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° Introduction to the GA4GH Pedigree Standard and Upcoming

Connectathon
Clinical Interoperability of Variant Evidence

Getting Clinic Ready
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° Application of CLIA/CAP Standards to Genomic Testing
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Clinical and Phenotypic Data Capture & Exchange -
Pedigree & Family Health History

Intro to the GA4GH Pedigree Standard and Upcoming Connectathon
Grant Wood, Orion Buske



A Recommendation for a Minimum Data Set %% Global Alliance
for Family Health History K

Background — The original peer-reviewed paper was published in December 2008

GA4GH driver projects and other interested parties in GA4GH have expressed interest
in a pedigree standard that supports their wide-ranging use cases

A recommendation to follow for the development of new data collection tools, storage,
and solutions

Builds upon existing standards like PED and HL7 FHIR
Support the community of GA4GH (which includes healthcare, research, patient

advocacy, life science, and information technology), in expanding their collection,
study, use, and especially sharing, of FHH information.

gadgh.org


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2585527/

A Recommendation for a Minimum Data Set
for Family Health History

Element Name | Required PED FHIR name Notes
Optional column
Family ID R Col. 1 FamilyMemberHistory. identifier This is used when distinct family records are defined then shared.
(Pedigree ID) Family ID Also can be thought of as the Pedigree ID.
Proband ID O/R Only required when the pedigree is used to focus on heritable risk
X . i for a specific person in the pedigree. For other use cases such as
Patient <id value = "proband research, a Proband type may be needed. The FHIR resource
ResearchSubject.identifier includes the following status choices:
or follow-up, ineligible, not-registered, off-study, on-study,
on-study-intervention, on-study-observation, pending-on-study,
. B potential-candidate, screening, and withdrawn.
New extension to include a
Proband type
Pedigree (6] FamilyMemberHistory. Meta Possible uses are, but not limited to, where did the pedigree come
Source from, tool or method used, clinical or patient entered, research
metadata or identifier.
FamilyMemberHistory.
reasonCode
Status (o] FamilyMemberHistory. status From EamilyHistoryStatus choices are: partial, completed,
entered-in-error, and health-unknown.
Language (¢] FamilyMemberHistory. language | The codes SHOULD be taken from Common Languages.
Narrative (6] FamilyMemberHistory. A human-readable narrative that contains a summary of the resource
text and can be used to represent the content of the resource to a
human. Resource definitions may define what content should be
represented in the narrative to ensure clinical safety.
Date of FHH (o] FamilyMemberHistory. date Date should be the latest date of when any data is updated.
data collection

@&, .
é"' w,-‘% Global Alliance
A é‘-‘; for Genomics & Health

Data Elements: Pedigree

gadgh.org



https://www.hl7.org/fhir/researchsubject.html
https://www.hl7.org/fhir/valueset-history-status.html
https://www.hl7.org/fhir/valueset-languages.html

A Recommendation for a Minimum Data Set 2% Global Alliance
o o !~ = for Genomics & Health
for Family Health History @i

Element Name g:?il;ir:z? :El?;mn FHIR name Notes Data Elements_ Ind|V|dua|

Individual ID R Col. 2 An ‘Individual type’ (not type of ID) may be needed. This could
Individual ID include the individual’s electronic medical record identifier,
genealogical record identifier, could be the person is only
represented via their lab sample identifier, or person
information is missing or unknown (just have a relationship), or
person information is private/hidden based on a consent
FamilyMemberHistory choice, or the same individual and/or Individual ID is found in
other pedigrees.

Need to add to

The table shown is a

Father ID R Col. 3 FaminMemberHistory. Must be an Individual ID .

Patomal D | Lo moor subset - Also includes
Mother ID R Col. 4 FamilyMemberHistory. Must be an Individual ID elements like

Maternal ID P H HY'H

extension:Parent individual age,

Biological Sex R Col. 5 FamilyMemberHistory. sex This element should ideally reflect whether the individual is d isease s d isease age

Sex genetically male or female (chromosomal sex). See

AdministrativeGender and Patient Gender and Sex. Of on Set d i sease
’

Person Gender [e] Person.gender The gender might not match the biological sex as determined Contrl buted tO death )

by genetics, but the individual's preferred identification.

adoptive status,
Human Name fo) FamilyMemberHistory. Datatype is HumanName, includes Given name, and m u Iti ple birth Status ,

subsequent Given names for middle names.

Given
name .
consanguinity, etc.
Hum.an Name (6] FamilyMemberHistory. Datatype is HumanName, includes Family name
Family name
Relative (0] FamilyMemberHistory. See HL7 v3 Value Set FamilyMember and CodeSystem:
Relationship Relationship RoleCode



https://www.hl7.org/fhir/valueset-administrative-gender.html
https://build.fhir.org/patient.html#gender
https://www.hl7.org/fhir/datatypes.html#humanname
https://www.hl7.org/fhir/datatypes.html#humanname
https://www.hl7.org/fhir/v3/FamilyMember/vs.html
https://www.hl7.org/fhir/v3/RoleCode/cs.html
https://www.hl7.org/fhir/v3/RoleCode/cs.html

A Recommendation for a Minimum Data Set 2% Global Alliance
for Family Health History sy oF Genomics & Health

Issues on collecting Race, Ethnicity, or Ancestry

- Multiple ontologies to choose from that match specific use cases

US based ontology has long list of native American tribes

Another ontology is geographically based

In South Africa they combined a tribe with a language

We need codes for the different ontologies

gadgh.org



A Recommendation for a Minimum Data Set 2% Global Alliance
N o !:: :? for Genomics & Health
for Family Health History K

Multiple formats and methods exist
for the capturing of these data elements

» General or disease specific (e.g., cancer, etc.), clinical, research, or patient-facing
* Form, survey, or questionnaire

» Graphical creation of a pedigree. These tools follow the genealogical method of building a family tree,
but then add medical histories for each family member on that tree.

» The Pedigree Standardization Work Group (PSWG) of the National Society of Genetic Counselors
(NSGC) developed a system for a clinical pedigree nomenclature.

» Pedigree derived from the patient electronic medical record

» Chatbot technology has been applied to the questionnaire format to guide people in gathering a
complete history.

gadgh.org



A Recommendation for a Minimum Data Set A% Global Alliance
o . E,l ::! for Genomics & Health
for Family Health History

Other Data Elements to Consider (listing some examples)
« Data sharing status - interoperability capability with other systems

» Consent status or record - may be required in some use cases,
especially if names and DOB’s are shared

gadgh.org



A Recommendation for a Minimum Data Set “‘ Global Alliance
for Family Health History Viggs? Tof Genomics & Health

Other Data Elements to Consider (listing some examples)

» Representation of marital or partner status and other relationship
qualities (e.g., estranged, close, household member)

» Extension.extension:Source (FHIR) - In what way the disease,
condition, race, ethnicity, ancestry is reported (e.g., patient reported,
genetic test, EMR record, public records like death certificate or disease
reqistries, clinical trial or research, other, unknown).

» FamilyMemberHistory.condition.outcome (FHIR) - Indicates what

happened following the condition. If the condition resulted in death, the
deceased date is captured on the family member.

gadgh.org



A Recommendation for a Minimum Data Set 225%  Global Alliance
for Family Health History

Other Data Elements to Consider (listing some examples)

» Genetic observations — General genomic reporting, Variant reporting,
Pharmacogenomic reporting, Somatic reporting (FHIR profiles)

» Pedigree analysis results — Analysis result, Probability, Percentage risk,
Relative risk (HL7 Version 3, needs to be developed as a FHIR profile)

gadgh.org



Why PED is not enough %

O

twins

adoption

separation, donors
consanguinity
pregancy/fetus/miscarriage
alive/deceased

multiple phenotypes

data provenance

X

® basic parent-child

Necessary for counseling, risk
assessment, and genomic interpretation

165 gadgh.org




Standardizing collection and interoperability

------ Global Alliance
s for Genomics & Health
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¥4 Global Alliance

Graph-based conceptual model B 4 tor Genomics & Health

‘ | P { ‘ N { 1. Superset of 6-column PED format

Optional genderless relationship vocabulary
distinguishes biological and social relationships
3. Graph structure allows specifying arbitrary

3 relationships

4. Easy-to-use within the context of other
standards such as FHIR or Phenopackets

Relationship: 5. Simplifies converting a genetic family history
individual: 1 from one proband to another
relation: has_parent Individual:
relative: 2 id: 1
affected: true
sex: female

gadgh.org
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GENOMICS IN HEALTH
Learn More @ IMPLEMENTATION FORUM

Participate in the Pedigree Connectathon to test interoperability
with Phenopackets v1.1, HL7 FHIR: April 1@ 19:00 UTC

Registration: bit.ly/PedigreeConnect

GitHub: https://github.com/gad4gh-cp/pedigree (proposal is PR)



http://bit.ly/PedigreeConnect
https://github.com/ga4gh-cp/pedigree
https://github.com/ga4gh-cp/pedigree/blob/4c779711d99a7520a670e059d091251058f2b83c/model.md

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

Clinical Interoperability
of Variant Evidence

Alex Wagner (VICC/Nationwide) &

| Larry Babb (Broad Institute) |
o /
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ClinGen + VICC Driver Project Initiative @ MPLEMENTATION FORUM
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https://www.ncbi.nlm.nih.gov/clinvar/
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.. GENOMICS IN HEALTH
So why is it so hard? @ IMPLEMENTATION FORUM

Let's take a look at interoperability between
CIViC and ClinVar

variant representations

to demonstrate the complexities




CIViC Record

[OIEIVARIANTL8SER

Variant Summary ~ Variant Talk %

https://civicdb.org/links/evidence/2997

Last Modified by Last Reviewed by Last Commented On by

Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type: Assertions:
Missense Variant

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,
ENST00000275493.2:c.2573T>G , and
NP_005219.2:p.Leu858Arg

ClinVar IDs:
376280, 376282, and 16609

CIViC Variant Evidence Score:
375

Evidence for L858R 41 total items (showing 40)

EID DIs DRUGS
5 Lung Non-small Cell Carcinoma Erlotinib
2997  Lung Non-small Cell Carcinoma Afatinib
Lung Non-small Cell Carcinoma Dacomitinib

Lung Adenocarcinoma Afatinib

[<)(~] EVIDENCE EID2997

DESC EL

Representative Variant Coordinates
Ref. Build: GRCh37 Ensembl Version: 75

Chr.  Start Stop Ref. Bases Var. Bases

7 55259515 55259515 T G

Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) %
chr7:9.55259515T>G 16609 COSM6224 'g
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response E
SnpEff Effect SnpEff Impact gnomAD Adj. AF 9
structural interaction variant ~ HIGH -

View MyVariant.info Details

2 Get Data » Help

&
> >

Evidence Summary Evidence Talk



https://civicdb.org/links/evidence/2997

CIViC Variant

DI VARIANT LS8R

https://civicdb.org/links/evidence/2997

Last Modified by Last Reviewed by Last Commented On by

Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:
Missense Variant

Assertions:

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,
ENST00000275493.2:¢.2573T>G , and
NP_005219.2:p.Leu858Arg

ClinVar IDs:
376280, 376282, and 16609

CIViC Variant Evidence Score:
375

Representative Variant Coordinates
Ref. Build: GRCh37 Ensembl Version: 75

Variant Summary ~ Variant Talk %

7

Chr.  Start Stop Ref. Bases Var. Bases

7 55259515 55259515 T G

Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) \g
chr7:9.55259515T>G 16609 COSM6224 'E
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response é
SnpEff Effect SnpEff Impact gnomAD Adj. AF @

structural interaction variant ~ HIGH -

View MyVariant.info Details

Evidence for L858R 41 total items (showing 40)

EID DIsS DRUGS

2994 Lung Non-small Cell Carcinoma Erlotinib
2097 Lung Non-small Cell Carcinoma Afatinib
“ Lung Non-small Cell Carcinoma Dacomitinib
[ 879 | LungAdenocarcinoma Afatinib

[ EVIDENCE EID2997

&
> >

2 Get Data » Help
DESC EL ~ ED cs vo ER ~
A & v v v

(@] [ ] 5%
Q@ s
g | s*
iy 8 [+ | 4%

*



https://civicdb.org/links/evidence/2997

CIViC Variant

https://civicdb.org/links/evidence/2997

Last Commented On by

e Registry ID: CA126713

Last Modified by [FI/T5 8 | | Last Reviewed by

Aliases: LEU858ARG and RS121434568

EGFR L858R has long been recognized as a functionally signifi tation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described ™ non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:
Missense Variant

Assertions:

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,
ENST00000275493.2:¢.2573T>G , and
NP_005219.2:p.Leu858Arg

ClinVar IDs:
376280, 376282, and 16609

CIViC Variant Evidence Score:
375

Representative Variant Coordinates
Ref. Build: GRCh37 Ensembl Version: 75

Variant Summary ~ Variant Talk %

7

Chr.  Start Stop Ref. Bases Var. Bases

7 55259515 55259515 T G

Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) \g
chr7:9.55259515T>G 16609 COSM6224 'E
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response é
SnpEff Effect SnpEff Impact gnomAD Adj. AF @

structural interaction variant ~ HIGH -

View MyVariant.info Details

Evidence for L858R 41 total items (showing 40)

EID DIS DRUGS

2994 Lung Non-small Cell Carcinoma Erlotinib
2097 Lung Non-small Cell Carcinoma Afatinib
“ Lung Non-small Cell Carcinoma Dacomitinib
[ 879 | LungAdenocarcinoma Afatinib

[ EVIDENCE EID2997

&
> >

2 Get Data » Help
DESC EL ~ ED cs vo ER ~
A & v v v

(@] [ ] 5%
Q@ s
g | s*
iy 8 [+ | 4%

*



https://civicdb.org/links/evidence/2997

CIViC Variant

DI VARIANT LS8R

https://civicdb.org/links/evidence/2997

Last Modified by Last Reviewed by Last Commented On by

Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:
Missense Variant

Assertions:

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,

ENST00000275493.2:c.2573T>f], and
NP_005219.2:p.Leu858Arg
ClinVar IDs:

376280 ,376282, and 16609

CIViC Variant Evidence Score:
375

Representative Variant Coordinates
Ref. Build: GRCh37 Ensembl Version: 75

Variant Summary ~ Variant Talk %

7

Chr.  Start Stop Ref. Bases Var. Bases

7 55259515 55259515 T G

Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) \g
chr7:9.55259515T>G 16609 COSM6224 'E
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response é
SnpEff Effect SnpEff Impact gnomAD Adj. AF @

structural interaction variant ~ HIGH -

View MyVariant.info Details

Evidence for L858R 41 total items (showing 40)

EID DIsS DRUGS

2994 Lung Non-small Cell Carcinoma Erlotinib
2097 Lung Non-small Cell Carcinoma Afatinib
“ Lung Non-small Cell Carcinoma Dacomitinib
[ 879 | LungAdenocarcinoma Afatinib

[ EVIDENCE EID2997

&
> >

2 Get Data » Help
DESC EL ~ ED cs vo ER ~
A & v v v

(@] [ ] 5%
Q@ s
g | s*
iy 8 [+ | 4%

*



https://civicdb.org/links/evidence/2997

E VARIANT L858R Variant Summary Variant Talk %
(] (]
( : IVI ( : Va rl a n t Last Modified by [0S 108 | | Last Reviewed by (= i) | LastCommented On by [N D
Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Representative Variant Coordinates
EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib s"" :;;’;95] . :;;"595] g :‘f' Bases ;"' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating patients that failed to respond to earlier generation TKI therapies.
Variant Type: Assertions: MyVariant.info ID ClinVar ID COSMIC ID (v68) %
Missense Variant ; chr7:9.55259515T>G 16609 COSM6224 g
HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance &
NC_000007.13:9.55259515T>G, rs121434568 drug response E
NM_005228.4:¢.2573T>G, .
N : SnpEff Effect SnpEff Impact gnomAD Adj. AF 9
ENST00000275493.2:c.2573T>G g 3 :
structural interaction variant ~ HIGH -
NP_005219.2:p.Leu858Arg
ClinVar IDs: View MyVariant.info Details
376280, 376282, and 16609
CIViC Variant Evidence Score:
375
:
Evidence for L858R 41 total items (showing 40) 2 Get Data » Help
EID DIS DRUGS DESC EL » ET ED cs vo ER v (=
L v A & v v v
Lung Non-small Cell Carcinoma Erlotinib B8 (@] [ ] sx
Lung Non-small Cell Carcinoma Afatinib 8 B @ 8 B s5*x
Lung Non-small Cell Carcinoma Dacomitinib B E a [ ] 5%
Lung Adenocarcinoma Afatinib 8 e 8 B8 s

https://civicdb.org/links/evidence/2997 EV'PFNCE E'Dz?g-’ || Ddencesummay (RS



https://civicdb.org/links/evidence/2997

E VARIANT L858R Variant Summary Variant Talk %
(] (]
( : IVI ( : Va rl a n t Last Modified by [0S 108 | | Last Reviewed by (= i) | LastCommented On by [N D
Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Representative Variant Coordinates
EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second gcncld\i] s"" :;;’;95] . :;;"595] g :‘f' Bases ;"' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show incre!
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating patients that failed to respond to earlier generation TKI therapies.
Variant Type: Assertions: MyVariant.info ID ClinVar ID COSMIC ID (v68) %
Missense Variant ; chr7:9.55259515T>G 16609 COSM6224 g
HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance &
NC_000007.13:9.55259515T>G, rs121434568 drug response E
NM_005228.4:¢.2573T>G, .
N : SnpEff Effect SnpEff Impact gnomAD Adj. AF 9
ENST00000275493.2:c.2573T>G g 3 :
structural interaction variant ~ HIGH -
NP_005219.2:p.Leu858Arg
ClinVar IDs: View MyVariant.info Details
376280, 376282, and 16609
CIViC Variant Evidence Score:
375
:
Evidence for L858R 41 total items (showing 40) 2 Get Data » Help
EID DIS DRUGS DESC EL » ET ED cs vo ER v (=
L v A & v v v
Lung Non-small Cell Carcinoma Erlotinib B8 (@] [ ] sx
Lung Non-small Cell Carcinoma Afatinib 8 B @ 8 B s5*x
Lung Non-small Cell Carcinoma Dacomitinib B E a [ ] 5%
Lung Adenocarcinoma Afatinib 8 e 8 B8 s

https://civicdb.org/links/evidence/2997 EV'PFNCE E'Dz?g-’ || Ddencesummay (RS



https://civicdb.org/links/evidence/2997

CIViC Variant

DI VARIANT LS8R

Variant Summary ~ Variant Talk %

https://civicdb.org/links/evidence/2997

Last Modified by Last Reviewed by Last Commented On by

Aliases: LEU858ARG and RS121434568

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generati

clinical trials that specifically focus on mutant forms of EGFR, a few of which

treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:
Missense Variant

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,
ENST00000275493.2:¢.2573T>G
NP_005219.2:p.Leu858Arg

ClinVar IDs:
376280, 376282, and 16609

CIViC Variant Evidence Score:
375

Allele Registry ID: CA126713

Assertions:

Representative Variant Coordinates
Ref. Build: GRCh37 Ensembl Version: 75

Chr.  Start Stop Ref. Bases Var. Bases

7 55259515 55259515 T G

Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) %
chr7:9.55259515T>G 16609 COSM6224 'g
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response E
SnpEff Effect SnpEff Impact gnomAD Adj. AF 9
structural interaction variant ~ HIGH -

View MyVariant.info Details

Evidence for L858R 41 total items (showing 40)
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Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Representative Variant Coordinates
EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib ?‘" :;;’;95] . :;‘;';95] g :‘f' Bases ;‘“' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating patients that failed to respond to earlier generation TKI therapies.
Variant Type: Assertions: MyVariant.info ID ClinVar ID COSMIC ID (v68) %
Missense Variant chr7:9.55259515T>G 16609 COSM6224 'g
HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance &
NC_000007.13:9.55259515T>G, rs121434568 drug response E
NM_005228.4:¢.2573T>G,
N & SnpEff Effect SnpEff Impact gnomAD Adj. AF 9
ENST00000275493.2:¢.2573T>G g 3 5
structural interaction variant ~ HIGH -
NP_005219.2:p.Leu858Arg
ClinVar IDs: View MyVariant.info Details
376280, 376282, and 16609
CIViC Variant Evidence Score:
375
:
Evidence for L858R 41 total items (showing 40) 2 Get Data » Help
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RS121434568 Allele Registry ID: CA126713

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:
Missense Variant

Assertions:

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,
ENST00000275493.2:c.2573T>G , and
NP_005219.2:p.Leu858Arg

ClinVar IDs:
376280, 376282, and 16609

CIViC Variant Evidence Score:
375

Variant Coordinates
Ref. Build: GRCh37 Ensembl Version: 75
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Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) %
chr7:9.55259515T>G 16609 COSM6224 'g
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response E
SnpEff Effect SnpEff Impact gnomAD Adj. AF 9
structural interaction variant ~ HIGH -

View MyVariant.info Details
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CIViC Variant

Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Rep ive Vasiant Coords

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75

the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer

(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib Chr.  Start Stop Ref. Bases Var. Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and Y peaedbls EEZEoRLS v <
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript

clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2

treating patients that failed to respond to earlier generation TKI therapies.

ClinVar Display Names:

Variant Type: Assertions: MyVariant.info ID ClinVar ID COSMIC ID (v68) ug
NM 005228 5(EGFR) Missense Variant chr7:9.55259515T>G 16609 COSM6224 %
- ’ . HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance &
37 6 2 8 0 . C. 2 57 2_2 573 nv NC_000007.13:9.55259515T>G, rs121434568 drug response E
. NM_005228.4:c.2573T5G,, ;
376282: ¢.2573_2574delinsGT ENST00000275493.2:¢.2573T>G , and s:- pf: Eflfec: v variont ﬁ:‘gﬁﬁ Impact  gnomAD Adj. AF ?
. NP_005219.2;p.Leug58Arg structural Interaction varian
1 6 6 O 9 - C 2 573 T>G clinVar IDs: View MyVariant.info Details
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CIViC Variant Evidence Score:
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ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv

376282: ¢.2573_2574delinsGT

16609: c.2573T>G

dbSNP rs121434568:

NC_00000713:
g.55259515T>A
9.55259515T>G
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RS121434568 Allele Registry ID: CA126713

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:

Assertions:
Missense Variant \

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,
ENST00000275493.2:¢.2573T>G , and
NP_005219.2:p.Leu858Arg

ClinVar IDs:
376280, 376282, and 16609

CIViC Variant Evidence Score:
375

Variant Summary ~ Variant Talk %
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Ref. Build: GRCh37 Ensembl Version: 75
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Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) ug
chr7:9.55259515T>G 16609 COSM6224 g
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response E
SnpEff Effect SnpEff Impact gnomAD Adj. AF @
structural interaction variant ~ HIGH -

View MyVariant.info Details

Evidence for L858R 41 total items (showing 40)
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CIViC Variant

ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv
376282: ¢.2573_2574delinsGT
16609: c.2573T>G

dbSNP rs121434568: ' l
NC_00000713: ° o
g.55259515T>A
g.55259515T>G
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Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:
Missense Variant

Assertions:

HGVS Descriptions:
NC_000007.13:9.55259515T>G ,
NM_005228.4:¢.2573T>G,
ENST00000275493.2:¢.2573T>G , and
NP_005219.2:p.Leu858Arg

ClinVar IDs:
376280, 376282, and 16609

CIViC Variant Evidence Score:
375
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Rep ive Variant Coordii
Ref. Build: GRCh37 Ensembl Version: 75

Chr.  Start Stop Ref. Bases Var. Bases

7 55259515 55259515 T G

Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) ug
chr7:9.55259515T>G 16609 COSM6224 g
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response E
SnpEff Effect SnpEff Impact gnomAD Adj. AF 9
structural interaction variant ~ HIGH -

View MyVariant.info Details

Evidence for L858R 41 total items (showing 40)
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Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713

Rep! ive Variant Coordi
EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib ‘7:"" :;’2’;95] . :;;p5951 - :‘f' Sasen g"' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating patients that failed to respond to earlier generation TKI therapies.
ClinVar Display Names: , ;
. Variant Type: Assertions: MyVariant.info ID ClinVariD  COSMIC ID (v68) =
NM 005228 5( EGFR ) Missense Variant o chr7:g.55259515T>G 16609 COSM6224 g
- . riptions: dbSNP RSID ClinVar Clinical Significance 5
3762 80: C. 2 572_2 573 nv 3:9.55259515T>G, rs121434568 drug response E
376282: ¢.2573_2574delinsGT sasand Roplh s Sopetfimpact _gnomaD AdiAF D
- i b e pan 4 structural interaction variant ~ HIGH -
. _ .2:p.Leu (]
16609: ¢.2573T>G " e
clinvar IDs: iew MyVariant.info Details

376280 ,376282, and 16609

CIViC Variant Evidence Score:
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Evidence for L858R 41 total items (showing 40)
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CIViC Variant

ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv

376282: ¢.2573_2574delinsGT

16609: c.2573T>G
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NC_00000713:
g.55259515T>A
9.55259515T>G
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Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in
treating patients that failed to respond to earlier generation TKI therapies.

Variant Type:

Assertions:
Missense Variant \

riptions:
3:9.55259515T>G,

>G4 and
NP_005219.2:p.Leu858Arg
ClinVar IDs:

376280 ,376282, and 16609

CIViC Variant Evidence Score:
375
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Rep! ive Variant Coordil
Ref. Build: GRCh37 Ensembl Version: 75

Chr.  Start Ref. Bases Var. Bases

7 55259515 55259515 T G

Transcript

ENST00000275493.2
MyVariant.info ID ClinVar ID COSMIC ID (v68) ug
chr7:9.55259515T>G 16609 COSM6224 g
dbSNP RSID ClinVar Clinical Significance &
rs121434568 drug response E
SnpEff Effect SnpEff Impact gnomAD Adj. AF @
structural interaction variant ~ HIGH
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CIViC Variant

ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv
376282: ¢.2573_2574delinsGT
16609: c.2573T>G

dbSNP rs121434568:

NC_00000713:
g.55259515T>A
9.55259515T>G
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Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713

Variant Coordi

EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer

Ref. Build: GRCh37 Ensembl Version: 75

Variant Talk

(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib s”" :;;';95] . :;;%951 - :‘f' Sasen g"' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating patients that failed to respond to earlier generation TKI therapies.
Variant Type: Assertions: MyVariant.info ID ClinVar ID COSMIC ID (v68) ug
Missense Variant \ chr7:9.55259515T>G 16609 COSM6224 g
HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance &
NC_000007.13:9.55259515T>G, rs121434568 drug response E
NM_005228.4:¢.2573T>G, .
- : s SnpEff Effect SnpEff Impact gnomAD Adj. AF @
ENST00000275493.2:¢.2573T>G , and g ; :
structural interaction variant ~ HIGH -
NP_005219.2:p.Leu858Arg
ClinVar IDs: View MyVariant.info Details
376280, 376282, and 16609
CIViC Variant Evidence Score:
375
:
Evidence for L858R 41 total items (showing 40) 2 Get Data » Help
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Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Vasiant Coordi
EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib ‘7:"" :;’2’;95] . :;;p5951 - :‘f' Sasen g"' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating patients that failed to respond to earlier generation TKI therapies.
ClinVar Display Names: , ;
. Variant Type: Assertions: MyVariant.info ID ClinVar ID COSMIC ID (v68) =
NM 005228 5( EGFR ) Missense Variant o chr7:g.55259515T>G 16609 COSM6224 g
- . HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance &
3762 80: C.2 572_2 573 nv NC_000007.13:9.55259515T>G, rs121434568 drug response E
. NM_005228.4:¢.2573T>G, . g
376282:c.2 573_2 574delinsGT ENST00000275493.2:c.2573T>Gf and SLEMELES . SnpEffimpact  gnomaD Adj aF D
NP_005219.2:p.LeuB58Arg structural interaction variant ~ HIGH -
16609: ¢.2573T>G " e
clinvar IDs: iew MyVariant.info Details
376280376282, and 16609
CIViC Variant Evidence Score:
375
dbSNP rs121434568: '

NC_ 000007‘13'. Evidence for L858R 41 total items (showing 40) 2 Get Data » Help
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C IVi C Va r i a n t Last Modified by Last Reviewed by Last Commented On by
Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Vasiant Coordi
EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib ‘7:"" :;’2';95] . :;‘;"595] - :‘f' Sasen g"' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
. . treating patients that failed to respond to earlier generation TKI therapies.
Ll
CI | nva r D IS p I ay N ames: Variant Type: Assertions: MyVariant.info ID ClinVar ID COSMIC ID (v68) ug
NM 005228 5( EGFR ) Missense Variant ) chr7:g.55259515T>G 16609 COSM6224 g
- . HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance £
376280: c.2 572_2 573inv NC_000007.13:9.55259515T>G,, rs121434568 drug response ;
. NM_005228.4:¢.2573T>G, . o
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CIViC Variant

ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv
376282: ¢.2573_2574delinsGT
16609: c.2573T>G

dbSNP rs121434568:

NC_00000713:
g.55259515T>A
9.55259515T>G
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Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Vasiant Coordi
EGFR L858R has long been recognized as a functionally significant mutation in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib ‘7:"" :;’2';95] . :;‘;"595] - :‘f' Sasen g"' Bases
and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are currently in Transcript
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating patients that failed to respond to earlier generation TKI therapies.
Variant Type: Assertions MyVariant.info ID ClinVar ID COSMIC ID (v68) ug
Missense Variant E ” chr7:9.55259515T>G 16609 COSM6224 g
’ q ;
HGVS Descriptigns: dbSNP RSID ClinVar Clinical Significance s
NC_000007.13:q ENSP00000275493.2: p. Leu858Arg 15121434568 drug response E
NM_005228.4:¢.2573T>G, . 6]
ENST00000275493.2:¢.2573T>G , and ( PA 1 1 3 9 5324 9 9) SigEy Eﬁfct ; : EopEine o A At
structural interaction variant ~ HIGH -
NP_005219.2:p.Leu858Arg
clinvar IDs: (P A 1 2 67 1 5) View MyVariant.info Details
376280, 376282, and 16609
CIViC Variant Evidence Score:
375
:
Evidence for L858R 41 total items (showing 40) 2 Get Data » Help
EID DIS DRUGS DESC EL ~ ET ED cs vo ER wili=
L v v v v v
Lung Non-small Cell Carcinoma Erlotinib B8 [\ ] (@] [ ] 5%
Lung Non-small Cell Carcinoma Afatinib [=] = g [ | 5%
Lung Non-small Cell Carcinoma Dacomitinib B E O @ a [ ] 5%
879 | LungAdenocarcinoma Afatinib = & o] @ a [ ] 4%
EI EVI D EN C E El D2997 Evidence Summary Evidence Talk %%


https://civicdb.org/links/evidence/2997

Variant Complexity in Other Resources @ TN EaR

ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv
376282: ¢.2573_2574delinsGT
16609: c.2573T>G

dbSNP rs121434568:

NC_00000713:
g.55259515T>A
9.55259515T>G



Variant Complexity in Other Resources @ TN EaR

ClinVar Display Names:

NM_005228.5(EGFR)
376280: ¢.2572_2573inv ..this represents an oversimplification
376282: ¢.2573_2574delinsGT
16609: c.2573T>G

dbSNP rs121434568:

NC_00000713:
g.55259515T>A
9.55259515T>G
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ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv
376282: ¢.2573_2574delinsGT
16609: c.2573T>G

dbSNP rs121434568:

NC_00000713:
g.55259515T>A
9.55259515T>G

https://www.ncbi.nlm.nih.gov/clinvar/variation/16609/


https://www.ncbi.nlm.nih.gov/clinvar/variation/16609/

ClinVar Variant 16609

ClinVar Display Names:
NM_005228.5(EGFR)
376280: c.2572_2573inv
376282: ¢.2573_2574delinsGT
16609: c.2573T>G

dbSNP rs121434568:

NC_00000713:
g.55259515T>A
9.55259515T>G

https://www.ncbi.nlm.nih.gov/clinvar/variation/16609/

NM_005228.5(EGFR):¢.2573T>G (p.Leu858Arg)

Allele ID:

Variant type:

Variant length:
Cytogenetic location:
Genomic location:

HGVS:

Protein change:
Other names:
Canonical SPDI: @

Functional consequence:

Global minor allele
frequency (GMAF):
Allele frequency:
Links:

31648

single nucleotide variant

1bp

7pl1.2

7:55191822 (GRCh38) GRCh38 UCSC
7: 55259515 (GRCh37) GRCh37 UCSC

Nucleotide Protein Mojecitas
consequence

NC_000007.13:g.55259515T>G

NC_000007.14:.55191822T>G

NM_005228.5:¢.2573T>G NP_005219.2:p.Leu858Arg missense
NM_001346897.2:¢.2438T>G NP_001333826.1:p.Leu813Arg | missense
NM_001346898.2:¢.2573T>G NP_001333827.1:p.Leu858Arg | missense
NM_001346899.1:¢.2438T>G NP_001333828.1:p.Leu813Arg | missense
NM_001346900.2:¢.2414T>G NP_001333829.1:p.Leu805Arg | missense
NM_001346941.2:c.1772T>G NP_001333870.1:p.Leu591Arg | missense

LRG_304t1:¢.2573T>G

LRG_304:g.177791T>G

NG_007726.3:g.177791T>G

P00533:p.Leu858Arg

... less HGVS
L858R, L591R, L805R, L813R

NC_000007.14:55191821:T:G

ClinGen: CA126713

Genetic Testing Registry (GTR): GTR000560812

UniProtKB: P00533#VAR_019298

OMIM: 131550.0002

dbSNP: rs121434568

PharmGKB Clinical Annotation: 981420042
PharmGKB Clinical Annotation: 981475838
PharmGKB Clinical Annotation: 981475880



https://www.ncbi.nlm.nih.gov/clinvar/variation/16609/

N o GENOMICS IN HEALTH
Not Just CIViC and ClinVar @ IMPLEMENTATION FORUM

Y CIViC

= ClinVar



https://www.ncbi.nlm.nih.gov/clinvar/

N o GENOMICS IN HEALTH
Not Just CIViC and ClinVar @ IMPLEMENTATION FORUM

a}fC'ViC % dbSNP

i
U

= ClinVar

CImGen

Clinical Genome Resource

Allele
Registry


https://www.ncbi.nlm.nih.gov/clinvar/

- GENOMICS IN HEALTH
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Not Just CIViC and ClinVar

2 DDBJ

DNA Data Bank of Japan

CIViC Z DO(:M = dbSNP \PHARMGKB

&) European Variation Archive ,
PharmVars f@;sp%%?ssm
= ClinVar

Pharmacogene Variation Consortium

gnOmAD -~
p .‘ (3 d bva r :’:-? :!.?‘\. .. atabase of enomic ariants

The Jackson % COS M I C %LIQo%qu
Laboratory

Catalogue Of Somatic Mutations In Cancer Al | e I e

§ CADD - Cambined Anattion Dependert Depletion Registry

ﬁ- Immuno Polymorphism Database

— - w’-*



https://www.ncbi.nlm.nih.gov/clinvar/

# GA4GH Variation Representation GA4GH Variation Representation Specification

Specification
Global Alliance The Variation Representation Specification (VRS, pronounced “verse”) is a standard developed by
for Genomics & Health the Global Alliance for Genomic Health to facilitate and improve sharing of genetic information. The
" Collaborate. Innovate. Accelerate Specification consists of a JSON Schema for representing many classes of genetic variation,
conventions to maximize the utility of the schema, and a Python implementation that promotes
adoption of the standard.

© Citation

Introduction

The GA4GH Variation Representation Specification (VRS): a Computational Framework for the
Precise Representation and Federated Identification of Molecular Variation. Wagner AH, Babb
Schema L, Alterovitz G, Baudis M, Brush M, Cameron DL, ..., Hart RK. bioRxiv. 2021.

Implementation Guide doi:10.1101/2021.01.15.426843

Terminology & Information Model

Releases

Appendices * Introduction

¢ Terminology & Information Model
o Information Model Principles

& Read the Docs A
: o Variation

https://vrs.ga4gh.org/en/1.2.0.rc0/



https://vrs.ga4gh.org/en/1.2.0.rc0/
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Extensible Information Model (v 1.2 and going) @
{ Variation <abstract> |

+ _id: CURIE
+ type: string

]

|+ _id: CURIE

' p
i+ type: string
\

A \ \ [A

| RS
NSl

definition: string

sequence_id: CURIE
+ interval: Sequencelnterval

1 (
| Simplelnterval

& BEart s anteder - + location: Location

, - - !
+ species: CURIE i + end: integer + state: SequenceExpression r—
+ chr: string | J !

i

\

i 1+ type: string
-

1 1
+ interval: CytobandInterval

R

_— Nestedinterval A
Class Relationships + inner: SimpleInterval -
+ outer: SimpleInterval + members: Allele[]
------ [> Inheritance ]
.
~————® Dependency sequence: Sequence
_[ Cytobandinterval - —
+ members: Variation]]
Class Types + start: string

e ol
-

Abstract Class + end: string

,
Concrete Clas | Abundance cabstract> |

Identifiable Class

location:
SequenceLocation

Location + count: AbsoluteCopyCount p
AbsoluteCopyCount Fye———
Variation + min: integer SequenceExpression
: + max: integer + count: AbsoluteCC
SequenceExpression

E—
==
[ Interval
[
e
—/

Other




VRS Objects are minimal Value Objects

GENOMICS IN HEALTH
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CURRENTLY...

Data
Source

Data
Source

Data Source

PAIRS OF SYSTEMS COORDINATE KEYS AND
FORMATS IN ORDER TO SHARE VARIATION DATA.
ADDING A NEW SYSTEM IS DIFFICULT.

WITH THE VR SPECIFICATION...

S~

Data u- -— u- Data
Source . Source

Data Source

SYSTEMS USE A COMMON |DENTIFIER, COMPUTED
FROM THE DATA ITSELF, AND A COMMON DATA
FORMAT. ADDING A NEW SYSTEM IS MUCH EASIER.

Rendering by




Sounds good, but what about ...

... sSharing the non-minimal variant elements ?

... clarifying the originating variant context ?

I VARIANTLE3SR,

Variant Summary Variant Talk 'U'I

Last Modified by (TS L0d | | LastReviewed by [T () | LastCommented On by
I Aliases: LEU858ARG and RS121434568 Allele Registry ID: CA126713 Representative Variant Coordinates
EGFR L858R has long been asa fi significant in cancer, and is one of Ref. Build: GRCh37 Ensembl Version: 75
the most prevalent single mutations in lung cancer. Best described in non-small cell lung cancer
(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib ‘7:"' :;‘2';9515 :;;"5951 . :‘f Bases ‘é"‘ Bases
and inib. NSCLC with this treated with TKI's show increased overall and
progression-free survival, as p to ch herapy alone. Third g TKI's are ly in i
clinical trials that specifically focus on mutant forms of EGFR, a few of which have shown efficacy in ENST00000275493.2
treating that failed to d to earlier g TKI th
Variant Type: Assertions: ariant.info ID ClinVar ID COSMIC ID (v68)
Missense Variant - chr7:9.55259515T>G 16609 COSM6224
HGVS Descriptions: dbSNP RSID ClinVar Clinical Significance
NC_000007.13:9.56259515T>G, 15121434568 drug response
NM_005228.4:¢.2573T>G,
SnpEff Effect SnpEffImpact gnomAD Adj. AF D

ENST00000275493.2:c.2573T>0], and
NP_005219.2:p.Leu858Arg
Clinvar IDs:

376280, 376282, and 16609

CIViC Variant Evidence Score:
375

structural interaction variant ~ HIGH

View MyVariant.info Details

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

NM_005228.5(EGFR):c.2573T>G (p.Leu858Arg)

Allele ID:

Variant type:

Variant length:
Cytogenetic location:
Genomic location:

HGVS:

Protein change:

Other names:

Canonical SPDI: @
Functional consequence:
Global minor allele
frequency (GMAF):
Allele frequency:

Links:

31648

single nucleotide variant
1bp

7p11.2

7:55191822 (GRCh38)
7:55259515 (GRCh37)

GRCh38 UCSC
GRCh37 UCSC

Nucleotide Protein Molecular
NC_000007.13:8.55259515T>G

NC_000007.14:8.55191822T>G

NM_005228.5:.25731>G NP_005219.2:p.Leus58Arg

NM_001346897.2:¢.2438T>G

NP_001333826.1:p.Leu813Arg

NM_001346898.2:¢.2573T>G

NP_001333827.1:p.Leu858Arg

NM_001346899.1:¢.2438T>G

NP_001333828.1:p.Leu813Arg

NM_001346900.2:c.2414T>G

NP_001333829.1:p.Leu805Arg

NM_001346941.2:c.1772T>G

NP_001333870.1:p.Leu591Arg

LRG_304t1:c.2573T>G

LRG_304:g.177791T>G

NG_007726.3:g.177791T>G

P00533:p.Leu858Arg

... less HGVS
L858R, L591R, L8O5R, L813R
NC_000007.14:55191821:T:G

ClinGen: CA126713

Genetic Testing Registry (GTR): GTR000560812
UniProtKB: PO0533#VAR_019298

OMIM: 131550.0002

dbSNP: rs121434568

PharmGKB Clinical Annotation: 981420042
PharmGKB Clinical Annotation: 981475838
PharmGKB Clinical Annotation: 981475880




# GA4GH VRSATILE GAA4GH VRSATILE
VRS Global Alliance

or Genomics & Health
VRSATILE is as Driver Project initiative to guide extending VRS in practical, real-world data

Ad d ed Collaborate. Innovate. Accelerate
exchange. The contents of this resource are not a GA4GH standard. As the demonstrated utility

Ty p es fO r of VRSATILE specification components become clear through Driver Project feedback and

adoption, we will advance those components as proposed standards.
I nte ro pe ra b | e Value Object Descriptor Specification

VRS Added Types for Interoperable Loquacious Exchange (VRSATILE; prounounced “versatile”) is
a set of proposed extensions for VRS to enable interoperable exchange of common descriptive data
alongside variation concepts. Common examples of this are reference sequence ids, HGVS
descriptors, associated concept ids, and community aliases such as EGFR vill. VRSATILE and its
components are in a draft state and a reflection of current Driver Project interoperability efforts
based on the VRS standard.

Variation Concept Origination Policies

Loquacious
Exchange

Examples

VRSATILE also enables simplification of “aggregate” variation concepts that include multiple
contextual forms. Examples of aggregate variation include the concepts represented by ClinVar
variation IDs, CIViC variation IDs, ClinGen Allele Registry Canonical Allele IDs, and dbSNP

& Read the Docs Reference SNP IDs.

Reproducible and descriptive normalization of variation concepts to VRS through
resource-defined VCOPs.

https://vrsatile.readthedocs.io
S


https://vrsatile.readthedocs.io/en/latest/

° ° e GENOMICS IN HEALTH
Real world, practical application of VRS % MPLEMENTATION FORUM

. . L. Value Object
e VRS value objects define the variation Descriptor
o . id
e Descriptors are flexible transfer fvalue id
. . type
mechanisms that reduce refactoring costs label
description
and enable VRS standards use. xref identifiers
hgvs e?(pressions
e The Variation Concept Origination Policy exiensions, -

(VCOP) clarifies the originating context S R
variation from 3rd party resources. Sk T e
o e.g. CIViC, ClinVar, ClinGen A/R, MetaKB, ... location
state
type
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Computationally identifying the Variation

<<descriptor>> <<descriptor>>
Clinvar Variation CIViC Variant
id:  clinvar:16099 id:  civic:vid33
value_id: ga4gh:VA.n9ax-9x6g0OCO... ?value_id: gadgh:VA.wYOgFMhc8a0n...
type: AlleleDescriptor type: AlleleDescriptor
label: NM_005228.5(EGFR):c.2573T>G label: L858R
(p.Leu858Arg) gene_descriptor: civic:gid19
xref: [ClinGen: CA126713, molecular_context: protein
dbSNP: rs121434568] structural_type: SO:0001606
hgvs: [NC_000007.14:9.55191822T>G,
NM_005228.5:¢.2573T>G,
NP_005219.2:p.Leu858Arg]

originating context originating context
<<gadgh vrs>> These are .n O_t the <<gadgh vrs>>

> Value Object same variation! > Value Object
_id: gadgh:VA.n9ax-9x6gOCO... < > _id: gad4gh:VA.wY0qFMhc8a0n...
location: {...} L. location: {...}
state: {...} This is actually much state: {...}
type: Allel <
apnt Aline more accurate! heaNiete
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Computationally identifying the Variation

<<descriptor>> L o ) <<d§script9r>>
Clinvar Variation Precision of variation subject CIViC Variant
id:  clinvar:16099 Improves context-aware search id:  civic:vid33
value_id: ga4gh:VA.n9ax-9x6g0OCO0... provided by services and tools, ?value_id: ga4gh:VA.wY0OgFMhc8a0n...
type: AlleleDescriptor . . . . type: AlleleDescriptor
label: NM_005228 5(EGFRY):c.2573T>G improving accuracy in clinical label: L858R
(p.Leu858Arg) variation evidence matching gene_descriptor: civic:gid19
xref: [ClinGen: CA126713, molecular_context: protein
dbSNP: rs121434568] structural_type: SO:0001606
hgvs: [NC_000007.14:9.55191822T>G, .
NM_005228.5:¢.2573T>G, Services
NP_005219.2:p.Leu858Arg] ( \
VICC
originating context Meta KB originating context
<<gadgh vrs>> <<gadgh vrs>>
7| Value Object > Value Object
_id: gadgh:VA.n9ax-9x6gOCO... |:> P N <:| _id: ga4gh:VA.wY0qFMhc8a0n...
location: {...} - location: {...}
state: {...} state: {...}
type: Allele type: Allele
Beacon

\___
S
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VRS Webinar / Workshop in June 2, at 19:00 UTC

e How-to transform clinical evidence to the GKS framework
e Survey of available tools and services

e Demonstration using example datasets

Sign up for the webinar at http://bit.ly/vrs-webinar-reqistration !



http://bit.ly/vrs-webinar-registration

IMPLEMENTATION FORUM
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Genomics in Health Implementation Forum 10 03 2021

Accrediting Whole
Genomes for
Eatient Care

Dr Ellen Thomas .
Clinical Lead for Rare Disease and Clinical Safety Officer, Genomics England

Clinical Advisor, Genomics Unit, NHS England and Improvement
Consultant in Clinical Genetics, Guy's and St Thomas' NHS Trust

Genomics =S,
england S=a3:



NHS

Genomics England's place in the genomic diagnostic ecosystem
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Overview of regulatory ecosystem

Test order and Sample flow and Bioinformatics
management system sequencing pipeline (device)

(((




Areas of focus

DCB 0129 is an NHS Digital standard

« Focuses more on test order system / front end of the National
Genomic Information Service (NGIS)

ISO 15189 - audited by UK Accreditation Service

« Assesses GEL as a diagnostic laboratory

ISO 13485 - audited by British Standards Institution

« Focuses on development of software as a medical device
CE / UKCA marking - working towards self-certification

« Relevant to the bioinformatics pipeline as a medical device

Genomics England 21
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Staffing quality management and regulatory compliance

{ k\ Devaki Khurjekar

Head of Quality Improvement and Regulatory Affairs - Transformation

1 Send email [ Start chat

- This is the (cruciall)
Overview Contact  Organization  Files  Linkedin tlp of the iceberg —
N all 82 members of
e the Healthcare Tribe
Manager People reporting to Devaki Khurjekar (5) COﬂtribute tO our

ﬂ P accreditation work

MA DT g‘}\ CF AB

Catherine Byers \ETE] Davina Taylor Hassan Ahmed Cheryl Fernando Ali Borazjani

Chief Athanasopou... Quality Officer Quality Support Temporary Quality Regulatory and
Transformation Bioinformatics Officer Coordinator Quality
Officer Quality Improvem... Improvement Ma...




Common themes across all schemes

Genomics England

Quality management system - designed to meet requirements of all
accreditations and applicable regulations

Documentation standards - versioning, authorization
Training management - competency demonstration
Hazard identification and risk management system

Incident tracking, root cause analysis and corrective and preventive
actions

Rolling internal audit programme tracking compliance with each
standard's requirements - also used with 3 party suppliers

Participation in relevant EQA schemes (some adaptation sometimes
needed)

217



Risk management system S

Pie Chart: All ISO 14971 Development and Platforms Risks

1SO14971 Hazards

Total Issues: 338

Consequence Category |Interpretation BPHL-11: Data Protection Breach 51
CIP-API ! CIPAPI-811 Health checks on replica database for prod / CIPAPI-8 I8 BPHL-2: API, Data Transmission and Me... 44
CIP-API 3
Health checks on rep||ca database for prod al [ BPHL-7: Incorrect Data Validation and ... 44
BPHL-5: Algorithm Errors 42
# Edit Q Comment Assign  More v Open Discarded (2) €SO~ B BPHL-10: Configuration Issues 40
v Details BPHL-4: Clinical Content Errors 40
Type: ISO Risk Assessment Status: BPHL-3: Reliance and Performance Issues 36
Pribiity W Methom Resoldton: [ BPHL-13: Platforming and Re-platformi... 34
Affects Version/s: None Fix Version/s:
Component/s: Noiia BPHL-8: Alerts and Warnings Issues 32
Labels: None BPHL-12: User Access Issues 31
Software Safety B: possibility of indirect harm to patient Other... 121
Classification:
Sprint: InterPlat 15.3 (2/12-15/12)
Existing Controls: Replicadb is using a postgresdb instance rather than a weka Tiie so we aireaay nave a repiica(siave) aatapase.
Treatment: Mitigate
Treatment plan: Update health check endpoint in cipapi-test. Update cipapi-test to have a weka based replica db. Shut off
the weka replica db. Show that haproxy returns 503 and a datadog error appears.
Treatment Evidence: DR report with health check and haproxy shutting down shown here:
Failure Effect: Currently, without the weka/haproxy PR, there is no 503 service unavailable. This change will make the
product inaccessible.
Failsafe: None
Probability: Likely (< 1 month)
Impact: Major
Residual Probability: Rare (<1 year)
Residual Impact: Major
Exposure: By
Residual Exposure: 2
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Accreditation challenges in genomic medicine

Accreditation at the cutting edge:
« Genomics is constantly evolving, often lacks certainty, and one size never fits all

« Accreditation is founded on standardization, truthsets, and painstaking change
management

When do you introduce a new discovery or technology for diagnostic use?

Subject to changes in the wider environment, e.g. Brexit has led to changes
in the CE / UKCA certification process



Genomics England 220

Addressing these challenges
« Develop internal truthsets, e.g. validation using known diagnoses
from the 100,000 Genomes Project

« Employ or contract an experienced quality team, familiar with your
national regulatory environment

« Keep evolving and learning from non-conformities, incidents and
risk assessments

« Ensure the whole organization buys into the accreditation process

« Leadership support crucial for resourcing
« Safety systems stand or fall on those who operate all elements daily



Genomics England

Conclusions
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Application of CLIA/CAP
standards to genomic testing
David Bick, M.D.
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Application of CLIA/CAP standards to
genomic testing

Global Health " "i Global Alliance
Implementation Forum <N é; for Genomics & Health
3-10-21

Collaborate. Innovate. Accelerate.

David Bick, M.D.
Smith Family Clinic for Genomic Medicine
HudsonAlpha Clinical Services Laboratory
HudsonAlpha Institute for Biotechnology

HUDSONALPHA

INSTITUTE FOR BIOTECHNOLOGY
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Disclosures:

*Chief Medical Officer and Faculty Investigator, HudsonAlpha
Institute for Biotechnology

*Medical Director, The Smith Family Clinic for Genomic
Medicine, LLC

* Associate Director, The HudsonAlpha Clinical Services
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*Consultant, Northwestern Mutual Life Insurance Company
*Director, iRepertoire Molecular Laboratories, Inc

HUDSONALPHA




U.S. clinical laboratory regulation: CLIA and CAP

*Clinical Laboratory Improvement CLINICRL LABORKTORY PROVEMENT AMENDMENTS
A men d ments Of 1 988 (C |_|A) CERTIFICATE OF ACCREDITATION
* Congress amended Public Health HUDSONALPHA CLINICAL SERVICES LAB LLC o iD2086581
| ME WAY
Services Act FUNTSVILLE, AL 35606 AR
* Federal program for certification and 0812612019
ove rS|ght (o) C||n|ca| Ia bor‘ato r'y test|ng LABORATORY DIRECTOR EXPIRATION DATE
* Applies to all laboratory testing (except S g ol S . 08’25’?2: >
research) performed on humans in the " i, e ‘r:;fjo i o e :{{ragmypf: el e
This certificate shall be valid un l h cxp d te b b tis subject to re (I)cat on, uspel:sion, limitation, or other sanctions

°Centers for Medicare & Medicaid
Services (CMS) responsible for CLIA

* Approximately 260,000 laboratory

Karen W. D Diector

Division o

Surve

ey and ertification sroup
Center for Clin lStand;udsandQua]ivy

* Every lab required to have a certificate & CAP The College of American Pathologists
. . ACCREDITE D\/ certifies that the laboratory named below
*College of American Pathologists HudsonAlpha Institute for Biotechnology
(CAP) Laboratory Accreditation Huntevile, Albama
Elaine Lyon, PhD, ABMGG
Program a0 N st
hd C M S g ra nte d t h e CA P d e e m i n g a u t h O r i ty ::slAm::::)::p(l)i:::):e)Bsst::ards for accreditation and is hereby accredited by the
. . . College of American Pathologists’ Laboratory Accreditation Program. Reinspection
[ ) A CA P I n s p e ct I O n S u bst I t u te fo r C M S shoua otj‘cur prior to July 14?92021 to»maintzn act.:redc?itation'.: b : G
I n s p e Ct I O n :r location ;ggesss:rt:es that all iméris:ur;l:ﬁiirle?:\‘::tgsealredr::?on Mk
* CAP accreditation is optional == 2 Oe Uline, 170, P

HUDSONALPHA
INSTITUTE FOR BIOTECHNOLOGY



CLIA — onsite inspection
CMS.gov

Centers for Medicare & Medicaid Services

Medicare Medicaid/CHIP Medicare-Medicaid Private Innovation Regulations & Research, Statistics, Outreach &
Coordination Insurance Center Guidance Data & Systems Education

Home > Regulations & Guidance > Clinical Laboratory Improvement Amendments (CLIA) > Interpretive Guidelines for Laboratories

Clinical Laborato . 5o s .

Improvement 2 Interpretive Guidelines for Laboratories

How to Apply for a CLIA Certificate,

Including International Laboratories Survey Procedures and Interpretive Guidelines for Laboratories and Laboratory Services

State Agency & CLIA Operations Refer to the related links section for the State Operations Manual Appendix C - Survey Procedures and Interpretive Guidelines for
Branch Contacts Laboratories and Laboratory Services (som107ap_c_lab).

Accreditation Organizations/Exempt

States

Categorization of Tests Downloads

Certification Boards for Laboratory

Directors of High Complexity Testing som107ap c lab (PDF)

Principles of Documentation Guidance Document October 2018 (PDF)
CLIA Brochures

*Onsite inspection every 2 years — Each state performs inspections
International Laboratory CLIA Certification Process

*Laboratory directors must meet education, training and experience
requirements

HUDSONALPHA
INSTITUTE FOR BIOTECHNOLOGY



State Operations Manual
Appendix C - Survey Procedures and Interpretive
Guidelines for Laboratories and Laboratory Services

Table of Contents
(Rev. 166, 02-03-17)

Transmittals for Appendix C
SURVEY PROTOCOLS

Introduction

The Outcome-Oriented Survey Process

L._Identifying Sources of Information
A. Scheduling Surveys
B. Announced and/or Unannounced Surveys
C. Pre-Survey Preparation

II._Entrance Interview

II. Information Gathering

A. Organizing the Survey
B. Observation of Facilities and Processes

C. Interviews
D. Record Review
IV. Assessing Outcome or Potential Outcome

V. Regulatory Compliance Decision
VI._Exit Conference

VII. Development of the Statement of Deficiencies

A. Citing Standard-Level Deficiencies
B. Citin; ndition-Level Deficienci

C. Choosing the Appropriate Citation
D. Mandatory Citations
E. Allegation of Compliance/Plan of Correction

VIII. Survey Report Documentation and Data Entry
IX. Additional Information

A. Counting Tests
B. Conducting Surveys of Multiple Testing Sites under One Certificate

C. Conducting Surveys of Waived Tests
D. Conducting Surveys of Certificate for PPM Procedures

https://www.cms.gov/Regulations-and-Guidance/G
uidance/Manuals/Downloads/som107ap_c_lab.pdf

HUDSONALPHA

CLIA — inspection process

*418-page manual describes inspection
process
* Inspect facility
* Interview staff
* Review lab records & proficiency testing
* Systems quality assessment

*Set of standards for assessment

EXAMPLE

§493.1235 Standard: Personnel competency assessment policies

As specified in the personnel requirements in subpart M, the laboratory must
establish and follow written policies and procedures to assess employee and, if
applicable, consultant competency.

Interpretive Guidelines §493.1235

Refer to §§493.1413(b)(8) and 493.1451(b)(8) for specific testing personnel competency
requirements and refer to §493.1407(e)(12) and §493.1445(e)(13) for establishing
policies to monitor each individual’s competency and identify remedial training or
continuing education needs. Cite deficiencies at this location when the laboratory has
developed but is not following personnel competency policies and procedures.
Competency assessment applies to all persons that perform patient testing and/or report
patient test results, including but not limited to, technical and clinical consultants,
technical supervisors, general supervisors and other laboratory staff.

INSTITUTE FOR BIOTECHNOLOGY



CAP Laboratory Accreditation Program

All Common

« Proficiency testing

« Procedure manuals

« Specimen collection and handling
« Quality management

« Reporting of results

« Reagents

« Instruments and equipment maintenance/function
checks

« Thermometers and temperature-dependent equipment
« Pipettes and analytical balances

« Waived test implementation

- Test method validation/verification—nonwaived tests

« Individualized quality control plan

Laboratory General

* Quality management

» Specimen collection

« Chain-of-custody specimen collection and handling
« Direct-to-consumer testing

* Result reporting

» Quality of water

« Laboratory computer services

» Telepathology and remote data assessment
» Whole slide imaging

* Personnel

» Physical facilities

« Laboratory safety

« California laboratory licensure requirements

* CAP uses CLIA standards but adds granularity & specificity
* Onsite inspection every other year like CLIA but with self inspection between onsite

inspections

* Clinical genomics laboratory

Director Assessment

» Laboratory director qualifications

» Laboratory director responsibilities

Molecular Pathology

« Clinical molecular genetics testing, including

oncology, inherited disease, pharmacogenomics,
HLA tying, forensic identity, and relationship testing
applications

» Molecular assay validation
» Methods, such as electrophoresis, PCR, arrays, FISH,

and ISH, digital image analysis, and sequencing

» Next-generation sequencing, including noninvasive

screening of maternal plasma to detect fetal trisomy

- Hematopoietic progenitor cell engraftment monitoring

* Our lab performs whole genome sequencing, tumor molecular testing, microarray, Sanger

sequencing, gPCR

* 4 CAP checklists: All Common, Director Assessment, Laboratory General, Molecular

Pathology

* Molecular Pathology is one of 21 discipline-specific accreditation checklists
* Total of 517 checklist items on the 4 lists

HUDSONALPHA
INSTITUTE FOR BIOTECHNOLOGY



Example CAP checklist item

MOL.36118 NGS Lower Limit of Detection

Under Clinical Services r 1on Phase » Molecular Pathology 4 ?
MOL.36117 MOL.36123

+ Available actions for this item |

Phase 2
Testing is performed during assay validation to establish the lower limit of detection for sequencing performed on mixed populations.

Requirement

vidence of Compliance * Records of validation used to establish lower limit of detection for sequencing performed on mixed populations AND

* Written approval of validations, revalidations and/or confirmation studies AND

* Records of review of referral laboratory validations, if applicable

@ The NGS limit of detection (LOD) for variants consists of two data points: 1) the minimum required depth of coverage at the variant site and 2) minimum variant allele fraction.
Determination of the LOD is relevant to several clinical diagnostic scenarios. These include, but are not limited to, detection of somatic variants in tumor samples and cell free
DNA, germline variant detection in chimerism and mosaicism, maternal blood screening for fetal trisomy, detection of antimicrobial resistance mutations, microbiome analyses,

identification of pathogens by targeted or metagenomic approaches, and identification of the presence/absence of clinically relevant microbial genes.

Lower limit of detection for variants may vary based on variant type (eg, single nucleotide variants, indels, copy number variants and other structural variants, such as
translocations and inversions) or target characteristics.

In the case of microbial testing, LOD may be influenced by organism genome size. During validation, determination of LOD is required for each variant and microbial target type
that the assay is intended to detect. For antiviral drug resistance testing, determination of LOD must take into account the virus load and variant allele fraction.

Validation of LOD requires inclusion of samples whose variant allele fraction or percentage has been determined by orthogonal methods. Cell line mixtures, plasmid spike in
studies, and the use of in silico NGS data sets may augment, but not supplant, the use of patient samples.

HUDSONALPHA
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Training, competency documentation

Assigned Completed Expiration
User Documentation Type Status on on Date Files
s Bick, ABMGG Certification Completed  8/11/2020 1/1/2020 n/a David Bick - ABMGG Certification
David Date entered by
user
Bick, Annual HIPAA Training Record Completed  8/11/2020 8/27/2020 n/a David Bick - HIPAA Training Record
David
Bick, Annual Safety Training Completed  8/11/2020 9/2/2020 n/a David Bick - Safety Training
David Date entered by
user
s Bick, CITI Training Records Completed  8/11/2020 9/7/2020 2/2/2022 David Bick - CITI Training Records
David
»  Bick, CSL HIPAA Compliance Program Agreement Confirmed  5/17/2017 2/28/2018 n/a CSL HIPAA Compliance Program Agreement
David
o) Bick, Curriculum Vitae/Resume Completed  8/12/2020 2/25/2021 n/a David Bick - CV
David David Bick - CV/Resume
s Bick, Diploma/Transcript Confirmed ~ 5/17/2017 6/5/2017 n/a Academic Diploma
David
»  Bick, Hepatitis B Vaccination Form Completed  8/12/2020 8/27/2020 n/a David Bick - Hepatitis B Vaccination Form
David
s  Bick, Job Description Completed  2/8/2021 2/8/2021 n/a David Bick - Job Description (Associate Clinical
David Laboratory Director)
David Bick - Job Description (Clinical Consultant)
Bick, Letter of Delegation Completed  8/12/2020 6/4/2020 n/a David Bick - Letter of Delegation
David Date entered by
user
s Bick, Licensure and Certification Completed  3/16/2020 10/5/2020 n/a Alabama License (expires 2020-12-31)
David Wisconsin License (expires 2021-10-31)
ABMGG Certificate 2020
Tennessee License (expires 2021-05-31)
Alabama Controlled Substance License (expires 2020-12-
31)
NYSDOH Certification 2020-21 (expires 9/2021)
Bick, Metrics Report Review Training Checklist Completed  8/11/2020 1/17/2020 n/a David Bick - Training_Checklist - Metrics Report Review
David Date entered by
user
s  Bick, Safety Orientation Completed  8/12/2020 6/6/2017 n/a David Bick - Safety Orientation
David Date entered by
user
s Bick, Supervisor Competency Assessment Report Completed  8/13/2020 6/2/2020 n/a David Bick - Supervisor Competency Assessment (2018-
David Date entered by 06-12)
smer David Bick - Supervisor Competency Assessment (2020-
06-02)
s  Bick, Tertiary Analysis Training & Competency Completed  8/11/2020 6/4/2020 n/a David Bick - Training Experience - Tertiary Analysis
David Assessments Date entered by David Bick - 6-Month Competency Assessment - Tertiary,

HUDSONALPHA
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user

Analysis
David Bick - Annual Competency Assessment - Tertiary
Analysis
David Bick - Annual Competency Assessment - Tertiary
Analysis




Quality Management System

Quality Management System(QMS) program provides, manages, and secures quality laboratory
testing services that will ensure accurate patient results and will meet customer requirements

Quality Management System Quality Management program  Quality Assurance program

Program Policies Procedures
Quality Policy, Goals, and Objectives Quality Management Committee (QMC) Quality Indicators
Quality System Essentials Focus Personnel Pre-Analytical Metrics

QSE 1 - Organization

QSE 2 — Personnel

QSE 3 - Purchasing and Inventory
QSE 4 - Equipment

QSE 5 - Process Control

QSE 6 — Documents and Records
QSE 7 — Nonconforming Event Management
QSE 8 — Assessment

QSE 9 - Continual Improvement
QSE 10 - Service and Satisfaction
QSE 11 - Facilities and Safety

QSE 12 - Information Management

Quality Control
Quality Assurance
Turnaround time (TAT) monitoring
Reagent phase-In and new lot testing
Event Reporting
Accessioning
NGS/Bioinformatics
Tertiary Analysis
Global Screening Array
TagMan
Pharmacogenetic Variant Panel
Sanger Sequencing

Analytical Metrics
General Analytical Metrics
Genome Sequencing Analytical Metrics
Global Screening Array Analytical Metrics
TagMan Analytical Metrics
Sanger Sequencing Analytical Metrics
Post-Analytical Metrics
General Post-Analytical Metrics
Genome Sequencing Post-Analytical Metrics
Global Screening Array Post-Analytical Metrics
TagMan Post-Analytical Metrics
Sanger Sequencing Post-Analytical Metrics
Quality Indicator Report

Quality Management IT

Quality Records Quiality Improvement (Ql) Programs

Proficiency Testing

HUDSONALPHA
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Effort/cost associated with CAP/CLIA maintenance

* 1/3 of one individual’s time to CAP/CLIA tasks

* Cost of proficiency testing program

* Personnel time spent in ongoing training (safety, HIPAA..) and
competency

* Preparation for CAP/CLIA inspection this year:
* 2 hour meeting each week for 3 months

3 directors and 6 other lab staff
» Additional time 'between meeting’ for the staff to create policies, procedures
etc...

Molly Schroeder, PhD. perfectly summed up
the clinical laboratory regulatory framework

“CAP is a lifestyle”

b HUDSONALPHA
INSTITUTE FOR BIOTECHNOLOGY



GENOMICS IN HEALTH
IMPLEMENTATION FORUM

Building a Framework for
the Adoption of GA4GH
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Creating a European Maturation Model

through GA4GH Standards

Melissa Konopko (Melissa.Konopko@elixir-europe.org)

eli xir

Scientific Product Manager

www.elixir-europe.org



Access 1M genomes across borders

Coordinated, secure, federated environment will enable
population scale genomic, phenotypic, and biomolecular
data to be accessible across international borders to support
personalised medicine

Lessons learned & solutions developed should be taken
from existing infrastructures and ongoing data sharing
efforts in cancer, population genetics & rare disease areas

This will rely on a suite of interoperable
standards...

P p——
REVIEWS

Roadmap | Published: 27 August 2019

Leveraging European infrastructures to
access 1 million human genomes by 2022

Gary Saunders, Michael Baudis, [...] Serena Scollen =

Nature Reviews Genetics (2019) = Download Citation &

Abstract

Human genomics is undergoing a step change from being a
predominantly research-driven activity to one driven through health care
as many countries in Europe now have nascent precision medicine
programmes. To maximize the value of the genomic data generated,
these data will need to be shared between institutions and across
countries. In recognition of this challenge, 21 European countries
recently signed a declaration to transnationally share data on at least

1 million human genomes by 2022. In this Roadmap, we identify the
challenges of data sharing across borders and demonstrate that
European research infrastructures are well-positioned to support the

rapid implementation of widespread genomic data access.

https://t.co/87fYMyPIGO

elixir


https://t.co/87fYMyPlGO

Federation of human genome data

e Many national datasets from human research
participants needs to be stored locally

S

& 3
Tk

* Based the GA4GH suite of interoperable,
reusable, adopted, and fit-for-purpose
standards



Return of Results Policy

. o Governing Outputs

Standard Genomic Data
icenses & Agreements

Find Datasets

;4 Search API

Discover
Services

Beacon API
Datasets

 Service Info

DATA DONOR

Your DNA Your Day

RESEARCHER

(e.9. academic, clinical, industry)

Consents

DATABASE

* Consent Policy Consent Clauses

%

Data Use
Ontology

Machine-Readable
Consent Guidance

B

Request
Access to
Dataset

Approval of
Data Access
Request

Data transformation Apply for
for database storage GA4GH

Passport

, GA4GH
+ Passport

GA4GH -
+ Passport Shden

Passport
Data Use
RESEARCH ETHICS Ontology
COMMITTEE
Ethics Review and Recognition Policy DATA ACCESS
COMMITTEE

., Data Access Committee ®
i +' Review Standards
Data Security Infrastructure Policy




Connecting Europe via Standards-Based Federation

GA4GH Standards

European Projects

Beacon
Phenopackets
AAI

DUO
Read file formats
AAl
htget
refget

TRS
WES
DRS
TES

\

S5 Matchmaker |
( Exchange

Beacon

Discoverability

— | \a=v

s

Central EGA

@& Federated EGA Node

=% e.g. Institute

@2 Federated EGA Node

e.g. Hospital

==Y
=,"\ Federated EGA Node
=% e.g.ELIXIR Node

Controlled-access archival

HEALTHYCLOUD

_

EOSC-Life
CINECA
.,

Y EJP-RD

CAN

Cloud computing
environments

Solve@

E'I?ﬁJ



Connecting Europe via Standards-Based Federation

Cloud computing L] PR .
eeeeeeeeeee ’ l ;‘, : '.’: Global Alliance
E ‘ :,k"\— for Genomics & Health

Collaborate. Innovate. Accelerate.

Standards Maturity Model

High-Level & E‘

Technical

Maturity

Models 2('
elixir
EIM



Maturity Model Concept

A maturity level model is an
instrument to assess and
continually improve
organizational processes

Concept of the maturity level
models consists of a sequence of
discrete maturity levels for
specific domains

Maturity level models are
indicators of progress, identifying
weaknesses to generate an
improvement plan

Slide Courtesy of Astrid Vincente

5 Optimized

\ 7
0 4

Institutionalized (!

N
& .
Established | =5 \*3? ent and

stakeholders

\ /
'. Processes

and structures
4y

v [’/
Emerging Vi),
-=__Defined processes

and struclures

Nascent

Capacity gbsent or

ad hoc activities
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Maturity Model Basic Format

Functional Area

Security
Policy
Data Storage

Discoverability

Data Access

Retrieval & Analysis

Level
DSIP Breach Response Crypt4GH Malfeasance Detection
The Framework DACReS Conse \Policy Familial Consent Clauses
VCF SAM, BAM RAM
Beacon
DUO Search
DUO * ports AAl Machine Readable Consents
TRS VA
WES RNAget
Phenopackets HTSget VRS DRS

A sample of potential functional areas and levels with associated standards.

elixir



B1MG vs ELIXIR:GA4GH Maturity Models

ngh_Level :‘,'ax:‘:f glfg:;:nlﬁliifsngeHealth
M atU rlty Collaborate. Innovate. Accelerate.
Model Standards Maturity Model
e Focused on Health Care Sector e Intended for both Health Care & Research sectors
e Covers ELSI & Technical domains e Mainly Technical with some Policy standards
e High level view without defining specific e Specific & detailed to provide technical guidance
solutions and encourage international interoperability
* Intended for decision-makers at the national or e Intended for technical implementers who need to
regional level turn high level decisions into action

elixir



ELIXIR:GA4GH Maturity Model

Nl o
“~ Global Alliance
a4y for Genomics & Health
g D] 4

Collaborate. Innovate. Accelerate.

e Supports technical implementers by
* Translating organisational genomic and associated metadata sharing goals into clear
standards requirements
e Linking out to guidance such as the GA4GH Starter Kit and standards documentation
e Plansto include costing information for organisational planning and grant writing
e Standards chosen and leveled by
* Inclusion in ELIXIR implementations, potentially by version
* Interdependency and connection from the GA4GH Connection Demos (FASP) and
Starter Kit projects
e Alignment to B1MG, FAIRplus, ELIXIR CONVERGE, and HealthyCloud maturity models
e Aligns to the future vision of a pan-European (and global) federated human health data
network to connect across ELIXIR Nodes and beyond 3
elixir



ELIXIR:GA4GH MM: What's New?

N =
2 Global Alliance
5 ‘}\‘: for Genomics & Health
N

Collaborate. Innovate. Accelerate.

Broadened alignment across projects: BIMG, ELIXIR Converge, HealthyCloud & FAIRplus

Planned interface with the GA4GH FASP and Starter Kit projects to provide guidance from
policy level all the way down to detailed implementation guidance

High-Level H .
ED —p eliXi ¥ for Genomics & Hea
Maturity . ‘2(’.

elixir N
Model gg;m Standards Maturity Model -

Clarified user experience goals: Technical solutions to policy demands

Starter Kit

Expect to present a draft on GA4GH Plenary
elixir



45 2
EII ,r ;‘,- : 1’: Global Alliance
A .‘— for Genomics & Health

Collaborate. Innovate. Accelerate

Any Questions?

bit.ly/ELIXIRGA4GHSurvey

EIM


http://bit.ly/ELIXIRGA4GHSurvey

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

End-to-End
Implementations of

GA4GH Standards
L %




W@@@@M 1 | ' @Zornitzas
“ @AusGenomics

Acute Care Genomics

GA4GH Real World Implementation: Australian Genomics

-

)‘ Zornitza Stark

7 2

ustrallqn Genomics
alth Alliance




DA Acute Care Genomics 2018-23:
Piloting a national approach

@
(¥) @
400 infants and Trio whole genome
children sequencing

& :]

v Time to report ~50% diagnostic
3.0 days yield

Research

JAMA | Original Investigation

Feasibility of Ultra-Rapid Exome Sequencing in Critically Ill Infants

and Children With Suspected Monogenic Conditions /\/> Aust I’Oli(.ll"\ Genomics
in the Australian Public Health Care System v Health Alliance

v
Australian Genomics Health Alliance Acute Care Flagship



Acute Care Genomics

Family PP 0'966

NeXe) (3]
o5 Data Access Se
Committee
; Data Access Committee
" Review Standards

[ anY-)
Beacon API

Data Use Ontology

Consent Guidance

Pedigree

Clinical
team
Test order ‘
aD PanelApp Pedigree
N o
? g@ Human Phenotype Ontology
po

Adapted from GA4GH

Laboratory
team

N,
““.-’% Global Alliance
v for Genomics & Health

Collaborate. Innovate. Accelerate.

N

'S
A~ !\v‘
A4

<1 W

A

s

)

Researcher
/clinician

Genomic
Sequencing

Data Privacy and Security Policy

/\//\ Australian Genomics
V\/ Health Alliance

v
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E-test order for Rare Disease

Pedigree and Family History

Use the tool to draw the core family unit including the proband and first degree relatives, in particular noting

consanguinity and any first degree relatives who are similarly affected as this will assist us in genomic analysis.

Only include extended family members if there is a significant family history of a genetic condition relevant to the
analysis.

Pedigree: ’\V/‘

Click on the diamond shape to draw the core family unit. X >
ck on the diamond shape to draw the core family uni ‘\‘ XN 7}
Press 'Save' when finished. 4 \ Y

Y7 N —
The finished pedigree will not display on the form, but will s' "‘
be stored separately. ‘.‘ ‘@B

A .—

v, A

" Pedigree

REDCap Pedigree

Plugin: https://github.com/aehrc/redcap_pedigree_editor

FHIR OWL (supports Human Ancestry Ontology in

REDCap): https://github.com/aehrc/fhir-owl

REDCap FHIR Terminology Server

Plugin: https://github.com/aehrc/redcap_fhir_ontology_provider

i

/\/’\ Australian Genomics
\V4 Health Alliance

v

Clinical feature:

Clinical feature:

Clinical feature:

Clinical feature:

Acute Care Genomics Test Order

Start with the most prominent feature. Aim for 5-10 HPO terms.

Is the onset of the condition congenital?

@ 0O AGH

Shrlmp/ ) Human Ancestry Ontology

Clinical Information (detailed clinical information = more diagnoses!)

Type in key clinical features in the boxes and HPO terms will be suggested.

Epileptic encephalop... = HP:0200134|t
Microcephaly HP:0000252

Arthrogryposis multi... = HP:0002804 |/

©Q Yes No

Terminology Refsets Valuesets

Ethnicity (broad):

Select broad category here e.g. Asian.

European

More than one category can be listed if of mixed ancestry.

More detail can be provided once the broad category is

selected e.g. Thai.

Ethnicity (broad):

Ethnicity (detail):

Type in the box and options will be suggested.

/\X/\

v

Bulgarian HANCESTRO_(

Australian Genomics
Health Alliance


https://protect-au.mimecast.com/s/X7IwCr818zs8GP1ys7AWgs?domain=github.com
https://protect-au.mimecast.com/s/0pWPCvl1lET73p2JUXHRhJ?domain=github.com
https://protect-au.mimecast.com/s/xsK9CwV1VGsGWJA5t9j_HI?domain=github.com

W@@ﬂ /\X/\ Australian Genomics

Health Alliance
E-test order for Rare Disease N

Acute Care Genomics Test Order

Virtual Panels for this Analysis

Please select relevant virtual panels to guide the analysis.

. .
. .
- o (]
“egen ° - - All patients will have Mendeliome analysis, including analysis for copy number variants and variants in the
: B S — s — e a—o mitochondrial genome.
: — - G - - = o
. D - - - e
.. 8 — T - For details on the gene content of panels, please go to PanelApp Australia.
] -.-' D GEED GEED D -
e d e d -_— e
—
C | ( i P Virtual Gene Panel 1: Genetic Epilepsy |
l l ‘ ; r I o amn ° o e w0
oo e
?—
Clinical Genome Resource - Virtual Gene Panel 2: Microcephaly |

Virtual Gene Panel 3: Arthrogryposis

- GenCC

e The Gene Curation Coalition

Supporting evidence-based diagnostic practice

/\//\ Australian Genomics
Health Alliance

v
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E-consent for Rare Disease

oy

&

DATA USE ONTOLOGY (DUO)

/\/> Australian Genomics
Vv Health Alliance

v

Acute Care Genomics Test Order

CONSENT FORM FOR GENOMIC TESTING AND PARTICIPATION IN RESEARCH

Please select each box to indicate that you have read each point.

About the Test

® Genomic test results are based on current knowledge, which may change in the future.
® |f | change my mind, | can choose not to be told about the result.

* must provide value

(

Potential Outcomes

1 agree with the points above J

This test might find a cause for the condition(s).

This test might not find a cause for the condition(s).

The result might be of 'unknown significance’, which means it cannot be understood today.
There is a chance that genomic testing could find other medical conditions (incidental findings).
Genomic testing may show unexpected family relationships.

Further testing or information sharing may be needed to finalise the result.

* must provide value

| agree with the points above j

/\/> Australian Genomics
WV\/ Health Alliance

v



DDA Improved clinical data capture

4min 35sec

Data completeness

v
Telegenomics

140
120
100
80
60
40

20

/\/> Australian Genomics
W/ Health Alliance

v



Your Child’s Genomic Test Results

Lab report

/\//\ Australian Genomics
WV\/ Health Alliance

Family Report Issued: 1/10/2020

Parents’ names Parent 1 and Parent 2
Study ID: A123456
Sample IDs: Child - 21W000123, Parent 1 ~ 21W000124, Parent 2 - 21W000126
Reason for test Reason
About the test We performed a trio whole genome sequencing’ (trio WGS) test. This test examines your

and your child's genetic information to try and find a cause for your child's condition. You
can find links to more information about this test at the bottom of this document.

Your child’s result

Condition name

Gene: Genel
Variant: variant | & variant 2

Inheritance and
recurrence

Inheritance pattem: The two genel gene variants in your child have been inherited. Your
child has inherited variant 1 from Parent 1 and variant 2 from Parent 2. Parent I and Parent
2, you are both healthy ‘cariers' for the condition.

Recurrence: Parent I and Parent 2, you have a 1in 4, or 25%, chance of recurrence in each
future pregnancy for the two of you. You have options for testing to avoid a recurrence and
can discuss these in more detail with your genetics team.

o o 2 Gonetcvarian:
purents i'
criren)

AFECTED  CARRER  UwECTED

Family report

Data sharing and

secondary use

CTGATGGTATGGGGCCAAGAGATA
AGGTACGGCTGTCATCACTTAGACH
AGGGCTGGGATAAAAGTCAGGGC/

CATGGTGCATCTGACTCCTGAGGA
CAGGTTGGTATCAAGGTTACAAGA(
GCACTGACTCTCTCTGCCTATTGG]

ClinVar

Clinically relevant variation

@ :uroPEAN
F I~ GENOME-PHENOME

% ARCHIVE

\/ A

# GENOMICS ADVISER

/\ Australian Genomics
V\/ Health Alliance



XA Improving health outcomes

Quality Genome
improvemen biology ~
t strategies hypothesis Genomic
Gergqulcs technology
medicine innovations
practice
innovations
° ° New
Clinical genomic Research |
knowledge G%rzjc;guc
collection
Outcomes
data
collection

Gene :
QOutcomes . Genomic
\ data analysis discovery ~ data analysis

</\/> Australian Genomics

Health Alliance
Adapted from Green et al. (2020) Nature v



Learning from scaling up ultra-rapid genomic testing
for critically ill children to a national level

Stephanie Best (3™, Helen Brown®, Sebastian Lunke®®, Chirag Patel®, Jason Pinner’, Christopher P. Barnett®, Meredith Wilson (:°°,
Sarah A. Sandaradura®'", Belinda McClaren®®, Gemma R. Brett (:**, Jeffrey Braithwaite' and Zornitza Stark :7**

Parental experiences of ultrarapid genomic testing for their
critically unwell infants and children

Gemma R. Brett, MGenCouns, MSc® ', Melissa Martyn, PhD>>4, Fiona Lynch, MGenCouns®*,
Michelle G. de Silva, MGenCouns, PhD'?%%, Samantha Ayres, MGenCouns‘ i
Lyndon Gallacher, MGenCouns'?, Kirsten Boggs, MGenCouns™®’,
Anne Eaxendale GradDipGenCouns®%, Sarah Schenscher, MGenCouns®?, Sarah King-Smith, PhD%%,
Lindsay Fowles, MSc(GenCouns), PhD>'®, Amanda Springer, MGenCouns' "
Sebastian Lunke, PhD'**, Anand Vasudevan, MD', Emma Krzesinski, MBChB, MMed"2,
Jason Pinner, MD®, Sarah A. Sandaradura, MBChB, PhD”*', Christopher Eamen, Msss‘
Chirag Patel, MD'C, Meredith Wilson, MD’ and Zornitza Stark, BMBCh, DI

Quality
improvement

' strategies

Genetic counseling in pediatric acute care: Reflections on Genqmlcs
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Richard Scott — Clinical Director, Genomics England



How we're changing

.NOW we are changing our approach and focus:

Project - Platform

Our mission is to refine, scale and continually evolve our ability to
enable others to deliver healthcare and conduct genomic research



The Infinity Loop

1.
Evolving
genomic
healthcare

Making “the Loop" work as an efficient, robust and scalable system will help..

Genomics England

— .patients, as we enable dialogues on consent, diagnosis, prognosis and treatment
— .healthcare teams, as we provide reliable genomic insights that are easy to request and

interpret

— .researchers, as we accelerate research by providing data, infrastructure, insights and
environment to collaborate and accelerate fundamental and translational research



2. Test ordering
Genomics England 253

Search for genomic tests m

England

— Whole genome sequencing commissioned according to NHS England Genomic Test Directory

— 20 rare disease indications, with focus on developmental and complex disorders

— Paediatric cancers, Sarcoma and Acute Leukaemia

https://www.england.nhs.uk/publication/national-genomic-test-directories/




Genomics England

Standardised clinical data collection

England

Genomic Medicine Service Richard Scott  Log out
England

PANTONY, LEANDRA (MISS) Born 12-Sep-2008 (10y 11m) Gender Female NHS No 944 9308764 Pabent NGIS 1D p741 7981 9450
nical Indication Cystic renal disease Referral ID r191 0124 9160

Submit

Add information in any order

Answer clinical questions

° Patient details
Disease status details

Disease status *
Requesting organisation

Anected
Test package

Age of onset
Responsible clinician
Years Months

Clinical questions *

Family members

HPO phenotype details

Patient choice #
Find an HPO phenotype or code *
Panels

Pedigree

Notes Moaifiers

@
@
@
©
©
©
©
@
©
©

Print forms




Patient choice — covering diagnostics AND research

Genomic Medicine Service

PANTONY, LEANDRA (MISS) &

Family members

Patent choice

Panels

Pecgree

Notes

Print forms

n 12.Sep-

n Cystc renal disease R

New patient choice form

Patient choice category

Test type Rare & heritable discases - WGS

Recorded by Recceded by: test

° Patient choices

Genomics England

25
)

NHS

England



2. Test ordering

3. DNA extraction and QC o BIEIEEI

Genomics England 256

‘Gonomic Mediine Serice

Search for genomic tests

N ©

England

1. Consultations, decision to test

Welcome to the Clinical Variant Ark

3,152,791 36, 6,603

4,549 20,875 1,355

6. Interpretation and reporting 7. Knowledge exploration 5. Genome Analysis




Interpretation platform

GMS: Interpretation Portal

Ready to i To Be Revie To Be Closed

3413 cases

Show Following Cases: [ Rare DI

Date

SAP-9946-1 2018-11-15 14:30:34
Gel Family Id: 210010155
Gel Proband Id: 210010155

SAP-9944-1 2018-10-09 15:38:14
Gel Family Id: 210010208
Gel Proband Id: 210010208

20180801 09:51:47

Gel Proband Id: 210011153

SAP-9942.1 20180519 16:05:58
Gel Family Id: 210010953
Gel Proband Id: 210010953

2018-05-19 08:54:41

1. View family
pedigree

status Case Type

Rare Disease

Rare Disease

Rare Disease

Rare Disease

Rare Disease

Review Cases Service Desk

Genome Assembly

GRCh37

GRCh37

GRCh37

GRCh37

GRCh37

site

University Hospitals Birmingham NHS FT (RRK)

University Hospitals Birmingham NHS FT (RRK)

University Hospitals Birmingham NHS FT (RRK)

University Hospitals Birmingham NHS FT (RRK)

University Hospitals Birmingham NHS FT (RRK)

2. Review variants

and close case

ogerasimenko  Log out

case Priority

low 2
medium 2

low 2

3. Download
the report

Genomics England

England
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Genomics England —_—

8
Accruing genomic data to produce actionable knowledge m
- England
Analysis —
clinical and Interpretation Reporting &
genom

ic data ' all/== Outcomes
ol10 \ @ ﬂ \ I

fin O

oTo R ! \J

o1 :b“»\ + /

Clinical Variant Ark (CVA)



Genomic data and knowledge infrastructure

PanelApp Clinical Variant Ark

e, ...

0e® ‘oo
Crowd-sourced Knowledgebase of
knowledgebase of clinically relevant
gene-disease variant-phenotype
relationships and the relationships captured
evidence behind it. throughout the

interpretation process

OpenCGA

Population scale database
of all variant phenotypes
and all phenotypes

All open source



2. Test ordering

3. DNA extraction and QC

‘Gonomic Mediine Serice

Search for genomic tests

N ©

1. Consultations, decision to test

Welcome to the Clinical Variant Ark

3,152,791 36, 6,603

4,549 20,875 1,355

6. Interpretation and reporting 7. Knowledge exploration

4. Sequencing

Genomics England 260

England

e

:fmi- s f ==
{0 0o = [= [j= [j= = 50 jo
> B2 fm [ o= e = [« (=

5. Genome Analysis




The Infinity Loop

1.
Evolving
genomic
healthcare

2.
Accelerating
genomic
research

Making “the Loop" work as an efficient, robust and scalable system will help..

— .patients, as we enable dialogues on consent, diagnosis, prognosis and treatment
— .healthcare teams, as we provide reliable genomic insights that are easy to request and

interpret

— .researchers, as we accelerate research by providing data, infrastructure, insights and
environment to collaborate and accelerate fundamental and translational research



Thank you and do get in touch:

hello@genomicsengland.co.uk
@GenomicsEngland
@rich_genomics

Genomics England
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GA4GH Connections

Demo
Jeremy Adams

1

/

GENOMICS IN HEALTH
IMPLEMENTATION FORUM
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(WFORMING HUMay

Governing Outputs

Return of Results Policy

gﬂ Standard Genomic Data
w# Licenses & Agreements

Find Datasets C>

Search API

Discover
Services

§5§§ Beacon API

% Data Use
v Ontology

Retrieve
Datasets

5‘;:‘:@ Service Registry

* htsget
o
i;‘ Service Info

N
Kl
£ 3 RNAget

DATA DONOR

ﬁ Your DNA Your Day

Analyze
Datasets

>
St
—

DATABASE

Consents

g Consent Policy {rq@ Consent Clauses | dw

é"’ﬁ Machine-Readable
% Consent Guidance

Share Datasets
"% vrs ﬁ:ﬁ VA

{y% Phenopackets

) rodigree

RESEARCHER /
CLINICIAN

Data Use
Ontology

Genomic Sequencing @j
3% cramam £ ver 3 aypuct 7))
%
—

Request
Access to
Data transformation Apply for Approval of Dataset
%8 Data Privacy and Security Policy for database storage GA4GH Data Access v
Passport /\ Request %" passport
Record % GA4GH ’ &%
w# Passport \\J GA4GH L

RESEARCH ETHICS

. Passport

Data Use
# Ontology
COMMITTEE
{:;@ Ethics Review and Recognition Policy DATA ACC ESS
A COMMITTEE
DATA CUSTODIAN

Data Access Committee

N : «#' Review Standards
Data Security Infrastructure Policy




o GENOMICS IN HEALTH
2020 Horizontal Demo @ IMPLEMENTATION FORUM

(- E[\’:I @

\Aggregate vcf from all samples Aggregate clinical data

v T 3
o o

o
R o omedical [@ omsmcx} [ @ } [SevenBridges}
v | ¢ L e

Analysis
Results




o GENOMICS IN HEALTH
2020 Vertical Demo @ IMPLEMENTATION FORUM

2

Passport
Issuer

"; b
B
-

Biomedical .
Platform Ul Combines many standards to

cover a whole use case

Discovery

GA4GH Passports for federated

Analysis authorization
Execution

Data Single vendor
Location
Service

Data
Storage &
Services




GENOMICS IN HEALTH
IMPLEMENTATION FORUM

APl Feedback

Driver
. Implementers
Projects API Feedback

Documentation updates

GA4GH Implementation Demo
DRS-Passport Token Handoff u"mm:"»::m o |

Specification

Summary




DRS & Passports Token Handoff

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

DRS server objects from multiple
datasets

Datasets have different authorities
granting access

Need a passport with particular visas
signed by particular authorities

Possibly also from particular broker

Where do |
geta
Passport?

Dataset 1

v

—
e

Dataset 2
Nl

Passport Broker 1 } [ Passport Broker 2 }

—

~

Authority 3

Authority 11 [Authority 2}




GENOMICS IN HEALTH
DRS & Passports Token Handoff @ IMPLEMENTATION FORUM

We need to expand the API so a client ' DRS
Go to broker 1 and ask for... —

knows where to go for passports D
Dataset 1

v

—
e

Dataset 2
N —

(

Passport Broker 1 } [ Passport Broker 2 }

—

Authority 1} [Authority 2} Authority 3

-




Connection Demo Implementers

MA\N/ATIA
\—

/ \V/\I1INo/ \

CANCER GENOMICS CLOUD
SEVEN BRIDGES

NATIONAL CANCER INSTITUTE db E d P
Cancer Research Data Commons il b s
DNASTACK
eﬂ EUROPEAN @

I~ GENOME-PHENOME
Ny ARCHIVE

@ Sequence Read Archive
(SRA)

ISB-CGC®

Cancer Genomics Cloud

The AnVIL

XX

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

&

D aws

El?ﬁ".

BioData f«:17:1A £1)

Powered by Gen3

BigQuery




Useful Links @ GENOMICS IN HEALTH

IMPLEMENTATION FORUM

Connection Demos overview: bit.ly/GA4GHdemos

FASP update at Connect 2021: bit.ly/FASP-Connect21

FASP Breakout session at 8th Plenary: EASP-8thPlenary

Questions? Email secretariat@gadgh.org



http://bit.ly/GA4GHdemos
https://drive.google.com/file/d/15wZJARJMPphkFaQo8Ql2vDTT8bWDUM5X/view
https://broadinstitute.swoogo.com/ga4gh-8th-plenary/meeting-materials

Closing Remarks

1

GENOMICS IN HEALTH
IMPLEMENTATION FORUM




Becoming a GHIF Member

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

e Short form to ensure that groups meet the criteria for

membership

o  Are you a GA4GH organizational member?

o What is your initiative doing to advance a genomics strategy
and implement genomics in healthcare across a single
country or a consortium of countries?

o Which GA4GH technical standards or policy frameworks has
your organization adopted in order to contribute to global
genomic data sharing? If you have not yet done so already,
which GA4GH deliverables are you planning to adopt and
when?

e Linked on the GA4GH Website - Implementation Tab

Genomics in Health Implementation
Forum

Please use this form to commit your organization to the Genomics in Health Implementation
Forum. Forum members must also be GA4GH Organizational Members that are (1) focused
on advancing a genomics strategy across a single country or a consortium of countries, (2)
working towards enabling translation of genomics into clinical care, and (3) actively working
to adopt GA4GH standards to contribute to global data sharing.

* Required

Name of Initiative *

Your answer

Primary Contact *

Your answer

Primary Contact Email Address *

Your answer



o . GENOMICS IN HEALTH
GAA4AGH-GHIF Webinar Series @ IMPLEMENTATION FORUM

4 )

GENOMICS IN HEALTH
IMPLEMENTATION FORUM

2021 Virtual Working Meeting « March 9-10

Pedigree DUO VRS Maturity

Connectathon Workshop Webinar Model
April 1 May 6/7 June 2 Summer

Registration

bit.ly/PedigreeConnect bit.ly/DUOWorkshop bit.ly/VRSWebinar Coming




