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“the tailoring of medical treatment to the  

specific characteristics of each patient.
…..it involves the ability to classify  

individuals into subpopulations that are  

uniquely or disproportionately susceptible  

to a particular disease or responsive to a  

specific treatment”
quoted in Redekop and Mladsi 2013
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different levels (including  
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The Genome





1 human gene is roughly 27,000 base pairs long 
around 20,000 protein-coding genes

The Human genome has 3 billion base pairs
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The genome is like a cookbook with 2 x 23 Chapters

Each chapter has 48-250 million letters (C,G,T,A),  
without spaces

The book has >3.2 billion letters  

There are > 20,000 different recipes (genes),
but these make up < 2% of the letters

The whole book fits into a cell nucleus,
< the size of a pinpoint
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SNPs; Single Nucleotide Polymorphisms



GWAS; Genome-Wide Association Studies
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IMPRECISIONMEDICINE
For every person they do help (blue), the ten highest-grossing drugs in the  
United States fail to improve the conditions of between 3 and 24 people (red).

2. NEXIUM(esomeprazole)
Heartburn

1. ABILIFY(aripiprazole)
Schizophrenia

4. CRESTOR(rosuvastatin)
High cholesterol

3. HUMIRA(adalimumab)
Arthritis

6. ADVAIR DISKUS (fluticasone propionate)
Asthma

5. CYMBALTA(duloxetine)
Depression

7. ENBREL(etanercept)
Psoriasis

8. REMICADE(infliximab)
Crohn’s disease

9. COPAXONE(glatiramer acetate)
Multiple sclerosis

10. NEULASTA(pegfilgrastim)
Neutropenia

Based on published number needed to treat (NNT) figures. For a full list of references, see Supplementary Information at go.nature.com/4dr78f.

from Schork, N  
Nature, 2015

for every person they help,

the 10 highest-grossing  
drugs in the USA

fail to improve  
the conditions of

between 3 and 24 people
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Personalised?
Precision?
Stratified?



Precision Medicine

Vanya Loroch, 2017



Precision Medicine
• a precise diagnosis
• the right drug
• at the right dosage
• at the right time
• for the right patient
• at the right price

Vanya Loroch, 2017



With  
more detailed

diagnosis  
comes the need for

a new taxonomy
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1979-98 1999-now



Type OMIM Gene/protein
MODY 1 125850 hepatocyte nuclear factor 4𝜶𝜶

MODY 2 125851 glucokinase

MODY3 600496 hepatocyte nuclear factor 1𝜶𝜶

MODY 4 606392 inulin promoter factor-1

MODY 5 137920 hepatic nuclear factor 1𝝱𝝱

MODY 6 606394 neurogenic differential 1

MODY 7 610508 Kruppel-like factor 11

MODY 8 609812 Bile salt dependent lipase

MODY 9 612225 PAX4

MODY 10 613370 INS

MODY 11 613370 BLK

Permanent neonatal DM 606176 KCNJ11 and ABCC8

Transient neonatal DM 601410,610374, 610582 ABCC8

1979-98 1999-now
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Figure3: Cumulative excess of genetically defined cases of type 1 diabetes occurring throughout the  
first sixdecades of life
58% (749/1286) of type 1 diabetes cases were diagnosed when individuals were aged 30 years or younger;  
42% (537/1286) were diagnosed when individuals were aged 31–60years.

Thomas, NJ et al
Lancet Diabetes Endocrinol 2018; 6: 122–29
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Genetic Testing to Guide Treatment in Cancer

•Philadelphia Translocation in Chronic Myeloid Leukaemia
• treatment with imatinib doubled survival rates

•Tumour cells carrying mutated EGRF gene (and not a mutated  
KRAS gene) in colon cancer
• improved survival with cetuximab
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PCSK-9* and hypercholesterolaemia
a few patients were identified with very low blood LDL  

cholesterol levels, without having changed their lifestyle

these individuals had a ‘loss of function’ mutation in the gene PCSK9

monoclonal antibodies developed to inactivate PCSK9 in the liver.  

treat patients with statin-resistant hypercholesterolaemia

* Proprotein Convertase Subtilisin Kexin 9



-



Biomarkers
“any substance, structure or  

process that can be measured in  
the body or its products and  

influence or predict the incidence  
or outcome of disease”
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diagnostic  
(genetic)  

test

responders for Drug A

non-responders for Drug A

severe side effects predicted

monitoring  
biomarker

blood sugar  
HbA1

creatinine  
cholesterol  

troponin
specific antibodies

circulating tumour DNA  
etc.



Bioinformatics







Technology Interoperability

Security Trust



9th May 2016



The Guardian 30 December 2017



The Guardian 3rd July 2017



Elizabeth Denham, Information Commissioner

“the price of innovation didn’t need  
to be the erosion of legally ensured  

fundamental privacy rights”



Biobanks







terms  
&

conditions



100,000 Genome Project
to create an ethical and transparent programme based on consent;
to bring benefit to patients and set up a genomic medicine service for the NHS;  
to enable new scientific discovery and medical insights;
and to kick start the development of a UK genomics industry.

2012

rare diseases and cancer
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the data are valuable to us all

that value must not be lost  
because of breaches of trust
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How can we study therapies  
aimed at small populations?

DRUG A DRUG B DRUG C DRUG D



Nikolas Rose 2010

“the genomic information allows the population to  
be divided into groups with different probabilities  
of responding to particular types of medication or  
developing an adverse reaction—one group has a  
high probability, another a lower probability, but  

for neither group is there certainty”



treatment specific to an  
individual



Modifying 
the patient’s
OWN cells

chimeric antigen receptor T-cell therapy
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chimeric antigen receptor T-cell therapy

CAR-T

ICU
Side effects  

Cost

£288 - 360,000
per administration



Can we afford  
precision medicine?
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Potential Savings

• more accurate diagnosis (fewer patients per  
treatment)

• no drugs for non-responders

• avoidance of predictable side-effects

• improved outcome (less burden of disease)
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Potential Additional Costs
• costs of diagnostics/biomarkers

• population screening

• complex IT

• data security/confidentiality

• drug development and pricing



Diagnostics is not a Money-Spinner

Cheap Diagnostics and Expensive Drug

diagnostic  
(genetic)  

test



(http://csdd.tufts.edu/files/uploads/Tufts_CSDD_briefing_on_RD_cost_study_-_Nov_18,_2014..pdf)

the average pre-tax industry cost per new prescription drug approval  
(inclusive of failure and capital costs)

£1.87 billion

http://csdd.tufts.edu/files/uploads/Tufts_CSDD_briefing_on_RD_cost_study_-_Nov_18,_2014..pdf)
http://csdd.tufts.edu/files/uploads/Tufts_CSDD_briefing_on_RD_cost_study_-_Nov_18,_2014..pdf)




7.1% approval rate over 12y



Orphan Drugs
Agents that are not developed by the pharmaceutical  
industry for economic reasons, but which respond to a  
public health need.

The indications for such a drug may also be considered  
as ' orphan ' since a substance may be used in the  
treatment of a frequent disease but may not, previously,  
have been developed for another, rarer, indication

www.orpha.net

http://www.orpha.net/


http://blogs.sciencemag.org/pipeline/wp-content/uploads/sites/2/2015/04/RD-trend.png

From Derek Lowe, ‘EROOM’s law’  
Science Translational Medicine, 8th March 2012

http://blogs.sciencemag.org/pipeline/wp-content/uploads/sites/2/2015/04/RD-trend.png
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From Derek Lowe, ‘EROOM’s law’  
Science Translational Medicine, 8th March 2012

the cost of developing a  
new drug DOUBLES  

roughly every nine years.

http://blogs.sciencemag.org/pipeline/wp-content/uploads/sites/2/2015/04/RD-trend.png
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A Market Problem

high  
development  

costs

expensive  
diagnostics/  
biomarkers

market  
test and drug

together

re-market  
old drugs with

new test



A Market Problem

small market

high IT and  
regulation  

costs



A Market Problem

small market

high IT and  
regulation  

costs

simplify regulation
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• What use is the sample going to be put to? Was the donor asked?

• Will there be secondary uses of the samples, and can they be sold  
on? What shows be the contract Ts & Cs?

• Do you need to re-consent for secondary use or sale and if so how  
do you find the donor?

• Can the donor change their mind and, if so, should their samples  
be destroyed? Who can authorise destruction?

• What information (how much and how often) should be fed back to  
the donor?
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Ethical Issues and Biobanks
• What if secondary testing turns up something important re risk  

or disease? Is there a duty of candour?

• If a family trait is identified, should the family be told? What  
shows be the contract Ts & Cs?

• What if data are lost, stolen, hacked or exploited? What rights  
should the donor have?

• What if the bank crosses international boundaries? Whose  
regulatory authority trumps the others?



Who OWNS the data?



http://www.seattleorganicrestaurants.com/vegan-whole-food/Angelina-Jolie-supreme-court-BRCA-gene-patents-Myriad-
Genetics.php

http://www.seattleorganicrestaurants.com/vegan-whole-food/Angelina-Jolie-supreme-court-BRCA-gene-patents-Myriad-
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All nine Justices on the Supreme Court agreed that  
THE SEGMENTS OF DNA THAT MAKE UP HUMAN GENES

ARE NOT PATENTABLE SUBJECT MATTER

Universal Declaration on the  
Human Genome and Human Rights





“My dream is that by including all
peoples  

reading

in understanding and  

the genetic code we will

realise that all of us belong in one

big global family – that we are all

brothers and sister. Wow!”











“Find me all the people  
with….”





Access to Treatment



Nikolas Rose, London School of Economics, 2013

“The focus of all this activity is on the  
diseases of affluence

and not on the conditions that ail most people  
on our planet, curtailing their life expectancy  

and bringing them to an early death”







TRUST
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DOI: 10.1038/s41467-018-03202-2 OPEN

NATURE COMMUNICATIONS | (2018)9:827

Gene-by-environment interactions in urban  
populations modulate risk phenotypes
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ARTICLE
DOI: 10.1038/s41467-018-03202-2 OPEN

NATURE COMMUNICATIONS | (2018)9:827

Gene-by-environment interactions in urban  
populations modulate risk phenotypes
Marie-Julie Favé1,2, Fabien C. Lamaze1, David Soave1, Alan Hodgkinson2,3, Héloïse Gauvin2,4, Vanessa Bruat1,2,  

Jean-Christophe Grenier 1,2, Elias Gbeha1, Kimberly Skead1, Audrey Smargiassi5, MarkeyJohnson6,

Youssef Idaghdour7 & PhilipAwadalla1,2,8,9

Our findings demonstrate how the local environment directly  
affects disease risk phenotypes and that genetic variation,  
including less common variants, can modulate individual’s  

response to environmental challenges.
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Good Thing > Bad Actors

Personalised/Precision Medicine



WITH SPECIAL THANKS

This was a tough topic for a surgeon.

It didn’t exist when I graduated, and much of the basic  
science now taught at medical school passed me by.

I could not have written this without the help of these great  
colleagues and advisors;



Thank You

@profmjelliott
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