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Abstract

Background and Aims: There is growing evidence that in Crohn’s disease the achievement and
maintenance of mucosal healing (MH) through anti-TNFa antibodies may change the natural
history of the disease. Few studies evaluating such outcome as a therapeutic goal are available in
paediatrics. The primary aim of the study was to assess the efficacy of biologics in obtaining MH
in a paediatric Crohn’s disease cohort. The secondary aims were: (1) to assess response based on
early or late treatment introduction and on combination therapy with immunomodulators versus
biologics alone; and (2) to evaluate clinical outcome 2 years after the second endoscopy.
Methods: Biologic-naive paediatric Crohn’s disease patients starting anti-tumour necrosis factor o
(TNFa) treatment were enrolled. Patients’ demographic and treatment data were recorded. Clinical
[Pediatric Crohn’s Disease Activity Index (PCDAI)] and endoscopic [Simple Endoscopic Score
for Crohn’s Disease (SES-CD)] evaluations were performed at time 0 (TO) and after 9-12 months
(follow-up). Appropriate induction and maintenance therapeutic schemes were applied.

Results: Thirty-seven patients were enrolled. At enrolment, mean age was 12.3 = 3.4 years and
mean disease duration was 13.0 = 16 months. At follow-up there was a significant decrease in PCDAI
and SES-CD compared withTO (p < 0.01). No statistical difference in frequency of MH between the
early and late treatment introduction groups was found. Combination therapy was superior in
obtaining complete plus partial MH (p < 0.01). One and 2 years after the second endoscopy, all and
79% of patients with complete MH and 75 and 67% of those with partial MH were still in clinical
remission, respectively.

Conclusions: Biologics improve mucosal lesions, apparently more effectively if given in
combination with immunomodulators. MH appears to sustain a better disease course.
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1. Introduction rising in people of paediatric age during recent decades and, to date,
about 25% of patients are diagnosed under the age of 18. Moreover,
epidemiological and observational studies are pointing out that this
population of patients appears to have a more severe and disabling

Crohn’s disease (CD) is a chronic relapsing inflammation of the gut
that primarily affects young individuals, often leading to significant

impairment of quality of life. The incidence of this disease has been . :
P q v course of disease when compared with adult cohorts.!*
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Several efforts have been made to optimize the use of available
therapies to improve patient outcome, but so far nothing seems capa-
ble of changing the natural history of the disease. Hence, the major
objective of medical therapies in CD should be the modification of
the clinical course of the disease by stopping disease progression,
reducing surgeries, hospitalizations and treatments with corticoster-
oids, as well as promoting growth and pubertal development.>*

Mucosal healing (MH) has recently been emphasized as a
therapeutic goal able to predict sustained clinical remission.”® Of
the therapies available, immunomodulators, such as azathioprine,
6-mercaptopurine and methotrexate, enteral nutrition and anti-
tumour necrosis factor o (TNFa) agents have been shown to pro-
mote MH, although the last have a more efficacious and rapid effect
compared with immunomodulators.®*!°

Studies on adult populations suggest that scheduled maintenance
therapy with infliximab, a chimeric anti-TNFa antibody, is associ-
ated with MH in up to 68 % of patients.”'"'> Moreover, the ACCENT
I endoscopic substudy suggested that MH may be associated with
fewer hospitalizations, surgeries and intensive care unit stay after a
1-year period of infliximab maintenance therapy.'> Schnitzler et al.!!
evaluated the influence of MH under infliximab treatment on the
course of CD in adult patients, showing that sustained clinical ben-
efit was best achieved in patients receiving scheduled maintenance
infliximab therapy who achieved MH.

Studies assessing the effect on MH of adalimumab, a completely
humanized anti-TNFa antibody, showed a rate of MH of up to 44%
following adalimumab therapy in adult populations with CD.!3!

Recently a new concept of remission, defined as deep remis-
sion, has been coined: it embraces MH plus clinical and/or labo-
ratory marker normalization."s It was evaluated as the outcome in
252 inflammatory bowel disease (IBD) patients, of whom 183 had
CD, treated with anti-TNFa antibodies; in this population 48% of
patients achieved deep remission after a median of 23 months of
maintenance therapy.'®

Few studies have evaluated MH as a therapeutic goal and its
influence on disease history in paediatric populations with CD.!"!8

This single-centre prospective study aimed at assessing the effec-
tiveness of therapy with anti-TNFa antagonists in obtaining MH in
a paediatric cohort of CD patients. We also assessed the rates of MH
based on early versus late introduction of anti-TNFo antagonists
and on the concomitant use of immunomodulators and the influence
of MH on patients’ subsequent outcome.

2. Methods

2.1. Patients

We prospectively enrolled all patients with an established diagnosis
of CD (age range 6-18 years) who started therapy with an anti-
TNFa agent (infliximab or adalimumab) between January 2009 and
October 2012. All were naive to biological therapies but could have
been previously treated with corticosteroids, immunomodulators
and aminosalycilates. Exclusion criteria were the need for immediate
surgery, symptomatic stenosis or ileal or colonic strictures with prest-
enotic dilatation, and the presence of bacterial or viral infections.

2.2. Procedure

At baseline the following data were collected: age at diagnosis, indi-
cation for biologics, age at first administration, disease duration,
disease location and phenotype according to the Montreal classifica-
tion, and concomitant medications. Prior to the administration of
biological therapy, all subjects were screened for acute or chronic

infections by means of stool cultures, the Mantoux tuberculin skin
test and the QuantiFERON test for tuberculosis, Epstein—Barr virus
and cytomegalovirus serology and DNA polymerase chain reaction
(PCR), hepatitis serology and vaccination history.

Ileo-colonoscopy and biopsies were performed in all patients
before anti-TNFa therapy and after 9-12 months to evaluate MH.

Disease activity was assessed with the Pediatric Crohn’s Disease
Activity Index (PCDAI), C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR) at time 0 (T0) and at the time of endo-
scopic follow-up (T2) to assess the correlation between clinical and
endoscopic appearance. Clinical response to treatment required a
15-point decrease in PCDAI score. Clinical remission was defined as
the absence of symptoms related to CD and PCDAI <10. The nor-
mal ranges for CRP and ESR were considered to be 100-6000 pg/L
and 0-20 mm/h, respectively. Serological remission was defined as a
return to normal values.

Endoscopic activity was scored using the Simple Endoscopic
Score for Crohn’s Disease (SES-CD)."” Complete MH was defined
as a SES-CD of 0-1, meaning no signs of active inflammation of any
colonic segment or in the terminal ileum; partial MH was defined as
a reduction of 50% in SES-CD from baseline, no endoscopic heal-
ing and no variation or worsening of the SES-CD score. Endoscopy
reading was performed by a single endoscopist (S.0.).

Patients received either infliximab or adalimumab with a regular
induction treatment (5 mg/kg intravenously at 0, 2 and 6 weeks for
infliximab and 160 mg, followed by 80 mg subcutaneously every other
week for adalimumab), followed by maintenance therapy (5 mg/kg
intravenously every 8 weeks for infliximab and 40 mg subcutaneously
every other week for adalimumab). Concomitant immunomodulator/s
and aminosalycilates were allowed and recorded. Concomitant treat-
ment with immunomodulators was stable in all patients who had
already been on immunomodulators for at least 3 months, except
for patients who first received anti-TNFa treatment at diagnosis for
whom the two treatments were introduced together.

The primary analysis assessed the proportion of patients achiev-
ing MH with maintenance therapy with biologics. The secondary
analysis focused on differences in achieving MH according to con-
comitant use of immunomodulators and disease duration at first
infusion; the early disease group comprised patients with a disease
duration of less than 1 year prior to treatment introduction and the
late disease group comprised those with a disease duration of more
than 1 year prior to therapy introduction. Finally, the influence of
MH on the further clinical course, in particular the clinical outcome
of patients at a further follow-up of 12 months after the second
endoscopy, was evaluated.

The study was approved by the ethics committee of the hospital
and written informed consent was obtained from all enrolled chil-
dren and their parents.

2.3. Statistical analysis

A descriptive analysis of the cohort was performed for the patients’
baseline characteristics. The qualitative variables were described as
the distribution of absolute frequencies and percentages, whilst the
continuous variables were expressed as medians = SD.

We composed frequency tables and plotted graphs of continuous
and categorical variables. Differences between groups for continuous
variables were tested using non-parametric tests, since the variables
were not normally distributed. We used the %? test to compare cate-
gorical variables and the Wilcoxon signed rank test for pair compari-
sons (T2 = TO0). Spearman’s correlation coefficient was used to test
the correlation between continuous variables. Finally, a multivariate
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logistic regression analysis was conducted using ‘complete MH’ or
‘complete or partial MH’ (two separate models) as dependent vari-
ables. The stepwise procedure (backward elimination) was used; in
the first step we used all the variables that had a p value <0.20 in the
univariate analysis. The results are presented as odds ratio (OR) and
95% confidence interval (CI).

Kaplan—Meier survival analysis was performed to evaluate differences
according to therapy and endoscopic outcome at follow-up endoscopy
in the clinical outcome a year after the second endoscopy. Differences
between groups were assessed using log-rank and Breslow tests.

Statistical significance was set at p < 0.035. Statistical analysis was
conducted using SPSS for Windows, release 19.0.

3. Results

3.1. Baseline characteristics
Thirty-seven patients were prospectively enrolled between January
2009 and October 2012. The main baseline characteristics are listed
in Table 1.

Of the 37 patients, 25 (67.6%) were treated with infliximab and
12 (32.4%) with adalimumab. Disease duration prior to therapy was
14.5 = 16.7 and 9.4 = 14.5 months for infliximab and adalimumab
patients, respectively, with 18 patients (9 infliximab, 9 adalimumab)
having less than 1 year of disease history. Altogether, the indications
for biological therapy introduction were as follows: unresponsiveness
to conventional therapy, 46 %; perianal disease, 27%; aggressive and
extensive disease, 16%; and adverse events after immunomodulator
use, 11%. The PCDAI and SES-CD at baseline were 31.3 = 17.8 and
15.4 = 8.2, respectively (infliximab, 31 + 18.6 and 17 = 9, respectively;
adalimumab, 31.8 + 17 and 12 = 6, respectively). The proportion of
patients on concomitant immunomodulators was 62% and the dura-
tion of such combinations was 8 = 3.8 months (range 1-17 months).

3.2. Outcome of anti-TNFa treatment

At the follow-up endoscopy, 36% and 41.7% of patients on inflixi-
mab and adalimumab, respectively, presented complete MH, with an

Table 1. Patient characteristics at baseline.

overall rate of 38%. The rate of partial MH was 36% in the inflixi-
mab group and 25% in the adalimumab group. The overall rate of
partial MH was 32% and that of no MH was 30%. No statistical
difference between the two therapies in achieving complete MH was
found (p = 0.74). Moreover, considering complete MH plus partial
MH as the outcome (70% of patients), again no statistical difference
between the two therapies was found (p = 0.74).

Evaluating clinical outcomes, 67.5% of patients were in remis-
sion at the time of the follow-up endoscopy. All patients with com-
plete MH were in clinical remission compared with 50% of those
achieving partial MH.

The mean values of both PCDAI and SES-CD decreased signifi-
cantly in all patients at follow-up (p = 0.0001). The values at follow-
up were 9.6 = 11.3 and 5.6 = 7.1 respectively (Figures 1 and 2).

When considering deep remission, defined as clinical, endoscopic
and serological remission, 35% of our patients were in deep remis-
sion at the time of the follow-up endoscopy.

A multivariate analysis was conducted to evaluate the associa-
tion between patients’ characteristics at baseline and their outcome
at the follow-up endoscopy. Both complete MH and the combina-
tion of complete plus partial MH were considered as the outcome in
this evaluation. A higher value of ESR at baseline appeared inversely
correlated to both outcomes. The concomitant use of immunomodu-
lators and a higher baseline value of SES-CD were positively cor-
related to the complete plus partial MH outcome. Older age at
diagnosis was positively correlated to complete MH (Table 2). There
was a positive correlation among the values of PCDAI, the inflam-
matory markers ESR and CRP, and SES-CD both at baseline and at
follow-up.

3.3. Differences between early and late treatment

Dividing patients according to disease duration prior to treatment
introduction, SES-CD values decreased significantly in both the
early and the late disease group at follow-up (p < 0.01 and p < 0.05,
respectively), and there was no statistical difference in achieving
complete MH or complete plus partial MH between the two groups

Characteristic

Infliximab, 25 patients

Adalimumab, 12 patients All 37 patients

Sex (male), 7 (%)

Age at diagnosis (years), mean = SD (range)

Age at enrolment (years), mean = SD (range)

Disease duration at enrolment (months), mean = SD (range)
Disease location and behaviour

Previous therapies

18 (72%)

12.5+3.8 (5.6-18.3)
13.4+3.8 (6.6-18.3)
14.5+16.7 (0.5-63)
L1,8%

L2,16%

L3,24%

L4,0%

L1 +L14,8%

L2 +14,4%

L3 +14,36%
B1,72%

B2,20%

B3,0%

P, 40%

IM, 68%
Corticosteroids, 63%
EEN, 37%

5 (41.6%)

12+2.3 (8.4-15.5)
12.6+2.7 (8.6-15.7)
9.4:14.6 (1-54)

23 (62%)

12.3+3.4 (5.6-18.3)
13+3.4 (6.6-18.3)
1316 (0.5-63)

L1,41.6% L1,19%
L2, 0% 12,10.8%
13,16.7% L3,21.6%
L4, 0% L4, 0%

L1 +14,16.7%
L2 +L4,0%
L3 +14,25%

L1+ L4,10.8%
L2 +14,2.7%
L3 +14,32.4%

B1,75% B1,73%

B2,25% B2,21.6%

B3, 8.4% B3,2.7%

P, 16.7% P, 32.4%

IM, 75% IM, 70%
Corticosteroids, 83% Corticosteroids, 73%

EEN, 17% EEN, 32.4%

IM, immunomodulators; EEN, exclusive enteral nutrition.

Montreal classification for Crohn’s disease: L1, ileal; L2, colonic; L3, ileocolonic; L4, upper gastrointestinal tract; B1, non-stricturing, non-penetrating; B2,

stricturing; B3, penetrating; P, perianal disease.
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Figure 1. Pediatric Crohn’s Disease Activity Index (PCDAI) values for each patient at baseline and at follow-up (FU).
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Figure 2. Simple Endoscopic Score for Crohn’s Disease (SES-CD) values for each patient at baseline and at follow-up (FU).
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Table 2. Multivariate analysis evaluating the association between patients’ baseline characteristics and outcome at follow-up endoscopy.

Complete mucosal healing

Partial + complete mucosal healing

Crude OR Adjusted OR Crude OR Adjusted OR

(95% CI) (95% CI) (95% CI) (95% CI)
SES-CD at TO 0.92 (0.83-1.01) 1.06 (0.96-1.17) 1.27 (1.02-1.57)
Immunomodulators 1.16 (0.29-4.59) 4.75 (1.06-21.36) 15.0 (1.66-135.7)
ESR at TO 0.95 (0.92-0.98) 0.91 (0.86-0.97) 0.99 (0.96-1.01) 0.94 (0.90-0.99)

Age at diagnosis (months)
Age of starting therapy (months)
Therapy
Adalimumab (reference)
Infliximab
Timing of therapy
Step up (reference)
Top down
PCR at TO
Sex
Male (reference)
Female

1.011 (0.994-1.029)
1.013 (0.995-1.031)

1
0.74 (0.19-3.22)

1
1.73 (0.45-6.63)
0.96 (0.75-1.21)

1
0.52 (0.12-2.16)

1.05 (1.01-1.08)

1.012 (0.99-1.033)
1.01 (0.99-1.03)

1
1.29 (0.29-5.67)

1
3.64 (0.78-16.93)
0.94 (0.74-1.20)

1
1.09 (0.25-4.71)

SES-CD, Simple Endoscopic Score for Crohn’s Disease; ESR, erythrocyte sedimentation rate; PCR, polymerase chain reaction.

(p = 0.91 and p = 0.42). The same results were found in patients
treated with adalimumab (p = 0.735).

If considering the combination of complete plus partial MH as
the outcome, there was a statistical difference in favour of early
therapy introduction (p < 0.05) only in the group of patients treated
with infliximab.

The rates of complete, partial and no MH in the early disease
group were 45, 39 and 16%, respectively, and those in the late dis-
ease group were 32,26 and 42 %, respectively.

Regarding the rates of remission and response according to
PCDALI values at follow-up, we found no differences between the
two groups of patients, with rates of remission and response of
70.6% and 12% in the early group, and 70% and 10% in the late
group, respectively.

3.4. Differences between immunomodulators plus
infliximab combination and infliximab monotherapy
We further evaluated the influence of combination therapy with
anti-TNFa plus azathioprine or methotrexate versus anti-TNFa
monotherapy on the achievement of MH and clinical improvement.
In both groups SES-CD values decreased significantly at follow-up,
but the reduction was more significant in the combination therapy
group (p = 0.0002 vs p = 0.033). The two groups did not differ in
the achievement of complete MH (p = 0.835). However, when con-
sidering complete plus partial MH as the outcome, the combination
therapy group had significantly better results (p = 0.035) (Figure 3).

The rates of complete MH were similar in the two groups,
combination therapy vs monotherapy, (37.5 vs 33%) but the rate
of no MH was considerably higher in the monotherapy one (18.75
vs 46.6%). The rates of clinical remission according to PCDAI val-
ues at follow-up did not differ statistically between the two groups
(combination, 74%; monotherapy, 64%). The rate of non-response
at follow up was 13% in the combination group and 21% in the
monotherapy one (not significant).

3.5. Follow-up after second endoscopy

To evaluate the influence of the achievement of MH on subsequent
follow-up we analysed the clinical outcome 1 and 2 years after the
second endoscopy.

90 - p 0.035

80

70 A

m Complete+partial MH
= No MH

Combination Therapy Monotherapy

Figure 3. Rates of complete mucosal healing (MH) + partial MH and no MH
according to combination therapy with anti-tumour necrosis factor a (TNFa)
and immunomodulators vs anti-TNFa monotherapy.

At the first evaluation, 12 months after the follow-up endoscopy,
26 patients (70.3%) still on anti-TNFa maintenance therapy were
in clinical remission; 4 patients (10.8%), although on maintenance
therapy, were not in clinical remission and the remaining 7 (18.9%)
had interrupted therapy for either surgery (4 patients) or loss of
response (3 patients).

All the patients that had achieved complete MH and 75% of
those that had achieved partial MH were in clinical remission at
this assessment. Evaluating the need for corticosteroids in this fur-
ther follow-up, 2 patients that had obtained complete MH and 4 of
the patients that had obtained partial MH needed a short course of
corticosteroids.

Kaplan—Meier survival curves evaluating the risk of disease
relapse 2 years after therapy introduction demonstrated no statis-
tical difference according to treatment (adalimumab vs infliximab)
(p = 0.089) (Figure 4). The same evaluation could not be performed
because of the risk of surgery, since no patient on adalimumab
underwent surgical treatment.

All patients underwent a second clinical assessment 24 months
after the follow-up endoscopy: 59.5% of all patients were still in
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Figure 4. Kaplan-Meier curve evaluating the risk of disease relapse
according to therapy at a further follow-up 1 year after the second endoscopic
evaluation.
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Figure 5. Kaplan-Meier curve evaluating relapse risk according to the
achievement of mucosal healing (MH) at a further follow-up 2 years after the
second endoscopic evaluation.

clinical remission on anti-TNFo maintenance therapy; 8% of all
patients, although on maintenance therapy, were not in clinical
remission and the remaining 12 (32.5%) had discontinued treatment
because of surgery (3 patients), loss of response (2 patients), switch to
the other anti-TNFa (6 patients) or sustained remission (1 patient).

Of the patients that had achieved complete MH, 78.6 % were still
in clinical remission and 2 required a brief steroid course during this
further follow-up. Regarding patients that had achieved partial MH,
67% were in clinical remission and another 2 required a course of
steroids at this further evaluation.

Kaplan—Meier curves evaluating the risk of relapse during the
2 years after the follow-up endoscopy according to the achievement of
MH showed no statistical difference when considering the three groups
(complete MH, partial MH and no MH) separately; the same evalua-
tion when the patients were divided into two groups (complete plus par-
tial MH together compared with no MH) showed a statistical difference
in the risk of relapse in favour of the first group (p = 0.034) (Figure 5).

4. Discussion

Until a few years ago, clinical response and remission were the
major goals in therapeutic trials of IBD patients. Since the advent

of disease-modifying drugs, such as biological agents, it became pos-
sible that MH could be a reliable outcome in the management of
IBD patients.

Despite the fact that corticosteroids can induce MH to a cer-
tain degree in UC patients, they appear unable to promote effec-
tive healing of ulceration in CD patients. Such an outcome has been
related to sustained long-term remission and surgery-free survival,
thus changing the disease course of IBD.”* Immunomodulators, such
as thiopurines, and the polymeric diets given through continuous
enteral nutrition, have been previously reported to achieve MH,
albeit to a lower degree and less rapidly than biologics.*1°

Although biological agents have proven effective in obtaining
rapid clinical remission also in paediatric patients,?*-* scarce evidence
is available of the effect on MH in paediatric cohorts."'s Borrelli
et al.”” evaluated endoscopic activity after an induction regimen of
infliximab in a paediatric cohort of 18 patients affected by CD; in
this cohort both CDEIS and the histological score were significantly
reduced at the follow-up endoscopy. A more recent study that aimed
to assess clinical efficacy and the impact of infliximab induction ther-
apy on MH in a paediatric cohort showed that complete MH was
achieved in 22.7% of patients at week 10 after therapy initiation.!®

Our study aimed to assess such a crucial outcome in a cohort
of paediatric CD subjects who were naive to biological treatments,
and revealed that a high proportion of our patients achieved sub-
stantial MH. Since previous studies in paediatric CD did not assess
clear rates of MH as an endpoint but only demonstrated a significant
decrease in endoscopic scores,!”!® our data can be compared with the
rates available in adult studies, although biased by the populations’
heterogeneity and different endoscopic timing.

The rate of complete MH in our population (38% overall) was lower
than previously reported in adults on infliximab treatment; in the latter,
rates of complete MH at follow-up ranged from 44-45.4 to 68%.7!:12
These differences could be related to the more aggressive phenotype and
the more extensive disease usually seen in paediatric patients.>* Indeed,
the extrapolation of the rate of complete MH in a recently published
paediatric study, showing a rate of complete MH at follow-up endos-
copy of 22.7%, was similar to our findings.'® On the other hand, such
a difference appears less remarkable when looking at the EXTEND
trial, the only available trial evaluating MH in adalimumab-treated
adult patients that shows a complete MH rate of 27% at week 12.13
Undeniably, the different endoscopic timing between the EXTEND trial
and our study does not allow a direct comparison but, bearing in mind
the proportion of late responders in adalimumab patients, it is conceiv-
able that our higher MH rate is a result of this trend.

Lately, the use of concomitant immunomodulator treatment
has been controversial, mainly for safety reasons; however, a syn-
ergic effect on therapeutic efficacy has been suggested.?” In our
population, no statistical difference in obtaining complete MH
between monotherapy and combination therapy was found. This
result seems to be in agreement with previous adult and paedi-
atric data reporting no significant difference in achieving clini-
cal remission.'12% Interestingly, when complete MH plus partial
MH were considered as the outcome, the difference between the
two groups was significant. Indeed, complete as well as partial
healing induced by long-term maintenance treatment has been
associated with an improved long-term outcome of CD, especially
with a lower need for major abdominal surgeries.!! Therefore, the
degree of MH that is required to change the course of CD is still
debated.?°

The concept of the ‘window of opportunity’ for a better treatment
outcome in early CD, when the disease is still in a predominantly

220z 1snbny 9| uo Jesn sonsnp Jo uswuedaq 'S'N Aq Z6229%2/S/1L/0 L /a[onie/20(-0008/Wwo02 dno"olWwapeoe//:sdyy Wolj papeojumo(



Mucosal Healing with Biologics in Paediatric Crohn’s Disease

n

inflammatory situation and disease complications have not yet
appeared, has recently been adopted from the rheumatology lit-

32-3% in our cohort no

erature.’! Yet, in contrast with previous data,
statistical difference in achieving MH according to disease duration
was found. A possible explanation is that in our cohort the median
disease duration prior to the introduction of biological therapy was
only 13 months, so most of our patients could be classified as having
relatively early disease, with a predominantly inflammatory pattern.

Long-term evaluations of adult patients with IBD have shown
a decreased rate of surgeries and hospitalization in those achieving
MH, thus suggesting that the accomplishment of such a treatment
goal could predict a better outcome, possibly altering the natural
course of CD.''2 Indeed, in our cohort a further clinical follow-up
of 2 years from the second endoscopic evaluation showed that a high
percentage of patients (100% at 1 year and 79% at 2 years) with
complete MH and most of those with partial MH (75 and 67% at
1 and 2 years, respectively) were still in clinical remission on main-
tenance therapy. Most importantly, during this further follow-up
period, only four of the patients with complete MH needed a corti-
costeroid course and none underwent surgery. Moreover, no statisti-
cal difference in the risk of relapse between the two therapies has
been found. Evaluating the relapse risk, dividing patients according
to the achievement of MH, complete plus partial MH vs no MH,
showed that the first group had a significantly lower risk of relapse.

We are aware that our data should be interpreted with the fol-
lowing limitations: (1) the small size of the patient cohort; and (2)
the follow-up period is not long enough, especially for those that dis-
continue treatment because of clinical and endoscopic remission, to
allow better evaluation of the impact of MH on long-term outcomes.

In conclusion, our results have shown that biological therapy
with infliximab and adalimumab is effective in achieving MH,
at least in markedly improving mucosal lesions in paediatric CD
patients. In our cohort, disease duration or combination therapy
did not influence significantly the patients’ outcome, although the
combination of biologics and immunomodulators was more effica-
cious than biological monotherapy in improving mucosal lesions.

At a further 2 years of clinical follow-up, the improvement of
mucosal lesions at the second endoscopy appears predictive of a bet-
ter outcome.

Finally, since CD is known to be a transmural disease, with com-
plications such as strictures, abscesses and/or fistulas, transmural
healing should be considered in the near future for potential inclu-
sion in the definition of deep remission for CD.
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