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Abstract

Background: Inflammatory bowel disease (IBD) is associated with an increased risk of Colorectal cancer (CRC), and
its most important risk factors are the duration and extent of the disease. Pediatric-onset inflammatory bowel disease
has a tendency for a more extensive, more severe, and longer predicted disease duration than adult-onset inflamma-
tory bowel disease. This study aimed to identify the clinical characteristics of patients with CRC related to pediatric-
onset IBD and consider the appropriateness of current surveillance endoscopy recommendations for the detection of
premalignant lesions and early-stage CRC.

Methods: We searched a research platform based on the SUPREME electronic medical record data-mining system to
identify cases of colorectal malignancy in patients with pediatric IBD that presented between 2000 and 2020.

Results: During the follow-up, 4 (1.29 per 1000 person years) out of 443 patients with PIBD was diagnosed with CRC.
The median age at diagnosis of CRC was 18.5 (range: 15-24) years, and the median period from diagnosis of IBD to
CRC was 942 (range: 0.44-11.96) years. The sigmoid colon was the most frequent location of CRC (in 3 of the 4 cases).
Adenocarcinoma was the most common histological type (in 2 of the 4 cases).

Conclusions: Patients with pediatric-onset IBD exhibited a much shorter disease duration than that of adult-onset
IBD at the time of diagnosis of CRC, suggesting that surveillance endoscopy for the detection of precancerous lesions

Surveillance endoscopy

and early-stage cancer should be initiated earlier in pediatric patients than in adult patients.
Keywords: Pediatric-onset inflammatory bowel disease, Colorectal cancer, Crohn's disease, Ulcerative colitis,

Background

Inflammatory bowel disease (IBD) is associated with
an increased risk of colorectal cancer (CRC). The most
important and well-recognized risk factors for CRC in
patients with IBD are the duration and extent of the dis-
ease [1, 2]. The presence of primary sclerosing cholan-
gitis, inflammatory complications, and a family history
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of CRC are also established risk factors [3, 4]. Pediatric-
onset IBD (PIBD) is associated with a tendency for a
more extensive and more severe disease with a longer
anticipated duration, as well as a higher need for immune
suppression earlier in the disease course, than adult-onset
IBD [5-7]. Previous reports have found the increased risk
of cancers in PIBD [8, 9] and a nation-wide study in Swe-
den suggested 18-fold increase in CRC in PIBD [9]. The
risk of CRC is one of the major concerns when managing
patients with PIBD, but limited data is available about the
clinical characteristics of patients with PIBD who develop
CRC. In addition, there is no evidence based guideline
for surveillance endoscopy in PIBD. This study aimed to
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identify the clinical characteristics of patients diagnosed
with CRC following a diagnosis of PIBD at a single center
over the past 20years and to consider the appropriate-
ness of current surveillance endoscopy recommendations
for the detection of premalignant lesions (dysplasia) and
early-stage asymptomatic CRC.

Methods

We reviewed the clinical data of patients diagnosed with
CRC after being diagnosed with PIBD between 2000 and
2020 at Seoul National University Children’s Hospital in
Korea, and the study was approved by the Institutional
Review Board of Seoul National University Hospital (IRB
No. 2009-093-1157) with a waiver of informed consent.

A research platform was utilized based on an electric
medical record data-mining system (“SUPREME”) to
search for patients. Multiple sets of key words includ-
ing disease name (“Crohn’s disease”, “ulcerative colitis’),
10th revision of the International Statistical Classifica-
tion of Diseases and Related Health Problems (ICD-10)
codes for CRC (“C18-C21”), diagnosis date (“from 2000
to 2020”), diagnosis age (“from 0 to 17 years old at diag-
nosis”) and internal code for identifying Rare Intractable
Disease (RID) registration (“2002599, 2002608, 187, 195,
227,228, 317, 318, 344, 346-348, 354-356, 358, 359”) were
used.

In our institution, diagnoses of pediatric CD and UC
were made in accordance with published guidelines [10,
11] and all patients with IBD were registered in the RID
database managed by the National Health Insurance
[12]. Retrieved data included age at first IBD diagnosis,
IBD type, genetic findings if present, disease location,
and presence of complications around the anus or lumi-
nal complications. Information regarding the drugs used
before cancer diagnosis was also collected. The diagnosis
of cancer was confirmed through histological findings,
and information on the age at cancer diagnosis, histologi-
cal type, stage, and location of CRC was retrospectively
collected from the electronic medical records. Continu-
ous variables such as age and years were described as
medians with ranges. We calculated crude rates by divid-
ing the number of CRC diagnosed during follow up by
the corresponding person time at risk.

Results

A total of 443 pediatric patients (aged <18years) were
diagnosed with IBD between 2000 and 2020 at Seoul
National University Children’s Hospital. The end of fol-
low-up was the date of their last outpatient visit. The fol-
low-up period for each patient varied significantly, from
under lyear to 20years, and 199 (44.9%) patients had
more than 7years of follow-up. In 3102 person years of
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follow-up, we found 4 CRC in patients with PIBD (1.29
per 1000 person years).

The characteristics and details of the four patients are
shown in Table 1. All patients were male and the median
age at diagnosis of IBD was 11.5 (range: 5-16) years.
The underlying IBD type was CD in two patients, UC in
one patient and very early-onset IBD (VEOIBD) in one
patient. Most patients had an extensive range of disease
invasions on colonoscopy, and patient 4 was only able to
undergo an examination of the sigmoid colon because
of luminal narrowing. Two patients had perianal com-
plications, and two patients had luminal complications,
such as bowel obstruction. All patients were treated with
thiopurine for a median dosing period of 2.27 (range:
2.05-9.43) years. Patient 2 was also administered a tumor
necrosis factor inhibitor for 3.44 years, methotrexate for
0.33years, and golimumab for 0.71years. None of them
had ever undergone surgery before the diagnosis of can-
cer. The median age at the diagnosis of CRC was 18.5
(range: 15-24) years. The median period from the diag-
nosis of IBD to CRC was 9.42 (range: 0. 44—11.96) years.
Patient 4 was diagnosed with cancer almost immedi-
ately after being diagnosed with IBD, and the cancer had
already progressed to the extent that peritoneal metas-
tasis was confirmed with ascites, suggesting a case of
delayed IBD diagnosis. Therefore, when this patient was
excluded, the median period was 9.93 (range: 8.09-11.96)
years. CRC was located in the sigmoid colon in three
patients (including one patient with cancer in both the
sigmoid and ascending colon) and transverse colon in one
patient. Patient 1 and 2 underwent total colectomy with
ileorectal anastomosis. Patient 3 and patient 4 underwent
total proctocolectomy with ileal pouch-anal anastomo-
sis and subtotal colectomy with ileostomy respectively.
Three patients (1, 2 and 3) were diagnosed with early
stage and the other with terminal stage of colon cancer.
Adenocarcinoma was the most common histological type
(2 of 4), and the remaining cases were mucinous carci-
noma in one patient and signet ring carcinoma in one
patient. Patient 4 took a palliative chemotherapy after
surgery but died from aggravation of end-stage can-
cer. The others with early stage colon cancer continued
to undergo follow-up in the outpatient clinic without
chemotherapy.

Discussion

We analyzed four cases of PIBD-related CRC at a single
center in Korea. The case of VEOIBD (patient 3) which
the initial diagnosis was UC but revised to CD immedi-
ately after the diagnosis of cancer was previously pub-
lished [13]. A subset of patients with VEOIBD is known
to present with extensive colitis, which can make it diffi-
cult to differentiate UC from CD. According to a previous
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Table 1 Clinical details at diagnosis and during follow-up in patients with PIBD-related CRC
Patient No. Patient 1 Patient 2 Patient 3 Patient 4
Sex M M M M
Age at first IBD diagnosis (years) 12 11 5 16
Year of first diagnosis 2000 2010 2001 2018
Type of IBD D uc VEQOIBD cD
Genetic findings NA NA Negative NA
Disease location (Paris classification) L3 E4 L3 L4
Perianal diseases Fistula Skin tag (=) (=)
Luminal complications Luminal stricture (=) (—) Luminal narrowing
Bowel obstruction Bowel obstruction
Thiopurine (years) 943 2.05 248 042
TNF inhibitor (years) (—) 344 (-) (=)
Methotrexate (years) (=) 0.33 (=) (=)
Other biologicals (years) (—) 0.71 (Golimumab) (=) (—)
Surgery before cancer diagnosis (=) (—) (=) (—)
Age at cancer diagnosis (years) 24 20 15 17
Location Transverse colon Sigmoid colon Ascending, sigmoid colon Sigmoid colon

Histological type Mucinous carcinoma
Stage according to AJCC 8th pT3NOMO

Disease duration before cancerdiag-  11.96 89
nosis (years)

Last follow-up (year) 2020 (Ongoing)

Adenocarcinoma

Adenocarcinoma Signet ring carcinoma

pTTNOMO pT3NOMO pT4aN2bM1
9.93 044
2020 (Ongoing) 2020 (Ongoing) 2019 (Expired)

IBD inflammatory bowel disease, TNF tumor necrosis factor, AJCC American Joint Committee on Cancer, NA not applicable

study, 25% of the children with VEOIBD were originally
diagnosed with UC or unclassified IBD, but the diagnosis
was changed to CD over time [14, 15]. Patient 3 under-
went genetic testing to identify monogenic mutations
associated with VEOIBD, but the result was negative.

In our study, 4 (1.29 per 1000 person years) patients
was diagnosed with PIBD-related CRC during follow up.
However in nationwide cohort study in Sweden, among
9405 patients with PIBD, 122 (0.8 per 1000 person years)
people with PIBD had CRC with hazard ratio of 33 for
UC and 5.8 for CD [9].

All patients except one had a disease duration of at
least 8years at the time of diagnosis of CRC. The median
disease duration was 9.42 (range: 0.44—-11.96) years (if
patient 4 was excluded, 9.93 [range: 8.9-11.96] years),
which is much shorter than expected for adult patients
with IBD [16, 17]. The mean duration of adult onset CD
until the diagnosis of CRC was 18.3 years in a meta-anal-
ysis of English and German articles [16], and the overall
duration of adult onset UC in patients with UC-associ-
ated CRC was a median 19years [17].

A case-control study revealed that the risk of colorec-
tal neoplasia in patients with UC exhibited a highly sig-
nificant correlation with the degree of colonoscopic and
histological inflammation [18]. In the present study, all
patients exhibited widespread disease invasion on colo-
noscopy except for one, in whom disease invasion was

difficult to evaluate because of luminal narrowing. All
four patients commonly used thiopurine for a median
dosing period of 2.27years. The relationship between
cancer and thiopurine in IBD is complex because of its
both anti-inflammatory effect and carcinogenic effects
[19]. Thiopurine is known to be associated with an
increased risk of several types of cancer including non-
melanoma skin cancer, lymphoproliferative/myeloid
disorders, urinary tract cancer and cervical high-grade
dysplasia/cancer [19]. According to a meta-analysis,
there is no significant protective effect of treatment with
thiopurines on the risk of colorectal neoplasia in patient
with IBD [20].

Children with IBD are anticipated to have a longer
disease duration than adults, and numerous studies
have reported that PIBD tends to be more severe and
extensive than adult-onset IBD [5-7]. In our study,
patients with PIBD-related CRC tended to develop
cancer earlier in the disease period than adults, which
suggests that the risk of CRC is one of the major con-
cerns when managing patients with PIBD. Previous
studies suggested that appropriate surveillance endos-
copy could lower the incidence of CRC or detect CRC
in earlier stages, thus leading to improvements in
prognosis, although lead time bias might substantially
contribute to this benefit [21, 22]. Guidelines for adult
IBD suggest that surveillance colonoscopy should be
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initiated for dysplasia between 6 and 10years after
diagnosis. Currently, the widely adopted time point
is 8years of disease because the risk of CRC is signifi-
cant after this point and increases in subsequent years
[22-27]. Guidelines from the British Society of Gastro-
enterology suggest a surveillance interval of 3 or 5years
depending on the risk factors, while guidelines from the
American Gastroenterological Association recommend
intervals of 1-3years [24, 25]. Despite current surveil-
lance strategies, a Scandinavian population-based study
suggested that patients with UC exposed to increased
risk of CRC diagnosis and CRC death, indicating that
current surveillance programs still seems to be room
for improvement [4].

As the risk of CRC in patients with PIBD is as high as
that in adults, while the disease duration until the diag-
nosis of CRC tends to be shorter than that in adults,
surveillance endoscopy should be initiated earlier than
currently recommended for IBD. Further studies are
required to determine the appropriate time to begin
surveillance and the optimal surveillance interval.

As this study had a retrospective design, we relied on
electronic medical records to obtain all patient infor-
mation. The main limitation of this study is that the
number of patients with CRC was small, which made it
unclear whether the median values obtained were rep-
resentative of actual patients with PIBD who developed
CRC. The inclusion of additional cases will lead to more
convincing results. Furthermore, the small number of
patients prevented us from performing subgroup analy-
sis based on a diagnosis of CD or UC, and all patients
were classified into a single IBD group. The lack of a
control group also made it impossible to elucidate the
extent to which CRC cases were linked to IBD.

Conclusion

In our study, disease duration of PIBD until the diagnosis
of CRC was shorter than that of adult-onset IBD. Thus,
surveillance endoscopy for precancerous lesions (dyspla-
sia) and early-stage cancer should be initiated earlier in
patients with PIBD than in patients with adult-onset IBD.
Further studies are required to determine the appropriate
time to begin surveillance and the optimal surveillance
interval.

Abbreviations

IBD: Inflammatory bowel disease; CRC: Colorectal cancer; PIBD: Pediatric-onset
inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; RID:
Rare intractable disease; VEOIBD: Very early-onset inflammatory bowel disease.

Acknowledgements
Not applicable.

Page 4 of 5

Authors’ contributions

MJK collected and analyzed the data, drafted the initial manuscript, and final-
ized the manuscript; JSK, MS, JWH, SYM, and HYK made contribution to the
draft; JSM conceptualized and designed the study, supervised data collection
and analysis, and reviewed the manuscript. All authors read and approved the
final manuscript.

Funding
No funding was received.

Availability of data and materials
The database used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of Seoul National
University Hospital (IRB No. 2009-093-1157) with waiver of informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Division of Pediatric Gastroenterology, Hepatology and Nutrition, Depart-
ment of Pediatrics, Seoul National University College of Medicine, Seoul
National University Children’s Hospital, 101 Daehak-ro, Jongno-Gu,

Seoul 03080, Republic of Korea. “Department of Pediatric Surgery, Seoul
National University College of Medicine, Seoul National University Children’s
Hospital, Seoul, Republic of Korea.

Received: 3 August 2021 Accepted: 20 October 2021
Published online: 11 November 2021

References

1. Beaugerie L, Svrcek M, Seksik P, Bouvier AM, Simon T, Allez M, et al. Risk of
colorectal high-grade dysplasia and cancer in a prospective observa-
tional cohort of patients with inflammatory bowel disease. Gastroenterol-
ogy. 2013;145(1):166-75 e8.

2. ltzkowitz SH, Yio X. Inflammation and cancer IV. Colorectal cancer in
inflammatory bowel disease: the role of inflammation. Am J Physiol
Gastrointest Liver Physiol. 2004,287(1):G7-G17.

3. 0lén O, Erichsen R, Sachs MC, Pedersen L, Halfvarson J, Askling J, et al.
Colorectal cancer in Crohn's disease: a Scandinavian population-based
cohort study. Lancet Gastroenterol Hepatol. 2020;5(5):475-84.

4. Olén O, Erichsen R, Sachs MC, Pedersen L, Halfvarson J, Askling J, et al.
Colorectal cancer in ulcerative colitis: a Scandinavian population-based
cohort study. Lancet. 2020;395(10218):123-31.

5. Chaparro M, Garre A, Ricart E, Iglesias-Flores E, Taxonera C, Domenech E,
et al. Differences between childhood-and adulthood-onset inflammatory
bowel disease: the CAROUSEL study from GETECCU. Aliment Pharmacol
Ther. 2019;49(4):419-28.

6.  Malham M, Jakobsen C, Vester-Andersen MK, Lo B, Paerregaard A, Vind
|, et al. Paediatric onset inflammatory bowel disease is a distinct and
aggressive phenotype—a comparative population-based study. Gastro-
Hep. 2019;1(6):266-73.

7. Park SH, Im JP, Park H, Jeong SK, Lee JH, Rhee KH, et al. Clinical features
and long-term outcomes of pediatric-onset inflammatory bowel disease
in a population-based cohort in the Songpa-Kangdong district of Seoul,
Korea. Crohn'’s Colitis. 2021:1-9.

8. Malham M, Jakobsen C, Paerregaard A, Virta LJ, Kolho KL, Wewer V.

The incidence of cancer and mortality in paediatric onset inflamma-
tory bowel disease in Denmark and Finland during a 23-year period: a
population-based study. Aliment Pharmacol Ther. 2019;50(1):33-9.



Kim et al. BMC Pediatrics

(2021) 21:504

Olén O, Askling J, Sachs MC, Frumento P, Neovius M, Smedby KE, et al.
Childhood onset inflammatory bowel disease and risk of cancer: a Swed-
ish nationwide cohort study 1964-2014. BMJ. 2017;358;j3951.

Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Ridder L,

et al. ESPGHAN revised Porto criteria for the diagnosis of inflammatory
bowel disease in children and adolescents. J Pediatr Gastroenterol Nutr.
2014;58(6):795-806.

. of the European IWG. Inflammatory bowel disease in children and

adolescents: recommendations for diagnosis--the Porto criteria. J Pediatr
Gastroenterol Nutr. 2005;41(1):1-7.

Kim HJ, Shah SC, Hann HJ, Kazmi SZ, Kang T, Lee JH, et al. Familial Risk of
Inflammatory Bowel Disease: A Population-Based Cohort Study in South
Korea. Clin Gastroenterol Hepatol. 2021;19:2128-37.

Noh SY, Oh SY, Kim S-H, Kim H-Y, Jung S-E, Park K-W. Fifteen-year-old
colon cancer patient with a 10-year history of ulcerative colitis. World J
Gastroenterol. 2013;19(15):2437.

Rialon KL, Crowley E, Seemann NM, Fahy AS, Muise A, Langer JC. Long-
term outcomes for children with very early-onset colitis: implications for
surgical management. J Pediatr Surg. 2018;53(5):964-7.

Kelsen J, Baldassano R. The role of monogenic disease in children

with very early-onset inflammatory bowel disease. Curr Opin Pediatr.
2017;29(5):566.

Laukoetter MG, Mennigen R, Hannig CM, Osada N, Rijcken E, Vowinkel T,
et al. Intestinal cancer risk in Crohn'’s disease: a meta-analysis. J Gastroin-
test Surg. 2011;15(4):576-83.

Lakatos L, Mester G, Erdelyi Z, David G, Pandur T, Balogh M, et al. Risk
factors for ulcerative colitis—associated colorectal cancer in a Hungarian
cohort of patients with ulcerative colitis: results of a population-based
study. Inflamm Bowel Dis. 2006;12(3):205-11.

Rutter M, Saunders B, Wilkinson K, Rumbles S, Schofield G, Kamm M, et al.

Severity of inflammation is a risk factor for colorectal neoplasia in ulcera-
tive colitis. Gastroenterology. 2004;126(2):451-9.

de Boer NKH, Peyrin-Biroulet L, Jharap B, Sanderson JD, Meijer B, Atreya

I, et al. Thiopurines in inflammatory bowel disease: new findings and
perspectives. J Crohns Colitis. 2018;12(5):610-20.

20.

21.

22.

23.

24.

25.

26.

27.

Page 5 of 5

Jess T, Lopez A, Andersson M, Beaugerie L, Peyrin-Biroulet L. Thiopurines
and risk of colorectal neoplasia in patients with inflammatory bowel dis-
ease: a meta-analysis. Clin Gastroenterol Hepatol. 2014;12(11):1793-800
el.

Mooiweer E, van der Meulen-de AE, Ponsioen CY, van der Woude CJ, van
Bodegraven AA, Jansen JM, et al. Incidence of interval colorectal cancer
among inflammatory bowel disease patients undergoing regular colono-
scopic surveillance. Clin Gastroenterol Hepatol. 2015;13(9):1656-61.
Collins PD, Mpofu C, Watson AJ, Rhodes JM. Strategies for detecting
colon cancer and/or dysplasia in patients with inflammatory bowel
disease. Cochrane Database Syst Rev. 2006;(02):CD000279.

Lashner BA, Watson AJ. Colorectal cancer in ulcerative colitis: surveillance.
Evid Based Gastroenterol Hepatol. 2004:247-53.

Lamb CA, Kennedy NA, Raine T, Hendy PA, Smith PJ, Limdi JK; et al. British
Society of Gastroenterology consensus guidelines on the management
of inflammatory bowel disease in adults. Gut. 2019;68(Suppl 3):51-5106.
Farraye FA, Odze RD, Eaden J, Itzkowitz SH. AGA medical position state-
ment on the diagnosis and management of colorectal neoplasia in
inflammatory bowel disease. Gastroenterology. 2010;138(2):738-45.

Van Assche G, Dignass A, Bokemeyer B, Danese S, Gionchetti P, Moser G,
et al. Second European evidence-based consensus on the diagnosis and
management of ulcerative colitis part 3: special situations. Crohns Colitis.
2013;7(1):1-33.

Cairns SR, Scholefield JH, Steele RJ, Dunlop MG, Thomas HJ, Evans GD,

et al. Guidelines for colorectal cancer screening and surveillance in mod-
erate and high risk groups (update from 2002). Gut. 2010;59(5):666-89.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Colorectal Cancer associated with pediatric inflammatory bowel disease: a case series
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


