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Original Research Article—Clinical

The Unique Disease Course of Children with Very Early onset-
Inflammatory Bowel Disease

Judith R. Kelsen, MD,*,† Maire A. Conrad, MD,*,†,  Noor Dawany, PhD,‡ Trusha Patel, MD,*,† Rawan Shraim,*  
Audrey Merz,* Kelly Maurer,  PhD,§ Kathleen E. Sullivan, MD, PhD,†,§ Marcella Devoto, PhD†,¶,‖

Background:  Insight into the pathogenesis of very early onset-inflammatory bowel disease (VEO-IBD) has expanded through the identification 
of causative monogenic defects detected in a subset of patients. However, the clinical course of this population remains uncertain. The study 
objective is to determine whether VEO-IBD is associated with more severe disease, defined as increased surgical intervention and growth failure, 
than older pediatric IBD. Secondary outcomes included therapeutic response and hospitalizations.

Methods:  Subjects with IBD diagnosed younger than 6 years old (VEO-IBD) were compared with children diagnosed 6 to 10 (intermediate-
onset) and older than 10 years of age (older-onset IBD). Metadata obtained from the medical record included age of onset, disease phenotype 
and location, surgeries, medical therapy, and comorbid conditions. Length of follow-up was at least 1 year from diagnosis.

Results:  There were 229, 221, and 521 subjects with VEO, intermediate-onset, and older-onset IBD, respectively. Very early onset-inflammatory 
bowel disease subjects underwent more diverting ileostomies (P < 0.001) and colectomies (P < 0.001) than the older children. There was less im-
provement in weight- and height-for-age Z scores during the follow-up period in subjects with VEO-IBD. Additionally, subjects with VEO-IBD 
had higher rates of medication failure at 1 year and were more frequently readmitted to the hospital. Targeted therapy was successfully used 
almost exclusively in VEO-IBD.

Conclusion:  Patients with VEO-IBD can have a more severe disease course with increased surgical interventions and poor growth as compared 
with older-onset IBD patients. Further, VEO-IBD patients are more likely to be refractory to conventional therapies. Strategies using targeted 
therapy in these children can improve outcome and, in some cases, be curative.

Key Words:  very early onset-inflammatory bowel disease, growth failure, disease course

INTRODUCTION
Inflammatory bowel disease (IBD) is a complex disease 

resulting from an aberrant immune response to environmental 
exposures, most notably the gut microbiome,1, 2 in a genetically 
susceptible host. The role that these factors play in disease de-
velopment differs among patient populations. In older pedi-
atric and adult patients, the disease is most often polygenic, 
involving over 230 risk loci identified mainly through genome-
wide association studies.3, 4 This is in contrast with patients with 
very early  onset-IBD (VEO-IBD), which comprises children 
diagnosed with IBD at 6 years of age or younger. A subset of 
patients with VEO-IBD have a stronger genetic contribution 
to their disease, including those in whom monogenic or digenic 
causative defects have been identified, largely through whole 
exome sequencing (WES) and targeted sequencing studies.5–9 
Many of these identified variants are in primary immunodefi-
ciency genes or are associated with epithelial defects.

Currently, there are conflicting data describing the di-
sease course of  VEO-IBD, largely due to the phenotypic and 
genetic heterogeneity of  the population.10–12 Furthermore, 
the prognosis of  this disease is relatively underexplored. 
Determining the optimal therapy for children with VEO-
IBD, therefore, can be challenging, particularly when 
there is aggressive epithelial disease or marked immune 
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dysregulation in the absence of  an identified genetic de-
fect. Subsequently, patients are often exposed to broad im-
munosuppressive agents typically used to treat older-onset 
pediatric IBD, which can be inappropriate in the setting of 
immune dysfunction.7, 11, 13 Better insight into the mechanisms 
of  disease and disease progression is critically needed to de-
velop targeted therapeutic approaches for these children and 
improve their disease outcome.

Our prior work in this cohort using WES demonstrated 
an enrichment of rare variants in genes associated with primary 
immunodeficiencies in patients with VEO-IBD, as compared 
with older-onset pediatric and adult IBD.14 Our clinical obser-
vations have suggested that VEO-IBD is frequently a different 
disease process and more likely to follow a severe and refractory 
course than older-onset pediatric IBD.15, 16 Therefore, to better 
characterize the disease course in children with VEO-IBD, we 
have established a VEO-IBD registry with detailed genomic and 
phenotypic data. The aim of this study is to objectively evaluate 
whether VEO-IBD is indeed associated with a more severe di-
sease course, defined as increased rate of surgery and persis-
tent growth failure, as compared with pediatric IBD diagnosed 
older than 6 years of age. Our secondary aim is to compare the 
medication use and hospitalizations between VEO-IBD and pe-
diatric IBD.

MATERIALS AND METHODS

Study Cohort
This was a retrospective single-center review of patients 

with IBD followed at the Children’s Hospital of Philadelphia 
(CHOP) from 2008 to 2016. Patients were recruited from the 
Center for Pediatric IBD at CHOP, and 3 cohorts were included 
in this study: 1) patients with VEO-IBD or IBD diagnosed at 
6 years or younger, 2)  intermediate-onset IBD, defined as pa-
tients diagnosed with IBD between ages 6 and 10  years, and 
3)  older-onset pediatric IBD, defined as children diagnosed 
with IBD at ≥10 years or older (but less than 18) years of age. 
Inclusion criteria were as follows: patients with newly con-
firmed diagnosis of IBD at CHOP between 2008 and 2016 by 
standard methods of endoscopic, radiologic, laboratory and 
clinical evaluation, and whose primary gastrointestinal (GI) 
care was at CHOP for at least 1 year from diagnosis. Exclusion 
criteria included patients with a prior diagnosis of other intes-
tinal disease (including chronic allergic or inflammatory dis-
eases) or patients with IBD with less than 1 year of follow-up 
from diagnosis or incomplete data.

Patients were followed from the date of diagnosis, defined 
as the date that the first definitive diagnostic test was performed. 
Follow-up continued until either the patient transferred their 
care to another institution or the end of the available data at 
the time the present article was submitted. As decribed later on, 
specific follow-up points were used for some of the individual 
analyses.

Clinical Data
Clinical information was obtained from the electronic 

medical records of the study population. Subjects were categor-
ized into 3 groups based on age at diagnosis, as described previ-
ously. The following variables were obtained: date of birth, sex, 
date of IBD diagnosis, age at time of diagnosis, weight, height, 
body mass index (BMI) at baseline and follow-up time point, Z 
scores, IBD diagnosis (Crohn’s disease [CD], ulcerative colitis 
(UC), IBD-unclassified [IBD-U]), disease phenotype by Paris 
classification,17 macroscopic location of disease, diagnostic gas-
trointestinal pathology results, IBD-related medication history, 
IBD-related surgical history, and number and length of hos-
pitalizations. Crohn’s disease was diagnosed when any of the 
following features were present in the diagnostic evaluation: en-
doscopic skip lesions or ileal inflammation in the presence of a 
normal cecum, histologic evidence of epithelioid granulomas 
or chronic ileitis, radiologic evidence of thickened small bowel 
loops, or evidence of intestinal fistulizing disease or perianal di-
sease. Ulcerative colitis was diagnosed in cases of diffuse contin-
uous mucosal ulceration of varying severity extending through 
the colon proximally from the rectum. Inflammatory bowel 
disease–unclassified was diagnosed in cases consistent with ul-
cerative colitis but with at least 1 of the following additional 
features: rectal sparing, macroscopic duodenal or esophageal 
ulcers without comorbidities, or numerous gastric aphthous le-
sions without additional etiology. In addition, IBD-U was diag-
nosed in children with aphthous lesions in the colon without 
additional histologic findings.17, 18

For weight and height, the World Health Organization 
(WHO) growth curves were used for children 0 to 24 months, 
and the Centers for Disease Control (CDC) growth curves were 
used for children older than 2 years of age. In an effort to further 
delineate disease severity in VEO-IBD, we compared their ther-
apeutic response to anti-TNF therapy and immunomodulators 
to older-onset pediatric IBD (older than 10 years of age) at 52 
weeks. We limited the scope of this analysis to these 2 cohorts 
due to the need for extensive manual review of the medication 
data performed by 2 clinicians. The review included date of in-
itiation and discontinuation of therapy, response to therapy, 
and reasons for the discontinuation.

Outcome Definition
The primary outcome measures were progression to sur-

gery and growth failure. These outcome measures were chosen 
because of their clinical importance and the fact that they are 
typically well documented in the medical record. Surgery in 
particular was selected as an indicator of disease severity as it 
is most frequently a last resort intervention, signifying that all 
other therapies have failed to induce remission. We defined rel-
evant surgeries as ileocecal resection, diverting ileostomy, co-
lostomy, colectomy, and hemicolectomy. Age at time of surgery 
and indication for surgery (categorized as medically refractory 
inflammatory disease, refractory perianal disease, perforation, 
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abscess, bowel obstruction/stricturing disease, penetrating di-
sease, and growth failure) were obtained. Our second primary 
outcome was growth failure as measured by the change in 
weight, height, and BMI Z scores, calculated through the WHO 
(for patients 2 years or younger) and CDC (for patients older 
than 2  years) from diagnosis to follow-up. For this outcome 
measure, we included patients who had data obtained at a fol-
low-up visit between 3 to 5 years after diagnosis. Subjects with 
only shorter or longer follow-up time data were excluded from 
this analysis to provide adequate time for growth assessment 
and to ensure the analyses were comparable.

As secondary outcomes, we included rate and length of 
hospitalizations and medication use. Medication failure was 
defined as steroid dependence, failure to achieve clinical remis-
sion, discontinuation of therapy or escalation to another med-
ication at 1  year, or surgery. Steroid dependence was defined 
as glucocorticoid therapy that was unable to be tapered to less 
than prednisone 10 mg/day (or therapeutic equivalent) within 
3  months of starting steroids without recurrent disease or if  
symptoms recurred within 3 months of stopping steroids.

Statistical Analysis
Standard descriptive statistics were used to describe 

subject characteristics stratified by age and IBD classifica-
tion. Summary statistics such as medians, means, quartiles, 
and standard deviations were compiled for all measured vari-
ables. Binary data were analyzed using Fisher exact test. The 
Wilcoxon signed rank test was used to compare Z scores within 
groups and the Wilcoxon rank sum test was used to compare 
Z scores and number of hospitalizations across the different 
groups. Statistical significance was determined at the 2-sided 
α = 0.05 level for all tests. All statistical analyses were done in 
R (v3.2.2).19

Ethical Considerations
This study was approved by the Institutional Review 

Board of The Children’s Hospital of Philadelphia (Protocols 
14-010826 and 13-010430).

RESULTS
There were 3091 patients diagnosed between the ages of 

6 and 18 with older-onset IBD and 503 patients diagnosed with 
VEO-IBD before age 6 who were followed at our center from 
2008 to 2015. A total of 420 patients diagnosed with VEO-IBD 
and 815 older children with IBD were identified for this study 
based on inclusion and exclusion criteria. From this identified 
cohort, patients were excluded if  initial diagnostic data was 
missing, if  there was insufficient follow-up time as a primary 
patient at this institution (<1 year), or if  there was incomplete 
data. Thus, 229 patients with VEO-IBD, 221 patients with 
intermediate-onset IBD (age 6 to 10) and 521 with older-onset 
IBD (age 10 to 18) with complete data were ultimately included. 

This was an unselected cohort, with heterogeneous disease pre-
sentation and severity.

The median age of diagnosis in the VEO-IBD cohort 
was 3.9 years (interquartile range [IQR] 2.5, 4.8) as compared 
with 8.0 years (IQR 6.9, 9.2) in the intermediate-onset group 
and 13.3 (IQR 11.7, 15.3) in older-onset IBD. Males repre-
sented 58.5% of patients in the VEO-IBD group, 53.4% in the 
intermediate-onset IBD group, and 56.4% in older-onset IBD 
group (Table 1).

Paris Classification of Pediatric IBD
Crohn’s disease was diagnosed in 56.3% of VEO-IBD pa-

tients as compared with 58.8% in intermediate-onset IBD and 
63.0% of patients with older-onset IBD. Similarly, there were 
comparable rates of IBD-U and UC among all 3 age cohorts 
(P > 0.05). Among the VEO-IBD subjects with CD, the disease 
behavior was overwhelmingly inflammatory, nonstricturing, 
nonpenetrating (B1), and there were no cases of penetrating and 
stricturing disease (B3). Conversely, 66.2% of older-onset IBD 
had an inflammatory (B1) phenotype, and the rest had compli-
cated disease including 18.9% stricturing (B2), 6.1% penetrating 
(B3), and 8.8% penetrating and stricturing disease (B2B3). The 
extent of disease in UC was similar in all 3 cohorts (Table 1).

Crohn’s Disease Location
Overall, there were significant differences in location of 

disease between VEO-IBD and intermediate-onset IBD and 
older-onset IBD (P < 0.0001). Despite the considerable number 
of subjects diagnosed with CD, there was more isolated en-
doscopic colonic disease in subjects with VEO-IBD (45.7%) 
as compared with intermediate-onset (22.3%; P < 0.001) and 
older-onset IBD (15.2%; P < 0.0001). There was no difference 
in the frequency of perianal disease in subjects with VEO-
IBD compared with intermediate-onset or older-onset IBD 
(P > 0.05) (Table 1)

Change in Diagnosis
During the study window, subjects underwent repeat en-

doscopy and colonoscopy when clinically indicated. There were 
similar rates of change of diagnosis in the 3 cohorts. Ten subjects 
with VEO-IBD (4.3%) had the diagnosis changed from IBD-U 
to CD based on the subsequent identification of granulomas, 
small bowel disease, or perianal disease during the follow-up 
period. There were 2 subjects with VEO-IBD whose diagnosis 
was changed from IBD-U to UC after colectomy (0.9%). In 
intermediate-onset IBD, there were 5 subjects (2.3%) whose di-
agnosis changed to CD from IBD-U based on the development 
of perianal disease or small bowel disease. One patient in the 
intermediate-onset IBD cohort had the diagnosis changed to 
UC following colectomy (0.5%). In the older-onset IBD group, 
there were 22 (4.2%) changes in diagnoses from IBD-U to CD 
based on development of perianal or small bowel disease.
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TABLE 1.  Cohort Demographics

VEO Intermediate Older Onset P VEO vs  
Intermediate

P VEO vs 
Older Onset(n = 229) (n = 221) (n = 521)

Female 95 (41.5) 103 (46.6) 227 (43.6) ns ns
Age at Diagnosis (Years)a 3.9 (2.5–4.8) 8.0 (6.9–9.2) 13.3 (11.7–15.3) n/a n/a
Ethnicity    P < 0.001 P < 0.0001
  Not Hispanic or Latino 200 (87.3) 204 (92.3) 494 94.8)   
  Hispanic or Latino 28 (12.2) 7 (3.2) 24 (4.6)   
  Unknown 1 (0.4) 10 (4.5) 3 (0.6)   
Race    ns P < 0.01
  White 188 (82.1) 177 (80.1) 413 (79.3)   
  Black 16 (7.0) 27 (12.2) 60 (11.5)   
  Asian 15 (6.6) 8 (3.6) 8 (1.5)   
  American Indian or Alaska Native 0 (0) 1 (0.5) 2 (0.4)   
  Multiple Races 4 (1.7) 1 (0.5) 7 (1.3)   
  Unknown 6 (2.6) 7 (3.2) 31 (6.0)   
Continent of Origin    ns ns
  Europe 73 (31.9) 14 (6.3) 11 (2.1)   
  North America 14 (6.1) 9 (4.1) 5 (1.7)   
  Asia 14 (6.1) 4 (1.8) 0 (0)   
  Middle East Region 4 (1.7) 0 (0) 0 (0)   
  South America 3 (1.3) 0 (0) 0 (0)   
  Africa 2 (0.9) 0 (0) 0 (0)   
  Multiple 48 (21.0) 8 (3.6) 1 (0.2)   
  Unknown 71 (31.0) 186 (84.2) 504 (96.7)   
Disease Type    ns ns
  Crohn’s Disease 129 (56.3) 130 (58.8) 328 (63.0)   
  Ulcerative Colitis 30 (13.1) 26 (11.8) 64 (12.3)   
  IBD-U 70 (30.6) 65 (29.4) 129 (24.8)   
Crohn’s Disease Phenotype    P < 0.05 P < 0.0001
  B1 Inflammatory, Nonpenetrating 

and Nonstricturing
112 (86.8) 98 (75.4) 217 (66.2)   

  B2 Stricturing 12 (9.3) 22 (16.9) 62 (18.9)   
   B3 Penetrating 5 (3.9) 4 (3.1) 20 (6.1)   
  B2B3 Stricturing and Penetrating 0 (0) 6 (4.6) 29 (8.8)   
Crohn’s Disease Location    P < 0.0001 P < 0.0001
  L2 Colonic Only 59 (45.7) 29 (22.3) 50 (15.2)   
  L3 Ileocolonic 54 (41.9) 89 (68.5) 233 (71.0)   
  L4a/L4b Small Bowel 3 (2.3) 12 (9.2) 45 (13.7)   
  Panenteric 13 (10.1) 0 (0) 0 (0)   
  Perianal 29 (24) 22 (17) 59 (18) ns ns
Extent of Ulcerative Colitis    ns ns
  E1 Ulcerative Proctitis (rectum only) 1 (3) 1 (4) 5 (8)   
  E2 Left sided UC (distal to the 

splenic flexure only)
7 (23.3) 5 (19.2) 11 (17.2)   

  E3 Extensive UC (extends proximal 
to the splenic flexure)

2 (6.7) 2 (7.7) 10 (15.6)   

  E4 Pancolitis 20 (66.7) 18 (69.2) 38 (59.4)   

Total counts (percentages) are shown unless otherwise noted.
aReported as median (IQR).
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Surgical Outcomes
The proportion of  patients who underwent IBD-related 

surgeries were similar in all cohorts: 13.1% for VEO-IBD, 
10.9% for intermediate-onset and 14.6% for older-onset 
IBD (P > 0.05). The average number of  surgeries per patient 
was significantly higher in children with VEO-IBD (1.5 sur-
geries/patient) than both intermediate (1.2 surgeries/patient, 
P < 0.01) and older-onset IBD (1 surgery/patient, P < 0.0001). 
There were 16 subjects (53.3%) with VEO-IBD who had more 
than 2 surgeries as compared with 4 subjects (16.7%; P < 0.01) 
with intermediate-onset IBD and 3 older-onset IBD subjects 
(3.9%; P < 0.0001).

The location and phenotype of  disease dictated the spe-
cific surgeries performed. Subjects with VEO-IBD underwent 
more diverting ileostomies compared with intermediate-onset 
IBD and older-onset pediatric IBD (12.2% vs 4.1%, P < 0.01; 
and 1.2%, P  <  0.0001). There were still significantly more 
diverting ileostomies in VEO-IBD when excluding those with 
monogenic defects (10.5%) in comparison with the interme-
diate (P < 0.05) or older-onset IBD groups (P < 0.0001). In 
addition, VEO-IBD subjects had significantly more colec-
tomies (7.4%) as compared with older-onset pediatric IBD 
(1.7%) (P  <  0.001). Similarly, although not statistically sig-
nificant, the VEO-IBD cohort had more colectomies than 
intermediate-onset IBD (4.1%) (Fig. 1). These findings were 
unchanged when removing the VEO-IBD subjects with mon-
ogenic defects, as well. However, consistent with the differ-
ences in the phenotype, the rate of  ileocecal resections was 
significantly greater in older-onset IBD (P  <  0.0001) and 
intermediate-onset IBD (P  <  0.01) compared with subjects 
with VEO-IBD. Indication for surgery in the VEO-IBD 
subjects included medication failure primarily with subse-
quent persistent severe colonic disease but also growth failure, 
colonic stricture, colonic perforation, and perianal disease 
(Table 2B). The older-onset IBD subjects more commonly 
had surgical intervention for penetrating and stricturing di-
sease (Table 2A).

Growth
At baseline, the median weight for age and height-for-age 

z scores were similar among all 3 age groups (Fig. 2A, C, E). 
When comparing the change from diagnosis to the follow-up 
point, there was no improvement in median weight-for-age z 
scores in VEO-IBD compared with a significant improvement 
in intermediate-onset IBD (P < 0.05) and in older-onset IBD 
cohorts (P < 0.0001). In addition, there was no improvement 
in the BMI-for-age z score in the VEO-IBD population as com-
pared with significant improvement in the older-onset IBD co-
hort (P < 0.0001).

Analysis of growth parameters was performed to charac-
terize the frequency of poor nutrition (defined by stunting or 
low weight) among the cohorts as a marker of disease severity. 
At diagnosis, there were similar rates of stunted growth (height-
for-age z score less than negative two) and low weight (weight-
for-age z score less than negative two) among all 3 age groups 
(Fig. 2B, D, E). However, there were significantly more VEO-
IBD subjects who remained stunted relative to older-onset IBD 
at the end of the follow-up period (P < 0.05). There was also 
a higher percentage of VEO-IBD subjects with stunted growth 
compared with the intermediate-onset cohort, although it did 
not reach statistical significance. There was less improvement 
in the weight, height, or BMI less than negative two z scores 
among the subjects with VEO-IBD or intermediate-onset IBD 
compared with older-onset IBD (P < 0.05).

Medication Use
Subjects with VEO-IBD were treated with 

immunomodulators (6-MP, azathioprine, and methotrexate) 
as monotherapy more frequently than older-onset pediatric 
IBD (35.4% vs 7.9%; P < 0.0001). Within immunomodulators, 
all cohorts were exposed more frequently to AZA/6MP than 
methotrexate as monotherapy. Both cohorts had similar expos-
ures to antitumor necrosis factor-alpha (TNFα) agents, such 
as infliximab (IFX) and adalimumab (ADA) (58.1% vs 69.5%).

As described previously, treatment failure was defined as 
steroid dependence, discontinuation of therapy, and/or failure 
to achieve clinical remission at 1  year. Very early  onset-IBD 
subjects failed IFX more frequently at 1 year from initiation of 
therapy as compared with subjects with older-onset IBD (62.4% 
vs 14.6%; P < 0.0001). Similar findings were seen when com-
paring ADA use, with VEO-IBD subjects failing this therapy 
more frequently compared with older-onset IBD (53.2% vs 
7.2%; P < 0.0001). In addition, subjects with VEO-IBD failed 
immunomodulatory therapy more frequently than older pedi-
atric IBD (56 of 81, 69.1% vs 8 of 41, 19.5%; P < 0.0001) as 
shown in Figure 3.

Due to the 9-year study window that spans a paradigm 
shift in pediatric IBD therapy, we performed a subanalysis of 
therapies and outcomes before December 31, 2011, to those diag-
nosed on January 1, 2012, or after. There was no significant dif-
ference in the rate of infliximab use (88 of 147, 59.9% vs 42 of 82, 

FIGURE 1.  Frequency of inflammatory bowel disease–related surgeries 
among the 3 study groups.
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51.2% P > 0.05) or infliximab failure (52 of 76, 68.4% vs 16 of 33, 
48.5%, P > 0.05) between these 2 time periods. Similarly, there 
were no differences in rate of adalimumab use or failure. Of note, 
more VEO-IBD subjects were treated with immunomodulators 
if diagnosed before December 31, 2011, than those diagnosed 
after January 1, 2012 (71 of 147, 48.3% vs. 10 of 82, 12.2%, 
P  <  0.0001), but there were no significant differences in the 
failure rate (pre: 49 of 71, 69%; post: 7 of 10, 70%; P > 0.05).

 We found higher use of immunomodulator monotherapy 
in the earlier period, before 2012 in all cohorts, compared with 
2012 and after.

Subjects with VEO-IBD were more often treated with 
therapies traditionally used for immunodeficiency or other 
indications and targeted therapy. These therapies included 
anti-IL-18 monoclonal antibody, sirolimus, tacrolimus, 
IL-1 blockade (anakinra or canakinumab), and intravenous 

immunoglobulin therapy (IVIg). In addition, 4 subjects with 
VEO-IBD in this cohort underwent hematopoietic stem-cell 
transplantation (HSCT). These therapies were utilized after 
genetic evaluation and/or immunophenotyping. There were 
no older-onset IBD subjects who received these therapies. 
Furthermore, taking into consideration that anti-TNF agents 
were used as first-line therapy in the second half  of the study 
period (after 2012), we compared surgical rates in subjects diag-
nosed through 2011 with those diagnosed in 2012 and after and 
found no difference in the rate of surgery among study groups.

Hospitalization Days
Subjects with older-onset IBD were hospitalized at a sig-

nificantly higher rate than subjects with VEO-IBD (59.5% vs 
47.6%; P < 0.01). Subjects with intermediate-onset IBD were 
hospitalized more often (54.8%) than VEO-IBD, as well, but 

TABLE 2B.  Indications for Surgery. Data Is Shown as Counts (percentage). Patients Can Present With More Than 1 
Indication.

VEO Intermediate Older Onset

Diverting Ileostomy n = 28 n = 9 n = 6

  Growth Failure 13 (46.4) 1 (11.1) 0 (0)
  Severe Colitis 12 (42.9) 5 (55.6) 4 (66.7)
  Perianal Disease 6 (21.4) 2 (22.2) 0 (0)
  Colonic Stricture 1 (3.6) 1 (11.1) 0 (0)
  Intestinal Perforation 1 (3.6) 0 (0) 2 (33.3)
Colectomy n = 17 n = 9 n = 9
  Severe Colitis 8 (47.1) 7 (77.8) 4 (44.4)
  Growth Failure 6 (35.3) 1 (11.1) 0 (0)
  Perianal Disease 3 (17.6) 0 (0) 0 (0)
  Colonic Stricture 1 (5.9) 0 (0) 3 (33.3)
  Intestinal Perforation 1 (5.9) 1 (11.1) 1 (11.1)
  Penetrating 0 (0) 0 (0) 1 (11.1)
Ileocecectomy n = 1 n = 10 n = 64
  Abscess 1 (100) 0 (0) 9 (14.1)
  Stricture 0 (0) 6 (60.0) 56 (87.5)
  Phlegmon/Fistula 0 (0) 3 (30.0) 20 (31.3)
  Perforation 0 (0) 1 (10.0) 2 (3.1)

TABLE 2A.  Types of Surgery by Age Group and Disease Type. (Data Is Shown as Counts.) Patients Can Present With 
More Than 1 Surgery.

VEO Intermediate Older Onset

Type of Surgery CD IBD-U UC CD IBD-U UC CD IBD-U UC

Diverting ileostomy 14 11 3 6 2 1 3 2 1
Colectomy 6 7 4 1 5 3 4 1 4
Ileocecectomy 1 0 0 8 2 0 55 9 0
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this did not reach statistical significance. However, among those 
who required hospitalization, length of stay was significantly 
longer in children with VEO-IBD, with an average of 31.6 days 
per patient, as compared with older-onset children with IBD, 
with an average of 16.0 days (P < 0.05). Additionally, subjects 
with VEO-IBD had higher readmission rates than older subjects 
(average of 4.0 vs 2.5 admissions per patient; P < 0.01).

DISCUSSION
The incidence of pediatric IBD is increasing, and recent 

epidemiologic evidence demonstrates this increase is even more 
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FIGURE 2.  Growth parameters for 3 study groups. A, Height Z score by study group at diagnosis (visit 1) and follow-up time point (follow-up). B, 
Percentage of patients with stunting defined as height Z score less than negative two by study group at baseline (visit 1) and follow-up time point. 
C, Weight Z score by study group at diagnosis (visit 1) and follow-up time point (follow-up). D, Percentage of patients underweight defined as height 
Z score less than negative two by study group at baseline (visit 1) and follow-up time point. E, BMI Z score by study group at diagnosis (visit 1) and 
follow-up time point (follow-up). F, Percentage of patients with malnutrition defined as height Z score less than negative two by study group at 
baseline (visit 1) and follow-up time point.

FIGURE 3.  Medication failure rate of infliximab, all anti-TNF alpha ther-
apies, and immunomodulators in VEO-IBD vs older pediatric onset IBD 
subjects.
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pronounced in children diagnosed at less than 6 years of age, 
with a rapid rise in some geographic regions of about 7.2% per 
year.20 This is a sobering finding because a subset of these chil-
dren can be particularly challenging to treat, in part due to the 
unique pathogenesis of the disease, which can involve mono-
genic or digenic defects in immune-mediated pathways. Here, 
we set out to characterize the differences in the phenotype and 
disease course between VEO-IBD and older-onset pediatric 
IBD. These results may provide insight into the underlying di-
sease process that ultimately impacts the distinct clinical course 
of each patient.

To accomplish these goals, we looked at several variables 
to characterize the severity of disease in subjects with VEO-
IBD as compared with older-onset pediatric IBD and found 
that, overall, subjects with VEO-IBD had a more severe disease 
course. This was demonstrated by higher rates of failure of 
medical therapy, including immunomodulators and anti-TNFα 
therapy, than in older-onset pediatric IBD when assessed 1 year 
after initiation of therapy. Despite the severe disease at pre-
sentation, we found that the approach toward therapy was 
different in some cases of VEO-IBD than older patients, with 
more frequent use of immunomodulatory monotherapy. This 
may reflect the difficulty in obtaining insurance approval for 
biologics in the young children and the historical hesitation of 
using biologic therapy in children with VEO-IBD.

Our data also showed that the medical failure rate trans-
lated into subsequent increased diverting ileostomies and col-
ectomies in children with VEO-IBD as compared with older 
children with IBD who underwent more ileocecectomies. While 
stricturing disease was the most common indication for surgery 
in the older children, severe refractory colonic inflammatory di-
sease was the primary indication for surgical intervention in the 
younger children. This is partially reflective of the differences 
in location of disease between the cohorts, with a more signifi-
cant endoscopic colonic distribution in subjects with VEO-IBD 
at diagnosis, which is similar to what has been shown in prior 
studies.5, 21 Interestingly, despite the colonic disease location, 
our data showed a majority of our subjects with VEO-IBD had 
definitive features of CD on the diagnostic endoscopy or upon 
repeat endoscopy, which is similar to other pediatric age groups. 
Thus, in addition to the refractory disease, these findings are 
potentially indicative of the unique pathogenesis and the need 
for an innovative therapeutic approach in young children.

To demonstrate that the severity in VEO-IBD exists even 
with optimized medication regimens that have evolved over 
time, we compared medication rates, failures, and surgical rates 
in the VEO-IBD cohort in those diagnosed through 2011 to 
those diagnosed during and after 2012. There was a significant 
difference in the frequency of immunomodulators use before 
2012 compared with 2012 and after. This is consistent with our 
paradigm shift away from immunomodulatory monotherapy at 
our center. Overall failure rates of immunomodulator and bi-
ologic therapies remained consistent over the years even with 

the implementation of therapeutic drug monitoring. Other 
measures of disease severity examined in this study included 
growth parameters. Poor growth and both BMI and weight as 
measured by Z scores persisted at follow-up in the VEO-IBD 
cohort as compared with older children who showed significant 
improvement in growth over time. In addition, stunted growth 
measured by height-for-age Z scores was more prevalent over 
time in subjects with VEO-IBD compared with the older-onset 
IBD. This may reflect the persistent active and refractory disease 
in some younger children despite medical therapy. This finding, 
similar to the location of disease described previously, may 
also potentially shed light on an underlying cause of disease. 
Malnutrition, including poor weight gain and linear growth, 
have historically been a component of the key presenting fea-
tures in patients with primary immunodeficiencies.22 Moreover, 
several studies have found that malnutrition is one the main clin-
ical predictors of primary immunodeficiencies in children.22–24 
A recent study looking at the US Immunodeficiency Network 
(USIDNET) data from 514 adults and 653 children showed a 
significantly higher prevalence of patients with an underweight 
status as compared with the healthy cohorts.25 Therefore, per-
sistent poor growth in children with VEO-IBD may, in some 
cases, be indicative of an immune dysregulation that is driving 
the disease process.

We also looked at the frequency of hospitalizations as 
a measure of disease severity. Although older children with 
IBD were hospitalized at a higher rate, subjects with VEO-IBD 
had more readmissions and longer lengths of stay. This data 
highlights the significant burden of disease that children with 
VEO-IBD experience and the high cost of medical care in these 
young children that places a strain on the individual family’s 
finances and on the health care system. The overall data pre-
sented in this study supports the aggressive nature of VEO-IBD 
and indicates the need to use more effective and—when pos-
sible—targeted therapy early in the disease course.

This study is the largest single-center study to date fo-
cusing on disease phenotype of patients with VEO-IBD. There 
are some limitations to this work, however, including the ret-
rospective nature of this study. In all cohorts, subjects without 
complete available data were excluded, and this may have im-
pacted our results. Despite these limitations, this large cohort 
analysis showed that children with VEO-IBD have a more se-
vere disease course, with failure of conventional therapies more 
frequently than older children. It is also important to recog-
nize that there is great heterogeneity within the VEO-IBD pop-
ulation and that although a subset has an aggressive disease 
course, there are some children with VEO-IBD who have mild 
disease and respond well to medical therapy. It is, therefore, im-
perative that each patient be evaluated and treated based on 
their individual presentation and disease course.

Although this study did not focus on the genetics of VEO-
IBD, included in this cohort were 10 subjects with VEO-IBD 
who had monogenic defects identified during the study period. 
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Due to the small number, we were unable to perform statis-
tical analyses to determine the disease course of patients with 
monogenic disease. However, it should be noted that 7 of the 8 
subjects with monogenic defects failed medical treatment, and 
half  of the subjects with monogenic defects required surgical 
intervention. Furthermore, these children all presented with 
stunted growth, required hospitalization, and experienced con-
ventional medication failure. Although a larger genetic study 
is underway to understand the disease course and phenotypic 
findings in monogenic disease, the observations made on this 
small subset may prompt a search for an underlying genetic de-
fect in patients who present with a similar signature of disease 
severity. Our own work and the work of others have shown 
that there is an enrichment of variants in primary immunodefi-
ciency genes in patients with VEO-IBD.5, 6 Almost all pathways 
of immune function have been associated with VEO-IBD, in-
cluding T cell, regulatory pathways, and pathways involving B 
cell differentiation. Some of these genes involved in immunode-
ficiency have resulted in severe intestinal disease, poor growth, 
and systemic autoimmmunity or comorbid conditions.7, 9, 26–34

This phenotype of monogenic disease may be used to 
generate mechanistic insight into the disease process of chil-
dren who have similar disease characteristics but do not have 
a known causative defect. A precision medicine approach has 
been used in some cases of monogenic VEO-IBD and, in our 
cohort, has frequently led to improvement, if  not full remis-
sion, of the disease. However, there remain many patients with 
VEO-IBD in whom we have not identified an underlying cause 
or conclusive effective therapy. This is also true for some cases 
of severe older-onset IBD, which may benefit from the discov-
eries made in children with monogenic disease. Further larger 
prospective studies are needed in VEO-IBD and pediatric IBD 
to develop novel therapeutic strategies by identifying genetic 
defects in therapeutically tractable pathways in both immune 
and epithelial cells. In the interim, the data from this current 
study may help identify patients that are likely to have a refrac-
tory course and will require aggressive therapy. It may be pos-
sible to apply the therapeutic strategies successfully employed 
in cases of identified monogenic defects to children with phe-
notypic similarities but in whom genetic testing is pending or is 
unrevealing.

CONCLUSION
These results demonstrate that children with VEO-IBD 

overall have a more severe disease course than older pedi-
atric IBD, manifested by inadequate response to conventional 
therapy, increased surgical intervention, and persistent poor 
growth. These distinct features may have value as a prog-
nostic tool for the clinician, as predictors of a severe disease 
course and indicative of the need for early use of effective 
therapy. Ultimately, as we are able to combine the genomic, 
immunologic, and microbial evaluation, we will improve our 

understanding of VEO-IBD and apply a precision medicine ap-
proach to more patients with this disease.
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