


PERSPECTIVES

Table 1 Examples of genetic testing for inherited cancer syndromes these risks, women with BRCA mutations
. o could be offered prophylactic surgery,
Cancer syndrome Gene(s) riI\S/Igor cancer f?rfg:enr major clinical References ovarian cancer screening with ultrasound
- - e and the ovarian cancer marker CA-125,
Hereditary breast ~ BRCA1, Breast, ovarian 1 andthe early initiation of mammography

or ovarian cancer  BRCA2 . . . S
screening; these interventions were initially

Li... Fraumeni P53 Soft-tissue 2 suggested on the basis of expert opinion
syndrome zgtrggrsna?éoma because data were lacking on the degree of
breast, ' protection they provided. In addition, little
leukaemia, was known about the psychological seque-
adrenal cortex, lae of BRCA testing, or the potential for
brain employment or insurance discrimination
Cowden disease  PTEN Breast, non- Characteristic 8 on the basis of test results. Because of the
medullary mucocutaneous limited evidence about medical and social
g%glr?wétrial SRR outcomes, many experts called for more
i : research, and for caution in the clinical use
Multiple endocrine  RET Medullary Phaeochromocytoma, 4 LiBRCA testing e
neoplasia type 2 thyroid hyperparathyroidism .
(MEN2) Subsequent population-based research
Familial APC,MYH Colorectal, other Adenomatous 5 indicates lower average risks than initially
adenomatous ' gastrointestinal  polyposis estimated, for example, the average breast
polyposis (FAP) cancer risk is now estimated to be 65%
Hereditary non- MLH1,MSH2,  Colorectal, 6 for women WIthBR.CAI mutations .and
polyposis colon MSH6 endometrial 45% for women witlBRCA2 mutations’.
cancer (HNPCC) Perhaps more importantly, the risk seems
Juvenile polyposis MADH4, Colorectal, other Juvenile 5 _to be highly variabié Some varlatlt_)n
BMPR1A gastrointestinal  harmartomatous is accounted for by the different clinical
polyposis effects of mutations that occur in different
Peutz...Jeghers  STK11 Colorectal Mucocutaneous 5  regions of theRCA1 andBRCA2 gene§’2’
syndrome pigmentation, In addition, a growing body of research is
harmartomatous identifying genetic and non-genetic modi-
polyposis fiers of the cancer risk associated with BRCA
See GeneTests (www.genetests.org) for a comprehensive listing of currently available genetit3estsited mutationgs.

references in text for a detailed descriptions of clinical findings. Knowledge of the appropriate care

for women with BRCA mutations is also
test results to inform prevention or cancer make good judgements about test use. Keyevolving. Over the first decade of test use,
management. The level of risk prediction questions, incorporating the principles of  a strong protective effect has been found

that is deemed clinically relevant will beneficence and non-maleficenpaLE 2), for prophylactic surgery; conversely, ovar-

depend on the particular cancer risk and thpertain to the predictive value of the test, ian cancer screening has not proved to

nature of the available interventions. the benefit provided by interventions that  be beneficidt. In the same time frame, a
Four principles of medical ethics are are associated with a positive test result, thenew screening strategy, breast magnetic

commonly used to describe the components availability and acceptability of the interven-resonance imaging (MRI), has emerged as
of ethical practiceTaBLE 2); other methods tions, and the possible harms posed by the a more sensitive technique than mammog-
of ethical analysis provide further insitfit knowledge of risk or by the interventions  raphy for detecting early-onset breast can-
(TABLE 2). We use this ethical frameworkto  used to reduce risk. When evaluation indi- ce?, and is increasingly recommended as
identify obligations within the health-care cates that a test has clinical value, cliniciangart of the screening programme for high-
system that result from the integration of can-then need to incorporate the test into their risk women? In addition, several studies
cer genetics into clinical practice, including theractice. Three obligations flow from these have demonstrated that the psychological

rigorous evaluation of new tests; the identificazoncerns effects on individuals of knowing their

tion of individuals who are appropriate candi- BRCA-related risk status are more moder-

dates for testing; the development of method€nsuring adequate evaluation. Genetic ate than anticipated, especially against the
for family-based detection of individuals at  test evaluation is potentialipmplex, as background psychological effects of living

risk; the delivery of services in a manner thatillustrated by our evolving knowledge of  in a family at high risk for breast or ovarian
respects individual preferences; and the assuBRCA mutations. Mutations in theRCA 1 cancef®. Taken together, these data provide
ance of adequate access to genetic services.gene were first identified in the early 1990sincreasing justification for expanded
These obligations, in turn, help to define the in unusual families who were selected for BRCA testing. For example, the testing of
actions that are needed to ensure appropriatehe presence of multiple cases of ovarian women with early-onset breast cancer is
genetic test evaluation and use. and/or early-onsebreast cancét Based on often recommended even in the absence
these initial findings, women witBRCA 1 of a family history of cancer, because the
Providing benefit and avoiding harm mutations were estimated to have an 85% likelihood of a BRCA mutation, although
Before incorporating genetic tests into prac-risk of breast cancer and a 44% riskwvafr-  modest, is well above the risk in the general
tice, clinicians need sufficient information toian canceby age 7(Rer. 13). To manage populatior?*.
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Table 2 Ethics in oncology practice

Principle Definition

Beneficence The primary goal
of medical care:
to provide benefit
through appropriate
health care

Avoidance of
harm; reflects the
understanding that
most therapeutic
innovations involve
risks as well as
benefits

Non-
maleficence

Autonomy Respect for patient
preferences,
incorporates
informed consent
and education

as a necessary
component of
autonomous
decision-making

Justice The equitable
distribution of the
benefits and risks of

health care

In making judgements about the use
of genetic tests ,, and in particular, about

Oncology

example

Improved outcomes
that derive from
early detection and
effective treatment
protocols

Measures to
minimize the
adverse effects of
chemotherapy

The patientes
opportunity to
choose between
the risks and
benefits of different
cancer treatments
with comparable
outcomes, or to
decline therapy

Efforts to ensure
access to cancer
screening for low-
income patients

Further considerations

Beneficent care must be
individualized to the patientss

life circumstances, expectations
and values, and often extends
beyond the medical outcomes of
treatment®

Harms of treatment can be
difficult to measure; harms
such as the adverse social or
economic sequelae of therapy
might be neglected in traditional
evaluations of medical theragy

Ensuring patient autonomy in
medical decision-making requires
attention to power and societal
context, as well as recognition

of the patientes position within

a set of familial and social
relationshipg®

The equitable distribution of
health care involves balancing the
claims of individual rights against
the responsibilities of membership
within a community**2

changes to reduce cancer risk ,, includ-

ing adherence to cemmended medical
management ,, seems to be influenced by
personal and cultural factors that are poorly
understood***The effective study of these
issues will be essential to achieving the
promises inherent in cancer genetics.

Identifying candidates for testing. As

evidence for the benefits of genetic testing
accumulates, clinicians will have an increas-
ing responsibility to ensure that appropriate
individuals are tested. For example, approxi-
mately 25% of cases of medullary thyroid
cancer (MTC), a rarényroid cancewith a
high mortality rate, are due to the inherited
condition multiple endocrine neoplasia type
2 (MEN2) (ReF. 4). Testing for mutations in

the RET gene can identify most patients

with MEN2 who have presented with MTC,
providing two benefits: the patients with
MTC who have been diagnosed with MEN2
can be monitored for other complications of
the disorder, including phaeochromocytoma
and hyperparathyroidism, and relatives

can be tested to determine whether they
have inherited the conditidnFor family
members with MEN2 but no diagnosed
MTC, prophylactic thyroidectomy is used to

ovarian cancer risk might ultimately influenceprevent MTCREF. 34).
decision-making about oophorectoffiy?

To make the best use of advances in

when to expand test use from rare high-riskSimilarly, tamoxifen seems to reduce breast genetic knowledge, clinicians must be able to

families to more general clinical use ,, clini- cancer risk for women witBRCA2 mutations

cians need to consider the nature and qualityut might not for those witBRCA1 muta-
of the evidence. For example, the highest tions'®23 In addition to tailoring care to an
quality evidence, a randomized controlled individual womares risk, further study of the nities for genetic testing. In the case of early-

trial, is neither available nor ethically accepteffects of different BRCA mutations and of

able in the evaluation of oophorectomy. modifying factors might lead to new preven- most frequent cause of inherited risk, but

recognize potential genetic risk. This chal-
lenge is increasing, as growing knowledge
about cancer genetics leads to more opportu-

onset breast cancer, BRCA mutations are the

Nevertheless, the accumulating evidence tion opportunities, some of which could be P53 testing is appropriate if a family history

about BRCA-associated ovarian cancer
risk and the efficacy of oophorectomy in

specific to the BRCA genotype.
Research focused on questions that will present®, andPTEN testing if facial or pal-

of sarcomagukaemizor brain tumoursis

prospective non-randomized observational influence clinical management should pro- mar harmartomas are preséfit®*4TaBLE 1).
studied!, together with the lack of effective ceed as efficiently as possible and ideally inMore genetic tests will be forthcoming as

screening strategies for early detection, havelinical rather than research settiffgSome

lowered the threshold for testing. In this outcomes are difficult to study, such as late contributors to early-onset breast cancer.

research confirms other gene mutations as

example, as in many other areas of practiceglinical endpoints and social outcomes. In  Similarly, several causes of inheritetb-
clinicians must make judgements that are particular, little is known about the personalrectalcancemust be considered when can-
based on the best available evidence, ofteneffect of knowledge about oness own future cer occurs early or in the context of a family
extrapolating from limited evidence to esti- cancer risk, and what happens when othershistory of cancéf*>3¢gox 1).

mate the risks and benefits for patients. Theyave access to the risk information. Burdens
must also take into account the particular

such as anxiety about cancer need to be

context, needs and preferences of the indi- taken into account in evaluating genetic-

vidual patient

susceptibility information, and more rigor-

In addition to identifying candidates for
testing, clinicians should avoid testing those
who are unlikely to benefit. For example, the
US Preventive Services Task Force recom-

The care of women with BRCA mutations ous assessments of genetic discrimination mends against population-based BRCA
is currently based on the presumption of a are needed to evaluate anecdotal cases andesting because of several potential risks,

uniformly high breast and ovarian cancer
risk. Ongoing research is likely to improve

self-reports of this probleth-2 particu-
larly given the lack of documented instancedurdens that derive from the identification

including overdiagnosis, overtreatment and

care and potentially result in a more individu-of health insurers using genetic test results iof a gene variant of unknown significafice
alized risk approach. For example, a better underwriting decision.
understanding of the effect of specific BRCA  Similarly, the conceptualization of risk

mutations and other modifying factors on

and its potential to motivate behavioural

In the face of rapidly evolving knowl-
edge, choosing the right test requires both
expertise and clinical acumen. Health-care
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Box 1 | eading causes of inherited colorectal cancer

Familial adenomatous polyposis (FAP)
¢ Characterized by polyposis (>100 colon polyps) and an ~100% lifetime risk of colorectal cancer;
cancer occurs at a mean age of 39 (REFS 5,35).

e Usually caused by autosomal dominant mutations in the adenomatosis polyposis coli (APC)
tumour-suppressor gene. Test sensitivity is 80-90%; specificity is assumed to be high. Other
causes of polyposis include autosomal recessive mutations in the MYH gene, and other rare
syndromes®** (TABLE 1).

© Other cancer risks include: small bowel, stomach, pancreas, thyroid, CNS, liver, bile ducts and
adrenal glands**.

* Recommended management: subtotal colectomy®*.

Attenuated familial adenomatous polyposis (AFAP)
 Characterized by multiple polyps (average 30) and an increased risk of colorectal cancer; cancer
occurs at a mean age of between 50-55 (REFS 5,35).

* Might occur as the result of autosomal dominant mutations in the APC gene or autosomal
recessive mutations in the MYH gene®*.

* Recommended management: frequent colonoscopy or subtotal colectomy, depending on the
number of polyps>**.

Hereditary non-polyposis colon cancer (HNPCC)
* Characterized by a lifetime risk of colorectal cancer of ~80%; cancer occurs at a mean age of 44
(REFS 6,35).

e Usually caused by autosomal dominant mutations in a mismatch repair gene (most commonly
MLH1, MSH2 or MSH6)>%.

© Other cancer risks include the endometrium, ovary, renal pelvis, ureter, pancreas, stomach, small
bowel and hepatobiliary tract®*.

* Microsatellite-instability (MSI) and/or immunohistochemistry (IHC) testing of colorectal tumour
tissue is used as an initial screen for HNPCC, followed by genetic testing if the screen is positive.
MSiI testing is estimated to have a sensitivity close to 100% but has a lower specificity and,
therefore, limited positive predictive value®®.

* The Bethesda criteria, as revised in 2004, identify colorectal cancer patients who are candidates
for MSI or IHC screening: colorectal cancer diagnosed at <50 years of age; presence of
synchronous, or metachronous colorectal cancer, or other HNPCC-associated tumours
(endometrial, stomach, ovarian, pancreas, ureter and renal pelvis, biliary tract, brain tumours,
sebaceous gland adenomas and keratoacanthomas, and carcinoma of the small bowel);
colorectal cancer diagnosed at <60 years of age, with tumour-infiltrating lymphocytes, Crohn-
like lymphocytic reaction, mucinous/signet-ring differentiation or a medullary growth pattern;
one or more first-degree relatives with an HNPCC-related tumour, with one cancer diagnosed at
<50 years of age.

* A causative mutation in the MLH1, MSH2 or MSH6 gene can be detected in 60-70% of patients
with HNPCC®#.

* Recommended management: colonoscopy beginning in the early 20s (REFS 6,35).

PERSPECTIVES

If polyposis is not present, other inherited
syndromes need to be considered, includ-
ing hereditary non-polyposis colon cancer
(HNPCC) and an attenuated form of FAP
(AFAPY¢Box 1). HNPCC is the most prob-
able diagnosis if a genetic evaluation of the
patientes colon tumour indicates a loss of
mismatch repair function; conversely, AFAP
is an important consideration if many syn-
chronous polyps are present. Family history
can be helpful in estimating the likelihood
of these genetic diagnoses. Both conditions
are characterized by a family history of early-
onset colorectal cancer, but other associated
cancers diffegox 1). Family history also
assists in determining the likelihood of an
autosomal dominant or autosomal recessive
risk, a key factor to consider when choosing
an appropriate genetic test. Therefore, the
clinical evaluation of the patient, the genetic
assessment of the tumour and the review
of family history all help to determine the
appropriate genetic testing to offer.

Finally, a diagnosis of colorectal cancer
in a 55-year-old might reflect a ssporadice
cancer rather than an inherited cancer
syndrome, particularly if no synchronous
polyps or family history of cancer is present.
In the absence of such indicators, genetic
testing is not appropriate, but the diagnosis
remains significant for relatives, because a
family history of colorectal cancer in a first
degree relative confers an approximately
twofold higher risk of colorectal cancer than
in the general population.

The question of the extent of the
clinicianes obligations to family members
remains unresolved. The American Society
of Clinical Oncologists (ASCO), in a 2003
policy statement on genetic susceptibility
testing, proposed that clinicians have a duty
to inform patients about the importance of
communicating genetic test results to family
members, but stated that «fthe cancer care

systems also need to consider delivery pat-case, several genetic contributions to canceroviderss obligations (if any) to at-risk rela-

terns and funding or billing mechanisms

need to be considered, each with different tives are best fulfilled by communication of

that enable primary-care providers, oncolo- implications for family members. The first familial risk to the person undergoing test-

gists and other specialists to work with

step in assessing risk for family members isngfZ %. The finding in a lawsuit in Florida,

each other and with medical geneticists andhe clinical evaluation of the patient. If the USA,Pate v. Threlkel*®, is consistent with

genetic counsellors ,, who are often a scarcaffected person hdamilial adenomatous
polyposis(FAP), a rare genetic disorder thatchild of a patient with medullary thyroid

resource ,, to ensure the efficient testing

this position. InPate v. Threlkel, the adult

and appropriate follow-up care of the patienis characterized by >100 colon polyps and @ancer brought a malpractice action against

and other family members.

nearly 100% lifetime risk of colorectal can- the parentes physician, on the grounds that

cerBox 1), all first-degree relatives should the physician had a duty to provide a direct

Promoting family-based detection. When

be evaluated for the condition, and subtotalwarning to the children about the inherited

a patient is found to have an inherited risk colectomy is recommended for those foundrisk. The court concluded that the clinicianes

for cancer, there is a need to evaluate this to have polyposisRare polyposis syn-

obligation was fulfilled by counselling the

risk for family members. The complexity of dromes other than FAP might be considereg@atient to inform family members. However,
this task can be illustrated by the questionsin the differential diagnosis after polyposis another US lawsuit suggested that clinicians
that arise after the diagnosis of colorectal is found, and influence the choice of genetitiad a greater responsibility. $afer v. Pack*

cancer in a middle-aged ad@ox 2). In this  tests to be usgthBLE 1).

a plaintiff with FAP sued the estate of her
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Box 2 Questions after a 55-year-old man is diagnosed with colorectal cancer

Are polyps present?

* >100 polyps indicates polyposis®* (BOX 1). Consider adenomatosis polyposis coli (APC) tumour-
suppressor gene testing to identify the causative mutation (if APC testing is negative, consider
MYH testing), and other polyposis syndromes.

e If genetic test results are not available or are non-informative, colon screening can be used to
identify relatives with polyposis.

e If multiple polyps are present, but <100, attenuated familial adenomatous polyposis (AFAP) is a
possibility; APC and MYH testing should be considered.

Does colorectal cancer show evidence of a loss of mismatch repair function?
e If immunohistochemical or microsatellite-instability testing indicate a loss of mismatch repair
function in tumour tissue, consider hereditary non-polyposis colon cancer (HNPCC)®3* (BOX 1).

e Consider MLH1, MSH2 and MSH6 testing.

Is a family history of colorectal or other cancer present?
e Early-onset colorectal cancer in sequential generations suggests familial adenomatous polyposis
(FAP) or HNPCC.

e Family history of endometrial and colorectal cancer suggests HNPCC.

* The presence of other associated cancers (BOX 1) might be an indicator of FAP or HNPCC.

Has genetic testing revealed a causative mutation?

¢ If a causative mutation has been identified in the patient, relatives can be tested to determine
whether they have inherited the mutations. All first-degree relatives (parents, siblings and
children) are at risk if an autosomal dominant cause is identified (mutations in the APC, MLH1,
MSH2 or MSH6 genes). Siblings are at risk if an autosomal recessive cause is identified (two MYH
mutations).

about the appropriate course of actfon
This model of care was developed, owing
to concerns about reproductive autonomy,
at a time when most genetic counselling
addressed risks for children with serious
genetic disorders, and decisions were seen as
more personal than medical.

A wholly non-directive approach is
out of keeping with the goal of improving
cancer outcomes, but the concern moti-
vating non-directive counselling , the
need to ensure that decisions are made in
accordance with patient values and prefer-
ences , has relevance in cancer genetics.
For example, prophylactic mastectomy,
although effective at reducing the incidence
of breast cancer, seems to be an unaccept-
able option for many high-risk wom&rs
But, because it is the most effective measure
to prevent breast cancer, and because
some women find it acceptable, it should
be offered. The challenge for health-care
providers is to provide sufficient informa-
tion to support patient decision-making,
and a clear explanation of the reasoning
behind any suggestions they might nfake
Current data indicate that an iterative proc-

deceased fatherss physician, again claim- are accustomed to coordinating the care of ess of information provision and discussion
ing that the physician had a duty to warn  multiple family members, providing patientsis needed to help women to come to the
immediate family members of an inherited with written summaries of consultations anddecision that they will be most comfortable
risk. A request for the summary dismissal otest results, and providing genetic referrals with?% Ideally, this process should be flex-
the case, on the grounds that the physician for distant family members. Primary-care ible enough to meet varying educational and
had no such duty, was denied; the court didproviders have less experience of dealing counselling needs, with particular attention
not rule out the possibility that physicians  with family members in this way, especially to the needs of patients from marginalized
might have a broader duty to warn family ~ when defined as a genetic, rather thana  or under-served grouffs
members. The case was subsequently set- nuclear, family. With the increasing use of As a corollary, health-care systems
tled out of court, leaving the legal question genetic tests, more systematic approaches also need to consider the information and
unresolved. will be needed that are ideally informed by counselling needs of worried patients who
Whether clinicians ever have a dutyto  research on the effects of different might consider themselves candidates for
contact relatives directly is open to debate. communication strategies. genetic testing but are unlikely to benefit
However, the ASCO statemé&rand a state- from it. There is a high level of interest in
ment on family disclosure from the AmericanRespecting patient preferences BRCA testing among women in the general
Society of Human Geneti¢suggest that cli- Many of the choices of treatment available population, for exampf& but most are not
nicians have an ethical obligation to facilitateto individuals with an inherited cancer risk candidates for testidg This discrepancy
family-based detection of those at risk when ,, such as prophylactic mastectomy and might reflect high expectations about genetic
effective prevention options are available.  oophorectomy ,, are imperfect and have testing that are generated by media cover-
How best to accomplish this task is uncertairsignificant personal impact. Most patients agé®, or womenes general concerns about
and represents an important research ques- want to weigh both the personal and medi- breast cancer risk.
tion. For example, clinicians and health-care cal implications when considering these In allocating resources for genetic serv-
systems might develop methods to assist  options, even when considering the geneticices related to cancer risk, policy makers
patients to provide relevant informationto  testing that might lead to these choices.  face several unanswered questions. To what
family members, such as patient education In keeping with the principle of extent, for example, should genetic counsel-
and information sheets with testing and autonomy/(TABLE 2), the practice of medi- ling be offered, or even required, as part of
screening recommendations for distribution cal genetics has a long tradition of using  a genetic testing process? Do the early steps
to family members. Patients themselves mighhon-directive counsellinge as a strategy  in genetic risk assessment, such as the col-
also have an ethical duty to ensure that can-to promote decision-making that is based lection of information about family history,
didates for genetic testing are identified, by on patient preferences. In this approach,  generate anxiety or lead to counselling needs
informing family members who are at 138  the geneticist provides information about  for some patients, independent of genetic
The family-based detection of cancer rislgenetic risk and explains the available testingVhat are the expectations and
represents a new challenge to the health-cachoices regarding testing or management, attitudes of the general public? Which edu-
system. On a small scale, genetic counselldost does not provide recommendations cational interventions are effective? Further

480 JUNE 2006 VOLUME 6 www.nature.com/reviews/cancer



PERSPECTIVES

research in these areas might also provide the need for a well-defined consensus on thend might offer important insights about
guidance to policy makers about the appro-level of evidence required to justify the use the efficacy and acceptability of different
priate regulatory oversight for genetic tests of genetic testing and associated interven- interventions. Both researchers and clinicians
that are provided directly to the consurfier tions**. When considering problems with  also have an essential role in defining urgent
access, this consensus process should con¢linical questions and appropriate research
Ensuring access sider two thresholds: the threshold at which strategies to address them; and patients make
The universal health care provided in most a genetic test or associated clinical service a necessary contribution by their willingness
developed countries reflects the obligation, has sufficient potential benefit to be intro-  to participate in clinical studies.
derived from the principle of justice, to duced in clinical settings; and the threshold  As research goes forward, public health
ensure access to beneficial health services.at which a proven benefit is sufficiently highagencies can provide key leadership by
For cancer genetics, adequate access requii@ssocietal resources to be used to guaranteasuring the development of practice
that eligible patients receive the appropriateuniversal access. It is the second threshold guidelines that are evidence-based, unbiased
range of services needed for a genetic assebmt would justify public support for cancer and the result of a rigorous and transparent
ment and follow-up. Such services might nogenetic services. process. Models for systematic reviews and
always be readily available. Health-care sys- Questions about the just allocation of ~ consensus procedures have been devel-
tems might have few medical geneticists antesources therefore reinforce the need for oped®, and efforts to apply these models to
genetic counsellors, genetic testing is often ongoing research into crucial clinical ques- genetic tests are underway (see\thgonal
expensive, and some screening technologid®ns, careful procedures to consider the  Institute for Health and Clinical Excellence
such as breast MR, are also costly. Servicesvidence and construct consensus-based web site¥. Health-care systems also have a
might be concentrated in regional specialty clinical practice guidelines, and methods foresponsibility to participate in the develop-
centres, making access difficult for patients dissemination and medical education that ment of practice guidelines and to imple-
living at a distance, and the overall avail- maintain up-to-date clinical practice. The ment evidence-based practice that derives
ability of services might be limited because stronger the consensus that specific genetidrom them, to assist clinicians in identifying

of competing health-care demands. tests provide improvements in cancer clinical presentations that indicate inherited

In the US health-care system, a subset obutcomes, the more easily expenditures to risk and to provide protocols for appropriate
patients have limited health-care coverage @uarantee access can be justified. testing. When guidelines are established,
lack coverage altogether, and therefore might effective educational and dissemination
have difficulty accessing services even whe@onclusion strategies are needed to ensure that the
they are available in the patientss communitZancer genetic testing represents an standard of care is maintained.

The potential for insurance or employment important and growing area of oncology. As  Ultimately, good care requires different
discrimination raises a related justice issue new opportunities for genetic testing arise, health-care agencies and professionals to
if the denial of health care or other benefits reasonable judgements must be made abowvork in a coordinated fashion. Some ele-
occurs as a consequence of genetic testingtheir use, often initially based on limited ments will be difficult to achieve. Equitable
An ethical perspective argues that canceinformation. Optimal management of test- access to specialized health-care services
genetics services should be guaranteed  positive individuals emerges over time, as is not always possible even in systems with
when they are deemed to be essential. By clinical evidence accumulates, and might universal access, and is rarely achieved in
analogy, many safety-net programmes involve tough choices for patients. Ethical the US health-care system. Genetic testing
have been created in the United States to obligations in this new area of practice related to cancer risk poses other difficulties,
guarantee the access of vulnerable patientsinclude optimizing benefit, minimizing risks including the incorporation of a rapidly
to essential services, including mandated and harms, safeguarding patient choice andevolving knowledge base and the unique
access to emergency servigesate support ensuring appropriate access. Many tasks challenges that are posed by family-based
of genetic-counselling clinics and federally are involved in achieving these goals, and adetection of inherited risk. As clinicians and

supported mammography and cervical shared effort between different sectors of thether health professionals grapple with these
cancer screening for low-income worffen  health-care system is needed. challenges, the obligations highlighted by
Programmes of this kind might provide the  Health-care financers ,, particularly ethical analysesasLE 2) provide a basis for
basis for ensuring access to cancer geneticpublic funding agencies with a commit- defining the work to be done.
serviqes as v.veI.I. S[milarly, efforts to bar ment to public health concerns, such as the Wylie Burke is at the Department of Medical History
genetic discrimination would prevent accesdNational Institutes of Health and Centers and Ethics, University of Washington, BOX 357120,
problems that are based on genetic test  for Disease Control and Prevention in the 1959 North East Pacific, Room A204, Seattle,
resultss, United States and the Medical Research Washington 98195-7120, USA.
When would cancer genetic services Council in the United Kingdom ,, have the Nancy Press is at the Oregon Health & Science
qualify for further funding or special meas- responsibility of ensuring that the required University, School of Nursing, 3455 SW,

US Veterans Hospital Road, SN-45 Portland,

ures to ensure access? This is ultimately a research is undertaken. Public health agencies
Oregon 97239-2941, USA

question of valués® in which the use of could also contribute by creating regula-
resources for cancer genetics is weighed  tory incentives for ongoing clinical studies . Correspondence to W.B.
. . . e-mail: wburke@u.washington.edu
against pursuing other health-care goals. after a test becomes available. For example,
This question leads back to the importance a public...private partnership might create
of.identifying key research ques_tipns, evaluincentives to promote the_ prospective follpw-ll Petrucelli, ., Daly, M. B., Culver, J., Lecy-Lahad, E. &
ating the evidence, and determining thresh-up of all women undergoing BRCA mutation ~ Feldman, G. L. BGRCAl and BRCA2 hereditary breast/
.. . . . . i A Revi line], http:/A .
olds for clinical action. Perhaps the greatestesting. Research structures of this kind could s e fte—qt
public-policy concern in cancer genetics is expedite understanding of variation in risk &id=8888891&key=u2buBbQWAOfpB&gry=2&fcn

doi:10.1038/nrc1890

NATURE REVIEW§CANCER VOLUME 6] JUNE 2004 481



PERSPECTIVES

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

=y&fw=DeBO0&filename=/profiles/brcal/index.html
(2005).

Schneider, K. A. & Li, F. Li-Fraumeni syndrome.
GeneReviews [online], http://www.genetests.org/
servlet/access?db=geneclinics&site=gt&id—=8888
891&key=u2buBbQW40fpB&gry==&fcn=y&fw=
wVIP&filename=/profiles/li-fraumeni/index.html
(2004).

Zhuk, K., Stein, J. L. & Eng, C. PTEN hamartoma
tumor syndrome (PHTS). GeneReviews [online], http://
www.genetests.org/servlet/access?db=geneclinics&sit
e=gt&id=8888891&key=u2buBbQW40fpB&gry=
&fen=y&fw=fpbf&filename=/profiles/phts/index.
html (2006).

Weisner, G. & Snow-Bailey, K. Multiple endocrine
neoplasia type 2. GeneReviews [online], http://www.
genetests.org/servlet/access?db=geneclinics&site=gt
&id=8888891&key=u2buBbQW40fpB&gry=~&fcn
=y&fw=i4KT&filename=/profiles/men2/index.html|
(2005).

Solomon, C. & Burt, R. W. APC-associated polyposis
conditions. GeneReviews [online], http://www.genetests.
org/servlet/access?db=geneclinics&site=gt&id—=888
8891 &key=u2buBbQW40OfpB&gry==&fecn=y&fw=Lw
hz&filename=/profiles/fap/index.html (2005).
Kohlmann, W. & Gruber, S. B. Hereditary non-
polyposis colon cancer. GeneReviews [online], http://
www.genetests.org/servlet/access?db=geneclinics&sit
e=gt&id=8888891&key=u2buBbQW40fpB&gry=
&fen=y&fw=NvB-&filename=/profiles/hnpcc/index.
html (2004).

Beauchamp, T. L. & Childress, J. F. Principles of
Biomedical Ethics 5th edn (Oxford Univ. Press, New
York, 2001).

Pellegrino, E. D. Toward a reconstruction of medical
morality. Am. J. Bioeth. 6, 65 71 (2006).

Levi, B. H. Four approaches to doing ethics. J. Med.
Philos. 21,7 39 (1996).

Mackenzie, C. & Stoljar, N. (eds) Relational
Autonomy: Feminist Perspectives on Autonomy,
Agency, and the Social Self (Oxford Univ. Press,
Oxford, 2000).

O Neill, V. Autonomy and Trust in Bioethics.
(Cambridge Univ. Press, Cambridge, 2002).

Tauber, A. 1. A philosophical approach to rationing.
Med. J. Aust. 178, 454 456 (2003).

Ford, D. et al. Risks of cancer in BRCA I-mutation
carriers. Breast Cancer Linkage Consortium. Lancet
343,692 695 (1994).

Burke, W. et al. Recommendations for follow-up care of
individuals with an inherited predisposition to cancer.
1. Hereditary nonpolyposis colon cancer. JAMA 277,
915 919 (1997).

Statement of the American Society of Human Genetics
on genetic testing for breast/ovarian cancer
prevention. Am. J. Hum. Genet. 55, i iv (1994).
National Advisory Council for Human Genome
Research. Statement on use of DNA testing for
presymptomatic identification of cancer risk. JAMA
271, 785 (1994)

Antoniou, A. et al. Average risks of breast and ovarian
cancer associated with BRCAT or BRCA2 mutations
detected in case series unselected for family history:

a combined analysis of 22 studies. Am. J. Hum. Genet.
72,1117 1130 (2003).

Narod, S. A. Modifiers of risk of hereditary breast and
ovarian cancer. Nature Rev. Cancer 2,113 122
(2002).

Thompson, D. & Easton, D. Variation in cancer risks by
mutation position in BRCA2 carriers. Am. J. Hum.
Genet. 68, 410 419 (2001).

Thompson, D., Easton, D. & the Breast Cancer
Linkage Consortium. Variation in BRCAT cancer risks
by mutation position. Cancer Epidemiol. Biomarkers
Prev. 11, 329 336 (2002).

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41.

42.

Nelson, H. D. et al. Genetic risk assessment and BRCA
mutation testing for breast and ovarian cancer
susceptibility: systematic evidence review for the U.S.
Preventive Services Task Force. Ann. Intern. Med. 143,
362 379 (2005).

ACR Practice Guideline for the Performance of
Magnetic Resonance Imaging (MRI) of the Breast.
American College of Radiology [online], http://www.
acr.org/s_acr/bin.asp?CID=549&DID=17775&DOC
=FILE.PDF (2004).

Patenaude, A. F. Genetic Testing for Cancer:
Psychological Approaches for Helping Patients and
Families (American Psychological Association,
Washington DC, 2005).

Loman, N. et al. Family history of breast and ovarian
cancers and BRCAT and BRCA2 mutations in a
population-based series of early onset breast cancer.
J. Natl Cancer Inst. 93,1188 1189 (2001).

Narod, S. A. et al. Oral contraceptives and the risk of
breast cancer in BRCAT and BRCA2 mutation carriers.
J. Natl Cancer Inst. 94,1773 1779 (2002).

King, M.-C. et al. Tamoxifen and breast cancer
incidence among women with inherited mutations in
BRCA1 and BRCA2. JAMA 286, 2251 2256 (2001).
Freund, C. L., Clayton, E. W. & Wilfond, B. S. Natural
settings trials  improving the introduction of clinical
genetic tests. J. Law Med. Ethics 32,106 110
(2004).

Lapham, E. V., Kozma, C. & Weiss, J. O. Genetic
discrimination: perspectives of consumers. Science
274,621 624 (1996).

Billings, P. R. et al. Discrimination as a consequence of
genetic testing. Am. J. Hum. Genet. 50, 476 482
(1992).

Low, L., King, S. & Wilkie, T. Genetic discrimination in
life insurance: empirical evidence from a cross
sectional survey of genetic support groups in the
United Kingdom. BMJ 317, 1632 1635 (1998).
Hall, M. A. & Rich, S. S. Laws restricting health
insurers use of genetic information: impact on genetic
discrimination. Am. J. Hum. Genet. 66, 293 307
(2000).

Kinney, A. Y., Emery, G., Dudley, W. N. & Croyle, R. T.
Screening behaviors among African American women
at high risk for breast cancer: do beliefs about god
matter? Oncol. Nurs. Forum. 29, 835 843 (2002).
Marteau, T. M. & Lerman, C. Genetic risk and
behavioural change. BMJ 322,1056 1059 (2001).
Loader, S., Shield, C. G. & Rowley, P. T. Impact of
genetic testing for breast-ovarian cancer susceptibility.
Genet. Test 8, 1 12 (2004).

Skinner, M. A. et al. Prophylactic thyroidectomy in
multiple endocrine neoplasia type 2A. N. Engl. J. Med.
353, 1105 1113 (2005).

Garber, J. E. & Offit, K. Hereditary cancer
predisposition syndromes. J. Clin. Oncol. 23, 276
292 (2005).

US Preventive Services Task Force. Genetic risk
assessment and BRCA mutation testing for breast and
ovarian cancer susceptibility: recommendation
statement. Ann. Intern. Med. 143, 355 361 (2005).
American Society of Clinical Oncology policy
statement update: genetic testing for cancer
susceptibility. J. Clin. Oncol. 21, 2397 2406
(2003).

Pate v. Threlkel 661 So.2d 278 (Florida, 1995).

Safer v. Pack 677 A2d 1188 (New Jersey,1996).

The American Society of Human Genetics Social Issues
Subcommittee on Familial Disclosure. American
Society of Human Genetics statement: Professional
disclosure of familial genetic information. Am. J. Hum.
Genet. 62, 474 483 (1998).

Hakimian, R. Disclosure of Huntington s disease to
family members: the dilemma of known but unknowing
parties. Genet. Test. 4, 359 364 (2000).

43. Annas, G. J. Genetic prophecy and genetic privacy
can we prevent the dream from becoming a nightmare?
Am. J. Public Health 85, 1196 1197 (1995).

44. Genetic counseling. Am. J. Hum. Genet. 27, 240 242
(1975).

45. Wainberg, S. & Husted, J. Utilization of screening and
preventive surgery among unaffected carriers of a
BRCAT or BRCA2 gene mutation. Cancer Epidemiol.
Biomarkers Prev. 13,1989 1995 (2004).

46. Press, N. et al. Thats like chopping off a finger
because you re afraid it might get broken : disease and
illness in women s views of prophylactic mastectomy.
Soc. Sci. Med. 61,1106 1117 (2005).

47. Brody, H. Transparency: informed consent in primary
care. Hastings Cent. Rep.19,5 9 (1989).

48. Gwyn, K., Vernon, S. W. & Conoley, P. M. Intention to
pursue genetic testing for breast cancer among
women due for screening mammography. Cancer
Epidemiol. Biomarkers Prev. 12, 96 102 (2003).

49. Khoury, M. J. et al. Challenges in communication
about genetics: a public health approach. Genet. Med.
2,198 201 (2000).

50. McCabe, L. L. & McCabe, E. R. Direct-to-consumer
genetic testing: access and marketing. Genet. Med. 6,
58 59 (2004).

51. Centers for Medicare and Medicaid Services.
Emergency Medical Treatment and Labor Act
(EMTALA) resource. CMS [online], http://www.cms.hhs.
gOV/EMTALA (2005).

52. Centers for Disease Control and Prevention. National
Breast and Cervical Cancer Early Detection Program.
CDC [online], http://www.cdc.gov/cancer/nbccedp
(2006).

53. Comments by Dr. Francis S. Collins Regarding the
Passage of Genetic Information Nondiscrimination Act
of 2005 (S. 306). National Human Genome Research
Institute [online], http://www.genome.gov/13014311
(2005).

54. Burke, W. & Zimmern, R. L. Ensuring the appropriate
use of genetic tests. Nature Rev. Genet. 5, 955 959
(2004).

55. Field, M. J., Lohr, K. N. & Committee on Clinical
Practice Guidelines. Guidelines for Clinical Practice:
From Development to Use. (Institute of Medicine,
Washington DC, 1992).

56. Centers for Disease Control and Prevention.
Evaluation of Genetic Testing. CDC [online], http://
www.cdc.gov/genomics/gtesting/egapp.htm (2006).

Acknowledgements
Supported in part by grants from the US National Institutes
of Health.

Competing interests statement
The authors declare no competing financial interests.

DATABASES

The following terms in this article are linked online to:
Entrez Gene:http://www.ncbi.nim.nih.gov/entrez/query.
fcgi?db=gene

APC |BRCA1 |BRCA2 |MLH1 |[MSH2 |MSH6 |MYH |p53 |RET
National Cancer Institute: http://www.cancer.gov

brain tumours | breast cancer | colorectal cancer | leukaemia |
ovarian cancer | thyroid cancer

OMIM:
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim
multiple endocrine neoplasia type 2 | familial adenomatous
polyposis

FURTHER INFORMATION

National Institute for Health and Clinical Excellence:
http://www.nice.org.uk
GeneTestswww.genetests.org

Access to this links box is available online.

482 JUNE 2006 VOLUME 6

www.nature.com/reviews/cancer



ONLINE ONLY

Biographies

Wylie Burke is Professor and Chair of the Department of Medical RET

History and Ethics at the University of Washington, USA, and http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retr
Director of the Center for Genomics and Healthcare Equality, a ieve&dopt=full_report&list_uids=5979

Center of Excellence in Ethical, Legal and Social Implications (ELSI)

Research funded by the National Institute for Human Genome

Research. She is also an attending physician in the Cancer Genefitzional Cancer Institute: http://www.cancer.gov

clinic at the University of Washington. Her work uses empirical and

analytical methods to evaluate the clinical use of genetic informa-Brain tumour

tion, with a focus on ethical and policy implications. http://www.cancer.gov/cancertopics/types/brain

Nancy Press a Professor in the Departments of Primary Care,  Breast Cancer

School of Nursing & Public Health, School of Medicine Oregon  http://www.cancer.gov/cancertopics/types/breast
Health and Science University, USA, and a member of the University

of Washington Center for Genomics and Healthcare Equality. SheColorectal Cancer

received a Ph.D. in cultural anthropology from Duke University, http://www.cancer.gov/cancertopics/types/colon-and-rectal
USA. Her research on maternal serurfetoprotein testing focused

on the importance of structural factors in an offer of prenatal test- Leukaemia

ing both on rates of test acceptance and on understanding of the http://www.cancer.gov/cancertopics/types/leukemia
meaning of testing. Subsequent research has addressed the social

construction of breast cancer risk and its influence on public intere®varian Cancer

in genetic susceptibility testing for cancer. http://www.cancer.gov/cancertopics/types/ovarian

thyroid cancer
Links http://www.cancer.gov/cancertopics/types/thyroid

Entrez: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene  OMIM: http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=omim

APC multiple endocrine neoplasia type 2
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=gene&cmd=Rethttp://www.ncbi.nim.nih.gov/entrez/dispomim.cgi?id=171400
ieve&dopt=full_report&list_uids=324

familial adenomatous polyposis
BRCA1 http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=175100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retr
ieve&dopt=full_report&list_uids=672

National Institute for Health and Clinical Excellence

BRCA2 http://www.nice.org.uk
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retr
ieve&dopt=full_report&list_uids=675 GeneTests
www.genetests.org
MLHI
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=gene&cmd=Retr
ieve&dopt=full_report&list_uids=4292 TOC BLURB
There are now many genetic tests that provide information about
MSH?2 cancer risk. How should clinicians and policy makers ensure that

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retthe clinical uses of these tests maximize benefit and minimize harm?
ieve&dopt=full_report&list_uids=4436

MSH6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retr
ieve&dopt=full_report&list_uids=2956

MYH
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=gene&cmd=Retr
ieve&dopt=full_report&list_uids=4595

P53
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retr
ieve&dopt=full_report&list_uids=7157





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice




