prognostic tool in leukemias and lymphomas. The demonstration
of the presence or absence of mutations and polymorphisms is
also relevant for the rapidly evolving field of pharmacogenomics, including the identification of differences in drug treatment
response or metabolism as a function of genetic background. For
example, the thiopurine drugs 6-mercaptopurine and azathioprine
are commonly used cytotoxic and immunosuppressive agents.
They are metabolized by thiopurine methyltransferase (TPMT),
an enzyme with variable activity associated with genetic polymorphisms in 10% of whites and complete deficiency in about 1 in 300
individuals. Patients with intermediate or deficient TPMT activity
are at risk for excessive toxicity, including fatal myelosuppression.
Characterization of these polymorphisms allows mercaptopurine
doses to be modified based on TPMT genotype. Pharmacogenomics
may increasingly permit individualized drug therapy, improve drug
effectiveness, reduce adverse side effects, and provide cost-effective
pharmaceutical care (chap. 5).
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Chapter 82

ETHICAL ISSUES
Determination of the association of genetic defects with disease,
comprehensive data of an individual’s genome, and studies of genetic
variation raise many ethical and legal issues. Genetic information is
generally regarded as sensitive information that should not be readily
accessible without explicit consent (genetic privacy). The disclosure
of genetic information may risk possible discrimination by insurers
or employers. The scientific components of the Human Genome
Project have been paralleled by efforts to examine ethical, social,
and legal implications. An important milestone emerging from these
endeavors consists in the Genetic Information Nondiscrimination
Act (GINA), signed into law in 2008, which aims to protect asymptomatic individuals against the misuse of genetic information for
health insurance and employment. It does not, however, protect the
symptomatic individual. Provisions of the U.S. Patient Protection
and Affordable Care Act, effective in 2014, will fill this gap and
prohibit exclusion from, or termination of, health insurance based
on personal health status. Potential threats to the maintenance of
genetic privacy consist in the emerging integration of genomic data
into electronic medical records, compelled disclosures of health
records, and direct-to-consumer genetic testing.
It is widely accepted that identifying disease-causing genes can
lead to improvements in diagnosis, treatment, and prevention.
However, the information gleaned from genotypic results can have
quite different impacts, depending on the availability of strategies to modify the course of disease (chap. 84). For example, the
identification of mutations that cause MEN 2 or hemochromatosis
allows specific interventions for affected family members. On
the other hand, at present, the identification of an Alzheimer’s or
Huntington’s disease gene does not currently alter therapy and
outcomes. Most genetic disorders are likely to fall into an intermediate category where the opportunity for prevention or treatment
is significant but limited (chap. 84). However, the progress in this
area is unpredictable, as underscored by the finding that angiotensin II receptor blockers may slow disease progression in Marfan’s
syndrome. Genetic test results can generate anxiety in affected individuals and family members. Comprehensive sequence analyses are
particularly challenging because most individuals can be expected
to harbor several serious recessive gene mutations.
The impact of genetic testing on health care costs is currently
unclear. It is likely to vary among disorders and depend on the
availability of effective therapeutic modalities. A significant problem arises from the marketing of genetic testing directly to consumers by commercial companies. The validity of these tests has not
been defined, and there are numerous concerns about the lack of
appropriate regulatory oversight, the accuracy and confidentiality
of genetic information, the availability of counseling, and the handling of these results.
Many issues raised by the genome project are familiar, in principle, to medical practitioners. For example, an asymptomatic

patient with increased low-density lipoprotein (LDL) cholesterol,
high blood pressure, or a strong family history of early myocardial
infarction is known to be at increased risk of coronary heart disease.
In such cases, it is clear that the identification of risk factors and an
appropriate intervention are beneficial. Likewise, patients with phenylketonuria, cystic fibrosis, or sickle cell anemia are often identified as having a genetic disease early in life. These precedents can be
helpful for adapting policies that relate to genetic information. We
can anticipate similar efforts, whether based on genotypes or other
markers of genetic predisposition, to be applied to many disorders.
One confounding aspect of the rapid expansion of information is
that our ability to make clinical decisions often lags behind initial
insights into genetic mechanisms of disease. For example, when
genes that predispose to breast cancer such as BRCA1 are described,
they generate tremendous public interest in the potential to predict
disease, but many years of clinical research are still required to rigorously establish genotype and phenotype correlations.
Genomics may contribute to improvements in global health by
providing a better understanding of pathogens and diagnostics,
and through contributions to drug development. There is, however,
concern about the development of a “genomics divide” because of
the costs associated with these developments and uncertainty as
to whether these advances will be accessible to the populations of
developing countries. The World Health Organization has summarized the current issues and inequities surrounding genomic
medicine in a detailed report titled “Genomics and World Health.”
Whether related to informed consent, participation in research,
or the management of a genetic disorder that affects an individual
or his or her family, there is a great need for more information about
fundamental principles of genetics. The pervasive nature of the role
of genetics in medicine makes it important for physicians and other
health care professionals to become more informed about genetics
and to provide advice and counseling in conjunction with trained
genetic counselors (chap. 84). The application of screening and
prevention strategies will therefore require intensive patient and
physician education, changes in health care financing, and legislation to protect patient’s rights.
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