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Abstract

Introduction: Deep remission, defined as clinical remission with mucosal healing (MH), with anti-tumor necrosis factor
(TNF)-o. agents is a new target for therapy in Crohn’s disease (CD). Provided that the efficacy of infliximab (IFX) for induction of
MH in CD has been demonstrated, there are much less data for adalimumab (ADA), and none concerning MH on histopatholog-
ical examination.

Aim: To assess the impact of biological therapy with ADA on both endoscopic and histopathological MH in paediatric patients
with CD.

Material and methods: Twenty-three children (10 boys and 13 girls) aged 13.0 9.3 years with moderate to severely active
CD diagnosed at the mean age of 5.5 +0.83 years were included into the study. Seven (30.4%) patients had been previously
treated with infliximab and switched to ADA due to intolerance or loss of response. Colonoscopy and gastroscopy with sample
collection were performed in all patients before and after induction treatment with ADA. Clinical activity of the disease was
assessed using the Paediatric Crohn’s Disease Activity Index (PCDAI), and the endoscopic activity was scored using the Simple
Endoscopic Score (SES-CD). Histological changes were evaluated by a self-adapted numerical scoring system.

Results: Four (17.4%) patients reached clinical remission (PCDAI < 10). When comparing data at baseline and at a week
after ADA treatment, a significant decrease was observed in median PCDAI and in SES-CD score between the initial and control
colonoscopies. We reported a decrease in histological scale, which was not statistically significant. A correlation was found
between PCDAI and SES-CD score.

Conclusions: Biological therapy with ADA has a positive impact on endoscopic mucosal healing in paediatric patients with
CD, which is not associated with histological evidence of suppression of inflammation. Endoscopic MH correlates better than
microscopic one with clinical remission.

Introduction mission and mucosal healing (MH). The ultimate goals

Crohn’s disease (CD), along with ulcerative colitis
(UQ), belongs to the inflammatory bowel disease (IBD)
group [1, 2]. The pathogenesis of this condition has not
been established yet, so there is no causal treatment for
CD [3]. Consequently, the treatment has been limited to
obtaining the longest possible remission and preventing
relapses [4, 5]. Recently, however, therapeutic goals in
CD are evolving beyond the control of symptoms to-
wards deep remission, which encompasses clinical re-
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are to prevent bowel damage, reduce long-term dis-
ability, and maintain normal quality of life [6, 7]. Novel
therapies such as biological agents, including infliximab
(IFX) and adalimumab (ADA), have been demonstrated
to improve in a considerable manner both the clinical
and endoscopic variables [8-10]. In CD, so-called “deep
remission” (in adults) has been recently defined as
Crohn’s Disease Activity Index (CDAI) < 150 and com-
plete MH [11]. Moreover, in the near future the concept
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of deep remission might also include MH on histopatho-
logical examination in CD. However, there were studies,
carried out on paediatric patients, which demonstrated
little correlation between endoscopic MH and clinical
remission of the disease, as determined by the Crohn’s
disease activity index (PCDAI) [12, 13]. In some studies
endoscopic evidence of mucosal healing was not neces-
sarily associated with histological evidence of suppres-
sion of inflammation [14, 15]. Nonetheless, it must be
stressed that in CD histological assessment of mucosal
healing is the only way to establish in an objective man-
ner the reversion of the mucosa to a normal state [16].
Nonetheless, deep histological remission is at present
not recommended as a primary endpoint for therapeu-
tic trials because of the lack of a standardised approach.

Aim

As data concerning deep remission in children with
CD are limited, the aim of this study was to verify the
impact of induction therapy with ADA on mucosal heal-
ing with particular consideration of microscopic im-
provement.

Material and methods

A retrospective analysis of patients diagnosed with
CD and treated with biologic therapy with ADA at the
Department of Gastroenterology, Hepatology, and Feed-
ing Disorders of the Children’s Memorial Health Insti-
tute was performed. The analysis included an 8-year
period of time — between 2005 and 2013 (Table I).

The primary objective of this study was to evaluate
the clinical, endoscopic, and microscopic activity of the
disease in our patients prior to treatment (baseline)
and after induction therapy (endpoint) with ADA. Dis-
ease activity was evaluated using PCDAI, which takes
into account both clinical and biochemical parameters.
Clinical remission was defined as PCDAI < 10. Selected
endoscopic parameters (ulcer size, ulcerated and af-
fected surfaces, stenosis) were scored from 0 to 3 using
the Simple Endoscopic Score (SES-CD). Mucosal healing
was defined as a complete absence of ulcers or a sig-
nificant decrease in SES-CD as a sign of inflammatory
lesion decrease in the presence of ulcerated surfaces,
while stationary endoscopic features stood for the lack
of progression or regression. Histological changes were
precisely described and evaluated by a numerical scoring
system for CD, which was adopted for the purpose of this
study (Table II).

Deep microscopic remission was defined as a com-
plete absence of inflammation in histological exam-
ination or a significant decrease in the scoring of his-
tological scale. Stationary microscopic features were
considered as the lack of progression or regression.

Statistical analysis

The proportion of patients in clinical response and
in clinical remission after ADA treatment was assessed.
All analyses were based on a per-protocol principle. The
Wilcoxon test was used to compare quantitative vari-
ables, and p < 0.05 was regarded as significant. Scorings
in SES-CD and histological grading scale were used as
two independent variables in the analysis of discrimi-
nation between the group with clinical response vs. the
group with no response.

Results

Seven (30.4%) out of 23 patients had previously
been treated with IFX and had switched to ADA due to
intolerance (3/7) or loss of response (4/7). Four (17.4%)
patients reached clinical remission, and 15 (65.2%)
children responded to the therapy. When comparing
data at baseline and after ADA treatment, a signifi-
cant decrease was observed in median PCDAI (base-
line median (interquartile range) 45 (30.0-65.0) vs. 15

Table I. Detailed characteristics of analysed CD
patients treated with adalimumab (n = 23)

Parameter Characteristic

Gender, n (%):

Males 10 (30.3)
Females 13 (69.7)
Age [years] 5.5+0.83
Mean duration time of disease [months] 18.5 8.5
Non-TNF-a. naive patients (former treatment 7 (30.4)

with IFX), n (%)

PCDAI, median (interquartile range) 45.0 (10.0-67.5)

Involved region (%):

lleal (L1) 43
Colonic (L2) 52.2
Ileocolonic (L3) 30.3
Upper disease (L4) 26.1

Behaviour (%):

Bl 84.5
B2 1.9
B3 13.6

SES-CD, median (interquartile range) 14.0 (6.0-27.0)

Histological score, median (interquartile range) 6.0 (0.0-15.0)

B1 - non-stricturing, non-penetrating, B2 — structuring, B3 — penetrating,
IFX — infliximab.
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Table II. Self-adapted numerical histologic scoring system for CD

Features Lesions localisation
Terminal Right colon Transverse Left colon Rectum Score
ileum colon
0—normal

1-minimal inflammation/inactive

2 —active inflammation

3 —severe inflammation, ulceration

Total score

50
45 1
40
351
301
25
20+
15 1
10 1
5_
O_

p < 0.005

Baseline After ADA treatment

PCDAI

Figure 1. Impact of ADA on clinical remission:
a significant decrease was observed in median
PCDAI (baseline median (interquartile range)
45 (30.0-65.0) vs. 15 (0.0-15.0)) following ADA
treatment

(0.0-15.0) after ADA treatment) (Figure 1), and in SES-
CD score between the initial and control colonoscopies
(14.0 (6.0-27.0) vs. 9.5 (0.0-27.0)) (Figure 2). Four
(17.4%) out of 23 patients had complete mucosal heal-
ing (score of 0) in control endoscopy vs. none in ini-

16
141

p < 0.005

12 1

10

5
6
4
-

O -4
After ADA treatment
SES-CD

Baseline

Figure 2. Impact of ADA on endoscopic muco-
sal healing: a significant decrease was observed
in SES-CD score between the initial and control
colonoscopies (14.0 (6.0-27.0) vs. 9.5 (0.0-27.0))
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tial colonoscopy. No statistically significant decrease in
histological score was reported (5.7 (0.0-15.0) vs. 5.3
(0.0-15.0)) (Figure 3). Separate analysis of the subgroup
who switched from IFX to ADA demonstrated compa-
rable results after ADA treatment: mean SES-CD 8.9
(0.0-20.0) and mean histologic score 5.3 (2.0-15.0),
respectively. One (14.3%) child had complete mucosal
healing, while no switched patient had complete remis-
sion on histopathological examination.

Only SES-CD score had a significant impact on dis-
crimination between the group with clinical remission
vs. no remission — partial Wilks’ A = 0.0036, while his-
tological changes did not discriminate significantly be-
tween those two groups — partial Wilks’ A = 0.6336.

Discussion

The aim of this study was to provide evidence of
a successful ADA treatment as regards mucosal healing
and to assess its impact on deep remission expressed
by suppression of inflammation in histopathological
examination in children with moderate to severe CD.
Current data on the mucosal effects of anti-tumor ne-
crosis factor (TNF)-a. agents are limited in the case of

>8 p > 0.005

5.77

5.6

5.5 1

5.4
5.3

5.2

5.1
Baseline After ADA treatment

Histopathological mucosal healing

Figure 3. Impact of ADA on histopathological
mucosal healing: no statistically significant de-
crease in histological score was reported (5.7
(0.0-15.0) vs. 5.3 (0.0-15.0))
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paediatric CD. This study was the first one to assess
the impact of biological therapy with ADA therapy on
both endoscopic and histopathological mucosal heal-
ing in children with CD. Although there is no universally
accepted definition of MH, in most trials as well as in
clinical practice, it is defined as a complete absence of
ulcers or a significant decrease in SES-CD. There is also
no established standard for MH on histopathological
examination. Moreover, it has been demonstrated that
gross endoscopic healing on ileocolonoscopy may not
be paralleled in histopathology [17]. Besides, no stan-
dardised histopathological scoring system exists for CD,
and there is variation in the interpretation of patholo-
gists. Therefore, we decided to develop a self-adapted
numerical scoring system for CD, based on the score of
0-3 of the following five segments of intestine: ileum,
right colon, transverse colon, left colon, and rectum. We
are aware of certain limitations of that method. First
of all, the scale has not been validated, and secondly,
a patchy pattern of inflammation in CD makes micro-
scopic evaluation difficult. Nonetheless, we assumed
that a numerical system would be more clear and bet-
ter reflect histological changes than a traditional de-
scriptive protocol. Our results have shown that mucosal
healing correlated better with clinical remission than
MH on histopathological examination, and endoscopic
MH was not necessarily associated with histopatholog-
ical remission. It may be explained by the fact that su-
perficial endoscopic changes heal easier, thus remission
on ileocolonoscopy is achieved sooner than the micro-
scopic one. It takes more time to suppress deep histo-
pathological inflammation, and a common situation is
that although a patient enters clinical remission and
has macroscopic MH on endoscopic examination, there
is still no or little microscopic improvement.

Recently, a retrospective centre study to evaluate
the safety and efficacy, in terms of endoscopic, clinical,
and laboratory response of IFX (29/33 patients) and
ADA (29/33 patients) in a cohort of paediatric patients
with CD has been published. With regard to ADA thera-
py, 25% of patients achieved mucosal healing and 50%
showed an endoscopic response [18]. In our study com-
parable results were noted: 17.4% children had com-
plete mucosal healing, and endoscopic response was
reported in 65.5% of patients. Additionally, we demon-
strated that a switch from a first anti-TNF-a agent to
a second anti-TNF-a agent had no significant impact
on either endoscopic or histopathological MH, which is
consistent with the previously published findings from
other authors [19]. When comparing outcomes of IFX
therapy to ADA treatment in our patients, we observed
slightly worse results for the second ones, which may
be explained by the fact that most of our switched pa-

tients presented with more severe course of disease
and were qualified to ADA therapy mostly due to loss
of response to IFX.

The EXTEND study, a randomised, double-blind,
placebo-controlled, maintenance/withdrawal trial of
ADA has demonstrated that at week 12 MH was
achieved in 27% of patients receiving continuous ADA
compared with 13% for the induction-only/placebo
group (p = 0.056). The efficacy of maintenance ADA
treatment was demonstrated at week 52, with 24% of
patients receiving continuous adalimumab achieving
mucosal healing and no patients with mucosal heal-
ing in the induction only/placebo (p < 0.001) [20]. This
shows that greater mucosal healing is seen in patients
receiving continuous ADA than in those on the induc-
tion scheme. In our study the patients received only
continuous ADA, and there was no placebo/induction
group, but we additionally analysed histopathological
healing, which was not studied in the EXTEND trial.

To the best of our knowledge, it is the first such
study conducted on a paediatric population. Nonethe-
less, we are aware of its limitations, such as the retro-
spective nature of the study and non-validated scoring
system for histopathological assessments.

Conclusions

According to this study, biological therapy with
adalimumab has a positive impact on endoscopic muco-
sal healing in paediatric patients with CD, which is not
associated with histopathological evidence of suppres-
sion of inflammation. Mucosal healing on endoscopic
examination correlates better than MH on histopatho-
logical examination with clinical remission.
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