
 

 

1 

 

 

Early anti-TNF treatment in pediatric Crohn’s disease. Predictors of clinical  

outcome in a population based cohort of newly diagnosed patients. 

 

Christine Olbjørnab, Britt Nakstadab, Milada C Småstuenc, Espen Thiis-Evensend, Morten H 

Vatne, Gøri Perminowf 

 

aDepartment of Pediatric and Adolescent Medicine, Akershus University Hospital 

bInstitute for Clinical Medicine, Campus Akershus University Hospital, University of Oslo 

cDepartment of Biostatistics, University of Oslo 

dDepartment of Gastroenterology, Oslo University Hospital, Rikshospitalet 

eEpigen, Institute for Clinical Medicine, Campus Akershus University Hospital, University of 

Oslo 

fDepartment of Pediatrics, Oslo University Hospital, Ullevål 

 

Short title: Early infliximab treatment in pediatric Crohn´s disease. 

 

Abbreviations: CD (Crohn´s Disease), TNF (tumor necrosis factor), MRI (Magnetic 

Resonance Imaging), CRP (C- reactive Protein), ESR (elevated sedimentation rate), IBD 

(inflammatory bowel disease), PCDAI (Pediatric Crohn´s Disease Activity Index), EEN 

(exclusive enteral nutrition), 5- ASA (5-aminosalicylic acid) 

 

Corresponding author: Christine Olbjørn, Department of Pediatric and Adolescent 

Medicine, Akershus University Hospital, 1478 Lørenskog, Norway. Phone number: 

+4793021216. Email: chrisolb@gmail.com 

 



 

 

2 

 

 

Abstract 

Objective: Pediatric Crohn’s disease (CD) is often debilitating, with upper gastrointestinal 

involvement and complications over time. Treatment with TNF blockers can induce and 

maintain remission. We wanted to evaluate the outcome of patients medically treated for CD 

to investigate whether clinical, endoscopic and biochemical factors at diagnosis are associated 

with the early initiation of treatment with the TNF blocker infliximab.  

Materials and Methods: Patients aged <18 years, diagnosed with CD were characterized 

according to the Porto criteria, with endoscopy, MRI and biochemical tests before individual 

treatment. They were followed prospectively until a prescheduled examination within two 

years. 

Results: Thirty-six pediatric patients were included, 18 (50%) received infliximab. Infliximab 

treated patients had shorter disease duration, more upper gastrointestinal involvement 

(p=0.03) and higher median CRP (28 versus 7.5 mg/l, p=0.02), ESR (32 versus 18 mm/h, 

p=0.01) and fecal calprotectin (1506 versus 501 mg/kg, p= 0.01) levels.  

Infliximab treatment was well tolerated, and 15 /18 of patients achieved clinical remission. At 

follow up 11/17 in the infliximab group and 8/13 in the non-infliximab group achieved 

ileocolonic mucosal healing. A majority in the infliximab group had a marked reduction of 

CD specific upper gastrointestinal lesions but persistence of unspecific upper GI inflammation 

at follow-up. 

Conclusion: High levels of inflammatory markers and upper gastrointestinal lesions were 

associated with initiation of infliximab treatment. A substantial proportion of patients still had 

unspecific lesions in the upper GI regardless of treatment. Future studies must clarify the 

prognostic role of persistent upper gastrointestinal-involvement despite mucosal healing in the 

ileocolon. 
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Introduction 

Crohn’s disease (CD) is a chronic inflammatory disease that can affect all parts of the 

gastrointestinal (GI) tract. Pediatric CD is often debilitating, characterized by extensive 

inflammation, upper gastrointestinal involvement and a tendency for complications over time. 

The introduction of tumor necrosis factor (TNF) blockers in the treatment of adults with CD 

represented a great improvement in treatment efficacy (1, 2), inducing rapid disease remission 

in up to two thirds of patients. TNF blockers have shown to maintain remission (3).  

Concerns related to adverse events of TNF blockers delayed the introduction among children 

and adolescents. After the initial reports on efficacy in pediatric cases, an emerging experi-

ence from hospital series has been reported (4-6), with a higher response rate to TNF blockers 

in pediatric patients compared to adults, and with a high tolerability (7). A young age at 

diagnosis, ileal and upper GI involvement as well as fistulizing disease, are indicators of a 

serious disease course (8, 9). TNF blockers may restore puberty and accelerate growth (10) 

and it has been proposed that by inducing mucosal healing the disease course may become 

more favorable and complications can be prevented (11-13). There are few publications on 

the effect of early TNF blocker treatment in pediatric patients, and more knowledge is 

warranted.  

The aim of this prospective population based study was to evaluate if early intervention with 

biologic treatment in children and adolescents with CD, would be safe and highly efficient in 

inducing and maintaining remission within the first one to two years after diagnosis.  

We also wanted to study whether clinical, endoscopic and biochemical markers at diagnosis 

can predict the need for early initiation of treatment with TNF blockers in pediatric CD 

patients. 

 

Materials and Methods 
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Patients and controls:  

All patients aged <18 years, with newly diagnosed inflammatory bowel disease (IBD) from 

the catchment areas of two university hospitals in Norway, Akershus University Hospital and 

Oslo University Hospital, were invited to participate in the study (14). This was a part of a 

large-scale prospective study of inflammatory bowel disease in South-Eastern Norway (The 

IBSEN II- study). The inclusion period was from May 1st 2005 to December 31st 2007. All 

treatments were initiated after the inclusion in the study. A follow-up examination was 

offered within two years after the diagnosis. 

Patients referred to the hospital due to GI symptoms during the inclusion period, but who 

displayed no evidence of inflammation during work up, were included as symptomatic 

non-IBD controls (14). These controls were offered a follow-up examination within two years 

after the first work-up of their symptoms, which confirmed no IBD. The Vienna classification 

was used to characterize the disease distribution and behavior (15).  

 

Examinations 

Data on age, gender, and date of first symptoms, disease history and family history of IBD 

were collected (14). Symptoms were scored according to the Pediatric Crohn´s Disease 

Activity Index (PCDAI) (16), and weight, height, and pubertal development including Tanner 

stadium (17) were recorded both at inclusion and repeated at the follow-up examination. A 

PCDAI score below 10 was considered clinical remission.  

 

Biochemistry and fecal testing 

Blood specimens were collected for analyses including erythrocyte sedimentation rate (ESR), 

C-reactive protein (CRP), hematocrit and albumin level. Fecal samples were collected before 
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bowel cleansing procedures and investigated for calprotectin (18) (FeCal-test, Bühlmann, 

Basel, Switzerland), and microbiology. 

 

Endoscopy and histology 

All patients were examined with upper and lower endoscopies according to the Porto criteria, 

both at baseline and at follow-up, by experienced endoscopists (19). Biopsies were taken from 

the duodenum, ventricle, esophagus, the ileum, the rectum and all segments of the colon. 

Macroscopic erosions, aphtous lesions and ulcerations were regarded as CD specific lesions 

of the upper and lower GI. Microscopic chronic focal active inflammation and villous atrophy 

were accounted for, and helicobacter pylori infection and celiac disease were ruled out. 

The mucosal appearance was scored in accordance with the SES-CD. Mucosal healing was 

defined as disappearance of ulcerations, multiple erosions, bleeding, and friability. Both 

complete normalization (grade 0) and light hyperemia and granularity (grade 1) were 

considered as endoscopic healing (20). Disappearance of ulcerations and erosions, active 

inflammation and cellular infiltrates were considered as histologic healing as well as light 

structural changes (21). 

 

Treatment 

Initial treatment options were 1) exclusive enteral nutrition (EEN), or 2) medical treatment 

with corticosteroids/ azathioprine and/or 5-aminosalicylic acids (5-ASAs). Treatment was 

decided individually at the courtesy of the treating physician. 

The indication for treatment with infliximab was failure to enter clinical remission with 

induction treatment, or early relapse. EEN consisted of Modulen IBD® (Nestlé, Vevey, 

Switzerland), a polymeric formula, Elemental 028 extra® (Nutricia, Liverpool, UK) or an 

amino acid based hypoallergenic formula. Patients receiving EEN avoided all other types of 
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food and liquids except the chosen formula and water for 6-8 weeks. Corticosteroids were 

given as prednisolone 1-2 mg/kg or budesonide capsules (9 or 6 mg initial dosage depending 

on weight) and tapered slowly. 

As maintenance therapy azathioprine was in general started simultaneously in a dose resulting 

in a 6-thioguanine level of 3-5 micromol/l. 

Infliximab was given in dosages of 5 mg/kg, starting with a standard induction regimen, at 

week 0, 2 and 6 and thereafter every 8 weeks if the patient responded. Adverse events were 

systematically recorded. 

 

Statistics 

Data were described with median and observed range (continuous variables) and with 

frequencies and percentages (categorical variables). Due to a limited sample size, 

non-parametric methods were used. The Mann-Whitney Wilcoxon test for unpaired samples 

was used for comparisons between groups with regards to continuous variables. Crude 

associations between pairs of categorical variables were assessed with Chi-square test. All 

tests were two-sided. P-values <0.05 were considered statistically significant. We regarded 

our study as an exploratory analysis; therefore we did not adjust for multiple testing. All 

analyses were performed using SPSS, statistical software SPSS (SPSS Inc., Chicago, Il, 

USA). 

 

Ethics 

The study was performed in accordance with the Helsinki declaration and with approval of 

the Regional Ethics Committee. Written informed consent was collected from all parents and 

patients. 
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Results 

Patients, clinical characteristics and histology at diagnosis 

Thirty-six children, 20 boys and 16 girls, were diagnosed with CD. Median age at inclusion 

was 13 years (range 2-17). Thirty-eight patients with no evidence of pathology in the GI-tract 

with gastrointestinal symptoms served as non- IBD controls, with median age 12 years (range 

2-17) (14).  

Ileocolonoscopy with biopsies was performed in all 36 patients, and in 91% the ileum was 

intubated for biopsies. Upper endoscopy was completed in 34/36 (94 %), and MRI in 31/36 

(86%) patients. All non-IBD controls had normal macroscopic and microscopic appearance at 

upper and lower endoscopies and normal median values of CRP, ESR and calprotectin (14). 

The disease distribution of the CD patients at diagnosis was ileocolonic in 26 (72%), isolated 

colitis in 8 (22%), and isolated ileitis in 5 (14%) (Table1). Macroscopic changes were seen at 

upper endoscopy in 26 (76%) patients, most commonly in the stomach and duodenum.  

Fifteen infliximab treated patients had upper GI lesions, 73% displaying CD specific lesions, 

versus seven in the non-infliximab treated group. The differences between the two treatment 

groups are shown in Table 1. None of the patients had isolated upper GI inflammation. Fifteen 

of the 36 patients had granulomas at diagnosis, with the distribution most commonly being in 

the colon followed by the ileum. Two patients had only upper GI granulomas. 

Five patients had stricturing disease and two had intestinal penetrating disease. Four patients 

had orofacial granulomatosis (OFG) and in four patients perianal CD was present, two with 

concomitant OFG. Erythema nodosum and arthritis was present in one patient each. 

Symptoms at diagnosis were most commonly abdominal pain in 29/36, altered bowel habits in 

23/36 and limitation of daily activities in 22/36 of patients. As compared to the non- IBD 

patients, the CD patients had a lower height and bodyweight than normal for age and a slight 

delay in pubertal development. Altogether four patients had, in spite of a PCDAI score less 
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than 10, with the lowest score being 2, extensive inflammation detected on endoscopy. 

Further details describing the patients and non-IBD controls at diagnosis have been published 

(14). The median follow-up time for the study group was 18 months (range 12-24). 

Treatment given 

During the first year after the diagnosis, half of the patients, 10 boys and eight girls, received 

infliximab due to failure to achieve remission, or to early relapse with conventional treatment. 

All had received azathioprine and 14 (78%) were initially treated with EEN. Patients who 

were given infliximab had significantly higher levels of fecal calprotectin, CRP and ESR at 

diagnosis (Table 2). They also had a more extensive disease distribution than the group who 

received other treatment modalities with significantly more upper GI involvement (15 versus 

eight patients (p= 0.01)) (Table 1).  

Median time from diagnosis to initiation of infliximab therapy was two months (range 0.5- 6 

months). Infliximab treated patients had significantly shorter symptom-duration, with a 

median of five months compared to 16 months in the non-infliximab treated patients (p= 

0.03). Of those receiving infliximab, 15 (83%) achieved clinical remission, all within six 

weeks. The response was sustained during the study period of two years for all responders. 

Two of those not responding, required surgery, and the third needed additional steroids. One 

patient experienced a hypersensitivity reaction after the second dose of infliximab; apart from 

this no adverse events were observed. 

In the group of patients who did not receive infliximab, 15 (83%) gained clinical remission. 

Nine patients received corticosteroids, nine azathioprine, six EEN and six 5-ASAs. 

 

Patient and clinical characteristics including mucosal healing at follow-up 

Thirty-four (94 %) of the 36 CD patients attended follow-up examinations. Median time from 

diagnosis to follow-up was 20 months (range 12-24). Upper and lower endoscopy was 
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conducted and biopsies taken in 17/18 of infliximab treated patients and in 13/18 of 

non-infliximab treated patients.  

After treatment, the PCDAI scores, levels of CRP, ESR, and calprotectin dropped in both 

treatment groups (Table 2). The non-IBD controls had a normal PCDAI score at follow-up, as 

well as normal inflammatory markers and normal macro and microscopic findings in the 

upper and lower GI tract. At follow-up, the proportions of patients who had ileomucosal 

healing was similar in both groups, 11/17 of the infliximab treated group and 8/13 in the 

non-infliximab treated group. The most common inflammation in the upper GI after treatment 

was gastritis, found in nine patients in the infliximab group and three in the non-infliximab 

treated group. Overall 13 patients had an altered disease distribution; four patients with 

normal endoscopy at baseline had inflammation detected at follow- up. 

 

At follow-up there was resolution of fistulas in one of the two patients and none had 

stricturing disease.  

 

Growth and puberty  

At follow-up all patients except one non-responder in the infliximab group had normalized 

and improved pubertal development and growth, demonstrating higher Tanner scores, 

regardless of therapy received. Those who were stunted at inclusion had experienced 

accelerated growth.  

 

Discussion 

In this prospectively followed, well-defined, pediatric cohort with newly diagnosed CD in 

southeastern Norway, half of the patients received infliximab within the first year from 

diagnosis, due to failure to achieve remission or the occurrence of early relapse with 

conventional treatment. Variables associated with the need of infliximab treatment were short 
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disease duration, widespread disease distribution with upper gastrointestinal involvement and 

high levels of the inflammatory markers CRP, ESR and fecal calprotectin at diagnosis. These 

findings indicating aggressive disease behavior are in accordance with other studies (22). 

However, some of the patients in the infliximab-treated group had relatively low levels of 

fecal calprotectin. This correlates with the clinical experience that pediatric patients with CD 

may have a normal or next to normal calprotectin level even though they have inflammation, 

especially if this inflammation is localized in the small intestine and/or upper GI or if the 

inflammation in the colon is of low grade. 

The infliximab treatment was initiated early after diagnosis, usually within the first two 

months, and we speculate that this may have contributed to the good outcome. Studies have 

reported a better response to infliximab when it is given early in the disease course (23, 24). 

The response was sustained as most of our patients had received infliximab treatment for over 

a year at the time of follow-up, confirming the ability of TNF blockers to both induce and 

maintain remission (25). All patients treated with infliximab were also given azathioprine, 

which may have contributed to the sustained treatment effect (26) whereas the limited 

treatment period on azathioprine before infliximab initiation was unlikely to have contributed 

to remission. Treatment with infliximab was well tolerated and no serious adverse events 

were recorded. 

 

The overall outcome was good as both infliximab and non- infliximab treated patients 

achieved a clinical remission rate of above 80 % with normalized PCDAI scores. The rate of 

ileocolonic mucosal healing was high and comparable for both treatment groups, confirming 

the ability of conventional treatment to achieve endoscopic remission (27). Moreover, it has 

highlighted the importance of individualizing treatment, and that anti TNF treatment is not 

necessary for all patients (28).  
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The prevalence of upper GI-manifestations was high in our pediatric cohort. This is in 

accordance with previous studies reporting that upper GI manifestations are more common in 

children and adolescents than in adults with CD (22, 30). A prospective study comparing 

pediatric CD patients with and without upper GI involvement, reported that patients with 

upper GI manifestations had more active disease, more extraintestinal manifestations, more 

widespread lower GI disease distribution and more often needed immunomodulating therapy 

and TNF blockers in order to induce and maintain remission (9). This is in agreement with the 

present results, with a significantly higher prevalence of upper GI lesions in the infliximab 

treated group. The most common site of upper GI manifestation was the stomach and 

duodenum at diagnosis, with a high frequency of CD specific lesions. In our cohort it seemed 

that infliximab healed ulcerations, aphtous lesions and erosions in the gastric mucosa and 

duodenum, but that in several patients unspecific inflammation remained or developed despite 

treatment. Some case reports have documented the efficacy of infliximab in treating upper GI 

CD (31, 32) but due to lack of large materials and also universally accepted definitions for 

upper CD characterization, no definitive comparisons can be made. 

There is evidence for microscopic gastric inflammation to be more common in children and 

adolescents with IBD compared to controls, (29, 33). This is confirmed by our study with 

none of the symptomatic non-IBD controls displaying macroscopic or microscopic evidence 

of upper GI inflammation. Some of our patients had new upper GI lesions detected at follow 

up in spite of being asymptomatic and having normalization of CRP, ESR and fecal 

calprotectin levels. Lesions in the upper GI, like duodenitis, gastritis and esophagitis might be 

unspecific findings and could for some of our patients have other etiologies than CD. As none 

of the patients in the non- IBD control group had gastritis or other upper GI lesions detected, 

we speculate that the inflammatory findings in the upper GI were associated with CD. The 
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higher frequency of upper GI lesions in the infliximab group may support this assumption. It 

has been shown that a large proportion of CD patients have upper GI inflammation when 

looked for, and that many of these patients are asymptomatic- (34, 35). The prognostic 

significance of these upper GI findings is uncertain, and should be evaluated in future studies.  

At present, high costs and risk of serious adverse events prevent the use of TNF blockers as 

standard first line treatment in CD. Large randomized studies are needed to show if the long- 

term outcomes can be improved by early intervention with TNF blockers (36). The challenge 

then will be to identify patients for first line treatment with TNF blockers.  

Even if the efficacy of conventional, non-infliximab treatment in our patients seems to be 

good, a prolonged follow up is needed to compare the effect on the long-term course of 

disease between the treatment groups. Nevertheless, the present study demonstrates a high 

efficacy and safety of early intervention with TNF blockers in children initially not 

responding to conventional treatment. The clinical and biochemical characterization at 

baseline of the patients later selected for TNF blockers, give support to the use of clinical and 

laboratory markers for the selection of patients to early intervention with this treatment. 

As CD in 30- 40% of pediatric patients becomes more aggressive with stricturing and 

fistulizing features over time (37), our follow-up of 1-2 years is too short to compare the 

effect of the different treatment modalities on the occurrence of intestinal and extraintestinal 

complications.   

Ideally, the use of univariate and multiple logistic regression analysis and the construction of 

Rock curves would have been preferable to describe the value of clinical and biochemical 

factors in predicting the initiation of infliximab treatment. However, a much larger data set 

would have been needed, most likely based on a registry study. Patients entered into such a 

large scale study would probably not have had the same meticulous work-up and follow-up as 

our cohort. The strength of this study was the use of a detailed, standardized, extensive 
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protocol for diagnosis; clinical characterization with endoscopy and biopsies, applied at 

baseline and at prescheduled follow up within 2 years. A weakness of the study was the 

limited number of cases. Moreover no randomization was performed prior to infliximab 

treatment with infliximab, which was decided on the basis of individual disease course. On 

the other hand the present study reflects everyday practice. 

The fact that 50 % needed infliximab within the first year illustrates and confirms that CD in 

children and adolescents is an aggressive disease and that potent treatment often is necessary 

to induce remission (38). 

 

Conclusion 

In this pediatric cohort with newly diagnosed CD, clinical remission was achieved in 83% of 

patients, with half of the patients needing infliximab, all within the first year after diagnosis. 

Short disease duration, high levels of the inflammatory markers CRP, ESR and fecal 

calprotectin, as well as widespread disease distribution with upper GI lesions were associated 

with the need of infliximab to gain remission. In spite of clinical remission and a high rate of 

ileocolonic mucosal healing, a substantial proportion of the patients had persistent or new 

upper GI involvement at follow-up regardless of treatment received. The significance of these 

findings needs further elucidation. The study confirms the safety and high degree of efficacy 

of early intervention with biologic treatment in children with CD, for the first time 

demonstrated within the first year after diagnosis. 
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Table 1. Disease distribution and behavior at diagnosis and at follow-up in infliximab and 

non- infliximab treated pediatric Crohn´s Disease. 

 

Disease 

distributio

n 

At 

diagnosis, 

n (%) 

 

At follow-up, n 

(%) 

 

P values    

Total 

number of 

patients 

Inflixima

b 

18 (100) 

Non-infliximab 

18 (100) 

Infliximab 

17 (100) 

Non-inflixi

mab 

13 (100) 

At 

diagnosis
1 

At 

fo#llow-

up2 

Upper GI 

lesions, 

total 

15 (83) 

 

7 (39) 

 

13 (76) 

 

5 (38) 0.01 0.03 

Upper GI 

CD 

specific 

lesions 

11 (61) 5 (28) 

 

2 (12) 2 (15)   

Ileum 0 1 (6) 3 (18) 0 0.8 0.4 

Colon 2 (11) 6 (33) 1 (6) 3 (23) 0.7 0.5 

Ileocolon 16 (89) 10 (56) 2 (12) 2 (15) 0.3 0.5 

Strictures  5 (28) 0 0 0 0.2 0.6 

Fistulas  2 (11) 0 1 (6) 0 0.8 0.3 

Perianal  2 (11) 2 (11) 2 (12) 2 (15)   

Granulom

as 

9 (50) 6 (33) 5 (29) 2 (15)   

OFG 2 (11) 2 (11) 2 (11) 2 (11)   



 1Infliximab treated group versus non- infliximab treated group at diagnosis  

 2 Infliximab treated group versus non- infliximab treated group at follow up 
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Table 2. Clinical markers at diagnosis and at follow-up in infliximab and non- infliximab 

treated pediatric Crohn´s Disease. 

 At 

diagnosis, 

n (%) 

At 

follow-up, 

n (%) 

P values    

Treatment Inflixima

b 

18 (100) 

Non-inflix

imab 

18 (100) 

Infliximab 

17(100) 

Non- 

infliximab 

13 (100) 

At 

diagnosis
1 

At  

follow-u

p2 

Biochemic

al markers 

Median 

(range) 

Median 

(range) 

    

ESR, 

mm/h  

32 (3-90) 18 (3-92) 7 (2-28) 4.5 (2-18) 0.01 0.1 

CRP, mg/l  

 

28 

(1-165) 

7.5 

(1-125) 

5 (1-19) 5 (1-7) 0.02 0.5 

Fecal 

calprotecti

n, mg/kg  

1506  

(193-8625

) 

501  

(31-2000) 

109 

(15-1938) 

70  

(15-927) 
0.01 0.9 

PCDAI* 

 

25 (2-50) 23 (0-63) 5 (0-25) 

 

8.75 (0-20) 

 

0.08 0.4 

 

 

*PCDAI: Pediatric Crohn´s disease Activity Index 

1Infliximab treated group versus non- infliximab treated group at diagnosis  

2 Infliximab treated group versus non- infliximab treated group at follow up 

 

 

 


