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Introductio n n 

Inn this thesis, several important clinical aspects of pediatric and adolescent 

inflammatoryy bowel disease (IBD; Crohn's disease, ulcerative colitis and 

indeterminatee colitis) will be discussed. Why a separate thesis on IBD in 

childhood,, as innumerable reviews, articles, and books have been written about 

manyy aspects of these chronic gastrointestinal disorders? Are diagnosis and 

treatmentt of IBD really different in children compared to in adults? Are we not 

performingg similar endoscopic procedures to diagnose disease? And are we 

nott using the same drugs as the "adult" gastroenterologists do for their 

patients?? Though tempting, a simple reply to these three questions cannot be 

given.. Children are not just small adults. In most children, the onset of disease 

comess around the time of puberty, an especially vulnerable period, 

characterizedd by linear growth, pubertal development and psychosocial 

changes.. Thus, the disease has a potential for long-term impact on physical 

growthh and psychosocial development. Diagnosis and treatment should be 

tailoredd to the needs of small patients and aimed at remission of disease 

activity,, as well as conservation of growth and pubertal development. The 

uniquee diagnostic and therapeutic features of pediatric onset of inflammatory 

bowell disease are listed in Table 1, and will be discussed below. To be able to 

understandd the etiology and origin of these specific issues in young patients 

withh IBD, more clinical pediatric research is needed. This introduction will 

identifyy the paucity of pediatric trials, as well as provide insights into the specific 

problemss that are encountered when one is engaged in pediatric clinical 

research.. Using this approach, the stage will be set for the six clinical studies in 

childrenn with IBD that are presented in this thesis. These studies will 

complementt the small body of literature on the diagnosis and treatment of 

childrenn with inflammatory bowel disease. A review of the "best available" 

evidencee on treatment of children and adults is presented at the end. 
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Histor y y 

Thee first report of ulcerative colitis has been ascribed to Sir Samuel Wilks, a 

physiciann and pathologist who lived in London from 1824 to 1911. He described 

thee postmortem of a young girl who had died under controversial circumstances 

inn 1859. The girl had suffered from "dysentery" for 3 weeks, but the cause of 

herr death was said to be a result of ingestion of a poison that was supposed to 

inducee abortion. In fact, "the morbid appearances in the intestines of Miss 

Banks"" presented a classic description of severe ulcerative colitis1. 

Ass early as 1828, Abercrombie described a girl of 13 years with ileocecal 

inflammatoryy thickening with skip lesions2. More cases of the disease that was 

laterr named Crohn's disease were reported in 1913 by Dalziel, who described 3 

patients,, one of whom was a 10 year old boy, who had suffered from intestinal 

obstructionn as a result of transmural inflammation in the jejunal, ileal and 

colonicc areas3. Twenty years later, the same disease was described by Dr 

Burrilll B. Crohn as regional enteritis, and was reported to affect mainly young 

adults4. . 

Epidemiolog y y 

Moree than 70 years after the description by Crohn and colleagues, it is common 

knowledgee that Crohn's disease may present before the age of 20 years in 25-

30%% of the patients5. Ulcerative colitis can be seen in very young children, 

whereass Crohn's disease is extremely rare below two years of age67. For both 

Crohn'ss disease and ulcerative colitis, there is a peak of onset between 15 and 

255 years of life8. Epidemiology of IBD has been studied widely in adults, 

showingg incidence and prevalence rates that vary considerably. For Crohn's 

disease,, incidence (per 100,000 population, per year) in adults is reported to be 

0.77 to 15, and prevalence ranges from 6 to 104 per 100,000 inhabitants per 

year9.. For ulcerative colitis, incidence per year is 0.5 to 15, and prevalence 

rangess from 37 to 121 per 100,000 in adults. In a prospective study during the 
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yearss 1991-1995 in the Netherlands, incidence for CD in adults was found to be 

6.99 per 100,000 per year, while it was 10 for UC10. Part of the variation must be 

duee to differences in disease definition, recognition, and coding, but there is 

littlee doubt that disease incidence varies with geographic area. In the USA as 

welll as in Europe, IBD seems to be more common in northern than in southern 

areas11;12. . 

Inn the pediatric age group, several small epidemiological studies have been 

publishedd over the last 10 years. Both retrospective and prospective studies 

weree performed in Sweden13"15, Denmark16, Scotland17118, Wales19120, and the 

Unitedd Kingdom21. These studies show incidence rates of 0.2 to 5.9 per 

100,0000 per year in children (aged < 16 years) for Crohn's disease, and 0.5 to 

3.22 for ulcerative colitis. Prevalence of Crohn's disease is reported as 6 to 16 

perr 100,000 per year, and 3.4 to 9.2 for ulcerative colitis. 

Inn the Netherlands, pediatric IBD patients have been included prospectively in a 

nationall registry since 1998, and incidence has been found to be 7.2 per 

100.0000 children (aged < 17 years) per year22. 

Inn Europe as well as in the USA, the need to collect prospectively and share 

patientt data in regional, national or nationwide pediatric IBD databases is well 

recognized,recognized, and as a result, epidemiological information on pediatric IBD is now 

rapidlyy expanding. A database that is used to characterize disease on a 

prospectivee basis is an absolute necessity for investigators studying genetics, 

drugg therapy, health outcomes, and the socioeconomic impact of these 

diseases.. In addition to these clinical aspects, a large and well-organized 

databasee greatly enhances the value of human material (specimens), enabling 

researchh on the genetics, etiology and pathophysiology of early onset IBD. 
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Clinica ll  presentatio n 

Theree are certain features that are unique to pediatric IBD as compared to adult 

onset-diseasee (Table 1). One feature is growth failure, which is present at 

diagnosiss in 10-40% of affected children23. 

Lesss obvious, but nevertheless clinically important, are the differences in 

clinicall presentation: abdominal pain is the most frequent symptom in children 

withh IBD, whereas adults tend to present most often with rectal bleeding (in 

ulcerativee colitis) or diarrhea (in Crohn's disease)(Table 2). Furthermore, the 

impactt of a chronic and debilitating disease on the psychosocial development 

off a child or adolescent and her/his family should not be underestimated. 

Futuree collection of epidemiological information on disease expression at 

presentation,, characteristics during the course of disease, potential 

predisposingg factors, extraintestinal manifestations, treatment course, surgery, 

andd outcome may generate additional knowledge about the differences 

betweenn early-onset and adult-onset inflammatory bowel disease. Most 

probably,, research on the young patient with new-onset disease (and no co-

morbidity)) will provide us with more clues on the etiology of inflammatory bowel 

disease. . 

Diagnosi s s 

Ass might be expected from differences in epidemiology, clinical presentation, 

andd differential diagnosis, the diagnostic evaluation of a child with symptoms 

suggestivee of IBD demands a somewhat different approach than that in adults. 

Thee endoscopic and radiological procedures performed in children do not differ 

fromm those used in adults, but the anxiety experienced by young patients, and 

thee need to control pain, discomfort and excess movement often necessitate 

thee use of anesthesia and the participation of an anesthesiologist24'26. 
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Tablee 1. Unique features of IBD with onset in childhood or adolescence 

Diagnosi s s 

 Growth failure and delayed sexual maturation, especially in Crohn's disease1323 

 Increased morbidity rate in Crohn's disease in the younger children (<10 years)7 

 Increased morbidity rate in moderate to severe ulcerative colitis in children and adolescents' 

 Ulcerative colitis: more extensive disease at diagnosis in children (versus adults)16 

 Incidence of CD and UC lower than in adults 

 Positive family history (30%) more often in children than in adults (13-18%)64 

 Increased risk of colonic carcinoma in prolonged colitis65"69 

Treatmen t t 

 Goals : induce remission, prolong periods of remission, stop or delay progression of 

disease,, minimize disease- and therapy- related complications, avoid unnecessary 

corticosteroidd exposure, ensure normal growth and development, encourage compliance, 

improvee quality of life and allow for normal participation in school and activities 

 In new-onset disease: less interference of anti-inflammatory treatment by complications (i.e. 

strictures)) of disease; ideal subgroup to study treatment efficacy 

 Enteral nutrition is (option for) primary treatment of Crohn's disease4070 

 Longitudinal growth failure indicates insufficient treatment (and insufficient nutrition)71 

 Most medical treatment is not "evidence based": no pharmacokinetic trials, lack of 

randomizedd controlled trials, lack of placebo-controlled trials 

 Specific problems with treatment compliance during childhood and adolescence (puberty) 

 Risk of serious varicella, and EBV infection during immunosuppressive treatment72 

 Life-long duration of (immunosuppressive or immunomodulatory) treatment, therefore 

specificc consideration to long-term effects and outcome 

Etiolog y y 

 New onset disease with less co-morbidity; ideal subgroup for research on etiology 
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Clinica ll  finding s 

UlcerativeUlcerative colitis 

Abdominall pain 

Diarrhea a 

Rectall bleeding 

Weightt loss 

Fever r 

Growthh failure 

Arthritis/arthralgia a 

Children n 

711 % 

6 7% % 

5 2% % 

3 9% % 

1 2% % 

6% % 

1 6% % 

Adult s s 

33-533 % 

37-800 % 

80-900 % 

4 3% % 

2 7% % 

1 3% % 

Crohn'sCrohn's disease 

Abdominall pain 

Diarrhea a 

Rectall bleeding 

Weightt loss 

Fever r 

Growthh failure 

Arthritis/arthralgia a 

62-955 % 

66-777 % 

80-922 % 

22-833 % 

14-60% % 

30-333 % 

15-25% % 

6 0% % 

60-100% % 

2 0% % 

3 4% % 

26-511 % 

4-77 % 

Adoptedd from Shashidar, Integlia, and Grand 200073, with permission 

Thee diagnostic approach in children has been summarized in a consensus 

publicationn in the Netherlands27, and is currently being addressed across 

Europe.. Table 3 summarizes the diagnostic approach as published in the 

originall consensus, updated with some additional suggestions in italics. As in 

adults,, a diagnosis of inflammatory bowel disease is made on the basis of 

clinicall presentation, endoscopic and histological features, and radiological 

abnormalities. . 
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Tablee 3. Summary of Dutch consensus on diagnosis of pediatric IBD 
(and(and suggested additions) 

1.. Histor y 

Abdominall pain, stool pattern, tenesmus, anorexia, vomiting, fever, malaise, weight loss, 
sensee of well-being, secondary amenorrhea, daily activity, school absence, family 
history,, extraintestinal manifestations (vision, mouth sores, rash, joint pain, back pain), 
depression,depression, insomnia, smoking 

2.. Physica l examinatio n 

Generall impression, vital signs, anthropometry, abdomen, extraintestinal (eyes, mouth, 
edema,, rash, clubbing, erythema nodosum, pyoderma gangrenosum, arthralgia, arthritis, 
jaundice),, perianal (tags, fissures, fistula, abscess), rectal examination 

3.. Exclud e infectiou s etiologie s 

Stooll culture (Salmonella, Shigella, Yersinia, Campylobacter, E. coli, Clostridium diff (and 
toxintoxin A and B), if appropriate: amoebae, parasites, CMV, TBC 

4.. Marker s of inflammation , serologic  markers 

Hemoglobin,, hematocrit, indices, WBC count, platelet count, ESR, CRP, albumin, fecal 
alpha-11 antitrypsin, ASCA (anti-Saccharomyces Cerevisiae antibody) and p-ANCA 
(perinuclear(perinuclear anti-neutrophil cytoplasmic antibody) 

5.. Bon e age, bone  mineralisation 

Hand/wristt X-ray, DEXA scan of lumbar spine and femur 
6.. If malnutrition : 

Vitaminn A and E, serum iron, ferritin, iron binding capacity, zinc, vitamin B12, folate 
7.. If sign s of extraintestina l manifestations : 

Bilirubin,Bilirubin, AST, ALT, AlkPhos, GGT, amylase 
Iff appropriate, consultation of ophthalmologist 

8.. If growt h retardation : 

IGF-1,IGF-1, IGFBP-3, T4 (free), TSH (at least once) 
Iff bone age > 9 year (girls) or > 11 year (boys): LH, FSH, E2 or testosterone 

9.. Endoscopy , assisted  by anesthesiologist 

lleocolonoscopyy plus biopsies, and upper endoscopy plus biopsies 
10.. If C rohn ' s d isease : small bowel follow-through and abdominal ultrasound 

DEXAA scan, Dual Energy X-ray Absorptiometry. 

Usee of serologic markers, such as ASCA (anW-Saccharomyces Cerevisiae 

antibody)) and p-ANCA (perinuclear anti-neutrophil cytoplasmic antibody) was 

nott yet widely available in 1994, when the consensus text was written. In 

pediatricc as well as in adult gastroenterological practice, the markers are of little 

helpp in the diagnosis since their sensitivity is so low2829. Some studies in adult 
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patientss have shown that markers may yield additional information on the 

distinctionn between ulcerative colitis and Crohn's disease30, or even help 

predictt a response to anti-TNF treatment31. Therefore, serologic markers are 

suggestedd as an addition to the consensus. 

Anotherr addition to the consensus is the assessment of bone mineralization by 

Duall Energy X-ray Absorptiometry (DEXA-scan). Up to 15% of children with 

inflammatoryy bowel disease may have decreased bone mineral density, and 

thiss may progress as a result of corticosteroid treatment32;33. 

Thee key challenge in the care of pediatric IBD is the necessity to establish a 

correctt and complete diagnosis, preferably before any treatment is started. A 

completee diagnosis should include the endoscopic and histological extent of 

diseasee in the gastrointestinal tract. Endoscopic and histological features may 

changee as a result of treatment, or during the course of disease, while the 

choicee of treatment modality depends on the location, extent and severity of 

disease.. Consequently, the 1996 Dutch consensus encompasses a complete 

colonoscopy,, including ileoscopy and multiple biopsies from ileum and all 

segmentss of the colon in children, suspected of having IBD. This approach may 

seemm overly aggressive. However, complete characterization of involved 

intestinee at diagnosis aids in planning therapy and predicting outcome. 

Manyy physicians choose to start the diagnostic program by performing only 

proctosigmoidoscopy.. Indeed, proctosigmoidoscopy can be performed without 

anesthesia,, is relatively easy, and does not need complete bowel preparation. 

However,, these practical advantages of proctosigmoidoscopy may not 

outweighh the theoretical preference of a complete colonoscopy; This been 

questionedd in the study described in Chapte r 1.1. In this section, the accuracy 

off a histological diagnosis based on only rectal and sigmoid biopsies is 

comparedd to the assessment of a complete set of biopsies from ileum and all 

segmentss of the colon. As Crohn's disease may also present in the upper 

intestinall tract at the time of diagnosis28, we suggest adding upper endoscopy 

too the diagnostic work-up. 

Endoscopyy and histology are of key importance in the diagnosis of IBD, but 

alsoo in the assessment of disease activity during the course of treatment. 
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Specifically,, disease may be in remission clinically, while there is no 

endoscopicc or mucosal healing. In fact, in children with IBD, clinical and 

endoscopicc remission do not correlate very well, as was demonstrated in a 

pediatricc trial of mesalazine and prednisolone in 20 children with active 

ulcerativee colitis34. The study showed complete remission of clinical disease 

activityy by 8 weeks in 85% of patients, complete endoscopic remission in 40%, 

butt histological remission occurred in only 15% of the patients. Subsequently, 

endoscopicc and/or histological disease activity has rarely been used as an 

outcomee variable or endpoint in pediatric clinical trials. In children, enteral 

nutritionn can induce significant histological healing in children with Crohn's 

disease35"37. . 

Inn adults with Crohn's disease, treatment with anti-tumor necrosis-a antibody 

(anti-TNF,, infliximab) was shown to induce endoscopic38 as well as histological 

healing39.. In children, the effects of anti-TNF on histological disease activity 

havee been assessed in the first pediatric multicenter trial of anti-TNF in severe 

treatment-resistantt Crohn's disease. 

Thiss novel study is presented in Chapte r 1.2. 

Treatmen t t 

Medicall treatment of children with Crohn's disease or ulcerative colitis is mostly 

basedd on evidence from studies in adult IBD patients. Dosages are 

extrapolatedd from adult dosages and adjusted according to body weight or 

bodyy surface area. In addition, duration of treatment is mostly determined by 

empiricss and from experience gained in adults. 

Thee current medical and nutritional treatment for pediatric IBD are summarized 

inn Table 4, with treatment options that have been studied in randomized 

controlledd trials in children marked in the shaded areas, thereby illustrating the 

scarcityy of adequate therapeutic trials in pediatric IBD. 
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Tablee 4. Medical or nutritional treatment options for pediatric IBD 

Therap yy  Indication in: 

Entera ll  nutritio n 

Ulcerativ ee coliti s 

nono evidence 

Crohn' ss  diseas e 

Inductionn of remission and maintenance 

Salicylate s s 
Sulfasalazine e 

Mesalazine e 

Maintenancee of remission 
Inductionn of remission in 
mild-moderatee disease 

Maintenancee of remission 
Inductionn of remission in 
mild-moderatee disease 

Maintenance:: no advantage over 
placebo o 
Inductionn of remission in 
mild-moderatee colitis 

ControversialControversial in induction of 
remissionn or maintenance 

Steroid s s 
Predniso(lo)ne e 

Inductionn of remission in 
moderate-severee disease 
Maintenance:: no indication 

Inductionn of remission in 
moderate-severee disease 
Maintenance:: no indication 

Budesonide e 

Antibiotic s s 
Metronidazolee and/or 
Ciprofloxacin n 

enema:enema: Induction of remission oral. Induction of remission in 
inn mild-moderate distal disease moderate disease in (ileo)cecal 

orr ascending colon 

nono indication Fistulouss disease: induction of 
remission n 
andd maintenance 

Immunomodulator s s 
Azathioprine/6-MP P 

Cyclosporine e 

Methotrexate e 

Maintenance e 

Rescuee therapy in severe, 
activee disease unresponsive to 
steroids. . 

tootoo little data 

Biologica ll  respons e 
modifie rr  Encouraging data in adults and 
anti-TNFF a children, no controlled trials 
(Infliximab) ) 

Initiall treatment (combined with 
steroids) ) 

Maintenance e 

notnot effective 

Inductionn of remission and 
maintenancee (if azathioprine or 6-MP 
unsuccessfull or not tolerated) 

Inductionn of remission in 
severe,, refractory disease 
Maintenancee treatment 
Fistulouss disease 

evidencee from randomized controlled trials in childre n 

somee pediatric evidence, but mostl y adul t trials 
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Inn Crohn's disease, nutritional therapy has proven to be effective in inducing 

andd maintaining remission, while promoting linear growth in children40. 

Conventionall treatment consists of aminosalicylates and corticosteroids, while 

thee early introduction of immunosuppressives (such as azathioprine or 6-

mercaptopurinee (6-MP)) is advocated as maintenance treatment. In general, 

"milder"" agents have been used to treat milder disease activity, while more 

potentt drugs (with more side effects) have been reserved for more active or 

severee disease. Whether or not this approach is optimal (although customary) 

remainss unstudied. Furthermore, many clinicians now recommend a dual drug 

approach,, with maintenance medications being started simultaneously with 

therapyy for acute or active disease41. In Crohn's disease, methotrexate may 

servee as an alternative to azathioprine or 6-MP, if these drugs are not tolerated 

orr are ineffective42. Cyclosporine may serve as "rescue therapy" in severe 

ulcerativee colitis, but will only postpone surgery43. A novel strategy to treat 

Crohn'ss disease is offered by infliximab, a monoclonal antibody to the pro-

inflammatoryy cytokine tumor necrosis factor (TNF)-a. This biologic agent has 

noww been evaluated in several open-label non-controlled studies of children 

andd adolescents with severe, treatment-resistant Crohn's disease44"46, and in 

onee study of pediatric ulcerative colitis47. 

Ass of this writing, April 2002, an OVID Medline search (1966-April 2002) on 

treatmentt trials in pediatric IBD that are randomized and/or controlled, or even 

non-controlled,, will disappointingly reveal just 46 studies, of which only 22 are 

trulyy pediatric (Table 5). 
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Moree careful searching by hand, and inclusion of studies published only as 

abstract,, has yielded additional "pediatric evidence". For reference, all 

pediatricc studies on IBD treatment have been reviewed and important adult 

studiess have been summarized at the end of this thesis, in Chapte r 3.3. 

Pediatri cc  dru g trial s 

Thee limited availability of clinical trials is not unique for medications used in 

pediatricc IBD, but for all childhood disorders. Interestingly, in vaccination trials 

thatt were the first human research experiments to be documented in the 1900s, 

thee research subjects were children. In these initial trials, Edward Jenner first 

testedd smallpox vaccines on his firstborn son and on neighborhood children48, 

whilee the first human who was subjected to an antidote to rabies by Louis 

Pasteurr was a child49. Only after consultation with two medical colleagues and 

whenn the death of the child "appeared inevitable", did Pasteur decide to test his 

potentiall therapy in his young patient50. 

Throughoutt history, the question of whether children should be included in (or 

excludedd from) clinical trials has been a controversial subject. An unfortunate 

examplee is the budesonide pharmacokinetic study, described in Chapte r 2.1, 

thatt raised such controversy during its review by one Ethics Committee in 1996 

thatt after a year of deliberation it was decided by the investigators to conduct 

thee study in Sweden, where regulations more realistically favored research on 

therapeuticss in children. 

Budesonidee is a substrate for cytochrome P450 (CYP) 3A4, a drug-

metabolizingg enzyme that appears to have the same activity in children 9 to 14 

yearss old as in adults51. The low systemic bioavailability of budesonide is the 

resultt of rapid inactivation of 90% of this new corticosteroid drug in the liver. In 

thee study presented in Chapte r 2.1, both adults and children were included, 

therebyy providing an excellent opportunity to evaluate the systemic exposure of 

orall budesonide in children and adults with active Crohn's disease. The results 
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off this trial illustrate once more why we should not think of children as small 

adults. . 

Thee three basic ethical principles that underlie all human subject research, as 

identifiedd in the 1979 Belmont Report52 are 1. respect for persons, 2. 

beneficencee and 3. justice. Regarding the involvement of children in research, 

thee principle of respect for persons {limit involvement of children because 

childrenchildren are unable to choose for themselves) and the principle of justice 

{encourage{encourage involvement because in many cases children have to be involved in 

researchresearch in order to derive the benefit of that research or experimental 

treatment)treatment) are in conflict with one another53. This dilemma has led to the 

longstandingg exclusion "for ethical reasons" of minors in clinical trials. As a 

result,, most drugs that are used to treat children are either not licensed for use 

inn children or are prescribed outside the terms of their product license {off label 

prescription)54.. Evaluations in the USA demonstrated that little had changed 

betweenn 1973 {78% of drugs without pediatric labeling), and 1994 (71% of 

drugss without pediatric labeling)55. In Europe, a recent survey in five pediatric 

hospitall wards in the United Kingdom, Sweden, Germany, Italy, and The 

Netherlandss showed that approximately two thirds of the medications for in-

patientt use had not been studied in children56. 

Thee absence of pediatric testing and labeling poses significant risks for 

children.. Inadequate dosing information exposes pediatric patients to the risk of 

adversee reactions that could be avoided if such information were provided in 

productt labeling. It may also expose pediatric patients to ineffective treatment 

throughh underdosing, or may deny pediatric patients the ability to benefit from 

therapeuticc advances because physicians choose to prescribe existing, less 

effectivee medications in the face of insufficient pediatric information about a 

neww medication. Thee failure to produce drugs in dosage forms that can be used 

byy young children {e.g. liquids or chewable tablets) can also deny them access 

too important medications. It is very disconcerting that even for a first-line drug 

suchh as mesalazine, prescribed to virtually every child with Crohn's disease or 

ulcerativee colitis, there is no published pediatric dosing information. Mesalazine 

(5-aminosalicylicc acid) is believed to act topically through the luminal side of the 
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intestine,, and systemic availability may affect tolerability57. Studies in adult IBD 

patientss have shown that high dosages (up to 4 g/day) may be most effective58, 

andd that the different preparations of mesalazine are responsible for the 

variationn in clinical results57. Absorption, urinary and fecal excretion may all be 

differentt in children. In order to get more precise dosing information, a 

pharmacokineticc study of mesalazine in children with Crohn's colitis and 

ulcerativee colitis needs to be performed. 

Thee growing concern over these severe limitations has led to several regulatory 

actionss over the last 5 years. In the USA, a federal law, the "Better 

Pharmaceuticalss for Children Act" was introduced in 1997, as part of the Food 

andd Drug Administration Modernization Act (FDAMA). This law, also named the 

pediatricpediatric exclusivity provision, provided six months additional exclusivity (or 

patentt protection) to manufacturers in return for conducting pediatric studies 

(requestedd by the FDA). Although these voluntary measures have been 

effectivee in generating studies on many drugs and in providing useful new 

informationn in product labeling, a final "Pediatric Rule" became effective in 

199959.. Under this rule, pharmaceutical companies were mandated by the 

governmentt to perform a pediatric assessment of every new drug (except when 

aa waiver is granted), and of marketed drugs that are used in a substantial 

numberr of pediatric patients. This assessment was to consist of "adequate 

studiess to characterize the safety and effectiveness of a drug or biological 

productt for the claimed indications in all relevant subpopulations". In January 

2002,, not long after the "Pediatric rule" was adopted, the financial incentives of 

thee pediatric exclusivity provision were reauthorized, under the new "Best 

Pharmaceuticalss for Children Act". At the present time, a two-year suspension 

off the older mandate has been issued by the FDA, during which it will be 

assessedd if this new law "takes care of the problem". It should be noted that 

thee current US president has indicated disagreement with the FDA position -

clearlyy not a "child friendly" position. 

Inn Europe, new guidelines for Good Clinical Practice (GCP) were established in 

1997,, allowing for non-therapeutic research in children under specific 

conditions60611 (Table 6). These updated rules were incorporated in the WMO 
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laww {Wet Medisch-Wetenschappelijk Onderzoek met Mensen)62, that was 

introducedd in 1999 in the Netherlands. This law regulates medical research in 

humans,, thereby protecting subjects involved in research studies. 

Tablee 6. European Guidelines for GCP for therapeutic research in pediatric 
patients s 

 Informed consent (permission) from the parents 

 Assent from older children (> 12 year old) 

 Investigator, parents and older child is informed about every possible risk, discomfort or side 

effectt of the study drug 

 The research is conducted by investigators who are scientifically qualified, and supervised by 

aa clinically competent medical person 

 If appropriate, the research will be conducted in 5 separate age groups 

 If appropriate, research on long-term effects and outcome will be conducted 

 Whenever possible, population pharmacokinetics will be applied 

 Type of study is preferably controlled and randomized 

 Parameters of effectiveness are appropriate for the pediatric age group 

 Every possible safety measure has to be taken by the investigator 

 Psychological or physical discomfort, painful or invasive measures is to be minimized 

 Volume and frequency of blood samples is minimized 

 Whenever possible, non-invasive specimens (urine, stool, saliva) are collected 
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Followingg these important changes, it seems that there is already some 

improvementt in pediatric labeling. In 1999, the US Food and Drug 

Administrationn (FDA) estimated that about 40% of the drugs approved every 

yearr were adequately tested or labeled for treating youngsters63. The 

exclusivityy incentives have produced new pediatric information on labels for 29 

drugss in the past 3.5 years, and more than 400 pediatric trials are underway, as 

reportedd by a spokesman for the Pharmaceutical Research and Manufacturers 

off America (PhRMA) (quote from the New York Times, March 18 2002). In fact, 

thee multicenter study of the anti-TNF antibody (infliximab), described in 

Chapte rr  2.3 is a direct result of the changing regulations in the USA. The 

timingg of this American-European pediatric study is unique, as it was initiated 

"only"" 4 years after the first controlled trial in adult Crohn's disease patients. 

Thiss trial provided the opportunity for children with severe and treatment 

resistantt Crohn's disease to benefit from a new and potent therapy. The 

experiencee gained from this trial led to the treatment with infliximab of an 

exceptionall patient with metastatic Crohn's disease, described in Chapte r 3.2. 

Inn conclusion, there is reason for optimism, as some of the major impediments 

(financial,, legal) for pediatric studies have been eliminated. In the USA, it has 

becomee easier to perform pharmacokinetic research in pediatric patients, as 

thiss will provide the necessary data for labeling purposes. Nonetheless, some 

problemss specific to pediatric research will remain (listed in Table 7), and to 

performm a good quality clinical trial in children will never be an easy task. All of 

thesee problems have indeed been encountered during the design, planning, 

andd enrollment in the multicenter randomized controlled trial of budesonide 

versuss prednisolone in children with Crohn's disease, presented in Chapte r 

3.1.. The trial is the first pediatric European multicenter drug trial in Crohn's 

disease,, and has been a combined effort of 32 investigators in 8 countries. In 

thiss study, "real" pediatric evidence of the efficacy and safety of a relatively new 

corticosteroid,, oral budesonide, is presented. In addition, the study is the first to 

demonstratee important differences between adults and children in regard to 

steroid-responsivenesss as well as glucocorticosteroid side effects. 
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Tablee 7. Problems encountered in research involving pediatric patients 

Patient ss or diseas e 

Loww incidence of disease, necessitating multicenter approach 

Non-homogeneouss presentation of disease 

Unwillingnesss to participate {extra visits, invasive procedures, anxiety) 

Non-compliancee of patients and/or parents 

Physician s s 

Lackk of motivation as a result of insufficient time, insufficient scientific (or monetary) reward, 

insufficientt support from research, nursing or administrative staff, fear of losing own patients 

General l 

Overloadd of ethical, regulatory, administrative considerations (when preparing protocol and 

seekingg approval) 

Conflictt minimal risk-potential benefit 

Healthyy pediatric volunteers are not allowed by IRB guidelines 

Ethicall problems with use of placebo 

Lackk of (or insufficient) financing (multicenter, multinational trials) 

Iff sponsored by pharmaceutical company: potential conflicts of interest 
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Outlin ee of thi s thesi s and specifi c aims 

Thee aim of this thesis is to provide new insights concerning the two most 

importantt clinical aspects of inflammatory bowel disease (IBD) in children: 

diagnosiss and treatment. Special consideration will be given to histology, 

pharmacokineticss and drug treatment of children with IBD. 

Partt  1 aims to further delineate the histological diagnosis of children with 

Crohn'ss disease, ulcerative colitis or indeterminate colitis. For this purpose, a 

retrospectivee study on the accuracy of rectal and sigmoid biopsies in the 

diagnosiss of pediatric IBD was performed, as presented in Chapte r 1.1. In 

addition,addition, in Chapte r 1.2, the aim is to assess the changes in histology before 

andd after therapy. The focus was an evaluation of histological improvement 

afterr treatment with anti-tumor necrosis factor a (anti-TNF, infliximab) in 

childrenn with severe Crohn' s disease. 

Partt  2 aims to expand knowledge of pharmacokinetics of the drugs that are 

usedd in children with IBD. The ultimate goal of these studies is to provide 

pediatricc dosing information on these treatments. For this purpose, two different 

medicationss have been studied: a new glucocorticosteroid (budesonide) and a 

novell biologic agent (anti-TNFoc). In Chapte r 2.1, we set out to investigate the 

pharmacokineticss of oral budesonide in children with Crohn's disease. 

Inn Chapte r 2.2 we investigated the pharmacokinetics and report the first safety 

andd efficacy results of anti-TNF a in children with severe Crohn's disease. 

Partt  3 aims to add to the (little) knowledge that is available from pediatric 

clinicall trials on the treatment of children with IBD. To this extent, we 

investigatedd the efficacy and safety of budesonide versus prednisolone in 

childrenn with Crohn's disease. This pediatric randomized controlled multicenter 

triall is presented in Chapte r 3.1. 

Inn Chapte r 3.2, a new indication for treatment with anti-TNFa is described, the 

casee being a child with metastatic Crohn's disease. In Chapte r 3.3, our aim is 
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too review all the currently available evidence on treatment of IBD in children, 

andd present this against the background of what is already known from trials in 

adults.. Finally, treatment algorithms that correspond to the present state-of-the-

artt treatment of pediatric inflammatory bowel disease are presented. These 

algorithmss may serve as a guide in the complex medical care of children with 

Crohn'ss disease or ulcerative colitis. 
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