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General introduction and outline of this thesis

Inflammatory Bowel Disease (IBD) is a chronic inflammatory disease of the gut that 
is characterized by a heterogeneous presentation. It comprises both Crohn’s disease 
(CD) and Ulcerative Colitis (UC). IBD is characterized by relapsing symptoms as 
diarrhea, abdominal pain, fatigue and weight loss. The diagnosis is confirmed by a 
combination of clinical, endoscopical, histological and radiological findings.1 UC 
is a superficial mucosal inflammation that starts in the rectum and may affect the 
whole colon. Histological the inflammation is confined to the mucosal layer usually 
with a mixed cellular infiltrate without granulomas. As UC only affects the colon CD 
can affect the whole gastrointestinal tract. The inflammation is not continuous but 
discontinuous. The disease location is most frequent in the colon in combination 
with the ileum (41%) but it can also be present in the terminal ileum (37%) or colon 
(22%) only.2 The upper gastrointestinal tract is affected in 10% of the cases.2 The 
ulcers can penetrate the perianal region leading to perianal abscesses or fistula. The 
inflammation is transmural, and can contain granuloma’s. Apart from the intestinal 
inflammation IBD can also have extra intestinal manifestations in skin (10%), joints 
(22%) and eyes (4%).2 

The precise etiology of IBD is unknown, and there is no medical therapy that 
can cure IBD. Removal of the colon is a surgical option to cure UC. Current medical 
therapy (figure 1) is aiming to control the intestinal inflammation by inducing and 
maintaining remission.3, 4 The treatment strategy for IBD is mainly based on the 
severity, distribution and pattern of disease. Figure 1 shows the rounded or range of 
reported clinical remission rates upon induction therapy.3, 4

Figure 1. Clinical Remission upon induction therapy.
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Part I of this thesis focuses on mesalazine (5-Amino Salicylic Acid, [5-ASA]) which is 
the cornerstone of medical treatment of UC. They are highly effective for inducing and 
maintaining remission in UC at doses ≥ 2 gram.5 5-ASA is a relatively safe drug  and 
has fewer side effects than the original sulfasalazine.6 Different dosages and enteral 
delivery formulations has been developed with no clear difference in efficacy.7-9 It is 
acknowledged, that once-daily dosing is likely to improve compliance ; ≥ 2g/day oral 
5-ASA induces remission more effectively than lower doses [relative risk for failure 
to achieve remission at weeks 4 – 8  of 0.91, 95% confidence interval 0.85–0.98].5 
Patients with moderate disease may benefit from the higher dose of 4.8 g/day.3, 8 
Although the frequency of adverse events in clinical trials in UC and CD patients were 
comparable between 5-ASA and placebo, about 6.5% of patients using 5-ASA develop 
adverse effects.10 The most common adverse effects are nausea, vomiting, headache, 
abdominal pain, rash and diarrhea. Adverse effects can be classified into predictable 
(type A) and unpredictable (type B) reactions. Type B reactions are responsible for 
10-15% of all drug side effects. In some forms of type B reactions, especially in case 
of immunologic/allergic reactions, mast cell associated (type-1) desensitization can 
be achieved. Desensitization is the procedure to induce tolerance to drugs responsible 
for hypersensitivity reactions using a slowly incremental dose of the drug. Effective 
desensitization is described for cytostatics, antibiotics and also for sulfasalazine.11, 12 As 
the use of 5-ASA can be limited by the occurrence of adverse events, desensitization 
is of interest.11, 12 A few case-reports reported successful desensitization for patients 
intolerant for 5-ASA. In these cases, patients had a variety of side-effects, e.g. urticaria, 
fever, exanthema, diarrhea and nausea, sometimes combined with eosinophilia.13-18 
We tried to desensitize UC patients with a demonstrated 5-ASA intolerance with a 
rapid desensitization protocol (Chapter 2). Other rare, but severe, adverse side-effects 
are hepatotoxicity, pancreatitis, pneumonitis, and interstitial nephritis.19-22 Patients 
with IBD are also at risk for hepatobiliary disease; IBD patients can develop primary 
sclerosing cholangitis (PSC) (2%), auto Immune Hepatitis (AIH) and several overlap 
syndromes. Therefore, the diagnosis can be challenging.  Studies showed that patients 
with IBD may also develop acute or chronic hepatic injury as a result of drugs as 
5-ASA.23, 24 We describe a patient with therapy refractory UC who developed a 5-ASA 
luxated auto-immune hepatitis/PSC overlap syndrome (Chapter 3). 

Nephrotoxicity is a rare idiosyncratic reaction to 5-ASA therapy. Nephrotoxicity 
associated with 5-ASA agents was first described in case reports and has since then 
been reported multiple times for both sulfasalazine and the more modern 5-ASA 
agents.25, 26 Data from clinical trials suggest an annual risk of 0.26% and data from a 
questionnaire sent to gastroenterologists estimated an incidence of 1 case per 4000 
patient years.27, 28 The aim of Chapter 4 was to characterize the clinical features of 
this serious adverse event and then perform the first genome wide association study 
to identify genetic risk factors for the development of a drug-induced interstitial 
nephritis. 

In Part II of these thesis we focus on agents against tumor necrosis factor alpha 
(TNF-alpha) in IBD. Anti-TNF-alpha such as Infliximab (IFX), Adalimumab (ADA) and 
Golimumab have proven to be effective in the treatment of IBD i.e. CD and UC as well as 
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in the treatment of rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis and 
psoriasis. TNF-alpha antibodies are effective in inducing and maintaining remission 
of luminal and fistulizing CD and UC.1, 3, 4, 29 These drugs are administered at fixed dose 
and intervals derived from dose finding studies for IFX and ADA.30-33 Observational 
studies showed that approximately 10% - 21% of the patients annually lose their 
response to these TNF-alpha antibodies partially due to formation of antibodies against 
the drug causing low drug trough levels.34-36 The production of antidrug antibodies 
is associated with infusion reactions and an accelerated antibody clearance resulting 
in lower anti-TNF-alpha antibody titers.37 Observational studies have demonstrated 
a relationship between IFX and ADA drug concentrations, the presence of antidrug 
antibodies and clinical outcome.38-41 Strategies to prevent developing antibodies to 
IFX and ADA are scheduled dosing to maintain stable trough drug levels and co-
administration of an immunomodulator (e.g. thiopurines). In the case of loss of 
response with low drug titers without antibodies, increasing the dose or shortening of 
the dosing interval is effective.42 Whereas in cases of low drug titers due to anti-drug 
antibody formation, a switch to another anti-TNF-alpha is the preferable strategy.43 
Therapeutic Drug and Immunogenicity Monitoring (TDIM) with early serial trough 
and antidrug antibody level measurements will probably optimize anti-TNF-alpha 
treatment.44, 45  Therefore several studies are designed to dose IFX or ADA based on 
trough levels. Different assays are being used to measure drug and anti-drug antibody 
levels. The most commonly used assay types are the: enzyme-linked immunosorbent 
assay (ELISA) and radio-immunoassay (RIA) and a fluid phase mobility shift assay. 
Standardization of assays to measure IFX or ADA trough levels and anti-IFX or anti-
ADA antibodies is lacking. Several confounding factors such as drug interference and 
background can influence the measurement of biological drugs and antibodies to 
these drugs. This may result in poor specificity, sensitivity and reproducibility. Our 
aim in Chapter 5 was to determine the correlation between academically developed 
assays (Leuven and Amsterdam) that were used in several studies to detect IFX drug 
levels and anti-IFX antibodies46-48 and a commercially available assay (further referred 
to as BMD ELISA). The population pharmacokinetics of IFX have been described 
earlier for patients with ankylosing spondylitis, rheumatoid arthritis and IBD.49-51 
However these models were not used to predict serum trough levels or for dose 
optimizing of IFX. In this thesis we developed a pharmacokinetic (PK) model for 
IFX in IBD patients for dose-optimization (Chapter 6). TNF-alpha blocking agents 
are very expensive and currently constitute the majority of the costs of IBD therapy.52 
IFX-biosimilars, for example CT-P13 (Inflectra/ Remsima) and Flixabi (Biogen) are 
available now.53-55 These biosimilars are expected to have the same specificity and the 
same sequence as the original molecule IFX (Remicade), but are marketed at a much 
lower price than the first-generation anti-TNF-alpha blocking agents, which will 
allow treatment of these diseases to be more cost-effective. Furthermore (Chapter 
7) we want to determine whether antibodies to IFX (ATI) always neutralize the 
anti-TNF-alpha drug and whether they show cross-reactivity towards other available 
anti-TNF-alpha biologicals or IFX biosimilar. As described before some patients 
treated with IFX or ADA develop ATI and this can result in loss of response. However, 
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currently we are unable to predict or differentiate which patients are at risk of 
developing these antibodies to IFX or ADA. One possible risk factor may be genetic 
predisposition.56, 57 As immunogenicity to anti-TNF alpha plays a role in the loss of 
response to anti-TNF alpha therapy, our aim was to replicate known HLA regions and 
identify novel (non-HLA) genetic regions associated with the development of anti 
drug antibodies in patients with IBD (Chapter 8). IFX is administered intravenously. 
This gives rise to certain disadvantages; patients need to visit the hospital for the 
treatment, gets punctured and acute and late-onset infusion reactions could result 
due to treatment.58 Additionally, substantial side effects are expected as TNF-alpha is 
an endogenous mediator and the patients receives IFX systemically causing systemic 
immunosuppression.59-61 Finally, ATI could develop leading to an increase in side 
effects or loss of response to IFX therapy.62, 63 These disadvantages have a negative 
impact on health care cost and burden as well as patient-friendliness.52 A part of these 
disadvantages could be eliminated if IFX is administered orally, inducing a localized, 
anti-inflammatory effect. Studies have shown that tissue IFX concentration correlates 
with a better and sustained response in CD and that IFX exerts its effect at least partly 
by local anti-inflammatory and immunomodulatory effects in the bowel.64, 65 There are 
uncontrolled pilot clinical trials that have shown that the local administration of IFX in 
postoperative recurrent symptomatic isolated intestinal lesions and fistulising CD.66-72 
The ColoPulse technology is a coating technology which consist of a pH-sensitive 
polymer in which a superdisintegrant is incorporated in the coating matrix.73, 74 This 
coating was specifically developed to target the ileo-colonic region in humans and is 
characterized by fast and site-specific drug targeting. ColoPulse capsules and tablets 
target the ileo-colonic region in healthy subjects as well as CD patients (Chapter 9).75-

79 Furthermore, we have shown that IFX compounded in ColoPulse tablets is feasible 
and stable.80 There is no published data on the efficacious dose of oral ileo-colonic-
targeted IFX. In Chapter 10 we propose a protocol Towards Mucosal Application of 
IFX (TOMATE study). The objective of this protocol is to describe a study to treat 
patients with active ileo-colonic CD with orally administered ColoPulse IFX tablets 
instead of intravenously administrated IFX. 

 

Outline of this thesis 

Part I: mesalazine
In chapter 2 we describe symptoms of patients intolerant for 5-ASA after 5-ASA 
rechallenge and thereafter the effectiveness of a rapid desensitization protocol in UC 
patients with a demonstrated 5-ASA intolerance. In Chapter 3 we describe a patient 
with therapy refractory UC who developed a mesalazine luxated auto-immune 
hepatitis/PSC overlap syndrome. 

In Chapter 4 we used a cohort who developed nephrotoxicity subsequent to 
5-ASA administration to characterize the clinical features of this serious adverse event 
and then perform the first genome wide association study to identify genetic risk 
factors for the development of a drug-induced renal injury.  
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Part II: Anti-TNF alpha antibodies
In Chapter 5 we determined the correlation between academically developed assays 
(Leuven and Amsterdam) that were used in several studies to detect IFX drug levels 
and ATI and are routinely applied in patient diagnostics, and a commercially available 
assay (further referred to as BMD ELISA). In Chapter 6 we compared the TNF-alpha-
neutralizing capacity of all commercially available anti-TNF-alpha drugs. Furthermore, 
we tested the neutralizing capacity of ATI, as well as their cross-reactivity with IFX, 
ATI, ADA and antibodies to Adalimumab. Finally, we tested if antibodies towards the 
original IFX cross-react with the biosimilar of IFX (CT-P13 [Inflectra]). Our aim 
in Chapter 7 was to replicate known HLA regions and identify novel (non-HLA) 
genetic regions associated with the development of antibodies to IFX and ADA. In 
Chapter 8 we described a retrospective study with pharmacokinetic model for IFX 
in IBD patients that can be used for dose-optimization of IFX and to predict serum 
trough levels in this population. In Chapter 9 we described that Colopulse tablets 
perform comparably in healthy volunteers and CD patients and show no influence of 
food and time of food intake on bioavailability. This chapter is a precursor study of 
the protocol described in Chapter 10. In Chapter 10 we prepare a protocol Towards 
Mucosal Application of IFX (TOMATE study). The objective of this protocol is to 
describe a study to treat patients with active ileo-colonic CD with orally administered 
ColoPulse IFX tablets instead of intravenously administrated IFX. Efficacy and safety 
will be investigated as well as oral IFX pharmacokinetics and the development of ATI 
due to oral IFX treatment.
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Abstract

Background and Aims: 
Mesalazine is a key drug in the treatment of ulcerative colitis (UC). Intolerance 
to mesalazine has been described, including fever and gastrointestinal symptoms. 
Several case reports reported successful desensitization of patients with mesalazine 
intolerance. The aim was to assess the number of UC patients who are persistently 
intolerant to mesalazine after single blinded rechallenge and to test the effectiveness of 
a rapid desensitization protocol in UC patients demonstrated mesalazine intolerance. 

Methods: 
Prospective, single blind randomized study in UC patients who discontinued 
mesalazine because of intolerance. Patients with severe reactions were excluded.  
Eligible patients underwent a skin patch test with mesalazine followed by a single 
blinded randomized crossover rechallenge with 500 mg mesalazine or placebo. 
Patients with symptoms upon rechallenge were admitted to the hospital for 3 days 
oral desensitization.

Results:  
Nine of the 37 identified UC patients who discontinued mesalazine because of 
intolerance were included.  All 9 patients had negative patch tests, 7 patients had 
symptoms (fever, nausea, vomiting, and diarrhea) within 2 hours upon rechallenge. 
Four of these 7 patients participated in the desensitization protocol and in none a 
successful desensitization could be performed. All 4 had an inflammatory intolerance 
reaction with rise in CRP. There were no elevations in serum tryptase or urinary-
methylhistamine levels observed and no signs of immediate type allergic reactions, 
like urticaria, bronchial obstruction or anaphylaxis. 

Conclusions: 
We recommend not to rechallenge UC patients with an inflammatory response upon 
mesalazine and these patients will not benefit from a rapid desensitization protocol. 
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Background and Aims

Mesalazine (5-Amino Salicylic Acid, [5-ASA]) containing agents are very important 
in the treatment of ulcerative colitis (UC). They are highly effective for both inducing 
and maintaining remission in UC in at doses  ≥ 2 gram.1 In Crohn’s disease (CD) 
the role of 5-ASA remains uncertain in inducing and maintenance remission.2 CD 
patients who are in remission after surgery could have some benefit from 5-ASA to 
maintain remission.3

Mesalazine is a relatively safe drug and has fewer side effects than comparable drugs 
as sulfasalazine or olsalazine.4 Although the frequency of adverse events in clinical 
trials in UC and CD patients were similar between 5-ASA and placebo, about 6.5 % 
of patients using 5-ASA develop adverse effects.5 The most common adverse effects 
are nausea, vomiting, headache, abdominal pain, rash and diarrhea. Rare adverse 
effects are hepatotoxicity, pancreatitis, pneumonitis, and interstitial nephritis.6-9 

Adverse effects can be classified into predictable (type A) and unpredictable (type 
B) reactions. Type B reactions are responsible for 10-15% of all drug side effects. 
They consist of allergic reactions, idiosyncratic and intolerance/hypersensitivity 
reactions. For many drug hypersensitivity / allergic reactions the exact immunologic 
mechanism is difficult to identify. Symptoms in nonallergic hypersensitivity can be 
identical to an allergic reaction and arise normally after the first administration of the 
drug. It is not known whether adverse effects upon 5-ASA are type A or B reactions. In 
some forms of type B reactions, especially in case of immunologic/allergic reactions, 
mast cell associated (type-1) desensitization can be achieved. Desensitization is the 
procedure to induce tolerance to drugs responsible for hypersensitivity reactions 
using a slowly incremental dose of the drug. Effective desensitization is described 
for cytostatics, antibiotics and also for sulfasalazine.10,11 A few case-reports reported 
successful desensitization for patients intolerant for 5-ASA. In these cases, patients 
had a variety of side-effects, e.g. urticaria, fever, exanthema, diarrhea and nausea, 
sometimes combined with eosinophilia.12-17 The mechanism of desensitization is not 
clearly understood. The cell targets for rapid desensitization are thought to be mast 
cells and possibly basophiles.18

The aim of this study is to assess the number of UC patients who are persistently 
intolerant to 5-ASA after single-blind rechallenge, to describe the symptoms 
appearing and to test the effectiveness of a rapid desensitization protocol in patients 
with ulcerative colitis with demonstrated 5-ASA intolerance. 

Methods

Patient population 
Patients with UC and suspected 5-ASA intolerance were identified and recruited 
by one research investigator at the University Medical Center Groningen (UMCG) 
and the Martini hospital Groningen for this dual center, partially single blind and 
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randomized crossover study. Eligibility criteria were as follows: 18 years of age or 
older, UC, objective adverse side effects upon 5-ASA (e.g. fever, acute mild pancreatitis, 
urticaria, elevated C-reactive protein [CRP] >30 mg/L), subjective adverse side effects 
upon 5-ASA (e.g. [increase] of diarrhea, nausea and vomiting) and signed written 
informed consent approved by local ethics review board. Reason for exclusion were; 
interstitial nephritis, bullous skin lesions, bronchospasm, anaphylactic shock, severe 
acute pancreatitis, severe co morbidity (e.g. cardiopulmonary, malignancy), or renal 
dysfunction, patients using corticosteroids, pregnant/breastfeeding patients and 
mentally incompetent patients. The study was registered at the Central Committee 
on Research Involving Human Subjects (CCMO) at CCMO.nl; reference number 
NL31411.042.10.

Primary and secondary outcomes
Primary outcome was successful desensitization of patients with intolerance upon 
blinded rechallenge with 5-ASA. As a secondary outcome we recorded signs and 
symptoms appearing upon blinded rechallenge with 5-ASA.

First outpatient clinic visit
Eligible patients were seen at the outpatient clinic of the UMCG.  The severity of UC, 
exacerbation rate, medical history, medication, intolerance pattern to 5-ASA, disease 
activity and the consequences of the intolerance reaction, i.e. use of steroids, use of 
immunomodulatory agents, use of biologicals or surgery were recorded. Physical 
examination was performed and weight, length, blood pressure and temperature 
were measured.

Patch tests 
Prior to rechallenge a patch test with 5-ASA dissolved in white soft paraffin in 0.1%, 
1% and 10% was performed. Patches were applied under occlusion on to the skin of 
the upper back of the patient. Patients were instructed not to shower during the patch 
test. After 72 hours skin reaction upon the mesalazine patch test was examined by an 
independent expert. 

Blood tests
At baseline, after each rechallenge and twice a day (10.00 am and 4.00 pm) 
during desensitization a blood test was performed. The following parameters were 
determined: blood count, white blood cell differentiation, CRP, sodium, potassium, 
urea, creatinine,  Aspartate transaminase (AST), Alanine transaminase (ALT), alkaline 
phosphatase (AF), Gamma-glutamyltransferase  (GGT), tryptase, and complement 
factor 3 and 4. Urinalysis to methylhistamine was performed in patients who 
developed symptoms upon administration of 5-ASA or placebo.

Rechallenge
Patients with a positive 5-ASA patch test would directly enter the desensitization 
protocol. Those with a negative patch test entered the single blind randomized 
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cross-over rechallenge with 5-ASA or placebo, at the outpatient clinic, and were 
administered a daily dosage of three times 500 mg of 5-ASA or placebo for a week. 
The 5-ASA and placebo powder were both pink colored with azorubine to reduce the 
inherent color difference between the two compounds. As the investigator was aware 
of the remaining color difference between 5-ASA and placebo, only the patient was 
blinded for the study drug. Both products were manufactured under the supervision 
of the hospital pharmacist according to European good manufacturing practice (EU 
GMP) regulations. After a 3 week washout the patient received the drug or placebo 
for a second rechallenge week. In case of symptoms patients stopped the medication 
and blood and urine tests were performed.

The randomization for this single blind cross-over part of the study was accomplished 
with the use of two by two blocks. 

Desensitization
Patients who developed symptoms upon 5-ASA underwent the desensitization 
procedure. Patients were admitted for a three day 16 steps (depicted in dosing table 1) 
desensitization protocol. For administration of 5-ASA at low dose (<500 mg) 5-ASA 
was dissolved in sugar syrup. Dosages of more than 500 mg 5-ASA were administered 
as a powder. Blood pressure, heart rate, temperature and oxygen saturation were 
assessed at baseline (t=0), every half an hour and in case of symptoms. Epinephrine, 
Clemastine (Tavegyl) and prednisolone were stand-by in case of type-1 allergic 
reactions such as anaphylaxis or severe angioedema. In case of bronchial obstruction 
patients could be nebulized with salbutamol/ipratropiumbromide immediately. In 
cases of severe adverse effects the desensitization was instantaneously discontinued. A 
summary of the study protocol is shown in figure 1. 

Table 1. Desensitization protocol (Varela et al.16). 

Time Day 1 Time Day 2 Time Day 3

10mg/ml 100mg/ml

10:00 1mg = 0.1ml 9:00 200mg = 2ml 10:00 2gr

10:20 2mg = 0.2ml 9:30 300mg = 3ml 12.00 Therapeutic doses= 4 gram

10:40 4mg = 0.4ml 10:00 500mg 

11:00 8mg = 0.8ml 11.00 1000mg 

11:20 15mg = 1.5ml

11:40 30mg = 3.0ml

12:00 60mg = 6.0ml

100mg/ml

12:20 100mg = 1.0ml

12:40 150mg = 1.5ml

13:00 200mg = 2.0ml
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Data Analysis
Baseline descriptive statistics are presented as mean ± standard deviation or median 
(range) for continuous variables and counts with percentages for categorical variables.

All co-authors had access to the study data and reviewed and approved the final 
manuscript. 

Results

Patients
Thirty-seven UC patients with apparent prior 5-ASA intolerance who met the inclusion 
criteria were identified. Of these patients, nine (24%) were willing to participate in 
the single-blinded study. Twenty-eight patients (76%) did not participate in the study 
because of several reasons; anxiety to a recurrence of symptoms (n=13), patients in 
remission not willing to use 5-ASA (n=10) and further reasons like the intensity of 
the study (n=5). Characteristics of the nine enrolled patients are presented in Table 2.

Inclusion 9/37

9 (-1)

2

6

Patch test

Desensitization:

Intolerance
reaction:

4

4

Consider restarting
mesalazine

Rechallenge:

No intolerance reaction:

2 × 1 week 3dd 500 mg mesalazine
or placebo (singleblind

randomized, cross-over)

3 days during rapid
desensitization protocol,

hospitalized

Continuation
of current Rx

Successful
desensitization:

Restart
mesalazine

+

+

+

–

––

9

Medical history,
physical

examination and
questionnaire

Figure 1. Study design.Figure 1. Study design.
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Patch test / Rechallenge
All nine patients had a negative patch test. After the patch test one patient was not 
willing to proceed with the rechallenge. None of the remaining eight patients 
developed symptoms upon administration of placebo. However, six of the eight patients 
developed symptoms within 2 hours after rechallenge with 5-ASA.  A similar patron of 
symptoms was observed among all patients at rechallenge as they experienced before. 
These symptoms were abdominal pain, diarrhea, vomiting and fever with a high CRP 

Table 2. Patient characteristics.

Characteristics Number (n=9)

Gender 
  Male
  Female

6 (67%)
3 (33%)

Age, mean (SD) –  years 45.9 (±16.4) 

Localization ulcerative colitis – no. (%)
  Pancolitis
  Left-sided
  Procto-sigmoïditis
  Pouchitis

5 (55%)
2 (23%)
1 (11%)
1 (11%)

Duration of disease, mean (range) – years 6.3 (0.5-21) 

Disease activity – no. (%)
  Mild
  Moderate
  Severe 

5 (55%)
4 (45%)
0 (0%)

Concomitant medication – no. (%)
  Steroïds
  Thiopurines
  Anti-TNF-α- drugs
  Antibiotics 
  Other 
  None

1 (11%)
1 (11%)
1 (11%)
1 (11%)

4 (44%)
2 (22%)

Reported reaction to mesalazine – no. (%)
  Fever
  Nausea/vomiting
  Diarrhea
  Pancreatitis
  Other 

6 (67%)
5 (55%)
5 (55%)
1 (11%)

3 (33%)

Other intolerances  – no. (%)
  Hay fever
  Dust mites allergy
  Food allergy
  Other allergy to medication
  None 

3 (33%)
0 (0%)
0 (0%)
3 (33%)
3 (33%)
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and leukocytosis. One of these six patients had a severe adverse reaction with vomiting, 
diarrhea and signs of dehydration. This patient had to be admitted to the hospital for 
2 nights for rehydration. Immediate type allergic reactions, like urticaria, bronchial 
obstruction or anaphylaxis were not observed. Laboratory parameters showed rise 
in CRP (figure 2) without rise in serum tryptase and urinary methylhistamine. Two 
patients did not develop symptoms during the single blinded cross over study.  Prior 
to this study these 2 patients had experienced headache and abdominal cramps 
without fever, diarrhea or laboratory abnormalities. 

Desensitization
Four of the six patients with proven symptoms upon rechallenge with 5-ASA were 
willing to undergo the desensitization procedure. These four patients all developed 
symptoms within 3 hours after start of the protocol. Symptoms occurred already at 
a cumulative maximum dose of 220 mg 5-ASA (mean cumulative dose of 200 mg). 
The symptoms were similar to the symptoms they experienced in the past and also 
during the rechallenge. Once again there were no clinical signs of immediate type 
allergic reactions during desensitization. Laboratory parameters showed increased 
CRP levels and leukocytosis without clinical relevant increase in levels of tryptase or 
urinary methylhistamine. In case of intolerance symptoms patients were administered 
primperan, paracetamol and intravenous fluid. All symptoms disappeared within 24 
hours after discontinuation of 5-ASA. 
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Figure 2. CRP levels of eight patients during rechallenge at day
1 and day 8 or the day patients develop adverse e�ects. CRP = C-
reactive protein.
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Figure 3. CRP levels during desensitization at baseline and day 2. All four of our patients had symptoms and showed an increased CRP.
CRP = C-reactive protein.

Figure 2. CRP levels of eight patients during rechallenge at day 1 and day 8 or the day patients develop 
adverse effects. CRP = C - reactive protein.
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Discussion

The present study showed that patients with UC and intolerance to mesalazine can 
be safely rechallenged and that 25% will tolerate the drug. However we showed that 
patients with an inflammatory response upon mesalazine cannot be rechallenged and 
cannot be desensitized.  

5-ASA is a very effective and safe drug in the treatment of UC. Unfortunately 
about 6.5% of patients using 5-ASA develop adverse reactions.5 These patients might 
benefit from 5-ASA rechallenge or with another formulation of 5-ASA.  In our study 
two of eight patients (25%) that had subjective symptoms such as headache and 
nausea tolerated the drug in a blinded rechallenge. Ideally, a rechallenge should be 
performed in a blinded fashion. However, as shown in this study this proves to be hard 
to realize in clinical practice as 28 out of 37 patients (76%) did not comply with such 
a protocol. Nevertheless, the remaining patients were included in a strict protocol and 
strict desensitization protocol which resulted in solid reproducible clinical evidence. 

A rechallenge with another formulation of 5-ASA is probably a more feasible 
strategy in clinical practice. Furthermore we show that patients with objective signs 
(e.g. fever, rise in CRP, leukocytosis) and symptoms (e.g. diarrhea, vomiting) will 
experience the same reaction within 2 hours after intake of even 200 milligrams 
of mesalazine. This study identified patients with an inflammatory response upon 
mesalazine that has not yet been reported. The mechanism behind this inflammatory 
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response is unclear. Since all patients had negative patch tests and showed no increased 
serum tryptase or urinary methylhistamine, the reaction to 5-ASA is probably 
not related to mast cell activation. A delayed type allergic reaction cannot be fully 
excluded but is less likely because of the early onset of symptoms and the negative 
patch tests (In delayed type IV allergic reactions (T cell-related) the patch test would 
be positive after 48 - 72 hours). The observed inflammatory reaction could be due 
to a pharmacological idiosyncratic reaction. Scheurlen et al. showed that olsalazine 
and mesalazine could induce diarrhea by reducing small intestinal salt and water 
absorption.19

Therefore an increase in diarrhea upon mesalazine could be a distinct mechanism 
from the inflammatory response we observed in our study.

All patients with this rapid inflammatory response upon mesalazine administration 
could not be desensitized with a 3 days desensitization protocol. This is in contrast 
with the case-report by Varela et al. who demonstrated that it is possible to desensitize 
a patient with 5-ASA intolerance (with symptoms of generalized urticaria, facial 
angioedema, shortness of breath and vomiting) with a 3-days desensitization 
protocol.16  Tolerance induction by exposure to an increasing dose of drug has been 
proposed as a safe way to suppress the allergic responses.  So why were we not able 
to desensitize these patients? There are several explanations why our desensitization 
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Figure 4. Tryptase level during desensitization at baseline and day 2. All four patients had symptoms. One 
patient had a high tryptase level already at baseline. Highest urine methylhistamine level in four patients 
during desensitization. A level below 150 um/mkrea showed there is no mast cell activation.
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protocol could have failed. First, we found no evidence for mast cell activation or 
an immune mediated reaction. Two other studies showed that it was possible to 
desensitize patients with mesalazine induced urticaria or rash accompanied by facial 
angioedema with a respectively 20 and 3 days desensitization protocol.13,16  This kind 
of reaction could be a type 1, IgE mediated reaction that thus was not observed in the 
present study. Second, a 3 day desensitization protocol may be too short. However, 
with the development of an inflammatory response within 2 hours after on average 
mesalazine dose of 200 mg, it is unlikely that a longer desensitization protocol would 
be effective. Additionally, it is possible that the dosages of mesalazine were increased 
to fast.  A few case-reports reported successful desensitization with a slower protocol 
as in a report by Gonzalo et al. who used a 32-days desensitization protocol patients 
with mesalazine induced fever could be desensitized, however it is not clear whether 
or not there was an immune response (symptoms of this patient were fever, tiredness, 
headache, thoracic pain, myalgias and arthralgias 5 days after starting mesalazine) 
in these patients.14 Another case-report which described a 100-days desensitization 
protocol one patient with fever and myalgia after mesalazine reported that this was 
successful.17

In conclusion, this is the first study that describes a blinded, randomized crossover 
rechallenge and desensitization for mesalazine intolerance in UC patients. This is of 
pivotal importance as patients who report adverse reactions need careful evaluation 
as it may lead to discontinuation of an important drug for the treatment of UC.  We 
recommend to rechallenge patients with reported mesalazine intolerance preferable 
in a blinded fashion. However, we recommend not to rechallenge UC patients with 
fever, increased CRP, vomiting and diarrhea upon mesalazine administration and these 
patients cannot be desensitized with a three day desensitization protocol. 
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Abstract

Background: 
Mesalazine is an important agent in the treatment of ulcerative colitis (UC). Intolerance 
to Mesalazine (5-ASA) has been described, including idiosyncratic reactions like acute 
pancreatitis and hepatitis. 

Case report: 
A 21-year-old man with UC was referred to our department because of hepatitis after 
starting 5-ASA treatment. After discontinuation of 5-ASA the hepatitis resolved but 
re-occurred after rechallenge. The immunoglobulin G (IgG) was elevated and anti-
nuclear and anti-smooth muscle autoantibodies were present. Liver biopsy showed 
interface and lobular hepatitis with bile duct damage, cholestasis and partly bridging 
fibrosis. A diagnosis of 5-ASA-induced auto-immune hepatitis/primary sclerosing 
cholangitis (PSC) overlap syndrome was confirmed as, once again, liver enzymes 
improved after discontinuation of 5-ASA therapy. 

Conclusion:  
5-ASA can induce an auto-immune hepatitis/small duct PSC overlap syndrome that 
resolves after discontinuation of 5-ASA.
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Introduction

Mesalazine (5-Amino Salicylic Acid, (5-ASA)) is highly effective for induction and 
maintenance of remission in ulcerative colitis (UC).1-2 5-ASA is relatively  safe3 but 
about 6.5% of patients using 5-ASA develop adverse effects.4 Rare adverse effects 
are hepatotoxicity, pancreatitis and interstitial nephritis.5-7 We describe a patient with 
steroid dependent pancolitis who developed a 5-ASA induced autoimmune hepatitis 
and reviewed the literature concerning this rare adverse effect. 

Case Report

A 21 year old man was referred to our department of Gastroenterology and 
Hepatology for pancolitis and hepatitis of unknown cause. One year before he was 
diagnosed with UC (Montreal Classification A2E3S3). As first remission induction 
therapy he started with 5-ASA. Before his treatment with 5-ASA was started liver 
tests were unknown. A few weeks after the start of 5-ASA increased liver test were 
observed during routinely performed laboratory investigations with clinical signs of 
icterus. 5-ASA was discontinued immediately and prednisolone was started for active 
ulcerative pancolitis. Steroids could not be tapered below 15 mg and Azathioprine 150 
mg was additionally started. However, Azathioprine had to be stopped prematurely 
because of  fever and general malaise. Therefore infliximab was started and patient 
achieved remission with monotherapy infliximab 5 mg/kg. After induction therapy 
(at week 0-2-6) and 2 maintenance infusions (every 8 weeks) he developed an 
infusion reaction with pruritis and dyspnea. This was due to development of anti-
infliximab antibodies (ATI),  infliximab was discontinued. 

In order to maintain remission with 5-ASA a rechallenge with low dose (2 gram) 
5-ASA was performed. After the rechallenge with 5-ASA he again developed a 
hepatitis (laboratory values see table 1). All other common causes of hepatitis were 
excluded (table 2). Immunoglobulin G (IgG) was elevated and anti-nuclear and anti-
smooth muscle autoantibodies were positive but became weakly positive after a few 
months. The IgG and positive anti-smooth muscle antibodies decreased after stopping 
the 5-ASA. Because of the elevated bilirubin and jaundice a Magnetic Resonance 
Cholangio Pancreatography (MRCP) was performed in order to exclude large duct 
primary sclerosing cholangitis (PSC). There was no evidence of dilated bile ducts, the 
gallbladder appeared normal and there were no concrements found (figure 2). Liver 
biopsy showed interface and lobular hepatitis with bile duct damage, cholestasis and 
partly bridging fibrosis, Figure 3a and 3b. This could be associated with toxic drugs 
changes. After discontinuation of 5-ASA the hepatitis resolved  Due to the laboratory 
and histologic results, the diagnosis 5-ASA induced auto-immune hepatitis/small 
duct PSC overlap syndrome was most likely. Because of the 5-ASA and thiopurine 
intolerance and infliximab antibodies a subtotal colectomy was performed. A second 
liver biopsy was taken during this operation which showed 6 months after the first 
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 Table 1. Laboratory findings during 5-ASA rechallenge.

Leukocytes 8.4 10E9/l ANA titer >640 Titer

Erythrocytes 5.05 10e12/l DNA Farr 32 E/ml

Hemoglobin 9.1 Mmol/l ENA screen 1.1

Hematocrit 0.424 v/v Anti-smooth muscle pos

MCV 84.0 Fl Anti mitochon Neg

Thrombocytes 332 10e9/l IgG 30.5 g/l

CRP <5 Mg/l IgG1 28.1 g/l

Urea 3.9 Mmol/l IgG2 2.9 g/l

Creatinine 67 Umol/l IgG3 1.7 g/l

eGFR 132 Ml/min IgG4 0.4 g/l

ALP 196 U/l AS-LKM neg

LDH 189 U/l Ceruloplasmin 0.28 g/l

AST 492 U/l Alfa-1-antitrypsine 1.8 g/l

ALT 815 U/l

Con. bilirubin 78 Umol/l

Un. bilirubin 65 Umol/l

Gamma-GT 521 u/l

Ferritin 197 Ug/l

MCV = mean corpuscular volume, CRP = C-reactive protein, eGFR = estimated glomerular filtration rate, 
ALP = alkaline phosphatase, LDH = lactate dehydrogenase, AST = aspartate transaminase, ALT = alanine 
transaminase, GGT = Gamma-glutamyltransferase.
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Table 2. Laboratory diagnostics for other causes including viral causes of hepatitis. 

Type Result

HBsAg Negative

anti-HBsAg Negative

anti-HBcAg II Negative

anti-hepatitis C virus Negative

IgM anti-hepatitis A virus Negative

IgG anti-hepatitis A virus Negative

IgM anti-Hepatitis E virus Negative

IgG anti-Hepatitis E virus Negative

IgM anti-CMV Negative

IgG anti-CMV Negative

IgM anti-EBV Negative

IgG anti-EBV VCA 52.0

IgG anti-EBV NA border 

Hepatitis E Virus RNA Negative

Figure 1.  Relation 5-ASA and liverenzymes. Increasing of liverenzymes after rechallenge with 5-ASA. 
On the x-axis a time line is shown. Y-axis shows either level blood marker of the different lever enzymes 
or the dosage of prednisolone (red bars). At the black arrow a rechallenge was performed with mesalazine 
and after rechallenge an increase in liverenzymes is shown. Also higher dosages of prednisolone were 
used. After discontinuation of the mesalazine liver enzymes  decreased. * depicts time point from which 
budesonide was chronically used. 
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biopsy the  same histologic findings indicating a persistent hepatitis that required 
budesonide maintenance therapy with alternating dosages (6-9 mg a day). At last 
follow up in May 2018 the liver enzymes remained normal under combination 
therapy of budesonide and ursodeoxycholic acid. 

Discussion

Patients with IBD are at risk for hepatobiliary disease. Agents such as 5-ASA, anti-TNF-
alpha antibodies and thiopurines are associated with hepatic injury.8 Furthermore 
IBD patients can develop PSC, auto Immune Hepatitis (AIH) and several overlap 
syndromes. Therefore the diagnosis can be challenging. 

We present a patient with UC with mild elevated liver enzymes who developed 
a hepatitis upon 5-ASA administration. Hepatitis improved after discontinuation of 
5-ASA but relapsed  after rechallenge with 5-ASA and mildly persisted thereafter. 
Differential diagnosis included AIH but  liver biopsy was not characteristic for AIH 
and the hepatitis did not responded to steroids. Considering the mild fibrosis in the 
first liver biopsy patient could have pre-existing PSC/AIH overlap syndrome that was 
luxated by 5-ASA.  Historically 5-ASA was developed as an alternative for sulfasalazine, 
in order to reduce side effects as hepatotoxicity.9,10 The sulfapyridine moiety causes 
acute hepatocellular injury, cholestatic injury or granulomatous hepatitis.9 With 
5-ASA several side effects may occur, including fever, pancreatitis, rash and interstitial 
nephritis.  Ransford et al reported incidence of side effects in 7.5 million prescriptions 

Figure 2.  MRCP, no dilated bile ducts, no evidence for PSC.
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of sulphasalazine and 5-ASA (4.7 sulphasalazine and 2.8 for 5-ASA) and found 
hepatitis as side effect in 15 versus 7%, respectively.5 Several cases, summarized 
in Table 3, have been presented in the literature regarding hepatoxicity of 5-ASA. 
Stoschus et al. describes a 30 year male patient with CD who developed severe hepatic 
injury after 4 months of 5-ASA, with complete resolvement of hepatic injury after 
40 days.11 Another case report describes a 65 year old man who developed increased 
liver enzymes upon  treatment with 5-ASA, 3 grams daily. At first simvastatin was 
discontinued (eight months before discontinuation of 5-ASA) without effect. There 
was a high titer smooth muscle antibodies (SMA) and ANA. Histologic supported the 
diagnosis of autoimmune hepatitis. Laboratory abnormalities fully resolved, including 
disappearing of autoantibodies, within 2 months after discontinuation of the 5-ASA.12 
Braun et al described a 5-ASA-induced granulomatous hepatitis in a 42 year old man 
with UC.13 This patient had 5-ASA for only two weeks when he started to develop 
fever. At hospital admission a few weeks later liver function tests then were elevated. 
After multiple test were run and treatment with 5-ASA was discontinued the fever 

Table 3. Overview of cases in the literature.

Type M/F Age Drug CD/UC Side effect

Stoschus.11 M 30 Mesalazine, 4g/day CD Sever hepatic injury 4 months after 
treatment. No signs of hypersensitivity 
were seen. After discontinuation 
resolved in 40 days.

Deltenre.12 M 65 Mesalazine, 3g/day CD Increased liver enzymes, anti-nuclear 
and anti-smooth muscle autoantibodies 
and IgG levels, and lesions of chronic 
hepatitis after 21 months of mesalazine 
treatment. Within 2 months after 
discontinuation normalization of liver 
enzymes. 

Braun.13 M 42 Mesalazine, 2.4g/
day

UC After two weeks of treatment fever 
of unknown cause. After six weeks 
admission and increased liver 
test. Granulomata were found at 
liver biopsy. Treatment for TBC did 
not reduce fever. Three days after 
discontinuation fever declined and also 
a gradual decline in liver function test.

Hautekeete.14 F 21 Mesalazine, 800mg/
day

CD One week after start mesalazine 
severe hypersensitivity characterized 
by fever, diarrhea, skin rash with 
subsequent desquamation, marked 
atypical lymphocytosis, and severe 
hepatotoxicity. Recovery within a 
month.

M = Male, F = Female, g = gram, CD = Chrohn’s disease, UC = Ulcerative colitis



44

|Chapter 3

disappeared. A gradual decline of liver function test followed thereafter.13 Hautekeete 
et al. described a patient who developed a skin rash after start with sulfasalazine. After 
switching to 5-ASA within a week  she experienced a severe hypersensitivity reaction 
characterized by fever, diarrhea, skin rash with subsequent desquamation, marked 
atypical lymphocytosis, and severe hepatotoxicity.14 In the liver biopsy predominantly 
an inflammatory inflammation was observed, and only minimal cholestasis.14 This 
latter case illustrates the importance of precaution when starting 5-ASA therapy in a 
patient who has experienced a hypersensitivity reaction to sulfasalazine.14

The mechanism of 5 ASA hepatotoxicity is not fully understood. There are 
several underlying mechanism proposed but the previous cases showed that not 
one mechanism appears to be universally applicable. One of the main hypothesis is 
an IgE mediated allergic reaction (as in 14), however this does not appear to apply 
in our patient as he had no skin reactions, no urticaria, no increase in urinary 
methylhistamine or serumtryptase. As our and the mentioned cases illustrate there are 
many different variants of the hepatotoxicity  by 5-ASA indicating that liver  function 
should be tested before and after starting  5-ASA .  

In conclusion, 
In this case report we describe a 5-ASA luxated auto-immune hepatitis/PSC overlap 
syndrome without signs of hypersensitivity. The prevalence of 5-ASA luxated (auto-
immune) hepatoxicity is rare, however, every physician treating IBD should be 
familiar with this adverse effect and should test the liverfunction before and after 
initiating 5-ASA treatment.

A B

Figure 3a and 3b. H&E showing a portal tract with a mild 
to moderate infiltrate with some interface activity. There 
is bile duct damage, ductular reaction and intermediate 
hepatocytes are present. Focally periportal copper was 
present, as was canalicular cholestasis (not shown).
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Abstract

Background & Aims: 
Nephrotoxicity is a rare idiosyncratic reaction to 5-aminosalicylate (5-ASA) therapies. 
The aims of this study are to describe the clinical features of this rare complication 
and identify clinically useful genetic markers so these drugs can be avoided, or 
monitoring intensified, in high-risk patients. 

Methods: 
Inflammatory bowel disease patients were recruited from 89 sites around the world. 
Inclusion criteria included normal renal function prior to commencing 5-ASA, ≥50% 
rise in creatinine any time after starting 5-ASA and physician opinion implicating 
5-ASA strong enough to justify drug withdrawal. An adjudication panel identified 
definite and probable cases from structured case report forms. A genome wide 
association study was then undertaken with these cases and 4,109 disease controls.

Results: 
After adjudication, 151 cases of 5-ASA induced nephrotoxicity were identified. 68% of 
cases were males, with nephrotoxicity occurring at a median age of 39.4 years (range 
6–79 years). The median time for development of renal injury after commencing 
5-ASA was 3.0 years (95% CI 2.3 – 3.7). Only 30% of cases recovered completely after 
drug withdrawal with 15 patients requiring permanent renal replacement therapy. A 
genome-wide association study identified a suggestive association in the HLA region 
(P=1x10-7) with 5-ASA induced nephrotoxicity. A sub-group analysis of patients 
who had a renal biopsy demonstrating interstitial nephritis (n=55) significantly 
strengthened this association (P=4x10-9, Odds Ratio 3.1).

Conclusions: 
This is the largest and most detailed study of 5-ASA induced nephrotoxicity to date. 
It highlights the morbidity associated with this condition and identifies for the first 
time a significant genetic predisposition to a drug induced renal injury. 
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Introduction

5-aminosalicylate (5-ASA) medications are the most frequently prescribed class of 
drug to induce and maintain remission in patients with mild-to-moderately active 
ulcerative colitis.1 Originally administered in combination with sulfapyridine as 
sulfasalazine, 5-ASA is now more often coated with a resin/gel or as a pro-drug/
dimer to enhance distal bowel delivery through preparations such as mesalazine, 
olsalazine and balsalazide.2 The use of these agents in long-term maintenance therapy 
over decades inevitably leads to prolonged drug exposure and therefore long-term 
toxicity is an important consideration. Nephrotoxicity associated with 5-ASA agents 
was first described in animal models and case reports in the 1970s and has since been 
reported multiple times to both sulfasalazine and the more modern 5-ASA agents.3-8 

In 1990 the UK Committee on Safety of Medicines issued an alert on nephrotoxic 
reactions to mesalazine.9 Data from clinical trials suggest an annual risk of 0.26% and 
data from a questionnaire sent to gastroenterologists estimated an incidence of 1 case 
per 4000 patient years.10,11 A review of the UK General Practice Research Database 
calculated the incidence at 0.17 cases per 100 patients per year but the authors noted 
that only 13% of these patients had a histological diagnosis of interstitial nephritis.12 
Regular monitoring of renal function for the duration of therapy is recommended, 
although the cost-effectiveness of this approach has not been demonstrated. Rare 
idiosyncratic drug reactions are often notoriously difficult to characterise due to the 
small number of cases available to individual researchers. The International Serious 
Adverse Events Consortium was launched in 2007 to facilitate the collection of large 
cohorts of patients who developed these rare serious drug side effects.13 Members 
of this consortium have recently demonstrated the utility of using small numbers of 
well-characterised cases to identify strong, clinically useful genetic risk factors for 
serious adverse drug reactions using genome-wide association study methodologies. 
Good examples of this approach are the identification of HLA-B*57:01 as a major 
determinant of cholestatic liver injury associated with flucloxacillin and our previously 
published identification of an association between HLA-DRB1*07:01 and thiopurine 
induced pancreatitis.14,15

In this study we describe in detail, for the first time, a cohort of patients with 
inflammatory bowel disease (IBD) who developed nephrotoxicity subsequent to 
5-ASA administration. We use this cohort to characterise the clinical features of this 
serious adverse event and then perform the first genome wide association study to 
identify genetic risk factors for the development of a drug-induced renal injury.  

Methods

Patient Recruitment
Individual study sites identified and recruited patients with 5-ASA induced 
nephrotoxicity. This study was open to recruitment at 118 UK research sites (73.8% 
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of the 160 acute NHS trusts in the UK) as well as 45 international sites. In total 77 
sites from the UK and 12 sites from outside the UK recruited one or more patients. 
The protocol was approved by the National Research Ethics Committee South West, 
Exeter, UK (10/H0203/76) and by all local research and development offices. 

Inclusion criteria for patient recruitment required the presence of all of the following:
•	 Patient administered any 5-ASA compound for treatment of inflammatory bowel 

disease (Crohn’s disease, ulcerative colitis or IBD-unclassified)
•	 Patient aged 6 or over
•	 Normal creatinine or estimated glomerular filtration rate (eGFR) prior to first 

administration of 5-ASA or a creatinine that returned to the normal range after 
cessation of therapy

•	 Rise in serum creatinine ≥50 any time after introduction of 5-ASA. 
•	 Physician opinion implicating 5-ASA strong enough to justify drug withdrawal, 

even if temporary

Cases were identified from recruiting sites through systematic searches of historical 
records and pathology databases. Gastroenterologists who replied to a 2001–2002 
UK survey of

5-ASA-induced nephrotoxicity were encouraged to submit cases..10 We invited 
clinicians who had submitted adverse drug reaction reports to the Medicines and 
Healthcare Products Regulatory Agency (MHRA) to consider recruiting patients. We 
also undertook direct advertising to patients through the national patient newsletter. 
Cases were recruited who developed nephrotoxicity between 1988 and 2013 (73% 
of cases were diagnosed with renal injury after the year 2000).

Case adjudication
An anonymized case report form detailing demographic, clinical and drug history 
was completed with the aid of hospital records. Two 6ml EDTA blood samples were 
taken at this visit for DNA extraction (BD Vacutainer, USA). The case report forms also 
requested creatinine levels and their corresponding dates at four time points: (1) at 
baseline (usually before 5-ASA commenced, but not exclusively); (2) at the recording 
of first abnormal creatinine value; (3) the worst creatinine value; and (4) the best 
recovered creatinine value. After data collection, the last normal creatinine value 
before development of renal injury was also obtained, if it was available (92/151 
cases), to enable better characterization of the time period. If a renal biopsy was 
performed, the anonymized report was requested.

To assess patient eligibility for entry to this study, at least three gastroenterologists 
and at least one nephrologist reviewed each case for causality at a dedicated in-person 
adjudication panel meeting. For each case the evidence implicating the 5-ASA as the 
cause of nephrotoxicity was assessed using an adapted version of the validated Liverpool 
Adverse Drug Reaction Causality Assessment Tool displayed in Supplementary Figure 
1 (online).16 Patients were classified as definite, probable, possible or unlikely cases 
of 5-ASA nephrotoxicity based on the adjudicator’s independent assessment that the 
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nephrotoxicity was due to 5-ASA treatment. The panel discussed all cases before a 
final adjudication decision was reached. Only individuals classified as probable or 
definite cases of 5-ASA induced nephrotoxicity were taken forward for clinical and 
genetic analyses. 

Concomitant administration of any medications known to cause nephrotoxicity 
classified the patient as a possible case and these cases were excluded. This included 
the use of (1) Antibiotics: penicillin’s, cephalosporins, ciprofloxacin, sulphonamides, 
rifampicin, (2) Diuretics: furosemide, bumetanide, thiazides, (3) Non-steroidal anti-
inflammatory drugs, (4) Proton pump inhibitors, (5) allopurinol, (6) cimetidine, 
(7) indinavir. The presence of uncontrolled diabetes, uncontrolled hypertension 
or peripheral vascular disease also classified the patient as a possible case of 5-ASA 
induced nephrotoxicity and they were not taken forward for analysis. A patient treated 
with 5-ASA for microscopic colitis was recruited in error but was excluded during 
the adjudication process.

Definite cases required the development of renal injury upon rechallenge with 
5-ASA. Cases classified as probable demonstrated a temporal relationship with 5-ASA 
administration with no other identifiable risk factors for renal injury as described 
above.

DNA Extraction and Genotyping
DNA was extracted from EDTA stabilized blood using the Qiagen Autopure LS 
with Puregene chemistry. Samples were genotyped on the Illumina Infinium 
HumanCoreExome beadchip (Illumina, USA), which contains 264,909 haplotype 
tagging SNP markers, and 244,593 exome focused markers by the Broad Institute 
(Boston, USA).

Clinical data analysis
Paper case report forms were entered into the electronic database before independent, 
two-person, un-blinded data cleaning was undertaken to ensure data quality prior to 
analysis. All data was analyzed in R 3.0.2. Listwise deletion was used for missing data. 
Normality was tested for by the Shapiro-Wilks normality test (P<0.05 considered 
non-parametric). Non-parametric data is presented with median values and the 95% 
confidence intervals of the median with comparisons performed by a Wilcoxon signed 
rank test or chi-squared test as appropriate. Logistic and multivariate regression was 
conducted in R with pre-set variables (no stepwise regression). The definition of a 
return to baseline creatinine was a return to the upper limit of the local hospital labs 
normal range or 120 µmol/l if this range was not known. 

Genome-wide and HLA Imputation and association analyses
Three samples failed DNA extraction and were unavailable for genetic analysis. 
Genotyping was performed on the remaining 148 cases adjudicated as definite or 
probable 5-ASA induced nephrotoxicity using the HumanCoreExome SNP Chip. 
Genotypes were called using Gencall.17 We excluded SNPs with an Hardy-Weinberg 
Equilibrium (HWE) P<0.0001 and a genotype success rate <0.99. We excluded 
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indels. Exclusion criteria for case samples were genotyping success rate < 0.98 and 
a heterozygosity rate > 4SD (no samples were removed based on these criteria). To 
improve calling of low-frequency variants we used zCall.18 After running zCall, SNPs 
were excluded if they had a HWE P<0.0001, MAF<0.01 or if they were duplicated. 
This left 264,088 autosomal SNPs for imputation. The control patients with Crohn’s 
disease and ulcerative colitis were obtained from the UK IBD Genetics Consortium as 
part of the Wellcome Trust Case Control Consortium (WTCCC 1 for Crohn’s disease and 
WTCCC 2 for Ulcerative Colitis).19,20 There were 1748 CD control samples genotyped 
on the Affymetrix 500K SNP chip and 2361 UC samples genotyped on the Affymetrix 
6 SNP chip available for this analysis. Preliminary QC had already been performed on 
the 1748 CD and 2361 UC samples.19,20 From these two control cohorts, we excluded 
SNPs with a genotyping success rate < 0.99, MAF<0.01 and a HWE P<0.0001. This 
left 396,255 (CD) and 727,195 (UC) autosomal SNPs. To exclude ethnic outliers we 
performed principal components analysis using GCTA.21SNPs identified by genome-
wide association studies (GWAS To generate the principal components we used a set 
of 36,702 SNPs that were imputed with R2>0.99 in the cases (see below) and directly 
genotyped in the two control cohorts and were not in strong linkage (r2<0.2).

Four 5-ASA nephrotoxicity cases and 62 control samples were excluded for 
being >4SD from the first or second principal components. We used Kinship-based 
INference for Gwas (KING)22 as well as in population-based GWAS with unknown 
(or unrecognized to test for cryptic relatedness between samples. If a case and control 
pair of samples had a kinship coefficient >0.2 we excluded the control sample, 
otherwise we excluded one of the pair of samples at random. One case and 13 control 
samples were excluded because of relatedness to other case or control samples. After 
exclusions this left 143 “probable” and “definite cases”. The ratio of Crohn’s disease 
to ulcerative colitis patients in the control group (59%) was similar to that in the case 
cohort (60%).

As previously15, we used minimac23 imputing from large reference panels with 
existing methods imposes a high computational burden. We introduce a strategy 
called ‘pre-phasing’ that maintains the accuracy of leading methods while reducing 
computational costs. We first statistically estimate the haplotypes for each individual 
within the GWAS sample (pre-phasing to impute into the European phase 1 version 
3 (20101123) SNP and indels reference panel to prevent spurious associations due 
to variations in genotyping chips between cohorts. 76% of the 9,412,474 SNPs with 
MAF>1% frequency were imputed at R2 >0.6 in the cases; 75% in the CD controls 
and 82% in the UC controls. As each of the three case and control cohorts used a 
different SNP genotyping chip we focused subsequent association analyses on a very 
conservative subset of 2,883,071 SNPs that had an imputation R2 >0.95 in all three 
cohorts. For dedicated imputation of the HLA region we used SNP2HLA 24 however, to 
collect genotyping data in large cohorts. Long-range linkage disequilibrium between 
HLA loci and SNP markers across the major histocompatibility complex (MHC and 
imputed into the T1DGC reference panel of 5,224 individuals that have had classical 
HLA alleles typed as well as SNPs and indels by the immunochip. Of the 8961 variants 
in the T1DGC panel, 8398 were captured with an INFO score >0.8. Mach2dat 25 was 
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used to perform association analyses for the genome-wide analyses, and PLINK 26 was 
used to perform association analyses for the HLA imputed analyses.

Data access
Phenotype and genotype data for cases is freely available upon request from the iSAEC 
Data Access Committee for users who comply with the Consortium’s Data Release 
and IP Policy.13 Data will be available from https://dataportal.saeconsortium.org/ 
within 12 months of genotype completion. Raw genotype data is freely available to 
researchers upon request. For further data access details please contact: saec@c2b2.
columbia.edu. Genotype data for the WTCCC Ulcerative colitis and Crohn’s disease 
cases are available from the European Genome-Phenome Archive at https://www.ebi.
ac.uk/ega/home. 

Results

Patient identification and adjudication
Through our international network of research sites we recruited a total of 204 IBD 
patients with suspected 5-ASA-induced nephrotoxicity. All cases underwent a rigorous 
assessment of causality at an adjudication panel composed of nephrologists and 
gastroenterologists using a validated tool.16 After this panel meeting the development 
of nephrotoxicity could be confidently assigned to the administration of 5-ASA 
medications for 151 out of 204 patients. Of these 151 cases, 5 were classified as 
definite cases of 5-ASA induced nephrotoxicity, as they had a second episode of 
kidney injury when re-challenged with the agent. The remaining 146 cases were 
classified as probable cases. 

Clinical features of 5-ASA induced nephrotoxicity
The 151 patients who were adjudicated as definite or probable cases comprised 58 
patients with Crohn’s disease, 88 patients with ulcerative colitis and 5 patients with 
IBD unclassified. 68% of cases recruited were male. The median age at diagnosis 
of Crohn’s disease was 29.5 years (95% CI 25.2 – 33.9) while the median age for 
ulcerative colitis was 29.7 years (26.7 – 32.8). One hundred and forty-six patients 
(97%) self-identified as being of white ethnicity, 2 patients did not provide a reply 
while 3 patients reported mixed ancestry. A summary of the disease activity and 
location in the two years prior to development of renal disease is show in Table 1. 

The median duration of 5-ASA treatment prior to first detection of a raised 
creatinine was 3.0 years (95% CI 2.3 – 3.7). 13% of cases reported an abnormal 
creatinine within the first 12 months of treatment. For 27% of patients we were unable 
to find a creatinine between the initiation of the drug and the first abnormal creatinine 
measurement. In these patients the median time from starting the drug to detection 
of nephrotoxicity was 4 years (95% CI 2.73 – 5.28) while the cohort with interval 
measurements had a median time of 2.5 years (95% CI 1.70 – 3.36, P=6x10-4).  
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Table 1. Montreal classification of disease location and severity in the two years prior to development of 
nephrotoxicity in 151 5-ASA nephrotoxicity cases.

Ulcerative Colitis (n=93) Crohn’s Disease (n=58)

Extent Severity Location Behaviour

E1 5.5% S0 14.0% L1 5.2% B1 81.1%

E2 20.9% S1 36.6% L2 56.9% B2 17.0%

E3 69.2% S2 45.2% L3 37.9% B3 1.9%

Ex 4.4% S3 4.3% L4 0.0%

Ulcerative Colitis classification 43:
E1 – Ulcerative Proctitis; E2 – Left sided UC; E3 – Extensive UC; Ex – Unknown
S0 – Clinical remission; S1 – Mild UC; S2 – Moderate UC requiring steroid or immunomodulator;  
S3 – Severe UC requiring admission or colectomy
Crohn’s disease classification 43: L1 – Ileal; L2 – Colonic; L3 – Ileocolonic;  
L4 – Isolated upper B1 – Non-stricturing, non-penetrating; B2 – Stricturing; B3 – Penetrating.
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 Boxplots for the cohort of 151 5-ASA-induced nephrotoxicity cases demonstrating time from treatment commencement with 5-ASA to development 
of nephrotoxicity and subsequent recovery. Serial boxplots demonstrating the median creatinine levels for n
points detailed in the Methods section (note n x -axis corresponds to the median time point from 
starting 5-ASA at which these creatinine values were obtained (the width of the boxplot is the 95% confidence interval of this value). The drug was started at time 
point 0 for all patients. The arrow labelled ‘Stop’ illustrates the median time at which the agent was stopped after commencement (the 95% confidence interval 
of this value is indicated by the grey box). Outlier values have not been visualized. Patients who underwent renal replacement therapy were excluded from the 
‘best recovered’ group.
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Figure 1. Serial boxplots demonstrating the median creatinine levels for n=151 patients taken at each of the 
5 time study points detailed in the Methods (note n=92 for Last normal group). The position of the boxplot 
on the x-axis corresponds to the median time point from starting 5-ASA at which these creatinine values 
were obtained (the width of the boxplot is the 95% confidence interval of this value). The drug was started 
at Time point 0 for all patients. The arrow labelled “Stop” illustrates the median time at which the agent 
was stopped after commencement (with the 95% CI of this value illustrated with the grey box). Outlier 
values have not been visualised. Patients who underwent renal replacement therapy were excluded from 
the “Best Recovered” group. 
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There was no significant difference in creatinine level at detection of abnormal renal 
function (P=0.75) or in the rate of recovery (P=0.72) between these two groups.  
The majority of patients (91%) received oral 5-ASA alone with an average daily dose 
of 2.3g (95% CI 2.1 – 2.5g). Twelve patients received a mix of oral and rectal 5-ASA, 
while 1 patient received only rectal 5-ASA preparations. The majority of patients 
were treated with mesalazine (Supplementary Table 1 [online]), however, most 
available 5-ASA preparations are represented in the data. Figure 1 demonstrates the 
median creatinine levels and the time period at which these levels were collected 
at each time point for all 151 patients who developed nephrotoxicity. The density 
estimates for this plot are shown in Supplementary Figure 2 and 3 (online). Forty-
five patients (30%) demonstrated full recovery of renal function within the follow-up 
period (median follow-up period 5.10 years 95% CI 4.17 – 6.02). We undertook a 
multivariate regression analysis to investigate if any clinical features were predictive 
of renal function recovery after 5-ASA cessation (Supplementary Table 2 [online]). 
This analysis suggested that the length of 5-ASA treatment (P=0.05) and the average 
dose of 5-ASA (P=0.03) inversely correlated with the likelihood of renal function 
recovery suggesting cumulative toxicity. It has been suggested that patients who 
develop nephrotoxicity and stop the agent within 10 months of starting are more 
likely to recover to a normal creatinine.27 We were unable to replicate this association 
in our data (P=0.53), however, patients who did recover renal function appeared to 
have been taking 5-ASA for a shorter period of time before developing nephrotoxicity 
(median 794 days, 95% CI 459.13 – 1128.87 vs. median 1461 days, 95% CI 1008.80 
– 1597.20, P=0.02, Figure 2). Forty-three% of patients were treated with steroids, 
which was not associated with a shorter time to recovery (P=0.20) or an increased 
rate of recovery (P=0.10). 

Fifteen out of 151 patients (9.9%) received renal replacement therapy, which 
for 13 patients took the form of a renal transplant. The remaining two patients 
were dialysis dependent at the date of study end. A multivariate regression analysis 
identified peak creatinine (P=0.008), treatment with steroids (P=0.037) and presence 
of a renal biopsy (P=0.045) as predictive of the need for renal replacement therapy 
(Supplementary Table 3 [online]). 

Table 2. Top genome-wide association study (GWAS) association signals from the combined GWAS and HLA 
Imputation analysis.

SNP Cohort Chr Position 
(hg19)

Effect 
Allele

Control risk 
allele Freq.

Risk 
allele 
Freq.

OR (SE) OR 
(95% CI)

P 
value

rs3135356 All 6 32391516 A 0.17 0.29 2.00 (0.13) 1x10-7

Biopsy only 0.39 3.11 (0.19) 4x10-9

rs12204929 All 6 119396266 T 0.05 0.11 2.79 (0.20) 4x10-7

Biopsy only 0.10 2.26 (0.34) 0.02

rs10488193 All 7 12274220 G 0.11 0.21 2.15 (0.15) 3x10-6

Biopsy only 0.25 2.74 (0.23) 1x10-5
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 Time from initiation of 5-ASA agents to the development of nephrotoxicity and recovery of renal function to baseline level. This graph displays the 
time in days from initiation of 5-ASA agents to the development of nephrotoxicity by recovery status. The horizontal line illustrates the median for each cohort.
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Figure 2. This graph displays the time in 
days from initiation of 5-ASA agents to 
the development of nephrotoxicity by 
the recovery status. The horizontal line 
illustrates the median for each cohort.
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Figure 3 A. Genome wide Manhattan plot 
(including HLA imputation) 
Blue line (P=1x10-5), Red line (P=5x10-8)

B. QQ plot  (including HLA-imputation)
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In total 76 patients adjudicated as definite or probable underwent a renal biopsy, 
57 of which demonstrated clear evidence of interstitial nephritis. Of these 58% 
demonstrated only chronic inflammatory changes in the interstitium, with 22% and 
20% demonstrating acute or acute on chronic interstitial inflammation respectively. 
The remaining 19 biopsies demonstrated evidence of glomerulosclerosis or were 
non-diagnostic. 

Genetic determinants of 5-Aminosalicylate (5-ASA) induced 
nephrotoxicity
The idiosyncratic nature of 5-ASA induced nephrotoxicity suggests that there may be 
a genetic basis for its development. To investigate this we undertook a genome wide 
association study with the 151 cases described above and a control cohort of 1748 
Crohn’s and 2361 ulcerative colitis cases.

The strongest association signal for the development of nephrotoxicity was in the 
HLA region (rs3135349, Odds ratio 2.04, P=1x10-7) (see Figure 3 for Manhattan 
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Figure 4 A. Genome wide Manhattan 
plot (including HLA imputation) 
excluding cases that did not have a 
renal biopsy demonstrating interstitial 
nephritis (n=55) for all SNPs with a 
MAF >0.05. Blue line (P=1x10-5), Red line 
(P=5x10-8).

B. QQ plot (including HLA imputation) 
excluding cases that did not have a 
renal biopsy demonstrating interstitial 
nephritis (n=55)
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and QQ plots). We therefore performed dedicated HLA imputation using SNP2HLA 
in to the T1DGC reference panel. The top SNP after imputation was rs3135356, 
(odds ratio 2.0, 95% CI 1.55 – 3.10, P=1x10-7). The results are shown in Table 2. This 
association was present in patients with Crohn’s disease and ulcerative colitis when 
tested independently (P=1x10-7 and P=3x10-7 respectively). 

We recognise that despite the strict adjudication methods undertaken to assign 
causality of nephrotoxicity to the administration of 5-ASA compounds, there 
might be other factors that we have not captured in our data collection that could 
impact on renal function. To further refine the phenotype definition we therefore 
studied only those samples classified as definite or probable, who also had a renal 
biopsy demonstrating interstitial nephritis (passed genetic QC, n=55). Limiting the 
association analyses to the biopsy positive cases significantly strengthened the HLA 
association signal, despite the smaller number of cases, with the most associated SNP 
remaining rs3135356 (Figure 4), but with an odds ratio 3.1, and a genome-wide 
significant P-value (P=4x10-9). This was robust to correction for the first 20 principle 
components OR=3.13, P=1x10-8. The most associated HLA allele from this analysis 
was HLA-DRB1*03:01 (P=5x10-7, Odds Ratio 2.76). This variant was not associated 
with duration of therapy prior to development of nephrotoxicity or the likelihood of 
recovery (P=0.63 and P=0.22, respectively).

Discussion

We present here an analysis of the clinical features of patients with IBD who developed 
nephrotoxicity after administration of 5-ASA compounds. We have conducted the first 
ever genome wide association study of drug-induced renal injury and gone on to 
identify a marker within the HLA region associated with 5-ASA induced nephrotoxicity. 
The data from our cohort suggests that 5-ASA induced nephrotoxicity may present at 
any age and is more common in male patients. The histological hallmark is a chronic 
tubulointerstitial nephritis. Renal injury was detected after a median treatment time 
of 3 years following which only 30% of our cohort fully recovered renal function. 
In 10% of our cases, 5-ASA induced nephrotoxicity necessitated permanent renal 
replacement therapy. These figures must be interpreted carefully, however, as the 
retrospective case identification methods used here may have led to recall bias, with 
greater recruitment of more severe cases. 

Many drugs have been implicated in the development of interstitial nephritis, 
but proving causality is difficult. 5-ASA induced nephrotoxicity has been reported 
previously in case reports including a case of with a positive re-challenge.28 These 
reports, combined with the 151 cases here (including the five definite cases) provide 
compelling evidence that 5-ASA is able to cause renal injury and should be suspected 
in any patient with deteriorating renal function on these agents. 

The temporal association between the use of 5-ASA and development of renal 
injury, the improvement on drug withdrawal (although this only occurs in 30% of 
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patients) and the five patients who were re-challenged with 5-ASA with subsequent 
worsening of renal function provide evidence that the renal damage is likely to be 
drug related. The relationship between an increased likelihood of recovery and drug 
dose and duration also suggests a pathogenic role for the 5-ASA agents in interstitial 
nephritis development. However there has been a suggestion that the nephrotoxicity 
observed in IBD patients might be an extra-intestinal manifestation of disease rather 
than a result of drug toxicity.12,31 Four of the patients in this study had evidence of 
granulomatous interstitial nephritis with non-caseating granulomas seen on biopsy 
(1 patient with Crohn’s disease, 2 with ulcerative colitis and 1 with IBD unclassified). 
This rare form of interstitial nephritis is most commonly seen in acute drug reactions 
but there are isolated case reports of patients with IBD developing interstitial nephritis 
with or without granulomas, some of whom have not been exposed to 5-ASAs.32–34 

Current British Society of Gastroenterology guidelines (2011) recommend 
monitoring of renal function annually in patients taking 5-ASA agents, the European 
Crohn’s and Colitis Organisation (2012) recommends monitoring in high risk 
patients while the American Gastroenterology Society (2010) recommends periodic 
monitoring noting evidence for a defined frequency is lacking.35–37 The utility of these 
approaches has not been demonstrated, however, it has been noted that many patients 
do not have regular renal function monitoring whilst using 5-ASA.38 Indeed data 
from this study suggests that the median time from the last normal creatinine to the 
first abnormal value, which represents how often a patient is having a blood test, is 
1.98 years, with a range of 2 days to 15.3 years. 

5-ASA agents are normally tolerated by the majority of patients suggesting an 
underlying genetic or environmental pre-disposition to the development of renal 
injury in a small subset of patients. The type of renal injury seen with 5-ASA appears 
to be consistent with the changes occasionally seen with long-term lithium use.39 
Lithium ingestion over a prolonged period of time (usually greater than 2 years) has 
rarely been associated with the development of a chronic focal interstitial cortical 
fibrosis with mononuclear cell infiltrate – a chronic interstitial nephritis.40 Analogous 
to the renal injury seen with 5-ASA this typically occurs after a prolonged period of 
drug exposure and once identified by routine blood testing often fails to improve even 
after drug withdrawal.41pathologic findings, and outcome of 24 patients with biopsy-
proven lithium toxicity. The patient population was 50% male, 87.5% Caucasian, and 
had a mean age of 42.5 yr (range, 26 to 57  

We have not attempted to replicate the association of rs3135356 in an independent 
population. The collection of cases described here required a collection period of 2 
years and the involvement of 89 centers, and consequently further sample collection 
was felt to be unfeasible. An association between another HLA class II allele, HLA-
DRB1*01:02 and the rare syndrome of tubulointerstitial nephritis and uveitis (TINU) has 
been described in the literature.42the authors had demonstrated a strong association 
of human leukocyte antigen (HLA The association was only seen in patients with this 
syndrome and not in control patients with interstitial nephritis alone. This association 
is clearly distinct from the drug induced renal injury displayed here and is likely to 
reflect their separate etiologies. 
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Carriage of the risk allele is associated with a 3 fold increased risk of renal injury after 
5-ASA administration. The high frequency of this SNP and the low frequency of the 
adverse event limits its clinical utility and we cannot recommend its use in guiding 
treatment choice or monitoring intervals. 

We describe here an analysis of the clinical features of patients with IBD who 
developed chronic renal damage after administration of 5-ASA compounds. We have 
conducted the first ever association study of drug-induced renal injury and identify 
a genome wide association with a class II allele. The rare condition appears to be 
more common in male patients, can occur after many years of drug administration 
and even once recognized is only reversible in approximately one third of patients. 
Although the cost effectiveness of regular renal function measurements has yet to 
be demonstrated, the potential for serious long-term sequelae should necessitate its 
regular monitoring.  
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Abstract

Background: 
Formation of antibodies to infliximab (ATI) inversely correlates with functional 
drug levels and clinical outcome. Comparison of drug levels and anti-drug antibody 
monitoring is hampered by lack of standardization. 

Aim: 
To determine the correlation between three different assays for measuring infliximab 
and ATI.  

Methods: 
Serum samples and spiked controls (total 62) were evaluated in a blinded way in 
infliximab and ATI assays developed by Sanquin Amsterdam, Netherlands (A), 
Laboratory for Pharmaceutical Biology, KU Leuven, Belgium (B) and a commercially 
available kit from Biomedical Diagnostics (BMD), Paris, France (C) performed by the 
University Medical Center Groningen (UMCG), Netherlands.

Results: 
All infliximab assays showed a linear quantitative correlation (Pearson r =0.91 for A 
vs. B, 0.83 for A vs. C and 0.73 for B vs. C). Assay C detected infliximab in 11 samples 
(18%) not detected by A and B, including samples containing only ATI. All ATI assays 
showed a good linear correlation (Pearson r =0.95 for A vs. B, 0.99 for A vs. C and 0.97 
for B vs. C). Assay A detected ATI in five samples with low ATI that were not detected 
by assays B and C. Assay B did not detect ATI in three patient samples with low ATI 
according to assays A and C. 

Conclusions: 
There is a good correlation of infliximab and ATI measurements between these assays. 
Nevertheless, the BMD kit detected false positive infliximab levels in 18% of the 
samples.
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Introduction

Antibodies against tumor necrosis factor alpha (anti-TNF-alpha) such as infliximab 
(IFX) and adalimumab (ADA) have proven to be effective in the treatment of the 
inflammatory bowel diseases i.e. Crohn’s disease (CD) and ulcerative colitis (UC) 
as well as in the treatment of rheumatoid arthritis, ankylosing spondylitis, psoriatic 
arthritis and psoriasis. Both IFX and ADA are effective in inducing and maintaining 
remission of luminal and fistulizing CD and UC.1-2 These drugs are administered 
at fixed dose and intervals derived from dose finding studies for IFX3-4 and ADA.5-6 
Observational studies showed that approximately 10 % of patients per year lose their 
response to these anti-TNF antibodies.7 One factor associated with loss of response is 
immunogenicity, whereby the production of antidrug antibodies is associated with 
infusion reactions and an accelerated antibody clearance resulting in lower anti-TNF 
antibody titers.8 Observational studies have demonstrated a relationship between 
IFX and ADA drug concentrations, the presence of antidrug antibodies and clinical 
outcome.9-12 In the case of loss of response with low drug titers without antibodies, 
increasing the dose or shortening of the dosing interval is effective.13 Whereas in cases 
of low drug titers due to anti-drug antibody formation, a switch to another anti-
TNF is the preferable strategy.14 Therapeutic Drug and Immunogenicity Monitoring 
(TDIM) with early serial trough and antidrug antibody level measurements will 
probably optimize anti-TNF treatment.15-16 Therefore currently several studies are 
designed to dose IFX or ADA based on trough levels. Different assays are being used to 
measure drug and anti-drug antibody levels. The most commonly used assay types are 
the: enzyme-linked immunosorbent assay (ELISA) (i.e. used by laboratories in Spain, 
France, the Netherlands, Belgium and Israel but also provided as a kit by commercial 
companies), radio-immunoassay (RIA) (used by laboratories in Denmark and the 
Netherlands) and since recently a fluid phase mobility shift assay (provided by a 
commercial company in the United States). However, standardization of these assays 
to measure IFX or ADA trough levels and anti-IFX or anti-ADA antibodies is lacking. 
Several confounding factors such as drug interference and background can influence 
the measurement of biological drugs and antibodies to these drugs. This may result 
in poor specificity, sensitivity and reproducibility. In this study we determined the 
correlation between academically developed assays (Leuven and Amsterdam) that 
were used in several studies to detect IFX drug levels and anti-IFX antibodies17-19 
and are routinely applied in patient diagnostics, and a commercially available assay 
(further referred to as BMD ELISA) used in the study of Pariente et al.20
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Materials and Methods

We have set up a round robin experiment in which serum samples were sent 
around by three institutes and were analyzed in a blind manner by each institute. 
IFX and antibody levels to IFX were determined. The institutions participating in 
this interlaboratory test were: the Laboratory for Monoclonal Therapeutics, Sanquin 
Diagnostics (IFX and ATI assay A), Amsterdam (the Netherlands), the Laboratory 
for Pharmaceutical Biology, KU Leuven (IFX and ATI assay B), Leuven (Belgium) 
and the Department of Gastroenterology, UMCG (IFX and ATI assay C), Groningen 
(the Netherlands) who performed the BMD assay. All three institutions delivered 
serum samples derived either from the department of gastroenterology or from 
the department of rheumatology and Leuven and Sanquin provided quality control 
samples. No clinical details of patients were collected.

A total of 62 samples were analyzed by all three institutes. Thirty six samples were 
clinical samples from patients containing different concentrations of IFX and ATI. The 
other 26 samples were calibrator samples in which a serum pool of healthy controls 
was spiked with known concentrations of IFX (n=10), ADA (n=1), antibodies to IFX 
(ATI) (n=10) or antibodies to ADA (ATA) (n=3) and two blank samples with only 
serum of healthy controls. 

In Groningen the commercially available LISA-TRACKER Premium Infliximab kit 
(BMD Biomedical Diagnostics, Marne La Vallée, France) was used to measure IFX 
and antibodies to IFX. This kit is an ELISA and has a CE-label according to Directive 
97/98/CE. Lower limit of quantification for IFX levels is 0.1 mg/l. The lower and 
upper limits of quantification for antibodies to IFX are 10 and 200 microgram/l. The 
kit was used conform to manufacturer instructions by a qualified person.

In Amsterdam, at Sanquin, an in house developed ELISA was used to measure IFX 
using the same procedures as described for ADA.21 Maxisorp ELISA plates were coated 
overnight with 2 μg/ml monoclonal anti-TNF-7 (Sanquin) in Phosphate buffered 
saline (PBS) at room temperature (RT). After five times washing with PBS/0.02% 
Tween (PT), plates were incubated for 1hr at RT with recombinant TNFα (0.01 μg/
ml) (Strathmann Biotech HmbH,Hannover, Germany) diluted in high performance 
ELISA buffer (HPE, Business Unit reagents, Sanquin). Next, the plates were washed 
and incubated for 1hr with patient serum which was serially diluted in HPE. 
Subsequently, the plates were washed with PT and incubated for 1 h with biotinylated 
infliximab specific rabbit anti-idiotype antibody (0.25 μg/ml in HPE). After washing 
streptavidin-poly-HRP (Sanquin) (1/25000, in HPE) was added for 1 h at 37 °C. After 
washing the ELISA was developed with 100 μg/ml tetramethylbenzidine in 0.11 M 
sodium acetate (pH 5.5) containing 0.003% (v/v) H

2
O

2
. The reaction was stopped 

with 2 M H
2
SO

4
. Absorption at 450 nm was measured with an  EL

X
808IU reader (Bio-

tek Instruments Inc., USA)). Results were related to a titration curve of infliximab on 
each plate. The lowest level of quantification was 0.002 mg/l. To measure antibodies 
to IFX, an in house developed RIA was used.22,23 Briefly, one microliter of serum 
diluted in Freeze buffer was incubated with 1 mg protein A Sepharose (GE healthcare, 
Chalfont St. Giles, UK) in 800 ml of total volume. After overnight incubation, samples 
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were washed and 125I radioactive labeled infliximab F(ab’)2 fragments were added. 
After overnight incubation, unbound radiolabel was washed out and Sepharose-
bound radioactivity was measured. Results of this test are commonly expressed by 
Sanquin as Arbitrary Units/ml, where 1AE/ml equals approximately 10 microgram/l. 
The lower limit of quantification is 12 AE/ml. 

In Leuven an in house developed direct ELISA was used to measure IFX based 
on a previously described method.24 Briefly, high binding 96-well plates (Costar, 
Sigma Aldrich, Germany) were coated overnight with TNF-alpha (Preprotech, UK) at 
4°C. Plates were blocked with PBS/1% bovine serum albumin (BSA) (Sigma Aldrich, 
Germany) for 2 h at room temperature and samples were diluted in PBS/1% BSA and 
incubated for 2 h at 37°C. As detecting antibody horse radish peroxidase (HRP) linked 
monospecific rabbit polyclonal antibody (made in house) was used and plates were 
incubated at RT for 1 h. Plates were developed using 400 µg/ml o-Phenylenediamine 
(Acros Organics, Belgium) and 0.003% (v/v) H

2
O

2
 in 0.1 M sodium citrate 0.2 M di-

sodium phosphate buffer pH 5. The reaction was stopped with 2 M H
2
SO

4
.  Absorption 

at 490 nm was measured with an EL
X
808IU reader (Bio-tek Instruments Inc., USA). 

Results were related to a titration curve of infliximab on each plate. The cut off for 
an IFX positive sample was 0.3 mg/l. To measure antibodies to IFX, an in house 
developed bridging ELISA was used. Briefly, high binding 96-well plates (Costar, 
Sigma Aldrich, Germany) were coated for 72hr with IFX (Janssen Biologics, The 
Netherlands) at 4°C. Plates were blocked with PBS 1% BSA (Sigma Aldrich, Germany) 
for 2hr at room temperature and samples were diluted in PBS, 0.1%BSA and 0.002% 
(v/v) Tween 80 and incubated overnight at 4°C. As detecting antibody HRP linked 
infliximab (made in house) was used and plates were incubated at RT for 2hr. Plates 
were developed using 400 µg/ml o-Phenylenediamine (Acros Organics, Belgium) 
and 0.003% (v/v) H

2
O

2
 in 0.1 M sodium citrate 0.2 M di-sodium phosphate buffer 

pH 5. The reaction was stopped with 4 M H
2
SO

4
. Absorption at 490 nm was measured 

with an EL
X
808IU reader (Bio-tek Instruments Inc., USA). Results were related to a 

titration curve of monospecific rabbit polyclonal antibody to IFX on in each plate. The 
cut off for an ATI positive sample was 1 mg/l equivalents. 

Statistical analysis 
To quantify the agreement between IFX levels from all three assays, the intraclass 
correlation coefficient (ICC) was calculated using the two-way mixed single measures 
test (absolute agreement) whereby a value of 1 represents complete agreement. Data 
are shown in a Bland-Altman plot in which the difference between two measurements 
is plotted on the Y axis, and the average of two measurements on the X axis. This plot 
allows comparing of two assay methods.25 An ideal agreement between two assay 
methods is represented by a flat line in the Bland-Altman plot. An ICC expresses 
agreement between results obtained by two different methods whereas a Pearson 
correlation only expresses the association between these results. To quantify the 
correlation between IFX levels and antibody to IFX levels from all three assays, the 
Pearson’s correlation coefficient was calculated whereby a value of 1 represents an 
ideal correlation between two methods. Correlation coefficients were compared using 
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a post-test following two linear regression models to explore whether the influence 
of the outliers significantly influenced the Pearson’s correlation coefficient. A p-value 
of <0.05 was considered statistically significant. The statistical software package SPSS 
version 17.0 (IBM, New York, USA) and GraphPad Prism version 5.03 for Windows 
(GraphPad Software, San Diego, USA) were used for all analyses. 

Results

A total of 62 samples were included to measure IFX and antibody to IFX (ATI) 
levels. We compared the IFX and ATI levels obtained with assays from three different 
institutions. 

The correlation between IFX levels of the different assays was expressed by a Pearson 
r correlation coefficient. The highest correlation was obtained when comparing IFX 
assay A versus B which gave a Pearson r of 0.91 (P<0.0001) (figure 1A). 

Four samples were above the higher limit of quantification (HLOQ) in IFX assay 
C and gave also a high signal in IFX assays A and B. These samples were left out 
of further calculations. Comparison of IFX assay A versus C gave a Pearson r of 0.83 
(P<0.0001) and IFX assay B versus C a Pearson r of 0.73 (P<0.0001) (figure 1B, C). 

Qualitatively, IFX assays B and C detected IFX in one healthy control sample spiked 
with ADA whereas in IFX assay A this sample was negative. Furthermore, IFX assay C 
detected IFX in 11 out of 62 samples (18%), not detected by IFX assays A and B. Five 
out of these 11 samples were calibrator samples, of which two samples only contained 
antibodies to IFX and three samples only contained antibodies to adalimumab. The 
remaining six samples were patient samples, all containing high ATI levels.

The agreement between IFX levels of the different assays was expressed by an 
intraclass correlation coefficient (ICC). Comparing IFX assay A with B gave the best 
agreement with an ICC = 0.91 (95%CI 0.86-0.95; P<0.0001). This is represented 
visually in figure 2A by a Bland-Altman plot where the average of the differences is 
close to zero, indicating that the two assay methods produce similar results. To a lesser 
extent, we saw an agreement between IFX assays A and C and IFX assays B and C: the 
ICC between IFX assays A and C was 0.73 (95%CI 0.58-0.83; P<0.0001) and 0.59 
(95%CI 0.39-0.73; P<0.0001) between IFX assays B and C. The Bland-Altman plots 
of IFX assays A and C (figure 2B) and IFX assays B and C (figure 2C) show that as the 
average of two measurements increases, the difference increases.

The correlation between antibody to IFX levels of the different assays was also 
expressed by a Pearson r correlation coefficient (figure 3). All three ATI assays 
showed a good correlation: comparing ATI assay A versus B gave a Pearson r of 0.95 
(P<0.0001); ATI assay A versus C gave a Pearson r of 0.99 (P<0.0001) and ATI assay B 
versus C gave a Pearson r of 0.97 (P<0.0001). Six samples were above the higher limit 
of quantification (HLOQ) in ATI assay C and gave also a high signal in ATI assays A 
and B. These samples were excluded from the calculation of the Pearson correlation.

Qualitative analysis showed that ATI assay A detected ATI in 5 samples with low ATI 
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Figure 1 | Correlation of IFX levels (mg/L) between (a) Amsterdam (IFX assay A) and Leuven (IFX assay B), (b)
Amsterdam (IFX assay A) and BMD (IFX assay C) and (c) Leuven (IFX assay B) and BMD (IFX assay C).
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Figure 2 | Bland–Altman plot of IFX levels to compare two assay methods: the di�erence between two measurements
(mg/L) is plotted on the Y-axis and the average of the two measurements (mg/L) on the X-axis. Dotted lines
represent the 95% limits of agreement. (a) Amsterdam (IFX assay A) vs. Leuven (IFX assay B), (b) Amsterdam (IFX
assay A) vs. BMD (IFX assay C) and (c) Leuven (IFX assay B) vs. BMD (IFX assay C).
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Figure 2. Bland-Altman plot of IFX levels to 
compare two assay methods: the difference 
between two measurements (mg/l) is plotted 
on the Y-axis and the average of the two 
measurements (mg/l) on the X-axis. Dotted 
lines represent the 95% limits of agreement. A) 
Amsterdam (IFX assay A) versus Leuven (IFX 
assay B), B) Amsterdam (IFX assay A) versus 
BMD (IFX assay C) and C) Leuven (IFX assay B) 
versus BMD (IFX assay C).
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that was not detected by ATI assays B and C. ATI Assay B did not detect ATI in 3 patient 
samples with low ATI according to ATI assays A and C.

The agreement between antibody to IFX levels obtained with the three different 
assays could not be calculated since the assays report different outcome measures (i.e. 
Arbitrary Units/ml, microgram/l equivalents, microgram/l). This is due to the fact 
that until now no human ATI standard is available which is necessary to calibrate each 
assay. This is not the case for the determination of IFX levels since the drug is available 
at a known concentration, provided by the manufacturer and is equally used in all 
three assays. 
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Figure 3. Correlation of antibody to 
infliximab (ATI) levels (microgram/l) between 
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BMD (ATI assay C) and C) Leuven (ATI assay B) 
and BMD (ATI assay C).
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Discussion

A round robin test was performed in which clinical samples and quality control 
samples were sent around from three institutions and were analyzed for IFX levels 
and ATI independently. Three institutions participated in this interlaboratory test: the 
Laboratory for Pharmaceutical Biology, KU Leuven, Leuven (Belgium) and Sanquin 
Research, Amsterdam (the Netherlands) because their in house developed assays 
are widely used and the department of Gastroenterology, UMCG, Groningen (the 
Netherlands) that tested the commercially available BMD ELISA. All three institutions 
delivered patient samples and Leuven and Sanquin provided quality control samples. 

We found a good correlation and agreement in IFX levels measured with all 
three assays. Nevertheless, the BMD ELISA detected IFX in 11 samples (18%) not 
detected by the ELISA from Amsterdam or Leuven. These false positive samples were 
six clinical samples with high ATI levels and five quality control samples which only 
contained serum from healthy controls that was spiked with either ATI (two samples) 
or antibodies to ADA (three samples). The reason why the BMD ELISA detects false 
positive IFX levels could be because of non-specific binding or the use of a non-
specific secondary antibody (anti-human IgG). It has to be noted that in contrast to the 
assays from Amsterdam and Leuven that were carried out in a research laboratory, the 
BMD assay was performed in a clinical pharmacology laboratory. However, the BMD 
assay was carried out by a qualified person conform to manufacturer instructions in 
an adequate setting.

We found a good correlation in ATI levels measured with all three assays. We did 
not perform specific tests to investigate the drug interference of IFX when detecting 
ATI but this was optimized by each institute. This is of pivotal importance because 
when IFX is present in a serum sample, this will form complexes together with ATI, 
thereby impeding the detection of ATI (= drug interference). Therefore, the detection 
and quantification of ATI is not always possible when IFX is present and those samples 
should be considered ‘inconclusive’ for ATI. The result of the RIA from Amsterdam for 
ATI is considered inconclusive when the IFX level is above 1 mg/l compared to 0.3 
mg/l for the bridging ELISA from Leuven. In the manufacturer’s manual of the BMD 
kit, no interference of IFX is mentioned when measuring ATI and no information is 
given when a serum sample should be considered ‘inconclusive’.

The sensitivity of the three assays to detect ATI was comparable, with a slight 
advantage for the RIA in detecting low ATI concentrations. As the RIA is less sensitive 
to drug interference than the ELISA, it is able to detect low ATI concentrations in 
the presence of drug.26 Thus, antibody development may be detected a bit earlier. 
However, in vivo these low level ATI may only influence IFX to a limited extent.

We did not correlate the results of the tests with the clinical image of the patient 
(for the clinical serum samples). The main goal of this comparative test was to evaluate 
the ability of the tests to detect typical, clinical meaningful levels of drug and anti-
drug antibodies without false positives or negatives. Comparing assays is critical for 
understanding and interpreting data of different clinical studies. 

Recently, Pariente and co-workers published a retrospective study in which they 
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investigated a cohort of IBD patients losing response to IFX.20 The correlation between 
clinical response, IFX trough levels (IFX serum level just before next infusion) and 
ATI was investigated. They concluded that in IBD patients who lose response to 
IFX, clinical improvement upon intensification of IFX therapy, was irrespective of 
IFX trough level or presence of antibodies to IFX. This study was performed with 
the commercially available BMD ELISA. Our results – showing that the BMD ELISA 
cannot distinguish between IFX and ATI in certain clinical samples and might show 
false positive results of IFX– shed another light on this study. When measuring false 
positive IFX levels in serum samples of patients with high levels on ATI, this will not 
correlate with the clinical outcome. 

The results of Pariente et al. are also in stark contrast to previously published papers 
proving a correlation between IFX trough levels and clinical outcome in Crohn’s 
disease and ulcerative colitis patients.9-10 Furthermore ATI have been linked to a 
higher incidence of infusion reactions, adverse events and an increased risk for loss of 
response.8,27 Recently it has been shown that in patients with good IFX trough levels, 
the presence of ATI is associated with a higher CRP during treatment.28 However, also 
after discontinuation of anti-TNF, the measurement of anti-drug antibodies could 
be of clinical use. Ben-Horin et al. showed promising results in a small cohort of 
IBD patients that the decline of anti-drug antibodies could have an impact on the 
outcome of re-induction of the anti-TNF.29 Due to this increasing evidence for the use 
of therapeutic drug and immunogenicity monitoring in the management of chronic 
inflammatory diseases, there is a high need for standardized assays that can accurately 
detect IFX and ATI in sera. 

Conclusions
There is a good correlation of IFX and antibody to IFX level measurements between 
the assays developed by Sanquin Research (Amsterdam), the Laboratory for 
Pharmaceutical Biology (Leuven) and the commercially available kit from BMD. 
Nevertheless, the BMD kit detected false positive IFX levels in 18% of the samples, 
including samples only containing antibodies to IFX and antibodies to ADA. Finally, 
the authors agree that existing assays to measure biological drugs and anti-biological 
drug antibodies need to be standardized. 
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In response to Parussini’s comments on our article1,2: we regret that Theradiag 
Innovation (bmd) cannot support the results and formally contests the conclusion of 
our article. In their letter it is stated that the published results are not consistent and 
they suspect an issue occurring during the pre-analytical process of the samples. In 
order to select the best test for clinical practice the UMCG performed the tests with 
the LISA tracker and took part in a round robin experiment together with Sanquin 
Diagnostics and the Laboratory for Pharmaceutical Biology as mentioned in the paper. 
The test was performed according the manufacturer’s protocol by a technician of the 
UMCG, who was instructed by the manufacturer. Apart from the eight presumed false 
positive samples all the other results were consistent with the other assays, therefore 
a bad compliance of the product protocol is highly unlikely. In order to improve 
their test and not to dispute the results, Theradiag received eight samples (seven 
clinical samples, one QC sample) from our study stated as false positive Infliximab 
(IFX) levels. Three out of eight samples that were retested at Theradiag were still 
false positive. These tests were not performed in a blinded way in contrast to the 
set-up of the initial round robin experiment. Furthermore, there appear to be some 
inaccuracies in the graph depicted in the letter of Parussini as UMCG found levels up 
to 2.2 mg/L (not 5 mg/L as Theradiag erroneously mentioned)(Table 1). The LISA 
tracker uses non-specific anti-human IgG as a detecting antibody, which is known to 
cause false positive results due to aspecific binding of serum proteins leading to false 
positive results. Referring to the 22 extra samples recently measured by Theradiag 
and the Laboratory for Pharmaceutical Biology, the infliximab results obtained by 
Theradiag were now consistently lower and one sample was now even false negative. 
This underestimation of infliximab results is peculiar. The LISA tracker is used in 
several publications and journals, but they never performed a study to determine the 
correlation between different assays for measuring IFX levels.3  

The authors’ declarations of personal and financial interests are unchanged from 
those in the original article.2

Table 1. Comparison of the IFX levels in eight out of 11 samples interpreted as false positive in the present 
study. Theradiag still shows a false positive result in three out of eight samples. The UMCG did not find levels
up to 5 mg/L IFX such as Theradiag suggests in their graph.

IFX level performed at 
UMCG, Groningen

IFX level performed at UMCG, Groningen 
(interpreted by Theradiag)

IFX level performed by Theradiag 
(bmd)

1,8 1,8 <0,1

1,6 1,6 0,2

1,7 1,7 0,2

2 2 <0,1

0,7 0,7 <0,1

1,9 1,9 <0,1

2 2 0,4

2,2 5.0 <0,1
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Abstract 

Introduction: 
TNF-alpha-neutralizing antibodies, such as infliximab (IFX) and adalimumab (ADA), 
are effective in the treatment of inflammatory bowel diseases (IBD), but they are 
expensive and become ineffective when patients develop anti-IFX or anti-ADA 
antibodies (ATI and ATA, respectively).  Second-generation anti-TNF-α antibodies, 
such as Golimumab, Etanercept, Certolizumab-pegol and IFX biosimilars, may solve 
these issues. 

Aim: 
To determine the neutralizing capacity of first- and second generation anti-TNF-
alpha antibodies and to determine whether ATI show cross-reactivity with the IFX 
biosimilar CT-P13 (Inflectra).

Methods:
TNF-alpha neutralization was measured using a quantitative TNF-alpha sensor assay 
consisting of HeLa 8D8 cells that express the Green Fluorescence Protein (GFP) under 
control of a NF-кB response element. All available anti-TNF-alpha drugs and the IFX 
biosimilar CT-P13 (Inflectra) were tested for their TNF-alpha-neutralizing capacity. In 
addition, patient sera with ATI were tested for their potential to block the activity of 
IFX, IFX (F)ab2-fragment, biosimilar CT-P13 (Inflectra) and ADA. 

Results:  
TNF-alpha strongly induced GFP expression in Hela 8D8 cells. Higher concentrations 
of first-generation anti-TNF-alpha drugs were required to neutralize TNF-alpha 
compared to the second-generation anti-TNF-alpha drugs. Serum of IBD patients 
with proven ATI blocked TNF-alpha-neutralizing properties of IFX biosimilar CT-P13 
(Inflectra), whereas such sera did not block the effect of ADA.  

Conclusion:  
The second-generation anti-TNF-alpha drugs show increased TNF-alpha-neutralizing 
potential compared to first-generation variants. ATI show cross-reactivity toward IFX 
biosimilar CT-P13 (Inflectra), consequently patients with ATI are unlikely to benefit 
from treatment with this IFX biosimilar.



Comparison of anti-TNF-alpha biologicals and an IFX-biosimilar

87

Ch
ap

te
r 

6

Introduction

TNF-alpha blocking agents, such as infliximab (IFX) and adalimumab (ADA), are 
highly effective in the induction and maintenance of remission in Crohn’s disease 
(CD) and ulcerative colitis (UC) and have led to remarkable improvements in the 
therapy of CD and UC.1-8 However, TNF-alpha blocking agents are very expensive and 
currently constitute the majority of the costs of IBD therapy.9 IFX-biosimilars, such as 
CT-P13 (Inflectra/ Remsima),Celltrion) and Flixabi (Biogen) are available now.10-13 
These biosimilars are expected to have the same specificity and the same sequence as 
the original molecule IFX (Remicade), but are marketed at a much lower price than 
the first-generation anti-TNF-alpha blocking agents, which will make treatment of 
these diseases more cost-effective. 

Besides the cost of these drugs, another problem in the treatment with TNF-
alpha blocking agents is that approximately 10%-21% of the patients annually lose 
their response to the treatment partially due to formation of antibodies against the 
drug (antigenicity), causing low trough levels.14-16 Antibodies against IFX (ATI) and 
ADA (ATA) are correlated with lower trough levels and reduce the efficacy of IFX 
therapy.17-19 
Currently second generation TNF-alpha blocking agents as Certolizumab-PEGOL 
(Cimzia) and Golimumab are shown to be effective in the treatment of CD and UC. 20-22 

It is unclear whether ATI always neutralize the anti-TNF-alpha drug and whether they 
show cross-reactivity towards other available anti-TNF-alpha therapeutics or IFX biosimilar. 
Here, we compared the TNF-alpha-neutralizing capacity of all commercially available 
anti-TNF-alpha drugs. Furthermore, we tested the neutralizing capacity of ATI, as well 
as their cross-reactivity with IFX, ATI, ADA and ATA. Finally, we tested if ATI towards 
the original IFX cross react with the biosimilar of infliximab (CT-P13 (Inflectra)).

Material and Methods

Patients
In a retrospective cohort, 23 IFX (Remicade) treated IBD patients were identified 

with anti-IFX antibodies (ATI) and their clinical parameters were collected from 
their electronic patient dossier. This is a retrospective study on biobank material. This 
biobank was approved by the ethical review board of the UMCG approved August 5th, 
2009, protocol number METc 2008.338. Written, informed consent was obtained 
from each patient included in the study. Within this informed consent patient agrees 
to link the patient’s biobank ID to the electronic patient’s dossier. The authors had full 
access to the electronic patient dossier. The study protocol conforms to the ethical 
guidelines of the 1975 Declaration of Helsinki as reflected in a prior approval by the 
institution’s human research committee.
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Neutralizing effect of anti-TNF-alpha agents 
To investigate the difference between the neutralizing effect of IFX, IFX (F)ab2-
fragment, ADA, Etanercept, Certolizumab and Golimumab, we used HeLa 8D8 cells 
that express the Green Fluorescence Protein (GFP) under control of the NF-kB 
response element.23 

Cultures of HeLa 8D8 cells were maintained in plates at a density of 250,000 
cells/well in 1 mL Dulbecco’s-modified Eagle medium (DMEM), supplemented with 
10% heat-inactivated fetal calf serum (FCS) and incubated in an atmosphere of 5% 
CO

2
 at 37°C. The peak of  TNF-alpha (1 ng/ml)-induced GFP expression was observed 

after 16 h of incubation, which was chosen for all further experiments. Reagents 
were added directly to the cells after seeding them and incubated for 16 hours. After 
incubation, cells were suspended in 350 µl of ice-cold phosphate-buffered saline 
(PBS) supplemented with 1% bovine serum albumin (BSA) and kept on ice until 
analysis. The number of GFP-positive cells was quantified by flow cytometry using 
a FACSCaliburTM flow cytometer. The fluorescent signal was measured in at least 
10,000 cells. Different concentrations of IFX, IFX biosimilar CT-P13 (Inflectra), 
ADA, Certolizumab, Etanercept and Golimumab (0-5-10-20-40-100 ng/mL) were 
analyzed for their neutralizing capacity on 1 ng/mL TNF-alpha. All experiments were 
conducted four times. 

Antibodies to Infliximab (ATI)
Blood samples of 23 IBD patients with ATI were collected. The concentrations of 
ATI and the serum levels of free IFX were determined by Sanquin, Amsterdam, The 
Netherlands.24,25 We evaluated the clinical consequences and the in vitro blocking effect 
of sera of patients with proven ATI.  Serum samples that contained ATI were incubated 
with 1 ng/mL of TNF-alpha and 10-40 ng/mL of IFX were added to the Hela 8D8 
cells. The quantity of serum was adjusted to a concentration of 7 AU/mL of ATI. 
Different amounts of normal human serum were used as negative controls.

Cross-reactivity in antigenicity 
Cross-reactivity between antibodies against IFX and ADA was tested using sera of 2 CD 
patients with ATI (7 AE/ml) and sera of 1 AS and 1 PsA patient with ATA (30 AE/mL). 

Sera with ATI of 6 different IBD patients were used to show antigenic cross-
reactivity between IFX and the IFX biosimilar CT-P13 (Inflectra).

Statistical analysis
Continuous variables were given as mean and range and categorical data as numbers 
with percentages. Differences  between  groups,  at  baseline,  different  follow-up  
times,  were  evaluated  by  the  Student –t- test and  otherwise  the  Mann-Whitney  
U  test,  depending  on  normality  of  the  data,  for  continuous  data. All tests of 
significance were two-sided, with p-values of <0.05 assumed to indicate significance. 
Statistical analyses were performed using IBM SPSS Statistics version 25.0 (Armonk, 
NY, USA) unless otherwise mentioned.
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Results

Patient characteristics
Blood samples of 23 IBD patients with ATI were used to test the blocking effect of the 
neutralizing effect of IFX. The characteristics of these patients are shown in Table 1.

The different TNF-alpha neutralizing effect of the anti-TNF-alpha agents
A 16 h treatment with 1 ng/ml TNF-alpha resulted in a strong induction of GFP-
positive HeLa 8D8 cells (approximately 50%), validating their use as TNF-alpha 
reporter cells (Fig 1). Next, IFX, ADA, Certolizumab, Etancercept and Golimumab 
were evaluated for their TNF-alpha neutralizing effect. The anti-TNF-alpha drugs 
were tested at 0-5-10-20-40-100 ng/mL in the presence of 1ng/ml TNF-alpha. All 
anti-TNF-alpha drugs dose-dependently reduced the number of TNF-alpha-induced 

Table 1. Characteristics of 23 IFX (Remicade) treated IBD patients with ATI.

Characteristics Value

Gender
  Male
  female

 
7
16

Age (yr) 
  mean
  range

43.9
25-74

Disease
   Crohn’s disease (CD)
   Ulcerative colitis (UC)

19
4

Localization disease- no of patients
  Colitis 
  Ileocolitis
  Ileitis

10
9
4

Fistulas 6

Concomitant medication to infliximab 
  Corticosteroids
  Azathioprine/6-mercaptopurine/
  Methotrexate
  Cyclosporine
  No other medication

8

15
1
5

Dosage Infliximab, mean (range) 5.6 mg/kg (5-10mg/kg)

No of infusions Infliximab, mean (range) 8.9 (4-20) 

Anti-IFX antibody concentration mean (range) 921.3 (12-7855) AU/ml

Consequences antibodies against IFX.
  Loss of response
  Infusion reaction
  Lack of response

14
5
4



90

|Chapter 6

GFP positive HeLa 8D8cells. Etanercept, Certolizumab and Golimumab demonstrated a 
stronger (p<0.001) neutralizing effect compared to IFX and ADA (Fig 1).There is no 
statistical difference in the neutralizing effect of the IFX biosimilar CT-P13 (Inflectra) 
compared to IFX (Fig 2). Because different batches of IFX exist we show that even 4 year 
old IFX behaved similar to the new batch of IFX that was primarily used in our study. We 
tested fresh and 4 year-old IFX from different batches in solubilized and dry conditions 
and found no statistical difference in the TNF-alpha neutralizing capacity (S1 Fig). 
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Figure 1. The TNF-alpha (⁄ng TNF-alpha) neutralizing effect of IFX, ADA, Certolizumab, Etanercept and 
Golimumab in different concentrations is illustrated. The higher the concentration of the biological, the 
stronger the neutralizing effect. † is p<0.05 as compared to 0ng/ml; * is P<0.001 as compared to ‚ng/ml.
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S1 figure. No difference in the neutralizing capacity of new and 4 year old IFX. 
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ATI block the TNF-alpha-neutralizing effect of IFX.
Sera of 17 different IBD patients with different concentrations of ATI were added 
together with 1 ng/mL of TNF-alpha and 10-40 ng/mL of IFX to the HeLa 8D8 cells.

We descriptively show that there is a blocking effect of ATI of the 17 different IBD-
patient’s serum samples on the neutralizing effect of IFX as shown in Fig 3. 

Sera of patient 15 and 17 had a low blocking effect possible due to that they 
had lower levels of ATI, 46 AE/ml and 59 AE/ml, respectively. We show in the 
supplementary figure 2 that a higher ATI concentration does have a stronger blocking 
effect of IFX and IFX biosimilar CT-P13 (Inflectra) (S2 Fig).
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Figure 2. No difference in TNF-alpha neutralizing effect comparing IFX with IFX biosimilar CT-P13 (Inflectra).
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S2 figure: Stronger blocking effect of the neutralizing capcity of IFX and CT-P13 (Inflectra) with increased 
concentrations of ATI. 
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The cross-reactivity between anti-TNF-alpha drugs and anti-TNF-alpha 
antibodies 
Serum samples of 2 IBD patients with ATI and serum samples of 2 RA patients with 
ATA were used to evaluate the cross-reactivity between ATI and ADA, and ATA and 
IFX, respectively. The sera with ATI inhibited the effect of the IFX F(ab)2-fragment, 
but did not block the neutralizing effect of ADA (Fig 4). Therefore, it is likely that the 
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Figure 3. The blocking effect of sera of 17 IFX treated IBD patients with ATI.  Patient 15 and 17 had low ATI, 
46 AE/ml and 59 AE/ml respectively. 
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Figure 4. Blocking experiments with IFX, F(ab)2 of IFX and ADA in two samples of CD patients with ATI  and 
2 samples of RA patients with anti-ADA antibodies. There is no cross reactivity among ATI and anti-ADA 
and the IFX antibodies are directed against the F(ab)2-fragment of IFX. 
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IFX antibodies are directed against the F(ab)2-fragment. Sera of patients with ATA 
did not block the neutralizing effect of IFX. Therefore, no antigenic cross-reactivity 
was found between IFX and ADA. In contrast to ADA, ATI shows a blocking effect of 
the neutralizing capacity of the IFX biosimilar CT-P13 (Inflectra) (Fig 5). This means 
that the IFX biosimilar CT-P13 (Inflectra) has the same immunogenic epitopes as IFX. 
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Fig 5 A and B. Blocking experiments with 20 (figure 5A) and 40 (figure 5B) ng IFX and its CT-P13 (Inflectra) 
biosimilar showing the cross reactivity of ATI with its biosimilar. 
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Discussion

Using an in vitro reporter assay, we show in this study that Etanercept (ETA), 
Certolizumab and Golimumab are more effective in neutralizing TNF-alpha compared 
to the first generation anti-TNF-alpha drugs IFX and ADA. We also show that serum 
with proven ATI blocked the TNF-alpha-neutralizing properties of IFX, the F(ab)2 of 
IFX, and the IFX biosimilar CT-P13 (Inflectra), whereas ATI did not block the effect 
of ADA. 

IFX was the first anti-TNF-alpha biological for the treatment of IBD patients. 
The ACCENT1 trial showed that CD patients treated with IFX therapy were 3 times 
more likely to have clinical remission in the maintenance phase.3 The second anti-
TNF-alpha biological approved for the treatment of CD was ADA, which also showed 
significantly more induction of remission and maintenance remission rates compared 
to placebo.7,26 ADA and IFX are considered first generation biologicals. The second 
generation biologicals, like certolizumab pegol and golimumab, have been approved 
for use in patients with respectively CD and UC.20-22 There are no publications yet that 
directly compare the neutralizing capacity of first and second generation anti-TNF-
alpha agents. Patil et al reported in a retrospective review that there was no difference 
in clinical remission rates between IFX, ADA and Certolizumab pegol.27 

Recently, biosimilars of IFX, such as CT-P13 (Remsima/Inflectra), manufactured 
by Celltrion and Flixabi manufactured by Biogen came available for the treatment 
of IBD.12,13 The term biosimilar suggests that these new biologicals have the same 
properties as the original biological. The recent NOR-Switch study showed that a 
switch to biosimilar infliximab (CT-P13) from originator infliximab is not inferior 
to continued treatment with the originator and that patients can be safely switched.28 

In this study we show that there is no difference in either the anti-TNF-alpha 
effect or antigenicity of IFX and its biosimilar CT-P13 (Inflectra) in vitro. The ATI seems 
to be directed against the F(ab)2-fragment of the anti-body and since an antibody 
reaction is very specific this proves similarity. These findings correspond to the 
findings with Remsima.29 This is important because the costs of IBD treatment are 
mainly driven by first and second generation anti-TNF- alpha agents, and biosimilars 
are generally much cheaper.9 As a result of the specificity of biosimilars, IBD patients 
without ATI could in theory be treated with or switched to a cheaper biosimilar. In 
vitro study showed that the same holds for ADA biosimilar, but its clinical effect has to 
be awaited.30 In accordance with clinical observations we show that there is no cross-
reactivity between antibodies against IFX and ADA. 

As shown in clinical studies, IFX-treated patients with loss of response due to the 
development with ATI can be switched safe and effective to ADA and vice versa. 

As the expiration date for IFX was considered to be only 24 hours we tested 
fresh and 4 year-old IFX from different batches in solubilized and dry conditions and 
found no difference in the TNF-alpha neutralizing capacity. Therefore, spill of this 
expensive biological can probably be reduced by compounding and storing IFX in 
sterile and cool conditions, according to normal practice for antibody storage. Our 
study has some limitations. First, the sample size is relatively small and therefore data 
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is restricted to observations and hypotheses and cannot reveal (causal) mechanisms. 
Any additional subgroup analysis have not been performed due to size of the 
study, therefore potential clinical implications as patient tailored therapy remains 
hypothetical. Strengths include our well-characterized cohort, and uniform collection 
of laboratory data.

In conclusion, we show that the second generation anti-TNF-alpha drugs show 
increased TNF-alpha neutralizing potential compared to first generation anti-TNF-
alpha drugs. We also show that IFX and the IFX biosimilar CT-P13 (Inflectra) have the 
same neutralizing capacity as the original IFX. Furthermore, we show that ATI show 
cross-reactivity toward the IFX biosimilar CT-P13 (Inflectra) proving that the CT-P13 
(Inflectra) IFX biosimilar also has the same antigenic properties and therefore the 
clinical implication is that patients with ATI should not be switched to IFX biosimilar. 
However, patients treated with IFX without IFX antibodies can be switched safely and 
effectively to this cheaper IFX biosimilar in order to reduce costs of anti-TNF-alpha 
treatment in IBD. Patients with ATI could benefit from a switch to ADA as there is no 
cross-reactivity. 
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Abstract

Introduction: 
Some patients treated with anti-TNF-α develop anti-drug antibodies (ADAs), and 
these can result in a loss of response. Because immunogenicity to anti-TNF-α plays 
a role in the loss of response to anti-TNF-α therapy, our aim was to replicate known 
HLA regions and identify novel (non-HLA) genetic regions associated with the 
development of ADAs in patients with inflammatory bowel disease (IBD).

Methods: 
We used two independent cohorts. The UMCG cohort (Netherlands) consisted of 61 
IBD patients with ADAs and 163 patients without ADAs. The Leuven cohort (Belgium) 
consisted of 77 IBD patients with ADAs and 115 patients without ADAs. ADAs were 
measured using two different in-house-developed ELISA assays. Imputation of the 
HLA-region was performed with the HIBAG package. Immunochip genome-wide 
imputation was done using the Michigan imputation server. For the association 
analysis a cut-off P value of <0.05 was used. For the genome-wide association meta-
analysis a P value of <1.0x10-8 was used.

Results: 
The HLA-DQA1*05 allele was replicated (P = 1.0x10-3) in 121 IBD patients positive 
for ADAs to anti-TNF-α and 239 IBD patients negative for ADAs. We were not able 
to replicate a previously documented association with the HLA-DRB1*03 allele (P 
= 0.40). Our genome-wide association meta-analysis for 121 IBD patients with 
ADAs to anti-TNF-α and 239 IBD patients negative for ADAs showed eight suggestive 
association signals (P values <10x10-5).

Conclusion: 
We replicated the HLA-DQA1*05 allele associated with anti-TNF-α ADAs and 
identified eight suggestive association signals in non-HLA regions that need to be 
replicated in larger cohorts. Our results suggest that immunogenicity studies might be 
useful as biomarkers to predict individual treatment response to anti-TNF-α therapy.
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Introduction

Inflammatory Bowel Disease (IBD) is a chronic inflammatory disease of the 
gastrointestinal tract. Patients with a severe disease phenotype–one which is 
unresponsive to immunomodulators–often require therapy with so-called biologicals: 
drug products derived from biological sources. Anti-tumour necrosis factor alpha 
(anti-TNF-α) agents such as infliximab and adalimumab are highly effective in most 
patients, but they are expensive and their side-effects can be severe. Furthermore, 
approximately 25% of patients do not show response after induction therapy (primary 
non-responders) and 23–46% of patients, after initially responding to induction 
therapy, experience loss of response within one year (secondary non-responders).1 
While there are several causes of this loss of response to anti-TNFα treatment, the 
primary cause is formation of anti-drug antibodies (ADAs).2 Strategies to prevent ADAs 
are scheduled dosing to maintain stable trough drug levels and co-administration 
of an immunomodulator (e.g. thiopurines).3 However, we are currently unable to 
predict or differentiate which patients are at risk of developing ADAs to anti-TNF-α. 

As the adaptive immune system plays an important role in the development of 
ADAs, it is feasible that genetic factors play a role in this immunogenicity; however 
data on genetic associations with ADA development are scarce. A large study from the 
United Kingdom assessed immunogenicity in 1284 CD patients who had been using 
anti-TNF-α for at least 12 months. They identified a genome-wide association signal 
on chromosome 6 and demonstrated that this signal was driven by HLA-DQA1*05.4 

Another study from Leuven, Belgium assessed immunogenicity in 76 IBD patients 
who developed antibodies to infliximab and compared them to 116 matched IBD 
controls who did not develop antibodies during at least two years of infliximab 
maintenance therapy. These authors showed that HLA-DRB1*03 was associated with 
ADAs in IBD patients treated with infliximab.5 Interestingly the HLA-DQA1*05 allele 
is correlated with the HLA-DRB1*03 allele. The HLA-DQA1*05 signal could thus be 
driving the HLA-DRB1*03 association signal. This highlights the need for additional 
studies to increase our power to discover associated variants. At the same time, we 
need better predictors of response to anti-TNF-α therapy in order to enable tailored 
therapy for individual patients, which would both improve patient care and lower 
costs. The aim of this study was thus twofold: 1) to identify and confirm HLA regions 
(HLA-DQA1*05 and HLA-DRB1*03) associated with development of ADAs to anti-
TNFα in IBD patients, and 2) to identify novel (non-HLA) genetic regions associated 
with the development of ADAs.
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Methods 

Cohort description and sample selection
In this study we used two independent cohorts. The first was collected at the 
University Medical Center Groningen (UMCG), the Netherlands, and consisted of 
61 IBD patients positive for ADAs to infliximab or adalimumab and 163 patients 
negative for ADAs. ADAs were measured at one time-point during treatment with an 
in-house-developed ELISA (Sanquin, Amsterdam). The second cohort was collected at 
the University Hospitals of Leuven, Belgium and consisted of 77 IBD patients positive 
for ADAs to infliximab and 115 patients negative for ADAs. Patients positive for ADAs 
developed ADAs during infliximab treatment. Patients negative for ADAs had been 
using infliximab for a minimum of two years and had not developed ADAs. ADAs 
were measured with an in-house-developed ELISA (KU, Leuven). 

Genotyping 
All patients were genotyped using the Immunochip: a custom-made genotyping 
array containing ~200,000 genetic variants for 12 auto-immune mediated diseases 
derived from genome-wide association analysis.6 

Genotype calling and quality control
Genotype calling was performed per batch separately with Opticall using default 
settings.7 Quality control was performed using PLINK.8 Samples with a call rate ≤0.99 
were excluded from the datasets. Variants with a call rate ≤0.99 or a minor allele 
frequency (MAF) ≤0.001 and variants with a Hardy–Weinberg equilibrium P value 
≤0.0001 were also excluded. To identify ancestry outliers, samples were merged with 
1000 Genomes Project data and outliers identified using multidimensional scaling 
plots. These ancestry outliers were then removed from the dataset. To prepare the data 
for imputation, we used GenotypeHarmonizer9 and VCFtools.10 Strands were aligned 
and identifiers updated to the 1000 Genomes data in genome build GRCh37. The 
datasets were then combined. Duplicates and related samples were identified and 
removed.

HLA imputation and association analysis
Imputation of the HLA-region was performed using the HIBAG package11 with 
Illumina ImmunoChip hg19 (2-digit resolution) as a reference panel. Association 
analysis was performed by ANOVA test using an additive model. A P value <0.05 was 
considered to be statistically significant. For the replication of HLA-DQA1*05 both 
cohorts (UMCG and Leuven) were combined, with a total of 121 IBD patients positive 
for ADAs and 239 IBD patients negative for ADAs to anti-TNF-α. For the replication 
of HLA-DRB1*03 only the UMCG cohort was assessed, with 56 IBD patients positive 
for ADAs and 143 IBD patients negative for ADAs to anti-TNF-α.
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Immunochip imputation and quality control
Immunochip genome-wide imputation was done using the Michigan imputation 
server.12 Data were first pre-phased with SHAPEIT2,13 then imputed using IMPUTE214 
with Haplotype Reference Consortium (r1.1) as the reference panel. An imputation 
info score >0.80 was applied. 

Stringent quality control was performed. Using default settings in VCFtools, all 
variants with a call rate of ≤0.99 or MAF ≤0.001 and variants with a Hardy–Weinberg 
equilibrium P value ≤0.0001 were removed. Duplicated and related samples were 
also removed.

After these filtering steps, the final UMCG cohort contained 56 samples positive 
for ADAs and 143 samples negative for ADAs and genotype information for 1,332,743 
variants. The final Leuven cohort contained 65 samples positive for ADAs and 96 
samples negative for ADAs and genotype information for 1,189,042 variants. 

Genome-wide association meta-analysis
A genome-wide association meta-analysis using inverse-variance weighting was 
carried out, combining the two cohorts. Association testing was performed using 
PLINK. Genetic variants were selected if they had a P value <10-5 in the meta-
analysis, an association signal in the same direction, and a statistically significant P 
value of <0.05 in both cohorts. Lead single nucleotide polymorphisms (SNPs) were 
determined by pairwise linkage disequilibrium using SNP Annotation and Proxy 
Search (SNAP).15 A P value <10-8 was considered genome-wide significant and a P 
value <10-5 was considered suggestive.

Functional annotation of SNPs and genes
Locuszoom was used to construct regional association plots.16 Lead SNPs (P value 
<10-5) identified with SNAP were selected for further characterization by looking 
into their association with complex traits and effect on gene expression (eQTL). The 
Genome Aggregation Database (gnomAD) was used for the functional annotation of 
SNPs,17 as were the results from the Genotype-Tissue Expression (GTEx) Consortium, 
for which multiple tissue eQTL are available.18 In addition, we used an in-house-
developed tool called GeneNetwork.19 GeneNetwork uses results from the Gene 
Expression Omnibus microarray to predict pathways and function against other 
biological databases such as the Gene Ontology and Reactome. Ensembl was used to 
annotate genes and to predict regulatory functions.20 

Results

HLA regions associated with ADAs to anti-TNF-alpha
The genome-wide association meta-analysis was carried out by combining the two 
cohorts, with a total of 121 IBD patients positive for ADAs and 239 IBD patients 
negative for anti-TNF-α ADAs. This meta-analysis showed a suggestive association 
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Table 1. HLA regions associated with anti-drug antibodies to anti-TNF-α.
A. Results from the genome-wide association meta-analysis by combining UMCG and Leuven cohort, with a 
total of 121 IBD patients positive for the development of antibodies and 239 IBD patients negative for anti-TNF-
alpha antibodies.

Chr.
BP 

Position
SNP A1

Meta-
analysis 
P value

OR Q I
UMCG

P value
OR

Leuven
P value

OR
INFO 
score

Candidate 
Genes

6 32608610 6:32608610 C 2.31E-05 2.0939 0.473 0 0.01081 1.853 0.0004482 2.381 0.91 HLA-DQA1

6 32566021 6:32566021 G 5.53E-05 1.9422 0.9092 0 0.004688 1.907 0.003573 1.98 0.93
mRNA  

AF522251

Candidate genes are identified by one of the gene prioritization methods (GnomAd, GTEx, GeneNetwork and 
Ensemble). 
BP: Basepair; Chr: chromosome; OR: odds ratio; SNP: single nucleotide polymorphisms; A1: the effect (OR) 
with respect to the A1 allele; I: Heterogeneity I2 percentage; Q: P value for Cochrane’s Q statistic, INFO score: 
imputation score, cut off >0.80.

B. Results for the association analyses for the HLA-DQA1-05 allele by combining UMCG and Leuven cohort, with 
a total of 121 IBD patients positive for the development of antibodies and 239 IBD patients negative for 
anti-TNF-α antibodies.

Number of allele 
carriers 

(ADA +) (%)

Number of allele 
carriers

(ADA -) (%)
P value

Coefficient 
estimate

HLA-DQA1-05 64 (53%) 82 (34%) 1.0x10-3 0.15

Heterozygous allele carriers occur twice, and homozygous allele carriers occur only once. 
ADA: anti-drug antibody; IBD: inflammatory bowel disease.

C. Results for the association analyses for the HLA-DRB1-03 allele in het UMCG cohort, with 56 IBD patients 
positive for the development of antibodies and 143 IBD patients negative for anti-TNF-α antibodies.

Number of allele 
carriers 

(ADA +) (%)

Number of allele 
carriers

(ADA -) (%)
P value

Coefficient 
estimate

HLA-DRB1-03 15 (21%) 30 (27%) 0.40 0.08

Heterozygous allele carriers occur twice, and homozygous allele carriers occur only once. 
ADA: anti-drug antibody; IBD: inflammatory bowel disease.
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signal for variant 6:32608610 located in the HLA-DQA1 locus (P = 2.3x10-5, Odds 
ratio (OR) = 2.09). Furthermore, there was a suggestive association signal for variant 
6:32566021 (P = 5.5x10-5, OR = 1.98), which is located in an mRNA, AF522251, 
that is involved in the expression of HLA-DQB1/DRB1 (Table 1A). 

For the replication of HLA-DQA1*05, both cohorts (UMCG and Leuven) were 
combined for a total of 121 IBD patients positive for anti-TNF-α ADAs and 239 
IBD patients negative for these ADAs. The HLA-DQA1*05 allele (P = 1.0x10-3) 
was associated with the development of ADAs, thus replicating the HLA-DQA1*05 
association found by Sazonovs et al (Table 1B). 

For the replication of HLA-DRB1*03, only the UMCG cohort was assessed, with 
56 IBD patients positive for anti-TNF-α ADAs and 143 IBD patients negative for these 
ADAs. The HLA-DRB1*03 allele was not associated with ADAs in IBD patients (UMCG 
patients) treated with infliximab or adalimumab (P = 0.40), thus we were not able to 
replicate the HLA-DRB1*03 association found by Billiet et al (Table 1C).

Non-HLA regions associated with ADAs to anti-TNF-α
A genome-wide association meta-analysis was performed for 121 IBD patients 
positive for anti-TNF-α ADAs and 239 IBD patients negative for these ADAs. We did 
not identify any signals at genome-wide significance level (P value <1.0x10-8), but 
did identify eight lead SNPs with a suggestive P values <10x10-5, and these are listed 
along with their candidate genes in Table 2. 

Genetic variant rs1984590 (P = 3.6x10-5, OR = 0.43) is located in the FAM107B 
gene (Figure 1), which is involved in Toll Like Receptor (TLR) cascades (P = 3.9x10-4) 
and in the TGF-beta receptor signalling pathway (P = 1.3x10-3).19 Another interesting 
non-HLA signal is genetic variant rs11167828 (P = 7.6x10-5, OR = 2.18), which is 
located near the minor histocompatibility protein HB-1 (HMHB1) gene (Figure 2). 
This protein is a precursor of the minor histocompatibility antigen HB-1 (mHag 
HB-1), an immunogenic peptide that is presented on the cell surface by MHC class 
I HLA-B44 and that can generate an immune response after recognition by specific 
T cells. 
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Figure 1. Regional association plot of genetic variant rs1984590 showing a suggestive genetic association 
for ADA formation (purple triangle). Filled in circles are genotyped or imputed SNP’s from the 
Immunochip. The colour illustrates linkage disequilibrium with the associated SNP
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Figure 2. Results from the genome-wide non-HLA association meta-analysis by combining UMCG and 
Leuven cohort, with a total of 121 IBD patients positive for the development of antibodies and 239 IBD 
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Discussion

In this study we aimed to replicate known HLA regions (HLA-DQA1*05 and HLA-
DRB1*03) associated with the development of ADAs to anti-TNF-α in IBD patients, as 
well as to identify novel (non-HLA) genetic regions associated with the development 
of these ADAs. We were able to replicate the association of the HLA-DQA1*05 allele 
with ADA formation to anti-TNF-α in 121 IBD patients positive for ADAs and 239 IBD 
patients negative for anti-TNF-α ADAs, but were not able to replicate the association 
with the HLA-DRB1*03 allele described by Billiet et al.5 Our non-HLA genome-wide 
association meta-analysis in 121 IBD patients with anti-TNF-α ADAs and 239 IBD 
patients negative for these ADAs did not show any signals at genome-wide significance 
level, but did show eight suggestive association signals in non-HLA regions.  

We were able to replicate the association of the HLA-DQA1*05 allele with ADA 
formation in our cohort, but not the association of the HLA-DRB1*03 allele. Although 
the HLA-DRB1*03 allele has been associated with ADA formation, it also has been 
shown to be correlated with the HLA-DQA1*05 allele. We were not able to distinguish 
whether the HLA-DQA1*05 allele might have driven the signal of the HLA-DRB1*03 
allele association, has an independent effect or that they drive the same phenotypic 
association. Data on genetic associations predicting the development of ADAs to anti-
TNF-α in IBD patients are scarce. However, a study in multiple sclerosis identified 
an protective association of the HLA-DRB1*03:01-DQA1*05:01-DQB1*02:01 
haplotype associated with the development of ADAs in patients treated with anti-
interferon-beta (anti-IFNβ).21 

This is the first study to assess non-HLA genetic regions associated with the 
development of ADAs to anti-TNF-α in IBD patients. Our genome-wide association 
meta-analysis showed eight suggestive association signals in non-HLA regions. Genetic 
variant rs1984590 is located in the FAM107B gene, which is involved in the pathway of 
Toll Like Receptor (TLR) cascades and TGF-beta receptor signalling.19 Active TGF-beta 
binds to its receptor and regulates mucosal immune reactions through the TGF-beta 
signalling pathway, playing a role in the pathogenesis of IBD.22 Another interesting 
non-HLA signal is genetic variant rs11167828, which is located near the minor 
histocompatibility protein HB-1 (HMHB1) gene. Minor histocompatibility antigens 
play a role in the adaptive immune system, as has been shown in graft-versus-host 
disease in HLA-matched allogeneic hematopoietic cell transplantation.23,24 

Literature on the genetic background of the development of ADAs in IBD patients 
treated with anti-TNF-α is scarce and conflicting. One of the main reasons for this 
are the small sample sizes caused by a lack of genotype data, missing information 
about antibody status, and the fact that only a small subgroup of patients develop 
ADAs. These small sample sizes make it more difficult to identify signals at genome-
wide significance level. As the current cohort was underpowered, we also could not 
identify any signals at a genome-wide significance level. In our study, HLA-haplotypes 
were derived from SNP-based imputation, but more information could have been 
obtained by using next generation sequence technology or by HLA typing through 
polymerase chain reaction with sequence-specific primers (PCR-SSP). Differences in 
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allele frequencies between populations in the HLA region could contribute to the 
discrepancy in genetic association signals in the HLA between different populations. 
Unfortunately, information on differences in allele frequencies between the Belgian 
and Dutch populations regarding HLA-DRB1*03 and HLA-DQA1*05 are not available 
through http://www.allelefrequencies.net. Furthermore, this study also used two 
different assays and two different time points for measuring ADAs, and this could also 
have influenced our results.  

Understanding the underlying factors that contribute to the development of ADAs 
to anti-TNF-α is important because it would allow us to pre-select those patients who 
will benefit from treatment. Studies on genetic association with the development 
of ADAs are very relevant, as their findings could be applied to the development of 
immunogenicity assays based on patient HLA haplotype. These assays could be used in 
clinical practice as predictive biomarkers for the development of ADAs, thus allowing 
personalized treatment for individual patients. 

In conclusion, we were able to replicate the HLA-DQA1*05 allele associated with 
ADA formation to anti-TNF-α in IBD patients. We also identified eight suggestive 
association signals in non-HLA regions that need to be replicated in larger cohorts. As 
the field of IBD is moving towards personalised medicine, it is important to conduct 
studies that focus on immunogenicity because future immunogenicity assays might 
serve as biomarkers to predict treatment response to anti-TNF-α therapy. 
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Abstract

Background
Infliximab (IFX)  is effective in the treatment of inflammatory bowel diseases (IBD). 
Currently IFX is administered at fixed doses and intervals, however costs are high and 
optimization is necessary. Several publications indicate that IFX should be dosed on 
trough levels ≥ 3.0mg/L. For optimizing IFX dosing, the use of a pharmacokinetic 
model is important. Population pharmacokinetics of IFX have been described earlier, 
however these models were not used for dose optimizing.

Aim
To develop a pharmacokinetic model for IFX in IBD patients that can be used for dose-
optimization of IFX and to predict serum trough levels in this population. 

Methods
An observational retrospective study was performed in 42 IFX treated IBD patients. 
Serum samples were drawn before infusion at T=0, 2, 6, 14, 22 and 54 weeks and 
analysed for IFX and antibodies against IFX (ATI). Relevant covariates were recorded 
and a population pharmacokinetic model was developed.

Results
Individual plots created using the final model showed good correspondence between 
observed and model predicted values. Serum levels were influenced by ATI, disease 
activity, sex and albumin. Our results show that in patients without ATI target trough 
levels  ≥ 3.0mg/L can be achieved by increasing dosing intervals from 8 to 12 weeks 
combined with a dose-increase. This results in 33% reduction in concomitant costs. 

Conclusion
In IBD patients without ATI, trough level dosing based on longer intervals can reduce 
IFX-therapy related visits to the hospital with one third. Trough level based dose 
intensification should always be justified by disease activity parameters. 
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Introduction

Infliximab (IFX), a chimeric mouse-human monoclonal antibody against tumor 
necrosis factor alpha (anti-TNF-alpha) has proven to be effective in the treatment 
of inflammatory bowel diseases (IBD) i.e. Crohn’s disease (CD) and ulcerative 
colitis (UC) not responding to conventional therapy. IFX is effective in inducing 
and maintaining remission of luminal and fistulizing CD and UC.1-4 Anti-TNF-alpha 
agents are administered at fixed doses and fixed intervals derived from dose finding 
studies.4,5 Measuring IFX and antidrug antibodies against IFX (ATI) levels is not 
common practice and until recently dose-intensification was only based on clinical 
evaluation of the disease which appeared to be often inaccurate. 6-8 

In the literature several studies demonstrated a relationship between IFX drug 
concentrations, the presence of ATI and clinical outcome.9  Episodic IFX treatment 
in patients with CD has been associated with a higher rate of ATI as compared with 
scheduled maintenance therapy.10 Patients on IFX therapy who develop ATI have a 
threefold higher increased risk of loss of response to therapy compared to those who 
do not develop ATI’s.11 

Several publications indicate that low IFX trough levels (variating from 2-3.5 
mg/L) may increase the risk of flare of disease symptoms and inflammation. Low 
trough levels are associated with (clinical) parameters like high C-reactive protein 
(CRP) levels, male sex and higher albumin levels.12-16 IFX levels ≥ 3 mg/L at the start 
of a maintenance regime appeared to be predictive for sustained response to IFX.9,17 It 
has also been demonstrated that the achievement of endoscopic healing requires even 
higher IFX trough levels.18

Therefore therapeutic drug monitoring (TDM) based on IFX trough levels and 
antidrug antibody level measurements has the potential to play an important role in 
the optimization of anti-TNF-alpha treatment.6,19 Currently several studies designed 
to dose IFX based on trough levels are ongoing. To be able to predict the IFX serum 
levels and optimize the IFX dose based on serum level the use of a pharmacokinetic 
model is of great importance. Furthermore the costs in IBD therapy are mainly driven 
by anti-TNF-α therapy and a strategy to optimize IFX therapy and avoid unnecessary 
treatment is desirable.20

The population pharmacokinetics (popPK) of IFX have been described earlier 
for patients with ankylosing spondylitis, rheumatoid arthritis and IBD.21-23 However 
these models were not used to predict serum trough levels or for dose optimizing of 
IFX.  In this paper we describe a retrospective study that was performed to develop 
a pharmacokinetic (PK) model for IFX in IBD patients in an out-patient setting that 
can be used for dose-optimization of IFX and to predict serum trough levels in this 
population. 
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Materials and Methods

Study design
This study was an observational retrospective single center study of IFX treated CD and 
UC patients in the years 2007-2012 conducted at the Gastroenterology department of 
the University Medical Center Groningen.  The study population comprised patients 
who were treated with IFX infusion at week 0, 2, 6 as induction phase followed 
by a maintenance phase for at least 40  weeks in a dosage of 5mg/kg every eight 
weeks.  Serum samples analyzed for IFX trough levels were routinely collected before 
infusions at weeks 0, 2, 6, 14, 22 and 54. Samples at t=54 were also analyzed  for 
ATI. Patient files were reviewed by an investigator and possible relevant covariates 
were recorded: clinical (Harvey Bradshaw index (HBI),24 Global physician scale 
(GPA), Mayo score, Montreal classification, extension of disease, disease duration, 
concomitant immunosuppressive drugs, prior IFX use, smoking, UC/CD, weight) 
and laboratory parameters (CRP, albumin, leukocytes). Data from the HBI were treated 
as continuous data. Of the initially identified possible covariates, only covariates for 
which values were available for at least half of the patients (21) were included in the 
statistical analysis. The results were divided in two periods: induction (week 0 – 6) 
and maintenance (week 14, 22 and 54).

Analysis of infliximab and ATI levels
To measure IFX trough and ATI levels the samples were sent to the laboratory for 
monoclonal therapeutics, Sanquin Diagnostics, Amsterdam, the Netherlands.

IFX trough levels were measured using an in house developed Enzyme-linked 
immunosorbent assay (ELISA). The lower limit of quantification was 0.002 mg/L. 
ATI levels were measured using a radioimmunoassay. Both methods are extensively 
described previously.25-27

Model development
A popPK model was developed incorporating the full dosing history and concentration 
measurements of all patients. A two-compartment model, also used in literature, was 
used as starting model.21-23,28 Due to the small size of the study cohort, it was not 
attempted to re-evaluate the model structure for the PK model, but model parameters 
were re-estimated. After initial model fitting, visual inspections of concentration-
time plots showed several potential outlying data points. Therefore, using conditional 
weighted residuals (CWRES) from the base model, data points with CWRES > 3.5 
(corresponding to values outside the 99.95% confidence interval (CI) for normally 
distributed data), were labeled as outlier and removed from the dataset. 

A stepwise covariate modeling (scm) procedure was implemented on the base 
model for the parameters clearance (CL) and central volume of distribution (V

c
). It was not 

attempted to estimate covariates on parameters describing peripheral distribution 
(peripheral volume of distribution (V

p
) and inter-compartimental clearance (Q)) as these could 

only be estimated with moderate precision. In the first “forward” inclusion step of 
the scm, covariates were added to the base model in a stepwise fashion based on 
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statistical significance (p < 0.05). In a second “backward elimination” step, covariates 
were then removed from the final model obtained in the first step, if removal of the 
covariate did not result in a significantly (p < 0.01) worse fit. For both continuous 
and binary covariates, only linear models were considered. In the scm, continuous 
covariates were centered respective to the median value. For missing time-invariant 
covariates, the median covariate value was imputed, while for missing time-varying 
covariates the last known value was carried forward (LOCF), if any earlier observation 
was available for the individual. An effect of a covariate of less than 25% was deemed 
clinically irrelevant. Therefore, after the scm procedure, only covariates with a relative 
absolute effect size of >0.25 were retained in the full model. For continuous covariates 
the relative effect was defined as the estimated coefficient multiplied by 2 standard 
deviations of the covariate values in the patient population. A plot was implemented 
showing the effect of the statistically significant covariates on PK parameters, as well 
as the uncertainty around the estimate (“clinical relevance plot”). 

Final model evaluation was performed using a visual predictive check (VPC). 
Relative standard errors for the parameter estimates were obtained from the covariance 
step in NONMEM. For the final full model, a bootstrap analysis using 1000 samples 
was implemented to obtain non-parametric estimates of uncertainty in parameter 
estimates (95% CI). 

Simulation
Monte Carlo simulations were implemented to study expected drug concentration 
profiles for a clinical patient population. Simulation results were stratified by covariates 
that were identified as significant / relevant in the covariate analysis. Simulations were 
performed for three dose levels (300, 400, 600 mg), for three dosing schedules in 
the maintenance phase (dosing every 8, 12, or 16 weeks) and using an initial loading 
phase (dosing at 0, 2, 6 wks). Patients were assumed to be on steady state after 3 doses 
in the maintenance phase. Simulation of the Harvey Bradshaw index in patients was 
done using a parametric distribution. The current data best supported a log-normal 
distribution, with mean 1.96 and standard deviation 0.53 (both on log-scale).

Software
Models were implemented in NONMEM (version 7.2, ICON Development Solutions), 
with Pirana, PsN and R/Xpose as modeling environment.29 The first order conditional 
estimation method with random effects interaction was used throughout the analysis. 
Data handling, generation of plots, and simulations were performed using R (version 
3.0.0 or higher, http://cran.r-project.org/).

Endpoints
The primary objective of this retrospective study was to develop a pharmacokinetic 
model for IFX in IBD patients that can be used to optimize IFX dosing in an out-
patient setting. 
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Results

Data from 42 individuals were available. All patients were still considered as responders 
to IFX-therapy at T = 54 weeks and were in clinical remission. For most patients, six 
samples were available for analysis (t=0 included), which resulted in a total of 188 
IFX serum levels available for analysis. None of the IFX measurements were below 
the lower limit of quantification for the IFX assay. After initial model fitting, five 
measurements were identified as outliers and were removed from the dataset. A 
summary of patient demographics and covariate values is shown in table 1. Median 
CRP levels at baseline and at week 54 were 5 mg/L (range 5-105) and 5 mg/L (range 
5-38), p=0.138,, respectively. The median GPA score at was 2 (range 1-3) at baseline 
and 0 (range  0-2) at week 54. The Harvey Bradshaw index declined from median of 
6 (range 3-24) at baseline to median of 2.5 (range 0-9) at week 54, p<0.001. There 
were no significant differences between HBI, CRP, and albumin between males and 
females and between smokers and non-smokers.

IFX trough and ATI  levels
Figure 1 and table 2 show a summary of the measured IFX through levels. All patients 
had detectable IFX trough levels however a large interindividual variation was 
observed.  In the induction phase 77% of the female and 95% of the male patients 
had an IFX trough level ≥ 3 mg/L after 3 infusions which decreased to 46% in the 
female and 30% in the male patients at T=54 weeks in the maintenance phase. Two 
patients had developed ATI at week 54. Median IFX concentrations at week 2 and 
week 54 were 34 (range 4-62) and 3 (range 0-25), p< 0.001, respectively. There was 
a significant correlation for CRP at baseline and IFX trough level at week 2 (R= 0.408, 
p=0.010), but not for IFX trough level at week 54. There was no significant difference 
in IFX trough levels at week 2 and 54 between smokers and non-smokers.

Model development
Reasonably good fit was obtained with the base model. Even when using the parameter 
estimates from Fasanmade et al,23 but re-estimating only residual error magnitude, the 
estimates for the residual error components were lower than reported in the original 
publication, and evaluation of individual plots revealed reasonable fit. However, re-
estimation of the model parameters of the base model resulted in a very significant 
improvement in fit (p < 0.001). Parameters were estimates with good precision (%) 
as is shown in table 3. Especially the parameters describing drug distribution were 
considerably different from those reported by Fasanmade et al.23 A 40% (increase in 
CL in the maintenance phase was observed compared to the induction phase. There 
was no significant difference in CL between patients with UC and CD (34 vs 42%). 

Covariate model
Treatment period was implemented manually as a covariate before implementation 
of the scm, and showed a significant improvement in fit (p < 0.001). In the forward 
step of the scm, 4 additional covariates were identified as statistically significant (ATI, 
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Table 1a. Patient demographics and covariates at baseline.

Time-invariant Median (range)/ 
numbers in cat.

Missing Time-varying* Median (Range) Missing

Weight (kg) 75 (51 – 145)  - Albumin (g/L) 41 ( 33 – 50) 1

Age (year) 44 ( 19 – 80)  - CRP (mg/L) 5.0 (5.0 – 105) -

Smoking 31- / 11 + - Leukocytes (x 10^9/L) 5.8 (2.6 – 16) -

Sex 22 F / 20 M - TNF-alfa (ng/L) 1191 (885 – 1667) 22

HBI  6 (3 – 24) 8

GPA * 2 (1-3)

Prior IFX use 40- / 2+ -

Disease type (UC / CD) 8 / 34 -

Baseline medication
  - Thiopurines
  - Steroids
  - Mesalazine
  - Methotrexate

16- / 26+
23- / 19+
32- / 10+
34- / 8+

-
-
-
-

*GPA = Global physician asessment score (0 = normal, 1= mild disease, 2 = moderate disease, 3= severe disease)

Table 1b. Baseline immunosuppressive medication, dose and duration expressed as median (range)

Medication Number of 
subjects

Dose (mg) Duration (months)

Azathioprine 20
150 

(50-300)
25

(3-360)

6-Mercaptopurine 6
88

(75-100)
5

(1-13)

Methotrexate 8
15

(12.5-25)
9

(1-72)

Budesonide 11
6

(3-9)
7

(1-108)

Prednisolone 5
30

(10-50)
1

(1-7)

5-aminosalicylic acid 10
3550 

(3000-4000)
12

(3-204)  

Baseline: no medication 4 - -

Baseline: mono therapy 20 - -

Baseline: combination therapy  18 - -
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SEX, and Albumin (ALB) on CL, and HBI on volume of distribution (V)), which were 
also retained in the model during the backward elimination step. The covariate effect 
sizes could be estimated with reasonable precision (11-35%). The largest relative 
effect size was found for ATI on CL, as can be seen in figure 2. In contrast with 
other popPK studies for monoclonal antibodies,21-23,28 we did not find a relationship 
between bodyweight and CL or V. In fact the model showed worse fit when any of 
the earlier reported relationships for weight were implemented in the model. The sex 
of the patient was found to be a significant predictor in our study. The CL for male 
patients was estimated to be 35% higher than in females, a finding which has also 
been reported by others.13 

Table 2. percentage of patients with IFX trough levels above 2.0 mg/L.

Week No of samples  Sex %  ≥ 2.0 mg/L

0 42 Male x 0 

Female 0

2 42 Male 100

Female 100

6 40 Male 95

Female 82

14 41 Male 75

Female 91

22 42 Male 70

Female 77

54 32 Male 55

Female 64
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Figure 1 | Summary of IFX trough levels based on the
available serum samples of 42 patients (mean s.d.).

Figure 1. Summary IFX trough levels based on the available serum samples of 42 patients (mean±SD).
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Albumin was found to be a significant predictor of PK, having a negative effect on 
CL, which corroborates findings by others. However, in our analysis we found the 
effect to have only a small clinical relevance, i.e. lower than our defined threshold of 
25% relative magnitude, and the bootstrap analysis also showed that the confidence 
interval included 0. The covariate was therefore removed from the model. 
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Figure 2 | Plot of estimated e�ect magnitude on CL and
V with the horizontal lines indicating the 95% CI around
the estimated e�ect magnitude (dot). The dotted lines
indicate the pre-specified clinical (ir-)relevance
criterium. For continuous covariates, the relative e�ect
was defined as the estimated coefficient multiplied by 2
s.d. of the covariate values in the patient population.
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Figure 2. Plot of estimated effect magnitude on CL and V with the horizontal lines indicating the 95% CI 
around the estimated effect magnitude (dot). The dotted lines indicate the pre-specified clinical (ir-)
relevance criterium. For continuous covariates the relative effect was defined as the estimated coefficient 
multiplied by 2 standard deviations of the covariate values in the patient population.

Table 3. Parameter estimates for final population kinetic model of IFX.

Parameter Parameter Estimate 
(precision)
mate(RSE%)

Unit Range

CL Clearance 0.199 (6%) L.day-1 (0.161 - 0.228)

V
cc

Central volume of distribution 4.94 (10%) L (3.030 - 5.800)

Q Inter-compartmental clearance 0.0618 (23%) L.day1 (0.038 - 0.104)

V
p

Volume of peripheral compartment 3.13 (32%) L (1.360 -  5.940)

ω
CL

BSVa in CL 18.0% (18%) (7.7 - 27%)

ω
Vc

BSV in V
c

17.1% (31%) (1.5 -  33%)

σ
prop

Proportional error magnitude 21.7% (30%) (8.0 - 32%)

σ
add

Additive error magnitude 0.98 (18%) mg/L (0.61 - 1.54%)

θ
period

Increase of CL in maintenance phase +40% (11%) (15% - 94%)

θ
ATI

Effect of ATI on CL +72% (35%) (24% - 136%)

θ
sex

Effect of sex on CL +35% (34%) (12% -  59%)

Θ
HBI

Effect of HBI on V -3.6 (28%) HBI 
point-1

(-7.5 - -0.4)

a BSV = between subject variability
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For V, a significant and clinically relevant effect was found for the HBI at baseline, 
a higher value resulting in lower values of V. The final full model was thus defined as:

        [1]

      [2]

in which SEX is defined as 0 for males and 1 for females, ATI is 0/1 for the 
presence of antibodies against IFX, and PERIOD is 0 for induction phase and 1 for the 
maintenance phase, HBI is the HBI at baseline.

Individual plots created using the final full model showed good correspondence 
between observed and model predicted values, as can be seen in figure 3 which 
compares the population prediction with the observed IFX concentrations for a few 
randomly selected patients. Goodness-of-fit plots of conditional weighted residuals 
versus time and predictions and of individual predictions versus observations revealed 
no trends, indicating an unbiased model fit (data not shown). Shrinkage in empirical 
Bayes estimates (EBEs) was only 3% for inter-individual random effects in CL and 
V, and 11% for the residual errors. The visual predictive check (figure 4) for the full 
model indicated that the model was able to describe the population mean PK profile 
as well as the between subject variability adequately, as all observed quantiles (5%, 
50%, 95%) were contained within their respective prediction interval in every bin.
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Figure 2 | Plot of estimated e�ect magnitude on CL and
V with the horizontal lines indicating the 95% CI around
the estimated e�ect magnitude (dot). The dotted lines
indicate the pre-specified clinical (ir-)relevance
criterium. For continuous covariates, the relative e�ect
was defined as the estimated coefficient multiplied by 2
s.d. of the covariate values in the patient population.
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Figure 3 | Model predictions (both population and individual) and observations plotted for nine representative
patients. Note that for the predictions not the continuous time course is shown, but only the expected trough
concentrations.

Figure 3. Model 
predictions (both 
population and 
individual) and 
observations plotted 
for nine representative 
patients. Note that 
for the predictions 
not the continuous 
time-course is shown, 
but only the expected 
trough concentrations.
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Figure 4. Visual predictive check of final model. The solid line indicates the observed median values per 
time interval, while the dotted lines indicate the observed 5th and 95th percentile of the observed data. The 
shaded areas represent the prediction interval for the median (dark grey), and the 5th and 95th percentile 
(light grey). 

Table 4. Expected fraction of patient population below 3.0 mg/L at T=54 weeks, calculated by simulation. 
Dosing scenarios where expected fraction of patients under 3 mg/L is lower than 20% are bold.

Dose interval Sex ATI 300 mg* 400 mg* 600 mg*

q8 wks Female - 14% 8% 0%

+ 51% 48% 40%

Male - 42% 33% 14%

+ 53% 53% 52%

q12 wks Female - 32% 19% 9%

+ 53% 52% 49%

Male - 49% 44% 31%

+ 53% 53% 53%

q16 wks Female - 42% 31% 12%

+ 53% 53% 52%

Male - 52% 49% 42%

+ 53% 53% 53%

* = dosing per 8 wks, so 300mg = 450mg for q12 and 600mg for q16 regimens.
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Figure 5. Monte Carlo simulation of patient population for “every 8 week” dosing, stratified by dose level 
and covariates ATI and sex. The horizontal dashed line shows the minimum trough level aim (3.0 mg/L).
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Figure 6. Monte Carlo simulation of patient population for 8, 12 and 16 week dosing, stratified by covariate. 
The horizontal dashed line shows the minimum trough level aim of ≥ 3.0 mg/L
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Simulation
The expected time course of IFX concentrations (in a patient population similar to our 
cohort) is shown in figure 5, assuming every 8 week dosing in the maintenance phase. 
This shows that at 400 mg or 600 mg, the majority of patients that do not show ATI are 
expected to have trough concentrations higher than 3 mg/L.9,17  However, a majority 
of patients (either male or female) that do show ATI are expected to experience trough 
concentrations below the threshold.

Results from the simulation studying dosing regimens with longer dosing intervals 
are summarized in figure 6, which shows the expected distribution of trough levels for 
different dosing regimens, stratified by dose and patient characteristic, indicating that 
dosing every 16 weeks invariably results in the majority of patients showing trough 
concentrations lower than the threshold, even in those patients not showing ATI. Dosing 
every 12 weeks shows improved profiles, i.e. in patients that do not show ATI, this 
regime is expected to result in adequate levels in most patients. Table 4 summarizes the 
fractions of patients that are expected to have trough levels under the 3 mg/L threshold. 

Discussion

Our study resulted in several interesting findings not reported in earlier PK analyses 
of IFX. A PK model was developed and considerably higher CL was observed during 
the maintenance phase compared to the induction phase and the HBI was identified 
as a predictor of V. Simulations from the developed model showed that dosing every 
12 weeks instead of every 8 weeks can be considered in IFX treatment of patients with 
IBD, but only in those that do not show ATI. Considering the high percentage of patient 
in remission with trough levels ≤ 3.0 mg/L, dose intensification or modification in 
dose intervals should always be combined with clinical and/or endoscopic disease 
activity parameters. 

Despite years of experience with the use of IFX in treatment of patients with 
IBD several questions still remain unanswered. These questions include which 
patient demographics or biomarkers are predictive of pharmacokinetics, whether PK 
is different between the induction and maintenance phase, and whether a longer 
dosing interval can result in similar adequate trough levels and similar effectiveness. 
Furthermore observational studies showed that approximately 25-40% of the patients 
experienced loss of response over time.30 In some studies it was demonstrated that 
these patients would require an increase in dose or decrease in infusion interval.31,32 
Katz et al concluded that dose intensification leads to a response in 47% of CD patients 
who lost response to standard IFX dose, but concluded that halving the infusion 
intervals is probably not superior to dose-doubling.33 Kopylov et al showed that 
shortening the dosing interval to 6 weeks appears to be at least as effective as doubling 
the dose to 10 mg/kg.34 The conclusions of these studies were drawn without TDM 
and based on clinical parameters. Therefore the question remains which role TDM can 
play in optimization of IFX treatment. 
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To be able to perform adequate TDM a PK model was developed based on models 
published earlier for IFX. 21-23,28  Although this was a relatively small study, sufficient 
data were available to allow the development of a population PK model that could be 
used with confidence to perform simulations of several dosing regimens. 

Not all findings from the model building process were in line with reports from 
previous studies. Except for the volume of distribution, 35 the main PK parameters 
were significantly different from those reported by others, especially those describing 
distribution to peripheral tissue. This may be attributed e.g. to differences in patient 
populations, or different sampling schemes. Therefore it was attempted to re-estimate 
all PK parameters, including Q and V2, and the bootstrap analysis confirmed that most 
PK parameters could be estimated with reasonable precision (all <35%). However 
it must be noted that for the simulation of expected trough levels, the distribution 
process is not the most important component, as trough samples are always taken in 
the “elimination phase” of the drug. 

The covariate modeling procedure identified several statistically significant . Some 
of these were expected a priori, but not all. The relationship identified in other studies 
between CL and patient weight was not found in our analysis. Most likely we did not 
find such a relationship in our study because the patients in our dataset only spanned 
a limited range of weight (90% CI between 60-100, with a few outliers >100kg). 
Other studies contained wider ranges of weights, some also including data from 
children. To illustrate, the relationship identified in Ref. 23 predicted only a difference 
of 5.6% in CL for patients with weights ranging between 60kg and 100kg, so it is 
unlikely that this effect would have been identified in our cohort. 

The sex of the patient was a significant predictor of PK in our study, with CL 35% 
higher in males than in females, which was found in a previous studies as well and 
of similar magnitude.(23) 

Our analysis did identify a relationship between albumin levels (at baseline) and 
CL. However, similar to weight, our population showed only a moderate amount of 
variability in albumin levels, in which the interquartile difference would only result 
in an 8.3% difference in CL according to the relationship in Ref. 23 which was likely 
too low a signal to be detected in our cohort.

In our cohort only two patients showed ATI, but the effect was still found to 
be significant. Due to the limited number of patients with ATI, probably due to the 
fact all subjects had concomitant medication for IBD treatment, the effect must be 
interpreted with some caution. However, ATI were also identified in other popPK 
reports as relevant predictor of PK. The effect that was found in our statistical analysis 
confirmed our expectations, but it is the magnitude of the effect that may require 
further study in a larger population. In a study by Fasanmade 23 an effect of ATI was 
also identified, although it was found to be lower (29.2% vs 72%, but within the 95% 
CI of our current estimate). 
Finally, we identified the HBI as significant covariate on V, i.e. a higher HBI was 
correlated with a lower V. The HBI is a measure of disease state used in the diagnosis 
of Crohn’s disease, and includes parameters like the general well-being of the patient, 
the presence of abdominal pain, and the number of stools per day. An effect of HBI on 
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PK parameters has not been reported before, but to our knowledge, HBI has also never 
been tested as possible covariate in reported popPK analyses. Disease activity could 
influence effectiveness of biologicals such as IFX by increased utilization or fecal 
losses due to mucosal ulcerations. We did not include faecal calprotectin as a covariate 
in our analysis because in most patients this parameter was not measured routinely 
during this retrospective study. The statistical significance and clinical relevance of 
disease activity (HBI or another disease activity score with or without a fecal marker 
such as calprotectin) needs to be confirmed in a prospective study in a larger patient 
population. 

The simulations from our model predict lower trough levels in patients that develop 
ATI. Our simulations show that almost all of these patients will have a trough level 
below 3 mg/L, when dosed at 400 mg. In our dataset we had only two patients that 
developed ATI (on 400 and 500 mg), and these patients showed trough levels in 
the range of 0.58 – 2.02 mg/L during the maintenance phase, corroborating our 
prediction that these patients are likely to show ineffective trough concentrations. In 
these patients a dose increase (or a decrease of the dosing interval) is warranted when 
disease activity is still present. However switching to another anti-TNF antibody is 
probably more cost effective.36

Our simulations also showed that for patients without ATI, it may be considered to 
dose every 12 weeks instead of every 8 weeks: at dose relative to 400 mg / 8 weeks, 
this is expected to result in adequate dose levels (>3 mg/L) for a majority of female 
patients (83% at 12 weeks versus 94% at 8 weeks), while at 600 mg/8 weeks >99% 
are expected to show concentrations above the threshold. Unfortunately for male 
patients our simulations predict that dosing every 12 weeks will result in about half 
of the population experiencing too low trough concentrations. If dosed at an even 
longer time interval (every 16 weeks) the majority of patients without ATI, either 
male (50-72%) or female (5-39%), are expected to show trough levels <3 mg/L even 
if dosed at 600 mg, rendering this dosing schedule infeasible in clinical practice).  

Dosing every 12 weeks instead of every 8 weeks will reduce concomitant costs to 
IFX therapy (laboratory, nurses, out-patient clinic etcetera) with 33% for each patient 
treated according to this strategy. However these aspects of therapy represent a minor 
part of the total costs in IBD patients.20  More important is the fact that patients have to 
visit the hospital for IFX-related therapy only 4 times a year instead of 6 times. This is 
more convenient for the patients but also creates more capacity in the hospital which 
can be used for other purposes.

Anti-TNF-alpha therapy is expensive and therefore it is important to optimize the use 
of it. TDM can be used to optimize dosing regimens in patients with low, but also 
with high IFX levels, in order to obtain a cost-effective treatment. In this study all 
patients had detectable IFX trough levels and good clinical response with a significant 
decline of HBI, with many patients below a score of 4. However at t=54 weeks only 
46% of female and 30% of the male patients had IFX trough levels of >3.0 mg/L. 
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Unfortunately more accurate disease activity parameters such as endoscopy or fecal 
calprotectin were not available for most patients. It is tempting to speculate that these 
patients in remission with low trough levels would be good candidates for a stopping 
strategy. Therefore, trough level dosing should always be combined with clinical 
and/or endoscopic disease activity parameters in order to avoid unnecessary dose 
intensification. 

Conclusion

The developed pharmacokinetic model could be used to optimize TDM of IFX in 
IBD patients, but it needs to be confirmed in a prospective clinical trial.  Simulations 
from the model show that dosing every 12 weeks can be considered in the treatment 
of patients with IBD with IFX, but only in those that do not show ATI. This strategy 
reduces IFX-therapy related visits to the hospital with one third. Considering the high 
percentage of patients in remission with trough levels ≤ 3.0 mg/L, dose intensification 
or modification in dose intervals should always be combined with clinical and/or 
endoscopic disease activity parameters.  
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Author’s reply

SIRS, 
In reply to the comments made by Srinivas1: we tried to develop a model that could 
be used to optimise therapeutic drug monitoring of Infliximab (IFX) in inflammatory 
bowel disease (IBD). In the trough level plots there were indeed three of the nine 
randomly selected patients in whom prediction of IFX levels was observed to be more 
difficult than in the remaining six patients. The differences between the predicted and 
observed value is normal and most likely due to variance in not included covariates. 
For the whole population we were able to identify some parameters which influenced 
serum levels. For example,  patients without antibodies against IFX are more often 
expected to have trough concentrations higher than 3 mg/L. Also male patients 
had 35% higher clearance than females. Although this findings are of interest, they 
should nevertheless be assessed in a prospective trial which is ongoing (Tailorix 
NCT01442025). 

Regarding the issue of loss of response there are different hypotheses; factors 
related to the disease burden,2,3 patient characteristics (e.g. albumin, gender) or 
development of alternative pathways of inflammation.4

Besides these aforementioned issues, a part of the loss of response is related 
to immunogenicity. Antibodies are related to lower IFX trough levels and infusion 
reactions.5  Patients on IFX therapy with antibodies have a higher risk to lose response.6 
The development of antibodies is related with use of concomitant immunomodulators. 
The use of these immunomodulators protects the developing of antibodies.7 Another 
risk factor of developing antibodies could be genetic background.  

Furthermore, we do not believe that these patients need a high serum level IFX as 
also at patients with high initial levels of  IFX  develop ATI. Low titers of antibodies 
against IFX can be transient and disappear after dose increasement.8,9 Indeed, 
considering the linear kinetic model of IFX,  reducing the infusion intervals of IFX 
might be more reasonable than doubling the  dose. However, in clinical practice, these 
2 strategies did not differ in clinical outcome.10

The authors’ declarations of personal and financial interests are unchanged from 
those in the original article.11
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Abstract 

ColoPulse tablets are an innovative development in the field of oral drug delivery and 
are characterized by a colon-specific release. Until now ColoPulse dosage forms (only 
capsules) have been studied in healthy volunteers having a standardized breakfast 
three hours after administration but not in specific patient groups and not with a 
shorter interval between administration and breakfast. Information on bioavailability 
and release characteristics of ColoPulse tablets in Crohn’s patients and the influence of 
food and time of food intake is a prerequisite to properly design future clinical studies 
with active substances in these patients.

In the current cross-over study bioavailability and drug release characteristics of 
ColoPulse tablets were compared in healthy volunteers and in Crohn’s patients in 
remission. Furthermore the influence of food and time of food intake on the in vivo 
drug release behaviour of ColoPulse tablets was investigated. 

In this study the dual label isotope strategy was used which means that a ColoPulse 
tablet containing 13C-urea and an uncoated, immediate release tablet containing 15N

2
-

urea were taken simultaneously. Breath and urine samples were collected during the 
test day for isotope analysis. The appearance of the stable isotopes in breath and/
or urine provides information on the site of release from the dosage form, release 
characteristics and bioavailability.

Both tablets were administered on two different days in a cross-over design: the 
first day with a breakfast (non-standardized) one hour after administration and the 
second day with a standardized breakfast three hours after administration of the 
tablets. There was no difference in instructions for administration between both days. 

Results of 16 healthy volunteers and 14 Crohn’s patients were evaluated. At 
least 86% (51 out of 59) of all ColoPulse tablets administered in this study released 
their contents at the desired intestinal region. There was no significant difference in 
bioavailability between healthy volunteers and Crohn’s patients on both days (day 
1 75.8% vs 90.2%, p = 0.070 and day 2 83.4% vs 91.4%, p = 0.265). There was 
also no significant influence of food and time of food intake on bioavailability in 
healthy volunteers (75.8% and 83.4%, p = 0.077) and in Crohn’s patients (90.2% 
and 91.4%, p = 0.618) when day 1 and day 2 were compared. Release characteristics 
did not significantly differ between healthy volunteers and Crohn’s patients. However, 
food and time of food intake had some, clinically non-relevant, influence on the 
release characteristics within both groups which is in line with the fact that food 
affects gastro-intestinal transit times. 

This study shows that ColoPulse tablets enable the site-specific delivery of drugs 
or other compounds (e.g. diagnostics) deep in the ileo-colonic region of the intestine 
of Crohn’s patients in a comparable amount and rate as in healthy volunteers. Food 
and time of food intake had no relevant influence on bioavailability. In conclusion 
ColoPulse delivery systems are promising and deserve further research for local 
therapy with immunosuppressive drugs in Crohn’s patients in the near future. 
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Introduction

Oral dosage forms with a site-specific drug release in the colon are of interest 
because they have the potential to improve the drugs efficacy or to minimize 
side effects of both locally or systemically acting drugs especially in the case of 
systemic administration. This may have advantages in the treatment of for instance 
inflammatory bowel diseases. Furthermore, colon-specific dosage forms may be 
used to improve the bioavailability of drugs that are poorly absorbed in the higher 
parts of the small intestine or are metabolized in the upper intestinal tract, such as 
peptide-based drugs.1 In the literature different strategies for colon-targeting have 
been described. They include pH-responsive systems, time-based systems and systems 
triggered by the colon flora, as well as combinations of such systems.1,2 The ColoPulse 
technology is a typical example of a pH-responsive system that delivers a drug to 
the ileo-colonic region. Release from the coated ColoPulse system is triggered by a 
physiologically occurring variation in the gastrointestinal pH in the terminal ileum 
and occurs at pH > 7.0. It differs from other pH responsive systems because of the 
non-percolating incorporation of a disintegrant in the coating, yielding a highly 
reliable and pulsatile release pattern in the targeted region.3 In two previous studies we 
determined the bioavailability and release profile from a ColoPulse capsule in healthy 
volunteers using the stable isotope 13C-urea.4,5 Release of 13C-urea in the ileocolonic 
intestinal region (urease-rich) from a ColoPulse capsule leads to in situ fermentation 
of 13C-urea into 13CO

2
 which is subsequently exhaled in breath. The delivery of the 

isotope in the colon was established by measuring the 13CO
2
 response in breath. The 

release characteristics could also be derived from the breath 13C-measurements and 
correlated well with the release characteristics derived from blood. Unfermented urea 
(i.e. release in the small intestine, urease-poor) was measured in blood and urine. 
Bioavailability was defined as the sum of the recovery of fermented 13C-urea in breath 
and the amount of unfermented urea in blood or urine and ranged from 93 to 99%. A 
strong correlation (r = 0.943) was found between blood and urine kinetics, indicating 
that non-invasive urine sampling could replace blood sampling. In these studies the 
release of 13C-urea from a ColoPulse capsule was compared with the release from an 
uncoated, immediate release capsule containing 13C-urea administered on a second 
test day as a reference. We recently improved the study design by using an uncoated 
capsule with a second stable isotope of urea, 15N

2
-urea, as a reference on the same day 

in stead of a 13C-urea uncoated capsule on a different day.6 This simplifies the study 
design, reduces costs and eliminates day-to-day variation in urea metabolism. Release 
of 15N

2
-urea in the small intestine from an uncoated capsule leads to recovery of 15N

2
-

urea in urine. Bioavailability can be described by the difference between kinetics of 
13C- and 15N

2
-urea (figure 1, a modified version of this figure was published before).6 

The difference in kinetics of these urea isotopes reflects release characteristics, can 
be used to determine the gastro-intestinal region of release and can be helpful in 
determination of the cause of a failure in release from a ColoPulse dosage form. 
Reliable delivery in the targeted intestinal region of the contents from ColoPulse 
coated capsules has been shown in 18 healthy volunteers.4-6 Driven by this success 



140

|Chapter 9

we are currently developing ColoPulse tablet formulations for colon-specific delivery 
and subsequent local therapy of the intestinal mucosa with immunosuppressive 
drugs, like TNF-α inhibitors, for Crohn’s patients. Currently these types of drugs 
are only available as parenteral formulations. This requires, depending on the type 
of drug, parenteral self-administration or frequent visits to the out-patient clinic 
for intravenous administration. Parenteral administration of immunosuppressive 
drugs always harbors the risk of infusion reactions, i.e for Infliximab in 10 - 40% 
of the cases.7 Furthermore parenteral administration can lead to unwanted systemic 
side effects. We believe that administration of such drugs in a ColoPulse tablet may 
overcome the mentioned problems. However, before we can test this hypothesis and 
studies with an active substance can be carried out in a specific patient group, it 
is necessary to determine the performance of the ColoPulse system in this group 
of patients and to compare it with the performance in healthy volunteers. This is 
especially of importance, since it is so far unknown whether the conditions of the 
diseased intestine might affect the performance of the ColoPulse system. In this 
paper we describe a cross-over study in healthy volunteers and in Crohn’s patients in 

Fig. 1. Absorption, metabolism and elimination of 13C-urea and 15N2-urea. The weight of
the arrow symbolizes the importance of the kinetic step. 15N2-urea administered as an
uncoated tablet is mainly excreted in urine. 13C-urea administered as coated tablet is
converted to 13C-bicarbionate by bacterial fermentation in the colon followed by absorp-
tion in blood and exhalation as 13CO2 in breath.

Figure 1. Absorption, metabolism and elimination of 13C-urea and 15N
2
-urea. The weight of the arrow 

symbolizes the importance of the kinetic step. 15N
2
-urea administered as an uncoated tablet is mainly 

excreted in urine. 13C-urea administered as coated tablet is converted to 13C-bicarbionate by bacterial 
fermentation in the colon followed by absorption in blood and exhalation as 13CO

2
 in breath. 
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remission with the aim to determine drug release characteristics in terms of lag- and 
pulse time and bioequivalence (marker substance bioavailability) of ColoPulse tablets 
between both groups. Furthermore, the influence of food and time of food intake on 
the in vivo drug release behaviour of ColoPulse tablets is investigated both in healthy 
volunteers and in Crohn’s patients, a prerequisite to properly design future clinical 
studies with immunosuppressive drugs. 

Material and Methods

Study design
The bioavailability study design was based on a previous feasibility study in which 
two stable isotopes of urea are administered simultaneously.6 The current study was 
performed on two different test days with at least one week wash-out between both 
test days. On the respective test days, further designated as ‘day 1’ and ‘day 2’, an 
uncoated tablet containing 50 mg 15N

2
-urea and a ColoPulse tablet containing 50 mg 

13C-urea were taken simultaneously at around 8 a.m. On day 1 a non-standardized 
breakfast chosen by the subjects was taken one hour later, on day 2 a standardized 
breakfast three hours later, this to investigate the influence of food and the time of food 
intake on bioavailability. Food and time of food intake were varied simultaneously 
to mimic realistic conditions for further clinical studies in which subjects have to 
take the tablets every day for a period of several weeks. We decided to investigate 
only the administration schedules which we planned to use in future clinical studies. 
During the experiments the subjects’ food and liquid intake were standardized as 
described before6 except for the breakfast on day 1. This breakfast was chosen by the 
subjects and varied largely between the subjects; from two crackers with marmalade 
to six slices of bread with various types of filling. This represents the variety of 
breakfasts among different people on a normal day. The breakfast of day 2 consisted 
of a standardized double sandwich and 200 ml (unsweetened) tea. The subjects were 
fasted from 8 p.m. the day before both test days. Only water, apple juice (until 11 
p.m.) and tea without sugar were allowed. On the test day the tablets were swallowed 
with 200 ml of apple juice. Approximately 5 and 10 hours after tablet intake, lunch 
and dinner were taken. There were no food-restrictions for lunch and dinner except 
foods enriched in 13C, like corn products, cane sugar and pineapple. During the test 
day, (that ended at 8 a.m. the next morning) water, apple juice and tea without sugar 
were the only drinks allowed. The study was approved by the ethical committee of the 
University Medical Center Groningen (EudraCT 2009-01347121) and the study was 
performed according to the principles of the Declaration of Helsinki. 

Subjects
16 healthy volunteers (10 male, 6 female, age 19-63) and 16 Crohn’s patients (7 male, 
9 female, age 22 - 64) in remission (Harvey Bradshaw ≤ 3, no intestinal stenosis, no 
ileocecal resection or other intestinal surgery) were initially included in the study. 
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The healthy volunteers had neither a history of gastrointestinal diseases (ulcerative 
colitis, Crohn’s disease, spastic colon, colon cancer, ileus, stoma, stomach- and/
or gastrointestinal infection) nor of gastrointestinal surgery. None of the subjects 
used antibiotics or drugs influencing the gastrointestinal transit time for at least 
three months prior to the start of the study. A possible Helicobacter pylori infection was 
excluded with a 13C-urea breath test (INFAI, Germany). 

Chemicals, drug substances and drug products
Polyethylene glycol 6000, acetone, caffeine, colloidal anhydrous silica, sodium 
stearyl fumarate, talc (BUFA, The Netherlands), microcrystalline cellulose (Avicel 
PH102, FMC Biopolymer, USA), croscarmellose sodium (Ac-di-sol, FMC Biopolymer, 
USA), methacrylic acid-methyl methacrylate copolymer 1:2 (Eudragit S100, Röhm, 
Germany), were obtained via a certified wholesaler (Spruyt-Hillen, The Netherlands). 
Sucrose was obtained from VWR (the Netherlands). Inulin 4.0 kD was obtained 
from Sensus (the Netherlands) and water for injections was obtained from Fresenius 
Kabi (Germany). All ingredients were of pharmacopoeial grade (Ph Eur or USP). 
The stable isotope labelled 13C-urea and 15N

2
-urea (AP 99%) was obtained from a 

FDA-controlled facility (Isotec, USA). Tablet cores containing 50 mg 13C- or 50 mg 
15N

2
-urea and 25 mg caffeine were compounded in the Department of Hospital 

and Clinical Pharmacy of the University Medical Center Groningen and analysed 
according to the European Pharmacopoeia 7th edition (table 1). A coating was applied 
on the tablets containing 13C-urea using the ColoPulse technology. The coating of 
ColoPulse tablets was composed of a mixture of Eudragit S-100:PEG 6000:Ac-di-
sol:talc in a ratio of 7:1:3:2 (w/w). The solvent was an acetone/water 97:3 mixture 
(w/w). Coating thickness was determined and expressed as the amount of Eudragit 
S100 applied per cm2.3 Caffeine was added to the 13C-urea tablet cores for quality 
control purposes and was used as a marker substance for the in vitro determination of 
the release characteristics lag- and pulse time in the in vitro dissolution test. Caffeine 
was also added to the 15N

2
-urea tablet cores to obtain comparable tablet cores, with 

no particular function in this tablet. All tablets, coated and uncoated, met established 
quality control criteria (table 1). 

The pulsatile release properties are reflected by the lag time (t
5% release

) and the 
pulse time. The lag time is the time point at which the tablets start to release the active 
substance and was defined as the time at which 5% of 25 mg caffeine was released. 
The pulse time reflects the pulsatile release characteristics and was defined as the 
period between the lag time (t

5% release
) and t

70% release
.
 
These parameters were established 

in a modified dissolution test with a total duration of 360 minutes in which the 
pH was varied in time to simulate the different stages of the gastrointestinal tract as 
described before.8

Sample collections and analysis
Breath samples were collected every 0.5-1h up to 15h after intake of the tablets and 
were analyzed as described before.4 Briefly, 13C/12C isotope ratios in the CO

2
 of breath 

samples were analyzed by using a validated breath 13C-analyser (Thermo Fisher 
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Scientific, Bremen, Germany) based on isotope ratio mass spectrometry (IRMS).
Urine samples were collected during 24h after intake of the tablets at prescribed 

intervals in 500 or 1000 ml containers containing an aliquot of 6M HCl. Urine 
volumes were recorded and 20 ml samples were stored at -80˚C until analysis. 
Concentrations of total N and C were determined based on element analysis. Urine 
aliquots of 25 μl were combusted in an elemental analyzer SLTM (SerCon, Crewe, 
United Kingdom) using chromium(VI)-oxide at 900˚C to N

2
, NO

x
, H

2
O and CO

2
. 

NO
x
 was subsequently reduced to nitrogen gas over copper at 600˚C. Thereafter, 

the 13C and 15N enrichments were measured online by IRMS (Tracer mass 20-20TM, 
SerCon, Crewe, UK).

Calculations
The Percentage of the administered Dose Recovered (PDR) of 13C and 15N in each 
urine sample, the ratio of the PDRs from 13C versus 15N-ratio (the 13C/15N-ratio), 
the fermented (F

fermented
) and not-fermented (F

not-fermented
) fraction of 13C urea were 

calculated as described before.4 In short, the fermented fraction was calculated as 
the cumulative (c)PDR of 13C in breath over a 15h time period. The not-fermented 
fraction was calculated as the ratio of the cPDR 13C and 15N in a 24h urine collection. 
Bioavailability was expressed as the sum of F

fermented 
and F

not-fermented
. The lag time 

was derived from the cPDR of 13C in breath and was defined as de time between 
administration of the tablets and the time the cPDR reached the value of 5% of cPDR 
at t = 15h. The pulse time, reflecting the in vivo pulsatile characteristics, was calculated 
as the difference between cPDR

70% 
(70% of cPDR at t = 15h) and cPDR

5%
. When the 

cPDR in breath was < 10% at t = 15h, the results of the corresponding test day for 
that subject were excluded from further analysis because in that case the observed 

Table 1. Quality control data of 50 mg 15N
2
-urea tablets and ColoPulse 50 mg 13C-urea tablets.

Parameter Specification
Result 15N

2
-urea

(uncoated)
Result 13C-urea

(coated)

Crushing strength (cores) 150-200 N 160 N 175 N

Friability (cores)  < 1% (Ph Eur) 0.03% 0.03%

Disintegration (cores)  < 15 min (Ph Eur) 1.5 min 3.5 min

Uniformity of dosage units (urea, n = 10) AV < 15 (Ph Eur) 14.8 13.1

Uniformity of dosage units (caffeine, n = 10) AV < 15 (Ph Eur) 11.1 11.6

Content (urea, n = 10) 90-110% 104.3% 106.3%

Coat thickness (n = 20) 13-17 mg/cm2 n.a.a 15.1 mg/cm2

Bursts or cracks in coating (n = 6) none n.a. none

Lag time (n = 6)  > 240 min n.a. 244 min

Pulse time (n = 6)  < 60 min n.a. 21 min

Release at t360 min (n = 6)  > 80% n.a. 106.3%

an.a. = not applicable
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small amount of 13C is probably caused by diffusion of 13C-urea from the blood 
to the colon. This was observed in a previous study in which it was found that on 
average 7.5% of the administered dose of 13C-urea was recovered in breath 12h after 
administration.5 All data were corrected for baseline-concentrations of 13C and 15N in 
breath and /or urine. Furthermore, breath data were corrected for CO

2
-retention as 

described before.4

Bioequivalence
For bioequivalence the 90% confidence interval of the ratio of the population means 
for bioavailability should lie within an acceptance interval of 0.80 - 1.25.9 Lag- and 
pulse time were used to characterize the system. 

Statistical procedures
The results were evaluated by descriptive statistics with SPSS version 18.0. Normal 
distribution of the data was confirmed with the ShapiroWilk test. The center was 
characterized by the mean and the dispersion by the standard deviation (SD). A 
paired-samples t-test and an independent samples t-test (both two tailed, α = 0.05) 
were used to compare the results within and between groups, respectively. The 90% 
confidence interval of the ratio of the population means for bioavailability was 
calculated to evaluate bioequivalence.

Endpoints
The first endpoint of the study was to determine bioequivalence and drug release 
characteristics of ColoPulse tablets in healthy volunteers and Crohn’s patients. A 
second endpoint was to investigate the influence of food and time of food intake on 
the in vivo drug (marker substance) release from a ColoPulse tablet.

Results

The results of 16 healthy volunteers and 14 of the 16 Crohn’s patients initially 
included were evaluated. One patient was withdrawn just before the start of the 
study because of a urinary tract infection treated with antibiotics which was one 
of the exclusion criteria and one patient withdrew permission just before start and 
could not be replaced in time. One patient (subject 27) completed only the first day 
and the results of this day were used for further analysis. Based on a first evaluation 
of the results from the 30 remaining subjects the data of eight test days (~14%) 
were excluded from further analysis for several reasons. In one healthy volunteer 
(subject 5) and in one patient (subject 25) (both on day 1) the coating appeared to 
be defect as the release pattern in urine of the coated tablet 13C-urea tablet was equal 
to that of the uncoated 15N

2
-urea tablet. One patient (subject 29) appeared unable 

to ferment urea and the data of both test days were therefore excluded from further 
analysis. Finally, two healthy volunteers (subject 8 and 5, respectively day 1 and 2) 
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and two Crohn’s patients (subject 23 and 24, day 1) had a release of 13C in breath < 
10.0% being a reason for exclusion as explained in the methods section. For these 
subjects only the mentioned test day was excluded. The results of the other test day 
(if applicable) were still used in the analysis. In one healthy volunteer (subject 3, day 
1) no lag- and pulse time could be calculated due to the absence of a sigmoid release 
profile, however bioavailability was available for further analysis. This test day was 
therefore not excluded.

Bioavailability
Bioavailability (F

fermented
+F

not-fermented
) was used to determine bioequivalence between 

healthy volunteers and Crohn’s patients and to determine the influence of food 
and time of administration on bioavailability. The results clearly indicate release in 
or nearby the ileo-colonic region (cPDR 13C in breath > 10%, lag time > 4h) in 
91% and 89% of the tablets administered to healthy volunteers and Crohn’s patients, 
respectively. The mean course of the exhalation of 13C in breath in healthy volunteers 
and in Crohn’s patients on both days is shown in figures 2a and b. The lag time in 
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Fig. 2. Appearance of 13C in breath in healthy volunteers (mean of 16 subjects) and in
Crohn's patients (mean of 14 (day 1) and 13 (day 2) subjects). The error bars represent
the standard deviation. � Day 1: breakfast (non-standardized) after 1 h. � Day 2:
standardized breakfast after 3 h.
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Fig. 3. Appearance of 13C and 15N in urine in healthy volunteers (mean of 16 subjects) and
Crohn's patients (mean of 14 (day 1) and 13 (day 2) subjects). The error bars represent the
standard deviation. � 13C day 1: breakfast (non-standardized) after 1 h. ◊ 13C day 2:
standardized breakfast after 3 h. � 15N day 1: breakfast (non-standardized) after 1 h.
� 15N day 2: standardized breakfast after 3 h.
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Figure 2. Appearance of 13C in breath in healthy volunteers (mean of 16 subjects) and in Crohn’s patients 
(mean of 14 (day 1) and 13 (day 2) subjects). The error bars represent the standard deviation. ▲ day 1: 
breakfast (non-standardized) after 1h.  ■ day 2: standardized breakfast after 3h.



146

|Chapter 9

Crohn’s patients on day 2 in figure 2b is < 4h. This is due to the results of 2 subjects 
(18 and 25). The mean course of the excretion of 13C and 15N in urine (used to 
determine F

not-fermented
) in healthy volunteers and in Crohn’s patients on both days is 

shown in figure 3a and b. On all test days F
fermented

 was 3 - 4 times higher than F
not-

fermented
.
 
There was no difference in excretion of 13C in urine between both days and 

this was similar for 15N.

Bioequivalence and influence of food and time of food intake 
Bioavailability, lag- and pulse time were evaluated to determine whether there is 
any difference between healthy volunteers and Crohn’s patients in the in vivo drug 
release characteristics of the ColoPulse tablet and whether there is an effect of food 
and time of food intake on release and bioavailability. A summary of the results is 
shown in table 2A - C. More detailed results are presented in figures 4A and B. There 
was no significant difference in mean bioavailability between healthy volunteers and 

A  Healthy volunteers

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14   16
Time (h)

Cu
m

ul
at

iv
e 

%
 d

os
e 

re
co

ve
re

d
 in

 b
re

at
h

B Crohn’s patients

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14 16

Time (h)

Cu
m

ul
at

iv
e 

%
 d

os
e 

re
co

ve
re

d
 in

 b
re

at
h

Fig. 2. Appearance of 13C in breath in healthy volunteers (mean of 16 subjects) and in
Crohn's patients (mean of 14 (day 1) and 13 (day 2) subjects). The error bars represent
the standard deviation. � Day 1: breakfast (non-standardized) after 1 h. � Day 2:
standardized breakfast after 3 h.
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Fig. 3. Appearance of 13C and 15N in urine in healthy volunteers (mean of 16 subjects) and
Crohn's patients (mean of 14 (day 1) and 13 (day 2) subjects). The error bars represent the
standard deviation. � 13C day 1: breakfast (non-standardized) after 1 h. ◊ 13C day 2:
standardized breakfast after 3 h. � 15N day 1: breakfast (non-standardized) after 1 h.
� 15N day 2: standardized breakfast after 3 h.
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Figure 3. Appearance of 13C and 15N in urine in healthy volunteers (mean of 16 subjects) and Crohn’s patients 
(mean of 14 (day 1) and 13 (day 2) subjects). The error bars represent the standard deviation. t 13C day 1: 
breakfast (non-standardized) after 1h. ◊ 13C day 2: standardized breakfast after 3h. ■ 15N day 1: breakfast 
(non-standardized) after 1h. ▲ 15N day 2: standardized breakfast after 3h.
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patients who took a non-standardized breakfast after 1h (75.8 vs 90.2%, p = 0.070) 
neither was there a difference between both groups taking the standardized breakfast 
after 3h (83.4 vs 91.4%, p = 0.265). The 90% confidence intervals (CI) around the 
ratio of the means were 0.72 - 0.99 (breakfast after 1h) and 0.80 - 1.04 (breakfast 
after 3h), respectively. The lower CI of day 1 is just outside 0.80 - 1.25. To evaluate 
the influence of food and time of food intake the results for day 1 and day 2 were 
compared within both groups. There were no significant differences within the group 
of healthy volunteers (p = 0.077, 90% CI ratio 0.87 - 0.99) and within the group of 
Crohn’s patients (p = 0.618, 90% CI 0.89 - 1.19). The release pattern of a ColoPulse 
tablet is characterized by the parameters lag- and pulse time. There was no significant 
difference in mean lag time between volunteers and patients who took breakfast after 
1h (278 min vs 332 min, p = 0.111) as well as breakfast after 3h (340 min vs 309 
min, p = 0.333). The pulse time was not significantly different between both groups 
either. With breakfast at 1h after administration of the tablets the pulse time was 

Table 2: Summary of parameter results in healthy volunteers and Crohn’s patients. 

Parameter Day Healthy volunteers Crohn’s patients P-valuea 90% CI of ratio

A: Bioavailability

Bioavailability 1 75.8% (20.1) 90.2% (15.4) 0.070 0.72-0.99

Bioavailability 2 83.4% (14.1) 91.4% (22.2) 0.265 0.80-1.04

P-valueb n.a.c 0.077 0.618 n.a. n.a.

90% CI of ratio n.a. 0.87-0.99 0.89-1.19 n.a. n.a.

B: Lag time

Lag time 1 278 mind (81) 332 min (72) 0.111

Lag time 2 340 min (57) 309 min (97) 0.333

P-valueb n.a.c 0.021e 0.780 n.a.

C: Pulse time

Pulse time 1 224 mind  (135) 274 min (103) 0.343

Pulse time 2 218 min (94) 225 min (61) 0.825

P-valueb n.a.c 0.917 0.015e n.a.

Data are means and (SD) for 14 (day 1) + 15 (day 2) healthy volunteers and 10 (day 1) + 12 (day 2) Crohn’s 
patients. Day 1: breakfast (non-standardized) after 1h. Day 2: standardized breakfast after 3h.
a determined with an independent samples t-test
b determined with a paired samples t-test
c n.a. = not applicable
d results of 13 healthy volunteers
e significant difference between day 1 and day 2



148

|Chapter 9

224 minutes in healthy volunteers vs 274 minutes in Crohn’s patients (p = 0.343). 
With breakfast 3h after administration the pulse time was 218 and 225 minutes, 
respectively (p = 0.825). There was an effect of food and time of food intake on 
both release characteristics within both groups. There was a significant difference for 
the lag time within the group of healthy volunteers (p = 0.021) and for the pulse 
time within the group of Crohn’s patients (p = 0.015) when the results of day 1 
and day 2 were compared. However food and time of food intake had no significant 
influence on the lag time for Crohn’s patients (p = 0.780) and the pulse time in 
healthy volunteers (p = 0.917). 
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Fig. 4. Bioavailability in healthy volunteers and Crohn's patients. � Day 1: breakfast
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Discussion 

This is the first study in which the ColoPulse technology is tested in Crohn’s patients. 
From the results obtained it can be concluded that the ColoPulse tablet delivers its 
content effectively in the ileo-colonic region of the intestine in both healthy volunteers 
and Crohn’s patients. This study delivers clear proof that the behaviour of a ColoPulse 
tablet in Crohn’s patients and in healthy volunteers is comparable. Furthermore, only 
small differences in bioavailability were found when the results from a non-
standardized breakfast 1h after intake of the tablets mimicking real life conditions 
were compared with a standardized breakfast after 3h (both in healthy volunteers as 
well as in patients). Despite the fact that the amount and type of food taken by the 
subjects on the first day differed substantially, the mean bioavailability ranged between 
and 75.8 and 91.4% and criteria for bioequivalence (as used by the EMA9) were met 
in three out of four 90% confidence intervals of the ratio of population means for 
bioavailability. At least 86% (51 out of 59) of all tablets administered in this study 
released the marker substance at the desired site of delivery. As described above, the 
results of eight test days out of 59 were excluded from further analysis due to low or 
altered bioavailability. On four of these test days Ffermented was below 10%. This 
phenomenon was also observed in a previous study in healthy volunteers.4 In that 
study two subjects out of 12 showed a low Ffermented (4.5 and 7.5%). There are 
several possible reasons for a low or altered bioavailability: no or unusual bacterial 
flora in the colon, too early release in a region with low urease activity (terminal 
ileum), a coating defect and incomplete release from the tablet or insufficient mass 
transport in the lumen due to a viscous fecal mass. The dual-label stable-isotope 
technique offers the possibility to discriminate between these possible causes of low 
or altered bioavailability and the results obtained from these eight patients can all be 
explained adequately. In one Crohn’s patient (subject 29) Ffermented was relatively 
low on both test days (3.7 and 11.1%). Urinary excretion was around 75% at t = 24h. 
However, appearance of 13C in urine was ≥ 4h delayed compared to 15N. This 
probably means that the content was released in the right region but that no 
fermentation occurred. Because this happened on both days it is most likely that this 
subject had an unusual low urease activity in the ileocolonic region. Therefore we 
considered this patient not suitable for evaluation of the ColoPulse technology using 
13C-urea. One healthy volunteer (subject 5, day 2) showed a similar profile, low 
Ffermented and delayed excretion of 13C in urine compared to 15N. Total 
bioavailability was > 78%. The most likely explanation again is that the content of the 
tablets was released in a urease-poor region nearby the colon, most likely the terminal 
ileum. For subjects 5 (day 1) and 25 the urinary excretion profile of 13C from a 
ColoPulse tablet was equal to that of 15N from an uncoated tablet. This is a clear 
indication of a coating defect with early release of the contents. Finally in subjects 8, 
23 and 24 the content of the tablets was released incompletely, maybe due to the fact 
that pH 7.0 was not reached or that the tablet became trapped in the viscous fecal 
mass with no further systemic absorption. In this group excretion of 13C in urine 
was delayed compared to 15N, but total bioavailability was also relatively low 
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indicating an incomplete release of the marker substance from the tablets. The Eudragit 
S polymer used for the ColoPulse coating has a dissolution threshold at pH = 7.0. It 
is known from the literature that the intraluminal pH in healthy volunteers gradually 
changes from about 6.6 to 7.5 (from jejunum to terminal ileum). A pH above 7 is 
encountered in a short intestinal region were the ColoPulse tablet resides only 0.5 to 
1h.10 It is not known whether the gastrointestinal pH-profile of Crohn’s patients 
differs from that of healthy volunteers. In the literature there is only scarce information 
available on the intestinal pH profiles in Crohn’s patients. One study describes that the 
median pH value in healthy controls compared to that of Crohn’s patients was 
significantly lower in the stomach (1.55 vs 2.4) but not in the terminal ileum, cecum 
and right colon.11 In another study it was found that there was no difference in 
intraluminal pH of the gastrointestinal tract between controls and patients with active 
Crohn’s disease.12 Based on this, we assumed for our study that the pH in the intestinal 
lumen of Crohn’s patients would not differ compared to that of healthy volunteers. 
Therefore we expected no difference in the performance of the ColoPulse system 
between healthy volunteers and Crohn’s patients (meaning bioequivalence). The 
results from this study support our hypothesis. In the development of new oral dosage 
forms, especially controlled release formulations, and their applications, food-
interaction studies are of great importance.13 The previous studies with the ColoPulse 
technology in healthy volunteers were done with a standardized breakfast 3h after 
intake of a ColoPulse coated capsule. This schedule is not feasible in daily (clinical) 
practice. From the perspective of the patient, non-restricted food and beverage intake 
are preferred. However, it cannot be excluded that effects on the drug release profile 
will occur due to a temporary high rise (pH > 7.0) in gastric pH caused by the intake 
of certain food and fluids. We considered the intake of a ColoPulse coated tablet 1h 
before breakfast in this stage of development an acceptable and feasible option for 
patients. The used study design with almost no restrictions in food and drinks differs 
from commonly conducted food-interaction studies. This was done to come as close 
as possible to a setting with daily use of medication. The results show that even in this 
setting, there was no difference in bioavailability and in the location of drug release 
within the groups of healthy volunteers and Crohn’s patients when a non-standardized 
breakfast 1h after intake of the tablets was compared with a standardized breakfast 
after 3h. This is an important precondition for the further development of ColoPulse 
tablets to be used in this particular patient group. This design gives only information 
for active substances administered once daily. If other dosage regimens are used in 
future studies the absence of food influence has to be verified for the particular 
conditions applied. Furthermore, the influence of food on the bioavailability of a 
specific drug substance has to be investigated using the applicable EMA guidelines.9,14 
The drug release characteristics of the ColoPulse system were assessed by the lag- and 
pulse time. Although there appeared to be no significant differences when the results 
of healthy volunteers and Crohn’s patients were compared, differences were found 
within both groups when food effects were studied. In healthy volunteers the lag time 
was significantly shorter with administration 1h before breakfast compared to 3h 
before breakfast (278 vs 340 minutes). This could be explained by the principle that 
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after a period of fasting a subsequent meal activates the gastrointestinal motility. This 
causes the dosage form to pass the ileo-cecal junction. The two hours difference in 
breakfast after intake of the tablets could explain the shorter lag time with breakfast 
after 1h. The fact that there is no difference in bioavailability between both days 
supports this.15 In the literature an altered gastrointestinal motility was observed in 
Crohn’s patients compared to healthy controls which can be an explanation of the fact 
that the interval between administration and breakfast does not have an effect on the 
lag time in Crohn’s patients.16 However, there is no literature available about the 
influence of a subsequent meal on gastrointestinal motility. In Crohn’s patients the 
pulse time was longer with administration of the tablet 1h before breakfast compared 
to 3h before breakfast (274 versus 225 minutes). The pulse time is influenced by the 
rate of disintegration of the tablet coating and core, dissolution, metabolism and 
kinetics of 13C-urea. However the observed difference cannot be explained by one of 
these aspects. The clinical relevance of this difference seems limited, especially for 
chronic therapy and the type of medications Crohn’s patients’ use. This is supported by 
the fact that the difference in bioavailability within both groups was not found to be 
significant and to be within the 90% confidence intervals for bioequivalence. 
Furthermore, it should be kept in mind that the residence time in the first part of the 
colon is several hours. This makes a difference of approximately 1 hour in lag- and 
pulse time relatively short and less meaningful. In particular the lag time is mainly 
determined by the small intestinal transit time. This transit time is determined solely 
by the variability of the intestinal motility of the subject. Compared to previous studies 
in healthy volunteers with ColoPulse capsules, the ColoPulse tablets exhibited longer 
pulse times (median around 200 minutes) than the capsules (median 99 minutes).5 
However, a large range of 276 minutes was noticed in the study with capsules. A 
possible explanation could be the fact that the tablet cores are relatively dense compared 
to the contents of a capsule. The dissolution process when little fluid is available takes 
probably more time for the tablets. The clinical relevance of this phenomenon seems to 
be negligible since the pulse time is less than the residence time in the proximal colon 
and the active substance will arrive at the desired site of delivery.

Conclusions
This clinical cross-over study in healthy volunteers and Crohn’s patients shows that the 
ColoPulse technology enables the site-specific delivery of drugs or other compounds 
(e.g. diagnostics) deep in the ileo-colonic region of the intestine of Crohn’s patients 
with a mean bioavailability of around 90%. Bioavailability was similar in healthy 
volunteers and in Crohn’s patients and met in most tests the criteria for bioequivalence. 
Food had no relevant effect on bioavailability and drug release characteristics of the 
ColoPulse system. We conclude that the ColoPulse system is a delivery system that 
deserves further research for its application in local therapy with immunosuppressive 
drugs in Crohn’s patients in the near future. 
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Summary 

Introduction:
Intravenous or subcutaneous administered antibodies against anti-TNF alpha are 
highly efficacious in the treatment of inflammatory bowel disease (IBD). Intravenous 
administration of Infliximab (IFX) in Crohn’s disease (CD) can induce remission 
and mucosal healing of ulcers. However,  intravenous administration of IFX is 
associated with high costs, systemic immunosuppression, infusion reactions and the 
development of antibodies to IFX (ATI), Therefore we developed an oral formulation 
of IFX and want to examine if oral IFX can induce clinical remission and mucosal 
healing.   

Aim: 
To evaluate the efficacy and safety of orally administered ColoPulse IFX tablets targeted 
to the ileo-colonic region in CD patients.

Study design: 
Multicentre, open label, observational, pilot study. 

Study population: 
Patients with active ileal or ileo-colonic CD.

Intervention: 
Daily administration of ColoPulse IFX tablets instead intravenously administered IFX. 
The total administered oral dose is the same as the intravenous dose.

Primary  study endpoints: 
Efficacy of oral IFX biosimilar CT-P13 in ColoPulse tablets to induce clinical remission 
based on CDAI score of < 150  at wk 18. 
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Secondary study endpoints
•	 Clinical response: CDAI reduction from baseline of ≥ 100 points 
•	 Endoscopic remission: for patient with Simple Endoscopic Score for Crohn’s 

Disease (SES-CD) (see table 1) of 3 a drop to 0 and for patient with SES-CD > 3 
a drop ≤ 3

•	 Endoscopic response: proportion of subjects with SES-CD decrease from baseline 
of ≥ 50 % at Week 18  but not meeting criteria for endoscopic remission.

•	 Proportion of subjects with CDAI reduction from baseline of ≥ 70 points at Week 18
•	 Number of patients with reduction in prednisolon  dose below 10 mg  or 

budesonide dose below 6 mg or  off steroids at week 18. 
•	 Proportion of subjects with absence of ulcers ≥ 0.5 cm with no segment with any 

ulcerated surface ≥10% at Week 18
•	 Improvement  in faecal calprotectin and C-reactive-protein (CRP) level . 
•	 Non-remitter: Subjects who do not achieves  clinical remission at week 18
•	 Non responder: Subjects who do not achieve  clinical response  at Week 18. 

Other secondary endpoints
•	 IFX trough level at week 8 and 18 
•	 Proportion of patients with development of antibodies to IFX CT-P13 at week 18
•	 Proportion of subjects with absence of ulcers ≥ 0.5 cm with no segment with any 

ulcerated surface ≥ 10% at Week 18
•	 Improvement in Inflammatory Bowel Disease Questionnaire (IBDQ) scores

Table 1. Definitions of Simple Endoscopic Score for Crohn’s Disease (SES-CD)

SES-CD Values

Variable 0 1 2 3

Size of ulcers None Aphthous ulcers 
(0.1 to 0.5 cm)

Large ulcers
(0.5 to 2 cm)

Very large ulcers
(> 2 cm)

Ulcerated surface None < 10% 10-30% > 30%

Affected surface Unaffected 
segment

< 50% 50%-75% > 75%

Presence of narrowings None Single, can be 
passed

Multiple, can be 
passed

Cannot be 
passed
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Introduction 

Crohn’s Disease (CD) is a chronic inflammatory bowel disease (IBD) that is 
characterised by a transmural inflammation of the gastrointestinal tract, with a 
predilected involvement of the terminal ileum. Although the exact etiology of CD 
remains to be elucidated, a widely accepted hypothesis is that ubiquitous, commensal 
intestinal bacteria trigger an aberrant, overactive, and ongoing mucosal immune 
response that mediates intestinal tissue damage in genetically susceptible individuals.  
Treatment options for CD depend on site of inflammation, disease activity, and 
patient’s response. Treatment is divided in an induction phase in order to stop the 
mucosal inflammation and heal the mucosal lesions and the maintenance phase in 
order to maintain this non-inflammatory state and prevent complications. Tumor 
necrosis factor-alpha (TNF-alpha) is an important cytokine involved in the mucosal 
inflammation since it induces, maintains and amplifies the inflammation through 
several mechanisms, such as the up-regulation of endothelial adhesion molecules and 
the activation and recruitment of immune cells.1-4

Infliximab (IFX), a chimeric mouse-human monoclonal antibody against TNF 
alpha, is efficacious in the treatment of CD not responding to conventional therapy. 
IFX is effective in inducting and maintaining remission and of both luminal and  
fistulising CD5,6 IFX is administered intravenously at doses based on body weight and 
fixed intervals. This gives rise to certain disadvantages. First, patients need to visit the 
hospital for the treatment and the infusion need to be prepared by trained personnel. 
Furthermore, the patient gets punctured and receives the infusion over a period of 
time at which monitoring by trained personnel takes place. 

Moreover, inherently linked to infusion therapy, acute and late-onset infusion 
reactions can occur.7 Additionally, substantial side effects are expected as TNF 
alpha is an endogenous mediator and systemic administration of IFX will cause 
systemic immunosuppression.8-10 Finally, antibody towards IFX (ATI) could develop 
leading to an increase in side effects or loss of response to IFX therapy.11,12 These 
disadvantages have a negative impact on disease burden and health care cost as well 
as patient-friendliness.13 The majority of these disadvantages could be eliminated if 
IFX is administered orally, targeting the inflamed region, and inducing a local, anti-
inflammatory effect.

The ColoPulse technology is a coating technology which consist of a pH-sensitive 
polymer in which a superdisintegrant is incorporated in the coating matrix.14,15 This 
coating was specifically developed to target the ileo-colonic region in humans and is 
characterized by fast and site-specific drug targeting. ColoPulse capsules and tablets 
has been studied in targeting the ileo-colonic region in healthy subjects as well as CD 
patients and food and time of food intake does not affect coating performance.16-20 
Furthermore, we have shown that IFX compounded in ColoPulse tablets is feasible 
and stable.21 The objective of this proof of concept  study is to treat patients with 
active ileo-colonic CD with orally administered ColoPulse IFX tablets instead of 
intravenously administrated IFX. Efficacy and safety will be investigated as well as oral 
IFX pharmacokinetics and the development of ATI formation after oral IFX treatment.
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Rationale and Justification of route of administration 
and dosage

As outlined above, orally administered IFX has several advantages over systemically 
administered IFX in view of health costs and burden and patient friendliness. Besides 
these practical and economic considerations, systemically administered IFX can 
induce the development of ATI. The formation of ATI in CD patients is associated with 
infusion reaction, resulting in a two-fold risk of acute infusion reaction whereas they 
have a six-fold risk of developing serious acute infusion reaction.11,12,22-25 Furthermore, 
several studies demonstrated a correlation between IFX drug concentrations, the 
presence of ATI, and clinical outcome. Episodic IFX treatment in patients with CD has 
been associated with a higher rate of ATI as compared with scheduled maintenance 
therapy. Patients on IFX therapy who develop ATI have a threefold higher increased 
risk of loss of response to therapy compared to those who do not develop ATI’s.12,26 
In addition, ATI are associated with an increased clearance of IFX, which necessitates 
more frequent and/or higher dosing of IFX.27 The development of ATI in turn may 
increase health costs and burden and decrease quality of life for loss of response 
generally leads to intensifying the treatment and patient monitoring and an increase 
of disease symptoms, respectively. It is expected that oral IFX therapy does not results 
in substantial systemic exposure and therefore no development of ATI. Studies have 
shown that tissue IFX concentration correlates with a better and sustained response 
in CD28 and that IFX exerts its effect at least partly by local anti-inflammatory 
and immunomodulatory effects in the bowel.29 Additionally, eight open-label, 
uncontrolled pilot clinical trials have shown that the local administration of IFX in 
postoperative recurrent30 symptomatic isolated intestinal lesions,31 fistulising32-34 or 
stricturing35,36 CD is encouraging, ameliorates symptoms, and can be an effective 
treatment option for patients not responding to conventional therapy. For some 
patients, local administered IFX induces complete remission, even after a follow-up 
period of 30-40 months.31-33 Furthermore, no serious adverse events were observed 
during all eight studies. Moreover, in two of these studies patients were included 
that did not respond to systemically administered IFX and showed a clinical response 
to local administration of IFX.32,36 In another study, no ATI were developed during 
6-month follow-up). Table 2 summarizes these eight studies. The administered dose 
in all studies was lower than the conventional doses, which in general ranges from 
5-10 mg/kg every 2 (induction phase) to 8 (maintenance) weeks. However, no 
rational oral dose can be deduced from these studies as the IFX was injected directly 
into the inflamed areas and oral ileo-colonic-targeted IFX is a less direct manner to 
target these areas. Oral treatment eliminates the necessity to administer IFX directly 
with a syringe in the inflamed area during a colonoscopy or perianal  examination. 
It is an easier, less laborious, and patient friendlier manner to locally target the 
inflammation, which can be performed solely by the patient. Furthermore, daily oral 
IFX treatment ensures a continuous exposure of the inflamed ileo-colonic mucosa 
to IFX and presumably eliminates systemic exposure, which may result in fewer 
side effects. A major disadvantage of oral IFX treatment is that there is no data with 
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regards to the efficacy. Furthermore, no data is available on the stability of IFX in the 
gastrointestinal tract of humans, of which the stability in the terminal ileum and colon 
is of particular importance for this study. However, the intraluminal pH of the terminal 
ileum and colon is generally not detrimental for proteins (pH 6-8).37-40 Finally, oral IFX 
therapy compliance may be challenging for some patients as they need to administer 
IFX daily and a dose can be forgotten, as opposed to infusion therapy. 

There is no published data on the efficacious dose of oral ileo-colonic-targeted 
IFX. The total dose for every participant is therefore calculated in accordance with the 
intravenous dose of IFX divided by the treatment period in days.

Methods/Design 

Primary Objective: 
Primary objective of the study is to investigate the efficacy  oral IFX biosimilar CT-
P13 in ColoPulse tablets to induce clinical remission based on CDAI score of < 150 at 
week 18 in patient with active ileal or ileo-colonic CD. 

Secondary objectives:
•	 Clinical response: CDAI reduction from baseline of ≥ 100 points 
•	 Endoscopic remission: for patient with SES-CD of 3 a drop to 0 and for patient 

with SES-CD > 3 a drop ≤ 3
•	 Endoscopic response: proportion of subjects with SES-CD decrease from 

baseline of ≥ 50 % at Week 18 but not meeting criteria for endoscopic 
remission.

•	 Proportion of subjects with CDAI reduction from baseline of ≥ 70 points at 
Week 18

•	 Number of patients with reduction in prednisolon dose below 10 mg or 
budesonide dose below 6 mg or off steroids at week 18. 

•	 Proportion of subjects with absence of ulcers ≥ 0.5 cm with no segment with 
any ulcerated surface ≥10% at Week 18

•	 Improvement in faecal calprotectin and CRP level . 
•	 IFX trough level at week 8 and 18 
•	 Proportion of patients with development of antibodies to IFX CT-P13 at week 18
•	 Improvement in Inflammatory Bowel Disease Questionnaire (IBDQ) scores 

Non-remitter: Subjects who do not achieves clinical remission at week 18
•	 Non responder: Subjects who do not achieve clinical response at Week 18. 

Study design
This study will be a multicentre, open label, observational, proof of concept pilot 
study. The study will be performed at five sites in the north of the Netherlands 
(UMC Groningen, Isala Zwolle, MST Enschede, MCL Leeuwarden, Martini Hospital 
Groningen). In case of slow inclusion study can be extended to a nationwide ICC 



162

|Chapter 10

study. The study consists of visits over 18 weeks. The total duration of drug treatment 
will be 18 weeks. In total, 12 subjects will receive the study drug. 

Patient population:
Patients with active ileal or ileocolonic Crohn’s disease (CD). The aim is to enroll 
about 12 CD patients with refractory CD. 

Inclusion criteria
•	 Male or female subjects aged 18 to 80 years at screening 
•	 Subject must provide written informed consent prior to any study-related 

procedures, and have the ability to comply with the study procedures
•	 Subject has signs and symptoms consistent with a diagnosis of CD for at least 

3 months (prior to first administration). The diagnosis should be confirmed 
by clinical and endoscopic evidence and supported by histology. CDAI score of 
> 220 and <450 and an average daily stool frequency ≥ 4 points and/or an 
abdominal pain of ≥ 2 points

•	 CRP >5 mg/L or Fecal calprotectin > 200 mg/kg. 
•	 Has one or more ulceration on screening ileocolonoscopy which will result in an 

SES-CD total score of at least 3.  
•	 Non active/non draining fistulas (including seton drained fistulas)
•	 Meets the following requirements for prior or current medications for CD:

a) Has failed conventional therapy:
 i) Is currently receiving corticosteroids and/or immunomodulators (ie,   

  thiopurine, MTX) at adequate therapeutic doses;
OR

ii) Has a history of failure to respond to, or tolerate, an adequate course of   
  corticosteroids and/or immunomodulators (ie, thiopurine, MTX);
OR

iii) Is corticosteroid dependent or has a history of corticosteroid dependency;
AND
b) Has not previously received an approved biologic for CD (ie, IFX, adalimumab,
     certolizumab pegol, ustekinumab, natalizumab, vedolizumab or approved   

          biosimilars of these agents) 
•	 If the subject is taking the following background therapies for CD, a stable dose 

must be maintained before baseline as indicated below:
-  prednisone (doses ≤ 20 mg per day) or equivalent with a stable dose for   

 at least 2 weeks prior to Screening endoscopy.

-  budesonide therapy (doses ≤ 9 mg per day) or beclomethasone doses  
   ≤ 5 mg/day at a stable dose for at least 2 weeks prior to the Screening   

         endoscopy.
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Exclusion criteria
•	 Known history of other cause of colitis; e.g. ulcerative colitis, indeterminate 

colitis, microscopic colitis, ischaemic colitis or radiation-induced colitis, 
infectious colitis.

•	 Current abscess 
•	 Symptomatic stricture or stenosis
•	 Subject is likely to require, in the physician’s judgment, bowel resection within 

18 weeks of entry into the study.
•	 Abdominal, enterocutaneous or pelvic active fistulas or fistula likely to require 

surgery during the study. 
•	 History of short bowel syndrome.
•	 Presence of ileostomy or colostomy.
•	 Previous use of anti-TNF alpha therapy.
•	 Prior primary efficacy failure of or secondary loss of response to anti-TNF-alpha 

therapy.
•	 Contra-indication to anti-TNF-alpha therapy.
•	 Positive result of tuberculosis surveillance.
•	 Presence of hepatitis B surface antigen (HBsAg), core antigen (HBcAg) or surface 

antibody (HBsAg), positive hepatitis C.
•	 Subject has documentation of a positive test for toxin producing Clostridium 

difficile (C. difficile), or polymerase chain reaction (PCR) examination of the 
stool on their most recent test, which must have been done in the past 60 days. 
If positive, subjects may be treated and retested no earlier than 7 days after 
completion of treatment.

•	 Subject has a history of active cancer within 5 years, including solid tumors 
and hematological malignancies (except basal cell and in situ squamous cell 
carcinomas of the skin or cervical dysplasia/cancer that have been excised and 
resolved); or colonic dysplasia that has not been completely removed.

•	 Oral antibiotics used for the treatment of Crohn’s disease.
•	 Subject has received a live or live attenuated vaccine within 4 weeks prior to the 

first dose of colopulse IFX
•	 Subject has chronic nonsteroidal anti-inflammatory drug (NSAID) use (note: 

occasional use of NSAIDs and acetaminophen [eg, headache, arthritis, myalgias, 
or menstrual cramps], aspirin up to 325 mg/day is permitted).

Permitted CD medications for the study are:
•	 Prednisone (doses ≤ 20 mg per day) or equivalent with a stable dose for at least 2 

weeks prior to Screening endoscopy.  Corticosteroïds will be tapered by 5 mg per week. 
•	 Budesonide therapy (doses ≤ 9 mg per day) or beclomethasone doses ≤ 5 mg/

day at a stable dose for at least 2 weeks prior to the Screening. Budesonide will 
be tapered by 3 mg per week. 

•	 Subject has discontinued oral or rectal aminosalicylates. 
•	 Methotrexate,thiopurines (ie azathioprine, 6-Mercaptopurine or Thioguanine). 
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Use of medication that can influence gastrointestinal pH, such as gastric antacids 
(calcium carbonate and the like), proton pump inhibitors (omeprazole, pantoprazole, 
and the like), and H2 antihistamine receptor antagonist (ranitidine and the like) are 
not allowed in this study.

Dosages, dosage modifications and method of 
administration
In this study we used CT-P13 IFX (a biosimilar). This biosimilar is proven to be as 
effective as its originator Remicade in vitro and in vivo.41 CT-P13 IFX 5 mg-sugar glass 
tablets coated with the ColoPulse technology are administered. No comparator or 
placebo is used during this study. Treatment consists of an oral daily dose in accordance 
with the intravenously administered dose of IFX, namely 5 mg/kg on day 0 with a 
repeated dose after 2 weeks (induction dose). Subsequently, another dose after 6 
weeks of the first dose is given and thereafter a dose is administered every 8 weeks. 
This dose regimen is converted to a daily oral dosing regimen rounded to multiples 
of 5 mg evenly spread out over time. For example, if a participant of 80 kg were to 
receive one intravenous dose of 80 kg * 5 mg = 400 mg IFX in the first 2 weeks, 
then in this study the participant would receive 400 mg / 14 days = 30 mg oral IFX 
per day. A total daily dose equal to or greater than 10 mg is administered twice daily 
whereas a total daily dose of 5 mg is administered once daily. Table 3 summarizes the 
oral dosing regimen of this study.

Study outline
Table 4 shows the study outline. In brief, the demographic and baseline characteristics 
of interest include age, sex, smoking history, race/ethnicity, disease duration, extend 
and severity, extra intestinal complaints and (prior and concurrent) therapies (and 
results of those, and possible adverse events) for CD. Blood samples for hematology 
and serum chemistry panel and serum will be done in week 0, 2, 6, 14 and 18. 
Hematology sample will be drawn in the standard collection tube that is available at 
each investigational site. Hematology panel consists of: hemoglobin, hematocrit, red 
blood cell count, MCV, MCH, MCHC, WBC, differential, thrombocytes. These samples 
will be obtained in the standard collection tube that is available at each investigational 
site. Blood chemistry panel consists of: blood urea nitrogen (BUN), creatinine, total 
protein, albumin, total bilirubin (and direct bilirubin if total bilirubin is abnormally 
elevated), alkaline phosphatase, amylase, GGT, ALT, AST,  sodium, potassium, and CRP. 
At week 0 blood samples will be taken for DNA research. This is for further research to 
identify and conform HLA regions associated with development of antibodies to IFX 
in IBD patients and to identify novel genetic regions associated with the development 
of ATI.42 At week 0, 2, 6, 14 and 18, the calprotectin level will be measured in the feces 
in the UMCG laboratory. The IFX trough level in sera will be measured at week 2, 6, 
14 and 18 by an ELISA at Sanquin, Amsterdam.43 An colonoscopy will be performed 
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at week 0 and week 18 to assess of the severity of the inflammation (week 0) and 
to assess the response (by using the SES-CD score) of the treatment (week 18). At 
week 0, 2, 6, 14 and 18 the CDAI score will be calculated. The quality of life will be 
measured by the IBD-Q questionnaires at week 0 and week 18.

Escape Medication 
Escape medication will be given in this study to patients who do not show response
(CDAI reduction from baseline of ≥ 100 points  at week 18).  Escape medication is IFX 
CT P13 in the normal induction dose and scheme (5 mg/kg, 0-2-6 weeks and every 8 
weeks thereafter). The same study parameters will be studied at week 18 after rescue
medication inclusive the colonoscopy. It is possible that these patients are primary 
non responders and have to switch to another biological or other anti-TNF agents. 
This depends on the presence of antibodies to IFX that are measured in week 18. 

Table 3. The oral IFX dosing regimen of this study.

Day of treatment 0-14 15-28 29-42 43-every 8 weeks

Daily oral dose (5 mg/kg) / 14 (5 mg/kg) / 14 (5 mg/kg) / 14 (5 mg/kg) / 56

Table 4. Study outline. 

Week

Intervention                                                         0 2 6 14 18

Baseline information x

Laboratory diagnostics (Hb, leukocytes, 
thrombocytes, CRP, albumin, AST, ALT, AF, 
GammaGT, bilirubin, urea, creatinin)

x x x x x

Blood for DNA analysis x

Faeces calprotectin x x x x x

Endoscopy x x

CDAI/HBI x x x x x

S IBD Q x x

IFX level x x 

Antibodies to IFX x

Adverse events x x x x x

Collect stool x x x x

Collect serum x x x x
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Data Analysis 

Sample size
This is an open label proof of principle study. No formal statistical hypothesis testing 
will be performed for this study. Descriptive statistics and 95% confidence intervals 
will be employed where appropriate for data analysis. The sample size for this study 
was determined to account for the variability within the heterogeneous group of CD  
and is not based on statistical power calculation. In the first IFX placebo controlled 
trial with 5 mg/kg IFX clinical response and clinical remission at 12 weeks was 48 
% and 30 % and the placebo response and remission 12 % and 8 % respectively.44 In 
the phase 3 SONIC trial, which compares IFX 5 mg/kg monotherapy to combination 
therapy with Azathioprine, remission rates defined as CDAI <150-points, clinical 
response defined as  >100-point decrease  in CDAI from baseline  and clinical response 
defined as >70-point decrease  in CDAI from baseline in the IFX monotherapy arm 
at Week 18 were 49,7%, 55% and 60,9% respectively. IBDQ and CRP change from 
baseline at week 18  were 39,9 and -1,3 (mean ± SD) respectively.45 The percentage 
responders at 18 weeks is expected to be 20% higher than the placebo response 
rate of 12 % and placebo remission rate of 8%. A fully sequential design with 
continuous monitoring of response will be used. A total of 39 patient is needed to 
show efficacy. The efficacy is scored according to clinical response (CDAI reduction 
from baseline of ≥ 100 points and of ≥ 70 points) and clinical remission efficacy 
criteria. In case one or more of these efficacy criteria is achieved this will be called 
an “event”, and these events will be plotted in a diagram (Figure 1). In case the event 
line passes the green line (event rate will be < 32%) the study will be discontinued. 

STOPPING RULE

EV
EN

TS

CONSECUTIVE PATIENTS

UNSAFE

SAFE

Figure 1.
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Primary Endpoint
The between-group difference in the primary outcome will be analyzed using the Chi 
square test of Fisher exact test when appropriate. 

Secondary endpoint
With regard to the secondary endpoints reflecting ‘time to event’.  We will compute 
survival curves (time-to-event analysis) for both groups using the Kaplan-Meier 
methodology. Significance of differences between curves will be calculated using the 
log-rank test.
The remaining secondary outcomes will be analyzed using the appropriate parametric 
or non-parametric techniques (two group t-test, Mann-Whitney U test, Chi-square 
test or Fisher exact test).

Safety monitoring and ethics
This research will be conducted according to the principles of the Declaration of 
Helsinki Fortaleza (Brasil) in 2013 in accordance with the Medical Research Involving 
Human Subjects Act (WMO) (Wet Medisch Wetenschappelijk onderzoek met 
mensen).  Written informed consent will be obtained from patients before inclusion 
in the trial.

All adverse events (AE), whether or not considered related to the oral IFX, will 
be registered. Moreover, serious adverse events (SAEs) and suspected unexpected 
serious adverse reactions (SUSARs) will be reported to the accredited Medical Ethical 
Committee (MEC). 

The risk of this study is considered ‘low’ because of IFX is an common used drug. 
An independent data and safety monitoring board (DSMB) will examine safety 

parameters and evaluate the overall progress of the trial. The DSMB will consist of 
an epidemiologist/statistician who is the chairman, an independent surgeon and an 
independent internist. The responsibilities of the DSMB are to monitor safety data 
when 50% of the patients have been randomized and, if required, on ad hoc basis. 
Any mortality will be reported directly to the DSMB and evaluated for cause of death 
and possible trial related serious adverse events. 

The justifications for a recommendation to terminate the study due to clear harm 
will be based on a notably increase of (serious) adverse events. Statistical stopping 
boundaries will not be pre-specified. 

The advice(s) of the DSMB will only be sent to the principal investigator of the 
study. Should the principal investigator decide not to fully implement the advice of the 
DSMB, the principal investigator will send the advice to the reviewing MEC; including 
a note to substantiate why (part of) the advice of the DSMB will not be followed.
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Discussion/Potential implications

IFX has been proven to be effective in the treatment of CD and is effective in induction 
and maintaining remission of CD.5,46 It is administered intravenously at doses based 
on weight and fixed intervals. Previous studies showed that local treatment with 
IFX is efficacious like topic IFX injection for rectal stenosis in CD patients.47 Also in 
other studies where local IFX was administered is was proven to be effective (table 
2).30-36 Additionally, topical IFX treatment presumably results in a continuous IFX 
exposure at the site of inflammation with fewer side effects compared to systemically 
administered IFX.  The development of a subcutaneous formulation of CT-P13 IFX 
for rheumatoid arthritis is described.48 These patients had more stable steady state 
therapeutic blood levels of IFX and have lower rate of ATI compared with patients 
receiving continued IFX IV treatment. More recently in IBD patients also efforts 
has been made to use subcutaneous IFX. Preliminary results suggest that one year 
treatment with subcutaneous CT-P13 IFX is similar in efficacy and safety compared 
to intravenous administration in CD patients.49 There are gut specific oral agents 
in treatment of IBD like slow release mesalazine and budesonide. These drugs are 
proven to be effective in IBD. Beside these there are local acting drugs like mesalazine 
suppositories, mesalazine enemas and beclometason/budesonide suppositories and 
enemas. Several oral targeted therapies are in development.50 Efficacious oral anti-
TNF alpha or IFX treatment has major advantages for patients with CD. First, patients 
no longer need to visit the hospital for medical treatment. Second, patients will not 
be punctured by for infusion therapy and also the personnel do not have to receive 
a training for the procedure. Third, oral treatment eliminates infusion quality of life 
influencing related complications, such as extravasations and infusion reactions. 
Finally, local treatment of anti-TNF-alpha reduces the risk of developing of antibodies 
to the anti-TNF-alpha containing agent. An oral administration of the non-absorbable 
recombinant anti-TNF-alpha fusion protein, PRX-106  has been shown to be  safe, not 
associated with immune suppression, while inducing a favorable anti-inflammatory 
immune modulation in healthy volunteers.51 A novel polyclonal anti alpha antibody 
(AVX470) was effective in treating mouse models of colitis, delivering the anti-
TNF to the site of inflammation with minimal systemic exposure.52 Another novel 
anti-TNF alpha domain antibody (V565) could be detected by ELISA in post-dose 
serum of colitis mice, but not in naïve mice, demonstrating penetration of disrupted 
epithelium.53 An open label study in ulcerative colitis demonstrated binding to CD14 
+macrophages in the lamina propria of UC patients and resulted in inhibition of 
mucosal inflammatory processes after 6–7 days oral dosing.54 The colopulse capsule 
is specifically developed to target the ileo-colonic region. This local administration is 
therefore ideal for CD patients with active disease of the terminal ileum. The clinical 
response and endoscopic response are both important at week 18. Of interest, The 
Mongerson trial which showed that patients with CD who received oral Mongersen 
targeting SMAD7, an inhibitor of cytokine transforming growth factors β1 (TGF- 
β1), had significantly higher rate of remission and clinical response than those who 
received placebo.55 However, in a follow-up phase III study the trial was ended due 
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to futility. Some important limitations of the phase II trial were addressed in the 
accompanying editorial.56 Namely, the inclusion criteria of the phase II study did 
not include objective criteria for active disease such as endoscopic confirmation 
of inflammation, but were only based on CDAI score. It is therefore unclear what 
proportion of these patients had mucosal lesions.56 Additionally, 40% of the patients 
did not have an increased level of CRP at baseline or had a normalization of CRP 
during the study period. Therefore the clinical remission  and biological remission 
were not in correspondence, a conclusion supporting the later futility of the phase 
III trial. To overcome this problem our protocol has the advantage that IFX has been 
used for many years in CD patients and therefore has proven efficacy and safety 
profile. Additionally, our protocol includes monitoring of disease activity by CDAI 
score (for clinical response) as well as objective measurements such as CRP, fecal 
calprotectin and endoscopic response at week 18. This allows us to combine clinical 
and endoscopic response as a valid primary outcome for CD patients. In conclusion, 
there is a rationale for a trial with  topical IFX delivered with the colopulse technology. 
If proven efficacious, oral IFX therapy could lead to a more patient tailored therapy of 
IFX and reduce health care costs and patient burden. 
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Summary, discussion and future perspectives

Summary
In Chapter 1, a short general introduction about Crohn’s disease (CD) and ulcerative 
colitis (UC) is presented, with a description of the medical therapy and especially 
treatment with mesalazine (5-ASA) (part I) and anti-TNF-alpha (part II). It starts in 
part I with 5-ASA which is the cornerstone for medical treatment in UC. We described 
the side effects and suggest options for a desensitization protocol and optimization 
of the treatment. In part II we focus on agents against TNF-alpha and their use in 
inflammatory bowel disease (IBD). We focus on trough levels and antibodies against 
these drugs to optimize the treatment, study genetic risk factors and explore the 
potential of oral treatment with Infliximab (IFX). 

Part I: Mesalazine

In Chapter 2 we describe symptoms of patients who are intolerant for 5-ASA showing 
an inflammatory response after rechallenge with fever, increased CRP, vomiting and 
diarrhea. Our study showed that patients with UC and intolerance to 5-ASA can be 
safely rechallenged but only around 25% will tolerate the drug. We also described a 
blinded, randomized crossover rechallenge and a three days desensitization protocol 
for 5-ASA intolerance in UC patients. This is important as patients who report adverse 
reactions need careful evaluation as it may lead to discontinuation of an important 
drug for the treatment of UC. We show that patients with inflammatory side effects 
like fever, increased CRP, vomiting and diarrhea upon mesalazine administration 
cannot be desensitized with the presented three day desensitization protocol. 

Rare side effects of 5-ASA are hepatoxicity, nephrotoxicity and acute pancreatitis. 
In Chapter 3 we described a case of a UC patient with a 5-ASA induced auto-immune 
hepatitis/PSC overlap syndrome without signs of hypersensitivity. We performed a 
brief overview of current literature regarding 5-ASA induced hepatoxicity which 
is a known but rare complication of 5-ASA. Nephrotoxicity is also a rare reaction 
to 5-ASA. In Chapter 4 an analysis was performed to assess the clinical features of 
patients with IBD who developed chronic renal damage after administration of 5-ASA 
compounds. This rare condition appears to be more common in male patients, can 
occur after many years of drug administration and, once recognised, is only reversible 
in approximately one third of patients. In the same study a genome wide association 
study was performed and identified a HLA class II allele to be associated with drug-
induced renal injury. This genome-wide association study identified a suggestive 
association in the HLA region (P=1x10-7) with 5-ASA induced nephrotoxicity.  A sub-
group analysis of patients who had a renal biopsy demonstrating interstitial nephritis 
significantly strengthened this association. 
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Part II: Anti-TNF-alpha

Measurement of trough levels and antibodies against anti-TNF-alpha agents is useful in 
the treatment of IBD with anti-TNF-alpha agents. This is of importance as therapeutic 
drug monitoring (TDM) can lead to optimization of anti-TNF-alpha therapy. The 
presence of anti-drug antibodies is associated with infusion reactions and loss of 
response and it is therefore important to have reliable assays available. In Chapter 
5 we determined that there is a good correlation of IFX and antibody to IFX level 
measurements between the assays developed by Sanquin Research (Amsterdam), the 
Laboratory for Pharmaceutical Biology (Leuven) and the commercially available kit 
from BMD. Nevertheless, the BMD kit detected false positive IFX levels in 18% of the 
samples, including samples only containing antibodies to IFX and antibodies to ADA. 
IFX-biosimilars are available. These biosimilars are expected to have the same specificity 
but are marketed at a much lower price. In Chapter 6 we showed that the second 
generation anti-TNF-alpha drugs (like Golimumab, Etanercept and Certolizumab) 
show increased TNF-alpha neutralizing potential compared to first generation anti-
TNF-alpha drugs. We also showed that the originator IFX (Remicade) and the IFX 
biosimilar CT-P13 (Inflectra) have the same neutralizing capacity. Furthermore, we 
show that antibodies to IFX (ATI) show cross-reactivity toward the IFX biosimilar CT-
P13 (Inflectra) proving that the CT-P13 (Inflectra) IFX biosimilar also has the same 
antigenic properties. As described, some patients treated with IFX or Adalimumab 
(ADA) develop antibodies against the drug. Although the co-administration of an 
immunosuppressant prevents the development of antibodies to a certain level we are 
currently unable to predict which patients are at risk of developing these antibodies. 
Recently genetic studies identified risk variants that play a role in the development 
of these antibodies. In Chapter 7 we were able to replicate the HLA-DQA1*05 
allele associated with formation of antibodies to IFX and ADA in IBD patients. We 
also identified eight suggestive association signals in non-HLA regions that need to 
be replicated in larger cohorts. The population pharmacokinetics of IFX have been 
described earlier. In chapter 8 we developed a pharmacokinetic model that could be 
used to optimize TDM of IFX in IBD patients. Simulations from the model show that 
dosing every 12 weeks can be considered in the treatment of patients with IBD with 
IFX, but only in those that do not show ATI. This strategy reduces IFX-therapy related 
visits to the hospital with one third. Studies have shown that tissue IFX concentration 
correlates with a better and sustained response in CD and that IFX exerts its effect 
at least partly by local anti-inflammatory and immunomodulatory effects in the 
bowel.1,2 Local IFX treatment has also been proven effective in fistulising perianal 
disease.3-5 Furthermore, the development of a subcutaneous formulation of CT-P13 
IFX is described.6,7 Also, oral administration of anti-TNF-alpha has been shown to 
be safe in healthy volunteers.8,9 In this thesis we describe the colopulse technology 
which is a capsule specifically developed to target the ileo-colonic region (chapter 9). 
This local administration could therefore be ideal for CD patients with active disease 
of the terminal ileum.10-16 In Chapter 10 we present a protocol Towards Mucosal 
Application of IFX. The objective of this protocol is to describe a proof of concept 
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study to treat patients with active ileo-colonic CD with orally administered ColoPulse 
IFX tablets instead of intravenously administrated IFX. Enrollment of participants to 
this study will start as soon as possible. 

Discussion and future perspectives

Mesalazine and intolerance
In recent years there are more and more strategies in the treatment of IBD. 5-ASA Is a 
very effective and safe drug in the treatment of UC, but unfortunately some patients 
develop adverse reactions.17,18 These patients might benefit from 5-ASA rechallenge or 
with another formulation of 5-ASA. Ideally a rechallenge should be performed in a 
blinded fashion. However, as shown in this thesis this showed to be hard to realize in 
clinical practice. A rechallenge with another formulation of 5-ASA is probably a more 
feasible strategy in clinical practice. Our study identified patients with an inflammatory 
response upon 5-ASA that has not previously been reported. The mechanism behind 
this inflammatory response is unclear. Successful desensitization in patients with 
5-ASA intolerance has been described. These patients had a variety of side-effects, 
e.g. urticaria, fever, exanthema and diarrhea.19-24 In our study all patients with this 
rapid inflammatory response upon 5-ASA administration could not be desensitized 
with the a three days desensitization protocol. There are several explanations why 
our desensitization protocol could have failed. First, we found no evidence for mast 
cell activation or an immune mediated reaction. Second, a three day desensitization 
protocol may be too short. However, with the development of an inflammatory 
response within two hours after on average 5-ASA dose of 200 mg, it is unlikely that a 
longer desensitization protocol would be effective. Additionally, it is possible that the 
dosages of 5-ASA were increased to fast. However, we recommend not to rechallenge 
UC patients with an inflammatory response upon mesalazine administration and these 
patients cannot be desensitized with a three day desensitization protocol (Chapter 
2). Beside these side effects every physician should be familiar with other adverse 
effects associated with mesalazine therapy. Rare side effects like a mesalazine induced 
auto-immune hepatitis/PSC overlap syndrome could be recognized by assessing liver 
enzymes and renal function after initiating mesalazine treatment (Chapter 3 and 4). 

Additional (genetic) studies have to be conducted to predict these side effects. A 
so called genetic passport in the future could potentially predict the development of 
these rare adverse effects so these drugs can be avoided, or monitoring intensified, 
in high-risk patients. These pharmacogenetic testing before the start of treatment 
may be useful to maximize the benefit of the treatment in any particular patient. 
Pharmacogenetic testing also has the potential to optimize drug selection and dosing 
as well as to minimize potential harm of drug toxicity. Furthermore, it may be possible 
to avoid drugs that are ineffective or harmful for a particular patient, optimize the 
use of (cheaper) conventional drugs and achieving optimal dosages faster which 
ultimately will lead to a reduction of healthcare costs. 
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Optimizing anti-TNF-alpha therapy
Anti-TNF-alpha have proven to be effective in the treatment CD and UC.25,26 These 
drugs are administered at fixed dose and intervals derived from dose finding studies 
for IFX.27 Observational studies showed that approximately 10% of patients per year 
lose their response to these anti-TNF-alpha antibodies.28 One factor associated with 
loss of response is immunogenicity, whereby the production of antidrug antibodies 
is associated with infusion reactions and an accelerated antibody clearance resulting 
in lower anti-TNF-alpha antibody titers.29 In this thesis we determined the correlation 
between academically developed assays (Leuven and Amsterdam) that were used in 
several studies to detect IFX drug levels and anti-IFX-antibodies.30-32 The sensitivity of 
the three assays to detect antibodies to IFX was comparable (Chapter 5). We did not 
correlate the results of the tests with the clinical situation of the patient. Observational 
studies have demonstrated a relationship between anti-TNF-alpha drug concentrations, 
the presence of ATI and clinical outcome.33-36 IFX exposure below 3 μg/mL increases 
risk of developing ATI’s. Identification of influential pharmacokinetics and ATI factors 
improves prediction of IFX levels, potentially allowing individualized dosing and cost 
reduction.37 The place of TDM with early serial trough and ATI level measurements 
is doubtful. It will probably optimize anti-TNF-alpha treatment.38,39 Other studies 
contradict the clinical importance of TDM. The TAILORIX study of biologic naïve 
luminal CD patients receiving IFX compared two groups where dose escalation was 
based on trough levels to one clinically-based dose escalation group. At one year 
no differences between clinical and endoscopic outcomes were observed between 
groups. However, the results may have been affected by the large proportion of the 
clinical care group receiving dose escalation.40,41  Easier assessment of IFX through 
levels might be performed by using a capillary fingerstick blood test. An early report 
showed that IFX concentration in capillary fingerstick blood as determined with a 
rapid test is equal to the concentration found in venous blood. This may allow rapid 
adaptation of the drug regime or infusion period.42 TDM does have an important 
place in identifying ATI. ATI may be neutralizing or non-neutralizing, depending on 
the binding site. Neutralizing ATI produced in response to anti-TNF-alpha bind to the 
epitope binding (Fab′)2 region of the anti-TNF-alpha, thereby reducing the agents’ 
therapeutic activity.43 By contrast, non-neutralizing antibodies do not prevent binding 
of the agents to target molecules, and hence do not reduce the efficacy of biologic 
agents; they do, however, impact the pharmacokinetics, by accelerating clearance of 
the agent.44 The clinical implications of immunogenicity are a concern for effective 
treatment; further research, particularly into the more recently approved biologics, 
is required. IFX-biosimilars, such as CT-P13 (Inflectra/ Remsima),Celltrion) and 
Flixabi (Biogen) are available now.45-48 These biosimilars are expected to have the 
same specificity and the same sequence as the original molecule IFX (Remicade), but 
are marketed at a much lower price than the first-generation anti-TNF-alpha blocking 
agents, which will make treatment of these diseases more cost-effective. We show 
that IFX and the IFX biosimilar CT-P13 (Inflectra) have the same neutralizing capacity 
as the original IFX. Furthermore, we show that ATI show cross-reactivity toward the 
IFX biosimilar CT-P13 (Inflectra) proving that the CT-P13 (Inflectra) IFX biosimilar 
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also has the same antigenic properties and therefore the clinical implication is 
that patients with ATI should not be switched to IFX biosimilar (Chapter 6). The 
difference between IFX biosimilar and IFX originator is the glycosylation profile. 
In samples with originator IFX and biosimilar IFX there is a significantly different 
N-glycosylation profile that showed no significant variations in biological activity, 
suggesting that the differences are probably not therapeutically significant. The NOR-
SWITCH clinical trial showed that switching from IFX originator to IFX biosimilar 
CT-P13 was not inferior to continued treatment with IFX originator.49 Other 
clinical trials showed also no clinical impact on clinical outcomes after switching 
to IFX biosimilar.50 As the field of IBD is moving towards personalised medicine, 
it is important to conduct studies that focus on immunogenicity because future 
immunogenicity assays might serve as biomarkers to predict treatment response to 
anti-TNF-alpha therapy (Chapter 7). As discussed before a genetic passport may be 
useful in the future to predict which patients will not tolerate certain medications 
or who has increased immunogenicity and should be treated with combination 
(thiopurine or methotrexate with biological). However, small studies investigating 
primary non-response by genetic determinant have reported conflicting data or were 
underpowered.51,52 HLA-DQA1*05 haplotype was identified as a genetic determinant 
of immunogenicity to anti TNF-alpha. Pre-treatment genetic testing has not yet been 
considered for clinical use.53 The mechanism of anti-TNF alpha is still a matter of 
debate.54 In a study of the in vitro and in vivo mechanisms of anti-TNF alpha, it was found 
that FcγR engagement by anti-TNF-alpha was obligatory for improvement of colitis 
in mice and development of regulatory CD206+ macrophages. A hypo-fucosylated 
form of anti-TNF binds FcγRIIIa with more affinity and induced development of 
CD206+ macrophages in human PBMCs, particularly PBMCs that express low-
affinity FcγRIIIa. Therefore, hypo-fucosylated anti-TNF might be more effective in 
patients with IBD.55 The University Medical Center Groningen (UMCG) developed a 
fluorescent tracer for labelling biologicals. With these studies we will gain insight into 
the biological distribution and concentrations in the inflamed gut. Furthermore we 
can identify the biological target cells in the inflamed gut inflammation using near-
infrared fluorescence molecular endoscopy (NIR-FME). By gaining insight in local 
biological concentrations, distribution and target cells, we will better understand the 
mechanism of action and can optimise the dosing of biologicals. Currently there are 
no good clinical or biochemical predictors of response to a biological. In the previous 
years the majority of studies that have tried to investigate these factors have provided 
controversial results. Primarily, this could be due to different experimental settings 
and to the different definitions of disease remission used. Moreover, many studies 
included a small number of patients and most of them were retrospective. This has 
produced so far a low use of predictive factors in daily clinical practice. Examples 
of clinical parameters which predict response to anti-TNF-alpha are younger age, 
higher CRP and Hb baseline levels which are associated with better response to anti 
TNF-alpha.56 A recent study showed that the major modifiable factors associated with 
treatment ineffectiveness were low drug concentrations and immunogenicity.57 In 
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this thesis we developed a pharmacokinetic model that could be used to optimize 
TDM of IFX in IBD patients, but it needs to be confirmed in a prospective clinical 
trial. Considering the high percentage of patients in remission with trough levels ≤ 
3.0 mg/L, dose intensification or modification in dose intervals should always be 
combined with clinical and/or endoscopic disease activity parameters (Chapter 8). 
Recently great progress has been made single cell analysis of the infiltrate in IBD. These 
new techniques can be used to reveal tissue specific characteristics and drug target but 
can potentially also predict the response to treatment in individual patients.58 

Anti-TNF-alpha therapy in the future
Previous studies showed that local treatment with IFX is efficacious like topic IFX 
injection for rectal stenosis in CD patients.59 Local IFX treatment has also been proven 
effective in fistulising perianal disease.3-5 Topical IFX treatment presumably results in a 
continuous IFX exposure at the site of inflammation with fewer side effects compared 
to systemically administered IFX. The development of a subcutaneous formulation 
of CT-P13 IFX for rheumatoid arthritis is described.7 These patients had more stable 
steady state therapeutic blood levels of IFX and have lower rate of ATI compared 
with patients receiving IFX IV treatment. In IBD patients also efforts has been made 
to use subcutaneous IFX. Preliminary results suggest that one year treatment with 
subcutaneous CT-P13 IFX is similar in efficacy and safety compared to intravenous 
administration in CD patients.6 There are gut specific oral agents in treatment of IBD 
like slow release mesalazine and budesonide. Efficacious oral IFX treatment has major 
advantages for patients with CD. First, patients no longer need to visit the hospital 
for medical treatment. Second, patients will not be punctured for infusion therapy 
and also the personnel do not have to receive a training for the procedure. Third, oral 
treatment eliminates infusion quality of life influencing related complications, such 
as extravasations and infusion reactions. Finally, local treatment of anti-TNF-alpha 
reduces the risk of developing of antibodies to the anti-TNF-alpha containing agent. 
An oral administration of the non-absorbable recombinant anti-TNF-alpha fusion 
protein, PRX-106 has been shown to be safe in healthy volunteers.8 A novel polyclonal 
anti-TNF-alpha antibody (AVX470) was effective in treating mouse models of colitis, 
delivering the anti-TNF-alpha to the site of inflammation with minimal systemic 
exposure.60 Another novel anti-TNF-alpha domain antibody (V565) could be detected 
by ELISA in post-dose serum of colitis mice, but not in naïve mice, demonstrating 
penetration of disrupted epithelium.9 The colopulse capsule is specifically developed 
to target the ileo-colonic region (chapter 9) and may therefore be perfect for CD 
patients with active disease of the terminal ileum (chapter 10) with possible less 
immunogenicity and enhanced patient satisfaction. 

In conclusion, this thesis studies side effects and complications of 5-ASA and anti-
TNF-alpha therapy and suggests strategies to optimise treatment with these drugs in 
IBD. A genetic passport to predict adverse effects, detection of immunogenicity, dose 
optimalisation and the use of gut selective delivery systems harbours great promise 
for the near future in the treatment of IBD. 
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Nederlandse samenvatting Inflammatoire darmziekten (inflammatory bowel diseases, (IBD)) zijn chronische 
ontstekingsziekten van de darmen gekenmerkt door het aanwezig zijn van zweren 
in de darm. De meest bekende ziekten zijn de ziekte van Crohn en colitis ulcerosa. 
Deze ziekten worden gekenmerkt door klachten als diarree, buikpijn, vermoeidheid 
en gewichtsverlies. De precieze oorzaak van inflammatoire darmziekten is onbekend 
en er is geen medicamenteuze therapie die inflammatoire darmziekten definitief kan 
genezen. De soort behandeling is afhankelijk van de ernst en verspreiding van de 
ziekte in het maag-darmkanaal. De meest gebruikte medicamenteuze behandeling 
voor colitis ulcerosa is mesalazine welke afhankelijk van waar de ziekte in de dikke 
darm zit in tabletten, klysma’s en zetpillen voorgeschreven kan worden. Daarnaast 
is anti-TNF-alpha een belangrijke medicamenteuze therapie bij zowel de ziekte van 
Crohn als colitis ulcerosa. Dit zijn in de fabriek gemaakte antistoffen die de ontsteking 
kunnen remmen door het TNF-alpha eiwit te blokkeren. Dit medicijn is onder andere 
bekend als Infliximab en Adalimumab welke via een infuus of injectie toegediend 
kunnen worden. 

Het doel van dit proefschrift is om de medicamenteuze behandeling van patiënten 
met inflammatoire darmziekten te verbeteren. In hoofdstuk 1 wordt gestart met een 
algemene introductie op het thema van dit proefschrift: complicaties en optimalisatie 
van mesalazine en anti-TNF-alpha therapie voor inflammatoire darmziekten. 

Deel 1: mesalazine

In hoofdstuk 2 beschrijven we patiënten die overgevoelig zijn voor mesalazine en 
een ontstekingsreactie vertonen (koorts, verhoogde ontstekingseiwitten, braken en 
diarree) na gebruik van mesalazine. Deze zelfde symptomen lieten zij zien na het 
op proef herstarten van de medicatie van een ander merk. Deze patiënten lijken dus 
overgevoelig te zijn voor dit ontstekingsremmende medicijn. Onderzoek laat zien 
dat het soms mogelijk is patiënten te desensitiseren; dit is het ongevoelig maken 
van een overgevoeligheidsreactie door lage opklimmende doseringen toe te dienen 
van het betreffende medicijn. Tijdens ons drie daagse desensitisatie protocol zagen 
we echter dat het niet mogelijk is om deze patiënten met deze vorm van een 
overgevoeligheidsreactie ongevoelig te maken voor deze bijwerkingen. 

Zeldzame bijwerkingen van mesalazine zijn leverschade, nierschade en acute al-
vleesklierontsteking. In hoofdstuk 3 beschrijven we een patiënt met colitis ulcerosa 
die een door mesalazine uitgelokte auto-immuun hepatitis (leverontsteking) en pri-
maire scleroserende cholangitis (galwegvernauwing) overlap syndroom ontwikkelde. 
In dit hoofdstuk wordt een samenvatting gegeven van alle patiënten waarbij deze 
zeldzame leverschade als gevolg van mesalazine is beschreven. We raden aan de lever-
waarden in het bloed vooraf en tijdens gebruik van mesalazine te controleren. Nier-
schade (nefrotoxiciteit) is ook een zeldzame complicatie beschreven bij mesalazine 
gebruik. Gegevens uit klinische onderzoeken wijzen op een jaarlijks risico van 0,26% 
en gegevens verkregen vanuit een vragenlijst aan maag-darm-leverartsen, schatten dit 
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in 1 op de 4000 patiëntjaren voorkomt. Het doel van hoofdstuk 4 is om de klinische 
kenmerken van deze ernstige bijwerking te karakteriseren en vervolgens een gene-
tische analyse uit te voeren om het risico op de zeldzame maar ernstige bijwerking te 
voorspellen. De nierschade bleek na ongeveer 3 jaar mesalazine gebruik op te treden 
en herstelde bij 30% van de patiënten na staken van het medicament terwijl 10% 
nierdialyse nodig had. Er bleek een genetische gevoeligheid voor het ontwikkelen 
van deze nierschade te bestaan die mogelijk gebruikt kan worden om deze ernstige 
bijwerking te voorspellen. 

Deel 2: anti-TNF-alpha

Antistoffen gericht tegen TNF alpha (anti-TNF-alpha) zoals Infliximab en Adalimumab 
worden bij zowel de ziekte van Crohn als colitis ulcerosa gebruikt. Tegen deze in de 
fabriek gemaakte antistoffen kan het lichaam zelf antistoffen maken omdat ze als 
vreemd eiwit worden herkend. Zowel de gefabriceerde antistoffen als de antistoffen 
door het lichaam gemaakt worden kunnen in het bloed gemeten worden. Het nut van 
het meten van deze spiegels is dat de dosis geoptimaliseerd en eventueel het medicijn 
beter gestopt kan worden. In Hoofdstuk 5 hebben we vastgesteld dat er een goede 
correlatie bestaat tussen de verschillende meetmogelijkheden en meetmethoden om 
spiegels en antistoffen tegen Infliximab en Adalimumab te meten. Deze vergelijking is 
gedaan met 3 meetmethoden van 3 verschillende instituten (Sanquin, Leuven en een 
commercieel verkrijgbare kit; BMD). 

Infliximab (merknaam Remicade) en Adalimumab (merknaam Humira) zijn 
inmiddels uit patent en er zijn tegenwoordig verschillende infliximab en adalimumab 
biosimilars beschikbaar. Een biosimilar is een gefabriceerd eiwit dat soortgelijk is 
aan het origineel. Deze biosimilars herkennen naar verwachting hetzelfde TNF-alpha 
eiwit, maar worden op de markt gebracht voor een veel lagere prijs. Voorbeelden 
van Infliximab biosimilars zijn onder andere CT-P 13 (merknamen Inflectra en 
Remsima). In Hoofdstuk 6 hebben we aangetoond dat de tweede generatie anti-TNF-
alpha-geneesmiddelen (zoals Golimumab, Etanercept en Certolizumab) een sterkere 
werking tegen het TNF-alpha eiwit hebben vergeleken met de eerste generatie anti-
TNF-alpha-geneesmiddelen zoals Infliximab en Adalimumab. We toonden ook aan 
dat de originele Infliximab (Remicade) en de Infliximab biosimilar CT-P13 (Inflectra) 
hetzelfde TNF-alpha neutraliserende vermogen hebben en dus even sterk werken. 
Verder laten we zien dat antistoffen tegen de originele Infliximab (Remicade) 
kruisreactiviteit vertonen ten opzichte van de infliximab biosimilar CT-P13 (Inflectra), 
hetgeen bewijst dat de CT-P13 (Inflectra) IFX biosimilar op dezelfde manier door de 
afweer worden herkend. 

Zoals beschreven, ontwikkelen sommige patiënten die worden behandeld met 
Infliximab of Adalimumab antistoffen tegen het geneesmiddel. Hoewel de gelijktijdige 
toediening van een immunosuppressivum de ontwikkeling van deze antistoffen 
verminderd, kunnen we momenteel niet voorspellen welke patiënten het risico 
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lopen om deze antilichamen te ontwikkelen. Onlangs hebben genetische studies 
risicovarianten geïdentificeerd die een rol spelen bij de ontwikkeling van deze 
antilichamen. In Hoofdstuk 7 konden we het HLA-DQA1 * 05-allel repliceren dat 
geassocieerd is met de vorming van antilichamen tegen Infliximab en Adalimumab 
bij patiënten met inflammatoire damziekten. We identificeerden ook acht suggestieve 
associatiesignalen in niet-HLA-regio’s die moeten worden gerepliceerd in grotere 
cohorten. In hoofdstuk 8 hebben we een farmacokinetisch model ontwikkeld dat kan 
worden gebruikt om medicijn spiegels (therapeutic drug monotoring (TDM)) van 
infliximab bij patiënten met inflammatoire damziekten te optimaliseren. Simulaties 
van het model laten zien dat dosering om de 12 weken in plaats van om de 8 weken kan 
worden overwogen bij de behandeling van patiënten met inflammatoire damziekten 
met infliximab. Dit kan alleen bij patiënten die geen antistoffen tegen Infliximab 
vertonen. Deze strategie vermindert Infliximab-therapie gerelateerde bezoeken aan 
het ziekenhuis en zorgt voor besparing op zorgkosten. Studies hebben aangetoond dat 
de Infliximab concentratie in het weefsel correleert met een betere en aanhoudende 
respons op de ziekte van Crohn en dat Infliximab zijn effect tenminste gedeeltelijk 
uitoefent door lokale ontstekingsremmende effecten in de darm. Infliximab wordt 
normaal gesproken toegediend via een infuus. Lokale injectie van Infliximab in 
een fistel bij deze ziekten van Crohn is ook effectief gebleken. Ook wordt gewerkt 
aan toediening van infliximab onder de huid in plaats van via een infuus. In dit 
proefschrift beschrijven we de colopulse-technologie wat een capsule is die specifiek 
is ontwikkeld om een medicijn in het laatste deel van de dunne darm en in de dikke 
darm af te geven (hoofdstuk 9). Deze lokale toediening zou ideaal kunnen zijn voor 
Crohn-patiënten met actieve ziekte van het laatste stuk va de dunne darm met als 
grote voordelen dat ze geen infuus meer hoeven en niet meer naar het ziekenhuis 
hoeven te komen. Hiervoor presenteren we in hoofdstuk 10 een studieprotocol naar 
toediening van Infliximab via in de door ons ontwikkelde colopulse capsule. Het doel 
van dit protocol is om aan te tonen dat gerichte afgifte van infliximab in de darm even 
goed werkt als via een toediening via een infuus. Deze studie zal door mijn opvolger 
worden uitgevoerd. 

Concluderend beschrijven wij in dit proefschrift een aantal problemen bij de 
behandeling van patiënten met de ziekte van Crohn en colitis ulcerosa met mesalazine 
en anti-TNF-alpha antistoffen en geven wij suggesties hoe we dit kunnen verbeteren. 
Een genetisch paspoort kan waarschijnlijk de kans op bijwerkingen en het risico op 
het ontwikkelen van antistoffen voorspellen. Het meten van spiegels en het opsporen 
van antistoffen tegen een infliximab en adalimumab kan de behandeling met deze 
medicijnen verbeteren. Het gebruik van nieuwe tabletvormen die medicijnen 
precies terplekke van de ontsteking in de darm kunnen afgeven is een veelbelovende 
ontwikkeling voor de toekomstige behandeling van patiënten met IBD.  
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Dankwoord Een proefschrift schrijf je niet alleen. Daarom wil ik graag een aantal mensen bedanken. 

Allereerst mijn promotores, 

Prof. Dr. G. Dijkstra, beste Gerard, tijdens mijn tijd als ANIOS in het Martini ziekenhuis 
heb ik je leren kennen. Ik was onder de indruk van je enthousiasme, inspiratie en 
gedrevenheid welke chaotisch goed georganiseerd bleek. Ik heb veel van je mogen 
leren zowel qua patiëntenzorg als op wetenschappelijk gebied. Als ANIOS kon ik in je 
drukke agenda bij je terecht om de ‘schriftelijke controles’ te bespreken waar ik veel 
van leerde en ondertussen bespraken we de lopende studies en mogelijkheden. Ik 
wil je bedanken voor het vertrouwen dat je in me hebt gehad wat uiteindelijk heeft 
geresulteerd in dit proefschrift en mijn opleidingsplek tot MDL-arts. 

Prof. Dr. R.K. Weersma, beste Rinse, als tweede promotor heb je mij kennis laten maken 
met de genetica. Ik wil je bedanken voor de begeleiding en uitleg van deze andere kant van 
de IBD voor mij als klinische dokter. Ik heb veel bewondering voor jouw werkzaamheden 
als klinische dokter, wetenschapper, hoofd van de afdeling en muzikant (waar ik thuis 
tijdens jullie repetities op 25 meter hemelsbrede afstand soms van kan meegenieten). 

Daarnaast gaat mijn dank uit naar de beoordelingscommissie, Prof. Dr. H.J. Verkade, 
Prof. Dr. C.J. van der Woude en Prof. Dr. C.Y. Ponsioen voor de positieve beoordeling 
van mijn proefschrift. 

Prof. dr. K.N. Faber, beste Klaas-Nico, dank voor de hulp en input bij het doen van het 
anti-anti-TNF-alpha antistoffen stuk. De lab-besprekingen op dinsdagmiddag op het lab 
waren voor mij als klinische dokter wat verwarrend, maar toch werden er steeds weer 
goede plannen gemaakt voor het antistoffen stuk. Dank voor je begeleiding hierbij. 

Ook gaat mijn dank uit naar prof. dr. J.H. Kleibeuker, beste Jan, dank voor het 
vertrouwen in mij en het toekennen van een opleidingsplek tot MDL-arts. 

Daarnaast wil ik Tjasso Blokzijl bedanken. Jij hebt eigenlijk samen met Gerard de 
eerste vorm van biobanking opgezet en ik mocht daar gebruik van maken. Uren 
zoeken in de diepvries op het laboratorium tussen het visite lopen door. Ik kijk er 
met een glimlach op terug. En dank natuurlijk voor het uitvoeren van alle tests van 
hoofdstuk 5 en 6 en het uittesten van de BMD ELISA. 

Dr. Marina Maurer wil ik bedanken voor de fijne samenwerking. Onder jouw leiding 
verliep de BIOCOP studie succesvol waarbij we zelf ook nog geparticipeerd hebben 
als gezonde proefpersonen met een nachtje opname bij PRA. 

Daarnaast wil ik dr. Lieke Spekhorst bedanken voor de leuke en gezellige 
samenwerking en het mij inzicht laten geven in de genetica en IBD. Beste Lieke, 
dankjewel en nog heel veel succes met je verdere opleiding tot MDL-arts. 
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Verder wil ik natuurlijk alle mede-auteurs van de artikelen bedanken en de goede 
samenwerking met o.a. onze collega’s in Leuven en van de apotheek hier in het UMCG. 

Jurya Glansbeek, Erna Lont en Esther Bos, MDL-secretaresses, wil ik bedanken voor 
de hulp bij o.a. het inplannen van afspraken in de volle agenda’s van Gerard en Rinse, 
de gezelligheid en het luisterend oor. 

Dank aan al mijn collega’s tijdens mijn opleiding; opleiders interne en MDL in het 
Martini Ziekenhuis, de Isala klinieken Zwolle en het UMCG. Dank ook aan alle collega 
A(N)IOS voor de leuke en gezellige samenwerking. 

Dank ook aan al mijn collega’s in het Martini Ziekenhuis in Groningen; mijn maten, 
secretaresses en (endoscopie)verpleegkundigen. Dank voor de fijne samenwerking en 
de ontspannen sfeer op de afdeling. 

Mijn vrienden wil ik natuurlijk ook bedanken; vrienden die ik ken vanaf de 
bassischool, studie, roeiploeg en vanaf mijn assistententijd. Dank voor de gezelligheid 
en het luisterend oor!

Mijn paranimfen, Sander en Susan. 
Lieve Sander, je bent de leukste broer van de wereld. Ik ben zo trots op jou en blij 
dat we ook in Groningen jarenlang elkaars huisgenoten waren. Ik vind het ontzettend 
stoer om te zien welke stappen je neemt in je leven en ben heel blij dat je vandaag 
mijn paranimf wil zijn. Lieve Susan, ik ken je al sinds de kleuterklas waarin wij ooit 
met zijn tweetjes groep 2 waren op de basisschool. Samen zijn we naar de middelbare 
school gegaan en uiteindelijk hebben we allebei gestudeerd in Grunn. Het is altijd fijn 
om weer af te spreken en lekker te kunnen knauwen. Ik mocht getuige zijn van jouw 
huwelijk en vind het heel fijn dat je nu mijn paranimf wil zijn. 

Lieve familie, lieve pap en mam, jullie hebben altijd vertrouwen in mij gehad en mij 
overal in gesteund. Dank voor onze zorgeloze jeugd en de kansen die we kregen om 
te gaan studeren. Lieve Jan, Lena en Leonie, jullie ook bedankt voor de altijd gezellige 
momenten.
 
Lieve Bart, zonder jou was ik al heel vaak gestopt met het afronden van dit proefschrift. 
Dank voor het vertrouwen wat je me in mezelf hebt gegeven en de motivatie om het 
af te ronden. Het heeft in de loop der jaren wat van onze vrije tijd gekost; denk aan de 
logistiek van het versturen van de samples naar België terwijl we op vakantie waren 
in Peru. Dank voor alle steun. En natuurlijk dank voor alle mooie momenten in ons 
leven en hoop dat we nog veel mooie dingen met elkaar (en vanaf januari 2020 met 
z’n drietjes) zullen meemaken. 
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Dorien Joke Buurman werd geboren in Emmen, Nederland, op 4 oktober 1983. 
Ze voltooide haar VWO in Ter Apel in 2002 en startte hetzelfde jaar met de studie 
geneeskunde aan de Rijksuniversiteit Groningen. Tijdens haar co-schappen raakte ze 
geïnteresseerd in de Maag-, darm- en leverziekten (MDL) en deed ze haar laatste co-
schap op de MDL afdeling van het Martini-ziekenhuis in Groningen. Na het behalen 
van haar bul in 2008 begon ze te werken als arts-assistent (ANIOS) in het Martini 
Ziekenhuis op de afdeling MDL-ziekten. In 2010 werd ze arts-assistent (ANIOS) op 
de afdeling MDL-ziekten van het UMCG. Naast de klinische werkzaamheden startte 
ze met het doen van wetenschappelijk onderzoek onder begeleiding van prof. Dr. G. 
Dijkstra wat begon met een METC aanvraag voor een studieprotocol om patiënten 
met een mesalazine intolerantie te behandelen. Eind 2012 startte ze haar opleiding 
tot MDL-arts in het Martini Ziekenhuis, de Isala klinieken in Zwolle en het UMCG. 
Al die jaren waren patiëntenzorg en opleiding haar belangrijkste focus, maar raakte 
ze betrokken bij steeds meer onderzoeksprojecten onder begeleiding van prof. dr. G. 
Dijkstra en prof. dr. R.K. Weersma en het schrijven van een proefschrift leek haalbaar te 
zijn. Gedurende deze jaren presenteerde ze haar onderzoek op verschillende nationale 
en internationale congressen. In 2019 wist ze haar proefschrift af te ronden en zal ze 
haar proefschrift verdedigen op 6 november 2019. Dorien werkt sinds maart 2018 
als MDL arts in het Martini Ziekenhuis te Groningen. 
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