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Abstract

AIM: To investigate the effectiveness of early inflix-
imab use for induction and maintenance therapy in
pediatric Crohn’s disease.

METHODS: We performed a retrospective chart re-
view of 36 patients with Crohn’s disease. Ten patients
(group A) were treated with mesalamine after induc-
tion therapy with oral prednisolone, and 13 patients
(group B) were treated with azathioprine after induc-
tion therapy with oral prednisolone. Thirteen patients
(group C) received infliximab and azathioprine for
induction and maintenance therapy for the first year,
and were treated with azathioprine after 1 year. All
patients were followed for at least 24 mo. Efficacy
was determined by the relapse rate using the pediatric
Crohn’s disease activity index score in each group at
12 and 24 mo.

RESULTS: At the 1 year follow-up, the relapse rate
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(23.1%, 3 of 13 patients) in group C was lower than
that (61.5%, 8 of 13 patients) in group B (P = 0.047).
At the 2 years follow-up, the relapse rate (38.5%, 5 of
13 patients) in group C was lower than that (76.9%,
10 of 13 patients) in group B (P = 0.047). Adverse
events in group C were fewer than in groups A and B.

CONCLUSION: Early induction with infliximab at di-
agnosis, known as “top-down” therapy, was effective
for reducing the relapse rate compared to conventional
therapies for at least 2 years.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Although the etiology of Crohn’s disease remains in-
completely understood, environmental factors, infec-
tious microbes, ethnic origin, genetic susceptibility, and
immune system dysfunction have been implicated in
the associated chronic mucosal inflammation!". There
is no known cure for Crohn’s disease. Therefore, the
goal of treatment is to mitigate inflammation and the
assoclated clinical symptoms. The current treatment
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guidelines are designed to maintain remission after in-
duction therapy.

Conventional therapy for active disease includes
treatment with corticosteroids. Initially, corticosteroids
are very effective and fast acting, but long term exposure
to corticosteroids becomes problematic with issues of
dependency and/or resistance™, Infliximab is an anti tu-
mor necrosis factor (TNF)-a monoclonal antibody that
was introduced for the treatment of moderate to sevete
Crohn’s disease™. The efficacy of infliximab suggests a
new concept; that early induction with intensive therapy
may reduce complications associated with conventional
treatment and may improve the quality of life. There-
fore, intensive therapy with eatly use of this biological
agent has been proposed, and is known as ‘top-down’
therapy. The results of some studies suggest that inflix-
imab is more cffective in children than in adults™.

Ethnic differences in the clinical characteristics of
Crohn’s disease have been noted. Crohn’s disease is rela-
tively common in developed countries, while it is not as
common in Asian countries”. In addition, recent studies
from Far Hast Asian countries reveal that the prevalence
of NODZ2 mutations, associated with increased suscepti-
bility to Crohn’s disease in Western populations, is lower
than that found in other populations[s'm]. Therefore,
the clinical response to treatment for Crohn’s disease in
Asian countries might differ from patients in Western
counttries.

The purpose of this study was to evaluate the ef-
ficacy of the eatly use of infliximab, compared to con-
ventional treatments, at 1 and 2 years of follow-up, in
Korean pediatric patients with Crohn’s disease.

MATERIALS AND METHODS

Patients

We included newly diagnosed pediatric patients with
Crohn’s disease. All included patients had not been
treated with agents such as corticosteroids, mesalamine,
or infliximab, and were followed for at least 24 mo at our
clinic. Forty-three patients confirmed to have Crohn’s
disease at Samsung Medical Center, Korea, between
March 2001 and February 2007 were enrolled. Seven
patients were excluded: four patients were lost to follow-
up and three patients did not respond to the induction
regimen with prednisolone or infliximab. Among three
patients who did not achieve induction, 2 patients did not
stop corticosteroids and one patient did not respond to
three infusions of infliximab for induction. Therefore, 36
patients were eligible for inclusion in the study. A retro-
spective chart analysis was conducted of physician notes,
laboratory studies, radiology reports, endoscopy records,
and histology reports. Biopsies were obtained by endos-
copy in all eligible patients. The diagnosis of Crohn’s
disease was made in accordance with the ESPGHAN -
Porto criteria"!. Infectious diseases such as tuberculosis
were ruled out by taking a detailed family history, imaging
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studies and confirmation of a negative purified protein
derivative tuberculin (PPD) test result and a negative
PCR-hybridization of Mycobacterium tuberculosis on biopsy
tissue. Our study was approved by the institutional review
board of our institution.

Grouping by treatment regimen

The patients (# = 36) were divided into three subgroups
according to the treatment regimen. Ten patients (group
A) were treated with mesalamine after induction therapy
with oral prednisolone and 13 patients (group B) were
treated with azathioprine after induction therapy with oral
prednisolone. In the third subgroup, 13 patients (group
C) received infliximab and azathioprine for induction and
maintenance therapy for the first year, and were treated
with azathioprine after 1 year. The patients in group A
were treated mainly from 2001 to 2003. Treatment in
groups B and C occurred mainly from 2003 to 2005 and
from 2005 to 2007, respectively. The oral corticosteroid,
prednisolone (1-2 mg/kg per day), was used for induc-
tion therapy. Mesalamine (Pentasa, 50-80 mg/kg per day)
or azathioprine (Imuran, 2-3 mg/kg per day) was pro-
vided for maintenance therapy as the conventional treat-
ment. Infliximab (Remicade, 5 mg/kg) was administered
by intravenous infusion at weeks 0, 2 and 6, in combina-
tion with daily azathioprine and subsequently every 8 wk
for 10 mo. After treatment with infliximab and azathio-
prine for the first 12 mo, only azathioprine therapy was
continued.

The group treated with early infliximab was not
previously treated with other medications such as corti-
costeroids or immunomodulators. All patients were fol-
lowed for at least 24 mo.

Adverse events

Adverse events and laboratory results for side effects
were investigated. Patients treated with mesalamine un-
derwent evaluations for hypersensitivity, rash, alopecia,
anorexia, headache, elevated liver enzyme, pancreatitis,
serum creatinine and urine analysis. For azathioprine,
patients were evaluated for pancytopenia, pancreatitis,
hepatotoxicity, rash, alopecia, anorexia and arthralgia. Pa-
tients receiving infliximab were assessed for anaphylaxis,
dyspnea, rash, headache, nausea, elevated liver enzyme,
pancreatitis, pancytopenia and serious infections. Evalu-
ation of the well-known adverse effects of prednisolone
was not included in the analysis.

Relapse rate

We defined remission of disease as a pediatric Crohn’s
disease activity index (PCDAI) score of less than 10
points and a relapse was defined as greater than 10
points">?. The relapse rate was defined as the rate of
the presence of relapse, more than once, after a remis-
sion was achieved with treatment. Moderate to severe
disease was defined by a score greater than 30 points by
the PCDAI The relapse rate was obtained using the
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Gender (male/female) 27/9
Median age (range, yr) 13 (1-16)
Duration of follow up [mean (range), mo] 51.9 (24-101)
Disease location

Small intestine 3
Colon 10
Small intestine & colon 23
PCDALI at diagnosis (mean + SD) 329+8.6
PCDAL: Pediatric Crohn’s disease activity index.
Group A  Group B Group C P
Median age (range, yr) 13 (10-14) 12.5(4-14) 14 (1-16) 0.520

Duration of follow up 827+291 503+155 29.6+74 0234

(mo) (mean + SD)

PCDAI (mean + SD) 303+65 331+£99 348+88 0464

Group A: Treated with mesalamine after induction therapy with oral
prednisolone; Group B: Treated with azathioprine after induction therapy
with oral prednisolone; Group C: Treated with infliximab and azathioprine
for induction and maintenance therapy.

PCDALI score. The efficacy of the eatly use of infliximab
was evaluated by the relapse rate in each group at 12 and
24 mo.

Statistical analysis

A comparison of the study groups was performed using
the X2 test for variables, and Fishet’s exact test was used
to compare each of the measurements. All statistical
analyses utilized a 0.05 level of significance.

RESULTS

Baseline characteristics

The study population at diagnosis included 27 males
(75.0%) and nine females (25.0%), with a mean age of
11.9 + 3.5 years (Table 1). The mean age of the patients
in group A was 12.9 £ 1.4 years, for group B it was 11.5
2.7 years and for group C, 12.9 £ 4.0 years; there were no
statistical differences between these groups (P = 0.520).
The mean overall follow-up period was 51.9 mo (range:
24-101 mo) and the minimal duration of follow-up was
24 mo. The location of disease was the terminal ileum in
three patients (8.3%), the colon in 10 patients (27.8%) and
the ileocolon in 23 patients (63.9%). The mean PCDAI
score at baseline was 32.9 * 8.6 points. There was no
significant difference in the PCDAI scores between the
groups. The mean PCDAI score was 30.3 * 6.5 in group
A, 33.1 + 9.9 in group B and 34.8 £ 8.8 in group C (P =
0.464). Baseline characteristics were not significantly dif-
ferent between the treatment groups (Table 2).

Relapse rate
The cumulative relapse rate, including infliximab use, was
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n (%) P
Age at diagnosis
<13 yr (n =13) 9 (69.2) 0.553
=13 yr (n=23) 15 (65.2)
Involvement
Colon (n =10) 5 (50.0) 0.416
Terminal ileum (1 = 3) 2 (66.7)
Small and large bowel (1 = 23) 17 (73.1)
PCDAI at diagnosis
<30 (n=11) 7 (63.6) 0.544
=30 (n = 25) 17 (68.0)

52.8% (19 patients) at 12 mo and 66.7% (24 patients) at
24 mo; there was no significant difference in the relapse
rate between the different age groups (P = 0.553); 69.2%
(9 out of 13 patients) for patients less than 13 years of
age and 65.2% (15 out of 23 patients) for those more
than 13 years of age (Table 3). The relapse rate in pa-
tients who had colon only involvement was 50.0% (5 out
of 10 patients). The relapse rate in patients with terminal
ileum only involvement was 66.7% (2 out of 3 patients),
and for patients with ileocolonic involvement the re-
lapse rate was 73.9% (17 out of 23 patients). There was
no difference in the relapse rate between patients with
mild disease, with a PCDAI score less than 30 points at
diagnosis (7 out of 11 patients, 63.6%), and moderate to
severe disease, with a PCDAI score more than 30 points
(17 out of 25 patients, 68.0%).

The relapse rate at 1 year was 23.1% [95% confidence
interval (CI): 0.2%-46.0%] in group C (3 out of 13 pa-
tients), 61.5% (95% CI: 35.1%0-88.0%) in group B (8 out of
13 patients) and 80.0% (95% CI: 55.2%0-100.0%) in group
A (8 out of 10 patients). At 1 year, the absolute difference
between groups C and B was 38.5% (95% CI: 3.5%-73.4%)
and was 56.9% (95% CI: 23.2%-90.7%) between groups
C and A. There was a significant difference between
each of the groups (P = 0.047, P = 0.012) (Figure 1A).
At the 2 years follow up, the relapse rate in group C
[38.5%, 5 out of 13 patients (95% CI: 12.0%-64.9%0)]
was lower than the relapse rate in groups B [76.9%, 10
out of 13 patients (95% CI: 54.0%-99.8%)] and A [90.0%,
9 out of 10 patients (95% CI: 71.4%-100.0%)]. At 2
years, the absolute difference between groups C and B
was 38.5% (95% CI: 3.5%-73.4%) and was 51.5% (95%
CI: 19.2%-83.9%) between groups C and A. There was a
statistically significant difference between each group (P
= 0.047, P = 0.029) (Figure 1B).

Adverse events

Patients treated with mesalamine had three adverse
events. Five patients treated with azathioprine were
found to have adverse events. Only one patient had dys-
pnea and tachycardia after the third infusion of inflix-

imab (Table 4).

DISCUSSION

To our knowledge, this is the first study reported in Asia
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Figure 1 Relapse rate at 1 year (A) and 2 years (B). Group A: Treated with
mesalamine after induction therapy with oral prednisolone; Group B: Treated
with azathioprine after induction therapy with oral prednisolone; Group C:
Treated with infliximab and azathioprine for induction and maintenance therapy.

on the long-term efficacy of ‘top-down’ infliximab treat-
ment for newly diagnosed pediatric Crohn’s disease. We
have used infliximab as induction therapy since 2005.
Our patients had a better response to infliximab treat-
ment compared to conventional therapy. The improved
response, when compared to Western data, suggests
that there might be ethnic differences in the response
to treatment. A review of the medical literature showed
that the incidence and prevalence of Crohn’s disease in
Korea is lower than in developed countries; however, it
is rapidly increasing!”. In addition, the pathogenesis asso-
ciated with the common NOD2Z variant in Asian popula-
tions differs from Western countries.

The results of our study showed that induction and
maintenance therapy with infliximab and azathioprine
was more effective than conventional treatments in chil-
dren. After discontinuation of infliximab maintenance
therapy for 1 year, we showed that the relapse rate in
group C was lower than that in the other groups. The
remission rate achieved with infliximab was higher in
our study than in the study reported by Hyams e# al'V; at
1 year, 55.8% (29 out of 52) of patients in the study by
Hyams receiving infliximab every 8 wk were in clinical
remission; on the other hand, 76.9% (10 out of 13) of
the patients in our study group C achieved remission.
There was no difference in the PCDAI score between
the study by Hyams and our study, 42.1 + 9.2 and 34.8
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n (%) Details

Group A 3(30.0) Anorexia (n = 2), Pancreatitis (n = 1)
(mesalamine)

Group B 5(38.5) Anorexia (n = 1), Pancytopenia (n = 3),
(azathioprine) Pancreatitis (n = 1)

Group C 1(8.3) Dyspnea and tachycardia (n = 1)
(infliximab)

T 8.8, respectively. The reason why remission was main-
tained longer in our study compared to the findings
from other developed countries remains unclear. Three
hypotheses can be posited: first, it is likely that there are
ethnic differences in the clinical response to infliximab,
as seen with NOD2 variations; second, we used inflix-
imab as ‘top-down’ therapy, while in the study by Hyams
the patients who had received other drugs such as oral
corticosteroids and aminosalicylates were also included
in the infliximab treatment group; finally, the number of
patients in our study was relatively small, and a selection
bias cannot be ruled out. Further study is needed to con-
firm our findings. However, even with the differences in
the number of patients and inclusion criteria, the clini-
cal response to early use of infliximab in our report was
much better than the responses reported by Hyams.

Pediatric Crohn’s disease is characterized by frequent
relapses, a widespread disease extent, a high prevalence
of extraintestinal manifestations, and in general a severe
clinical course™'". In pediatric patients, both the disease
itself and the treatment used to control it, most com-
monly corticosteroids, can seriously impair quality of life
as well as cause significant side effects such as growth
failure and an increased risk of infections. For these rea-
sons clinicians tend to use corticosteroids for short dura-
tions. Although corticosteroids are effective in inducing
clinical remission in patients with active Crohn’s disease,
these agents have limited efficacy for maintaining remis-
sion and the healing of mucosal lesions!"”

Infliximab, is an anti TNF-a monoclonal antibody
that was initially used in corticosteroid-dependent and
corticosteroid-refractory Crohn’s disease"”. The use
of infliximab has been well documented as an effective
treatment for moderate to severe Crohn’s disease in chil-
dren, in several studies"*'"”. Infliximab, as a scheduled
treatment, is effective for the induction and maintenance
of remission in patients with Crohn’s disease””". Early
use of infliximab with immunosuppressants, known as
‘top-down’ therapy, in patients with newly diagnosed
Crohn’s disease has resulted in better outcomes in adult
patients™. An 8-wk maintenance treatment schedule
with infliximab has been shown to be a cost-effective
approach in adult patients with active luminal or fistuliz-
ing Crohn’s disease™. Such therapy offers the potential
for altering the natural history of Crohn’s disease, and is
changing treatment paradigms. One possible explanation
for the prolonged remissions with infliximab treatment
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is that this medication might help heal the mucosal le-
sions in patients with severe as well as those with mild
disease”™. However, the new concept of an early ag-
gressive or ‘top-down’ treatment approach is not widely
accepted yet, especially in children, even though a few
studies have reported that infliximab was more effective
in children than in adults™.

The limitations of this study include the following:
This was a single center study with a small number of
patients who were reviewed retrospectively. As an open
trial, the physicians and patients knew the treatment regi-
men, which could have biased the assessment of treat-
ment efficacy. However, selection bias was unlikely be-
cause the distribution of treatment regimens among the
three groups was made based on chronological grouping,

In conclusion, the results of this study showed that
early and intensive treatment of pediatric Crohn’s disease
patients with infliximab, at initial diagnosis, was more
effective for maintaining remission and reducing flares.
Treatment with azathioprine monotherapy, after discon-
tinuation of infliximab, for 1 year, provided prolonged
remission.
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