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Development of Cancer Among Patients With Pediatric-Onset

Inflammatory Bowel Disease
A Meta-analysis of Population-Based Studies

Rahma Elmahdi, MD, PhD; Camilla E. Lemser, MSc; Sandra B. Thomsen, MD, PhD; Kristine H. Allin, MD, PhD; Manasi Agrawal, MD, MSc; Tine Jess, MD, DMSci

Abstract

IMPORTANCE Because the incidence of pediatric-onset inflammatory bowel disease (IBD) is
increasing, knowledge of the long-term risk of cancer in this patient population is required.

OBJECTIVE To evaluate the relative rate of cancer among patients with pediatric-onset IBD.

DATA SOURCES A comprehensive systematic search was performed of MEDLINE and Embase from
the date of database inception to October 31, 2021.

STUDY SELECTION All unselected, population-based cohort studies of pediatric-onset IBD
assessing the risk of cancer were included. Tertiary center referrals and insurance database studies
were excluded. All articles were assessed by 2 independent reviewers.

DATA EXTRACTION AND SYNTHESIS The study followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses reporting guideline for data extraction and used the
Newcastle-Ottawa Scale for assessment of the risk of bias and the quality of included articles.

MAIN OUTCOMES AND MEASURES A random-effects model meta-analysis was conducted of
included studies using the inverse-variance method to assess the relative rate of cancer overall and
by IBD subtype (Crohn disease or ulcerative colitis), sex, and thiopurine exposure among patients
with pediatric-onset IBD. Pooled relative rates (pRRs) along with 95% Cls were calculated for
combined studies.

RESULTS Of 4628 articles screened, 5 population-based studies from North America and Europe
were eligible for inclusion. These studies comprised 19 812 individuals with pediatric-onset IBD
followed up for 283 540 person-years in which 715 cases of cancer were identified. Meta-analysis of
PRR estimates showed a 2.4-fold increased rate of cancer among patients with pediatric-onset IBD
(PRR, 2.46; 95% Cl, 2.06-2.93), seen among patients with Crohn disease (pRR, 2.03; 95% Cl,
1.67-2.46) and those with ulcerative colitis (pRR, 2.61; 95% Cl, 2.00-3.40). This increased rate is
primarily due to an increased rate of liver (pRR, 55.45; 95% Cl, 19.59-156.99), colorectal (pRR, 20.29;
95% Cl, 15.90-25.90), and small bowel (pRR, 16.20; 95% Cl, 3.52-74.66) cancers. The incidence rate
of cancer among patients with pediatric-onset IBD was reported by 4 studies and ranged from 1.0 to
3.3 cases per 1000 person-years.

CONCLUSIONS AND RELEVANCE This meta-analysis of unselected, population-based studies
showed a greater than 2-fold increased rate of cancer among patients with pediatric-onset IBD
compared with the general pediatric populations, primarily owing to an increased rate of
gastrointestinal cancers.

JAMA Network Open. 2022;5(3):e220595. doi:10.1001/jamanetworkopen.2022.0595

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points
Question What is the risk of cancer
among patients with pediatric-onset

inflammatory bowel disease (IBD)?

Findings This meta-analysis of 5
unselected, population-based cohort
studies comprising 19 812 individuals
found a 2.4-fold increased rate of cancer
among patients with pediatric-onset
IBD, which was primarily due to
gastrointestinal cancers. The absolute
rate of cancer among patients with
pediatric-onset IBD is low.

Meaning These results suggest that
there is a greater than 2-fold increased
rate of cancer among patients with
pediatric-onset IBD compared with
general pediatric populations, due
primarily to an increased rate of
gastrointestinal cancers.
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Introduction

The hallmarks of inflammatory bowel disease (IBD), a chronic immune-mediated inflammatory
disease of the gastrointestinal tract, are progressive intestinal injury and systemic inflammation,
which can lead to complications such as cancer. Inflammatory bowel disease is associated with an
increased risk of several types of cancer, including colon, small bowel, and upper gastrointestinal
tract cancers. In contrast to the risk of cancer among adult patients with IBD, the risk of cancer
among patients with pediatric-onset IBD is not well investigated, to our knowledge. Pediatric
patients with IBD may have longer durations of exposure to the chronic inflammatory state and
thereby a higher risk of cancer.? Furthermore, among children, the incidence of IBD and the risk of
cancer have increased in recent years.>*

Although previous studies indicate that the risk of all-cause cancer is higher among those with
pediatric-onset IBD compared with individuals without IBD, studies are heterogeneous and limited in
size, and the estimates are variable.> A meta-analysis of the risk of cancer among patients with
pediatric-onset IBD included all studies on the subject independent of the selective nature of most
studies.® However, databases on smaller cohorts from referral centers are not representative for the
average patient with IBD, and we are therefore unable to generalize from them to all patients with
IBD. To avoid selection biases and to ensure generalizability, unselected population-based cohort
studies representing all patients with IBD in a defined geographic area and over a specified period are
needed. An unbiased understanding of the risk of cancer among patients with pediatric-onset IBD
has implications toward long-term screening and prevention of cancer for this group.

We therefore conducted a systematic literature search and meta-analysis of population-based
observational studies assessing the overall risk of cancer, the risk of cancer by site, and the risk of
cancer according to IBD subtype (Crohn disease [CD] or ulcerative colitis [UC]), sex, and thiopurine
use among individuals with pediatric-onset IBD compared with general pediatric populations.

Methods

Search Strategy

Our meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) reporting guideline.” We designed and executed a
comprehensive systematic search using both subject headings and key words in the biomedical
databases MEDLINE PubMed and Embase Ovid from the date of database inception to October 31,
2021. We included studies that reported relative risk estimates of any cancer among individuals with
pediatric-onset IBD in a population-based cohort. We included peer-reviewed original research
articles as well as meeting abstracts. We also searched references for all included studies as well as
relevant reviews and did not implement language restrictions. Complete search terms are available
in eTables 1and 2 in the Supplement. Export and deduplication of search results were undertaken in
Mendeley Reference Manager (Mendeley Ltd) and Covidence software (Covidence). This review was
not registered with any register of systematic reviews.

Eligibility Criteria

We included all studies of geographically defined population-based cohorts of individuals with
pediatric-onset IBD that reported well-defined IBD diagnostic criteria and follow-up periods.
Geographically defined indicates a state, country, or region in which all IBD diagnoses and cancer
diagnoses can be captured. We excluded studies that reported data on cancer mortality alone,
studies from tertiary or referral centers, and studies that combined individuals with both pediatric-
and adult-onset IBD without presenting disaggregated data. In case of multiple studies reporting
data from the same cohort, the order of priority for selection was the study with the longest follow-
up time.
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Study Selection and Data Extraction

Study selection and data extraction were performed by 2 investigators (C.E.L. and S.B.T.)
independently, in accordance with the predefined inclusion criteria. Any conflict during abstract or
full-text screening was resolved through joint review or by a third arbiter (K.H.A. or T.J.). Data were
extracted into Microsoft Excel (Microsoft Corp) based on guidance provided by the Cochrane
Consumers and Communication Review Group's template.® Variables extracted included author(s),
study group, year of publication, study start and end date, geographic location, follow-up time (in
years and person-years), number of patients with IBD and reference individuals included, number of
cancer events, relative risk estimates for cancer associated with pediatric-onset IBD compared with
reference populations, observed incidence rates of cancer among patients with pediatric-onset IBD,
sex, and medication exposure.

Risk of Bias and Study Quality

Risk of bias and study quality were assessed using the cohort quality assessment instrument
provided by the Newcastle-Ottawa Scale.® Studies were assessed in 3 domains—selection,
comparability, and outcome—and could be awarded a maximum total score of 9. A total score of 7 or
higher suggests a high-quality study.

Statistical Analysis

Meta-analysis was undertaken on reported adjusted relative risk estimates from each study. We
calculated a pooled relative rate (pRR) summary statistic for studies included in the meta-analysis.
We extracted reported adjusted overall hazard ratios or analogous estimates and accompanying 95%
Cls to calculate SEs and undertake random-effects model (REM) meta-analyses using the generic
inverse variance method with Hartung-Knapp-Sidik-Jonkman estimator to calculate T2, a measure of
study variance. We chose an REM owing to a priori assumption of the presence of both intrastudy
and interstudy heterogeneity. Subgroup meta-analyses were undertaken for cancer rate by IBD
subtype (CD or UQ), sex, and thiopurine exposure using the same method. We additionally undertook
meta-analysis for relative rate of cancer by site, if the data were available. Sensitivity meta-analyses
were undertaken to include any data extracted from non-peer-reviewed publications and excluding
the largest and smallest study assessed by the REM weight contribution (in percentage) to the
pooled summary statistic. Publication bias was evaluated by visual inspection of a funnel plot for the
degree of asymmetry. Analyses were performed in R, version 4.0.5 (R Group for Statistical

»10 »11

Computing) using the “metagen” and “metabin” functions in “meta"'® and “metafor""' packages.

Results

We identified a total of 4628 abstracts from databases searched, of which 4166 remained after
excluding duplicate results. Of these, a further 4140 were excluded based on title and abstract
screening; 3 articles could not be retrieved, and 4137 did not meet the inclusion criteria. Twenty-six
articles were reviewed in full. Twenty-one of these were excluded: 11 owing to lack of appropriate
control group, 5 owing to duplicated cohorts, 3 owing to referral or tertiary center-based
populations, and 2 owing to inappropriate patient population (ie, adult or other type of patient
)'218. a study by El-Matary et a
from Manitoba, Canada, based on the University of Manitoba IBD Epidemiology Database; a study by

I'7 reporting on data from the population-based EPIMAD registry in northern France; a
|16

group) (Figure 1). Five full-text publications were included (Table 1 ['2
Peneaueta
study by Olén et al'® that included national Swedish registry data; a study by Kjaergaard et al'* that
included national Danish registry data; and a study by Malham et al™® that included both Finnish and
Danish national registry data. We extracted only the Finnish data from the study by Malham et al'
to exclude replicating data from the study by Kjaergaard et al,'* which followed the same cohort for a
longer duration. In addition, we included a study by Deneau and Guthery,' published as a conference
abstract, in a sensitivity analysis, but not in the primary analysis, owing to a lack of granular data.
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Risk of Bias and Study Quality

Despite some variation in control of bias, all studies included were assessed to be of either fair or
good quality (Table 2)."2"" All studies scored 3 or 4 (maximum score, 4) for selection, with the
studies by El-Matary et al'? and Malham et al' losing 1 point for not reporting exclusion of prevalent
cancer cases at baseline and the study by Peneau et al'” losing 1 point for lack of description of the
reference population, which was derived from the 1999 national population census with no further
information on characteristics. All studies reported either matching at baseline or adjustment for
confounders, with the exception of the study by Malham et al,' which was awarded no points for
comparability on this basis. All studies were awarded 2 points for assessment of outcome, but only
the study by Olén et al'® was awarded 3 points for additionally reporting completeness in participant
follow-up.

Overall Cancer Rate

A total of 715 cancer cases were identified among 19 812 individuals with pediatric-onset IBD and
11195 cancer cases were identified among 3 056 282 reference individuals. Total follow-up time of
individuals with pediatric-onset IBD ranged from 8254 person-years in the study by Peneau et al'’ to
148 682 person-years in the study by Olén et al.’® Incidence rates of cancer among patients with
pediatric-onset IBD were reported in 4 studies'>'*'® and ranged from 1.0 to 3.3 per 1000 person-
years.

The overall pRR for cancer among individuals with pediatric-onset IBD compared with reference
populations was 2.46 (95% Cl, 2.06-2.93) (Figure 2). Tests for heterogeneity revealed I = 51% and
12 = 0.04, indicating mild to moderate heterogeneity across included studies. The Swedish study by
Olén et al'® included the largest number of patients, contributing a weight of 33.0% to the REM pRR.

Reported cancer rates among patients with pediatric-onset IBD and the reference populations
are displayed in eFigure 1in the Supplement. We observed the highest cancer occurrence in the
Swedish study by Olén et al,'® with the lowest cancer rates for both the pediatric-onset IBD and

reference populations seen in the Finnish data from Malham et al.™

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses Flow Chart lllustrating
the Screening and Selection Process

4628 Records identified from databases ‘

—>‘ 462 Duplicate records removed before screening

4166 Records screened
—»‘ 4137 Records excluded

29 Reports sought for retrieval

—»‘ 3 Reports not retrieved

26 Reports assessed for eligibility

21 Records excluded
11 With inappropriate control group
5 Cohorts covered elsewhere
3 Referral center or non-population-based studies
1 With inappropriate age group
1 With other patient population

5 Studies included in review

[5 JAMA Network Open. 2022;5(3):e220595. doi:10.1001/jamanetworkopen.2022.0595 March 1,2022 4/12

Downloaded From: https://jamanetwork.com/ by a Aalborg University Hospital User on 03/08/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.0595&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0595

Development of Cancer Among Patients With Pediatric-Onset IBD

JAMA Network Open | Gastroenterology and Hepatology

"sisoudelp je 193unoA 10 s1eak /| se paulyap 18sU0-d1IeIPRd |,
‘sisAjeue-e1aW qg| [|eJ2A0 Ul PapNDUl S8Sed JO 1aquiny 5
‘sisAjeue-e1aW Qg [[BISA0 WOy PIPN|IX® S3SE JO JBqWINN o

‘pJepue)s A1jenD pue Yyd1easay a1edyy(eaH Joj Aousdy .

!S131]02 DAIIRISI|N “J ‘011B1 32UBPIDUI PSZIPJIEPUELS Y|S ‘D181 DAIIR[S. “HY ‘SIBSA-U0SIad ‘Ad ‘B|11Ie LDIeasal [euIS1Io
‘VYO ‘pariodal J0u "YN ‘3]BIS BMEIIO-|ISEIMBN ‘SON ‘DSESSIp [9MOq Alojewiuejjul ‘qg| ‘oliel plezey "yH ‘Uisaiul,| ap saliolewwuejyul saipejeLu sap ai8ojoiwapid3 ‘aviNId3 ‘2sessip uyold ‘gD ‘UoIeDIuNLWLWOD Ja1iq ‘g SuoneiAsiqqy

(syuswaziedaq
pJoN pue siejed
-9p-sed ‘awwos

(8°GT-¥'L ‘dIIIB-2UIRS
%€E'T ‘9184 HoN vt 9z = agi-n :9dUe.4 UIAYLION)
(ed)  (T°€€-S°10)  Hp(T9T-S'TT) Jaoued ‘ueipaw  (0%°9-0%'T) > grAiisibal 700¢ €10C ;1181
S 9'6¢C 9Y1 apni) ¥'8y 2be puexas 578 00°€ YIS € € 9 GLL 09T 8ES aviNld3 0318861 Y40  9duely neausd
ERJIENIECY]
(Ad Jo uoibal
000T Jad) pue ‘y3.iq - qql- - qql-
(pooD) (91-21)  €'¢ el J0 1eaf (9v'2-£6'T) =17 = @I (0 = Wl 1915169y 710¢ LT0T 91183
6 PpayodalioN GT 9dusphdu| LYy ‘abe ‘Xas 89811 0C'T'¥H 96¢t 66¢ €ST 0/8¢6 8¥9F 89LE  3Iudlied YSIpaMS 03 #96T V40 uspams ug10
(Ad (0'ST-v'¥
000T 42d) RE[o])) 1T = adi-n
(J1eq) (Pe-v1) (9T-21) 0T ‘el 0'6 ‘uelpaw  (60°S-55°0) q saL3sIbal Jualied 710¢ 610 ;1838
S R4 7T 93udpipu| a7 UN 194333 09°€ "HIS 0918 144 0T S99668C ¥80C T9CT  Jeuoijeuysiuuly 0317661 V40  puejul4 weyjen
(Ad sisoubelp
0007 Jod) 10 1e3A pue
(po09) €0°C ‘218l ‘lepuajed (£5T-18°T) Ansibasjuanied 810¢ 070T y; 1839
8 N 4N ®d2uspidu| 4N ‘abe ‘x9S T8 LL 9T°C "¥H T0L 18 LL 008€S £0LC €/49C jeuonjeu ysiueq 031 £/6T Jd ewusq pJeebIaefy|
(@2uIn04d
eqoyiuepy
:epeue)
1843U33-4IN0S)
(Ad eroseqeleq
0007 Jad) 9JUIPISA Kbojoiwspid3
(J1ed) (Sv-v0) (9T-21)  T'T ‘9384 10 ‘uoiBal (P'€-91°T) adleqoyluepy  8T0C 0T0T 7118 3®
14 LE YT @3uappu| 4N ‘abe ‘x9S 8E6 V1 00°C "¥H SL UN 4N cLee  TLE 9LS jo Ayis1vniun 014861 )4 epeue) K1eyey-13
£9400S sisoubelp sisoubeip uoneindod sjusijed siapunojuod  aeak Jad Ad (1D %56) ‘ON n a oN‘?zIs  Jn ((p) ejep pousad adfy Anuno) 92.no0s
SON J9dued 3y aglw agiur  9ews4 paisnlpy  ‘uonejndod @agi19suo ‘uoneindod uoneindod 140402 }0 32.1n0S Apms Py
X ‘abe (401) UeIpal du3pdUL 0% agi joawn -dleipad  ddudlRyRd |.oz ERITENEIEN] i
: Jadue) dn-mojjo4 Ul JaJUed 40 Ul SIUIAD ‘uonejndod :o:m_zﬁ_o.a
91eWIse ¥y Jadue) i agi u i asl
SIUIAD J2dUR)

S3[2IMY PapN|au] JO SonsHRIRIRY) °| d|qeL

512

March 1,2022

[5 JAMA Network Open. 2022;5(3):e220595. doi:10.1001/jamanetworkopen.2022.0595

https://jamanetwork.com/ by a Aalborg University Hospital User on 03/08/2022

Downloaded From



Development of Cancer Among Patients With Pediatric-Onset IBD

JAMA Network Open | Gastroenterology and Hepatology

‘(uawa|ddng ay3 ut | .nS149
ul 9|qejieAe) s103d1IDSIP LLLIOS JUSWISSISSe SON .8 (P) pue ‘(3) ‘() ‘(B) *SON @y uo juiod | S|e103 Jeis yoe3

‘A135139y J9oue) JIpIoN
'NVDQYON !3]edS BMENQ-9]1SEIMBN ‘SON ‘UOISINSY YIUB)] ‘SWS|GO.d Y3DBH PaiID|ay pub Saspasiq Jo uonpLjisspj)
D21ISIIDIS [DUOIDUIBIU] ‘01D *UOISIASY YIUIN ‘S8sDasI JO UoIIDILJISSD]D [puonDUIBIU| ‘6-GD)] ‘UOISIASY Yiybig
's9sDasIJ Jo UOIIDILISSD]) [pUOIIDUISIU] ‘8- ‘BSeSSIp [9Moq Alojewuweljul ‘qg| ‘ulisaiu|,| 9p SaJi0lewie)jul

saipejew sap aiSojoiwdpid3 ‘avINIdT ANjenD pue ydieasay a1edyyeaH 10j Aouasy ‘DYHY ‘suoleinsiqqy

(A £1>) 886T dduIS

Xas pue abe 9duel4 ulayiou
aseqelep yyeay apnjdul 03 paisnipe dn-monjo4 ur gg| Jo sased
dAlRNSIUIWpe SJ9punojuod Jojulod je sased  d)qissod Jo ‘@)qeqo.d 9duapIdUl Jo Apnis
dn-mop)o4 awi  bBuisn pawlijuod ‘uoneindod J3dued juadjenssd  ‘S11ulap Se paplodal paseq-uonejndod
J0 Aoenbape dn-mo1jo) pue p1odal EBIICIEICY] JouoIsnIxXa  ‘s3s16010.193U30.3566 paqlasap 9A1303ds0.1394
uo JusWaleIs Av11 1e21U12 Woy 03 buiydiew 10 JuBWRIeIS z Aq 10U si uonejndod —AYNIdI  £10C ;183
(po09) 9 € ON:(p) uelpay:(e) ¥  sisoubelq:(q) ¥ ON :(q) * € ON:(e) %  UOIeULIJUOD :(q) ¥ 2dUaIRJaY :(2) Ul suosiad Y :(e) ¥ neauad
?dUdPISA
J0 uoiba. pue ‘eak (A13buns
yuiq ‘abe ‘xas J1J123ds-aseasip ‘ba)
919Mm 10} paisnipe papnyaxa $9p0d Jednpadoud
SJ3punojuod 91am dn-moj)o4 Jnsoubelp K g1 abe a1043q
%96< 40 ‘f3unod pue 0 14e1S 94043q ‘sasouberp ¢ 1915169y 1915169y Juaned
$S9U3)dWwod ‘U1q Jo Jedk ‘abe J2dUed pey oym  wnwiuiw ‘133s16ay uolie)ndod YSIpams jeuoiieN
19151634 pousad Apms 1915169y Jadue) ‘xas Aq paydiew uonejndod jesauab 1ualied Ysipams ysipams  ul @gj Jo sisoubeip
pelewnnsy A-0G ueyl ysipams jeuolieN 949m uoljeyndod 10 @g| d13eipad ur  jeuoiien ui sisoubeip 1euoljeu woduy panl@daioym /10T o718 3
(pooo) 6 S ((e) %  alop:(e) x o1abeuIi(q) X JesdUdD i(e) XX ¥ Slenpiapu] :(e) % 0T-@JI:(e) %  panua@:(e) ¥  suosiady :(e) x ua10
K g1 abe
uolejndod 910J3q (uoniisul
EBlICICIC)] 9dueunsul
10} s34 J3dURD sdno.b abe 1e120s) A13s169y
J1y109ds-abe buipunojuod dn-mon)o4 Buipuodsaliod uBWRSINQIRY
dn-mo1jo4 awn NVDQYON 10 buipodal 0 1uj0d e sased A11s16a. jeuonieu ui uonejndod 1e129dS wouy
Jo Aoenbape dn-moj)o4 Jo asn ‘A1sibay ou ‘uolejndod Jadued juadjenssd  ysiuui4 ul sisoubelp jeuoijeu agl Jo sisoubeip
uo JudWILIS £-9'6 JadUB) Ysiuuly 9JUaI3Jal 01 10 U0ISNIX® JO 0I-@)I pue puno.byaeg paARIRIOYM  6TOT o118 32
(ded) g 4 ON:(p) UueIpa|y :(e) % 03 3beuIT:(q) ¥ buiydiew oy :(2) € juswelelsoN (q) ‘6-adi ‘'8-adi (e) ¥ (e) ¥ suostad 11y :(e) ¥ weyen
sisoubelp
10 1e3A Jepusied
pue ‘abe ‘xas PapN]IXa 319M Ansibas juaned AQ1
apn)dul 03 paisnipe 91ep sisoubelp jeuonjeu ysiueq  Ansibasjusied abe 310J3q Q4| J0
dn-moyjo4 SI9pUNOJU0d agl aiogaq wouj sasoubeip  jeuoneu ysiueq - sisoubeip panledal
Jo Aoenbape porsad Apnis K13s169y ‘paydiew abe J3dued Jo sisoubelp Z wnwiuiw woJj panzp oym Aijsibal jusijed
U0 JU3WAIRIS A-01 ueyy pue xas uoneindod PaAIRIR4 oYM ‘sisoubelp 01-adl uoljejndod Jeuoijeu ysiueq  0c0T ,; 1€ 32
(pooD) 8 14 ON :(P) alojy :(e) % 013beqUIT:(q) ¥ IDUIIBRY :(B) XX ¥ pue g-gJJ :(e) ¥ dduaIRJRY :(e) ¥ Uulsuosiad )y :(e) x pJeebiaefy|
Ag1
abe a10J2q gg| J0
sIsoubelp panIalal
dn-mo1jo4 oym aseqeleq
dn-moijo4 J0 julod 1e sased Abojoiwapid]
10 foenbape pousad Apms Ansibas  paydiew aduapisal J3dued juarenaud agi 4o uoniuiap adueunsul agl eqoyuepy
uo JudWILIS K-y€ ueyy  uadued eqoliuepy 10 uoibau pue JO UOISN]IX JO  3SBD dAIIRAISIUIWLIPE  U3]eay |esIaAlun J0 AYISIBAIUN 0707 7118 3
(poo9) 9 € ON :(P) 2J0\ :(e) % o1 abexyuITi(q) ¥ ‘Xas ‘aby :(e) % € juawaiels oN :(q) paieplieA :(e) % eqojuely :(e) ¥ ulsuosiad |y :(e) x Kierep-13
(piepues (S ‘wnwixew) S}0y0d (ow 93) aLwo0dino (Z ‘wnwixew) (f ‘wnwixew) Apnis ainsodxa 110402 110Y0d pasodxa j0 924n0§
OYHY 91035 1e301 Jo dn-moj)o4 £4n20 03 JO JUdWISsassy  sishjeue 1o ubisap 910351301  JO }IE)S Je Juasaid 10 JUBWILIRLIRISY pasodxauou  SSaudAlleIURSAIdRY
!6 ‘wnuwixew) jo foenbapy  saw0d1no 10} JO siseq uo s1104od 10U SEM 153J31Ul 0 U0I1I913S
9102s ybnous buoj 30 Ayiqesedwo) J0 3W021N0 18y}
SON 1e30L dn-moijo4 sep uoljessuowsq

3wo3nQ pue Ayjiqesedwo)

u0I132313S

<utewoq SON-Apnis 310403 e Jo Ayrjenb 4o JUIWSSISSY

SON Sulsn SaIpN1S papn|du| 0} JuaLSSasSY ANjenD Apnis pue seig Jodjsiy "z d|qeL

6/12

March 1,2022

& JAMA Network Open. 2022;5(3):e220595. doi:10.1001/jamanetworkopen.2022.0595

https://jamanetwork.com/ by a Aalborg University Hospital User on 03/08/2022

Downloaded From


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.0595&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.0595

JAMA Network Open | Gastroenterology and Hepatology Development of Cancer Among Patients With Pediatric-Onset IBD

Cancer Rate Among Patients With CD or UC

All studies presented relative rate estimates for cancer by IBD subtype. The meta-analysis of pooled
estimates by CD and UC shows a pRR of 2.03 (95% Cl, 1.67-2.46) for CD and a pRR of 2.61 (95% Cl,
2.00-3.40) for UC (Figure 3). Peneau et al'”” reported a nonstatistically significantly increased rate for
CD, as did El-Matary et al'? for UC, compared with their reference populations; both studies,
however, contributed a small weight to the overall pooled summary statistic for the meta-analysis
(7.0% and 11.5%, respectively).

Cancer Rate According to Sex and Thiopurine Exposure
Only 2 studies report on the relative risk of cancer by sex.*'® Meta-analysis of these studies revealed
an increased relative rate of cancer among male patients with pediatric-onset IBD (pRR, 3.23; 95%
Cl, 2.35-4.45) and a nonsignificant increased relative rate for female patients with pediatric-onset
IBD (pRR, 2.45; 95% Cl, 0.93-6.46) compared with reference populations.

Data on the risk of cancer by treatment exposure were again presented only in 2 studies.'*'®
Subgroup meta-analysis of these studies demonstrated an increased relative rate of cancer among
patients treated with thiopurines (pRR, 2.09; 95% Cl, 1.55-2.83), whereas the relative rate of cancer

among patients not exposed to thiopurines was numerically but not statistically increased (pRR, 1.82;

Figure 2. Forest Plot of Overall Meta-analysis of Relative Cancer Rate for Individuals With Pediatric-Onset Inflammatory Bowel Disease (IBD) Compared
With Reference Populations

No. of patients No. of events
Source IBD Reference IBD Reference RR (95% Cl) Does not favor cancer : Favors cancer Weight, %
El-Matary et al, 12 2020 947 9272 17 75 2.00 (1.16-3.44) —m— 115
Kjaergaard et al,1> 2020 5380 53800 158 701 2.16(1.81-2.57) l 29.4
Malham et al,16 2019 (Finland) 3345 2899565 34 8160 3.60 (2.55-5.09) —l— 19.2
Olénetal,142017 9405 92870 497 2256 2.20(1.97-2.46) = 33.0
Peneau et al,13 2013 698 775 9 3 3.00 (1.40-6.40) T 7.0
Random-effects model 2.46 (2.06-2.93) ’ 100.0
Heterogeneity: 12=51%; 12=0.04 : . 1 . )
0.2 0.5 1 2 5 10

RR (95% Cl)

RR indicates relative rate.

Figure 3. Forest Plot of Meta-analysis of Relative Cancer Rate for Individuals With Pediatric-Onset Inflammatory Bowel Disease (IBD) Compared With Reference
Populations by IBD Subtype (Crohn Disease and Ulcerative Colitis)

No.of  No.of Does not favor : Favors
Source patients events RR(95% Cl) cancer : cancer Weight, %
Crohn disease i i
El-Matary et al,12 2020 576 0  2.47(1.31-4.66) —— 73
Kjaergaard et al,15 2020 2673 77 2.25(1.75-2.89) B 15.2
Malham etal, 162019 (Finland) 1216 10  2.80 (L.41-5.55) . 6.6
Olénetal, 14 2017 3768 153 1.70(1.44-2.01) K 17.1
Peneau et al,13 2013 538 6  2.50(0.93-6.73) i 3.9
Random-effects model 2.03 (1.67-2.46) ‘i 50.1
Heterogeneity: 12=29%; 12=0.02 i i
Ulcerative colitis i
EL-Matary et al,12 2020 371 0 1.24(0.43-3.58) — 35
Kjaergaard et al,1> 2020 2707 81 2.09 (1.64-2.66) ﬂ 15.4
Matham et al,16 2019 (Finland) 2084 24 4.10(2.68-6.28) s 11.0
Olén et al,14 2017 4648 299  2.60(2.28-2.97) —| 17.7
Peneau et al,13 2013 160 3 4.60(1.19-17.82) 23
Random-effects model 2.61 (2.00-3.40) <> 49.9
Heterogeneity: 12=60%; 12=0.14 ‘ : L

0.1 05 1 2 10 2030
RR (95% Cl)

RRindicates relative rate.
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95% Cl, 0.63-5.22). However, estimates were similar, and 95% Cls were overlapping, indicating that
the 2 estimates did not differ markedly from one another.

Cancer Rate According to Site
Only 3 of the 5 studies consistently reported the relative cancer risk by cancer site among patients
with pediatric-onset IBD.™® Meta-analyses of data from these 3 studies were undertaken for
cancers specific to gastrointestinal sites, including colorectal cancers, small bowel cancers, liver
cancers (cholangiocarcinomas and hepatocellular carcinomas), and cancers specific to extraintestinal
sites, including lymphoid (leukemias and lymphomas), melanomas, and nonmelanoma skin cancers.
The highest relative rates by cancer site were consistently observed for gastrointestinal cancers
(eFigure 2 in the Supplement), with a 55-fold increased rate of liver cancer (pRR, 55.45; 95% Cl,
19.59-156.99), followed by a 20-fold increased rate of colorectal cancer (pRR, 20.29; 95% Cl, 15.90-
25.90) and a 16-fold increased rate of small bowel cancer (pRR, 16.20; 95% Cl, 3.52-74.66; eFigure 3
in the Supplement). The mean incidence rates of cancer by cancer site for these 3 studies indicate
that, despite markedly increased relative rate estimates for gastrointestinal cancers among patients
with pediatric-onset IBD compared with general pediatric populations, this risk corresponds to a
mean incidence rate of 0.3 cases of liver cancer, 0.6 cases of colorectal cancer, and 0.1 cases of small
bowel cancer per 1000 person-years in this population.

Estimates for the relative rate of extraintestinal cancers were lower, with the highest pRR seen
for nonmelanoma skin cancer (pRR, 3.62; 95% Cl, 1.97-6.66), followed by lymphoid cancer (pRR,
3.10; 95% Cl, 1.88-5.10) and melanoma (pRR, 2.05; 95% Cl, 1.27-3.29).

Sensitivity Analysis and Publication Bias

A sensitivity meta-analysis excluding the study by Olén et al'® (the largest weighted study) and the
study by Peneau et al'? (lowest contributor to overall REM weight) showed an increase in the pooled
estimate (pRR, 2.52; 95% Cl, 1.77-3.59; eFigure 4 in the Supplement). Inclusion of data from a
non-peer-reviewed abstract by Deneau and Guthrey' showed a further increased pRR of 2.95 (95%
Cl, 1.80-4.85; eFigure 5 in the Supplement). Both are small and nonsignificant increases to the overall
pRR meta-analysis estimate. Overall, we found no indication of publication bias for the included
studies (eFigure 6 in the Supplement).

Discussion

In the present meta-analysis of available population-based cohort studies on the risk of cancer
among patients with pediatric-onset IBD, including 19 812 patients with pediatric-onset IBD and
3056 282 reference population individuals, we found a 2.4-fold increase in the relative rate of cancer
among patients with pediatric-onset IBD compared with reference populations. Rates of cancer were
similar among patients with CD and patients with UC and were highest among male patients. The
increased rate of cancer among patients with pediatric-onset IBD was primarily associated with
increased rates of gastrointestinal cancers. The association of thiopurine exposure with rates of
cancer among patients with pediatric-onset IBD is unclear. The quality of the included studies was fair
to good, and publication bias was not observed.

We restricted our meta-analysis to population-based studies to avoid selection bias and to
minimize heterogeneity based on study design. The estimates reported in this study are consistent
with findings from a systematic review by Aardoom et al,® which included both selected and
unselected studies and suggested an increased rate of cancer among patients with pediatric-onset
IBD, with gastrointestinal cancers being the most frequently reported fatal cancer outcome.

On subgroup analysis, we found that the relative rate of cancer was similar among patients with
CD and patients with UC, although numerically higher among those with UC. This finding may be
associated with colorectal and hepatobiliary cancers, especially among patients with primary
sclerosing cholangitis. Although the studies included in the meta-analysis did not consistently report
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this level of granularity, the particularly elevated pRR for liver cancers may be a reflection of increased
risk of primary sclerosing cholangitis.

We were able to pool data from 2 studies
rate of cancer among those exposed to thiopurines was twice as high as in the reference population,

1416 on IBD medications and found that the relative

while the relative rate was 1.8-fold increased among those never exposed to thiopurines, although
the latter estimate was not statistically significant. An increased rate of cancer after treatment with
thiopurines has previously been suggested. Using data from the French national health insurance
databases, Lemaitre et al?° reported an adjusted hazard ratio of 2.60 (95% Cl, 1.96-3.44) for
lymphoma among patients with IBD receiving thiopurine monotherapy compared with unexposed
patients. Long et al*'
thiopurine therapy had higher odds of nonmelanoma skin cancer (adjusted odds ratio, 1.85; 95% Cl,

1.66-2.05) but not melanoma (adjusted odds ratio, 1.10; 95% Cl, 0.72-1.67). However, Kjaergaard
|14 |16

reported that in a US health care claims database analysis, patients exposed to

et al'* and Olén et al'® did not find a significant association between thiopurine therapy and cancer,
which could be owing to inadequate power to study this outcome, particularly given the limited use
of thiopurines in pediatric populations.

We report a difference in overall relative cancer rate by sex, with the highest relative rate
observed among male patients. A higher risk of lymphoma has previously been reported among
young men receiving thiopurines,?2 and male sex is considered a risk factor for cancer among
children with IBD.23 Evidence increasingly suggests sex-based differences in response to IBD
therapies®*; these findings warrant further investigation.

Our findings indicate a particularly elevated relative rate of gastrointestinal cancers (including
liver, small bowel, and colorectal cancers) among patients with pediatric-onset IBD compared with
general pediatric populations. However, these estimates are derived from small numbers of cancer
events in both IBD and non-IBD groups. The 55.5-fold increased relative rate of liver cancers
identified here corresponds to an incidence of 0.3 cancer cases per 1000 person-years. The
comparatively lower relative rate of extraintestinal cancers (including lymphoid and nonmelanoma
and melanoma skin cancers) is in keeping with findings from Pedersen et al,' who found a
standardized incidence ratio of 1.1 (95% Cl, 1.0-1.3) for extraintestinal cancer in a meta-analysis of 8
population-based cohort studies of patients with IBD.

Identifying variables that modulate cancer risk in pediatric patients would be valuable for
targeting prevention and screening. For example, ongoing inflammation is an important risk factor
for cancer, specifically gastrointestinal cancer, and early and adequate control of inflammation is
critical to preventing long-term complications.?* Guidance on screening for colorectal cancer among
children is similar to that for adults; a colonoscopy is recommended 6 to 8 years after diagnosis for
patients with colitis extending beyond the rectum, and an annual colonoscopy is recommended from
the time of diagnosis for patients with primary sclerosing cholangitis.?> Annual screening for skin
cancer is currently recommended for all patients with IBD.2®

Strengths and Limitations
This study has some strengths; the primary strength is the careful inclusion of population-based
studies only (ie, high-quality unselected studies representing the entire population of patients with
pediatric-onset IBD). Determining a pooled estimate of relative cancer rate based on high-quality
studies is novel and has important clinical implications. This decreases the likelihood of selection bias
and ensures generalizability of results. Accordingly, the heterogeneity scores in our analyses are
moderate to low. Although all of the included studies were assessed as fair to good using Newcastle-
Ottawa Scale scoring, this quality assessment tool has limitations for assessing the internal validity
of the studies, particularly when being applied to a selection of high-quality studies with good control
for bias, as is the case with the studies included in this meta-analysis.?”

This study also has some limitations, including a lack of data on disease severity and limited data
on exposure to thiopurines and biologic therapies. Inconsistent data on cohort characteristics (eg,
age at IBD diagnosis or cancer diagnosis) and a lack of granular data on subtypes of cancer are also
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limitations.All of the data identified for analysis are based in high-income, Western populations, so
the findings might not be generalizable beyond similar populations.

Conclusions

In this meta-analysis, we found a 2.4-fold increase in the relative rate of cancer among patients with
pediatric-onset IBD compared with the general pediatric population, primarily associated with an
increased rate of gastrointestinal cancers. Although the incidence of pediatric-onset IBD is
increasing, the overall incidence rate of cancer in this population is low (ie, <3.3 cases per 1000
person-years).
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