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About Preliminary Evidence Reviews

Preliminary evidence reviews summarize existing evidence and information about health services and technologies
that the Medical Advisory Secretariat (MAS) and the Ontario Health Technology Advisory Committee (OHTAC)
have been asked to review, but for which there is insufficient evidence available to conduct a full evidence-based
analysis. In each instance, OHTAC will have determined that a full review is not possible. In some instances,
OHTAC may wish to make recommendations based on the information available in the preliminary evidence
review.

About the Medical Advisory Secretariat

Effective April 5, 2011, MAS became a part of Health Quality Ontario (HQO), an independent body funded by the
Ministry of Health and Long-Term Care. The mandate of MAS is to provide evidence-based recommendations on
the coordinated uptake of health services and health technologies in Ontario to the Ministry of Health and Long-
Term Care and to the health care system. This mandate helps to ensure that residents of Ontario have access to the
best available and most appropriate health services and technologies to improve patient outcomes.

To fulfill its mandate, MAS conducts systematic reviews of evidence and consults with experts in the health care
services community. The resulting evidence-based analyses are reviewed by OHTAC—to which MAS also provides
a secretariat function—and published in the Ontario Health Technology Assessment Series.

Disclaimer

This preliminary evidence review was prepared by MAS for OHTAC and developed from the analysis,
interpretation, and comparison of scientific research and/or technology assessments conducted by other
organizations. It also incorporates, when available, Ontario data and information provided by experts and applicants
to MAS to inform the analysis. While every effort has been made to reflect all scientific research available, this
document may not fully do so. Additionally, other relevant scientific findings may have been reported since
completion of the review. This analysis may be superseded by an updated publication on the same topic. Please
check the MAS website for a list of all preliminary evidence reviews:
www.hqontario.ca/en/mas/mas_ohtas_mn.html.
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List of Abbreviations
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Background

Objective

The objective of this analysis was to conduct a systematic review of genetic testing for predisposition to
dilated cardiomyopathy (DCM) to help guide decisions regarding access to this technology in Ontario.

Clinical Need

Dilated cardiomyopathy is a disease of the heart muscle characterized by ventricular dilatation and
impaired systolic function. Dilated cardiomyopathy is characterized as either idiopathic (IDC), when the
disease appears sporadically, with all detectable causes of DCM being ruled out (excluding genetics); or
familial (FDC), when IDC is suspected in 2 or more family members (see below). Potential known causes
of DCM are vast and include toxic, infectious, or metabolic causes. Other causes include infiltrative and
inflammatory diseases. (1)

Dilated cardiomyopathy is a leading cause of heart failure and arrhythmia. Though sudden death is also
possible, it rarely constitutes the first symptom of disease. Instead, DCM typically presents clinically with
cardiac symptoms including congestive heart failure, fatigue or shortness of breath, arrhythmias or chest
pain, palpitations due to arrhythmia, and/or thromboembolic disease including stroke. (2)

Idiopathic DCM has a prevalence of 1 in 2,500 individuals with an incidence of 7 per 100,000 per year.
(3) However, DCM is considered largely underdiagnosed since subjects often remain asymptomatic until
serious ventricular dysfunction has occurred. (2)

Dilated cardiomyopathy is diagnosed according to specific clinical criteria set by a number of
national/international organizations. Full diagnosis typically involves the use of various tests or
instruments including serum creatine kinase (CPK) testing, chest x-ray, electrocardiogram,
echocardiogram, and other diagnostics. In the absence of any familial linkage, and when detectable causes
such as coronary artery disease or thyroid disease are ruled out, a DCM diagnosis is considered to be IDC.

(2)

However, when a new IDC diagnosis is made, first-generation family members are typically clinically
screened. At the same time, a 3-to 4-generation family history is obtained. Familial DCM is then
determined by the presence of: a) 2 or more affected relatives with clinical DCM, or b) a relative of a
DCM patient with unexplained sudden death before the age of 35. If other family members with the
disease are identified according to the above clinical criteria, the original individual first identified with
DCM is often labelled as the proband (or index case), and all affected individuals are now identified as
having FDC. It is estimated from large cohort studies that 20% to 48% of those with IDC could be shown
to have FDC; however, in the absence of family screening, there are no clinical or morphologic
parameters to distinguish familial disease from idiopathic disease. (2)

Technology

Genetic Testing for Dilated Cardiomyopathy: Process of Testing

Genetic testing may be considered at either stage of diagnosis (IDC or FDC). The rationale for testing is
multi-fold. Firstly, comprehensive multi-gene or targeted gene testing of the proband is important to i)
confirm their cause of DCM and ii) to identify whether they are at highest risk of arrhythmia and
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syndrome features. Testing of those individuals specifically with FDC will also facilitate cascade
screening within their family, and may help with family planning. (4)

Genetic testing of family members will typically only be undertaken if a causative mutation is identified
in the proband. In such scenarios, testing in the family will then proceed through a less expensive single-
gene test meant to identify the causative gene mutation. A positive test will therefore identify at-risk
asymptomatic family members harbouring the same causative gene mutation as the proband. This can
allow for heightened clinical surveillance, better informed medical management/prevention therapy, and
reproductive decision-making. A negative analysis, on the other hand, serves as reassurance that this
disorder will not occur (for genetic reasons) in this family member. Such a finding is particularly
important in children, allowing them to live a normal life (e.g., without needing to avoid high-intensity
sport). (4) A negative finding will also allow the individual to discontinue having continued clinical
surveillance. In the absence of genetic testing, first generation family members of individuals diagnosed
with FDC are typically requested by their treating clinician to return for yearly clinical surveillance. It is
however unclear to what extent individuals comply with this recommendation.

Despite the many implications of a positive or negative test, the clinical utility of such testing (i.e.,
whether testing has a positive impact on clinical outcomes in family members or on clinical decision-
making) is unclear, as there have been no formal studies assessing medical intervention in asymptomatic
or very early genetic DCM. (5)

Genetics of DCM

The genetics of DCM is complex. The genetic component of disease is confounded by locus and allelic
heterogeneity, rare variants, variants that are not causative of disease, incomplete and variable penetrance
(i.e., the onset of disease will vary by the individual, even if 2 individuals harbour the same causative
mutation), and genotype-phenotype variability (i.e., mutations may result in phenotypically distinct
disease). (5)

A recent review by Hershberger and Siegfried (5) now lists 33 genes, 31 autosomal and 2 X-linked, that
are associated with DCM. Not only are there a large number of genes associated with DCM, but a
mutation in any one gene accounts only for a small fraction of individuals with the disease. For example,
mutations in the gene most commonly associated with DCM (known as LMNA) have been reported as
being causative in only 6% of IDC/FDC unrelated index (proband) patients (meaning that only 6% of
unrelated probands are estimated to carry a mutation in LMNA). (5) This is in contrast to hypertrophic
cardiomyopathy, in which mutations in MYH7, for example, have been reported as being causative in
30% to 40% of probands with hereditary/sporadic hypertrophic cardiomyopathy. (6)

Because of the large number of genes associated with DCM and the low causative frequency of the
various mutations in these genes, the application of genetic testing for DCM in the clinical setting
requires sequencing multiple genes for each patient. A 2010 review by Ontario’s Quality Management
Program-Laboratory Services (QMP-LS) identified 4 major out-of-country referral laboratories being
used by Ontarians for genetic testing of DCM. (7) All referral laboratories included sequence analysis for
3 genes: LMNA, TAZ, and ZASP/LDB3; however, the total number of genes sequenced ranged from 5 to
23. These labs also varied in test methodology, with 2 laboratories using conventional sequence analysis
and 2 using a microarray-based next generation sequence analysis. (7) Next generation sequence
technologies tend to improve throughput and decrease cost but may not be as accurate as conventional
sequence analysis. (5)

With differences in the number and type of genes being sequenced, as well as the sequencing
methodology/technology, one can expect large differences in performance from one genetic test to the
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next. Genetic tests for DCM should therefore be evaluated independently for clinical accuracy, clinical
utility, as well as cost-effectiveness.
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Evidence-Based Analysis

Research Questions

1. What is the analytical validity of DCM genetic testing (i.e., how accurately does genetic testing

identify mutation)?

What is the penetrance of DCM mutations?

3. What is the clinical validity of DCM genetic testing (i.e., how accurately does genetic testing estimate
the presence of symptomatic disease)?*

4. What is the clinical utility of DCM genetic testing (i.e., does genetic testing lead to improved patient
outcomes compared to no genetic testing and how does genetic testing influence patient and/or-
provider decision-making)?*

5. How cost-effective is genetic testing for DCM?

n

* primary research guestions.

Research Methods

Literature Search

Search Strategy

A literature search was performed on June 3" 2011 using OVID MEDLINE, MEDLINE In-Process and
Other Non-Indexed Citations, and EMBASE, for studies published from January 1, 2000 to June 2, 2011.
Abstracts were reviewed by a single reviewer and, for those studies meeting the eligibility criteria, full-
text articles were obtained. Reference lists were also examined for any additional relevant studies not
identified through the search. Articles with an unknown eligibility were reviewed with a second clinical
epidemiologist and then a group of epidemiologists until consensus was established.

Inclusion Criteria

Inclusion criteria varied by research question. For all research questions, studies had to include patients
diagnosed with DCM using accepted methods and criteria, such as the World Health
Organization/International Society and Federation of Cardiology (WHO/ISFC) criteria; the Guidelines of
the National Heart, Lung, and Blood Institute Workshop on the Prevalence and the Etiology of Idiopathic
Dilated Cardiomyopathy; or the Guidelines for the Study of Familial Dilated Cardiomyopathies.

Inclusion Criteria (Research Question 1)
e any technical laboratory report, observational trial, controlled clinical trial, or randomized
controlled trial that reported on laboratory performance measures of genetic testing for DCM

Inclusion Criteria (Research Question 2 and 3)
¢ included a continuous cohort of unrelated index (proband) patients with DCM
e included at least 100 patients with DCM

e genetic testing performed for multiple DCM-related mutations including at minimum 5 genes
(i.e., multigene), with at least 2 of those 5 genes being the genes most commonly associated with
DCM (LMNA and [MYH6 or MYHT7])
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Inclusion Criteria (Research Question 4)
e any observational trial, controlled clinical trial, or randomized controlled trial in which genetic
testing information was used to determine individual treatment decisions

e must have applied an accepted treatment for DCM

Exclusion Criteria
e non-English studies

e articles which did not report original research (e.g., review articles)

Results of Evidence-Based Analysis

There were 2,611 citations identified through literature searching; however, no trials were identified that
met the inclusion criteria for the primary research questions (Research Questions 2 and 3), thus
preventing a full evidence-based review from proceeding.

Several multigene cohort trials were identified in searching; however, all failed to satisfy the
inclusion/exclusion criteria and are referenced for completeness only. (8-16)

Only 1 trial included a cohort of more than 100 unrelated index patients but was excluded because it
failed to account for mutations in the LMNA gene, the gene most commonly associated with DCM. That
trial, by Hershberger et al, (8) used bidirectional sequencing of 6 genes—MYH7, TNNT2, SCN5A,
CSRP3, LBD3, and TCAP—in 313 unrelated probands with IDC or FDC. The trial identified 36 of 313
subjects (11.5%) with protein-altering variants that were not observed in 253 control individuals. Of these
36 subjects, 32 were considered to be carrying possibly or likely disease-causing mutations indicating a
clinical test sensitivity of 10.2% (32/313).

Please note: since the time of draft publication of this report, at least 1 trial that would have met the
inclusion criteria has been published. That trial, by Millat et al, (17) tested 4 genes in 105 unrelated
participants with DCM and reported a mutation positivity rate (i.e., sensitivity) of 19%. An abstract by
Daly et al (18) reported testing of 27 genes in 248 unrelated participants with DCM and reported a
sensitivity of 29%. These trials are referenced for informational purposes only.

Genetic Testing for Dilated Cardiomyopathy: Preliminary Evidence Review; pp. 1-14, March 2012 9



Conclusions

e There is insufficient evidence at this time to draw conclusions regarding the clinical application
of genetic testing for DCM.

e Due to a lack of clinical evidence, no economic evaluation could be undertaken.

e There is considerable uncertainty surrounding the clinical utility and cost-effectiveness of genetic
testing for DCM.

e Itis unclear whether sufficient evidence of clinical utility will emerge in the near future given the
extreme length of follow-up required to appropriately study the impact of genetic testing on
clinical outcomes for individuals with DCM and their families.

Genetic Testing for Dilated Cardiomyopathy: Preliminary Evidence Review; pp. 1-14, March 2012 10



Existing Guidelines for Technology

Several professional guidelines are available that provide recommendations for genetic testing for DCM:

The Canadian Cardiovascular Society and Canadian Heart Rhythm Society (1) issued a joint position
paper in 2011 that recommends the following: i) for clinically diagnosed DCM, genetic testing is not
recommended in the absence of established or probable familial disease as determined by family history
and clinical testing of first-degree relatives; and ii) for clinically diagnosed DCM with evidence of
probable familial disease, genetic testing is recommended for the primary purpose of screening family
members.

The Heart Rhythm Society (HRS) and the European Heart Rhythm Association (EHRA) (4) issued a 2011
consensus statement that issues the following guidance: i) comprehensive or targeted (LMNA and SCN5A)
DCM genetic testing is recommended for patients with DCM and significant cardiac conduction disease
(i.e., first, second, or third-degree heart block) and/or a family history of premature unexpected sudden
death; ii) genetic testing can be useful for patients with familial DCM to confirm the diagnosis, to
recognize those who are at highest risk of arrhythmia and syndromic features, to facilitate cascade
screening within the family, and to help with family planning; and iii) mutation-specific genetic testing is
recommended for family members and appropriate relatives following the identification of a DCM-
causative mutation in the index case.

Lastly, the Heart Failure Society of America issued a 2009 practice guideline that recommends that
genetic testing should be considered for the one most clearly affected person in a family to facilitate
family screening and management (for DCM, this received a level of evidence grade of B). (19)
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