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We have seen remarkable progress in the management of cancer. More than half of cancer
patients can now expect to achieve long-term survival and cure in the UK, and slightly more in
countries with the very best cancer outcomes. This progress, however, has been achieved at the
cost of toxicity for cancer patients and financial cost to their healthcare economies. Oncology has
historically been an imprecise medical discipline that has relied heavily on empirical evidence.
We generally have not been able to predict with accuracy which patients will benefit and which
have the best chance of cure. Treatments are associated with toxicity as well as efficacy because
we cannot precisely target the cancer. Our choice of treatment has been determined by historical
probabilities and clinical characteristics because we generally lacked the means to test a cancer to
determine which treatments will work and which will not. This background makes the advent of
precision medicine as precision oncology especially exciting for cancer patients and cancer
professionals. The dramatic advances that we have seen in our knowledge of the fundamental
biology of cancer, genomics, the transcriptome and other aspects of the phenotype are now
genuinely informing the tests that tell us how a cancer is likely to behave, and the treatments that
we can use to influence that behaviour. 

Discussions of precision oncology are often couched in highly scientific terms, bringing
molecular biology, molecular genetics, proteomics and sophisticated imaging to bear on the
diagnosis, prognosis and selection of treatment for a cancer. The challenges to delivering
precision oncology, however, lie not only at the cutting edge of modern science but also in the
way we provide cancer care and how we organize ourselves to do so. We need to communicate
effectively with patients in order to personalize their care and provide them with clear choices.
Organization and logistics are important themes in precision oncology. We have a growing
portfolio of molecular tests to determine the behaviour of a cancer and to predict its response to
therapy. We need to look carefully, however, at how they can be deployed in a hard-pressed
healthcare system to bring benefits to the maximum number of patients, in the quickest time,
and in the most cost-effective way. We need to be careful that the intuitive appeal of molecular
testing to guide therapy does not lead us to exaggerate the potential benefits, and keep a clear-
eyed view of the evidence.

This most recent book in the Association of Cancer Physicians’ prize-winning Problem Solving
series seeks to bring out in an accessible way the potential of precision oncology and its challenges
and pitfalls. Fifteen chapters are written by leading authorities in the field to give an overview of
the development of precision oncology at a molecular, clinical and patient-centred level. The 21
individual case histories are then used to illustrate how precision oncology can and should be
woven into the practice of cancer medicine and the organization of healthcare services. The
approach is broad and inclusive and covers all currently topical aspects of precision oncology.
This is a fast-moving field and the principles that are described will be enduring, although the
individual tests and the individual treatments are likely to evolve rapidly in the coming decade. 

Preface
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Precision oncology offers to patients the prospect of more effective treatments and the
avoidance of unnecessary toxicity from treatments that do not work. Patients and patient
advocates see this as a vitally important goal for oncology. The potential for improving the well-
being and outcomes of treatment for cancer patients through precision oncology, and the
challenge of delivering it effectively and quickly, are immense.

Ellen R. Copson, Peter Hall, Ruth E. Board, Gordon Cook and Peter Selby, Editors
Johnathan Joffe, Chairman, Association of Cancer Physicians

Peter W.M. Johnson, Chief Clinician, Cancer Research UK

Prefacexiv
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R-CHOP Rituximab, cyclophosphamide,
doxorubicin, vincristine,
prednisolone

R-CODOX-M Cyclophosphamide, vincristine,
doxorubicin, methotrexate,
cytarabine, rituximab

RCT Randomized controlled trial

RFS Recurrence-free survival

R-IPI Revised International Prognostic
Index

R-IVAC Rituximab, ifosfamide, etoposide,
cytarabine

RTK Receptor tyrosine kinase

SAA Serum amyloid A

SCC Squamous cell carcinoma

SHH Sonic hedgehog

SLAMF7 Signalling lymphocytic activation
molecule F7

SNP Single nucleotide polymorphism

STAT3 Signal transducer and activator of
transcription 3

SYK Spleen tyrosine kinase

TB Tuberculosis

TdT Terminal deoxynucleotidyl
transferase

TGCT Testicular germ cell tumour

TGF Transforming growth factor

TKI Tyrosine kinase inhibitor

TNF Tumour necrosis factor

TNT Triple-negative tumour

TTF-1 Thyroid transcription factor 1

VAF Variant allele frequency

VEGF Vascular endothelial growth factor

VEGFR Vascular endothelial growth factor
receptor

VHL von Hippel–Lindau

VUS Variant of unknown significance

Wnt Wingless/Int-1
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15 Ethical Issues in Precision
Oncology/Cancer Genetics

Angela Fenwick, Anneke Lucassen

Introduction
Precision medicine promises treatments that are tailor-made to the individual. An individual’s
genetic make-up, or the particular genetic changes in the cancer they have, may allow targeting
of treatments to individual genomic variations. Such precision tailoring has been made more
affordable and feasible by the advent of new, rapid genomic technologies such as whole genome
sequencing. These new technologies bring a sea change in medicine, but they also bring ethical
challenges. Whilst none of these is unique to genomics, there are some that merit special
attention as the technical advances continue at an astounding pace.

In this chapter we outline some key issues and some of the questions raised by new genomic
technologies. In particular, we focus on some of the familial tensions that may arise from
germline genomic information; genomic information from analysis of the tumour itself does not
generally raise these issues.

Confidentiality
Germline genomic information is to some extent both familial (i.e. it is information shared by,
and therefore of potential relevance to, other family members) and personal to an individual.
Much like in the medical management of infectious diseases, there may be times when healthcare
professionals want to alert relatives to the risk they have discovered in an individual. This may
never be a problem if individuals are willing to share relevant information with family members,
and do so effectively. An example might be the discovery of a BRCA1/BRCA2 mutation in one
person, which confers a high risk of cancer: issues can arise if a patient is not willing, or able, to
share the information with relatives, or where a healthcare professional has information but is
unsure whether relatives are aware of their risk.

Although UK General Medical Council guidance gives genomic information as one example
where confidentiality is not absolute and where it may be appropriate to share information
without consent with at-risk relatives, there are still many situations in which professionals may
be very unsure as to what their responsibilities to family members are; for example, with whom
should the onus lie for such communication? When should healthcare professionals feel obliged
to inform others, or even to breach their patient’s confidentiality? Given that different inherited
mutations may result in different lifetime risks of cancer, what level of risk would sway the
balance? Do healthcare professionals have more of a responsibility to ensure the information is
communicated when there are surveillance or treatment options that could potentially prevent
harm to at-risk relatives? Furthermore, do family members have a right to know that they are at
risk even if no interventions are available? If they do, who has an obligation to ensure this right
is realized?

Traditional approaches to patient care, which view confidentiality as a principle applicable to
individuals, can raise difficulties for healthcare professionals when they know the information
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(potentially) applies to more than one person. Arguably, this situation may be reinforced if
genomic medicine is described as ‘personalized’ medicine. One way around this tension might be
to distinguish genomic and clinical information, even though the two may be closely related; for
example, clinical information about an ovarian cancer is individual, whilst the inherited gene
mutation that predisposes is familial. If genomic confidentiality is viewed at a familial, rather
than an individual, level it is possible to start with the premise that information should be shared
with at-risk relatives unless there are compelling reasons not to do so. This is the reverse of the
individualized approach, where the default position is that information should be held in
confidence unless serious harm can be prevented by breaching such confidence. Information
may be able to be shared (‘there is an inherited tendency of breast cancer in your family’) without
revealing personal information (‘Jane has breast cancer’), even if, as a consequence, inferences
between the two could be made.

Incidental findings
The possibility of genetic tests revealing incidental findings (not related to the original reason for
the test) is not new, but, with the advent of whole genome sequencing, its likelihood is increased
and, indeed, depending on the level of interrogation of a genome sequence, incidental findings
may come to be seen as expected rather than unexpected. Incidental findings range from risk
factors with varying degrees of evidence, or available intervention, to certain predictions or
diagnoses. Some may only be confirmed after additional testing, following which they may still
have uncertain clinical significance. They can complicate consent and disclosure practices; for
example, to what extent can patients give valid consent to a test if they do not have detailed
information about what the test might reveal, and when should findings then be disclosed?

The debate about incidental findings has often assumed that the finding itself is clear and
highly predictive, but currently much genomic information is often far from this, raising
questions about how high the risk, or how certain the risk, needs to be before such information
should be communicated to patients. The ‘fully informed consent’ mantra of recent years is not
realistic in genomics, so what type of consent is possible and acceptable? Some have suggested
consent to broad categories of findings, such as those with ‘clinical utility’, but this type of
approach also has problems, as patients and professionals may disagree as to what this
constitutes. Furthermore, if a decision is made not to disclose information that has no currently
known clinical utility, should healthcare professionals have an obligation to follow up patients
and disclose at some future point if the information is found to have utility?

Testing children
Genetic testing of children might be undertaken to diagnose and treat inherited cancers that
manifest in childhood, but whole genome sequencing may also predict risks of cancer with an
onset in adulthood. Determining adult-onset risks in children, before they are able to decide for
themselves whether and when they wish to know about their inheritance (about which nothing
can be done until adulthood), raises its own ethical concerns. There is well-established
professional consensus that unless testing has current medical benefit, or is in the child’s best
interest, it should be deferred until a child is old enough to make his or her own decision about
whether and when testing should be done.

Predictive information about adult-onset cancer predispositions is more likely to be revealed
from whole genome sequencing than from targeted genetic testing. For example, in a child who
has whole genome sequencing for current unrelated problems, it might reveal an adult risk of
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breast cancer. Should the result be disclosed to parents or kept somewhere for the child to access
in the future? Who has responsibility to follow up the future adult, if and when the information
has clinical utility? Given recommendations to delay testing for adult-onset conditions, should
such risks always be excluded from the analysis in the first place? But what if this type of result
could prevent harm to an adult family member from whom the child has inherited the condition?
Some have argued that the potential disadvantage to the child is offset by the advantage to the
parent who may not yet be aware of his or her own risk.

Prenatal and preconception screening
Genomic testing is also possible before birth: during pregnancy, before implantation or even
before conception. In families with strongly inherited cancer predispositions, pre-implantation
genetic diagnosis is sometimes requested so that difficult decisions about termination of an
affected pregnancy can be avoided. The costs and success rates, and the fact that some inherited
predispositions have a less than full penetrance, mean, however, that these remain difficult
decisions for individuals or couples.

Prenatal genomic tests may provide diagnostic information about abnormalities (e.g. high-risk
cancer genes detected in a pregnancy). The broader the testing the greater the possibility of
finding variants in a fetus where the health risk is uncertain, raising similar questions, as with
incidental findings, about valid consent. Women who undergo broad prenatal testing will receive
information about the fetus which they may want to use to make decisions about terminating a
pregnancy. They may be faced with information that gives the fetus an increased risk of cancer,
but it may be hard to know what to do with this information, especially if the earliest onset is not
until adulthood. Alternatively, the information may be difficult to interpret or is easily
misunderstood (e.g. being seen as having more predictive power, and so more anxiety provoking,
than is the case), leading to unnecessary terminations of pregnancy. Other ethical issues include:
what should happen to the information and to whom should it be disclosed, and when? How
should it be stored for future use, and can current health systems cope with such long-term
storage and recall?

More generally, systems will need to be set in place for referral to the appropriate specialists, at
the right time, especially if the genomic test is instigated by a professional who has little expertise
in the particular genomic finding (such as a community paediatrician discovering an adult-onset
bowel cancer predisposition).

Conclusion
Precision medicine using genomic technologies hails advances in diagnosis and
treatment in a range of cancers. At the same time, the technological advances leave in
their wake ethical issues that require further careful consideration if the promises of
these advances are to be realized.
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