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Summary

Objective:The'severe epilepsies of infancy (SEI) are a devastating gfaligooders that pose a major care and
economic burden on society; early diagnosis igcatifor optimal management. This study sougtddtermine

theincidence and aetiologies of SBhdmodelthe yield and costffectiveness of early genetic testing.

Methods Populatiorbased study of the incidenegiologiesand costeffectiveness ohwhole exome
sequencingbased gene pandh(getedWES) in infants with SEI born 2022013 identified through EEG and
neonatal databaseSEl was defined aseizureonset beforeagel8 months, frequent seizures, epileptiform EEG
and failre of>2 antiepileptic drugsMedical record, investigatiors, MRIs andEEGs wereanalysedand

genetic testingperformed ifno etiology wasidentified Economic modeihg was performed tdetermine yield
and costeffectivenessf investigatiorof infantswith unknownetiology atepilepsy onseincorporating
targetedWES at different stages dhe diagnostipathway

Results:Of 114 infantswith SEI (ncidence54/100,000 live births/yeyrthe etidogy was determined in 76
(67%) acquired brain injues(14), focal cortical dysplasiq14), other brain malformatiar{17),
channelopatles (1), chromosomal (9)netabolic (6)andother geneti¢5) disorders Modelling showedhat
incorporating targetetVESincreased diagnostic yietthmpared to investigation without targeMtES (48/86
vs 39/86. Ealy targetedWES had lower total cost ($677,081USD vs $738,136USD) than |gttediVES.

A pathway withearlytargeteeWESand limited metabolic testingieldedsevenadditional diagnosesompared
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to investigation without targeted/ES (4886 vs 39/86, with lower total cos{$455,59TJSD vs $61,103USD,
lower cost per diagnos{$9,904USD vs $16,93USD) and a dominant cosfffectiveness ratio

Significance Severe epilepsiesccur in 12,000infants with the etiology identified in twethirds, most
commonly malformativeEarly use of targete@VESyields more diagnoses for lower cdsarly genetic
diagnosiswillrenabletimely administration oprecision medicing®nce developedyith the potential to

improve long-term,outcome
Key words: epilepsy;-infancy, incidence, etiology, genomic, hesonomic
Introduction

Epilepsyaffectsmare than 50 million peopleorldwide® Severe epilepsies of infanc$El) arecharacterized

by frequent seizurespileptiformEEG abnormalitiesand antiepilepticdrug (AED) resistancélheyinclude
epilepticsyndromes, such as early infantile epileptic encephalopathgpspibf infancy with migrating focal
seizures andfantile spasmsWest syndromg?* Developmentabutcome is often poor, comorbidities frequent
and mortalityshigidue to the effects of seizures and consequences of severegmatainpairment SEI

consume significant diagnostic and therapeutic healthcare resource

SElarecauséd byiumerougyeneticand acquiredlisorders thoughthe etiology oftenremairs unknown®*
Currentdiagnostigestingincludes imaging chromosomal and metabolic testibgpically performed in a tiered
or stagedashion (Table 1)with variable use of genetic testin§The yield ofwhole exome sequencing/ES),
a next generation.sequencing technology that enables interrogaémgeohumbers of genes in paralial,
research jcohortsi@kverespilepsies othildhoodvaries froml0to 72% However,use ofWESand other
geneic testingin clinical practice is limited by availability, sbandlack of evidence of cosgffectiveness in
populationbased settings® Early diagnosis oétiology is critical, agorompt,optimal treatment may improve
outcomes:*'°Thisis alreadyestablishedor surgicallyremediable epilepsies amdll become increasingly

importantasnovel therapiearedevelopedor geneticepilepsies

This populatiorbased study aimed #@stablistthe incidenceandetiologiesof SEI, andmodelthe diagnostic
yield, costand cosgffectivenes®f WES-based gene panehfgetedWES)performed at various poingdong
the diagnostic pathway

Methods

Inclusion/exclusion-criteria

We studiednfants with SEI born in VictorigAustraliaduring 20112013.SElwas defined as18 months old
of 1) frequentriSeizures>(daily for one week or > weekly for one month), 2) ongoing seizures degspitrials of
two appropriatéAEDs, and 3) epileptifornrEEG abnormality. Infantile spasms were autonsticincluded

Ascertainment

Victoria had a population of 5,582,670 people and#4 live births in 201www.abs.gov.apu
www.bdm.vic.gov.ay Government funded health care is available toesliidentsNewborn screening for

metabolic disorders is performeautinely unless declined by parerifhere are twgediatic tertiary hospitals
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with neurologydepartmentandfour neonatal intensive care unjtélCUs)in Victoria, all in MelbourneNine
EEG laboratories perform EEGs on childrghyears old Seventeeipediatic neurologists provigcare to
children with seizures, with genegggdiatriciansTheadvanced, centralised nature of YHietorian health
system providesan idealenvironmento conduct an epidemiologitstudy, as illustrated by othgropulation
basedstudies(e.g.www.neuroscience.org.au/austrak@pilepsypregnancyregister www.auscr.com.gu
NEMESIS stroke stugy*

The study began in'2018scertainment was retrospective iftfiants presenting i8011:2012and prospective
for 20132015.Infantswith potential SEwere identified byeview ofall EEGrepors inchildren<2 years in
Victoria during 20112015 (n=4505)search oNICU databasefr neonates with seizures born 2€013
(n=379) and regular questioning pédiatricneurologistqFigure ). Medical recordsf infants with potential

SElwere reviewedo determinef inclusion criteria were met
Assessment

All i nfantsmeetingSEl inclusion criterign=114)were studied taeterminetheir electroclinical phenotypand
underlyingetiology.History, examinatiorand investigatiofindingswereobtained frontlinical assessment

and medical record@vailable on all 114 infantsAll EEG recordings and seizure videos were reviewed by two
pediatricepileptologists (KBHASH). All brain MRIs were reviewed byBH andpediatricneuroradiologist

SM.

Researclgenetic testingn infants whosetiology was unknowrincluded:targetedWES (40 infantg, molecular
inversion probes (MIPS) with panels of-88 epilepsy genes (32)ables S1 and $2***single gene
sequencing®)rand whole genome sequenc{gGS) (1) Singleton WES was performeltiring 20152017as
detailed in the;supplementary materfahalysis was confined to a panel of 3dfantile-onset epilepsgenes
Research genetic testing to pursue the genetic basis of lgimagies was not performed (eg tuberous

sclerosis, lissencephaly)
Statistical and economic analyses

Incidence was calculated using live birth ratesnftbe Australian Bureau of Statistics and the VietoBirths,

Dedhs and Mairriages Registrynfw.abs.gov.apwww.bdm.vic.gov.a) Incidence was corrected for

population migratiorto account for infants who may have moved out of the statetprg@izure presentation

(supplementary material).

Economicmodellingand a coseffectiveness analysigas performed,singstandard economic evaluation
methodology** The analysis compared the relatiliagnostic yieldandtotal costof sevendiagnostic pathwasy
with groups of investigationgdlledtiers) performed in a tiered fashi¢hable 1),incorporatingtargetedWES

at different pointg¢o generate estimates of incremental -@f&tctivenessFortwo pathwaysn which WES was
performed earlylater tier Tier 3 +£ Tier 2) investigationsvereremovedTable 2). The time horizon began at
epilepsyonset In the seven modelled pathways, each infant with unkretigtogy prior to epilepsy onset
progressed through the tiers until the first investigation thatdMeave yielded the diagnosis, regardless of

whether seizures were ongoing (Model A).
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TargetedWES was the only next generation sequencing (NGS) technolegyirughe modelling. The model
consideredargetedWES to be diagnostic in all infants with single getisorders with exonicutations

identified using any genetic technology as long agiéme was weltovered and analysed in the targetégs.

In the modelWES was considered negativeonly one infantvith a single gene disorder (whose diagnosis was

made on WGS following negative WES).

Infants with brain,malformations visible on their initial MRIn@eonsidered to haveTger 1 testingdiagnosis,
even iftheir malformation was only recognisedter repeat imaging or imaging review (n=4). The model
considered that Tier 3 testing would only be performed in infaitksongoing seizures (in both Models A and

B), significant developmental delay and no clinisaspicion of an occult brain malformation.

The models sed the infants’ actual diagnssend a standard cost for each tier of tegfiradple 1). For
example, the cost.of testing for an infant withiagdosis made on Tier 1 testing was $3,202, theafdssting
for an infant wha'had no diagnosis made was $13,899 for Path{if@ple 2) (Tier 1 $3,20> Tier 2
$2,184>Repeat MRI $1,565 Tier 3 $,5,99> TargeteeWES$1,639.

Costs werecalculated using dafeom AustralianMedicare Benefits Scllelle, Royal Children’s Hospital

(RCH) Decision Support Unit, Victorian Clinical Gensatiervice and State Neuropathology Service. Costs to
the hospitaln 20167 of performing and interpreting the tests were used, includingoéasvestigationrelated
admissionanaesthesiar surgery(Tables S3, 4 Treatmentrelated osts were excludedosts were converted
to US dollargUSD; exchange raté AUD = 0-745USD).

For infants with essuspected genetiliagnosisat a particular point alontipe pathway, the costs of targeted
testing were"added to the total costs (Table S5), for exeB@LAtesting insuspectedravet syndrome. If
targetedWES . was performed immediately after the tier at which a diggmas suspected, it was considered
that the diagnosis would be confirmed on targ®giS rather than targeted gene testifay. Dravet syndrome,
we assumed the djaosis would be suspected after Tier 1 tesflig cost for Pathwa® would then be3,854
(Tier 1 $3,202,SCEN1Asequencing $652and the cost for Pathw#y$4,841 (tier 1 $3,202 TargetedWES
$1,639). Thecosts,of genetic testimgre not included wheriefantshad a clearcuttiology (e.g. tuberous
sclerosidiagnosed/on MRI The model considered that infants wathwithout anaffected sibling would

progress throughithe pathway in the same manner (Supplemerfitauyétion).

For eachipathwayjthe nuetbof diagnoses, total cost, cost per diagnosiscastiper patient were calculated.
Incremental coseffectiveness ratio (ICER), defined as the cost requirecat@rane additional diagnosis, was
calculated for'each pathway relative to Pathway 1 wittergeteeWES. The formula used was (total cost
Pathway X-total.cast Pathway 1)/(number of diagnoses in PathwayXmber of diagnoses in Pathway 1).
Willingness to pay'was defined as the maximum amount that a fumdehéspital/insurance company)wa

be willing'te,pay to achieve an additional diagnosis.

Sensitivity analyses were performed on Modédfdk Pathways 1,2,5 and,&arying the casof WES (+£20%),
the diagnostic yield afargetedWES (+£ 4 diagnoses) and the diagnostic yield offiret MRI brain scan (+/4
diagnoses) to determine the impact of variabilitgdst and yield of these investigations on the IC&Rtive to

pathway 1 An additional sensitivity analysis was performed (ModelB)ng the assumption thatfants would
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only continue beyond step 1 of the pathway if seizures were on¢gigm?2 performed if seizures were ongoing

1 month after presentation, step 3 if ongoing at 3 months, steqs3libongoing at 6 months

The CHEERS guidelines foeporting economievaluations were followedttps://www.ispor.org/Health

EconomicEvaluationPublicationrCHEERSGuidelines.asp

Study approvals

The study was approved by tHeman Research and Ethics CommitteeRGH, Monash Children’s Hospital,
Royal Women'’s Hospital, Mercy Hospital for Womeystin Healthand Geelong HospitalVritten informed
consent was;obtained for reseactihical assessments agdnetic testing.

Results
Incidence

114 infants with SEWereborn in Victoriaduring 20112013 All were identifiedthroughEEG laboratores, 11
from NICU database@-igurel) and 43from reurologist referls 107 ©4%) infantswere identifiedmultiple
times, 47 fron>1 source and 66om multiple EEGsDuring 20112013,there were 222,818 live birtirs
Victoria, yielding,anincidence of SEleadjustedfor population migratiorfSupplementarynateria), of
54/100,000 live births/yeg95% confidence interval5465100,000. Infantile spasms occurred in 74 infants,
with anadjustedncidence of 35/100,000 live births/yg&5% confidence interval 284/100,000.

Etiology

Etiology wassidentified in 76 (67%) infant3#éble 3. Fourteen (12%) had an acquite@ininjury, 62 (54%)
had genetior presumed genetigtiologies and 38 (33%) had unknovetioogies Brain malformations were
identifiediIn“31%(27%), including FCD in 14 (12%). Six (5%gints had metabolic disordgnine (8%)had
chromosomal abnormalitieand 1614%) had single gerdisorders éxcludinggenes for malformation and

metabolicdisorder$, including 11 (10%) with channelopathies

Theetioogy was knoewrprior to epilepsy onset in 28 (26) infants includingall 14 with acquirecetiologies
3786 (32%)infantswith unknownetiology prior to epilepsy onsetad a diagnosisubsequentlynadeon
clinical evaluatior(includingnonresearctyenetic testing ifive and research imaging reviewfour). 44/49
infants withunknewnetiology consented toesearctyenetictesting the etiology beingidentified in 11 (25%)
(TableS6).

Among infants withunknownetiology prior to epilepsy onset, the highelsignosticyield investigations were
(non-chromosomalyjenetic testing16/49 (32%)) and braiMRI (26/85 (31%)). The genetic testyielding a
diagnosiswneresingle gene testing), 4-genepanel(1), MIPS (3), targetedWES (6) andWGS (1)(Table S7)
Nineinfantshad a variant of unknown significance (VUS) identifiedaogetedWES. Chromosomal

microarray was diagnostic in 4/74 (5%) infants.

Geneticdiagnosesnformed reproductive counselling in @&ifants,led to managemeithangen one SCN2A
mutationwith sodium channel bloakg AEDsused”) andinformedprognosticcounsellingn most A

significant recurrence risk wadentifiedin five families, two with somaticmosaicismnin anunaffected parent
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(submitted) onewith two affected children angresumed parentatosaicismandtwo with heterozygous

carrierparensfor a recessive disorder.
Economiamodelling

Using Model A(Table2, Figure2), Pathway 1 withoutargetedWES resulted ina diagnosis in 386 (43%)
infantswithifinkAewnetiology at epilepsy onset, at a total cos$661,103USD and araveragecost per

diagnosis of16,98WSD. The addition otargetedWES after Tier 3 investigations (Pathway 2) increased yield
to 48/86 (56%)pwith ashigher total co$$738,13&)SD) but lower cost per diagnogi$15,37&8)SD). The
diagnosticlyieldrofraddintargetedWES after Tier 1 investigations (Pathwaygsthe same as Pathway 2,

with lower total cost ($677,081USD). The total colsPathway 5 was comparable to Pathway 1, \eitver

cost per diagnosi$i4,108JSD).

46/86 (3%) infants had a diagnosisadewith Pathway 7 in whictargetedWES was performed after Tier 1
investigation, and Tiers 2 and 3 testimgsnot performedBoth total cos{$455,59&SD) and cost per
diagnosig$9.904USD) wereconsiderablyeduced in thipathwaycompared with Pathway. 1

Pathwag 6 and 7in/'whichtargetedWES wasusedearliest in the diagnostic pathwégfter Tier 1
investigations),withliers 3 +f 2 investigations omittedere the most cosffective relative td®athway 1. They
produced aincrementatosteffectivenessatio which was ‘dominant’that is, was cheaper and more effective
thanPathway 1Pathwayg 3 4 and5 had incremental ratios of $1,7#3,650USD per additional diagnosis
achieved. These could be considetedteffective if the willingness to payasat least$3,650JSD per

additional diagnosis madBathway?2, in whichtargeteeWES was placed last in the diagnostic pathwes
theleast coseffective with an incremental ratio &#8,559JSD per additional diagnosis achieved relative to

Pathway 1

We varied the cost of targetMlES and the yield of targetalES and MRI in Model Aand obtained similar
resultsfor mast scenariofigure 3).The only scenarmin whichthe pattern of results differed from the base
caseanalysis (Model Awerein Pathway 5, in whicWWES became dominant when the diagnostic yield was
increased (4 additional diagnoses, diagnostic rate 88% cost reduced (by 20%jorPathway® and 5the
sensitivity analyses showed that economic modelliiag more sensitive {@aried more withassumptions
about WES yield than WES cdfathway 2, base case $8,559, reduced WES yield@&15ncreased WES
cost $10,271Pathway 5, base cask, %75, reduced WES yield $10,442, increased WES do%79. The
additionalsensitivity analysis (Model B) showed the same paibé results as Model Agure S1, Table &.

Discussion

Understanding therepidemiology agiiblogies d SEI is essential for optimasion ofdiagnostic strategieJhe
approach takem this studyis pertinent tananyhuman disrderswith heterogeneoustiologies providinga
basis for estimating'the burden of disease and potential avemyeedisiormedicine Wefoundthat SEI have
an incidence 01/2000 live birthsgreater than Duchenne muscular dystropi#Q@0)and neurofibromatosis
type 1 (1/2700§°'" The incidence of infantile spasms in this studypfagimately 1/3000) was similar to

previous reports, providing some validation of the study methoddfolye health burden of SEkcounts foa
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significant proportion opedatric inpatient costswith hugepsychosocial andconomic impaston families and

society?*?

We identified thestiology in two-thirds of infantswith SEI, with research genetiestingandexpertreview of
MRI. This high yield carries criticgdrognosticand geneticounselling implicationfor mostpatients and
therapeutic implications in somAcquired causes such as hypeisichemic encephalopati@ccounted foonly

12%of infants;hewever perinatal causesill be more commoiin developing countried

A key finding. withsmanagement implications was that brain malformations comphiseddst common
etiologicaligroup(27%)FCD predominated2% patients andrepreserga critical grougfor early diagnosis
assurgerymay.controlseizurs, potentiallyenabling developmeat acceleratio’® MRI sequences that increase
sensitivity toidentify,FCD (e.g. double inversion recovery sequerféamgethemwith expert review and repeat
brain imaging,lateriin infancyacilitate detectionof occultFCD; advances in imaging promise to further

improve detection

Single gene disordersXcluding those associated wittalformatons ormetabolicdisorder} were identified in
14% of casesincluding 32% of infantsin whomMRI, metabolic and chromosomal testingre nordiagnostic
similar to gene panel yield imn-populationbasedcohorts®®**We may have underestimated the yield of
targetedWES as the parents of five infants declined genesiting.Given thegenetic heterogeneityf SEI, our
numbersveré'too'small to determine which genes are most comhmvever,jon channel gene mutatiomsere
found in 11/16 case®nethird of infantsremain without a diagnosis, most despéeetedWES.

Oureconomic modellingstablishedt a population levehattargetedWESincreases diagnostic yield.
Diagnostic costs are lower when targeW#sS isperformedearly in the diagnostic evaluatipand are
comparable tosthe cost mivestigationwithout targetedWES. Early targetedVES becomes overwhelmingly

costeffective when the low yield Tiers 2 andvi@tabolic testingre also removed from the diagnostic pathway.

Ourmodellikely underestimatethe diagnostic yieléind costeffectivenes®f WESas we did not interrogate
genes other than those in our pa@nversely, we did not include the cost of invesiigaVUS. We alsodid
not considerindirect cost benefits of making atiologic diagnosisanimportantarea for future researchihe
potentialbenefits’ofearly diagnosisncludingoptimizingtreatmens, recognition oftomorbiditiesandaccurate

reproductive’ counsellingill improve health and economic outcomies

Implementation of WES into clinical practiceasrrentlya major focusn many areas of medicind/ES has
improved rates of etiologic diagnosis in conditievith high genetic heterogeneity and phenotypic ovedaph
asepilepsy However, ptimal use oMWES depends not only odiagnosticyield, but also on cosdffectiveness
relative toeither not usin@VES or using it late in the diagnostic pathwais is the first economic study of the
utility of WES"in epilepsywith few reported forother conditiong®?’ Mosteconomic evaluations have been
performedon retrospective cohoris tertiary settingsfeaturingonly patients who remain without diagnoses
following extensive and expensive investigatidrrecent prospectiveclinic-basedstudy of80infants with
suspected monogenic disord@andthat WES early in diagnostic pathwayas coseffective compared with
standard careithout WES® however it was not an epidemiologitsample and thereforetrepresentative of
totd costs tahe healtaresystem. Studies to date have not assessed the role of WESdiatimiostic

pathways that utilize multiple investigations, sashbrain imagingwhichis notreplaceablédy WES Our
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populationbased studgddresedthese limitations and strongly suppstrly use ofargetedWES. Modelling
showed that use ¢drgetedWES after exhaustive investigatidhe usual practice fomplementatiorof new
technologies, was the least cesfectivestrategy Our findingslikely have corollaries in oth@enetically
heterogeneouseurologicakonditions in which WE®ashigh yield such as leukodystrophies and
neuropathies’>*°Early WES willreduce usef nongenetic, lowyield and often repeated or invasive

investigations.

Gene panel'analysis (ndWES-based) isn alternative clinical NGS technology. The utilititargeteeWES
overgene panela/as not compared\lithough there is considerable variabiligene panel analysese typically
cheapeand more rapidly analysed major advantage dafrgetedWES, is that whennegativedata can be
reanalysed for new genes as they emergexaemewide analysican be performedhus, additional
sequencing [costs are not incurfagart fom scientist’s time fodata reanalysis)n our modelling, 18
diagnoses were made on WES. Two commercaligilableepilepsygene panels include the causatjemes in
14/18 (GeneDxwww.genedx.comand 16/18 (Ambry Geneticgww.ambrygen.compatients Our sensitivity
analysisshowed that earliargeteeWES and limited metabolic testimgmainecdcosteffective even when the
yield of WESwas reducedtb 14instead of 18 diagnoseSiven thisgere panel analysis would alfikely be
costeffective relative to investigation without@herNGS technology, although the subsequent need for WES
whenthe panel is negative would add significantly to the total to$titure,newer moleculatechniquessuch

as WGSwill “likely supersedeurrent technologieslthoughtheir utility in SElis not yet known.

In SEI, tere is aargument for limitingsecond and thirdtier metabolic testing at the group level givieslow

yield, invasiveness ankigh cost Metabolic disorders amgeneticallydetermined, such th&/ES mayobviate

the need focomplexbiochemical testingwith the exception of some mitochondrial disorders as WES does not
detect mutatiens in the mitoshdrial genome)However in clinically-suspectedreatable metaboliconditions,

the turraroundtime for metabolictesing may bdaster and therefore warrantedtil genomic testing is more
rapid Although the simulatediagnostic pathway in whickecond and thirdtier metabolic testingvas

removed yieldedstwo fewer diagnos#sese diagn@s were strongly suspected on clinical grounds and were
diagnosed vihrtargeted metabolic testing. Targeted testing should be pedaminfants in whom a meialic
diagnosis is ‘strongly suspected and in subgroups with highehbkeliof treatable metabolic conditions, such

as neonateandsparentatonsanguinity Although not modelledhere the yield offirst-tier metabolic testingnd

chromosomal microarrayrobably warrantheir continued usé"*

Our cohort'is populatiofbasedputrelatively small. Thus,mimportant consideration is whetharr findings

are generalizablewimilar (high income, low perinatal morbiditgppulationsGiven the heterogeneity of SElI,
there will undeuldy be differences irtiodlogiesbetweersimilar populatiors. However, it is likely that the
proportion of patients in ea@tiologic group (malformative vs metabolic vs genetid) vary considerably

less Supporting tthis assumption are Canadian andstu8iesof infantle epilepsieshowingsimilarly low rates
of metabolic disorder® ourstudy®**Thus, there is likely the less difference between the yield of each
diagnostic test thaactualetiologies Our fnsitivity analysesn which the yield of MRI or WESvasincreased
or reducedasa proxy for variability in the proportioof patients with malformative argingle genelisorders

showedthat early WES is cos#ffective acoss the range afiagnosticyields modelled.
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The cost ofWES and other diagnostic investigationay varybetween countriesFor example, the cost of
singleton WES reported in health economic studies from the UriiagesSs $060-2,471USD>** While we did
not specifically model the costs of all diagnostic imigegtionsin other countries, our sensitivity analysis
showed that early tgetedWES is coseffective across the range of WES prioesdelled($1,639USD +f
20%), whichis within the aforementionethnge ofUS prices Theremay be differenthallenges in obtaining
funding for WES in-alhealthcaresettings pe theypublic’ (governmenipayg or ‘private’ (insurance company
or patient pays However, where th&inder isalsoresponsible for the costs ofherdiagnostic invetigations
the costsavingssachieved through preventoastly metabolic and renaginginvestigationss likely to provide
sufficientfincentivefor performing early target&¢ES.Early targetedWES inSElwhereinitial MR,
chromosomabmicrearray afider 1 metabolic investigationare negativés both clinically andcosteffective
Not performing targetetiVES, or performing it as a final investigation agghaustive metabolic and specific
genetic testing;.are suboptimal diagnostic appresiétarly diagnosis of thetiology of a child’s severe

epilepsy may‘cafrry timeritical genetic counselling and management implications.
Key Points

* Severe epilepsies of infancy have an incidence of 1:200Qggthan that of neurofibromatosis type 1 and
Duchenne musecular dystrophy.

« Etiology can be determined in twbirds of infants wih current diagnostic technologies.

* Focal cortical dysplasias were the most common cause, andréieshgroup for early diagnosis as surgery
may improve outcomes.

« Early use of targeted whole exome sequencing, with omissiana metabolic testing, yields more
diagnoses forlewer cost.
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Figure legends

Figure 1: Flow diagram showing the process of ideifying infants with SEI from a) EEG reports and

b) neonatakintensive care unit database entries

Figure 2: Yield of modelled diagnostic pathway a) without Wole exome sequencing (Pathway 1) and b)

with early whole exome sequencing (Pathway 5)

These models assumed that infants suspected clinically to havelweguimalformations did not undergo Tier

3 testing. CMA = chromosomal microarray, UMS= urine meialsdreen, WES = targeted WES
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Figure 3: Economic evaluation onewvay sensitivity analyses for Model A (base case analystgmparing

Pathways 2, 5 and 7 with Pathway 1.

ICER = Incremental cosgffectiveness ratio

*Yield of targetedWES and MRI was increased or decreased by 4 diagnosethfrbof the base case analysis.
“Model B, infants continued through the diagnostitipaty until an etiology was identified only if seies

were ongoing.

‘Dominates’refers to an economic evaluation result where the intervention/patbwheaper and more

effective (i.e. greater yield) than themparison.
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Howell et al

Tables

Table 1: Tiers ofimaging, chromosomal and metabolitestscurrently performed in Victorian pediatric
centres(Pathway 1) and their associated costs including admission and procedurabsts where relevant

in US dollars*.

Tests Cost*

MRI-brainunder generanaesthetic

Blood tests: chromosomal microarray, full blood count, electrolytes, urea and creatirinseglu
) calciumy magnesium, phosphate, liver function tests, lactate, ammonia, amino acids, acylcarnnitines

Tier 1 e o $3,202
biotinidase, uric acid

Urine tests: organic acids, amino acids, piperidéitarboxylate, Sulphocysteine,

guanidinoacetic acid, purines and pyrimidines

Blood tests: common mitochondrial mutations, POLG common mutations, transfefioimiso
copper and caeruloplasmin, very locttpin fatty acids, white cell enzymegucosé, lactate,

Tier 2 pyruvateé', amino acids $2,184
Cerebrospinal fluid tests: cell count, protein, glucose, lactate, pyruvate, amino acids,

neurotransmitters

Repeat MRI-

brai Performed at 3 Tesla using epilepsy protocol sequenaiey generanaesthetic $1,565
rain

Skin.biopsy: electron microscopy for changes of neuronal ceroid lipofusgityssisomal and
) mitochondrial disorderdibroblast culture (for DNA source)

Tier 3 ) o . . . . . . $5,309
Liverand muscle biopsies: histopathology, histochemistry, electron microsespiratory chain

enzyme analysis

*See Tables S3 and S4 for detailed breakdown of costs andaheies

~Paired with cerebrospinal fluid

This article is protected by copyright. All rights reserved



Howell et al

Table 2:a) Diagnostic pathways modelled in the health economic analgsiand b) Cost and yield of diagnostic pathways if all 86 infants wh unknown etiology at

the time of presentation are investigated untifin etiology is identified or they reachthe end ofthe diagnostic pathway (Model A) Costs are listed in US dollars

a b
Diagnoses Average cost per | Cost per ICER relative to
Pathway Step 1 Step 2 Step 3 Step 4 Step 5 Total cost ) ) .
made diagnosis patient Pathway 1
) ) Repeat .
1 Tier 1 Tier 2 VR Tier 3 - $661,103 39 $16,951 $7,687 -
) ) Repeat )
2 Tier 1 Tier 2 MRI Tier 3 WES $738,136 48 $15,378 $8,583 $8,559
) ) Repeat )
3 Tier 1 Tier 2 VRI WES Tier 3 $690,356 48 $14,382 $8,027 $3,250
) ) Repeat
4 Tier 1 Tier 2 WES MR Tier 3 $693,951 48 $14,457 $8,069 $3,650
) ) Repeat )
5 Tier 1 WES Tier 2 MR Tier 3 $677,081 48 $14,106 $7,873 $1,775
. Repeat . Pathway &ominates
6 Tier 1 WES Tier 2 - $553,431 48 $11,530 $6,435
MRI Pathway 1
) Repeat Pathway 7 dominates
7 Tier 1 WES - - $455,597 46 $9,904 $5,298
MRI Pathway 1

Tier 3 notyperformed if a brain malformation wa®egly suspected as these infants would not tylgiceddergo tissue biopss in clinical practice
ICER = incremental cosdffectiveness ratio, WES = targeted WES
“Dominates’ refers to being more effective and less costly ti@eomparison
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Table 3: Etiologies of severe epilepsy in 114 infants

Howell et al

Etiology N Gene mutations identified
Acquired 14 (12%) N/A
Perinatal/neonatal hypoxic ischemic encephalopathy 5 N/A
Periventricular leukomalacia 3 N/A
Complicated meningitis 2 N/A
Perinatal hypoxiciischemic encephalopathy and hypoglycaemia | 2 N/A
Perinatal stroke 2 N/A
Genetic/presunMc 62 (54%) 39 (50 tested)
- B
Structural 31 9 (19 tested)
Focal cortical dysplasia 14 BRAF(1), DEPDC5(1), NPRL3 (1) NF (5),
NT (6)
Tuberous sclerosis 5 TSC2(3), TSCL(1), NT (1)
Malformation.of.cortical development (other) 3 NF (2), NT 1)
Polymicrogyria 3 NF (1), NT (2)
Lissencephaly 2 LIS1(1), NT (1)
Other:achondroplasia, Aicardi syndrome, pontocerebellar hypoplaj 1 each
FGFR3(1), NF (2), NT (1)
SturgeWeber syndrome
Metabolic 6 5
Mitochondrial disorder 3 NDUFAF6(1), FARS2 (1), NF (1)
Other: molybdenum cofactor deficien®NPOdeficiency, TaySachs | 1 each
, MOCS2(1), PNPO(1), HEXA(1)
disease
Chromosomal 9 9
Trisomy 21 5 See left
Other: chromoseme 2g24.3 deletion (iI®EN1AandSCN2Agenes), | 4
chromosome 15¢21:3¢22.2 deletion, See left
isodicentric'chromosome MWolf-Hirschhorn syndrome
Single gene 16 16
Channelopathies 11 SCN1A(3), KCNQ2(3), SCN2A(2), SCNSA
(2), KCNT1(1)
Other: AicardiGoutierés syndrom&MC1Amutation, Sotos 1 each
syndrome SYNGAPImutation, TBC1D24 RNASEH28L), SMCIA(1), NSD1(1),
SYNGAPX1), TBC1D24(1)
mutation
Unknown 38 (33%) N/A

N/A= not applicable, NF = not found, NT= not tested, *Potentially pathegeni
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Search of EEG databases
for infants <2 years old
identified 4505 EEGs in

3290 infants
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b)

Search of Victerian NICU
databases for neonates with
seizures identified 379 entries in
376 neonates

]

Medical record review in 376
neonates

Excluded 42 neonates - not
selzures

Ll Excluded 76 neonates — unclear if

having seizures

Excluded 247 neonates — seizures
but not SEI

Definite SElin 11
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Pathway 2

Model A

Model A cost WES 20% more

Model A cost WES cost 20% less
Model A yield WES 33%*
iodelAwyield WES 21%*

Model A yield [Tier 1) 23%*
Model A yieldfirst MRI [Tier 1) 14%*
 Model BA

Pathway 5

: Maodel A
ModelAgastWES 20% more

Model A cost WES cost 20% less
Model A yield WES 33%*

Model Ayield WES 21%*

Model A yield first MRI (Tier 1) 23%*
Model A yield first' M .‘j{{Tier 1) 14%*

Model BA

Pathway 7
Model A
Model A WES 20% more

Model A costWESTtost 20% less
Model A yield WES 33%*
Modelsayield WES 21%*

Model A yield first ier 1) 23%*
ier 1) 14%*
Maodel B*

ICER (USD)
$4,000 58,000 $12,000 $16,000

=]

WES dominates
WES dominates

WES dominates in all Pathway 7 scenarios
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