 (0-1) 0 0 ns
Haemoglobin (g/L), median (IQR) 13.9 (13.1-

14.7)
14.0 14.1 ns

Haematocrit (L/L), median (IQR) 0.41 (0.39-
0.44)

0.41 0.42 ns

Leukocyte count (*109), (median, IQR) 7.1 (5.6-8.9) 6.9 7.6 P=0.21
Thrombocytes (*109), median (IQR) 262 (209-308) 271 258 ns
Albumin (g/L), median (IQR) 44 (42-47) 44 45 ns
C-reactive protein (mg/L), median (IQR) 1.0 (0.5-2.6) 1.0 1.0 ns
Vitamin D (nmol/l), median (IQR) 62 (48-79) 61 62 ns
Fecal Calprotectin (µg/g), median (IQR) 65 (20-124) 68 54 ns
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q8wk) or ADA (40mg, q2wk) maintenance therapy with a median treatment duration of 4 and 

2 years, respectively. Concomitant immunomodulators were used by 32% of the patients on 

IFX and  22% of those on ADA. 

Legends: IQR: interquartile range, q..wk: once every ..weeks 

Classification according lower/upper anti-TL halves 

Because of different pharmacokinetic profiles (due to intravenous versus 

subcutaneous administration) patients were divided into groups for lower and upper halves of 

median serum anti-TNF TLs for both anti-TNF agents. The median (IQR) IFX TL was: 5.0 

(3.0-7.0) µg/ml and median ADA TL 6,6 (5,5 - 9,9) µg/ml. Patients with median or lower than 

median anti-TNF TLs were classified as lower half anti-TNF TL group (H1), whereas patients 

with higher than median anti-TNF TLs were classified as upper half anti-TNF TL group (H2). 

Patient characteristics were comparable between the H1 and H2 group and 

biochemical parameters that are known to be associated with fatigue or active inflammation 

(e.g., Hb, CRP, fecal calprotectin) were not significantly different  between the two study 

groups (table 1). 

Generic and disease related quality of life 

The median IBDQ of all patients was 181 (table 3). The IBDQ was significantly lower 

in patients with higher anti-TNF TLs (176 vs. 187, P=0.02) (figure 2). Patients with higher 

anti-TNF TLs scored significantly lower on two particular domains of IBDQ: systemic 

symptoms (4.8 vs. 5.0, P=0.03) and emotional status (5.46 vs. 5.83, P=0.04) (figure 3A). 

Overall, anti-TNF TLs were inversely correlated with IBDQ, but this did not reach significance 

(r=-0.15, P=0.14). 

A trend towards a lower physical and mental component summary scale of SF-36 

was observed in the H2 group compared to patients in the H1 group (table 3). These patients 

scored lower or equal at each separate aspect of the SF-36 compared to patients with lower 

anti-TNF TLs (figure 3B). 

Table 2. Anti-TNF characteristics Infliximab (n=72) Adalimumab (n=23) 
Dose and frequency, n (%)   5mg/kg, q8wk: 55 (76%) 

  5mg/kg, q6wk:   8 (11%) 
  5mg/kg, q4wk:   4  (6%) 
10mg/kg, q8wk:   2   (3%) 
10mg/kg, q6wk:   2   (3%) 
10mg/kg, q4wk:   1   (1%) 

40mg, q2wk: 21 (91%) 
40mg, q1wk:   2   (9%) 

Treatment duration (years), median (IQR) 4 (2-8) 2 (1-4) 
Combination therapy, n (%) 23 (32%) 5 (22%) 
Serum concentration (µg/ml), median (IQR) 5.0 (3.0-7.0) 6.6 (5.5-9.0) 
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Lower IBDQ indicate impaired quality of life. In contrast, lower VAS scores indicates less symptoms. 
Therefore red markation was used to indicate impaired quality of life or more symptoms. 
Legends: H1;lower half, H2:upper half, IQR: interquartile range, IBDQ: Inflammatory Bowel Disease 
Questionnaire, SF-36: Short form-36, PCS: Physical Component Summary, MCS: Mental Component 
Summary, VAS: visual analogue scale, FACIT-F:Functional Assessment of Chronic Illness Therapy-
Fatigue 

Figure 2.: IBDQ (Median) according for anti-TNF TL Halves 
Figure 2 legends: IBDQ: Inflammatory Bowel Disease Questionnaire, IFX; infliximab,  ADA; 
adalimumab, TL; trough level. 

Table 3. Side effects 
outcomes 
According to anti-TNF TL 
lower/upper halves  

H1 (n=51) 
IFX≤5µg/ml 
ADA≤6.6µg/ml 

H2 (n=44) 
IFX>5µg/ml 
ADA>6.6µg/ml 

P-value Total (n=95)
median (IQR) 

IBDQ (median) 187 (171-202) 176 (160-197) 0.02 181 (164-199) 
SF-36: PCS 50 (43-54) 48 (38-53) 0.21 49 (41-54) 
SF-36: MCS 54 (47-57) 51 (37-55) 0.14 53 (45-56) 
Skin score 6 (4-8) 5 (4-7) 0.17 6 (4-7) 
VAS arthralgia (mm) 8 (0-21) 16 (1-45) 0.15 10 (0-27) 
VAS fatigue (mm) 32 (10-68) 47 (25-67) 0.23 40 (13-68) 
FACIT-F 43 (31-48) 37 (24-44) 0.12 39 (28-46) 
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Figure 3A.: IBD Q subdomains, Figure 3B.: SF-36 subdomains
Figure 3 legends: IBDQ: Inflammatory Bowel Disease Questionnaire, TL; trough level, SF-36:
Short form-36.

Side effects 

Skin score, VAS arthralgia and fatigue or FACIT-F were not significantly different in

the H1 group compared to H2 (table 3). 

Patient, disease or treatment factors associated with quality of life and side effects

Subgroup analysis had its limitations due to smaller patient samples. Analysis by

patient, disease or treatment related factors revealed impaired disease specific quality of life

in CD patients compared to UC patients (IBDQ:178 vs 193, P=0.04) as well as in current

smokers versus non-smoking patients (169 vs 186, P=0.02) (table 4). This difference was

independent of the anti-TNF TLs in these groups. No differences were found with respect to 

IBDQ between patients receiving IFX compared to ADA maintenance treatment or

combination therapy (with thiopurines) versus anti-TNF monotherapy. After exclusion of

patients receiving higher than standard doses (i.e. IFX: > 5 mg/kg q8wk or ADA: > 40 mg 
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Lower IBDQ indicate impaired quality of life. In contrast, lower VAS scores indicates less symptoms.
Therefore red markation was used to indicate impaired quality of life or more symptoms.
Legends: H1;lower half, H2:upper half, IQR: interquartile range, IBDQ: Inflammatory Bowel Disease 
Questionnaire, SF-36: Short form-36, PCS: Physical Component Summary, MCS: Mental Component
Summary, VAS: visual analogue scale, FACIT-F:Functional Assessment of Chronic Illness Therapy-
Fatigue

Figure 2.: IBDQ (Median) according for anti-TNF TL Halves
Figure 2 legends: IBDQ: Inflammatory Bowel Disease Questionnaire, IFX; infliximab, ADA;
adalimumab, TL; trough level.

Table 3. Side effects 
outcomes
According to anti-TNF TL 
lower/upper halves

H1 (n=51)
IFX≤5µg/ml
ADA≤6.6µg/ml

H2 (n=44)
IFX>5µg/ml
ADA>6.6µg/ml

P-value Total (n=95)
median (IQR)

IBDQ (median) 187 (171-202) 176 (160-197) 0.02 181 (164-199)
SF-36: PCS 50 (43-54) 48 (38-53) 0.21 49 (41-54)
SF-36: MCS 54 (47-57) 51 (37-55) 0.14 53 (45-56)
Skin score 6 (4-8) 5 (4-7) 0.17 6 (4-7)
VAS arthralgia (mm) 8 (0-21) 16 (1-45) 0.15 10 (0-27)
VAS fatigue (mm) 32 (10-68) 47 (25-67) 0.23 40 (13-68)
FACIT-F 43 (31-48) 37 (24-44) 0.12 39 (28-46)
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Figure 3A.: IBD Q subdomains, Figure 3B.: SF-36 subdomains 
Figure 3 legends: IBDQ: Inflammatory Bowel Disease Questionnaire, TL; trough level, SF-36: 
Short form-36. 

Side effects 

Skin score, VAS arthralgia and fatigue or FACIT-F were not significantly different in 

the H1 group compared to H2 (table 3). 

Patient, disease or treatment factors associated with quality of life and side effects 

Subgroup analysis had its limitations due to smaller patient samples. Analysis by 

patient, disease or treatment related factors revealed impaired disease specific quality of life 

in CD patients compared to UC patients (IBDQ:178 vs 193, P=0.04) as well as in current 

smokers versus non-smoking patients (169 vs 186, P=0.02) (table 4). This difference was 

independent of the anti-TNF TLs in these groups. No differences were found with respect to 

IBDQ between patients receiving IFX compared to ADA maintenance treatment or 

combination therapy (with thiopurines) versus anti-TNF monotherapy. After exclusion of 

patients receiving higher than standard  doses (i.e. IFX: > 5 mg/kg q8wk or ADA: > 40 mg 
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q2wk), patients with high TLs (H2, n=32), had a median IBQ score of 165 versus 190 

(P<0.0001) for patients on standard maintenance therapy with low TLs (H1, n=44). 

Furthermore, smokers had a lower mental component score for the SF-36 and a 

trends towards more arthralgia. Visual analogue scale scores for fatigue were higher in 

patients with CD compared to UC (46 vs. 24 mm, P=0.05), in female patients (52 vs. 31 mm, 

P=0.06) and in patients on combination therapy (55 vs. 32 mm, P=0.07) .  

Table 4.  
Predisposing factors 

IBDQ SF36 
PCS 

SF36 
MCS 

Skin 
score 

VAS 
Arthralgi
a 

VAS 
Fatigue 

FACIT 
Fatigue 

CD vs UC (n=73) 178vs193 
P=0.04 

P=0.1
4 

P=0.1
7 

P=0.4
8 

P=0.73 46vs24, 
P=0.05 

P=0.25 

Gender Female 
(n=55) 

177vs188 
P=0.06 

P=0.4
9 

P=0.2
4 

P=0.5
6 

P=0.25 52vs31 
P=0.06 

P=0.17 

BMI >25 kg/m2 (n=29) P=0.88 P=0.3
0 

P=0.9
6 

P=0.2
4 

P=0.11 P=0.98 P=0.63 

Smoking (n=24) 169 
vs186 
P=0.02 

P=0.6
3 

46vs5
3 
P=0.0
4 

P=0.5
7 

17vs6 
P=0.06 

P=0.25 P=0.16 

Disease duration >10 
years (n=54) 

P=0.27 P=0.4
0 

P=0.5
7 

P=0.8
3 

P=0.43 P=0.30 P=0.30 

IFX (n=72) vs ADA P=0.97 P=0.2
1 

P=0.1
5 

P=0.4
0 

P=0.88 P=0.17 37vs43 
P=0.06 

Treatment duration <2 
years (n=54) 

P=0.80 P=0.9
4 

49vs5
2 
P=0.0
6 

P=0.6
8 

P=0.20 P=0.96 P=0.87 

Combination therapy 
(n=28) 

P=0.99 P=0.9
2 

P=0.1
7 

P=0.2
7 

P=0.94 55vs32 
P=0.07 

P=0.76 
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Discussion

In this study we show that IBD patients with quiescent disease receiving maintenance 

treatment with IFX or ADA have an impaired disease specific quality of life in the presence of

relatively higher serum concentrations of anti-TNF antibodies. 

Individualized therapy based on TDM has shown to improve treatment outcomes and 

has important economic consequences in patients with IBD.10, 40 In addition, TDM might also 

result in a reduction in side-effects caused by anti-TNF agents. Minimization of side effects of

IFX and ADA maintenance treatment remains a relevant and challenging issue in the 

management of IBD patients. The clinical observation that patients sometimes develop 

fatigue, joint pain and skin problems despite ‘deep’ clinical and biochemical remission 

prompted us to perform the current study.

Quality of life of patients in our cohort is comparable with previous studies in which 

IBD patients were studied receiving anti-TNF maintenance therapy and IBD patients with 

quiescent disease.39, 41 Differences in IBDQ were particularly found in systemic symptoms

and emotional status. Furthermore, trends were observed towards lower generic quality of

life in patients with higher anti-TNF serum concentrations. A change of 3–5 points in the 

MCS or PCS scale is generally considered to be a clinically-meaningful change. Although 

most patients exhibit a generally high level of generic and disease specific quality of life

corresponding with inactive disease, our study suggests that dose reduction may improve 

quality of life in these patients.

Interestingly, during screening we found that a large proportion of (mainly CD) 

patients who were in clinical remission had elevated biochemical inflammatory markers. This

is in line with previous findings, such as the post-hoc analysis of the SONIC trial, that clinical 

disease activity poorly correlates with biochemical and mucosal disease activity in CD

patients.42 Although remission was not evaluated by endoscopy, we used strict cut-offs for

both CRP and calprotectin levels in present study. Fecal calprotectin has previously

demonstrated to serve as a reliable surrogate marker for endoscopic disease activity in both 

CD and UC.16

Available date with regard to IFX TLs and side effects are conflicting. In a study by

Huang et al., median IFX TLs were significantly higher in patients that reported 

dermatological adverse effects and females reported more adverse effects (skin rashes,

arthralgia, neuropathy and infusion reactions) than males.43 In the present study, a trend was

observed towards a lower quality life and more fatigue in female patients. On the contrary,

Protic and colleagues did not observe a statistical significant difference in serum IFX

concentrations in the group of patients with anti-TNF induced psoriasis compared to

controls.44 In addition, in a large retrospective cohort study from Leuven drug levels did not

play a role in developing skin-related adverse events in IBD patients treated with anti-TNF
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q2wk), patients with high TLs (H2, n=32), had a median IBQ score of 165 versus 190 

(P<0.0001) for patients on standard maintenance therapy with low TLs (H1, n=44).

Furthermore, smokers had a lower mental component score for the SF-36 and a 

trends towards more arthralgia. Visual analogue scale scores for fatigue were higher in 

patients with CD compared to UC (46 vs. 24 mm, P=0.05), in female patients (52 vs. 31 mm,

P=0.06) and in patients on combination therapy (55 vs. 32 mm, P=0.07) . 

Medians are given for P<0.10. Lower IBDQ indicate impaired quality of life. In contrast, lower VAS
scores indicates less symptoms. Legends: CD: Crohn’s disease,  UC; ulcerative colitis, BMI; body
mass index, IFX; infliximab,  ADA; adalimumab, IBDQ: Inflammatory Bowel Disease Questionnaire,
SF-36: Short form-36, PCS: Physical Component Summary, MCS: Mental Component Summary,
VAS: visual analogue scale, FACIT-F:Functional Assessment of Chronic Illness Therapy-Fatigue

Table 4.
Predisposing factors

IBDQ SF36
PCS

SF36
MCS

Skin
score

VAS
Arthralgi
a 

VAS
Fatigue

FACIT
Fatigue

CD vs UC (n=73) 178vs193 
P=0.04

P=0.1
4 

P=0.1
7 

P=0.4
8 

P=0.73 46vs24,
P=0.05

P=0.25

Gender Female 
(n=55)

177vs188
P=0.06

P=0.4
9 

P=0.2
4 

P=0.5
6 

P=0.25 52vs31
P=0.06

P=0.17

BMI >25 kg/m2 (n=29) P=0.88 P=0.3
0 

P=0.9
6 

P=0.2
4 

P=0.11 P=0.98 P=0.63

Smoking (n=24) 169 
vs186
P=0.02

P=0.6
3 

46vs5
3 
P=0.0
4

P=0.5
7 

17vs6
P=0.06

P=0.25 P=0.16

Disease duration >10 
years (n=54)

P=0.27 P=0.4
0 

P=0.5
7 

P=0.8
3 

P=0.43 P=0.30 P=0.30

IFX (n=72) vs ADA P=0.97 P=0.2
1 

P=0.1
5 

P=0.4
0 

P=0.88 P=0.17 37vs43
P=0.06

Treatment duration <2 
years (n=54)

P=0.80 P=0.9
4 

49vs5
2 
P=0.0
6 

P=0.6
8 

P=0.20 P=0.96 P=0.87

Combination therapy 
(n=28)

P=0.99 P=0.9
2 

P=0.1
7 

P=0.2
7 

P=0.94 55vs32
P=0.07

P=0.76
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Discussion 

In this study we show that IBD patients with quiescent disease receiving maintenance 

treatment with IFX or ADA have an impaired disease specific quality of life in the presence of 

relatively higher serum concentrations of anti-TNF antibodies. 

Individualized therapy based on TDM has shown to improve treatment outcomes and 

has important economic consequences in patients with IBD.10, 40 In addition, TDM might also 

result in a reduction in side-effects caused by anti-TNF agents. Minimization of side effects of 

IFX and ADA maintenance treatment remains a relevant and challenging issue in the 

management of IBD patients. The clinical observation that patients sometimes develop 

fatigue, joint pain and skin problems despite ‘deep’ clinical and biochemical remission 

prompted us to perform the current study.  

Quality of life of patients in our cohort is comparable with previous studies in which 

IBD patients were studied receiving anti-TNF maintenance therapy and IBD patients with 

quiescent disease.39, 41 Differences in IBDQ were particularly found in systemic symptoms 

and emotional status. Furthermore, trends were observed towards lower generic quality of 

life in patients with higher anti-TNF serum concentrations. A change of 3–5 points in the 

MCS or PCS scale is generally considered to be a clinically-meaningful change. Although 

most patients exhibit a generally high level of generic and disease specific quality of life 

corresponding with inactive disease, our study suggests that dose reduction  may improve 

quality of life in these patients. 

Interestingly, during screening we found that a large proportion of (mainly CD) 

patients who were in clinical remission had elevated biochemical inflammatory markers. This 

is in line with previous findings, such as the post-hoc analysis of the SONIC trial, that clinical 

disease activity poorly correlates with biochemical and mucosal disease activity in CD 

patients.42 Although remission was not evaluated by endoscopy, we used strict cut-offs for 

both CRP and calprotectin levels in present study. Fecal calprotectin has previously 

demonstrated to serve as a reliable surrogate marker for endoscopic disease activity in both 

CD and UC.16

Available date with regard to IFX TLs and side effects are conflicting. In a study by 

Huang et al., median IFX TLs were significantly higher in patients that reported 

dermatological adverse effects and females reported more adverse effects (skin rashes, 

arthralgia, neuropathy and infusion reactions) than males.43 In the present study, a trend was 

observed towards a lower quality life and more fatigue in female patients. On the contrary, 

Protic and colleagues did not observe a statistical significant difference in serum IFX 

concentrations in the group of patients with anti-TNF induced psoriasis compared to 

controls.44 In addition, in a large retrospective cohort study from Leuven drug levels did not 

play a role in developing skin-related adverse events in IBD patients treated with anti-TNF 
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agents.45 Other work revealed a higher number of skin lesions in patients that received anti-

TNF monotherapy compared to patients that were treated with combination therapy 

consisting of anti-TNF agents and thiopurines.46 Our study did not find an association with 

skin lesions as reported by the patients themselves. This might be explained by the fact that 

our cohort consisted of an unselected cohort of patients suffering from relatively few skin 

lesions. 

A limitation of the present study is the relative small number of patients. Hence, larger 

numbers of patients may be required to assess the background of fatigue, arthralgia and skin 

lesions in IBD. Nonetheless, we were able to detect significant differences in quality of life in 

this prospectively well-documented cohort. To our knowledge, this study is one of the first to 

report about this challenging problem in IBD patients in association with anti-TNF TLs. 

In clinical practice it remains challenging to differentiate between possible anti-TNF 

related side effects and extra-intestinal manifestations that are often seen in IBD patients. 

We attempted to minimize this confounder in the present study by excluding patients with 

active clinical or biochemical disease. Therefore, it is unlikely for them to have IBD-

associated extra-intestinal manifestations. A 2-year prospective cohort study from Finland 

reported that paediatric IBD patients with skin reactions had a low degree of intestinal 

inflammation based on their fecal calprotectin levels compared to patients without skin 

lesions.47 In line with this observation, a French cohort study of skin lesions in IBD patients 

treated with anti-TNF agents revealed that the disease was quiescent in the vast majority of 

patients.18 Moreover, assessing potential side effects of high anti-TNF serum concentrations 

in this subset of patients in clinical remission is of particular interest, since the anti-TNF dose 

might be de-escalated whilst retaining disease control.10 Dose reduction in these patients is 

also important from an economical point of view. Considering >7µg/ml for IFX and >10µg/ml 

for ADA as arbitrary ‘supratherapeutic’ cut-offs, 23% (22/95) of patients in our cohort had 

‘supratherapeutic’ anti-TNF TLs, whilst being in clinical in biochemical remission. Up to date, 

the TAXIT study is the only trial in IBD patients in which anti-TNF therapy was de-escalated 

below a certain IFX serum concentration.10  Patients may even benefit from treatment de-

escalation up to a lower ‘therapeutic’ threshold of 3 µg/ml. Further trails are warranted to 

define the therapeutic window of anti-TNF TLs.  

Skin lesions and arthralgia were reported in our study by the patients themselves, 

hence they were not objectified by experts such as dermatologists or rheumatologists. 

Therefore, it is not possible to identify the type of skin or joint complaints that are responsible 

for impairing the quality of life in these patients. However, considering the rising interest in 

patient-reported outcomes, these observations could still serve as valuable outcomes of 

therapy and of vital importance in affecting quality of life in these patients. As opposed to 

previous studies, we report an unbiased cohort comprising both IBD patients with 
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dermatological and/or articular symptoms and patients without such symptoms (serving as

controls). 

Patients were asked to score their skin and joint symptoms, fatigue and quality of life 

over the past 8 weeks prior to the current infusion or injection. Some patients typically

experience adverse symptoms in the first days after an anti-TNF administration possibly 

related to immunological response mechanisms. Other patients develop symptoms in the 

days before the next administration, due to (subclinical) relapsing disease activity. We did not

aim to make a distinction between these two phenomena, but excluded patients with 

circulating and measurable antibodies to anti-TNF agents and/or active clinical and 

biochemical disease activity. 

The mechanisms behind an impaired quality of life in patient with high circulating anti-

TNF levels remains uncertain. This cohort comprised patients receiving higher than standard 

maintenance anti-TNF dosing, thereby not excluding a reverse phenomenon, in which

patients with decreased quality of life could have received ‘unwarranted’ dose escalating 

resulting in higher anti-TNF TLs. However, subgroup analysis with solely the patients

receiving standard anti-TNF maintenance dosing, showed impaired disease related quality of

life in these patients with high anti-TNF TLs compared to patients with low TLs on standard 

maintenance therapy, indicating that this reverse phenomenon does not explain the impaired 

quality of life in these patients.

Various ‘paradoxical’ immunological mechanisms have been proposed, such as the 

deposition of immune complexes or cytokine shifts, to explain skin lesions in anti-TNF treated 

patients with IBD.48 IL-36γ and IL-17C were found to be increased in CD patients with TNF

antagonist-induced psoriasiform skin lesions compared with healthy controls.49 Serum

concentrations of IL-17A and IL-23 were significantly higher in CD patients, who developed 

skin lesions under anti-TNF therapy, compared to patients without such lesions.17 Genetic

susceptibility might also contribute to anti-TNF related psoriasis-like skin lesions. A recent

study showed that patients carrying the IL23R gene are more likely to develop these skin

lesions.50 The skin lesions were histologically characterized by infiltrates of IL-17A/IL-22-

secreting Th17 cells and interferon (IFN)-γ-secreting Th1 lymphocytes and IFN-α-

expressing cells. All patients were successfully treated with the anti-p40-IL-12/IL-

23 antibody ustekinumab. We did not aim to investigate the genetic background of these

patients and this remains an interesting subject for future research.

In conclusion, higher anti-TNF TLs are associated with impaired quality of life in IBD

patients that are in clinical and biochemical remission with IFX or ADA maintenance 

treatment. This finding may support de-escalating therapy in patients with ‘supratherapeutic’ 

anti-TNF TLs that are in clinical and biochemical remission. Future research could include a 

prospective evaluation with dermatological and rheumatological consultation as well as
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agents.45 Other work revealed a higher number of skin lesions in patients that received anti-

TNF monotherapy compared to patients that were treated with combination therapy

consisting of anti-TNF agents and thiopurines.46 Our study did not find an association with 

skin lesions as reported by the patients themselves. This might be explained by the fact that

our cohort consisted of an unselected cohort of patients suffering from relatively few skin

lesions.
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numbers of patients may be required to assess the background of fatigue, arthralgia and skin
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In clinical practice it remains challenging to differentiate between possible anti-TNF 
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active clinical or biochemical disease. Therefore, it is unlikely for them to have IBD-

associated extra-intestinal manifestations. A 2-year prospective cohort study from Finland 
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inflammation based on their fecal calprotectin levels compared to patients without skin 

lesions.47 In line with this observation, a French cohort study of skin lesions in IBD patients
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patients.18 Moreover, assessing potential side effects of high anti-TNF serum concentrations
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also important from an economical point of view. Considering >7µg/ml for IFX and >10µg/ml 

for ADA as arbitrary ‘supratherapeutic’ cut-offs, 23% (22/95) of patients in our cohort had 

‘supratherapeutic’ anti-TNF TLs, whilst being in clinical in biochemical remission. Up to date,

the TAXIT study is the only trial in IBD patients in which anti-TNF therapy was de-escalated 

below a certain IFX serum concentration.10 Patients may even benefit from treatment de-

escalation up to a lower ‘therapeutic’ threshold of 3 µg/ml. Further trails are warranted to 

define the therapeutic window of anti-TNF TLs. 

Skin lesions and arthralgia were reported in our study by the patients themselves, 

hence they were not objectified by experts such as dermatologists or rheumatologists.

Therefore, it is not possible to identify the type of skin or joint complaints that are responsible 

for impairing the quality of life in these patients. However, considering the rising interest in 

patient-reported outcomes, these observations could still serve as valuable outcomes of

therapy and of vital importance in affecting quality of life in these patients. As opposed to

previous studies, we report an unbiased cohort comprising both IBD patients with 
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these paradoxical side effects of anti-TNF agents in patients with IBD. 
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ABSTRACT 

Background and aim

Low serum trough levels (TLs) of infliximab (IFX) and antibodies to IFX 

(ATIs) are associated with the loss of therapeutic response in adults with inflammatory 

bowel disease (IBD) receiving IFX. Until now, pediatric data are scarce. Therefore, we 

aimed to cross-sectionally investigate the association between ATIs and IFX TLs, and 

clinical and biochemical disease activity in children receiving IFX for IBD.  

Methods

Children aged <18 years receiving IFX maintenance treatment for Crohn’s disease 

(CD) or ulcerative colitis (UC) at three Dutch hospitals were included. Prior to two

consecutive IFX infusions, IFX TLs and ATI levels were measured. Clinical disease

activity was determined by Pediatric Crohn’s Disease Activity Index (PCDAI) and

Pediatric Ulcerative Colitis Activity Index (PUCAI), for CD and UC, respectively.

Biochemical disease activity was assessed by serum C-reactive protein (CRP) and

fecal calprotectin (FC). Clinical remission was defined as a PUCAI or PCDAI score of

<10. Therapeutic range of IFX was considered 3-7 µg/ml.

Results

Thirty-nine patients were included (31 CD; 16 females). Median age was 15 years.

Median IFX TL was 3.5 µg/ml [IQR 2-7]. Subtherapeutic and supratherapeutic TLs

were found in 38% and 23% of children, respectively. ATIs were detected in four

patients. A correlation was found between IFX TL and CRP [rs = -0.51; p < 0.01] and

FC [rs = -0.49; p < 0.01]. However, when only clinical disease activity was considered,

no difference in median TL was found between remission and active disease (resp. 3.5

µg/ml [IQR 2-5] and 2.3 µg/ml [IQR 0.3-4.6]; p = 0.2).

Conclusions

IFX TLs are related biochemical markers of disease activity. This could provide a

rationale for monitoring TLs in children receiving IFX for IBD.
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Introduction

Infliximab (IFX), a chimeric antibody directed against TNF, is effective in 

inducing and maintaining remission in adults with Crohn’s disease (CD)1 and ulcerative 

colitis (UC)2. Since the introduction of IFX in 19933, the management of inflammatory

bowel disease (IBD) has changed drastically, particularly in patients who do not

respond to conventional therapy. More recently, IFX has also been shown to be 

effective in inducing and maintaining remission in children with CD4 and UC5. 

Despite convincing evidence of the clinical efficacy of IFX, several challenges

exist. A proportion of IBD patients do not respond at all and many more gradually lose 

response over time1. This phenomenon of “secondary loss of response” occurs in

probably more than a third of the initial responders6. Loss of response is assumed to

be related to low serum IFX concentration and to the development of antibodies to IFX

(ATIs)7. Some studies in children with CD report higher loss of response rates than in 

adults,8–11, suggesting that pharmacodynamics and pharmacokinetics in children may 

differ from that in adults. Results to date, however, have not been unequivocal 12,13.  

To optimize treatment with IFX and achieve long-term IBD control, several

studies have recommended therapeutic drug monitoring (TDM)14, which comprises

measurement of serum IFX and ATI levels and adjusting treatment accordingly. High 

IFX trough levels (TLs) (i.e., serum drug level measured just before the next

administration) are associated with a more favorable outcome in adults, as indicated by

higher rates of clinical remission and a higher likelihood of mucosal healing15,16. In

contrary, the presence of ATIs is associated with a shorter duration of response17 and 

loss of response to IFX18. Other data suggest that high TLs might lead to side effects,

such as psoriasiform eczema and arthralgia19,20. 

Based on these findings, algorithms have been developed for the management

of adult IBD patients on IFX who develop symptoms of active disease21,22. Although the 

first data from TDM-guided maintenance treatment with IFX, showed no benefit

compared to clinically based adjustment with respect to the primary outcome23, data 

from ongoing trials will determine the potential value of TDM in the treatment of CD

(NCT01442025).

Pediatric series investigating the association between disease activity and TLs 

and ATIs are lacking so far. To our knowledge, two studies on this topic has recently

been published24,25. In one study, higher levels of intestinal inflammation (as measured 

with fecal calprotectin [FC]) were found to be associated with low IFX levels during

remission induction with IFX, but not during maintenance treatment with IFX24. 
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However, the methodology of this study was not clearly described, e.g., the number of 

analyzed samples per patient varied to a large extent without further explanation. Also, 

the association between clinical disease activity and TLs and ATIs was not described24. 

In an analysis of a randomized controlled trial investigating the efficacy and safety of 

IFX for pediatric UC5, higher IFX (non-trough) concentrations 2 weeks after remission 

induction were associated with greater proportions of patients achieving efficacy 

endpoints25. Furthermore, limited data suggested a positive relationship between IFX 

TL during maintenance treatment and improvement in Pediatric Ulcerative Colitis 

Activity Index (PUCAI) score25. 

The aim of our study was therefore to investigate the relationship between TLs, 

ATIs and clinical and biochemical disease activity in children receiving IFX as 

maintenance therapy for IBD. 

128

Chapter 8

Methods

Patients

Between January 2013 and December 2013 all patients aged <18 years 

receiving scheduled IFX infusions as maintenance treatment for CD, UC or

indeterminate colitis, at the department of pediatrics of two academic hospitals and one 

district hospital in the Netherlands were asked to participate. Prior to each infusion,

children’s weight was measured to calculate the exact IFX dose to be administered. No 

dose rounding to the nearest vial size was performed. All patients had previously

responded to an induction regimen with 5 mg/kg IFX at week 0, 2 and 6 followed by

infusions every 8 weeks (q8w). There were no exclusion criteria. Approval from the 

local Medical Ethics Review Committee was obtained. 

Data collection

Baseline characteristics were abstracted from the medical records, including co-

medication at inclusion and during remission induction with IFX. Prior to two

consecutive intravenous IFX infusions, the following laboratory tests were performed:

hematocrit, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), albumin,

IFX TL and ATI. Patients were asked to collect a fecal sample at the time of IFX

infusion for the measurement of FC levels. IFX TLs and ATIs were determined by 

Sanquin Diagnostics Services, the Netherlands, where a home-based ELISA test has

been developed and validated26. This method does not allow detection of ATIs in the 

presence of IFX. The lowest level of IFX TL quantification was 0.002 µg/ml. 

At both infusion visits, disease activity was determined by a trained physician.

For CD, the Pediatric Crohn’s Disease Activity Index (PCDAI)27 was used. A PCDAI

score <10 was defined as clinical remission, 10-30 as mild to moderate disease activity

and >30 as severe disease activity. For comparison purposes, the short PCDAI 

(shPCDAI) was also determined, which does not include laboratory values28. For UC, 

the PUCAI29 was used. A PUCAI score <10 was defined as clinical remission, 10-34 as

mild disease activity, 35-64 as moderate disease activity and >65 as severe disease 

activity. Participants’ weight and height were recorded at both instances. Although no 

consensus exists regarding the optimal cutoff of CRP to define remission, we 

considered a CRP level below 5 mg/l as normal as described previously30. TLs were 

categorized in accordance with a therapeutic range of 3-7 µg/ml23,31. 
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For CD, the Pediatric Crohn’s Disease Activity Index (PCDAI)27 was used. A PCDAI 

score <10 was defined as clinical remission, 10-30 as mild to moderate disease activity 

and >30 as severe disease activity. For comparison purposes, the short PCDAI 

(shPCDAI) was also determined, which does not include laboratory values28. For UC, 

the PUCAI29 was used. A PUCAI score <10 was defined as clinical remission, 10-34 as 
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Statistical analysis 

Primary analysis was the relation between IFX TLs and biochemical markers of 

disease activity. Statistical analysis was performed using IBM SPSS Statistics 21 for 

Mac. For continuous data with a normal distribution, mean and standard deviation (SD) 

were reported, and T-tests and Pearson correlations were used. For continuous data 

with a non-normal distribution, median and interquartile range (IQR) were reported, and 

Mann-Whitney U tests and Spearman’s Rank correlations were used. For categorical 

data, Fisher’s exact tests were used. Unless otherwise specified, averages from both 

measurements were analyzed. In case of missing data at one of the measurements 

(e.g., when subjects did not provide a stool sample), data from the other measurement 

were used. When data were missing at both instances, it was omitted from the analysis. 

Significance was set at p < 0.05. Analyses were performed with all patients unless 

specified otherwise (for specified analyses, only patients receiving the standard IFX 

regimen of 5 mg/kg approximately every 8 weeks [q8w, defined as 49-63 days] were 

included). 
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Results

Patients

A total of 39 children were included, of whom 31 (79%) were diagnosed with CD. 

The median age was 15 years. The median duration of IFX treatment at the time of

inclusion was 8.7 months. Seven included children (18%) received previous treatment

intensification, and were thus not receiving IFX 5 mg/kg q8w. Patient characteristics at

inclusion are shown in Table 1.

Table 1. Patient characteristics.
Total number of patients 39
Age, median (IQR) 15.0 (12.9-16.3)
Female, n (%) 16 (41%)
Length (cm), median (IQR) 166 (156-175)
Weight (kg), median (IQR) 53.8 (47-62)
Disease characteristics:
- Crohn’s disease, n (%): 31 (79%)
Location: - Esophageal n (% of CD patients) 1 (3%)
  - Gastroduodenal 11 (35%)
  - Ileal 18 (58%)
  - Colonic 29 (94%)
  - Perianal 8 (26%)
Phenotype: - Inflammatory n (% of CD patients) 29 (94%)
  - Obstructive 1 (3%)
  - Penetrating 1 (3%)
- Ulcerative colitis, n (%): 8 (21%)
Extent: - E1 Proctitis n (% of UC patients) 0 
  - E2 Left-sided 1 (13%)
  - E3 Pancolitis 7 (88%)
Age at diagnosis (years), median (IQR) 12.9 (10.8-14.0)
Age at first IFX infusion (years), median (IQR) 15.0 (12.9-16.3)
Disease duration at 1st infusion (years), median (IQR) 2.16 (1.37-3.13)
Duration IFX treatment (months), median (IQR) 8.7 (5.1-18.3)
IFX infusion interval (days), median (IQR) 55.5 (51-56)
Current immunomodulation, n (%): 18 (46%)
- Purine-analogue 17 (44%)
- Methotrexate 1 (3%)

Table 1. Patient characteristics. IQR = Interquartile range, CD = Crohn’s disease, UC =

ulcerative colitis, IFX = infliximab

131

Infliximab trough levels and disease activity in pediatric IBD



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

8

Statistical analysis

Primary analysis was the relation between IFX TLs and biochemical markers of

disease activity. Statistical analysis was performed using IBM SPSS Statistics 21 for

Mac. For continuous data with a normal distribution, mean and standard deviation (SD)

were reported, and T-tests and Pearson correlations were used. For continuous data 

with a non-normal distribution, median and interquartile range (IQR) were reported, and 

Mann-Whitney U tests and Spearman’s Rank correlations were used. For categorical

data, Fisher’s exact tests were used. Unless otherwise specified, averages from both 

measurements were analyzed. In case of missing data at one of the measurements

(e.g., when subjects did not provide a stool sample), data from the other measurement

were used. When data were missing at both instances, it was omitted from the analysis.

Significance was set at p < 0.05. Analyses were performed with all patients unless

specified otherwise (for specified analyses, only patients receiving the standard IFX

regimen of 5 mg/kg approximately every 8 weeks [q8w, defined as 49-63 days] were 

included). 

130

Chapter 8

Results 

Patients 

A total of 39 children were included, of whom 31 (79%) were diagnosed with CD. 

The median age was 15 years. The median duration of IFX treatment at the time of 

inclusion was 8.7 months. Seven included children (18%) received previous treatment 

intensification, and were thus not receiving IFX 5 mg/kg q8w. Patient characteristics at 

inclusion are shown in Table 1.  

Table 1. Patient characteristics. 
Total number of patients 
Age, median (IQR) 
Female, n (%) 
Length (cm), median (IQR) 
Weight (kg), median (IQR) 
Disease characteristics: 
- Crohn’s disease, n (%):
Location:           - Esophageal n (% of CD patients)

39 
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16 (41%) 
166 (156-175) 
53.8 (47-62) 
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- Perianal

Phenotype: - Inflammatory n (% of CD patients)
- Obstructive
- Penetrating
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Disease duration at 1st infusion (years), median (IQR) 
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IFX infusion interval (days), median (IQR)  
Current immunomodulation, n (%): 
- Purine-analogue
- Methotrexate

  8 (26%) 
29 (94%) 
 1   (3%) 
 1   (3%) 
 8 (21%) 
 0 
  1 (13%) 
 7 (88%) 
12.9 (10.8-14.0) 
15.0 (12.9-16.3) 
2.16 (1.37-3.13) 
8.7 (5.1-18.3) 
55.5 (51-56) 
18 (46%) 
17 (44%) 
 1   (3%) 
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Biochemical and clinical data 

Laboratory results from both infusions are shown in table 2. Median IFX TL was 

3.5 µg/ml. Based on a therapeutic window of 3 to 7 µg/ml, 38% of all TLs were 

subtherapeutic and 23% supratherapeutic. Detectable ATIs were observed in 4 

patients. Two patients had detectable ATI only at one measurement. Based on PCDAI 

and PUCAI scores, the majority of patients were in clinical remission (72%).  

TLs correlated significantly with body height (rs = 0.32; p < 0.05), but not with body 

weight (rs = 0.20; p = 0.23) or body mass index (rs = 0.00; p = 1.0). 

CD+UC CD UC p 

7.8 (3.9-15.4) 0.01 

0 1.0 

1 (13%) 0.01 

Trough level median µg/ml (IQR)  3.5 (2-7) 

- Undetectable, n (%)   1  (3%) 

- <3, n (%) 15 (38%) 

- 3-7, n (%) 15 (38%) 3 (38%) 0.01 

- >7, n (%)   9 (23%) 4 (50%) 0.01 

Detectable ATI, n (%) 4 (10%) 0 0.56 

Hb, median mmol/l (IQR) 8.1 (7.3-8.4) 7.9 (7.3-8.4) 0.96 

CRP, median mg/l (IQR)  2.3 (0.9-3.2) 2.4 (1.0-3.0) 0.75 

ESR, median mm/h (IQR) 8.0 (5.0-20.0) 7.0 (3.9-21.8) 0.83 

FC, median µg/g (IQR) 366.5 (116-1097) 439 (59-953) 0.95 

Total PCDAI, median (IQR) 

- remission (<10), n (%)

- mild to moderate (10-30), n (%)

- severe (>30), n (%)

3 (1.5-5.0) 

  1   (3%) 

14 (45%) 

12 (39%) 

 5 (16%) 

  4 (13%) 

8.1 (7.1-8.5) 

1.9 (0.7-5.3) 

8.0 (5.0-20.0) 

337 (136-1111) 

5 (0-15) 

23 (74%) 

 8 (26%) 

 0  

Total PUCAI, median (IQR) 5 (0.6-16.9) 

- remission (<10), n (%) 5 (63%) 

- mild to moderate (10-64), n (%) 3 (38%) 

- severe (>65), n (%) 0 

Table 2. Biochemical and clinical data. Data are averages of two measurements. P-values 

indicate differences between CD and UC patients. ATI = antibodies to infliximab, CRP = C-

reactive protein, ESR = erythrocyte sediment rate, FC = fecal calprotectin, PCDAI = Pediatric 

Ulcerative Colitis Activity Index, PCDAI = Pediatric Crohn’s Disease Activity Index, IQR = 

Interquartile range 
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Relation between TLs and disease activity

When analyzing only the 32 patients receiving IFX 5 mg/kg q8w, the average 

IFX TL was related to biochemical markers of disease activity. A significant negative 

correlation of IFX TL with average CRP (rs = -0.51; p < 0.01) and FC (rs = -0.49; p < 

0.01) was found. No significant difference was found between median TL of patients in 

clinical remission (3.5 µg/ml; IQR 2.0-5.0) and patients with active disease (2.3 µg/ml;

IQR 0.3-4.6) (p = 0.20). Furthermore, no difference in average TL was found between 

patients in clinical remission or active disease based on PCDAI or PUCAI when 

analyzed per diagnosis (CD: p = 0.28; UC: p = 0.67). No correlation was found 

between TL and PCDAI (rs = -0.19; p = 0.35) or PUCAI (rs = -0.03; p = 0.95) score.

When analyzing all 39 patients (regardless of IFX dose and interval), no 

correlation was found between IFX TL and CRP, neither when analyzed as a group (rs 

= -0.15; p = 0.36), nor when analyzed per diagnosis (CD: rs = -0.23, p = 0.21; CU: rs = -

0.11; p = 0.80). A significant moderate negative correlation was found between IFX TL 

and FC (rs = -0.42; p = 0.01). No difference in TL was found between patients in clinical

remission or active disease based on PCDAI or PUCAI (p = 0.30). No correlation was

found between TL and PCDAI (rs = -0.13; p = 0.50) or PUCAI (rs = 0.27; p = 0.53) score.

Three patients in clinical remission at inclusion developed symptoms of active

disease (according to PCDAI/PUCAI score) prior to the second infusion. This was

associated with a marked decrease in TL in two patients (98% and 75%, respectively).

Because of signs of active disease, the third patient received an early second infusion 

only 20 days following the first infusion, which might have masked a potential drop in 

TL. One patient went from mild/moderate disease activity to severe disease activity 

between the two infusions, which was associated with a decrease in TL from 0.2 µg/ml 

to below the limit of detection.

Change in TL between the 2 infusions was associated with change in CRP level

(rs = -0.46; p = 0.04). However, no correlation was found between change in TL and 

change in PCDAI score (p = 0.97), change in PUCAI score (p = 0.67), or change in FC

level (p = 0.82).

When measuring clinical disease activity using the shPCDAI instead of the 

PCDAI, the clinical status of one patient changed from remission to active disease.

This did not have an impact on the correlation between TL and clinical disease activity.

Clinical and biochemical data of patients receiving the standard IFX regimen, divided 

according to a therapeutic window of 3-7 µg/ml is provided in table 3.
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Biochemical and clinical data

Laboratory results from both infusions are shown in table 2. Median IFX TL was

3.5 µg/ml. Based on a therapeutic window of 3 to 7 µg/ml, 38% of all TLs were 

subtherapeutic and 23% supratherapeutic. Detectable ATIs were observed in 4 

patients. Two patients had detectable ATI only at one measurement. Based on PCDAI

and PUCAI scores, the majority of patients were in clinical remission (72%). 

TLs correlated significantly with body height (rs = 0.32; p < 0.05), but not with body

weight (rs = 0.20; p = 0.23) or body mass index (rs = 0.00; p = 1.0).

CD+UC CD UC p 

Trough level median µg/ml (IQR) 3.5 (2-7) 3 (1.5-5.0) 7.8 (3.9-15.4) 0.01

- Undetectable, n (%) 1 (3%) 1 (3%) 0 1.0

- <3, n (%) 15 (38%) 14 (45%) 1 (13%) 0.01

- 3-7, n (%) 15 (38%) 12 (39%) 3 (38%) 0.01

- >7, n (%) 9 (23%) 5 (16%) 4 (50%) 0.01

Detectable ATI, n (%) 4 (10%) 4 (13%) 0 0.56

Hb, median mmol/l (IQR) 8.1 (7.3-8.4) 8.1 (7.1-8.5) 7.9 (7.3-8.4) 0.96

CRP, median mg/l (IQR) 2.3 (0.9-3.2) 1.9 (0.7-5.3) 2.4 (1.0-3.0) 0.75

ESR, median mm/h (IQR) 8.0 (5.0-20.0) 8.0 (5.0-20.0) 7.0 (3.9-21.8) 0.83

FC, median µg/g (IQR) 366.5 (116-1097) 337 (136-1111) 439 (59-953) 0.95

Total PCDAI, median (IQR) 5 (0-15)

- remission (<10), n (%) 23 (74%)

- mild to moderate (10-30), n (%) 8 (26%)

- severe (>30), n (%) 0 

Total PUCAI, median (IQR) 5 (0.6-16.9)

- remission (<10), n (%) 5 (63%)

- mild to moderate (10-64), n (%) 3 (38%)

- severe (>65), n (%) 0 

Table 2. Biochemical and clinical data. Data are averages of two measurements. P-values

indicate differences between CD and UC patients. ATI = antibodies to infliximab, CRP = C-

reactive protein, ESR = erythrocyte sediment rate, FC = fecal calprotectin, PCDAI = Pediatric

Ulcerative Colitis Activity Index, PCDAI = Pediatric Crohn’s Disease Activity Index, IQR =

Interquartile range
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Relation between TLs and disease activity 

When analyzing only the 32 patients receiving IFX 5 mg/kg q8w, the average 

IFX TL was related to biochemical markers of disease activity. A significant negative 

correlation of IFX TL with average CRP (rs = -0.51; p < 0.01) and FC (rs = -0.49; p < 

0.01) was found. No significant difference was found between median TL of patients in 

clinical remission (3.5 µg/ml; IQR 2.0-5.0) and patients with active disease (2.3 µg/ml; 

IQR 0.3-4.6) (p = 0.20). Furthermore, no difference in average TL was found between 

patients in clinical remission or active disease based on PCDAI or PUCAI when 

analyzed per diagnosis (CD: p = 0.28; UC: p = 0.67). No correlation was found 

between TL and PCDAI (rs = -0.19; p = 0.35) or PUCAI (rs = -0.03; p = 0.95) score.  

When analyzing all 39 patients (regardless of IFX dose and interval), no 

correlation was found between IFX TL and CRP, neither when analyzed as a group (rs 

= -0.15; p = 0.36), nor when analyzed per diagnosis (CD: rs = -0.23, p = 0.21; CU: rs = -

0.11; p = 0.80). A significant moderate negative correlation was found between IFX TL 

and FC (rs = -0.42; p = 0.01). No difference in TL was found between patients in clinical 

remission or active disease based on PCDAI or PUCAI (p = 0.30). No correlation was 

found between TL and PCDAI (rs = -0.13; p = 0.50) or PUCAI (rs = 0.27; p = 0.53) score. 

Three patients in clinical remission at inclusion developed symptoms of active 

disease (according to PCDAI/PUCAI score) prior to the second infusion. This was 

associated with a marked decrease in TL in two patients (98% and 75%, respectively). 

Because of signs of active disease, the third patient received an early second infusion 

only 20 days following the first infusion, which might have masked a potential drop in 

TL. One patient went from mild/moderate disease activity to severe disease activity 

between the two infusions, which was associated with a decrease in TL from 0.2 µg/ml 

to below the limit of detection.  

Change in TL between the 2 infusions was associated with change in CRP level 

(rs = -0.46; p = 0.04). However, no correlation was found between change in TL and 

change in PCDAI score (p = 0.97), change in PUCAI score (p = 0.67), or change in FC 

level (p = 0.82).  

When measuring clinical disease activity using the shPCDAI instead of the 

PCDAI, the clinical status of one patient changed from remission to active disease. 

This did not have an impact on the correlation between TL and clinical disease activity. 

Clinical and biochemical data of patients receiving the standard IFX regimen, divided 

according to a therapeutic window of 3-7 µg/ml is provided in table 3.  
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IFX TL 

<3 µg/ml 3-7 µg/ml >7 µg/ml p 

CRP, median mg/l 2.4 1.85 1.13 0.16 

FC, median µg/g 478 457 51 0.08 

Proportion clinical remission 69% 60% 75% 1.0 

Table 3. Biochemical and clinical data based on a therapeutic window of IFX TL. Data 

are averages of both measurements. IFX = infliximab, TL = trough level, CRP = C-

reactive protein, FC = fecal calprotectin 

Relation between TLs and albumin 

When analyzing only the 32 patients receiving IFX 5 mg/kg q8w, a moderate 

positive correlation was found between average IFX TL and average albumin level (rs = 

0.57; p < 0.01). 

Immunomodulators 

No difference was found between patients who did or did not receive 

immunomodulators (purine antagonists or methotrexate) during remission induction 

with IFX in CRP (p = 0.93), FC (p = 0.32), TL (p = 0.38), or clinical status (p = 0.65). 

Furthermore, no difference was found between patients with or without current 

concomitant immunomodulator use in FC (p = 0.15) or TL (p = 0.63). A trend was 

observed for clinical status (p = 0.07) and CRP (p = 0.08), suggesting more active 

disease in patients receiving concomitant immunomodulators. 

Antibodies to IFX 

Four patients had ATIs detected at least at one time point (14, 22, 28 and 485 

AU, respectively), which was associated with highly elevated FC levels (>1000 µg/g) 

and an elevated CRP (>5 mg/l) in three patients. Despite ATIs, two of these patients 

were in clinical remission. Only one of these four received immunomodulators during 

IFX induction treatment. 

Relation between clinical and biochemical disease activity 

CRP levels did not differ significantly between active disease or clinical 

remission (p = 0.14) in all children, or when analyzed per diagnosis (CD: p = 0.30; CU: 

p = 0.39). However, when categorizing CRP as either elevated (>5.0 mg/l) or normal, 

an elevated CRP was found significantly more frequently in patients with active disease 

134

Chapter 8

(6/11 patients) compared to patients in remission (3/28 patients) (p < 0.01). No 

correlation was found between CRP levels and PCDAI (rs = 0.10; p = 0.60) score or

PUCAI score (rs = 0.17; p = 0.69). 

FC was significantly higher in patients with active disease (median: 858; IQR:

421-1800 mg/g) than in patients in clinical remission (median: 156; IQR: 56-484 mg/g)

(p < 0.01). FC was correlated to PCDAI score (rs = 0.52; p < 0.01), and a trend towards

a significant correlation to PUCAI score was observed (rs = 0.63; p = 0.10).
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IFX TL

<3 µg/ml 3-7 µg/ml >7 µg/ml p 

CRP, median mg/l 2.4 1.85 1.13 0.16

FC, median µg/g 478 457 51 0.08

Proportion clinical remission 69% 60% 75% 1.0

Table 3. Biochemical and clinical data based on a therapeutic window of IFX TL. Data 

are averages of both measurements. IFX = infliximab, TL = trough level, CRP = C-

reactive protein, FC = fecal calprotectin

Relation between TLs and albumin

When analyzing only the 32 patients receiving IFX 5 mg/kg q8w, a moderate 

positive correlation was found between average IFX TL and average albumin level (rs = 

0.57; p < 0.01).

Immunomodulators

No difference was found between patients who did or did not receive 

immunomodulators (purine antagonists or methotrexate) during remission induction 

with IFX in CRP (p = 0.93), FC (p = 0.32), TL (p = 0.38), or clinical status (p = 0.65).

Furthermore, no difference was found between patients with or without current

concomitant immunomodulator use in FC (p = 0.15) or TL (p = 0.63). A trend was

observed for clinical status (p = 0.07) and CRP (p = 0.08), suggesting more active 

disease in patients receiving concomitant immunomodulators.

Antibodies to IFX

Four patients had ATIs detected at least at one time point (14, 22, 28 and 485 

AU, respectively), which was associated with highly elevated FC levels (>1000 µg/g) 

and an elevated CRP (>5 mg/l) in three patients. Despite ATIs, two of these patients

were in clinical remission. Only one of these four received immunomodulators during 

IFX induction treatment.

Relation between clinical and biochemical disease activity

CRP levels did not differ significantly between active disease or clinical

remission (p = 0.14) in all children, or when analyzed per diagnosis (CD: p = 0.30; CU: 

p = 0.39). However, when categorizing CRP as either elevated (>5.0 mg/l) or normal,

an elevated CRP was found significantly more frequently in patients with active disease 
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(6/11 patients) compared to patients in remission (3/28 patients) (p < 0.01). No 

correlation was found between CRP levels and PCDAI (rs = 0.10; p = 0.60) score or 

PUCAI score (rs = 0.17; p = 0.69).  

FC was significantly higher in patients with active disease (median: 858; IQR: 

421-1800 mg/g) than in patients in clinical remission (median: 156; IQR: 56-484 mg/g)

(p < 0.01). FC was correlated to PCDAI score (rs = 0.52; p < 0.01), and a trend towards

a significant correlation to PUCAI score was observed (rs = 0.63; p = 0.10).
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Discussion 

This study has shown that low TLs of IFX are associated with elevated 

biochemical markers of disease activity in children receiving IFX maintenance 

treatment for CD or UC. However, no relation was found between IFX TL and clinical 

disease activity, as determined by PCDAI or PUCAI. 

A correlation between IFX TL and biochemical markers of disease activity has 

been described in adults receiving scheduled maintenance treatment with IFX for CD 

and UC15,32–34. For the first time, our study confirms this finding in children. In contrast 

to previous findings in adults 15,32,33, no correlation between IFX TL and clinical disease 

activity was found in our study. This could be due to several aspects. Firstly, in our 

practice, children receiving IFX maintenance treatment who develop signs of active 

disease are likely to receive dose intensification, either by an increase in IFX dose, a 

decrease in administration interval, or a combination of both. Consequently, 7 of the 39 

included children were not receiving the standard dose of IFX 5 mg/kg q8w. This might 

have masked the association between TL and clinical disease activity, since dose 

intensification in patients with active disease could potentially result in higher TLs 

despite more rapid clearance. Furthermore, the majority of the included children were 

in clinical remission. When patients receiving IFX maintenance therapy have persisting 

severely active disease despite dose intensification, IFX is likely to be discontinued. 

Also, the absence of an association of clinical disease activity and TLs might be related 

to the weak correlation between clinical disease activity and endoscopic appearance, 

which can be considered the gold standard for assessing disease activity in IBD35. 

Ideally, the relation between IFX TL and endoscopic appearance should be studied in 

pediatric IBD, as previously performed in adults16, where patients with mucosal healing 

had significantly higher TLs than patients without healing. However, endoscopy is not 

routinely performed during the follow-up of pediatric IBD. Therefore, surrogate 

biochemical and clinical markers are used to monitor disease activity, although the 

latter has been shown to correlate only weakly with endoscopic inflammation36,37.  

For the determination of clinical disease activity in CD, the PCDAI was used. 

Since the PCDAI includes hematocrit, ESR and albumin, it is not a purely clinical score. 

However, when using the shPCDAI, (in which biochemical markers, height velocity and 

perirectal examination are not included), only one patient’s disease activity was 

reclassified. 

It remains to be resolved when and for which patients it is safe to stop IFX. 

Currently, many children continue to receive IFX for a prolonged period despite the 

136

Chapter 8

absence of signs of inflammation. This could have affected the strength of the

correlation between IFX TLs and biochemical markers of inflammation, since some of

the included children might not need ongoing IFX therapy to remain in remission.

Based on a therapeutic range of 3-7 µg/ml, approximately half of all included 

children had TLs which can be considered subtherapeutic. Since many children with 

TLs below 3 µg/ml were in clinical remission, a potential explanation might be that

children have a different therapeutic range. However, it could also be that the standard 

IFX dose of 5 mg/kg q8w is insufficient for a significant proportion of children to get

therapeutic TLs, and that children might benefit from a higher dose. This could be 

related to the fact that children often present with a more severe IBD phenotype than 

adults38. Furthermore, differences in body composition between children and adults

may result in different IFX dosage requirements24. Future studies are required focusing 

on the pharmacokinetics and pharmacodynamics of IFX in children with IBD.

It has been shown previously that low albumin levels are associated with

increased clearance of IFX in children and adults39. In our study, IFX TL correlated 

relatively strongly with albumin levels (rs = 0.57). This might be related to low albumin 

levels reflecting active inflammation, since it is a negative acute-phase protein. Also,

the Brambell receptor (FcRn) mechanism (which is responsible for the salvage and 

recirculation of both albumin and immunoglobulin) could play a role40. Serum albumin 

reflects the efficacy of FcRn salvage recycling (by non-competitive binding with IgG).

Furthermore, protein loss in patients with active IBD can potentially result in the fecal

loss of IFX41, resulting in low albumin and IFX levels. In a recent study, it was

suggested that low albumin levels may identify children who would benefit from a 

higher IFX dose42. 

It has been shown that IFX is more effective in combination with an 

immunomodulator43. Therefore, most children currently receive immunomodulators

during IFX induction. Because of the risk of severe side effects (e.g., hepatosplenic T-

cell lymphoma), immunomodulators are frequently stopped after successful remission 

induction with IFX. In our study, we did not find a relation between IFX TLs or ATIs and 

concomitant immunomodulator use or immunomodulator use during initiation of IFX.

Although not significant, we even observed a trend towards more disease activity in 

patients receiving concomitant immunomodulators. We assume this is the result of a 

selection bias, since immunomodulators are unlikely to be discontinued in patients who 

continue to have symptoms of active disease.
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Discussion

This study has shown that low TLs of IFX are associated with elevated 

biochemical markers of disease activity in children receiving IFX maintenance 

treatment for CD or UC. However, no relation was found between IFX TL and clinical

disease activity, as determined by PCDAI or PUCAI.

A correlation between IFX TL and biochemical markers of disease activity has

been described in adults receiving scheduled maintenance treatment with IFX for CD

and UC15,32–34. For the first time, our study confirms this finding in children. In contrast

to previous findings in adults 15,32,33, no correlation between IFX TL and clinical disease 

activity was found in our study. This could be due to several aspects. Firstly, in our

practice, children receiving IFX maintenance treatment who develop signs of active

disease are likely to receive dose intensification, either by an increase in IFX dose, a 

decrease in administration interval, or a combination of both. Consequently, 7 of the 39 

included children were not receiving the standard dose of IFX 5 mg/kg q8w. This might

have masked the association between TL and clinical disease activity, since dose 

intensification in patients with active disease could potentially result in higher TLs

despite more rapid clearance. Furthermore, the majority of the included children were 

in clinical remission. When patients receiving IFX maintenance therapy have persisting 

severely active disease despite dose intensification, IFX is likely to be discontinued.

Also, the absence of an association of clinical disease activity and TLs might be related 

to the weak correlation between clinical disease activity and endoscopic appearance,

which can be considered the gold standard for assessing disease activity in IBD35. 

Ideally, the relation between IFX TL and endoscopic appearance should be studied in 

pediatric IBD, as previously performed in adults16, where patients with mucosal healing 

had significantly higher TLs than patients without healing. However, endoscopy is not

routinely performed during the follow-up of pediatric IBD. Therefore, surrogate 

biochemical and clinical markers are used to monitor disease activity, although the 

latter has been shown to correlate only weakly with endoscopic inflammation36,37.  

For the determination of clinical disease activity in CD, the PCDAI was used.

Since the PCDAI includes hematocrit, ESR and albumin, it is not a purely clinical score.

However, when using the shPCDAI, (in which biochemical markers, height velocity and 

perirectal examination are not included), only one patient’s disease activity was

reclassified.

It remains to be resolved when and for which patients it is safe to stop IFX. 

Currently, many children continue to receive IFX for a prolonged period despite the 
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absence of signs of inflammation. This could have affected the strength of the 

correlation between IFX TLs and biochemical markers of inflammation, since some of 

the included children might not need ongoing IFX therapy to remain in remission.  

Based on a therapeutic range of 3-7 µg/ml, approximately half of all included 

children had TLs which can be considered subtherapeutic. Since many children with 

TLs below 3 µg/ml were in clinical remission, a potential explanation might be that 

children have a different therapeutic range. However, it could also be that the standard 

IFX dose of 5 mg/kg q8w is insufficient for a significant proportion of children to get 

therapeutic TLs, and that children might benefit from a higher dose. This could be 

related to the fact that children often present with a more severe IBD phenotype than 

adults38. Furthermore, differences in body composition between children and adults 

may result in different IFX dosage requirements24. Future studies are required 

focusing on the pharmacokinetics and pharmacodynamics of IFX in children with IBD.

It has been shown previously that low albumin levels are associated with 

increased clearance of IFX in children and adults39. In our study, IFX TL correlated 

relatively strongly with albumin levels (rs = 0.57). This might be related to low albumin 

levels reflecting active inflammation, since it is a negative acute-phase protein. Also, 

the Brambell receptor (FcRn) mechanism (which is responsible for the salvage and 

recirculation of both albumin and immunoglobulin) could play a role40. Serum albumin 

reflects the efficacy of FcRn salvage recycling (by non-competitive binding with IgG). 

Furthermore, protein loss in patients with active IBD can potentially result in the fecal 

loss of IFX41, resulting in low albumin and IFX levels. In a recent study, it was 

suggested that low albumin levels may identify children who would benefit from a 

higher IFX dose42. 

It has been shown that IFX is more effective in combination with an 

immunomodulator43. Therefore, most children currently receive immunomodulators 

during IFX induction. Because of the risk of severe side effects (e.g., hepatosplenic T-

cell lymphoma), immunomodulators are frequently stopped after successful remission 

induction with IFX. In our study, we did not find a relation between IFX TLs or ATIs 

and concomitant immunomodulator use or immunomodulator use during initiation of 

IFX. Although not significant, we even observed a trend towards more disease activity 

in patients receiving concomitant immunomodulators. We assume this is the result of a 

selection bias, since immunomodulators are unlikely to be discontinued in patients 

who continue to have symptoms of active disease.  

137

Infliximab trough levels and disease activity in pediatric IBD



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

ATIs were found in four patients (10%). This is likely to be an underestimation, 

since our assay is unable to detect ATI in the presence of detectable IFX levels, which 

is a limitation of present study. A large variability in ATI detection rate has been 

reported between different assays44. The impact of ATIs in the presence of detectable 

TL remains to be elucidated. 

As expected, FC levels were significantly higher in patients with clinically active 

disease. Furthermore, an elevated CRP was found more frequently in patients with 

active disease. No direct correlation was found between CRP and PUCAI or PCDAI 

score. However, a significant positive correlation was found between FC and PCDAI 

score, and a trend towards a positive correlation between FC and PUCAI score. Thus, 

FC appears to be more directly related to clinical disease activity than CRP.  

The majority of children in clinical remission had FC levels >100 µg/g, and some even 

had FC levels >1000 µg/g. It has been shown that FC correlates significantly with 

endoscopic disease activity in IBD 45 and is useful to predict relapse in quiescent IBD 

patients 46. However, it still remains to be determined whether monitoring endoscopic 

appearance and/or biochemical markers in daily practice and adjusting treatment 

accordingly improves disease control and prevents progression.  

Strengths of our study are the unselected inclusion of all children receiving IFX 

maintenance treatment for IBD in one secondary hospital and two tertiary hospitals, 

which resulted in the inclusion of both children with and without active disease. 

Furthermore, the systematic data collection provides insight in the direct correlation 

between drug levels and disease activity. A limitation is the short follow-up. We did not 

investigate the relation between IFX TL and long-term outcome. Furthermore, due to 

the preponderance of CD patients in our study, only a limited number of children with 

UC were included. Also, there was a marked heterogeneity between the included 

patients i.a. in terms of age, age at diagnosis and body weight. 

In our current clinical practice, children’s TLs are not routinely measured, but 

only in case of suspected loss of response. This is based on retrospective analyses in 

adults, showing that TDM of IFX is associated with a favorable outcome in patients who 

lose response21. Prospective evaluation in adults is ongoing to determine whether TDM 

can also prevent the loss of response to IFX in CD (NCT01442025).  

In summary, we have shown that IFX TL are related to biochemical markers of 

inflammation in children with IBD. This could provide a rationale for the use of TDM in 

children. It might be beneficial to measure TLs in children receiving IFX maintenance 
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therapy, and adjust treatment accordingly. However, no relation between IFX TL and 

clinical disease activity was found. Since a large proportion of children will eventually 

lose therapeutic response to IFX, future prospective studies are required to determine 

the value of TDM in pediatric IBD.
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since our assay is unable to detect ATI in the presence of detectable IFX levels, which 

is a limitation of present study. A large variability in ATI detection rate has been 
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Furthermore, the systematic data collection provides insight in the direct correlation 
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investigate the relation between IFX TL and long-term outcome. Furthermore, due to 

the preponderance of CD patients in our study, only a limited number of children with

UC were included. Also, there was a marked heterogeneity between the included 

patients i.a. in terms of age, age at diagnosis and body weight.

In our current clinical practice, children’s TLs are not routinely measured, but

only in case of suspected loss of response. This is based on retrospective analyses in 

adults, showing that TDM of IFX is associated with a favorable outcome in patients who 

lose response21. Prospective evaluation in adults is ongoing to determine whether TDM

can also prevent the loss of response to IFX in CD (NCT01442025).

In summary, we have shown that IFX TL are related to biochemical markers of

inflammation in children with IBD. This could provide a rationale for the use of TDM in 

children. It might be beneficial to measure TLs in children receiving IFX maintenance 

138

Chapter 8

therapy, and adjust treatment accordingly. However, no relation between IFX TL and 

clinical disease activity was found. Since a large proportion of children will eventually 

lose therapeutic response to IFX, future prospective studies are required to determine 

the value of TDM in pediatric IBD.
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Chapter 9

ABSTRACT 

Background and aim

Switches between anti-TNF agents in the treatment of Crohn’s disease (CD) occur in case 

of treatment failure, intolerance or patient preference. No data are currently available on the 

usefulness of a second infliximab treatment after earlier discontinuation and previous switch 

to an alternative anti-TNF agent. In the current study we evaluated the clinical benefit of 

infliximab retreatment in CD patients after sequential use of both infliximab and adalimumab.  

Methods

Twenty-nine CD patients who had received earlier treatments with sequential infliximab and 

adalimumab and were then restarted on infliximab were retrieved from a multicenter registry 

designed for the follow-up of adalimumab treatment for CD. Short-term and sustained 

effects of infliximab retreatment were evaluated retrospectively by reviewing clinical records. 

Follow-up was 18 months for all patients. 

Results

In 13/29 (45%) patients, Infliximab was re-introduced at intensified dosing schedule (>5mg/

kg or <8 weeks), for 23/29 (79%) of patients similar to the schedule they were on at time of 

previous discontinuation. During the second infliximab treatment course, dosing was further 

intensified in 11 out of 29 (38%) patients. After 18 months 18/29 (62%) patients were still on 

continued therapy of their second infliximab treatment. Infliximab was discontinued 

(after a median of 7 months) in 11 out of 29 patients for loss of response (n=7, 24%), 

intolerance (n=3, 10%) or non-compliance (n=1, 3%). 

Use of induction schedule or concomitant immunemodulators were not significantly 

associated with treatment benefit.  

Conclusions

The majority of CD patients benefit from a second treatment with infliximab after previous 

treatment with infliximab and adalimumab, which offer a meaningful therapeutic option in 

often highly refractory patients. 

Introduction

In the past decades several biological drugs that target Tumor Necrosis Factor (TNF) 

have improved the management and outcome of Crohn’s disease (CD) patients. Infliximab 

(IFX), a chimeric (mouse/human) anti-TNF monoclonal antibody, has demonstrated its

efficacy for induction and maintenance therapy in moderate to severe luminal and fistulizing 

CD.1-3 Moreover, combination therapy with IFX and azathioprine proved to be superior in

increasing the likelihood of corticosteroid-free clinical remission in CD patients compared to

IFX and azathioprine monotherapy.4 Adalimumab (ADA) represents the second anti-TNF

antibody that became available for the treatment of refractory CD. ADA proved to be superior

to placebo in inducing clinical response, clinical remission and mucosal healing in refractory

CD.5-8

Despite this important progress in treatment options, primary non-response to anti-

TNF therapy has been reported in roughly one third of CD patients.1, 4, 5 Furthermore, in 

patients who initially respond to anti-TNF therapy, a significant proportion of patients lose 

their response over time.9-12 Various mechanisms explaining this phenomenon of ‘secondary’

loss of response include formation of neutralizing antibodies directed against the therapeutic

antibodies, low serum drug concentrations, abundance of TNF to be neutralized (high 

inflammatory load) and other causes of antibody degradation.12-14

In clinical practice a considerable proportion of CD patients are switched from one 

anti-TNF agent to the other for loss of response, intolerance or patient preference. However,

anti-TNF naive patients usually have higher response rates than patients who have 

previously been exposed to other TNF agents.6, 10, 11 Since anti-TNF agents are costly 

therapies that are often considered the last resort before surgery, it is important to evaluate 

the outcome of a switch between different TNF blockers.

After loss of response to the regular doses of IFX (5 mg/kg every 8 weeks), dose 

escalation is the most common strategy offered to these patients. It has been shown this

approach yields more quality-adjusted-life years compared to switching to ADA, however at a 

considerably higher cost.15

A switch from IFX to ADA was shown to be effective in inducing and maintaining 

remission in CD patients who lost their response or became intolerant to IFX.16-22 A 

systematic assessment of patients’ preference when choosing an anti-TNF agent revealed 

preference for subcutaneous administration.23 Nonetheless, the randomized SWITCH trial

showed that elective switching from IFX to ADA leads to a considerable risk of relapse and 

therefore should not be routinely recommended.24, 25

IFX was registered for use in CD many years earlier than ADA (1998 vs. 2007). As a

consequence, many CD patients received initial treatment with IFX and then, for a variety of

reasons, switched to ADA. In case of failure to ADA treatment, the question comes up 
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ABSTRACT

Background: Switches between anti-TNF agents in the treatment of Crohn’s disease (CD)

occur in case of treatment failure, intolerance or patient preference. No data are currently 

available on the usefulness of a second infliximab treatment after earlier discontinuation and 

previous switch to an alternative anti-TNF agent. In the current study we evaluated the 

clinical benefit of infliximab retreatment in CD patients after sequential use of both infliximab 

and adalimumab.

Methods: Twenty-nine CD patients who had received earlier treatments with sequential

infliximab and adalimumab and were then restarted on infliximab were retrieved from a 

multicenter registry designed for the follow-up of adalimumab treatment for CD. Short-term

and sustained effects of infliximab retreatment were evaluated retrospectively by reviewing 

clinical records. Follow-up was 18 months for all patients. 

Results: In 13/29 (45%) patients, Infliximab was re-introduced at intensified dosing schedule 

(>5mg/kg or <8 weeks), for 23/29 (79%) of patients similar to the schedule they were on at

time of previous discontinuation. During the second infliximab treatment course, dosing was

further intensified in 11 out of 29 (38%) patients. After 18 months 18/29 (62%) patients were 

still on continued therapy of their second infliximab treatment. Infliximab was discontinued 

(after a median of 7 months) in 11 out of 29 patients for loss of response (n=7, 24%), 

intolerance (n=3, 10%) or non-compliance (n=1, 3%).

Use of induction schedule or concomitant immunemodulators were not significantly

associated with treatment benefit.

Conclusions: The majority of CD patients benefit from a second treatment with infliximab

after previous treatment with infliximab and adalimumab, which offer a meaningful

therapeutic option in often highly refractory patients. 
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CD.1-3 Moreover, combination therapy with IFX and azathioprine proved to be superior in

increasing the likelihood of corticosteroid-free clinical remission in CD patients compared to

IFX and azathioprine monotherapy.4 Adalimumab (ADA) represents the second anti-TNF

antibody that became available for the treatment of refractory CD. ADA proved to be superior

to placebo in inducing clinical response, clinical remission and mucosal healing in refractory

CD.5-8

Despite this important progress in treatment options, primary non-response to anti-

TNF therapy has been reported in roughly one third of CD patients.1, 4, 5 Furthermore, in 

patients who initially respond to anti-TNF therapy, a significant proportion of patients lose 

their response over time.9-12 Various mechanisms explaining this phenomenon of ‘secondary’ 

loss of response include formation of neutralizing antibodies directed against the therapeutic 

antibodies, low serum drug concentrations, abundance of TNF to be neutralized (high 

inflammatory load) and other causes of  antibody degradation.12-14 

In clinical practice a considerable proportion of CD patients are switched from one 

anti-TNF agent to the other for loss of response, intolerance or patient preference. However, 

anti-TNF naive patients usually have higher response rates than patients who have 

previously been exposed to other TNF agents.6, 10, 11 Since anti-TNF agents are costly 

therapies that are often considered the last resort before surgery, it is important to evaluate 

the outcome of a switch between different TNF blockers.  

After loss of response to the regular doses of IFX (5 mg/kg every 8 weeks), dose 

escalation is the most common strategy offered to these patients. It has been shown this 

approach yields more quality-adjusted-life years compared to switching to ADA, however at a 

considerably higher cost.15  

A switch from IFX to ADA was shown to be effective in inducing and maintaining 

remission in CD patients who lost their response or became intolerant to IFX.16-22 A 

systematic assessment of patients’ preference when choosing an anti-TNF agent revealed 

preference for subcutaneous administration.23 Nonetheless, the randomized SWITCH trial 

showed that elective switching from IFX to ADA leads to a considerable risk of relapse and 

therefore should not be routinely recommended.24, 25 

IFX was registered for use in CD many years earlier than ADA (1998 vs. 2007). As a 

consequence, many CD patients received initial treatment with IFX and then, for a variety of 

reasons, switched to ADA. In case of failure to ADA treatment, the question comes up 
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whether retreatment with IFX could be a feasible option. Currently, there are no data 

available regarding the long term effects of retreatment with IFX in patients who have 

sequentially failed IFX and ADA. An open label French study looked at the benefit of 

introducing a third anti-TNF agent (CZP) and showed benefit in 45% of patients up to 9 

months.26, 27

This retrospective study aimed to evaluate the clinical benefit of IFX retreatment in 

CD patients who had sequentially used and discontinued IFX and ADA.  
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Materials and Methods

Study population

CD patients from North-Holland who were treated with ADA between November,

2003 and November 2010 were identified through ‘Zorgapotheek’, the sole distributor of ADA

in the Netherlands. These patients were included in an observational cohort study evaluating 

clinical outcomes and safety with ADA for CD.28 Eighteen hospitals participated in the cohort

study, including two tertiary referral centres and sixteen regional hospitals belonging to the 

North Holland Gut Club.

From this cohort of 438 CD patients treated with ADA for at least 3 months, we 

identified those who had previously been treated with IFX for at least 3 months and received 

a second IFX treatment after ADA discontinuation. (Figure 1) Twenty nine patients fulfilled 

these criteria and in all of these follow-up was available for at least 18 months.

Figure 1 Flow chart of inclusion

Data collection

We reviewed patient records for demographics, medical history, Montreal

classification, and treatments, IFX dosing, and dose escalation and reasons for

discontinuation of anti-TNF treatment, concomitant immunosuppression, clinical response,

adverse events and duration of follow-up.29, 30 Where available, ADA and IFX antibody levels

were recorded. The number of surgical interventions before and after the second IFX start

was recorded. Global Physician Assessment was monitored at baseline, at the start of the 

second IFX treatment (IFX2) and then within quartiles during the first 12 months and again at

18 months follow-up.
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whether retreatment with IFX could be a feasible option. Currently, there are no data 

available regarding the long term effects of retreatment with IFX in patients who have 

sequentially failed IFX and ADA. An open label French study looked at the benefit of

introducing a third anti-TNF agent (CZP) and showed benefit in 45% of patients up to 9 

months.26, 27

This retrospective study aimed to evaluate the clinical benefit of IFX retreatment in 

CD patients who had sequentially used and discontinued IFX and ADA.
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in the Netherlands. These patients were included in an observational cohort study evaluating 

clinical outcomes and safety with ADA for CD.28 Eighteen hospitals participated in the cohort 

study, including two tertiary referral centres and sixteen regional hospitals belonging to the 

North Holland Gut Club.  

From this cohort of 438 CD patients treated with ADA for at least 3 months, we 

identified those who had previously been treated with IFX for at least 3 months and received 

a second IFX treatment after ADA discontinuation. (Figure 1) Twenty nine patients fulfilled 

these criteria and in all of these follow-up was available for at least 18 months.  

Figure 1 Flow chart of inclusion 

Data collection 

We reviewed patient records for demographics, medical history, Montreal 

classification, and treatments, IFX dosing, and dose escalation and reasons for 

discontinuation of anti-TNF treatment, concomitant immunosuppression, clinical response, 

adverse events and duration of follow-up.29, 30 Where available, ADA and IFX antibody levels 

were recorded. The number of surgical interventions before and after the second IFX start 

was recorded. Global Physician Assessment was monitored at baseline, at the start of the 

second IFX treatment (IFX2) and then within quartiles during the first 12 months and again at 

18 months follow-up. 
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Endpoints 

The primary endpoint of this study was sustained clinical benefit of IFX retreatment 

defined as ongoing maintenance treatment with this agent without major bowel surgery 

(bowel resection), but irrespective of therapy intensification. Patients in ‘clinical remission’ 

and/or ‘clinical response’ at all visits were considered to have ‘sustained clinical benefit’, 

which is presented as failure-free survival upon follow-up. 

‘Clinical remission’ was defined as absence of CD-related symptoms including 

diarrhea, abdominal pain and drainage of fistulas (or Harvey Bradshaw Index <4).31 ‘Clinical 

response’ was defined as persisting although reduced severity of diarrhea and abdominal 

pain and/or reduction of fistula drainage, when present/applicable (or Harvey Bradshaw 

Index 4-7). Symptoms were retrieved for the electronic medical records where these are 

systematically collected. ‘Discontinuation of treatment’ was defined as a permanent stop of 

IFX therapy. Failure was defined as cessation of IFX therapy due to non-response within the 

first 3 months of reintroduction (remission induction phase), loss of response after successful 

remission induction or adverse events necessitating treatment discontinuation. Major bowel 

surgery (bowel resection) was also considered failure of therapy, whereas adhesiolysis or 

seton drainage of pre-exisiting fistula (prior to IFX retreatment) were not. 

Patient, disease and treatment specific factors were tested for possible association 

with failure-free survival. A secondary endpoint was safety of IFX reintroduction. An adverse 

event was defined as any reaction that occurred since the start of treatment, being related to 

IFX by the treating physician. Adverse events were classified according to WHO 

guidelines.32, 33 Concomitant immunomodulatory treatment was defined as the use of either 

thiopurines (azathioprine, 6-mercaptopurine, 6-thioguanine) or methotrexate in the first 3 

months of (re-)initiation of anti-TNF therapy. Therapy intensification was considered either 

dose increase or interval decrease. 

Statistical analysis 

We used descriptive statistics in percentages with 95% confidence intervals for 

discrete variables or means with standard deviations (SD). Skewed data were presented as 

median with interquartile range (IQR). For differences in proportions a Fisher’s exact test was 

used. The interval between start of treatment and time point of failure was estimated by 

Kaplan-Meier analysis of failure-free survival. A p<0.05 was considered statistically 

significant. SPSS® software version 20.0 (SPSS Inc., Chicago, IL, USA) was used for 

statistical analysis.  

Ethical approval was obtained in all participating hospitals for reviewing medical 

records for the total CD cohort treated with ADA. 
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Results

Baseline Patient characteristics (Table 1.)

A total of 29 CD patients (female 76%) from 8 hospitals, who were re-started on IFX

therapy after previous consecutive use of IFX and ADA were identified. At IFX re-introduction 

(IFX2), their median age was 31 (IQR 26-40) years and the median disease duration 

amounted to 8.0 years (IQR 7-13). Approximately half of the (52%) patients had ileocolonic

CD according to the Montreal classification. Forty-eight percent of patients had penetrating 

disease, while 21% was classified as stricturing and 31% as non-stricturing and non-

penetrating disease. Peri-anal disease was present in 18 out of 29 patients (62%), whereas

extra-intestinal manifestations had been recorded in one third (34%) of patients. Twenty-one 

patients (72%) had undergone CD-related surgical intervention prior to retreatment with IFX, 

of which ileocecal resection was the most common (14/29, 41%).

Table 1. Baseline Patient Characteristics (n=29)
Gender: Female, n (%) 22 (76%)
Age at start IFX2 (years), median (IQR) 31 (26-40)
Smoking: n (%)

Current
Never
Former (stopped >6mnths)
Unknown

6 (21%)
15 (52%)

3 (10%)
5 (17%)

Disease duration (years), median (IQR) 8 (7-13)
Age (years) at diagnosis Montreal classification: n (%)

A1 (<16)
A2 (17-40)
A3 (>40)

5 (17%)
23 (79%)

1   (3%)
Disease location Montreal classification: n (%)

L1 (ileal)
L2 (colonic)
L3 (ileocolonic)
+L4 (upper GI disease)

5 (17%)
9 (31%)

15 (52%)
2   (7%)

Disease behaviour Montreal classification: n (%)
B1 (non-stricturing, non-penetrating)
B2 (stricturing)
B3 (penetrating)

9 (31%)
6 (21%)

14 (48%)
Peri-anal disease, n (%) 18 (62%)
Extra-intestinal manifestations: n (%)

Artropathy (IBD related)
Erythema Nodosum
Pyoderma Gangrenosum
Uveitis

10 (34%)
7 (24%)

1 (3%)
1 (3%)
1 (3%)

Surgical interventions for CD: n (%)
Ileocecal Resection
Small Bowel resection
Colonic resection
Temporary ileostomy
Peri-anal fistula/abscess drainage
Stricturoplasty/Balloon Dilatation

21 (72%)
14 (41%)

2   (7%)
4 (14%)
2   (7%)
4 (14%)
1   (3%)

Table 1.IFX2, infliximab retreatment; GI, gastro-intestinal; IBD, inflammatory bowel disease; CD,
Crohn’s disease.
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Endpoints

The primary endpoint of this study was sustained clinical benefit of IFX retreatment

defined as ongoing maintenance treatment with this agent without major bowel surgery

(bowel resection), but irrespective of therapy intensification. Patients in ‘clinical remission’ 

and/or ‘clinical response’ at all visits were considered to have ‘sustained clinical benefit’,

which is presented as failure-free survival upon follow-up.

‘Clinical remission’ was defined as absence of CD-related symptoms including 

diarrhea, abdominal pain and drainage of fistulas (or Harvey Bradshaw Index <4).31 ‘Clinical 

response’ was defined as persisting although reduced severity of diarrhea and abdominal

pain and/or reduction of fistula drainage, when present/applicable (or Harvey Bradshaw

Index 4-7). Symptoms were retrieved for the electronic medical records where these are 

systematically collected. ‘Discontinuation of treatment’ was defined as a permanent stop of

IFX therapy. Failure was defined as cessation of IFX therapy due to non-response within the 

first 3 months of reintroduction (remission induction phase), loss of response after successful

remission induction or adverse events necessitating treatment discontinuation. Major bowel

surgery (bowel resection) was also considered failure of therapy, whereas adhesiolysis or

seton drainage of pre-exisiting fistula (prior to IFX retreatment) were not. 

Patient, disease and treatment specific factors were tested for possible association 

with failure-free survival. A secondary endpoint was safety of IFX reintroduction. An adverse 

event was defined as any reaction that occurred since the start of treatment, being related to

IFX by the treating physician. Adverse events were classified according to WHO

guidelines.32, 33 Concomitant immunomodulatory treatment was defined as the use of either

thiopurines (azathioprine, 6-mercaptopurine, 6-thioguanine) or methotrexate in the first 3 

months of (re-)initiation of anti-TNF therapy. Therapy intensification was considered either

dose increase or interval decrease.

Statistical analysis

We used descriptive statistics in percentages with 95% confidence intervals for

discrete variables or means with standard deviations (SD). Skewed data were presented as

median with interquartile range (IQR). For differences in proportions a Fisher’s exact test was

used. The interval between start of treatment and time point of failure was estimated by

Kaplan-Meier analysis of failure-free survival. A p<0.05 was considered statistically

significant. SPSS® software version 20.0 (SPSS Inc., Chicago, IL, USA) was used for

statistical analysis.

Ethical approval was obtained in all participating hospitals for reviewing medical

records for the total CD cohort treated with ADA.
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Results 

Baseline Patient characteristics (Table 1.) 

A total of 29 CD patients (female 76%) from 8 hospitals, who were re-started on IFX 

therapy after previous consecutive use of IFX and ADA were identified. At IFX re-introduction 

(IFX2), their median age was 31 (IQR 26-40) years and the median disease duration 

amounted to 8.0 years (IQR 7-13). Approximately half of the (52%) patients had ileocolonic 

CD according to the Montreal classification. Forty-eight percent of patients had penetrating 

disease, while 21% was classified as stricturing and 31% as non-stricturing and non-

penetrating disease. Peri-anal disease was present in 18 out of 29 patients (62%), whereas 

extra-intestinal manifestations had been recorded in one third (34%) of patients. Twenty-one 

patients (72%) had undergone CD-related surgical intervention prior to retreatment with IFX, 

of which ileocecal resection was the most common (14/29, 41%).  

Table 1. Baseline Patient Characteristics (n=29) 
Gender: Female, n (%)  22 (76%) 
Age at start IFX2 (years), median (IQR) 31 (26-40) 
Smoking: n (%) 

Current 
Never 
Former (stopped >6mnths) 
Unknown 

 6 (21%) 
15 (52%) 
 3 (10%) 
 5 (17%) 

Disease duration (years), median (IQR)  8 (7-13) 
Age (years) at diagnosis Montreal classification: n (%) 

A1 (<16) 
A2 (17-40) 
A3 (>40) 

 5 (17%) 
23 (79%) 
 1   (3%) 

Disease location Montreal classification: n (%) 
L1 (ileal) 
L2 (colonic) 
L3 (ileocolonic) 
+L4 (upper GI disease)

 5 (17%) 
 9 (31%) 

15 (52%) 
 2   (7%) 

Disease behaviour Montreal classification: n (%) 
B1 (non-stricturing, non-penetrating) 
B2 (stricturing) 
B3 (penetrating)  

 9 (31%) 
 6 (21%) 

14 (48%) 
Peri-anal disease, n (%) 18 (62%) 
Extra-intestinal manifestations: n (%) 

Artropathy (IBD related) 
Erythema Nodosum 
Pyoderma Gangrenosum 
Uveitis 

10 (34%) 
 7 (24%) 

 1 (3%) 
 1 (3%) 
 1 (3%) 

Surgical interventions for CD: n (%) 
Ileocecal Resection 
Small Bowel resection 
Colonic resection 
Temporary ileostomy 
Peri-anal fistula/abscess drainage 
Stricturoplasty/Balloon Dilatation 

21 (72%) 
14 (41%) 
 2   (7%) 
 4 (14%) 
 2   (7%) 
 4 (14%) 
 1   (3%) 

Legends: IFX2, infliximab retreatment; GI, gastro-intestinal; IBD, inflammatory bowel disease; 
CD, Crohn’s disease. 

151

Infliximab retreatment in refractory CD



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

Previous anti-TNF Treatment prior to Infliximab Retreatment (Table 2.) 

The median duration of the first IFX treatment was 44 months (IQR 14-69). Sixty-nine 

percent of the patients had used concomitant immunomodulators during that first IFX course 

(IFX1). In the first treatment IFX treatment course, anti-drug antibodies to IFX were 

discovered in 1/13 patients in whom the test was performed. The first IFX treatment course 

was intensified by dose increase or interval reduction in 13/29 (45%) patients. The reasons 

for discontinuation of IFX1 were loss of clinical response (55%), clinical remission (24%), 

patients’ preference to switch to subcutaneous treatment with ADA (10%) or intolerance to 

IFX (2 patients (7%) had an adverse event, due to delayed hypersensitivity reactions, for 

which IFX was discontinued). In two thirds of patients (66%) only one month had elapsed 

between discontinuation of the first IFX course and start of ADA. 

Table 2. Previous Anti-TNF treatment (n=29) 1st IFX course ADA course
Duration (months), median (IQR) 44 (14-69)  5 (3-11) 
Concomitant immunomodulators: n (%) 

Azathioprine 
6-Mercaptopurine
Methotrexate

20 (69%) 
13 (45%) 
 1   (3%) 
 6 (21%) 

13 (45%) 
 8 (28%) 
 1   (3%) 
 4 (14%) 

Therapy intensification 13 (45%) 10 (35%) 
Reason for stop/switch anti-TNF: n (%) 

Remission 
Primary Failure 
Loss of response 
Intolerance 
Patient’s preference (route of administration) 
Unknown 

 7 (24%) 
 0 

16 (55%) 
 2   (7%) 
 3 (10%) 
 1   (3%) 

 0 
 7 (24%) 

14 (48%) 
 6 (21%) 
2   (7%) 
0 

Adverse events: n (%) 
Allergic reaction: delayed hypersensitivity 
Allergic reaction: acute infusion reaction 
Injection side reaction 
Infection 

 2   (7%) 
 2   (7%) 
 0 
 0 
 0 

 6 (21%) 
 1   (3%) 
 1   (3%) 
 3 (10%) 
1   (3%) 

Antibodies Positive (>12 AU): n (%) 
Negative 
Unknown 

 1    (3%) 
12 (41%) 
16 (55%) 

 1   (3%) 
13 (45%) 
15 (52%) 

Interval ≤ 1 month between stop 1st IFX and start ADA, n (%) 19 (65%) - 
Interval ≤ 1 month between stop ADA and start 2nd IFX, n (%) - 19 (65%) 
Interval (months) between stop 1st and start 2nd IFX, median (IQR) 14 (7-21) 
Legends: IFX, infliximab; ADA, Adalimumab; AU, arbitrary units. 

ADA was used for a median of 5 months (IQR 3-11). During ADA treatment, 45% of 

the patients were using concomitant immunosuppressive drugs. Adverse events occurred in 

21% of patients: most commonly injection site reactions (n=3, 10%), 1 ‘acute’ injection 

reaction (n=1, 3%), 1 delayed hypersensitivity reaction (n=1, 3%) and 1 infection (herpes 

keratitis) (n=1, 3%). Anti-drug antibodies to ADA were detected in 1/14 patient in whom the 

test was performed.  Interval reduction of ADA from every other week to every week was 

done in 35% of patients. The reasons for ADA discontinuation were loss of response (48%), 

primary failure on ADA (24%), intolerance (21%) and elective switch back to IFX because 
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patient’s preference for the intravenous route of administration (7%). Again two thirds of

patients (66%) switched between ADA and reintroduction of IFX therapy within one month.

Treatment Characteristics of Infliximab Retreatment (IFX2) (Table 3.)

IFX was reintroduced for luminal disease activity in 62% of CD patients, combined 

luminal and fistulizing activity in 31% and fistulizing disease alone in 7% of the cases. A re-

induction schedule at week 0,2 and 6 was initiated in 18 (62%) patients. Two patients

developed an anaphylactic reaction to the  2nd and 3rd infusion, respectively, and did not

receive further IFX treatment. IFX was reintroduced at same dose as at discontinuation of

IFX1 in 23/29 (79%) of patients at induction. 3 patients started at lower dose and 3 at higher

dose compared to the last dose at discontinuation of the first IFX course. IFX was restarted

at an intensified initial maintenance schedule (with a dose of more than 5mg/kg body weight

or a treatment interval < 8 weeks) in 13/29 (45%). IFX was re-started at 5 mg/kg in 20/29 

(69%), 7.5 mg/kg in 1 patient and at 10 mg/kg in 8/29 (28%). The initial treatment interval of

maintenance therapy varied from 4 weeks (n=1, 3%) to 8 weeks in 17 out of 29 (59%) 

patients.

Table 3. Treatment Characteristics 2nd IFX course (n=29)
Referral hospital, n (%) 17 (59%)
Indication IFX2: n (%)

Luminal
Fistulizing
Luminal and fistulizing

18 (62%)
2   (7%)
9 (31%)

CRP baseline (mg/L), median (IQR) 9,5 (2-21)
Induction schedule, n (%)

No
Did not proceed after induction

16 (55%)
11 (38%)

2   (7%)
Pre-treatment corticosteroids, n (%)

Prednisolon i.v.
Oral corticosteroids
Entocort
No corticosteroids during infusion
Unknown 

11 (38%)
3 (10%)
3 (10%)
5 (17%)
7 (24%)

Concomitant immune modulators, n (%)
Azathioprine
6-Mercaptopurine
Methotrexate

20 (69%)
8 (28%)
4 (14%)
8 (28%)

IFX2 dosage, n (%)
5 mg/kg
7,5 mg/kg
10 mg/kg

20 (69%)
1   (3%)
8 (28%)

IFX2 maintenance frequency, n (%)
4 weeks
6 weeks
7 weeks
8 weeks
Did not proceed after induction

1   (3%)
8 (28%)
1   (3%)

17 (59%)
2   (7%)

Intensified maintenance at reintroduction (>5mg/kg/<8 weeks), n (%) 13 (45%)
Table 3 IFX2, infliximab retreatment. 
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Previous anti-TNF Treatment prior to Infliximab Retreatment (Table 2.)

The median duration of the first IFX treatment was 44 months (IQR 14-69). Sixty-nine 

percent of the patients had used concomitant immunomodulators during that first IFX course 

(IFX1). In the first treatment IFX treatment course, anti-drug antibodies to IFX were 

discovered in 1/13 patients in whom the test was performed. The first IFX treatment course 

was intensified by dose increase or interval reduction in 13/29 (45%) patients. The reasons

for discontinuation of IFX1 were loss of clinical response (55%), clinical remission (24%),

patients’ preference to switch to subcutaneous treatment with ADA (10%) or intolerance to 

IFX (2 patients (7%) had an adverse event, due to delayed hypersensitivity reactions, for

which IFX was discontinued). In two thirds of patients (66%) only one month had elapsed 

between discontinuation of the first IFX course and start of ADA.

Table 2. Previous Anti-TNF treatment (n=29) 1st IFX course ADA course
Duration (months), median (IQR) 44 (14-69) 5 (3-11) 
Concomitant immunomodulators: n (%)

Azathioprine
6-Mercaptopurine
Methotrexate

20 (69%)
13 (45%)

1   (3%)
6 (21%)

13 (45%)
8 (28%)
1   (3%)
4 (14%)

Therapy intensification 13 (45%) 10 (35%)
Reason for stop/switch anti-TNF: n (%)

Remission
Primary Failure
Loss of response
Intolerance
Patient’s preference (route of administration)
Unknown

7 (24%)
0 

16 (55%)
2   (7%)
3 (10%)
1   (3%)

0 
7 (24%)

14 (48%)
6 (21%)
2   (7%)
0 

Adverse events: n (%)
Allergic reaction: delayed hypersensitivity
Allergic reaction: acute infusion reaction
Injection side reaction
Infection

2   (7%)
2   (7%)
0 
0 
0 

 6 (21%)
1   (3%)
1   (3%)
3 (10%)
1   (3%)

Antibodies Positive (>12 AU): n (%)
Negative
Unknown

1    (3%)
12 (41%)
16 (55%)

1   (3%)
13 (45%)
15 (52%)

Interval ≤ 1 month between stop 1st IFX and start ADA, n (%) 19 (65%) - 
Interval ≤ 1 month between stop ADA and start 2nd IFX, n (%) - 19 (65%)
Interval (months) between stop 1st and start 2nd IFX, median (IQR) 14 (7-21)
Table 2. IFX, infliximab; ADA, Adalimumab; AU, arbitrary units.

ADA was used for a median of 5 months (IQR 3-11). During ADA treatment, 45% of

the patients were using concomitant immunosuppressive drugs. Adverse events occurred in 

21% of patients: most commonly injection site reactions (n=3, 10%), 1 ‘acute’ injection 

reaction (n=1, 3%), 1 delayed hypersensitivity reaction (n=1, 3%) and 1 infection (herpes

keratitis) (n=1, 3%). Anti-drug antibodies to ADA were detected in 1/14 patient in whom the 

test was performed. Interval reduction of ADA from every other week to every week was

done in 35% of patients. The reasons for ADA discontinuation were loss of response (48%),

primary failure on ADA (24%), intolerance (21%) and elective switch back to IFX because 
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patient’s preference for the intravenous route of administration (7%). Again two thirds of 

patients (66%) switched between ADA and reintroduction of IFX therapy within one month. 

Treatment Characteristics of Infliximab Retreatment (IFX2) (Table 3.) 

IFX was reintroduced for luminal disease activity in 62% of CD patients, combined 

luminal and fistulizing activity in 31% and fistulizing disease alone in 7% of the cases. A re-

induction schedule at week 0,2 and 6 was initiated in 18 (62%) patients. Two patients 

developed an anaphylactic reaction to the  2nd and 3rd infusion, respectively, and did not 

receive further IFX treatment.  IFX was reintroduced at same dose as at discontinuation of 

IFX1 in 23/29 (79%) of patients at induction. 3 patients started at lower dose and 3 at higher 

dose compared to the last dose at discontinuation of the first IFX course. IFX was restarted 

at an intensified initial maintenance schedule (with a dose of more than 5mg/kg body weight 

or a treatment interval < 8 weeks) in 13/29 (45%). IFX was re-started at 5 mg/kg in 20/29 

(69%), 7.5 mg/kg in 1 patient and at 10 mg/kg in 8/29 (28%). The initial treatment interval of 

maintenance therapy varied from 4 weeks (n=1, 3%) to 8 weeks in 17 out of 29 (59%) 

patients.  

Table 3. Treatment Characteristics 2nd IFX course (n=29)
Referral hospital, n (%) 17 (59%) 
Indication IFX2: n (%) 

Luminal 
Fistulizing 
Luminal and fistulizing 

18 (62%) 
 2   (7%) 
 9 (31%) 

CRP baseline (mg/L), median (IQR) 9,5 (2-21) 
Induction schedule, n (%) 

No 
Did not proceed after induction 

16 (55%) 
11 (38%) 
 2   (7%) 

Pre-treatment corticosteroids, n (%) 
Prednisolon i.v. 
Oral corticosteroids 
Entocort 
No corticosteroids during infusion 
Unknown 

11 (38%) 
 3 (10%) 
 3 (10%) 
5 (17%) 
7 (24%) 

Concomitant immune modulators, n (%) 
Azathioprine 
6-Mercaptopurine
Methotrexate

20 (69%) 
 8 (28%) 
 4 (14%) 
8 (28%) 

IFX2 dosage, n (%) 
5 mg/kg 
7,5 mg/kg 
10 mg/kg 

20 (69%) 
 1   (3%) 
 8 (28%) 

IFX2 maintenance frequency, n (%) 
4 weeks 
6 weeks 
7 weeks 
8 weeks 
Did not proceed after induction 

  1   (3%) 
  8 (28%) 
  1   (3%) 
17 (59%) 
  2   (7%) 

Intensified maintenance at reintroduction (>5mg/kg/<8 weeks), n (%)  13 (45%) 
Legends: IFX2, infliximab retreatment. 
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Seventeen (59%) patients received pre-treatment with steroids accompanied by 

antihistamine agents. Immunomodulators were concomitantly used in 69% of patients. 

During the second IFX course, 11 of 29 (38%) patients underwent further therapy 

intensification after a median of 6 months (3-11), however in 4/11 of these patients IFX 

therapy was reduced again after 18 months. 

Sustained Clinical Benefit of Retreatment of IFX (IFX2) 

Sustained clinical benefit of IFX retreatment was observed in 93%, 83%, 79% and 

72% of patients at 3, 6, 9 and 12 months of follow-up, respectively. (Figure 2, Figure 3) At 

the end of 18 months of follow-up 62% of patients had a sustained clinical benefit. Of those, 

9 (31%) patients were in genuine clinical remission and 9 (31%) had clinical response while 

on continued treatment. Discontinuation of the second IFX therapy after 18 months follow-up 

in 9 patients (31%) was due to loss of response (n=7, 24%) (after 3, 5, 5, 7, 9, 17, 17 

months, respectively), intolerance (n=3, 10%) (after respectively 1,2,10 months of which 2 

acute infusion reactions during re-induction) and non-compliance, because of pre-existing 

psychosis (n=1, 3%). 

Figure 2 Clinical outcome of retreatment with infliximab 
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Figure 3 Survival curve continuing use of infliximab

During the second course of treatment IFX dose was further intensified in 11 out of 29

(38%) patients. (Table 4.) 9/11 (82%) of these patients were able to sustain clinical benefit,

whereas 5/11 (45%) patients were able to regain clinical remission at 18 months.

Endoscopy was performed in 52% of the patients within the last 6 months of the 

follow-up period (12-18 months), mainly under the suspicion of loss of response. Absence of

ulcers was documented in 14% of patients (n=4).

Table 4. Outcome Retreatment IFX after 18 months (n=29)
Further therapy intensification (dose/frequency), n (%) 11 (35%)
Adverse events, n (%)

Allergic reaction: acute infusion reaction
Allergic reaction: delayed hypersensitivity

3 (10%)
2   (7%)
1   (3%)

Antibodies positive (>12 AU), n (%)
Negative
Unknown

2   (7%)
11 (38%)
16 (55%)

CRP after 12-18 months (g/dL), median (IQR) 10, 3 (2-22)
Endoscopic Remission, n (%)

Yes
No
Unknown

4 (14%)
11 (38%)
14 (48%)

Surgical intervention for CD, n (%)
Ileocecal Resection
Peri-anal fistula drainage
Explorative laparotomy due to adhesion

7 (24%)
3 (10%)
3 (10%)
1   (3%)                              

Draining Fistula during IFX2, n (%) 8 (28%)
Table 4. IFX2, infliximab retreatment; AU, arbitrary units.

Twenty-eight percent (n=8) of patients had draining fistulas during the second course 

of IFX, which recurred after a median time of 5.5 months (IQR:2.5-10.5) after re-introduction 

of IFX. Of all patients, 7 (24%) patients underwent a Crohn’s disease related surgical

intervention during the second IFX course, after a median of 5 months (IQR:3-8) : 3 patients

underwent an ileocecal resection (10%) (after 4, 8 and 12 months), 3 patients underwent
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Seventeen (59%) patients received pre-treatment with steroids accompanied by

antihistamine agents. Immunomodulators were concomitantly used in 69% of patients.

During the second IFX course, 11 of 29 (38%) patients underwent further therapy

intensification after a median of 6 months (3-11), however in 4/11 of these patients IFX

therapy was reduced again after 18 months.

Sustained Clinical Benefit of Retreatment of IFX (IFX2)

Sustained clinical benefit of IFX retreatment was observed in 93%, 83%, 79% and 

72% of patients at 3, 6, 9 and 12 months of follow-up, respectively. (Figure 2, Figure 3) At

the end of 18 months of follow-up 62% of patients had a sustained clinical benefit. Of those, 

9 (31%) patients were in genuine clinical remission and 9 (31%) had clinical response while

on continued treatment. Discontinuation of the second IFX therapy after 18 months follow-up 

in 9 patients (31%) was due to loss of response (n=7, 24%) (after 3, 5, 5, 7, 9, 17, 17

months, respectively), intolerance (n=3, 10%) (after respectively 1,2,10 months of which 2 

acute infusion reactions during re-induction) and non-compliance, because of pre-existing 

psychosis (n=1, 3%).

Figure 2 Clinical outcome of retreatment with infliximab
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Figure 3 Survival curve continuing use of infliximab 

During the second course of treatment IFX dose was further intensified in 11 out of 29 

(38%) patients. (Table 4.) 9/11 (82%) of these patients were able to sustain clinical benefit, 

whereas 5/11 (45%) patients were able to regain clinical remission at 18 months.  

Endoscopy was performed in 52% of the patients within the last 6 months of the 

follow-up period (12-18 months), mainly under the suspicion of loss of response. Absence of 

ulcers was documented in 14% of patients (n=4).  

Table 4. Outcome Retreatment IFX after 18 months (n=29) 
Further therapy intensification (dose/frequency), n (%) 11 (35%) 
Adverse events, n (%) 

Allergic reaction: acute infusion reaction 
Allergic reaction: delayed hypersensitivity 

 3 (10%) 
 2   (7%) 

  1   (3%) 
Antibodies positive (>12 AU), n (%) 

Negative 
Unknown 

 2   (7%) 
11 (38%) 
16 (55%) 

CRP after 12-18 months (g/dL), median (IQR) 10, 3 (2-22) 
Endoscopic Remission, n (%) 

Yes 
No 
Unknown 

 4 (14%) 
11 (38%) 
14 (48%) 

Surgical intervention for CD, n (%) 
Ileocecal Resection 
Peri-anal fistula drainage 
Explorative laparotomy due to adhesion 

 7 (24%) 
 3 (10%) 
 3 (10%) 
 1   (3%)

Draining Fistula during IFX2, n (%)  8 (28%) 
Legends: IFX2, infliximab retreatment; AU, arbitrary units. 

Twenty-eight percent (n=8) of patients had draining fistulas during the second course 

of IFX, which recurred after a median time of 5.5 months (IQR:2.5-10.5) after re-introduction 

of IFX. Of all patients, 7 (24%) patients underwent a Crohn’s disease related surgical 

intervention during the second IFX course, after a median of 5 months (IQR:3-8) : 3 patients 

underwent an ileocecal resection (10%) (after 4, 8 and 12 months), 3 patients underwent 
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surgical drainage because of peri-anal fistulas (10%) and 1 patient had an explorative 

laparotomy for adhesiolysis (3%). Two out of 3 patients who underwent ileocecal resection 

were continued with IFX post-operatively, one of them was still using IFX at 18 months 

(nevertheless both were considered failures). 

None of the patient, disease or treatment specific factors that we examined were 

significantly associated with sustained clinical benefit. (Table 5.)  A slight trend was observed 

with 6/7 (86%) patients, who discontinued ADA due to primary failure, achieving sustained 

clincal benefit compared to 12/22 (55%) of patients who discontinued ADA for other reasons. 

However, non-stricturing/non penetrating disease (Montreal B1) was significantly associated 

with a higher rate of clinical remission compared to a stricturing or penetrating disease 

course (6/9; 67% vs. 3/20; 15%, p=0.01, OR:11).  

Patients who were in clinical remission at the end of the first IFX course before 

switching to ADA had a similar rate of sustained clinical benefit (4/7=57%) and clinical 

remission (2/7=29%) during the second IFX treatment course compared to patients who were 

not in clinical remission after the first IFX course (sustained clinical benefit: 13/21; 71%, 

clinical remission: 6/21; 29%). There was a trend suggesting that patients who were re-

treated with IFX within 1 month after ADA discontinuation, were more likely to achieve clinical 

remission compared to those with longer than one month anti-TNF free intervals (8/19; 42% 

vs. 1/10; 10%, p=0.11, OR:6.55). Patients with a baseline C-reactive protein (CRP) ≤ 10 

mg/L at re-introduction of IFX: had a higher rate of clinical remission (8/17, 47%) at 18 

months than patients with baseline CRP >10 mg/L (p=0.02, OR:9.78). 

Re-induction, pre-treatment with corticosteroids, concomitant use of 

immunomodulators or intensified maintenance schedule (IFX dose > 5mg/kg or treatment 

interval < 8 weeks) did not appear to be significantly associated with clinical remission or 

sustained clinical benefit rate of IFX retreatment in this cohort. 

Safety 

Upon retreatment with IFX, adverse events occurred in 3/29 patients (10%): 2 

patients had an acute infusion reaction (one patient on co-immunemodulatory treatment) and 

1 patient developed a delayed hypersensitivity reaction after 10 months (despite pre-

treatment with steroids before IFX infusion). (Table 4.)  

Anti-drug antibodies to IFX were measured in 45% of patients and were positive in 

both patients who developed an acute infusion reaction. The sole patient with positive 

antibodies (86 AU/mL) to IFX during the first treatment episode was in clinical remission 18 

months after IFX was re-introduced. In contrast, the only patient with detectable antibodies 

against ADA, who previously had a delayed hypersensitivity reaction to IFX1, also developed 

an acute infusion reaction (with positive antibodies) and failure to IFX retreatment. 
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surgical drainage because of peri-anal fistulas (10%) and 1 patient had an explorative 

laparotomy for adhesiolysis (3%). Two out of 3 patients who underwent ileocecal resection 

were continued with IFX post-operatively, one of them was still using IFX at 18 months

(nevertheless both were considered failures).

None of the patient, disease or treatment specific factors that we examined were 

significantly associated with sustained clinical benefit. (Table 5.) A slight trend was observed 

with 6/7 (86%) patients, who discontinued ADA due to primary failure, achieving sustained 

clincal benefit compared to 12/22 (55%) of patients who discontinued ADA for other reasons.

However, non-stricturing/non penetrating disease (Montreal B1) was significantly associated 

with a higher rate of clinical remission compared to a stricturing or penetrating disease 

course (6/9; 67% vs. 3/20; 15%, p=0.01, OR:11). 

Patients who were in clinical remission at the end of the first IFX course before 

switching to ADA had a similar rate of sustained clinical benefit (4/7=57%) and clinical

remission (2/7=29%) during the second IFX treatment course compared to patients who were 

not in clinical remission after the first IFX course (sustained clinical benefit: 13/21; 71%,

clinical remission: 6/21; 29%). There was a trend suggesting that patients who were re-

treated with IFX within 1 month after ADA discontinuation, were more likely to achieve clinical

remission compared to those with longer than one month anti-TNF free intervals (8/19; 42%

vs. 1/10; 10%, p=0.11, OR:6.55). Patients with a baseline C-reactive protein (CRP) ≤ 10 

mg/L at re-introduction of IFX: had a higher rate of clinical remission (8/17, 47%) at 18 

months than patients with baseline CRP >10 mg/L (p=0.02, OR:9.78).

Re-induction, pre-treatment with corticosteroids, concomitant use of

immunomodulators or intensified maintenance schedule (IFX dose > 5mg/kg or treatment

interval < 8 weeks) did not appear to be significantly associated with clinical remission or

sustained clinical benefit rate of IFX retreatment in this cohort.

Safety

Upon retreatment with IFX, adverse events occurred in 3/29 patients (10%): 2 

patients had an acute infusion reaction (one patient on co-immunemodulatory treatment) and 

1 patient developed a delayed hypersensitivity reaction after 10 months (despite pre-

treatment with steroids before IFX infusion). (Table 4.)

Anti-drug antibodies to IFX were measured in 45% of patients and were positive in 

both patients who developed an acute infusion reaction. The sole patient with positive 

antibodies (86 AU/mL) to IFX during the first treatment episode was in clinical remission 18 

months after IFX was re-introduced. In contrast, the only patient with detectable antibodies

against ADA, who previously had a delayed hypersensitivity reaction to IFX1, also developed 

an acute infusion reaction (with positive antibodies) and failure to IFX retreatment.
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Discussion 

In the current study we evaluated the effect of IFX retreatment in CD patients who 

had previously been treated with IFX and ADA, consecutively. Based on this retrospective 

analysis, IFX retreatment appeared beneficial in the majority of CD patients for at least 18 

months. Therefore, this clinical strategy may be considered as ‘rescue therapy’ before 

surgery or other experimental therapies are offered. 

In the SWITCH trial CD patients were randomized to a switch to ADA or to continued 

IFX therapy.24 All patients were in clinical remission on IFX. Patients who switched to ADA 

had a less favourable outcome than those continued on IFX. Eight patients were sequentially 

treated with IFX-ADA and IFX in SWITCH, and this retreatment with IFX was successful in all 

these patients. However, IFX dose-escalation was required in 4/8 patients within one year. In 

this study all patients were initial responders to IFX and therefore may not be representative 

for daily clinical practice where patients are also switched for toxicity reasons and loss of 

response.34, 35 We believe that our cohort represents a patient population from daily clinical 

practice, hence the results could offer guidance to clinicians.  

In previous studies only small sub cohorts assessed the short-term clinical response 

of retreatment with IFX after a so called ‘drug holiday’. Louis et al. reported a 93% remission 

rate of re-treatment IFX after approximately 40 days, whereas Ben-Horin et al. demonstrated 

48% response to IFX re-treatment.36-38 Short-term (i.e. week 14) response to reintroduction of 

IFX has also been studied by Baert et al. showing 90% clinical response. Predictors for 

treatment success appeared to be: reason for stopping first IFX course (remission), 0-2-6 

week induction regime at restarting IFX and concomitant use with immunomodulators.39 

Recently Chaparro et al. reported on the short-term efficacy of IFX treatment after 

ADA failure in a small cohort of CD patients, but these patients were not previously exposed 

to IFX.40 Hence, the long-term clinical outcome of IFX retreatment after consecutive use of 

both IFX and ADA has not been reported up to now. 

Our results show favourable long-term effects of IFX retreatment after previous 

exposure to both IFX and ADA in CD patients under certain circumstances, such as using an 

intensified dose as needed during the first IFX round and sometimes further dose 

intensification during the second round. Antibody levels to therapeutic antibody as well as 

serum concentrations can offer guidance to make the appropriate choices.  

This cohort represents a small, but well characterized patient group with a high 

proportion of penetrating disease behaviour and surgical interventions prior to IFX 

reintroduction. The indication for IFX re-introduction was made by the treating physicians. 

Therefore, patients who failed the first IFX treatment course due to intolerance or adverse 

events, or patients in whom antibody formation was present were less likely to be prescribed 

the second IFX episode. Nevertheless, the cohort includes three such patients (10%). 
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Furthermore, not all patients were genuine ‘failures’ (i.e. loss of response or intolerance) at

the time of discontinuation of the first IFX treatment. 24% of patients were in clinical

remission and 10% preferred a subcutaneous route of drug administration (‘elective switch’),

which might have introduced bias. Surprisingly, clinical remission rate was the same and 

sustained clinical benefit was comparable at 18 months follow-up between the patient

subgroup in previous remission and the patients where discontinuation of first IFX treatment 

was otherwise specified.

None of the patient, disease or treatment related factors like re-induction, pre-

treatment with corticosteroids, concomitant use of immunomodulators or intensified 

maintenance schedule were found to be significantly associated with sustained clinical

benefit, possibly due to the limited sample size of this study. However, non-stricturing and 

non-penetrating disease behaviour was significantly associated with higher clinical remission 

rates. Furthermore, a higher likelihood of achieving clinical remission was seen in patients in 

whom less than one month elapsed between discontinuation of ADA and reintroduction of

IFX. In patients in whom the second IFX therapy was intensified at reintroduction, higher

rates of clinical remission were seen compared to patients with a stable dose, even though it

was not a significant difference.

In this patient population, empiric dose escalation or shortening of treatment intervals

were already done during the first IFX treatment course, and a significant proportion (45%) of

patients was re-started on intensified IFX treatment. Moreover, in 38% of patients IFX dose 

was further escalated or treatment intervals were shortened during the second IFX course.

Interestingly, 82% of these patients were able to sustain clinical benefit, whereas 45% were 

able to regain clinical remission. These findings are in line with previous studies that showed 

that dose escalation and shortening of infusion intervals are effective for regaining response 

in 47% to 76% of CD patients.41, 42 Therapeutic drug monitoring and anti-drug antibodies

were not yet routinely measured (in case of loss of response or intolerance), because the 

patients in our cohort received their first IFX treatment in the ‘early anti-TNF era’. However,

evidence suggests that IFX antibody levels decline to undetectable levels within one year

after cessation of IFX therapy.38

Whereas in Europe only two anti-TNF agents are available for the treatment of CD,

for rheumatological indications several monoclonal antibodies have been approved. In 

rheumatoid arthritis it has been shown that introducing a second anti-TNF antibody can 

maintain response or restore initial response in patients with a loss of response to the first

anti-TNF agent.43 However switching to a drug with a different mode of action (rituximab)

appeared to be even more effective than the second anti-TNF therapy in patients with 

rheumatoid arthritis.44 Switching to a second or even a third anti-TNF agent had a 

satisfactory response in approximately 4 out of 5 spondyloarthropathy patients.45 At least one 
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Discussion

In the current study we evaluated the effect of IFX retreatment in CD patients who 

had previously been treated with IFX and ADA, consecutively. Based on this retrospective 

analysis, IFX retreatment appeared beneficial in the majority of CD patients for at least 18 

months. Therefore, this clinical strategy may be considered as ‘rescue therapy’ before 

surgery or other experimental therapies are offered.

In the SWITCH trial CD patients were randomized to a switch to ADA or to continued 

IFX therapy.24 All patients were in clinical remission on IFX. Patients who switched to ADA

had a less favourable outcome than those continued on IFX. Eight patients were sequentially

treated with IFX-ADA and IFX in SWITCH, and this retreatment with IFX was successful in all

these patients. However, IFX dose-escalation was required in 4/8 patients within one year. In 

this study all patients were initial responders to IFX and therefore may not be representative

for daily clinical practice where patients are also switched for toxicity reasons and loss of

response.34, 35 We believe that our cohort represents a patient population from daily clinical

practice, hence the results could offer guidance to clinicians.

In previous studies only small sub cohorts assessed the short-term clinical response 

of retreatment with IFX after a so called ‘drug holiday’. Louis et al. reported a 93% remission 

rate of re-treatment IFX after approximately 40 days, whereas Ben-Horin et al. demonstrated 

48% response to IFX re-treatment.36-38 Short-term (i.e. week 14) response to reintroduction of

IFX has also been studied by Baert et al. showing 90% clinical response. Predictors for

treatment success appeared to be: reason for stopping first IFX course (remission), 0-2-6 

week induction regime at restarting IFX and concomitant use with immunomodulators.39

Recently Chaparro et al. reported on the short-term efficacy of IFX treatment after

ADA failure in a small cohort of CD patients, but these patients were not previously exposed 

to IFX.40 Hence, the long-term clinical outcome of IFX retreatment after consecutive use of

both IFX and ADA has not been reported up to now.

Our results show favourable long-term effects of IFX retreatment after previous

exposure to both IFX and ADA in CD patients under certain circumstances, such as using an

intensified dose as needed during the first IFX round and sometimes further dose 

intensification during the second round. Antibody levels to therapeutic antibody as well as

serum concentrations can offer guidance to make the appropriate choices.

This cohort represents a small, but well characterized patient group with a high

proportion of penetrating disease behaviour and surgical interventions prior to IFX

reintroduction. The indication for IFX re-introduction was made by the treating physicians.

Therefore, patients who failed the first IFX treatment course due to intolerance or adverse 

events, or patients in whom antibody formation was present were less likely to be prescribed 

the second IFX episode. Nevertheless, the cohort includes three such patients (10%).
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Furthermore, not all patients were genuine ‘failures’ (i.e. loss of response or intolerance) at 

the time of discontinuation of the first IFX treatment. 24% of patients were in clinical 

remission and 10% preferred a subcutaneous route of drug administration (‘elective switch’), 

which might have introduced bias. Surprisingly, clinical remission rate was the same and 

sustained clinical benefit was comparable at 18 months follow-up between the patient 

subgroup in previous remission and the patients where discontinuation of first IFX treatment 

was otherwise specified.  

None of the patient, disease or treatment related factors  like re-induction, pre-

treatment with corticosteroids, concomitant use of immunomodulators or intensified 

maintenance schedule were found to be significantly associated with sustained clinical 

benefit, possibly due to the limited sample size of this study. However, non-stricturing and 

non-penetrating disease behaviour was significantly associated with higher clinical remission 

rates. Furthermore, a higher likelihood of achieving clinical remission was seen in patients in 

whom less than one month elapsed between discontinuation of ADA and reintroduction of 

IFX. In patients in whom the second IFX therapy was intensified at reintroduction, higher 

rates of clinical remission were seen compared to patients with a stable dose, even though it 

was not a significant difference. 

 In this patient population, empiric dose escalation or shortening of treatment intervals 

were already done during the first IFX treatment course, and a significant proportion (45%) of 

patients was re-started on intensified IFX treatment. Moreover, in 38% of patients IFX dose 

was further escalated or treatment intervals were shortened during the second IFX course. 

Interestingly, 82% of these patients were able to sustain clinical benefit, whereas 45% were 

able to regain clinical remission. These findings are in line with previous studies that showed 

that dose escalation and shortening of infusion intervals are effective for regaining response 

in 47% to 76% of CD patients.41, 42 Therapeutic drug monitoring and anti-drug antibodies 

were not yet routinely measured (in case of loss of response or intolerance), because the 

patients in our cohort received their first IFX treatment in the ‘early anti-TNF era’. However, 

evidence suggests that IFX antibody levels decline to undetectable levels within one year 

after cessation of IFX therapy.38 

Whereas in Europe only two anti-TNF agents are available for the treatment of CD, 

for rheumatological indications several monoclonal antibodies have been approved. In 

rheumatoid arthritis it has been shown that introducing a second anti-TNF antibody can 

maintain response or restore initial response in patients with a loss of response to the first 

anti-TNF agent.43 However switching to a drug with a different mode of action (rituximab) 

appeared to be even more effective than the second anti-TNF therapy in patients with 

rheumatoid arthritis.44 Switching to a second or even a third anti-TNF agent had a 

satisfactory response in approximately 4 out of 5 spondyloarthropathy patients.45 At least one 

159

Infliximab retreatment in refractory CD



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

third of ankylosing spondylitis patients show a favourable clinical response after switching to 

a second anti-TNF inhibitor and more than half of the patients continued on the second 

therapy for more than 2 years.46 

In conclusion, this retrospective cohort study shows that IFX reintroduction has long-

term beneficial effects in the majority of CD patients with a history of previous consecutive 

IFX and ADA treatment. Therefore, repeated IFX treatment is to be considered a valuable 

strategy in this group of highly refractory CD patients.  
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third of ankylosing spondylitis patients show a favourable clinical response after switching to 

a second anti-TNF inhibitor and more than half of the patients continued on the second 

therapy for more than 2 years.46

In conclusion, this retrospective cohort study shows that IFX reintroduction has long-

term beneficial effects in the majority of CD patients with a history of previous consecutive 

IFX and ADA treatment. Therefore, repeated IFX treatment is to be considered a valuable 

strategy in this group of highly refractory CD patients.

160

Chapter 9

REFERENCES 
1. Targan SR, Hanauer SB, Van Deventer SJ, et al. A short-term study of chimeric monoclonal
antibody cA2 to tumor necrosis factor alpha for Crohn's disease. Crohn's Disease cA2 Study Group.
N. Engl. J. Med 1997;337:1029-1035.
2. Hanauer SB, Feagan BG, Lichtenstein GR, et al. Maintenance infliximab for Crohn's disease:
the ACCENT I randomised trial. Lancet 2002;359:1541-1549.
3. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab maintenance therapy for fistulizing
Crohn's disease. N. Engl. J. Med 2004;350:876-885.
4. Colombel JF, Sandborn WJ, Reinisch W, et al. Infliximab, azathioprine, or combination therapy
for Crohn's disease. N. Engl. J. Med 2010;362:1383-1395.
5. Hanauer SB, Sandborn WJ, Rutgeerts P, et al. Human anti-tumor necrosis factor monoclonal
antibody (adalimumab) in Crohn's disease: the CLASSIC-I trial. Gastroenterology 2006;130:323-333.
6. Colombel JF, Sandborn WJ, Rutgeerts P, et al. Adalimumab for maintenance of clinical
response and remission in patients with Crohn's disease: the CHARM trial. Gastroenterology
2007;132:52-65.
7. Sandborn WJ, Hanauer SB, Rutgeerts P, et al. Adalimumab for maintenance treatment of
Crohn's disease: results of the CLASSIC II trial. Gut 2007;56:1232-1239.
8. Rutgeerts P, Van AG, 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.
9. Gisbert JP, Panes J. Loss of response and requirement of infliximab dose intensification in
Crohn's disease: a review. Am. J. Gastroenterol 2009;104:760-767.
10. Billioud V, Sandborn WJ, Peyrin-Biroulet L. Loss of response and need for adalimumab dose
intensification in Crohn's disease: a systematic review. Am. J. Gastroenterol 2011;106:674-684.
11. Chaparro M, Panes J, Garcia V, et al. Long-term durability of response to adalimumab in
Crohn's disease. Inflamm. Bowel. Dis 2012;18:685-690.
12. Ben-Horin S, Chowers Y. Review article: loss of response to anti-TNF treatments in Crohn's
disease. Aliment. Pharmacol. Ther 2011;33:987-995.
13. 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;348:601-608.
14. 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;4:1248-1254.
15. Kaplan GG, Hur C, Korzenik J, et al. Infliximab dose escalation vs. initiation of adalimumab for
loss of response in Crohn's disease: a cost-effectiveness analysis. Aliment. Pharmacol. Ther
2007;26:1509-1520.
16. Sandborn WJ, Hanauer S, Loftus EV, Jr., et al. An open-label study of the human anti-TNF
monoclonal antibody adalimumab in subjects with prior loss of response or intolerance to infliximab for
Crohn's disease. Am. J. Gastroenterol 2004;99:1984-1989.
17. Sandborn WJ, Rutgeerts P, Enns R, et al. Adalimumab induction therapy for Crohn disease
previously treated with infliximab: a randomized trial. Ann. Intern. Med 2007;146:829-838.
18. Peyrin-Biroulet L, Laclotte C, Bigard MA. Adalimumab maintenance therapy for Crohn's
disease with intolerance or lost response to infliximab: an open-label study. Aliment. Pharmacol. Ther
2007;25:675-680.
19. Hinojosa J, Gomollon F, Garcia S, et al. Efficacy and safety of short-term adalimumab
treatment in patients with active Crohn's disease who lost response or showed intolerance to
infliximab: a prospective, open-label, multicentre trial. Aliment. Pharmacol. Ther 2007;25:409-418.
20. Oussalah A, Babouri A, Chevaux JB, et al. Adalimumab for Crohn's disease with intolerance
or lost response to infliximab: a 3-year single-centre experience. Aliment. Pharmacol. Ther
2009;29:416-423.
21. 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-
1640.
22. Ho GT, Mowat A, Potts L, et al. Efficacy and complications of adalimumab treatment for
medically-refractory Crohn's disease: analysis of nationwide experience in Scotland (2004-2008).
Aliment. Pharmacol. Ther 2009;29:527-534.
23. Vavricka SR, Bentele N, Scharl M, et al. Systematic assessment of factors influencing
preferences of Crohn's disease patients in selecting an anti-tumor necrosis factor agent (CHOOSE
TNF TRIAL). Inflamm. Bowel. Dis 2012;18:1523-1530.

161

Infliximab retreatment in refractory CD



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

24. Van Assche G, Vermeire S, Ballet V, et al. Switch to adalimumab in patients with Crohn's
disease controlled by maintenance infliximab: prospective randomised SWITCH trial. Gut
2012;61:229-234.
25. Hoentjen F, Haarhuis BJ, Drenth JP, et al. Elective switching from infliximab to adalimumab in
stable Crohn's disease. Inflamm. Bowel. Dis 2013;19:761-766.
26. Allez M, Vermeire S, Mozziconacci N, et al. The efficacy and safety of a third anti-TNF
monoclonal antibody in Crohn's disease after failure of two other anti-TNF antibodies. Aliment.
Pharmacol. Ther 2010;31:92-101.
27. de Silva PS, Nguyen DD, Sauk J, et al. Long-term outcome of a third anti-TNF monoclonal
antibody after the failure of two prior anti-TNFs in inflammatory bowel disease. Aliment. Pharmacol.
Ther 2012;36:459-466.
28. Peters CP, Eshuis EJ, Toxopeus FM, et al. Adalimumab for Crohn's disease: long-term
sustained benefit in a population-based cohort of 438 patients. J Crohns Colitis 2014;8:866-75.
29. Satsangi J, Silverberg MS, Vermeire S, et al. The Montreal classification of inflammatory
bowel disease: controversies, consensus, and implications. Gut 2006;55:749-753.
30. 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:5-36.
31. Harvey RF, Bradshaw JM. A simple index of Crohn's-disease activity. Lancet 1980;1:514.
32. Vavricka SR, Schoepfer AM, Bansky G, et al. Efficacy and safety of certolizumab pegol in an
unselected crohn's disease population: 26-week data of the FACTS II survey. Inflamm. Bowel. Dis
2011;17:1530-1539.
33. Organization WH. Causality assessment method, 2013.
34. Ricart E, Ordas I, Panes J. Anti-TNF antibody therapy in Crohn's disease: the risk of a switch.
Gut 2012;61:169-170.
35. Cullen G. SWITCHing anti-TNF for nonclinical reasons? Think again! Inflamm. Bowel. Dis
2012;18:1589-1590.
36. Laharie D, Chanteloup E, Chabrun E, et al. The tolerance and efficacy of a postponed
retreatment with infliximab in Crohn's disease primary responders. Aliment. Pharmacol. Ther
2009;29:1240-1248.
37. 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.
38. 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;35:714-722.
39. Baert FJ, Baert. Early Trough Levels and Antibodies Predict Safety and Success of Restarting
Infliximab After Long Drug Holiday. In: Drobne D, Ballet V, eds. Volume 140: Gastroenterology,
2010:S-62.
40. Chaparro M, Andreu M, Barreiro-de AM, et al. Effectiveness of infliximab after adalimumab
failure in Crohn's disease. World J. Gastroenterol 2012;18:5219-5224.
41. 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;18:2026-2033.
42. Regueiro M, Siemanowski B, Kip KE, et al. Infliximab dose intensification in Crohn's disease.
Inflamm. Bowel. Dis 2007;13:1093-1099.
43. Virkki LM, Valleala H, Takakubo Y, et al. Outcomes of switching anti-TNF drugs in rheumatoid
arthritis--a study based on observational data from the Finnish Register of Biological Treatment (ROB-
FIN). Clin. Rheumatol 2011;30:1447-1454.
44. Kekow J, Mueller-Ladner U, Schulze-Koops H. Rituximab is more effective than second anti-
TNF therapy in rheumatoid arthritis patients and previous TNFalpha blocker failure. Biologics
2012;6:191-199.
45. Paccou J, Solau-Gervais E, Houvenagel E, et al. Efficacy in current practice of switching
between anti-tumour necrosis factor- alpha agents in spondyloarthropathies. Rheumatology. (Oxford)
2011;50:714-720.
46. Lie E, van der Heijde D, Uhlig T, et al. Effectiveness of switching between TNF inhibitors in
ankylosing spondylitis: data from the NOR-DMARD register. Ann. Rheum. Dis 2011;70:157-163.

162

Chapter 9

CHAPTER 10

Discussion and future perspectives

163



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

24. Van Assche G, Vermeire S, Ballet V, et al. Switch to adalimumab in patients with Crohn's
disease controlled by maintenance infliximab: prospective randomised SWITCH trial. Gut
2012;61:229-234.
25. Hoentjen F, Haarhuis BJ, Drenth JP, et al. Elective switching from infliximab to adalimumab in
stable Crohn's disease. Inflamm. Bowel. Dis 2013;19:761-766.
26. Allez M, Vermeire S, Mozziconacci N, et al. The efficacy and safety of a third anti-TNF
monoclonal antibody in Crohn's disease after failure of two other anti-TNF antibodies. Aliment.
Pharmacol. Ther 2010;31:92-101.
27. de Silva PS, Nguyen DD, Sauk J, et al. Long-term outcome of a third anti-TNF monoclonal
antibody after the failure of two prior anti-TNFs in inflammatory bowel disease. Aliment. Pharmacol.
Ther 2012;36:459-466.
28. Peters CP, Eshuis EJ, Toxopeus FM, et al. Adalimumab for Crohn's disease: long-term
sustained benefit in a population-based cohort of 438 patients. J Crohns Colitis 2014;8:866-75.
29. Satsangi J, Silverberg MS, Vermeire S, et al. The Montreal classification of inflammatory
bowel disease: controversies, consensus, and implications. Gut 2006;55:749-753.
30. 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:5-36.
31. Harvey RF, Bradshaw JM. A simple index of Crohn's-disease activity. Lancet 1980;1:514.
32. Vavricka SR, Schoepfer AM, Bansky G, et al. Efficacy and safety of certolizumab pegol in an
unselected crohn's disease population: 26-week data of the FACTS II survey. Inflamm. Bowel. Dis
2011;17:1530-1539.
33. Organization WH. Causality assessment method, 2013.
34. Ricart E, Ordas I, Panes J. Anti-TNF antibody therapy in Crohn's disease: the risk of a switch.
Gut 2012;61:169-170.
35. Cullen G. SWITCHing anti-TNF for nonclinical reasons? Think again! Inflamm. Bowel. Dis
2012;18:1589-1590.
36. Laharie D, Chanteloup E, Chabrun E, et al. The tolerance and efficacy of a postponed
retreatment with infliximab in Crohn's disease primary responders. Aliment. Pharmacol. Ther
2009;29:1240-1248.
37. 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.
38. 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;35:714-722.
39. Baert FJ, Baert. Early Trough Levels and Antibodies Predict Safety and Success of Restarting
Infliximab After Long Drug Holiday. In: Drobne D, Ballet V, eds. Volume 140: Gastroenterology,
2010:S-62.
40. Chaparro M, Andreu M, Barreiro-de AM, et al. Effectiveness of infliximab after adalimumab
failure in Crohn's disease. World J. Gastroenterol 2012;18:5219-5224.
41. 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;18:2026-2033.
42. Regueiro M, Siemanowski B, Kip KE, et al. Infliximab dose intensification in Crohn's disease.
Inflamm. Bowel. Dis 2007;13:1093-1099.
43. Virkki LM, Valleala H, Takakubo Y, et al. Outcomes of switching anti-TNF drugs in rheumatoid
arthritis--a study based on observational data from the Finnish Register of Biological Treatment (ROB-
FIN). Clin. Rheumatol 2011;30:1447-1454.
44. Kekow J, Mueller-Ladner U, Schulze-Koops H. Rituximab is more effective than second anti-
TNF therapy in rheumatoid arthritis patients and previous TNFalpha blocker failure. Biologics
2012;6:191-199.
45. Paccou J, Solau-Gervais E, Houvenagel E, et al. Efficacy in current practice of switching
between anti-tumour necrosis factor- alpha agents in spondyloarthropathies. Rheumatology. (Oxford)
2011;50:714-720.
46. Lie E, van der Heijde D, Uhlig T, et al. Effectiveness of switching between TNF inhibitors in
ankylosing spondylitis: data from the NOR-DMARD register. Ann. Rheum. Dis 2011;70:157-163.

162

Chapter 9

CHAPTER 10 

Discussion and future perspectives 

163



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

164

This thesis illustrates how the use of inflammatory markers and drug concentrations

may help to optimize anti-TNF therapy in patients with IBD. Of all currently available 

biomarkers, serum CRP and fecal calprotectin have been the most informative and 

frequently used in CD and UC. Chapter 2 demonstrates how fecal calprotectin levels depend

on the disease location in patients with active CD.1 Likewise, fecal calprotectin levels

correlated better with the inflammatory burden, as detected by leukocyte SPECT-CT, in

patients with more distal left sided UC compared to patients with pancolitis (Chapter 3).2

These results might be explained by the degradation of calprotectin throughout the colon by

bacterial proteases, like matrix metalloproteinases, trypsine, neutrophil elastase and 

cathepsins, that are abundantly present in stool of patients with IBD.3 Moreover, increased 

concentrations of particularly metalloproteinase-1 and -3 have been correlated with disease 

activity.4 Proteolysis could thereby play a significant role in the breakdown of biomarkers for

mucosal disease activity and therapeutic proteins. This confounding factor along with the 

location of the inflammation should hence be taken into consideration when interpreting the 

results of fecal calprotectin measurements.5

Most current markers require time consuming laboratory procedures, so it takes 

relatively long before results become available. Hence, even less invasive, but rapidly

available, that correlate with mucosal disease activity would be clinically useful. To this

extend, numerous innovative tools have been studied lately, such as the detection of volatile

organic compounds in exhaled breath or fecal gas analysis by ‘electric nose’, which were

correlated with disease activity.6, 7 Currently, an ongoing study in the AMC investigates heart

rate variability as an alternative measure for inflammation, with a device that has been used 

in trials for vagal nerve stimulation in patients with rheumatoid arthritis and IBD.8

The detection of Technetium stained leukocytes in the colon (Chapter 3) represents

an interesting diagnostic modality to quantify the anti-inflammatory load and the effect of

drugs in clinical trials.2 The imaging by leukocyte SPECT-CT might be of particular interest to 

estimate the effect of leukocyte trafficking inhibitors, such as vedolizumab.9, 10

Technetium labelling with nuclear scintigraphy was also used to display anti-IFX

complexes in patients with rheumatoid arthritis and the accumulation of immunoglobulins in 

the colon of patients with UC.11, 12 Patients with IBD exhibit increased clearance of proteins

and immunoglobulins, which enhances during active and severe disease.13-15 This

phenomenon of fecal immunoglobulin loss was also observed with IFX in patients with 

severe UC.16 (Chapter 4) Recently, our findings of therapeutic antibody loss in stool have 

been replicated with the detection of (anti-)adalimumab in stool of IBD patients with elevated 

fecal calprotectin levels.17 Future initiatives include full validation of the fecal IFX assay and

collaborative study with the Cincinnati IBD Center and Cincinnati Childrens Hospital and 

other hospitals affiliated with the pediatric IBD network PRO-KIIDS (funded by Broad Medical
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Research Program of the Crohn's & Colitis Foundation North American). This ARCH trial 

(Anti-TNF Therapy for Refractory Colitis in Hospitalized Children) aims to study 

pharmacokinetic determinants of infliximab non-response in children hospitalized with severe 

steroid-refractory colitis. Frozen stool samples obtained during the first 24 hours after IFX 

administration will be checked for fecal IFX levels, in 36 pediatric patients with severe acute 

steroid-refractory UC. 

Proteolytic degradation of therapeutic antibody in the mucosa may contribute to lack 

of response to IFX. Matrix metalloproteinases 3 and 12 were shown to degrade IFX to 

F(ab’)2 fragments in patients with IBD.18 Mucosal proteins disturb the structure and effect of 

IFX, which can be prevented by the addition of matrix metalloproteinase inhibitors. To further 

investigate the possible role of proteolysis of IFX, a validation study for fecal IFX is currently 

ongoing in the AMC. In this study, IFX is added to diarrheic stool samples of hospitalized UC 

patients that do not use IFX. The main objective is to compare the concentration of the 

supplemented IFX with the predefined concentrations (‘spiking’) at different temperatures 

(allowing different protease activity) and with or without protease inhibitors. 	  

Besides fecal concentrations of anti-TNF, there is a rising interest in therapeutic 

biomarkers at the level of the actual target tissue. Previously, mucosal TNF at baseline, 

quantified by PCR in biopsies, was found to be predictive of long-term outcome of IFX in 

patients with steroid refractory CD.19 This finding was reproduced in a technical highly 

sophisticated study by the Neurath group. Baseline mucosal membrane bound TNF, 

detected with confocal laser endomicroscopy, predicted therapeutic response in CD.20 

Furthermore, the recent ATLAS study looked at the balance of mucosal TNF to anti-TNF 

concentrations and associated endoscopic disease activity. Severely inflamed mucosa was 

characterized by a relatively high TNF to anti-TNF rate.21 Extensive local inflammation with 

accompanying high concentrations of TNF may thereby serve as a ‘sink’ for the local and 

systemically available anti-TNF. An ongoing study at the AMC integrates (anti-)TNF serum, 

tissue and feces levels in order to establish a comprehensive and complete pharmacokinetic 

model of the 3 separate compartments in patients with moderate so severe UC in correlation 

with response.  

Anti-drug antibodies, detected by a drug tolerant assay, already appear during 

induction treatment and increase clearance of IFX in patients with moderate to severe UC.22 

(Chapter 5) Most previous studies used assays that are unable to detect anti-IFX antibodies 

(ATI) in the presence of high circulating drug concentrations and its immunogenicity might 

thereby have been underestimated. A wide variety in assays with variable affinity, sensitivity 

and drug tolerance makes it impossible to compare results between different studies.23, 24 

Sanquin laboratories have compared 3 different in-house developed drug tolerant ATI 

assays. The acid dissociation radioimmunoassay (ARIA) was more sensitive than the pH-
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shift-anti-idiotype antigen binding test (PIA) or 37ºC radioimmunoassay in the presence of

high drug concentrations.25 In an effort to harmonize anti-infliximab antibody assays, the 

Leuven group has developed a calibration assay, possibly allowing for future comparisons of

ATI results from different clinical trials. 26

Another limitation of most commonly used drug intolerant assays is that current

therapeutic drug monitoring is mainly based on trough measurements. The trough level is

measured in a serum sample collected just before the next infusion, the moment that drug 

concentrations are lowest, potentially allowing for the detection of anti-drug antibodies. Since 

trough level results can technically only be obtained days to weeks after sample collection,

drug dosing cannot be adjusted until the next infusion, 4-8 weeks later. The reliability to

predict trough levels based on non-trough, intermediate measurements, taken weeks before 

infusion was investigated in the PREDIX trial.27 In this prospective, observational study,

sequential serum IFX measurements were performed at week 4, 6 and 8 in patients with CD

in clinical remission on 8-weekly maintenance therapy. An excellent correlation between IFX

concentration at 4 and 6 weeks from the last infusion and the trough level 8 weeks after the 

latest infusion was observed. Determination of non-trough concentrations can thereby

facilitate earlier concentration-guided dose adjustments of IFX in Crohn's disease. Even 

more ideal would be the availability of an easy sampling method via capillary puncture and 

concentration analysis with dry blood spot.28 Such a point-of care test would allow for ‘on the 

spot’ measurement and immediate dose adjustment and is currently being validated.

Subcutaneous anti-TNF agents show a different pharmacokinetic profile, not only by 

different dosing regimen, but also by a different pattern of distribution, namely lymphatic

absorption. Furthermore, the humanisation of subcutaneous antibodies is thought to result in

lower immunogenicity. Although pharmacokinetics of golimumab was already studied in the 

GEMINI registration studies, real life clinical data, from patients that were previously anti-TNF 

exposed, are still lacking.29, 30 Therefore, we are currently studying the pharmacokinetics of

golimumab induction and maintenance therapy in patients with moderate to severe ulcerative 

colitis, analogous to the KINETIC study, as described in Chapter 5.22 (GO-KINETIC,

ClinicalTrials.gov Identifier: NCT02277470). Additionally, we are performing a population 

pharmacokinetic study of adalimumab, similar to the study described in Chapter 6, to

determine which patient, disease and treatment factors influence serum concentrations and 

clearance of adalimumab in patients with IBD.31

In contrast to patients with high inflammatory burden, possibly receiving too little IFX

when standard doses are administered (Chapter 5 and 8), some patients that achieve 

clinical and biochemical remission might receive too much drug.22, 32 In these patients

supratherapeutic IFX levels might lead to impaired quality of life, whilst their bowel disease is

under control, as demonstrated in Chapter 7.33 Decreasing doses could be considered in 
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concentration analysis with dry blood spot.28 Such a point-of care test would allow for ‘on the 

spot’ measurement and immediate dose adjustment and is currently being validated. 

Subcutaneous anti-TNF agents show a different pharmacokinetic profile, not only by 

different dosing regimen, but also by a different pattern of distribution, namely lymphatic 

absorption. Furthermore, the humanisation of subcutaneous antibodies is thought to result in 

lower immunogenicity. Although pharmacokinetics of golimumab was already studied in the 

GEMINI registration studies, real life clinical data, from patients that were previously anti-TNF 

exposed, are still lacking.29, 30 Therefore, we are currently studying the pharmacokinetics of 

golimumab induction and maintenance therapy in patients with moderate to severe ulcerative 

colitis, analogous to the KINETIC study, as described in Chapter 5.22 (GO-KINETIC, 
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pharmacokinetic study of adalimumab, similar to the study described in Chapter 6, to 
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In contrast to patients with high inflammatory burden, possibly receiving too little IFX 

when standard doses are administered (Chapter 5 and 8), some patients that achieve 

clinical and biochemical remission might receive too much drug.22, 32 In these patients 

supratherapeutic IFX levels might lead to impaired quality of life, whilst their bowel disease is 

under control, as demonstrated in Chapter 7.33 Decreasing doses could be considered in 
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those patients. Guided by trough levels, dose de-escalation can be successful IBD patients, 

whilst retaining disease control.34 Similarly, doses could be tapered in patients suffering from 

spondyloarthritis with low disease activity, without increased rates of relapse.35 In patients 

with low rheumatoid arthritis activity dose reduction of anti-TNF guided by disease activity 

was non-inferior to usual care.36 Doses could be successfully reduced in the majority of these 

patients and was even stopped in one-fifth of all patients. 

Besides the evolving knowledge about optimizing anti-TNF therapy, by dose-

intensification or de-intensification, it is still unclear in which IBD patients anti-TNF can be 

(definitely) stopped. High rates of relapse are reported in trials evaluating CD patients that 

stop anti-TNF and continue thiopurines monotherapy.37 In the STORI trial, about half of the 

CD patients relapsed on immunomodulator within one year after infliximab therapy was 

discontinued. Elevated inflammatory parameters (leukocyte counts, C-reactive protein and 

fecal calprotectin) at time of discontinuation were the most important factors predicting 

relapse in these patients.38 In contrast, if IFX is discontinued in patients with quiescent 

disease, a considerable amount of patients remain in clinical remission after a decade on 

immunomodulator monotherapy.39 

After a so called ‘drug holiday’ patients are often restarted on a different drug. Finally, 

Chapter 9 advocates that retreatment with IFX should be considered in patients with 

refractory CD.40 In a historical cohort, therapeutic drug monitoring was not yet routinely done 

during the first IFX treatment episode and IFX was primarily discontinued for a variety of 

reasons. Response could then be regained at the second treatment episode, possibly by the 

more institutionalised use of therapeutic drug monitoring by that time. Indeed higher IFX 

trough levels and the absence of ATI at re-initiation of IFX correlated with response and 

safety of retreatment in another retrospective cohort of IBD patients.41 Concomitant use of 

immunomodulators seems advisable at restart of IFX.42 

In 2013, the expiration of the patent on IFX gave rise to the introduction of two 

generic IFXs: Inflectra and Remsima.43 These biosimilars were tested for equivalence in an 

efficacy and safety trial in rheumatologic conditions.44, 45 Without any further trials, these 

results were immediately extrapolated to all registered indications for IFX, including CD and 

UC, by approval of the European Medicines Agency (EMA).46 Cost savings are the major 

advantage of those drugs and limited reports indicate similar efficacy in IBD, however 

differences or similarities in pharmacokinetics and immunogenicity are to be investigated.47, 48 

Indeed, antibodies to the originator IFX equally recognise and cross-react with innovator 

IFX.49 

Numerous drugs with different therapeutic targets are in the future pipe-line for CD 

and UC.50, 51 Lessons can be learned from the recent discoveries in immunology or in the 

field of other auto-immune mediated diseases, such as rheumatoid arthritis and psoriasis. 
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Tofacitinib, for example, a JAK-kinase inhibitor, which also has demonstrated efficacy in

rheumatoid arthritis, will probably receive registration for ulcerative colitis in the next coming

years.52 Ustekinumab, a monoclonal antibody targeting the common p40 subunit of IL12 and 

IL23, already registered for the treatment of psoriasis, is particularly effective in anti-TNF 

refractory CD patients and might thereby offer a future alternative in these patients.53

We performed a phase I and II study of the efficacy and safety of low level light

therapy (LLLT) on healthy subjects and patients with ulcerative proctitis. (Photopill Ltd) LLLT

has been used for tissue healing in many mucosal diseases, similar to IBD, that involve 

wounds, ulcers and inflammation, oral chemotherapy-induced mucositis in particular. Firstly,

photo biostimulation with LLLT was found to exert a positive effect on disease progression in

mice with Dextran Sodium Sulphate (DSS) colitis.54 Consecutively, Photopill (low level light

with wavelength of 850nm) treatment was tested in 4 healthy volunteers and was well 

tolerated and safe (no adverse effects or mucosal damage). (data on file) Finally an open-

label, interventional, clinical trial (Phase 2) was designed for assessment of the safety and 

feasibility of the Photopill capsule treatment in patients with mild to moderate Ulcerative 

Proctitis. (ClinicalTrials.gov Identifier: NCT01837615). Although treatment with LLLT by

Photopill appears to be save (again no adverse events), clinical and biochemical parameters

and mucosal appearance did not improve significantly during this study. (data on file)

Similar to Chapter 3 in human IBD, we have performed studies in transfer colitis mice

(CD45RBhi subpopulation of CD4+ T cells transferred to severe combined immunodeficiency

mice) comparing in vivo mice endoscopy and histology.55-57 We aimed to validate histology

and endoscopy in mice, by blinded central reading, as was previously done in humans.58-61 A 

good inter and intra observer variability was found for both histologic and endoscopic

evaluation in mice with different severity of colitis. (data on file) Furthermore, we did a dose-

titration pilot experiment to assess effects of different dosages of anti-TNF in a murine 

transfer colitis model, which was evaluated by mice endoscopy, to support our findings of

Chapter 5. Indeed, a dose-dependent effect of anti-mouse TNF was observed in transfer 

colitis, with suboptimal dosing resulting in suboptimal mucosal healing. (data on file) Finally,

these results will be used to find new drugs that might help to further optimize treatment with 

anti-TNF in mouse models. Preliminary data from a large in vitro drug screen identified 

several candidate drugs to potentiate IFX in the formation of wound healing macrophages,

thereby potentially increasing its therapeutic effect.62

Findings from this thesis support the use of inflammatory markers, serum

concentrations and detection of anti-drug antibodies for optimizing anti-TNF therapy in 

patients with IBD. Exposure to insufficient anti-TNF leads to lower drug levels in patients with

a high baseline inflammatory load and may thereby increase the risk of early formation of

anti-drug antibodies. Similarly, low serum IFX trough levels preceded the formation of anti-
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drug antibodies and subsequent treatment failure in patients with rheumatoid arthritis.63, 64 

Increased doses of IFX resulted in better response in rheumatoid arthritis patients with high 

inflammatory load compared to patients with a lower inflammatory burden.65 Selected 

patients should possibly receive higher doses initially, through which immunogenicity may be 

prevented. High dose tolerance and inverse dose-response with respect to immunogenicity 

has been observed with anti-TNF agents.66 The mechanism how high inflammatory burden 

(or TNF/anti-TNF ratio) could cause early antibody formation is still unclear. Speculatively, a 

more active immune system by suboptimal dosing might render patients prone to develop an 

immunogenic reaction. Alternatively, the size of immune complexes may also alter their 

immune activating capacity.67, 68 Whether rapid clearance and low drug concentrations are 

the cause or consequence of early anti-drug antibody formation and loss of response 

however remains to be determined. Changes in serum drug concentrations precede regain of 

response and correlate with consecutive response, suggesting that optimization of drug 

concentrations really improve outcomes.69, 70  

An accelerated infliximab induction strategy has already retrospectively found to 

decrease early colectomy rates in patients with severe ulcerative colitis.71 Nevertheless, this 

strategy warrants prospective evaluation, guided by inflammatory parameters and drug 

concentrations. Several trials are presently performed that might provide valuable insights in 

this approach. Higher versus standard adalimumab dosing regimens are being investigated 

in an ongoing double-blind, randomized, multicenter study comparing induction and 

maintenance therapy in patients with moderately to severely active UC (SERENE UC, 

AbbVie Humira, Protocol M14-033) Furthermore, the results of the EaSiFx study by 

Mahadevan et al., will be awaited with great interest (ClinicalTrials.gov Identifier: 

NCT01971814). In this study, hospitalized patients with severe ulcerative colitis received 

infliximab 10mg/kg IV and early IFX levels were measured in the first 2 weeks (including day 

1,2 and 3) of therapy. Many answers to the remaining questions in this thesis are to be 

expected from the recently completed TAILORIX trial, a randomized controlled trial 

investigating tailored treatment with IFX for active CD. (ClinicalTrials.gov Identifier: 

NCT01442025) This protocol aims to investigate whether sustained trough levels of IFX can 

be obtained by algorithm guided dose adjustment based on IFX trough measurements 

compared to 'standard conventional' IFX treatment (symptom based dosing) and to compare 

the effects on clinical and endoscopic outcomes. Finally, we are currently performing 

randomized controlled multicenter study comparing precision dosing of IFX maintenance 

therapy, based on a Bayesian PK model with targeted trough serum IFX of 3g/ml (taken in 

account: body weight, individual clearance and inflammatory activity) to conventional dosing 

in IBD patients that are in clinical remission. (PRECISION study, ClinicalTrials.gov Identifier: 

NCT02453776) Endpoints of this study include sustained clinical remission and biochemical 
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remission (defined by serum CRP and fecal calprotectin) at week 52 and costs of IFX

treatment. 

Ultimately, informative baseline patient, disease and treatment factors should be 

incorporated into clinical algorithms for individualising dosing of anti-TNF biologics in order to

achieve early optimal drug exposure. Predictive model guided dosing by using biomarkers 

and drug concentrations will conceivably improve symptoms, intestinal mucosa and quality of

life in patients with IBD.  
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Summary
Ulcerative colitis and Crohn’s disease, collectively referred to as inflammatory bowel

disease (IBD), are characterized by chronic inflammation of the intestine, typically causing 

abdominal pain and (bloody) diarrhea, predominantly in young adults. The course of the 

disease is unpredictable, with alternating episodes of relapse and remission. The disease 

activity of IBD can be determined by monitoring symptoms, but also by endoscopic

evaluation of the intestine or by measuring inflammatory markers in blood or stool, such as 

serum C-reactive protein (CRP) or fecal calprotectin. How these markers may help to 

optimize therapy is not entirely clear.

Tumor necrosis factor inhibitors (anti-TNF), such as infliximab or adalimumab, are

powerful anti-inflammatory drugs for the induction and maintenance of remission in both 

Crohn’s disease and ulcerative colitis. However, considerable costs are involved in the 

prescription of anti-TNF therapy. Moreover, some patients do not respond to these agents

(primary non-response) or lose response over time (secondary non-response). This

secondary loss of response has been associated with the formation of antibodies, which 

neutralize the drug. In addition, low serum drug concentrations have been correlated with 

lack of response to anti-TNF.

A high inflammatory load has been suggested to affect anti-TNF concentrations. 

Specifically in severe ulcerative colitis, massive presence of inflammation and severe 

ulceration with potential loss of (therapeutic) proteins might influence the pharmacokinetics of

anti-TNF. These patients might not receive sufficient anti-TNF to suppress the amount of

inflammation or TNF present and may thus benefit from higher than standard doses of anti-

TNF. This thesis aims to investigate how inflammatory load affects the pharmacokinetics of

infliximab and how markers for response may help to optimize anti-TNF therapy in patients

with inflammatory bowel disease.

Calprotectin is a marker for intestinal inflammation which can be detected in stools of

IBD patients. This inflammatory burden of the intestinal mucosa is mainly thought to arise 

from mucosal ulcers. In Chapter 2 we aimed to evaluate the correlation between fecal

calprotectin or serum biomarkers and the extent of mucosal ulceration. Furthermore, possible 

differences between biomarker profiles of patients with ileal and (ileo)colonic Crohn’s disease

were examined. In a retrospective study, 44 patients with Crohn’s disease were identified 

who had undergone endoscopic evaluation of the large and distal part of the small intestine, 

in addition to fecal calprotectin, serum CRP and blood leukocyte sampling. Ulceration, as

detected with endoscopy, correlated better with fecal calprotectin levels than with serum

CRP and blood leukocyte count. In the presence of large and/or very large ulcers, fecal

calprotectin levels were lower in patients who had isolated ileal disease compared to patients
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(primary non-response) or lose response over time (secondary non-response). This 

secondary loss of response has been associated with the formation of antibodies, which 

neutralize the drug. In addition, low serum drug concentrations have been correlated with 

lack of response to anti-TNF. 

A high inflammatory load has been suggested to affect anti-TNF concentrations. 

Specifically in severe ulcerative colitis, massive presence of inflammation and severe 

ulceration with potential loss of (therapeutic) proteins might influence the pharmacokinetics of 

anti-TNF. These patients might not receive sufficient anti-TNF to suppress the amount of 

inflammation or TNF present and may thus benefit from higher than standard doses of anti-

TNF. This thesis aims to investigate how inflammatory load affects the pharmacokinetics of 

infliximab and how markers for response may help to optimize anti-TNF therapy in patients 

with inflammatory bowel disease. 

Calprotectin is a marker for intestinal inflammation which can be detected in stools of 

IBD patients. This inflammatory burden of the intestinal mucosa is mainly thought to arise 

from mucosal ulcers. In Chapter 2 we aimed to evaluate the correlation between fecal 

calprotectin or serum biomarkers and the extent of mucosal ulceration. Furthermore, possible 

differences between biomarker profiles of patients with ileal and (ileo)colonic Crohn’s disease 

were examined. In a retrospective study, 44 patients with Crohn’s disease were identified 

who had undergone endoscopic evaluation of the large and distal part of the small intestine, 

in addition to fecal calprotectin, serum CRP and blood leukocyte sampling. Ulceration, as 

detected with endoscopy, correlated better with fecal calprotectin levels than with serum 

CRP and blood leukocyte count. In the presence of large and/or very large ulcers, fecal 

calprotectin levels were lower in patients who had isolated ileal disease compared to patients 
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with (ileo)colonic Crohn’s disease. These results show that disease location should be 

considered when interpreting fecal calprotectin results. 

In Chapter 3 several disease activity markers were compared with the inflammatory 

burden as detected by SPECT-CT in patients with ulcerative colitis. In this prospective study, 

serum and fecal samples were collected from 30 patients who underwent colonoscopy (with 

biopsies) and leukocyte scintigraphy SPECT-CT. In SPECT-CT a patient’s leukocytes are 

radioactively labelled with Technetium and subsequently these cells are reinjected into the 

circulation. These labelled leukocytes will then migrate to the site of active inflammation (in 

ulcerative colitis: the colon), and can be detected by SPECT-CT. In this study, the original 

endoscopic Mayo score better reflected the inflammatory load, as detected by SPECT-CT, 

than the recently developed ulcerative colitis endoscopic index of severity (UCEIS). Serum 

CRP did not seem to be a good biomarker for total inflammatory burden in ulcerative colitis. 

Fecal calprotectin is an accurate marker for inflammatory activity in left-sided colitis, but 

underestimates inflammation in patients with pancolitis. 

We hypothesized that fecal loss of anti-TNF antibodies through ulcerated intestinal 

mucosa could represent an additional mechanism of increased antibody clearance from a 

‘leaky gut’, contributing to an insufficient therapeutic effect in patients with severe ulcerative 

colitis. In Chapter 4, fecal samples of 30 patients with moderate-to-severely active ulcerative 

colitis treated with infliximab were collected during the first 2 weeks of therapy. Infliximab was 

detected in the majority of fecal samples with the highest concentrations measured in the first 

days after start of therapy. Patients who were clinical non-responders at week two had 

significantly higher fecal infliximab concentrations at day one compared to clinical 

responders. This study showed for the first time that a therapeutic monoclonal antibody can 

be found at detectable levels in feces. Intestinal loss of infliximab in the first days after 

infusion is associated with primary non-response. 

The optimal therapeutic range for serum concentrations of infliximab during induction 

therapy in ulcerative colitis is unknown, since the pharmacokinetics of infliximab have not 

been studied in this context. To test the hypothesis that ulcerative colitis patients with a high 

inflammatory burden at the start of the treatment have higher clearance of infliximab than 

patients with less severe ulcerative colitis, Chapter 5 describes a prospective 

pharmacokinetic study of infliximab induction therapy in 20 patients with moderate-to-

severely active ulcerative colitis. Antibodies to infliximab were detected in the serum of 7 

patients, as early as day 18, 4 days after the second infliximab infusion. This early 

development of antibodies was associated with lower infliximab concentrations and predicted 
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non-response to therapy. Patients with high baseline serum CRP levels had lower serum

infliximab concentrations. Furthermore, serum infliximab concentrations at week 6 correlated 

with endoscopic response. The identification of patients with an increased infliximab 

clearance may allow for pre-emptive dose intensification in order to prevent primary non-

response to infliximab in patients with moderate-to-severe ulcerative colitis. 

Chapter 6 reports on a population pharmacokinetic study of infliximab to identify

patient, disease and treatment characteristics that influence serum concentrations and

clearance of infliximab in a cohort of 332 patients with IBD. The presence of antibodies to 

infliximab, body weight and serum albumin levels independently affected clearance of

infliximab. Incorporating these factors in a pharmacokinetic model improved the reliability of

the prediction of infliximab levels and might thereby allow for precise individualised dosing

and cost reduction. 

High anti-TNF serum concentrations may be associated with adverse effects in 

patients with IBD. In Chapter 7 we aimed to investigate whether high anti-TNF trough levels

were associated with impaired quality of life and side effects such as fatigue, arthralgia and 

skin lesions. This prospective cohort study included 95 IBD patients in clinical and 

biochemical remission on infliximab or adalimumab maintenance therapy. Patients with 

higher anti-TNF serum concentrations reported lower disease specific quality of life,

particularly regarding systemic symptoms and emotional status. Fatigue, arthralgia and skin 

lesions did not occur more often in these patients. Anti-TNF doses could be reduced in these 

patients.

In Chapter 8 the association between infliximab trough levels and clinical and 

biochemical disease activity was cross-sectionally studied in 39 children with IBD receiving 

infliximab maintenance therapy. The study showed that serum trough concentrations of

infliximab correlated with serum CRP and fecal calprotectin levels. Clinical disease activity

however did not correlate with infliximab trough levels. This study emphasizes the utility of

biochemical markers in pediatric IBD and provides a rationale for therapeutic drug monitoring 

in children receiving infliximab for IBD.

Chapter 9 reports on the clinical outcome of a second course of infliximab (infliximab

retreatment) in 29 Crohn’s disease patients that were previously treated with infliximab and

then switched to adalimumab. After 18 months of infliximab retreatment, two-thirds of

patients were still continued their second infliximab course. The other third of patients had 

stopped infliximab retreatment after a median of 7 months. Reasons for discontinuation

179

Appendices Summary



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

A
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included loss of response, intolerance to infliximab or non-compliance to therapy. This study 

shows that in highly refractory Crohn’s disease patients, previously failing adalimumab after 

prior infliximab treatment, returning to infliximab should not be precluded since this could be 

a valuable strategy. 

In conclusion, this thesis describes how the use of inflammatory markers, drug levels 

and anti-drug antibody levels help to optimize the outcome of anti-TNF therapy in patients 

with inflammatory bowel disease. 
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Samenvatting voor niet-ingewijden
Colitis ulcerosa en de ziekte van Crohn (IBD; ‘inflammatory bowel disease’) zijn

chronische ontstekingsziekten van de darm, die buikpijn en bloederige diarree kunnen 

veroorzaken bij jongvolwassenen. De ziekte van Crohn kan zowel in de dunne darm als in de 

dikke darm voorkomen, terwijl bij colitis ulcerosa (letterlijk ‘dikke darm ontsteking met

zweren’) alleen de dikke darm ontstoken is. Het beloop van beide ziekten is onvoorspelbaar

met afwisselende periodes van verergering van klachten (opvlamming) of periodes zonder

klachten (remissie).

De ziekteactiviteit kan worden bepaald door het evalueren van symptomen en ook door

een kijkonderzoek (endoscopie) van de darm. Bij een kijkonderzoek van de dikke darm

(coloscopie) kan het darmslijmvlies er ontstoken uitzien met bloed, pus, aften en zweren.

Een coloscopie en de voorbereiding hierop met laxeermiddelen kan door patiënten als erg 

belastend worden ervaren. In het bloed kan de mate van ontsteking worden bepaald worden 

door het meten van ontstekingseiwit CRP (C-reactive protein). In de ontlasting kan het

ontstekingseiwit calprotectine worden gemeten om de mate van darmontsteking te bepalen. 

Hoe deze bepalingen precies kunnen helpen om therapie te optimaliseren is nog niet geheel

duidelijk.

TNF (tumor necrosis factor) is een ontstekingseiwit dat een belangrijke rol speelt bij het in 

stand houden van chronische ontsteking in de darm. Het remmen van TNF door anti-TNF

medicatie is dan ook een effectief middel gebleken in de behandeling van zowel de ziekte

van Crohn als colitis ulcerosa. Infliximab en adalimumab zijn voorbeelden van zo’n anti-TNF,

een biologisch gefabriceerde antistof (‘biological’) die specifiek TNF remt. Infliximab wordt via 

een infuus gegeven met een dosis van 5mg/kg en een oplaad periode (inductie) op week 0,

week 2, week 6 en vervolgens als onderhoud elke 8 weken. In principe krijgen alle patiënten 

dezelfde, voor gewicht gecorrigeerde, dosering. Echter, als patiënten de reactie op het

medicijn verliezen kan de dosis worden opgehoogd of het interval tussen infusies worden

verkort. Adalimumab is een ander anti-TNF middel met vergelijkbare werking als infliximab,

alleen wordt dit medicijn om de 2 weken door de patiënt zelf onderhuids toegediend.

Er zijn aanzienlijke kosten verbonden aan het voorschrijven van anti-TNF therapie: 

gemiddeld kost het medicijn rond de €20.000 per patiënt per jaar. Bovendien is het middel

niet bij alle patiënten effectief. Sommige patiënten reageren helemaal niet op anti-TNF 

therapie (primaire non-response), terwijl andere aanvankelijk reageren, maar later toch weer

klachten krijgen (secundair verlies van response). Dit verlies van response is toegeschreven 

aan het ontwikkelen van lichaamseigen antistoffen tegen het anti-TNF, die het medicijn 

neutraliseren en daarmee de werking tenietdoen. Ook een lage concentratie van anti-TNF in

het bloed is geassocieerd met een verminderde reactie op het medicijn.
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De aanwezigheid van veel ontsteking zou de oorzaak kunnen zijn van lage anti-TNF 

concentraties in het bloed. Vooral in ernstige colitis ulcerosa zou de mate van ontsteking, de 

zweren in de darm en potentieel veel eiwitverlies via diarree een invloed kunnen hebben op 

de anti-TNF concentraties in het bloed. Deze patiënten krijgen daardoor wellicht een te lage 

dosis anti-TNF om de hoeveelheid TNF in hun darm te onderdrukken en zouden mogelijk 

baat kunnen hebben bij hogere doseringen van het medicijn. 

Dit proefschrift heeft als doel te onderzoeken hoe de aanwezigheid van ontsteking de 

concentraties van anti-TNF beïnvloedt en hoe het meten van ontsteking, antistoffen tegen 

anti-TNF en anti-TNF concentraties kunnen helpen om anti-TNF therapie te verbeteren voor 

patiënten met colitis ulcerosa en de ziekte van Crohn (IBD). 

Calprotectine is een marker voor darmontsteking, die gemeten kan worden in de 

ontlasting (zo genaamd ‘fecaal’ calprotectine) van patiënten met IBD. De mate van 

ontsteking wordt vooral veroorzaakt door zweren in de (dikke) darm. In hoofdstuk 2 worden 

fecaal calprotectine en ontstekingswaarden in het bloed onderzocht en vergeleken met de 

aanwezigheid van zweren, die zijn gezien tijdens endoscopie in 44 patiënten met de ziekte 

van Crohn die is gelokaliseerd alleen in de dunne darm of ook in de dikke darm. De 

hevigheid van zweren zoals die gezien waren bij endoscopie kwam beter overeen met fecaal 

calprotectine dan met ontstekingswaarden in het bloed. Fecaal calprotectine waarden waren 

lager in patiënten met alleen dunne darm Crohn ten opzichte van patiënten met ook de 

ziekte van Crohn in de dikke darm. De locatie van ziekte moet daarom overwogen worden bij 

het interpreteren van de resultaten van fecaal calprotectine. 

In hoofdstuk 3 worden verschillende manieren om ziekte activiteit te meten 

vergeleken met een witte bloedcel scan, als mate voor de totale hoeveelheid ontsteking in de 

darm, in patiënten met colitis ulcerosa. 30 patiënten ondergingen coloscopie en witte 

bloedcel scan en ontstekingswaarden werden onderzocht in bloed en ontlasting. Bij de witte 

bloedcel scan werden witte bloedcellen (leukocyten) van patiënten radioactief gelabeld met 

Technetium en vervolgens weer terug gespoten in de bloedbaan. Vervolgens verplaatsen 

deze leukocyten zich naar de actieve plek van ontsteking, in geval van actieve colitis 

ulcerosa: de dikke darm, en kunnen ze in beeld worden gebracht met een witte bloedcel 

scan (SPECT-CT). De zogenoemde endoscopische Mayo score kwam beter overeen met 

het aantal gelabelde leukocyten dat bij SPECT-CT werd gezien dan de onlangs ontwikkelde 

endoscopische UCEIS score. CRP lijkt geen betrouwbare marker voor ontsteking te zijn in 

patiënten met colitis ulcerosa. Fecaal calprotectin is wel een betrouwbare marker voor 

ontsteking, vooral in patiënten met zogenaamde ‘linkszijdige’ colitis. 
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Wij veronderstelden dat door een ‘lekke darm’ met ernstige darmzweren anti-TNF 

mogelijk verloren gaat in de ontlasting en dat dit mechanisme zou kunnen bijdragen aan het

gebrek aan reactie op anti-TNF in patiënten met hevige colitis ulcerosa. In hoofdstuk 4 zijn

potjes ontlasting verzameld van 30 colitis ulcerosa patiënten tijdens de eerste 2 weken van 

infliximab therapie. Infliximab kon gedetecteerd worden in de meerderheid van de 

ontlastingsmonsters met de hoogste concentraties in de eerste dag na de eerste infusie.

Patiënten zonder verbetering van de klachten op infliximab na 2 weken therapie hadden 

hogere concentraties infliximab in de ontlasting tijdens de eerste dag vergeleken met

patiënten die wel goed reageerden op therapie. Dit is de eerste studie die laat zien dat

infliximab inderdaad in detecteerbare waarden gemeten kan worden in de ontlasting en dat

verlies van infliximab via de ontlasting is geassocieerd met het gebrek aan reactie op het

medicijn.

Tijdens de inductie fase van infliximab is het niet duidelijk welke concentraties

infliximab in het bloed leiden tot een optimaal therapeutisch effect, omdat studies vooral zijn 

verricht in de onderhoudsfase van het medicijn. Om de hypothese te testen dat colitis

ulcerosa patiënten met veel ontsteking een hogere klaring of verlies van infliximab hebben,

worden in hoofdstuk 5 de bloedconcentraties van infliximab onderzocht gedurende de 

eerste 6 weken van therapie in 20 patiënten met colitis ulcerosa. Antistoffen tegen infliximab 

werden gevonden in 7 patiënten, al op dag 18, 4 dagen na de 2e infusie. Patiënten met deze 

vroege ontwikkeling van antistoffen hadden lage infliximab concentraties in het bloed en 

geen verbetering van de darmontsteking bij coloscopie na 8 weken. Patiënten met een hoog 

CRP op het moment van starten van therapie hadden lage infliximab concentraties in het

bloed gedurende inductietherapie. Lage infliximab bloedconcentraties op week 6 waren 

geassocieerd met het gebrek aan verbetering van de darmontsteking bij coloscopie na 8 

weken. Het vroegtijdig identificeren van colitis ulcerosa patiënten met lage infliximab 

concentraties in het bloed zou het mogelijk maken om deze patiënten meer infliximab toe te 

dienen en daarmee potentieel primaire non-response op infliximab te voorkomen.

Hoofdstuk 6 beschrijft een zogenaamde ‘populatie farmacokinetiek’ studie, waarin 

infliximab bloedconcentraties van 332 IBD patiënten zijn onderzocht om patiënt-, ziekte- of

behandeleigenschappen te identificeren die infliximab bloedconcentraties en klaring van het

medicijn beïnvloeden. De aanwezigheid van antistoffen tegen infliximab, lichaamsgewicht en 

serum albumine (eiwit in bloed) hadden allen een onafhankelijk effect op de klaring en 

daarmee bloedconcentraties van infliximab. Het meenemen van deze factoren in dosis 

bereken modellen zou het mogelijk maken om betrouwbaarder de bloedconcentraties van 
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infliximab te kunnen voorspellen en preciezer en individueler te doseren met mogelijk 

kostenbesparing als gevolg. 

Hoge concentraties van anti-TNF in het bloed zouden bijwerkingen kunnen 

veroorzaken in patiënten met IBD. In hoofdstuk 7 wordt onderzocht of hoge dalspiegels (de 

concentratie vlak voor een nieuwe infusie) geassocieerd zijn met een verminderde kwaliteit 

van leven en bijwerkingen als vermoeidheid, gewrichtspijnen en huidklachten. Daartoe 

werden in een prospectieve studie 95 IBD patiënten onderzocht zonder symptomen of 

tekenen van actieve ontsteking onder infliximab of adalimumab onderhoudstherapie. 

Patiënten met hoge anti-TNF concentraties in het bloed rapporteerden een lagere kwaliteit 

van leven. Vermoeidheid, gewrichtspijnen en huidklachten kwamen niet méér voor in deze 

patiëntengroep. Anti-TNF dosering zou kunnen worden verminderd in deze patiënten. 

In hoofdstuk 8 wordt de associatie tussen infliximab dalspiegels en 

ontstekingsactiviteit of symptomen onderzocht in 39 kinderen met IBD die infliximab 

onderhoudstherapie krijgen. Dalspiegels van infliximab waren gecorreleerd aan CRP en 

fecaal calprotectine. Kinderen met actieve ziekte aan de hand van symptomen bleken geen 

andere dalspiegels te hebben dan patiënten zonder klachten. Deze studie benadrukt het nut 

van het gebruik van ontstekingswaarden in bloed en ontlasting en het monitoren van 

infliximab bloedconcentraties in kinderen met IBD. 

Hoofdstuk 9 beschrijft het effect van een tweede behandeling met infliximab, nadat 

eerder al zowel infliximab als adalimumab is gebruikt en gestaakt, in 29 patiënten met de 

ziekte van Crohn. 18 maanden na herstart van infliximab gebruikte twee derde van de 

patiënten nog steeds dit medicijn. De patiënten die de herbehandeling moesten stoppen 

deden dat vanwege verlies van effect, bijwerkingen of therapieontrouw. In deze groep van 

zeer moeilijk te behandelen patiënten met de ziekte van Crohn, kan, ondanks eerdere 

behandeling met zowel infliximab als adalimumab, herbehandeling met infliximab overwogen 

worden. 

Concluderend beschrijft dit proefschrift hoe het gebruik van ontstekingswaarden en 

de concentraties van (antistoffen tegen) het medicijn in het bloed kan helpen het effect van 

anti-TNF therapie te verbeteren in patiënten met de ziekte van Crohn en colitis ulcerosa 

(IBD). 
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5-ASA; 5-aminosalicylic acid
6-MP; 6-mercaptopurine
ADA; adalimumab
ATI; antibodies to infliximab
AUC; area under the curve
AZA; azathioprine
CD; Crohn’s disease
CDAI; Crohn’s disease activity index
CDEIS; Crohn’s disease endoscopic index of severity
CL; clearance
CRP; C-reactive protein
DRQL; disease-related quality of life
ELISA; enzyme-linked immuno sorbent assay
EORTC; European organization for research and treatment of cancer
FACIT-F; functional assessment of chronic illness therapy-fatigue
Hb; haemoglobin
HBI; Harvey Bradshaw Index
HRQL; health-related quality of life
IBD; inflammatory bowel disease
IBDQ; inflammatory bowel disease questionnaire
IFX; infliximab
IgG; immunoglobulin G
IPV; inter-patient variability
IQR; interquartile range
LLLT; low level light therapy
MCS; mental component summary
NSAID; non-steroidal anti-inflammatory drug
PCDAI; pediatric Crohn’s disease activity index
PCS; physical component summary
PK; pharmacokinetics
PUCAI; pediatric ulcerative colitis activity index
Q; intercompartment clearance
QoL; quality of life
q..wk: once every ..weeks
SCCAI; simple clinical colitis activity
SEM; standard error of mean
SES-CD; simple endoscopic index of severity
SF-36; medical outcomes study 36-item short form
shPCDAI; short pediatric Crohn’s disease activity index
SPECT; single photon emission computed tomography
TDM; therapeutic drug monitoring
TLs; trough levels
TNF; tumour necrosis factor
UC; ulcerative colitis
UCEIS; ulcerative colitis endoscopic index of severity
VAS; visual analogue score
Vc; volume of distribution of the central compartment
Vp; volume of distribution of the peripheral compartment
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PhD Portfolio

Johannan (Hanke) Frank Brandse 
PhD period: October 2011 – April 2015
Name PhD supervisors: Prof. dr. G.R.A.M. D’Haens, prof. dr. G.R. van den Brink

PhD Training Year Workload
Courses (ECTS)
AMC world of science
Evidence based searching, Pubmed, Reference manager
Laboratory safety
Advanced immunology
Clinical data management
Basic course legislation & organization of clinical research (BROK)
Laboratory animals
Practical biostatistics
Scientific writing for publication

2011
2011
2011
2012
2012
2012
2012
2012
2013

0.7
0.6
0.4
2.9
0.3
0.9
3.9
1.1
1.5

Seminars, workshops and master classes
Expert panel fecaal calprotectine Ferring
Clinical trials in IBD Clincom Workshop ECCO
Post graduate course, United European Gastroenterology Week, Barcelona 
Seminars of Gastroenterology and Hepatology (weekly)

2012
2013
2015
2012-15

0.4
0.4
0.8
3.0

Presentations
¥ ‘Re-introduction of infliximab after consecutive failure of IFX and

ADA is Beneficial in Refractory CD’
UEGW (poster), NVGE (oral), DDW (poster), ECCO (poster)

¥ ‘Fecal loss of IFX as a cause of lack of response in IBD Colitis’
DDW (oral), NVGE (oral), ECCO (poster)

¥ ‘Best of IBD at DDW’ Post-DDW samenvatting
Presentatie Tramedico symposium

¥ ‘Interim-analyse van de KINETIC studie, Meten is weten’,
Presentatie Nationale ICC dag

¥ ‘Disease Localization Determines Fecal Calprotectin Levels in CD’
NVGE (oral)

¥ ‘Optimizing anti-TNF therapy’
IBD courses Takeda, Clinical Exchange Programme, IBD
Masterclass&workshops AMC

¥ ‘Measuring IBD disease activity by serum and fecal markers’
IBD courses Takeda, Clinical Exchange Programme, IBD
Masterclass&workshops AMC

¥ ‘Leukocyte scintigraphy as tool to measure inflammatory load in UC’,
ECCO (poster), NVGE (oral), DDW (poster)

¥ ‘Serum CRP is a better early marker for response to IFX induction
therapy than fecal calprotectin in patients with moderate-severe UC’
ECCO(poster), DDW (oral)

¥ ‘Large Variation in Infliximab Trough Levels is Associated with
Disease Activity in Pediatric IBD’, NVGE (oral)

¥ ‘The Pharmacokinetics of Infliximab Induction Therapy in Patients
with moderate-severe UC’, DDW (oral), NVGE (oral), UEGW (poster)

2012-13

2013

2013

2013

2013

2013-14

2013-14

2013-14

2013-14

2014

2014

0.5

0.5

0.5

0.5

0.5

2.0

2.0

0.5

0.5

0.5

0.5

(Inter)national conferences
United European Gastroenterology Week, Amsterdam, Berlin, Vienna,
Barcelona
European Crohn’s Colitis Organisation Congress, Vienna, Copenhagen,
Barcelona
Digestive Disease Week, Orlando, Chicago
Nederlandse Vereniging voor Gastroenterologie en Hepatologie, Veldhoven

2012-15

2013-15

2013-14
2012-15

5.0

3.75

2.50 
2.50
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Teaching  
Lecturing medical students 2nd year 
Tutoring students in bachelor thesis: L.Vos, E.Peters, G.Boeykens, S.Nedjat 

Year 
2012-15 
2013-15 

Workload 
1.0 
4.0 

Parameters of esteem 
Grants 
Gastrostart beurs NVGE: ‘Pilot study for validation of mouse endoscopy and 
dose titration of anti-mouse TNF in colitis transfer model’. 
UEGW Travel Grant 
NVGE Travel Grant 
Awards and prizes 
Top 5 distinguished abstracts plenary session Immunology & IBD DDW: 

¥ ‘Fecal loss of IFX as a cause of lack of response in IBD Colitis’
¥ ‘The Pharmacokinetics of Infliximab Induction Therapy in Patients

with moderate to severe UC’
Selection of best 10 DDW 2013 presentations: online CME activity,  
‘Updates on therapies for UC’, Annenberg/Eisenhouwer Center 
Poster prize UEGW ‘The Pharmacokinetics of Infliximab Induction Therapy in 
Patients with moderate to severe UC’ 

2013 

2013-14 
2014 

2013 
2014 

2013 

2014 
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The impact of pharmacokinetics and early appearance of antidrug antibodies on 
response to infliximab induction therapy in moderate-to-severe ulcerative colitis
Brandse JF, Mathôt RA, van der Kleij D, Rispens T, Ashruf Y, Jansen JM, Rietdijk S, M. 
Löwenberg M, Ponsioen CY, Singh S, van den Brink GR, D’Haens G 
Accepted for publication in Clinical Gastroenterology and Hepatology

Serum Concentration of Anti-TNF Antibodies, Adverse Effects and Quality of Life in 
Patients with Inflammatory Bowel Disease in Remission on Maintenance Treatment.
Brandse JF, Vos LM, Jansen J, Schakel T, Ponsioen CI, van den Brink GR, D'Haens GR,
Löwenberg M.
J Crohns Colitis. 2015 Jun 26. pii: jjv116. [Epub ahead of print]

Loss of Infliximab Into Feces Is Associated With Lack of Response to Therapy in 
Patients With Severe Ulcerative Colitis.
Brandse JF, van den Brink GR, Wildenberg ME, van der Kleij D, Rispens T, Jansen JM,
Mathôt RA, Ponsioen CY, Löwenberg M, D'Haens GR.
Gastroenterology. 2015 Aug;149(2):350-355.e2.

The association of infliximab trough levels with disease activity in pediatric 
inflammatory bowel disease.
Hoekman DR, Brandse JF, de Meij TG, Hummel TZ, Löwenberg M, Benninga MA, D'Haens
GR, Kindermann A.
Scand J Gastroenterol. 2015;50(9):1110-7.

Impact of disease location on fecal calprotectin levels in Crohn's disease.
Gecse KB, Brandse JF, van Wilpe S, Löwenberg M, Ponsioen C, van den Brink G, D'Haens
G.
Scand J Gastroenterol. 2015 Jul;50(7):841-7.

Effects of infliximab retreatment after consecutive discontinuation of infliximab and
adalimumab in refractory Crohn's disease.
Brandse JF, Peters CP, Gecse KB, Eshuis EJ, Jansen JM, Tuynman HA, Löwenberg M,
Ponsioen CY, van den Brink GR, DʼHaens GR; North Holland GUT Club.
Inflamm Bowel Dis. 2014 Feb;20(2):251-8.

191

Appendices



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

A

Teaching 
Lecturing medical students 2nd year
Tutoring students in bachelor thesis: L.Vos, E.Peters, G.Boeykens, S.Nedjat

Year
2012-15
2013-15

Workload
1.0
4.0

Parameters of esteem
Grants
Gastrostart beurs NVGE: ‘Pilot study for validation of mouse endoscopy and 
dose titration of anti-mouse TNF in colitis transfer model’.
UEGW Travel Grant
NVGE Travel Grant
Awards and prizes
Top 5 distinguished abstracts plenary session Immunology & IBD DDW:

¥ ‘Fecal loss of IFX as a cause of lack of response in IBD Colitis’
¥ ‘The Pharmacokinetics of Infliximab Induction Therapy in Patients

with moderate to severe UC’
Selection of best 10 DDW 2013 presentations: online CME activity, 
‘Updates on therapies for UC’, Annenberg/Eisenhouwer Center
Poster prize UEGW ‘The Pharmacokinetics of Infliximab Induction Therapy in 
Patients with moderate to severe UC’

2013

2013-14
2014

2013
2014

2013

2014

190

Appendices

191

Publications 

Performance of common disease activity markers as a reflection of inflammatory 
burden measured by leukocyte SPECT-CT in ulcerative colitis
Brandse JF, Bennink RJ, van Eeden S, Löwenberg M, van den Brink GR, DʼHaens GR 
Inflamm Bowel Dis. In press

Pharmacokinetic Features and Presence of Anti-drug Antibodies Associate With 
Response to Infliximab Induction Therapy in Patients with Moderate to Severe 
Ulcerative Colitis. 
Brandse JF, Mathôt RA, van der Kleij D, Rispens T, Ashruf Y, Jansen JM, Rietdijk S, M. 
Löwenberg M, Ponsioen CY, Singh S, van den Brink GR, D’Haens G 
Clin Gastroenterol Hepatol. 2015 Nov 3. pii: S1542-3565(15)01496-2.[Epub ahead of print]

Reply to: Fecal Infliximab Loss
Brandse JF, D'Haens GR.
Gastroenterology. 2015 Oct 26. pii: S0016-5085(15)01537-1. [Epub ahead of print] 

Serum Concentration of Anti-TNF Antibodies, Adverse Effects and Quality of Life in 
Patients with Inflammatory Bowel Disease in Remission on Maintenance Treatment. 
Brandse JF, Vos LM, Jansen J, Schakel T, Ponsioen CI, van den Brink GR, D'Haens GR, 
Löwenberg M. 
J Crohns Colitis. 2015 Nov;9(11):973-81.
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Dankwoord 

Dit proefschrift had nooit gemaakt kunnen worden zonder de belangeloze inzet van al die 
Crohn en Colitis patiënten die voor het perspectief van deze chronische ziekten de 
wetenschap hebben geholpen met het zoeken naar antwoorden. Graag wil ik op deze manier 
ook iedereen bedanken die op een andere manier heeft bijgedragen aan het tot stand komen 
van dit proefschrift. Een aantal personen wil ik in het bijzonder bedanken. 

Beste Geert, het is inspirerend hoe bezeten jij bent van wetenschap. Je contacten over de 
hele wereld hebben geresulteerd in vele succesvolle samenwerkingen en na elk congres kom 
je weer ‘thuis’ in het AMC met talloze nieuwe ideeën voor onderzoek. Het is duidelijk dat de 
IBD groep in het AMC een enorme ‘boost’ heeft gekregen met jouw komst. Die gedrevenheid 
uit zich ook in je passie voor fietsen en hardlopen, een passie die wij delen. Het was dan ook 
mooi om na de marathon van Berlijn samen een ‘pint’ te hebben kunnen drinken. Onze 
communicatie was altijd snel, direct en goed. Ik hoop met een zelfde toewijding MDL arts te 
kunnen worden. 

Beste Gijs, als geen ander weet jij hoe belangrijk het is om van je onderzoeksgroep echt een 
team te maken. Bovendien weet je zelfs de meest verrassende of zelf teleurstellende 
resultaten met je aanstekelijke enthousiasme en je onverwoestbare optimisme weer een 
positieve boodschap mee te geven. Ik ben je dankbaar voor je waardevol input in menig 
manuscript en hoe je me hebt geadopteerd in je labgroep, voor de verschillende ‘berghikes’ 
en de pasta na Abcouderuns in je eigen achtertuin. 

Dear Prof. Yehuda Chowers, Prof. Severine Vermeire, Prof. Gerard Dijkstra, Prof. Phyllis 
Spuls, Prof. Willem Bemelman, Dr. Niek de Vries en Prof. Ann Gils ik voel me vereerd dat u 
allen in mijn commissie hebt willen plaatsnemen. 

Alle co-auteurs ontzettend bedankt voor jullie onmisbare bijdrage en prettige samenwerking. 
Het is mooi om te zien dat onze 3 maandelijkse samenwerkingsbijeenkomst met Sanquin een 
blijvend vervolg krijgt. 

Jimme, ondanks dat we eigen keuzes maken, blijven wij elkaar achtervolgen: van het 
gymnasium in Utrecht naar Amsterdam, Borgia, Geneeskunde in het AMC, de Javastraat, 
promoveren en dan nu ook nog allebei gastroenterologie. Jouw wetenschappelijke 
toewijding, samen sporten en de avonden naar concerten of in de kroeg hebben me erg 
gestimuleerd tijdens m’n promotietijd. We blijken steeds weer meer gemeenschappelijk te 
hebben dan ik denk en ik voel me dan ook bevoorrecht dat je m’n paranimf bent. 

Thijs, tijdens ons promotietraject hebben we samen veel gedeeld. Lekker zeiken over 
mislukte experimenten, trage wetenschap en veeleisende bazen. Door jou ben ik enthousiast 
geworden voor hardlopen, terwijl je altijd in de laatste kilometer bij me wegloopt. De marathon 
van Berlijn met mijn heroïsche vomitus en jouw lege blik na de finish waren legendarisch. 
Ook het moment van het gezamenlijk wachten op de uitslag van de sollicitatie, voor de één 
succesvoller dan de ander, blijft een dierbare herinnering. Ik ben blij dat we samen de 
opleiding tot MDL-arts in regio Amsterdam doen. 
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Kamergenoten van G4-214, Meike micromultitasker van de C, Femke natural killer van de B, 
Louis viral load, Annikki op links, Professor Lucas, csütörtök Krisztina en Lowiek, ongelooflijk 
hoe jullie het 3,5 jaar met mij op de kamer hebben kunnen uithouden. Dankzij jullie, choco de 
luxe, een hoop slechte grappen en ‘pyamadag’ was promoveren als enige IBDer op hepa-
eiland G4 een feest! 

Manon, bedankt dat je me hebt geleerd hoe überhaupt een pipet vast te houden. En Pim, 
toch nog op de valreep meer dan honderd muisscopiën er doorheen gejaagd. Alle andere 
leden van groep Gijs dank dat jullie me als klinische aio hebben gedoogd en dat ik altijd 
welkom was op borrels en hikes. 

Alle andere arts-onderzoekers en de IBD groep onder andere Leonie, Liesbeth, Noortje, 
Kirsten, Saloomeh en Tjibbe fantastisch om met jullie naar congressen over de hele wereld 
te hebben mogen reizen. Maria en Suzan kloppend hart van de IBD patientenzorg 

Ruud, koffie en jus op het voetenpleintje, Broeduz, al even fanatiek in de combinatie 
promoveren en sporten, Koen, Michiel en de andere Utrecht vrienden, dierbaren voor zo 
lang alweer. 

M'n jaar, goed om af en toe de verhalen van een botte orthopeed, een kilootje broccoli, ‘the 
boss of the world’, sales en transactiebedragen te horen, dat houdt mij met beide benen op 
de grond. Goede vrienden, Goldie 'lag je te slapen?' en Joost 'zo goed als dokter' (doctor?). 

Trainingsrondje, Marmotte met jullie was een hoogtepunt tijdens mijn promotie. 

Geert-jan, Wil en beide Oma’s dank voor jullie steun door de jaren heen. 

Lieve zus, 7 jaar jonger en dan al zo knap! Ik ben heel trots op je en ik ben niet de enige. 

Lieve mama, aan jou heb ik alles te danken. Dankzij jou ben ik geworden wie ik ben. Jouw 
veerkracht en relativeringsvermogen zijn nog steeds mijn dagelijkse inspiratie.in

Lief. 

JF 
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