
Journal of Crohn's and Colitis, 2022, 16, 804–821
https://doi.org/10.1093/ecco-jcc/jjab216
Advance access publication 29 November 2021
Original Article

Received: June 28, 2021. Revised: October 20, 2021. Accepted: November 25, 2021
© The Author(s) 2021. Published by Oxford University Press on behalf of European Crohn’s and Colitis Organisation. All rights reserved. For permissions, 
please email: journals.permissions@oup.com

Paediatric Ulcerative Colitis Is a Fibrotic Disease and Is 
Linked with Chronicity of Inflammation
Ilyssa O. Gordon,a,  Suha Abushamma,b Jacob A. Kurowski,c Stefan D. Holubar,d,  Lei Kou,e 
Ruishen Lyu,e Florian Riederf

aDepartment of Pathology, Robert J. Tomsich Pathology and Laboratory Medicine Institute, Cleveland Clinic Foundation, Cleveland, OH, USA
bDepartment of Gastroenterology, Washington University School of Medicine, Barnes Jewish Hospital, St Louis, MO, USA [work also 
performed atf]
cDepartment of Paediatric Gastroenterology, Hepatology and Nutrition, Cleveland Clinic Foundation, Cleveland, OH, USA
dDepartment of Colorectal Surgery, Digestive Diseases and Surgery Institute, Cleveland Clinic Foundation, Cleveland, OH, USA
eDepartment of Quantitative Health Sciences, Lerner Research Institute, Cleveland Clinic Foundation, Cleveland, OH, USA
fDepartment of Gastroenterology, Hepatology and Nutrition, Digestive Diseases and Surgery Institute, and Department of Inflammation and 
Immunity, Lerner Research Institute, Cleveland Clinic Foundation, Cleveland, OH, USA
Corresponding author: Florian Rieder, MD, Department of Gastroenterology, Hepatology and Nutrition, Digestive Diseases and Surgery Institute, 9500 Euclid 
Avenue – A3, Cleveland, OH, 44195, USA. Tel.: +1 [216] 445 4916; fax: +1 [216] 636 0104; email: riederf@ccf.org

Abstract
Background and Aims: Intestinal fibrosis has recently been characterised in adult ulcerative colitis and may affect motility, diarrhoea, and the 
symptom of urgency. We aimed to charactersze the presence of fibrosis in paediatric patients with ulcerative colitis, and its link to severity and 
chronicity of mucosal inflammation, as well as clinical factors of severity.
Methods: We performed a single-centre cross-sectional study in children ages 1–18 years with ulcerative colitis, undergoing colectomy or 
proctocolectomy. Tissue cross-sections were derived from proximal, mid, and distal colon and rectum, and inflammation and fibrosis were 
graded based on previously developed scores. Clinical data were collected prospectively.
Results: From 62 patients, 205 intestinal sections were evaluated. Median age at diagnosis was 13 years, 100% had extensive colitis, and all 
resections were done for refractory disease. The presence, chronicity, and degree of inflammation were linked with the presence of fibrosis. 
Thickness of the muscularis mucosa was also linked with presence and chronicity of inflammation. The overall submucosal fibrosis burden was 
associated with prior anti-tumour necrosis factor use.
Conclusions: Paediatric patients with ulcerative colitis exhibit colorectal submucosal fibrosis and muscularis mucosa thickening, which correlate 
with the presence, chronicity, and degree of mucosal inflammation. Fibrosis should be recognised as a complication of paediatric ulcerative col-
itis, and ulcerative colitis should be considered a progressive disease.
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1.  Introduction
In 25% of patients, inflammatory bowel disease [IBD] pre-
sents during childhood or adolescence.1 Although overall less 
prevalent than paediatric Crohn’s disease [CD], paediatric 
ulcerative colitis [UC] has been significantly increasing in 
both incidence and prevalence over time.2,3 Childhood onset 
UC extensively involves the colon in up to 75% of cases.4 
Moreover, up to 20% of these cases require a colectomy 
within 10 years of diagnosis, with refractory disease being 
the indication in the vast majority of cases.4,5 A key manifest-
ation of IBD in children is growth delay or failure, defined 
by abnormalities in height velocity.6–8 Especially in children 
with pre-pubertal disease onset and more severe disease, 
this may lead to a reduced adult height compared with 
their healthy peers.6,9,10 Principal factors include poor nu-
trition, corticosteroid therapy, degree of inflammation, and  
pro-inflammatory cytokines.6,11

Fibrosis is characterised by the excessive deposition of 
extracellular matrix [ECM] proteins.12 The expansion of 
myofibroblasts, the major source of ECM, is the key compo-
nent in the pathogenesis of fibrosis.13 Repetitive injury leading 
to chronic inflammation and subsequent abnormal wound 
healing, characterised by excessive repair without complete 
restitution, seems to be the driver of fibrosis in all organs, 
including the intestine.14,15 Strictures in IBD are not limited to 
CD, and are thought to be a complication in 1% to 11.2% 
of patients with UC.14 Interestingly, ECM deposition was re-
cently observed throughout the full thickness of the colonic 
wall in UC.16 This has significant clinical implications in UC, 
including motility abnormalities, anorectal dysfunction, rec-
tal urgency, and incontinence.14 As more research emerges fo-
cusing on the specific molecular pathways underlying fibrosis 
in IBD, novel potential targets arise for future anti-fibrotic 
intestinal agents.17

Given the serious implications of fibrosis in UC, and the 
limited number of studies characterising fibrosis outside of 
strictures,16,18–20 recent and comprehensive assessment of fi-
brosis in adult UC21 highlighted that adult UC is a progressive 
disease. The aim of this study was to characterise the pres-
ence of fibrosis in paediatric patients with UC, and its link to 
severity and chronicity of mucosal inflammation, as well as 
clinical factors of severity. The current study fills the signifi-
cant knowledge gap regarding the paediatric population and 
delineates intestinal fibrosis in paediatric UC, which is linked 
to chronicity, severity, and extent of inflammation as well as 
clinical factors.

2.  Materials and Methods
2.1.  Patient population
In this retrospective study were included 62 paediatric UC patients 
aged 1–18 years who underwent colectomy or proctocolectomy 
at the Cleveland Clinic between 2001 and 2016. The diagnosis of 
UC was based on clinical, endoscopic, radiographic, and histo-
pathological criteria, including absence of transmural inflamma-
tion, fistulising disease, and mural granulomatous inflammation, 
and was confirmed according to the North American Society for 
Paediatric Gastroenterology, Hepatology, and Nutrition clinical 
consensus guidelines.22 Infants below the age of 1 year, adults 
above the age of 18 years, children with another form of IBD 
[e.g., CD], those with and any history of prior colonic stricture 
or colonic surgery were excluded.

Clinical data collected included gender, race, age at diag-
nosis, weight and height at colectomy and at least 6 months 
prior [for assessment of height and weight velocity], family 
history of IBD, smoking status, disease duration at colectomy, 
indication for colectomy, disease extent including presence 
of backwash ileitis and perianal disease, duration of pre-
operative biologics or immunomodulators, administration 
of immunomodulators or biologics at the time of colectomy, 
presence of extraintestinal manifestations [EIM], length of 
colectomy specimen, and post-colectomy follow-up. Height 
z-score and body mass index [BMI] were obtained for each 
patient at the time of diagnosis and at the time of colectomy. 
The 2000 Centers for Disease Control and Prevention [CDC] 
Growth Charts [ages 0 to <20 years]23 were used as the ref-
erence file for height and BMI z-score calculation. Z-scores 
standardise growth [height and BMI] for age and sex, allow-
ing comparisons for any age group, using a standard deviation 
from the mean. All data were obtained from the prospectively 
collected electronic medical record and then transferred and 
stored in a secure coded semi-anonymised database for ana-
lysis [REDCap, Vanderbilt University, Nashville, TN]. The 
study was approved by the Institutional Review Board of the 
Cleveland Clinic as a minimal risk study, including a waiver 
of informed consent.

2.2.  Histopathological staining procedure
Three segments per colectomy [proximal, mid, and distal 
colon], accounting for 113 intestinal sections from 38 UC 
specimens [one patient did not have an adequate histological 
section of distal colon], and four segments per proctocolectomy 
[proximal, mid, and distal colon, and rectum], accounting for 
92 intestinal sections from 24 UC specimens [three patients 
did not have an adequate histological section of rectum], for a 
total of 205 intestinal sections from 62 patients, were stained 
for haematoxylin and eosin [H&E] and Masson trichrome 
[MT] using the Gomori One-Step Trichrome kit [Newcomer 
Supply, Middleton, WI].

2.3.  Grading of inflammation
Inflammation was graded for each segment based on the 
Geboes score24 and the numerical Geboes score using a con-
tinuous scale from 0 to 22 was determined.21,25,26 A categor-
ical interpretation based on Geboes score was also used. For 
this categorical interpretation, histological features of chronic 
mucosal injury, defined as crypt architectural distortion and 
chronic inflammatory infiltrate of the lamina propria, cor-
responding to the Geboes score categories of ‘structural’ and 
‘chronic inflammatory infiltrate’, respectively, were separated 
from active inflammation and were assessed as described pre-
viously.21 Briefly, chronic mucosal injury was considered as 
present when Geboes score included any structural [Grade 0] 
or chronic inflammatory infiltrate [Grade 1] greater than 0, 
i.e., 0.1, 0.2, 0.3, 1.1, 1.2, or 1.3. Active inflammation was 
considered present when Geboes score included any lam-
ina propria neutrophils [Grade 2A], epithelial neutrophils 
[Grade 3], crypt destruction [Grade 4], or erosion or ulcer-
ation [Grade 5] greater than 0. Chronic active inflammation 
was considered when both chronic mucosal injury and ac-
tive inflammation scores each had at least one component >0, 
and no inflammation was when all grades were 0. Involved 
segments were defined as having active inflammation and/
or chronic mucosal injury, consistent with standard UC 
pathology terminology27 and European Crohn´s and Colitis 
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Organisation [ECCO] clinical consensus.28 Overall involve-
ment for each patient was defined as involvement in at least 
one of the three segments.

2.4.  Assessment of fibrosis
A qualitative and quantitative assessment of fibrosis was per-
formed in each section, as described previously.21 The quanti-
tative assessment was performed by measuring the thickness 
in micrometres of each bowel wall layer, using calibrated 
imaging software [CellSens, Olympus Corporation, Tokyo, 
Japan] as described previously.21 Briefly, measurements were 
taken in two areas, the maximum and minimum submuco-
sal thickness as per H&E section, and included mucosa, 
muscularis mucosa, submucosa, muscularis propria interna, 
muscularis propria externa, complete muscularis propria, 
and full thickness [Supplementary Figure 1, available as 
Supplementary data at ECCO-JCC online]. Muscularis mu-
cosa thickness considered the deepest smooth muscle fibre of 
this layer as the point of demarcation from muscularis mu-
cosa to submucosa, such that assessment of submucosal fi-
brosis was based on non-muscular tissue, as confirmed on the 
MT-stained sections. Qualitative assessment of thickening of 
the muscularis mucosa was categorised as uniformly thick-
ened, split, duplicated, or splayed. More than one category 
could be assigned per case due to variation seen within a 
section. The extent of submucosal fibrosis on both H&E and 
MT was categorised qualitatively as none, 1–25%, 26–50%, 
51–75%, or 76–100%, each corresponding to a specific ‘fi-
brosis score’ ranging from 0 to 4, respectively.21 A  ‘fibrosis 
burden score’ for each patient was calculated by averaging 
the fibrosis score from all three segments of the colon.21 We 
have previously shown that fibrosis can be assessed on H&E 
stain and that the fibrosis burden score shows agreement with 
objective measures of fibrosis in UC.21

2.5.  Statistical analysis
Shapiro–Wilks testing was conducted for continuous vari-
ables to assess normality. Normally distributed measures were 
summarised as means [standard deviations], non-normally 
distributed continuous measures were described using me-
dians [quartiles], and categorical factors were presented as fre-
quencies [percentages]. A univariate analysis was performed 
to assess factors associated with fibrosis burden for MT and 
H&E. Kruskal–Wallis tests were used to assess association 
between fibrosis burden score and several categorical factors 
of interest. Spearman’s correlation coefficients were used to 
assess association between fibrosis burden and disease dur-
ation. The same was done using average muscularis mucosae 
thickness, average submucosa thickness, average lamina pro-
pria thickness, average full muscularis propria thickness, and 
average full intestinal wall thickness, as a measure of fibro-
sis burden.

To assess the association between Geboes score and thick-
ness, linear mixed effects models with fixed effect inflamma-
tion and random intercepts for intra-patient correlation were 
used. Similarly, linear mixed effects models were used to as-
sess the association between Geboes score and fibrosis area, 
thickness and colon location, thickness and involvement, and 
thickness and degree of inflammation. To assess whether asso-
ciation between thickness and inflammation varied with ad-
justment of location, linear mixed effects models with fixed 
effect for inflammation and location, and random intercepts 
for intra-patient correlation, were used. Mixed models were 

used to account for within-subject correlation, since mul-
tiple colon segments per patient were included. Generalised 
estimating equations [GEE] were used to assess the associ-
ation between the fibrosis area and involvement, location, 
and degree of inflammation. All tests were two-tailed and 
performed at a significance level of 0.05. R version 3.6.2 [R 
Foundation for Statistical Computing, Vienna, Austria] and 
SAS [version 9.4; Cary, NC] were used for all analyses.

Table 1. Cohort demographics and clinical characteristics.

Factor N Summary

Gender 62  

• Female  24 [38.7]

Race 62  

• Caucasian  57 [91.9]

• Hispanic  3 [4.8]

• African American  1 [1.6]

• Other  1 [1.6]

Family history   

• UC 61 12 [19.7]

• CD 61 6 [9.8]

Smoking 59  

• Never  58 [98.3]

• Current  1 [1.7]

Age at diagnosis 62 12.9 [10.8, 15.5]

EIM [non-exclusive] 62  

• Any EIM  32 [51.6]

• Joint  6 [9.7]

• Anaemia  26 [41.9]

Disease extent of colitis   

• Extensive colitis 59 59 [100]

Backwash ileitis present 61 13 [21.3]

Medications prior to colectomy   

• Immunomodulators [at any time] 58 44 [75.9]

• Duration of immunomodulators [mo]  8.0 [3.0, 22.0]

• Anti-TNF [at any time] 57 37 [64.9]

• Duration of anti-TNF [mo]  8.5 [1.0, 18.2]

• Vedolizumab [at any time] 23 1 [4.4]

• Duration of vedolizumab [mo]  1

Disease duration at colectomy [years] 62 2.6 [0.9, 4.8]

Reason for colectomy   

• Refractory disease 62 65 [100.0]

Medications at time of colectomy 62  

• 6MP  6 [9.7]

• AZA  7 [11.3]

• MTX  9 [14.5]

• Anti-TNF  14 [22.6]

Length of colorectum specimen [cm] 62 70.3 ± 18.5

Rectum included 62 24 [38.7]

Post-colectomy follow-up [mo] 62 1.0 [1.0, 2.0]

Values presented as mean ± standard deviation [SD], median [P25, P75], or 
N [column %].
CD, Crohn’s disease; UC, ulcerative colitis; EIM, extraintestinal 
manifestations; 6MP, mercaptopurine; AZA, azathioprine; MTX, 
methotrexate; TNF, tumour necrosis factor; mo, months; P, percentile.

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab216#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab216#supplementary-data
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3.  Results
3.1.  Clinical phenotypes of the population
A total of 62 paediatric UC patients who underwent colectomy 
or proctocolectomy [38.7% female and 91.9% Caucasian] were 
included in the final analysis [Table 1]. The median age at diag-
nosis was 13 years, 29.5% had a family history of IBD, 93.8% 
never smoked, and 51.6% had an EIM, primarily anaemia. Prior 
to colectomy, 75.9% received at least one immunomodulatory 
therapy and 64.9% had anti-tumour necrosis factor [TNF] 
therapy. The median disease duration at time of colectomy was 
2.6 years; all patients [100%] underwent surgical resection for 
refractory disease, which was extensive in all cases. Growth im-
pairment, identified as a z-score <-1 in height, was identified in 
six patients, and in BMI in seven patients.

3.2.  Presence of inflammation and chronic 
mucosal injury correlate with presence of fibrosis 
in paediatric ulcerative colitis
We first analysed segments involved by inflammation ver-
sus segments without inflammation, with respect to fibrosis. 
Overall, segments involved by inflammation showed signifi-
cantly more submucosal fibrosis than non-involved segments 
[Figure 1A and B]. When comparing the submucosal fibrosis 

score in involved with non-involved segments in the same pa-
tient, the inflamed segments showed significantly higher sub-
mucosal fibrosis [Figure 1C and D]. This suggests a link be-
tween inflammation and fibrosis in paediatric UC.

Next, segments involved by inflammation were further 
sub-classified into active inflammation only, chronic mucosal 
injury only, and chronic mucosal injury plus active inflam-
mation, as described in Materials and Methods. No patient 
[of n  = 62] exhibited chronic mucosal changes without ac-
tive disease, and only five segments [of n = 205; three prox-
imal, one mid, and one distal] showed chronic mucosal injury 
alone, consistent with refractory disease being all patients’ 
indication for surgery, suggesting heavily pretreated/burned 
out diseased segments. The degree of submucosal fibrosis was 
significantly higher in patients with active plus chronic as 
compared with active only, chronic only, or no inflammation 
[Figure 2A and B]. This suggests that both chronic inflamma-
tory mucosal changes and active inflammation together are 
linked with fibrosis in paediatric UC.

Upon further examination of slides [n = 205] as a single 
dataset, the majority of sections [142, 69.3%] showed both 
inflammation and fibrosis, with only one [0.5%] having fi-
brosis but no inflammation, 53 [25.8%] having inflammation 
but no fibrosis, and nine [4.4%] having no inflammation and 
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no fibrosis. When both active inflammation and chronic mu-
cosal injury were present [n  =  184], 139 [75.5%] of these 
showed any amount of fibrosis, with only five [2.7%] having 
the maximal grade of fibrosis. In contrast, only one [16.7%] 
section with active inflammation only, two [40.0%] sections 
with chronic mucosal injury only, and one [10.0%] section 
with no inflammation showed any degree of fibrosis [Table 
2]. Furthermore, an increase in Geboes score was linked with 
increasing grades of fibrosis with a moderate positive associ-
ation [p <0.001, r = 0.5, Figure 3A and B]. In segments with 
any inflammation, the area of submucosal fibrosis nominally 
increased along the length of the colon from proximal to dis-
tal, and the frequency of segments without any fibrosis nom-
inally decreased, but this did not reach statistical significance 
[Figure 4]. This indicates not only that fibrosis is infrequent 
in the absence of inflammation, but also that the severity of 
inflammation is associated with the severity of fibrosis.

3.3.  Mucosal inflammation correlates with both 
muscularis mucosa and total wall thickness
Inflammation and fibrosis have been linked with increased 
wall thickness in CD29,30 and increased wall thickness is a  

critical factor of fibrostenosis and in mediating symptoms. We 
therefore explored if mucosal inflammation is associated with 
mural thickness in paediatric UC, looking at each bowel wall 
layer separately. Considering the entire slide set, involved seg-
ments had an increased thickness of the muscularis mucosa 
[p = 0.021] and total wall [p = 0.008, Figure 5A and B], but 
not the lamina propria, submucosa, or muscularis propria 
[data not shown], compared with non-involved segments.

Comparing among patients for whom both involved and 
non-involved segments were available for analysis, involved 
segments had significantly increased thickness of lamina propria 
[p = 0.001], muscularis mucosa [p = 0.003], muscularis propria 
interna [p = 0.044], total muscularis propria [p = 0.007], and 
total wall [p = 0.005] [Figure 5C and D and data not shown], 
but not submucosa or muscularis propria externa [data not 
shown], compared with non-involved segments.

When segments involved by inflammation were further 
sub-classified into active inflammation only, chronic muco-
sal injury only and chronic mucosal injury plus active inflam-
mation, as described in Materials and Methods, we found 
that the thickness of the muscularis mucosa [p = 0.033] and 
total wall [p = 0.020, Figure 6A and B], but not of the lamina  

Table 2. Fibrosis in the submucosa [on Masson trichrome] in relation to inflammation as assessed by Geboes score.

Active and chronic Active Chronic No inflammation

Median [Q1, Q3] N Median [Q1, Q3] N Median [Q1, Q3] N Median [Q1, Q3] N

No fibrosis 10 [7, 13] 45 3 [2, 3] 5 1 [1, 1] 3 0 [0, 0] 9

1–25% 14 [10, 15.5] 91 NA 0 2 [2, 2] 2 0 [0, 0] 1

26–50% 15 [13, 16] 31 NA 0 NA 0 NA 0

51–75% 11.5 [9.8, 15.3] 12 2 [2, 2] 1 NA 0 NA 0

76–100% 13 [5, 16] 5 NA 0 NA 0 NA 0

Q, quartile; NA, not available.
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propria, submucosa, muscularis propria interna, muscularis 
propria externa, or total muscularis propria [data not 
shown], are increased in the presence of active and chronic 
changes, with the highest thickness being found when active 
plus chronic mucosal changes were present. When adjusted 
for colon location [proximal, mid, distal, rectum], these asso-
ciations were not significant for any bowel wall layer [Figures 
4B, 6C and D and data not shown]. Considering all slides, 
with an increasing total Geboes score, the thickness of each 
individual bowel wall layer except the muscularis mucosa in-
creased [all p≤0.042, r range 0.384 to 0.498, Figure 7].

Also considering all colon slides, the thickness of the sub-
mucosa [p  =  0.006], muscularis propria interna [p  ≤0.001], 
muscularis propria externa [p ≤0.001], and total muscularis 
propria [p  ≤0.001], but not the lamina propria, muscularis 
mucosa, or total wall, are significantly different, with 
decreasing thickness of submucosa and increasing thickness 
of the other indicated layers, between proximal, mid, and  

distal colon [Figures 4B and 8 and data not shown]. These as-
sociations are maintained when adjusted for inflammation and 
when looking only at inflamed segments [data not shown].

Qualitative assessment of the muscularis mucosa morph-
ology revealed uniform thickening as the most common 
finding, present in 52% of sections [107 of 205 total slides], 
and splaying of fibres as being next most common [27%, 56 
slides] [data not shown]. A split inner and outer muscularis 
mucosa, often with loose fibrous tissue between, was pre-
sent in 11% of cases [23 slides], whereas true duplication 
was only seen in 5% of cases [11 slides]. Fibrosis and fi-
brous replacement of smooth muscle in either muscularis 
mucosa or muscularis propria was not seen.

3.4.  Colonic fibrosis in ulcerative colitis is 
associated with anti-TNF therapy
Looking at fibrosis burden score compared with each clinical fac-
tor, fibrosis burden score was associated with both pre-operative 
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anti-TNF therapy and with anti-TNF therapy at the time of col-
ectomy, where patients with anti-TNF therapy had a higher fi-
brosis burden score compared with patients without [p = 0.005 
and p = 0.020, respectively, Table 3]. This study cohort showed 
an expected difference between pre-operative use of anti-TNF 
when analysing the colectomy tissues from two separate time 
periods [2001–2008 compared with 2009–2016; p  =  0.026, 
Supplementary Figure 2A, available as Supplementary data at 
ECCO-JCC online], with a higher proportion of patients using 
anti-TNF in the time frame from 2009–2016. However, this 
difference did not lead to any change in the degree of fibrosis, 
muscularis mucosa [MM] thickness, or inflammation between 
the two time periods [Supplementary Figure 2B–D]. Furthermore, 
the correlation between Geboes score and area of fibrosis, as well 
as between Geboes score and full wall thickness, maintained sig-
nificance across both time periods [Supplementary Figure 3A–D, 
available as Supplementary data at ECCO-JCC online].

Finally, we assessed whether the thickness [in micrometres] 
of the different layers of the bowel wall was associated with 
any clinical characteristics. Patients with backwash ileitis 
had a significantly higher submucosa thickness compared 
with patients without [median 2303 vs 1907 µm, p = 0.019]. 
Patients who had received pre-operative anti-TNF therapy 
had a significantly higher muscularis mucosa thickness com-
pared with patients who did not receive this therapy [median 
116 vs 82  µm, p  =  0.021]. Patients reporting no EIM had 
significantly lower lamina propria thickness [median 590 

vs 704  µm, p  =  0.025] and significantly higher muscularis 
mucosa thickness [median 118 vs 94  µm, p  =  0.044] than 
those with any EIM. Patients on azathioprine at the time of 
colectomy had a significantly higher lamina propria thick-
ness compared with patients who were not [median 889 
vs 651  µm, p  =  0.037]. Muscularis propria thickness was 
significantly associated with family history of UC and pre-
operative immunomodulators, where patients with a family 
history of UC had higher muscularis propria thickness than 
those without [median 2108 vs 1590 µm, p = 0.009], and pa-
tients on pre-operative immunomodulators also had a higher 
muscularis propria thickness than patients without [median 
1783 vs 1481 µm, p = 0.015]. There was no association be-
tween any clinical factors and total wall thickness [Table 4].

4.  Discussion
For the first time, we systematically evaluated full-thickness 
sections along the colon of paediatric UC patients for fibrosis 
and its link with inflammation and clinical factors. We found 
that UC is a progressive disease, submucosal fibrosis is asso-
ciated with mucosal inflammation, and the degree of mucosal 
inflammation correlates with the degree of fibrosis and the 
thickness of the lamina propria and total colonic wall. We 
discovered a colonic gradient, with increased wall thickness 
toward the distal colon. The overall fibrosis burden was asso-
ciated with pre-operative anti-TNF therapy.
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Paediatric UC is distinct in presentation from adult UC.31 
Paediatric UC can present with overlapping features of 
Crohn’s disease, such as rectal sparing and gastro-enteric 
inflammation.32 Fibrosis is a robust feature of adult UC, as 
previously described and characterised by us and others,20,21 
but fibrosis has not previously been described in paediatric 
UC. This is in stark contrast with paediatric CD, a field in 
which the prospective paediatric RISK cohort identified clin-
ical and molecular markers associated with the increased risk 
of developing strictures,33–35 including a specific extracellu-
lar matrix gene signature in intestinal biopsies,35 intestinal 
Ruminococcus species,35 increased plasma COL3A1,36 and 
plasma ECM1.37 The natural history of paediatric stricturing 
CD has been examined and the ability to detect fibrosis on 
imaging in paediatric CD patients explored.38,39 Interestingly 
in general in the field of intestinal fibrosis, studies outside of 
clinically apparent stricturing disease are rare, but as shown 
in adult UC, fibrosis can be marked even in the colon of 
non-stricturing UC and may be linked with clinical conse-
quences.14,21

Our study hence adds important information to the field of 
paediatric IBD. In concordance with previous paediatric UC 
resection studies, the large majority of our patients had exten-
sive disease at the time of colectomy,4 a comparable incidence 
of family history of IBD,1 and presence of backwash ileitis.40 
Given the severity of childhood onset UC, the use of immuno-
suppressant agents is often recommended for maintenance 
therapy,31 which is reflected in our cohort with three-quarters 

of patients having been on an immunosuppressant agent. 
Over half of our patients were on biologic therapy prior to 
colectomy; this aligns with a previous study that has estab-
lished biologic therapy as an independent predictive factor 
for colectomy, highlighting the aggressive disease phenotype 
in these patients.41 Moreover, our patients received anti-TNF 
therapy for a median duration of <1 year prior to colectomy, 
similar to a previously reported study.42 Only one of our pa-
tients had been on vedolizumab prior to colectomy, which is 
expected as vedolizumab use remains off-label in paediatrics, 
with only one case series in the USA supporting its use at that 
time.43 As our patients had ulcerative colitis for a median of 
2.3 years prior to colectomy, which is similar to the median 
of 3.5 years reported by Rinawi, et al.,5 it is not surprising 
than none of them had dysplasia/colorectal cancer which is 
typically associated with long-standing [>10 years] colitis.44 
Finally, our patients had a low level of growth impairment, 
similar to a previously reported study.45 This suggests that our 
cohort is comparable to previous resection studies in terms of 
their clinical characteristics and is representative of a quater-
nary centre surgical cohort.

Our first key finding is that fibrosis is linked with inflam-
mation. This is in line with several papers from the adult UC 
literature in which the presence, chronicity, and degree of fi-
brosis correlated with the severity and extent of inflamma-
tion.16,20,21 In one study, collagen I deposition in the mucosa, 
muscularis mucosa, and external layer of muscularis propria 
inversely correlated with the severity of inflammation in the 
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Table 3. Correlation between fibrosis burden score and clinical factors

Factor Categories N Statistics p-value

Gender Male 37 0.75 [0.33, 1.00] 0.136

Female 24 1.00 [0.63, 1.33]  

Family history

• CD Yes 6 1.00 [0.75, 1.50] 0.654

No 54 1.00 [0.50, 1.33]

• UC Yes 12 1.00 [0.33, 1.00] 0.228

No 48 1.00 [0.67, 1.33]

Smoker Current 1 1.33 [1.33, 1.33] 0.398

Ex-smoker 0 -  

Never 57 1.00 [0.50, 1.33]  

Extraintestinal manifestations

• Joint Yes 6 0.67 [0.42, 0.92] 0.316

No 55 1.00 [0.50, 1.33]  

• Skin Yes 1 3.00 [3.00, 3.00] 0.115

No 60 1.00 [0.50, 1.33]  

• Eye Yes 0 - NA

No 61 1.00 [0.50, 1.33]  

• Bone Yes 0 - NA

No 61 1.00 [0.50, 1.33]  

• Anaemia Yes 26 1.00 [0.69, 1.46] 0.090

No 35 0.75 [0.50, 1.00]  

• PSC Yes 1 2.00 [2.00, 2.00] 0.160

No 60 1.00 [0.50, 1.33]  

• None Yes 29 0.75 [0.50, 1.00] 0.068

No 32 1.00 [0.67, 1.33]  

Backwash ileitis Yes 12 1.00 [0.69, 1.37] 0.634

No 48 1.00 [0.50, 1.33]  

Extent of colitis Extensive 58 1.00 [0.50, 1.33] 0.429

Left 3 0.75 [0.54, 0.88]  

Proctitis 0 -  

Medications prior to colectomy

• Immunomodulators Yes 43 1.00 [0.67, 1.33] 0.822

No 14 1.00 [0.54, 1.33]  

• Anti-TNF Yes 37 1.00 [0.75, 1.67] 0.005

No 19 0.67 [0.33, 1.00]  

• Vedolizumab Yes 1 0.33 [0.33, 0.33] 0.104

No 22 1.00 [0.69, 1.31]  

Medications at time of colectomy

• 5-ASA Yes 12 1.00 [0.67, 1.42] 0.602

No 49 1.00 [0.50, 1.33]  

• Systemic steroids Yes 52 1.00 [0.67, 1.33] 0.100

No 9 0.50 [0.33, 0.75]  

• 6MP Yes 6 0.83 [0.35, 1.00] 0.261

No 55 1.00 [0.50, 1.33]  

• AZA Yes 6 1.00  [0.81, 2.50] 0.226

No 55 1.00  [0.50, 1.33]  

• MTX Yes 9 1.00 [1.00, 1.50] 0.166

No 52 1.00 [0.50, 1.33]  

• Vedolizumab Yes 0 - NA

No 61 1.00 [0.50, 1.33]  

• Anti-TNF Yes 14 1.17 [0.75, 2.00] 0.020

No 47 1.00 [0.50, 1.12]  
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acute UC cases, but not in long-standing disease.20 Colonic 
wall fibrosis, as measured by types I  and III collagen and 
fibronectin, has been shown to be increased in long-standing 
[>10  years] UC compared with recently diagnosed UC 
[<3 years] and controls.16 Our own group has studied fibrosis 
in adult UC patients and showed association with chronicity 
and severity of inflammation21 similar to our current findings 
in paediatric UC. Also aligning with findings from the adult 
UC fibrosis study, the presence of any degree of fibrosis was 
almost exclusively seen in involved rather than non-involved 
segments of the colon of paediatric UC patients.

We also previously reported14 that only a small number 
of studies delineate the histological characteristics of UC-
associated fibrosis in non-stricture specimens. One study, 
comparing inflammation and fibrosis in resected stenotic 
specimens compared with non-stenotic sites, found signifi-
cantly thickened muscularis propria at stenotic sites and the 
myofibroblast count increased with the degree of inflamma-
tion, possibly due to basic fibroblast growth factor-positive 
neutrophil-induced myofibroblast proliferation.46 Several 
studies have provided insights into the pathophysiology of 
fibrosis in IBD, including the role of transforming growth 
factor-β1,47 nuclear factor erythroid 2–related factor 2 
[Nrf2],48 interleukin-13,49 interleukin-36 receptor,50 and mul-
tiple other molecular mediators.51 Even in quiescent UC, the 
effects of fibrosis of the colon from prior bouts of inflamma-
tion may persist and lead to clinical symptoms.52

Strikingly, despite a relatively short disease duration of 
2.3  years, paediatric UC patients presented with significant 
amounts of submucosal fibrosis and wall changes. This makes 
one wonder about the classical paradigm that long-standing 
chronic disease is a prerequisite to establish fibrosis, and 
whether fibrosis may in fact be a much earlier phenomenon 
than previously thought, which also holds true for paediat-
ric UC.

The second important finding is that active and chronic 
inflammation were linked to additional features consistent 
with fibrosis, such as thickening of the entire wall as well 
as the individual layers muscularis mucosa and muscularis  
propria interna. Thickening of the muscularis mucosa was 
also found in adult UC patients.21 Interestingly, in CD stric-
tures the muscularis mucosa is also the most thickened bowel 
wall layer identified, and both the smooth muscle and col-
lagen content were significantly increased in the muscularis 
mucosa and in the muscularis propria interna.53 Thickening 
of the muscularis mucosa due to hyperplasia of its smooth 

muscle is well described in CD.54,55 This suggests that fac-
tors associated with inflammation may be affecting smooth 
muscle similarly in both UC and CD. The exact mechanism 
of smooth muscle hyperplasia and hypertrophy in IBD is not 
known, but it is believed to be linked to basic wound healing 
physiology in the mucosal ulcer bed, where muscularis mu-
cosa smooth muscle cells are activated by inflammatory cyto-
kines and growth factors to secrete ECM proteins and pro-
liferate to increase in numbers. This process is pathologically 
altered in IBD, perhaps due the chronic relapsing-remitting 
inflammatory nature in its pathogenesis.15,56

Third, we linked the presence of fibrosis to clinical factors, 
such as disease duration. Our study found that pre-operative 
anti-TNF therapy did not prevent the development of fi-
brosis, in fact anti-TNF treated patients had higher fibrosis 
burden scores compared with other patients, and this is in 
contrast with a previous study which showed no association 
between pre-operative anti-TNF therapy and histological fi-
brosis in colectomy specimens of adult UC patients.57 This 
discrepancy may be explained by the higher threshold for a 
colectomy in a younger patient, resulting in prolonged inflam-
mation and maturation of fibrosis. Interestingly, our finding 
of higher fibrosis burden scores in anti-TNF treated paediat-
ric UC patients aligns with the previously reported finding of 
hyalinising submucosal fibrosis in CD patients treated with 
anti-TNF therapy.58 The prevalence of growth impairment in 
paediatric UC has previously been reported to be as high as 
10% at diagnosis and 17% at follow-up.45 This is much lower 
than in paediatric Crohn’s disease where 56% have growth 
impairment at diagnosis and 40% at follow-up.59,60 The pro-
portion of growth impairment in our cohort requiring colec-
tomy was also low.

Our study has multiple strengths. This is the first charac-
terisation of fibrosis in paediatric UC and its link to clinical 
factors. We use a previously established score that was built 
against an objective gold standard for ECM expression.21 
Given possible variability between histopathological readers, 
we centrally read all images by a single experienced IBD path-
ologist following previously developed reading conventions.21 
Our manuscript also has limitations. The patient population 
is representative of a resection study and hence is skewed to-
ward those with more severe disease. In addition, infliximab 
was not approved for use in paediatric UC until 2011, which 
likely influenced the timing of colectomy in those with re-
fractory disease in the pre-biologic era. Most patients in our 
study were on anti-TNF therapy, which could be a limitation 

Factor Categories N Statistics p-value

• Sulphasalazine Yes 1 1.00 [1.00, 1.00] 0.819

No 60 1.00 [0.50, 1.33]  

• Cyclosporine Yes 2 0.88 [0.81, 0.94] 0.951

No 59 1.00 [0.50, 1.33]  

• Tacrolimus No 60 1.00 [0.50, 1.33] 0.819

Yes 1 1.00 [1.00, 1.00]  

Duration of immunomodulators  28 -0.15 [ -0.50, 0.24 ] 0.45

Duration of anti-TNF  28 -0.28 [-0.59, 0.10] 0.15

Values presented as median [25th, 75th percentile] with Kruskal–Wallis test or Spearman’s rho [95% confidence interval].
BMI, body mass index, CD, Crohn’s disease; UC, ulcerative colitis; PSC, primary sclerosing cholangitis; 5- ASA, 5-aminosalicylic acid, 6MP, 
mercaptopurine; AZA, azathioprine; MTX, methotrexate; TNF, tumour necrosis factor; NA, not available.

Table 3. Continued
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in interpreting associations of fibrosis with anti-TNF therapy. 
However when we separated our patients into two cohorts 
based on the time of colectomy, the earlier group, which was 
less likely to have had anti-TNF therapy, and the later group, 
which was more likely to have had anti-TNF therapy, re-
vealed the exact same results in relation to the association of 
anti-TNF with histopathological changes. Although we were 
able to accrue a high number of patients, this is still a single-
centre study, and the finding will need to be validated in an 
external cohort.
In conclusion, we provide a link between chronicity of inflam-
mation and colonic fibrosis in paediatric UC. This is clinic-
ally relevant, as the degree of fibrosis was linked to anti-TNF 
therapy. Paediatric UC is a progressive disease with fibrosis 
accumulation already early in the disease course, and future 
studies will need to determine the optimal way to measure 
colonic fibrosis in vivo. Given the degree and consistency of 
fibrosis, UC may serve as a model for future anti-fibrotic ther-
apy development.

Supplementary Data
Supplementary data are available online at ECCO-JCC on-
line.
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