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ABSTRACT – Medicine has always striven to personalise or 
stratify approaches towards individual patients, but recently 
these terms have been applied particularly to denote improved 
disease sub-classification achieved through new genetic and 
genomic technologies. Techniques to analyse a person’s genetic 
code have improved in sensitivity exponentially over recent 
years and at the same time the cost of such analyses has 
become affordable to routine NHS care. This article highlights 
the significant opportunities that genomics brings to health-
care, as well as some of the practical and ethical challenges.
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Introduction 

The central role of the medical professional is to diagnose disease 
and provide advice on treatment. The physician does this as accu-
rately as possible and works with the patient to ensure that the 
choice of management fits with personal preferences and circum-
stances, and takes into account issues such as comorbidities, as 
well as physiological and psychological characteristics. Skilled 
clinical history-taking and physical examination remain essential 
as the basis of this activity, aided by investigations such as radio-
logical or biochemical tests. Technological advances over the past 
few decades mean that such investigations now can be refined, or 
even replaced in some cases, by the measurement of genetic or 
genomic biomarkers. The molecular characteristics of a disorder 
or the genetic make-up of an individual can fine tune a diagnosis 
and inform its management. These new capabilities, often termed 
‘stratified’ or ‘personalised’ medicine, are likely to have a pro-
found effect on the practice of medicine and service delivery. 

Genetic medicine, which uses genetic or genomic biomarkers 
in this way, has, until recently, been the province of a small 
minority of specialised physicians who have used it to diagnose 
or assess risk of inherited disease. Recognition that most disease 
has a genetic component, the development and application of 
new genetic tests to identify important disease subsets and the 
availability of cost-effective interventions mean that genetic 
medicine must be integrated more widely across healthcare serv-
ices. In order to optimise benefit equitably across the population, 

physicians and services need to be ready to change and adapt to 
new ways of working. 

This paper summarises the expected impact of emerging 
genomic technologies on health services, as well as some of the 
key challenges these technologies pose. 

The impact of genomic technologies on diagnosis 
and care

The increasing ease and speed of genome analysis, along with its 
rapidly decreasing cost, have increased knowledge of the genetic 
variations between individuals and their relationship with health 
and disease. Methods for DNA sequencing have seen massive 
transformations, and novel techniques will have far-reaching 
impacts on diagnostic abilities within the NHS. The recent 
House of Lords report on genomic medicine1 and the report of 
the Human Genome Strategy Group (HGSG)2 were predicated 
on the assumption that whole-genome sequencing would soon 
become relatively commonplace within medical practice and 
would transform investigations for a diversity of conditions – 
from infectious disease control to susceptibility testing for 
common diseases.

Next-generation sequencing technologies also enable diag-
nosis of single-gene disorders to be made more readily, particu-
larly when responsible genes are large or the conditions are 
genetically heterogeneous (that is, alterations may be in any one 
of a number of different genes). Currently, genes are often tested 
sequentially, so results can take many months and the cost may 
be prohibitive to NHS services. Techniques that allow several 
genes to be tested at the same time at significantly reduced costs 
will therefore have a major impact on diagnostic services. The 
tally on the international Genetests website by August 2012 
shows that it is now possible to test for almost 2,700 single-gene 
disorders.3 These tests have increasing utility, being linked to 
particular prognostic advice, preventive or treatment options, 
testing of relatives and prenatal testing to determine whether or 
not a condition has been transmitted to offspring.

Although single-gene disorders are individually rare, they are 
collectively common, affecting more than 3.5 million people 
(one in 17 of the population) in the UK;4 they often exist as 
subgroups of more common conditions and occur in most body 
systems. The child with developmental delay and the patient 
with diabetes, high cholesterol, a heart arrhythmia or deterio-
rating vision may each have an inherited condition. They must 
be diagnosed and managed by a physician who understands the 
condition, the different treatment approaches for subsets of 
the disease, the impact for relatives who may also be at risk (and 
the importance of identifying affected relatives) and the best 
forms of holistic management. The chronic and often severe 
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ment and surveillance. Molecular characterisation of tumours 
can be helpful in individualisation of cancer management, 
resulting in stratified treatment of cancer. 

Elucidation of the relatively rare single gene subsets of com-
plex disorders will have implications for different treatments, 
but the characterisation of genomic biomarkers in multifactorial 
conditions is also becoming more helpful in the stratification of 
populations to provide preventive options for certain subgroups. 
For example, the Collaborative Oncological Gene-environment 
Study (COGS), which is funded by the European Commission 
FP7, is exploring the effectiveness of integrating genetic and 
environmental data to improve risk prediction and to develop 
stratified prevention strategies for breast, prostate and ovarian 

nature of such conditions means that they also have a dispro-
portionate representation in terms of attendances at emer-
gency departments and hospital admissions.5 Table 1 provides 
examples of common presentations of diseases with a strong 
underlying genetic component, with examples of why molec-
ular diagnosis is important. In all cases, the relevance to family 
members will be a significant factor. A molecular diagnosis 
made in a young child may allow parents to consider prenatal 
or preconception options to avoid having a second affected 
child.

As well as delineating inherited components, genomic tech-
nologies can identify the genetic characteristics of acquired 
diseases, such as cancer, and thereby inform prognosis, treat-

Table 1. Common conditions and genetically predisposed subgroups.

Condition/disease/
presentation to mainstream 
clinical specialist

Genetically predisposed 
subgroup

Underlying genetic variation Importance of molecular diagnosis in 
management*

Arrhythmia/syncope/SCD •   Ion channelopathies (eg LQT 
syndrome)

•   Several different genes 
related to LQT syndrome that, 
if mutated, predispose to 
arrhythmias and SCD

•   Preventive treatments such as β 
blockers 

•   Implantable defibrillator

Breast cancer •   About 5% of all cancers will 
be in women with a mutation 
in BRCA1 or BRCA2 

•   BRCA1 and BRCA2 mutations •   Further preventive management for 
breast cancer and/or ovarian cancer 
(eg mammography or MRI prophylactic 
surgery of breasts and/or ovaries)

Bowel cancer •   About 5% of cancers will be 
largely due to inheritance of 
a mutation in BRCA1 or 
BRCA2

•   APC gene-related familial 
polyposis

•   Mismatch repair genes (eg 
MSH2, Mlh1)

•   Mutations in MYH (recessive 
inheritance)

•   Colonoscopic surveillance and removal 
of adenomas

•   Consideration of other at-risk organs 
(eg mammography or MRI; 
prophylactic surgery of breasts and /or 
ovaries)

•   Aspirin to reduce incidence of 
adenomas

Diabetes •   Maturity-onset diabetes in 
young people

•   Mutations in MODY gene •   Respond to treatment with 
sulphonylurea, so insulin treatment 
may not be necessary

High cholesterol/premature 
CHD

•   Familial 
hypercholesterolaemia

•   Young age of onset of high 
cholesterol

•   LDL receptor gene or 
apolipoprotein B gene

•   Treatment with statins, using high-
intensity statins as necessary 

Obesity •   Severe, early-onset obesity 
that may be associated with 
severe insulin resistance and 
other endocrinological 
disturbances

•   Genes involved in production 
of leptin, which is involved in 
regulation of appetite) and 
downstream pathways 

•   Stringent restriction of access to food 
in patients with monogenic obesity 
leptin treatment in some

Congenital deafness •   Usher’s syndrome •   At least 11 different genetic 
loci; recessive condition, so 
both parents need to be 
carriers

•   Recognition of Usher’s syndrome is 
important, as the child will also lose 
vision and so should have early 
intervention to enhance 
communication (eg cochlear 
implantation)

CHD � coronary heart disease; LDL � low-density lipoprotein; LQT � long QT; MRI � magnetic resonance imaging; SCD � sudden cardiac death.
*Includes consideration and communication of risk to family members or future family members. Molecular diagnosis allows cascade testing to take place to identify 
affected individuals and can reassure those who have not inherited the familial predisposition that they do not need interventions.
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reality for the integration of genetics into mainstream medicine 
to be successful.

In June 2011, clinicians from a wide range of specialties met at 
the Royal College of Physicians in London to discuss the chal-
lenges for diagnosing and managing inherited disorders as they 
present in mainstream medical practice. The meeting was organ-
ised and led jointly by the Joint Committee on Medical Genetics 
(JCMG), UK Genetic Testing Network (UKGTN), National 
Genetics Education and Development Centre (NGEDC) and 
PHG Foundation. Clinicians from 15 specialties were repre-
sented, together with clinical and laboratory geneticists, primary 
care physicians, commissioners and representatives of patient 
groups. The meeting particularly addressed the question of how 
excellent practice, developed in some centres and based on close 
working between genetics services and particular specialties, 
could be generalised across the full range of clinical specialties 
and the country as a whole. A report of this meeting was pub-
lished in June 2012.8 Delegates at the meeting agreed that major 
advances in understanding of inherited disorders within various 
areas of clinical medicine have been achieved through very close 
collaboration of clinicians and researchers with a special interest 
in inherited conditions. Throughout the country, such research 
has led to service developments, often in the form of ‘joint’ serv-
ices that integrate particular clinical areas with clinical genetic 
expertise. Work in inherited cardiac conditions, for example, 
showed that the specialist knowledge of the cardiologist in inter-
preting complex arrhythmias has to be complemented by the 
expertise of the geneticist in diagnosing inherited syndromes, 
interpreting genetic tests and dealing with the implications for 
family members. 

Evidence from reviews of specialised services in inherited car-
diovascular disease and ophthalmology has shown that the 
comprehensive services developed in a small number of centres 
are not replicated consistently throughout the UK and that 
major disparities exist in the volume and nature of provision.9 
Bridging the resulting service gap will be a major challenge for 
the professions and will require attention to professional educa-
tion; evidence-based commissioning; ethical, legal and social 
elements; communication; and patient engagement.

Education for clinicians must meet the needs of generalists, as 
well as those who will provide more specialised advice and care. 
Those with a subspecialist interest will be an essential compo-
nent of the multidisciplinary team looking after patients with 
inherited disease and must have an appropriate level of special-
ised knowledge, experience and ongoing clinical exposure. The 
subspecialty committees of the royal colleges with responsibility 
for education and training should take a professional lead in 
determining educational need and developing required resources 
and opportunities within their specialty training programmes.

The development and commissioning of new care pathways 
for inherited disease should take place as an integral part of pro-
vision within major disease programmes – for example, those 
concerned with cardiovascular disease, cancer, diabetes, renal 
disease, etc. Identification of those who should instigate such 
testing, and should therefore carry the clinical and financial 

cancer.6 The successful implementation of stratified prevention 
programmes will require the involvement of a wide range of 
physicians – from primary to specialist care.

The challenges

Effective implementation of genomics will test the healthcare 
system as a whole. The HGSG report2 and a recent report on 
whole-genome sequencing by the Foundation for Genomics and 
Population Health (PHG Foundation),7 an independent policy 
research organisation, outlined many of the challenges. These 
include the development of the necessary scientific evidence 
base that will support clinical interpretation of genomewide 
sequence data. This will require standardised databases of 
normal and pathogenic genomic variations linked to analytical 
tools that will facilitate clinical decision making and the develop-
ment of the necessary clinical bioinformatics expertise and 
infrastructure to enable clinical interrogation of genomic 
sequence data. This is no small task. Although research has been 
incredibly successful at identifying areas of the genome that may 
increase or decrease susceptibility to common conditions by, for 
example, a few percentage points, the interaction of these risk 
factors, whether they act multiplicatively or additively or are 
dependent on particular environmental or stochastic factors, 
still requires much research before clear clinical utility can be 
attributed. 

Challenges to the NHS include: the development of the appro-
priate laboratory configuration and capabilities; good practice 
guidance to ensure clear understanding between doctor and 
patient of what will be tested, what will not be tested and why; 
and the development of approaches that protect confidentiality 
while harnessing the ability of genetics to predict risks for rela-
tives as well as index patients. Clinicians will need to know when 
and how results from one person should be communicated to 
their relatives, how complex, potentially familial information 
can best be conveyed to ensure valid consent and how enduring 
such consent should be, given that multiple investigations can be 
applied to a small sample that is stable over many years. 
Furthermore, clinicians must remain sensitive to the fact that 
although some patients wish to know about their genetic inher-
itance, others do not, and some may choose not to have genetic 
testing at all. 

Perhaps the greatest challenge is to ensure the readiness of 
physicians to use these genomic technologies for maximum 
effect, so that genetic medicine is incorporated into mainstream 
specialties. For some clinicians, particularly those involved in 
clinical research, these advances are already a reality. However, a 
sizable majority do not yet recognise the relevance of genetics for 
their clinical practice, perceiving genetic conditions to be rare 
and untreatable. Maximising genomic opportunities also means 
being aware of their limitations: media portrayals that indicate 
that genetic information gives clear-cut answers are often unre-
alistic. Indeed, knowing one’s entire genomic sequence is not the 
crystal ball of our future that many hope it to be, and physicians 
will need to be more familiar with what is hype and what is 
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Developments in bioinformatics will need to evolve considerably 
before the identification of a particular combination of genetic 
variants in an individual will have clinical utility for them. 

Conclusion

Diagnosis and management of inherited disorders provides one 
very tangible example of stratified medicine – the tailoring of 
intervention to a particular molecular understanding of the dis-
ease in an individual and their family. There is little doubt that 
the landscape of diagnosis and management will change rapidly 
over the next 10–15 years, with genetic and other biomarkers 
increasingly used to aid decision making. Health services will see 
a rapid evolution of pathology requirements, which must be 
paralleled by development of individuals with skills to use these 
tests and interpret them intelligently for the good of patients and 
their families. The royal colleges should be at the forefront of 
these changes, advocating for the most effective service provision 
and leading and ensuring the highest level of professional 
development.
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responsibility, will vary in different clinical settings, but it should 
be based on testing criteria such as those produced by the 
UKGTN.10 

As the range of genomic tests increases, the cost decreases and 
the clinical utility improves, genetic testing will be undertaken 
by a widening group of disease specialists, who must understand 
how to use and interpret such tests to gain clinical utility for 
their patient. The physician should seek specialist advice on 
genetics as appropriate – for example, for recognition of syn-
dromes and for detailed assessment of patterns of inheritance or 
complexities in the use and interpretation of genetic tests. An 
important consideration in the commissioning of genetic serv-
ices is that measurement of their value is complex, involving 
more than their cost and resultant clinical interventions: for 
example, there may be clinical utility in providing information 
and contextualising anxieties about family history, and long-
term outcomes of surveillance measures are difficult to measure, 
particularly for relatively rare conditions, as is the impact of 
cascade (family-tracing) screening. A complex investigation in 
one person may result in accurate predictive tests in several rela-
tives, thus targeting interventions more efficiently. One person 
may use genetic testing to guide their medical management, but 
a relative may use it to influence reproductive decision making 
and avoid the birth of an affected child; these complexities not 
only require skilled professional interactions, but their cost 
effectiveness is difficult to measure. 

For diseases with a strongly inherited component, the manage-
ment of family members who may also be at risk poses significant 
challenges to 21st-century medical practice, which tends to treat 
individual patients and places a high value on individual consent 
and confidentiality. The question of what duties or obligations, if 
any, are owed to relatives, and by whom, will exercise physicians 
as genetics is integrated into mainstream clinical practice.11

The development of new commissioning guidance related to 
inherited disorders also comes at a time of maximum upheaval 
in NHS commissioning structures, with processes in place to 
transfer responsibility to a large number of clinical commis-
sioning groups and the NHS Commissioning Board (NHSCB) 
directly commissioning specialised services, including those for 
clinical genetics. It will be vital that commissioning arrange-
ments recognise the role of the specialty of clinical genetics in 
providing support to various other clinical specialties. It may be 
more difficult to ensure that the pathways for the main 
population-level programmes adequately incorporate the need 
to recognise and effectively manage important disease subsets, 
including inherited diseases. Clinical networks (set to be a fea-
ture of the new commissioning arrangements) must be formed 
to ensure that appropriate professional advice is given and 
should include mainstream clinicians with a special interest in 
inherited disease, as well as genetic specialists. 

Finally, both professionals and the public should have a real-
istic view of what is possible. Although the discovery of genetic 
risk factors in common diseases such as heart disease and cancer 
has led to important insights about disease mechanisms, the 
predictive power of individual genetic variants is often very low. 
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