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Clinical validation of genetic tests

There has been exponential growth of information regard-
ing genetic susceptibilities to common, chronic conditions
that are important public health concerns for our society, and
a substantial amount of new information is anticipated as the
completion of the Human Genome Project draws near.! Un-
derstanding how to apply this information in the practice of
medicine and how to integrate genetic information into public
health efforts are new challenges resulting from these discov-
eries.

Numerous loci have been identified that are associated with
the most prevalent of diseases including coronary heart dis-
ease, stroke, diabetes, and many common cancers.>-* Knowl-
edge of the genetic factors that contribute to the susceptibility
and natural history of these diseases can allow for improved
disease management and prevention through the development
of diagnostic and presymptomatic tests and therapies that tar-
get specific genetic risks.6 In the public health arena, presymp-
tomatic tests may identify high-risk individuals who may ben-
efit from early detection and prevention strategies that are
different from those recommended for the average risk popu-
lation. However, many gene discoveries have been made in
high-risk families or select groups’ thereby limiting the gener-
alizability regarding genotype prevalence and penetrance val-
ues derived from these studies.

In this issue of Genetics in Medicine, Yang and colleagues®
describe a model for determining the clinical validity of genetic
tests used to determine susceptibility to complex diseases, as
well as the attributable risk of genotypes associated with a dis-
ease susceptibility. They illustrate their simple yet useful tech-
niques with two examples, the risk for neural tube defects as-
sociated with the MTHFR C677T mutation and the risk for
breast cancer associated with BRCA1 gene mutations. In the
case of the MTHFR mutation, they found that the sensitivity
and positive predictive values are low, 19.2% and 0.14%, re-
spectively. The negative predictive value of the MTHFR muta-
tion was high at 99.9%, and the population attributable frac-
tion of neural tube defects due to homozygosity was 7.9%. In
the case of BRCA1 mutations, using absolute breast cancer
risks from registry data and relative risks from case-control
studies the authors estimated age-specific penetrance values
for breast cancer, which were similar to published penetrance
estimates®1° illustrating the validity of their methods.

The authors’ approach using data derived from population-
based case-control studies provides a framework to under-
stand the basic relationship between a genotype and disease
status. In this broad context, this method can provide the basis
for determining when a genetic test should be offered to the
population as a screening test to identify individuals at in-
creased risk who may be deserving of enhanced preventive

strategies and for whom management would otherwise be dif-
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ferent. In addition, scarce public health resources can be ap-
propriately allocated with knowledge of clinical validity and
attributable risk associated with a particular genotype within
the population.

However, as the authors suggest, their method has some
limitations including the limited amount of information avail-
able from population-based registries regarding risk factors
that would permit stratum-genotype-specific risk estimates, as
well as the fact that a genotype may predict risk for more than
one condition. These limitations may be particularly impor-
tant in the clinical setting where individualization of risk is the
goal. Unlike breast cancer risk associated with BRCA1 gene
mutations, the genetic susceptibilities to most complex dis-
eases are probably due to the interaction of multiple genetic
factors of moderate risk with high frequency that interact with
the environment.!' The penetrance of any single allele may
have a limited impact on disease status. Thus, translating the
penetrance estimates derived from the study methods of Yang
et al.® may underestimate an individual’s risk for disease if
other risk factors are also present. For example, if the analysis
of the MTHFR C677T mutation associated with neural tube
defects were stratified on the presence of folate status or family
history of neural tube defects, the positive predictive value and
attributable risk of the MTHFR mutation might have been
more favorable.

An approach that considers the interaction of multiple ge-
netic and environmental susceptibility factors would be pref-
erable for identifying susceptibility to complex diseases within
the population and when trying to individualize genetic risk in
the clinical setting. However, developing mathematical models
capable of quantifying these relationships might be too com-
plex and impractical for estimating risks in the population.

Familial aggregation of complex diseases represents shared
genetic and environmental risk factors. Thus, as an alternative
strategy the tamily history may be an excellent marker of ge-
netic susceptibility to common, complex diseases and it can
serve as a marker for multiple conditions for which familial
aggregation has been described.'* Even with the example of
highly penetrant BRCA1 mutations, in families with multiple
cases of breast cancer that lack ovarian cancer, a recent heter-
ogeneity analysis showed that a significant proportion of sus-
ceptibility in such families is due to genes other than BRCAI
and BRCA2."* This suggests that until most of the susceptibility
alleles for breast cancer are identified, family history may be a
better initial determinant of genetic risk than a genetic test. In
support of this, a recent study has shown that the family history
of breast cancer may be the most important predictor of the
presence of a BRCA gene mutation.'* Thus, the collection and
interpretation of the family history may allow for the determi-
nation of genetic susceptibility for several common, complex
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conditions and should be considered as an alternative initial
approach for identifying individuals with a genetic susceptibil-
ity to common diseases.

Perhaps an ideal approach for the identification and quan-
tification of genetic susceptibility to common, complex dis-
eases would include the combination of determining the clin-
ical validity of genetic tests from population-based case-
control designs stratified by family history data that would
include the number of relatives affected with the disease of
interest and related conditions and ages of onset. Thus, in ad-
dition to allocation of resources for DNA banking of registry
participants, this would require a commitment from the regis-
tries to collect family history information in a comprehensive
and systematic fashion.

In recognition of the value of population-based data in an-
swering fundamental questions related to the genetic aspects of
disease, the National Institute of General Medical Sciences
(NIGMS) has recently held a workshop to consider the scien-
tific benefits and the potential risks of maintaining genetic data
from defined populations.'* The NIGMS supports the Human
Genetic Cell Repository, which supplies cell lines and DNA
samples to investigators worldwide. This workshop focused on
developing recommendations that would protect populations
participating in human genetics research. The guidelines pro-
posed by the NIGMS workshop might provide the framework
for the human subjects protections needed for the implemen-
tation of a population-based model for clinical validation of
genetic tests.

Maren T. Scheuner, MD, MPH
Cedars-Sinai Medical Center
Los Angeles, California
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