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tumors (OR: 6.05, 95% CI 2.75—-13.27), there was no strong evidence of other non-chromo-
somal anomalies being specifically associated with cancer occurring in the same organ sys-
tem or anatomic location.

Conclusions

Non-chromosomal anomalies increased risk of several cancer types. Additionally, we found
that increasing number of non-chromosomal anomalies was associated with a stronger risk
of cancer. Pooling similar data from many regions would increase power to identify specific
associations in order to inform molecular studies examining possible common developmen-
tal pathways in the etiologies of birth defects and cancer.

Introduction

Congenitalanomalieqi.e.,birth defectsreoneof the strongesand mostconsistentisk fac-
torsfor childhoodcancerBirth defectsaregenerallycategorizedschromosomabr non-
chromosomabnomalies.[1TTherole of chromosomahnomalieon childhoodcancerisk has
beendescribedFor examplechildrenwith Down syndrome(DS) havea 20-foldincreased
risk of acutelymphoblastideukemia(ALL) comparedo thosewithout DS.[2,3] Similarly,
childrenwith chromosomel3gl4deletionsyndrome characterizedy dysmorphicfacialfea-
tures,haveincreasedisk of retinoblastoma.[4Four recentpopulation-basedegistrylinkage
studiesn the United StategU.S.)[2,5+7]suggesthat childrenwith hon-chromosomahnom-
aliesmayalsobemorelikely to developcancercomparedo their unaffecteccontemporaries.

Evidenceof sharediologicalpathwaydgor congenitalanomaliesand cancetis limited, but
possiblanechanismgroposedncludenon-geneticexposurege.g. environmentalexposures)
thatleadto both conditions;[2]somaticmutationsin developmentagienesarlyin embryo-
genesigeadingto tissuemosaicism;[8pr chromosomamicrodeletionghatincludeboth
developmentaind cancerpredispositiongenes.[7TThebiologicalunderpinningsof these
associationarelikely to vary by specifichirth defectandspecificcancertype.

Fewstudieshaveevaluategossibleassociationsf specificnon-chromosomabnomalies
with specificcancertypesargelydueto therarity of both childhoodcancerand congenital
anomaliesRelativelylargestudysizessanbeconductedn differentgeographicegionsusing
population-basedinked healthregistrydataallowinguniform measurementf both the con-
genitalanomalyand cancelincidence Suchlargelinked databasegroviderich opportunities
to examinethe associationsf specificanomaliesparticularlythosethat arenot chromosomal
in origin, with specificcancersUsinglinked population-basedbirth-cancer-registry-hgsital
dischargeadatafrom WashingtonStaten a case-controépidemiologicastudy,weexamined
therelationshipsof congenitakknomaliesvith childhoodcancerswith afocuson major non-
chromosomahknomalies.

Materials and methods
Subject identification

This projectwasconductedafterappropriatelnstitutional ReviewBoardapprovalgexpedited
reviewswith waiversof consentfor datalinkageto constructanalysidileswithout names)
werereceivedrom WashingtonStateandthe FredHutchinsonCancerResearciCenter We
linked recordsof all children <20yearsold diagnosedvith cancerin 1974+2014sidentified
in the WashingtonStatepopulation-base@ancelincidenceregistrieso Statebirth recordsfor
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thesameyeardo identify childrenborn in-state(N = 5,876).The cancerregistriesncluded
the Surveillancekpidemiologyand Endpoints(SEERProgram-affiliatedCancerSurveillance
Systenof WesternWA, andthe Centerdor Diseasé€ontrol (CDC) NationalProgramof Can-
cerRegistriegNPCR)-affiliatedWashingtonStateCancerRegistry Linkageof cancerregistry
andbirth recordsdatabasewasperformedin a stepwisaleterministicprocedurebasen
identifierscontainedwithin both resourcedncluding: child name,sex,andbirth date;parental
namesand maternalbirthdate;residentialaddressat deliveryand diagnosisandrace/ethnic-
ity. Birth-hospitaldischargerecordshavebeenroutinely linked since1987in Washington
Stateandthusthe ICD codeswithin the hospitaldischargeecordsandthebirth recordinfor-
mation wereavailablérom this linkage.Updatedlinkagesof thesecanceregistry-birthrec-
ordsdatahavebeenconductedperiodicallyduring the pastseveratiecadesyith birth records
generallylocatedfor approximately80%of cancercases<15atdiagnosigrangingfrom 66%-
85%0f thosel0+14and <5 yearsold at diagnosisrespectively.fror eachcasewerandomly
selected.Ocontrol childrenwithout cancerduring the studyperiodfrom the remainingbirth
recordsfrequencymatchedon yearof birth andsex(N = 58,462)Information aboutthe pres-
enceof congenitanomaliedegarin the birth recordsin 1984 andthusour potentialsub-
jectsincluded4,590casesind 45,653 ontrolsborn in 1984or later.After excludingsubjects
with nonmalignanttumors (N = 480),andcervicalcancergN = 5) (dueto their likely associa-
tion with HPV infection),therewere4,105case$or analyses.

Congenital anomaly ascertainment

Washingtonbirth certificateontaincheckboxesdicatingthe presencef maternaland
infant conditions,including congenitanomaliesdentified at delivery.Additionally, since
1987 Washingtonbirth certificateshaveroutinely beenlinked to hospitaldischargeecords
for the birth hospitalizatiorof the infant; thesewerealsousedto identify congenitaknomalies
in caseandcontrol children,asbirth certificateand hospitaldischargeecordsusedin combi-
nation havebeendemonstratedo improveidentification of severatonditions,[9+11jand
becauséirth certificatedataenrichedby hospitaldischargenformation for identification of
congenitalanomaliehasgreatevalidity.[12] WashingtonStatehospitaldischargeecords
includeall hospitaldischargef non-Federafacilities.For the studyperiod, this state-wide
systenrcontainsinternational Classificatiorof Diseases-Clinicalodification, 9" Revision
(ICD-9) diagnosisodedor hospitalizationdasedn Medicare-Medicaidilling standards.
During the studyyearsup to 25diagnosticcodefieldswerepresentfor birth hospitalizations.
Weinitially screenedhesefor the presencef anycongenitanomaly(ICD-9 740+759)and
further refinedby categorizingconditionsasmajor or minor (S1Tablefor ICD-9-CM codes).
[13] Thiswasfurther refinedusinga Centers for Disease Control and Prevention/British Pediat-
ric Association (CDC/BPA)-modified codewith greaterdetail.If the modified codefor acon-
genitalanomalydid not haveadirecttranslationto ICD-9-CM, it wasincludedaswithin the
largerlCD-9-CM categoryAnomalytypesincluded:centralnervoussysten{CNS);heart/cir-
culatory;oral clefts;gastrointestinalgenital/urinary;chromosomalmusculoskeletaintegu-
ment/skin;andothercongenitabnomaliesChildrenwith bothachromosomale.g.Down
syndrome)andanon-chromosomabhnomaly(e.qg. oral cleft)wereincludedin the2chromo-
somalanomaly®category.

Information available. Variabledrom thecancerregistriesncluded:ICD-O morphology
andtopographycodesstagegrade histology,ageat diagnosisand diagnosis/ear.Casesvere
classifiednto groupsandsubtypesccordingto the International Classificatiorof Childhood
Cancer 3 Edition,[14] and by ageatdiagnosig <5, 5+9,10+19ears) Additional informa-
tion availabldrom the birth recordsincludeddemographicharacteristic¢e.g. parentalage,
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race/ethnicity education)maternalexposuresndcharacteristicge.g. prenatalsmoking,
marital status)andbirth characteristicgbirthweight,gestationalength).Information about
thetypeof medicalinsuranceusedfor the child'sdeliveryor billed athospitaldischargavas
obtainedfrom thebirth certificateor from the hospitaldischargeecord(categorizedsprivate
insurancevs.Medicaid/Medicare/Charit Carevs.private/otherinsurancefor useasaproxy
indicator of socioeconomistatus.

Analyses. Childrenwereclassifiecasindicatedby birth certificateand/or hospitaldis-
chargedataashaving:anymajor congenitaanomaly(with or without anycongenitaiminor
anomaly);minor congenitalanomaliesonly; or no congenitalnomaly After initially evaluat-
ing the possibleole of minor congenitaknomaliedor childhoodcancertheremainderof the
analysefocusen major anomalienly. We evaluatedhe numberof differenttypesof con-
genitalanomalieghatachild had(e.g.,CNS,gastrointestinal)lf achild hadtwo congenital
anomaliesvithin the samecategorythis wasconsideredashavingonetypeof anomaly We
thenfocusedn non-chromosomahlnomaliesWe evaluatedhis associatioroverall,andfor
canceroccurrenceat differentdiagnosisagecategorie$<5,5+9,10+19years)o beconsistent
with previousassessments.[Bcauseongenitainomaliesnaybeassociatewith infant
birthweightor gestationahgeat delivery which mayalsoaffecttherisk of canceroccurrence,
we conductedsub-analysesf our main exposuregany major anomaly major non-chromo-
somalanomaliesyestrictedto childrenwith normal birthweight (2500- <4000g)andterm
gestation(37 weekor greater) Whennumberspermitted,associationbetweerspecific
anomaliesand childhoodcancemwereexamined.

Mantel-Haenszedtratifiedanalysesvereinitially usedto describegroup characteristicand
evaluateonfounding.Logisticregressiorwasusedto calculateoddsratios(ORs)and 95%
confidencenterval (Cls) for the evaluationof childhoodcancerrisk in relationto presencef
anyanomaly aswell asthe presencef specificanomaliesWe alsoestimatedherisk of spe-
cific canceltypesin relationto the presenc®f anyanomaly and (to the extentpossible)n
relationto specifictypeof anomaly ORswereadjustedor the matchingvariablesof birth year
andgenderandfor maternalageatdelivery(12+1920+2425+2930+34 35+years) Other
variablesonsideredor their possiblesffecton the ORincludedmaternalprenatalsmoking
(yes/no) marital statusyace/ethnicity(White, Black,Hispanic,Asian,NativeAmerican,
Pacificlslander,Other),education(<12,12,and 13+years)andtypeof healthinsuranceAs
noneof thesemeaningfully(>10%)alteredthe ORs resultsareadjustedor birth year sex,
andmaternalageonly. We assesseubssibldérendsof increasedisk with increasinghumbers
of anomalieg0,1,2,34and,amongthosewith anomalienly, 1,2,3+separatelyor allanoma-
liesandnon-chromosomahnomalieslsinglikelihood ratio testsfor addinggrouped-linear
versionf categoricalariablego modelsincluding the confounders.

Results

Childhoodcancercasesveremorelikely than controlsto havemothersaged35yearsor older,
to bewhite,or to haveabirthweight>4000g(Tablel). The mostcommontypesof cancer
wereleukemia(28%),centralnervoussystem CNS)tumors (22%),andlymphoma(119%).

A greatermroportion of case$7%)than controls(5%)hadatleastone major congenital
anomalyidentified (OR:1.46,95%CI 1.28+1.65]Table2). The presencef anyminor anom-
alyin theabsencef amajoranomaly(OR:0.52,95%CI 0.24+1.10pr anunspecifiecanomaly
that couldnot beclassifiedasmajor or minor (OR:1.01,95%CI 0.90+1.143lid not differ
markedlyin casesndcontrols.The ORsfor childhoodcancerincreasedvith increasingnum-
bersof majoranomaliesfrom 1.35(95%CI 1.17+1.55)or asingleanomalyto 2.79(95%ClI
1.44+5.43jor 3 or moreanomaliesWhenonly non-chromosomahnomaliesvereconsidered
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Table 1. Characteristics of childhood cancer cases and controls born in Washington state, 1984-2013.

Case (N=4105)2 Control (N =45653) 2
Characteristic n % n %
Birth year
1984-1986 467 11.4 5,153 11.3
1987-1989 548 13.4 5,999 13.1
1990-1994 1,011 24.6 11,581 25.4
1995-1999 809 19.7 9,128 20.0
20002004 608 14.8 6,606 145
2005-2009 502 12.2 5,433 11.9
2010-2013 160 3.9 1,753 3.8
Gender
Male 2,111 51.6 23,306 51.1
Female 1,984 48.5 22,346 49.0
Maternal age (years)

20 314 7.7 4,643 10.2
20-24 973 23.8 11,446 25.1
25-29 1,223 29.9 13,589 29.8
30-34 977 23.9 10,504 23.1
35+ 600 14.7 5,374 11.8
Maternal race/ethnicity
White 3,243 81.0 34,756 77.9
Black 130 3.3 1,759 3.9
Hispanic 300 7.5 3,934 8.8
Asian 211 5.3 2,376 5.3
Native American 68 1.7 1,016 2.3
Pacific Islander 50 1.3 734 1.7
Other 1 0.0 24 0.1
Maternal prenatal smoking
No 2,995 83.7 32,774 81.8
Yes 585 16.3 7,296 18.2
Gestational age (weeks)

37 342 8.6 3,449 7.8
37- 42 3,466 86.7 38,790 87.4
42+ 191 4.8 2,143 4.8
Birthweight (g)

2500 233 5.7 2,528 5.6
2500-3999 3,205 78.5 36,980 81.4
4000+ 646 15.8 5,952 13.1
Age at diagnosis (years)

5 1,883 45.9
5-9 796 19.4 — —
10- 20 1,426 34.7 — —
Type of cancer
Leukemia 1,140 27.8 — —
Lymphoma 460 11.2 — —
CNS 890 21.7 — —
Neuroblastoma 327 8.0 — —

(Continued)
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Table 1. (Continued)

Characteristic
Retinoblastoma

Renal

Hepatic

Bone

Soft-tissue sarcoma
Germ cell

Other malignancy
Unspecified malignancy

Case (N=4105)2 Control (N =45653) 2

n % n %

110 2.7 — —

215 52 — —

63 1.5 — —

162 4.0 — —

268 6.5 — —

163 4.0 — —

292 71 — —

15 0.4 — —

2 Numbers may not add up to total due to missing data.

https://da.org/10.1371durnal.pon®179006.t001

in relationto anycancerthe ORremainedincreasedOR:1.35,95%CI 1.18+1.54)A similar
patternwasobservedifterrestrictionof analyse$o childrenwith normal birthweight (2500
-<4000g)with term (37+weeksHeliveries.

IncreaseddRsfor childhoodcancemwereobservedor allanomalieswith the exceptionof
oral clefts(OR:0.56,95%CI 0.20+1.52);lubfoot (OR:0.77,95%Cl: 0.18+3.22)]actyly(OR:
0.99,95%ClI: 0.23%4.20)%pinabifida (OR:0.84,95%CI: 0.11+6.38)pther CNSanomalies
(OR:0.37:95%Cl: 0.04+3.54)and othercirculatoryanomaliegOR:0.89,95%CI: 0.41+1.93).
Theeffectsizessaried:the greatesORwasobservedor chromosomahnomaliegOR:7.52,
95%CI 5.21+10.84).argeand positiveORswerealsoassociatewith gastrointestinahnoma-
lies(OR:3.07,95%ClI 1.85+5.11and CNSanomalieOR 2.99,95%Cl: 1.71+5.19)Within
generabnomaliesselectedpecificconditionshadincreasedRs,including microcephalus
(OR:6.64,95%CI 1.94+22.75))ydrocephalugOR:3.95,95%Cl 1.45+10.74gnalatresia
(OR:4.7595%CI 1.49+15.19and Down syndrome(OR:10.8695%Cl 7.02+16.81).

ORswereincreasedor the associatiorof anomaliesn relationto childhoodcancerdiag-
nosedin all agegroups althoughthe magnitudef theassociationsieregreatesfor cancers
diagnoseadt <5 yearsof age(Table3). ModestlyincreasedDRswith Clsincluding onewere
notedfor cancermdiagnosedetweerb+9yearsf age althoughstatisticallysignificantassocia-
tionswerenotedfor cancersliagnosedn theolder (10+19ears)agegroup.

Thepresenc®f achromosomablnomalywasgenerallyassociate@ith greaterORsfor
mosttypesof cancerthan wasthe presencef non-chromosomahnomaliegFig 1). Non-chro-
mosomalanomaliesvereassociate@ith greaterthantwo-fold increasedisk of hepatoblas-
toma(OR:2.50,95%CIl 1.13+5.53andgermcelltumors(OR:2.38,95%CI 1.41+4.03)ut
alsowith increasedisk for neuroblastomgOR:1.93,95%CI 1.32+2.83and soft-tissuesarco-
mas(OR:1.71,95%Cl 1.10+2.65)The presenc®f achromosomabnomalywasassociated
with largeincreasedisk for leukemia(OR:21.6595%CI: 14.57+32.15)¢etinoblastomgOR:
14.3095%Cl: 4.38+46.72pndrenaltumors (OR:4.70,95%Cl 1.14+19.45)ncreaseddRs
for all other cancertypesexaminedexceptCNStumorsin relationto chromosomablnomalies
werealsoobservedalthoughthe estimatesvereimpreciseand confidencentervalsincluded
one.

We exploredthe associationsf specificanomalytypesin relationto specifictypesof child-
hoodcancer(Fig 2). ThelargestORswereobservedor the presenc®f chromosomabhnoma-
liesin relationto leukemia(OR:21.6595%CI 14.57+32.15ndretinoblastomg OR:14.30,
95%Cl 4.38+46.72pndfor the presencef gastrointestinahnomaliesn relationto soft-tissue
sarcomgOR:12.1795%CI 4.86+30.46CNStumorswereassociatetith CNSanomalies
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Table 2. Presence of congenital anomalies among childhood cancer cases and controls born in Washington state, 1984-2013.

Anomalies present Case N =4105 Control N = 45653 OR? 95% ClI
Major/Minor Anomalies n % n %
Any Anomaly
No 3,452 84.1 39,400 86.3 1.00 (ref)
Major Anomaly Only 274 6.8 2,208 4.8 1.41 1.24—1.61
Major + Minor Anomalies 20 0.5 84 0.2 2.65 1.62-4.33
Minor Anomalies Only 7 0.2 152 0.3 0.52 0.24-1.10
Unspecified anomaly 352 8.6 3,809 8.3 1.01 0.90-1.14
Major Anomalies Only®
Any Anomaly
No 3,459 92.2 39,552 94.5 1.00 (ref)
Yes 294 7.8 2,292 5.5 1.46 1.28-1.66
Any Anomaly (Non-Chromosomal) ©
No 3,482 92.9 39,607 94.7 1.00 (ref)
Yes 266 7.1 2,237 5.3 1.35 1.18-1.54
Number of Anomalies ¢
0 3,821 93.1 43,431 95.1 1.00 (ref)
1 235 5.7 1,989 4.4 1.35 1.17-1.55
2 38 0.9 190 0.4 2.30 1.62-3.26
3+ 11 0.3 43 0.1 2.79 1.44-5.43
Number Non-chromosomal Anomalies ¢
0 3,848 93.7 43,469 95.2 1.00 (ref)
1 225 5.5 1,971 4.3 1.29 1.12-1.49
2 22 0.5 178 0.4 1.42 0.91-2.22
3+ 10 0.2 35 0.1 3.11 1.54-6.30
CNS Anomalies
Any CNS
No 4,089 99.6 45,592 99.9 1.00 (ref)
Yes 16 0.4 61 0.1 2.99 1.71-5.19
Spina Bifida
No 3,729 100.0 41,733 100.0 1.00 (ref)
Yes 1 0.0 14 0.0 0.84 0.11-6.38
Hydrocephalus
No 2,864 99.7 32,306 99.9 1.00 (ref)
Yes 10 0.3 17 0.1 3.95 1.45-10.74
Microcephalus
No 2,864 99.9 32,314 100.0 1.00 (ref)
Yes 4 0.1 7 0.0 6.64 1.94-22.75
Other CNS
No 2,180 100.0 24,621 99.9 1.00 (ref)
Yes 1 0.1 22 0.1 0.37 0.04-3.54
Heart/Circulatory Anomalies
Any Heart
No 4074 99.2 45,365 99.4 1.00 (ref)
Yes 31 0.8 288 0.6 1.18 0.82-1.72
Any Heart/Circulatory
No 3,687 98.7 41,426 99.2 1.00 (ref)
(Continued)
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Table 2. (Continued)

Anomalies present Case N =4105 Control N = 45653 OR? 95% ClI
Any 7 0.2 45 0.1 1.70 0.76-3.77
Yes; no patent ductus arteriosus (PDA) 30 0.8 204 0.5 1.62 1.10-2.39
Yes; PDA 10 0.3 102 0.2 1.09 0.57-2.08

Other Circulatory
No 2,177 99.6 24,563 99.6 1.00 (ref)
Yes 9 0.4 103 0.4 0.89 0.41-1.93

Oral Clefts

Any Cleft
No 4,102 99.9 45,576 99.8 1.00 (ref)
Yes 3 0.1 77 0.2 0.44 0.14-1.38

Cleft Lip/Palate
No cleft lip/palate 3,726 99.9 41,672 99.8 1.00 (ref)
Cleft lip or palate 0 0.0 53 0.1 — —
Lip 0 0.0 12 0.0 — —
Palate 4 0.1 13 0.0 3.36 1.09-10.34

Cleft Palate only
No 861 99.8 9,422 99.8 1.00 (ref)
Yes 2 0.2 20 0.2 2.84 0.59-13.72

Gl Anomalies

Any Gl Anomaly
No 4,086 99.5 45,583 99.8 1.00 (ref)
Yes 19 0.5 70 0.2 3.07 1.85-5.11

Anal Atresia
No 2,863 99.9 32,311 100.0 1.00 (ref)
Yes 4 0.1 12 0.0 4.75 1.49-15.19

Omphalocele
No 3,725 99.9 41,729 100.0 1.00 (ref)
Yes 5 0.1 19 0.0 3.12 1.16-8.38

Gastroschisis
No 862 99.8 9,422 99.9 1.00 (ref)
Yes 2 0.2 9 0.1 3.18 0.67-15.16

Other Gastrointestinal Anomalies
No 2,171 99.5 24,608 99.8 1.00 (ref)
Yes 12 0.5 39 0.2 3.41 1.73-6.71

Chromosomal Anomalies ©

Any Chromosomal Anomaly
No 4,055 98.8 45,582 99.8 1.00 (ref)
Yes 50 1.2 71 0.2 7.52 5.21-10.84

Downs Syndrome
No 3,695 98.9 41,708 99.9 1.00 (ref)
Yes 42 1.1 40 0.1 10.86 7.02-16.81

Other Chromosomal Anomaly
No 3,035 99.7 34,031 99.9 1.00 (ref)
Yes 9 0.3 33 0.1 3.03 1.44-6.35

Genitourinary (GU) Anomalies

Any GU Anomaly
No 4,067 99.1 45,300 99.2 1.00 (ref)

(Continued)
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Table 2. (Continued)

Anomalies present Case N =4105 Control N = 45653 OR? 95% ClI
Yes 38 0.9 353 0.8 1.19 0.85-1.66
Hypospadias
No 444 100.0 4,869 99.8 1.00 (ref)
Yes 0 0.0 12 0.2 — —
Renal Agenesis
No 2,180 100.0 24,628 99.9 1.00 (ref)
Yes 1 0.0 14 0.1 1.08 0.14-8.45
Other Urogenital Anomalies
No 2,161 98.4 24,429 98.8 1.00 (ref)
Yes 35 1.6 292 1.2 1.26 0.86-1.85
Musculoskeletal Anomalies
Any Musculoskeletal Anomaly
No 4,055 98.8 45,232 99.1 1.00 (ref)
Yes 50 1.2 421 0.9 1.33 0.99-1.79
Any Musculoskeletal Anomaly (hip displacement excluded)
No 4,066 99.0 45,289 99.2 1.00 (ref)
Yes 39 1.0 364 0.8 1.20 0.86-1.68
Musculoskeletal Anomaly
No 2,827 98.1 32007 98.7 1.00 (ref)
Any 39 1.4 349 1.1 1.30 0.91-1.86
Congenital Hip Displacement 14 0.5 62 0.2 2.49 1.39-4.48
Limb Reduction 0 0.0 6 0.0 — —
Other Limb Reduction 0 0.0 4 0.0 — —
Any dactyly
No 4,094 99.7 45,557 99.8 1.00 (ref)
Yes 11 0.3 96 0.2 1.29 0.69-2.42
Dactyly
No 2,860 99.6 32,254 99.7 1.00 (ref)
Yes (any) 2 0.1 23 0.1 0.99 0.23-4.20
Adactyly 0 0.0 6 0.0 — —
Polydactyly 5 0.2 41 0.1 1.91 0.71-5.12
Syndactyly 4 0.1 26 0.1 2.08 0.70-6.18
Club Foot
No 2,865 99.9 32,291 99.9 1.00 (ref)
Yes 3 0.1 31 0.1 0.77 0.18-3.22
Limb Reduction (any)
No 863 100.0 9,425 99.8 1.00 (ref)
Yes 0 0.0 15 0.2 — —
Anomalies of the Integument
Any Skin Anomaly
No 4,044 98.5 44,987 98.5 1.00 (ref)
Yes 61 1.5 666 1.5 1.03 0.79-1.34
Other Anomalies
Other Anomalies
No 2,821 98.1 31,884 98.5 1.00 (ref)
(Continued)
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Table 2. (Continued)

Anomalies present Case N =4105 Control N = 45653 OR? 95% ClI
Yes 56 1.9 477 1.5 1.26 0.94-1.69

& Adjusted for birth year, sex, and maternal age.

® Referent group includes children with minor anomalies. Excludes 352 cases and 3809 controls with unspecified anomalies that could not be classified as
major or minor. Except for where indicated, chromosomal anomalies were not included within each malformation type.

¢ Chromosomal anomalies include Downs (68% of all chromosomal anomalies); Patau’s (3%), Edward’s (1.6%), Klinefelter’s (1.6%), and Turner’s
syndrome/gonadal dysgenesis (2.5%); autosomal anomalies not elsewhere classified, and various other conditions due to chromosome anomalies.
Children may have multiple chromosomal anomalies, therefore disaggregated numbers may exceed the total number of children with these birth defects.
9 Trendtest p 0.0001 for any, and non-chromosomal anomalies among all subjects. Among subjects with anomalies only, p = 0.003 for number of any
anomalies; p = 0.077 for number of non-chromosomal anomalies.

https://da.org/10.1371durnal.pon®179006.t002

(OR:6.05,95%CI 2.75+13.27ut not with otheranomaliesMost othernon-chromosomal
anomaliesvereassociatewith severatypesof cancerThe presenc®f agastrointestinal
anomalywasassociate@ith increasedDRsfor germcell,leukemianeuroblastomaand soft-
tissuesarcomaHeartanomaliesvereassociate@ith hepatoblastomajeuroblastomaand
otherunspecifiednalignancies.

Discussion

Congenitalanomalieshavebeenassociatedith childhoodcancelin severaprior studiesOur
observeaverallincreasedisk for cancerin relationto congenitaanomaliess consistentvith
resultsof otherU.S.population-basé datalinkagestudiesbasedn datafrom California,[6]
Texas,[2]0klahoma,[5]and a pooledanalysi®f datafrom threeother stategUtah, Arizona,
andlowa,i.e.,UTAZIA).[7] Similarresultshavebeenreportedin population-basethealthreg-
istry studiesin Australia,[15]Canada,[16the United Kingdom,[17]and Norwayand Sweden.
[18] While the associatiorof chromosomabknomaliesvith childhoodcancerccurrencehas
beenfairly well establisheth previouspopulation-basediatalinkagestudieswith popula-
tion-basedstudiesreporting estimate®f >10-foldincreasedisk.[2,6, 7], the majority of
anomaliesarenon-chromosomain origin. Our studylendsto the growingbodyof evidence
thatnon-chromosomabanomaliesarealsoassociatedith childhoodcancetrrisk.[2,5+7] Addi-
tionally, our resultsindicatethat anincreasinghumberof non-chromosomablnomaliesvas
more stronglyassociatewvith increasedancerisk comparedo thosechildrenwith only one

Table 3. Odds ratios for childhood cancer diagnosed at different ages in relation to the presence of major anomalies among children born in
Washington State, 1984-2013.

Controls @ Cases ?
Age at diagnosis (years)
<5 5-9 10-19
N = 41,844 (N =1,740) (N=729) (N=1,279)
OR" OR® ORP
Exposure n (%) n (%) (95% ClI) n (%) (95% CI) n (%) (95% ClI)
Major anomaly 2,292 (5.5) 161 (9.2) 1.75 43(5.9) 1.09 90(7.0) 1.29
(1.48-2.07) (0.80—1.49) (1.03-1.61)
Major non-chromosomal anomaly 2,237 (5.4) 137 (7.9) 1.51 43(5.9) 1.12 86 (6.7) 1.27
(1.26-1.81) (0.82-1.53) (1.02-1.60)

& Excludes children with unknown major/minor anomaly status
b Adjusted for birth year, maternal age, and sex

https://da.org/10.1371¢urnal.pon®179006.t003
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Non-chromosomal Anomalies Chromosomal Anomalies

Cancer Type (N) OR [95% CI] OR [95% CI]
Leukemia (1140) . 0.89[ 0.66, 1.19] Ji 21.65[14.57,32.15]
Lymphoma (460) Jil- 1.05[ 0.69, 1.60] :

CNS (890) . 112[083,151] @+ | 0.69[ 0.10, 4.99 1
Neuroblastoma (327) i 1.93[ 1.32, 2.83] :

Retinoblastoma (110) —— 0.73[ 0.27, 1.98]* : —— 14.30[ 4.38 ,46.72
Renal (215) L 1.63[ 097, 2.73] ——i 470[ 1.14,1945
Hepatoblastoma (63) —— 250[ 1.13, 5.53] :

Bone Tumor (162) i 0.90[ 042, 1.94] —_——— 517[ 0.71,37.75 1
Soft-tissue Sarcoma (268) - 1.64[ 1.05, 2.58] —_— e 257[ 0.35,18.62]
Germ Cell Tumor (163) . 2.38[ 141, 4.03] —_ . 464 0.63,33.97 ]
Oth. Malig. Epithelial (292) il 152[ 0.96, 2.41] :

Oth. Unspec. Malig. (15)

1441 0.19,11.06 J*

0.02 0.14 1.00 7.39 54.60 0.02 0.14 1.00 7.39 54.60

Fig 1. Odds Ratios (OR) for the associations of specific childhood cancer types in relation to presence of major non-
chromosomal and chromosomal anomalies, among children born in Washington State, 1984-2013. Estimates adjusted for birth
year, sex, and maternal age. Non-chromosomal anomalies results exclude individuals with concurrent chromosomal anomalies.
Indicates number of cases 5.

https:/Hoi.org/10.137/ournal.pon®179006.g001

non-chromosomahlnomaly(OR for threeor moreanomalies3.11,95%Cl: 1.54+6.1¥s.0R
for oneanomaly:1.29,95%CIl: 1.12+1.49)This maysuggesthat childrenwith previously
unidentified multiple malformationsyndromegandno obviouschromosomahnomaly)may
beatasignificantrisk of cancer.

Our dataconfirm the associatioletweerchromosomabnomaliesand childhoodcancer,
including the welldocumentedhssociatiorof Down syndromeandacuteleukemia Although
therehavebeeneffortsto identify factorsassociatedith acutelymphoblastideukemiain chil-
drenwith Down syndrome(e.g. maternalhealthconditionsandirradiation), mostresults
havebeennull.[19,20] Our resultsalsosupportanassociatiodetweerhavingachromosomal
anomalywith risk of retinoblastomayhichis consistentith otherstudies.[2]t islikely the
primary driver behindthis associatioris an autosomatleletionof 13q14whichincludesthe
RBI geneagermlinepredispositiongenefor retinoblastoma?1] We alsoobservedn associa-
tion of chromosomahnomalieswvith renaltumors(e.g. Wilms tumor). Notably, Wilms
tumor, aniridia, genitourinaryanomaliesand mentalretardation(i.e., WAGR syndrome)are
asetof conditionsassociatedith adeletionon 11p13whichincludesthe WT1 gene.[22]

Our resultsindicateanincreasedisk of childhoodcanceiin relationto presencef anoma-
liesfor cancergliagnosedn all agegroups When only non-chromosomabhnomaliesvere

Fig 2. Odds ratios for the associations of major anomaly types in relation to types of childhood
cancer among children born in Washington State, 1984-2013. Estimates adjusted for birth year, sex, and
maternal age. Non-chromosomal anomaly results exclude individuals with concurrent chromosomal
anomalies. Indicates number of cases 5.

https://cbi.org/10.1371durnal.por.0179006.402
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consideredtherisk estimategenerallyremainedincreasedsupportingresultsof otherstudies
indicatingan associationwith childhoodcancemiagnosedt differentagesbut with aslight
decrease risk with attainedage.[5We alsoobservedncreasedancerisk in relationto
increasinghumberof anomaliegpresentwhichis consistentwith oneearlierreport.[18]Also
consistenwith otherpopulation-basedatalinkagestudieshat examinedhon-chromosomal
anomaliesyeobservedncreasedisksof selectedancertypesWe found associations
betweerhavingmajor non-chromosomahnomaliesandincreasedisksof neuroblastoma,
hepatoblastomasoft-tissuesarcomaandgermcelltumors.With the exceptiornof leukemia,
retinoblastomaandbonetumors,we observedncreasedisksamongall other canceitypes
howeveltheseassociations/erenot statisticallysignificant.

Notably,our studysupportsother recentpopulation-basedegistrylinkagestudiesn dem-
onstratingthe relationshipbetweemon-chromosomahnomaliesaind childhoodcancer.[5£7]
Our overalleffectestimatefor therisk of canceramongchildrenwith non-chromosomal
anomaliegOR = 1.35)wasonly slightlyattenuatedcomparedo thosereportedby Janitzetal.
(HR = 2.50)[5],Bottoetal. (incidencerateratio [IRR] = 2.00),[7]Jand Fisheretal. (HR = 1.58).

Wedid note specificcancertypesassociate@ith havingnon-chromosomahnomaliesFor
examplethe OR for neuroblastoman relationto non-chromosomablnomaliefOR = 1.90)
waslargelyconsistentwvith two previousU.S.registrylinkagestudiesevaluatinghe risk of this
malignancyin childrenwith non-chromosomabnomalie§HR = 2.85[6]andIRR= 2.21[7]).
Also,weobserved positiveassociatiorof non-chromosomahnomaliesith hepatoblastoma,
consistenwith the only otherU.S.registrylinkagestudy (UTAZIA study)to evaluatehis par-
ticular relationshipalthoughthe effectsizewaslargerin thatassessmeiftRR = 14.4A/s.our
OR= 2.45).[7]Havinganon-chromosomahnomalywasassociateith soft-tissuesarcomas,
consistenwith the oneU.S registrylinkagestudyevaluatinghis specificrelationship.[5]0ur
observedssociationwith renaltumors(OR = 1.71)wasstrongerthanreportedin the Califor-
nia (HR = 1.45)andUTAZIA (IRR=1.03)studies.[623] Finally,our observatiorof a positive
associatiofbetweergermcelltumorsandnon-chromosomablnomaliesupportsresultsof
otherstudieghatwereableto assesthis association.[55, 23]

In our assessmentpn-chromosomahnomalieoverallwerenot stronglyassociatedith
leukemialymphomaor CNStumors,consistentwvith resultsof the otherU.S.registrylinkage
studies.[56, 23], despitedifferencesn birth defectsurveillanceacrossstudies(Washington
doesnot havean activebirth defectssurveillancgrogramasin California,Utah, lowa,and
Oklahoma.)Notably,the prevalencef congenitalktnomaliesvasslightly higherin our assess-
ment (5.5%)whencomparedo thesestateqge.g.,~4%[2, 5]), howeverthe ascertainmenof
anomaliesvasindependenbf casestatusn our assessmerandthereforeuniform for those
childrenwho did anddid not developcancerwhich reduceghe likelihood of differential
misclassification.

Asidefrom anassociatiorof CNSanomaliesvith CNStumors (anassociatiorthatmaybe
dueto reversecausatiorgiventhe majority of theseanomaliesverehydrocephalus-related),
therewasno strongevidencehat non-chromosomahnomaliesverelikely to bespecifically
associatewvith childhoodcanceroccurringin the sameorgansystenor anatomiclocation,
althoughour ability to investigatehis waslimited by smallnumbers Althoughneuroblastoma
wasassociate@ith heartand gastrointestinahnomaliesit wasalsoassociateith musculo-
skeletahnd skin anomaliesFewstudieshavebeenableto examineassociationsf specific
non-chromosomablnomaliewith specificcanceitypes but of theseagenerallyconsistent
finding is anassociatiorof CNSdefectavith CNStumors,[8,18,24] asweobserved.

An important strengthof our studywasuseof linked population-basedhealthregistrydata,
allowingusto avoidsomebiaseghat maybepresentn clinic-basedr interviewstudiesWe
alsoincreasedhe sensitivityof birth defectascertainmenby utilizing specificdiagnostic
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codesn additionto birth recordinformation. We wereableto examinespecificcongenital
anomaliesOur studymustalsobeconsideredn thelight of certainlimitations. In orderto
identify major and minor anomaliesyeusedthe classificatiorsystendevelopedy Rasmus-
senandcolleagues,[13}hich utilizesCDC-BPAcodeghat aremore specifichanthe ICD-9
codesavailableo usfor this study.Despiteour ability to utilize linked hospitaldischargeec-
ords,our ascertainmentf anomaliess likely lesscompletethan for studiesusingdatafrom
activebirth defectssurveillancegorograms.[5;15+17]However severabirth defectsurveil-
lanceprogramsonly monitor specificanomaliesywhereasveevaluatedll congenitaanoma-
lies.It isalsopossibleghat somechildrenin the control group mayhavemovedout-of-state
andbeendiagnosedvith cancerelsewherehoweveraschildhoodcancers quite rare,any
effectof thisis likely minimal andwould biastowardsthe null. Becausef the availabilityof
birth and canceregistrydataduring differenttime periods,somechildrendiagnosedn earlier
studyyearsatolderagesvould not havebeenincluded,howeversensitivityanalysesestricting
subjectgo only thosewith similar opportunity (e.g. atleasts yearsatleastlOyears)}o have
beenidentifiedin the cancerregistrydid not substantiallyalterresults(S2Table).We were
alsolimited in our ability to evaluatgpossibleassociationgith minor anomaliesvhichmay
not bedetecteduntil laterin achild'slife, andwould not appearon birth certificatesor hospital
dischargeecordsfor the birth hospitalizationFinally,childrenwith sometypesof congenital
anomaliesnaydie prematurelyandthereforelackthe opportunity to developchildhoodcan-
cer,which could possiblyattenuateour associations.[5]

Theetiologiesof mostnon-chromosomahnomaliesarelargelyunknown,[1] despiteevi-
dencethatfactorssuchasmaternalobesity prenatalsmoking,and somechemicalor environ-
mentalexposuresnayincreasehe occurrenceof certaindefecttypes.[125] Our knowledge
of childhoodcancercausess similarly limited, with fewrecognizedexternaletiologieqe.g.,
ionizing radiation) althoughcommonvariationandintrinsic factorssuchasbirthweightand
parentalageareconsistenthassociate@ith childhoodcancersldentification of factorsas-
sociatedwith progressiorfrom defectpresencéo canceroccurrencegr of sharecpathways
(geneticandenvironmental)for both conditionsmayelucidatepotentialmechanisms$o mod-
ify cancerrisk. Futureassessmenshouldincludepooling effortsacrossnultiple regions.This
will optimizeour ability to identify associationbetweerspecificcongenitanomaliesand
specificcancersTheultimate goalof this work would beto inform screeningstrategiesgor
childrenathighrisk of developingcancer.
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