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Inflammatory bowel disease (IBD) is a chronic, immune-mediated, non-curable disease.
The incidence of IBD appears to have risen over the last few decades especially
in the pediatric age group. IBD usually presents with gastrointestinal symptoms,
including abdominal pain, diarrhea, and bleeding per rectum but can also be associated
with systemic symptoms such as weight loss, fatigue, joint and skin problems,
and psychological comorbidities. One major complication is gastrointestinal and
extra-intestinal malignancy. This review discusses literature that focuses on cancer risk
of pediatric-onset IBD.
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Inflammatory bowel diseases (IBD) are chronic, immune-mediated disorders typically subdivided
into three main categories: Crohn disease (CD), ulcerative colitis (UC), and IBD-unclassified
(IBD-U). IBD are non-curable with a typical course of remissions and relapses. IBD affects 1:140
Canadians and it is predicted to affect 1% of the Canadian population by 2030 (1, 2). The incidence
of IBD in the pediatric age group especially, has risen over the last few decades (3). Persons
with IBD are at risk for several complications and co-morbid conditions which are either related
to the disease itself or available therapies. One of the most serious potential complications is
intestinal or extra-intestinal malignancy. Gastrointestinal cancers include colorectal cancer (CRC),
intestinal lymphoma, small bowel adenocarcinoma, anal cancer, and cholangiocarcinoma while
extra-intestinal associated cancers including lymphoma, and skin cancers (3-5).

Up to 25% of all IBD cases present in the pediatric age group. As pediatric-onset IBD is
characterized by more extensive and aggressive disease, longer disease duration and a higher need
for immune suppression early on, long-term cancer risk is a major concern especially among
parents of children with IBD (6).

WHY DO PATIENTS WITH INFLAMMATORY BOWEL DISEASE
HAVE AN INCREASED CANCER RISK?

Increased risk of cancer in IBD can be divided into 2 main subdivisions:

Disease-Related Cancer Risk

Cancer associated with chronic inflammation is characterized by a loss of normal growth regulation
secondary to a number of genetic mutations and epigenetic alterations in pivotal cancer-related
regulatory genes (7, 8). The cancer stem cell model postulates that expansion of stem cells
occurs in response to these mutations, resulting in cancer development. Inflammation may affect
DNA methylation, microsatellite stability, and histone modification. Cyclo-oxygenase 2, which
metabolizes arachidonic acid to prostaglandins, is highly expressed in inflamed tissues and affects
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cell proliferation, apoptosis, aneuploidy, and angiogenesis.
Moreover, chronic inflammation leads to production of reactive
oxygen species and exaggerated cytokine and chemokine
expression, such as tumor necrosis factor (TNF), interleukin
(IL) 1, IL6, IL12, IL13, IL17, IL22, and IL23, by immune cells,
which increase the risk of mutagenesis, genomic instability,
and interactions between cancer stem cells and the local tumor
microenvironment, including immune cells and myofibroblasts
(7-12). Colonic inflammation may alter the sequence of genomic
changes with subsequent widespread, multifocal, and augmented
carcinogenesis (12).

Tumor suppressor protein p53 was found to be altered in up
to 85% of colitis-associated cancers (13). Even in the absence
of documented colonic cancer, up to 50% of biopsy samples
taken from inflamed mucosa in patients with UC may have
abnormal p53 indicating the significant role of inflammation in
these mutations (13, 14).

Changes in intestinal microbiome may also contribute to
cancer development as suggested by the difference in microbiome
between those with CRC as compared to those without (15).
Stool samples from patients with CRC had higher levels of
certain bacteria such as Enterococcus, Shigella, Firmicutes, and
Bacteroidetes with significantly lower levels of Lachnospiraceae
as compared to controls without CRC. Animal studies have also
shown regression in cancer development in antibiotic-treated
mice. However, it is not clear yet how changing the microbiome
could mediate or suppress carcinogenesis (15-18).

Similar mechanisms may be present in patients with CD as
they are at a higher risk of developing ileal carcinoma (19).

The risk of CRC in pediatric-onset IBD is significantly
increased as proven by the available evidence (Tablel). In
a population-based case-control analysis, our group recently
showed that 1.7% of patients with childhood-onset IBD
developed cancer, as compared with 0.8% of controls [hazard
ratio (HR) = 2.00, 95% confidence interval (CI) 1.16-3.43], with
overall cancer rates of 114 and 57 per 100,000 person-years,
respectively (4). Persons with CD had an HR for developing later
cancers of 2.47 (95% CI 1.31-4.66), while in those with UC, the
risk was numerically but not significantly increased (HR = 1.24,
95% CI 0.43-3.59). The study, however, reported all cancers as
one group and it was not clear how many participants developed
CRC (4).

In another population-based analysis, Ekbom et al. (29)
reported the standardized incidence ratio (SIR) of CRC in
patients diagnosed with UC (0-14 y) to be 118.3 (95% CI
63-202.3) times as compared to controls without IBD. Age at
UC diagnosis was a strong independent prognostic factor for
developing CRC i.e., the younger the age at UC diagnosis, the
higher the risk for developing future CRC. The absolute risk of
CRC 35 years after diagnosis of UC was 30% for patients with
pancolitis at diagnosis and 40% in those diagnosed with UC
before the age of 15 years (29).

In a large meta-analysis that examined the prevalence of
CRC in patients with UC and included 116 studies, the overall
prevalence of CRC in any patient with UC was 3.7% (95% CI
3.2-4.2%) (30). Only 41 studies reported the duration of colitis
with an overall incidence rate of 3/1,000 person years. Of those,

18 studies reported the incidence of CRC in children with UC
with only five having reported the duration of follow up. The
overall incidence rate of CRC for any child with colitis was
6/1,000 person-years (95% CI 3/1,000-13/1,000). The cumulative
probabilities of developing CRC were 5.5% within 10 years,
10.8% within 20 years, and 15.7% within 30 years following the
diagnosis of UC (30).

In a large study based on a nation-wide registry, Olen et al.
(23) reported an increased cancer risk in those diagnosed with
IBD before the age of 18y. The study included 9,408 incident
cases of IBD (4,648 with UC, 3,768 with CD, and 989 with IBD-U)
compared with 92,870 age, sex, and location- matched controls.
While there were only eight cancers (five lymphoid neoplasms,
two CRC, and one small bowel cancer), the HR for any cancer was
2.6 in those with UC (95% CI 2.3-3.0) and 1.7 in CD (95% CI 1.5-
2.1) compared to the general population (23). The HR for CRC in
those with UC was 33 (95% CI 23-49) and 5.8 (95% CI 3.2-10) in
those with CD. Similar to our study, persons with pediatric-onset
IBD were at a 2-fold risk for developing any future cancer (2.2,
95% CI 2.0-2.5). Relative risks were increased in the first year
after diagnosis and remained statistically significantly higher at 5
years of follow-up and onwards (23). A more recent study from
the same group reported the adjusted HR for incident colorectal
cancer deaths in those diagnosed with UC before the age of 18
y to be 34.2 (95% CI 18.8-62.2) (21). The risk was also elevated
among those with CD (22).

In a population-based analysis that examined cancer risk in
persons with IBD from a nationwide historical cohort using the
Danish health care databases, the relative risk for invasive cancer
one or more years after IBD diagnosis was highest for those
diagnosed with IBD before 20 years of age (SIR for CD 2.3, 95%
CI 1.5-3.4 and SIR for UC 2.0, 95% CI 1.4-1.7) (26). The details
of cancers in the pediatric-onset IBD were not reported. On the
other hand, and in another population-based study also from
Denmark, the risk of CRC did not seem to be increased among
persons with IBD except for those diagnosed with pediatric-onset
UC or those with concomitant primary sclerosing cholangitis
(PSC) (27). In those who were diagnosed with UC younger than
age of 20 y, the relative risk for developing CRC was 44 (95% CI
27-719) (27).

The French EPIMAD registry reported the cancer incidence in
their pediatric-onset IBD cohort (diagnosis of IBD <17 y of age)
to be 1.3% over a median of follow up of 15 years. Of the nine
reported cancers, only two were diagnosed as CRC but there was
a significantly increased risk of cancer regardless of sex and age
[SIR = 3.0 (1.3-5.9)] (28).

Another pediatric multi-center study from Europe reported
12 CRC in pediatric-onset IBD (8 UC/IBD-U and eight with
isolated colonic CD) after a median duration of 9.3 years
since IBD diagnosis. The estimated at-risk population of
pediatric-onset IBD in Europe was 192,625 patient-years with
an estimated cancer (any type) incidence of 171 per 1,000,000
which surprisingly was not significantly different from the
reported cancer incidence in the European general population.
Nonetheless, the study was limited by its design as it was neither a
population-based nor registry based study suggesting a potential
high probability of under-reporting (24).
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TABLE 1 | Summary of the main studies included in the review.

Study Location

Setting-design

Follow-up period

Main findings

El-Matary (4) Canada

El-Matary (20) International (54

centers)
Olen (21, 22) Scandinavia
Olen (23) Sweden
Joosse (24) European

multi-center
Hyams (25) North American

multi-center
Kappelman (26) Denmark
Jess (27) Denmark
Peneau (28) France
Ekbom (29) Sweden

Population-based with age, sex and
location matched controls reporting any
cancer

Retrospective hospital-based reporting
CRC in children with PSC-UC

Population-based with age, sex, calendar
year, and location matched controls
reporting CRC in all age groups including
pediatric onset IBD

Cohort [national patient registry (excluding
primary outpatient care)] with age, sex,
and location matched controls reporting
any cancer including CRC in
pediatric-onset IBD

Retrospective hospital-based reporting
any cancer in pediatric-onset IBD

Prospective hospital-based reporting any
cancer in pediatric-onset IBD

Cohort using the Danish health care
databases reporting any cancer in
pediatric-onset IBD

Cohort (Nation-wide Cohort) reporting
CRC in all age groups including
pediatric-onset IBD (<20 y)

Cohort reporting any cancer in
pediatric-onset IBD

Population-based controlled study
reporting CRC in pediatric-onset UC

Persons with IBD and their
controls were followed for
14,938 and 132,202
persons-years, respectively

Median duration of follow up
of 5 years

The study period was from
1969 to 2017

148,682 patient-years

Estimated 192,625
patient-years

24,543 patient-years. A total
follow up period of 9 year

Not clear

178 million person-years of
follow-up

Median follow up period of
15 years

4,220 person-years

1.7% of childhood-onset IBD developed
cancer, as compared with 0.8% of
controls HR = 2.00, (95% CI 1.16-3.43),
with cancer rates of 114 and 57 per
100,000 person-years, respectively

The incidence of colorectal
dysplasia/cancer in pediatric PSC-UC was
2.8 cases per 1,000 person-years

CRC deaths in those diagnosed with UC
before the age of 18 y to be 34.2 (95% ClI
18.8-62.2). The risk was also elevated
among those with CD

HR for any cancer:

UC: 2.6 (2.3-3.0)

CD:1.7 (1.5-2.1)

HR for CRC

UC: 33 (23-49)

CD: 5.8 (3.2-10)

Estimated cancer (any type) incidence of
171 per 1,000,000

15 cancers, eight of which were
lymphoma and leukemia, and five
hemophagocytic syndrome. Thiopurine
exposed: 2.9 vs. Non-exposed: 1.3

SIR for those with CD 2.3 and 2.0 for UC

The relative risk for developing CRC in
pediatric PSC-UC was 44 and 2 for CD.
CRC did not increase except in those
diagnosed with pediatric-onset UC or
those with concomitant PSC

Nine cancers including two with CRC

SIR =3.0(1.3-5.9)

SIR of CRC in patients diagnosed with UC
(0-14 y) was 118.3 (95% Cl 63-202.3)

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn disease; CRC, colorectal cancer; PSC, primary sclerosing cholangitis; Cl, confidence interval; HR, hazard ratio; SIR,

standardized incidence ratio.

We recently reported

incidence of colorectal

of malignant cells, direct alteration in DNA and impaired

dysplasia/cancer in pediatric PSC-UC to be 2.8 cases per
1,000 person-year. Fifty percentage of those who developed CRC
were diagnosed with UC before the age of 6 years. The longer
duration of inflammation may explain this finding. However,
very-early-onset IBD could be an independent risk factor for
developing CRC/dysplasia (20).

Medication-Related Cancer Risk
Several medications are currently used to control inflammation
in patients with IBD. Immunomodulators such as thiopurines
(for example azathioprine (AZA) and 6-mercaptopurine) and
methotrexate (MTX) or biological medications such as anti-TNF
agents, are commonly used in children with IBD, but have been
associated with concerns regarding cancer risk (19-35).
Thiopurines and MTX promote the development of cancer
through several mechanisms including possible activation of
several oncogenes, reduction in physiologic immunosurveillance

immune response of oncogenic viruses (25, 35-37).

A recent study from the DEVELOP clinical cohort that
prospectively collected data from 5,766 children with IBD
reported 15 cancers, eight of which were lymphoma and
leukemia, and five hemophagocytic syndrome (HLH) over a total
follow up period of 9 year (38). Except for 2, all those who
developed cancers or HLH were exposed to thiopurines and 10
of those with cancers received a biological agent. There was no
difference in cancer risk between those who were exposed to
infliximab (IFX) as compared to those who were not (36). The
study raised a concern that AZA was integral for the development
of malignancy or HLH in pediatric patients with IBD. In the
Manitoba population based study, we could not demonstrate a
statistically significant cancer risk in those who were exposed to
AZA or IFX vs. those who did not (4).

Other reported cancers in the DEVELOP cohort included
adenocarcinoma of the parotid gland, basal cell carcinoma,
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malignant melanoma, renal cell carcinoma, cholangiocarcinoma,
and mycosis fungoides (38).

The Manitoba study also reported non-melanoma skin cancer,
lymphoma, leukemia, and urinary bladder cancers in our cohort
(4). Concordant with these results, a single-center, retrospective
study of 1,374 children and young adults with IBD followed for a
maximum period of 29 years for the development of lymphoma,
there was not a significantly increased risk of lymphoma in
the subset of children treated with thiopurines (39). Only two
patients developed lymphoma (one Hodgkin, and one anaplastic
large cell), in 6,624 patient-years of follow-up (mean duration
follow-up 4.8 years per patient). Both patients were males (ages
12 and 18 years at time of lymphoma diagnosis) and were
receiving thiopurines but had not yet received biologics. The
absolute incidence rate of lymphoma for patients who received
thiopurines was 4.5 per 10,000 patient-years compared to the
expected rate of 0.58 per 10,000 patient-years, with SIR of 7.51
(95% CI 0.74-41.98) (39). While the sample size might be the
reason of statistical insignificance, the absolute risk was still
very low.

In 2008, The Food and Drug Administration (FDA) released
investigatory reports of malignancy in children receiving anti-
TNF agents for immune-related diseases including IBD (40).
Thirty-one cases of malignancy in children receiving IFX were
reported and 24 of them had IBD. Fatal hepatosplenic T cell
lymphoma accounted for nine (all IBD) cases, followed by
five cases with non-Hodgkin’s lymphoma (NHL), three with
Hodgkin’s lymphoma, and three with leukemia. Other reported
cancers included malignant melanoma, basal cell carcinoma,
leiomyosarcoma, nephroblastoma, renal cell carcinoma, liver
cancer, metastatic hepatocellular cancer, thyroid cancer,
malignant mastocytosis, neuroblastoma, and colorectal cancer
(one case each) (38). The median age of diagnosis was 17 y
(65% were males) and IFX was started after a median time of
30 months from diagnosis. The majority of patients with IBD
were receiving concomitant thiopurines and 4 of 24 were on
concomitant MTX (40, 41). The report also included a 20-year
old male who developed fatal hepatosplenic T cell lymphoma 8
months following the start of adalimumab for UC. Nonetheless,

REFERENCES

1. Benchimol EI, Bernstein CB, Bitton A, Murthy SK, Nguyen GC, Lee K, et al.
The impact of inflammatory bowel disease in Canada 2018: A Scientific
Report from the Canadian Gastro-Intestinal Epidemiology Consortium to
Crohn’s and Colitis Canada". J Can Assoc Gastroenterol. (2019) 2 (Suppl.
1):51-5. doi: 10.1093/jcag/gwy052

2. Coward S, Clement E Benchimol EI, Bernstein CN, Avina-Zubieta

JA, Bitton A, et al. Past and future burden of inflammatory

bowel diseases based on modeling of population-based data.
Gastroenterology. ~ (2019)  156:1345-53.  doi: ~ 10.1053/j.gastro.2019.
01.002

3. El-Matary W, Moroz SP, Bernstein CN. Inflammatory bowel disease in
the children of Manitoba: 30 years' experience of a tertiary center. J
Pediatr Gastroenterol Nutr. (2014) 14:636-66. doi: 10.1016/5S1873-9946(14)6
0714-5

4. El-Matary W, Nugent Z, Bernstein CN, Singh H. Long-term cancer risk
in pediatric-onset inflammatory bowel disease in the Canadian population.

this patient previously received IFX and AZA before switching
to adalimumab.

Since this report, there was a wide shift among pediatric
gastroenterologists especially in North America from using
AZA to MTX. Moreover, and because of the possible link of
thiopurines to HLH, many gastroenterologists started screening
their patients for Epstein Barr virus (EBV) antibodies before
starting thiopurines. Interestingly, the majority of them would
still start thiopurines in EBV-naive patients (42, 43). Whether
these strategies will reduce those complications or not is yet to
be determined (44, 45).

CONCLUSIONS

Pediatric patients with IBD are at increased risk of
gastrointestinal and extra-intestinal malignancies, such as
lymphomas, although the absolute risk is small. There is debate
over whether lymphoma reported in IBD is a result of the
patients underlying disease, its treatment, or both (46). As
the risk of CRC in pediatric-onset IBD is comparably high as
that seen in adult-onset IBD, surveillance colonoscopy should
probably start earlier and be performed at shorter intervals than
currently recommended especially in high risk groups such as
those with very early onset IBD. Currently very early-onset,
pediatric-onset and adult-onset IBD are receiving the same
surveillance strategy. The increased incidence of CRC in the
young is a justification for revisiting the current guidelines for
screening colonoscopy. However, further research is needed
to define the optimal intervals for surveillance colonoscopy
in these patients. Pediatric endoscopists need to be aware of
this high risk and ensure adequacy in training for performing
surveillance colonoscopy.

AUTHOR CONTRIBUTIONS

WE-M: conceptualization, interpretation of data, and writing
original draft. CB: administration and reviewing and editing of
manuscript. All authors contributed to the article and approved
the submitted version.

Gastroenterology. (2020). doi: 10.1053/j.gastr0.2020.03.048. [Epub ahead of
print].

5. Beaugerie L, Itzkowitz SH. Cancers complicating inflammatory bowel
disease. N Engl J Med. (2015) 372:1441-52. doi: 10.1056/NEJMral4
03718

6. Griffiths AM. Specificities of inflammatory bowel disease in childhood.
Best Pract Res Clin Gastroenterol. (2004) 18:509-23. doi: 10.1016/j.bpg.2004.
01.002

7. Rubin DC, Shaker A, Levin MS. Chronic intestinal inflammation:
inflammatory bowel disease and colitis-associated colon cancer. Front
Immunol. (2012) 8:107. doi: 10.3389/fimmu.2012.00107

8. Pedersen N, Duricova D, Elkjaer M, Gamborg M, Munkholm P, Jess T.
Risk of extra-intestinal cancer in inflammatory bowel disease: meta-analysis
of population-based cohort studies. Am ] Gastroenterol. (2010) 105:1480-
7. doi: 10.1038/ajg.2009.760

9. Ullman TA, Itzkowitz SH. Intestinal inflammation and cancer.
Gastroenterology. ~ (2011) ~ 140:1807-16.  doi: ~ 10.1053/j.gastro.2011.
01.057

Frontiers in Pediatrics | www.frontiersin.org

July 2020 | Volume 8 | Article 400


https://doi.org/10.1093/jcag/gwy052
https://doi.org/10.1053/j.gastro.2019.01.002
https://doi.org/10.1016/S1873-9946(14)60714-5
https://doi.org/10.1053/j.gastro.2020.03.048
https://doi.org/10.1056/NEJMra1403718
https://doi.org/10.1016/j.bpg.2004.01.002
https://doi.org/10.3389/fimmu.2012.00107
https://doi.org/10.1038/ajg.2009.760
https://doi.org/10.1053/j.gastro.2011.01.057
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

El-Matary and Bernstein

Cancer in PIBD

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Shaker A, Rubin DC. Intestinal stem cells and epithelial-mesenchymal
interactions in the crypt and stem cell niche. Transl Res. (2010) 156:180-
7 doi: 10.1016/j.trs1.2010.06.003

Fleisher AS, Esteller M, Harpaz N, Leytin A, Rashid A, Xu Y, et
al. Microsatellite instability in inflammatory bowel disease-associated
neoplastic lesions is associated with hypermethylation and diminished
expression of the DNA mismatch repair gene, hMLHI1. Cancer Res. (2000)
60:4864-8.
Francescone R, Hou V, Grivennikov SI
colitis-associated ~ cancer.  Inflamm  Bowel
18 doi: 10.1097/MIB.0000000000000236

Yin J, Harpaz N, Tong Y, Huang Y, Laurin ], Greenwald BD, et al.
p53 point mutations in dysplastic and cancerous ulcerative colitis
lesions. Gastroenterology. (1993) 104:1633-9 doi: 10.1016/0016-5085(93)
90639-T

Hussain SP, Amstad P, Raja K, Ambs S, Nagashima M, Bennett WP,
et al. Increased p53 mutation load in noncancerous colon tissue from
ulcerative colitis: a cancer-prone chronic inflammatory disease. Cancer Res.
(2000) 60:3333-7.

Abreu MT, Peek RM. Gastrointestinal malignancy and the microbiome.
Gastroenterology.  (2014)  146:1534-46.e3. doi:  10.1053/j.gastro.2014.
01.001

Irrazabal T, Belcheva A, Girardin SE, Martin A, Philpott DJ. The multifaceted
role of the intestinal microbiota in colon cancer. Mol Cell. (2014) 54:309—
20. doi: 10.1016/j.molcel.2014.03.039

Castellarin M, Warren RL, Freeman JD, Dreolini
M, Strauss J, et al. Fusobacterium
prevalent in human colorectalcarcinoma.
22:299-306. doi: 10.1101/gr.126516.111

Wang T, Cai G, Qiu Y, Fei N, Zhang M, Pang X, et al. Structural
segregation of gut microbiota between colorectal cancer patients and
healthy volunteers. ISME ]. (2012) 6:320-9. doi: 10.1038/ismej.20
11.109

Jess T, Gamborg M, Matzen P, Munkholm P, Serensen TI. Increased
risk of intestinal cancer in Crohn’s disease: a meta-analysis of
population-based ~ cohort  studies. Am ] (2005)
100:2724-9. doi: 10.1111/§.1572-0241.2005.00287.x

El-Matary W, Guthery SL, Amir AZ, DiGuglielmo M, Draijer LG, Furuya
KN, et al. Colorectal dysplasia and cancer in pediatric-onset ulcerative colitis
associated with primary sclerosing cholangitis. Clin Gastroenterol Hepatol.
(2020) S1542-3565(20)30600-5. doi: 10.1016/j.cgh.2020.04.055. [Epub ahead
of print].

Olén O, Erichsen R, Sachs MC, Pedersen L, Halfvarson ], Askling J,
et al. Colorectal cancer in ulcerative colitis: a Scandinavian population-
based cohort study. Lancet. (2020) 395:123-31. doi: 10.1016/S0140-6736(19)
32545-0

IBD, and
21:409-

Cytokines,
Dis.  (2015)

L, Krzywinski
infection s
Res.  (2012)

nucleatum
Genome

Gastroenterol.

Olén O, Erichsen R, Sachs MC, Pedersen L, Halfvarson
J, Askling ], et al. Colorectal cancer in Crohn’s disease: a
Scandinavian population-based cohort study. Lancet Gastroenterol

Hepatol. 5:475-84. doi:
30005-4

Olen O, Askling ], Sachs MC, Frumento P, Neovius M, Smedby
KE, et al. Childhood onset inflammatory bowel disease and risk of
cancer: a Swedish nationwide cohort study 1964-2014. BM]J. (2017)
358:3951. doi: 10.1136/bm;.j3951

Joosse ME, Aardoom MA, Kemos P, Turner D, Wilson DC, Koletzko S
et al. Malignancy and mortality in paediatric-onset inflammatory bowel
disease: a 3-year prospective, multinational study from the paediatric
IBD Porto group of ESPGHAN. Aliment Pharmacol Ther. (2018) 48:523—
37. doi: 10.1111/apt.14893

Konidari A, El-Matary W. Safety of thiopurines in inflammatory
bowel disease. World ] Gastrointest Pharmacol Ther. (2014)
5:63-76. doi: 10.4292/wjgpt.v5.i2.63

Kappelman MD, Farkas DK, Long MD, Erichsen R, Sandler RS, Serensen HT,
etal. Risk of cancer in patients with inflammatory bowel diseases: a nationwide
population-based cohort study with 30 years of follow-up evaluation.
Clin Gastroenterol Hepatol. (2014) 12:265-73. doi: 10.1016/j.cgh.2013.
03.034

(2020) 10.1016/52468-1253(20)

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Jess T, Simonsen ], Jorgensen KT, Pedersen BV, Nielsen
NM, Frisch M. Decreasing risk of colorectal cancer in
patients  with  inflammatory  bowel disease over 30 years.
Gastroenterology. ~ (2012)  14:375-81.  doi:  10.1053/j.gastro.2012.
04.016

Peneau A, Savoye G, Turck D, Dauchet L, Fumery M, Salleron J, et al. Mortality
and cancer in pediatric-onset inflammatory bowel disease: a population-
based study. Am ] Gastroenterol. (2013) 108:1647-53. doi: 10.1038/ajg.
2013.242

Ekbom A, Helmick C, Zack M, Adami HO. Ulcerative colitis and colorectal
cancer: a population-based study. N ENG ] Med. (1990) 323:1228-
33. doi: 10.1056/NEJM199011013231802

Eaden JA, Abrams KR, Mayberry JE. The risk of colorectal cancer in
ulcerative colitis: a meta-analysis. Gut. (2001) 48:526-35. doi: 10.1136/gut.
48.4.526

Nielsen OH, Bjerrum JT, Herfarth H, Rogler G. Recent advances using
immunomodulators for inflammatory bowel disease. ] Clin Pharmacol. (2013)
53:575-88. doi: 10.1002/jcph.2

French H, Mark Dalzell A, Srinivasan R, El-Matary W. Relapse rate
following azathioprine withdrawal in maintaining remission for Crohn’s
disease: a meta-analysis. Dig Dis Sci. (2011) 56:1929-3 doi: 10.1007/s10620-01
1-1671-5

Wang Y, MacDonald JK, Vandermeer B, Griffiths AM, El-Matary W.
Methotrexate for maintenance of remission in ulcerative colitis. Cochrane
Database Syst Rev. (2015) 11:CD007560. doi: 10.1002/14651858.CD0075
60.pub3

El-Matary W, Leung S, Tennakoon A, Benchimol EI, Bernstein CN,
Targownik LE. Trends of utilization of tumor necrosis factor antagonists
in children with inflammatory bowel disease: a Canadian population-
based study. Inflamm Bowel Dis. (2020) 26:134-8. doi: 10.1093/ibd/
izz157

Konidari A, Anagnostopoulos A, Bonnett LJ, Pirmohamed M, El-
Matary W. Thiopurine monitoring in children with inflammatory
bowel disease: a systematic review. Br ] Clin Pharmacol. (2014)
78:467-76. doi: 10.1111/bcp.12365

O’Donovan P, Perrett CM, Zhang X, Montaner B, Xu YZ, Harwood

CA. Azathioprine and UVA light generate mutagenic oxidative
DNA damage. Science. (2005) 309:1871-4. doi: 10.1126/science.l
114233

Zitvogel L, Tesniere A, Kroemer G. Cancer despite immunosurveillance:
immunoselection and immunosubversion. Nat Rev Immunol. (2006) 6:715-
27. doi: 10.1038/nri1936

Hyams JS, Dubinsky MC, Baldassano RN, Colletti RB, Cucchiara S,
Escher J, et al. Infliximab is not associated with increased risk of
malignancy or hemophagocytic lymphohistiocytosis in pediatric patients
with inflammatory bowel disease. Gastroenterology. (2017) 152:1901-
1. doi: 10.1053/j.gastro.2017.02.004

Ashworth LA, Billett A, Mitchell P, Nuti E Siegel C, Bousvaros A.
Lymphoma risk in children and young adults with inflammatory bowel
disease: analysis of a large single-center cohort. Inflamm Bowel Dis. (2012)
18:838-43. doi: 10.1002/ibd.21844

Food and Drug Administration. Early Communication About an Ongoing
Safety Review of Tumor Necrosis Factor (TNF) Blockers (Marketed as Remicade,
Enbrel, Humira, and Cimzia). Available online at: www.fda.gov/Drugs/
DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/
DrugSafetyInformationforHeathcareProfessionals/ucm070725.htm (accessed
April 2,2020).

Diak P, Siegel J, La Grenade L, Choi L, Lemery S, McMahon
A.  Tumor factor alpha blockers and malignancy in
children:  forty-eight cases reported to the Food and Drug
Administration. Arthritis Rheum. (2010) 62:2517-24. doi: 10.1002/art.
27511

necrosis

Martinelli M, Giugliano FP, Strisciuglio C, Urbonas V, Serban
DE, Banaszkiewicz A, et al. Vaccinations and immunization
status in pediatric inflammatory bowel disease: a multicenter
study from the pediatric IBD Porto Group of the ESPGHAN.
Inflamm Bowel Dis. (2020) 26:i22264. doi: 10.1093/ibd/
22264

Frontiers in Pediatrics | www.frontiersin.org

July 2020 | Volume 8 | Article 400


https://doi.org/10.1016/j.trsl.2010.06.003
https://doi.org/10.1097/MIB.0000000000000236
https://doi.org/10.1016/0016-5085(93)90639-T
https://doi.org/10.1053/j.gastro.2014.01.001
https://doi.org/10.1016/j.molcel.2014.03.039
https://doi.org/10.1101/gr.126516.111
https://doi.org/10.1038/ismej.2011.109
https://doi.org/10.1111/j.1572-0241.2005.00287.x
https://doi.org/10.1016/j.cgh.2020.04.055
https://doi.org/10.1016/S0140-6736(19)32545-0
https://doi.org/10.1016/S2468-1253(20)30005-4
https://doi.org/10.1136/bmj.j3951
https://doi.org/10.1111/apt.14893
https://doi.org/10.4292/wjgpt.v5.i2.63
https://doi.org/10.1016/j.cgh.2013.03.034
https://doi.org/10.1053/j.gastro.2012.04.016
https://doi.org/10.1038/ajg.2013.242
https://doi.org/10.1056/NEJM199011013231802
https://doi.org/10.1136/gut.48.4.526
https://doi.org/10.1002/jcph.2
https://doi.org/10.1007/s10620-011-1671-5
https://doi.org/10.1002/14651858.CD007560.pub3
https://doi.org/10.1093/ibd/izz157
https://doi.org/10.1111/bcp.12365
https://doi.org/10.1126/science.1114233
https://doi.org/10.1038/nri1936
https://doi.org/10.1053/j.gastro.2017.02.004
https://doi.org/10.1002/ibd.21844
www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm070725.htm
www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm070725.htm
www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm070725.htm
https://doi.org/10.1002/art.27511
https://doi.org/10.1093/ibd/izz264
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

El-Matary and Bernstein

Cancer in PIBD

43.

44.

45.

46.

Gordon J, Ramaswami A, Beuttler M, Jossen J, Pittman N, Lai J, et al. EBV
status and thiopurine use in pediatric IBD. J Pediatr Gastroenterol Nutr. (2016)
62:711-4. doi: 10.1097/MPG.0000000000001077

Chapman S, El-Matary W. Screening for Epstein- Barr virus
status.  and risk of hemophagocytic  lymphohistiocytosis  in
children  with  inflammatory =~ bowel disease on  azathioprine.
Gastroenterology.  (2017) 153:1167-8.  doi: 10.1053/j.gastro.2017.
07.052

El-Matary W. Routine testing for EBV status in children with inflammatory

bowel disease: are we overreacting? Inflamm Bowel Dis. (2020)
26:€20. doi: 10.1093/ibd/izz326

Bernstein CN, Blanchard JE Kliewer E, Wajda A. Cancer risk in patients
with inflammatory bowel disease: a population-based study. Cancer. (2001)
15:854-62. doi: 10.1002/1097-0142(20010215)91:4<854::AID-CNCR1073>3.

0.CO;2-Z

Conflict of Interest: WE-M served as an advisory board member for Janssen
Canada and AbbVie Canada. He received a research support from Janssen. CB
was supported in part by the Bigham Chair in Gastroenterology. He has consulted
to Abbvie, Canada, Ferring Canada, Janssen Canada, Napo Pharmaceuticals,
Pfizer Canada, Shire Canada, Takeda, Canada, and has consulted to Mylan
Pharmaceuticals. He has received unrestricted educational grants from Abbvie
Canada, Janssen Canada, Shire Canada, and Takeda Canada. He has been on
speaker’s bureau of Abbvie Canada, Ferring Canada and Shire Canada.

Copyright © 2020 El-Matary and Bernstein. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

July 2020 | Volume 8 | Article 400


https://doi.org/10.1097/MPG.0000000000001077
https://doi.org/10.1053/j.gastro.2017.07.052
https://doi.org/10.1093/ibd/izz326~
https://doi.org/10.1002/1097-0142(20010215)91:4<854::AID-CNCR1073>3.0.CO;2-Z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Cancer Risk in Pediatric-Onset Inflammatory Bowel Disease
	Why do Patients With Inflammatory Bowel Disease Have an Increased Cancer Risk?
	Disease-Related Cancer Risk
	Medication-Related Cancer Risk

	Conclusions
	Author Contributions
	References


