FAMILION'

GENETIC TESTS FOR INHERITED CARDIAC SYNDROMES

LQTS ¢ BrS e CPVT * SQTS

Cardiac Channelopathies

Disease States Overview

According to the Centers for Disease Control and Prevention, each year
in the United States more than 600,000 people die from heart disease.
Approximately 22,000 of those deaths occur in young, seemingly
healthy people <44 years of age. Over 50% of sudden arrhythmic
deaths are caused by inherited cardiac syndromes (Figure 1).!
Some common causes of sudden cardiac death include: Long QT
Syndrome (LQTS), Brugada Syndrome (BrS), Catecholaminergic
Polymorphic Ventricular Tachycardia (CPVT), Short QT Syndrome
(SQTS), Hypertrophic Cardiomyopathy (HCM), Dilated Cardiomyopathy
(DCM), Conduction Disease associated with DCM (CD-DCM) and
Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC).

About Long QT Syndrome

LQTS is three times more common than childhood leukemia.?
While the symptoms associated with LQTS commonly present
during childhood and adolescence, the risk of initial and repeat
cardiac events persists into adulthood (including = 40 years of
age).®* Greater awareness of and improved testing for LQTS is
revealing the disease’s true prevalence; it is now estimated that
1in 2,500 people has LQTS (Figure 2).°

LQTS symptoms include heart palpitations, syncope, seizure and/or
sudden cardiac death. These symptoms are often in response to a
specific trigger such as exercise or emotional stress. ECG results may
reveal prolonged ventricular repolarization (QT-interval prolongation),
and death may occur secondary to a stereotypical arrhythmia called
torsades de pointes.

Figure 1: Inherited Diseases that
Cause Sudden Arrhythmic Death
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Adapted from: Behr ER, et al. Sudden arrhythmic death syndrome: familial evaluation identifies
inheritable heart disease in majority of families. Eur Heart J. 2008;29:1670-1680.
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Most at-risk family members do not present with the typical LQTS
phenotype and therefore require genetic testing to confirm the presence
or absence of disease (Figure 3).° This is one the reasons that the
ACC/AHA/ESC guidelines (2006), advocate that ALL mutation carriers
in an LQTS family should undergo genetic screening. (Figure 3).6

Figure 2: True Prevalence of LQTS
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Adapted from: Crotti L, et al. Congenital long QT syndrome.
Orphanet Journal of Rare Diseases. 2008;3:18.

Figure 3: LQTS QTc Variability Within Families
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Adapted from: Priori SG, et al. Low penetrance in the long-QT syndrome: clinical impact.
Circulation. 1999;99:529-533.
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About CPVT

CPVT is considered the most lethal of the channelopathies. If
untreated, 80% of CPVT patients will develop symptoms by age 40
(Figure 4).” The overall mortality of untreated CPVT patients is
30-50%.8 Cardiac events associated with CPVT are triggered by
physical and/or emotional stress. Select symptoms include heart
palpitations, syncope and sudden cardiac death.

A resting ECG will not reveal CPVT. Even when exercise stress testing
is done, the characteristic ECG tracing may not be elicited.”®

Figure 4: Cardiac Event-free Survival for CPVT Patients
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Adapted from: Napolitano C, Priori SG. Diagnosis and treatment of catecholaminergic
polymorphic ventricular tachycardia. Heart Rhythm. 2007,4:675-678.

About Brugada Syndrome

The exact prevalence of BrS is unknown.® The most common
presentation is a male in his 40s with malignant arrhythmias and
a history of syncope.® Males with an abnormal ECG and inducible
ventricular arrhythmias have a poor prognosis.® If untreated, the mean
age of death is approximately 40 years. If left untreated, men with BrS
have a 45% chance of having a cardiac during their lifetime.®

About Short QT Syndrome

SQTS was discovered in the year 2000. The exact prevalence is
unknown, however it is estimated that approximately 30 people have
been diagnosed with SQTS since its discovery. Symptoms include
palpitations, syncope and sudden cardiac death. There is no clear
QT interval value for diagnosing SQTS; however a QT interval that
consistently measures <360 msec is suggestive.
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Challenges Associated With
Diagnosing LQTS

Making a clinical diagnosis of LQTS can be challenging. Some of the
most common challenges include:

1. Disease Variability

e | QTS is a heterogeneous disease with significant phenotypic
variability, even among members of the same family.

e The penetrance of LQTS is variable; as many as 33% of LQTS
carriers will never have a symptom.®

2. ECG Variability

e Approximately 33% of mutation-positive LQTS patients have a
QT interval (=480 msec) that overlaps normal, healthy individuals
(Figure 5).1°

e Several factors may influence an ECG, including:'!
- Genetics
- Age and gender
- CNS disorders
- Electrolyte alterations
- Certain medications

3. Signs and Symptoms Do Not Differentiate LQTS Subtypes

¢ Differentiating LQTS subtype is important to risk stratification
and developing an effective treatment plan.

Figure 5: Overlap of LQTS Patients
With Normal, Healthy Individuals

\ \
f Normal, healthy individuals
33% of mutation-positive

\ LQTS patients have a QT

value (<480 msec) that
/ A
\

/ \ “‘

\

AN

\
N,

overlaps normal, healthy
Individuals
360 440 480 520 600 680 760
Corrected QT Interval (QTc, msec)

Adapted from: Taggart NW, et al. Diagnostic miscues in congenital long-QT syndrome. Circulation.
2007;115:2613-2620.




Challenges Associated By reducing uncertainty and finding the specific causes of these

With Diagnosing CPVT cardiac channelopathies, genetic testing provides the following
clinical benefits:
1. CPVT Cannot be Diagnosed with a Resting ECG.

Aids in the diagnosis or confirmation of diagnosis
e |tis estimated that 30% of CPVT patients have been

misdiagnosed as “Long QT with a normal QT interval.”” * Alds in comprehensive risk assessment

2. CPVT Cannot be Differentiated From LQTS Based Upon Guides lifestyle modifications

Symptom Triggers

Provides information needed to develop a comprehensive
treatment plan, which may include the placement of an internal

e Failure to distinguish CPVT from LQTS can influence treatment ) o
cardioverter defibrillator (ICD)

selection. Beta-blockers do not provide adequate protection
for CPVT patients. Nearly 50% of CPVT patients taking a beta-
blocker continue to experience symptoms.”

Identifies presymptomatic mutation carriers

Helps establish the need and schedule for clinical surveillance of

) family members
Challenges Associated y

With Diagnosing BrS e Better enables genetic counseling

1. The ECG Abnormalities Associated with BrS May Not be Evident
Until Unmasked by Infusion of a Sodium Channel Blocker
(Flecanide or Procainamide).®

The Expected Yield for the FAMILION
LQTS, BrS, CPVT and SQTS Tests

The FAMILION LQTS Test includes 11 LQTS causative genes and will

2. May Get False-positives Due to Drug induced ECG Abnormalities. identify a mutation in 75-80% of patients with a high index of suspicion

i for LQTS. 121
Challenges Associated The FAMILION Brugada Synd Test includes 7 BrS ti
With Diaanosina SQTS e rugada Syndrome Test includes rS causative
9 gSQ genes and will identify a mutation in 25-40% of patients with a high
1. SQTS is Extremely Rare. index of suspicion for Brugada Syndrome.®14:15.16,17.18,19,20
2. Diagnostic Criteria not Available and the Lower Limit of the QT The FAMILION CPVT Test includes 2 CPVT causative genes and will
Interval has not Been Fully Established. identify a mutation in 65-75% of patients with a high index of suspicion

fOr CPVT'7,21,22,23
3. The QT Interval Will Often be Normal During Tachycardia and

Show no or Minimal Prolongation With a Decrease in Heart Rate. * 60-65% of CPVT is caused by mutations in the RYR2 gene.”*'
e 5-10% of patients diagnosed with CPVT have a mutation in the
The Role of the FAMILION Family KCNJ2 gene. 2223
of Genetic Tests for Cardiac The yield associated with the FAMILION SQTS Test is unknown.
Channelopathies

The FAMILION family of genetic tests for channelopathies detects
genetic variants associated with LQTS, CPVT, SQTS and BrS.

Figure 6: The FAMILION LQTS, BrS, CPVT and SQTS Tests

KCNQ1(LQT1)  KCNH2(LQT2) ~ SCN5A(LQT3)  KCNET (LQTS)
LQTS Test KCNE2(LQT6)  KCNJ2(LQT7) ~ CACNATC(LQTS)  CAV3(LQT9)
SCN4B(LQT10) AKAP9(LQT11)  SNTA (LQT12)

SCN5A GPDIL CACNATC

Brs Test CACNB? SCN1B KCNE3 SCN3B
CPVT Test RYR2 KCNJ2
SQTS Test KCNH2 KeNQ7 KCNJ2

* See the FAMILION technical specification sheet for coverage areas.
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The Impact of the FAMILION LQTS
Test on Clinical Decisions

The FAMILION LQTS Test provides important information that helps
guide pharmacologic and non-pharmacologic treatment decisions.?*2%
LQTS is divided into several subtypes based on the mutation found.
Multiple studies have identified distinct characteristics that differentiate
the three most common LQTS genetic subtypes (LQT1, LQT2 and
LQT3). For instance, the effectiveness of beta-blocker therapy has
been shown to differ significantly by LQTS subtype (Figure 7).2*
Knowing this information may help in developing a more effective
treatment plan.?*

Figure 7: Efficacy of Beta-blocker Therapy
for Patients With a Known LQTS Genotype
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Adapted from: Moss AJ, et al. Effectiveness and limitations of beta-blocker therapy in
congenital long-QT syndrome. Circulation. 2000;101:616-623.

Figure 8: Arrhythmogenic Triggers by LQTS Subtype
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Adapted from: Schwartz PJ, et al. Genotype-phenotype correlation in the long-QT
syndrome: gene specific triggers for life-threatening arrythmias. Circulation.
2001,103:89-95.

Additionally, triggers associated with cardiac events are correlated with
LQTS subtype (Figure 8).%5 Knowing a patient’s LQTS subtype can
help guide choice of therapeutic intervention lifestyle modifications,
thereby reducing the probability of cardiac events.®

LQTS Subtype and Mutation Location
Help Define Risk—The FAMILION LQTS
Test Provides Both

Knowing LQTS subtype is important to risk stratification. The risk-
stratification scheme in Figure 9 shows the probability of a first cardiac
event before the age of 40 in the absence of treatment. This algorithm
uses LQTS subtype, QTc and patient gender to better assign risk.?

Figure 9: Published Scheme for Risk Stratification
Among Patients With Long QT Syndrome According to

Genotype, Gender and QTc
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Adapted from: Priori SG, et al. Risk stratification in the long-QT syndrome.
N Engl J Med. 2003;348(19):1866-1874.
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For LQTS patients, the risk of having a cardiac event is strongly
correlated to genetic subtype and the location of the gene mutation.
Multiple studies support the association between pathogenic disease
and mutation location (Figures 10 and 11).278

Figure 10: LQT1 Mutations in the
Transmembrane Region Carry Greater Risk
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Adapted from: Moss AJ, et al. Clinical aspects of type-1 long-QT syndrome
by location, coding type, and biophysical function of mutations involving the
KCNQ1 gene. Circulation. 2007;115:2481-2489.

Figure 11: LQT2 Mutations in the
Pore Region Carry Greater Risk
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Adapted from: Moss AJ, et al. Increased risk of arrhythmic events in long-QT syndrome
with mutations in the pore region of the human ether-a-go-go-related gene potassium
channel. Circulation. 2002;105:794-799.

The ACC/AHA/ESC Guidelines (2006)
Support Genetic Testing for the
Identification of ALL Mutation Carriers
in a Channelopathy Family

The ACC/AHA/ESC guidelines for management of patients with
ventricular arrhythmias and prevention of sudden cardiac death
recommends genetic testing for LQTS, CPVT and BrS.

Long QT Syndrome

“Genetic analysis is very important for identifying all mutation carriers
within an LQTS family; once identified, silent carriers of LQTS genetic
defects may be treated with beta-blockers for prophylaxis of life-
threatening arrhythmias. Furthermore, silent mutation carriers should
receive genetic counseling to learn about the risk of transmitting LQTS
to offspring.”?°

“In patients affected by LQTS, genetic analysis is useful for risk
stratification and for making therapeutic decisions.”?®

CPVT

“Genetic analysis may help identify silent carriers of catecholaminergic
VT-related mutations; once identified, silent carriers may be treated
with beta-blockers to reduce the risk of cardiac events and may receive
appropriate genetic counseling to assess the risk of transmitting the
disease to offspring.”?°

Brugada Syndrome

“Genetic analysis may help identify silent carriers of Brugada syndrome-
related mutations so that they can remain under clinical monitoring
to detect early manifestations of the syndrome. Furthermore, once
identified, silent mutation carriers should receive genetic counseling
and discuss the risk of transmitting the disease to offspring.”?°

The Cost Effectiveness of the
FAMILION LQTS Test

The cost-effectiveness of the FAMILION LQTS Test has been
evaluated. FAMILION was found to be a cost-effective tool to aid in
the diagnosis and treatment of LQTS.* The authors concluded:

“A genetic test for familial LQTS is cost effective relative to no testing,
given our assumptions about the population to be tested and the
relevant probabilities and costs. The primary benefit of testing is to
more accurately diagnose and treat individuals based on a
combination of clinical scores and test results.”*

“We found that genetic testing is more cost effective than not testing
at a cost per year of life saved of $2,500. The cost per year of life
saved is well below the standard threshold of $50,000 per life-year
saved, which often is used to define a cost-effective intervention.”*
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PGxHealth Laboratory
Process Highlights

For all regions sequenced, direct sequencing is performed in forward
and reverse directions. In select instances a sequencing constraint may
exist, these regions are amplified twice and sequenced in a

single direction.

The following laboratory processes are among the reasons PGxHealth
is a leader in genetic testing:

e Two technologists independently score all sequence variants,
and a supervisor reconciles any discrepancy.

e All traces with variants are reviewed and approved by an
American Board of Medical Genetics board-certified molecular
geneticist.

e For each class | or Il mutation found, a second round of PCR
amplification and sequencing are completed to confirm the
initial finding.

e |dentified variants are interpreted with respect to an ethnically
diverse reference population of several hundred unrelated
individuals (presumed non-channelopathy), a database of
known mutations and published medical literature (Figure 12).

Figure 13: The FAMILION Tests Interpretation Guide

Figure 12: The FAMILION Test Variant Classification

Class | Mutation: Deleterious and Probable Deleterious Mutations

Class Il Mutation: Variant of Uncertain Significance
Class lll Variant: Variant Not Generally Expected to Cause Disease

Class IV Variant: Non-protein-altering Variant

PGxHealth Reimbursement Highlights
e PGxHealth is an approved Medicare provider.

e PGxHealth is an approved Medicaid provider in most states.
PGxHealth reserves the right not to participate in any state’s
Medicaid program even if approved as a provider.

e A brief list of select insurance companies that have developed
positive medical policies for all or select FAMILION tests include:
BCBSA, United, Aetna, Cigna and Humana.

Every Test Report is Accompanied by
an Interpretation Guide

e All test reports include a test-specific interpretation guide. These
were developed to better explain the system employed by
PGxHealth for rating variants (Figure 13).

Related to Disease Not Related to Disease
Class lll Variants
(Variant of Uncertain Significance) (Not Expected to Cause Disease)

e Mutation may be disease-causing
or benign.

Class | Mutation

(Deleterious or Probable Deleterious)

e Result strongly suggests an inherited
cardiac disease.

Clinical
Interpretation

o Strong evidence of deleteriousness.

“Probable,” if included, indicates that
variant is predicted, but has not been
demonstrated, to cause disease.

Reasons for
Classification

* Typically absent from a healthy
control population.

* Genetic testing of all first-degree
relatives is recommended to identify
those at risk for disease. Genetic
counseling should be considered.

Recommendations

e Evidence is insufficient to determine
whether the mutation is deleterious.

o Typically absent from a healthy
control population.

* Genetic testing and clinical screening
in family members may elucidate the
significance of the mutation. Genetic
counseling should be considered.

Class Il Mutation

e (Class lll variants are not expected to be
disease-causing. A report with only
Class lll variants is considered negative.

e Evidence indicates variant is not
disease-causing.

e Typically common in a healthy
control population.

¢ Genetic testing of family members for
Class lll variants is not advised.
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The FAMILION Family of Genetic Tests

KCNQT (LQT1)  KCNHZ2(LQT2)  SCN5A(LQT3) KCNET (LQT5)
LQTS Test KCNE2(LQT6)  KCNJ2(LQT7)  CACNATC(LQT8) CAV3(LQTY) 75-80%"?
SCN4B (LQT10) AKAP9(LQT11)  SNTAT (LQT12)

SCN5A GPDIL CACNATC CACNB2 orssssine
BrsS Test SCN1B KCNE3 SCN3B 25-40%

CPVT Test RYR2 KCNJ2 B5-75%10.11.1213

SQTS Test KCNH2 KCNQ1 KCNJ2 Unknown
DSP DSG2 TMEM43

ARVC Test ol Dsco 40-50%
LMNA SCN5A ACTC MYH7

DCM Test ANKRD1 TPM1 LDB3 TNNT2 ~25%215
TNNCT MYBPC3 PLN TNNI3

CD-DCM Test LMNA SCN5A 40-50%617

MYH7 TNNCT ACTC GLA

HCM Test TPM1 TNNT2 MYL2 LAMP2 50-60%"
MYBPC3 TNNI3 MYL3 PRKAG2

* See the FAMILION test specification sheet for coverage areas.  Percent of patients with a high index of suspicion for the cardiac syndrome that will have a mutation identified.
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