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Genomic Data the challenge...

Clinical Practices
Sources ——— e = e = = = —p

Human-readablj

< GTR document

Knowledge

(KBs, Ontologies, registries,

reference DBs, Papers, etc.)

Encapsulation by
predefined &

constrained EHR Bubbling-up is
bioinformatics done continuously
schemas SyStem by specialized CDS

applications

. Decision Support Applications

Bubble up the most clinically-significant raw
genomic data into specialized HL7 objects and
LIink them with clinical data from the patient EHRJ




Haifa Research Lab

CDA 1G: Genetic Testing Report (GTR "G

Define an implementation guide for genetic testing
reports that is both human readable and machine-
processable

= Target at all types of GTR producers, e.g., genetic labs, clin. geneticists
= Readable content is larger in scope

= E.g., detailed description of the tests performed along with references

= Machine-processable should be limited, e.g., exclude raw data

Ballot a Universal IG; derive it to specific types of GTR:
= Healthcare & Research

= Realm-specific guides

= Omic-specific guides

Developed using the MDHT open source tool (OHT)
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GTR - Design Principles

= Follow existing report formats commonly used in healthcare &
research

= Emphasize interpretations & recommendations
= Provide general background information on tests performed

= Reference HL7 Clinical Genomics instances (e.g.,
GeneticVariation and Pedigree) as the place holders of full-blown
raw genomic data and fully-structured family history data

= Utilize patterns of ‘genotype-phenotype’ associations in the HL7
v3 Clinical Genomics Domain

= Implement them as ‘clinical genomic statement’ entry-level templates (see
next slide)
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The Clinical Genomic Statement

= An abstract Clinical Genomic Statement (CGS) template that
= Has at its core a genomic observation (e.g., a DNA sequence variation)

= Ifit’s a reportable finding, then it should be associated with indications and interpretations,
specimen and genomic source class

= The major finding can be associated with associated observation (e.g., amino acid change)
= Optionally, performers may be specified (overriding header performers)

= The CGS abstract template is instantiated by specialized CGS’s, e.g., for
genetic variations or cytogenetics, as well as for their associated observation

Observations

f ﬂ Associated 3

5

Indications Genomic Interpretations Performers
Observation

Clinical Genomic Statement

Genomic
Source
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Narrative and Structured Data

= All CGS structured data items shall be part of clinical genomic
statement (CGS) instances so that parsing applications can find
the full semantics explicitly represented in one coherent structure

= Sub-sections such as Indications, Interpretations and Specimen
are mainly for presenting narrative, but they may also contain
structured data

= In this way, it is possible to have less redundant documents, e.g., in the case
where all tests reported in a GTR document have the same indication, an
Indications section in the Summary section consists of a full-blown indication
observation which all CGS indication observations reference

= CGS structured data may point to the respective narrative in sub-
sections (by means of XML ID)
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GTR Rendered - The Header

5 g Lo Dne b and 30 BNe Seque g Panel Test Repo o Bre nlore

[£] D:Yamnon-eHealth\CDAVCDA Implementation Guides\GTR - Genetic Testing Report\CDA-GeneticTestingReport-Sample-y 7. xml vl X 'l'll rdht

ile dit Wew Favorites Tools Help

fjf Favorites == | (") TeamForge : Project Home | @Hearing Loss: Connexin 2., X | | ﬁ 5 -

Hearing Loss: Connexin 26 and 30 Full Gene Sequencing Panel Test Report

John Doe
Date of birth May 5, 1947 Male

addres=s not available Patient IDs 123456789 2.16.840.1.1138583.18.12.7.30.9.2

Telecom information not available

Document Id c266 2.16.840.1.1153853.18.12.7.30.9.1

Document Created: August 9, 2010

Jean Genocme,

Legal authenticator lean Genome of The Mew Genetic Testing Laboratory signed at February 12, 2006

Document maintained by 2.16.840.1.113883.19.3.2409

Table of Contents

Summary Section

Genetic Variations Sectian
Genstic Variations Secticn
Gensetic Variations Section

Draft that has not been clinically validated
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GTR Rendered - Summary Section

Summary Section

Indications
¢ Indication: Profound =ensorineural hearing loss
Specimen and Genomic Source

+ Peripheral Blood
+ Genocmic source class: Germline

Tests Performed

+ Caonnexin 26 Full Gene Test
+ Mitochondrial Hearing Loss Genes Test
+ Connexin 30 Deletion Test

Owverall Interpretation

* Inconclusive. DMNA sequencing detected two mutations in the connexin 26 gene, 79G=A (WV271) and 109G=4A (W371). GIBG6-D1351830 Deletion: A PCR-
bazed analy=ziz of the GIES-D1351830 region of chromosome 13 was performed and did not detect the deletion. This test does not asseszs the DHNA
zequence of the GIEE gene or detect other mutations that could affect the expreszzion of the gene. Mitochondrial Hearing Loss Genes: DMNA sequencing did
not detect the preszence of any mutations in the MTTS1 and MTRNR1 genes. Although this test examines all regiens known to contain pathogenic mutations
in these genes, it does not include sequencing of the ' end of the MTRNR1 gene. The V271 mutation has been reported as a benign variant (references)
and iz not believed to causze hearing loss. The V371 mutation has been previously reported in patients with hearing loss. This mutation, in homozygosity or
combined with another GIEZ dizseaze causzing mutation, typically resultz in @ mild to moderate hearing loss (Cryns et al. 2005). Mutations in both copies of
the G1BZ gene are necessary to assume that GIBE2 i= responsible for the hearing loss. Although twe mutations were identified in this patient, we would
as=ume that the combination of a benign variant and a mild pathogenic mutation would result in @ mild to moderate hearing loss rather than a moderately-
zevere one, ac in thiz patient. It i= most likely that the hearing loss in this patient is the result of the V371 mutation and an unknown second pathogenic
mutatian. It should be noted that a second mutation is not identified in a large percentage (10-50%:) of patients with nonsyndromic hearing loss and GIBZ2
mutations {(del Castillo et al. 2003].

Recommendations

¢ Although =ome cases may reprezent a coincidental carrier state, all of the =tudies have concluded that there are likely to be other genetic mutations that
hawve not vet been identified. Unfortunately, this precludes further testing. Genetic counseling is recommended for this patient and his/her family members.

Draft that has not been clinically validated

Summary Section continues in next slide...
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GTR Rendered - Summary Section (cont.)

Test Information
Background

* Mutations in the GIBEZ (connexin 26) gene are the most common cause of hearing loss and are most often =2en in a person with hearing loss that was
found at birth or in early childhood without any other medical problems. The severity of the hearing loss can range from mild to profound. The inheritance
pattern is usually autosomal recessive, requiring two mutations, one in each copy of the gene, to cause hearing loss. The GIBES-D1351830 deletion
removes most of the G186 gene, which encodes the connexin 30 protein (Cx30). This deletion, when prezent in two copies ar when combined with a =single
connexin 26 mutation, causes hearing loss

Methodology

* Ewon 1 and the coding region of exon 2 of the connexin 26 (GIB2) gene are amplified using Flankmg primer =ets, PCR products are sequenced u=|ng an ABI
fluorezcence automatic DNA sequencer. This test does not detect large deletions or mutations in nen-coding regions that could affect gene expreszion. This
as=ay i= greater than 99.9% accurate in detecting mutations in the sequences analyzed. Folymerase chain reaction (FCR) analysis is performed to detect
the prezence or abzence of a deletion =panning the GIBR-D1331830 region of chromosome 13.

References
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2001 Sep;127(9):1037-42.
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Fark H1, Hahn 3H, Chun ¥M, Park k., Kim HN. Connexin2é mutations associated with nonsyndromic hearing loss., Laryngoscope. 2000 Sep;110{9):1535-8.
Rickard 3, Kelzell DP, Sirimana T, Rajput K, Macardle B, Bitner-Glindzicz M. Recurrent mutations in the deafness gene GIBZ (connexin 26) in Britizh Asian
families. 1 Med Genet. 2001 Aug;38(8):530-3.
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* Snoeck BL, Huygen FLM, Feldmann O, Marlin 3, Denoyelle F, Waligora 1, Mueller-Malesinska M, Follak &, Floski B, Murgia &, COrzan E, Castorina F,
Ambrosetti U, Nowakowska-Szyrwinska E, Bal 1, Wiszniewski W, Janecke 4R, Mekahm-Heis O, Seeman B, Bendaova O, Kenna MA, Frangulov &, Rehm HL,
Tekin M, Incesulu &, Dahl H-HM, du Sart O, Jenkins L, Lucas O, Bitner-Glindzicz M, Avraham KB, Brownstein £, del Castillo I, Maoreno F, Blin M, Ffister M,
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Draft that has not been clinically validated 10
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GTR Rendered - Genetic Variation Se__
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Genetic Variations Section

Test Performed
s Connexin 26 Full Gene Test
Findings

+ DNAWARIANTS: Homozygous 109G=A (W37I), Exon 2, GIB2, Pathogenic
+ INCIDEMTAL WARIANTS: Heterozygous 79G=4 (W271), Exon 2, GIBZ, Benign

Interpretation
* DMNA sequencing detected two mutations in the connexin 26 gene, 79G=A (W271) and 109G=4 (W37I). The Vv27I mutation has been reported a= a benign
variant (references) and i= not believed to cause hearing loss. The V371 mutation has been previocusly reported in patients with hearing loss. This mutation,
in homozygosity or combined with another G1B2 disease causing mutation, typically results in @ mild to moderate hearing loss (Cryns et al. 2005).
Mutations in both copies of the G1B2 gene are necessary to assume that G182 is responsible for the hearing loss. Although two mutations were identified in
this patient, we would assume that the combination of a benign variant and a mild pathogenic mutation would result in @ mild to moderate hearing loss
rather than a moderately-severe one, as in this patient. It is most likely that the hearing loss in this patient is the result of the V371 mutation and an
unknown second pathogenic mutation. It should be noted that a second mutation is not identified in a large percentage (10-30%) of patients with
nonsyndromic hearing loss and G182 mutations (del Castillo et al. 2003].
Genetic Variations Section
Test Performed
+ Mitochondrial Hearing Loss Genes Test
Findings
+ Negative.

Interpretation

+ DOMNA sequencing did not detect the presence of any mutations in the MTTS1 and MTRMR1 genes. Although this test examines all regions known to contain
pathogenic mutations in these genes, it does not include sequencing of the 3’ end of the MTRNRL gene.

Genetic Variations Section

Test Performed

s Connexin 30 Deletion Test
Findings
. Negative Draft that has not been clinically validated

Interpretation

+ GIBE6-D1351830 Deletion: 4 PCR-based analysis of the GIBES6-D1351830 region of chromosome 13 was performed and did not detect the deletion. This test
does not assess the DNA sequence of the GIEE gene or detect other mutations that could affect the exprezsion of the gene. 11
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GTR UML Model - Section Outline

Q- iHF-we-

|X| plugin.xml MAMIFEST.MF 3 gtr.uml &3 3 gtr-vocab.uml B ccd.uml Approach.dit

Mame Type Multipl

= <Comment:>

EL code Hce 1.1
1, title EE st 1.1
A summary>ection ESummaryﬁecﬁnn 0.1
A specimenSecton Eﬂpecimenﬂecﬁnn 0..1
A geneticVariationsSection EGenEﬁc'-.-'ariaﬁnnss... 0.1
A geneExpressionSection EGEHEE}:pFESSiDI‘ISE... 0..1
A cytogeneticsSection ECythenEﬁcsﬂecﬁnn 0.1
A otherTestingSection EﬂtherTesﬁngSEcﬁnn .1
/f cda::ClinicalDocument
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GTR UML Model - Summary Section

= <Comment>

[EL code E CE

=L, title =5
A overalInterpretationSection Eﬂveralllnterpretat...
A testePerformedSection ETES’[SF‘EFﬁJFI‘I‘lEdSE...
A testinformationSection ETesﬂnﬁeraﬁDnSE...
A recommendationsSection Eﬂemmmendaﬁnns...

/f cda::Section

...........................................................................................................................................................................................

=1 <Comment=

[EL code E CE
L, title =

A overallInterpretivePhenotypeCbservationPharmacogenomicDrugEfficacy EQ»‘Eralllnterpreﬁv...
A overallInterpretivePhenotypeObservationPharmacogenomicDrugMetabaoli E Cveralllnterpretiv,..
A overallnterpretivePhenotypeObservationGeneticDisease E Cwveralllnterpretiv, ..
A overallIinterpretivePhenotypeCbservationGeneticDiseaseCarrier E Cwveralllnterpretiv, ..
A cdanSection

BB EEHE

=
e e | e
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GTR Main Hierarchies

Test Details Section

4ract section

template w/common
sub-sections:

Extended by
specialized sections

* specimen

* indications
* Interpretations
* test performed

« findings

« test information

1

Genetic Variations Section Cytogenetic Section Gene Expression Section

» Genetic variations CGS » Genetic variations CGS

* Gene Expression CGS

Abstract CGS
template:

Extended by
specialized CGS’s

I Clinical Genomic Statement (CGS)

{

1

Genetic Variations CGS Cytogenetic CGS Gene Expression CGS
» GV Associated Observations * Cyt Associated Observations * GE Associated Observations
* GV Interpretive Phenotypes * Cyt Interpretive Phenotypes * GE Interpretive Phenotypes 14
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GTR Genetic Variation Section

o e - R

= <Comment=

EZ code Hce 1.1
EL title st 1.1
f clinicalGenomicstatementGeneticVariation E ClinicalGenomicsta.., 0..%

/’ gtr: TestDetailsSection

= <Comment:

2, code E CE
L title ST

,..-5'Ir specmenSection Eﬂpecimenﬁecﬁnn
)‘r indicationsSection Elndicaﬁnnﬁecﬁnn
f testsPerformedSection ETestsPerﬁ:nrmedSE...
,.—’ findingsSection EFindingsSecﬁDn

)'r interpretation>ection Elnterpretaﬁnnﬂect...
)'r testInformationSection ETesﬂnfnrmaﬁnnSE...
f’ cda::Section

B EHEBEBEBEH
SIRR|IPIPIPIP[P
e e e e e

15
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Clinical Genomic Statement

= <Comment:=

EL code Heo 1.1
EZ, value H any 0.1
A indicationObservation E IndicationObserva... 0..1
A interpretivePhenotypeCbservation E InterpretivePheno... 0..1

17} Disallowance of interpretationCode
fr cda::Observation

Extended by specialized Clinical Genomic Statements

Mame Type Multi

=1 <«Comment>

Ed code E cD

=1 value E ANY

A interpretivePhenctypeGeneticVariation = InterpretivePhen...
A interpretivePhenctypePharmacogenomicDrugEfficacy EInterpretivEPhen...

A interpretivePhenotypePharmacogenomicDrugMetabolism EInterpretivEPhen...
A geneticVariationAssociatedObservationAmincAcidChange & GeneticVariation...

o o o o oo oo
e e e e e e

A geneticVariationAssociatedObservationDNAChange = GeneticVariation...
A geneticVariationAssociatedObservationDMNARegionMame = GeneticVariation...
A geneticVariationAszsociated ObservationZygosity E GeneticVanation...
{2} value

A gtr:ClinicalGenomicStatement

16
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Interpretive Phenotype Observation

= EIntEl'pl'eti'-.-'EF'hEl'u:ut-;peijl:nser-.-'atiu:unGeneti-:'-.'ariath:un
= <Comment:=
=1 code
=L value
17} walue
/"? gtri:InterpretivePhenotypeCbservation

.......................................................................................................................................................................................... -

Mame Type
= £gtr-vocab 5

= allelic State

@ Clinical Genomic Statement Genetic Variation Amino Acid Change

@ Clinical Genomic Statement Genetic Variation DMA Change

@ zenetic disease analysis overall interpretation

@ Genetic disease sequence variation interpretation

@ Interpretive Phenotype Observation Pharmacogenomic Drug Efficacy

@ Interpretive Phenotype Observation Pharmacogenomic Drug Metabolism

@ Cwverall Interpretive Phenotype Observation Genetic Disease Carrier

@ Overall Interpretive Phenotype Observation Pharmacogenomic Drug Efficacy

@ Cwverall Interpretive Phenotype Observation Pharmacogenomic Drug Metabalism

A
i (CodeSystems)

= @ Genetic disease sequence variation interpretation
=l LAGGES-3
=l LAgse9-1
=l LAagsE2-4
=l LAGGT5-8
=l LAags74-1

Multiplicity Annotation

33034-5
43006-1
480134
31908-0
53037-8
319011
53040-2
33039-4
51954-5
51971-0

530375
Pathogenic
Presumed pathogenic
Unknown significance
Benign
Presumed benign
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Summary
clayilame="Genetic Testing Sun Section

section>

<code code="TBD" codely .6.1" enllame="LOINC" 4i

code="TBD" cod

="2.16.840.1.113883.6.1" codeSystemName="LOINC" displayName="Genetic Testing Indications Section"/>

<text>
<list>

ot ID="a2">Indication: Profound sensorineural hearing loss</content

Indication’s
narrative

<enTry>

<cbservation

3863.16.12.7.30.9.2.1"/>

e

rplayllame="Sensory Hearing Loss">»

iding in g R CoYds ==

Indication’s
structured data

</reference>
</okbservation>
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<code code="TBD" codel3vstem="2.16.840.1.113883.6.1"

displavName="Genetic Te=sting Specimen and Genomic Sonrce Section"/>
<titlexSpecimen and Genomic Sonrce</title>

= <LEXT>
= <li=st>

<item>rPeripheral Blood</item>

Specimen’s
narrative

<iltemrGenomic source class: Germline</item>

source class"/ >

plaviame="Germline" />

Specimen’s
structured data

19
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et

MEOnEnts

cle>Cverall

<TEXL>
<list>
<item>

e

s

Interpretation’s
narrative

en="2.16.840.1.113883.6.1" dizplavName="Genetic Te

Interpretation</tcitle>

ntent>

26 gene,
A PCE-based analysis of the GJB6-D1351830 region of
This test does not assess the DNA segumence of the GJIBG

cntent stylelode="Bold">Inconclusive.</content> DHA segunencing detected two mmtations in the connexin
T9G=A (V2T7I) and 109G6>A (V3T7I). GJB6-D1351830 Deletion:

chromosome 13 was performed and did not detect the deletion.

gene or detect other mutations that conld affect the expression of the gene.

seguencing did not detect the presence of any muntations in the MTTS1 and MTRENR1 genes.

A

[+

Mitochondrial Hearing Loss Genes: DHA
Although this test examines
end of
and is not believed to canse
This mutation,

all regions known to contain pathogenic mmtations in these genes, it does not include segnencing of the 5°
the MTRNR1 gene. The V271 muntation has been

The V371 mutation has been previonsly reported in patients with hearing loss.

reported as a kbenign variant (references

hearing loss. in
homozygosity or combined with another GJB2 disease cansing mutation,
hearing loss (Cryns et al. 2005). Motations in bkoth copies of the GJB2 gene are necessary to assume that GJIB2 is
responsible for the hearing loss. Althongh two mutations were identified in this patient, we wonld assume that the
combkination of a benign variant and a mild pathogenic muntation wonld result in a mild to moderate hearing loss
rather than

the resnlt of the

typically results in a mild to moderate

It iz most likely that the hearing loss in this patient is

It shomld be

a moderately-severe as in this patient.

W3T7I mutation

one,

and an unknown second pathogenic mmtation. noted that a second

mutation is not identified in a large percentage (10-50%) of patients with nonsyndromic hearing loss and GJB2
mutations (del Castillo et al. 2003).
ontent>
Structured
—"DEF"> ——— Interpretation
lame="LOINC" diszplavName="Genetic disease analy=sis overall
plavilame="Inconclusive" />

20
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<Ccomponent>
<sectionx

Genetic
Variation

<code code="TB cod em="2.16.840.1.113883.6.1"

<titlexGenetic Variations Section</title>

<1—- Structured representation of: Homozygous 10 (V37I), Exon 2, GJB2, Pathogenic -->

<ENCIY>

"GER"
55208-3"
<statusCode c

="EVH" >

me="LOINC" displavlame="DHA Analysis Discrete Segunence ©

<observation cl

<code c

<effectiveTime wvalus="20051: 1500" />

<entryRelaticonship Code="SUBJ" >

Genetic
Variation
associated
observations

<observation
<code Identifier"/ />
<value x=i:
</observation>
</entryRelationship>
<entryRelationship tyy

<observation

Mame="LOINC"

004004.5" co

<code cod Identifier"/>

Hame="Transcript Reference Segnence

'REFSEQ" c

<value xsi: nllame="NCBI Reference Seguence' />
</observation>

</entryRelationship>

<entryRelationship tyvpelode="SUBJ">

Code="EVN">
'LOINC"
72474224"

<observation cl

<code vllame="DNA Segqnence Variation Identifier"/>

<value xsi: me="dbSNE" />

</observation>
</entryhRel ionship>
<entryRelationship Tyl

<observation
me="DNA Seguence Variation"/>

RATa

ame="HGVS nomenclature for the description of segnence variations'"/ />

<entryRelationsh
<observation je="EVH" >
<code LoIHC"

<value x=i:

</observation>

<entryRelationsh

<observation

<code cod

izplayName="Amino Acid Change"/>
<value xXsi:tyy : cod Val3TIl ! 21
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GTR XML Snippets - Genetic Variation Secti
(cont.)

</ ok
</entry>

aG

</observation>
</entryRelationship>
<entryRelationship

<observation

<code OINC" displavName="Amino acid change type"/>

<value xsi:twy
</observation>
</entryRelationship>

<entryRelatcionship

<obkservation cl

<code displayName="DHA Region Hame"/>

<value x=i:
</okbservations>
</entryRelationship>

<entryRelationship tvy

<observation clas=sCode

Genetic
Variation
indication

<code code="53034-5" cod Tam displayName=" Allelic State"/>

<value x=i:type="CD" codeSystenlame="LOTNC" displayName="Homozygons"/ >
< /observation>

</entryRelationship>

£l—— pointing to the indication of performing this variation testing-->

» 'BECH" >

<observation class=Code ="0OBS" moodCode="EVH">
<id root="2.16.840.1.113883.18.12.7.30.9.2.1"/>

<code/ >

<entryRelationship tv

1]

</observation>
</entryRelationship>

«!'—— interprectation of the wariation observation (should consider if MFST=manifistation as the code here) —-->

<entryRelatcionship
<observation clas=sCode
<code displavMName="Genetic disease seqnence variation interpretation"/>

<value =x=i: mifame="LOINC" displaylName="Pathogenic"/>

</observation>

</entryRelationship>

servationl

Genetic
Variation
interpretation

22
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uHealth: Patient Empowerment System v

= Joint project between IBM and Gil Hospital (Korea)
= 5 years project, currently in 29 year

= 3 IBM centers are involved:
= |IBM Korea
= |[BM Research in China
= |IBM Research in Haifa

= Building an open platform and services
= Web-based rich portal

= Testing the system with patients and physicians from
the hospital

= Support integration with external PHR
(e.g. Google Health)

23
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uHealth: PHR / EHR Hybrid System

Improve patient safety with IT
= Patients in the center; control, mgmt. and access | DemCollecton  Data Analfais & Management s

et D e e Lt A I R St

=  Empower patients to be a data source, hub for
external data, knowledge consumers and nodes in
social-medical network

Smart health Portal

Clinical and genomics information analysis
Dynamic content

Fully standard compliant
Rich data set integration
A platform for service provisioning

Focus
Social medical discovery
Patients like me
Medical recommendations

Personalised genomics ADE

[ Using CCD + GTR

24
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The End

- Thank you for your attention... ©

 Questions?
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