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* 100,000 WGS on NHS patients

e Rare diseases
 Cancer
* [and pathogens]

* Working with NHS, academics and industry to make
the UK a world leader in Genomic Medicine

* Transformation of NHS so that NGS can become
routine investigation

e Generate health and wealth

* Leave a legacy of infrastructure, human capacity
and capability
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Rationale

For Whole Genome Sequencing
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Cost of Genome sequencing

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

$1K

T

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014




Rationale

For WGS for rare diseases
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* Individual disease frequency of <1/2000 of
population

* Over 7000 rare diseases
» Affect 2-5% of the UK population
* ~3 million people in the UK

* Diseases often disabling, shorten life, costly
* ~75% affect children
* ~30% die by their 5t birthday

* Early diagnosis and intervention may avoid
disability; reproductive options for parents

* ~ 85% have a single gene defect
Genomics



* Severe intellectual disability occurs in 0.5% of newborns

* Whole-genome sequencing at 80x in 50 parent-offspring with
no diagnosis for their severe intellectual disability

* Overall 62% increase in diagnostic yield with WGS

Conclusive cause Mo cause

12% 27% 42%

<A %
Za -

Array WES WGS
n=1,489 n=100 n =50

Genomics =-.
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* NIHR Translational Research Collaborative in Rare Disease
* £20m for deeper phenotyping

* NIHR BioResource in Rare Disease
* 12,000 NHS patients with samples eligible for WGS

 NHS Clinical Genetics Service

* Engagement in large-scale consortia
e UK Pfizer Rare diseases consortium
* International Rare Diseases Research Consortium (IRDiRC)

* European Union Committee of Experts on Rare Diseases
(EUCERD)

* Decipher & Deciphering Developmental Disorder&;enomics



Rationale

For WGS for cancer

Genomics =-.



Cancer

* Cancer is a disease of disordered genomes
e over 200 drivers known
e drugs target mutations
 Stratified medicine
* Tumour heterogeneity/ evolution of cancer

ce e ' PI3K
Pathways » | Cell Cycle/Apoptosis
— - TGF-B '
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Vemurafenib for Melanoma




Creating a reasonably comprehensive catalogue of candidate can-

cer genes mutated in =2% of patients will require between approxi-
mately 650 samples (for tumours with ~0.5 mutations per Mb, such
as neuroblastoma) to approximately 5,300 samples (for melanoma,
with 12.9 mutations per Mb).
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Incidence v survival at 5 years
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Cancer

e Cancer is a disease of disordered genomes
over 200 drivers known

drugs target mutations

Stratified medicine

Tumour heterogeneity/ evolution of cancer

* Cancers currently included in 100KGP:
* Lung, breast, colon, prostate, ovary, CLL

e Collaborations:

MRC/NIHR Phenome Centres
Experimental Cancer Medicine Centres

Pathways ! APC ~ RAs i

Large adenoma
Patient age (years) 30-50 40-60

CRUK Stratified Medicine/NIHR BRCs/Leukaemia consortia

International Cancer Genomes Consortium/The Cancer Genome Atlas

PISK
Cell Cycle/Apoptosis
] TGF-B




Genomics England and
100,000 Genomes
orogramme

Establishing the programme
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Cey Partnerships in Establishment

Phase

e Partnership of QMUL, UCL,
The Farr, Oxford Big Data,
UK Biobank, Sanger, EBI,
Cambridge, Kings

* lllumina Partnership

 Wellcome Trust: award to
establish NHS Genome
Sequencing Centre

(£27m) INNOVATION WITHOUT
* MRC: award to establish REINVENTION

the infrastructure for UK
Genomic Medicine Data
Architecture (£24m)

PARTNERSHIP &

Genomics =-.



mg  Genomics
england — Medicine Centres

= Partnership with NHS
organisations

= | ocal NHS Lead and
extended team

= |TT for contracts: consent,
clinical data and quality
DNA

= Can access to data on
their samples

" Genomics England owns
the data

& 1 b :‘
b XS
d F

INVITATION TO TENDER
STAGE ONE: PRE-QUALIFICATION

NHS GENOMIC MEDICINE CENTRE SELECTION



Genomics England — sample, data flow

mmnical Genetics, Oncology services, Public Health, NHS Trusts, Patients & Public
—samples

— Broad consent, clinical data, molecular pathology data and

/. )

Clinical Data Infrastructure
Identifiable Clinical Data
Whole Genome Sequence
.' Life-course data

[ Sequencing Centre (5 ]K I .Féri

sample repository

Genomics == Research Data Infrastructure Annotation & QC
..ng Sequential builds of pseudonymised data and WGS cleniists & SMEs
Safe haven reading library of data comparison

Fire wall
Patient data stays in safe haven I I

Only processed

results pass outside .G'e.CIP Training & Industr
Clinicians & capacity Y

Academics
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* Ethics Advisory Group: Professor Mike Parker

* For pilots: Adapted NIHR BioResource and CRUK
consent used

* For main programme:

* NHS Genomic Medicine Protocol and Consent established
through wide consultation

* Protocol and consent processes under final agreements with
REC

* Return of secondary (looked-for) findings for high penetrance
mutations and bi-parental findings with reproductive implications

* Release of data to third parties
* Prospective data linkage

Genomics



Education in Genomic R VHS
o Health Education England
Medicine

 Workforce development in Genomic Medicine:
« specialist genetics, pathology and specialist clinical workforce
« Specialized scientific training: fellowships funded over 3/5 years:
* Molecular Pathology including Infections and Pathogens
» Genetics / genomics
« Bioinformatics
« MSc in Genomic Medicine
 CPD access to MSc modules for specialist practitioners
 Specialist on-line learning
Bioinformatics workshops




100,000 Genomes
Project

Pilots and getting started

Genomics :



Genomics England Pilot Sites

. Rare disease pilot
*  Guys & St Thomas
* Manchester
¢ UCL Partners (Great Ormond Street, Moorfields)
* Newcastle
* Cambridge

‘ Cancer (BRC) pilot

¢ UCL
ﬁ * Imperial
*  Guys & St Thomas
* Oxford
‘ = + Cambridge
( ¢ Southampton

Cancer (CRUK) pilot
* Leeds

* Manchester

* Birmingham

* Royal Marsden
* Cambridge

‘ ( =) *  Southampton

‘ Cancer (CLL) pilot
& ) * Leeds

e Liverpool
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Genomics England

Clinical Interpretation
Partnership (GeCIP)

How clinicians and academics get more involved

Genomics



GEL, GMCs and GeCIP

GEL

Sequencing capacity and
infrastructure

Informatics infrastructure
Development of skills
Delivery of 100,000
genomes

Own IP

Genomics
Medicine
Centres

Recruitment of patients
Delivery of high quality
samples

Delivery of high quality
phenotypic data
Clinical validation of
results

Return of results to
patients

GECIP

Enhanced clinical
interpretation
Research
Research Training

Genomics
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Genomics England
clinical, phenotypic,
health outcomes
data

Genomics England
whole genome
sequence data

Genomics England
knowledge base

Secure user
authentication

Domain
and/or research
embassy access

100KGP dataset
(VCFs, annotation,
interpretation,
clinical validations,
longitudinal
outcomes data)

Data airlock
mechanism

BAM files

Commit
results back
to Genomics
England
Knowledge
Base

GeCIP user

GeCIP domains
Function-specific and
disease-specific domains in:

Cancer Rare Diseases
| Breast I | Hearing and Sight
| Colorectal | Cardiovascular

disease
| Lung |
| Respiratory |
| Ovarian |
Endocrine

| Prostate | and metabolism

Haematological
Malignancies

"

Interpretation,
Validation and
Feedback

I
Ethics and 1
Social Sciences :

__________ -

1 1
1 Advanced analytical 1 |

methodologies !

Pathogen WGS 1
(HIV, Hep C, TB, AMR) *~

| Gastroenterology

Immunological
diseases

Neurological and
degenerative diseases

| Musculoskeletal

| Skin

| Renal

wea) s3snUaS Ja1y) puejbug soiwousL

Non-malignant
Haematology

Inherited Cancers

I Paediatric

I Rheumatology

Severe response to
infection

9a1IWWo)) BULIERS 4199

GeClP:
. structured
iInto domains

pieog d1399
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GeClP: where the experts add value

Samples*

Clinical Dat :
Academic

Data

NHS clinical . wzk , Mul- repositoty
patients equencing . ™
Annotation — 2MICs B'?

repository

Management:

Standard Care/ Cal!ed
: variants
Trials

Industry

Interpretation
DISCOVERY

|

Established Scientific
Corpus

(Literature, databases)



The challenges and
opportunities



e Genomic data

* Huge datasets. Compression
e Multiple types of data (FASTQ, BAM, gVCF, VCF) ?store
* Metadata on many levels

* Analysis of Genomic data
e Evolution of analytical tools. Evaluation and validation

* Data protection
* Pseudo-anonymisation
 3d-party access
* Linkage of familial genomic data
e Key for clinical and research applications

Genomics



* Our genomes are highly variant

e Each ‘healthy person’ has (in our exome)
* 22,000 genetic variants

9,000 non-synonymous genetic variants

100 rare non-synonymous genetic variants

5 rare protein-truncating genetic variants

0-2 de novo mutations

* The ‘rules’ of interpretation vary gene-to gene

—|nterpretation of exome data is complex, iterative and
expert (know your genes, know your diseases)

* The exome is about 1.5% of the genome....

Genomics



Data challenges 3: Clinical data
capture models

Data sources
* Prospective data (patients coming through NHS)
» Retrospective data (clinical trials)

Hierarchies within models
* Patient
* Cancer
* Sample for WGS
* Clinical episode

Existing models for clinical data capture
* NCIN-NCRS: COS-D, SAC-T, RTDS

Rare diseases
* Over 150 data individualised capture tools required (one per disease)
* Massively complex disease ontologies: commonality and plain English

Flexibility vs universality of structure
Identifiers for data linkage (NHS number, ?linking families)

NHS==multiple different localised IT systems
* QOver-worked
* Under-resourced

[ o)

Genomics ==,



Data Model:
Generic

GEL_Sample

GEL_sample_identifier: String[1] r
local_sample_identifier: String[1]

Linkage

consent_copy_retained: String[1]
TNM_final_pretreatment: String[1]
TNM_edition_number: String[1]

llection_hub: Collection_Hub[1]
sample_taken_date: Date[1)
sample_taken_time: Time[0..1]
date_sent: Date[1]

DNA_Extraction

sop_used: String[1]

amount: Decimal[1]
concentration: Decimal[1]
estimation_method: String[1]

NHS_number: NHS_Number{0..1]
CHI_number: String[0..1]

organisation_code: ODS_Code[1]
sex: Sex[1]
| primary_di is: ICD_di

GEL _participant_identifier: String[1]

local_patient_identifier: String[1..*]

is1]

Patient

surname: String[1]
String[1]

“® person_birth_date: Date[1]
surname_at_birth: String[0..1]
ethnic_category: Ethnic_Category[1]

general_medical_practitioner: ODS_Code[0..*]

sent_by: String[1) ?consent__ date: Date[1] -

collection_protocol_name: String[1]
collection_protocol_version: String[1]
pathologist_comments: String[0..1]

Blood

total_sample_volume: Decimal[1]

Solid_Sample
- Cellularity|

Pathology_Images t ‘h . Ssmng[[11]i 1 —

taken_by: String[1 topography: String . N =

taken_:z{e: Da?e[[1]] <& tumour_type: Tumour_Type[1] cold_ischemia | start_date: Date[0..1]

reference: String[1] 0.* fa'“p'e-fypfi Stamle_mem start_time: Time{0..1]

: Image_Subject[1 umourzcontent: Imegerii). end_date: Date[0..1]

e _ele String(0..1) 1 | end_time: Time[0..1)
percent_necrosis: Integer(1] period: Ischaemia_Period[0..1]
suitable_for_GEL: Boolean([1] warm_isch reported_by: String[0..1]

FFPE_Tissue Frozen_Tissue

slide_marked_by: String[0..1]
slide_marked_date: Date[0..1]
microdissection: Boolean[0..1]
microdissection_details: String[0..1]
time_in_formalin: Fixation_Period[0..1]
fixation_start_date: Date[0..1]
fixation_start_time: Time[0..1]
fixation_end_date: Date[0..1]
fixation_end_time: Time[0..1]

section_cut_by: String[0..1]
section_cut_date: Date[0..1]
section_assessed_by: String[0..1]
section_assessed_date: Date[0..1]
macrodissected: Boolean(0..1]
macrodissection_details: String[0..1]

hedule(0..1]

ﬁxaﬁon_co;nments: String[0..1]

1

0.

Pathway_Event

event_reference : String[1]
provider_code: ODS_Code[1]
event_date: Date[1]
local_patient_identifier: String[1]

<

0.* related_pathway_event

0.* related_tumour

Model for solid tumours

Referral

| date_first_seen: Date[1]

referred_to_practitioner_code: ODS_Code[1]

emergency_admission_date: Date[0..1]

Diagnosis

primary_diagnosis: ICD_diagnosis[1]
morphology_snomed: String[1]
recurrence_indicator: Cancer_Recurrence_CPI[1]
integrated_T: String[0..1]

integrated_N: String[0..1]

integrated_M: String[0..1]

integrated_TNM: String[0..1]
integrated_TNM_version: String[1]
basis_of_diagnosis: Basis_Of_Diagnosis[1]
stage: String[0..1]

stage_type: String[0..1]

Cancer_Care_Plan

start_date: Date[0..1]

_| treatment_intent: Cancer_Treatment_Intent[1]

performance_status: Performance_Status[1]
ace_27_code: ACE_27_Code[0..1]
no_cancer_|

Cancer_Tumour

| date_of_diagnosis: Date[1]

| tumour_laterality: Laterality[1])

| grade: Grade[1]

| tumour_size: integer(1]

| nodes_examined: integer{0..1]

| TNM_version: String[1]

| pT: String[1]

| pN: String[0..1]

| excision_margin: Excision_Margin[0..1]
| morphology: String[1]

| topography: String[1]

| oestrogen_receptor_status: String[0..1]

| progesterone_receptor_status: String[0..1]

| HER2_status: String[0..1]
| GEL_sample_identifier: String[0..1]

t_decision: No_Cancer_Treatment_Reason[0..1]

Clinical_Intervention

main_speciality_code: String[0..1]

site_code: ODS_Code[1]

performance_status: Performance_Status[0..1]
Intervention_Type: Intervention_Type[0..1]

Followup

tumour_status: Tumour_Status(0..1]

Death

death_location: Death_Location_Type[1]
death_cause_code_immediate: ICD_diagnosis[1]
death_cause_code_underlying: ICD_diagnosis[1]
death_cause_code_condition: ICD_diagnosis[1)
death_cause_code_significant: ICD_diagnosis[1]
post_mortem: YesNoUnk([1]

| discharge_date: Date[1]

Surgery

primary_procedure: OPCS4_Codef1]
additional_procedure: OPCS4_Code[0..*]

Chemotherapy

drug_treatment_intent: Drug_Treatment_Intent[1]
drug_regimen: String[1]

Radiotherapy

| radiotherapy_site: OPCS4_Code1]

dose: Decimal[1]
prescription_reference: String[1]

Investigation — L -
report_date: Date[1] Brachytherapy \ External_Beam_Radiotherapy 1
brachytherapy_type: Brachytherapy_Type{1]| | type: Extemal_Beam_Type[1]

| fractions: integer[1]

‘Ltreatment _plan_reference: String[1]
[ |
Sample_Investigation \ Imaging
source_sample_id: String[1] " imaging_modality: Cancer_Imaging_Modality[1] !

sample_receipt_date: Date[1]
sample_taken_date: Date[1)

} lesion_size_radiological: integer{1]

i

| service_report_reference: String[1]
| image_reference: String[0..*]

| anatomical_examination_site: OPCS4_Code[1]

il

Pathology

J
.

}

Molecular_Result

E—

[ Molecular_Report W

| service_report_identifier: String[1]

| tumour_laterality: Laterality[1]

| morphology: String[1]

| topography: String[1]

| pathology_investigation_type: Path_Invest_Typef1]
| excision_margin: Excision_Margin[1]

| grade_of_differentiation: String[1]

| grade_type: String[1]

| full_pathology._text: String[1]

| gene: String[1]

| test_report: String[1]
NGS_file_reference: String[1]
ftcommems: String[0..1)



e Safe haven storage of 100KGP dataset

* ‘Embassies’ for data GeCIP domains for data viewing and
analysis

* Levels of access
* Which parts of 100KGP dataset
* Level of access: anonymised

* Accelerated access for GeCIP domains: quid pro quo
* Matrix approach offers challenges
* Release of data: summary level only

e Accrual of discovery in Genomics England Knowledge
Base

Genomics



Genomics England — sample, data flow

mmnical Genetics, Oncology services, Public Health, NHS Trusts, Patients & Public
—samples

— Broad consent, clinical data, molecular pathology data and

/. )

Clinical Data Infrastructure
Identifiable Clinical Data
Whole Genome Sequence
.' Life-course data

[ Sequencing Centre (5 ]K I .Féri

sample repository

Genomics == Research Data Infrastructure Annotation & QC
..ng Sequential builds of pseudonymised data and WGS cleniists & SMEs
Safe haven reading library of data comparison

Fire wall
Patient data stays in safe haven I I

Only processed

results pass outside .G'e.CIP Training & Industr
Clinicians & capacity Y

Academics
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* Ethical conservatism and genetic exceptionalism
* Engagement of NHS staff
* Engagement of patients

e Standardisation of sample collection
 Surgical processes
e Pathology pipelines

* Implementation of this complex technology in real-
time patient care (2 weeks for cancer)

Genomics



* Efficiency of genomic testing strategy

* Multiple samples, multiple labs, iterative journey of
incomplete genomic information

e OQutcomes of genomic testing
* Diagnoses
 Stratified medicine

* NHS as a realtime research cohort
e Data linkage
* Generate rich lifelong cohort data
* Rich sample repository

e Streamlining of research activity

Genomics :



* 100,000 WGS on NHS patients and pathogens

* Working with NHS, academics and industry to drive
Genomic Medicine into the NHS

* Support that with education

* Transformation of NHS: consenting, pathology
pipelines, clinical data collection, applying genomic
data in the clinic

* Leave a legacy of NGS Centres, sample pipeline and
biorepository, large-scale data store that makes this
usable by the NHS

* New diagnostics and therapies and opportunities for
patients

* Aware of the challenges
e All by the end of 2017.....

Genomics






Officers

* Sir John Chisholm
(Executive Chair)

e Mark Caulfield
(Chief Scientist)

* Nick Maltby
(Company Secretary)

e Jim Davies (Informatics)

* Viv Parry (Outreach)

Board

* Prof Dame Sally Davies (CMO)
e Kevin Dean (Cisco)

* Prof Sir John Bell

* Jon Symonds (Audit)

* Prof Sir Malcom Grant (NHSE)
Advisory Committees

e Science: Sir John Bell,
e Informatics: Kevin Dean
e Ethics: Mike Parker

Genomics
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