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Genomics ==,
Over 100,000 genomes england :EEE:

Over 97,000 patients and family
members

21+ petabytes of data.
1 Petabyte of music would take 2,000
years to play on an MP3 player.

13 Genomic Medicine Centres, and

98 NHS Trusts within them were
involved in recruiting participants

Around 5,000 NHS staff
(doctors, nurses, pathologists,
laboratory staff, genetic counsellors)

Over 3,000 researchers and
trainees 27



Genomics in healthcare

30,000 patients 70,000 genomes 23,000 cancer 50,000 genomes
will have their (patients + relatives) patients will have will be sequenced for
genome sequenced will be sequenced to their genome cancer diagnosis
for rare-disease help rare disease sequenced

diagnosis diaghoses

2017

Rare

*/
®
o
)
n
D
n

2030 2017
S -y o

2030 2017
ts—>

*
ol 36,223,000 rare 83,000,000 123,768,000 248,000,000

N disease patients will genomes will be cancer patients will genomes will be

(@) have their genome sequenced for rare have their genome sequenced for cancer
N sequenced disease diagnosis sequenced diagnosis

* Projected figures, based on current data and known status of genomics initiatives worldwide.

= N, ~ 3 EE ga  Ewan Birney, Jessica Vamathevan, Peter Goodhand.
"é’ﬁ_c ~ aI/ Zéh%#/ A I‘ﬁﬁﬁa)%ia Genomics in healthcare: GA4GH looks to 2022.
BioRxiv: doi.org/10.1101/203554
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Governing Outputs

f} Return of Results Policy

Standard Genomic Data
= Licenses & Agreements

Find Datasets

?3 Search API

Discover
Services

Retrieve

gk
E’* Beacon API
e Datasets

gﬂg Data Use
%# Ontology

45 ) : g 7%

5‘?‘ Service Registry g? refget ¥ % htsget
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% ;f;l Service Info

%
£ % RNAget

Analyze
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o A,

s % wes
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DATA DONOR

@ Your DNA Your Day

Share Datasets

RESEARCHER /

Consents DATABASE Qv Qu CLINICIAN
{} Consent Policy ﬂ Consent Clauses %, /' Phenopackets
Machine-Readable {“\ Data Use é::? Pedigree
=¥ Consent Guidance % Ontology
=
Genomic Sequencing ( Request
Access to
N ) D
{i} CRAM/BAM {:} VCF {3 CryptdGH \)\ Data transformation Apply for Approval of ataset
{j} Data Privacy and Security Policy for database storage GA4GH Data Access 4% GAAGH
L]
e Passport Request % Passport
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-
v/ GA4GH
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RESEARCH ETHICS NN EN NN NE EHN ER " Ontology

COMMITTEE

(:} Ethics Review and Recognition Policy

DATA ACCESS
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Data Access Committee
= Review Standards

DATA CUSTODIAN

iﬁ} Data Security Infrastructure Policy
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ISO/TC215/SC1
Genomics
Informatics
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SECRETARIAT: KATS
Committee Manager: Mr Sungin Lee

Chairperson (until end 2021): Mr Bron Kisler

ISO Technical Programme Manager [TPM]: Ms Monica |bido

Creation date: 2019
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Working groups and task forces

ISO/TC 215/SC1/TF1© Strategic roadmap
ISO/TC 215/SC1/TF2 © Cross-SDO genomics coordination
ISO/TC 215/SC1/WG 1 © Genomics data sharing

LIAISON COMMITTEES TO ISO/TC 215/SC 1

The committees below can access the documents of ISO/TC 215/SC 1:

REFERENCE +

ISO/TC 276

TITLE

Biotechnology

LIAISON COMMITTEES FROM ISO/TC 215/SC 1

ISO/TC 215/SC 1 can access the documents of the committees below:

REFERENCE +

ISO/IEC)TC 1/SC 29

ISO/TC 276

TITLE
Coding of audio, picture, multimedia and hypermedia information

Biotechnology

ORGANIZATIONS IN LIAISON (CATEGORY A AND B)

ACRONYM +

IHE

IHTSDO

TITLE
Integrating the Healthcare Enterprise International

International Health Terminology Standards Development Organization

ORGANIZATIONS IN LIAISON (CATEGORY ()

C liaisons participate at the level of a Working Group

ACRONYM +

EU-STANDS4PM

GA4GH

Instand-NGS4P

TITLE
A European standardisation framework for data integration and data-driven in silico models for personalised medicine
Global Alliance for Genomics and Health

Integrated and standardized NGS workflows for Personalised therapy

1SO/IEC

ISO

Working group
Working group

Working group

I1SO/IEC
ISO/IEC

ISO

CATEGORY

CATEGORY



(1) Data production H—
3 } L(Ab" i

DNA sequencing
ISO/TS 22692:2020
Quality control
metrics for e e
DNA sequencing

(3) Filtering, review,
and validation

(4) Annotation and functional

prediction

Reporting (5) Interpretation and
ISO/CD TS 22693  report generation

Structured
clinical gene
fusion report in (6) Clinical application
electronic health
records

‘IIA

~

A MGT T4 >
CCAGAN ' Caent? ¥ Wigert ) &
A Gy SCCA Millions of raw sequence

reads are produced for a
e patient tumor

Sequences are

gligned to the
reference genome and
tumor-spexific events
predcted

Data sharing

e O 7 @F o Smmrememeoon Ts 23357

performed to identify high

quality events C||n |Ca|

S5 pmen N genomics data
..‘:.. 3 o :.O .
i & Events are annotated and scored in an Sh arl ng

effort to predct events of fu

TR wmcaspecification for
next generation
A genome analyst attempts to interpret S€EJ U E NCi ng

-

b = priontize, and summarze functionally

significant events in the context of
published kterature, clinicaltrials, and a
muittude of knowledge bases

Pathologests and oncologists evaluate the
significance of potentially clinically
actionable events and incormporate their

research into patient care
38
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o Mission
BEpRY ) SOXEEESA. ERLEEDERERE Y R— ~

IDEHICHERR, BER. BN, &IOS J LBEHROFTEDE

International RER(CELDHDDUBERI CTOEKRDSD DT —F3Ha%x o] Ee
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o  ABREFRORBEEESEL. HaREDRANEE
Clinical Genomics wEmEzLnE<ERTzZCE. 2LTF—4 CAIBOTS %
WG SOEET SERBERCUSTT B E CH D,

HBAHL7IBEDS ) AWGODWGE (CFE
2020498, 2021F18ADWGICESM
HL7 FHIR®DClinical GenomicsOE&EH 1 RODIAFRIF

v2 v3 CDA FHIR R4
* v2 Implementation = Family History = A CDA =  Genomics Reporting IG
Guides (Pedigree) Implementation " MolecularSequence
_ o Guide for Genetic Resource
Genetic Variation = Genetic Variations Testing Reports = Profiles f
(Fully LOINC- o e histor
Fi H ®* Family member history tor
Qua..llfl.ed Genetic = @Gene Expression genet)i/cs analysis g
Variation Model) Di .
* DiagnosticReport
Laboratory Results = CMETs defined by the * ProcedureRequest
Interface (LRI) Domain * HLA Reporting

* Genetic Observation



HL7Z Clinical Genomics WGICHULTIEEUTLD
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MScenario 1: Specimen ldentification
BScenario 2: Clinical Sequencing — Germline Testing
BScenario 3: Cancer Profiling — Somatic Testing
MScenario 4: Decision Making Tools — Family History and Drug Dosage
Calculators
BScenario 5: Public Health Reporting
BScenario 6: Clinical and Research Data Warehouses
MScenario 7: Cytogenetic Marker identification via sequencing
MScenario 8: Pharmacogenomics
BScenario 9: State & Regional Health Information Exchanges
BScenario 10: Human leukocyte antigen (HLA) Typing
mAdditional Use Case Scenarios
Comprehensive Pathology Report, Rare/Undiagnosed Diseases,
Preimplantation Testing, Cell-free Fetal DNA (cffDNA) Based

Noninvasive Prenatal Testing, Newborn Screening, Genetic Tests
41
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International ///A FH I R

v2 v3 CDA FHIR R4

* v2Implementation *  Family History - A CDA *  Genomics Reporting 1G
Guides (Pedigree) Implementation - MolecularSequence
Genetic Variation (Full _(I_Buide f?:{r Genetic Resource

enetic Variation (Fu . i iati esting Reports . :

LOINC-Qualfied y Genetic Variations g Rep Prof”.es for |
Genetic Variation * Family member history for
Model) * Gene Expression genetics analysis
Laboratorv Result * DiagnosticReport
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Domain * HLA Reporting
* Genetic Observation

Common

Domain Analysis Models for the various topics

A Domain Information Model describing the common semantics

Semantic alignment among the various specs

Green projects are being developed or maintained



FHIR R4 Genomics Reporting IG
m FH|R®© Genomics Reporting Implementation Guide (STU1) 2 H L7

International

IG Home Table of Contents Artifact Index History Downloads Quick Links v Appendices v

Table of Contents IG Home Page

This page is part of the Genetic Reporting Implementation Guide (v1.0.0: STU 1) based on FHIR R4. This is the current published version. For a full list of available versions, see
the Directory of published versions 7

IG Home Page

This implementation guide is not fully complete. Portions of the implementation guide are provided for "framework purposes only" - giving a sense of what additional
topics are intended to be covered and where that content will fit. The work group has prioritized standardizing those portions of the specification with general
applicability and related to sequencing. At this time, the work group has not yet come to a consensus on a single minimal set of elements that are required to be
supported for generic use cases. In a future release, specific lab reporting use cases will have individual capability statements including must-support elements. The
work group will continue to flesh out additional sections for future ballot publications.

Scope

Genomics is a rapidly evolving area of healthcare that involves complex data structures. There is significant value in sharing this information in a way that is consistent, computable
and that can accommodate ongoing evolution of medical science and practice. The value comes from the ability to easily sort, filter and perform decision support on such
information and the resulting improvements in care and reduction in costs such as the elimination of redundant testing. The implementation guide is also transmission protocol-
independent - the data structures presented here could be used in RESTful, messaging, document or other paradigms.

This guide covers all aspects of human genomic genomics-reporting, including:

e Representation of simple discrete variants, structural variants including copy number variants, complex variants as well as gross variations such as extra or missing
chromosomes

¢ Representation of both known variants as well as fully describing de novo variations

¢ Germline and somatic variations

¢ Relevance of identified variations from the perspective of disease pathology, pharmacogenomics, transplant suitability (e.g. HLA typing), etc.
¢ Full and partial DNA sequencing, including whole genome and exome studies

* Mosaicism (differing genomic characteristics for different specimens from the same subject)

¢ Mitochondrial DNA variations

http://hl7.org/fhir/uv/genomics-reporting/
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FHIR R4 Genomics Reporting IG SREIRNR

B —AABECTIA—IDX
ULTCERE
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2018%4H STU 1 Ballot
http://hl7.org/fhir/uv/genomics-reporting/2018May
2018412H STU 1 Ballot #2
http://hl7.org/fhir/uv/genomics-reporting/2019Jan
2019411H STU1 Published
http://hl7.org/fhir/uv/genomics-reporting
202145H STUZ2 ballot
http://hl7.org/fhir/uv/genomics-reporting/2021May

Current build
http://build.fhir.org/ig/HL7/genomics-reporting
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FHIR R4 Genomics Reporting IG STU2 Ballot

* Fixed errors
« FEasier to read

— Rewrote
Pharmacogenomics
Reporting section

— Better consistency throughout

 More examples
— 19 vs 61

* Defined Operations
— $find-subject-variants
— Retrieves variants from a
specified genomic region
 New Profiles
— Tumor mutation burden
— Microsatellite instability
— Diagnostic Implication
— Therapeutic Implication

Removed Profiles
— Inherited Disease Pathogenicity
— Somatic Diagnostic Implication
— Somatic Prognostic Implication
— Somatic Predictive Implication

— Medication
Metabolism
Implication

— Medication Transporter
Implication

— Medication Efficacy Implication

— High Risk Allele

— Current Medication

— Medication Implication

— Somatic Implication

Tumor Mutation Burden (TMB). ¥/20OY>>41 MATZEMERE

DOFfLWL\TOT 71 )LDiEN



Background

FHIR R4 Genomics Reporting IG STU2

Reporting —

General Genomics —
Variant —
Pharmacogenomic -
Somatic

Histocompatibility

Profiles & Extensions

Examples

* Appendices

Relation to v2 reporting
Clinical Genomics Apps
Domain Analysis Model

External Coding
Systems

Conversion from STU3
Extensions

Molecular Sequence
Glossary

http://hl7.org/fhir/uv/genomics-reporting/



Diagnostic Report

* Focus of all genomic
reporting

» Metadata about the the
overall report
« what kind of report?

when it was written?

 who wrote it?
* final vs draft?
e efc

» Typically includes a
rendered version for
review by clinician

* Information found is
expressed as FHIR
Observations

class 1-general-figl-report-overview /

Genomics Report 81247-9

extension(related-artifact) [0..*]
identifier [0..1]

status

category = genetics

code [0..1]

effectiveDateTime [0..1]

issued [0..1]

imagingStudy [0]

media [0..¥]

presentedForm [0..1]

extension(recommendedAction)

0..*

Recommended
Action (Task)

hasMember
0.
Genomic Observation Common Properties
result Genomics Grouper
0™
hasMember
Genomic Observation Common Properties
Overall Genomic Interpretation 51968-6
result 0..1
0..
Genomic Observation Common Properties
Genomic Implication
result 0..%
0..
result Genomic Observation Common Properties
Genomic Finding 0.*
0.. o
Genomic Observation Common Properties
result Region Studied 53041-0
0.. 0..*
result
Other Observations (if needed) T
0.. i

Legend

D Genomic Observation

E] Other resource

D Outside Profile, not defined in this guide
D Abstract profile, represents multiple

D Focus of diagram

Figure 1: Genomic Report Overview
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Profiles are derived from
other Profiles/Resources

{ Observation

Genetic Observation
Common Properties

\

{Genomic FindingJ

)

a ep

Haplotype J

a...>
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Joshua C. Denny, Francis S. Collins.
Precision medicine in 2030 - seven ways to
transform healthcare.

Cell. 2021 Mar 18;184(6):1415-1419.
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return of value
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' PRECISION MEDICINE |

Big data and
artifical intelligence
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Routine clinical

(@ genomics
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environment

Electronic health
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Fig 2 The future of genomics rests on the foundation of the Human Genome Project.

Collins F, et al. A vision for the future of genomics research. Nature 2003;422:835.
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