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Abstract

Background—Genetic testing is rapidly becoming an important tool in the management of
patients with head and neck cancer. As we enter the era of genomics and personalized medicine,
providers should be aware of testing options, counseling resources, and the benefits, limitations
and future of personalized therapy.

Methods—This manuscript offers a primer to assist clinicians treating patients in anticipating
and managing the inherent practical and ethical challenges of cancer care in the genomic era.

Results—Clinical applications of genomics for head and neck cancer are emerging. We discuss
the indications for genetic testing, types of testing available, implications for care, privacy/
disclosure concerns and ethical considerations. Hereditary genetic syndromes associated with head
and neck neoplasms are reviewed, and online genetics resources are provided.

Conclusions—This article summarizes and contextualizes the evolving diagnostic and

therapeutic options that impact the care of patients with head and neck cancer in the genomic era.
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Introduction

Head and neck cancer is the sixth most common cancer worldwidel. While smoking, alcohol
consumption, and HPV infection are well-established causes, genetic factors play a crucial
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role in tumor initiation, progression, and response to treatment2. The vast majority of head
and neck cancers are sporadic, with many implicated genetic mutations, making
standardized treatment regimens and therapeutic targeting challenging.

Genetic testing is rapidly becoming an important tool in the diagnosis and management of
patients with head and neck cancer. What began as basic science initiatives with only
theoretical impact has matured into an exciting translational arena in which research and
clinical care truly intersect in real-time. In our field, we are approaching a watershed. New
genes and pathways serving as potential prognostic indicators or drug targets are being
identified at an increasing rate3=5, and the therapeutic applications, while still in
development, have the potential to be ground breaking®’.

With such growth, however, come new and unanticipated challenges. As we begin to
navigate these waters, it is becoming increasingly important for head and neck cancer
specialists (surgeons, medical oncologists, radiation oncologists, researchers and others) to
learn about advances in genetics and genomics, the implications of genetic testing for patient
care, and potential ethical issues. Providers need to become versed in when to test, when to
refer, and where to find genetics resources for their patients. As exciting as new
developments are with regard to personalized medicine and the genomic frontier, we need to
be ever mindful of the potential unanticipated harm and ramifications they also create. We
may risk pursuing unnecessary workup and even potential treatment for genetic alterations
that may not necessarily result in disease &°. Moreover, in this era of rapidly changing
treatment paradigms, we need to be cognizant of potential conflict between beneficence (the
obligation to do good) with autonomy (allowing for patient self-determination and avoiding
coercion). Given our commitment to improve care and the allure of novel therapies, we must
carefully balance goals and limit harms while respecting patient choices?0.

Head and neck cancer specialists will encounter specific practical and ethical issues in all
phases of genetic testing and personalized medicine delivery. This will invariably include 1)
initial determination of the indications for and type of genetic testing; 2) provision of genetic
counseling so that patients can make an informed choice; 3) interpretation and disclosure of
findings; 4) translating results into clinical care; and 5) advising patients, when indicated,
about disclosure of results to at-risk relatives. This article is designed as a primer to assist
clinicians treating patients with head and neck cancer in anticipating and managing these
challenges as we enter the genomic era of cancer care.

Who, Why, and When to Test

Indications for Testing

The first fundamental question most head and neck cancer providers will encounter regards
which patients merit genetic testing. The primary indications for testing include the
identification of tumor mutations to direct targeted therapy, and recognizing germline
mutations that may put patients and/or relatives at risk for head and neck cancers. Most
commonly, patients will present with a biopsy-confirmed malignancy of the head and neck.
Some patients may express interest in, and/or be candidates for, observational and/or
interventional research trials. Genetic testing in these cases is usually performed to identify
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somatic mutations in the tumor tissue to inform correlative research exploring prognostic
predictors and/or therapeutic targets!!. Patients with specific phenotypes or clinical
presentations may be targeted for such testing in an effort to identify potentially novel
oncogenic drivers or lost suppressors.

A minority of patients might have previously undergone germline genetic testing through
blood sample analysis, possibly because of a positive personal and/or family history
suggestive of a hereditary syndrome (such as multiple affected individuals, early age of
onset, and/or multiple primary cancers). Given the possibility of mosaicism, tumor testing
may also be performed in patients with a suspected hereditary cancer syndrome and negative
germline testing results. Rare, heritable conditions increasing the risk of head and neck
cancers are listed in Table 112,

Other patients may have been referred due to secondary (also known as incidental) genetic
test results that might imply a predisposition for head and neck cancer; these are discussed in
depth in ensuing sections. The counseling process for such patients will be fundamentally
different compared to a patient with a known or suspected malignancy, and will need to be
tailored accordingly.

Testing Options

Physicians have a variety of genetic testing options. Genetic testing to inform the clinical
prognosis and/or guide treatment of head and neck cancer is not currently routinely
performed. However, testing to identify or screen for targetable mutations is increasingly
being used in the research setting. Testing modalities (even for the same gene/condition)
vary widely, and therefore selection of the specific genetic test, methodology and laboratory
is important. Testing options can range from single gene testing to gene panels to whole
exome or whole genome sequencing. Whole exome sequencing refers to sequencing the
protein-coding exons in a patient’s genome whereas whole genome sequencing involves
sequencing coding and non-coding regions of the genome?2!. Analysis of genes can include
gene sequencing, mutation panels, deletion/duplication analysis or testing for a known
familial gene mutation. Choosing a specific test incorporates clinical judgment and treatment
goals. For example, single gene testing for RET mutations is appropriate for a patient with a
family history of hereditary medullary thyroid cancer, whereas one might employ whole
exome/genome or gene panel testing to identify potential targetable mutations in a patient
with advanced HNSCC refractory to current care.

Some genetic testing laboratories offer the option of banking DNA or RNA samples from a
patient. In situations where the patient has limited lifespan and genetic testing is either not
available, too costly or of limited sensitivity, the head and neck cancer provider can offer
DNA and RNA banking for future genetic study?2.

Tumor Versus Germline Mutations

Clinicians must clearly distinguish the difference between mutations identified in tumor
specimens versus germline mutations. Sequencing tumor DNA can yield a number of
mutations that generally will not be found in the individual’s germline tissue23. Indeed,
recent studies in HNSCC have identified an average of 140 mutated genes per tumor
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genome®. Counseling patients regarding the implications of mutated tumor genes (which are
likely not mutated in their germline cells) should include caveats that such mutations are not
heritable, and may have uncertain implications for prognosis and treatment.

Although whole exome or genome sequencing is not currently incorporated in the standard
of care for treatment of head and neck cancers, it is increasingly being employed in research
settings, primarily to identify prognostic predictors and candidate genes for drug targeting.
In these instances, clinicians must clearly distinguish the difference between mutations
identified in tumor specimens versus germline mutations. Genetic sequencing of malignant
tumor cells involves studying biopsy tissue or an extirpated surgical specimen, and
identifying mutations that may contribute to tumorigenesis, predict prognosis and/or
represent potential therapeutic targets. In order to identify unique oncogenic mutations,
germline genomic DNA is sequenced and used as a background from which mutational
changes in tumors are identified. Sequencing germline samples involves non-pathologic
cells from patients (usually adjacent normal tissue, or blood)34. Usually germline DNA is
not examined for mutations, but rather is used as the “normal” control23. Thus, investigators
may be blinded to the germline mutational data. This means of analysis can protect patients
from secondary findings, and providers from needing to interpret such data as discussed
below. In the rare instances that hereditary head and neck cancer is suspected in a patient,
germline genomic DNA may be sequenced in an unblinded fashion. Alternatively, patient
genomes can be compared against a reference genome database of pooled sequenced
genomes?4 to account for potential known benign and pathogenic variants2>.

Direct to Consumer Testing

Direct-to-consumer (DTC) companies offer genetic screening, which include genes known
to be associated with cancers 26, These tests are ordered by individuals via the internet and
usually without the involvement of a physician. These companies identify single nucleotide
polymorphisms (SNPs), and offer proprietary assessments on risk for a number of diseases
based upon these findings, including risk for cancer. Risk assessment and disease prediction
based on SNPs is of limited clinical utility, and could result in misinformation or false
reassurance. Patients may present to clinicians with such pre-interpreted data and have
ensuing questions and concerns. Knowledge of the limitations and means of interpretation
will be important for the provider tasked with discussing DTC results with these patients. It
is important to inform patients that these direct-to-consumer tests are not considered
standard of care, do not have external quality control, are not ordered in genetics clinics, and
may have limited clinical validity27-30.

In 2013, the FDA issued a cease and desist order against 23andme due to concerns with the
accuracy and validity of their interpretations with clinical implications, including cancer
risk?’. The American College of Medical Genetics and Genomics (ACMG) and the National
Society of Genetic Counselors recommend involvement of a geneticist or genetic counselor
to discuss issues regarding indications for and interpretation of testing28:29, This includes
discussing the limitations of results, having easy to understand information available, and
ensuring proper lab accreditation?8:30. Thus, DTC services remain in flux and have
significant limitations about which physicians should inform patients accordingly.
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Pre-test Counseling

Regardless of clinical context, it is important to have a clear and definitive consent process
in which the implications of testing are clearly addressed31:32, Genetic test results have
broad implications. Issues to discuss include testing options, the likelihood of identifying the
gene mutation(s) and whether additional testing might be needed, the types of results and
implications, cost of testing, and privacy and insurance considerations. Explicit and
comprehensive pre-test counseling has been strongly recommended by the American Society
of Clinical Oncology (ASCO) as an integral component of the consent process32.

Head and neck cancer specialists may see patients who either have (or are at increased risk
for) cancer and need to consider genetic testing and/or have results interpreted. Debate exists
whether any care provider may interpret and provide counseling on results of genetic testing,
or whether this should be a role reserved specifically for geneticists and genetic
counselors33. There have been reports of adverse outcomes with clinicians without dedicated
training providing cancer genetics counseling to patients®.

The wide array of testing options can be overwhelming for patients and providers alike.
Moreover, insurance coverage of genetic testing is often a major hurdle for patients, and
costs of such tests may be exorbitant. Given the expertise needed to select the specific
gene(s), testing methodology and laboratory, as well as to provide accurate result
interpretation, it is generally recommended that patients be referred to a cancer genetics
clinic, an oncology clinic with a genetic counselor, or a specialist with genetics expertise.
Resources for finding providers with genetics expertise and other genetics resources for
patients and providers are included in Table 1134, Telephone or internet-based genetic
counseling services are also available, which may provide an alternative avenue for patients
with limited geographic access.

Privacy Concerns

Patients may have concerns about the privacy of genetic information and the implications
results could have for their insurance coverage. The Health Insurance Portability and
Accountability Act of 1996 (HIPAA) specifically incorporates genetic information in its
protection of patients’ clinical data3®. The HIPAA/HITECH Act was updated in 2013 to
confirm that a person’s genetic information is indeed considered protected health
information, and cannot be disclosed without a patient’s explicit written consent36, Genetic
information in these cases includes family medical history, individual and familial genetic
test results.

In 2008, the Genetic Information Nondiscrimination Act (GINA) was passed into law. The
purpose of this act is to prevent discrimination based upon one’s genetic information3’. The
act prevents health insurance companies (private and public) from being able to request
genetic testing as a condition for eligibility or insurability, and prevents discrimination in
premiums based upon known genetic test results. Additionally, the law prohibits employers
from requesting or using genetic information for employment decisions. Notably GINA does
not apply to businesses with less than 15 employees. The Affordable Care Act, passed in
2010, reinforced these principles; it does not allow health insurers to vary insurance rates or
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coverage due to pre-existing conditions, including genetic disease or results3®. GINA has
been strongly enforced, with the U.S. Equal Employment Opportunities Commission
recently reaching two settlements against companies requesting family medical information
on the grounds that patients’ genetic rights were being violated3940,

Of note, life, long-term care and disability insurance are currently not protected; patients
with known gene mutations may have more difficulty obtaining such insurance policies and
should be counseled accordingly prior to testing3’. Information on GINA and legislation
regarding the use of genetic information in insurance and employment can be accessed
through the resources listed in Table I1.

Consent allowing for the future research use of banked specimens in the clinical or research
arena may raise unforeseen privacy concerns in ensuing years. These privacy issues are an
integral component of the pre-test consent process. As such, patients should receive
assurance regarding how samples and genetic test results will be protected, and how the
information can and cannot be shared and utilized. Privacy can be of particular concern with
regard to DTC testing, as private companies are not necessarily health providers who are
bound by HIPAA, and may not have explicit policies protecting collected data30.

Testing Children

It is important to carefully consider circumstances surrounding testing of children. While
head and neck cancer is generally an adult disease, genetic conditions may place children at
risk for head and neck cancers that require early detection and intervention (e.g. medullary
thyroid carcinoma; Table I). The American Academy of Pediatrics and ACMG issued a joint
statement with the overriding goal of prioritizing the best interests and care of the infant or
child, which supports genetic testing only when anticipated results will affect clinical
management prior to adulthood*L.,

Interpretation and Disclosure of Results

When contemplating genetic testing in head and neck cancer, pre-test counseling can
proactively address possible results and their implications. The ACMG recently discussed
addressing variants and mutations encouraging use of standardized terminology, including
“pathogenic”, “likely pathogenic”, “uncertain significance”, “likely benign”, and “benign”
to convey certainty and risk of disease*2. These labels should be employed when disclosing

such variants.

If exome or whole genome sequencing is being done, an increasingly important and complex
issue to address is how to deal with the identification of secondary (incidental) findings of
pathogenic mutations or variants of unknown significance for conditions unrelated to the
indication for testing. In broad strokes, the consensus amongst most experts favors the
disclosure of incidentally found mutations only when (1) they have clinical significance, (2)
patients have consented to receive the information, and (3) they are clinically actionable
(impacting screening and treatment decisions)3143, While this makes good sense in theory,
the significant challenge arises in determining which tests and test results satisfy the first and
third stipulations.
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Clinically Significant Incidental Mutations

The ACMG provided a controversial recommendation in 2013 regarding disclosure of
secondary (incidental) findings. They published a list of 56 genes with potential clinically
actionable impact for which they recommended screening and disclosure in every instance in
which a person undergoes germline genomic sequencing®*. Twenty-three of these genes are
related to cancer risk. Of particular interest to the head and neck provider are genes for
medullary thyroid cancer (RET, MENI), hereditary paraganglioma (SDHD, SDHAFZ,
SDHC, and SDHB), neurofibromatosis 2 (MF2), and Li-Fraumeni syndrome ( 7P53), among
others (Table I).

Subsequently, there has been intense debate on whether mandating characterization of these
56 genes in genomic studies infringes upon patient autonomy, as many other organizations,
including the President’s Commission on Bioethics, have emphasized respecting a patient’s
right notto know4>-48. Some suggest that by mandating screening when a patient is
undergoing genomic testing (thereby denying one’s right not to know), patient autonomy is
compromised in order to achieve a presumably beneficent objective. Others might counter
that if the germline DNA is being analyzed, it behooves clinicians and researchers to report
on relevant findings, and potentially provide care options*®. Similar ethical issues frequently
arise in other arenas of clinical care, such as incidental findings on imaging®°, with
arguments for specific instances for disclosure of “relevant,” albeit unanticipated, results. In
response to concerns raised in the genetics community, the ACMG softened its stance, with
updated recommendations allowing for an “opt-out” option prior to sequencing®L.

Specific pre-test discussion reviewing patient preferences regarding disclosure of both
anticipated and secondary findings is important. It remains important to inform patients
about the ACMG recommendations and have discussions concerning the benefits and risks
of screening these 56 genes, and potentially other genes as well. Broadly speaking, explicit
benefits include identifying conditions for which the patient is at increased risk, possible
disease prevention through screening or early treatment (e.g. prophylactic thyroidectomy in
patients with clinically occult RET mutations) and the ability to inform other at-risk
relatives. Risks include identifying a mutation that has unknown penetrance in a low-risk
population, finding variants of unknown significance with unclear clinical implications, and
the emotional impact of learning about risks for other conditions when already dealing with
cancer. As the field of genomic research evolves, the knowledge base will expand, and the
implications of such findings (and the number of genes for which clinically relevant
information becomes available) will only grow exponentially.

Variants of Unknown Significance

Genomic testing uncovers a high number of SNPs and variants of unknown significance
(VUS)%2. The vast majority of SNPs are thought to be non-pathologic allelic variants®3. Of
those that have some association with increased cancer risk, the impact of individual SNPs is
believed to be quite low, with odds ratios ranging from 1.2 to 1.6°4. Variants of unknown
significance are identified at a high frequency particularly in HNSCCs, where these tumors
average 140 genes containing at least one somatic mutation®, and with many of these
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mutations unique and previously unreported. Consequently, the functional outcomes of these
mutations are largely unknown.

Interpretation and disclosure of SNPs and VUS is a complex process. Reporting all of these
variants will obviously be overwhelming and difficult to interpret for providers, let alone
patients. Additionally, the clinical utility of these findings is limited. Unlike in cases of a
highly penetrant pathological mutation, any consideration regarding disclosure of
information regarding SNPs should be prefaced by an acknowledgment of their limited
clinical utility. It should be clearly conveyed during pre-test counseling and disclosure to
patients that a VUS truly has unknown significance, should not be equated to a pathogenic
mutation, and may be reclassified as more is learned in the future. As such, disclosure of
VUS identified through genomic sequencing in genes unrelated to the primary disease
process is not routinely performed. In instances when the clinician and patient agree to
disclosure, these variants should be classified based on suspicion of pathogenicity, as
described above?2.

Clinically Actionable Findings

When considering disclosure, a key debate centers on what makes a particular finding
“clinically actionable”843, Offit et al°® highlighted the importance of distinguishing clinical
diseases with high versus low gene penetrance, and actionable versus non-actionable results.
One must consider, however, that as our ability to treat disease rapidly evolves, what is not
“clinically actionable” at this time may very well become so in the near future. Thus,
continual reassessment of our knowledge base, clinical recommendations and disclosure
should be performed. Patients should also be encouraged to remain in touch with their
providers to continually reassess the implications of their clinical data.

Specifically, clinically actionable results are those for which an intervention may be
performed to screen for pathology, prevent or eliminate disease, or improve patient
outcomes. For example, neoplasms with discrete genetic causes impacting the head and neck
include medullary thyroid cancer (RET). For patients with germline RET mutations,
American Thyroid Association guidelines have strict criteria for mutation-specific screening
and management, including prophylactic thyroidectomy in certain cases!4. As another
example, patients with hereditary paragangliomas (SDHAF2, SDHD, SDHC, SDHB) have
specific indications for imaging, screening family members, and intervention1.

Some diseases with genetic associations may be clinically relevant, but not clinically
actionable. The concept is illustrated by using Huntington’s disease as a paradigm.
Informing a patient about a risk for Huntington’s disease does not lead to a change in
clinical outcome but has significant prognostic and psychological ramifications. Some
patients would request such results, whereas others would never want to know. International
guidelines detail the comprehensive pre-test counseling, informed consent and in-person
disclosure of genetic test results for Huntington’s disease®®.

The Duty to Warn

Our discussion to date has been patient-centric, and rightfully so; the primary concern in all
such cases is the rights and well-being of the individual who has entrusted his or her health
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to your care. However genetic information necessarily transcends the doctor-patient dyad.
As such, the perspective and rights of family members also require attention and discussion.
There is an inherent conflict between patients’ rights to privacy and ownership of
information, with the duty to share relevant facts with their family. In the majority of cases,
patients who are appropriately counseled will agree to involve family as is necessary in order
to inform their own healthcare choices. However this may not always hold true. Hence,
clinicians may be placed in situations where they must weigh the relative importance of one
patient’s autonomy and privacy, versus the duty to shepherd the interests of their
relatives®’—59,

Pre-test counseling should include discussing the significance and implications of results for
family members. But what should be done in the rare cases in which a patient’s request
conflicts with familial best interests despite adequate counseling? The American Medical
Association and ASCO do not sanction physicians to override patient confidentiality in order
to warn family members6%:61, The American Society of Human Genetics advocates that
physicians have the responsibility to warn at-risk family members only if the potential harm
is imminent and serious, and treatment or prevention options are available>®. The legal basis
for the latter position is an extrapolation of the well-known Tarasoff ruling (1976)62, in
which physicians can override confidentiality and are obligated to warn at-risk third parties
of imminent danger. Briefly, in the Tarasoff case, a psychologist treated a patient who
expressed intent to Kkill a third party; no warning or alert was given to the victim, and the
patient ultimately carried out his plan. The California Supreme Court subsequently
established legal precedent for a clinician’s duty to warn third parties against overt threats,
clarifying that danger to others may override confidentiality.

Lawsuits have been filed in cases where physicians did not explicitly warn family members
of their risk of developing a heritable cancer. Pate v Threlkel (1995)83 is of particular
interest to head and neck providers, as this case involved a patient whose mother was
previously treated for medullary thyroid carcinoma. The plaintiff developed the disease
years later, and filed suit claiming that her cancer could have been avoided with earlier
screening and prophylactic thyroidectomy. The court ruled in favor of the defendant,
claiming that the physician’s duty to warn was sufficiently fulfilled by discussing potential
risks affecting family members with the patient, rather than seeking family members
directly. Another relevant case, Safer v Estate of Pack (1996)%4, offers a conflicting
interpretation. Involving a case of familial adenomatous polyposis, the court held that a
physician’s duty to warn family members may not be satisfied just by alerting the patient,
but rather a physician may need to take extra steps to warn such individuals directly.
Ultimately, the New Jersey appellate court sided with the defendant. Although a patient’s
HIPAA-protected confidentiality remains important, in this instance, the court ruled that
disclosure was justified.

As evidenced by conflicting professional guidelines and case law, the ethics and legalities
governing the disclosure of genetic information to family members remains an extremely
complex issue. The interested reader is referred to more robust discussions of this topic as
further details are beyond our scope®>°7. In summary, pre-test discussions will necessarily
include counseling regarding potential impact upon family members, and clinicians are
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behooved to consider the impact of information on individuals other than the patient sitting
in front of them. In cases involving conflicting obligations concerning access to information
and privacy, ethics and/or legal consultation is strongly encouraged.

Translating Genomics into Treatment

As we enter an era of personalized medicine and targeted therapies, genomic
characterization is playing an increasingly larger role in how we individualize cancer
treatment55-67_ It remains important to note that personalized medicine and genomic testing
are currently not standard of care in head and neck cancer management. As it now stands,
there is no genomic signature that influences the routine guideline-based treatment of head
and neck squamous cell carcinoma. In fact, to date, the FDA has only approved 19
companion diagnostic tests for use in the treatment of cancer®®. However, genomic studies
are an instrumental component of translational research programs, and will likely become
integrated into routine clinical care in the near future as the field advances. With regard to
targeted therapies, while cetuximab is currently the only FDA-approved targeted agent in the
management of head and neck squamous cell carcinoma®®79, numerous exciting targeted
therapies are in various stages of development®. There have been significant advances in
targeted therapy against thyroid cancer. Sorafenib (Nexavar) and lenvatinib (Lenvima) have
shown survival benefit and are FDA-approved for locally recurrent or metastatic
differentiated thyroid cancer refractory to radioiodine therapy’1:72, Additionally, there are
FDA-approved targeted therapeutics [vandetanib (Caprelsa) and cabozantinib (Cometriq)]
for unresectable, progressive, or metastatic medullary thyroid cancer 7374,

Even in the face of encouraging preclinical data and/or extrapolated results from other
cancers, counseling patients for genomic screening to select targeted therapy needs to
emphasize the investigational nature of these studies. A high level of caution is necessary
prior to offering an unproven targeted agent based upon genomic findings. Conflict may
arise in situations in which a patient has identified mutations in potentially targetable genes,
with agents with unproven responses in head and neck cancers. The value of attempting
novel therapies versus the standard of care must be carefully weighed in such cases. Our
opinion is that any use of genomic data to inform cancer-directed therapy in the head and
neck (either with curative or palliative intent) should be reserved for patients meeting strict
inclusion criteria, and governed by a clear experimental clinical research protocol with IRB
oversight, with a comprehensive informed consent process.

We feel that this is especially critical in genetically complex cancers, such as smoking and
alcohol-related HNSCC. Unfortunately, when targeted monotherapies fail in precision
medicine clinical trials, the recurrent tumors can be highly aggressive and rapidly lethal.
Due to the complex array of disruptive genomic events in HNSCC, it is unlikely that
individual targeted monotherapy with currently available agents will produce significant
response. In these cases, it may be appropriate to consider ongoing clinical trials of complex
combinations targeting multiple drivers that have been evaluated in phase | safety trials.

Another important factor in consideration of HNSCC treatment is HPV status. It is well
established that HPV-associated HNSCCs have a better prognosis than their HPV negative
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counterparts, and consist of a different epidemiological group (HPV versus smoking and
alcohol related tumors)’®. Moreover, HPV positive tumors appear to have a lighter
mutational burden in comparison to HPV negative HNSCCs®7%. In light of these significant
mutational, biologic and outcome differences, discrete personalized treatment paradigms
may be developed based in part upon HPV status®.

In general, the ideal patients for early phase trials involving targeted personalized therapy
may include those with recurrent/persistent/incurable disease who have not responded to
current standard of care, or those with rare tumors for which no standard treatment may
exist. We strongly encourage head and neck cancer clinicians and patients alike to consider
enrolling in ongoing trials (both observational and interventional) within dynamic
multidisciplinary translational research programs. Such involvement is critical in guiding
further care due to the nascent nature of the field and need for more robust data designed to
understand the investigational nature of targeted therapy based upon genomic results.

Multidisciplinary involvement from head and neck surgeons, geneticists, medical and
radiation oncologists, and translational biologists is integral to developing personalized
treatment paradigms. Genomic data may be discussed at Precision Medicine Tumor Boards
to identify potential trials using targeted agents in which the patient may enroll. The
National Cancer Institute and many tertiary care centers throughout the country are creating
such programs using genetic information to apply personalized, targeted therapy to selected
cancers’’”:’® Their growing relevance speaks to the excitement of cancer care in the era of
genomics.

It should be clearly explained during the consent process to patients enrolling in early phase
clinical trials that the primary goal of these trials is to establish drug dosing, feasibility of
treatment, and to document adverse effects. While patients, clinicians and researchers alike
will necessarily be hopeful for clinical response or cure, this is NOT necessarily the primary
outcome, nor the reason such early phase trials were designed. Such patients are extremely
vulnerable to therapeutic misconception (the misunderstanding about the difference in goals
between clinical research versus treatment)’9. This point should be stressed as patients have
been shown to be prone to have overly optimistic expectations of beneficial results from
investigational treatments or treatment therapies for advanced cancer despite rigorous
informed consent processes®%-82, Open discussion of potential conflicts of interest and the
discrete goals of patients, families, clinicians and researchers should be openly disclosed to
identify potential areas of contention or confusion.

Conclusion

The era of personalized medicine has arrived. No longer do cancer genomic researchers
study anonymous cells devoid of a corresponding patient. Likewise, head and neck cancer
specialists cannot ignore the rapid advances made in laboratories across the world, as these
findings will fundamentally shape our interactions at the bedside. In this setting, clinicians
treating head and neck cancer must become familiar with genomic medicine. As genomic
advances inform head and neck oncology, guidelines on the use of and ethics inherent to
genetic testing in diagnosis and management will need to be developed and take into account
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the constantly evolving nature of the field. The ethical issues arising from the concept of
genomics and personalized medicine include conflicts between autonomy and beneficence,
communication and management of secondary findings, how to appropriately design and
conduct trials with individualized targeted medications, privacy concerns and considering
the duty to warn. Head and neck cancer specialists must become literate in the language,
scope and practice of personalized medicine resources, both to remain at the forefront of

ca

ncer treatment as well as to continue to support the best interests and rights of our patients.

Acknowledgments

Grant Support: Dr. Andrew Birkeland is a Research Fellow funded on a T32 Advanced Research Training in
Otolaryngology Program Training Grant (T32 DC005356).

References
1.

10

11.

12.

13.

14.

15.

16.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J
Clin. 2011; 61(2):69-90. [PubMed: 21296855]

. Lacko M, Braakhuis BJ, Sturgis EM, et al. Genetic susceptibility to head and neck squamous cell

carcinoma. Int J Radiat Oncol Biol Phys. 2014; 89(1):38-48. [PubMed: 24725688]

. Stransky N, Egloff AM, Tward AD, et al. The mutational landscape of head and neck squamous cell

carcinoma. Science. 2011; 333(6046):1157-60. [PubMed: 21798893]

. Agrawal N, Frederick MJ, Pickering CR, et al. Exome sequencing of head and neck squamous cell

carcinoma reveals inactivating mutations in NOTCHL. Science. 2011; 333(6046):1154—7. [PubMed:
21798897]

. Cancer Genome Atlas Research Network. Comprehensive genomic characterization of head and

neck squamous cell carcinomas. Nature. 2015; 517(7536):576-82. [PubMed: 25631445]

. Schmitz S, Ang KK, Vermorken J, et al. Targeted therapies for squamous cell carcinoma of the head

and neck: current knowledge and future directions. Cancer Treat Rev. 2014; 40(3):390-404.
[PubMed: 24176789]

. Culos KA, Cuellar S. Novel targets in the treatment of advanced melanoma: new first-line treatment

options. Ann Pharmacother. 2013; 47(4):519-26. [PubMed: 23548648]

. Bombard Y, Offit K, Robson ME. Risks to relatives in genomic research: a duty to warn? Am J

Bioeth. 2012; 12(10):12—4. [PubMed: 22974020]

. Brierley KL, Blouch E, Cogswell W, et al. Adverse events in cancer genetic testing: medical, ethical,

legal and financial implications. Cancer J. 2012; 18(4):303-9. [PubMed: 22846730]

. Beauchamp, TL.; Childress, JF. Principles of biomedical ethics. 7. New York: Oxford University
Press; 2012. p. 480

de Castro G jr, Negrao MV. The Cancer Genome Atlas findings in head and neck cancer: a
renewed hope. Curr Opin Onco. 2014; 26(3):245-6.

Lindor NM, McMaster ML, Lindor CJ, Greene MH. Concise handbook of familial cancer
susceptibility syndromes — second edition. J Natl Cancer Inst Monogr. 2008; 38:1-93. [PubMed:
18559331]

Tan MH, Mester JL, Ngeow J, Rybicki LA, Orloff MS, Eng C. Lifetime cancer risks in individuals
with germline PTEN mutations. Clin Cancer Res. 2012; 18(2):400-7. [PubMed: 22252256]
American Thyroid Association Guidelines Task Force. Medullary thyroid cancer: management
guidelines of the American Thyroid Association. Thyroid. 2009; 19(6):565-612. [PubMed:
19469690]

Eiler, ME.; Frohnmayer, D.; Frohnmayer, L.; Larsen, K.; Owen, J. Fanconi Anemia: Guidelines for
Diagnosis and Management. Eugene, OR: Fanconi Anemia Research Fund, Inc; 2008. p. 391
Lenders JW, Duh QY, Eisenhofer G, et al. Pheochromocytoma and paraganglioma: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab. 2014; 99(6):1915-42. [PubMed:
24893135]

Head Neck. Author manuscript; available in PMC 2016 April 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Birkeland et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Page 13

Thakker RV, Newey PJ, Walls GV, et al. Clinical practice guidelines for multiple endocrine
neoplasia type | (MEN1). J Clin Endocrinol Metab. 2012; 97(9):2990-3011. [PubMed: 22723327]

Ferner RE, Huson SM, Thomas N, et al. Guidelines for the diagnosis and management of
individuals with neurofibromatosis 1. J Med Genet. 2007; 44(2):81-8. [PubMed: 17105749]

Evans DG. Neurofibromatosis type 2 (NF2): a clinical and molecular review. Orphanet J Rare Dis.
2009; 4:16. [PubMed: 19545378]

Maher ER, Neumann HP, Richard S. Von Hippel-Lindau disease: a clinical and scientific review.
Eur J Hum Genet. 2011; 19(6):617-23. [PubMed: 21386872]

ACMG Board of Directors. Points to consider in the clinical application of genomic sequencing.
Genet Med. 2012; 14(8):759-61. [PubMed: 22863877]

Quillin JM, Bodurtha JN, Siminoff LA, Smith TJ. Physicians’ current practices and opportunities
for DNA banking of dying patients with cancer. J Oncol Pract. 2011; 7(3):183-7. [PubMed:
21886501]

Bombard Y, Robson M, Offit K. Revealing the incidentalome when targeting the tumor genome.
JAMA. 2013; 310(8):795-6. [PubMed: 23982363]

1000 Genomes Project Consortium. A map of human genome variation from population-scale
sequencing. Nature. 2010; 467(7319):1061-73. [PubMed: 20981092]

Forbes SA, Beare D, Gunasekaran P, et al. COSMIC: exploring the world’s knowledge of somatic
mutations in human cancer. Nucleic Acids Res. 2015; 43:D805-11. [PubMed: 25355519]

Stadler ZK, Schrader KA, Vijai J, Robson ME, Offit K. Cancer genomics and inherited risk. J Clin
Oncol. 2014; 32(7):687-98. [PubMed: 24449244]

Zettler PJ, Sherkow JS, Greely HT. 23andME, the Food and Drug Administration, and the future of
genetic testing. JAMA Intern Med. 2014; 174(4):493-4. [PubMed: 24535082]

American College of Medical Genetics Board of Directors. ACMG statement on direct-to-
consumer testing. Genet Med. 2004; 6(1):60. [PubMed: 14726812]

National Society of Genetic Counselors. Direct to consumer testing. http://nsgc.org/p/cm/Id/
fid=14#directconsumer

Hudson K, Javitt G, Burke W, Byers P. American Society of Human Genetics Social Issues
Committee. ASHG statement on direct-to-consumer genetic testing in the United States. Obstet
Gynecol. 2007; 110(6):1392-5. [PubMed: 18055737]

Reilly PR, Boshar MF, Holtzman SH. Ethical issues in genetic research: disclosure and informed
consent. Nat Genet. 1997; 15(1):16-20. [PubMed: 8988163]

Robson ME, Storm CD, Weitzel J, Wollins DS, Offit K. American Society of Clinical Oncology.
American Society of Clinical Oncology policy statement update: genetic and genomic testing for
cancer susceptibility. J Clin Oncol. 2010; 28(5):893-901. [PubMed: 20065170]

Hampel H, Bennett RL, Buchanan A, Pearlman R, Wiesner GL. A practice guideline from the
American College of Medical Genetics and Genomics and the National Society of Genetic
Counselors: referral indications for cancer predisposition assessment. Genet Med. 201410.1038/
gim.2014.147

Uhlmann WR, Guttmacher AE. Key internet genetics resources for the clinician. JAMA. 2008;
299(11):1356-8. [PubMed: 18349098]

Health Insurance Portability and Accountability Act of 1996. Pub.L. No: 104 — 191.

36.

37.

Modifications to HIPAA Privacy, Security. Enforcement, and Breach Notification rules under the
Health Information Technology for Economic and Clinical Health Act and the Genetic Information
Nondiscrimination Act; other modifications to the HIPAA rules. Fed Regist. 2013; 78(17):5565—
702. [PubMed: 23476971]

Genetic Information Non-Discrimination Act of 2008. Pub L. No: 110 — 233.

38.

39.

Sarata AK, DeBergh JV, Staman J. The Genetic Information Nondiscrimination Act of 2008 and
the Patient Protection and Affordable Care Act of 2010: Overview and Legal Analysis of Potential
Interactions. CRS. 2011:1-17.

Head Neck. Author manuscript; available in PMC 2016 April 26.


http://nsgc.org/p/cm/ld/fid=14#directconsumer
http://nsgc.org/p/cm/ld/fid=14#directconsumer

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Birkeland et al.

Page 14

EEOC v Fabricut, Inc., 13-CV-248-CVE-PJC (Okla 2013).

40.

EEOC v. Founders Pavilion, 6:13-CV-06250 (NY 2013).

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

Ross LF, Saal HM, David KL. American Academy of Pediatrics, American College of Medical
Genetics and Genomics. Technical report: Ethical and policy issues in genetic testing and
screening of children. Genet Med. 2013; 15(3):234-45. [PubMed: 23429433]

Richards, S.; Aziz, N.; Bale, S., et al. Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology. Available from: https://www.acmg.net/
docs/Standards Guidelines for the Interpretation of Sequence Variants.pdf

Cassa CA, Savage SK, Taylor PL, Green RC, McGuire AL, Mandl KD. Disclosing pathogenic
genetic variants to research participants: quantifying an emerging ethical responsibility. Genome
Res. 2012; 22:421-8. [PubMed: 22147367]

Green RC, Berg JS, Grody WW, et al. ACMG recommendations for reporting of incidental
findings in clinical exome and genome sequencing. Genet Med. 2013; 15(7):565-74. [PubMed:
23788249]

Klitzman R, Appelbaum PS, Chung W. Return of secondary genomic findings vs patient
autonomy: implications for medical care. JAMA. 2013; 310(4):369-70. [PubMed: 23917282]
Wolf SM, Annas GJ, Sherman E. Patient autonomy and incidental findings in clinical genomics.
Science. 2013; 340(6136):1049-50. [PubMed: 23686341]

Burke W, Antommaria AH, Bennett R, et al. Recommendations for returning genomic incidental
findings? We need to talk! Genet Med. 2013; 15(11):854-9. [PubMed: 23907645]

Presidential Commission for the Study of Bioethical Issues. Anticipate and communicate: Ethical
management of incidental and secondary findings in the clinical, research, and direct-to-consumer
contexts. Washington, DC: 2013.

Dickert N, Wendler D. Ancillary care obligations of medical researchers. JAMA. 2009; 302(4):
424-8. [PubMed: 19622821]

Rangel EK. The management of incidental findings in neuro-imaging research: framework and
recommendations. J Law Med Ethics. 2010; 38(1):117-26. [PubMed: 20446989]

American College of Medical Genetics Board of Directors. ACMG policy statement: updated
recommendations regarding analysis and reporting of secondary findings in clinical genome-scale
sequencing. Genet Med. 2015; 17(1):68-69. [PubMed: 25356965]

Domchek S, Weber BL. Genetic variants of uncertain significance: flies in the ointment. J Clin
Oncol. 2008; 26(1):16-7. [PubMed: 18165634]

Syvanen AC. Accessing genetic variation: genotyping single nucleotide polymorphisms. Nat Rev
Genet. 2001; 2(12):930-42. [PubMed: 11733746]

Hindorff LA, Sethupathy P, Junkins HA, et al. Potential etiologic and functional implications of
genome-wide association loci for human diseases and traits. Proc Natl Acad Sci U S A. 2009;
106(23):9362-7. [PubMed: 19474294]

Offit K, Groeger E, Turner S, Wadsworth EA, Weiser MA. The “duty to warn” a patient’s family
members about hereditary disease risks. JAMA. 2004; 292(12):1469-73. [PubMed: 15383518]
Macleod R, Tibben A, Frontali M, et al. Recommendations for the predictive genetic test in
Huntington’s disease. Clin Genet. 2013; 83(3):221-31. [PubMed: 22642570]

Shuman AG, Shaha AR, Tuttle RM, Fins JJ, Morris LG. Medullary thyroid carcinoma: ethical
issues for the surgeon. Ann Surg Oncol. 2012; 19(7):2102-7. [PubMed: 22322952]

Sulmasy DP. On warning families about genetic risk: the ghost of Tarasoff. Am J Med. 2000;
109(9):738-9. [PubMed: 11137492]

ASHG statement. Professional disclosure of familial genetic information. The American Society of
Human Genetics Social Issues Subcommittee on Familial Disclosure. Am J Hum Genet. 1998;
62(2):474-83. [PubMed: 9537923]

American Society of Clinical Oncology. American Society of Clinical Oncology policy statement
update: genetic testing for cancer susceptibility. J Clin Oncol. 2003; 21(12):2397-406. [PubMed:
12692171]

Head Neck. Author manuscript; available in PMC 2016 April 26.


https://www.acmg.net/docs/StandardsGuidelinesfortheInterpretationofSequenceVariants.pdf
https://www.acmg.net/docs/StandardsGuidelinesfortheInterpretationofSequenceVariants.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Birkeland et al.

61.

62.

Page 15

American Medical Association. Code of Medical Ethics. 2007. Opinion 2.131. Disclosure of
familial risk in genetic testing.

Tarasoff v the Regents of the University of California, 551 P 2d 334 (Cal 1976).

63.

Pate v Thelkel, 661 So 2d 278 (Fla 1995).

64.

Safer v Estate of Pack, 677 A2d 1188 (NJ Super Ct App Div 1996).

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Chapman PB, Hauschild A, Haanen JB, et al. Improved survival with vemurafenib in melanoma
with BRAF V600E mutation. N Engl J Med. 2011; 364(26):2507-16. [PubMed: 21639808]

Keedy VL, Temin S, Somerfield MR, et al. American Society of Clinical Oncology provisional
clinical opinion: epidermal growth factor receptor (EGFR) mutation testing for patients with
advanced non-small-cell lung cancer considering first-line EGFR tyrosine kinase inhibitor therapy.
J Clin Oncol. 2011; 29(15):2121-7. [PubMed: 21482992]

Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a monoclonal antibody
against HER2 for metastatic breast cancer that overexpresses HER2. N Engl J Med. 2001; 344(11):
783-92. [PubMed: 11248153]

Rubin EH, Allen JD, Nowak JA, Bates SE. Developing precision medicine in a global world. Clin
Cancer Res. 2014; 20(6):1419-27. [PubMed: 24634465]

Bonner JA, Harari PM, Giralt J, et al. Radiotherapy plus cetuximab for squamous-cell carcinoma of
the head and neck. N Engl J Med. 2006; 354(6):567—78. [PubMed: 16467544]

Vermorken JB, Mesia R, Rivera F, et al. Platinum-based chemotherapy plus cetuximab in head and
neck cancer. N Engl J Med. 2008; 359(11):1116-27. [PubMed: 18784101]

Brose MS, Nutting CM, Jarzab B, et al. Sorafenib in radioactive iodine-refractory, locally advanced
or metastatic differentiated thyroid cancer: a randomised, double-blind, phase 3 trial. Lancet. 2014;
384(9940):319-28. [PubMed: 24768112]

Schlumberger M, Tahara M, Wirth LJ, et al. Lenvatinib versus placebo in radioiodine-refractory
thyroid cancer. N Engl J Med. 2015; 372(7):621-30. [PubMed: 25671254]

Wells SA Jr, Robinson BG, Gagel RF, et al. Vandetanib in patients with locally advanced or
metastatic medullary thyroid cancer: a randomized, double-blind phase 11 trial. J Clin Oncol.
2012; 30(2):134-41. [PubMed: 22025146]

Elisei R, Schlumberger MJ, Muller SP, et al. Cabozantinib in progressive medullary thyroid cancer.
J Clin Oncol. 2013; 31(29):3639-46. [PubMed: 24002501]

Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and survival of patients with
oropharyngeal cancer. N Engl J Med. 2010; 363(1):24-35. [PubMed: 20530316]

Nichols AC, Chan-Seng-Yue M, Yoo J, et al. A pilot study comparing HPV-positive and HPV-
negative head and neck squamous cell carcinomas by whole exome sequencing. ISRN Oncol.
2012:809370. [PubMed: 23304554]

Everett JN, Gustafson S, Raymond VM. Traditional roles in a non-traditional setting: genetic
counseling in precision oncology. J Genet Couns. 2014; 23(4):655-60. [PubMed: 24578120]
Conley BA, Doroshow JH. Molecular analysis for therapy choice: NCI MATCH. Semin Oncol.
2014; 41(3):297-9. [PubMed: 25023344]

Appelbaum PS, Roth LH, Lidz C. The therapeutic misconception: informed consent in psychiatric
research. Int J Law Psychiatry. 1982; 5(3-4):19-29.

Pentz RD, White M, Harvey RD, et al. Therapeutic misconception, misestimation, and optimism in
participants enrolled in phase I trials. Cancer. 2012; 118(18):4571-8. [PubMed: 22294385]

Crites J, Kodish E. Unrealistic optimism and the ethics of phase | cancer research. J Med Ethics.
2013; 39(6):403-6. [PubMed: 23118468]

Weeks JC, Catalano PJ, Cronin A, et al. Patients’ expectations about effects of chemotherapy for
advanced cancer. N Engl J Med. 2012; 367(17):1616-25. [PubMed: 23094723]

Head Neck. Author manuscript; available in PMC 2016 April 26.



Page 16

Birkeland et al.

ON (84e1) UmouUN v 70034 00S ‘0049 ‘“O0SNH uoswoy 1 -punwipoy
ON =0 UaJp[1yd ul 000'yT—-000°0T:T av 184 BwouesN ‘0JSNH BuioIse|qounsy
6TSOA 000'€€:T av AN BUWOJQI0INAN ‘BLUOUUBMUYIS JeNgIISa 2 adAL ‘sIsojewoiqioInaN
g1S9A 000'7—000°€:T av TN BLWIOUUBMYIS ‘BW0Iq0INaN ‘ewoljfuebeled T adA] ‘sisorewolqioInaN
ON (are1) umouun av FINMAD proJAyrered | ¥ adAL ‘eisejdosN autioopu3 ajdninAl
ewol|Buebesed ‘(Arejinpaw)
y1S8A 000'GE:T av e/} proJAyL ‘(Asejinpaw-uou) p1oJAy] ‘proJAyiered | z adA) ‘eisejdosN auuidopu3 ajdnjnin
11SPA 000'0S:T av LENIN (Areqinpaw-uou) proJAy] ‘proJAyiesed | 1 adAL ‘eisejdosN sundopu3 sjdnjnin
ON (ate1) umouun av AFHO * £5d.L eUWOUBa ‘Xukre] 1uawines4-1
ON (ates) umouun av £/009 rWOIqLy BUIAYISSO ‘BLIOUIdIRD ploJAYIRIRd Jown] mec-wsiplolAyrerediadAH
L8HAS ' OHAS
o7SOA 000'000'T:T av LOHAS ' Z4YHAS ewoljfuebered ‘(Arejinpaw-uou) proJAyl | swoipuAs eworjbuebered ArenpaisH
(2/1 wOug) smer
ON | 1zeususy ov:T ‘(z/TvOH4) 00%:T av LYodd BWOURSIN ‘XUAIET 180URD) 1588Ig AJRlIpaloH
ON 000'T€T av THO1d 204 uloo
(smar 1Zeusyysy “(918 DONVH ‘GONVH
s1S0A Ul uowWod 810w) 00009T:T dIX UV ‘VONVH) 31dninN 208 luodueH
1S0A (zNaw) 00o'se:T av RDAALUN " 1T (Aejnpaw) ploJAy L 180UeD PIOIAYL AsejInpai [eljiures
) ’WOIqYOIBUY
ON 000'22-000'L:T av HALAW  OdV JeabuAreydoseN ajiuaAng ‘(Arejnpat-uou) ploAyL s150d£]0d Snojewouspy [elfiwe-
CANIL
ON 000'000'T:T | ¥TIX ¥V ‘v ‘TOXMQ@ D471 1HFL DOSNH ‘snbeydos3 ‘anbuoy e)iuabuo sisoyesaxshq
_>\.:¥ WQIQ% (Ksepinpauw)
£1S9A 000'00Z:T av L8HAS  N3Ld PI0JAYL ‘(Ale|Inpawu -Uou) PIoJAY L ‘eLuoue|aiN uapMoD
ON 000'000°T'T av i Bwopioyd Bwiopioyd
ON (ates) umouun av VIYVMYYS euwouueMyods ‘(Arejjnpaw-uou) proJAyL Aaured
ON SMI[ 1ZBUSYSY 000'0S:T uv wig 204 '00S ‘anbuo] ‘xuAleT ‘snfeydosy woo|g
ON 000°00T-000°07:T av WLV 004 eisejoalfuea) eixery
saulapINS 3ouapIou| aoueIayU| EIEL) adA1 Jowny uonIpuoD
swise|doaN 93N pue peaH UYlIM Paleldossy SaWoIpuAsS onsuss) AlelipaloH
I alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 April 26.



Page 17

Birkeland et al.

QAISS331 PAYUI-X=YTX ‘9AISS303]

[BLUOSOINY = YV JUBUILIOP [BLUOSOINY = (V/ ‘BWOUIDIED |90 snowenbs 308U pue pesy [esooniy = DDSNH BWOUIDIED |90 snowenbs 308U pue pesy snosueing = DOS ‘BlIouloe [139 [eseg = D0d

9INDV Ag BUIUBBIOS 10} PAPUBLUWIOIBI BUBD) =

*

(3se3
3IPPIA ‘Bo1)Y ‘Ueder Ul UOWWOd

H10d €0047

ON alow) adoin3 ‘s Ul 000'000°T'T qv 20083 'VdX JdX anBuo] ‘ewouepRN ‘028 ‘009 ‘DOSNH wnsojuawibid eulsposax

ON (ueder ur uowwod alow) 000‘002:T v N&EM (Arejinpaw-uou) proJAyl ‘DS ‘ewouea|n ‘004 JEETTY

0z5PA 000'9ST av » THA siowny des oneydwAjopug ‘ewoljbuebered nepui-jaddiH uoa

ON 000'9:T av LGOS1 " T0S1 (Asejinpawi-uou) pi1oJAy L “ewopioyd SI1S0J3[9S SnoJagn L
saulapIND ERIVEToJRITI aouelIByU| U adAL sownt uoIpuoD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Head Neck. Author manuscript; available in PMC 2016 April 26.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Birkeland et al.

Table Il

Online Genetic Resources

Online Searchable Databases of Genetic Specialists and Genetics Clinics

. American Board of Genetic Counseling (“Find a Certified Genetic Counselor™)

. American College of Medical Genetics and Genomics (“Find Genetic Services™)

. GeneClinics (GeneTests website, follow link to “Clinics”, includes clinics in other countries)
. National Cancer Institute - Cancer Genetics Services Directory

. National Society of Genetic Counselors (“Find a Genetic Counselor™)

. Orphanet (clinics in Europe)

Information about Genetic Conditions for Healthcare Professionals

. GeneReviews

. MedGen (NCBI)

. National Cancer Institute: PDQ Cancer Information Summaries - Genetics
. Online Mendelian Inheritance in Man (OMIM)

. Orphanet

Information about Genetic Conditions, Genetic Testing and Support Group Resources for Patients

. Genetics Home Reference

. Genetic Alliance (“Diseaselnfo Search” link to find support groups for genetic conditions)
. Genetic Alliance UK

. Genetic and Rare Diseases Information Center (has phone option)

. National Organization for Rare Disorders

. Orphanet (support group resources in Europe)

Fact Sheets/Brochures about Patterns of Inheritance

. Centre for Genetics Education (“Genetics Fact Sheets” link, “Multilingual Resources” link)
. EuroGenTest (“Patient Leaflets” link; multiple languages)

. Genetic Alliance UK (“Information Centre” link; multiple languages)

Genetic Testing (insurance implications information)

. Genetic Information Nondiscrimination Act (GINA): www.ginahelp.org
. National Human Genome Research Institute

- Genetic Discrimination

- Genome Statute and Legislative Database

. HumGen (international database)

Genetic Testing (general information)

. Genetics Home Reference (“Handbook” link)
. National Cancer Institute
- Fact Sheet: Genetic Testing for Hereditary Cancer Syndromes

. National Human Genome Research Institute:

- Frequently Asked Questions about Genetic Testing
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- “Genetic Testing: What it Means for your Health and for your Family’s Health

Online Searchable Databases of Genetic Tests

Genetic Testing Registry — NCBI (GTR)

GeneTests

Eurogentests (Clinical Utility Gene Cards, labs in Europe)
Orphanet (labs in Europe)
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