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1) Introduction

Genetic testing is diverse and complex. Understanding how tests waitice tw appropriate
utilization! This document addresses:

1) Key issues in genetic testing

2) Testing categories and their differences

3) Healtlcarepr of essi onal s’ roles i n counseling, t
recommendations

4) Expertise of geetic counselors

Although genetic counselors are not involved in ordering every genetic test, in many situations
they can provide expertise and suppoatients providers and payers. This document

provides an overview of the critical issues arouncegenesting andhe role thagenetic
counselordiavein thegenetic testingrocess

2) Types of DNA Tested

Most genetic tests analyze the germline genetic sequence (genetic variants pedsbatin

cells—from conception). However, some tests exanthe individual genetic material or

genome of somatic tissue (nrogproductive cells), such as cells from a cancerous tumor.

Somatic tescanuncoverunderlying variargthat maybe r esent i n al | or so
cells—and may indicate that additial germline genetic testing is appropriate. This document

will primarily focus on germline genetic testing.

3) Types of Technology and their Uses

Over the years, scientists have developed different ways to analyze the structure of human
chromosomes and tli@NA sequence. Currently, no single technology or test type can evaluate
for every possible genetic variation. Different test types use various technologies that assess the
structure and sequence of human DNA. Figure 1 highlights common tests and teatdiffe
guestions these tests seek to answer.

! Appendix A includes links %8S GC 6 s oD tegics glated to genetic testing that this document does not address.
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A selection of

Genetic Test Types

and the questions they seek to answer

Karyotype - How many chromosomes are there? Any regions visibly missing or extra or rearranged?

FISH analysis - Are there smaller regions missing or extra in a certain area?
Chromosomal microarray - Are there extra or missing sections of any of the chromosomes?
Single gene sequencing - What is the sequence of a particular gene in question?

Panel testing - What is the sequence of a set group of genes?
Exome analysis - What is the sequence of the coding region (all genes) for this individual?

Genome analysis - What is the sequence of all DNA for this individual?

Epigenetic analysis - How does the structure of DNA molecules affect the way certain genes are expressed?

4) Genetic Test Complexity

Genetic testing is complicated, but invaluable in medical diagnoses and determining treatments
for many diseases and conditioifiere are different ways to test for a certain dioms, and

the number of testing options continues to grolae Genetic Test Registry shows just how

many testing options currently exist:

Statistics from a recent review of

Genetic Test Registry

as of June 21, 2017

49,817 differenttests

1 0 ,745 conditions listed

16,232 genes identified
494 testing laboratories
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In a 2015 speech on the Precision Medicine Initiative, former President Barack Obama
described precisionmedign as a met hod for “delivering
every time t o®Takbep withthgrapigace agenstiztastinginnovation
providers ordering genetic testaist think critically about the right test for the rigierson at

the right timeto ensure appropriate utilizatiamd maximum benefit

Identifying theright family member to test is critical to accurate and efficient diagnosis
Testing a family member who has already developed a disease, for exandglalts
determine whether a genetic varigmhereditarylf not possible, it is important to identify the
nextbest person to test. Testing the wrong person can waste time and resources.

Determining theight time to pursue testing is also criticaksE results caaffectthe medical,
psychological, and social functioning of an individual and family. For exarbefesfits and

risks oftesting a child for an adutinset conditiorshould be carefully weighed to preserve the
c h i hutbhomy and right tan open future. In soneasesit may be advantageous to proceed
with testing during childhoodyhile other timestesting should be deferred until the individual
has the capacity to weigh the associated ris#sefits, and limitations of &information

It is crucial to identify the right
genetic test to order, at the right

time, for the right person.

When several available tests appear similaryiite genetic test may not be immediately
obvious. Prenatal genetic testing for carrier conditions such as cystic fibrosis is an example.
Many tests can identify cystic fibrosis carriers, but theativeness of each test depends on
each specific case. In some situations, testing only one specific variant known in a family is
sufficient In other cases, testing the entire cystic fibrosis gene is necessary.

It is critical thathealthcargrovidershavethe skills to navigate informaticio ensure informed
decisionmaking regardingenetictestselection Making sense of genetic tests and selecting
the most appropriate test is a skill that requires a broad geketiadedge basand an
understandingf the relevant genetic tests available.
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5) Genetic Counseling

An important component of genetic testing is-f@ned posttest genetic counseling. Genetic
counseling helps patients and families understand their testing options and the potential impact
of test resultsThis twofold processcludes preand postest counseling

Central components of

Pre-test and Post-test Counseling

Pre-Test Counseling

- Informed consent

- Sharing information

- Addressing questions

- Assessing personal and family history

- Culturally-sensitive

- Supporting informed choice regarding whether
to have testing

- Discussing benefits, risks and limitations of
genetic testing

Components of
Informed Consent

Individualized Test Optional Consequences Possible Implications Implications
purpose of performance nature of of undergoing secondary or for other of possible
testing data testing vs. forgoing incidental family results
testing findings members

Post-Test Counseling

- Communication of the genetic test results

- Discussion of implications for the patient and family members

- Medical management recommendations of individual/family

- Discussion regarding future health and family planning decisions
- Follow-up support and resource identification/provision

. _______________________________________________________________________________________________________|
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The extent and delivery method of genetic counseling, and whether it includasgmost
test counseling, may vary depending on the setting and type of test. For certainigests,
critical to consult a genetics specialsgich as a genetic counselor or medical genetimébre
andafterordering aest Forexamplewhen pursuingvhole exome sequencinigoth pre and
posttest genetic counseling are necessatelp theindividual:

1 understanaptionsandmake informed selections as to the type of additional results
he/shewishes to receivee(g medically actionable incidental findings and carrier
status)

1 understand the results related to the primary indication fan¢eahd other selected
results

1 understand themplicationsof resultsfor medical management and impact on relatives

Service delivery models for prand posttest genetic counseling vary dependimgthe nature
of thetest and the indicatiofor testing.With the increasing demand for genetic servicesnyn
genetics experts use tplonecounseling for individuals who cannalbtain an irperson
counseling appointmewiue to time constraints or lack of available practitioners indb®n

a) Pre-Test Genetic Counseling

Pretestgeneticcounseling informs patientamilies about théenefits, risksand
limitations of undergoingenetic teshg before orderin@test.Pretestcounselingshould
reviewthe patient's personal and family historigatissthet e sbhénkfiss and limitations,
andexplainandobtain informed consenthe informedconsenprocessonsiderghe
individua | * s/ f a mikhowledge blasemhd vauestq help patients decwlleether to
pursuetestng andwhich test to undergdn somecasesdelayng or decliningtestingmay
bethe besthoice

Inadequatepre e st counseling can advemgathe affect
genetic testing procesas well as the accuracy of ttest orderedSeveral aspects of pre
test counselingre below.

)] Family Health History

Identifying and propdy assesfg genetic risk factorbelps individuals and
families understand thelegree of concern for a genetic conditiGollecting a
pati ent’ s f arbénéfitsthelrigkaskessmenhprosetenetic
counselors usacomprehensivéhreegeneratiorfamily historyto help guide
decisions oresting optiongo helpinterpret test results and identify atrisk
relatives who may need to undergo testing or develop treatment/monitoring
plans.Sometimes, masymptomatic patient may need an affected relative to
undergo genetic testing befdreing tested
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Key components to the

Family Health History

- Health status of all first and second degree relatives
- Health status of third degree relatives, when relevant
- For these genetic relatives and patient:
Current age or age at death
Sex at birth
Medical conditions with ages of onset
- Maternal and paternal ethnicity
- Consanguinity
- The date the family health history was obtained
- Review of relatives' genetic test results and other pertinent
medical records when possible

Collectingandassessing family history helps providers determine the
appropriate genetic test to order. For example, the test ordered to diagnose
BeckwithhWiedemann syndrom@WS), an overgrowth syndrome associated
with birth defects and an increased risk for tumdepends on family history.

Because 40 percent of BWS is due to changés=ei@DKN1Cgene askilled
providermayfirst order a test of thEDKN1Cgeneif the family history
assessmeifibundrelatives with BWS symptom# no family historyindication
exists askilled provider would order different genetic test because
methylation abnormalitiesausemostfamily historynegativeBWS cases.

Family history also helps identify-aisk family members who can benefit from
genetic counselindn the inheriteccardiac diseaséypertrophic
cardiomyopathy (HCN] the walls of the heathicken tocausefainting, reduced
exercise capacity, ambssiblysudden deathf a skilled genetics provider
found agenetic cause through a famhystory assessment, he/sheuld offer
targetedestingfor first-degree relativefor theidentifiedgenetic variant

This allowsfamily membersvho carry the genetic variatd benefit from

routine screening and tre@aentfor HCM. In this case, genetic testing can result
in significant healthcare cosavings as thetargeted genetitestcancost$200
$400, whereas aechocardiogram costs at least $3,808nown as the casda

2 http://www.uhhospitals.org/rainbow/patients-and-visitors/billing-insurance-and-medical-records/patient-pricing-
information

3 https://www.invitae.com
I
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effect family-history assessmendsid genetic testing, when appropriatan
lead totargeted screeningarly detectionand possible diseaggevention in
family memberof an individual.

It is important to note that genetic teste@mplementsbut does noteplace

personal and familyhistoryassesments Bothprovidevaluable information
especially whemisedtogether While genetic testing can confirm a clinical
diagnosis and provide targeted testiogatrisk relativesfamily historyand

clinical evaluatiorcan be more importatihan genetitestresults

Marfan syndromega connectiveissue disorder that can causrilar, skeletal,
and cardiovasculgroblemsis an &ample An individualwho meets criteria
for Marfan syndrome maynadergoFBN1gene sequencing (a Marfaissociated
gene)andreceivenegative resultdDespite negative resulthe patientvould

still be diagnosed witMarfan syndome based on clinical findingeften called
a “clinical diagnosi s”

Another example otie value of family history i&lzheimer diseasask-
assessmensome testdncludingoptionsfor directconsumepurchasgscreen

for a common genetic variaimt the APOEgenethatincreasesai ndi vi dual ’
chance®f developng AlzheimerdiseaseEnvironmental factors andleer

genes notestedmayalso contribute to thdisease s devel opment

It is possibldor an individualto develop Alzheimer diseasdthouthaving the
commonvariantin APOE, and manyndividualswith the varianwill never

develop the conditiarBecause of this limitation of genetic testiog

Alzheimer diseasdamily history 5 a vital componenttoasses®i | ndi vi du e
risk. This may not be clear tn individual whaestsfor Alzheimer disease

outside of tle healthcare setting wrtho does not review hiker results with a

genetic counselor or othgeneticgprofessional.

The National Societyfo Geneti ¢ Counsel or s’ (NSGC)
position statement (NSGC 201&ovidesmore information abouamily health
history andcascade testing

1)) Test/Lab Selection

The genetic testing market is highly competitive and rapidly expanding. Most
genetic tests adaboratorydevelopedests (LDTs) thathe College of Ararican
Pathologists (CAP) and the Clinical Laboratory Improvement Amendments
(CLIA) overseeNot all tests on the market arenductedn CLIA/CAP

facilities, including some dire¢b-consumer genetic tests.
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In addition to state and local regulations, tmgenetic laboratories follow
professionabuidelines such as the American College of Medical Genetics and
Genomics (ACMG) mndards and guidelines fiterpretingsequence variants,
to ensureconsistengenetic testesults

As genetic testing advarsand expans| selecting the appropriate genetic test
and laboratorypecomes even moreitical. Providersusuallymake testing
recommendations for individuals after a genetic evaluation thagsessmedical
and famiy historyand physical exam-when apprpriate. These
recommendations should reflect the medical indications, as well as
patient/family preferences.

The variability among laboratories offering clinical genetic testimgl among
tests offered within a laboratgmpakes preaest counseling/comphensive

genetic evaluationgaluable Here araelevant questions a provider should ask a
laboratory when selecting a test.

Factors to consider when

Selecting a Genetic Test

Which test is being run?

Which technology is used?

How are results analyzed?
What tissue/sample type is tested?

Is confirmatory analysis offered?

What is the detection rate for the condition(s) in question?
Which CPT (billing) codes are utilized?

Are additional services offered (e.g., prior authorization,

DNA banking, reanalysis, familial testing)? "G enetic teStS
Are laboratory professionals available for consultation? come ln ma ny'

What is the pricing structure? Shapes and
What is the turn-around time for results? VA .

What is the laboratory's experience with this test?

Does the company participate in data sharing?

. _______________________________________________________________________________________________________|
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Because of the complexity of genetic testing and the connections made between
genetic variants and diseasestresult inerpretations today may differ from

future interpretationdue to theavailabledata A healthcargrovider has the

duty to inform patients that moneformationmay be availablabout a genetic
variantin the futurethatcouldc h a n g e ingerpretatient * s

iii) The Utility and Validity of a Genetic Test

In an ideal worlda genetic test would providen accurateesult every time and

would yield results that would be useful to evengividual. However,every test
haslimitations. A particular test may pperly detect a genetic variant ttzatest

usually detects-but not every time. A test may not detect every genetic variant
that | eads to a particular genetic di:
A test that is a perfect fit for onedividual may have little or no use for another
individual. A provider should consider thegariationsby determiningg t est ' s
clinical validity, analytical validity, and clinical utility.

Questions to ask about a

GENETIC TEST
before it is ordered

AwuwalP Does the testing technology give the

same answer every time?

Medical (/alue? Is there strong evidence to link the
° test results with a given disease or
risk factor?

U5 méP Are there accepted healthcare changes
& to make based on the result and will

results impact life decisions?

Analytical validityfocuses on thiaboratory sciencef a test Can a tst
consistently and reliably do what the laboratory/company promides?
laboratoryproceduregnsure testesult accuracy? The standards set forth by
CLIA regulateanalytical validityof genetic tests

. _______________________________________________________________________________________________________|
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Clinical validity assessesatestr e s umkdical snplicationand howthey

pertainto a particular disease or risk factor. Is the evidence strong enough to
connecian identifiedvariant toa certain feature or disease? Rather than asking

if the | aboratory coérrectuly famaid tyé d ct
clinical wvalidity focuses on a test’'s

Clinical utilityf ocuses on ordering and appl yi ni
setting. Just because a test exists does not mean evergoitewsitdergathe

test or that everyone will equally benefit from the test. This is true for all types

of medical tests-not just clinical genetic testing.

Testing variants in thelFE geneisanexampleof a geneti c test’
clinical utility. This gene is connected to hemochromatosis, a common iron
overload disordetHowever, wdespreagopulation testinghowsthat testing

theHFE geneby itselfhas little benefit in the absence of irowerload

symptoms or a family history of the conditiddme grapssuch asACMG

state thaHFE testingis indicted onlyif a family history of hereditary
hemochromatosisxistsor an individuakeceivegositive test results indicating
highiron.*

Assessing analytic validity, clinical validity, and clinical utility is mosimple

task Relying on marketing and information on company websites is rarely
sufficient for making informed clinical decisioabouttest selection and
interpreation. The aderinghealthcare providenay be misguidedhen
attempting to ass e s-snotneceseasilybecuse df falsei t vy
information, but because of the lack of critical information available to properly
assess a test. The consumer genetimtemarketalsomakes this difficult for
consumers, as the inherent weaknesses of many genetarézgtennot

readily available

Genetics Home Referertygrovidesinformation on analytic validity, clinical
validity, and clinical utility for those whwantto learn more about these topics.

iv) Navigating Payer Coverage

Insurance averagdor testingcanoften influence tesiptake availability, and
selectionCoveragamay depend on the indicationpty of test orderecnd
testing laboratoryin or out of network)Payers often require pngidorization
for certain test$o assessnedicalnecessityandplancoveragelnsurance
companies may request clinigaformation and evidence for the necessity of
specific genetic tesfsom the healthcare provider

4 http://www.choosingwisely.org/patiemnésources/makingmartdecisionsaboutgenetictesting/
5 https:/ghr.nim.nih.gov/primer/testing/validte siccessed 8/31/17
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Somepayersalso require genetic counseling befooxering a tesfior specific

genetic conditions. 8sting coverage varies among payersanadng

individualcoverage policie€ven after coverage is confirmed, determining the
test’s cost t o dificytsotguartify duk o aegatidted ratesa n b «
co-pays, ceinsurances, oubf-pocket maximums, and deductibles.

While coverage patiesdiffer, manypayerscover genetic testing d test meets
certain criteriaPayers base these criteria on published literature, evitierseel
assessments, and professional organization clinical practice guidelines. With the
increasinghumberof genetic &€sk, and the associated costs for both patient and
payer,healthcargroviders have a responsibility to both the patient and the
healthcare system tese evidencéasedoracticesvhen ordering a genetic test

The cost of testing to the patient is onhyegrart of the financial ramifications of
testing. The costs of the tesd payers, as well as the downstream effects of any
change in medical managememte also important to consid@restingis often

not medicdly necessary i test result would not aitmedical managemenot
improveoutcomesOn the other hand, genetic testing carkena dramatic
difference inscreeningecommendationsnanagementand outcomesuch as

the case of predictive testing foertainhereditarycancer syndromes.

For example, Lynch syndrome is a hereditary cancer syndrome that greatly
increases the risk faolorectal, endometrigdnd other cancergVomenwith

Lynch syndromare at increased risk for both uterine and ovarian cancer
While saeening for uterine cancer is somewhat effective, there is no effective
ovarian cancer screening to date

The current recommendations are to dis¢hesavailability ofa total abdominal
hysterectomy with bilateral salpingmphorectomy (TAH/BSO) to remewthe
uterus, ovarigsand fallopian tubewith patients® At-risk family members who
test negative for the familial mutation do not need uterine or ovarian cancer
screening—or TAH/BSO.Thosewho do testnegativefor the familial mutation
do not needscreening that is more aggressarelcan follow general population
screening recommendations, despite the family history.

6 https://www.nccn.org/professionals/physician_gls/pdf/genetics_colon.pdf
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Providers have a responsibility to
both the patient and the healthcare

system to assure test ordering
practices are evidence-based.

As genetic testing optiorexpandg t hey continue to outpa
to publish data supporting tegginespeciallyfor complex tests such as mullti

gene panelsSomepayers classify such tests as experimental or investigational
becaus®f the lack ofpublished literature supporting the benefits of the tests.

This can create access barriers to some of tst oosteffective and relevant

genetic testPayerscyclically review testand may not be able to immediately
respond to new datAs a result, theynay insteadovergenetic tests that are

costlier and less relevant to a given clinical situation.

In these situations, genetic counselorsaitical in thedecisiormaking
processGenetic counselors use existing literaturelémtify geneghathave

either recognized guidelines supporting testing or have enougisiped data to
support medicamanagenent changes associated with an identified pathogenic
mutation. The final section of this document will explore the training, expertise,
and value of genetic counselors.

b) Post-Test Genetic Counseling

Posttest genetic counseling helps patients undedstast results and how Seresults may
affectt h ei r lealthhoarElécisiensThe posttest counseling session expkiast
results and implications, provisisupportive resources, and dis@ssotential treatment
options and referralto specibsts for a personalizedhedicatmanagemenplan Supportive
resources may include books,hgées, support groups, patieadvocacy groups, clinical
and research trials, followp steps, and referrals to other specialists.

6) Genetic Counselor Expertise and Value

Thetechnical complexities of genetic testitigetime needed for preand postiest counseling
and the psychosocial components of counsetingegenetic counselorsitical. Genetic
counselorgomplet two-year accreditedhasterdevel geneticcounseling graduate program
thatfocus onspecialized genetics/genomics training, counseling training, and supervised
clinical placements.

. _______________________________________________________________________________________________________|
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The genetic counselor certifying body, the American Board of Genetic Counseling (ABGC),
sets forth competencies thatlude analyzing and interpreting genetic information that
provides the basis for differential diagnosis, risk assessment, and genetic testing (ABGC
PracticeBased Competencies, n.d.). A 2E@0@9NSGC survey to evaluate genetic
counsel or s 'tional professionahstills alehtified six key skaliea for genetic
counselors.

Six identified
Core Skills of Genetic
Counselors

1. Deep and broad knowledge of genetics

2. Ability to communicate complex information to a range of audiences
3. Strong interpersonal skills and self-awareness

4. Ability to dissect and analyze complex problems

5. Research skills and self-education

6. In-depth knowledge of healthcare delivery

While many healthcare providdesarn abougenetics as part of their training prograrengtic
counselorgnustpass a certification examination and timeaintaincertification by obtaining
continuing education and-certifying every five years (Recertification, n.d.). Many states with
licensure laws require more stringent continuing education standards.

This ongoing education keepgsnetic counselongp to d&e in a rapidly advancing field and
ensures they have tleapertise to identify the appropriate test for a given clinical situafloe.
study found that when genetic counselors assessed genetic test orders at a commercial
laboratory prior to performing $¢ing, they changed Zfercentof the orderswhich saved
referring institutions an averagé $48,000 per month (Miller et al. 2013).

Geneti c e@pertsesgedseyondcostss avi ngs t o include an
care.Communicating the meaning of a test result to the individual and discussing the
subsequent actioranindividual can take based ¢estresuls increasethe chance of an
improved clinical outcome. Studies show that jared postest genetic counbeg can increase

t he i ndivi dewvaththesecanmemged mediwahnagement plan (Rutherford et
al., 2014).

. _______________________________________________________________________________________________________|
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7) Conclusion

The genetic testing market shows no signs of slowing. Results from genetwilldstsome
integralto medical decisiomaking andwill continue toextend to all areas of healthcarehe
knowledge tachoosean appropriatéaboratory and the right test for the right persequires an
advanced skilket that includes a broad understanding of components suchtestétecDNA
the \alue of familyhistory review, and the utility or validity of a genetic test.

The genetic counseling procesyiitgl to identifying the most appropriate family member to
test selecting the mostppropriategenetic testand recommending the besturseof action.
Proficient and comprehensive genetic evaluations help reduce unneeesbargorrectesing
and optimizeefficiency. The provision of appropriate genetic testing as wedlcasirate
interpretations imperativeto avoid unnecessary or harrhfuedical procedures.

Appropriate risk assessment, testing, and results interpretation allows for anticipatory guidance
and/or medicamanagement recommendations that help optithizbealthof individuals

Genetic counselom@revaluable membersf anygenetic testing scenario and are ofteurcial
memberof programs created to translate genetic testing into clinical use
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Appendix A: Links to CurrendlSGCPositions Statements Various Topics in Genetic Testing

-

Prenatal CelFree DNA Screening

Direct Access to Genetic Testing

Prenatal Testing For Adu®nset Conditions

Genetic Testing and Adoption

Incidental Findings in Genetic Testing

Genetic Testing of Minors for Adutdnset Conditions
Regulation of Genetic Testing

-

-

-_

-

-

-
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