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Appendix 6-A: Cancer Genetics Resources:
An Organizational Guide

INTRODUCTION

The clustering of cancer within families has been recog-
nized for centuries, and over the past 30 years, scientists
and geneticists actively debated whether familial cancer
syndromes have an inherited genetic basis, in contrast
to an environmental basis. During the past two decades,
the elucidation of the genetic basis for many of the most
prevalent and penetrant hereditary cancer syndromes seen
in clinical practice has occurred. As the genetic basis of
hereditary cancer syndromes is clarified, the number of
hereditary cancer syndromes for which germline mutation
testing for one or more genes is available has dramatically
increased.! Currently, clinical genetic testing is available
for more than 50 syndromes, and several online resources
exist that provide comprehensive information about these
syndromes (Appendix 6-A). As a result, the number of
genetic tests ordered for hereditary cancer risk assessment
has increased, leading to an improvement in the quantifi-
cation of individual hereditary cancer risk. The challenge
for busy healthcare providers is to select appropriate can-
didates for hereditary cancer risk assessment and to pro-
vide, or identify, comprehensive cancer risk assessment and
genetic counseling services for patients. As the number of
candidates for genetic services increases, a diverse group of
healthcare providers will be called upon to integrate genetic
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concepts into their daily practice. Oncology nurses are at
the forefront of nursing practice, integrating genetic infor-
mation into patient care services.

CANCER NURSING PRACTICE AND
HEREDITARY CANCER SYNDROMES

THE ROLE OF THE ONCOLOGY NURSE IN CANCER
RISK ASSESSMENT AND COUNSELING

The need for highly educated, skilled clinicians to perform
hereditary cancer risk assessment and cancer risk counsel-
ing has accelerated over the past 20 years as new cancer
syndromes have been identified and clinical genetic test-
ing has become more widely available. Oncology nurses
with expertise in clinical cancer genetics are a key group of
healthcare providers who have the knowledge and skills nec-
essary to provide these services to an ever-increasing group
of patients. Several nursing professional organizations have
developed position statements on this practice—for exam-
ple, the Oncology Nursing Society (ONS),>* International
Society of Nurses in Genetics (ISONG),* American Nurses
Association,’ and credentialing programs*® for nurses
seeking to practice in genetic health care. The ONS posi-
tion statement on the role of the oncology nurse in cancer
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genetic counseling identifies three levels of oncology nurs-
ing practice in cancer genetic counseling: the general oncol-
ogy nurse, the advanced practice oncology nurse, and the
advanced practice oncology nurse with specialty training in
cancer genetics. This position statement reflects the need for
oncology nurses at all levels to contribute to the following:

* Pedigree construction and evaluation

* Education of patients, families, and the public regard-
ing genetic risks and cancer prevention (risk reduction
measures)

* Integration of genetic information into oncology nursing
practice as new genetic information becomes available

* Continuing education in cancer genetics and genomics

* Collaboration with other genetic healthcare professionals
and organizations to provide comprehensive, culturally
sensitive, and evidence-based care to individuals at high
genetic risk of cancer

In addition, an advanced practice oncology nurse with
specialty training in hereditary cancer genetics may provide
comprehensive cancer genetic risk assessment services con-
sisting of the following’:

* Comprehensive risk assessment

* Education, facilitation, and interpretation of genetic
testing

* Pre- and post-test counseling and follow-up

* Provision of personally tailored cancer risk management
options and recommendations

* Psychosocial counseling and support services

The advanced practice oncology nurse’s practice must be
consistent with the nurse’s state practice act, the nurse’s edu-
cational preparation, the scope of the nurse’s role, and the
standards of oncology nursing practice. The International

TABLE 6-1

Society of Nurses in Genetics® has developed two creden-
tialing programs for nurses who wish to document their
expertise in genetic health care:

* Nurses with a master’s degree in nursing may qualify for the
Advanced Practice Nurse in Genetics (APNG) credential.

* Nurses with a baccalaureate degree in nursing may qualify
for the Genetics Clinical Nurse (GCN) credential.

The American Nurses Credentialing Center (ANCC)
took over the credentialing of genetic nurses in 2014.° The
International Society of Nurses in Genetics will assist the
ANCC to maintain the standards of credentialing and
assist in the transition and review of this program.

VOCABULARY OF HEREDITARY CANCER
SYNDROMES FOR ONCOLOGY NURSES

The rapid increase in information about hereditary cancer
syndromes has created a challenge for oncology nurses as
they seek to stay abreast of the patient care issues related
to an inherited predisposition to cancer. The language of
hereditary cancer syndromes is complicated. Many terms
are commonly used in the media, by researchers and health-
care professionals, and as part of daily conversations about
discoveries resulting from the Human Genome Project.
To effectively deliver care in the field of oncology, a work-
ing knowledge of the common vocabulary associated with
hereditary cancer syndromes is essential. Many terms are
often, yet incorrectly, used interchangeably; it is particu-
larly important to review and understand widely used terms
to ensure that the appropriate information is being commu-
nicated to patients as well as other healthcare professionals.
Table 6-1 includes a number of common vocabulary terms
associated with hereditary cancer syndromes.

Vocabulary Related to the Genetics of Hereditary Cancer Syndromes

De novo mutation

New damage to a germline gene causing a disease to be seen in a family for the first time.
The genetic constitution of an organism or cell; also refers to the specific set of alleles inherited at a locus.

An environmental alteration of a gene such that the resulting phenotype is similar to the expression of a

The observable physical and/or biochemical characteristics of the expression of a gene; the clinical

Genotype
Phenocopy
known genetic mutation.
Phenotype
presentation of an individual with a particular genotype.
Mutation

A condition in which the DNA of a gene is damaged or changed in such a way that it alters the genetic

code carried by that gene. These changes can be caused by mutagens such as chemicals,
radiation, environmental factors such as sunlight, and by chance during cell division.

Somatic mutation

A mutation that occurs in any of the cells of the body except the germ cells (sperm and egg). Somatic

mutations cannot be passed on to children. These alterations can (but do not always) cause cancer or

other diseases.

(continues)
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TABLE 6-1

Vocabulary Related to the Genetics of Hereditary Cancer Syndromes (continued)

Germline mutation

Sporadic mutation

Founder mutation

Autosomal dominant
inheritance

Autosomal recessive
inheritance

X-linked inheritance

Carrier

Heterogeneity
Penetrance

Incomplete penetrance
Incidental finding

Expression

Variable expressivity

Variant of unknown
significance

Next-generation
sequencing (NGS)

Clinical utility of genetic/

genomic testing

The presence of an altered gene within the egg or sperm (germ cell) such that the altered gene can be
passed to subsequent generations.

The presence of a genetic disorder for the first time in one family member as a result of a mutation in a
germ cell (egg or sperm) of one of the parents or in the fertilized egg itself. Also called de novo or new

germline mutations. An individual with a new germline mutation will lack a family history of cancer in his
or her siblings and ancestors, but the individual’s children will be at risk of receiving the altered gene.

A gene mutation observed in high frequency in a specific population due to the presence of that gene
mutation in a single ancestor or a small number of ancestors. These mutations often arise when an
ancestral population is decimated by a natural or other type of disaster. If a germline mutation is present
among those individuals who survive the event, it will be disproportionately more common among the
descendants of the survivors.

Describes a trait or disorder in which the phenotype is expressed in those individuals who have inherited
only one copy of a particular gene mutation (heterozygotes); specifically refers to a gene on | of the 22
pairs of autosomes (non-sex chromosomes).

Describes a trait or disorder requiring the presence of two copies of a gene mutation at a particular locus
to express an observable phenotype; specifically refers to genes on | of the 22 pairs of autosomes (non-
sex chromosomes).

A mode of inheritance in which a mutation in a gene on the X chromosome causes the phenotype to be
expressed in males who are hemizygous for the gene mutation.(i.e., they have only one X chromosome)
and in females who are homozygous for the gene mutation (i.e., they have a defective copy of the gene
on each of their two X chromosomes). Carrier females who have only one copy of the mutation do not
usually express the phenotype, although differences in X-chromosome inactivation can lead to varying
degrees of clinical expression in carrier females.

An individual who has a recessive, disease-causing gene mutation at a particular locus on one
chromosome of a pair and a normal allele at that locus on the other chromosome.

In cancer genetics, the presence of multiple different genes that cause the same disease (e.g., BRCAI and
BRCA2 can both cause breast cancer).

The proportion of individuals with a mutation causing a particular disorder who exhibit clinical symptoms
of that disorder; most often refers to autosomal dominant conditions.

The presence of a mutated gene that is not phenotypically expressed in all members of a family with the
genetic mutation.

A result from sequencing that is not related to the indication of ordering the sequencing but may be of
clinical utility.

The manifestation of a heritable trait.

Variation in clinical features (type and severity) of a genetic disorder between affected individuals, even
within the same family.

A variation in a genetic sequence whose association with disease risk versus a healthy individual without
the variation in genetic sequence is unknown. Also called variant of uncertain significance (VUS) and
unclassified variant.

Second-generation genome sequencing that is able to sequence more fragments of the genome (high-
throughput) at a faster (one day versus weeks) and less costly rate. Examples include whole-exome
sequencing (WES) and whole-genome sequencing (WGS).

The ability of the results of a genetic/genomic test to lead to improvement in health outcomes: morbidity,
mortality, and disability.

CHARACTERISTICS OF HEREDITARY
CANCER SYNDROMES

errors in DNA replication, which occur in genes (tumor
suppressor genes and proto-oncogenes) that normally func-
tion to promote proper cell growth and differentiation.”

The majority of cancer is thought to be sporadic, occur-
ring in individuals as a result of aging and/or environmen-
tal exposures. Sporadic cancers develop because of somatic
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Hereditary cancers are attributable to changes (or muta-
tions) in specific genes that are passed from either parent
(mother and/or father) to their offspring. Approximately
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TABLE 6-2

Features Suggestive of a Hereditary Cancer Predisposition Syndrome

In the Individual Patient

In the Patient’s Family

Multiple primary tumors in the same organ

Multiple primary tumors in different organs

Bilateral primary tumors in paired organs (e.g., bilateral breast
cancer)

Multifocality within a single organ

Younger-than-usual age at tumor diagnosis

Rare Histology

In the sex not usually affected (e.g., male breast cancer)
Associated with other genetic traits

Associated with congenital defects

Associated with an inherited precursor lesion
Associated with another rare disease

Associated with cutaneous lesions known to be cancer
susceptibility

One first-degree relative with the same or a related tumor and
one of the individual features listed

Two or more first-degree relatives with tumors of the same site

Two or more first-degree relatives with tumor types belonging to
a known familial cancer syndrome

Two or more first-degree relatives with rare tumors

Two or more relatives in two generations with tumors of the
same site or etiologically related sites

Source: Data from Lindor et al.'

5% to 10% of all cancers are hereditary." Individuals who
inherit one of these germline mutations will have a higher
likelihood of developing cancer within their lifetime than
individuals who have not inherited a germline mutation
in a cancer susceptibility gene. The major individual and
family features of hereditary cancer syndromes are listed
in Table 6-2.!

A familial cancer pattern is characterized by an increase
in the number of cancers within a family—more than what
would be expected by chance alone. However, the pattern
of cancers observed in such a case does not fit the features
of a hereditary cancer syndrome. Genetic testing for known
hereditary cancer susceptibility genes is most frequently
uninformative in familial cancer clusters. Cancer cases
within family clusters most likely represent complex interac-
tions of low-penetrance susceptibility gene(s) and/or envi-
ronmental factors.® Consequently, it is often difficult to
adequately quantify the risk of developing cancer in close
family members. Nevertheless, unaffected close relatives are
considered to be at increased risk of developing the cancers
seen within the family, as compared to the general population.

IDENTIFYING HIGH-RISK INDIVIDUALS
AND FAMILIES

Identifying individuals who are at high genetic risk of
cancer begins with recognizing key characteristics within
an individual or family that are suggestive of a hereditary

Mating O—D

Female

Male Affected [

Deceased /®/

O
[
—
Sibship % Mutation carrier @

FIGURE 6-1

Proband

Basic pedigree symbols.

cancer syndrome. The importance of being able to con-
struct and evaluate a three-generation pedigree, on both the
maternal and paternal lineage, cannot be overemphasized
in the identification of individuals and families at risk of a
hereditary cancer syndrome.

Basic pedigree symbols and notations are used to con-
struct a visual summary of the proband’s and his or her fam-
ily’s health history (Figure 6-1). Dominant and recessive
inheritance patterns within families can be identified during
the construction of a pedigree (Figure 6-2 and Figure 6-3).
Individual and family health history information is obtained
from all members of the family in both the maternal and
paternal lineage and includes information on race and eth-
nicity, current health status, current age or age at and cause of
death, type of each primary cancer, age at diagnosis for each
primary cancer, bilaterality for paired organs (e.g., breast,
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¢ Each child has 50%
chance of inheriting
the mutation

O
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Pedigree sample of autosomal dominant inheritance (vertical
pattern).

* No “skipped
generations”

¢ Equally transmitted
by men and women

FIGURE 6-2
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* Two germline mutations
(one from each parent)
to develop disease

* Equally transmitted by
men and women

[ © Affected
[J O Non affected

M O carrier
FIGURE 6-3

Pedigree sample of autosomal recessive inheritance (horizontal
pattern).

eyes), and exposures (e.g., tobacco exposure and asbestos)
(Figure 6-4). It is clear that family history is a powerful
technique to predict disease when multiple family members
are affected, the relationship between affected relatives and
unaffected relatives is close (e.g., siblings or parents) and the
disease occurs at an earlier age than is typically expected
(Figure 6-5 and Figure 6-6).”

For several hereditary cancer syndromes (e.g., multiple
endocrine neoplasia [MENT] type 2 and familial adenomatous
polyposis [FAP]), the benefits of early cancer detection and
prevention have been demonstrated; it is assumed that in other
syndromes, significant healthcare cost savings could likewise
be achieved by identifying high-risk individuals and interven-
ing early.” Once identified, these individuals may benefit from
cancer genetic risk assessment, counseling, and testing. Family
members who are identified as mutation carriers can begin
healthcare interventions earlier in the disease process to lower
their risk of developing cancer. Conversely, family members
who did 7oz inherit the mutation associated with the cancers
in their family will not have to undergo earlier or increased
interventions to lower their risk of developing cancer.

Oncology nurses frequently identify individuals from
families at high risk of a hereditary cancer syndrome. The
challenge for busy clinicians is to obtain a comprehensive
family history in a busy day-to-day practice. “My Family
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General medical history

e Tobacco use, alcohol use, and exercise

¢ Medical conditions such as osteoporosis, thyroid disorder, hyper-
tension, and diabetes

¢ Medications

Reproductive history (female)

¢ Age at menarche

e Age at menopause

* Pregnancies: including number of pregnancies, number of live
births, number of therapeutic and spontaneous abortions, and
age at first pregnancy

¢ Birth control use, in particular hormonal contraceptives (type,
duration and age at time of use)

* Fertility drugs (type, duration and age at time of use)

¢ Menopausal hormone therapy (type and duration)

Gynecologic history

¢ Gynecologic surgeries (hysterectomy, oophorectomy, endo-
metrial biopsies)

e History of ovarian cysts, endometriosis, and abnormal
Pap smears (including colposcopy, cervical biopsy and
cryosurgery, loop electrosurgical excision or cone biopsy
procedures)

* Breast biopsies (including age at time of biopsy, right/left
breast, results, treatment)

Other cancer history

* Type

e Age at diagnosis

e Treatment
Surgery
Radiation
Chemotherapy
Hormonal therapy

Screening practices

* Breast
Breast self exam (frequency)
Clinical breast exam (frequency)
Mammogram (age at baseline and frequency)
Ultrasound (frequency)
Breast MRI (frequency)
¢ Colon
Sigmoidoscopy
Colonoscopy (age at baseline, frequency)
e Skin
Biopsies
Frequency of exam
* Prostate
PSA (frequency)
Digital rectal exam (frequency)
* Gynecological
Pelvic exam (frequency)
Transvaginal ultrasound (frequency)
CA-125 (frequency)

FIGURE 6-4

Health information to obtain on all family members.

Abbreviations: MRI: magnetic resonance imaging; PSA: prostate specific
antigen.

Source: Data from National Cancer Institute.'
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17, .70

d. 57
Uterine @ 47 CRC @ 49

CRC @ 42

FIGURE 6-5

Sample Lynch syndrome pedigree.

Abbreviations: CRC: colorectal cancer; OV: ovarian cancer.

OV @ 58
d. 61

O
O tre 0
o

FIGURE 6-6

Sample hereditary breast ovarian cancer (HBOC) pedigree.

Abbreviations: BR: breast cancer; OV: ovarian cancer.

Health Portrait,” a patient-oriented, family history tool, was
developed for this purpose by the Centers for Disease Control
and Prevention, in conjunction with the National Institutes
of Health (NIH) and the U.S. Surgeon General’s office. It
is available for free to the public in English and Spanish at
the U.S. Surgeon General’s website: http://www.hhs.gov/
familyhistory. While it does not produce a comprehensive,
three-generation pedigree, “My Family Health Portrait” is
simple for the lay public to complete, provides information
on the individual and his or her close family members’ health
history, and alerts clinicians to possibility of the presence of
a hereditary cancer syndrome. From this simple family pedi-
gree, a more comprehensive pedigree can be developed to
conduct a comprehensive cancer genetic risk evaluation.

ETHICAL, LEGAL, AND SOCIAL IMPLICATIONS
OF PREDISPOSITION GENETIC TESTING FOR
HEREDITARY CANCER SYNDROMES

Genetic testing for hereditary cancer is thought to reduce
cancer mortality by identifying those persons at high genetic
risk of cancer, who can then be targeted for increased cancer

surveillance and preventive strategies. However, genetic
information has the potential to cause significant psycho-
social morbidity and can raise questions about the balance
between the benefits of knowing one’s mutation status and
choosing not to know. Certainly, genetic testing for can-
cer susceptibility stands apart from other forms of cancer
risk assessment (e.g., assessment of personal modifiable risk
factors), in the sense that there is no ability to alter one’s
genetic make-up. Many controversial areas also exist in the
ethical and social implications of testing for hereditary can-
cer syndromes in relation to the following questions:

¢ Who owns DNA?

* Can DNA be patented?

e Should direct-to-consumer testing be made available?

e Should children be screened for hereditary cancer syn-
dromes that will not affect them until adulthood?

Several aspects of the ethical, legal, and social implica-
tions of genetic testing for hereditary cancer syndromes and
some of the major controversies encountered in the assess-
ment of hereditary cancer susceptibility will be considered
here. A variety of resources on the ethical, legal, and social
implications of hereditary susceptibility testing are listed in

Table 6-3."°

ETHICAL PRINCIPLES

Four widely accepted fundamental ethical principles guide
medical decision making: (1) autonomy, (2) nonmalefi-
cence, (3) beneficence, and (4) justice. These principles may
be applied to inform difficult decisions and to allow for a
broad range in judgment. Within the realm of genetic test-
ing and genetic information, two of the most important
considerations are informed consent and confidentiality."
Many ethical dilemmas involve conflicts that arise when
establishing measures of informed consent for genetic test-
ing and in protecting individual confidentiality. The fol-
lowing is a brief review of the ethical principles involved in
such situations.

Respect for Autonomy

The principle of autonomy undetlies the proposition that an
adult, with the capacity to make decisions, has the right to
determine what may be done to his or her body. This prin-
ciple requires that even when a medical professional dis-
agrees with a patient’s informed decision, his or her opinion
does not infringe upon the patient’s right to choose."" In
the field of genetics, it is important to understand that all
healthcare providers are obligated to respect the autonomy
of individuals insofar as such respect is compatible with the
autonomy of all. Therefore, informed consent is a central
focus of autonomy when it pertains to genetic information.
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TABLE 6-3

Resources on Ethical, Legal, and Social Implications of Cancer Genetics

Resource

Description

Bioethics.net
www.bioethics.net

Bioethics Resources on the Web
http://bioethics.od.nih.gov

Coalition for Genetic Fairness
www.geneticfairness.org/ginaresource.html

DNA Patent Database
http://dnapatents.georgetown.edu

Ethical, Legal, and Social Issues (from the Human Genome Project)
www.ornl.gov/sci/techresources/Human_Genomel/elsi/elsi.shtml

Genethics.ca
www.genethics.ca

Genetics and Public Policy Center
www.dnapolicy.org

Genome Technology and Reproduction: Values and Public Policy
and Communities of Color and Genetics Policy Project
www.sph.umich.edu/genpolicy

HumGen International
www.humgen.umontreal.ca/int

National Conference of State Legislatures (NCSL) Genetic
Technologies Project
www.ncsl.org/programs/health/genetics.htm

National Information Resource on Ethics and Human Genetics
www.||.georgetown.edu/research/nrcbl/nirehg

National Information Resource on Ethics and Human Genetics:
Annotated Bibliographies: Scope Note Series

www. | |.georgetown.edu/research/nrcbl/nirehg/quickbibsgen.htm
National Human Genome Research Institute (NHGRI) Policy

and Legislation Database
www.genome.gov/PolicyEthics/LegDatabase/pubsearch.cfm

National Society of Genetic Counselors (NSGC) Code of Ethics
www.nsgc.org/about/codeEthics.cfm

The President’s Council on Bioethics

www.bioethics.gov

THOMAS Legislative Information (from Library of Congress)
http://thomas.loc.gov

Your Genes, Your Choices
http://ehrweb.aaas.org/ehr/books/index.html

Links to articles on genetics and bioethics.
Links to bioethics resources.

Describes GINA’s protections, including a history of the
legislation, key examples, and definitions.

Searchable database of U.S. DNA-based patents and patent
applications issued by the U.S. Patent and Patent Applications
Trademark Office.

Information, articles, and links on a wide range of genetics-
related issues.

Information on the social, ethical, and policy issues associated
with genetic and genomic knowledge and technology.

Information on public policy related to human genetic
technologies for the public, media, and policy makers.

Two subprojects combined to form a five-year project designed
to provide policy recommendations based on public perceptions
and responses to the explosion of genetic information and
technology.

Comprehensive international database on the legal, social, and
ethical aspects of human genetics.

Resources on a variety of genetics public policy and related issues
for state legislators, legislative staff, and other policy makers.

Links to resources and databases on ethics and human genetics.

Annotated bibliographies on various genetics and ethics issues.

Searchable database of federal and state laws/statutes, federal
legislative materials, and federal administrative and executive
materials about privacy of genetic information/confidentiality;
informed consent; insurance and employment discrimination;
genetic testing and counseling; and commercialization and
patenting.

A statement to clarify and guide the ethical conduct of genetic
counselors.

Reports, transcripts, and background material on current
bioethical issues.

Searchable database of U.S. legislation (current and previous
Congresses).
Description of the Human Genome Project, the science

behind it, and the ethical, legal, and social issues raised by the
project.

Source: Data from the National Cancer Institute.'
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Nonmaleficence

Nonmaleficence is derived from the ancient Latin maxim
primum non nocere, meaning “first do no harm.” Many
medical and public health practices strive for a utilitar-
ian approach to achieving the greatest good for the great-
est number of people. In cancer genetics, an example of a
potential threat to nonmaleficence is when a clinician dis-
closes an uninformative test result. As a consequence of an
uninformative test disclosure, a patient may have a false
sense of security.!" If a patient is a member of a family with a
cancer history that is suggestive of a hereditary cancer syn-
drome, and individual mutation testing for the appropri-
ate syndrome(s) does not reveal a deleterious mutation, it is
possible that the family’s cancers may be caused by a muta-
tion that is not detectable or has not yet been discovered.
Communicating the impact of an uninformative, negative
genetic test result is clearly a challenge in cancer risk coun-
seling and increases the potential for nonmaleficence on the
part of healthcare providers who lack experience in inter-
preting genetic test results.

Beneficence

The ethical principle of beneficence, in the context of can-
cer genetic susceptibility testing, can be summarized as a
healthcare provider’s responsibility to provide an opportu-
nity for benefit. Given that as a society there is an underlying
need for self-determination, this principle often comes into
conflict with autonomy. Hence, it is not enough that nurs-
ing actions avoid harm; they must also strive to distinguish
for patients the specific benefits that come from having
genetic information."" For example, predisposition genetic
testing is considered beneficent if enhanced cancer surveil-
lance or cancer prevention strategies decrease the morbidity
and mortality associated with a specific hereditary syn-
drome."” There is an ongoing need for evidence-based, safe,
and effective management strategies for high-risk individu-
als. However, the clinical utility and validity of many inter-
ventions for rare hereditary cancer syndromes are based
on highly selected families.! Until evidence of benefits in
survival and decreased morbidity is established in these
high-risk families, clinicians will continue to rely on cancer
screening and prevention guidelines that are based on con-
sensus expert opinion.

Justice/Equity

The principle of justice is often envisioned as being synony-
mous with equity or fairness. Justice can be conceptualized
as a balance between potential harms and benefits. Often,
a decision that is equitable may still be considered unjust; it
is critical to consider that what might seem just to one per-
son may be perceived differently by another person. A cen-
tral issue of justice and equity in hereditary cancer genetics
is the equitable distribution of resources to individuals. Do

individuals who might benefit from predictive genetic test-
ing have access to experts in cancer genetic risk assessment,
counseling, and testing? Do individuals who are at high
genetic risk of cancer also have the means to pay for these ser-
vices? As the number of genetic tests for cancer susceptibility
and other diseases increases, oncology nurses must be advo-
cates for all patients having equal access to genetic services.

Informed Consent

Prior to obtaining informed consent for genetic testing, it is
important that healthcare providers anticipate the decisions
a patient may contemplate as a result of the test outcome.
Pertinent issues may include understanding the limitations
of the genetic test, the accuracy and performance charac-
teristics of the genetic test, the laboratory processing of the
specimen, and implications of the results. Healthcare pro-
viders have an obligation to offer genetic testing to patients
who might benefit from the results, but it is the patient who
must decide what is in his or her own best interest. Patients
have as much of a right to informed consent as they do
informed refusal.'"'? The requirements of informed consent
for cancer predisposition testing include the following:"

1. Competence to comprehend the informed consent
discussion (including the implications of a positive,
negative, and uninformative test result; use of the
DNA in future; and plans for follow-up and sharing
information with relatives);

2. Disclosure of known procedures, risks, and benefits
(including potential fees associated with testing, emo-
tional implications and the potential for discrimina-
tion, and loss of confidentiality);

3. Understanding of the information presented (includ-
ing options and limitations of risk management with
and without testing, and heritability of the mutation);

4. The voluntary nature of the decision; and

5. Consent by the individual or appropriate surrogate

Given the nature of cancer predisposition testing and
its inherent ability to affect more than just one individual,
comprehensive genetic counseling can help to ensure that
patients make informed decisions.

Duty to Warn

In some instances, the ethical principles of autonomy
and beneficence conflict when a healthcare provider con-
templates his or her duty to warn individuals of their risk
of inherited cancer. Currently, the American Society of
Human Genetics™ and the American Society of Clinical
Oncology'? posit that it is the clinician’s obligation to
inform the proband of the risk of inherited cancer and
to encourage the sharing of that information among the
biologically related family members.'* However, it is not a
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realistic expectation of the practitioner to warn all of those
persons at risk.”” Upon deciding the best course of action,
some questions for the healthcare provider to consider
include the following':

* Who is the primary client?

e Is there a way to satisfy all parties?

* What is the potential harm in disclosure?

* What is the potential harm in nondisclosure?

These questions may serve as a guide when contemplat-
ing a duty to warn. However, ideally, these decisions would
be discussed and a consensus established within an inter-
disciplinary healthcare team.

The Right to Know or Not to Know

In many cases of cancer genetic testing, there are individu-
als who want to learn their genetic status and others who
do not. Again, this may bring up controversial issues in
balancing the right to autonomy and privacy of individual
family members. When dilemmas in balancing individual
rights arise within a family, and the proband decides to
undergo predictive genetic testing, a positive result will
reveal genetic information that has profound implica-
tions for other family members. In general, when testing
for hereditary cancer syndromes, an individual’s right to
know supersedes another individual’s right not to know. It
is imperative that the individual secking predictive genetic
testing be made aware of the potential for complex psycho-
social consequences of testing on other family relationships.

FAIRNESS IN USE OF GENETIC INFORMATION

One of the major controversies surrounding genetic testing
for hereditary cancer involves the concept of who is entitled
to access and utilize genetic information. Significant legisla-
tive actions have been taken at the federal and state levels
to prohibit the use of genetic information in any aspect of
employment, including hiring, firing, promoting, and offer-
ing access to health insurance benefits. In 2000, President
Bill Clinton signed an executive order prohibiting federal
departments and agencies from using genetic information
in any hiring or promotion action."” Employment, however,
is only one area in which an individual’s basic rights may
be compromised by the use of genetic information. Other
stakeholders may include health and life insurance com-
panies, judicial courts, schools, the military, and adoption
agencies.

Who has the right to use a patient’s genetic information?
Fear of genetic discrimination is still a widespread public
concern; there is potential to create a social underclass of
individuals based on genetic discrimination—particularly
for those who are asymptomatic. The Genetic Information
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Nondiscrimination Act (GINA) of 2008 was passed to pro-
tect the public against genetic discrimination.

GENETIC INFORMATION NONDISCRIMINATION
ACT OF 2008

After 13 years of congressional debate, President George W.
Bush signed GINA into law on May 21, 2008. The
law, enacted in 2009, is now the most comprehensive
piece of legislation to protect individuals from genetic
discrimination in employment and health insurance set-
tings. Encompassed in this law is a definition of genetic
information (including predictive genetic tests, fam-
ily members’ genetic tests, and family history informa-
tion)."® Essentially, GINA protects only predictive genetic
information—not information from a genetic test that is
directly related to an existing condition that could be rea-
sonably detected by a healthcare provider. GINA applies
to both individual and group health insurance coverage,
prohibits the use of genetic information in health insur-
ance underwriting, and bans employers and insurers from
requiring genetic testing as a condition for employment or
the issuance of a health insurance policy. There are some
limitations to GINA, however: For example, the act does
not address issues pertaining to life, disability, or long-term
care insurance, nor does it apply to active-duty military
personnel.’® GINA also will not mandate coverage for any
particular medical tests or treatments. The most positive
outcome of the GINA legislation may, in fact, be that
patients will now partake in cutting-edge genetic technol-
ogy without the fears that have discouraged predisposition
genetic testing over the past decade.

RISK ASSESSMENT OF CANCER
SUSCEPTIBILITY

Families with a known hereditary cancer syndrome are
human models for studying carcinogenesis and susceptibil-
ity to neoplasia, including gene—gene interactions, gene—
environment interactions, and environmental influences in
isolation. Much of what we know about hereditary cancer
syndromes today comes from the knowledge we have gained
by studying highly susceptible families.

Genetic risk assessment is initiated by obtaining a
comprehensive individual and family history. Although it
is the family history that often leads to a healthcare pro-
vider’s suspicion of a hereditary cancer syndrome, several
important characteristics of an individual health history
can also be highly suggestive of a hereditary cancer syn-
drome (Table 6-2). It is critical that healthcare providers
ask about these characteristics, particularly if the individual
is affected with cancer. The same questions can be applied
to family members to obtain specific information about



© Jones & Bartlett Learning, an Ascend Learning Company. NOT FOR SALE OR DISTRIBUTION

CHAPTER 6  Genetic Risk and Hereditary Cancer Syndromes

other individuals in the family who are affected with can-
cer. Pathology reports should be obtained on all reported
cancer cases in the family to confirm the patient-reported
family cancer history.

In addition to the individual and family features of the
proband, the American Society of Clinical Oncology'* rec-
ommends that the following issues be carefully considered
prior to offering any genetic test of known cancer suscepti-
bility syndromes:

* Is there evidence that a cancer susceptibility syndrome is
present?

* Is the healthcare provider able to interpret the results of
the genetic test being considered?

* What is the level of certainty that the testing will yield
information to facilitate a diagnosis or be used for medi-
cal management?

In 2010, the American Society of Clinical Oncology
expanded the first criteria related to evidence of a syn-
drome being present. The recommendation now supports
genomic profiling for individuals with a suspected genomic
variance of low penetrance when there is established clini-
cal utility and the results can be interpreted adequately.'”
Of concern to clinicians are the lack of guidelines or expert
recommendations for cancer screening and management
and/or treatment of the syndrome-associated cancers.
In addition, as sequencing technology improves and the
cost of sequencing decreases, more people will have full
sequencing of their personal genome, which will lead to
an increase in secondary and incidental findings (genetic
findings that were not the primary purpose of the sequenc-
ing)."* Clinicians are encouraged to anticipate secondary
and incidental findings, inform patients about the possi-
bility of such findings, and determine the best course of
action when they are encountered.”

CANCER RISK ASSESSMENT MODELS

Only a small proportion of cancers can be attributed to
hereditary susceptibility; cancer risk assessment models
can aid healthcare providers in identifying those individu-
als who might be most appropriate for genetic testing or
increased cancer surveillance. Current cancer risk assess-
ment models help with the following tasks:

* Estimate the probability that an individual has inherited
a mutation in a known hereditary susceptibility gene

* Estimate the probability that an individual will develop
cancer over a defined period of time

However, cancer risk estimate models are not substitutes
for sound clinical judgment. Healthcare providers should

select models that have been peer reviewed and validated
and should also consider using more than one risk assess-
ment model, if available. Risk assessment models are useful
tools to assist clinicians in cancer risk assessment but they
are regarded as guides for—nor standards of—cancer risk
assessment, as each model comes with inherent limitations.

GENETIC COUNSELING

The process of genetic counseling is essentially a communi-
cation process that deals with the human problems associ-
ated with the occurrence, or risk of occurrence, of a genetic
disorder in a family."* Cancer genetic pre- and post-test
counseling involves an attempt to assist the individual or
family to become familiar with the following information:

* Facts about the diagnosis, natural history of the disorder,
and the current medical management options available,
including the risks and benefits associated with genetic
testing and management options

* How heredity contributes to the disorder, and to the risk
of occurrence (recurrence), in specific relatives

* Alternatives for dealing with the risk associated with the
disorder, including the risks and benefits of each alterna-
tive intervention

* The optimal adjustment (both physiological and psycho-
logical) to the disorder in an affected family member

* The appropriate options available (in view of their risk),
their individual and family goals, and their ethical and
religious beliefs, including the implications of testing and
sharing of test results with other family members

IDENTIFYING THE OPTIMAL FAMILY MEMBER TO
TEST AND INTERPRETATION OF TEST RESULTS

Genetic testing for a hereditary cancer syndrome is most
informative when the test is performed on a member of
the family who has a cancer diagnosis that is known to be
associated with a suspected syndrome (e.g., BRCAI/2 test-
ing in a woman with breast cancer from a family where a
hereditary breast and ovarian cancer [HBOC] syndrome is
suspected). If a mutation is identified in an affected fam-
ily member (a “true positive” test result), genetic testing for
the presence or absence of the family-specific mutation can
then be offered to close relatives. Some of the relatives may
undergo testing and learn they have not inherited the family
mutation; these members are said to have a “true negative”
test result. In the absence of a known mutation associated
with cancer in a family, a negative genetic test result (i.e., no
mutation detected) in a family member is considered to be
“uninformative” for the family. The person tested and that
individual’s descendants can be assured a “true negative”
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result means they will not pass a disease-causing mutation
of that gene to their children.

If other hereditary syndromes are being considered,
genetic testing for the syndromes under consideration may
continue in an affected family member. However, if the
cancer pattern within the family is consistent with only
one known hereditary cancer syndrome, no further testing
of the unaffected family members is routinely indicated.
Theoretically, it is always possible that the person selected for
testing has, by chance, a sporadic occurrence of the familial
cancer under evaluation (i.e., phenocopy). Thus, if there is a
strong probability of a mutation being present, one may elect
to test a second family member to be certain that a detectable
syndrome has not been overlooked. Figure 6-7 represents
the genetic testing algorithm for cancer susceptibility.?’

If there is no living affected family member in a family
suspected of having a hereditary cancer syndrome, consid-
eration may be given to testing either stored tissue samples
or unaffected family members. Testing stored tissue can be
technically difficult and may lead to results that cannot be
clearly interpreted. Testing an unaffected family member
may also yield uninformative test results for the family.
Failing to detect a mutation in an unaffected individual
could happen because that person did not inherit the muta-
tion associated with the cancer in the family or because the
mutation associated with the cancer in the family is not
detectable by the technology used by the laboratory. For an
individual who receives an uninformative test result when
he or she has a diagnosis of cancer, the presence of a cancer
susceptibility gene and an increased risk of developing can-
cer have not been excluded for either the individual or his
or her family. Genetic counseling in the post-test disclosure
session focuses on alternative ways to perform risk assess-
ment, if any, and management of cancer risk based on the
family’s cancer history.

GENETIC TESTING FOR CANCER
SUSCEPTIBILITY IN MINORS

As previously discussed, genetic risk assessment, counsel-
ing, and testing are grounded in the ethical principles of
beneficence, nonmaleficence, and respect for autonomy. A
primary goal when providing genetic services to individu-
als and families at high genetic risk of cancer is to protect
the individuals and family members from harm, including
emotional harm. Family members who are minors (individ-
uals younger than age 18) are not typically offered genetic
testing for hereditary cancer syndromes until they become
adults.”"** Many of the most common hereditary cancer
syndromes are associated with cancers that do not occur
until adulthood; therefore, it is appropriate to wait until
individuals have reached adulthood so that they can make
their own decisions about genetic testing. This practice
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allows minors to achieve majority and make an autono-
mous decision about whether to undergo genetic testing.
However, when there is evidence of an increased risk of
cancer developing in childhood (Table 6-4), or there are
benefits of (or consensus for) early cancer screening and
prevention® of hereditary cancer syndromes in minors,
genetic testing for the suspected cancer syndrome is appro-
priate in childhood.

SELECTED HEREDITARY CANCER

SYNDROMES

The following featured hereditary cancer syndromes are
presented to provide information about common hereditary
cancer syndromes for which there is clinical genetic testing
available, and to provide an introduction to the manage-
ment of individuals with hereditary cancer syndromes.
The syndromes chosen are examples of hereditary cancer
syndromes where either evidence has demonstrated that
intervention improves overall survival or there is broad con-
sensus about the value of early cancer detection and cancer
prevention interventions. A more comprehensive approach
is beyond the scope of this chapter; however, several text-
books are available for those who would like to delve more
deeply into hereditary cancer syndromes.?>=¢

HEREDITARY BREAST AND OVARIAN
CANCER SYNDROMES

Individuals who are at risk of carrying a mutation that
predisposes them to an hereditary breast and ovarian can-
cer (HBOC) syndrome are the patients most commonly
referred for cancer genetic risk assessment, counseling,
and testing. As many as 10% of breast cancer cases and
14% of ovarian cancer cases are associated with a muta-
tion in a cancer susceptibility gene.””*’ Hereditary causes
of breast and ovarian cancers are primarily due to the
BRCAI and BRCA2 mutations.** Cowden syndrome
(PTEN), Li-Fraumeni syndrome (p53), and Fanconi ane-
mia (PALB2) are other hereditary cancer syndromes that
are also associated with an increase in the lifetime risk of
breast and/or ovarian cancer.' In addition, some germ-
line mutations in DNA damage response pathways (e.g.,
CHEK2, ATM, BIRPI) are known to be associated with a
modest increase in breast cancer risk and are now included
in cancer susceptibility test panels.”

BRCAI located at chromosome 17q21, and BRCA2,
located at chromosome 13q12.3, are tumor suppressor
genes that are inherited in an autosomal dominant pattern.
In normal cellular physiology, their protein products initi-
ate a response to DNA damage by slowing the cell cycle
and recruiting other proteins involved in DNA damage
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Evidence™ of an inherited
susceptibility to cancer

v

The results of the test can be interpreted AND testing
will influence medical management

A 4 A 4
Known No known
mutation in family mutation in family

v
Obtain documentation

of the specific gene
mutation in the family

v y
Genetic education, Genetic education,
counseling, and testing counseling, and testing
with consent with consent
v VY A4 \4
. Deleterious . Variant of uncertain
No mutation . No mutation L
mutation significance
A4 A4 v v
Test result Test result Test result Test result
(informative) (informative) (uninformative) (uninformative)
I |
A4 A4
No increase in Cancer risk 3
cancer risk from increased based on Cancer risk
branch of family penetrance data for uncertain
with mutation that gene
A4
Other family members
eligible for testing for
known mutation in family
FIGURE 6-7

Genetic testing algorithm for cancer susceptibility.

*Families with evidence of an inherited susceptibility that have not had any genetic testing or in which genetic
testing has not identified a mutation or families with a documented deleterious mutation.”

Source: Reproduced from National Cancer Institute. Genetic testing algorithm for cancer susceptibility. http://www
.cancer.gov/cancertopics/pdq/genetics/risk-assessment-and-counseling/HealthProfessional/page6.2
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TABLE 6-4

Autosomal Dominant Cancer Syndromes and Risk in
Childhood

Probable Risk in
Syndrome Earliest Tumor Childhood (%)
Familial adenomatous First year 80
polyposis
Neurofibromatosis First year 30
(meningioma)
Von Hippel-Lindau -2 years 15
(retinal)
MENI 5 years 5
MEN2A 3 years 2.5
MEN2B | year <50
Li-Fraumeni First year 30
HBOC/BRCAI > 16 years <0.l
HBOC/BRCA2 > |6 years <O0.l

Hereditary nonpolyposis > 16 years <0.1

colorectal cancer

Source: Data from Lindor et al.'

repair.’** BRCAI and BRCA2 are not genetically related
to each other, and each mutation has a unique mechanism
of action in repair of DNA damage.” The BRCA genes
have been shown to have more than 2180 pathogenic muta-
tions (BRCAI, 1064; BRCA2, 1120), with other variants
of unknown significance requiring further evaluation.’®*’

Both traditional and new laboratory methods are used
to detect BRCAI and BRCAZ2 mutations. While traditional
methods, such as Sanger sequencing, continue to be used to
confirm accuracy of results, newer methods, such as next-
generation sequencing (NGS), can provide faster results and
have the ability to create vast amounts of data at a fraction
of the cost.”” Some methods can provide for whole-genome
sequencing (WGS) of an individual or sequencing of only
the protein-coding regions of the genome, known as whole-
exome sequencing (WES). The diagnostic accuracy for each
method has been reviewed.>=%’

Estimates of the carrier frequency of a BRCA mutation in
the general population (except women of Ashkenazi heritage)
is about 1/400 (approximately 0.25%).*® Approximations
of the prevalence of the BRCAI mutations in the general
population vary depending on the type of mutation, age
at onset of cancer, and type of cancer.”® ! Founder muta-
tions in BRCAI and BRCA2 have been reported in several
populations, including groups of Dutch, French Canadian,
Hungarian, Icelandic (BRCA2 999del5), French Canadian,
and Swedish descent.*’ In Ashkenazi Jewish (A]) popula-
tion, three founder mutations have been reported (BRCAI
185delAG, BRCAI 5382insC, and BRCA2 617delT);
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together they account for 80% to 90% of all BRCA muta-
tions found in A hereditary breast/ovarian cancer families.**

Female carriers of a BRCAI mutation are at much
greater risk of developing breast and ovarian cancer than
individuals in the general population. They are also at
higher than average risk of developing fallopian tube car-
cinoma and primary serous carcinoma of the peritoneum.’
Breast cancers associated with BRCAI mutations tend to be
estrogen-receptor negative, progesterone-receptor negative
and HER2/neu negative adenocarcinomas of the breast.
The lifetime risks (to 70 years of age) of developing breast
and ovarian cancer for women with BRCAI mutations
have been estimated to be 60% to 65% and 39% to 60%,
respectively.®

Other penetrance estimates have been reported and
vary considerably, emphasizing the impact of the environ-
ment on breast cancer incidence.* A large Canadian group
reported BRCAI penetrance estimates to age 80 years to
be 90% for breast cancer and 24% for ovarian cancer.’! A
meta-analysis of 10 BRCAI studies reported a cumulative
cancer risk to age 70 years to be 57% for breast cancer and
40% for ovarian cancer. In the Canadian AJ population,
the penetrance of the two BRCAI mutations for breast can-
cer by age 70 are 64% for BRCAI 185delAG and 67% for
BRCA1 5382insC.*! For ovarian cancer, the penetrance esti-
mates are 14% for BRCAI 185delAG and 33% for BRCA1
5382insC by age 70.* Among the U.S. population, the pen-
etrance for breast cancer to age 70 is estimated to be 46%
for breast cancer and 39% for ovarian cancer, based on 676
AJ families and 1272 families of other ethnicities.**

Like BRCAI mutation carriers, BRCA2 mutation carri-
ers are at much greater risk of developing breast and ovar-
ian cancer than the general population. The breast cancer
risk is lower than that seen in BRCAI mutation carriers
(BRCAI, 55% to 65%; BRCA2, 45%), but the risk of ovar-
fan cancer is significantly lower (and the age at diagnosis
is significantly older) than that reported for BRCAI carri-
ers (BRCAI, 39%; BRCA2, 11% to 17%).%> Breast cancers
associated with BRCA2 mutations tend to be estrogen-
receptor positive adenocarcinomas of the breast, much
like postmenopausal breast cancer in non-BRCA carriers.
Lifetime risks of developing cancer to age 70 years for per-
sons with BRCA2 mutations have been estimated to be
45% for breast cancer and 11% to 17% for ovarian cancer.”’
Penetrance estimates for the Ashkenazi BRCA2 6174delT
mutation are 43% for breast cancer and 20% for ovarian
cancer to age 70 years.”” Male breast cancer is more com-
mon among BRCA2 carriers; the cumulative probability to
age 70 ranges between 6% and 6.8%.%°% Other cancers
associated with mutations in BRCAZ2 include fallopian tube
carcinoma, primary serous carcinoma of the peritoneum,
prostate cancer, pancreatic cancer, and melanoma.”’~%

Recently, researchers combined single-nucleotide poly-
morphisms (SNPs), alone or in combination with both or
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other alleles in women with BRCAI or BRCA2 mutations
plus other known breast cancer risk factors (i.e., breast den-
sity, age at menarche, parity), to more effectively determine
the risk of developing a female cancer. Female BRCA2 car-
riers with the highest tertile of risk and seven specific SNPs
have four times higher risk of breast cancer than those in the
lowest tertile. There were no significant results for BRCAI
carriers when analyzed in terms of only four SNPs.*

More than 20 genes have been identified that have an
intermediate to high penetrance in breast cancer.* Two
of these genes, which are associated with an increased
lifetime risk of breast cancer, have been linked to other
hereditary cancer syndromes (e.g., Li-Fraumeni syndrome
and Cowden syndrome) and will be reviewed later in the
chapter.

IDENTIFYING INDIVIDUALS AT HIGH
RISK OF HBOC

Hereditary cancer risk assessment and genetic counsel-
ing are indicated for individuals and families who have
been identified as being at high genetic risk of HBOC.
Through cancer genetic risk assessment and counseling,
individuals and family members learn about hereditary
cancer, the individual and family risk of cancer, and
options for risk reduction, cancer screening, and cancer
management.*®* Often preliminary cancer genetic risk
assessment is performed by oncology nurses, oncologists,
primary care providers, and other healthcare providers,
many of whom lack formal training and certification in
genetic health care. In an effort to encourage busy clini-
cians to integrate cancer risk assessment into their daily
practice, guidelines to idencify high-risk individuals have
been developed.’®™ These guidelines are based on the
United States Preventive Services Task Force (USPSTF)
clinical guidelines on genetic risk assessment and BRCA
mutation testing for breast and ovarian cancer genetic sus-
ceptibility; they include important questions to ask about
the family’s cancer history and suggest when to recom-
mend genetic counseling. Once individuals from high-risk
families have been identified, formal cancer genetic risk
assessment and genetic counseling can be initiated.

In general, the following factors increase an affected (a
person with a cancer diagnosis) individual’s risk of being a
BRCAI or BRCA2 mutation carrier:

* Breast cancer diagnosed prior to menopause (age younger
than 50 years)

* Ovarian cancer at any age

e Triple negative (ER—, PR—, HER2-) markers

* Two or more primary breast cancers in the same individual

* Breast and ovarian cancer in the same individual

* Two or more individuals in the family with breast and/or

ovarian cancer or other cancer (pancreatic cancer, pros-
tate cancer [Gleason score > 7], sarcoma, adrenocortical
carcinoma, brain tumors, endometrial cancer, leukemia/
lymphoma, thyroid cancer, diffuse gastric cancer, derma-
tologic manifestations and/or macrocephaly, hamarto-
matous polyps of the GI tract)

e Male breast cancer

e AJ ancestry*

Unaffected individuals with a family history may also
receive further genetic evaluation. These individuals are
required to have one or more of the following factors:

* An individual with more than two breast primary cancers
* More than two individuals on the same side of the family
with breast primary cancers
* At least one ovarian primary cancer on the same side of
the family
* First- or second-degree relative with a history of breast
cancer diagnosis at an age younger than 45
* A known breast cancer susceptibility gene mutation
within the family
* At least one family member on the same side of the fam-
ily with a combination of breast cancer and at least one
of the following:
* A breast and/or ovarian cancer
* Other cancer (pancreatic cancer, prostate cancer [Glea-
son score > 7], sarcoma, adrenocortical carcinoma,
brain tumors, endometrial cancer, leukemia/lymphoma,
thyroid cancer, diffuse gastric cancer, dermatologic man-
ifestations and/or macrocephaly, hamartomatous polyps
of the GI tract)
* Male breast cancer™
For primary care providers, the USPSTF recommen-
dation is to provide cancer risk assessments to individu-
als who are members of families with patterns of breast,
ovarian, fallopian tube, or peritoneal cancer. Useful risk
assessment tools are those designed to identify a familial
cancer pattern that is associated with an increased risk for
deleterious mutations in breast cancer susceptibility genes
(e.g., BRCAI or BRCA2). Women whose results of a risk
assessment screening are suggestive of a known hereditary
cancer syndrome should be offered genetic counseling and
testing for the identified syndrome.”

BRCAI and BRCA2 Carrier Probability

As noted earlier, mutations in BRCAI and BRCAZ2 account
for only a small proportion (approximately 5% to 10%) of
all breast cancers.?”?® Several cancer risk assessment tools
have been published to guide healthcare providers in mak-
ing decisions about when to recommend genetic testing
or increased surveillance, or whether to follow consensus
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guidelines for syndrome-specific cancer screening for indi-
viduals who are at high genetic risk of cancer. Certainly,
there are advantages to making predictions based on
known hereditary patterns using family history and pedi-
gree construction as risk assessment tools. Family history
can be used as a surrogate marker of shared environmental
and genetic risk. Reassuringly, comprehensive cancer risk
assessment was found to be a better predictor of carrier
probability than computerized modeling.’***

The U.S. Preventive Services Task Force and the
National Comprehensive Cancer Network (NCCN) have
published guidelines for cancer genetic risk assessment and
BRCA mutation testing for breast and ovarian cancer sus-
ceptibility in high-risk individuals.”>** More than a dozen
different models have been published that use various sta-
tistical methods, study populations, personal and family
history features, and outcomes. In addition, several models
have been published for estimating breast cancer risk and
BRCAI/2 carrier probability. The appropriate predictive
model is chosen based on an individual’s health history and
the cancer pattern (and other associated features) within
the family.

Mutation Carrier Prediction Models:
BRCAPRO and BOADICEA

BRCA mutation carrier prediction models aim to identify
individuals who are likely to be carriers of a BRCAI or
BRCAZ2 mutation. Several models are available, and com-
parison of the different models suggests that BRCAPRO
has the best performance characteristics, though all models
performed adequately in clinical use.”*>*

BRCAPRO  (http://astor.som.jhmi.edu/BayesMendel/
brcapro.html) is a computerized, statistical Bayesian
model that calculates BRCAI and BRCAZ2 carrier prob-
ability based on history of breast or ovarian cancer, and
age(s) at diagnosis in the proband and in the first-degree
relative (FDR) and second-degree relative (SDR).®°¢ ¢
also accounts for current age and age at death of unaffected
relatives. The model is derived from published estimates of
gene prevalence and penetrance; these are updated periodi-
cally, but estimates may be inaccurate. Other limitations
include the following: (1) The model accounts only for first-
and second-degree relatives of the index case; (2) it does not
incorporate prostate or pancreatic cancer; and (3) it con-
siders only the BRCAI and BRCA2 genes. Therefore, some
individuals with increased BRCAPRO carrier probability
will have mutations in other genes but will test negative
for BRCAI and BRCA2.>>° Healthcare providers must also
take care in selecting the family member or proband who
will produce the most accurate estimates based on the dis-
tribution of affected relatives. A recent study determined
that while the BRCAPRO model is highly sensitive, it
missed an estimated 15% of mutations.”® The BRCAPRO
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software contains the Gail and Claus models for breast
cancer risk prediction embedded within its software.

The BRCAPRO and BOADICEA breast/ovarian muta-
tions and cancer risk assessment models have been updated.
Researchers using the BOADICEA and BRCAPRO genetic
models found they had sensitivity of 76% and 77%, respec-
tively, and specificity of 70% and 69%, respectively, for
mutation detection. Previously reported specificity for both
tools was less than 50%.°”°% In addition, the newest ver-
sion of BOADICEA includes an assessment of whether key
breast cancer molecular markers (e.g., estrogen receptor,
progesterone receptor, HER2/neu, and CK5/6 and CK14)
were detected in affected family members.’®>’

While mutation and risk assessment models can aid in
determining the best use of genetic testing for individuals at
risk, healthcare providers must use caution when relying on
these estimates to make clinical decisions about increased
cancer surveillance and risk-reducing surgeries such as pro-
phylactic mastectomy and/or bilateral oophorectomy.**¢°

Breast Cancer Risk Models: Gail, Claus,
and Tyrer-Cuzick

The most frequently used model for estimating breast can-
cer risk in clinical practice is the Gail Model (heep://www
.cancer.gov/bcrisktool).”! This tool is based on a case-control
analysis of the Breast Cancer Detection Demonstration
Project, which was a joint American Cancer Society (ACS)
and National Cancer Institute (NCI) breast cancer screen-
ing study that involved 280,000 women between the ages
of 35 and 74 years. The Gail Model takes into account vari-
ables including a woman’s own personal history of prior
breast biopsies and the presence of atypical hyperplasia,
known BRCA mutation, or diagnosis of a genetic syndrome
associated with elevated risk of breast cancer; her reproduc-
tive history (age at menarche and age at the first live birth of
a child); and the history of breast cancer among her FDRs
(mother, sisters, daughters). These variables are then used to
estimate the 5-year and lifetime risk of breast cancer. Factors
that correlate with an increased risk of developing breast
cancer include nulliparity, early age of menarche, later age
of menopause, history of previous breast biopsy, and posi-
tive family history in a FDR. The Gail Model is advanta-
geous in that it accounts for other risk factors besides family
history, and can provide comparison of an individual’s risk
versus women in the same age group from the general popu-
lation. However, it does not account for paternal family his-
tory, SDRs, age at onset of cancer, bilateral cancers, multiple
primary cancers, or other cancers. The Gail Model has been
updated to include factors related to African American,
Asian, and Pacific Islander ethnic backgrounds.”’G0
Investigators explored the impact of adding an extended
family history of breast cancer to the existing Gail Model
in a case-control study conducted among 1765 women
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recruited in Italy between 1997 and 2000.°" The investiga-
tors modeled risk estimates based on extended family history
grouped according to (1) women with no reported FDRs
or SDRs with breast cancer, (2) women with one or more
FDRs with breast cancer, (3) women with one or more SDRs
with breast cancer, and (4) women with one or more FDRs
and/or one or more SDRs with breast cancer. The findings
demonstrated that the extended family history information
could be a useful supplement to the existing standard model
in predicting breast cancer risk estimates.”*~'

The Claus Model is another commonly used model for
estimating the cumulative probability of breast cancer.”’”
'The foundation for this model was a population-based case-
control study involving 4730 breast cancer patients and
matched controls. First- and second-degree family history
of breast cancer with age at diagnosis is incorporated into
the Claus Model to estimate the probability that a woman
will develop breast cancer. This model accounts for pater-
nal contributions to breast cancer risk, which adds to its
strengths. Its limitations include that it does not account
for bilateral cancers, multiple primary cancers, or other
cancers, and it does not account for other breast cancer
risk factors. Further, only two relatives with a breast cancer
diagnosis can be selected to determine risk estimates, mak-
ing it confusing for healthcare providers to choose the most
informative case. Additionally, healthcare providers require
access to the Claus Model’s data tables, since this model has
not been implemented as an online tool. Recent research
revealed that the extended Claus Model predicted twice as
many mutation carriers as observed, suggesting the revised
model requires more research prior to its introduction into
the clinical setting.”*®

Investigators of the International Breast Intervention
Study (IBIS) and the Mayo Clinic Benign Breast Disease
cohort studied a group of 9736 women age 18 to 55 to eval-
uate whether the Tyrer-Cuzick Model was a useful tool to
determine whether there was benefit to adding breast mag-
netic resonance imaging (MRI) to annual mammography
for the early detection of breast cancer in high-risk women.
Similar to the Gail Model, the Tyrer-Cuzick Model includes
family history but adds paternal information, breast cancer
status of FDRs and SDRs, half-siblings, Ashkenazi Jewish
family history, hormone replacement usage, and age at
menopause.”””’~! The results indicate that for women with
a lifetime risk of more than 20%, based on the American
Cancer Society guidelines, it is appropriate to consider add-
ing breast MRI to annual breast cancer screening.

BRCAI/2 CANCER RISK MANAGEMENT

During genetic test disclosure, all BRCA mutation carriers
are advised of the genetic risk of cancer to relatives and are
strongly encouraged to alert family members to the value

of genetic risk assessment. Although the major cancers
associated with BRCA mutations are breast and ovarian,
other cancers are considered to be part of the syndrome.
However, for most of these cancers, no proven cancer pre-
vention or early detection strategies are currently available.
It is imperative to educate BRCA mutation carriers about
the signs and symptoms of BRCA-related cancers so they do
not delay secking care for persistent symptoms that may be
associated with the development of cancer.”

Breast Cancer Surveillance in Female BRCA/ or
BRCA2 Mutation Carriers, or in Untested Females
From Families With Known BRCAI or BRCA2
Mutations or VWomen With a Risk Assessment
Calculation > 20%

Recommendations for breast cancer screening in women at

high genetic risk include the following:>>*

* Monthly breast self-exam beginning at age 18>

* Clinical breast exam performed by a clinician every
6 months starting at age 30

* Screening mammogram once a year beginning at age 30
or at an individualized timetable based on the earliest age
at which breast cancer has been diagnosed in the family>

* Breast MRI once a year starting at the same age as the
mammogram to be scheduled on days 7-15 of the men-
strual cycle in premenopausal women®

* Consider risk reduction strategies outlined in the
NCCN’s Guidelines for Breast Cancer Risk Reduction™

A prospective screening cohort study found MRI of
the breast to be more sensitive than mammography (94%
versus 9%; p < 0.0001) in unaffected women with known
BRCAI/2 mutations aged 25 to 65.2 In addition, the
researchers reported that no distant recurrences in the can-
cers were detected in 24 of 28 women with BRCA muta-
tions diagnosed at an early stage with MRI with 8.4 years of
follow-up.®* MRI has also been found to detect breast can-
cer at an earlier stage than mammography alone.*~® In a
European analysis of three nationwide studies (GENEPSO,
EMBRACE, and HEBON) of women with BRCA1/2 muta-
tions, exposure to diagnostic radiation before age 30 was
associated with an increased risk of breast cancer at dose levels
considerably lower than those at which increased incidence
has been found in other cohorts exposed to radiation. These
study results suggest MRI and other non-ionizing radiation
imaging techniques could be used as the primary technol-
ogy employed for breast surveillance in young women with
BRCA1/2 mutations.**>"® However, there is no consensus
at present to change the recommendation of annual MRI with
annual mammography or to screen with only MRI for women
who are known carriers of a BRCA mutation or untested
women from families with a known BRCA mutation.’”
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Risk-Reducing Bilateral Mastectomy

Risk-reducing bilateral mastectomy (RRBM), the prophylac-
tic removal of both breasts removed before a breast cancer is
detected, lowers breast cancer risk by approximately 909%.°6-8
Women who are considering RRBM should discuss surgical
and reconstruction options with a breast surgeon and a plastic
surgeon. A small risk of breast cancer remains after RRBM.
RRBM removes primarily visible breast tissue, leaving behind
a small amount of residual breast tissue after surgery. This
clinically undetectable breast tissue may give rise to a breast
cancer. Although screening with mammogram and MRI are
not recommended following RRBM, periodic examination
of the chest can be performed.*®~¢8

Hormonal Prevention of BRCAI/2 Breast
and Ovarian Cancers

Bilateral oophorectomy (BO) in women who are BRCAI or
BRCAZ2 mutation carriers reduces the risk of breast cancer
by approximately 50% and the risk of ovarian cancer by
90%. Bilateral oophorectomy should be recommended for
premenopausal women older than age 35, once these high-
risk women have completed childbearing, and/or individu-
alized for the earliest age of onset of ovarian cancer within
the family.””

The reduction in risk of breast cancer by BO appears to
apply to both BRCAI mutation carriers and BRCA2 muta-
tion carriers.?”’" However, preliminary data suggest that
BRCA2 mutation carriers may obtain a greater reduction in
risk than BRCAI mutation carriers.”!

Limited data are available to support the use of chemo-
prevention of breast cancer in BRCAI or BRCA2 mutation
carriers. A significant (approximately 50%) reduction in the
risk of contralateral breast cancer was observed in BRCAI
and BRCAZ2 mutation carriers who had used tamoxifen for
at least 2 years following a diagnosis of unilateral breast
cancer.”* A follow-up study to the original investigation
confirmed a significant decrease in the risk of a contralat-
eral breast cancer was associated with the use of tamoxifen
in BRCA mutation carriers.”

Two different medications can lower the risk of breast
cancer among women at increased risk; however, they
have not been adequately studied in women who have a
BRCA mutation.”* The Study of Tamoxifen and Raloxifene
(STAR) compared the effectiveness of these two drugs
among women with elevated breast cancer risk, whereas an
earlier study, the Breast Cancer Prevention Trial (BCPT),
demonstrated tamoxifen reduced breast cancer incidence by
about 50%.” The STAR trial revealed raloxifene is as effec-
tive as tamoxifen in reducing the number of invasive breast
cancer cases and has fewer serious side effects. However,
the benefit of these medications in unaffected women with
known BRCA mutations is not well established. There are no
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data regarding the benefits of raloxifene in BRCA mutation
carriers, and only a limited amount of information regard-
ing tamoxifen use by BRCA carriers. The largest studies of
tamoxifen as a breast cancer prevention agent in mutation
carriers without a prior breast cancer diagnosis have yielded
conflicting results, although there is some suggestion that
the risk of contralateral breast cancer may be reduced in
BRCA carriers; nevertheless, there are no data regarding
tamoxifen’s benefit in primary prevention of breast cancer
in this group of women.*®’®”” Therefore, tamoxifen may be
a reasonable option for high-risk women to consider in the
future after furcher research is completed.

Ovarian Cancer Surveillance

For women with a BRCA mutation who have not had their
ovaries removed, the following measures are currently rec-
ommended:*? transvaginal ultrasound and CA-125 blood
test every 6 to 12 months starting at age 35, or 5 to 10 years
earlier than the youngest age of onset of ovarian cancer
diagnosis in the family. However, several studies have dem-
onstrated that screening for ovarian cancer using trans-
vaginal ultrasound and serum CA-125 is ineffective and
inefficient.”*~*” Routine use of transvaginal ultrasound and
serum CA-125 does not prevent the diagnosis of late-stage
ovarian cancer and leads to a high number of false-positive
findings. For that reason, risk-reducing oophorectomy
(RRO), after childbearing is completed, is considered the
most powerful intervention available to BRCAI or BRCA2
mutation carriers to reduce the risk of ovarian and fallopian
tube cancer.

Prophylactic Removal of the Ovaries
and Fallopian Tubes

Risk-reducing oophorectomy has been shown to lower the
risk of developing ovarian cancer among high-risk women
by 85% to 95%°* and to provide a 77% reduction in
all-cause mortality.5* The fallopian tubes must be removed
because of the increased risk of fallopian tube malignancies
among BRCA mutation carriers.”"* However, this surgi-
cal procedure does not completely protect against ovarian
cancer-like malignancy. After a woman has undergone
risk-reducing salpingo-oophorectomy (RRSO), there is
still 2 1% to 4% chance that she may develop a cancer in
the abdomen that resembles ovarian cancer; such disease
appears to occur more frequently in BRCAI carriers com-
pared with BRCA2 carriers.”' Designated primary perito-
neal carcinoma (PPC), this malignancy is thought to arise
from other tissues in the abdomen that are related to the
ovaries. There are no recommendations for routine screen-
ing following RRSO to detect PPC at this time.
Risk-reducing salpingo-oophorectomy is usually recom-
mended starting at ages 35 to 40 years, or once childbearing
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is completed.”>® Before making a decision regarding RRSO,
mutation carriers must pursue a thorough discussion about
the age of the carliest ovarian cancer in the family, their
personal reproductive plans, the degree of risk reduction
expected from RRSO, management of menopausal symp-
toms, and the possibility of other medical conditions that
may occur more frequently among women who have under-
gone surgical menopause. The most common symptoms asso-
ciated with RRSO in premenopausal women are hot flashes
and dyspareunia. Fortunately, menopausal hormone therapy
(MHT), when used for short periods of time (2-3 years), is
not associated with an increased risk of breast cancer® and
can be safely used to relieve menopausal symptoms caused
by surgical menopause. Further research is needed to deter-
mine whether there are differences in the risk of develop-
ing breast cancer based on the precise hormonal preparation
and duration of MHT in BRCA1/2 mutation carriers. The
Women’s Health Initiative®®*® demonstrated that women
taking estrogen-only MHT did not have an increased risk of
developing breast cancer. Therefore, it may be worth consid-
ering hysterectomy at the time of RRSO, in carefully selected
women, if either estrogen-only MHT is contemplated for the
relief of menopausal symptoms, or if tamoxifen is being con-
sidered for breast cancer risk reduction.®”

Chemoprevention of Ovarian Cancer

For women who are not ready to have RRSO to lower their
risk of ovarian cancer, oral contraceptives (OCs) may be
considered. The use of OCs has been shown to decrease the
risk of ovarian cancer by approximately 50% in regard to
both sporadic and hereditary ovarian cancer.** ! With con-
tinued use of OCs, there is a 36% decrease in ovarian cancer
risk for each decade of use.®® Of note, the overall research
findings involving BRCAI/2 carriers taking OC formula-
tions prior to 1975 suggested that there is a positive asso-
ciation between OC use and breast cancer risk. However,
compared with today’s OC preparations, OC formulations
prior to 1975 included a higher dosage of estrogens; there is
no correlation between increased risk of breast cancer and
the current OC formulations.®®

A recent retrospective case-control study evaluating
affected (cases) and unaffected (unaffected) BRCAI muta-
tion carriers reported that BRCAI mutation carriers who
ever used OCs had a greater likelihood of developing breast
cancer (odds ratio [OR], 1.18; 95% confidence interval
[CI], 1.03-1.36; p = 0.02) than women who never used
OCs.”” This effect was limited to BRCAI carriers diagnosed
with breast cancer prior to the age of 40. There was also an
increased risk of early-onset breast cancer (OR, 1.1; 95%
ClI, 1.02-1.2) for each year of OC use prior to the age of
20.”2 BRCAI mutation carriers interested in using contra-
ceptive pills to reduce their risk of ovarian cancer need to
balance the potential increase in breast cancer risk with the

prevention of unintended pregnancy and the clear benefit
of OCs in the prevention of ovarian cancer.

CANCER RISK MANAGEMENT IN MALE BRCA
MUTATION CARRIERS

It is recommended that male BRCA mutation carriers learn
and perform breast self-examination monthly, undergo
clinical breast examination, and consider baseline mam-
mography. If gynecomastia or glandular breast density is
seen on the baseline mammogram, annual mammography
is indicated."?

Male BRCA mutation carriers are also at higher than
average risk of developing prostate cancer. Being a BRCA2
mutation carrier has been associated with an 8.6-fold
increased risk of prostate cancer in men, while BRCAI car-
rier status is associated with a 3.7-fold increased risk of this
cancer.”*” A recently published retrospective cohort study
reported that 2% of men with early-onset prostate cancer
(before 55 years of age) carry a germline BRCA2 mutation
and are more likely to develop early-onset prostate cancer
(23-fold higher relative risk) than men with prostate cancer
but without a BRCA2 mutation.”®”” In addition, the results
from the first 300 patients enrolled in the IMPACT (iden-
tification of men with a genetic predisposition to prostate
cancer) trial group reported a prostate cancer-specific prev-
alence of 3.3%, prostate-specific antigen (PSA) screening
having a 48% positive predictive value in male BRCAI/2
mutation carriers.”” These results suggest that targeted PSA
screening for male BRCA carriers, especially those with
a family history of young onset, may be associated with
better identification of aggressive disease.”’

Aspirin has drawn some attention as a chemoprevention
agent for prostate cancer, including male BRCA mutation
carriers.”®”” A recent study reported a lower likelihood of
prostate cancer in male BRCA mutation carriers who used
aspirin daily (OR, 0.091; 95% CI, 0.011-0.467; p = 0.003).”
However, given the study’s small sample size (z = 74 respond-
ers) and relatively low power, this finding, while intriguing, is
neither conclusive nor ready for clinical application.

HEREDITARY COLORECTAL CANCER
SYNDROMES

Colorectal cancer is the fourth most commonly diagnosed
cancer among adults in the United States.'’” Approximately
134,490 new cases were expected to be diagnosed in 2016,
with approximately 49,190 deaths occurring because of
the disease.'”” The majority of colorectal cancers (75%)
are the sporadic form of cancer, which shows no evi-
dence of an autosomal dominant inheritance pattern.'”!
Among all individuals diagnosed with colorectal cancer,
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approximately 25% have a family history of cancer that is
suggestive of genetic risk or perhaps common exposures
among family members associated with an increased risk
of developing colorectal cancer. The hereditary colorec-
tal cancer syndromes, Lynch syndrome (also known as
hereditary nonpolyposis colorectal cancer [HNPCC]) and
familial adenomatous polyposis (FAP) account for approxi-
mately 5% to 6% of all colorectal cancers. Unique features
of family history, characteristics of disease presentation,
and histopathological findings in tumor tissue and polyps
enhance the ability to identify family members affected by
these rare syndromes. While both Lynch syndrome (2-3%
incidence) and FAP (1-2% incidence) are rare, it is impor-
tant to identify mutation carriers so that early detection
and cancer prevention strategies can be employed.

LYNCH SYNDROME

Mutations associated with Lynch syndrome are inherited in
anautosomal dominant pattern with incomplete penetrance.
Several genes are associated with Lynch syndrome: MLHI
at 3p21.3, MSH2 at 2p21-22, PMS2 at 7p22, and MSHG at
2p16." These genes function in the DNA mismatch-repair
complex within the cell. MLHI and MSH2 are associated
with more than 90% of the mutations identified in Lynch
syndrome families; MSHG is associated with 7% of the
mutations identified in such families."”® Three deletions in
the EPCAM gene also appear to lead to hypermethylation of
the MSH2 promoter and subsequent MSH2 silencing,'%'*
These deletions are thought to account for the 20% to 25%
of Lynch syndrome cases in which the MSH2 protein is
not detected by immunohistochemistry (IHC).'* Three
additional genes have also been found to be associated with
Lynch syndrome: MLH3, PMSI, and EX01.'%

Lynch syndrome is characterized by the development of
colorectal cancer in the right side of the colon and several
other extracolonic cancers (gastric, small intestine [ampulla
of Vater], biliary tract, urinary tract, ovarian, brain, and
endometrial), which present at an earlier age than in the gen-
eral population.” Turcot syndrome consists of colorectal
and brain cancer and is a variant of both Lynch syndrome
and FAP. In Lynch syndrome, the brain cancers tend to be
glioblastomas; in FAP, the brain cancers are usually medullo-
blastomas.'® Another variant of Lynch syndrome, known as
Muir-Torre syndrome, is characterized by cutaneous lesions
(sebaceous adenomas, epitheliomas, carcinomas, or keratoac-
anthomas) and other malignancies.' The risk of colon cancer
appears to be greatest in MLHI mutation carriers; however,
the overall risk of all cancers appears to be greatest in indi-
viduals who carry a mutation in the MSH2 gene.!

The lifetime cancer risks of individuals with Lynch syn-
drome are 50% to 80% for colorectal cancer, 40% to 60%
for endometrial cancer, 9% to 12% for ovarian cancer, 11%
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to 19% for gastric cancer, 1% to 4% for small bowel cancer,
4% to 5% for urinary tract cancer, 1% to 3% for brain
cancer, 3% to 4% for pancreatic cancer, and 2% to 7% for
hepatobiliary cancer.'"'"'%? Colorectal cancer pathologic
features in Lynch syndrome include a solid growth pattern,
mucin production, poor differentiation, and lymphoid
infiltration of tumor.'”® Endometrial and ovarian cancers
associated with Lynch syndrome are diagnosed an average
of 10 years eatlier than in the general population; however,
the survival does not seem to differ significantly from that
observed with the sporadic forms of cancer when matched
by stage of disease at diagnosis.'’

Colorectal Cancer Risk Assessment:
Lynch Syndrome

Identification of individuals who are likely to carry a muta-
tion associated with Lynch syndrome has relied on the use
of family history with the Amsterdam Criteria serving as a
guide (discussed later in this section). However, these cri-
teria were initially developed for the purpose of consistent
classification of research subjects.'"’ The Bethesda criteria
were later developed and modified to assist in identify-
ing the risk of Lynch syndrome among patients already
diagnosed with HNPCC-related tumors. Subsequently,
researchers at Dana Farber Cancer Institute® developed a
model to help healthcare professionals estimate the prob-
ability that an affected individual carries a mutation in a
MLHI or MSH?2 gene.

Amsterdam Criteria (Revised)

The Amsterdam Criteria were originally created in 1991 and
later revised after there was broad agreement that the initial
criteria were too restrictive for clinical use (AC-II). The cur-
rent criteria require that the following conditions be met:

¢ At least two relatives have an HNPCC-associated cancer:
colorectal cancer, or cancer of the endometrium, small
intestine, ureter, or renal pelvis.

* One patient should be a FDR of the other two.

* At least two successive generations should be affected.

* At least one tumor should be diagnosed in a relative
younger than 50 years of age.

* Familial adenomatous polyposis should be excluded in
the colorectal cancer case (if any).

* Tumors should be verified by histopathological examination.

These criteria were not intended to assist with selection
of individuals for genetic testing or enhanced cancer sur-
veillance, but instead to unify the selection of families at
high risk for research studies. It is important to note that
a significant percentage of mutation-positive families with
Lynch syndrome do not meet the AC-II; therefore, cau-
tion must be applied when using these guidelines, as there
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is strong suggestion that other inherited mutations may
remain to be identified.

Bethesda Criteria (Modified)

The Bethesda Guidelines were developed to help identify
Lynch syndrome families by categorizing colorectal cancer
cases via molecular evaluation using microsatellite insta-
bility testing (MSI) and immunohistochemistry (IHC)
analysis if criteria were met in patients already affected
with HNPCC-associated malignancies.'" The most recent
guidelines posit that MSI and/or IHC testing of Lynch
syndrome-associated tumors is indicated if any of the fol-
lowing criteria are met:

* The patient is younger than age 50.

* The patient has multiple HNPCC-associated tumors
(metachronous or synchronous).

* The patient has at least one FDR who had an HNPCC-
related tumor at 50 years of age or younger.

* The patient has atleast two FDRs or SDRs with HNPCC-
related tumors at any age.

* The patient is younger than 60 years and has colorectal
cancer that has microscopic characteristics that are in-
dicative of MSI.

In the clinical setting, the Bethesda Guidelines consti-
tute a useful approach to identify patients at risk of Lynch
syndrome. In patients meeting the guidelines, both MSI
testing and THC staining are effective strategies (from both
clinical and economic standpoints) to further select patients
who can be tested for MSH2/MLHI germline mutations.

PREMM 1,2,6 Model

The PREMM 1,2,6 Model (hetp://www.dfci.org/premm)
is an online risk assessment calculator designed to esti-
mate the probability that an individual carries a muta-
tion in MLHI, MSH2, or MSHG; its results guide clinical
management.">'"> The model was derived from a logistic
regression analysis of 4539 probands who provided family
history data, including FDRs and SDRs, and had full gene
sequencing of the three genes. PREMM 1,2,6 is an exten-
sion of the PREMM 1,2 models and includes the same
variables defined in the previous model:''*'

* Diagnosis of and age at diagnosis of colorectal cancer
(CRC)

¢ Colonic adenomas

* Endometrial cancer and other Lynch syndrome-associated
cancers (ovary, stomach, kidney/urinary tract, bile ducts,
small bowel, brain tumors [glioblastoma multiforme],
pancreas, and sebaceous gland tumors)

* Presence of CRC or other Lynch syndrome-associated
cancers in the proband’s FDRs or SDRs and their ages at
diagnosis

External validation and comparison with the previous
PREMM 1,2 model was conducted on a second cohort of
1827 individuals."® The differences identified gender as an
additional predictor in the updated PREMM 1,2,6 model.
All other variables being equal, men were two times more
likely than women to have an MAMR mutation, and that
adenomas in the proband were not a predictor as indicated
in the previous model.'”

Additional models for identifying HNPCC risk include
HNPCC (http://hnpecpredict.hgu.mre.ac.uk/), MMRpro
(heeps://www4.utsouthwestern.edu/breasthealth/cagene/),
and MMRpredict.“s’HG

Cancer Surveillance in Individuals With Known Lynch
Syndrome or in Untested Individuals From Known
Lynch Syndrome Families

Colorectal cancer surveillance recommendations are based
on the specific mutation detected. For individuals with a
MLHI, MSH2, or EPCAM mutation, screening guidelines
include a colonoscopy every 1 to 2 years beginning between
the ages of 20 to 25 years of age or 2 to 5 years prior to the
carliest colorectal cancer diagnosed in the family, if diag-
nosed before the age of 20 years."”™""? For individuals with
an MSH6 or PMS2 mutation (associated with a lower risk
for colon cancer up to age 70), screening colonoscopy is
recommended every 1 to 2 years between the ages of 25
to 30 or 2 to 5 years prior to the earliest colon cancer in
the family, if diagnosed before age 30 years."”™""” Early and
increased surveillance and removal of colon polyps have
been shown to reduce the incidence of colorectal cancer in
individuals with Lynch syndrome.'*

Evidence does not exist to support the efficacy of
screening for gastric, duodenal, and small bowel cancer in
Lynch syndrome at this time. Depending on their specific
findings, selected individuals or families may be advised
to begin upper gastrointestinal and duodenal cancer
screening between 30 and 35 years of age, consisting of
an upper gastrointestinal endoscopy, to be repeated every
3 to 5 years.'

Ovarian, Endometrial, and Urinary Tract Cancer Risk
Management of Lynch Syndrome

As with BRCAI and BRCA2, the eflicacy of screening for
ovarian cancer in conjunction with high risk for Lynch syn-
drome has not yet been demonstrated. However, in women
at high genetic risk of Lynch syndrome who are not ready
for prophylactic bilateral oophorectomy, annual transvagi-
nal ultrasound and serum CA-125 is recommended.'**'!
In the general population, use of oral contraceptive pills
has been associated with a substantial reduction in the risk
of ovarian cancer; however, this effect has not been demon-
strated in Lynch syndrome.'
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Endometrial cancer surveillance includes annual Pap
smear, pelvic examination, annual transvaginal ultrasound,
and/or endometrial biopsy and CA-125 beginning between
25 and 30 years of age. These recommendations are based
on expert consensus opinion. Increased surveillance of the
endometrium leads to early detection of endometrial can-
cer; however, whether this improves survival has not yet
been demonstrated.'*'** The benefit of the prophylac-
tic removal of the uterus and ovaries, after a woman has
completed childbearing, almost completely eliminates the
risk of developing ovarian and endometrial cancer'**'*
in women at high genetic risk of Lynch syndrome. Since
endometrial cancer is the second most frequent malignancy
occurring in Lynch syndrome, prophylactic hysterectomy
after completion of childbearing warrants consideration.

The penetrance estimate for urinary tract cancers asso-
ciated with Lynch syndrome is quite variable. Nevertheless,
annual urinalysis is reccommended starting at 25 to 30 years
of age in individuals who are at high genetic risk of Lynch
syndrome to screen for urinary tract cancers.'®

FAMILIAL ADENOMATOUS POLYPOSIS

Familial adenomatous polyposis is an autosomal domi-
nantly inherited disorder with an incidence of 1 in 8000 to
15,000 live births."?* Protein truncation mutations in the
APC gene 5q21-q22 account for 70% to 80% of reported
mutations, and approximately 25% of FAP cases are due to
new germline mutations (de novo mutations). Clinical diag-
nosis of the disease is most frequently based on the presence
of large numbers (more than 100) of adenomatous colorec-
tal polyps. In untreated individuals, the risk of developing
colon cancer (most frequently left-sided) is nearly 100% by
the fourth or fifth decade of life if prophylactic colectomy
is not performed.'*>'?® After an affected family member has
tested positive for a deleterious mutation in the APC gene,
genetic testing is offered to close family members. Colon
adenomas will develop in nearly 100% of individuals who
test positive for a mutation in the APC gene and commonly
develop in the teen years. For this reason, once an informa-
tive family member has been identified, genetic testing is
offered to children. When polyps are identified, risk-reduc-
ing colectomy is recommended to prevent colon cancer.

Other cancers have been associated with FAP, including
medulloblastoma (lifetime risk < 2%), papillary carcinomas
of the thyroid (lifetime risk < 2%), hepatoblastoma (life-
time risk < 5%), pancreatic cancer (lifetime risk < 2%), and
gastric cancer (lifetime risk < 1%). Benign neoplasms have
also been associated with FAD, such as congenital hyper-
trophy of retinal pigment epithelium (CHRPE), osteomas,
supernumerary teeth, odontomas, desmoids, epidermoid
cysts, duodenal and other small bowel adenomas, and gas-
tric fundic gland polyps.'
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Cancer Risk Management in FAP

For those persons at high genetic risk of FAP, cancer screen-
ing guidelines include early detection efforts related to
cancers associated with the syndrome and colectomy once
polyps are detected. Expert guidelines for surveillance and
prevention of cancers associated with FAP are updated fre-
quently as new research about the efficacy of interventions
evolves. Management should be individualized based on
genotype, phenotype, and other personal considerations
taken into account by the physician or center that is man-
aging the patient.'® Decisions about the timing and the
type of surgery are complex and require thoughtful discus-
sions between the patient and his or her surgeon.

OTHER COLON CANCER HEREDITARY
SYNDROMES

Attenuated FAP (AFAP) is a milder form of the FAP and
may be difficult to distinguish from MUTYH-associated
polyposis and Lynch syndrome. Carriers of a mutation in
the AFAP portion of the APC gene (before codon 157, after
1595, and in the alternatively spliced region of exon 9)'
develop fewer than 100 colonic adenomas; these adenomas
tend to be smaller and flatter than FAP polyps and develop
on the right side of the colon.'”1?¢ In AFAP, colorectal
cancer occurs later in life, with a mean age at diagnosis
of 50 to 52 years."” If germline APC testing is negative in
individuals who are suspected of having AFAP, genetic test-
ing for MYH mutations can be contemplated.

MYH-associated polyposis has an autosomal recessive
inheritance pattern, and homozygous mutations in the
MYH gene have been associated with multiple colorectal
adenomas with or without cancer. The MYH gene is located
at 1p32.1-p34.3. It is a base-excision repair gene that par-
ticipates in the repair of mutations caused by reactive
oxygen species.'”® The incidence of the monoallelic MYH
mutation is approximately 1% in the general population.
Approximately 7% to 17% of individuals who have an FAP
phenotypic expression of polyposis but without a detect-
able APC germline mutation carry biallelic mutations in
the MYH gene.'”™'% Biallelic mutations have shown to
carry an increased risk of cancer, up to 28-fold greater
than the risk associated with monoallelic mutations.'**'**
Associated benign neoplasms include colonic and duodenal
adenomas, gastric fundic glad polyps, osteomas, sebaceous
gland adenomas, and pilomatricomas.

Cancer risk management in MYH-associated polyposis
consists of starting colonoscopy at age 25 to 30 years and
repeating this procedure every 3 to 5 years if no polyps are
found. Upper gastrointestinal endoscopy with side-viewing
duodenoscopy beginning at age 30 to 35 and repeated
every 3 to 5 years may also be considered. If adenomas are

detected, patients should be managed according the FAP
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guidelines.""® Carriers of monoallelic MYH mutations are
recommended to begin colonoscopy at age 40 and repeat
colonoscopy every 5 years, based on expert opinion.'

MULTIPLE ENDOCRINE NEOPLASIA

Multiple endocrine neoplasia (MEN) syndromes are rare
autosomal dominant inherited disorders that predispose indi-
viduals to benign and malignant tumors of the pituitary, thy-
roid, parathyroids, adrenals, endocrine pancreas, paraganglia,
and nonendocrine organs. MEN type 1 (MEN1) and MEN
type 2 (MEN2) are examples of classic MEN syndromes.
However, von Hippel-Lindau syndrome (VHL) and Cowden
syndrome may also be considered as examples of MEN.'#

MENI

MENTI is caused by a mutation in the MENI gene, which
is located at chromosome 11q13. This mutation is thought
to affect gene transcription, cell proliferation, apoptosis,
and genome stability."”” The incidence of the mutation is
estimated to be 1 in 5000 to 50,000 in Caucasian popu-
lations. Penetrance is estimated to be 80% by age 50.'%
Hyperparathyroidism either is the presenting symptom or
is diagnosed simultaneously as the presenting symptom
in the majority of cases." Cancers associated with MENI
mutations include parathyroid, pancreas, pituitary, adrenal,
and neuroendocrine carcinoid.

Genetic testing for MENI should be offered to patients
with MENI disease and to any first-degree relatives, even
if they are asymptomatic.'*® Testing at an early age is rec-
ommended because it allows patients to be monitored for
the development of subsequent MENI-related tumors in
individuals identified to be carriers of a mutation in the
MENI gene. Several commercial laboratories offer germline
MENI mutation testing for patients in whom a diagnosis of
MENTI is suspected. Approximately 10% of all mutations
detected are found to be de novo mutations.

Patients need to be managed by a multidisciplinary
team with experience in endocrine tumors. If untreated,
these patients have a decreased life expectancy.’® The effi-
cacy, risk, and benefits of early detection in MEN1 are
unknown. Table 6-5 summarizes the current recommen-
dations for early cancer detection in known carriers of a
MENI mutation.

MEN2

MEN?2 is associated with the RET proto-oncogene located
at chromosome 10q11.2. The incidence of MEN2 is 1 in
30,000 births. Three distinct subtypes of MEN2 exist:
MEN2A, MEN2B, and familial medullary thyroid cancer

(FMTC). Each subtype has strong genotype—phenotype
correlations. MEN2A is the most common subtype and
is associated with medullary thyroid cancer in neatly all
cases, pheochromocytoma in 50% of cases, and hyperpara-
thyroidism in 15% to 30% of cases.' In MEN2B, the onset
of medullary thyroid cancer occurs at a younger age (before
10 years), hyperparathyroidism is infrequent, and patients
often have mucosal neuromas of the eyelids, lips, and
tongue.'* For individuals who are diagnosed with FMTC,
medullary thyroid cancer is usually the only malignancy in
the family, and the age at diagnosis is generally older than
with MEN2A or MEN2B. FMTC has shown a 50% pen-
etrance by 36 years of age. '’

Cancer Risk Assessment and Surveillance in Individuals
Suspected of Being MEN2 Mutation Carriers

For affected individuals who test positive for an MEN2
mutation, experts recommend efforts that lead to early diag-
nosis (Table 6-5). Genetic testing is recommended for at-
risk relatives so that early cancer screening can be initiated
if a mutation is detected. Most commonly, physical exami-
nation, surgery to remove at-risk organs, and biochemical
screening to detect pheochromocytoma and hyperparathy-
roidism are included in management recommendations.

Endocrine tumors are rare in the general population.
If they are identified in more than one family member, or
if more than one endocrine tumor is identified in a single
individual, formal cancer genetic risk assessment is recom-
mended. Furthermore, certain endocrine tumors (pheo-
chromocytoma, paraganglioma, medullary thyroid cancer,
and parathyroid carcinoma) are “red flags” for a hereditary
cancer syndrome. Even in the absence of a personal or family
history suggestive of a hereditary cancer syndrome, individ-
uals who are diagnosed with any one of these cancers should
be referred for comprehensive cancer risk assessment.'*®

COWDEN SYNDROME

Cowden syndrome is a rare hereditary cancer syndrome
associated with mutations in the PTEN gene at chromo-
some 10q23.3. The mode of inheritance is autosomal domi-
nant, and its incidence is estimated to be approximately 1
in 200,000 births."*® Cowden disease is most commonly
recognized based on clinical findings of benign skin
lesions (ctrichilemmomas) and intestinal hamartomas.'!
Individuals who inherita PTEN mutation are at high risk of
developing female breast cancer ( 85% lifetime risk), which
occurs approximately 10 years eatlier than in the general
population.*? Male breast cancer has also been reported.!
Other cancers associated with Cowden syndrome include
thyroid cancer (primarily follicular type), endometrial can-
cer, and renal cancer.'*? Colorectal and renal cell cancers
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CHAPTER 6  Genetic Risk and Hereditary Cancer Syndromes

occur around age 40, with the lifetime risk of renal cell
carcinoma estimated at 34%."** Kidney cancer and mela-
noma have also been reported and shown some association
in individuals with Cowden syndrome.'*?

Cancer Surveillance of Individuals With Known
Cowden Syndrome

Currently, the benefit of early detection and cancer preven-
tion in Cowden syndrome is unknown." However, based
on expert consensus opinion, the ACS recommends annual
breast MRI and annual mammography in women with
Cowden syndrome. Table 6-6 provides other current rec-
ommendations for early detection and cancer prevention in
individuals with Cowden syndrome.

VON HIPPEL-LINDAU SYNDROME

Individuals who inherit a mutation in the VHL gene are
at high genetic risk of developing renal cell carcinoma
(typically, clear-cell histology) as well as pancreatic islet
cell carcinomas, carcinoid tumors, pheochromocytomas,
endolymphatic sac tumors, and nonmalignant neoplasms
including hemangioblastomas of the central nervous sys-
tem and/or the retina."'* The VAL tumor suppressor gene
is located on chromosome 3p25-p26, and the incidence of
this mutation is approximately 1 per 30,000 to 40,000.4*
Penetrance of the diseases associated with the VAL muta-
tion is nearly 100% by the age of 65 years. Genetic test-
ing is available"'** and is an effective method to identify or
exclude VHL in individuals who are suspected of having
the disease.'**

Several subtypes of VHL may be distinguished based
on the presence (VHL type 2: 7%-20% of families) or
absence (VHL type 1) of pheochromocytomas within a
family. VHL type 2 is further subclassified depending on
the absence (2A) or presence (2B) of a predisposition to
renal cell cancer and (2C) with pheochromocytomas only
within the family.'*

A series of hereditary renal cancer syndromes has
been identified and their causative genes determined.
Identification of these disorders has been driven by the rec-
ognition that there are numerous subtle histologic subtypes

of renal cancers, each of which is associated with a different
disorder.'*

Cancer Surveillance and Cancer Risk Assessment of
Individuals Suspected of Being VHL Mutation Carriers

Affected individuals suspected of being VHL mutation carri-
ers are recommended to undergo comprehensive cancer risk
assessment. If a VAL mutation is identified, all FDRs can
also be offered cancer risk assessment and genetic testing.

Cancer surveillance is initiated in childhood if an
individual is identified as a VHL mutation carrier (see
Table 6-6). The timing, duration, risks, and benefits of
cancer screening for individuals at risk of VHL syndrome
are not known."” VHL cancer screening recommendations
are frequently modified and updated regularly by the VHL
Family Alliance (htep://www.vhl.org).

LI-FRAUMENI SYNDROME

Li-Fraumeni syndrome (LFS) is caused by a germline muta-
tion in the tumor suppressor gene 753, also known as p53,
located at chromosome 17p13.1."” LES is thought to be
rare, with approximately 400 families having this syndrome
being reported in the literature. The precise incidence of the
syndrome is unknown. The major cancers associated with
the LES include osteosarcoma, chondrosarcoma, rhabdo-
myosarcoma, breast cancer, brain cancer (glioblastoma),
leukemia, lymphoma, and adrenocortical carcinoma. The
penetrance of the diseases associated with LES is approxi-
mately 50% by age 30 and approaches 100% by age 70.'"
The risk of developing early breast cancer among women
who inherit a mutated copy of the germline p53 gene is 100
times greater than the risk seen in the general population.'*s
Classic LES is identified based on the following criteria: one
patient with sarcoma diagnosed before age 45, a FDR diag-
nosed with cancer (any type) before age 45, and a third
affected family member (FDR or SDR) with either sarcoma
at any age or cancer before age 45."*” Malignancies that are
part of the “classic” form of LES account for approximately
80% of all cancers that occur in LFS families."”

The Chompret criteria are most commonly used to deter-
mine risk and need for further genetic screening. Further
support for the revised Chompret criteria was reported by
Gonzalez et al.,"”! who used a cohort of 525 families in their
assessment.

CANCER SURVEILLANCE OF INDIVIDUALS
AT HIGH GENETIC RISK OF LFS

Annual comprehensive physical exams should be per-
formed starting in childhood when a family history of
LES is present. Breast cancer screening, including monthly
breast self-examination, every 6 months’ clinical breast
examination, annual mammography, and breast MRI, is
recommended for known LES mutation carriers and their
female FDRs."”*%> Mammography and MRI should begin
at 20 to 25 years or be based on earliest age of onset; annual
MRI may be the only screening performed on young (20-
to 30-year-old) patients.”> Prophylactic mastectomy can
be discussed on an individual basis. A colonoscopy is sug-
gested beginning at age 25 and repeated every 2 to 5 years.”
The risk and benefits of screening for other malignancies
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|62 PART II  Prevention, Detection, and Diagnosis

associated with LFS are not known and should be tailored
to the phenotype of individual families. A summary of the
current cancer screening and prevention strategies for LFS

is included in Table 6-6.

FUTURE DIRECTION OF NURSING
PRACTICE AND RESEARCH

Integrating emerging genetic findings into evidence-based
healthcare recommendations is a challenge for all healthcare
providers. Oncology nurses practice at the nexus of genetic
discoveries and oncology care. They provide patient services
that are driven by new discoveries, leading to improve-
ments in cancer risk prediction, prevention, and treacment.
Oncology nurses work to enhance patient understanding,
decision making, and treatment outcomes in oncology by
integrating genetic information into their daily practice. They
maintain state-of-the-art cancer genetic practice through
participation in ongoing continuing educational programs
offered by professional groups specializing in genetics, such
as ONS, ISONG, the American Society of Human Genetics
(ASHG), and the American Society of Clinical Oncology
(ASCO). Organizations that provide nurses with oppor-
tunities to further expand their professional practice and
understanding of cancer genetics through intensive training
programs include the City of Hope,"* Fox Chase Cancer
Center," and Cincinnati Children’s Hospital.”*

At the basic educational level of nursing, nursing stu-
dents need exposure to clinical genetics that is more com-
prehensive and clinically relevant than traditional Mendelian
genetics courses provide. To ensure that future nurses are
well educated in genetic health care, genetics, and genomics,
subject-specific content has been integrated into the American
Association of Colleges of Nursing documents: Essentials of
Baccalaureate Education for Professional Nursing Practice,
for all baccalaureate nursing programs in the United States,
and Essentials of Master’s Education in Nursing™® for those
obtaining their master’s degree in nursing,

Changes in the genetic knowledge base will continue
to influence healthcare decisions and lead to changes in
nursing practice over time. The ONS developed position
statements for oncology nurses practicing at the general
oncology nurse level and the advanced practice level to
respond to thisenvironment of changing healthcare needs.>?
The previous professional credentialing in genetics offered
through ISONG will be administered by the American
Nurses Credentialing Center (ANCC) by 2015. This cre-
dentialing recognizes the new subspecialty of genetic nurs-
ing. In this way, professional nursing practice has responded
yet again to the ever-changing needs of patient care.

Oncology nurses deliver oncology care by improving
patient outcomes through evidence-based interventions
and research to define best practices. Oncology nursing
research will continue to contribute to better understanding
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of nursing-sensitive, patient-specific outcomes of oncology
patients, and hereditary cancer genetics, including the fol-
lowing areas:

* Patient outcomes of oncology nursing interventions
geared toward providing cancer genetic services

* How healthcare systems deliver hereditary cancer genetic
services

* The effects of implementing screening to identify those
in need of hereditary genetic services at the population
level

* How genetic information affects individuals and families

* How genetic policy affects access to health care and the
use of cancer genetic services

* Whether there are barriers to, or facilitators of, patient
access to genetic services

* The potential risks and benefits of pharmacogenetics and
pharmacogenomics in cancer care

CONCLUSION

Oncology nurses will continue to provide state-of-the-art
cancer genetic care as new genetic information is discov-
ered or refined. As the technologies underlying genomic
research change, leading to new research methods that
further refine our understanding of how genetic informa-
tion influences health and healthcare decision making,
nurses will seek and obtain education in genetics to ensure
they can continue to provide excellent health care. On the
near horizon, nurses must expand their understanding of
genome-wide association studies, candidate gene associa-
tion studies, and next-generation sequencing so that they
can knowledgeably participate in the broad healthcare dis-
cussion regarding the following questions:

* Whether specific genetic polymorphisms are meaning-
fully associated with cancer risk

* Why personal genome scans may or may not be ready for
integration into healthcare decision making"”’

* Why there may be emotional or psychological risk associ-
ated with particular findings of genetic association stud-
ies and disease prediction

* How to protect individuals’ rights while maximizing sci-
entific discovery

* How new genetic and genomic information affects the
ethics of health care, especially related to privacy and
confidentiality

* Whether there is an obligation to report incidental and
secondary findings from genomic tests with variable or
unknown clinical utility to patients®"®

* Whether some particular results might be considered
clinically actionable and, therefore, warrant patient
disclosure'®

e Whether individuals and families intend to learn of
incidental and secondary findings"®">’
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Nurses will continue to advocate for high-quality patient
care during the transition from pre-genomic health care to
post-genomic health care. As electronic medical records
improve the safety and efficiency of health care, nurses
will safeguard patient privacy rights and protect against
discrimination. Healthcare delivery systems will continue
to change as evidence for practice is established and imple-
mented. Nurses will help patients understand and interpret
complex cancer genetic information as applied to cancer
diagnosis, treatment, or susceptibility testing as new genetic
information emerges from research and is translated into
practice. Nursing practice in genetic health care will con-
tinue to evolve in response to the needs of society and rapid
changes in health care, as nursing practice has done since
the beginning of the profession.
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APPENDIX 6-A

Cancer Genetics Resources: An Organizational Guide

Category

Organization

Description/Materials

Contact Information

Cancer genetics

National Cancer
Institute

Centers for Disease
Control and
Prevention

Gene Clinics

OMIM: Online
Mendelian Inheritance
in Man

Physician’s Database
Query (PDQ)

U.S. National Library
of Medicine (NLM),
Genetics Home
Reference

Genetic Alliance

National Society of
Genetic Counselors
(NSGC)

American College
of Medical Genetics
(ACMG)

American Society
of Human Genetics
(ASHG)

The official website of the National Cancer
Institute provides a variety of resources such
as the following:

¢ Cancer facts

 Cancer prevention, genetics, and causes

» Cancer literature

¢ Clinical trials

* Research programs

* Cancer dictionary

* Educational resources

Office of Genomics and Disease Prevention
Provides information about human genomic
discoveries

Genetics Web-based information resource
on genetic syndromes, genetic testing, and
clinical resources

An online catalog of information on human
genes and genetic disorders

PDQ cancer information summaries in
genetics

“The Genetics Home Reference: Your Guide
to Understanding Genetic Conditions”;
intended to enhance understanding of genetic
conditions; includes a glossary of genetic
terms and resources and patient support

The leading support, education, and advocacy
organization in the United States for all those
living with genetic conditions

Provides information on genetic counseling;
has a family tree link, lists of conferences,
resources, publications, consumer
information, career information, news, and
a link to the Journal of Genetic Counseling for
members

The U.S. organization that certifies medical
geneticists to practice. In addition to the
usual educational content, it has sections

on the Standards and Guidelines for Clinical
Genetics Laboratories, the manual for
reimbursement of genetic services, and a link
to the journal Genetics in Medicine.

The largest organization of human genetics
researchers and clinicians. In addition to
research, it is involved in applications of
genetics to health care, health policy, training,
and educating the public.
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www.cancer.gov

www.cdc.gov/genomics

www.geneclinics.org

www.ncbi.nlm.nih.gov/sites/

entrez!db=omim

www.cancer.gov/cancerinfo/pdq/
genetics

http://ghr.nlm.nih.gov

www.geneticalliance.org

Wwww.nsgc.org

www.acmg.net

www.ashg.org

(continues)
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APPENDIX 6-A

Cancer Genetics Resources: An Organizational Guide (continued)

Category

Organization

Description/Materials

Contact Information

Resources for
genetic nursing
practice

Directory of Cancer
Genetics Professionals

National Human
Genome Research
Institute (NHGRI)

Genes and Disease

American Society of
Clinical Oncology

International Society
of Nurses in Genetics

National Coalition

of Health Care
Professional Education
in Genetics

Oncology Nursing
Society

Lists professionals who provide services
related to cancer genetics. These genetic
counselors, nurses, and physicians have
applied to and been accepted into the
directory based on published eligibility
criteria linked to the website. One may
search by type of cancer, cancer syndrome,
or geographic location for a provider.

Provides information on legislation for all
sites related to genetic privacy, discrimination
for insurance, and other genetics-related
issues

A collection of articles that discuss genes and
diseases that they cause

The world’s leading professional organization
representing physicians who treat people
with cancer.

Policy Statement Update: Genetic Testing for
Cancer Susceptibility

Statement on the scope and standards of

genetics clinical nursing practice

Position statements:

* Access to genomic health care: the role of
the nurse

* Privacy and confidentiality of genetic
information: the role of the nurse

* Genetic counseling for vulnerable
populations: the role of nursing

Recommendations of core competencies in

genetics for all health professionals continue
to be available through a collaboration with

the Jackson Laboratory

A professional organization of nurses and
other healthcare providers dedicated

to excellence in patient care, education,
research, and administration in oncology
nursing.

Position Statement: Oncology Nursing: The
Application of Cancer Genetics and Genomics
Throughout the Oncology Care Continuum

www.cancer.gov/search/
genetics_services

www.genome.gov/PolicyEthics/
LegDatabase/pubMapSearch.cfm

www.ncbi.nIm.nih.gov/disease

Www.asco.org

www.isong.org

www.nchpeg.org

www.ons.org/about-ons/ons-
position-statements/education-

certification-and-role-delineation/

oncology-nursing
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