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Welcome to the

UK Pharmacogenetics & Stratified Medicine Network

4™ Annual Open Meeting

We would like to thank our speakers and sponsors for their contribution to what we are
sure will be another successful annual meeting; also thanks to all our delegates for
taking the time to attend and contribute to the discussions.

Network membership is approaching 600

representatives from academic, clinical, W Academic
industrial and regulatory organisations, as ® Clinical
well as representatives from patient groups.
Membership is free and provides an ideal ® Industry
opportunity to highlight the expertise of your m Regulatory
organisation to the wider community.

m Other

By linking organisations together we are

encouraging multidisciplinary partnerships to move the field of stratified / personalised /
precision medicine forward. We are also forging links with the US Pharmacogenetics Research
Network and the European Ubiquitous Pharmacogenetics group to help develop a worldwide
collaborative network for personalised medicine.

We have partnered with key organisations such as the Academy of Medical Sciences, MHRA,
NHS England, and NIHR-CRN to address, and offer solutions to, some of the key challenges of
adopting pharmacogenetics and stratified medicine into the clinic. Presentations and reports
from these workshops may be viewed on the website.
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The Network website www.uk-pgx-stratmed.co.uk attracts global interest as we supply a
wealth of information to the wider community. Members regularly visit the website to keep up to
date with the progress of personalised medicine and to look for research partners.
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Today we hope you enjoy the presentations and have the opportunity to make contacts
with colleagues from across all sectors.

Professor Sir Munir Pirmohamed, Chair of the UK Pharmacogenetics and
Stratified Medicine Network.

dr i
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Programme Overview - Morning

08.00-09.00 Registration and refreshments

09.00-10.40 SESSION 1:

Chair Professor Sir Munir Pirmohamed

09.00-09.10 Welcome and update on the Professor Sir Munir
Pharmacogenetics and Stratified Pirmohamed
Medicine Network

09.10-09.40 100K Genomes project — latest update Professor Tim
Hubbard

09.40-10.10 Mainstreaming personalised medicinein  Professor Sue Hill
the NHS

10.10-10.40 The importance of big data for stratified Professor Andrew
medicine Morris

10.40-11.20 Morning Coffee

11.20-12.20 SESSION 2:

Chair Dr Louise Leong

11.20-11.50 Personalising treatment of diabetes Professor Ewan
Pearson

11.50-12.20 Precision medicine approaches in cystic  Dr Mark Higgins
fibrosis
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Programme Overview - Afternoon

12.20-14.00 Lunch and exhibitors stands

14.00-15.30 SESSION 3:

Chair Professor Joanne Hackett

14.00-14.30 Metabonomics as a tool for stratification Professor Elaine
Holmes

14.30-15.00 Development of an integrated platform Professor Antony
for proteomic biomarker discovery Whetton

15.00-15.30 Does epigenetics have arole in stratified Professor Jonathan
medicine? Mill

15.30-16.00 Afternoon Tea

16.00-17.10 SESSION 4:

Chair Dr Hilary Burton

16.00-16.30 Health economics of stratified medicine  Professor Dyfrig
Hughes

16.30-17.00 A patient perspective of stratified Alastair Kent
medicine

17.00-17.10 Close of conference

17.10-18.30 Networking
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Summary of Presentations

Session 1: Chair Professor Sir Munir Pirmohamed

Welcome and update on the Pharmacogenetics &
Stratified Medicine Network

Professor Sir Munir Pirmohamed, Chair of the UK Pharmacogenetics and Stratified Medicine
Network

Munir will welcome delegates to the event and thank our speakers and sponsors
for their contributions. Munir will then give an update on the growth of the
Network and how our activities are supporting the promotion of stratified medicine
to improve patient outcomes.

100K Genomes project — latest update

Professor Tim Hubbard, Genomics England

The 100,000 genomes project sets out to mainstream whole genome
sequencing for treatment into the NHS. Genomics England, set up in 2013 to
deliver the project, has established sample handling, sequencing and
interpretation pipelines to enable whole genome sequences to be analysed for
rare diseases and cancer with individual reports returned to clinicians.
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Mainstreaming personalised medicine in the NHS

Professor Sue Hill, NHS England
Professor Hill’'s talk will cover:

o How the NHS is taking forward a strategic approach to diagnostic
| testing and increasing diagnostic yield building on the infrastructure from
the 100,000 Genomes Project legacy

e The NHS England strategic framework for personalised medicine,
including areas for early development

o How this personalisation approach will support future care and
innovation and build the UK genomic knowledge base

The importance of big data for stratified medicine

Professor Andrew Morris, University of Edinburgh

Examples will be given from nationwide research and development
programmes that integrate electronic patient records with biologic and
health system data. Two themes will be explored; specifically:

¢ How the size of Scotland (5 million residents), allied to a relatively
stable population and unified health care structures facilitate the application
of health informatics to support nationwide quality-assured provision of
diabetes care.

74

How population-based datasets and disease registries can be
integrated with biologic information to facilitate (i) epidemiology; (ii) drug safety studies;
(i) enhanced efficiency of clinical trials through automated follow-up of clinical events
and treatment response; and, (iv) the conduct of large-scale genetic, pharmacogenetics,
and family-based studies essential for stratified medicine.
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Summary of Presentations

Session 2: Chair Dr Louise Leong

Personalising treatment of diabetes

Professor Ewan Pearson, University of Dundee

There are several approaches to the therapy of patients with Type 2
diabetes. One common sense approach is to trial a drug and, as
recommended by SIGN and NICE, to stop therapy if a drug is ineffective.
However, HbAlc is often quite variable in an individual, and this can make it
hard to establish if a diabetes treatment has truly resulted in an improvement
in diabetes control — in fact we estimate that we can only say that someone is
a ‘responder’ in 25% of patients. This challenges the trial and error approach
to personalise care.

An alternative approach is the stratified approach, or even the individualized approach to
therapy, as advocated by the joint ADA/EASD guidelines. Yet these guidelines offer no
evidence base for how drugs should be individualized. In the MRC-ABPI Mastermind study we
show that thiazolidinediones work best in obese patients, yet metformin, another ‘insulin
sensitizer’ works best in slimmer patients who are more insulin sensitive with preserved beta-
cell function. Thus, BMI, diabetes duration and insulin sensitivity can be used to begin to stratify
therapy — identifying clinical characteristics before treatment that increase the likelihood of a
good treatment response.

In addition, genetic variation may alter response to or side effects of therapy. This is seen
strikingly when we consider the ability to transfer off insulin treatment once monogenic aetiology
of diabetes can be established in many cases. Considering drug response, metformin response
is variable and heritable suggesting an individual’s genetics will influence response. We have
shown that variants at the ATM locus and in SLC2A2 alter metformin response with modest
effect sizes; for metformin intolerance, OCT1 genotype, and use of OCT1 interacting drugs have
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a large clinically important impact on risk of intolerance to metformin.  Other data on the
genetics of response to TZDs, DPP4-inhibitors and GLP-1R Agonists will be outlined.

In summary, personalising treatment in common complex disease is challenging. However, as
we are beginning to show, with appropriate phenotyping and trial design it is likely that we will
be able to stratify treatments to ensure maximal response and minimize side effects of diabetes
treatments.

Precision medicine approaches in cystic fibrosis

Dr Mark Higgins, Vertex Pharmaceuticals

This talk will describe the pathway from the discovery of the CF gene in
1989, through the characterization of the specific genetic defects of certain
mutations and the development of novel medications designed to address
these genetic defects.

The medications are approved for specific CF genotypes and provide an
illustration of the ability to use an understanding of genetics, in-vitro data
and clinical trials to develop precision medicines to target the underlying
defect in CF.
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Summary of Presentations

Session 3: Chair Professor Joanne Hackett

Metabolomics as a tool for stratification

Professor Elaine Holmes, Imperial College London

Metabonomic technologies such as NMR spectroscopy and mass
spectrometry, coupled with computational modeling strategies can generate
metabolic phenotypes from biofluids and tissues that reflect the health or
disease status of an individual [1]. Biofluid profiles capture endogenous
metabolic processes but can also inform on diet, other ingested xenobiotics
and metabolites derived from processing of dietary components by the gut
bacteria. Thus the biological profiles (urine, plasma, faeces, tissue biopsies,
cell extracts) provide a window for viewing metabolic events that can be
used in a diagnostic or even prognostic capacity and which can be used as biomarker panels to
monitor response to therapeutic interventions such as drugs or surgery. Additionally the
perturbed metabolites can be mapped to biochemical pathways to help understand the
mechanisms underpinning disease.

Clinical studies have shown that inter-individual differences in either host or microbial
metabolism can impact on patient responses to therapeutics or surgical interventions
(pharmacometabonomics) [2] and that these baseline or pretreatment profiles can be used
prognostically to predict drug metabolism, efficacy or toxicity. This technology allows the
construction of a framework for stratifying patients and improving clinical care with respect to
improved clinical outcome and reduced expenditure. The basic technology will be outlined and
several clinical exemplars provided.

[1] Nicholson JK, et al Xenobiotica. 1999; 29(11):1181-9. PubMed PMID: 10598751.
[2] Clayton TA, et al Nature 2006; 440(7087):1073-7 PubMed PMID: 16625200
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Development of an integrated platform for proteomic
biomarker discovery

Professor Anthony Whetton, University of Manchester, Christie Hospital

Proteins are a key set of biomarkers in healthcare. Recent developments
in mass spectrometry (MS) provide opportunities to more effectively and
systematically derive information on protein levels in biological fluids and
cells. These investigations can include post-translational modification of
proteins, such as phosphorylation. The major issue in carrying this
forward into clinical proteomics for precision medicine and companion
biomarker discovery has been the difficulty in relatively or absolutely
quantifying proteins from biofluids in a reasonable time frame. The use of
the latest innovations in MS-based technologies offers a high capacity throughput proteomic
profiling for clinical biochemistry purposes. Sequential Window Acquisition of all THeoretical
fragment-ion spectra MS (SWATH MS) enables the creation of a digitised, quantitative,
permanent record of the proteome.

As an example, markers of risk in ovarian cancer have been investigated using a SWATH MS
approach. Combined with validation and verification platforms (such as Selected Reaction
Monitoring MS or antibody-based methods), this approach offers a platform for discovery and
development of novel biomarkers for risk and stratification. Linkage of proteomic data to
electronic health records through safe haven health informatics allows the integration of
complex molecular phenotyping with endotypic data. The proteomics platform also links to
genomic data via an integrated information technology system. By combining discovery,
validation and verification platforms with pathology, the time for biomarker discovery, validation,
verification and adoption for clinical usage can be reduced for patient benefit.
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Does epigenetics have a role in stratified medicine?
Professor Jon Mill, University of Exeter Medical School

Success in the identification of genetic variants that affect complex
\ human phenotypes is one of the major achievements in contemporary
\n"’ biomedical research. Insight into the functional complexity of the
genome also draws attention to the probable role of non-sequence-
based genomic variation in health and disease. There is growing

- interest in the role of epigenetic processes that act to developmentally
j g{‘,‘] regulate gene expression via modifications to DNA, histone proteins,
and chromatin. Although the role of epigenetic mechanisms in some rare developmental
syndromes and in cancer is well established, systematic examination of their contribution to
common non-malignant disease phenotypes is only just beginning.

I will present on-going work from our group aimed at identifying epigenetic variation associated
with a diverse range of neuropsychiatric and neurodegenerative disorders. Novel tools mean
that it is now feasible to examine epigenetic variation across the genome in large numbers of
samples, and | will give an overview of our recent epigenome-wide association studies (EWAS)
of schizophrenia and Alzheimer’s disease, integrating findings with those from the recent GWAS
analyses. | will also describe the impact of genetic variation on the epigenome, highlighting the
utility of taking an integrated genomics approach to understanding disease and the potential
utility of these approaches in stratified medicine.

Finally, I will outline some of the issues related to epigenetic epidemiological studies of disease

and explore the feasibility of identifying peripheral biomarkers of disease phenotypes manifest in
inaccessible tissues such as the brain.
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Summary of Presentations
Session 4: Chair Dr Hilary Burton

Health economics of stratified medicine
Professor Dyfrig Hughes, Bangor University

Health economic evaluations are central to decisions on the availability of
new treatments and other healthcare interventions in several jurisdictions
worldwide. Health technologies are not approved for use in the UK if they
are considered to represent poor value for money, that is, if their cost-
effectiveness exceeds around £30,000 per quality-adjusted life-year.
Personalised medicine, in which treatments are prescribed according to
patients’ characteristics, holds promise for more favourable health
outcomes. However, as pharmaceutical market shares are potentially
reduced as a consequence, there is uncertainty as to whether the compensatory price
adjustments result in cost-effective treatment strategies. It is necessary, therefore, to conduct
stratified cost-effectiveness analyses of treatments based on prognostic factors that reveal
populations in which treatments are most likely to be effective or less likely to be harmful.

The cost-effectiveness of pre-prescription genotyping is illustrated using a series of case
studies: (i) HLA-B*57:01 testing, which has dramatically reduced the incidence of
hypersensitivity reactions to abacavir in patients with HIV; (ii) VKORC1 and CYP2C9 genotyping
to guide dose selection with warfarin; (iii) HLA-A*31:01 testing for the reduction in the incidence
of carbamazepine-induced cutaneous adverse drug reactions; and (iv) CYP2C19 testing prior to
clopidogrel treatment in patients with acute coronary syndrome. With the exception of abacavir,
a specific limitation of these analyses, which introduces considerable uncertainty to the
estimation of cost-effectiveness, relates to the evidential standards for demonstration of the
clinical effectiveness of tests.

Working together to develop and connect the stratified medicine community Page | 13



A patient perspective of stratified medicine

Alastair Kent, Genetic Alliance

While the rhetoric of personalised medicine is attractive - who would argue
with "the right dose for the right patient at the right time" - the present reality
is some way from this for most patients. In this talk I will outline how involving
patients and their families from the very earliest stages of therapy
development will help make this into more of a reality. Patient engagement
creates a focus on the things that matter, not just the things that can be
counted. It allows for more efficient and more appropriate development
programmes and increases the likelihood of patient access when the
outcome is successful.”
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Organisational Chair

Professor Sir Munir Pirmohamed

Chair of the UK Pharmacogenetics and Stratified Medicine Network, David
Weatherall Chair in Medicine at the University of Liverpool, and a Consultant
, Physician at the Royal Liverpool University Hospital, Associate Executive
‘ s i o Pro Vice Chancellor for Clinical Research for the Faculty of Health and Life
Sciences.

3 Professor Sir Munir Pirmohamed holds the only NHS Chair of
'\ Pharmacogenetics in the UK, and is Director of the M.R.C. Centre for Drug
Safety Sciences, Director of the Wolfson Centre for Personalised Medicine

and Executive Director, Liverpool Health Partners.

Munir was awarded a Knights Bachelor in the Queen’s Birthday Honours list in 2015. He is an
inaugural NIHR Senior Investigator, a Fellow of the Academy of Medical Sciences in the UK and
also a Commissioner on Human Medicines. His research focuses on personalised medicine in
order to optimise drug efficacy and minimise toxicity, move discoveries from the lab to the clinic,
and from clinic to application. He has authored over 380 peer-reviewed publications, and has
an H-index of 78.
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Dr Louise Leong

Louise Leong is Director Science Relations in Global Corporate Affairs at
AstraZeneca, with focus on Europe /UK. Her career spans the life
science sector across research and policy in academia, private
foundation, and industry. Before joining AstraZeneca in October 2014,
Louise was Director of R&D Policy and on the Senior Leadership Team
at the ABPI (Association of the British Pharmaceutical Industry), where
i she ensured that a leading environment was maintained in the UK for the
&' ! Vi \ ‘, discovery and development of new innovative medicines, including co-
creation of the Life Science Strategy, and initiation of a pan-UK strategy in Stratified Medicine.

Professor Joanne Hackett

Joanne joined the Precision Medicine Catapult in October 2016 to help build
a world-leading, UK-based, precision medicine industry. Previously, Joanne
has been actively involved in clinical research for over 15 years in Canada,
America, Germany, Sweden and the UK. An accomplished entrepreneur,
scientist and strategist, she has experience in the execution and
management of complex business transactions, as well as broad business
development experience in negotiation, execution and management of hundreds of transactions
with pharma, biotech, academia and non-profit organisations.

For further information about the Precision Medicine Catapult visit https://pm.catapult.org.uk/
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Dr Hilary Burton

Dr Hilary Burton is a Fellow of Hughes Hall, Cambridge and one of the founder
members of the PHG Foundation, which is a not for profit organisation with a
special focus on how genomic and other technologies can provide more
effective  personalised healthcare and improve population health
(www.phgfoundation.org/). Qualified in medicine at Oxford University, Hilary
subsequently trained in public health in the Eastern Region and worked as a
consultant in Cambridge.

~ Since 1997 at the PHG Foundation Hilary has focused on the genomics

context for population health, and, in particular, has led national work on the implementation of
new technologies in mainstream UK health services. As a member of the Joint Committee on
Medical Genetics, she was the main author of a report looking at the service implications of
introducing genomics across a wide range of clinical specialties. In pursuing this further she is
currently chair of a national RCP Steering Group, which aims to promote increased awareness
and competence in genomics amongst UK physicians.

Hilary has also written about the importance of genomic technologies in enabling personalised
healthcare and prevention. In 2011/2 she sat on the UK Government Human Genomics
Strategy Group and is currently a member of the UK Genetic Testing Network Clinical and
Scientific Advisory Group and the Joint Committee on Genomic Medicine of the Medical Royal
Colleges.
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Biographies of Speakers

Professor Tim Hubbard

Professor Tim Hubbard is Head of the Department of Medical & Molecular
Genetics at King's College London and Director of Bioinformatics for King's
Health Partners. He is also Head of Genome Analysis at Genomics England,
the company set up by the Department of Health to execute the 100,000
genomes project, which aims to mainstream the use of whole genome
sequence analysis for treatment in the UK National Health Service (NHS).

Until 2013 he was Head of Informatics at the Wellcome Trust Sanger Institute
where he was one of the organisers of the sequencing of the human genome.
In 1999 he co-founded the Ensembl project to analysis, organise and provide access to the
human genome and from 2007 led the GENCODE project to annotate the structure of all human
genes. He is also actively involved in efforts to improve data sharing in science and develop
open access publishing resources.

He is a member of the cross funding agency Expert Advisory Board on Data Access (EAGDA)
and is chair of the Advisory Board of Europe PubMedCentral.
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Biographies of Speakers

Professor Sue Hill

Chief Scientific Officer for England

Professor Sue Hill OBE PhD DSc CBiol FSB Hon FRCP Hon FRCPath is
not only the Chief Scientific Officer for England but is also the head of
profession for the 50,000 healthcare science workforce in the NHS and
associated bodies — embracing more than 50 separate scientific
specialisms. She is a respiratory scientist by background with an
international academic and clinical research reputation.

Professor Hill has a broad portfolio of policy responsibilities across NHS
England and the wider NHS and provides professional leadership and
expert clinical advice across the whole health and care system. In particular, Sue is the Senior
Responsible Officer for Genomics in NHS England, leading the establishment and assurance of
the NHS Genomic Medicine Centres in delivering the commitment to the 100,000 Genomes
Project and planning for the future. Sue is now leading the NHS England approach to
Personalised Medicine strategy and also provides clinical leadership to the Health Education
England Genomics Education Programme.

A significant part of her role involves working across government, with the Department of
Health, with the NHS, Public Health and Health Education England and other external
stakeholders to inform policy, influence legislation, deliver strategic change, and to introduce
new and innovative ways of working.
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Biographies of Speakers

Session 1

Professor Andrew Morris

Chief Scientist, Scottish Government Health Directorate

Andrew Morris took up the position of Professor of Medicine and Director
of the Usher Institute at the University of Edinburgh in August 2014, prior
to this Andrew was Dean of Medicine at the University of Dundee.

He is seconded as Chief Scientist at the Scottish Government Health
Directorate which supports and promotes high quality research aimed at
improving the quality and cost-effectiveness of services offered by NHS
Scotland and securing lasting improvements to the health of the people of
Scotland.

Research interests span informatics and chronic diseases and he is Director of the Farr Institute
in Scotland funded by the MRC and nine other funders and Convenor of the UK Health
Informatics Research Network, representing a £39M investment in health informatics research.
Andrew was awarded the RD Lawrence Award by Diabetes UK in 2003 and the Arnold Bloom
Lecture 2013, the Saltire Society Scottish Science Award in 2005 and is a Fellow of the Royal
Society of Edinburgh, Scotland’s national academy of science and letters, and Fellow of the
Academy of Medical Sciences. In 2007 he co-founded Aridhia Informatics that now employs
>70 people in Scotland and uses high performance computing and analytics in health care, with
deployments in the UK, Middle East and Australasia.

Andrew is a Governor of the Health Foundation, a leading UK charity that supports quality
improvement in healthcare. Andrew also chairs the Informatics Board at UCL Partners, London.
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Biographies of Speakers

Professor Ewan Pearson

Professor in Diabetic Medicine at the University of Dundee

Honorary Consultant in Diabetes and Endocrinology at Ninewells Hospital and Medical School
in Dundee

Professor Pearson obtained his medical degree from the University of
Cambridge School of Clinical Medicine, UK. He undertook a Wellcome Trust
Clinical Training fellowship with Prof Andrew Hattersley at the University of
Exeter Medical School, UK and completed his PhD in the physiology and
treatment of monogenic diabetes.

His research interests are the phenotypic and genotypic determinants of drug
response and drug side effects, the aetiology of young-onset diabetes and the
mechanisms driving progression of diabetes.

He is the academic lead on the €46M IMI-DIRECT project on stratification in Type 2 diabetes
and is Strand 2 lead on the £6M MRC funded MASTERMIND project. Professor Pearson’s New
Investigator Award funding by the Wellcome Trust aims to gain deeper phenotypic, physiological
and molecular insights into the mechanism of action of metformin and other diabetes drugs and
how patients respond differently and experience different side effects to these agents.
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Biographies of Speakers

Doctor Mark Higgins

Senior Medical Director, Cystic Fibrosis Vertex Pharmaceuticals

Mark currently works for Vertex Pharmaceuticals. For the last 4 years at
Vertex, he has been involved in the clinical development of 2 new drug
classes designed to address specific mutations in the Cystic Fibrosis
Transmembrane Conductance Protein. These drugs are designed to work on
specific genotypes within Cystic Fibrosis and have now been globally
approved.

1 a Mark trained in medicine in the UK and worked in the NHS for a number of

' years before taking on a role in pharmaceutical market research and then
joining Novartis to work on competitive intelligence, strategy development and then clinical
development of a novel once daily bronchodilator and a dry powder inhaled formulation of
tobramycin.
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Biographies of Speakers

Session 3

Professor Elaine Holmes

Head of Division of Computational and Systems Medicine, Professor of Chemical Biology,
Imperial College London

Professor Holmes’ main research area focuses on applying metabolic
profiing and computational modelling of biofluids and tissues to
understand pathological and physiological processes. She has a broad
background in metabolic chemistry, with specific expertise in
spectroscopy and in chemometric modelling of spectral data. She began
her research career investigating molecular mechanisms of toxicology
using spectroscopic methods and then broadened the scope to research
clinical pathologies in a range of clinical fields.

Professor Holmes has particular interest in investigating the consequences of modification of
the gut microbiota which involves both the development and application of spectroscopic and
chemometric methods, and in particular the fusion of metagenomic and metabonomic data to
provide a readout of the functionality of the microbiome.

In 2015, Professor Holmes was awarded the Interdisciplinary Prize Medal by the Royal Society
of Chemistry and 2016 Analytical Science Power List - Top 50 most influential women. Prof
Holmes has an H-index of 87 and is an ISI Highly Cited Researcher (Pharmacology 2014). She
has trained over 60 PhD students.
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Biographies of Speakers

Professor Anthony Whetton
Director, Stoller Centre for Biomarker Discovery
Director, Manchester Precision Medicine Institute

Principal Investigator, Bloodwise Mass Spectrometry programme, Wolfson Molecular Imaging
Centre, Christie Hospital

Professor Whetton joined the School of Medicine at Manchester
University in 2003 as Professor of Cancer Cell Biology, based at the
Christie Hospital. Here he established a state of the art biological mass
spectrometry facility for stem cell and cancer research. This platform
has been extended into biomarker research for precision medicine in
recent years.

In his leukaemia research Tony is currently systematically defining the
downstream proteomic and phosphoproteomic effects of the protein
tyrosine kinases associated with myeloproliferative disorders and
myeloid leukaemias to discover common mechanisms for leukaemic transformation and thus
new drug targets. This has led to a new approach to extinguish chronic myeloid leukaemia stem
cells. He has built a new £3 million laboratory to house the Stoller Biomarker Discovery Centre
which has £25 million of funding to date and opened in June 2016. As Director of the
Manchester Precision Medicine Institute Tony Whetton leads on enabling University of
Manchester researchers, clinicians and industry to work together for improving clinical
outcomes.

i
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Biographies of Speakers

Professor Jonathan Mill

Professor of Epigenetics at the University of Exeter Medical School

Jonathan graduated with a degree in Human Sciences from Oxford
University, where he took a particular interest in cannibalism, before
undertaking his PhD in Psychiatric Genetics at the Institute of
Psychiatry.

After spending three years as a Canadian Institutes of Health
Research (CIHR) postdoctoral fellow at the University of Toronto, he
returned to the Institute of Psychiatry to establish the Psychiatric
Eplgenetlcs group in the MRC Social, Genetic and Developmental Psychiatry Centre. He joined
the University of Exeter Medical School in 2012.

Jonathan’s group studies the role of epigenetic processes in complex disease, with a particular
emphasis on neurodegenerative and neuropsychiatric disorders. Current areas of research
include: 1) regulatory genomic profiling in post-mortem brain tissue (autism, schizophrenia,
depression, and dementia); 2) investigating the role of epigenetic variation in mediating
phenotypic/disease discordance between genetically-identical individuals; 3) describing dynamic
genomic processes in human brain development and aging; and 4) exploring interactions
between the epigenome, environment and DNA sequence variation, with the aim of undertaking
an integrated genetic-epigenetic approach to disease. More information on their work can be
found at www.epigenomicslab.com.
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Biographies of Speakers

Professor Dyfrig Hughes

Co-Director of Centre for Health Economics & Medicines Evaluation, Bangor University
Honorary Professor, Dept of Molecular and Clinical Pharmacology, University of Liverpool

Dyfrig graduated in pharmacy before undertaking a PhD in cardiovascular
pharmacology. He subsequently re-trained in health economics, and is
currently Professor of Pharmacoeconomics and co-director of the Centre
for Health Economics and Medicines Evaluation at Bangor University. He
is also academic lead for Pharmacy and Medicines Management at the
Betsi Cadwaladr University Health Board, and is honorary professor at the
Department of Molecular and Clinical Pharmacology, University of
Liverpool.

He has led the pharmacoeconomic activities of the All Wales Therapeutics and Toxicology
Centre, contributing to over 200 substantive HTA reports. He was inaugural president of the
European Society for Patient Adherence, Compliance and Persistence (ESPACOMP) and was
elected fellow of: the Learned Society of Wales, the British Pharmacological Society, and the
Faculty of the Royal Pharmaceutical Society.

His main research activities, which have led to over 120 publications, concern the economics of
medicines and pharmacogenetics, pharmaceutical policy, health technology assessment and
medication adherence. He is editorial board member of the journals PharmacoEconomics and
Clinical Pharmacology & Therapeutics.
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Biographies of Speakers

Alastair Kent OBE

Director, Genetic Alliance UK

Alastair came to Genetic Alliance UK over 20 years ago because he was
excited by the challenge that new knowledge in genetics created - the idea
that, for people affected by a genetic condition, yesterday's science fiction is
tomorrow's clinical service improvement. Trying to transform these
possibilities into positive outcomes whilst reducing the potential for abuse is
an incredible challenge, and Alastair feels incredibly privileged to work in this
field.

The fact that Genetic Alliance UK is now a respected and authoritative voice
for patients and families is something that provides him with a feeling pride, and also a huge
sense of responsibility. It is a challenge that excited him on the first day he became aware of the
impact of genetic disorders and which continues to excite him today.
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Thank you to our sponsors
Agena Bioscience GmbH

Agena Bioscience is dedicated to advancing the impact of genomics in

A%g]a healthcare and precision medicine. Our highly sensitive and cost-effective

sioscience Mass spectrometry-based platform, the MassARRAY® System, is used

globally in diverse fields such as pharmacogenetics, cancer profiling for

solid tumours and liquid biopsies, inherited genetic disease testing, agricultural genomics, and
clinical research.

Our mission is to equip genomic and clinical testing laboratories with practical solutions that
increase productivity and decrease time to results. Whether assessing sample quality, screening
samples for actionable mutations, or enabling routine genetic testing for tens to thousands of
samples, our products and services help laboratories translate genomic discoveries into
mainstream clinical practice.

Agena Bioscience provides a cost-effective solution for pharmacogenetic (PGx) testing with a
laboratory-friendly workflow. The high multiplexing capability of the MassARRAY® System
enables simultaneous testing of key pharmacogenetic SNPs, INDELs, and CNVs in a single
reaction.

Agena Bioscience has developed over 350 assays to identify actionable polymorphisms and
copy number variations affecting genes involved in drug distribution, efficacy, metabolism, and
toxicity. Analysis is simple with the PGx reporting tool, which automatically generates
haplotypes from the genotype results.
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Thank you to our sponsors

Leicester Precision Medicine Institute

UNIVERSITY OF The Leicester Precision Medicine Institute (LPMI) aims to
LEICESTER be the UK Precision Medicine Accelerator from Discovery

to Implementation. As a Centre of Excellence, we develop,

evaluate and implement treatments and patient care

pathways that are based on the characteristics of individuals and subgroups of the population to

provide more targeted, effective and safer healthcare that will improve the health outcomes of
our diverse population.

Our ambition is to deliver world-class research and enterprise activities in support of
diagnostics, targeted drugs and personalised therapy across our portfolio of biological, clinical
and health-related disciplines. At Leicester, we deliver Precision Medicine by coalescing and
aligning the research missions of the University of Leicester and University Hospitals of
Leicester NHS Trust.

We aim to create an aspirational discovery-led culture and discovery-enabling environment that
supports people, and encourages and rewards innovation, collaboration and productivity across
disciplines. Web:www?2.le.ac.uk/institutes/Ipmi/leicester-precision-medicine-institute

The LPMI has a critical mass of expertise in cross-cutting approaches for: The above areas underpin our excellence from basic science to clinical
implementation in:
. Genomics
. Big Data and Analytics e  Oncology
. Drug Development . Emergency Medicine
e Biomarkers and Diagnostics e  Cardiovascular disease
e Monitoring and Wearable Medical Technology e  Respiratory Disease
e Imaging ( MRI CT with human and Animal e  Diabetes
applicability (CRF and Glenfield) . Renal disease
e Infectious disease e  Geriatric medicine
e  Prevention e  Primary care
e  Ethnic health . Multimorbidity
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Metabolon, Inc.
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Where knowing comes to life™

Metabolon, Inc. is the world’s leading life sciences company focused on metabolomics — an
integrative, powerful phenotyping technology for assessing health. Its proprietary platforms and
informatics are delivering biomarker discoveries, innovative diagnostic tests, breakthroughs in
personalized medicine, and robust partnerships in genomics-based health initiatives.

Metabolon’s expertise is also accelerating research and product development for more than 600
clients across the pharmaceutical, biotechnology, consumer products, agriculture, pet care and
nutrition industries. Founded in 2000 and headquartered in Research Triangle Park, North
Carolina, the company has conducted more than 4,000 independent and collaborative studies,
resulting in nearly 425 peer-reviewed publications.

For more information, please visit www.metabolon.com or follow us on LinkedIn or Twitter.
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MYRIAD é RBM.

Myriad RBM, Inc. is the world’s leading multiplexed immunoassay testing laboratory, providing
comprehensive protein biomarker services based on its Multi-Analyte Profiling (MAP)
technology platform. This platform provides pre-clinical and clinical researchers with
reproducible and quantitative data for a few or hundreds of proteins in a cost-effective manner.
All services are performed in our CLIA certified laboratory.

As a guide to drug development researchers, Myriad RBM also offers Strategic Biomarker
Services that include companion diagnostics, custom assay development, co-sponsored
research programs, and innovative cell culture products.

Myriad RBM’s biomarker testing laboratory is located in Austin, TX. Myriad RBM is a wholly
owned subsidiary of Myriad Genetics, Inc. (MYGN), a leading molecular diagnostic company
based in Salt Lake City, Utah which develops and markets novel predictive medicine,
personalized medicine and prognostic medicine tests.
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The NIHR Clinical Research Network

Coordinating Centre manages the m
Clinical Research Network (CRN) on " .

behalt of the Depariment of Heatn.  IN@TiONal Institute for
The CRN makes it possible for

patients and health professionals H eal th Reseal‘ Ch
across England to participate in

clinical research studies within the NHS. The CRN provides the infrastructure that allows high-
quality clinical research funded by charities, research funders and life-sciences industry to be
undertaken throughout the NHS. We work with patients and the public to make sure their needs
are placed at the heart of all research, and providing opportunities for patients to gain earlier
access to new and better treatments through research participation.

The NIHR Clinical Research Network Coordinating Centre (CRNCC) is hosted jointly by Guy’s
and St Thomas’ NHS Foundation Trust and the University of Leeds, supported by a wider
partnership which also includes King’'s College London, Imperial College London, Newcastle
University, and the University of Liverpool.

The CRNCC enables the CRN to support around 5000 clinical research studies each year. The
collection of all studies we support is the CRN Portfolio. The CRN meets the costs of NHS staff
that support research and provides specialist training so that patients can be confident that
research is being delivered by trained, experienced front-line NHS staff. We also meet the costs
of using NHS facilities, such as scanners and x-rays that are needed in the course of a study, so
that research is not subsidised with funding that has been provided for patient care. We provide
practical help in identifying and recruiting patients for Portfolio studies, so that researchers can
be confident of completing the study on time and as planned.
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The Clinical Research Network is made up of 15 Local Clinical Research Networks that cover
the length and breadth of England. The CRN delivers research across 30 clinical specialties at a
national and local level. Further details of the CRN can be found at www.nihr.ac.uk

The CRN is working in partnership with the University of Liverpool and the UK
Pharmacogenetics and Stratified Medicine Network (UKPSMN) to explore ways to improve the
delivery of stratified medicine studies on the CRN Portfolio, and further details of this work is
available on the CRN stand at the UKPSMN Annual Meeting.

Northern Ireland Centre for Stratified Medicine

The Centre is based in the Clinical Translational Research
A< 4 and Innovation Centre (C-TRIC) on the Althagelvin Hospital
site in Derry/Londonderry.

Ulster
University

The Centre was established in Autumn 2013 following an
award of £11.5M (from European Union Regional
Development Fund (ERDF) EU Sustainable Competitiveness
Programme for Northern Ireland, Invest NI, the Northern
Ireland Public Health Agency (HSC R&D), ILEX & Ulster University) to Professor Tony Bjourson
(Director). The Centre aims to identify how our genes or patterns in levels and state of
molecules within our bodies, or subtle differences in medical images, could be used to create
robust clinical decision making tests for a range of degenerative diseases.

This centre brings together academic staff, PhD students and NHS Clinicians affiliated to our
Research centre; linking General Practitioners (GPs) and NHS Health Trusts (predominantly
from the Western Health & Social care Trust at Althagelvin Hospital).
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Thank you to our sponsors
Tissue Solutions

i & | : Tissue Solutions is a leading provider of human
a2 % ?7 biospecimens used in labs throughout the world. We
S22 work with more than 120 sources globally to provide

e high quality, ethically sourced tissues and biofluids for

drug discovery, diagnostics development and safety
testing. We can provide access to banked human
samples and set up prospective collections in the UK,

mainland Europe and USA.

Oncology: Tissue, bio-fluids, PBMCs, RNADNA from
a wide range of tumour types including breast,
pancreas, prostate, uterine, glioblastoma, melanoma,
head and neck, bladder, liver, kidney, lung, ovary,
thyroid, stomach, lymphoma & leukemias.

Metabolic: Diabetic pancreas, human pancreatic
islets, adipose tissue, adipocytes, primary human
skeletal muscle cells, human hepatocytes, skeletal
muscle (normal/diabetic), diabetic kidney, chronic
kidney disease samples.

Autoimmune disorders: MS, Rheumatoid Arthritis
(synovium, synovial fluid, cartilage) IBD (ileum, colon),
autoimmune disease plasma (available in bulk as well
as small volumes).

CNS/Neurodegenerative: Tissue, CSF and
plasma/serum  from  Alzheimer's, Parkinson's,
schizophrenia, Huntington's disease depression, brain

tumours. All brain regions are available (e.g.
amygdala, BA24, caudate nucleus, entorhinal cortex,
cerebral cortex, hippocampus etc. and also spinal
cord) with or without tangles, plague and Lewy
bodies.

Inflammation: osteoarthritis, RA (synovial fluid,
synovium, cartilage), asthma, COPD, psoriatic
skin/blood samples from psoriasis patients, nasal
polyps, tonsils, spleen, COPD lung tissue (tissue,
blood/serum/plasma, PBMCs, RNA).

Cardiovascular: PAOD, atrial appendage, valves,
HUVECs, carotid with atherosclerotic plaque from
non-diabetic/diabetic donors, coronary artery (Ml
donor/control donor).

Blood Disorders: bone marrow, bloods and PBMCs
from various leukaemia's and multiple myeloma,
polycythemia blood samples.
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UK Biocentre

s The NIHR National Biosample Centre (NIHR-NBC) has been

S established in Milton Keynes and Oxford to provide a high

quality, high capacity service for biomedical researchers

engaged in studies that include the collection, processing,

P — storage and analysis of biological samples from their volunteers

@ = . and patients. This centre of excellence with its high capacity
blocentre and high quality systems supports both national level and
The centre for biomedical services individual Investigator led projects providing a cost-effective,

secure and responsive service. Extensive use of automation ensures speed and accuracy of
processing, a robust and secure data trail and efficient archiving and retrieval of samples.

NIHR-NBC offers fully automated processing and aliquotting of blood, urine, saliva, solid tissue
— up to 2,000 primary samples per day. It has the capacity to store 20 million 1.2ml cryovials in
fully automated -80°C and -20°C archives. A recent addition is its ability to support at scale DNA
extraction from up to 1,000 samples per day. NIHR-NBC supports the needs of both
academic/NHS research as well as those of the commercial sector. NIHR-NBC is a not for profit
business investing its revenues in growing its capabilities.

For  further details please contact Kris Speckley @ Commercial  Manager
Kristian.Spreckley@ukbiocentre.com
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Precision medicine is at the heart of health care providers’ goals to improve health, diagnoses
and treatment. The key to advancing precision medicine lies in first creating a blueprint of
human health. Metabolon is embracing this challenge.

While genomics is undeniably important in creating the precision medicine blueprint, many
initiatives recognize the need to include other types of data in addition to medical records and
standard clinical assessment. The last decade of genomics research has revealed higher than
anticipated individual genetic variation. In addition, most traits of interest involve a combination
of many genes1,2 and the majority of mutations reside in non-coding regions of the genome,
where we have a poor understanding of function3. Massive amounts of data must be managed
before consensus and actionable data can be effectively mined, as illustrated by a recent whole
genome sequencing initiative published in JAMA5,6. Elusive influences such as the
microbiome4 and epigenetics are clearly important also. Thus, many genomics investigators
seek additional data types.

Metabolomics is becoming a core element in defining the blueprint of human health. The reason
for its inclusion is simple, metabolites are central to the health state, and they reflect the
combined impact of factors such as genetics and external influences like diet and lifestyle. The
metabolic state offers an intimate assessment of an individual’s state of health as it is at the time
a sample is provided. Metabolomics measures all of the metabolites within metabolic pathways.
This is a critical reason why a growing number of large precision medicine and next-generation
sequencing (NGS) initiatives have adopted metabolomics as a cornerstone of their programs to
link genetics plus metabolic profiles to phenotypes or health states.
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Some of the challenges of genomics are alleviated by metabolomics by identifying genes that
are effectively “active” and then creating a functional connection between the gene and the
health state. This has been demonstrated for a variety of traits in fairly healthy populations7,8
and profoundly illustrated in more severe genetic states9,10. PNAS recently published a study
conducted by Metabolon and Baylor College of Medicine, which combined the functional
measurement of metabolomics with whole exome sequencing (WES) of individual subjects11.
Metabolon’s technology successfully spotted underlying health issues that were previously
undetected or not highlighted in the genetic data, illustrating that information derived from
metabolomics was more precise than genetic information.

There is growing appreciation that complex illnesses such as diabetes, cancer, cardiovascular
and neurological diseases are caused by a combination of genetic and non-genetic factors.
Clinicians must take into account the impact of these factors to make an informed diagnosis.
Metabolomics reflects the influences of genes, diet, lifestyle, environment and xenobiotics to aid
in understanding gene function and how diseases originate. It also provides the biomarkers for
health assessment and customized therapy.

Metabolomics has emerged as a powerful technology for precision medicine by dissecting
underlying disease processes. This may set the stage for new ways to diagnose, monitor and
provide guidance for treatment.

1. Cooper, D.N., Krawczak, M., Polychronakos, C., Tyler-Smith, C. &
Kehrer-Sawatzki, H. Where genotype is not predictive of phenotype:
towards an understanding of the molecular basis of reduced
penetrance in human inherited disease. Hum Genetics 132, 1077-
1130 (2013).

2. Reed, L.K. et al. Systems Genomics of Metabolic Phenotypes in
Wild-Type Drosophila melanogaster. Genetics 197, 781-793 (2014).
3. Topol, E.J. Individualized medicine from prewomb to tomb. Cell
157, 241-253 (2014).

4. Beebe, K., Sampey, B., Watkins, S.M., Milburn, M. & Eckhart, A.D.
Understanding the apothecaries within: the necessity of a systematic
approach for defining the chemical output of the human microbiome.
Clin Transl Sci 7, 74-81 (2014).

5. Feero, W.G. Clinical application of whole-genome sequencing:
proceed with care. JAMA 311, 1017-1019 (2014).
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6. Dewey, F.E. et al. Clinical interpretation and implications of whole-
genome sequencing. JAMA 311, 1035-1045 (2014).

7. Shin, S.Y. et al. An atlas of genetic influences on human blood
metabolites. Nature Genetics 46, 543-550 (2014).

8. Suhre, K. et al. Human metabolic individuality in biomedical and
pharmaceutical research. Nature 477, 54-60 (2011).

9. Miller, M.J. et al. Untargeted metabolomic analysis for the clinical
screening of inborn errors of metabolism. Journal of Inherited
Metabolic Disease (2015).

10. Atwal, P.S. et al. Aromatic I-amino acid decarboxylase deficiency
diagnosed by clinical metabolomic profiling of plasma. Molecular
Genetics and Metabolism 115, 91-94 (2015).

11. Guo, L. et al. Plasma metabolomic profiles enhance precision
medicine for volunteers of normal health. PNAS 2015. Published
ahead of print Aug 17, 2015 — doi: 10.1073/pnas.1508425112.
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The Lancashire Clinical Research Facility is a dedicated unit for
the delivery of Early Translational (Experimental Medicine)
Research. Based at Royal Preston Hospital the Lancashire CRF
serves the local population of Lancashire and South Cumbria.
From 1% April 2017 the unit will be an official National Institute of
Health Research Clinical Research Facility, one of only a small
LANCASHIRE number of new NIHR CRFs awarded funding this year.

Clinical Research Facility
Uniquely the facility is a partnership between Lancashire Teaching Hospitals NHS Foundation

Trust, Lancashire Care NHS Foundation Trust and Lancaster University which brings together
both physical and mental health research expertise. Our aims and key objectives are to provide
a dedicated CRF to increase availability of experimental and early phase studies to our local
population particularly within with our key priority areas of Oncology, Dementia and
Neurosciences.

The facility has a variety of room spaces catering for all types of experimental medicine clinical
trials, including an overnight room with a dedicated wet room and ceiling hoist. We have an in
house sample processing room and a pharmacy dispensary to facilitate the smooth running of
clinical trials and an extensive range of modern medical equipment and technology designed to
maintain a high level of patient safety. We employ a team of highly specialised professionals to
ensure complex, clinical trials are delivered to a very high standard. We are keen to collaborate
and host studies from academia, pharmaceutical partners and other research active
organisations.

Please contact us for information. http://www.lancsteachinghospitals.nhs.uk/lancscrf
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m Find us on LinkedIn

Save the date!

Our 5" Annual Open Meeting will take

place in London on March 21°% 2018
#UKPGx2018
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