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Background and Aims. In very early-onset IBD patients (VEO-IBD), studies have shown an incidence ranging from 0.4 to
2.1/100,000, extensive disease location, and a corresponding difficult and debatable treatment. We therefore aimed to investigate
the incidence and medical and surgical treatment of VEO-IBD in a well-defined Danish population-based cohort. Methods. All
VEO-IBD patients, defined as an IBD diagnosis before 6 years of age, were included from the Capital Region and the Zealand
Region in 2015-2020. Demographic and clinical data including medical and surgical treatment were systematically extracted
from the patient files. Results. Forty VEO-IBD patients were identified, 11 diagnosed with CD, 23 UC, and 6 IBD-U. The
incidence rate of VEO-IBD was 2.0/100,000 (95% CI 0.8-5.9). All VEO-IBD patients except one had extensive colonic
involvement or pancolitis. A total of 34 (85.0%) and 23 (57.5%) of the VEO-IBD patients received immunomodulators and/or
biologicals, respectively. The cumulative risks of receiving immunomodulators and/or biologicals after 1/3/5 years was 55.3%/
86.8%/90.1% and 36.8%/45.9%/57.0%, respectively. During follow-up, six VEO-IBD patients (15.0%) were treated with
vedolizumab—although off-label for this age group—as second-line biological therapy. Four patients (17.4%) with UC had a
colectomy. Two colectomised patients were treated with vedolizumab. Conclusion. Our population-based study showed an
incidence of VEO-IBD comparable with the incidence in other countries. The population were treated intensively with
immunomodulators and biologicals—including off-label vedolizumab—and compared to other studies had the same risk of
undergoing IBD-related surgeries.

1. Introduction

Inflammatory bowel disease (IBD) present in children
<6 years of age is known as very early-onset IBD (VEO-
IBD) [1]. The incidence of VEO-IBD in Denmark is cur-
rently unknown as no studies have been performed until
now. There are few population-based studies from other
countries regarding the incidence rate of VEO-IBD. The
few existing studies have shown incidence rates ranging from
0.4 to 2.1/100,000, and approximately 3-15% of pediatric IBD
presents before the age of six years [2–4]. A Canadian study
reported VEO-IBD to be the fastest growing subgroup of all
IBD patients with an increasing incidence of 7.2% per
year [3].

Studies of the disease course in children with VEO-IBD
are scarce with contradicting results. Some nonpopulation-
based studies reported that children with VEO-IBD are at
higher risk of surgery compared with children with older
onset of pediatric IBD, while others have reported similar
or even lower surgery risk [5–8]. Compared to children with
later onset of IBD, children with VEO-IBD respond less well
to conventional therapy and are less likely to reach remission
one year after starting immunomodulatory and biological
therapy [5]. At present, there are no international guidelines
for the treatment of VEO-IBD [9]. As previous studies
regarding VEO-IBD mainly originate from referral centers,
where the most severe cases are followed, the true clinical
spectrum of VEO-IBD is unclear. Thus, population-based
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studies are needed to understand the long-term outcomes
and provide guidance to medical and surgical decisions.
The aim of our study is to investigate the incidence and
disease course of VEO-IBD in a population-based cohort
from two Danish regions in the period 2015-2020.

2. Methods

2.1. Study Design and Patient Inclusion. We included all
patients diagnosed with IBD before six years of age who
were treated at the pediatric department at the Hvidovre
University Hospital in Copenhagen in the period from
January 1, 2015, to July 1, 2020. Since 2015, the hospital
has been the principal department for IBD in patients <10
years of age in the Capital Region and Region Zealand of
Denmark (Eastern Denmark) which covered 46%-48% of
the Danish population under six years from 2008 to 2020
[10]. Thus, we included all newly diagnosed children with
VEO-IBD patients in this geographical area in the period
2015–2020. Children diagnosed prior to 2015 may have been
treated at one of the other hospitals in eastern Denmark;
thus, the incidence rate of VEO-IBD prior to 2015 was not
calculated. All VEO-IBD patients were identified and
included by searching for International Classification of
Diseases 10th revision (ICD-10) code group K50 (Crohn’s
disease), K51 (ulcerative colitis), or K52.3 (indeterminate
colitis) in the local database. Patients were followed from
diagnosis, dating back to 2004, until October 16, 2020, or
until death or emigration or for patients with ulcerative
colitis (UC) until colectomy. In general, all pediatric patients
with IBD in Denmark are diagnosed and followed at the
government hospitals free of charge. No children with IBD
are treated by adult or private gastroenterologists or
pediatricians.

2.2. Data Collection and Definitions. The following data were
extracted from the patient charts at end of follow-up: date of
birth, IBD diagnosis, sex, family history (defined by either
first- or second-degree relative with IBD), date of onset of
symptoms, disease localization and phenotype, medical and
surgical treatments, and disease activity. Validation of diag-
nosis and age of diagnosis were performed by patient chart
review.

2.3. Diagnostic Criteria and Phenotype. The diagnostic
criteria’s for CD, UC, and IBDU were based on the Porto
criteria [11], and the phenotype was based on the Paris
Classification [12].

2.4. Treatment. The start and end date of the following med-
ical treatments were registered as prescriptions in the patient
charts: 5-aminosalicylic acid (5-ASA), immunomodulators
(azathioprine, 6-mercaptopurine, or methotrexate), systemic
corticosteroid treatment (SCT) (prednisolone, hydrocorti-
sone, methylprednisolone etc.), biological treatment includ-
ing antitumor necrosis factor alpha (anti-TNF-alpha) and
vedolizumab, local treatment (rectal) with 5-ASA and/or
steroids, and exclusive enteral nutrition therapy (EEN).
The date and type of the following surgical modalities were

registered: bowel resections (colectomy and ileocecal resec-
tion) and J-pouch surgery.

2.5. Disease Activity. Disease activity at each hospital visit
was assessed based on Abbreviated Pediatric Crohn’s Dis-
ease (abrPCDAI) [13] and Pediatric Ulcerative Colitis Activ-
ity Index (PUCAI) [14]. If PUCAI and PCDAI scores were
missing, disease activity was graded according to Physician’s
Global Assessment (ranging from 0 to 3) (PGA) based on
the medical record of the hospital visit in question. A good
correlation between the disease activity index and the PGA
has been demonstrated [15].

2.6. Remission and Relapse. Remission was defined as a
period of more than 30 days without disease equivalent to
PUCAI < 10, abrPCDAI < 10, or PGA = 0. Relapse was
defined as an increase in disease activity or worsening symp-
toms that resulted in either (1) increase in doses or
frequency of the medication already prescribed in response
to increased disease activity or worsening symptoms or (2)
step-up in treatment in the form a more potent drug or
the need of bowel resection [16–18]. An increase in disease
activity was defined as PUCAI > 10, abrPCDAI > 10, and
PGA > 0 [13–15]. If the disease had not been in remission
before a dose increase or step-up treatment, no relapse was
recorded. Dose increase due to increase in body weight or
suboptimal serum concentrations of medication was not
recorded as a relapse.

2.7. Statistics. Categorical data were presented as numbers
and percentages while continuous variables as median and
interquartile range (IQR). The annual incidence of VEO-
IBD per 100,000 children <6 years of age was calculated
using the population of children under 6 years in the Capital
Region and Region Zealand. Survival analysis (Kaplan-Meier
plots) was used to illustrate differences in time to medical or
surgical treatment; cumulative risk estimates and incidence
rates are presented with 95% confidence intervals (CI). The
annual relapse rate after induction of medical treatment
among those achieving remission was calculated using Pois-
son’s regression analysis and reported as number of relapses
per patient years. Unless otherwise stated, diagnosis at end
of follow-up (final diagnosis) was used. A p value <0.05
was considered statistically significant. The statistical analy-
sis was performed using R 3.6.1 (R Foundation for Statistical
Computing, Vienna, Austria).

2.8. Ethical Considerations. The study was a quality assur-
ance project and was approved by the administration at
the Amager-Hvidovre Hospital.

3. Results

We identified 41 patients with VEO-IBD. The chart of one
patient was incomplete, and therefore, this patient was
excluded from the study. Twenty-one (52.5%) patients were
diagnosed between 2004 and 2014, 17 (42.5%) patients
between 2015 and 2019, and 2 patients in 2020. Nineteen
patients (47.5%) were male (7 CD (63.6%), 7 UC (30.4%),
and 5 IBDU (83.3%)), while 21 patients (52.5%) were female
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(4 CD (36.4%), 16 UC (69.6%), and 1 IBDU (16.7%)). Seven
(17.5%) patients (two CD, four UC, and one IBDU) were
aged <2 years at diagnosis (infantile-onset IBD). Demo-
graphic and clinical characteristics at diagnosis are presented
in Table 1.

3.1. Immunodeficiency Screening. All patients had a normal
morphologic presentation but were not systematically
screened for immune defects. However, 8 were screened
for chronic granulomatous disease, 5 were screened for
variants in the interleukin-10 receptor pathway, and 4
underwent whole genome sequencing for primary immuno-
deficiency. None of the screened patients were identified to
have immune defects based on their completed evaluation.

3.2. Phenotype. The Paris Classification of disease location in
VEO-IBD at diagnosis categorized 0-2 years and 3-5 years
old is presented in Table 2.

3.3. Incidence. As patients were included and followed till
October 2020 and not at the end of the year, the annual inci-
dence was calculated for the period 2015-2019. Seventeen
new cases of VEO-IBD are presented during 2015-2019.
The mean annual incidence of VEO-IBD was 2.0/100,000
(CI 95% 0.8-5.9). The annual incidence is demonstrated
in Figure 1.

3.4. Medical Treatment

3.4.1. Systemic Corticosteroid Treatment (SCT). SCT was
used in 35 patients (87.5%) during the first year of follow-
up. In Table 3, the use of SCT 30 days and 60 days after
diagnosis is demonstrated.

3.4.2. Enteral Nutrition Therapy. Four CD patients (36.4%)
received EEN therapy, while additional 3 CD patients
(27.3%) received enteral nutrition therapy combined with
another medication (SCT, anti-TNF-alpha, and vedolizumab).

3.4.3. 5-ASA. Three patients (13.0%) (all UC patients)
received 5-ASA as monotherapy during follow-up. The
remaining patients who received 5-ASA were also treated
with immunomodulators or biologicals.

3.4.4. Immunomodulators. A total of 12 (30.0%) patients (2
CD (18.2%), 8 UC (34.8%), and 2 IBDU (33.3%)) were
treated with immunomodulators as monotherapy or com-
bined with 5-ASA. Additional 22 (55.0%) patients (8 CD
(72.7%), 12 UC (52.2%), and 2 IBDU (33.3%)) received
combination therapy with immunomodulators and biologi-
cal agents (Table 3).

The median time of treatment with immunomodulators
at the end of follow-up was 4.3 years (IQR 3.2-7.9) for CD,
2.4 years (IQR 0.4-8.1) for UC, and 1.8 years (IQR 1.1-2.9)
for IBDU.

The cumulative risk of receiving immunomodulators is
presented in Figure 2(a).

The number of patients diagnosed prior to 2015 and
between 2015 and 2020 who received immunomodulators
and biologicals is presented in Table 4.

3.4.5. Biological Treatment. The first-line biological agent
used was an anti-TNF-alpha drug (infliximab or adalimu-
mab) in all patients, while anti-integrins (vedolizumab) were
used as second-line treatment. A total of 23 IBD (57.5%)
patients were treated with an anti-TNF-alpha agent (7 CD

Table 1: Clinical and demographic presentation of patients with VEO-IBD at diagnosis.

IBD CD UC IBDU
(N = 40) (N = 11) (N = 23) (N = 6)

Age in years, median (IQR) 3.3 (2.3-5.0) 3.6 (2.4-5.2) 3.3 (2.2-4.0) 3.2 (1.3-5.1)

Age at diagnosis, N (%)

0-2 years 7 (17.5) 2 (18.2) 4 (17.4) 1 (16.7)

3-5 years 33 (82.5) 9 (81.8) 19 (82.6) 5 (83.3)

Sex, N (%)

Male 19 (47.5) 7 (63.6) 7 (30.4) 5 (83.3)

Female 21 (52.5) 4 (36.4) 16 (69.6) 1 (16.7)

Time from onset of symptoms and diagnosis, N (%)

<2mo 11 (27.5) 3 (27.3) 8 (34.8) 0 (0)

≥2mo and <6mo 12 (30.0) 3 (27.3) 8 (34.8) 1 (16.7)

≥6mo 16 (40.0) 5 (45.5) 7 (30.4) 4 (66.7)

NA 1 (2.5) 0 (0) 0 (0) 1 (16.7)

Family history of IBD, N (%)

Parent(s) or sibling(s) 6 (15.0) 2 (18.2) 4 (17.4) 0 (0)

Other relative(s) 8 (20.0) 1 (9.1) 4 (17.4) 3 (50.0)

Screened for primary immunodeficiency, N (%)

No 29 (72.5) 8 (72.7) 17 (73.9) 4 (66.7)

Yes 11 (27.5) 3 (27.3) 6 (26.1) 2 (33.3)

Mo: months; NA: not available; IBD: inflammatory bowel disease; CD: Crohn’s disease; UC: ulcerative colitis; IBDU: IBD unspecified; VEO: very early-onset.
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(70.0%), 14 UC (58.3%), and 2 IBDU (33.3%) (Table 3). The
median time of treatment with an anti-TNF-alpha agent at
the end of follow-up was 7.0 years (IQR 3.5-8.3) for CD,
2.1 years (IQR 1.6-5.4) for UC, and 2.5 years (IQR 1.5-3.5)
for IBDU. Figure 2(b) demonstrates the cumulative risk of
receiving biological treatment (anti-TNF-alpha and/or anti-
integrins).

Six patients received anti-integrins (vedolizumab). The
median age when initiating vedolizumab was 7.0 years
(IQR 4.6-8.2). The median time of treatment with vedolizu-
mab at the end of follow-up was 17.8 months (IQR 6.7-36.8).
Of those who received vedolizumab, 2 (33.3%) with UC
never reached remission (defined by calprotectin < 250)
and underwent colectomy and ileostomy. One patient

(16.7%) had only received vedolizumab treatment for 56
days at the end of follow-up and was not in remission. Three
patients (33.3%) were in remission at the end of follow-up,
and the time between administration of vedolizumab and
remission for these three patients was 2.9 months, 3.2
months, and 7.1 months, respectively.

3.5. Faecal Calprotectin and C-Reactive Protein (CRP) after
Induction of Biologicals. The median faecal calprotectin
(ranging from 0 to 1800mg/kg faeces) at 0 days, 30 days, 3
months, 6 months, and 1 year (±14 days) after use of biolog-
icals was 1180.0 (IQR 853.0-2240.0), 996.0 (IQR 282.0-
1575.0), 569.5 (IQR 282.0-855), 1415.0 (IQR 615.2-1800.0),
and 678.5 (IQR 83.3-1800.0), respectively.

Table 2: Paris classification disease location in VEO-IBD at diagnosis categorized 0-2 years and 3-5 years old.

Age at diagnosis
0-2 years 3-5 years

Extent of ulcerative colitis, N (%) 4 (100) 19 (100)

E1 ulcerative proctitis 0 (100) 2 (10.5)

E2 left sided 0 (0) 0 (0)

E3 extensive UC 1 (25) 4 (21.1)

E4 pancolitis 3 (75) 13 (68.4)

Crohn’s disease location, N (%) 2 (100) 9 (100)

L2 colonic only 0 (0) 9 (100)

L3 ileocolonic 1 (50.0) 0 (0)

L2 + L4a/b colonic+small bowel 1 (50.0) 0 (0)

Crohn’s disease phenotype, N (%)

B1 inflammatory, nonpenetrating, and nonstricturing 2 (100) 9 (100)

P: perianal disease 0 (0) 0 (0)

Extent of inflammatory bowel disease unspecified, N (%) 1 (100) 5 (100)

Pancolitis 1 (100) 5 (100)
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Figure 1: Annual incidence rate per 100.000 of very early-onset inflammatory bowel disease in the period 2015-2019, stratified by Crohn’s
Disease (CD), ulcerative colitis (UC), and inflammatory bowel disease unspecified (IBDU).
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The median CRP (mg/L) 0 days, 30 days, 3 months, 6
months, and 1 year after use of biologicals was 1.7 (IQR
0.8-13.3), 3.0 (IQR 0.9-6.5), 4.1 (IQR (IQR 1-9), 4.1 (IQR
1.0-9.0), and 2.0 (IQR 0.6-5.6), respectively.

3.6. Hospitalization and Relapse Rate per Patient. The rates
of hospitalizations and relapses per year after first use of
immunomodulators and biologicals in the cohort are pre-
sented in Figure 3. In both UC and CD, a decrease in relapse
rates was observed over time with the highest relapse rate in
year 1 compared to the relapse rates in the following 6 years
after first use of immunomodulators and biologicals. In UC,
a decrease in hospitalizations rate was observed over time,
while the hospitalization rates were more fluctuating in CD
with the highest hospitalization rate in year 5 and 6 after first
use of immunomodulators and biologicals.

3.7. Surgical Intervention. A total of 4 patients underwent
surgery all diagnosed with UC. Three of the patients 3
(75.0%) underwent subsequent J-pouch surgery. All colec-
tomies were performed within the first 5 years after diagno-
sis. The cumulative risk of bowel resections for patients with
UC at 1, 3, and 5 years was 13.3% (95% CI 0-26.2), 13.3%
(95% CI 0-26.2), and 19.5% (95% CI 0-35.2), respectively

(Figure 2(d)). No patients with CD had bowel resections.
Thus, the cumulative risk of bowel resections for patients
with VEO-IBD at 1, 3, and 5 years was 7.6% (95% CI
0-15.6), 7.6% (95% CI 0-15.6), and 11.5% (95% CI 0-21.7),
respectively (Figure 2(c)).

3.8. Extraintestinal Manifestations. Five (12.5%) patients (all
UC) had EIM at the end of follow-up. Two (40.0%) patients
had EIM at diagnosis; 1 patient had uveitis at diagnosis and
subsequently developed arthritis during follow-up, while the
other patient had arthritis at diagnosis. Three (60.0%)
patients developed EIMs after diagnosis; 1 had psoriasis
and episcleritis, 1 had oxalate kidney stones, and 1 had
primary sclerosing cholangitis.

4. Discussion

In this population-based Danish study of 40 VEO-IBD
patients, we found (1) an incidence of 2.0/100,000 from
2015 to 2019, (2) high frequency of treatment with immuno-
modulators and biological therapy, (3) high surgery rates
among UC patients, and (4) low relapse rates over time
but high calprotectin levels.

Table 3: Distribution of medical treatment among patients with VEO-IBD (stratified by diagnosis) during follow-up.

IBD CD UC IBDU
(N = 40) (N = 11) (N = 23) (N = 6)

SCT, N (%)

No 5 (12.5) 1 (9.1) 2 (8.7) 2 (33.3)

Yes 35 (87.5) 10 (90.9) 21 (91.3) 4 (66.7)

SCT after 30 days, N (%)

No 18 (45.0) 3 (27.3) 10 (43.5) 5 (83.3)

Yes 22 (55.0) 8 (72.7) 13 (56.5) 1 (16.7)

SCT after 60 days, N (%)

No 14 (35.0) 2 (18.2) 7 (30.4) 5 (83.3)

Yes 26 (65.0) 9 (81.8) 16 (69.6) 1 (16.7)

5-ASA as monotherapy, N (%)

No 37 (92.5) 11 (100) 20 (87.0) 6 (100)

Yes 3 (7.5) 0 (0.0) 3 (13.0) 0 (0.0)

Immunomodulatorsa, N (%)

No 6 (15.0) 2 (18.2) 3 (13.0) 2 (33.3)

Yes 34 (85.0) 9 (81.8) 20 (87.0) 4 (66.7)

Immunomodulators only or combined with 5-ASA, N (%)

No 28 (70.0) 9 (81.8) 15 (65.2) 4 (66.7)

Yes 12 (30.0) 2 (18.2) 8 (34.8) 2 (33.3)

Anti-TNF-alphab, N (%)

No 17 (42.5) 3 (27.3) 10 (43.5) 4 (66.7)

Yes 23 (57.5) 8 (72.7) 13 (56.5) 2 (33.3)

Vedolizumab, N (%)

No 34 (85.0) 10 (90.9) 18 (78.3) 6 (100)

Yes 6 (15.0) 1 (9.1) 5 (21.7) 0 (0)

5-ASA: 5-aminosalicylic acid; TNF: tumor necrosis factor; SCT: systemic corticoid treatment; IBD: inflammatory bowel disease; CD: Crohn’s disease;
UC: ulcerative colitis; IBDU: IBD unspecified; VEO: very early-onset. aTotal number of children with VEO-IBD treated with immunomodulators.
bTotal number of children with VEO-IBD treated with anti-TNF-alpha.
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Our incidence rate of 2.0/100.000 is similar with the
findings in a Canadian study by Benchimol et al., who
reported an incidence of VEO-IBD to be 2.1/100.000 in
2009 [3]. Another population-based French study by Bequet
et al. reported an incidence of VEO-IBD of 0.4/100.000 in
Northern France during 1988-2011 [2].

In our cohort, a total of 34 patients (85.0%) received
immunosuppressive therapy and 57.5% received biological
therapy which is higher than reported in other studies.
Studies from the United States and Canada reported that
35%-60% of patients with VEO-IBD received treatment
with immunomodulators 5 years after diagnosis [5, 6, 19].
Additionally, Hemker et al. reported that the cumulative
risk of receiving anti-TNF-alpha at 1 year was 5%-17%
and 10%-50% at 5 years, while Kerur et al. reported that
42% with VEO-IBD were treated with biologics 5 years
after diagnosis [6].

Despite the higher rate of treatment with immunomod-
ulators and biologicals, our surgery rate was similar to other

studies: Benchimol et al. reported the cumulative risk of
surgery for VEO-IBD patients 1 year, 3 years, and 5 years
after diagnosis of 5%, 8%, and 10%, respectively [3]. Aloi
et al. reported that 24% of patients with VEO-IBD had
surgery at the end of follow-up [20]. A North American
study by Kerur et al. reported an observed risk of bowel
surgery in VEO-CD patients of 3% at 1 year, 12% at 3 years,
and 15% at 5 years [6].

Thus, recent data including our study suggests that
VEO-IBD often is treated aggressively which indicates an
unexplained treatment-resistant phenotype in this popula-
tion. Studies in which the biological treatment frequency
between children with VEO-IBD and pediatric IBD is
compared are needed to confirm this.

The current guidelines from 2018 to 2020 regarding the
treatment of children with IBD (including children with
VEO-IBD) from the North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (NASPGHAN)
describe an approach that involves individualization and risk
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Figure 2: Cumulative incidence of initiation of treatment with (a) immunomodulators, (b) biologicals, and (c) inflammatory bowel
disease-related surgery from diagnosis in very early-onset IBD cohort stratified by diagnosed before and after 2015. Dotted lines
represent the 95% confidence interval.
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Table 4: Distribution of medical treatment among patients with VEO-IBD (stratified by diagnosis, period of diagnosis, and years after
diagnosis) during follow-up.

Diagnosis 2015-2020 Diagnosis before 2015
CD UC IBDU CD UC IBDU

(N = 4) (N = 10) (N = 5) (N = 7) (N = 13) (N = 1)
SCT N % N % N % N % N % N %

0-1 yr after diagnosis

Yes 3 75.0 3 30.0 2 40.0 7 100 12 92.3 0 0

End of follow-up 0 0 0 0 0 0 0 0 0 0 0 0

1-3 yrs after diagnosis

Yes 1 25.0 3 30.0 1 20.0 6 85.7 8 61.5 1 100

End- f follow-up 0 0 3 30.0 3 60.0 0 0 2 15.4 0 0

3-5 yrs after diagnosis

Yes 1 25.0 0 0 0 0 2 28.6 6 46.15 0 0

End of follow-up 2 50.0 8 80.0 5 100 0 0 2 15.4 0 0

>5 yrs after diagnosis
Yes 0 0 0 0 0 0 2 28.6 3 23.1 1 100

End of follow-up 4 100 10 100 5 100 0 0 2 15.4 0 0

5-ASA

0-1 yr after diagnosis

Yes 1 25.0 9 90.0 4 80.0 5 71.4 12 92.3 1 100

End of follow-up 0 0 0 0 0 0 0 0 2 15.4 0 0

1-3 yrs after diagnosis

Yes 2 50.0 4 40.0 1 20.0 5 71.4 10 76.7 1 100

End of follow-up 0 0 3 30.0 3 60.0 0 0 2 15.4 0 0

3-5 yrs after diagnosis

Yes 0 2 20.0 0 4 57.1 10 76.7 1 100

End of follow-up 2 50.0 8 80.0 5 100 0 0 2 15.4 0 0

>5 yrs after diagnosis
Yes 0 0 0 0 0 0 3 42.9 11 84.6 1 100

End of follow-up 4 100 10 100 5 100 0 0 2 15.4 0 0

Immunomodulators

0-1 yr after diagnosis

Yes 3 75.0 5 50.0 2 40.0 5 71.4 7 53.8 0 0

End of follow-up 0 0 0 0 0 0 0 0 0 0 0 0

1-3 yrs after diagnosis

Yes 1 25.0 4 40.0 2 40.0 7 100 7 53.8 1 100

End of follow-up 0 0 3 30.0 3 60.0 0 0 2 15.4 0 0

3-5 yrs after diagnosis

Yes 1 25.0 1 10.0 0 0 6 85.7 8 61.5 1 100

End of follow-up 2 50.0 8 80.0 5 100 0 0 2 15.4 0 0

>5 yrs after diagnosis
Yes 0 100 0 0 0 0 6 85.7 8 61.5 1 100

End of follow-up 4 100 10 100 5 100 0 0 2 15.4 0 0

Anti-TNF-alpha

0-1 yr after diagnosis

Yes 3 75.0 5 50.0 0 0 2 28.6 4 30.8 0 0

End of follow-up 0 0 0 0 0 0 0 0 0 0 0 0

1-3 yrs after diagnosis

Yes 3 75.0 2 40.0 1 20.0 3 42.3 2 15.4 0 0

End of follow-up 0 0 3 60.0 3 60.0 0 0 2 15.4 0 0
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assessment of the individual IBD patient. Immunomodula-
tors and biological therapy are only recommended for
patients who are at high risk for disease complications
[21, 22]. In Denmark, ECCO guidelines are followed,
which recommend a step-up approach, where patients
with activity in disease or symptoms are either increased
in dose or frequency of the already prescribed medication
or put into step-up treatment in the form of a new drug
(5-ASA/EEN therapy ⟶ immunomodulators ⟶ biologi-
cals) [9]. This approach may explain the difference in the
use of immunosuppressive agents and biological therapy
between the studies of Kelsen et al. and Hemker et al. both
of which are from the United States and our study. Further-
more, as biologicals are free to the patients in Denmark, there

is greater possibility to prescribe biologicals following failure
of treatment with 5-ASA and immunomodulators, respec-
tively, to achieve remission of disease, compared to the
United States.

Six patients in our cohort were treated with vedolizumab
as second-line biological therapy. Data on vedolizumab
treatment in patients with VEO-IBD is still lacking. Cur-
rently vedolizumab is an off-label drug for VEO-IBD, and
there has only been one study regarding vedolizumab treat-
ment for this group of patients [23]. This recent study by
Fabiszewsja et al. reported clinical response in more than
40% of patients after induction therapy with vedolizumab.
This is higher than our study in which 33% were in remis-
sion at the end of follow-up. Thus, vedolizumab seems to

Table 4: Continued.

Diagnosis 2015-2020 Diagnosis before 2015
CD UC IBDU CD UC IBDU

(N = 4) (N = 10) (N = 5) (N = 7) (N = 13) (N = 1)
3-5 yrs after diagnosis

Yes 2 50.0 0 0 0 0 4 57.1 3 23.1 0 0

End of follow-up 2 50.0 8 80.0 5 100 0 0 2 15.4 0 0

>5 yrs after diagnosis
Yes 0 0 0 0 0 0 4 57.1 5 38.5 0 0

End of follow-up 4 100 10 100 5 100 0 0 2 15.4 0 0

Vedolizumab, N (%)

0-1 yr after diagnosis

Yes 0 0 2 20.0 0 0 0 0 0 0 0 0

End of follow-up 0 0 0 0 0 0 0 0 0 0 0 0

1-3 yrs after diagnosis

Yes 0 0 2 40.0 0 0 0 0 0 0 0 0

End of follow-up 0 0 3 60.0 3 60.0 0 0 2 15.4 0 0

3-5 yrs after diagnosis

Yes 0 0 0 0 0 0 0 0 1 7.7 0 0

End of follow-up 2 50.0 8 80.0 5 100 0 0 2 15.4 0 0

>5 yrs after diagnosis
Yes 0 0 0 0 0 0 0 0 2 15.4 0 0

End of follow-up 4 100 10 100 5 100 0 0 2 15.4 0 0

Operation

0-1 yr after diagnosis

Yes 0 0 1 10.0 0 0 0 0 2 15.4 0 0

End of follow-up 0 0 0 0 0 0 0 0 0 0 0 0

1-3 yrs after diagnosis

Yes 0 0 0 0 0 0 0 0 0 0 0 0

End of follow-up 0 0 3 30.0 3 60.0 0 0 2 15.4 0 0

3-5 yrs after diagnosis

Yes 0 0 0 0 0 0 0 0 0 0 0 0

End of follow-up 2 50.0 8 80.0 5 0 0 0 2 15.4 0 0

>5 yrs after diagnosis
Yes 0 0 0 0 0 0 0 0 0 0 0 0

End of follow-up 4 100 10 100 5 100 0 0 2 15.4 0 0

5-ASA: 5-aminosalicylic acid; TNF: tumor necrosis factor; SCT: systemic corticoid treatment; yrs: years; IBD: inflammatory bowel disease; CD: Crohn’s
disease; UC: ulcerative colitis; IBDU: IBD unspecified; VEO: very early-onset.∗End of follow-up reached before the specific period.
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be a promising second-line biological agent in the treatment
of VEO-IBD and is certainly worth further evaluation, espe-
cially in the group of youngest patients.

Our data suggest no difference in the use of immuno-
modulators in patients diagnosed between 2015 and 2020
and those diagnosed prior to 2015 during the first years after
diagnosis. However, there seems to be a more frequent use of
biological therapy among the patients diagnosed between
2015 and 2020 at 3-5 years after diagnosis compared to
patients diagnosed prior to 2015. This difference is likely
due to more reluctance from treating physicians to start bio-
logical treatment in the youngest group of patients with IBD
prior to 2015.

The goal of aggressive medical treatment with immuno-
modulators and biologicals is to achieve clinical remission
and prevent IBD-related surgery. The question remains
whether the aggressive medical approach in the treatment

of children with VEO-IBD reduces the risk of IBD-related
surgeries or simply postpone them.

Furthermore, one could speculate if this aggressive treat-
ment could increase the risk for treatment-related cancers
during follow-up.

As the consumption of immunomodulators and biologi-
cals increases, studies have shown an increased risk of
opportunistic infections with Epstein-Barr virus and cyto-
megalovirus [21] and malignancy such as Non-Hodgkin’s
lymphoma and hepatosplenic T-cell lymphoma in young
men [24, 25].

Untreated UC is associated with an increased risk of
developing colorectal cancer (CRC) [24]. A meta-analysis
by Eaden et al. found that early disease onset IBD (<10 years
of age), long duration of the disease, and pancolitis at the
time of diagnosis were independent risk factors for develop-
ing CRC, making children with VEO-IBD a potential high-
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Figure 3: Annual hospitalization and relapse rate per patient year for VEO-IBD patients after induction of immunomodulators and
biological treatment.
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risk group [26]. Currently, there are no longitudinal studies
on CRC in VEO-IBD.

Two recent longitudinal population-based studies by
Malham et al. from Denmark/Finland and by Olen et al.
from Sweden found a 2.5-fold increase in the risk of cancer
in pediatric onset IBD (<15 years) compared to the general
population with identical risk estimates in CD and UC
[27, 28]. Finally, a recent nationwide Israeli study by Atia
et al. showed that the absolute malignancy risk among
pediatric onset IBD is very low and no differences in risk
with specific therapies were apparent [29]. While the rate
of surgery remains high despite higher utility of biologics,
patients may benefit from early advanced therapy as
reduction of symptoms may improve the quality of life
(QoL), growth, and development. However, this was not
assessed in the current or previous studies.

Thus, medical treatment with immunosuppressive
agents and biological therapy of this complicated and
treatment-resistant group of patients is a difficult balancing
of effect (anti-inflammatory), complications (cancer and
infections), and surgery in early childhood.

The aggressive treatment with immunomodulators and
biologicals resulted in low relapse rates during the follow-
up period, but the calprotectin levels remained relatively
high suggesting clinical remission but not mucosal healing.
To our knowledge, no study has addressed the treatment
effect on mucosal healing over time in VEO-IBD.

The most important strength of our study is the
population-based nature of the study covering 48% of the
Danish population aged <6 years. In addition, we reviewed
all patient records and thus increased the reliability of the
registered data. Limitations of this study are the retrospec-
tive nature of data recording and the relatively small number
of patients included.

In conclusion, our population-based study showed an
incidence of VEO-IBD comparable with the incidence in
other countries. The population was treated intensively with
immunomodulators and biologicals—including off-label
vedolizumab—resulting in decreasing relapse rates over time
but not mucosal healing as indicated by elevated calprotectin
levels over time. The risk of surgery was comparable to
results from the previous cohorts. Future studies in VEO-
IBD are needed to investigate if this high medication burden
leads to a change in the natural history of the disease or
merely keeps the disease in a low-grade inflammation state
with potential devastating consequences during the patient’s
life span (surgery, cancer, and low QoL).
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