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Foreword

Nearly 10 years ago, the President’s Commission for the Study of Ethical Problemsin
Medicine and Biomedical and Behavioral Research speculated about the potential ethical,
legal, and social consequences that might occur if a test were available to identify carriers for
cystic fibrosis (CF), the most common, life-shortening, recessive genetic disease in American
Caucasians. Time and technology have moved forward. The mysteries of biological
inheritance-first explored by Austrian monk Gregor Mendel over a century ago-are
yielding to modern science. A CF carrier test is no longer a prospect; it is now reality. The
test’s existence raises broad societal questions about the use of genetic information. And
beyond CF tests, expectations of scores of additional genetic tests loom on the horizon as
scientists in the United States and abroad pursue an ambitious mission to map and sequence
the entire human genetic blueprint, or genome.

Ongoing interest in the Human Genome Project, as well as concern about the potential
magnitude and effects of routine CF carrier screening, led the House Committee on Science,
Space, and Technology and the House Committee on Energy and Commerce to request an
evaluation of the scientific, clinical, legal, economic, and social considerations of widespread
carrier screening for CF. The study was also endorsed by Representative David R. Obey.
Cystic Fibrosis and DNA Tests: Implications of Carrier Screening presents a range of options
for action by the U.S. Congressin six broad policy areas.

. genetics education and the public,

. gentics training and education of health care professionals,
. discrumination,

. clinical laboratory and medical device regulation,

« instrumentation to automate DNA diagnostics, and

. integration of DNA assays into routine clinical practice.

OTA prepared this report with the assistance of a panel of advisors and reviewers selected
for their expertise and diverse points of view. Additionaly, hundreds of individuals
cooperated with OTA staff through interviews or by providing written material. These
authorities were drawn from academia, industry, and professional societies, as well as Federal
and State agencies. OTA gratefully acknowledges the contribution of each of these
individuals. Aswith al OTA reports, however, responsibility for the content is OTA’s aone.

In publishing this report, OTA concludes that the value of the CF carrier test is the
information it provides. No one can estimate in common terms what it means to an individual
to possess information about his or her genetic status, especialy when the value concerns
reproductive decisionmaking. As our knowledge of the human genome increases, what we do
with information such as CF carrier status will depend on the perceptions and beliefs of all
Americans. We believe that public understanding of this new knowledge and its implications
is necessary for its wise and thoughtful application.

e

| JOHN H.-GIBBONS
Director

1president’s Commission for the Study of Ethical Problems in Medicine and Biomedical and Behavioral Research, Screening

and Counsdling for Genetic Conditions: The Ethical, Social, and Lega! Implications of Genetic Screening, Counseling, and
Education Programs (Washington DC: U.S. Government Printing Office, 1983).
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Chapter 1

Summary, Policy Issues, and Congressional Options

Seeking to learn what the future holds is an
enduring human quality. What will happen? When
will it happen? How will it happen? People have
always pondered such questions about their health
and that of their families. Folk ways once enjoyed
wide favor in medicine, but over the years technol-
ogy has increasingly eclipsed such methods of
divination. Today, medical technology includes
genetic tools that can deliver predictive information
with ever-increasing accuracy. This report is about
one of those tools. atest that can tell people about
their potential to pass to their offspring a genetic
condition called cystic fibrosis (CF). Some people
want and seek this information; others do not.

CF is the most common, life-shortening, recessive
disorder affecting Caucasians of European descent.
Between 1,700 and 2,000 babies with CF are born
annualy in the United States. As in many genetic
conditions, the diagnosis of an infant with CF often
reveals the first clue that the genetic trait existsin the
family. In fact, four of five individuals with CF are
born to families with no previous history of the
illness. In such cases, the parents-as well as their
siblings, parents, and other relatives--do not have
CF. These individuals, referred to as CF carriers,
have no symptoms of CF and might not even have
heard of the condition.

In 1989, scientists identified the most common
change, or mutation, in the genetic material, deoxyri-
bonucleic acid (DNA), that causes CF. Hard on the
heels of this discovery, scientists developed tests to
detect mutations in the area of DNA—the CF
gene—that is responsible for the disease. This report
focuses on using these DNA tests to screen and
identify CF carriers before they have a child with CF
(box 1-A). Beyond the approximately 30,000 Amer-
icans who have CF, as many as 8 million individuals
could be CF carriers. The report concentrates on
these millions of CF carriers, who are, today, largely
unidentified.

Concern about the scientific, legal, economic,
ethical, and social implications of the prospect that

Carrier parents

19%
A LML

25% 25%
chance 50% chance
unaffected chance affected
noncarrier unaffected
carrier

Photo credit: Office of Technology Assessment, 1992

Inheritance of cystic fibrosis.

large numbers of people might be screened for their
CF carrier status led the House Committee on
Science, Space, and Technology and the House
Committee on Energy and Commerce to request,
and Representative David R. Obey to endorse, this
Office of Technology Assessment (OTA) report.
CF carrier screening also commands the attention of
Congress because of Congress interest in the
Human Genome Project (box |-B).

WHAT ISCYSTIC FIBROSIS?

CF is not a new disease, First described in 17th
century folklore, medical literature has long docu-
mented that CF compromises many functions through-
out the body-chiefly the sweat glands and the
respiratory, gastrointestinal, and reproductive sys-
tems. It occurs in al racial and ethnic groups,
although more frequently in some than in others
(table I-1). In fiscal year 1991, public and private

! Specific analysis of several topics related to CF carrier screening have been assessed in previous OTA reports, including: newborn screening for
CF; genetic monitoring and screening in the workplace; the Human Genome Project; the commercial development of tests for human genetic disorders;
safety and efficacy of amniocentesis, prenatal care, and pregnancy management; and reproductive technologies and assisted conception.
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Box |-A—Terminology

OTA defines genetic testing as the use of specific assays to determine the genetic status of individuals already
suspected to be at high risk for a particular inherited condition. While any individual can be considered “at high risk”
for a particular unknown trait, and hence be “tested,” “ a high risk” in this report denotes tggdpresence of a family
history or clinica symptoms. The terms genetic test, genetic assay, and genetic analysisare used interchangeably to
mean the actual laboratory examination of samples.

Genetic screening usually uses the same assays employed for genetic testing, but it is distinguished from genetic
testing by its target population. OTA uses the term “screening” selectively. In this report, it refers to analyzing samples
from individuals without a family history of the disorder, groups of these individuals, or populations. Carrier screening
for CF (or CF carrier screening), then, involves performing tests on persons for whom no family history of the disorder
exists to determine whether they have one normal and one aberrant copy of the CF gene, but not the disorder (which
results horn having two aberrant CF genes).*

Many individuals are CF carriers but do not have a positive family history. In fact, 80 percent of babies born with
CF each year are cases where there was no known family histo{% for CF. Thus, a person contemplating procreation could
inquire about the availability of an assay to determine the probability that he or she could have a child affected with CF.
If there are no relatives with the disorder, the individual could be informed that a test would provide information about
his or her genetic status for CF. The person could then elect to be screened to determine whether he or sheis a carrier
for CF. If, however, there is a family history of the disease, a practitioner would ideally inform the individua and his
or her partner about CF carrier assays and they might choose to be tested to determine if they are both carriers.

Genetic counselingis aclinica service that includes providing an individual (and sometimes his or her family) with
information about heritable conditions and their risks. When centered around genetic testing or screening, it involves
both education and psychological counseling to convey information about the ramifications of possible test outcomes,
prepare the client for possible positive or negative analyses, and discuss the implications of the actual test results. Many
types of health professionals perform genetic counseling. OTA reserves the term genetic counselor specifically for
master’ s-level individuals to clarify the lega distinctions in licensing and third-party reimbursement among the different
types of practitioners. But, OTA uses the term genetic counselinggenerically to refer to the educational and informational
process performed by genetic speciaists, including physicians, Ph.D. clinical geneticists, genetic counselors, nurses, and
social workers.

OTA avoids using the term “program” in discussing CF carrier screening in the United States. For some, the term
conotes a formal public health effort led or sanctioned by Federa, State, or loca governments. In analyzing CF carrier
screening, OTA’s premise is only that large numbers of Americans could---or will-be screened for their CF carrier
status. OTA remains neutral on whether the assays will be a component of a fixed, regulated scheme or another facet
of general medical practice.

*Incontrast, OTA usestheterm CF screening é_or screening for CT), to mean screening individuals to diagnose the presence or absence
of the actual disorder, in the absence of medical indications of the disease or a_farmllé/ history of CF. Thistype of diagnostic screening usually
mvgl_vs newborns, but is rarely done for CF exeept in Colorado and Wisconsin. CF testing of newbornsis common if afamily history of the
condition exists.

SOURCE: Office of Technology Assessment, 1992.

institutions spent more than $55 million studying
medical and genetic aspects of CF. This section
provides a brief overview of what this-and past—
research has revealed, providing context for the
policy aspects of CF carrier screening that follow.

Pathology, Diagnosis, and Prognosis

Many affected babies are not immediately diag-
nosed as having CF. Although the disease is always
present at birth in affected individuals, the onset of
recognizable clinical symptoms varies widely; about
10 percent of cases show symptoms at birth. Other

childhood ailments often share symptoms with CF,
which contributes to diagnostic difficulties. In
general, most diagnoses occur by age 3.

Physicians diagnose CF using a combination of
clinical criteria and diagnostic laboratory testing.
Although the sweat test remains the primary diag-
nostic test for CF, DNA mutation analysis can
diagnose over 70 percent of cases, complementing
and Confirming Sweat test results in some instances.

CF exerts its greatest toll on the respiratory and
digestive systems, and the severity of respiratory
problems often determines quality of life and length
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Box [-B—The Human Genome Project

As the 21st century approaches, Congress and the executive branch have made a commitment to determine the
location on the DNA—as has been done for CF-of al other genes in the human body, i.e., to map the human
genome. The Human Genome Project is estimated to be a 15-year, $3-billion project. It has been undertaken with
the expectation that enhanced knowledge about genetic disorders, increased understanding of gene-environment
interactions, and improved genetic diagnoses can advance therapies for the 4,000 or so currently recognized human
genetic conditions; a premise supported by the fact that even prior to launching the Human Genome Project,
advances in medica genetics have directed the development of new treatment strategies and incrementally
improved the management of some genetic conditions.

To address gaps in knowledge about the ethical, legal, and socia implications, and perhaps forecast such
consequences of this undertaking, the Nationa Institutes of Health (NIH) and the Department of Energy (DOE) each
fund an Ethical, Legal, and Social Issues (ELSI) program. Funds for each agency’s ELSI effort derive from a set
aside of 3 to 5 percent of appropriations for the total genome initiative budget. In fiscal year 1991, DOE's ELSI
spending was $1.44 million (3 percent). Fiscal year 1992 spending is targeted at $1.77 million (3 percent).
NIH-ELSI spending for fiscal years 1990 and 1991 has been $1,558,913 (2.6 percent) and $4,037,683 (4.9 percent),
respectively. For fiscal year 1992, NIH-EL S| aimsto spend 5 percent of its human genome appropriation. Several

grants supported by NIH/DOE ELSI relate to factors affecting CF carrier screening.

SOURCE: Office of Technology Assessment, 1992.

of survival. Individuals with CF produce thick,
sticky mucus. Chronic obstruction and infection of
the airways characterize respiratory difficulties and
result in lung damage that leads to pulmonary and
heart failure. Digestive problems are also common
and often predominate over respiratory symptoms
early in life. Poor nutrition and impaired growth
result because food—particularly fat and protein—
is not broken down and absorbed properly.

Table I-l—Incidence of Cystic Fibrosis Among
Live Births in the United States

Population Incidence (births)
Caucasian................... 1 in 2,500
Hispanic..................... 1in 9,600’

African American. ............. 1in 17,000a’e to 1 in 19,000
Asian American. .............. 1in 90,000’

aT, F, Boat, M J, Welsh, and A.L.Beaudet, “Cyst ic Fibrosis, " The Metabolic
Basis of Inherited Disease, C.R. Scriver, A.L.Beaudet, W.S. Sly, et al.
(ads.) (New York, NY: McGraw Hill, 1989). .

bk B. Hammond, S.H. Abman, R.J. Sokol, et al., “Efficacy of Statewide
Neonatal Screening for Cystic Fibrosis by Assay of Trypsinogen Concen-
trations,” New England Journal of Medicine 325:769-774, 1991.

-K.Lemna,G.L. Feldman, B.-S. Kerem, et al., “Mutation Analysis for

Heterozygote Detection and the Prenatal Diagnosis of Cystic Fibrosis,”
New England Journaf of Medicine 322:291-296,1990. o

ds.C.FitzSimmons, remarks at Fifth Annual Nort hAmerican Cystic Fibrosis
Conference, Dallas, TX, October 1991.

6J.C.CunninghamandL .M. Taussig, A Guide to Cystic Fibrosis for Parents
and Children, (Bethesda, MD: Cystic Fibrosis Foundation, 1989). )

f| MacLusky, F.J.McLaughlin, and H.R.Levinson, “Cystic Fibrosis: part 1,
Current Problems in Pediatrics, J. D. Lockhart (cd.) (Chicago, IL: Year Book
Medical Publishers, 1985),

SOURCE: Off Ice of Technology Assessment, 1992.

There is no cure for CF. Treatment focuses on
managing the respiratory and digestive symptoms to
maintain a stable condition and lengthen lifespan.
Again, because of CF's varied progression, the
regimen and level of therapy depend on the individ-
ual. Most therapy involves home treatment (e.g.,
chest physical therapy to clear mucus from the
lungs), outpatient care at one of more than 110
clinics devoted specifically to CF hedlth care, and
occasional hospital stays. Today, physicians can
look to an ever-expanding array of new pharmaceu-
tical options to manage the care of CF patients; on
the horizon are hopes for gene therapy (box I-C).

Over the last haf-century, treatment of CF has
evolved so that an illness nearly always fatal in early
childhood is now one where life expectancy into
adulthood is common. Fifty years ago, most infants
born with CF died in the first two years of life. In
1990, median survival was 28 years (figure I-I)--
i.e., of the individuals born with CF in 1962, half
were aive in 1990. According to the Cystic Fibrosis
Foundation and others, the life expectancy of an
infant born with CF in 1992 cannot be estimated, but
a few individuals speculate such survival might be
40 years. On the other hand, data from Canada show
the steady increase in lifespan since 1940 has
plateaued in the last decade. Currently, the median
age of an individual with CF in the United Statesis
12.6 years (figure 1-2).
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Box |-C-Cystic Fibrosis Therapies on the Horizon

In the last severa years, scientists have dramatically increased their comprehension of the intricate cascade of
processes that ultimately destroy the airways and lead to death in people with CF. With greater knowledge comes targeted
strategies to fight the condition. Established CF pulmonary treatments of the past few decades concentrated on fighting
infection and clearing airway mucus. Today, new therapies for CF focus on many facets of ameliorating the disease.
Some treatments aim to prevent infection and subsequent inflammation altogether. These therapies attempt to intervene
at specific junctures in the disease process by decreasing the viscosity of lung secretions, protecting the airway from
destruction and preventing infection, or correcting the ionic imbalance.

Two substances-DNase and amiloride-thin CF lung secretions, each through a different mechanism. Both are
in clinical trials for approval by the U.S. Food and Drug Administration (FDA). Administration of adenosine
triphosphate and uridine triphosphate in conjunction with the diuretic amiloride stimulates choride ion secretion, which
is faulty in people with CF; clinical studies also are being carried out for this therapy.

Ironically, the body’s natural infection-fighting defense mechanism contributes to the destruction of airways in
individuals with CF. Clinical trials are also under way for substances known as antiproteases-including
apha 1-antitrypsin, secretory leukocyte protease inhibitor, and a compound known as ICl 200,880. Antiproteases can
protect the airway epitheliums from injury mediated by the body’s natural bacteria-fighting substances. Finally, athough
gtill in the early research stages, recent in vitro evidence demonstrates that cyclic-AMP-stimulating drugs can positively
affect chloride balance in some cells from CF patients, suggesting a future avenue for pharmaceutical intervention.

Gene therapy holds the promise of overcoming the condition, perhaps permanently. Unlike treatments that attack
symptoms of CF, gene therapy focuses on directly altering DNA to rectify deficits of the disease. In theory, new DNA
can be inserted into faulty cells to compensate for the genetic defect. Currently, gene therapy for CF is in the animal
experiment stage. Using a crippled virus, the normal human CF gene has been administered directly to the lungs of rats
by aerosol spray. Scientists demonstrated this DNA was functional 6 weeks after transfer to the rat lungs—i.e., the
geneticaly engineered DNA was producing normal, human CF gene product. Aerosolized liposomes, fatty capsules that
can transport drugs directly into cells, have been used to deliver apha 1-antitrypsin genes into rabbit lungs, and a similar
mechanism might be used to deliver the CF gene to human lungs. Despite significant experimental progress, hurdles
remain for gene therapy for CF to be feasible in humans. Long-term safety of the procedure will need to be demonstrated,
as will the most appropriate means of transferring the gene and duration of treatment.

SOURCE: office Of Technology Assessment, 1992.

Figure I-l—Median Survival of U.S. Cystic Fibrosis
Patients Over Time “
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mons, “Cystic Fibrosis Patient Registry, 1990: Annual Data
Report,” Cystic Fibrosis Foundation, Bethesda, MD, January
1992; and S.C. FitzSimmons, Cystic Fibrosis Foundation,
Bethesda, MD, personal communication, February 1992.

As with any chronic illness, individuals with CF
experience emotional and social strains beyond the
physical tolls of the disorder. Children, adolescents,
and adults with CF react differently to the condition.
For the family of a child with CF, the disease can
dominate family activities, particularly if daily
therapy is necessary, as is often the case. But while
the emotional burden of CF can be difficult, many
individuals and their families lead happy, satisfying
lives.

The Cystic Fibrosis Gene

CF is a genetic illness transmitted from parents to
their children via genetic instructions stored in DNA
(figure 1-3). In humans, DNA stores these direc-
tions, including those responsible for CF, in genes
arrayed on 46 structures called chromosomes (figure
1-4). The gene responsible for CF lies on chromo-
some 7.
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Figure 1-2—Age Distribution of U.S. Cystic Fibrosis Figure 1-3—The Structure of DNA
Patients in 1990
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SOURCE: Office of Technology Assessment, 1992, based on S.C. FitzSim-
mons, “Cystic Fibrosis Patient Registry, 1990: Annual Data
Report,” Cystic Fibrosis Foundation, Bethesda, MD, January
1992.

SOURCE: Office of Technology Assessment, 1992.

Figure 1-4—Human Chromosomes
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DNA is associated with protein in organized microscopic bundles called chromosomes. Humans have 46
chromosomes: 1 pair of sex chromosomes (two X chromosomes for females; an X and a Y for males) and 22
pairs of autosomes. In 1986, scientists localized the CF gene specifically to chromosome 7.

SOURCE: Vivigen, Inc., Santa Fe, NM, 1992.
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Since the 1940s, geneticists have known that CF's
pattern of inheritance typifies arecessive condition.
For recessive disorders like CF, parents display no
symptoms of the disorder, but are asymptomatic
carriers. All individuals have two chromosome 7s,
but for CF, a carrier mother or father has one
chromosome 7 with a CF mutation and one without.
The single copy of the nonmutant CF gene in carriers

is sufficient to maintain normal physiologic func-
tions. A child is born with CF when he or she inherits
the mutant CF gene from each parent---i.e., the child
has two chromosome 7s with one CF mutation on
each.

The CF geneis distributed over 250,000 contigu-
ous base pairs on chromosome 7 (figure 1-5).

Figure 1-5—The Cystic Fibrosis Gene
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The CF gene is located on the long arm of chromosome 7, where it is spread over 250,000 base pairs (250 kb) of DNA. Coding regions

of the DNA, or exons, are separated by noncoding regions, or introns. After the DNA is transcribed into messenger RNA (mRNA) comprised

of all 27 exons of the gene, the mRNA is exported from the cell nucleus. Finally, instructions in the mRNA are translated, using special

structures in the cell to assemble 1,480 amino acids into the final protein product.

SOURCE: Office of Technology Assessment, 1992, based on M.C. lannuzzi and F.s. Collins, “Reverse Genetics and Cystic Fibrosis,” American Journa/ of
Respiratory Cellular and Molecular Biology 2:309-316, 1990.
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Box |-D—The Gene Product: The Cystic Fibrosis Transmembrane Conductance Regulator

Cells cannot pump water, but must move fluids across their membranes through a process called osmosis.
Osmosis depends largely on ion movement through pores in the membrane (channels) or through transport systems
designed to convey ions from one side of the membrane to the other. In individuals with CF, regulation of a
particular type of ion transport (chloride; Cl-) is defective.

The product of the CF gene, a protein called the cystic fibrosis transmembrane conductance regulator (CFTR),
mediates Cl'ion flow across membranes. Current evidence suggests that CFTR functions as a channel for Cl'ions.
When the gene carries a AF508 or other mutation, it produces a defective CFTR, which in turn disrupts ion flow
and results in the physiological effects distinctive of CF (e.g., skin with a salty taste and thick mucus). As the
workings of CFTR are clarified, new possibilities for treatment arise.

Conceivably, elucidation of the structure and function of CFTR could facilitate assaying CF carrier status
without using DNA analysis. Such assays theoretically could offer an immediate advantage over DNA-based tests.
Currently, more than 170 different CF mutations exist, and hence more than 170 assays are necessary to detect them.
A functional test could measure the presence of normal or atered CFTR to distinguish unaffected, carrier, or affected
individuals. One test might be able to detect the defective CFTR protein no matter which of the 170+ mutations the
individual had.

Despite expectations that a functional CFTR test could obviate the need for DNA-based CF carrier tests (and
eliminate uncertainty for individuals whose tests are negative), one does not appear imminent. While research to
understand CFTI continues to advance rapidly, some of the results appear to cloud, not clarify, the future of a
functional test to identify CF carriers. CFTR activity differs depending on the cell type and methods used to measure
its activity. In vitro activity also does not correlate with prognosis. Depending on the mutation, a gradient of activity
exists; some mutated CFTRs still exhibit activity, while others show none. This variability would make black and
white interpretation of a functiona assay impossible, and perhaps less informative than DNA analyses.

SOURCE: Office of Technology Assessment, 1992.

Scientists know, however, that not all of these bases
get trandlated into the ultimate CF gene product,
called the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) (box |-D). What is aso
known is CF's pathology stems from a faulty CFTR,
and that in most people with CF a three-base pair
deletion in each of their CF alleles results in the
flawed CITRs. This three-base pair mutation occurs
at position humber 508 in the CFTR (abbreviated as
delta F508 (DF508)). More than 170 additional
mutations in the CF gene also lead to faulty CFTRs.
Individuals with CF have two of the same, or two
different, mutations.

About 70 percent of CF carriers have the DF508
mutation.”International studies demonstrate ethnic
and regional variation in the frequency distribution
of this mutation (figure 1-6); as expected, the
multicultural nature of the United States reflects this

variation. Most of the other 170+ mutations appear
in a small fraction of individuals or families,
although afew occur at afrequency as great as 1 to
3 percent.

Predicting the precise clinical course of CF—mild
versus severe-cannot be done from knowing which
mutations are present. Some symptoms (or their lack
of severity), however, correlate with particular
mutations. Digestive difficulties from pancreatic
insufficiency, for example, generally associate with
DF508.

Cystic Fibrosis Mutation Analysis

With localization of the CF gene, DF508, and
other CF mutations, it is now possible to directly
analyze DNA from any individual for the presence
of CF mutations (figure 1-7). Using today’s technol-
ogies, CF mutation analysis is usually a one-time

2 Quoted mutation frequencies for & 508 apq other CF mutations always depend on racial and ethnic background. Throughout this report, OTA

presents current expert estimates of appropriate ranges of detection frequencies or sometimes uses a specific figure with qualification (e.g., about 90
percent; approximately 95 percent). OTA adopts such language to avoid restating each time that a frequency depends on racia and ethnic background,
not to underemphasize the importance in the distribution variation of CF mutations. In some cases—made clear within the text—a specific frequency

is chosen for illustrative or hypothetical purposes.
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Figure 1 -6—Occurrence of DF508 Mutation in Europe
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SOURCE: European Working Group on Cystic Fibrosis Genetics, “Gradient of Distribution in Europe of the Major CF
Mutation and of Its Associated Haplotype,” Human Genetics 85:436-445, 1990.

test that can inform an individual whether he or she
carries a CF mutation. Carrier screening for CF (or
CF carrier screening) refers to performing CF
mutation analysis on DNA from an individua who
has no family history of CF.

Current technology, however, can leave ambigu-
ity, but not because the tests per se are imprecise.
Properly performed, DNA-based tests for CF muta-
tions are accurate and specific-meaning if the
DF508 mutation (or another CF mutation for which
the test is run) is present in the individua’s genome,
the assay detects it more than 99 percent of the time,
absent laboratory error. Instead, ambiguity stems
from the intrinsic nature of the cause of the disease:
Besides DF508, more than 170 mutations in the CF
gene aso cause CF.

In the United States, about 1 in 25 Caucasians
carries one CF mutation. Since tests to detect 170+
mutations are impractical, current assays use DF508

plus 6 to 12 other CF mutations (DF508+6-12) and
identify 85 to 90 percent of CF carriers (in Ashkena-
zic Jews, DF508+6 identifies about 95 percent of
carriers).’Thus, using DF508+6-12 means 10 to 15
percent of actual carriers go undetected. In other
words, a negative test result does not guarantee that

aperson isnot acarrier.

As mentioned earlier, a child with CF is born only
to couples where each partner is a carrier of one
CF mutation—though not necessarily the same one
for each partner. Such couples are sometimes
referred to as carrier couples, or couples who are
positive/positive (+/+). For these couples, the
chance of having a child with CFis 1in 4 for each
pregnancy. If a couple is positive/negative (+/-)-
the father is a carrier, but the mother is not, or vice
versa—their offspring can be CF carriers, but cannot
have CF.

3 Again, using AF508 alone identifies about 70 percent of CF carriers among American Caucasians of European descent.
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Photo credit: Roche Molecular Systems, Inc.

DNA analysis for six common CF mutations. Unique pieces of DNA, called allele specific oligonucleotide probes, are bound to the test
strip to detect six common CF mutations; in this photograph, each individual strip runs horizontally. DNA samples from individuals of
unknown CF status are obtained, processed, and applied to separate test strips. Here, test strips for eight different individuals are shown
(rows A through H). Following hybridization and calorimetric analysis, the patterns of dots on the strips are revealed-and hence the CF
status of the individuals.

For each mutation on the strip (DF508, G542X, G551D, R553X, W1 282X, and N1303K) the left dot, if present, indicates the person
has a normal DNA sequence at that part of the CF gene. The right dot, if present, indicates the person has a CF mutation at that site.
Individual A, then, has no CF mutations at the six areas of the CF gene analyzed using this test strip, @S demonstrated by single dots on
the left side for all mutations. In contrast, individuals B,D,F, and H are carriers, as demonstrated by the presence of two dots for one of the
CF mutations. Individual C has CF, as demonstrated by a single dot on the right side of the DF508 panel; individual E has CF, as
demonstrated by the single dot on the right side of the G542X panel. Individual G also has CF, but this person’s CF arises from two different
mutations—DF508 and R553X—as indicated by the pairs of dots in each of these panels.

to have CF. Prenatal CF mutation analysis with 85
percent sensitivity could detect about 29 fetuses, but
11 would be missed. A few couples who receive a
-/-result will also be undetected carrier couples (box
I-E; table 1-2).

Using DF508+6-12 means that some couples
receive test results that indicate one partner is a
carrier and one is not, when in fact the negative
partner carries one of the rare CF mutations that is
not assayed (figure 1-8). Thus, while most couples
whose test results are +/- are at zero risk of having
a child with CF, some couples with a +/- test result
actually are couples whose genetic status is +/+ (but
goes undetected) and who are at 1 in 4 risk of a child
with CF for each pregnancy. Couples with a +/- test

WHY ISCYSTIC FIBROSIS
CARRIER SCREENING
CONTROVERSIAL?

result, then, might misunderstand that their reduced
risk of bearing a child with CF is not zero and have
afalse sense of security about having an unaffected
child. If, for example, 100,000 couples experienced
a first-time pregnancy, 40 fetuses would be expected

Prospects of routine CF carrier screening polarize
people. Everyone agrees that persons with a family
history of CF should have the opportunity to avail
themselves of CF mutation analysis, yet controversy
swirls around using the same tests in the genera
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Figure 1-7—Techniques for DNA Analysis of Cystic Fibrosis Mutations
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Figure 1-8-Cystic Fibrosis Mutation Test Results at 85 Percent Sensitivity
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Box |-E-Cystic Fibrosis Carrier Tests and Detection Sensitivity

In theory, 4,000 carriers exist among 100,000 random Americans of European descent, because the carrier
frequency in this population is about 1 in 25. However, DF508+6-12 assays detect about 85 percent of people with CF
mutations, so CF carrier screening of this group would identify 3,400 of the 4,000 probable carriers. If the test were 100
percent specific, al 4,000 carriers would be identified.

Similarly, if 200,000 random couples were screened, 160 couples would be identified as +/+ (each partner a carrier)
if the test were 100 percent sensitive. One-fourth of first-time pregnancies for the 160 +/+ couples would be expected
to result in CF-affected fetuses, for a total of 40 expected CF-affected fetuses per 100,000 couples. Instead, at 85 percent
sensitivity, about 116 couples will be identified as +/+ and with each pregnancy have a1 in 4 risk of a child with CF.
Results for 93,315 will be -/- (neither identified as a carrier), and about 6,569 couples will have +/- test results (one
partner a carrier, the other not identified as a carrier). In fact, approximately 41 of the 6,569 couples with +/- test results
areat 1in 4 risk of bearing a child with CF in each pregnancy, while the remaining 6,528 have no risk-but these two
groups cannot be distinguished with an 85 percent test sensitivity (figure 1-8). About 4 of 93,315 couples with -/- test
results are also actually at 1 in 4 risk with each pregnancy of having a child with CF.

Thus, of the theoretical 160 +/+ couples, 116 are detectable and 44 are not when the testis 85 percent sensitive. If
al 100,000 couples experience a first-time pregnancy, 40 fetuses with CF are expected. With an 85 percent sensitive test,
29 fetuses with CF are detectable via prenatal tests, but 11 will be missed. If the assay elucidates 95 percent of carriers,
144 of 160 couples would be detected. In this case, if all 100,000 couples experience a first-time pregnancy, 36 fetuses
with CF could be detected and 4 would be missed.

With a test that detects 85 percent of individuals with CF mutations, a couple whose result is +/- has approximately
alin 661 risk of having an affected child with each preghancy (compared to a general population frequency of about
1in2,500). At a detection sensitivity of 95 percent, a couple with a+/- result facesa 1 in 1,964 risk of an newborn with
CF with each pregnancy. Detecting a greater proportion of carriers means couples with +/-results can be less anxious
about their risk of having a child with CF. Couples who hoth test negative, while not having zero risk, have a 1 in 109,200
risk of an affected child with each pregnancy at 85 percent test sensitivity.

SOURCE: Office of Technol o%y Assessment, 1992, bawd on A.L. Beaudet Howard Hughes Medlcal Instltute I;’ nTX gersonal
communications March 1992, April 1992: and W.K. Lemna, G.L. Feldman, B. Kererm et d allon Analysis for Heterozygote
Detection and the Prenatal Diagnosis of Cystic Fibrosis, " New Engfand Journal of Medicine 322 291 296, 1990.
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Table 1-2—Test Sensitivity and Risk of Child
With Cystic Fibrosis

Percent
mutations Couples at 1in4risk Affected fetuses
detected with each pregnancy in first pregnancy
+/+ +/- -1-
Actual result result result Actual Detectable Missed
85 160 115.6 40.8 3.6 40 28.9 111
90 160 129.6 288 1.6 40 324 7.6
95 160 144.4 15.2 0.4 40 36.1 39

“per 100,000 couples.

SOURCE: A.L. Beaudet, Howard Hughes Medical Institute, Houston, TX,
personal communication, March 1992.

population. What are the elements of the contro-
versy? Can past experiences with other carrier
screening initiatives and current research from CF
carrier screening pilots resolve some issues?

Today' s Clinical and Social Tensions

For years, experts theorized about confronting the
potential consequences of increased knowledge of
human genetics. In the early 1990s, the CF mutation
test moves the debate from the theoretical to the
practical. Today, along with clinical tensions sur-
rounding CF carrier screening, are legal, ethical,
economic, and political considerations.
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Approximately 1 in 25 American Caucasians of European d
Americans, and 1 in 150 Asian Americans are carriers for CF.

"‘é"f*-lim £

No mandatory genetic screening programs of
adult populations exist in the United States; OTA
finds it highly unlikely that CF carrier screening will
set a precedent in this regard. Nevertheless, people
disagree about how CF carrier screening of the
general population should be conducted.

Proponents of a measured approach to CF carrier
screening express concern about several issues that
might be raised if use of CF carrier tests becomes
routine. Invariably, discussions about CF carrier
screening raise concerns about the use of genetic
information by insurance companies and become
linked to broader social concerns about health care
reform in the United States. Related to this are
concerns about commercialization of genetic re-
search, i.e., that market pressures will drive wide-
spread use of tests before the potential for discrimi-
nation or stigmatization by other individuals or
institutions (e.g., employers and insurers) is as
sessed. Also expressed are questions about the
adequacy of quality assurance for DNA diagnostic
facilities, personnel, and the tests themselves. Oppo-
nents of widespread CF carrier screening also
wonder whether the current number of genetic
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escent, 1 in 46 Hispanic Americans, 1 in 60 to 65 African
About 25 carriers would be expected among this crowd.

Current technology would detect 85 to 95 percent of these individuals, depending on their ethnic backgrounds.
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specialists can handle a swell of CF carrier screening
cases, let aone the cases from tests for other genetic
conditions expected to arise from the Human
Genome Project. Finally, the extraordinary tensions
in the United States about abortion affect discus-
sions about CF carrier testing and screening.

Those who advocate CF carrier tests for use
beyond affected families are no less concerned about
the issues just raised. Rather, proponents argue that
individuals should be routinely informed about the
assays so they can decide for themselves whether to
be voluntarily screened. They assert that the tests are
sensitive enough for current use and will, like most
tests, continually improve, These voices believe that
failing to inform patients now about the availability
of CF carrier assays denies people the opportunity to
make persona choices about their reproductive
futures, either prospectively--e .g., by avoiding con-
ception, choosing to adopt, or using artificial insem-
ination by donor or by using prenatal testing to
determine whether a fetus is affected.

Lessons From Past Carrier Screening Efforts

Carrier screening is not new to the United States.
The 1970s and early 1980s saw a number of genetic
screening efforts flourish throughout the country.
Federal legislation-chiefly the National Sickle Cell
Anemia, Cooley’s Anemia, Tay-Sachs, and Genetic
Diseases Act (Public Law 94-278; hereinafter the
National Genetic Diseases Act) and its predecessors—
fueled these programs. Today, what might work for
CF carrier screening-and what will not work-can
be gleaned from carrier screening for other genetic
disorders, even though earlier screening occurred
through more centralized efforts. In fact, some argue
that creating a defined, federally funded program for
CF carrier screening could avoid social concerns,
although others assert the contrary.

Frequently considered a successful effort, Tay -
Sachs carrier screening was initiated in 1971 at the
behest of American Jewish communities. Tay-Sachs
disease is a lethal, recessive genetic disorder that
primarily affects Jews of Eastern and Central Euro-
pean descent and populations descended from
French Canadian ancestors. It involves the central
nervous system, resulting in mental retardation and
death within the first years of life. Fourteen months
of technical preparation, education of medical and
religious leaders, and organizational planning pre-
ceded massive public education campaigns. Since

screening commenced, over one-half million adults
have been voluntarily screened; today, it is a part of
general medical care.

In contrast, sickle cell programs in the 1970s are
generally cited as screening gone wrong. The sickle
cell mutation—which like the Tay-Sachs and CF
mutations is recessive—affects hemoglobin, the
oxygen-camying molecule in blood. The sickle cell
mutation is found predominantly in African Americ-
ans and some Mediterranean populations. Most
individuals with sickle cell anemia live well into
adulthood. Unlike Tay-Sachs screening, much sickle
cell screening was mandatory. For the most part,
Caucasians designed and implemented programs
targeted toward African Americans, leading to
proclamations of racist genocide. Even after elimi-
nation of most mandatory screening in the late
1970s, actual practice strayed from the stated goals
of adeguate genetic counseling, public education,
and confidentiality of results.

Tay-Sachs carrier screening and sickle cell
screening-along with carrier screening for other
genetic conditions (e.g., & and R-thalassemia)----
provide perspective for today’s discussions about
CF carrier screening. Two lessons in particular are
clear: Participation should be voluntary and public
education is vital. Disagreement exists, however,
about the degree to which CF carrier screening can
draw on the Tay-Sachs and sickle cell experiences to
resolve other considerations (e. g., discrimination).
Several factors contribute to questions raised about
comparability, including: Today’s political climate
differs, CF carrier screening has the potential to
involve larger numbers of people; and Tay-Sachs
and sickle cell screening were implemented, in part,
with explicit Government finding in a more pro-
graromatic fashion than will be likely for CF carrier
screening.

Cystic Fibrosis Carrier Screening Pilot Studies

Opponents of routine CF carrier screening argue
that historical perspectives fall short of adequately
addressing potential adverse consequences raised by
widespread utilization of CF mutation assays, in-
cluding adequate education and counseling, and
prospects for discrimination and stigmatization.
They assert that until data are gathered from
federally funded pilot projects specific to CF, carrier
screening should not be routine. Proponents, on the
other hand, argue that sufficient information is
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available from privately supported CF carrier screen-
ing projects, that much historical experience applies,
and that any incremental gain that will be gleaned
from federally funded studies is insufficient to a
priori prevent routine CF carrier screening from
proceeding.

Federally Funded Studies

Despite pleas throughout the genetics community
for the Federal Government to fund pilot projectsto
assess clinical and socia considerations raised by
the new CF mutation analyses, initial calls for
funding of pilots went wanting. In the United
Kingdom, the CF Research Trust actively funded
and encouraged pilots (box I-F)-unlike the CF
Foundation in the United States, which has focused
on investigations to find the CF gene and mutation,
but divorces itself from CF carrier screening. Con-
cern about abortion apparently played a major role
in the latter policy decision.

After some scrambling, the Ethical, Legal, and
Socid Issues (ELSI) Program of the National Center
for Human Genome Research NCHGR), National
Institutes of Health (NH-1), stepped forward to
coordinate federally financed pilot studies. In Octo-
ber 1991 (fiscal year 1992), three units of NIH-the
National Center for Human Genome Research, the
National Institute of Child Health and Human
Development, and the National Center for Nursing
Research-launched a 3-year research initiative to
analyze education and counseling methods related to
CF mutation analysis.

Seven research teams, conducting eight studies,
received support and will coordinate their efforts
(box 1-G). Two of seven clinical studies focus on
relatives of individuals with CF (CF carrier testing);
the other five focus on the general population. One
study involves theoretical modeling. Where appro-
priate, some features of the research, such as
evaluation measures and tools, cost assessment,
laboratory quality control procedures, and human
subjects protection will be standardized across sites.

Privately Funded Studies

Prior to the onset of federally sponsored pilot
projects, several public and private institutions
began to systematically offer CF carrier screening to

subsets of the population; pregnant women and their
partners, preconceptional adults, teenagers, and
fetuses all have been target populations. Most
privately funded efforts have been under way since
early 1990, and most have collected, or are collect-
ing, data on the incidence of carrier status and
mutation frequencies. Some also follow psycho-
social issues such as levels of anxiety and retention
of information. Most studies can report results, and
the various strategies used and different target
populations reflect the lack of consensus on the best
approach to CF carrier screening (table 1-3).

WHAT FACTORS WILL AFFECT
UTILIZATION?

Initially, routine CF carrier screening will likely
occur in the reproductive context; the prenatal
population has been the traditional entry point into
genetic services for many people. Preconceptional
individuals are also a possible population, but for
most individuals the first real opportunity for carrier
screening takes place post-conception. A focus on
pregnant women, however, is not without contro-
versy. Reservations exist about abortion, as do
concerns that prenatal testing negatively shapes
perceptions of pregnancy, disability, and women.
Nevertheless, the primary responsibility for provid-
ing CF carrier screening could come to reside with
obstetricians, as has occurred with maternal serum
alpha-fetoprotein (MSAFP) screening to detect fe-
tuses with neural tube or abdominal wall defects or
Down syndrome.

Based on the annua number of births (4.2 million)
and spontaneous abortions (an estimated 1.8 mil-
lion), there are approximately 6 million pregnancies
per year for which CF carrier screening might be
performed. Twenty-four percent of women giving
birth receive no prenatal care until the third trimest-
er, however, so CF carrier screening in the obstetric/
prenatal context could initialy involve, at most, 10
million“men and women per year, depending on
who is screened.

For some, the key question still hovering over
carrier screening for CF is if, not when. For others,
however, the debate has shifted to when. Severa
institutions aready offer CF mutation analysis to
individuals, regardless of family history. OTA pro-

4 This figure does notaccount for the estimated2.4 million infertile couples who are trying to conceive andmight be interested in CF carrier screening
(would increase overall figure). Nor does it estimate the number of Americans not involved in a pregnana/ (would increase), the number of individuals
ur

involved in more than one conception per year (would decrease), or those who might have been screened

Ing a previous pregnancy (would decrease).
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Box 1-F—Cystic Fibrosis Carrier Screening in the United Kingdom

At least five pilot projects exploring the implications of population screening for o
CF carriers are under way in the United Kingdom, Italy, Denmark, and Austria also
have pilot projects. The U.K. pilot projects, begun in 1990, are the most extensive and
advanced studies under way. Although health care delivery in the United I ﬁ
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United States, some U.K. strategies and results could bear on how routine CF carrier f
screening might be approached in the United States. Shared concems include test / f
protocols and techniques, the appropriate target population, psychological aspects

(such as anxiety levels for those contemplating CF carrier screening), and the role of /j‘r
primary care providers. ™

St. Mary’s Hospital Medical School in London is evaluating preconception CF carrier screening through three
general practice and three family planning clinics. Individuals are approached while they wait for appointments for
other reasons, or contact is made by letter prior to a visit (i.e., opportunistic screening). About 66 percent of people
approached through general practitioners request screening, and 87 percent of individuals contacted in the family
planning clinic seek the test. Participants have been asked how they thought their future reproductive plans might
be affected if both they and their partners were found to be carriers. For those with no experience with CF, 38 percent
say they would choose not to have children, 78 percent would request prenatal diagnosis should they conceive, and
16 percent would not consider terminating an affected pregnancy. For those who had a relative or knew someone
with CF, 45 percent felt they would not have children, 82 percent would seek prenatal diagnosis should they
conceive, and 20 percent would not terminate an affected pregnancy. Through mid-1991, St. Mary’s had screened
about 1,600 individuals at approximately 50 samples a week.

The pilot at St. Bartholomew’s Hospital in London, funded entirely through private sources, only offers
‘couples screening,”” which solely aims to identify couples at 1 in 4 risk of an affected pregnancy—i.e., couples
in which both partners are CF carriers (+/+ couples). Couples are screened and receive their results as a unit—either
high or low risk of bearing a child with CF; individual carrier status is not discussed. Even if the geneticist
determines that one partner is a carrier, but the other is not (a +/- couple), that couple is informed the same as a couple
who both screen negative (a -/- couple): low risk. Because of ethical concemns about concealing information, couples
screening is blind. Samples are gathered from each partner, with one randomly screened. If the test is negative, the
couple is informed they are at low risk and the second sample goes unscreened. If the sample is positive, the other
sample is tested. If the second sample is negative (a +/- couple), the couple is informed they are at low risk, without
either being informed that one of them is, in fact, a carrier. Proponents feel this approach is more economical, and
believe it reduces the anxiety associated with knowing one’s carrier status, since results are reported as a unit. Most
observers agree that such a practice would be considered legally and ethically dangerous in the United States.

Funds for three U.K. pilot projects derive from the Cystic Fibrosis Research Trust (CF Trust). They target
different populations and seek, in part, to evaluate different parameters. Screening through the University Hospital
of Wales in Cardiff is offered opportunistically to adults between 16 and 45 years; prenatal screening will be part
of the pilot in 1993. Investigators in Wales evaluated mouthwash, buccal scrapes, and finger pricks as methods for
sample collection and concluded mouthwash is the most desireable overall for patient acceptability, successful DNA
extraction, and cost. The pilot at Western General Hospital in Edinburgh, Scotland, focuses on prenatal screening,
with a long-term goal of preconception screening. The Edinburgh pilot first screens the woman for three mutations;
if she is positive, her partner is tested for 15 mutations. Through 1991, over 2,000 samples had been processed,
detecting 74 carriers. Guy’s Hospital in London offers carrier screening to individuals 18 to 45 years to assess
screening through an urban general practice setting. All projects devote considerable effort to examining
acceptability, evaluating matemal and paternal anxiety, assessing self-esteem and perceptions of stigma, and
developing effective educational material for patients and professionals.

SOURCE: Office of Technology Assessment, 1992.
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Box I-G-Federally Funded Cystic Fibrosis Carrier Screening Pilot Projects

I'n October 1991, the National Institutes of Health funded eight clinical assessments of CF carrier testing and
screening at seven ingtitutions.

Childien’s Hospital Oakland Research Institute, Oakland, CA ($73,196). Adul t siblings of CF patients and their
spouses will be interviewed to identify factors motivating or interfering with the pursuit of CF carrier testing in siblings
and their partners. In addition to examining interest in testing, this study aims to assess understanding of remits,
knowledge of medical aspects of CF, and psychological impact following testing.

Johns Hopkins University, Baltimore, MD ($314,449). The level of generd interest in learning about CF of families
and individuals receiving care from a health maintenance organization will be examined. In particular, the study will
consider: what factors distinguish those interested in participating in a CF education program from those who are not;
examining the characteristics that differentiate people who agree to screening from participants who decide against it,
and comparing the responses of individuals identified as CF carriers to those identified as noncarriers, with emphasis
on the extent to which these responses are influenced by marital or carrier status of the partner.

UCLA School of Medicine, Los Angeles, CA ($179,067). Women of reproductive age and the partners of those who
test positive will be screened, including large numbers of Hispanic and Asian Americans, two groups that have not been
studied extensively for either their CF mutation frequencies or their response to screening and counseling. Pre- and
post-test questionnairees will be used to determine understanding of CF, predictors of consent to screening, and responses
to implications of the test results for the various ethnic and socioeconomic subgroups. Strategies for pre- and post-test
counseling will be evaluated for effectiveness.

University of North Carolina, Chapel Hill, NC ($231,916). Relatives of individuals with CF will receive pretest
education, either from a pamphlet in a private physician’s office or in a traditional genetic counseling setting.
Effectiveness of a precounseling video will be evaluated. Investigators will assess genetic and medica knowledge,
psychological status, and selected health behaviors before and after participants receive their test results.

University of Pennsylvania, Philadelphia, PA ($197,634 and $180,201). Decision theory and economic techniques
will be used to mode! decisionmakihg about CF carrier screening. The study will address: who should be offered
screening and the best method; the best course and sequence after results are delivered; rescreening negative individuals
as more mutations are identified; and the impact of future treatment on CF carrier screening. Monetary and nonmonetary
effects of the aternative strategies raised by these issues will be assessed, as well as the response to screening of
groups---i.e., patients, health care providers, and insurers-with varying financial, psychological, and moral
perspectives.

A separate clinical study will complement the theoretical work. It will analyze the decisionmaking of couples who
are offered CF carrier screening one partner a a time, and whether they choose to have the second partner screened after
a negative result for the first. When screening should be offered will be investigated.

University of Rochester, Rochester, NY ($274,110). CF mutation analysis will be offered to women of reproductive
age to determine what proportion desires it, what proportion that elects screening comprehends test results, and what
proportion of partners of screened women elects screening. Anxiety, comprehension, requests for prenatal diagnosis
despite low risk, and program costs will be assessed.

Vanderhilt University, Nashville, TN ($206,513). The feasibility of a program that incorporates pre- and post-test
education for people with negative results, and provides personal counseling to those who test positive, will be evaluated.
written and video materials will be developed. Different settings in which CF carrier screening is offered will be
examined, as will factors that affect a couple’s decision whether or not to be screened.

SOURCE: Office of Technology Aaacaament baaed on National Center for Human Genome Reaearch, National Inatitutes of Health, October 1991.

jects approximately 63,000 individuals will be
screened for their CF carrier status in 1992-about
a 7-fold increase over 1991 (figure 1-9). This rapid
upward trend is expected, given the nascent stage of
the technology’ s movement into U.S. medical prac-
tice.

Without offering judgment on its appropriateness
or inappropriateness, OTA finds that the matter of

CF carrier screening in the United States is one of
when, not if. Regardless of the number of individuals
actually screened, it is clear that, increasingly,
patients will be informed about the availability of CF
carrier assays and a portion will opt to be screened.
What isless clear is the timeframe for physicians to
begin routinely informing patients about CF carrier
tests. It could be within ayear or two, but more likely
will be a gradual process over severa years. What
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Table 1-3-Privately Funded Cystic Fibrosis Carrier Screening Pilot Projects

Institution

Target population

Approach

Findings

Baylor College of Medicine
(Houston, TX)

Cornell University Medical
College (New York, NY)

Genetics & IVF Institute
(Fairfax, VA)

McGill University
(Montreal, Canada)

Permanente Medical Group,
Inc. of Northern California-
Integrated Genetics (Fram-
ingham, MA)-VWigen(Santa
Fe, NM)

Roche Biomedical Labato-
ries(Research Triangle Park,
NC)

Prenatal and preconceptional
couples, with and without family
history.

Initially, couples with no family
history but enrolled in prenatal
diagnosis program for other
services; currently all couples
of reproductive age coming to
genetic services, regardless of
pregnancy status.

Women undergoing amniocente-
sis or chorionic villus sampling
(CVS), primarily for advanced
maternal age, offered concur-
rent CF mutation analysis. some
had family history.

High school students.

Pregnant women of European
Caucasian descent or Hispanic
ethnicity.

Prenatal couples.

Two stages of mutation analy-
sis. Both partners concurrently
screened for DF508+5. For +/-
couples, the negative partner is
analyzedforl2 additional muta-
tions at no extra charge.

Initially DF508; since July 1991
DF508+W1282X (at least 30
percent of couples are Ashke-
nazic Jews). Negative partner
in +/-couples is screened for an
additional four mutations.

Initially DF508; currently with
DF508+6.

DF508

Woman is screened first for
DF50&5 mutations, with se-
quential screening for DF508+1 1
of partner if woman is positive.

Samples collected simultane-
ously from both partners. Woman's
sample screened first for AF508+3;
it positive, partner's sample
screened for AF508+3.

From 1990-91, 64 at-risk pregnancies detected, of
which 14 affected fetuses were diagnosed. Fifty per-
cent of these were electively terminated. No +/-couples
requested prenatal fetal diagnosis, no pregnancies
were terminated, and clinical evaluation did not indicate
undue anxiety.

CF carrier screening has been routinely offered
($100 per couple) since September 1991 to all couples
of reproductive age who have contact for any reason
with Baylor's genetic services.

As of March 1992, more than 500 couples screened
using a mouth rinse specimen at $100 per couple.
About one-third of those offered choose to participate.

Followup questionnaires indicate all appear to under-
stand that some at-risk couples will be missed. Virtually
all agree screening should be continued, should not be
limited to those ethnic groups where detection is
highest, nor should be suspended until tests detect
more carriers. Primary reason for participation: an
interest in learning something relevant to the health of
the current pregnancy. Two reasons most often cited by
nonparticipants: carrier risk perceived as low or refer-
ring physician had not specifically recommended test.

As of August 1991, 1,327 CVS patients (44 percent)
and 370 amniocentesis patients (21 percent) opted for
fetal carrier screening. Fifty pregnancies identified as
carrier fetuses, 47 to couples with no family history.
Twelve couples declined further testing; remaining 38
sought testing for themselves.

Conducted in May 1990,40 percent of about 600 stu-
dents chose to participate; two carriers were identified.
Intewiews of these individuals and their families re-
vealed they were positive toward their new knowledge;
other family members requested testing.

Followup questionnaires revealed participants who
were negative were reasonably well-informed about the
clinical phenotype and inheritance of CF. Most under-
stood negative test did not rule out carrier status and
were satisfied they had participated.

As of March 1992, 78 percent of women offered CF
mutation analysis have accepted (As enrollees of the
Kaiser Permanence health maintenance program, there
is no out-of-pocket expense.)

Kaiser has developed an informational and edu-
cational videotape to test on control and experimental
groups, and is using several psychosocial survey
instruments to assess individuals’ understanding of
pathology and genatics of CF, both before and after
screening. Once 5,000 individuals have participated,
Permanence Medical Group will decide whether, and
how, to proceed with CF carrier screening of plan
members.

Project is nationwide, since prior to initiation in July
1991, a letter of announcement was sent to 100
obstetricians around the country.

CF mutation analyses are performed on buccall cell
samples (mouth scrape) collected at home. The brushes
are placed in color-coded tubes for each sex, and
mailed directly to Rode by the individuals. Originally
intended to last 6 months, the timeframe has been
extended to 1 year, since subscription rate has been
less than expected (50 percent as of September 1991 ).

SOURCE: Office of Technology Assessment, based on R. Barathur, Specialty Laboratories, Santa Monica, CA, personal communication, September 1991;
J.G. Davis, New York Hospital, New York, NY, personal communication, March 1992; S.D. Fernbach, Baylor College of Medicine, Houston, TX,
personal communication, January 1992; F. Kaplan, C. Clow, and C.R. Scriver, “Cystic Fibrosis Carrier Screening by DNA Analysis: A Pilot Study
of Attitudes Among Participants,” American Journal of Human Genetics 49:240-243, 1991; J.D. Schulman, Genetics & IVF Insfitute, Fairfax, VA,
personal communication, December 1991; and D.R. Witt, Kaiser Permanente, San Jose, CA, personal communication, March 199¢.
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Figure 1-9—Cystic Fibrosis Carrier Screening,
1989-92
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SOURCE: Office of Technology Assessment, 1992.

factors affect-or will affect-routine carrier screen-
ing for CF? Eight aspects predominate:

+ genetic services delivery and customs of care,
+ public education,

« professional capacity,

« financing,

+ stigmatization, classification, and discrimina-
tion issues,

+ quality assurance of clinical laboratories and
DNA test kits,

« automation, and
. costs and cost-effectiveness.

Of these issues, all but cost-effectiveness extend
beyond CF to global concerns about future tests to
assess other genetic risks. This section describes
OTA'’s findings in each of these areas. Presented
later is an analysis of what policy issues emerge
from these findings and Congress’ role in shaping
the debate raised by these issues.

Genetic Services: Standards of Care and
Ensuring Quality

One broad question expresses a facet of the
current clinical controversy: Who serves as gate-
keeper of a new technology? The degree to which
large numbers of Americans opt to learn their CF
carrier status depends first on their interaction with
the genetic services system in the country. Utiliza-
tion of DNA-based CF mutation analysis will
depend on the extent to which physicians, genetic
counsglors, and other health professionals customar-
ily inform individuals about the test’s availability. In
turn, moving from innovation to standard practice
often depends on professional guidelines or state-
ments. Disagreement exists about the applicability
of CF carrier tests to individuals without positive
family histories, which has led to tensions, with
opposite sides questioning the motives of the other.
Additionally, consumer acceptance will depend on
perceptions that the professional services they re-
ceive with screening are of high quality.

Standards of Care

Should al individuals be informed about tests to
identigy CF carrier status? Society has no definitive
way of determining when physicians should rou-
tinely advise people about the availability of tests
that could reved their propensity to have a child with
a genetic disorder. Physician practice might be
driven by consumer demand, patient autonomy,
liability fears, economic self-interest, or a combina-
tion of these factors. CF carrier screening presents a
classic instance of the perennial problem of appro-
priately controlling the evolution of practice stand-
ards as a new technology becomes available. Thus,
deciding the appropriate timing for routinely telling
everyone about CF mutation tests is a contentious
issue.

Physicians can now offer individuals with no
family history of CF atest that can determine, with
85 to 95 percent sensitivity, whether they are CF
carriers. With professional opinion in a state of
flux-and knowledge of the assay’s existence con-
tinuing to spread among patients-physicians might
wonder whether they are obligated to inform patients
of its availability, even before patients ask about it.

Some consumers are interested in genetic tests
and CF carrier screening. A 1986 OTA telephone
survey of a national probability sample of adult
Americans reported that about 9 of 10 approved of
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making genetic tests available through doctors.
Eighty-three percent said they would take a genetic
test before having children, if it would tell them
whether their children would probably inherit a fatal
genetic disease.’OTA’s 1991 survey of genetic
counselors and nurse geneticists found that 18.5
percent of respondents said they were “frequently”
or ‘‘very frequently’ asked by clients about DNA-
based CF tests; about 71 percent said the number of
inquiries increased from 1989 to 1991. On the other
hand, some physicians report that actual willingness
to undertake CF carrier screening is currently
modest. In part, such reticence stems from the cost
of CF mutation analysis, which patients must
generally self-pay. It might also arise from a barrier
common to many types of medical screening: lack of
interest and reluctance to uncover what might be
perceived as potentially unpleasant news.

Generally, physicians are obligated to inform
patients of the risks and benefits of proposed
procedures, so that patients themselves may decide
whether to proceed. Where a patient specificaly
asks about a test, physicians would seem obligated
to discuss the test, even if they do not recommend
that it be taken. Whether physicians are obligated to
guery patients about their potential interest in a test
the provider views as unwarranted by the patient’s
circumstances depends on the customary practice of
similarly skilled and situated physicians.

Customary practice is often deterrnined by the
courts, and courts view statements issued by a
relevant professional society as evidence of what a
reasonably prudent physician might have done. In
mid-1992, after extended discussion, the leadership
of the American Society of Human Genetics (ASHG)
approved a revised statement that CF mutation
analysis ‘‘is not recommended’ for those without a
family history of CF. Some argue that the subtle
change in language of the new statement retreats
from the absoluteness of a 1990 ASHG statement
that stated routine CF carrier screening is‘‘NOT yet
the standard of care. ” This view holds that the new
statement reflects an evolution of debate within the
society-that some believe CF carrier screening may
now be offered to individuals without a family
history of CF, athough it might not be the *‘ standard
of care. * Others argue that ASHG’s position is
unchanged—that the new statement is tantamount to

restating that CF carrier screening should not be
offered to individuals without a family history of CF.
In either case, the statement cannot be interpreted to
mean that CF carrier screening should be offered to
all individuals. The 1990 and 1991 policy statements
of professional societies and participantsin an NIH
workshop stated that CF carrier screening should not
be the standard of care.

Today, some physicians take their cues strictly
from the early guidelines; the extent to which the
1992 ASHG statement will affect physician practice
remains to be seen. Others have concluded that a
general population incidence of 1 child with CF per
2,500 births, coupled with the test's imperfect
detection sensitivity, makes routinely informing
patients about CF mutation analysis unnecessary.
Additionally, some physicians might choose not to
inform patients of the availability of CF mutation
analysis because they judge that the test is too
psychologically risky or too expensive to be worth
the possible benefits for those without a family
history of CF. Still other providers might be unaware
of the test or its possible benefits.

Some physicians, however, disagree with existing
guidelines and have already chosen to incorporate
CF screening into their practices. They believe the
assays are suffciently sensitive for general use, and
that even patients with unknown risks of conceiving
a child with CF should now have the information to
exercise choice in managing their health care. Still
other physicians might be offering the assay out of
concern that failing to could subject them to charges
of medical malpractice if a couple has a child with
CF and a court subsequently finds that CF carrier
screening had become the standard of care--despite
professional statements to the contrary. These prac-
titioners might be concerned by the few cases where
courts held that limited adoption of a practice by
some professionalsis sufficient to call into question
the reasonableness of the defendant’s Practic-
regardless of the extent to which that practice was
accepted generally by the profession or suggested by
professional societies. In fact, with respect to CF
carrier screening, customary physician practice might
evolve faster than that recommended by physicians
own professional societies, as has occurred for other
practices such as amniocentesis.

*Survey respondents were not specifically questioned about CF.
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Duties of Care for Genetic Counseling

Once a decision is made to offer information
about tests for CF carrier screening---or to provide
the assay itself-at least three important issues arise:
what constitutes quality genetic counseling, confi-
dentiality of information, and compensation for
inadequate counseling or breach of confidentiality.

Components of Genetic Counseling. A genetics
professional must understand enough about the
patient’s health, his or her reproductive plans, and
available technologies so that an appropriate family
history can be obtained and necessary analyses
ordered. Less than this could give patients grounds
to complain of a false assurance of safety. More than
most aspects of medicine and counseling, genetic
counseling involves family issues and family mem-
bers. For a nonspecialist, it might be enough to
recognize the need for areferral.

Having elicited information and obtained test
results, the provider must communicate the results in
a meaningful way. Translating technically accurate
information into understandable information is diffi-
cult, but essential. Effective communication also
entails recognizing and understanding religious,
psychosocial, and ethnocultural issues important to
the client and his or her family. People interpret
genetic risk information in a highly personal manner
and can misperceive, misunderstand, or distort
information. For CF carrier screening, an important
aspect involves explaining the reproductive risks the
client faces and what the condition involves. Percep-
tions of relative risk significantly affect qualitative
decisions. Some consumers could mistake the assay’s
resolution and perceive that a negative result from
use of the latest DNA technology means no risk.

No standard for genetic counseling exists. Some
argue in favor of a standard based on what patients
would want to know (modeled after informed
consent requirements) because there is no freed
professional norm as an alternative, and because
adequacy of the information conveyed turns more on
the values of the patient being counseled than on
professiona norms. The prevailing approach in
genetic counseling, however, appears to be based on
areview of what most professionals do, rather than
what an individual patient wants.

Confidentiality. Genetics professionals with in-
formation on the carrier status of a patient are legaly
obligated to keep that information confidential

Photo credit: Beth Fine

Genetic counseling can help individuals and families
understand the implications of positive and negative test
outcomes.

except under a few, specific circumstances. At least
21 States explicitly protect patient information
pertaining to medical conditions and treatment; it is
also part of the case law in many States without
specific statutes. Offending physicians can have
their licenses revoked or be subject to other discipli-
nary action. Patients whose confidential records
have been revealed can also bring civil suit against
the physician or facility.

Not all genetic information, however, must re-
main confidential. A provider might wish to reveal
genetic information to interested third parties with-
out a patient’s permission. Health care professionals
are not legally liable or subject to disciplinary action
if avalid defense exists for releasing a patient’s
genetic or other medical information. With CF, the
professional might desire to inform a patient’s
relatives that they aso could be at higher than
average risk of conceiving a child with CF. If the
provider is persuaded that the relatives will not be
notified-after a patient has been advised to inform
relatives that they too could carry a CF mutation—
he or she might believe that breaching confidential-
ity would be appropriate.

The coming years will see a growing number of
situations where health professionals will need to
balance confidentiality of patients’ genetic informa-
tion against demands from relatives and other third
parties for access to that information. Overall, the
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risk to the third party from nondisclosure must be
balanced against the benefit of maintaining the
expected confidentiality of the provider-patient set-
ting. A provider contemplating disclosure to a
patient’s spouse must weigh the patient's own
confidentiality against a spouse’ sinterest in sharing
decisions concerning conception, abortion, or prepa-
ration for the birth of a child with extraordinary
medical needs.

Compensation for Negligent Genetic Counsel-
ing. Inadequate genetic counseling can result in a
number of outcomes. Patients might forego concep-
tion or terminate a pregnancy when correct informa-
tion would have reassured them. People might
choose to conceive children when they otherwise
would have practiced contraception, or they might
fail to investigate using donor gametes that are free
of the genetic trait they wish to avoid. Finally, they
might lose the opportunity to choose to terminate a

pregnancy.

The birth of a child with a genetic condition could
result in malpractice claims of wrongful birth or
wrongful life. For wrongful birth claims, most
jurisdictions allow compensation for negligent fail-
ure to inform or failure to provide correct informa-
tion in time for parents to either prevent conception
or decide about pregnancy termination. With regard
to CF, at least one court has ruled that parents may
collect the extra medical costs associated with
managing the condition. In this case, the couple
maintained they would have avoided conceiving a
second child had their physicians accurately diag-
nosed CF in their first child and thus identified each
parent as a CF carrier. In wrongful life claims, the
child asserts he or she was harmed by the failure to
give the parents an opportunity to avoid conception
or birth. Most U.S. courts have been reluctant to
allow damages because they have been uncomforta-
ble concluding that a child has been harmed by
living with severe disabilities when the only aterna-
tive is never to have been born,

Practitioners who provide inadequate genetic
counseling, including fading to recommend needed
tests, might be subject to sanctions-horn a repri-
mand to license revocation—by a regulatory body or
a professional society. M.D.-geneticists, as physi-
cians, are formaly licensed by States. Ph. D.-
geneticists and master 's-level genetic counselors are

not licensed by States, but until 1992 have been
certified (along with physicians) by the American
Board of Medical Genetics (ABMG). The continued
certification of master’ s-level counselors by ABMG
beyond 1992 is uncertain.

CYSTIC FIBROSIS

Could my child have this disease’

A new test can give you the answer.

Should I have this test’

| TS YOUR
CHOI CE

Photo credit: Peter T. Rowley,
University of Rochester School of Medicine

Educational materials, such as this pamphlet developed at
the University of Rochester School of Medicine, Rochester,
NY, can be useful for pretest education.
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Public Education

Both the way in which a provider communicates
information about potential risk to the client (or risk
to potential offspring) and the implications of the
condition and prognosis influence a client’ s percep-
tion of the information. A person’s subjective frame
of reference, familiarity with genetics, and ability to
understand statistical implications of genetic risks
are also important.

Risk perception is always a more important
determinant of decisionrnaking than actual risk.
When confronting the risk of genetic disease in their
offspring, and in making reproductive decisions,
people tend to place greater weight on their ability
to cope with a child with a disability or afatal disease
than on precise numerical risks. One study revealed
that regardless of actual risk, parents overwhelm-
ingly see situations as O or 100 percent-it will or
will not happen—when they believe they cannot
cope with the situation.

In addition to subjective factors that influence the
interpretation of risk, most individuals have diffi-
culty understanding risk in arithmetic terms, yet
comprehending probabilities affects people’s under-
standing of information provided by genetic tests.
One study of predominantly Caucasian, middlie-
class women in Maryland found more than 20
percent thought that “1 out of 1,000 meant 10
percent, and 6 percent of respondents thought it
meant greater than 10 percent. A 1991 nationa
survey of public attitudes toward genetic tests
reveals that belief in the accuracy of the technology
is one of the strongest predictors of favorable
attitudes toward genetic tests; that same survey of
1,006 Americans found that less than half were able
to answer correctly four of five technical questions
regarding genetic tests.

The need for better scientfic literacy has been a
topic of wide discussion in recent years, and
mechanisms to achieve this goa apply equaly to
genetics education. Increased public education in
genetics would benefit individuals perceptions and
understanding about genetic test results—likely
reducing time needed for individual counseling,

Public education programs targeted to genetic
diseases have been nearly nonexistent since those

established under the National Genetic Diseases Act
were phased out in 1981. The National Science
Foundation (NSF) has supported teacher training
programs in genetics for school teachers in Kansas,
for example, but no NSF-funded, national effort
exists. Teachers who participated in the Kansas
program subsequently increased time devoted to
genetics instruction at the high-school level by
three-fold. Instruction in elementary schools in-
creased 22-fold. More recently, the U.S. Department
of Energy (DOE) began funding a 3-year project to
prepare 50 selected science teachers per year to
become State resource teachers.

Public education can go a long way toward
preparing individuals for the decision of whether and
when to be screened. Positive and negative experi-
ences with large-scale Tay-Sachs, sickle cell, and
aand [3-thalassemia carrier screening programs—
in the United States and abroad-demonstrate the
value and importance of pretest community educa-
tion.

Professional Training and Education

Many types of health professionals perform ge-
netic counseling: physicians, Ph.D. clinical geneti-
cists, genetic counselorsnurses, and social work-
ers. Critics of widespread CF carrier screening
guestion whether the present genetics counseling
system in the United States can handle the swell of
cases if CF carrier screening becomes routine.

Currently, about 1,000 master’ s-level genetic
counselors practice in the United States. An addi-
tional 100 nurse geneticists provide similar services.
The ABMG has certified 630 professionals in
genetic counseling, including master’ s-level genetic
counselors, nurses, and M.D. and Ph.D. geneticists.
If genetic counseling for CF carrier screening were
to fal only to board-certfiled professionals, the
available number of professionals might be short of
what is needed. OTA’ s survey of genetic counselors
and nurses in genetics aso indicates that respon-
dents believe routine CF carrier screening will strain
the present genetic services delivery system. Re-
spondents estimated that, on average, 1 hour would
be needed to obtain a three-generational family
history and to discuss CF carrier screening and
genetic risks.

6&@ QTA Uses the term * ‘genetic counselor’ g spegifically describe master’ s-level individuals certified by the ABMG (or board-eligible)
because legal ditinctions in licensing and reimbursement for services exist anong the different types of professionals who perform genetic counseling.
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Skeptics of a persomel shortage assert that
counseling about CF carrier assaysis likely to take
place in the general obstetric/prenatal context, how-
ever, and they believe 1 hour exaggerates the amount
of time that suffices for all prenatal tests, let aone
only CF carrier screening. Furthermore, counseling
related to CF carrier screening is likely to extend
beyond board-certified individuals to include other
physicians and allied health professionals. For
example, an unknown number of social workers,
psychologists, and other public health professionals
perform genetic counseling, often to minority and
underserved populations.

ultimately, the issue of adequate services and
professional capacity could turn on the extent to
which patients receive genetic services through
specialized clinical settings, asthey largely do now,
versus access through primary care, community
health, and public health settings. Overall, OTA
cannot conclude whether increased numbers of
genetic specialists are necessary-arguments exist
pro and con. One finding is clear: Increased genetics
education for all health care professionalsis desira-
ble. Routine carrier screening for CF—and tests yet
to be developed for other genetic conditions—will
require adequate training and education of individu-
asin the broader health care delivery system.

Increasing professional education in genetics will
not be an easy task. The average 4-year medical
school curriculum includes 21.6 hours of genetics
instruction. Fifteen master’ s-level programs in ge-
netic counseling exist, producing approximately 75
graduates per year. Of 200 U.S. universities that
offer graduate nursing degrees, only 4 offer pro-
grams providing a master’ s-level genetics mgjor.
Only 9 of nearly 100 accredited social work graduate
programs in the United States offer special courses
on genetic topics. Few schools of public health offer
genetics as part of their curriculum; none requires it.

Federal support for genetic services, education,
and training has changed dramatically since 1981.
Prior to 1981, genetics programs applied through
their State for Federal funds under the National
Genetic Diseases Act (Public Law 94-278). With
creation of the Maternal and Child Health (MCH)
Block Grant (Public Law 97-35), State genetic
services now compete with other maternal and child

health initiatives (box I-H). Additionally, Federal
spending on demonstration projects for service
delivery, training, and education has declined after
adjustment for inflation. Training support for master 's-
level genetic counselors is minimal. The U.S.
Department of Health and Human Services (DHHS)
provides no fmancial support for training genetic
counselors or for improving genetics education in
medical schools. Through support to the Council of
Regional Networks for Genetic Services (CORN),
DHHS provides funds for some continuing profes-
siona genetics education programs for physicians,
but not for other genetics professionals.

Financing

Health insurance in the United States is not
monolithic. U.S. health care financing, which to-
taled more than $800 billion in 1991, is a mixture of
public and private funds. Federal financing includes
Medicare, Medicaid, and the Civilian Health and
Medical Program of the Uniformed Services (CHAM-
PUS). Private funding mechanisms include self-
funded plans, commercia health insurance plans,
Blue Cross and Blue Shield (BC/BS) plans, health
maintenance organizations (HMOs), self-pay, and
nonreimbursed institutional funding. State high-risk
pools—generally using public and private monies-
are also an option in some States for people who
cannot obtain private health insurance. Rules and
regulations governing each sector vary. Thus,
separating how the current financing paradigm
might affect CF carrier screening-and vice versa—
is difficult.

For the majority of Americans, access to health
care, and the health insurance that makes such access
possible, is provided through the private sector.
Some acquire health insurance on their own through
individual policies; 10 to 15 percent of people with
health insurance have this type of coverage. Of
group policies, about 15 percent have some medical
underwriting —i.e., medical and genetic information
are used to determine eligibility and premiums for
health insurance. A large majority of insured indi-
viduals and their family members—1 63 million of
the 214 million with health care coverage-obtain
coverage via employer-offered large group policies
with no medical underwriting. The employer, in

"Benefit packages offered by the different providers vary, as do laws goverrung them. Except for self-funded company health insurance plans, State
laws govern both group and individual private health insurance. Thus, a patchwork of laws and regulations oversees commercial insurers. Laws and
regulations for commercial insurers differ from those for BC/BS plans. HMOS are regulated by States, with some Federal guidance.
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Box |-H-Genetic Services. Federal-State Partnership

Funding for genetic services derives from a medley of Federal and State sources, and varies greatly from State
to State. During the 1970s, genetic services enjoyed substantial Federa funding, in part through congressional mandate.
The Omnibus Budget Reconciliation Act of 1981 (Public Law 97-35), however, led to the consolidation of genetic
services funding-along with seven other programs-into the Maternal and Child Health (MCH) Block Grant. Overal,
funding for materna and child health services was cut, and the responsibility for distributing the monies and for
providing services was passed to the States, which also had to begin using $3 of State funds for every $4 of Federal
money received. Prior to the block grant, no matching funds were required.

Under provisions of the MCH block grant, 85 percent of funds go directly to the States for materna and child
health services. States must decide how to alocate the funds among a number of areas, such as general prenatal care,
infant nutritional supplementation, and other maternal and child health needs. MCH funds may be used for hedth care
services, education, and adminiStration. In fiscal year 1990, less than 2 percent of MCH funds were used by States to
support genetic services other than newborn screening.

In general, MCH funds account for a small portion of State genetic services. Under terms defined by the block
grant, each State decides whether or how much money to designate for genetic services. In 1990,34 States used MCH
funds to support some aspect of general genetic services other than newborn screening, including nonpatient-related
activities such as administration and planning. In the majority of States, however, MCH funds accounted for less than
25 percent of fiscal year 1990 finding for genetic services. In fiscal- year 1990, MCH finding for genetic services other
than newborn screening totalled approximately $8 million; State funding accounted for approximately $22 million.

Fifteen percent of the MCH block grant is administered as direct grants for Special Projects of Regional and
Nationa Significance (SPRANS). SPRANS monies are grants for specific projects and are not given to each State.
SPWS provides seed money for demonstration, or pilot, projects in a number of areas. After the demonstration
period ends, usualy in 3 years, aternative funding must be found.

In fiscal year 1990, genetic services received about 9 percent of all SPRANS funds. When adjusted for inflation,
however, constant dollar funding for genetic services under SPRANS has decreased almost every year since the block
grant’sinception. Moreover, SPRANS support of genetic services has decreased from about 90 percent of the SPRANS
genetic services budget in 1981 to approximately 66 percent in 1991. Initialy, most of the SPRANS genetic services
budget established statewide genetics programs, with each State receiving seed money for at least 4 years. The last State
received funding in 1990. Other areas of genetic services delivery receiving SPRANS support include ethnocultural
projects to increase utilization of genetic services by underserved populations; psychosocial studies; and support
groups for young adults and families. In fiscal year 1990, 16 States used approximately $4 million from SPRANS
grants to support demonstration projects in clinical genetic services other than newborn screening. In fiscal year 1990,
just over one-third of SPRANS' genetic services budget went to the regiona networks and the Council of Regiona
Networks for Genetic Services (CORN). CORN and the regional networks-comprised of genetic service providers,
public health personnel, and consumers-serve as resources for communication and coordinate data collection and
quality assurance, but do not provide direct services to patients.

In addition to block grant and SPRANS awards, States also fund genetic services from other sources. In fisca year
1990, at least 26 States derived $46 million in genetic services funding exclusive of newborn screening from provider
in-kind and service charges, third-party reimbursement, grants, contracts, newborn screening fees, health insurance
surcharges, and mental heath/mental retardation funds. For some States, such funding accounts for most of their
genetic services funding. For example, newborn screening fees generated 93 percent of genetic services funding in
Colorado and 86 percent in Michigan in fiscal year 1990. Similarly, prenatal screening service fees accounted for more
than 83 percent of the genetic services budget in California in fiscal year 1990.

All States, the District of Columbia, and Puerto Rico coordinate genetic services statewide; nearly half
experienced a decrease in funding for genetic services from fiscal years 1988 throu?h 1991. Individual State genetic
service programs face yearly uncertainty about how much-if any—funding they will receive, which makes planning
difficult. As general knowledge and public awareness about genetic diseases continues to emerge out of the Human
Genome Project, uncertainty in genetic services funding will be increasingly problematic.

SOURCE: Office of Technolg%y Assessent, 1992 based on E, Dufl{/\{ Genetic  Services Branch, Maternal and Child Health Bureau U.S.
Department of Health and Human Services, Rockville, MD, penonal communication February 1992; and F.J. Meaney, “CORN
Renort on Funding of State Genetic Services Programs in the United States, 1990," contract document prepared for the U.S. Congress,
Office of Technology Assessment April 1992.
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turn, contracts with a commercial insurer, a BC/BS
plan, an HMO, or is self-funded.

Self-funded hedlth insurance plans are group
policies that merit specific discussion, since they are
creatures of Federal, not State, law. Since enactment
of the Employee Retirement Income Security Act of
1974 (ERISA; 29 U.S.C. 1131 et seq.), many
companies find self-finding beneficial because their
employee benefit plans are not subject to State
insurance regulation. With an ERISA plan, the
employer directly assumes most or all of the
financial liability for the health care expenses of its
employees, rather than paying premiums to other
third-party payers to assume that risk. Self-funded
companies enjoy considerable latitude in designing
employee coverage standards. Today, about 53
percent of the employment-based group market is
self-funded, and therefore unregulated by the States.

In large measure, the number of people who opt
to be screened could hinge on who pays, or will pay,
for the cost of CF mutation analyses-the individual
or a third-party payor. As mentioned previously,
some physicians report that reluctance to undertake
CF carrier screening seems to stem from the test's
cost. Physicians seeing patients who rely on health
insurance to cover part of their expenses usually
inform them that their coverage probably precludes
reimbursement for CF mutation analysis without a
family history of CF,’and so if they opt to be
screened, they will likely need to self-pay. For
laboratories that perform genetic tests, the issue of
reimbursement also might be crucial to the ultimate
volume of future businessin this area.

Private Sector Reimbursement

Health insurance industry representatives assert
that most companies will not pay for tests they
consider screening assays. Thus, reimbursement for
CF carrier testsin the absence of family history will
likely remain on a self-pay basis unless they become

part of routine pregnancy care-again, as happened
for MSAFP screening.

OTA’s 1991 survey of commercial insurers,
BC/BS plans, and HMOs’confirms these policies
for individual contracts or medically underwritten
groups. OTA found carrier tests for CF, Tay-Sachs,
and sickle cell would not be covered by 12 of 29
commercial insurers offering individual coverage
for any reason-screening or family history. No
company offering individual insurance or medicaly
underwritten policies would cover CF carrier analy-
sisif a patient requested it, but had no family history.
If there is a family history, most companies would
pay for carrier tests. Similar results were found for
BC/BS plans and HMOs, athough a few BC/BS
plans and a few HMOs reported they would cover
carrier tests performed for screening purposes.

As mentioned earlier, initial carrier screening for
CF will likely take place in the context of obstetric/
prenatal care. For all three respondent populations,
prenatal screening tests for CF generally are not
covered without a family history, although more
would cover prenatal tests solely at patient request
(without family history) than cover general carrier
screening. Some respondents covered no prenatal
tests.

Respondents were asked to indicate whether they
agreed or disagreed with the following scenario:

Through prior genetic testing, the husband is
known to be a carrier for CF. Before having children,
the wife seeks genetic testing for CF. The insurance
company declines to pay for the testing, since there
is no history of CF in her family.

For commercial insurers who write either individ-
ual policies or medically underwrite group policies,
or both, 21 medical directors (41 percent) agreed
strongly or somewhat with this scenario; 28 respon-
dents (47 percent) disagreed somewhat or disagreed
strongly. In part, these results reflect OTA’s survey

*Under the present health care system and current reimbursement policies by insurers, the reality is that the opportunity to be screened depends on
the ability to self-pay (except for Medicaid). Thus, questions of access to CF carrier tests and genetic services arise. However, the issue of access to CF
carrier screening is no different-and inextricably linked-to the broad issue of health care access in the United States, a topic beyond the scope of this

report.

Some contend that until the issue of accessis resolved, widespread carrier screening should not proceed. On the other hand, others argue that inequitable
access is true for health care in the United States, generally. Supporters of carrier screening for F question why access to genetic tests and services should
be held to a higher standard. In this report, OTA analyzes the issue in the context of today’s health care system, but points out that for some opponents
of routine CF carrier screening, nonuniversal accessis an a prior'reason for why CF carrier screening should not proceed.

9 OTA’s survey of health insurers does not measure actual practice, unless otherwise specifically indicated. The information presented here should
not be interpreted to represent numbers or percentages of entities who actually have dealt with these issues. Health insurers who write individua policies
or medically underwritten groups were asked to speculate how they would treat certain conditions or scenarios presented (currently or in the future,
depending on the question), not whether they, in fact, had made such decisions.
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finding that several respondents would not cover any
carrier tests, even when medicaly indicated by a
family history. On the other hand, not all respon-
dents who agreed with the scenario represented these
companies. These individuas appeared not to under-
stand that the situation was not a case of CF carrier
screening, but one of testing to ascertain the couple’'s
risk of conceiving an affected fetus in light of the
male's family history.

OTA also found variation in how genetic counsel-
ing is covered by commercial insurers, BC/BS plans,
and HMOs that offer individual policies or medi-
cally underwritten group coverage. OTA’s survey of
genetic counselors and nurse geneticists confirms
these results: Reimbursement for genetic counseling
by these professionals is more likely when a family
history exists.

Finally, as stated earlier, most people obtain
health care coverage through group policies. Deter-
mining how these thousands of policies would
reimburse for CF carrier screening was not possible
for this report. Nevertheless, information gathered
informally indicates group policy coverage is un-
likely to differ significantly from OTA’s survey
results-i. e.,, most policies will not cover CF carrier
assays unless there is a family history. The Federa
Office of Personnel Management, which oversees
Federal employee health benefits, has denied reim-
bursement for preconception CF carrier screening
because it views it as preventive, not therapeutic. On
the other hand, one private institute’s experience
with reimbursement to clients for elective fetal CF
carrier screening paints a different picture. In a small
survey of clients, 16 of 27 reported they had been
reimbursed for their tests. Eleven had been reim-
bursed fully-by either commercial insurers or
BC/BS plans-and five had been partialy reim-
bursed. It is likely that reimbursement occurs more
frequently in this population than might be expected
from OTA’s survey because it occurs in the context
of pregnancy management, not preconception.

Public Sector Reimbursement

Although access to CF carrier tests will largely
depend on ability to pay because most private
insurance does not cover them-at least to the extent
that individual policies reflect group polices-some
individuals will be Medicaid eligible. Reimbursem-
ent for their assays would be partially covered by
this State-Federal partnership. In 1991, OTA sur-
veyed directors of State Medicaid programs and

Table 1-4-Medicaid Reimbursement for
Genetic Procedures®

Not Individual
Covered Covered consideration Unknown

Amniocentesis. . . .. .. 45 0 1 0
Chorionic villus

sampling. . .. ..... 31 10 4 1
Ultrasound. . ... ..... 44 0 2 0
Maternal serum alpha-

fetoprotein test. . . . . 44 0 2 0
DNAanalysis. . . ... .. 26 6 6 8
Chromosome

analysis. . . ....... 41 1 4 0
Genetic counseling. .. 11 19 2 3

‘Based on the responses of 45 states and the District of Columbia to a 1991

OTA survey of Medicaid programs.
*Elevenother States cover genetic counseling only as apart of office visits.

SOURCE: Office of Technology Assessment, 1992.

found State to State variation in both the types of
genetics and pregnancy-related services covered
(table 1-4) and the amounts reimbursed to providers
for those services. Some States do not cover certain
services at all. For al States and services, the dollars
reimbursed fal short of the procedures actua
charges.

Stigmatization, Classification, and
Discrimination

Concern is expressed that CF carrier screening
might be sought or offered despite an uncertain
potential for discrimination or stigmatization by
other individuals or ingtitutions (e.g., employers and
insurers). Stigmatization of, or discrimination againgt,
persons with certain diseases is not unique to
illnesses with genetic origins. Yet as the number and
scope of predictive genetic tests increase, so does
concern about how perceptions of and behavior
towards carriers (or individuals identified with
predispositions) will develop.

Stigmatization and Carrier Status

While arelationship exists between a characteris-
tic’s visibility and the amount of stigma it induces,
invisible characteristics (e.g., carrier status) are also
stigmatized. Stigmatization of CF carriers will
probably focus on the notion that it is irresponsible
for people who are at genetic risk to knowingly
transmit a condition to their children (box I-I). A
1990 national survey of Americans reported 39
percent said “every woman who is pregnant should
be tested to determine if the baby has any serious
genetic defects. ” Twenty-two percent responded
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Box 1-1—Bree Walker Lampley and Preventing Versus Allowing Genetic Disability

In July 1991, Los Angeles radio talk show host Jane Norris launched a firestorm of controversy when she
solicited listener comments on Los Angeles television anchorwoman Walker Lampley’s pregnancy. Making
her disapproval clear, Norris said:

We're going to talk about awoman in the newsand | mean that literally. She's a very beautiful, very pregnant
news anchor, and Bree Walker aso has a very disfiguring disease. It's called syndactyly [sic] and the disease is very
possibly going to be passed aong to the child that she’s about to have. And our discussion this evening will be, is
that a fair thing to do? Isit fair to pass along a genetically disfiguring disease to your child?

Bree Walker Larnpley has ectrodactyly, a genetic condition manifest as the absence of one or more fingers or
toes. It is an autosoma dominant disorder hence her potential offspring have a 50-50 chance of inheriting
ectrodactyly. Noris' show highlighted the public tension that exists over attitudes toward preventing genetic
disability, illness, and disease.

Some listeners agreed with Norris' opinion against knowingly conceiving a child who would be at 1 in 2 risk
of “this deformity-webbed hands. . . .* One caller stated she would “rather not be alive than have a disease like
that when it's a 50-50 chance. ” Other callers compared her comments to racism and eugenic genocide: “. . this
tone of yours that just kind of smacks of eugenics and selective breeding. . . . Are you going to talk in the next hour
about whether poor women should have kids?’

The opinions offered illustrate the concern over the potential for discrimination or stigmatization as personal
knowledge of one's genetic makeup increases. Shortly after the program aired, one disability rights activist pointed
out that the radio show reminded her of her discomfort with the Human Genome Project.

On August 28, 1991, Bree Walker Lampley delivered a healthy baby boy, who has ectrodactyly. In October
1991, arguing that a biased presentation with erroneous information was broadcast, Walker Lampley was joined by
her husband, severa groups, and other individuals in filing a complaint with the Federal Communications
Commission (FCC). Norris and the radio station stand by their right to raise the issue and “have no regrets.” The
FCC rejected Walker Lampley’s complaint in February 1992, and no appeal is planned.

source: Offlce of Technology Assessment, 1992, based unassociated Press, “ FCC Rejeets Anehorwoman's Complaint Over Call-In Radio
Show,” Feb. 14, 1992; J. Mathews, The Debate Over Her Baby: Bree Walker Lamgley Has a Deformity. Some People Thi.nk She
Shouldn’t Have Kids," Washington Post, Cct . 20, 1991; and J. Seligrnann “Whose Baby Is It, Anyway?, ' Newsweek, Oct. 28,1991,

that regardless of what they would want for them-
selves, ‘‘a woman should have an abortion if the
baby has a serious genetic defect. ” Nearly 10
percent believed laws should require a woman to
have an abortion rather than have the government
help pay for the child’s care if the parents are paoor.

Few empirical studies have exarnined stigmatiza-
tion of CF carriers directly, but relevant research
funded through the NIH/DOE EL S| Programs of the
Human Genome Project is under way. One study in
Montreal, Canada, reports carriers generaly ex-
pressed positive views about their newly determined
carrier status (screening for DF508 only). Most (68
percent) would want their partner tested, and 60
percent said if the partner were a carrier, it would not
affect the relationship. Existing research on genetic
carriers and stigmatization, generally for Tay-Sachs
or sickle cell, have some bearing on carrier screening
for CF---chiefly that public education is crucia to
overcoming stigmatization.

How CF—as a condition—is viewed by Ameri-
cans will affect perceptions and potential reproduc-
tive stigma of CF carriers. Of prime importanceis a
commitment to nondirective genetic counseling to
reduce perceived biases so individuals can make
informed choices about bearing children with CF.
Such a professional commitment coupled with
increased public awareness and education about CF
carrier screening could reduce potential problems of
stigmatization of CF carriers, as well as stigmatiza-
tion for other disorders as genetic screening evolves
through the 1990s and beyond.

Health Care Coverage Access

One of the most frequently expressed concerns
about CF carrier screening specifically, and genetic
tests generally, isthe effect they will have on health
care access and risk classfication in the United
States. Consumers fear being excluded from health
care coverage due to genetic and other factors. Such
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Photo credit: American Philosophical Society

Eugenics Building, Kansas Free Fair, 1929.

fears persist despite the fact that most contracts for
individual health insurance coverage preclude blan-
ket nonrenewal. Similarly, an insurer cannot raise
rates for an individual who has been continuously
covered if the person develops a new condition. Of
special import to small group policies is that it is
legal for an insurer not to renew a group contract, or
to renew with a steep premium increase, based on the
results of one individua’s genetic, or other medicdl,
test. Group policies are rarely guaranteed renewable,
and most people in the United States are covered by
group policies. Many group policies have preex-
isting condition clauses that preclude, for some
period of time, reimbursement for expenses related
to health conditions present on the policy’s effective
date.

One nationwide survey revealed 3 in 10 Ameri-
cans say they or someone in their household have
stayed in a job they wanted to leave mainly to
preserve health care coverage. A 1989 OTA survey
of Fortune 500 companies and a random sample of
businesses with at least 1,000 employees found 11
percent of respondents assessed the health insurance
risk of job applicants on a routine basis; another 25
percent assessed health risks sometimes. Nine per-
cent of these respondents also took into account
dependents’ potential expenses when considering an
individual’s application. Forty-two percent of re-
spondents said the health insurance risk of a job
applicant reduced the likelihood of an otherwise
healthy, able job applicant being hired.
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Figure |-l O-Genetic Conditions as Preexisting
Conditions: Health Insurers’ Attitudes®
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Figure I-n-Carrier Status as a Preexisting
‘Condition: Health Insurers’ Attitudes®
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Figure 1-1 2-Genetic Information as Medical
Information: Health Insurers’ Attitudes®
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OTA found the majority of respondents to its
health insurers’ survey ‘‘agree strongly’ or “agree
somewhat’ that illnesses with genetic bases, such as
CF or Huntington disease, are preexisting conditions
(figure 1-10). Thus, insurers would exclude reim-
bursement for such conditions for a period of time if
the person could obtain individual or medically
underwritten insurance at al. More surprising, since
carriers have no symptoms of the disorder, is the
finding that respondents, collectively, are nearly
evenly split on whether carrier status+. g., for CF
or Tay-Sachs—is a preexisting condition (figure
1-11).

OTA’ssurvey also revealed that genetic informa-
tion is, for the most part, viewed no differently than
other types of medical information (figure 1-12).
Personal and family medical histories were the most
important factors in determiningg insurability, ac-
cording to survey respondents. OTA found medical
directors and underwriters felt less strongly about
“genetic predisposition to significant conditions’
as a facet of insurability than they did about medical
history. Of significance to CF carrier screening, a
minority of all types of insurers found carrier risk
““very important’ or ‘‘important’ to insurability.
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Twenty-four percent (7 respondents) of medical
directors at commercial insurers writing individual
policies said “carrier risk for genetic disease” was
“very important” or “important’ to insurability; 18
percent (2 respondents) of HMOs responded simi-
larly, as did 8 percent (2 respondents) of BC/BS
chief underwriters.

Although an insurer might consider carrier status
important to evaluating an application, carrier status
does not appear to trandate into difficulties for
applicants in ultimately obtaining health care cover-
age from OTA’s survey respondents. Ninety-three
percent of respondents from commercia insurers
and all HMOs offering individual coverage would
accept the person with standard rates if the applicant
was asymptomatic but had a family history of CF.
For BC/BS plans, however, 55 percent would accept
at standard rates, 21 percent would accept at the
standard rate with an exclusion waiver, and 7 percent
would decline to cover the CF carrier. For those who
responded they would accept with an exclusion
waiver or decline to cover, reluctance to offer
standard insurance might stem from not wanting to
pay for possible children or from a misunderstanding
of the meaning of CF carrier status.

Overall, OTA’s survey reveals genetic informa-
tion is not viewed as a specia type of information.
In making decisions on insurability and rating based
on genetics, what seems important is the particular
condition (e.g., CF disease, diabetes, sickle cell
anemia), not that the condition is genetically based.
The increased availability of genetic information,
however, adds to the amount of medical information
that insurers can use for underwriting. The availabil-
ity of this additional information leads to concern
that risk assessments will become so accurate on an

individual level asto undermine the risk-spreading
function of insurance. This, of course, would have
profound societal implications.

Perspectives on the Future Use of Genetic Tests
by Health Insurers

Commercial insurers, HMOs, and BC/BS plans
already use genetic information in making decisions
about individual policies or medically underwritten
groups. People seeking either of these types of
coverage revea such information as part of the
battery of questions to which applicants respond in
personal and family history inquiries. OTA is
unaware of any insurer who underwrites individual
or medically underwritten groups and requires
carrier or presymptomatic tests-e. g., for Hunting-
ton or adult polycystic kidney diseases. Even a
decade from now, OTA’s survey data indicate the
vast mgjority of respondents do not expect to require
genetic tests of applicants who have a family history
of serious genetic conditions, nor do they anticipate
requiring carrier assays even if a family history
exists (table 1-5).

Health insurers do not need genetic tests to find
out genetic information. It isless expensive to ask a
guestion or request medical records. Thus, whether
genetic information is available to health insurers
hinges on whether individuals who seek personal
policies or are part of medically underwritten groups
become aware of their genetic status because of
general family history, because they have sought a
genetic test because of family history, or because
they have been screened in some other context.

OTA'’s survey reveals hedlth insurers are con-
cerned about the potential for negative financial
consequences if genetic information is available to

Table 1-5-Projected Use of Genetic Information by Insurers in 5 and 10 Years

Very Somewhat Somewhat Very

Respondent likely likely unlikely unlikely No response®
How likely do you think it is that your
company/HMO will in the next 5 years:
Use information derived Commercials 7 (14%) 12 (24%) 16 (31%) 16 (31%) 0 ( 0%)
from genetic tests for HMOs 1( 4%) 5 (22%) 9 (26%) 6 (26%) 2( 9%)
underwriting? BC/BS plans 3 (10%) 8 (28%) 10 (34%) 6 (21%) 2( 7%)
In the next 10 years:
Use information derived Commercials 12 (24%) 20 (39%) 11 (22%) 7 (14%) 1( 2%)
from genetic tests for HMOs 3 (13%) 6 (26%) 8 (35%) 3 (13%) 3 (13%)
underwriting? BC/BS plans 5 (17%) 13 (45%) 3 (10%) 6 (21%) 2( 7%)

8 Percentages may not add to?OO due to rounding.
SOURCE: Office of Technology Assessment, 1992,



Chapter 1---Summary, Policy Issues, and Congressional Options « 33

the consumer, but not them. Thirty-four medical
directors (67 percent) from commercia insurers said
they “agree strongly” or “agree somewhat” with
the statement that * ‘it's fair for insurers to use
genetic tests to identify individuals with increased
risk of disease. ' Thirty-eight respondents (74 per-
cent) from commercial insurers agreed strongly or
somewhat that an insurer should have the option of
determining how to use genetic information in
determining risks.” *

Access to Health Insurance After Genetic Tests

Existing information about how genetic test
results currently affect individuals health care
coverage is largely anecdotal. One case from the
Baylor College of Medicine (Houston, TX) illus-
trates why concern is expressed about health insur-
ance and genetic screening and testing:

A couplein their 30s has a 6-year-old son with CF.
Prenatal diagnostic studies of the current pregnancy
indicate the fetus is affected. The couple decides to
continue the pregnancy. The HMO indicated it
should have no financial responsibility for the
prenatal testing and that the family could be dropped
from coverage if the mother did not terminate the
pregnancy. The HMO felt this to be appropriate since
the parents had requested and utilized prenatal
diagnosis ostensibly to avoid a second affected child.
After a social worker for the family spoke with the
local director of the HMO, the company rapidly
reversed its position.

Consumers and patient advocates maintain such
situations represent the tip of an iceberg. They assert
individuals who avail themselves of genetic tests
subsequently have difficulty obtaining or retaining
health insurance. Health insurance industry officials
argue to the contrary. If the problem was prevalent,
they assert, ample court cases could be cited because
patients and their attorneys would not be passive
recipients of decisions such as that just described.

To explore this issue, OTA asked third parties—
nurses in genetics and genetic counselors-for their
experiences. In 1991, at least 50 genetic counselors
or nurses in clinical practice (14 percent of survey
respondents) reported knowledge of 68 instances of
patients who experienced difficulty with health
insurance due to genetic tests (table 1-6).”

It is important to note that most cases described in
table 1-6 do not involve recessive disorders and
carrier screening for conditions like CF, but involve
situations in which genetic test results appear to have
been treated the same as adverse test results for
nongenetic conditions. Access to health care cover-
age for CF carriers presumably should not be an
issue because CF carriers have no symptoms of the
disorder, although OTA’s survey of health insurers
indicates otherwise in a small fraction of cases. For
genetic testing or screening to detect genetic illness
(or the potential for illness), however, the possibili-
ties for problems are aready unfolding.

The OTA data permit neither extrapolation about
the actual number of cases that have occurred in the
United States, nor speculation about trends. An
estimated 110,600 individuals were seen in 1990 by
the genetic counselors and nurses responding to
OTA’s survey, but OTA did not advise respondents
to limit descriptions of clients' insurance difficulties
to 1990; it is unlikely that al reported cases occurred
in 1990.

The Americans With Disabilities Act of 1990 and
Genetics

In 1990, Congress enacted the Americans With
Disabilities Act (ADA; Public Law 101-336), a
comprehensive civil rights bill to prohibit discrimin-
ation against individuals with disabilities. The
ADA encompasses private sector employment, pub-
lic services, public accommodations, and telecom-
munications. It does not preempt State or local
disability statutes.

Under the ADA, a person with a disability
includes someone who has a ‘‘record” of or is
““regarded’ as having a disability, even if no actual
incapacity currently exists. A “record’ of disability
means the person has a history of impairment. This
provision protects those who have recovered from a
disability that previously impaired their life activi-
ties (e.g., people recovered from diseases such as
cancer who might still face discrimination based on
misunderstanding, prejudice, or irrationa fear).
Additionally, individuals regarded as having disa-
bilities include those who, with or without an
impairment, do not have limitations in their major
life functions, yet are treated as if they did have such

10 OTA does not judge the validity—positively or negatively—of the claims. Some cases might have been settled in favor of the individual because
the initial judgment was deemed improper or illegal. Others mi%ht have been cases where an applicant attempted to select against an insurer by

misrepresenting his or her health history, which would have

een resolved against the individual.
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Table 1-6-Case Descriptions of Genetic Testing and Health Insurance Problems®

Positive test for adult polycystic kidney disease resulted in canceled policy or increased rate for company of newly diagnosed individual.
Positive test for Huntington disease resulted in canceled policy or being denied coverage through a health maintena organization.
Positive test for neurofibromatosis resulted in canceled policy.

Positive test for Marfan syndrome resulted in canceled policy.

Positive test for Down syndrome resulted in canceled policy or increased rate.
Positive test for alpha-1 -antitrypsin defined as preexisting condition; therapy related to rendition not covered.

Positive test for Fabry disease resulted in canceled policy.

Woman with balanced translocation excluded from future maternity coverage.

Positive Fragile X carrier status and subsequent job change resulted in no coverage.

After prenatal diagnosis of hemophilia-affected fetus, coverage denied due to preexisting condition clause.

Denied coverage or encountered diffculty retaining coverage after birth of infant with phenylketonuria.

Woman diagnosed with Turner's syndrome denied coverage for cardiac status based on karyotype. Normal electrocardiogram failed to

satisfy company.

Family with previous Meckel-Gruber fetus denied coverage in subsequent applications despite using prenatal diagnosis and therapeutic

abortion.

Mother tested positive as carrier for severe hemophilia. Prenatal diagnosis revealed affected boy; not covered as preexisting condition

when pregnancy carried to term.

After a test revealed that a woman was a balanced translocation carrier, she was initially denied coverage under spouse’s insurance
because of risk of unbalanced conception. Subsequently overturned.

Woman without prior knowledge that she was an obligate carrier for X-linked adrenoleukody strophy found out she was a carrier. She
had two sons, both of whom were healthy, but each at 50 percent risk. Testing was done so they could be put on an experimental
diet to prevent problems that can arise from mid- to late childhood or early adulthood. One boy tested positive. The family’s private
pay policy (Blue Cross/Blue Shield) is attempting to disqualify the family for failing to report the family history under preexisting

conditions.

After birth of child with CF, unable to insure unaffected siblings or themselves.

81991074 survey of genetic counselors and nurses in genetics. Not all cases, or multiple cases involving same disorder, listed.

SOURCE: Office of Technology Assessment, 1992.

limitations. This provision is particularly important
for individuals who are perceived to have stigmatic
conditions that are viewed negatively by society.

Examining genetics and the ADA from three
broad categories-genetic conditions, genetic pre-
disposition, and carrier status-sheds some light on
how the ADA might interface with CF carrier
screening and future genetic tests (figure 1-13).

Genetic Conditions. Disability is defined only
according to the degree of impairment and how

severely the disability interferes with life activities,
with no distinction between those with genetic
origins and those without. A genetic condition that
does not cause substantial impairment might not
constitute a disability, unless others treat the person
as disabled. Thus, significant cosmetic disfigure-
ments (e.g., from burns or neurofibromatosis) could
be classified as disabilities if public prejudices act to
limit the life opportunities of people who have them.
Congress and the courts have long recognized
disabilities of primary or partial genetic origin,

Figure I-13—Genetics and the Americans With Disabilities Act of 1990

Significant impairment

————> Covered

/ (e.g., muscular dystrophy)

CONDITIONS

\ Minor condition (e.g., polydactyly ———> Coverage unclear

--multiple fingers or toes)

PREDISPOSITIONS ———> Result in substantial inpairment ———> Coverage unclear
(e.g., Huntington disease or
adult polycystic kidney disease)

CARRIERS ——— > Asymptomatic

SOURCE: Office of Technology Assessment, 1992.

> Likely not covered
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including Down syndrome, CF, muscular dystrophy,
epilepsy, diabetes, and arthritis.

Genetic Predisposition. ADA judges disability
not just by an objective measure of inability to
perform tasks, but also subjectively by the degree to
which the public makes the condition disabling
through misunderstanding or prejudice. This latter
definition might apply to individuals who are
asymptomatic but predicted to develop disease in the
future-if the public perceives them as having a
disability because they might or will get ill. Some
argue the ADA’s legidative history indicates ge-
netic predisposition might be encompassed. One
Congressman stated during the 1990 debate over the
conference report that persons who are theoretically
at risk ‘“may not be discriminated against simply
because they may not be qualified for a job
sometime in the future. * On the other hand, no
further discussion on the issue occurred,

Carrier Status. Case law and the ADA’ s prohibi-
tion of discrimination generally hold that employ-
ment decisions must be based on reasonable medical
judgments that show the disability prevents the
individual from meeting legitimate performance
criteria, For carriers of recessive conditions such as
CF, sickle cell anemia, and Tay-Sachs, there is no
disability per se; the ADA appears not to cover
carriers, Such individuals are, however, at high risk
of having an affected child if their partners also carry
the trait and could be misunderstood to be affected
by the disease. Discrimination against carriers could
arguably constitute discrimination if based on a
perception of disability.

The Equal Employment Opportunity Commis-
sion (EEOC) Regulations. In 1991, EEOC promul-
gated regulations for implementing the ADA. The
regulations do not specifically prohibit discrimina-
tion against carriers or persons who are identified
presymptomatically for a late-onset genetic condi-
tion (e.g., adult polycystic kidney disease or Hunt-
ington disease)---despite the fact that the NIH/DOE
ELSI Working Group and the NIH/DOE Joint
Subcommittee on the Human Genome urged EEOC
to clearly protect these individuals. It its interpretive
guidance, EEOC notes “the definition of the term
‘impairment’ does not include characteristic predis-
position to illness or disease. ” From EEOC's
perspective, carriers are not encompassed by the
ADA’s provisions. With respect to individuals
diagnosed presymptomatically, EEOC concluded

that “such individuals are protected, either when
they develop a genetic disease that substantially
limits one or more of their major life activities, or
when an employer regards them as having a genetic
disease that substantially limits one or more of their
major life activities.

The Americans With Disabilities Act and Health
Insurance

The ADA aso might prohibit discrimination
based on an employer’s fear of future disability in an
applicant’ s family that would affect the individual’s
use of health insurance and time away from the job.
Nevertheless, the ADA does not speak to this point
directly, and so leaves open for future interpretation
whether employers may discriminate against carri-
ers who are perceived as more likely to incur extra
costs due to illnesses that might occur in their future
children. The ADA specifically does not restrict
insurers, health care providers, or other benefit plan
administrators from carrying out existing underwrit-
ing practices based on risk classification. Nor does
the ADA make clear whether employers may
question individuals about their marital or reproduc-
tive plans prior to offering employment or enroll-
ment in an insurance plan. Furthermore, after a
person is hired, ERISA-based, self-funded insurance
plans can alter benefits to exclude or limit coverage
for specific conditions; the ADA does not preempt
ERISA.

Quality Assurance of Clinical Laboratories
and DNA Test Kits

Quality assurance for CF carrier screening means
ensuring the safety and efficacy of the tests them-
selves, whether they are performed de novo in
clinical diagnostic laboratories or via test kits. The
quality of the laboratory’s performance affects the
quality of the counseling services. Ensuring that
consumers receive high-quality technical and pro-
fessional service is the responsibility of providers,
under the shared oversight of the Federal Gover-
nment, State and local governments, private entities
(including professional societies), and the courts.

The Clinical Laboratory Improvement
Amendments of 1988

Quality assurance to assess clinical laboratory
performance is still in flux, in large measure because
1967 legislation governing regulation of clinical
testing facilities was overhauled by Congress in
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1988 with enactment of the Clinical Laboratory
Improvement Amendments of 1988 (CLIA; Public
Law 100-578). CLIA subjects most clinica labora-
tories to an array of accrediting requirements:
gualifications for the laboratory director, standards
for the supervision of laboratory testing, qualifica-
tions for technical personnel, management require-
ments, and an acceptable quality control program.
CLIA authorizes the Health Care Financing Admin-
istration (HCFA) to police an estimated 300,000 to
600,000 physician, hospital, and freestanding |abo-
ratories to ensure they adhere to a comprehensive
quality assurance program. HCEA may impose
sanctions, if necessary.

CLIA clearly encompasses facilities performing
DNA-based, clinical diagnostic analyses. But, while
it details particular performance standards for sev-
eral types of clinical diagnostic procedures, CLIA
does not specifically address DNA-based tests. This
lack of detailed directives for DNA-based diagnos-
tics could be beneficial in the short-term, since the
field is rapidly changing.

State Authorities. CLIA does not preclude States
from regulating and licensing facilities within cer-
tain guidelines. After apilot study, for example, the
Cdifornia State Department of Heath Services
intends to seek approval for State-specific licensing
laws and regulations for DNA and cytogenetic
laboratories. Similarly, New York has regulated
clinical laboratories since 1961, and has established
a genetics quality assurance program that includes
requirements for licensing personnel, licensing fa-
cilities, laboratory performance standards, and DNA-
based proficiency testing. Nevertheless, the princi-
pal State role in quality assurance for clinica
facilities is licensure and certification of medical and
clinical personnel, which are the sole provinces of
States.

The Role of Private Organizations. While CLIA
clearly expands the Federal role in clinical labora-
tory oversight, the law continues to permit, subject
to DHHS approval, the involvement of other parties
in regulating laboratory practices. Private organiza-
tions, including the Joint Commission on Accredita-
tion of Health Care Organizations, may continue to
accredit facilities. Private professiona societies will
likely have the greatest impact in the area of
proficiency testing, one component of accreditation.
Efforts by CORN and its regional networks, ASHG,
and the College of American Pathologists (CAP)

stand at the forefront of developing proficiency tests
for DNA-based diagnostics.

In 1989, CAP established a committee to develop
appropriate guidelines for al clinica tests involving
DNA probes or other molecular biological tech-
niques. The CAP committee has administered two
DNA-based proficiency testing pilot programs, al-
though their focus was not genetic disorders. CORN,
which receives Federa funding and has been inv-
olved in quality assurance of genetics facilities
since 1985, sponsored a DNA-based genetic test
proficiency pilot of 20 laboratories in 1990. The
Southeastern region has a regiona proficiency
testing program, and will be enlarging its planned
second survey into a national test, to be completed
in 1992; this effort includes CF mutation analysis.
Full proficiency testing for DNA-based genetic
diagnostics is planned by 1994. CORN and ASHG
have liaisons with the others efforts, and a joint
ASHG/CAP DNA-based proficiency testing pilot
for genetic diseases commenced in 1992.

Proficiency testing is widely viewed as a key
measure of quality assurance. It can provide a
reliable and identifiable benchmark to assess per-

Photo credit: Genetics & IVF/Institute

Facilities that perform DNA-based diagnostic tests (e.g.,
CF mutation analysis) are subject to the Clinical Laboratory
Improvements Amendments of 1988.
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formance. In the past, professional societies' in-
volvement in proficiency testing to ensure labora-
tory quality have predominated, and this situation is
likely to continue. Cooperation among each of the
groups will be essential, as professional-society-
based programs could affect proficiency testing for
CF mutations (and other DNA tests) long before
HCFA proposes proficiency testing rules under
CLIA.

Regulation of DNA Test Kits

Increased use of CF mutation assays for carrier
detection will depend, in part, on the development
and availability of prepackaged kits. At least two
companies-one in the United States and one in the
United Kingdom-are testing such kits and antici-
pate their availability in 1 to 2 years. Before
marketing of the kits can occur, however, the U.S.
Food and Drug Administration (FDA) must ensure
the safety and efficacy of genetic diagnostic test kits,
such as those under development for CF mutations.
Since genetic diagnostic kits fall within the defin-
ition of devices, the extent to which CF mutation
kits-or other DNA-based genetic test kits—
become available will depend on FDA regulation of
devices during development, testing, production,
distribution, and use.

FDA's regulatory options range from registering
an item’s presence in the United States and periodi-
cally inspecting facilities to ensure good manufac-
turing practices, to setting performance and labeling
requirements, to premarket review of a device. The
agency also may engage in postmarketing surveil-
lance to identify ineffective or dangerous devices. It
may ban devices it deems unacceptable. Specific
regulation depends on whether FDA classifies the
device as Class I, H, or 1ll, with Class 11l devices
receiving the most stringent review.

Since no FDA-approved, DNA-based genetic
diagnostic test kit comparable to those being devel-
oped for CF carrier analysis exists, it is difficult to
predict the ultimate regulatory status of such kits.
Preliminary indications are they will be regulated as
Class |11 devices. In response to recent legislation
and ongoing congressional concern, FDA appears to
be increasing medical device regulation and post-
marketing surveillance. If increased FDA scrutiny
extends to DNA-based diagnostic test kits, develop-
ers can expect more stringent regulation of these
products than of previous non-DNA-based genetic
test kits. Increased regulation to provide greater

Photo credit: Tony J. Beugelsdijk, Los Alamos National Laboratory

Automated robotic system used in DNA analysis at Los
Alamos National Laboratory.

assurance of safety and efficacy might, in turn, slow
routine CF carrier screening.

Automation

The extent to which costs for CF carrier tests
decline depends, in part, on automation. Instrumen-
tation will be especially crucia to the development
of batteries of tests for multiple genetic disorders.
Moreover, compared to most routine clinical tests,
current DNA-based CF carrier assays are labor
intensive.

Over the past few years, private industry and U.S.
national laboratories have developed several instru-
ments that increase the speed and volume of routine
DNA diagnostic procedures. Goals for improved
instrumentation for DNA analyses stem, in part,
from the importance of rapid techniques to the
Human Genome Project. Spin-off technologies from
DNA mapping and sequencing appear amenable to
applications for clinical diagnostics.

Currently, al but one step of what generaly
constitutes DNA diagnosis is automated or involves
instrumentation under development. Most compo-
nents of DNA analysis, however, are automated as
individual units; efforts under way seek to coordi-
nate sequential steps. Some machines are not faster
than humans, but they can standardize the proce-
dures and decrease human error.

Clearly, the crucia steps in DNA-based CF
carrier assays are, or can be, automated. Advances in
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instrumentation indicate that automated, rapid car-
rier screening for CF---or other genetic conditions—
is already technologically feasible. OTA finds the
field of DNA automation is advancing at a pace that
suggests entirely automated DNA diagnosis can be
realized in the next few years.

Costs and Cost-Effectiveness

Perhaps the least examined facet of CF carrier
screening is cost. Data for parts of OTA’s analysis
were often lacking and assumptions had to be made.
Unlike the seven preceding factors, which in many
cases will generically affect utilization of DNA-
based tests for disorders other than CF, findings that
pertain to cost-effectiveness do not extend beyond
CF carrier screening-although the approach used in
this report could be applied to screening with other
genetic tests.

While economic analyses can inform decisions
surrounding resource alocation and access to ge-
netic screening, they have limits. In the context of
public policy and genetics, the 1983 President’s
Commission report on genetic screening articulates
solid guidance about the benefits and limits of
cost-effectiveness and cost-benefit analyses. These
analytical approaches are tools to be used within an
overall policy framework, not solely as a method of
making or avoiding judgment. There is no intima-
tion in OTA’s analysis that something that saves or
costs money is more or less desirable from a welfare
standpoint.

Cost of Cystic Fibrosis

The cost of any illness is the answer to the
hypothetical question: If the disease disappeared and
everything else held constant, how many more
dollars would be available to the economy? Many
elements are needed to answer this question, but
broadly speaking they fall into two categories:
information about direct medical costs associated
with CF and nonmedical direct costs related to the
disease (i.e., family caregiving time).

Direct medical expenses for CF include costs of
hospitalization, outpatient care, physical therapy,
and drugs. These costs are not the same for everyone
with the disease (table 1-7). Clinical symptoms of
CF vary widely, athough broad divisions in its
severity can be drawn. Some individuals require
only one inpatient visit every 2 years or so; others

Table 1-7—Annual Cost of Medical Care
for Cystic Fibrosis Patients

Treatment Mild® Moderate Severe
Acute treatment
Antibiotics. ............. $ 2,000 $6,000 $12,000
IV supplies............. 300 500 900
Hospitalization. . . .. ... .. 3,500 14,000 28,000
Miscellaneous. . ......... 100 200 400
Total cost acute. . ....... 5,900 20,700 41,300
Chronic management
Visits to CF Center. .. .... 600 800 1,200
Medications. , ........... 2,000 3,000 4,000
Total cost chronic........ 2,600 3,800 5,200
Total cost acute and

chronic treatment. . .. .. 8,500 24,500 46,500

aThere is another category, “submild,” whose illness requires infrequent
hospitalization—less than once per year. Based on existing data, about 40
percent of patients are submild and 40 percent are mild (about one
hospital episode peryear). Approximately 13 percentof allindividuals with
CF had two or three hospitalizations per year; this group represents the
moderate portion. Finally, about 6 percent of all patients had four or more
hospitalizations per year and comprise the severe patient group.

No data exist on the average expenses of the submild group, but a
reasonable assumption might be their expenses are about twice the
average medical care costof the average American under 65 years of age,
or $2,000. In fact, costs might be slightly higher; actual costs for one
submild case (parents providing physical therapy and no hospitalizations
in9 years)were approximately $4,700 in 1990; the costofdrugs alone was
$1,900. Nevertheless, the OTA analysis errs on the conservative side and
uses $2,000 in determining the average medical care costof an individual
with CF.

ball values in 1989 dollars.

SOURCE: Wilkerson Group, Inc., Annual Cost of Care for Cystic Fibrosis
Patients (New York, NY: Wilkerson Group, Inc., 1991).

have problems so severe as to require four or more
hospitalizations per year. Similar variation exists for
other medical expenses. Overall, taking these sev-
era factors into account, average annual medical
expenses for CF patients are estimated at $10,000.
Assuming a median life expectancy in 1990 of 28
years the present value of lifetime medical expenses
is approximately $146,430 (1990 dollars using a 5
percent discount rate).

The main nonmedical direct cost associated with
CF is parental time beyond the time required for a
child without the illness. CF centers estimate that
parents often must spend 2 hours per day on therapy
for a child with CF. In addition, parents lose time
from work when the person falls ill. Time is aso
spent on physician and clinic visits. OTA uses an
estimate of 938 hours per year of extra caregiving to
a person with CF, which is generaly provided by
family members. Assuming an estimated domestic/
nursing wage of $10 per hour, the present value of
CF-related lifetimedical direct costs is $139,744
(1990 dollars using a 5 percent discount rate).
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Table 1-8-Costs for Cystic Fibrosis Carrier Tests
At Selected Facilities

Institution Price per sample
Baylor College of Medicine. .. .............. $55 or 200
Boston University. .............. ... .. ... 170
Collaborative Research, Inc................. 173
Cornell University Medical Center............ 75
GeneScreen. . .......... e 165
Genetics & IVF Institute. . .................. 225
Hahnemann University. . ................... 225
Hospital of the University of Pennsylvania. . . . . 150
Integrated Genetics. .. ............. .. ..... 150
Johns Hopkins University Hospital. .. ........ 270
Mayo Medical Laboratories. ................ 200
St. Vincent’s Medical Center. ............... 150
University of Minnesota. .. ................. 136
University of North Carolina. ................ 150
Vivigen, InC.. ... ..o 200 to 220

SOURCES: office of Technology Assessment, 1992, and M.V. Pauly,
“Cost-Effectiveness of Screening for Cystic Fibrosis,” contract
document prepared for the U.S. Congress, Office of Technol-
ogy Assessment, August 1991.

Cost of Cystic Fibrosis Mutation Analysis

Since CF is the most common, life-shortening,
recessive disorder among Caucasians in the United
States, commercia interest in the test is high.
Currently, at least six commercial companies per-
form DNA-based CF mutation analyses, as do at
least 40 university and hospital laboratories. Table
1-8 presents data on test charges for several private
and public facilities; the average price per sampleis
about $170. With increased volume of tests and
automation, however, many predict the cost per CF
mutation assay will decrease, OTA uses a cost per
test of $100 because the analysis focuses on the
potential future of large-scale CF carrier screening
and presumes economies of scale will apply.

Indirectly related to cost-effectiveness, but di-
rectly related to how much CF mutation analysis will
cost in the future, is the issue of patents, licensing,
and royalty fees for genetic diagnostics. A patent is
pending for the CF gene, for example. Similarly,
royalty licenses must be paid for the process—the
polymerase chain reaction, or PCR—by which CF
mutation analysis is performed. Thus, royalty licens-
ing fees will be reflected in costs of the tests to
consumers. Currently, debate is increasing on the
issue of intellectual property protection and the
Human Genome Project. A resolution of this contro-
versy, if any, will affect costs of DNA-based
diagnostic tests and hence cost-effectiveness of
screening for genetic disorders.

Costs and Cost-Effectiveness of Carrier
Screening for Cystic Fibrosis

Data about the cost of screening large numbers of
individuals for CF carrier status do not exist. In
estimating the cost of carrier screening for CF, OTA
included costs of the CF mutation analyses, chori-
onic villus sampling for fetal testing, and costs for
pretest education and post-test counseling. Taken
together, these costs were analyzed in the context of
several scenarios for preconception screening of
women (and possibly their partners) and prenatal
screening of pregnant women (and if necessary their
partners and the fetus).

Regardless of the strategy or scale, CF carrier
mutation analysis provides information to an indi-
vidual about his or her likelihood of having a child
with CF should the partner also be a carrier. Hence,
at its core, a cost-effectiveness anaysis of CF carrier
screening involves assumptions about reproductive
behavior. A base case was established for the
following six variables:

« 80 percent of women elect screening,

+ 85 percent sensitivity of the CF mutation assay,

+ 8.4 percent of +/+ couples are infertile,

+ 10 percent of +/+ fertile couples choose not to
conceive,

+ 90 percent of +/+ fertile couples conceive, and
100 percent use prenatal testing, and

+ 100 percent of CF-affected pregnancies de-
tected are terminated.

As aternatives, other assumptions were made for
several additional scenarios by varying the factors in
turn (or combination) to yield a series of cost-
effectiveness estimates. In evaluating costs and
savings, changes in behavior were considered only
for +/+ couples, and costs and savings were calcul-
ated for a hypothetical population of 100,000
eligible women (or couples). The economic costs
include costs associated with CF carrier screening.
The economic savings include avoiding the direct
medical and nonmedical costs associated with hav-
ing a child with CF. The base case and all scenarios
were then compared to costs in the absence of
screening.

One scenario, for example, assumed 50 percent of
women chose to participate, another assumed all
individuals elected screening. Another screened the
woman and man simultaneously, rather than screen-
ing the man only when the woman was positive.
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Others used 50 percent as the frequency of affected
pregnancies terminated. Overall, whether CF carrier
screening can be paid for on a population basis
through savings accrued by avoiding CF-related
medical and caregiving costs depends on the assump-
tions used—including how many children people
will have, average CF medical costs, and average
time and cost devoted to caring for a child with CF,
as well as variations in reproductive behaviors, costs
of CF mutation analyses, and screening participation
rates.

Eight of 14 scenarios examined by OTA result in
a net cost over no screening. Under six cases,
however, CF carrier screening is cost-effective, but
most of these scenarios involve 100 percent partici-
pation, test sensitivity, or selective termination-all
unlikely to be realized in the near term, if ever.
Nevertheless, CF carrier screening can save money
compared to no screening even under less absolute

circumstances. The balance between net savings
versus net cost in nearly all scenarios is fine. How
many individuals participate in screening is rela
tively unimportant to cost-effectiveness, but it is
clear the frequency of affected pregnancies termi-
nated and the assay’s price will ultimately affect this
balance.

WHAT ISTHE ROLE OF
CONGRESS?

Speculation about the impact of a CF carrier test
on individuals and society has existed for years.
Today, that speculation is being transformed into
reality. In this report, OTA identifies eight factors
affecting implementation of CF carrier screening.
From the analysis of these factors, OTA concludes
that Congress could play arole in six broad policy
areas:"

« genetics education and the public,

personnel,

genetics and discrimination,

clinical laboratory and medica device regula-
tion,

Z instrumentation, and

- integration of DNA assays into clinical prac-

tice,

Genetics Education and the Public

For people to make informed decisions about
whether CF mutation assays would be useful to
them, they must understand what CF is, know what
carrier status means, and have some understanding
of the probabilistic nature of genetic tests. Beyond
comprehending technical information, the public
should also appreciate the positive and negative
social implications that could adhere. Better public
education would also mean fewer total counseling
hours would be needed.

Mechanisms by which Congress can generaly
improve science and education in the United States
were assessed in a separate OTA report,” Federal
efforts specifically targeted to educating the public
about human genetics are diffuse, but do exist. If
Congress determines that increased genetics educa-

11 Congress also plays a role in an additional policy iSSUe raised by CF carrier SCreening and the development of other genetiCtests—i.e., health care

access. As mentioned, however, access to CF carrier tests, and services related to them, is no different-and inextricably linked-to the broad issue of
health care reform in the United States, atopic beyond the scope of this report.

12 U.S. Congress, Office Of Technology ASSessment, Educaring Scientists and ENginegfsde School 1 Grad School, OTA-SET-377

(Washington DC: U.S. Government Printing Office, June 1988).
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tion is a priority, it could urge interagency coordina-
tion and/or appropriate increased funds. In particu-
lar, Congress could exploit three general avenues to
increase public education about genetics: school-
based science education, patient education, and
widespread public appeal.

Existing agencies and programs have some efforts
related to public education in genetics, each serving
different purposes. These efforts can serve as the
foundation for new initiatives. The National Insti-
tutes of Health/U.S. Department of Energy’s Ethi-
cal, Legal, and Socia Issues Programs of the Human
Genome Project, for example, have awarded grants
that target each of the avenues just described,
including curriculum development, science teacher
education, evaluation of improved means to deliver
genetic information to patients, and a mass media
production that will be available through public
television. If Congress concludes that ELSI Pro-
grams should increase their attention to public
education, it could direct them to seek and award a
greater number of grants focused on this issue. In
doing so, Congress could direct that a greater
proportion of such awards be made with existing
funds, at the expense of other areas. Or, Congress
could direct that more than the expected 5 percent set
aside from the fiscal year 1993 Human Genome
Project appropriation be devoted to the ELSI Pro-
grams-at the expense of the scientfic and technical
components—and that the increased funds be aloc-
ated to public education grants. Finally, Congress
could increase the EL S| Programs' funding specifi-
cally for public education.

The National Science Foundation serves as the
lead Federal agency for science education, particu-
larly teacher education and training. Thus, with
respect to specifically enhancing public knowledge
through school-based science education, Congress
could encourage NSF--directly through appropria-
tions or indirectly through oversight—to increase
attention to education in human genetics. Currently,
supplemental genetics education for K-12 teachers
is piecemeal; NSF has funded a few projects to train
high school and grade school teachers about genet-
ics, but no nationwide effort exists.

The DHHS National Center for Education in
Maternal and Child Health serves as the Federa
repository for a wide range of materias related to
human clinical genetics—ranging from genetics
training Manuals for social workers to patient

information pamphlets for a number of genetic
diseases; it once served as an active clearinghouse to
disseminate information about genetics nationwide.
Due to budgetary constraints, the center now func-
tions more as a passive resource to provide informa-
tion on request, rather than performing aggressive
outreach. Through oversight, Congress might judge
that the lost function of the center should be
reinstated, but it would need to recognize that
increased funds would be necessary to achieve this
goal.

Personnel

Several types of hedlth care professionals perform
genetic counseling-master’s level genetic counsel-
ors, physicians, Ph.D.-level clinica geneticists,
nurses, and social workers. No coordinated Federal
training and education framework exists to serve al.
The Federal Government provides financial support
for education and training of certain health personnel
through Title VII and Title VIII of the Public Health
Service Act. Title VII provides education support to
the fields of medicine, osteopathy, dentistry, veteri-
nary medicine, optometry, podiatry, public health,
and graduate programs in health administration. It
does so through grants and contracts to institutions,
and through loans to individuals. Title VIII focuses
primarily on advanced training of nurses. The MCH
block grant also supports some genetics-related
training and education.

If Congress determines that training of additional
genetics personnel-beyond those practicing or in
the pipelines essential to maintain quality care, it
could enact Legidation that amends Title VII or Title
VIII to include master’ s-level genetic counseling
programs. It could also encourage increased genetics
education for the other health professions encom-
passed by these acts. Grantees and contractors that
receive Title VII or Title VIII funds, for example,
might be required to increase genetics-related curric-
ulum for al heath professionals. Congress could
also increase appropriations under the MCH block
grant, or stipulate that States receiving MCH funds
earmark a designated level of State funds to educa
tion, training, or both.

Genetics education for those already practicing is
as important as genetics training and education for
new health professionals. In part, the issue of
adequate services and professional capacity depends
on whether patients continue to receive genetic
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services through specialized clinical settings, as
most do now, versus access through primary care,
community health, and public health settings. If the
nonspecialized clinical route becomes more com-
mon, it will require that existing genetic specialists
provide adequate genetics education to other practi-
tioners in the U.S. hedth care system. Congress
could focus on two executive branch entities to
accelerate this provider-to-provider knowledge trans-
fer. First, it could continue to encourage the NIH/
DOE ELSI Programs of the Human Genome Project
to fund grants for this purpose. Second, Congress
could enhance, through increased appropriations,
professional training and continuing education ef-
forts under the MCH block grant.

Genetics and Discrimination

Concern about discrimination arises from new
capabilities to assess genetic information. This
concern currently focuses on the Americans With
Disabilities Act and subsequent rulemaking by the
U.S. Equal Employment Opportunity Commission.
First, as enacted, the ADA left open the question of
whether genetic predisposition to illness or carrier
status were covered as protected classes. In its final
rule, EEOC rejected the premise that genetic predis-
position or carrier status are covered under the ADA
for employment purposes. Because some debate
exists as to the intent of Congress in this area,
Congress could revisit the issue to clarify its
intentions with respect to genetic and disability
discrimination under ADA. Many opine that litiga-
tion will ultimately define the scope of the ADA.

Second, ADA is silent on whether employers may
discriminate-for the purposes of hiring-against
individuals (e.g., CF carriers) who are perceived as
more likely to incur extra costs due to illnesses that
could occur in their future children. An OTA survey
of Fortune 500 companies and companies with 1,000
or more employees revealed that 9 percent of
employers surveyed account for dependents’ poten-
tial expenses when considering an individual’'s
application. If Congress determines the potential
health insurance costs of an applicant’s dependent
should not be considered in hiring decisions, it could
signal its intent through legislation.

Finally, concerns about discrimination in insur-
ance coverage and repercussions on hedth care
access arise in the era of new genetic tests, but
insurance regulation in the United States is largely

a matter for the States. Nevertheless, one aspect of
health insurance relates to both the ADA and Federa
law regarding employee benefits (i.e., the Employee
Retirement Income Security Act of 1974). The
number of individuals receiving health care cover-
age via ERISA-based, self-funded plans is increas-
ing. Under ERISA, which preempts State insurance
law, any self-funded company can cap, modify, or
eliminate employees health care benefits for a
particular condition at any time, as long as the
company complies with the notice requirements in
the plan agreement. Such conditions are in no way
limited to genetic illnesses. Congress could prohibit
such actions, if it deems it necessary, by amending
ERISA, the ADA, or both.

Clinical Laboratory and Medical Device
Regulation

Congress has aong legidlative history in regulat-
ing clinical laboratories and medical devices. In the
past 4 years, Congress has moved twice—the
Clinical Laboratory Improvement Amendments of
1988 and the Safe Medical Devices Act of 1990
(SMDA)-to address perceived deficiencies in each
area. Absent additional action by Congress, the
regulatory framework for clinical laboratories and
medical devices will evolve from these two statutes.
Currently, the regulatory status for both is in flux, as
executive branch agencies only now are developing
specific rules and regulations.

If Congress believes the new DNA-based genetic
diagnostics require clinical laboratory quality assur-
ance considerations beyond the 1988 legislation, it
could amend CLIA to specify criteria for DNA
assays. On the other hand, the field of clinical DNA
diagnostics is changing rapidly. Congress might
prefer to maintain the Health Care Financing Ad-
ministration’s flexibility in adapting to these changes.
In that case, Congress could monitor HCFA’s
approach to DNA analyses through its oversight of
HCFA'’s implementation of CLIA, generally.

With respect to medical devices, nho FDA-
approved DNA test kit for CF mutation analysis
exists, although kits are being tested with compa-
nies expectation of their availability in 1 to 2 years.
Congress can amend SMDA if it believes DNA test
kits congtitute so novel a device that SMDA’s
provisions for premarket evaluation and postmarked
surveillance do not suffice. Evaluating FDA’ s regu-
lation of DNA diagnostics in the absence of a
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product could prove difficult, however, and so
Congress might prefer to take no action at thistime.

I nstrumentation

The ability to test quickly and accurately will be
crucia to inexpensive CF carrier screening. It will be
even more important if panels of genetic assays for
an array of disorders are to be developed. Currently,
all but one step of techniques used in DNA
diagnostic analysis are automated, but there is little
integration of the components. If Congress deter-
mines that the goal of quick, accurate batteries of
DNA testsisimportant, it could make such integra-
tion a Federa research priority under the Human
Genome Project by designating that certain levels of
appropriations be targeted to tailoring instrumenta-
tion and automation to DNA diagnostics. Currently,
the Human Genome Project serves as the primary
funding locus for developing instrumentation to
automate DNA analysistchiefly through appropri-
ationsto U.S. national |aboratories.

DNA Assays and Clinical Practice

In today’s social, economic, and legal climate,
OTA believes that, as a practical matter, a federally
funded or controlled program for population-based
CF carrier screening is not on the horizon. In the
1990s, CF mutation analysis could become routine,
but not likely as part of a unified, national program.
If Congress determines in the distant future that a
progranmatic public health model for CF carrier
screening or other genetic conditions is necessary, it
can look to the National Genetic Diseases Act to
craft a population-based program. In 1992, the issue
at hand is: How, and to what extent, will CF carrier
tests—and other genetic tests in the pipeline—
integrate into contemporary medical practice?

Many perspectives on how CF carrier screening
should be implemented exist, including a socially
regulated program, a free market model, and afocus
on patient autonomy and choice. Those who support
a regulated framework in the fashion of a public
health model (e.g., newborn genetic screening)
believe public health’ s historical use of institutional
mechanisms and social approaches is appropriate
and necessary for quality assurance and consumer
protection. Others take a dim view of a regulated
model for CF carrier screening because they believe
that consumers are best served by having CF carrier
tests available through general medical practice and
by providing them the opportunity to choose and

manage their own health care. They argue that
formal, government-sponsored structure translates
to regulated medicine, which they oppose, because
it can interfere with patient care.

No definitive way exists to determine when
providers should routinely inform people about the
availability of genetic tests, and in some respects,
Congress has less arole to play in this policy issue
than in the preceding five. Nevertheless, Congress
can influence when and how genetic tests are
integrated in two specific ways.

First, 2 years lapsed between identification of the
CF gene and its mutations and the initiation of
federally sponsored pilot studies to assess routine
CF carrier screening. Before other DNA-based tests
come on-line, Congress could encourage the genetic
services delivery and genetic research agencies of
the executive branch to coordinate efforts to develop
an institutional means to ensure evaluation of
genetic tests through federally sponsored consensus
conferences, workshops, and pilot projects (if neces-
sary) prior to their being incorporated into routine
medical care. In doing so, concerns raised that CF
carrier screening is being rushed into practice might
be assuaged if future tests receive federdly led,
timely evaluation. On the other hand, critics of
Federal intervention will continue to argue that
federally sanctioned efforts will slow accessto tests
and information that some consumers would find
desirable.

Second, once atest becomes fully integrated into
clinical practice, Congress can direct the Agency for
Health Care Policy and Research to examine whether
practice guidelines for CF carrier screening, or other
genetic tests, are appropriate. Supporters of practice
guidelines believe they offer the potential to de-
crease malpractice claims, control health care costs,
improve quality, and generaly influence the use of
a technology. Detractors argue such guidelines
differ little from professiona statements, will in-
crease malpractice claims, and suggest regulated
medicine.

PROSPECTS FOR THE FUTURE

Leaving aside the precise timing of routine CF
carrier screening, it is clear the number of DNA-
based tests for genetic disorders and predispositions
will increase rapidly over the next decade, amost
certainly by an order of magnitude. OTA considers
it likely that the time available, if any, for debate and
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The U.S. Human Genome Project, jointly funded by the
U.S. Department of Health and Human Services and the
U.S. Department of Energy is estimated to be a 15-year,
$3 billion project. As the project continues to unfold,
Congress will likely face policy issues stemming from both
the discovery of new information and applications of the
information.

discussion on dissemination and use of new genetic
tests will be compressed as pressure to use them
rises. Given this scenario, some of the policy
guestions raised in this report extend beyond impli-
cations for CF carrier screening.

On one hand, CF carrier screening can be used to
construct a paradigm that describes a set of policy
issues for genetic tests to come. Access to health care
merits specific mention because it is repeatedly
raised as a concern tied to the increasing availability
of genetic information-i. e., will the new knowl-
edge elucidated through the Human Genome Project
positively or negatively affect how Americans
obtain or retain health care coverage? Certain
additional themes will apply: ensuring clinical
laboratory competence, quality assurance of the
tests, maintainingg high-quality service delivery,

promoting public education, supporting provider
training, and safeguarding against discrimination
and stigmatization. Of course, as American policies
and politics change---or remain the same-the
approaches to address these issues might differ.

Another generic issue, but one likely to ignite
controversy with each new test, is the pace at which
the assay should be integrated into general medical
practice. Early use of CF mutation analysisisin the
obstetric and prenatal context, and this trend will
likely continue. As such, it serves as a good model
to examine the broader consequences of genetic
screening when this context is the chief avenue of a
test’s introduction. But experience with CF carrier
screening is less applicable for tests that detect adult,
late-onset genetic disorders (e.g., Huntington dis-
ease or familial breast cancer) or tests that predict
genetic predisposition to multifactorial conditions
(e.g., coronary artery disease, and, again, breast
cancer). This issue---how customs of care evolve-
could decline as broad categories of predictive
genetic tests develop. It might not, however, because
every disease and how people perceive each—
differs.

One consideration for the future not fully explored
in this report is indirectly related to cost-
effectiveness, but directly related to how much CF
mutation analysis-and other diagnostic genetic
tests—will cost in the future. At issue are patents,
licensing, and royalty fees for both products (e.g.,
the CF gene, for which a patent is pending) and
processes (e.g., PCR, for which Roche Molecular
Systems holds the patent) that are important to
DNA-based diagnostics. Although automation ap-
pears likely to lower costs of DNA diagnhostics,
intellectual property protection, the impact of which
cannot be fully assessed, to some extent might
counter lower prices realized by new instrumenta-
tion. Issues surrounding intellectual property, scien-
tific exchange, commercial development, and the
Human Genome Project have existed since that
project’s outset. They continue to loom and might
need congressional attention if they become press-
ing. Witness, for example, the new debate surround-
ing patenting certain DNA sequences.

Certain factors related to CF carrier screening will
be less germane to analyzing the implications of
other emerging tests that assess genetic risks. In
particular, cost-effectiveness is a case-by-case mat-
ter. Likewise, the issue of making automation a
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priority through Federal funding for instrumentation
research and development presumably will dissi-
pate.

Finally, fundamental to consideration of CF
carrier screening is the issue of genetic counseling
and abortion. Prenatal screening will probably
comprise the largest portion of CF carrier assays, at
least initially. Thus, aswith prenatal tests generally,
the extraordinary friction about abortion in this
country is inevitably linked to the implications of CF
carrier testing and screening, But as knowledge from
the Human Genome Project accumulates, so will the
number and definitiveness of genetic tests, and so
presumably the social, ethical, and political tension.
Some tests will be more likely than others to have
prenatal applications, but as long as utilization of the
new assays by pregnant women is possible, some
will opt for abortion.

While not explicitly overturning Roe v. Wade, the
1992 U.S. Supreme Court decision in Planned
Parenthood of Southeastern Pennsylvania v, Casey
means women' s access to legal abortions now turns
largely on State law. The decision appears to affirm
that women may choose to terminate pregnancies
prior to fetal viability, but States may make this
more difficult than it has been prior to the ruling. The
court’s ruling in the Pennsylvania case indicates
States may enact laws related to information deliv-
ery, waiting periods, services provision, and restric-
tions on public financing or use of public facilities,
as long as such laws do not present a substantial
obstacle to a woman'’s choice. If Congress believes
States should be preempted from enacting such laws,
it could pass Federal legislation prohibiting State
restrictions in any of these areas.

As well, the 1991 U.S. Supreme Court decision in
Rust v. Sullivan upheld Federal regulations stating
that patients at clinics receiving certain Federa
funds (i.e., from Title X of the Public Health Service
Act) may not receive information about the option of
terminating a pregnancy at risk for a child with a
genetic disorder. In March 1992, an executive order
modified the original regulation and stated that such
information may be provided by a physician, al-
though the legal standing of that order is in question.
The vast mgjority of practitioners providing services
in such clinics—nurses and genetic counselors—
still may not inform patients of this option. Congress
came close to rescinding the entire restriction when
a majority of Members of Congress voted to

Photo credit: Chip Moore

The U.S. Supreme Court

overturn the regulation in 1991. If Congress believes
nonphysician health care professionals should be
allowed to counsel patients about abortion following
diagnosis of fetal abnormalities, it could reexamine
the issue and enact an exception for counseling
related to genetic conditions or overturn the regula-
tion entirely.

Nearly 10 years ago, the President’s Commission
for the Study of Ethical Problemsin Medicine and
Biomedical and Behavioral Research concluded the
fundamental value of CF carrier screening liesin its
potential for providing people with information they
consider beneficial for autonomous reproductive
decisionmaking. CF carrier screening, however, is
not just about a person's future reproductive choices.
CF carrier screening represents the first of many
DNA-based tests to come and raises many issues.
Policy decisions made about it will reverberate far
beyond this specific case.
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Chapter 2
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People want-expect-perfectly healthy babies.
When a child is born with a genetic condition,
parents suffer anxiety, endure anguish, and experi-
ence guilt: “This baby is sick because of us. ”

This report is about one of these inherited
conditions: cystic fibrosis (CF). CF is a life-
shortening disorder. It is a genetic condition—i.e.,
one that follows a clear pattern of inheritance in
families-and is the most common, lethal recessive
disorder in American Caucasians of European de-
scent. Each year in the United States, about 1 in
2,500 babies is born with CF (10,35,47 )---i.e., about
1,700 to 2,000 babies with CF are born annually
(25). Approximately 1 in 9,600 Hispanic, 1 in 17,000
(9) to 19,000 (50) African American and 1 in 90,000
(50) Asian American newborns have CF.

Medicine has long recognized the consequences
of CF (table 2-1) on several organ systems, particu-
larly the lungs and pancreas. Only recently, how-
ever, have scientists pinpointed the most common
change, or mutation, in the genetic material-DNA—
that accounts for the majority of CF cases (44,66,68).

Because CF is arecessive trait, a child with CF must
receive two mutant CF genes, one inherited from
each parent, who are CF *‘carriers, ’ but who do not
have the disorder (figure 2-1). Thus, while approxi-
mately 30,000 people in the United States have CF,
as many as 8 million people could be carriers of one
CF mutation. What are the implications of informing
this latter pool of individuals--a a subset of those
of reproductive age and younger-about tests that
reveal CF carrier status?

TERMINOLOGY

Human genetics, like al scientific disciplines, is
rife with jargon, and subtle distinctions in language
can matter a great deal. People, reports, or institu-
tionsrarely define terms of art in precisely the same
manner. To avoid confusion, OTA uses severa
terms as follows.

OTA defines genetic testing as the use of specific
assays to determine the genetic status of individuals
already suspected to be at high risk for a particular
inherited condition. While any individual can be

Table 2-I—History of Cystic Fibrosis: Selected Highlights

1650. ............ Literature refers to now characteristic CF pancreatic and lung symptoms
association with salty skin and early death.

1705. ... ... .. .. A book of folk philosophy states that a salty taste means a child is bewitched.

1857. ... The Almanac of Children’s Songs and Games, Switzerland, quotes from Middle

Ages: “Woe is the child who tastes salty from a kiss on the brow, for he is hexed,
and soon must die.”

1938. ... .. First reported description of disease, calling it “cystic fibrosis of the pancreas.”

1946, ............ Antibiotics found effective for treating CF-related lung infection.

1946, ............ Inheritance pattern-autosomal recessive-suggested.

1953. ..., . . . . . Sweat abnormality in CF first described.

1955. ... ... . First review of use of pancreatic enzymes to treat CF.

1959. ... .. ... Safe and accurate way to diagnose CF, “sweat testing,” reported.

1960 to present. ... Accelerated improvement in survival.

1968............. Mechanism underlying CF-related male infertility demonstrated.

1981t0 1983...... Basis for sweat abnormality (i.e., electrolyte transport problems) described.

1986............. CF gene localized to chromosome 7.

1989............. CF gene and its most common mutation identified.

1990. ............ CF mutation assays available from selected genetic laboratories, companies, and
medical centers.

1990. ............ CF mutation corrected in laboratory cells.

1991 ... .. Functions of CF gene described.

SOURCE: Office of Technology Assessment, 1992, based on L.M. Taussig, Cystic Fibrosis (New York, NY:
Thieme-Stratton, Inc., 1984).
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Figure 2-1—inheritance of Cystic Fibrosis

Q Carrier parents O

@)
25% v 25%
chance 50% chance
unaffected chance affected
noncarrier unaffected
carrier

SOURCE: Office of Technology Assessment, 1992.

considered ‘‘at high risk’ for a particular unknown
trait, and hence be “tested,” * ‘at high risk” here
denotes the presence of a family history or clinica
symptoms. The terms genetic test, genetic assay,
and genetic analysis are used interchangeably to
mean the actual laboratory exarnination of samples.

Genetic screening usually uses the same assays
employed for genetic testing, but is distinguished
from genetic testing by its target population. OTA
uses the term ‘screening’ selectively. In this report,
it refers to analyzing samples from individuals
without a family history of the disorder, groups of
these individuals, or populations. Carrier screen-
ing for CF (or CF carrier screening), then, involves
performing tests on persons for whom no family
history of the disorder exists to determine whether
they have one normal and one aberrant copy of the
CF gene, but not the disorder (which results from
having two aberrant CF genes).

Many individuals are CF carriers but do not have
apositive family history. In fact, 4 of 5 babies born
with CF each year-as many as 1,600---are cases
where there was no known family history for CF.

The difference between testing and screening is
illuminated by considering a person contemplating
procreation. He or she could inquire about the
availability of an assay to determine the probability
that he or she could have a child affected with CF.
If there are no relatives with the disorder, the
individual could be informed that a test would
provide information about his or her genetic status
for CF. The person could then elect to be screened
to determine whether or not he or she is a carrier for
CF. If, however, there is a family history of the
disease, a practitioner would ideally inform the
individual and his or her partner about CF carrier
assays and they might choose to be tested to
determine if they are both carriers.

Genetic counseling is a clinical service that
includes providing an individual (and sometimes his
or her family) with information about heritable
conditions and their risks. When centered around
genetic testing and screening, it involves both
education and psychological counseling to convey
information about the ramifications of possible test
outcomes, prepare the client for possible positive or
negative analyses, and discuss actual test results.
Many types of health professionals perform genetic
counseling. OTA reserves the term genetic coun-
selor for master’ s-level individuals certified (or
board-eligible) by the American Board of Medical
Genetics to clarify the discussions of the lega
distinctions in licensing and third-party reimburse-
ment among the different types of practitioners. But,
OTA uses the term genetic counseling more generi-
cally to refer to the educational and informational
process that is performed by genetic specialists,
including physicians, Ph.D. clinical geneticists,
genetic counselors, nurses, and social workers.

OTA avoids using the term “program” in dis
cussing CF carrier screening in the United States.
For many, the term connotes a formal public health
effort led or sanctioned by Federal, State, or loca
governments. In anayzing CF carrier screening,
OTA'’s premise is that large numbers of Americans
might be screened for their CF carrier status. OTA
remains neutral on whether the assays will be a
component of a fixed, regulated scheme or another
facet of general medical practice.

~ tIncontrast, OTA uses the term CF screening (Or screening for CFytomean screening individuals to diagnose the presence or absence of the actual
disorder, in the absence of medical indications of the disease or a family history of CF. Such screening usually involves newborns (ch. 3), but is rarely
done for CF except in Colorado and Wisconsin. CF testing of infantsis common if afamily history of the condition exists.
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Box 2-A—Eugenics At the Turn of the Century

Eugenics refers to processes or policies to either discourage or prevent reproduction by members of society
with “‘undesirable” heritable traits or to encourage or require procreation by individuals who have ‘‘ desirable”
genetic characteristics. Put more broadly, it involves efforts that interfere with individuals' reproductive choices in
order to attain a ‘*‘societa’ goal. Drawing on roots developed by Francis Gaton, a cousin of Charles Darwin, in
England in the late 1800s, eugenics movements flourished in the United States at the turn of the century.

Compulsory sterilization laws were an outgrowth of the U.S. eugenics movement. The Model Eugenics Act,
from which many States drafted their laws in the early 1900s, targeted institutionalized tuberculosis patients, people
who were blind or deaf, and chronic alcoholics among those who should be sterilized. In 1927, the U.S. Supreme
Court upheld the Commonweadlth of Virginid's sterilization law, Justice Oliver Wendell Holmes writing:

We have seen more than once that the public welfare may call upon the best citizens for their lives. It would be
strangeif it could not call upon those who aready sap the strength of the State for these lesser sacrifices, often not
felt to be such by those concerned, in order to prevent our being swamped with incompetence. . . . Three generations
of imbeciles are enough (16).

Despite the fact that compulsory sterilizations continued into the 1970s, the eugenics movement per se waned
in the United States during the 1930s, largely from distaste with Hitler's embrace of eugenics. Wariness over past
abuses of genetic information led to the emphasis on nondirective genetic counseling in clinical practice.
Nevertheless, the legacy of eugenics—though by and large renounced-continues to color perceptions about
large-scale genetic screening, and thus to subtly influence decisions surrounding human genetics and public policy,

SOURCE: Office of Technology Assessment 1992, based on N.A. Hoi_ Proceed With Caution: Predicting Genetic Risks in the

Recombinant DNA Era (Baltimore, MD: TheJohns Hopkins University Press, 1989); D.J. Kevles, In the Name of Eugenics

EBerk_eIey, CA: University of California Press, 1985); K.M. Ludmerer, Generics and American Society: A Historical Appraisal
Baltimore, MD: The Johns Hopkins University Press, 1972); P, Reilly, Generics, Law, and Social Policy (Cambridge, MA: Harvard

University press, 1977); and P. Reilly, The Surgical Solurion (Baltimore, MD: The Johns Hopkins University Press, 1991).

RECENT HISTORY OF HUMAN
GENETICS AND PUBLIC POLICY

The science of human genetics is embedded in
this country’s consciousness, and has manifested
itself---vertly and covertly-in public policies
throughout U.S. history (box 2-A). Race and skin
color, for example, are genetically influenced, and
have played a direct role in officia and unofficial
decisionmaking. In some respects, identifying carri-
ers of CF mutations—invisible genetic characteris-
tics—is just another twist in the history of genetics
and U.S. public policy, but one that has implications
for the majority population in this Nation.

To provide background and perspective for today’s
debate about CF carrier screening, this section
briefly describes watershed events in U.S. politics
and human genetics. Not intended to be comprehen-
sive, it focuses on afew, discrete events in the 20th
century that place the questions raised by CF carrier
screening in context and help frame the issues and
options addressed by this report. The impact of
broader U.S. laws, such as Title VII of the Civil
Rights Act (42 U.S.C. 2000e) and the Americans

With Disabilities Act (Public Law 101-336; 42
U.S.C. 12101), are discussed elsewhere in the report.

U.S. Law and Genetic Disease

Most U.S. legislation related to genetic disease is
State law covering newborn screening (2,63,78,89).
During the 1970s, however, Congress enacted three
measures involving carrier screening for severa
genetic conditions (Public Laws 92-294, 92-414,
and 94-278). Today, most State newborn screening
laws (and the programs and practices established by
them) operate, for the most part, unchallenged. In
contrast, the Federal Government’s role in public
health and genetics has changed historically.

In the late 1960s and early 1970s, sickle cell
anemia received prominent attention as a health
concern. The African American community felt that
sickle cell anemia was a neglected condition, with
little Federal research funding directed toward it. As
the debate progressed, Federal interest, along with
State interest, developed. President Nixon made an
appeal for an effort to combat sickle cell anemiain
his 1971 health address to Congress (39), and the
following year he signed into law the Nationa
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Sickle Cell Anemia Control Act (Public Law 92-
294). While the act focused on detecting sickle cell
anemia, the mechanics of the test also identified
carriers for sickle cell. Later that year, Congress
moved a second time to enact legislation directed at
another genetic disease, R-thalassemia, with the
National Cooley’s Anemia Control Act (Public Law
92-414).

Both programs represented a significant expan-
sion of Federal support for nonresearch genetic
initiatives. Federal programs supported only State
efforts with voluntary participation, a measure
designed to defuse ongoing controversy over man-
datory, coercive screening. And although the stat-
utes' intent was to reduce stigmatization of and
discrimination against carriers, these practices con-
tinued unabated (64).

In 1976, Congress amended the sickle cell legida-
tion, broadening it to the National Sickle Cell
Anemia, Cooley’s Anemia, Tay-Sachs, and Genetic
Diseases Act (Public Law 94-278; hereinafter the
National Genetic Diseases Act). In doing so, it
expanded both the scope and authority of activities,
as well as the range of genetic disorders for which
Federal grants and contracts were awarded. The
legislation emphasized voluntary participation and
the use of proper guidelines for confidentiality of
results; it also stressed that genetic counseling for all
participants should be available-goals that experts
agree are desirable for CF carrier screening (18,54).
In 1978, Congress reauthorized the program, which
continued to provide funding for basic and applied
research, training, screening, counseling, and infor-
mation and education programs (Public Law 95-
626).

In 1981, the role of the Federal Government in
genetic services, education, and training dramati-
cally altered (61). Authorization for programs oper-
ated under the National Genetic Diseases Act was
replaced by the Maternal and Child Health Block
Grant (Public Law 97-35). No longer were Federal
funds for genetic services, professional training, and
public education programs guaranteed: The majority
of fund allocation decisions have since been left to
individual States. Programs for genetic services,
research, and professiona training now compete
with other maternal and child health services (box
2-B). And while many States have responded with
State or regional programs, the reduced Federal role
led a presidentially appointed commission to voice

concern about the adequacy and effectiveness of
genetic services, education, and training (61).

While difiicult to quantify, decreased Federal
attention to genetic services, training, and education
might have left the country less than well prepared
to handle the rapid integration of molecular genetics
research into clinical practice. From the late 1970s
to the present, basic research in genetics has enjoyed
generous Federal sponsorship and returned the
dividend of increased knowledge about many ge-
netic conditions. In contrast, Federal funds for
projects relating to genetic services show a steady
decline since 1981. These genetic services provide
the link to tranglate basic research developments into
clinical practice.

A void in Federal funding for genetic services
might have exacerbated at least one issue raised by
the prospect of routine CF carrier screening: the
inadequacy of training-related monies to ensure
sufficient genetic counseling services. Similarly,
decreased Federal spending for genetic services
likely contributed to the initial scrambling to fired
pilot studies for CF carrier screening (17,67). In
fact, it was left to the National Center for Human
Genome Research (NCHGR), National Institutes of
Health (NIH)---a research, not service, agency—to
step forward and coordinate clinical assessments of
genetic services for CF carrier screening (90).

In October 1991, NCHGR funded six 3-year
clinical assessment studies to examine education
and counseling issues related to CF carrier screen-
ing. The National Institute of Child Health and
Human Development and the National Center for
Nursing Research also funded one project each (53).
The Cystic Fibrosis Foundation, which took a lead
role in funding investigations to find the CF gene
and its mutations, declines to participate in any
decisions about pilot projects for CF carrier screen-
ing, saying its mission is not prevention, but
improving treatment and finding a cure (67).

The 1983 President’s Commission Report

In 1980, Congress created the President’s Com-
mission for the Study of Ethical Problems in
Medicine and Biomedical and Behavioral Research
(Public Law 95-622; 42 U.S.C. 300). Among the
topics Congress mandated that the Commission
examine was the ethical, social, and legal implica-
tions of genetic screening, counseling, and educa-
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Box 2-B-Genetic Services. Federal-State Partnership

Funding for genetic services derives from a mediey of Federal and State sources, and varies greatly from State
to State. During the 1970s, genetic services enjoyed substantial Federal funding, in part through congressional
mandate. The Omnibus Budget Reconciliation Act of 1981 (Public Law 97-35), however, led to the consolidation
of genetic services funding-along with seven other programs—into the Maternal and Child Health (MCI-I) Block
Grant. Overal, funding for maternal and child health services was cut, and the responsibility for distributing the
monies and for providing services was passed to the States, which also had to begin using $3 in State funds for every
$4 of Federal money received. Prior to the block grant, no matching funds were required.

Under provisions of the MCH block grant, 85 percent of funds go directly to the States for maternal and child
health services. States must decide how to allocate the funds among a number of areas, such as general prenatal care,
infant nutritional supplementation, and other maternal and child health needs. MCH funds maybe used for health
care services, education, and administration. In fiscal year 1990, less than 2 percent of MCH funds were used by
States to support genetic services other than newborn screening.

In general, MCH funds account for a small portion of State genetic services. Under terms defined by the block
grant, each State decides whether or how much money to designate for genetic services. In 1990, 34 States used
MCH funds to support some aspect of general genetic services other than newborn screening, including
nonpatient-related activities such as administration and planning. In the mgjority of States, however, MCH funds
accounted for less than 25 percent of fiscal year 1990 funding for genetic services (51). In fiscal year 1990, MCH
funding for genetic services other than newborn screening totaled approximately $8 million; State funding
accounted for approximately $22 million (51).

Fifteen percent of the MCH block grant is administered as direct grants for Special Projects of Regional and
Nationa Significance (SPRANS). SPRANS monies are grants for specific projects and are not given to each State.
SPRANS provides seed money for demonstration, or pilot, projects in a number of areas. After the demonstration
period ends, usually in 3 years, aternative funding must be found.

In fiscal year 1990, genetic services received about 9 percent of all SPRANS funds. When adjusted for
inflation, however, constant dollar funding for genetic services under SPRANS has decreased amost every year
since the block grant’s inception. Moreover, SPRANS support of genetic services has decreased born about 90
percent of the SPRANS genetic services budget in 1981 to about 66 percent in 1991. Initially, most of the SPRANS
genetic services budget established statewide genetics programs, with each State receiving seed money for at least
4 years. The last State received funding in 1990 (27). Other areas of genetic services delivery receiving SPRANS
support include ethnocultural projects to increase utilization of genetic services by undersexed populations;
psychosocial studies; and support groups for young adults and families. In fiscal year 1990, 16 States used
approximately $4 million from SPRANS grants to support demonstration projects in clinical genetic services other
than newborn screening (51). In fiscal year 1990, just over one-third of SPRANS' genetic services budget went to
the regional networks and the Council of Regiona Networks for Genetic Services (CORN) (27). CORN and the
regiona networks-comprised of genetic service providers, public health personnel, and consumers-serve as
resources for communication and coordinate data collection and quality assurance, but do not provide direct services
to patients.

In addition to block grant and SPRANS awards, States also fund genetic services from other sources. In fiscal
year 1990, at least 26 States derived $46 million in genetic services funding exclusive of newborn screening from
provider in-kind and service charges, third-party reimbursement, grants, contracts, newborn screening fees, health
insurance SUrcharges, and mental health/mental retardation reds. For some States, such funding accounts for most
of their genetic services funding. For example, newborn screening fees generated 93 percent of genetic services
funding in Colorado and 86 percent in Michigan in fiscal year 1990. Similarly, prenata screening service fees
accounted for more than 83 percent of the genetic services budget in Californiain fiscal year 1990 (51).

All States, the District of Columbia, and Puerto Rico coordinate genetic services statewide; nearly half
experienced a decrease in funding for genetic services from fiscal years 1988 through 1991 (51). Individual State
genetic service programs face yearly uncertainty about how much—if any-funding they will receive, which makes
planning difficult. As general knowledge and public awareness about genetic diseases continues to emerge out of
the Human Genome Project, uncertainty in genetic services funding will be increasingly problematic.

SOURCE: Office of Techology Assessment, 1992.
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Box 2-C—The 1975 National Research Council Report,
“Genetic Screening: Programs, Principles, and Research”

In response to a letter from the American Society of Human Genetics, the National Research Council (NRC) of the
National Academy of Sciences convened a committee in 1972 specifically to analyze neonatal screening for
phenylketonuria and generally to assess the relation between genetics and preventive medicine. In particular, the
committee was charged with addressing the questions: To what degree has genetics played a part in thinking about and
practice of disease prevention? How should this relationship be fostered and extended?

Key recommendations of the committee were that participation be left to the discretion of the person tested and that
information obtained as a result of atest not be made available to others except with the consent of the patient The
committee also advised that professionals responsible for screening programs be aware of and regularly assess
potentially damaging effects of screening, including invasion of privacy, breach of confidentiality, civil rights violations,
and psychologica effects from being labeled a genetic carrier. Principles described in the report still underlay genetic
screening and testing today.

The NRC report was not ubutuated by the Federal Government, but it was supported with Federal funds from the
National Science Foundation. It made a critical impact in shaping future discussions, such as the 1983 President’s
commission report, Screening and Counseling for Genetic Conditions. The Ethical, Social, and Legal Implications of
Genetic Screening, Counseling, and Education Programs.

SOURCE: Offuce of Technology Assessment 1992, based on Committee for the Study of Inborn Errors of Metabolism, National Researeh
Council Genetic Screening: Programs, Principles, and Research (Washingtorn DC; National Academy of Sciences, 1975).

tion programs. In 1983, the Commission published
the results of its deliberations (61).

In carefully weighing the advantages and disad-
vantages of applications of advances in medical
genetics, the Commission found, on the whole, that
these advances have greatly enhanced health and
well-being (62). Drawing on the literature (55) (box
2-C) and public hearings, the Commi ssion reached
15 conclusions, including recommendations about
the confidentiality of genetic information and man-
datory versus voluntary screening (61).

The Commission’s report on genetic screening is
noteworthy for its examination of past experience
with screening programs (e.g., for Tay-Sachs dis-
ease, sickle cell anemia, and phenylketonuria) and
its prescience in using CF carrier screening as a
specific case study. The Comrnission’s analysis
explored ethical aspects of genetic screening in
anticipation of issues it predicted would be raised by
large-scale carrier screening for CF. It concluded
that the fundamental value of CF carrier screening
lies in its potential for providing people with
information they consider beneficial for autonomous
reproductive decisionmaking (61,62). Nine years
ago, the Commission identified some of the same
controversies being discussed today.

The Human Genome Project

Asthe 21st century approaches, Congress and the
executive branch have made a commitment to
support scientific efforts to determine the location
on the DNA of al genes in the human body (as has
been done for CF)--in short, to map the human
genome. The Human Genome Project is estimated to
be a 15-year, $3 billion project. It has been
undertaken with the expectation that enhanced
knowledge about genetic disorders, increased under-
standing of gene-environment interactions, and im-
proved genetic diagnoses can advance therapies for
the 4,000 or so currently recognized genetic condi-
tions; a premise supported by the fact that even prior
to the Human Genome Project, advances in medical
genetics have guided the development of new
treatment strategies and incrementally improved the
management of some genetic conditions over the
years (22,23).

In many respects, the Human Genome Project
served as the catalyst for congressional interest in
this OTA assessment. Despite scientifuc and techno-
logical promises of the project, fears have been
raised about how information gained from it—such
as identification of CF mutations—will be used
(37,52,56,57,80). These concerns will involve pol-
icy decisionsfor Congress.
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To address gaps in knowledge and perhaps
forecast the social consequences of the Human
Genome Project, NIH and the Department of Energy
(DOE) each fund an Ethical, Legal, and Social Issues
(ELSI) Program. Funds for each agency’s ELSI
effort derive from 3 to 5 percent of appropriations set
aside from the total genome initiative budget. In
fiscal year 1991, DOE's ELSI spending was $1.44

million (3 percent). Fiscal year 1992 spending is
targeted at $1.77 million (3 percent) (26). NIH-ELSI
spending for fiscal years 1990 and 1991 was $1.56
million (2.6 percent) and $4.04 million (4.6 percent),
respectively. For fiscal year 1992, NIH-ELS| aims to
spend 5 percent of the NCHGR appropriation ($4.98
million) (45). Table 2-2 lists the types of efforts that
have been funded to date by the ELSI program.

Table 2-2—Research Grants Funded by the Ethical, Legal, and Social Issues
Program, National Institutes of Health and U.S. Department of Energy (May 1991)

Source Description

DOE......... Project to prepare 50 selected science teachers per year for 3 years to become State resource teachers in human
genetics. Workshops will also update and expand curriculum materials.

DOE......... Project to examine legal protections of confidentiality y of genetic information and to study the availabilit y of and need to
collect genetic data to plan public health service programs.

DOE......... Study to assess the significance of discrimination directed against individuals and family members because of real or
perceived differences in their genetic constitution.

DOE......... Project to survey ethical attitudes toward the medical applications of genetic information and to conduct a legal study of
confidentiality of genetic data.

DOE......... Report examining the current funding mechanisms in the biological and biomedical sciences of major Federal agencies
and private organizations to determine the impact of funding on the ability to recruit and retain young investigators.

DOE......... Eight-part television series, “ The Secret of Life.”

DOE......... Curriculum development module and instructional activities, “Mapping and Sequencing the Human Genome: Science,
Ethics, and Public Policy,” for first-year high school biology students.

DOE......... Conference and laboratory workshop for nonscientists drawn from four groups: public policy makers, civic leaders,
program officers of health-related foundations, and science journalists.

DOE......... Conference: “Justice and the Human Genome Project.”

NIH.......... Study, including public education and participation, to determine the impact of the Human Genome Project on women and
to identity ways of avoiding or reducing potential gender injustice.

NIH.......... Historical analysis of the relevance of eugenics to genomics for the specific case of cancer theory and policy.

NIH.......... Study to examine the ethical and legal implications of genetic information on understanding health, normality, and disease
causation.

NIH.......... Project to develop a human molecular genetics curriculum module for honors, main-stream, and low-achieving high
school students and adults in a continuing education program. (Cofunded with the NIH Center for Research Resources.)

NIH.......... Series of projects to update and inspire secondary school science teachers in genome technologies and their implications,
including newsletter for educators, “hands on” demonstrations to the public and at schools, and workshops.

NIH.......... National survey of public knowledge and perceptions of genetic testing and the Human Genome Project. (Cofunded with
the National Science Foundation (NSF).)

NIH. ......... Survey of physicians’ and master’ s-level genetic counselors’ knowledge of and attitudes toward genetic testing. Survey
and interview of commercial interests in and impact on human genetics research.

NIH.......... U.S.-Canadian survey of geneticists’, genetic counselors’, and genetic clinic patients’ views on a variety of situations in
genetics that pose ethical dilemmas. A separate grant involves a survey of geneticists from 34 additional nations about
the same situations.

NIH.......... Sociological study exploring the meaning of human genetics in popular culture (e.g., fiction, film, news accounts) to
understand lay interpretations of genetic concepts.

NIH. ......... Comparison of feminist, medical, and bioethical analyses of impact of genetic testing on parent-child relationships.
(Cofunded with NSF.)

NIH.......... Study of the concept of genetic susceptibility y and the basis and limits of privacy of genetic information about individuals.

NIH.......... Ethnographic study of the impact of genome research on the social organization of biological science.

NIH. ......... Report on professional standards for forensic DNA typing. (Cofunded with NSF, Federal Bureau of Investigation.)

NIH.......... DNA sequencing of mitochondrial DNA to define the technical and statistical limits of this approach to human identification

applications (e.g., identifying victims of accidents, natural disasters, and wars; reuniting separated families; investigating

claims of identity; and aiding criminal investigations).

(Continued on next page)
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Table 2-2—Research Grants Funded by the Ethical, Legal, and Social Issues
Program, National Institutes of Health and U.S. Department of Energy (May 1991)-(Continued)

Source Description

NIH.......... Study of the impact of genetic testing and counseling on medicine and the doctor-patient relationship.

NIH.......... Paradigm analysis to develop a comprehensive and systematic framework to resolve ethical issues raised by genomic
information in clinical genetics.

NIH.......... Study of the historical and social impact of amniocentesis.

NIH.......... Study examining historical case studies to examine the potential risks of stigmatization associated with genetic testing,
screening, and diagnosis.

NIH.......... Interdisciplinary study of the implications for insurance of increasing information from the Human Genome Project.

NIH.......... Study of the impact of genetics on access to health care.

NIH.......... Historical analysis of the impact of the genetics of human leukocyte antigens on criminology and the genetics of race.

NIH.......... Training manual and communication materials to train geneti conunselors to, in turn, conduct courses for primary care
providers.

NIH.,........ Intensive short course for scientists and bioethicists on the ethical, legal, and social implications of the Human Genome
Project.

NIB.......... Education workshop series for State legislators and other State officials.

NIB.......... Public lecture series on the ethical, legal, and social implications of the Human Genome Project.

NB.......... Forum for genetic disease support groups on the Human Genome Project and its ethical, legal, and social implications.

NIB.......... Eight CF pilot screening projects (six by National Center for Human Genorne Research, Ethical, Legal, and Social Issues

Program, and one each by the National Center for Nursing Research and National Institute of Child Health and Human
Development.)

NIB.......... Conferences: “Strategies for Documentation of Research on the Human Genome,” “Human Genome Workshop: Ethics,
Law, and Social Policy,““bgal and Ethical Issues Raised by the Human Genome Project,” “A Legal Research Agenda
for the Human Genome Initiative,” “The Genetic Prism: Understanding Health and Responsibility,” “Ethics, Values,
Professional Responsibilities,” “Biotechnology and the Diagnosis of Genetic Disease,” “Testing for Germ Line p53
Mutations in Cancer Families,” “Human Genome Research in an Interdependent World,” “Ethical and Legal Implications
of Genetic Testing,” “ Computers, Freedom, and Privacy,” “The Human Genome Project: A Choices and Challenges
Forum,” “A Conference on Human Genorne Research Implications,” and “Genetic Factors in Crime: Findings, Uses, and

Implications.”

NIH/DCE. . . .. Conference: “Genetics, Religion, and Ethics.”

NIH/DCE. . . .. Project to examine issues of privacy, stigma and discrimination, particularity as they relate to culturally diverse
groups--both those who have and have not used genetic services.

NIH/DCE. . . .. Study investigating newborn genetic screening programs and policies governing State-sponsored genetic screening.

Minority populations’ access to and use of genetic services will be examined, including the nature of services available
to rural populations.

NIH/DCE. . . .. Television documentary, “The Future of Medicine.”
NIH/DCE. . . .. Report addressing a variet y of issues presented by the rapid proliferation of genetic tests capable of predicting future
disease.

SOURCE: Office of Technology Assessment, 1992.

a framework to answer questions raised by routine
CF carrier screening? What isthe role of geneticsin
public health (box 2-D)?

THE INTERESTED PARTIES:
PRESSURES FOR AND
AGAINST SCREENING

Why is carrier screening for CF a controversy?
Experts agree that persons with a family history of

Many parties have a stake in resolving questions
raised by our increased understanding of human

CF should have the opportunity to avail themselves
of the new, DNA-based tests. No one espouses
mandatory screening. Who opposes voluntary screen-
ing, and on what grounds? Who supports CF carrier
screening, and why? Do past experiences with
large-scale genetic screening (e.g., maternal serum
alpha-fetoprotein, sickle cell, or Tay-Sachs) provide

genetic disease, including CF. These stakeholders
include consumers, health care providers, and com-
mercia ventures. Also weighing in on the evaluation
of the technical, legal, ethical, and economic consid-
erations are experts and professional societies in
each of these fields. This section briefly describes
the tensions that have arisen and identifies areas
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Box 2-D---Genetic Screening and the Practice of Public Health

I'n some respects, friction over routine carrier screening for CF reflects different notions of public health and
its interaction with genetics. What is public health, today? How do genetic testing and screening for CF fit in its
practice? Do they fit at al? Does the evolving practice of clinical genetics challenge many common assumptions
about the limitations on, and aims of, public health authorities?

Public hedlth is a dynamic field, and its history records struggles over the limits of its mandate. Public health
attempts to prevent disease, prolong life, promote physica health through sanitation of the environment, control
contagious infections, educate individuals and whole populations about health, and organize medical services for
the early diagnosis and preventive treatment of disease. Since it can involve social machinery to ensure maintenance
of health (59,69), such institutional mechanisms might sooner or later violate-or be perceived to violate---private
beliefs, private property, or the prerogatives of other institutions (73). Today, some public health initiatives, such
as quarantine or immunization, are mandatory. Compulsory components, however, are only a narrow dlice of what
constitutes the practice of public health. There is nothing inherently coercive or mandatory about public health per
se; Witness, for example, public education about drug abuse, sanitation, or voluntary cholesterol or blood pressure
screening.

Debates surrounding public health issues, such as the spread of infectious disease, often involve an adversaria
model focused largely on balancing individua rights against community rights, on the assumption that the two are
in conflict (1,60). For public health issues like genetic testing and screening, however, individual interests might
be in harmony with public interests, and thus cooperative models of individual and governmental action (3,34,59)
could be more appropriate. On the one hand, who better to make the choice of whether to conceive a child with a
genetic disorder than the individuals who will both gain from and provide support to the child. At the same time,
as the Human Genome Project project continues to identify genetic risks that everyone faces in procreation, genetic
diagnosis and counseling becomes an aspect of personal health for the entire community-and hence perhaps
governmental action.

Nevertheless, disputes about the role of public health practices in genetics arise and often adopt polemic tones.
The baance between individua freedom, individual responsibility, and government responsibility for hedlth is
especidly delicate in areas such as carrier screening for CF. If examined from the view of public health measures
to control disease, CF and other genetic illnesses are fundamentally different from infectious disease. Unlike
familiar public health measures such as vaccination or sanitation policies, CF carrier screening does nothing to
protect individuals from the causes of disease, nor does it directly improve persona health. CF carrier screening
conveys information about future scenarios—i.e., the potential of CF occurring in one's offspring, not oneself.
Viewed negatively from this perspective, some maintain that public health and genetics equate with eugenic
motives. Still others take a dim view of a public health role for CF carrier screening, not because of eugenic
overtones, but because they believe that consumers are best served by having CF carrier tests available through
general medical practice. They argue that forma effort trandates to regulated medicine, which they oppose.

Balanced against these perspectives, however, are beliefs of others that public heath currently centers on
identifying, educating, and counseling individuals and populations about achieving good health. From this
perspective, genetic screening falls squarely beneath the public health rubric, which should play an important and
appropriate role in CF carrier identification. These voices argue that there is nothing inherently eugenic about the
role of public health in genetics. To the contrary, many believe public health's historical tradition with institutional
mechanisms and social approaches is appropriate and necessary for quality assurance and consumer protection.

It is easy to see how aformal CF carrier screening policy could be perceived as a form of eugenicsif it were
assumed that al persons found to be carriers would, or should, act to prevent the birth of a child with a genetic
condition. Thus, while some maintain that such is not the case and that the public health goa met by routine CF
carrier screening is to provide information and options, others assert that early diagnosis or reducing incidence of
genetic illness on a population basisis aso an implicit goa. In any case, whether information about carrier status
affects the incidence of CF ultimately depends on how individuals use information provided by screening, and
reducing incidence of the disorder might not be a goa per se of carrier screening, but could be a consequence.

SOURCE: Office 0f Technology Assessment, 1992.
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Figure 2-2-Chromosome 7 and the
Cystic Fibrosis Gene

In humans, DNA is associated with protein, in bundles called
chromosomes. Each chromosome contains many genes, but only
the chromosomes-which can be ordered in pairs by their size
and shape-are microscopically identifiable. Humans have 46
chromosomes: 1 pair of sex chromosomes (two X chromosomes
for females; an X and a Y for males) and 22 pairs of autosomes.
In 1986, scientists discovered that the CF gene was on chromo-
some 7. Left: Chromosome 7, as visualized by light microscopy.
Right: Schematic of chromosome 7; arrow denotes location of CF
gene on the long arm of the chromosome.

SOURCE: Office of Technology Assessment, 1992.

about which concern has been expressed. Subse-
quent chapters elaborate on and analyze these issues.

Scientific and Clinical Tensions

Elucidation of the location of the CF gene and the
most common mutation leading to the condition—
commonly referred to as delta F508 (DF508) (figure
2-2) (44,66,68)-has been quickly followed by a
widely available, direct-DNA assay for carrier
testing and screening. Using today’s technology, it
is usually a one-time test that can inform an
individual whether he or she carries a CF mutation
and could thus pass it to his or her offspring (who
would be affected if it also received a CF mutation
from the other parent). In theory, carrier screening
for CF could encompass 100 to 125 million Ameri-
cans of reproductive age, but will probably involve
significantly fewer numbers.

Routine CF carrier screening will likely integrate
into medicine in the reproductive context first—
chiefly obstetric/prenatal, but also preconceptional.
A focus on pregnant women, however, is not without
controversy (13,20,48,49). Some have concerns
about abortion, and some have reservations that
prenatal testing negatively shapes perceptions of
pregnancy, disability, and women (48,49). Never-
theless, based on the annual number of births (4.2
million) (31,88) and spontaneous abortions (an
estimated 1.8 million) (31), there are approximately
6.0 million pregnancies per year for which CF carrier
screening might be performed. Twenty-four percent
of women giving birth receive no prenatal care until
the third trimester (88), however, so CF carrier
screening in the obstetric/prenatal context would
involve, at most, 10 million’men and women per
year, depending on who is screened. Followup
carrier screening that focused on relatives of people
identified as carriers initidly, rather than mass
screening, also significantly reduces the number
who theoretically must be screened to identify a
majority of carriers (24).

The current test, however, leaves ambiguity when
results are negative. About 1 in 25 Caucasians carry
a CF mutation, but the DF508 test identifies only 70
to 80 percent of actual CF carriers’in this popula-
tion, depending on a person’s ethnicity (30,47).
More than 170 additional genetic alterations in the
gene also cause CF—i.e., a person with CF can have
the same mutation on his or her chromosomes or two
different mutations. Assays using DF508 plus 6 to 12
other CF mutations (DF508+6-12) identify 85 to 90
percent of CF carriers, depending on the population
being screened (21,58). (In Ashkenazic Jews,
DF508+6 identifies nearly 95 percent of carriers
(71).) Thus, a negative test result does not guarantee
that a person is not a carrier. He or she could carry
one of the rare CF mutations that was not assayed
and hence still be a carrier. For atest that detects 85
percent of carriers, about 1 in 165 individuals who
test negative using DF508+6-12 will have an unde-
tected mutation; at 90 percent sensitivity, 1 in 246
individuals who test negative will be a carrier (47).

2This figure does not account fOI the estimated 2.4 million infertile couples who are trying to conceive and might be interested in CF carrier screening

(would increase overall figure). Nor does it estimate the number of men and women not involved in a pregnancy (would increase), the number of
individuals involved in more than one conception per year (would decrease), or those who might have been screened during a previous pregnancy (would

decrease).

3 |t should be emphasized that the aFs08 DNA-based test is not 70 to 80 percent accurate. Evidence indicates that the test per e is specific, and
that DNA tests yield accuracy greater than 99 percent (1 1,46). That is, if the AF508 mutation is present in the individual's genome, the test detectsiit,
absent |ahoratory error. Like alt diagnostic tests, a certain number of false positive or false ne%atives can arise during the course of testing. Quality control

and quality assurance, discussed in chapter 5, are designed to reduce this number to a smal

figure.
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DNA analysis for the most common mutation responsible

for CF, DF508. A dot indicates the individual has a DF508

mutation. The absence of a dot means the person does not

have a DF508 mutation, but he or she could carry one of
the other 170+ CF mutations.

Couples where each partner is a carrier are
sometimes referred to as carrier couples, or couples
who are positive/positive (+/+). For these couples,
the chance of having a child with CFis 1in 4 for each
pregnancy. If the CF test detected 100 percent of
mutations, a couple in which one partner is positive
and one negative (+/-) would not beat risk of bearing
achild with CF. Tests to detect 170+ mutations are
impractical, however, and even if they were feasible,
not all CF mutations have been identified. Using
DF508+6- 12 means that for +/-couples, the negative
partner could carry one of the rare mutations that the
assay is hot structured to detect. Couples where one
partner is a carrier and the other’ s result is negative
might misunderstand that their reduced risk is not
zero risk.

For example, if 100,000 random couples were
screened, 160 couples would be identified as +/+ if
the test were 100 percent sensitive; one-fourth of
frost-time pregnanices for these 160 couples (i.e., 40)
would be expected to result in CF-affected fetuses.
Instead, at 85 percent sensitivity, about 116 couples
will be identified as +/+ and with each pregnancy
have a 1 in 4 risk of a child with CF. Results for
93,315 will be -/-, and about 6,569 couples will have
+/- results. In fact, approximately 41 of the 6,569
couples with +/- resultsare at 1 in 4 risk of bearing
a child with CF in each pregnancy, while the
remaining 6,528 have no risk-but these two groups
cannot be distinguished with an 85 percent test
sensitivity (6,47).

About 4 of the 93,315 couples with -/- test results
are also actually at 1 in 4 risk with each pregnancy
of having a child with CF. Thus, of the theoretical
160 +/+ couples, 116 are dectable and 44 are not
when the test is 85 percent sensitive. In other words,
if all 100,000 couples experience a first-time preg-
nancy, 40 fetuses with CF are expected. But with an

Table 2-3-Test Sensitivity and Risk of Child
With Cystic Fibrosis

Couples at 1in4risk Affected fetuses

Percent with each pregnancy in first pregnancy

mutations

detected Actual ++®  */h - Actual Detectable Missed
85 160 115.6 40.8 3.6 40 28.9 111
90 160 129.6 28.8 1.6 40 324 7.6
95 160 144.4 15.2 0.4 40 36.1 3.9

‘per 100,000 couples.

*Test results.

SOURCE: A.L. Beaudet, Howard Hughes Medical Institute, Houston, TX,
personal communication, March 1992.

85 percent sensitive test, 29 are detectable and 11
missed. If the assay elucidates 95 percent of carriers,
144 of 160 couples would be detected. In this case,
if al 100,000 couples experience a frost-time preg-
nancy, only 4 couples at 1 in 4 risk of having a child
with CF would be missed (table 2-3) (4,6).

With atest that detects 85 percent of CF carriers,
a couple with a +/- result has approximately a1 in
661 risk of having an affected child with each
pregnancy (compared to a general population fre-
guency of about 1 in 2,500). At a 95 percent
detection rate, a couple whose result is +/- facesa 1
in 1,964 risk of an newborn with CF with each
pregnancy (47). When the test detects a greater
proportion of mutations, +/- couples can be told with
greater confidence that their risk of having a child
with CF is more remote; hence they might be less
anxious about uncertainty. Couples who both test
negative, while not having zero risk, would have a 1
in 109,200 risk of an affected child with each
pregnancy (85 percent sensitivity) (47).

Some scientists, clinicians, and organizations
argue that even achieving detection levels of 90 to 95
percent is insufficient to justify routine CF carrier
screening-that other requirements must be met
(4,7,12,18,29,32,41,54,93). They assert that CF
mutation tests are appropriate only for testing
individuals or families with a known history of CF
or in pilot projects. Another view holds that individ-
uals should not be advised about CF carrier screen-
ing, but for those who actively seek it and who
receive sufficient education and counseling, screen-
ing is acceptable (42). Others, while also advocating
pilot studies, believe the current state-of-the-art is
sufficient for the test to now be offered routinely to
persons of unknown risk during the course of general
or obstetric/prenatal care (5,12,14,33,65,70). The
latter proponents argue that consumers should be
informed about the test and be given an opportunity
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to choose whether to take it or not. Related to the
issue of informing individuals about CF carrier
assays is concern on the part of some physicians that
withholding information about their availability
leaves them vulnerable to malpractice suits.

Social Pressures

Science is so much a part of society that it is no
longer useful, or helpful, to consider its impact in
isolation (36). While CF carrier screening is first a
guestion of science, it is also a question of personal
values (28). Not surprisingly, then, pressures for and
against CF carrier screening do not center solely on
scientific issues. Intertwined are matters of law,
ethics, and economics. Compelling arguments that
assess, weigh, and consider these factors are being
made for and against routine CF carrier screening,
This section briefly touches on the social pressures
involved; the ensuing chapters analyze them in
greater detail.

For some questions, the debate is highly charged,
emotional, and divisive+. g., prenatal testing and
the option of abortion. The extraordinary tensions in
the United States about abortion affect, to a certain
extent, the analysis of the implications of CF carrier
testing and screening. A couple where both partners
are positive for DF508+6-12 can undergo prenatal
testing to determine whether the fetus will have CF.
The Cystic Fibrosis Foundation, for example, di-
vorces itself from the CF carrier screening debate,
and the abortion issue apparently played a major role
in this policy (67). Nevertheless, although abortion
tinges the debate, reproductive aspects of CF carrier
screening encompass broader choices, including
avoiding conception, seeking adoption, or choosing
artificial insemination by donor.

Another concern expressed by opponents of CF
carrier screening is that market pressures will drive
widespread use of tests before the potential for
discrimination or stigmatization by other individu-
as or institutions (e.g., employers and insurers) is
assessed (8,15,93). This view contends that com-
mercialization and advertising will lead some to opt
for screening without fully realizing the implications
of, for example, insurance considerations. On the
other hand, patient demand is a major element of
market forces. Thus, some point out that commer-
cialization of genetic tests is not the factor responsi-
ble for increased interest in genetic assays, but rather
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Five-year plan for the U.S. Human Genome Project, jointly
funded by the U.S. Department of Health and Human
Services and the U.S. Department of Energy.

that commercialization is the response to public
demand.

Because the price to consumers for CF tests
averages about $170 per test, opponents also raise
questions about costs. While some clients can afford
out-of-pocket payments for CF carrier assays, issues
of access arise for those who cannot pay but wish to
use the tests. Moreover, even with less expensive
tests, CF assays, like all diagnostic tests, are subject
to limitations defined by laboratory quality control
and quality assurance. Thus, what standards should
prevail? How should quality be monitored? Finaly,
opponents of widespread CF carrier screening ask:
How can the limited genetic services delivery
system in the United States handle the swell of CF
carrier screening cases, let alone cases of other
genetic conditions arising from increased knowl-
edge from the Human Genome Project? These
voices express concern on both quantitative and
qualitative fronts: that inadequate numbers of per-
sonnel exist (93) and that optima methods for
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educating and counseling related to CF carrier
screening need definition for those personnel who
are available (40).

Those who advocate CF carrier tests for use
beyond affected families are no less concerned about
the issues just raised. Rather, proponents argue on
other lega and ethical grounds that screening should
move forward and individuals routinely informed
about the assays so they can voluntarily choose to
avail themselves of the tests (12,33,65,70). They
assert that the tests are sensitive enough for current
use and will, like most tests, continually improve.
Since 80 percent of babies born with CF are to
couples with no previous family history (42), these
voices believe that failing to inform patients now
about the availability of CF carrier assays denies
people the opportunity to make personal choices
about their reproductive futures, either prospective-
ly---e.g., by avoiding conception, choosing to adopt,
or using artificial insemination by donor--or by
using prenatal testing to determine whether a fetus is
affected.

THE OTA ASSESSMENT

For years, scientists, clinicians, lawyers, ethicists,
and policymakers theorized about the potential
consequences that increased knowledge of human
genetics would bring. In the early 1990s, CF
mutation tests move the debate from the theoretical
to the practical. With this report, OTA assesses both
the current technical capability of direct, DNA-
based tests to detect mutations in the CF gene and
what this capability means for individuals and
society.

For some, the key question hovering over routine
carrier screening for CF isif, not when. For others,
the debate has shifted to when, not if. Without
making judgment on its appropriateness or inappro-
priateness, OTA finds that the matter of CF carrier
screening in the United States is one of when, not if.
The expansion in the number of tests for CF carrier
status will likely continue (figure 2-3); OTA esti-
mates that as many as 63,000 individuals could be
screened for their CF carrier statusin 1992. A rapid
upward trend is not entirely unexpected, however,
given the nascent stage of the technology’s move-

Figure 2-3-Trends in the Number of Samples
Screened for Cystic Fibrosis Carrier Status, 1989-91
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SOURCE: Office of Technology Assessment, 1992.

ment into U.S. medical practice. What is unclear is
the extent to which its integration will be sustained.

Regardless of the number of individuals actually
screened, it is clear that, increasingly, patients will
be informed about the availability of CF carrier
assays and a proportion will opt to be screened.
Nevertheless, the timeframe for physicians to begin
routinely informing patients about CF carrier tests is
uncertain. It could be within a year or two, but more
likely will be a gradual process over several years—
time enough, perhaps, for policymakers to address
the issues raised by this report.

Leaving the precise timing of CF carrier screening
aside, the number of DNA-based tests for genetic
disorders and predispositions unquestionably will
increase rapidly over the next decade, almost cer-
tainly by an order of magnitude. OTA considers it
likely that the time available, if any, for debate and
discussion on dissemination and use of new genetic
tests will be compressed, as pressure to use them
rises. Given this scenario, some of the policy
questions raised in this report extend beyond impli-
cations for CF carrier screening.

“This number is based on a canvas of 41 facilities performing CF mutation analysis (30 responding) and tests performed in federally and privately
funded pilot studies. It underestimates the number of individuals who will be informed about CF Carrier Screening, SINCE: not al who are informed agree

(0 screening, standards of care will evolve, and not all facilities responded.
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OTA Surveys

INn collecting information for this assessment,
OTA found specific details were needed to answer
guestions about two areas covered by the report:

+ What are the attitudes of genetic counselors and
nurses in genetics toward CF carrier testing and
screening? To date, what have been their
experiences with CF mutation analyses? What
are their current caseloads and what changes do
they expect with routine CF carrier screening?
Have their patients had difficulties with heath
insurance coverage due to results from genetic
tests?

« What are the attitudes and policies of health
insurers toward genetic testing and screening
for CF carriers? Do these differ by provider
type, i.e., commercial health insurers, Blue
Cross/Blue Shield (BC/BS) plans, and health
maintenance organizations (HMOs)? How does
genetic information, including information from
genetic assays, affect underwriting? What role
do they envision for genetic tests in their future
business practices?

OTA addressed these questions by conducting
mail surveys. First, OTA surveyed the June 1991
members of the National Society of Genetic Coun-
selors and the International Society of Nurses in
Genetics. OTA focused on genetic counselors and
nurses in genetics to avoid duplication with, and to
compare its results to, other surveys of medica and
clinical geneticists (38,91). A separate background
paper describes this survey’'s approach and presents
data OTA collected that are not directly related to CF
carrier screening (86).

Second, to address questions related to practices
and attitudes toward genetic information for individ-
ual health insurance policies or medically underwrit-
ten groups, OTA sent tailored questionnaires to three
survey populations: medical directors of commer-
cial insurers, medical directors and chief underwrit-
ers of all BC/BS plans, and medical directors at the
50 largest HMOs, largest HMO within a State, or
largest by HMO model type. This report summarizes
these data and examines their implications for the
policy issues surrounding carrier screening for CF.
As with the results from the genetic counselors/
nurses in genetics survey, a separate OTA back-
ground paper describes this survey’'s methods and
results in greater detail (87).

Table 2-4-Public Attitudes About Making Genetic
Tests Available Through Physicians

Question: If there were genetic tests that would tell a person
whether they or their children would be likely to have
serious or fatal genetic diseases, would you approve or
disapprove of making those tests available through a

physician?
Percent?
ADPIOVE. & oot et ettt it i e 89
Disapprove. ..ottt i i 9
Notsure.........oooiiiiiiiiiiin i, 2

2 Percentages are presented as weighted sample estimates. The un-
weighted base from which the sampling variance can be calculated is
1,273,

SOURCE: Office of Technology Assessment, New Developments in
Biotechnology: Public Perceptions of Biotechnology, OTA-BP-
BA-45 (Washington, DC: U.S. Government Printing Office, May
1987).

Paralleling the paucity of information about
counselors’ and insurers attitudes toward genetic
testing and screening is our lack of knowledge about
how consumers view these practices today. A new
OTA survey of Americans attitudes toward genetic
testing and screening was not feasible for this report,
however. Nor was a comparative analysis possible
of the views of the general population versus
CF-affected individuals or families. Other studies,
however, have surveyed certain aspects of consumer
attitudes toward prenatal diagnosis of CF (43,92)
and neonatal and carrier screening for CF (19).

A 1986 OTA telephone survey (77) of a national
probability sample of adult Americans reported that
about 9 of 10 Americans approved of making genetic
testing available through doctors (table 2-4). Fur-
thermore, 83 percent of respondents reported they
would take a genetic test before having children if
such a test would tell them whether their children
would probably inherit a fatal genetic disease (table
2-5). Survey respondents were not, however, specif-
icaly questioned about CF.

An independent survey in 1990 queried Ameri-
cans about their attitudes toward genetic tests in a
different manner, but found overall public opinion
toward them was favorable. Sixty-six percent of
respondents believed ‘‘genetic screening will do
more good than harm. Even when informed as part
of a question that treatment was impossible for most
serious genetic conditions despite the availability of
prenatal diagnosis, 69 percent said they would want
prenatal testing if they (or their partner) were
pregnant (72).
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Table 2-5—Consumer Attitudes Toward Genetic Tests

Question: If genetic tests become available that would indicate
whether or not it was likely that your children would
inherit a fatal genetic disease, would you personally
take such a test before having children or not?

Percent’
Would taketest. . . ......... .. ... . 83
Would nottaketest. . . ........ ... ... .. ... . ..., 15
NOtSUre. . ..o 3

a Percentages are presented as weighted sample estimates. The un-
weighted base from which the sampling variance can be calculated is
1,273. Percentages do not add to 100 due to rounding.

SOURCE: Office of Technology Assessment, New Developments in
Biotechnology: Public Perceptions of Biotechnology, OTA-BP-
BA-45 (Washington, DC: U.S. Government Printing Office, May
1987).

Scope and Organization of This Report

As mentioned earlier, the primary focus of this
report is the implications of routine carrier screening
for CF. Secondarily, the report analyzes the appro-
priateness of using CF as a model for policy
decisions raised by tests for other genetic conditions:
To what extent is there an agorithm that describes
the policy implications of the broad array of current
and potential genetic tests? Where possible, the
report analyzes how experiences with CF carrier
screening can be used to construct a generic set of
policy issues. Conversely, where concerns and
possible solutions for CF carrier screening are
inappropriate or less relevant, the report identifies
these aress.

To provide a perspective on CF, medica informat-
ion about the disease—its diagnosis, its therapy,
and its prognosis-is presented in chapter 3. To set
the stage for the legal, economic, social, and policy
analyses of CF carrier screening, chapter 4 describes
the genetics of CF: It covers the technical basis
for—and limitations of —DNA tests for CF muta-
tions. Chapters 5 through 9 analyze five key aspects
of CF mutation analysis: quality assurance, educa-
tion and counseling facets, financing, socia and
legal dimensions of discrimination issues, and costs
and cost-effectiveness. CF carrier screening pro-
grams in the United Kingdom are described in
chapter 10, which also analyzes if lessons learned
from these efforts can aid decisionmaking in the
United States. Appendixes A and B describe the
international epidemiology of CF mutations and
case studies of other carrier screening efforts,
respectively.

This report does not present an ethical analysis per
se of the implications of routine CF carrier screening
because the fundamental principles identified in the
1983 President’s Commission report remain un-
changed (61,62). And athough the boundary of this
report encompasses carrier screening for CF, previ-
ous OTA reports analyze other issues related to new
genetic technologies, including: genetic monitoring
and screening in the workplace, the implications of
the Human Genome Project, the commercia devel-
opment of tests for human genetic disorders, human
gene therapy, forensic uses of DNA tests, and
technologies to detect heritable mutations (74-77,
79,80,83-85). Finally, detailed analyses of allied
issues, such as safety and efficacy of amniocentesis,
prenatal care and pregnancy management (78),
termination of pregnancy, and assisted conception
(81,82) are beyond the scope of this report.
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Chapter 3
Medical Aspects

For a 17th century mother, tasting salt on her
baby’s brow portended death; according to folk
wisdom of the period, the infant was hexed. Modern
medicine now recognizes this as an indicator of
cystic fibrosis (CF), the most common, life-
shortening, recessive genetic disorder among Cauca
sians. CF also occurs in other races, but at a 4- to
36-fold lower incidence. A multifaceted condition,
CF compromises many functions throughout the
body, but varies from patient to patient in severity of
symptoms and the extent to which different organs
are affected. No cure exists for CF, but treatment of
the digestive and respiratory symptoms lengthens
lifespan considerably.

While the devastating consequences of CF have
been apparent for centuries, an understanding of its
underlying mechanisms is relatively new. Since the
1940s, doctors and scientists have known that CF is
a heritable condition—i.e,, one transmitted from
parents to children through their genes. New scien-
tific developments have revealed the nature of the
genetic defect and offer insight into the relationship
between genetics and disordered function, clearing
the way to increased comprehension of the manifes-
tations of CF and better management of the condi-
tion. Today, new therapeutic possibilities for af-
fected patients exist, as well as technologies to
detect people who are asymptomatic carriers of CF
mutations.

This chapter provides an overview of the medical
principles important to understanding the context of
carrier screening for CF. It describes CF's manifesta-
tions, outlines how the condition is diagnosed, and
summarizes methods of treatment. Additionally, this
chapter looks forward, considering new medical
techniques that could improve therapy and progno-
sis for people with CF.

PATHOLOGY

CF affects the respiratory, gastrointestinal (Gl),
and reproductive systems, as well as the sweat
glands. Although the disorder is present at birth in
affected persons, the symptoms vary among individ-
uals. Approximately 10 percent of people with CF
are born with a detectable intestinal blockage called
meconium ileus. In general, diagnosis occurs by age
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3, adthough some individuals do not develop symp-
toms until later in childhood, adolescence, or even
adulthood (10,15,54,62).

CF generally involves dysfunction of exocrine
glands, the glands that secrete into ducts or onto
specific organ surfaces. Exocrine glands include
lacrimal (tear) glands, sweat glands, and part of the
pancreas. Mucus-producing cells lining the respira-
tory and Gl tracts are also part of the exocrine
system. Although specific glands are impaired to
differing degrees, CF affects both major classes of
exocrine glands-the serous and mucous types. In
CF, secretions from serous glands have an increased
salt content. In contrast, secretions from mucous
glands have a norma or diminished salt content, but
the disorder causes them to be thicker than normal
secretions, leading to obstruction of the gland's
ducts (49).

Respiratory System

CF affects both the lower respiratory tract (the
lungs) and the upper respiratory tract (the nose and
sinuses), although the upper tract is less involved
(figure 3-1). CF produces thick, sticky mucus that
obstructs breathing passages and interferes with
normal gas exchange and removal of bacteria,
viruses, and other particles from the airways. Thus,
individuals with CF often suffer chronic lung
infections, followed by inflammation, then subse-
guent lung damage (8,24,30,54). What often begins
as coughing and wheezing can progress over time to
shortness of breath, limited lung function, chronic
lung infections, and numerous pulmonary complica-
tions that often include respiratory and heart failure.

Three types of bacteria, Staphylococcus aureus,
Haemophilus influenzae, and Pseudomonas aerugi-
nosa, generally colonize the lungs of CF patients.
The former two are usualy the frost bacteria found
in CF-affected bronchi, while Pseudomonas more
frequently occurs as the disease progresses. Pseudo-
monas infection poses additional problems because
it is often resistant to antibiotics.

The severity of respiratory problems often deter-
mines the quality of life and survival of CF patients
(15,37,54). At one extreme, some infants develop
chronic lung obstruction and infection soon after
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Figure 3-1-Organ Systems Affected in Cystic Fibrosis
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SOURCE: Office of Technology Assessment, 1992.

birth, resulting in impaired pulmonary function and
early death. Other patients experience only mild
symptoms, living several decades before they suc-
cumb to progressive lung disease and heart failure.

Gastrointestinal System

Digestive difficulties are common in CF and often
predominate over respiratory symptoms early in life.

“Reproductive”’

system

The pancreas, liver, galbladder, stomach, and intes-
tines can be affected, but if treated properly the
problems generally are not life-threatening (figure
3-1).

About 85 to 90 percent of individuals with CF
experience some pancreatic problems, primarily
because inadequate quantities of pancreatic en-
zymes are released to digest food (22,54). As in the
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lugs, overly thick secretions are produced by the
exocrine pancreatic ducts. Digestive enzymes are
trapped, leading to destruction of pancreatic tissue
and preventing the enzymes from reaching the
intestines, where they are needed for digestion. Poor
nutrition and impaired growth result because food—
particularly fat and protein-is not broken down
appropriately and cannot be absorbed by the body.

Nutritional status and pulmonary disease appear
related;, adequate nutrition helps alleviate the symp-
toms of pulmonary disease, whereas poor nutrition
reinforces pulmonary disease and worsens the prog-
nosis (37,54). The inability to digest fat interferes
with intestinal absorption of fat-soluble vitamins—
A, D, E, and K. Vitamin deficiencies lead to
complications such as impaired blood clotting and
scaly skin. Resticted protein digestion also causes
serious problems, including edema in infants due to
lack of blood proteins. Insufficient release of pancre-
atic enzymes can cause large, greasy, malodorous
stools, abdominal pain or discomfort, and excessive
gas.

Pancreatic manifestations also include diabetes
and pancredtitis, athough both are less frequent
complications than exocrine pancreatic insufficiency.
Diabetes, rare in CF patients under age 10, occurs in
10 percent of patients between ages 10 and 20, and
is found in an additional 10 percent with each decade
thereafter. CF-associated diabetes is mild compared
to juvenile-onset diabetes; it tends not to cause the
severe manifestations seen with the latter disease,
such as nerve lesions and skin ulcers. Pancreatitis,
inflammation of the pancreas, occursin 1 percent of
CF patients (54).

In the GI tract and associated organs, thick mucus
accounts for many of CF's clinical signs. As
mentioned earlier, meconium ileus occurs in 10
percent of newborns with CF. In these babies,
meconium (fetal stool) obstructs part of the small
intestine, the distal ileum. Older CF patients can
develop a condition akin to meconium ileus--distal
intestinal obstruction syndrome-where intestinal
contents either partially or completely block the
intestine (10,54,62).

CF patients suffer, less frequently, two additional
Gl complications: intussusception, or the folding of
a piece of the intestine within itself, and recta
prolapse, or projection of the rectum through the
anus (10,54). Finally, the liver is generaly unaf-

fected, athough biliary cirrhosis<caused by block-
age of the ducts that transport bile into the intestine—
and fatty liver can occur, generaly late in the course
of the disease (10,54). In 1990, liver complications
caused death in approximately 4 percent of people
with CF (27).

Reproductive System

CF manifestsitself in the reproductive systems of
males and females (figure 3-1); for both, sexual
development can be delayed. CF damages the
Wolffian duct, the embryological precursor of the
male reproductive organs, in 95 percent of CF-
affected males (10). The vas deferens is often absent
(57), incompletely formed, or blocked by mucus,
resulting in an effect similar to vasectomy. Addition-
ally, sperm might be improperly formed in men with
CF (39,65). As aresult of these factors, only 2 to 3
percent of CF males are fertile (10). DNA analysis
of men with congenital absence of the vas deferens
reveals that many with this disorder might have CF,
although they have no apparent symptoms of CF
other than infertility (5).

In women with CF, thick, dehydrated mucus
centaining abnormal electrolytes often plugs the
opening to the uterus, impeding sperm migration and
reducing the pregnancy rate. Additionally, women
patients can develop amenorrhea secondary to pul-
monary disease and poor nutritional status, further
reducing the chances of conception. Fertility in
women with CF is estimated at 2 to 20 percent; this
figure, however, might bean underestimate as many
women with CF use contraceptives ( 10, 15,27,42,54).
In patients with advanced lung disease, the physical
strain of pregnancy poses a health risk. Neverthe-
less, with proper care, increasing numbers of women
with CF are successfully having children. Women
with milder symptoms tolerate pregnancy better
than those with advanced lung disease.

Sweat Glands

CF also manifests in the sweat glands of affected
individuals (figure 3-1). Patients lose excessive
amounts of salt in their sweat, predisposing them to
episodes of salt depletion. Although not a major
concern for children and young adults—who can
take salt tablets to compensate-infants can suffer
form potentially fatal salt loss, particularly during
periods of warm weather (10,54,62).
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Skeletal System

Skeletal system problems occur in some CF
patients, probably secondary to the pulmonary and
digestive malfunctions. Many-but not all—
children with CF are short in stature and also have a
delayed growth spurt. Other skeletal affects include
joint pain, spine curvature (kyphosis), and clubbing
(swelling) of fingers and toes (10,54,62).

DIAGNQOSIS

Physicians combine clinical criteria and labora-
tory tests to diagnose CF. Early signs and symptoms
can include recurrent wheezing, persistent cough
and excessive mucus, recurrent pneumonia, intesti-
nal obstruction, low weight gain despite normal
eating (failure to thrive), abnorma bowel move-
ments, rectal prolapse, salty taste to the skin, nasal
polyps, and enlargement of the fingertips. Since
many childhood ailments share symptoms with CF
and since its symptoms vary in severity from
individual to individual, CF is often undiagnosed or
misdiagnosed (10,15). Physicians identify some
newborns before they develop symptoms through
assays performed because of a family history of CF.
Family history of CF aso contributes to diagnosis
for older individuals.

Sweat Test

The sweat test is the most common method for
confirming CF. CF affects exocrine glands, includ-
ing sweat glands. In these glands, excess sodium
(Na") and chloride (Cl-) ions are lost to the sweat.
This indicator was frost discovered in 1953; by 1959,
it was being used to diagnose CF (29).

To measure the salt content in the sweat of an
individual, sweating is induced by placing apilocarpine-
soaked gauze pad or falter paper on the person’s arm
or back. (Pilocarpine activates sweat glands.) A low
electric current is passed through the area (ionto-
phoresis) for 4 to 6 minutes to drive the pilocarpine
into the sweat glands. Next, the skin is cleaned and
a sterile, preweighed, dry gauze pad is taped to it.
Sweat is collected for up to an hour to obtain an
adequate amount (100 mg), then the pad is weighed
and sweat volume deterrnined. Finally, the sweat is
rinsed out of the pad and the pad weighed to
ascertain salt content. Elevated Cl'levels confirm a
diagnosis of CF (17) (table 3-1). The testis generally
repeated in positive cases, as well as in borderline or
negative cases where symptoms still strongly sug-

Table 3-I--Sweat Chloride Levels in Normal and
Cystic Fibrosis-Affected Individuals

Sweat chloride

(mmol/L) Status
<40 Normal
40 to 60 Borderline
>60 Presumptive case of CF

SOURCE: Office of Technology Assessment, 1992.

gest CF. Some laboratories measure both Na"and
Cl content in sweat.

Although painless and of moderate expense, the
sweat test has several drawbacks. As with all
diagnostic tests, accuracy depends on how the testis
performed and interpreted. Pilocarpine iontophoresis
is difficult to perform on newborns under 8 weeks of
age, making sweat testing in newborns difficult.
Moreover, complications of CF—such as edema
(swelling)---or recent use of corticosteroids can
confound the results. Other conditions also yield
elevated Cl'levels in perspiration, although these
can generally be distinguished from CF by their
symptoms. Additionally, normal adults, in rare
instances, have increased levels of Cl'in their sweat.
One study found approximately 40 percent of
persons referred to CF centers were sent there as a
result of false sweat test results by the initial tester
(10). Though the sweat test is imperfect, when
performed properly and considered in conjunction
with typical clinical findings, it can be used to
diagnose CF with better than 98 percent accuracy
(9). Increasingly, DNA analysisis used to establish
a positive CF diagnosis in people with borderline
sweat test results (68).

Immunoreactive Trypsin Test

A protocol for newborn CF screening, the im-
munoreactive trypsin (IRT) test, measures levels of
pancreatic trypsin, a digestive enzyme (13,54). In
newborns with CF, obstruction of the exocrine
pancreatic ducts causes this enzyme to backup into
the circulatory system. In the IRT test, a drop of
blood is isolated on a card, dried, and chemically
analyzed to detect elevated levels of the enzyme
(71). This use of dried spots—known as “Guthrie
spots ‘ —parallels the method of newborn screening
for a range of genetic disorders (e.g., phenylketon-
uria and hypothyroidism) performed by a number of
States (4).

While sweat testing is intended to be diagnostic,
the IRT test is not. The IRT test yields a higher
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number of false positives (unaffected individuals
incorrectly suggested to have CF) and false nega-
tives (affected individuals incorrectly identified as
not having CF) than the sweat test (7,55). For this
reason, it requires followup with other procedures
for conclusive diagnosis,

Current pilot studies combine the use of the IRT
test with other tests to enhance its diagnostic value.
In a Colorado study, the false positive rate of IRT
alone was reduced by sequentia use of the IRT test
with a stricter threshold and the sweat test (34,36).
Programs in Wisconsin, Pennsylvania, and Australia
combine the IRT test with followup DNA analysis
for a single mutation, known as DF508 (53,56,70).
The efficacy of presymptomatic identification of the
disease in newborns remains uncertain (1,36).

DNA Analysis

Both sweat testing and IRT analysis measure
phenomena secondary to the genetic cause of CF. In
contrast, DNA analysis directly examines the ge-
netic material, DNA, to reveal whether an individua
has CF mutations. Currently, DNA analysis is used
for prenatal detection, carrier screening, and, increas-
ingly, determining the status of borderline cases
(3,68). DNA analysis has also been used in combina-
tion with the IRT test for newborn screening (56,70).

As detailed in chapter 4, more than 170 different
mutations cause CF, complicating prospects for
routine diagnosis using DNA assays. While direct
analysis of DNA is theoretically the most precise
diagnostic test, at present it can only be used to
diagnose positive cases. Due to the number of
different mutations—many of which are not in-
cluded in test panels-DNA analysis cannot confirm
that a person does not have CF. However, DNA-
based CF mutation tests, while not yet ready for sole
use as a diagnostic test in negative cases, are
accepted as conclusive in positive cases. In its 1991
patient registry, the Cystic Fibrosis Foundation
(CFF) accepted positive results from DNA tests
without requiring sweat test confirmation (68).
(Chapter 4 discusses the correlation of molecular
diagnosis with clinical outcome.)

TREATMENT AND PROGNOSIS

The goal of CF treatment is to maintain a stable
condition for long periods of time and alow affected
individuals to lead relatively normal lives. General
therapy involves home treatment, with occasiona

hospital stays as needed. The regularity of hospitali-
zation varies with the individual, and ranges from
infrequent to once every 2 to 3 months, often
increasing in frequency in the last few years of life.
Treatment seeks to control infection, promote mucus
clearance, and improve nutrition.

The daily therapeutic regimen for a person with
CF depends on the severity of the disease, but the
principal components of treatment focus on manag-
ing the pulmonary and digestive manifestations of
CF. Even in asymptomatic cases, regular visits to a
physician are generally advised to prevent problems
and to detect early problems when complications do
arise. Today, treating CF has become increasingly
specialized. Currently, more than 110 mgjor clinical
centers and a number of satellite centers and
outreach clinics are devoted to delivering CF care
(16,17) (figure 3-2). The CFF, founded in 1955, has
played a large role in advancing CF treatment and
care.

Medical Management
Medical management of CF focuses on:

« dleviating blockage in the airways,

« fighting lung infection,

« managing airways inflammation, and
« facilitating proper nutrition.

Lung Therapy

Lung therapy for CF requires both medical and
physical approaches. Medical management of lung-
related problems involves the use of aerosols,
bronchodilators, corticosteroids, and antibiotics (table
3-2). Aerosols deliver medications and water to the
lower respiratory tract; most use a saline solution as
the vehicle. Mucolytics, agents (generally N-acetyl
cysteine) designed to break up mucus, can be used
in aerosol form, Efficacy and safety of currently
available mucolytics are controversial, but new
mucolytics under development might prove safer
and more appropriate for routine use. Bronchodila-
tors are also used to reverse airway obstruction.
These drugs are delivered by aerosol, injection, or
oraly. Bronchodilators used to treat CF include
metaproterenol, isoetharine, and abuterol. In some
instances, physicians prescribe corticosteroids to
treat allergic reaction to a fungus that grows in CF
airways. Long-term corticosteroid therapy is not
generaly beneficia (9). Finally, nonsteroidal anti-
inflammatory medications for CF therapy are cur-



74 . Cystic Fibrosis and DNA Tests: Implications of Carrier Screening

Figure 3-2—Distribution of Cystic Fibrosis Centers in the United States

SOURCE: Office of Technology Assessment, 1992.

rently being evaluated. Most of these treatments
involve some degree of controversy as to efficacy
and long-term safety (11,25,64).

As with all therapies, each of these treatmentsis
useful in some patients and not in others. In some
patients, for example, currently available mucolytic
aerosols induce cough, cause bronchospasm, and
promote inflammation; bronchodilators, while often
providing immediate relief of symptoms, might not
be effective in long-term use and could even prove
harmfud. Short-term use of corticosteroids in adults
can cause detrimental effects such as immune
system suppression, hyperglycemia, and glycosuria-
requiring their use be evaluated on a patient-by-
patient basis (25).

In contrast to the use of aerosols, bronchodilators,
and corticosteroids (which ameliorate the physio-
logical effects of CF on the lung), antibiotic treat-
ment reduces or eliminates infection, thus slowing

« Cystic fibrosis center
o Satellite center
oOutreach clinic or center

inflammatory responses that can lead to progressive
lung disease. Unlike other therapies, antibiotic
treatment is not controversial. The major antibiotics
for countering CF-related infections include the
penicillins and the aminoglycosides (e.g., gentami-
cin). Quinolones (e.g., ciprofloxacin and norfloxacin),
cephalosporins, and other antibiotic families are also
used. Antibiotics can also be aerosolized.

Treatment with antibiotics varies from intermit-
tent use to repeated, sustained use. CF patients often
need much larger doses than persons without CF. As
with al long-term antibiotic treatment, bacterial
resistance to treatment is a major problem. While
antibiotic therapy is generally provided on an
outpatient basis, hospitalization is sometimes neces-
sary. Lengths of stay vary, but can range as long as
2 to 3 weeks. Hospitalization allows more careful
management of patients, as well as the use of
antibiotics that must be given intravenously. The
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Table 3-2—Medications Used in Management of Cystic Fibrosis

Type of medication

Purpose

Antibiotics Fight bacteria in lungs
Penicillins
penicillin. .. ... ... Sreptococcus
ampicillin. . ... oo Haemophilus
ticarcillin.. ........... .. L il Pseudomonas
piperacillin. .. ..................... Pseudomonas
methicillin. . ......... .. ... o, Staphylococcus
Cephalosporins
cephalexin, cephaclor. . ............ Streptococcus, Staphylococcus, Haemophilus
ceftazidime. ...................... Pseudomonas
Tetracyclines. .. ........... oLt Streptococeus, Staphylococcus, Haemophilus, Pseudomonas
Erythromycin. .............. ool Streptococcus, Staphylococcus, Haemophilus
Chloramphenicol. ................... Staphylococcus, Haemophilus
Sulfa drugs (e.g., sulfisoxazole,
trimethoprim-sulfamethoxazole). . . . .. Haemophilus
Aminoglycosides (e.g., gentamicin,
tobramycin, amikacin). . ............ Pseudomonas
Quinolones (e.g., ciprofloxacin,
norfloxacin). .. .................... Pseudomonas
Aztreonam. ........... ... ... ... Pseudomonas
Bronchodilators Open air passages, facilitate breathing
Theophyllines
f-agonists (e.g., albuterol,
metaproterenoi, isoetharine)
Cromolyn

Corticosteroids

Mucaolytics
N-acetyl cysteine

Digestive enzymes

Dietary supplements
Vitamins A,D,E K,
High-calorie supplements

Diuretics

Dissolve mucus

Digest food

Maintain nutrition

Stimulate kidneys to remove water; relieve fluid

accumulation throughout body; ease pumping bur-
den on heart

SOURCE: Office of Technology Assessment, 1992, based on D.M. Orenstein, Cystic Fibrosis:A Guide for Patient and

Family(New York NY: Raven Press, Ltd., 1989).

necessity of hospitalization, however, remains con-
troversial. Recent evidence indicates that less expen-
sive home intravenous treatment could be as effec-
tive as identical hospital-based treatment if the
patient complies. Although antibiotics are standard
treatment, the method of delivery, selection of
particular antibiotics, and the usefulness of prophy-
lactic treatment are debated. Finaly, in addition to
aerosols, bronchodilators, corticosteroids, and anti-
biotics, several new methods to manage CF are
foreseeable (box 3-A).

Digestive Therapy

Digestive therapy for CF has severa goals—
achieving ideal weight, insuring normal growth and
maturation, sustaining respiratory muscle strength,
and maintaining adequate immunity. The major
components of digestive therapy are pancreatic

enzyme replacement, administration of fat-soluble
vitamins, and dietary supplementation.

For pancreatic enzyme replacement therapy, ex-
tracts of animal pancreas are ingested orally. Replac-
ing pancreatic enzymes enables CF patients to
properly digest food and absorb nutrients. Enzymes
must be taken each time a person eats. Dietary
supplementation is important to compensate for
increased energy needs associated with CF. Many
people with CF need approximately 150 percent of
normal caloric intake. Recommended supplements
are high-calorie, consisting of high-protein foods,
medium-chain triglycerides, and simple carbohy-
drates. In severe cases of malnutrition or during
acute periods of lung infection, nasogastric feeding
or total parenteral nutrition can be necessary.
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Box 3-A-Cystic Fibrosis Therapies on the Horizon

Standard CF pulmonary treatments of the past few decades focused on fighting infection and clearing mucus
in the airways, but new therapies target preventing the process of infection and subsequent inflammatory response
(12,19). These therapies attempt to intervene a specific junctures in the disease process by:

. decreasing the viscosity of lung secretions;

. protecting the airway from destruction and preventing infection;
. correcting the ionic imbalance; and

. compensating for the genetic defect through gene therapy.

Two promising drugs-DNase and amiloride-thin CF lung secretions through different mechanisms. Both
arein clinical trials for approva by the U.S. Food and Drug Administration (FDA) (42,58). DNase is an enzyme
that breaks down DNA that accumulates from the debris of inflammation-fighting cells in the lungs of CF patients.
DNase loosens CF mucus in vitro and in vivo, and is safe for short-term use (2,38,60,61); long-term studies are
underway (58). In short-term studies, patients using DNase show noticeable improvement in breathing ability,
suggesting that it might be an effective CF therapy in the near future (40). Company officials anticipate that DNase
might be on the market in early 1993 (6). Amiloride is a diuretic that loosens lung secretions by blocking sodium
ion reabsorption (43). Clinicd trials demonstrating safety and efficacy of its use in aerosol form are in progress (42).
The FDA has announced plans to streamline its drug approval process, a decision that could make treatments such
as DNase and amiloride commercialy available soon (69).

[ronically, the body’s natural infection fighting mechanism contributes to the massive destruction of airways
in CF patients. Substances known as antiproteases can protect the airway epitheliums from injury caused by innate
bacterial defense substances. Included in this category are apha-l-antitrypsin, secretory leukocyte protease
inhibitor, and a compound known as ICI 200,880, al undergoing clinical trias for FDA approval (8,42,51).

Other potential therapies circumvent the environment that |eads to infection and subsequent buildup of cells.
These new therapies attempt to correct the ion imbalance characteristic of CF (ch. 4). Admihistration of adenosine
triphosphate and uridine triphosphate in conjunction with the diuretic arniloride stimulates chloride ion (Cl-)
secretion, and could mitigate the effects of decreased CI conductance in individuals with CF; FDA clinica studies
are in progress (42,44). Recent in vitro evidence that proper chloride conductance can be induced in some CF cells
by applying large doses of cyclic-AMP-stimulating drugs suggests this as a future avenue for pharmaceutical
intervention (18,20,73).

Unlike treatments that attack symptoms of CF, gene therapy is designed to rectify the deficits of the disease
by directly atering DNA. In theory, new DNA can be inserted into faulty cells to compensate for the genetic defect.
Gene therapy for CF (discussed in greater detail in ch. 4) is in the animal experiment stage at present. Using a
crippled virus specific to airway epithelial cells, the norma human CF gene was administered directly to the lungs
of rats by aerosol spray. After 6 weeks, the transferred DNA continued to function (14,59). Aerosolized liposomes,
fatty capsules that can transport drugs directly into cells, have been used to deliver apha-1 -antitrypsin genes into
rabbit lungs, and a similar mechanism might be used to deliver the CF gene to the lungs (35). Despite significant
experimental progress, however, many hurdles remain for CF gene therapy to be feasible in humans. Long-term
safety of the procedure needs to be demonstrated and questions need to be answered regarding the most appropriate
means of transfeming the gene, the number of cells that need to be corrected, and the duration of treatment.

SOURCE: oftice Of Technology Assessment, 1992.

Chest Physical Therapy

The cornerstone of CF treatment is chest physical
therapy (PT) to move the mucus that blocks major air
passages out of the lungs (10,15,54). Bronchial
drainage, also called postural drainage, is a specific
form of chest PT commonly used for CF, and
involves turning the body in various positions to
align air passages in the lung to optimize the effect
of gravity. Itisusually performed leaning on atable
or lying over a couch. Either the individua or an

assistant (e.g., a professional therapist or a family
member) claps on the chest or back to loosen mucus
while the patient coughs it up. Mechanical percus-
sors and vibrators can facilitate PT. People with CF
generally require PT one to four times daily,
depending on their clinical status. When flareupsin
CF symptoms or acute infection occur, the fre-
guency of chest PT generaly increases. In light of
the time commitment required to accomplish PT-at
least once a day for 20 minutes or longer—
compliance is often poor.
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Lung Transplants

Since the 1980s, two new options have become
available to treat the terminal stages of CF:
heart-lung and double-lung replacement surgery
(23,26,47,66). Through 1991, 140 heart-lung trans-
plants have been performed in CF patients intern-
ationally, with 89 patients still alive (26,47). Since
1986, 58 double-lung transplants have been per-
formed in CF patients; 40 patients were surviving in
1991 (26). Aswith al organ transplantation, rejec-
tion is the major obstacle to survival. Availability of
donor organs and cost are also limiting factors.
When lungs were available, the operation and
aftercare cost approximately $200,000 in 1989 (47).

Heart-lung transplant was pioneered first, and
appears better suited for CF patients with right heart
failure. Double-lung transplants are increasing in
frequency (66), and they appear to reduce the
incidence of acute and chronic infection. While the
sputum of CF patients after transplant can become
colonized with Pseudomonas bacteria, it generally
clearsin the succeeding months (47,66). Since most
CF patients do not require new hearts, leaving the
original heart intact avoids coronary artery disease
associated with rejection of the transplant. It aso
removes the CF patient from the competition for
donor hearts (31,47).

To be considered for transplant therapy, a patient
must be a nonsmoker who has no signs of other
systemic or pleural disease, does not take high doses
of steroids, iswithin 15 percent of ideal weight, and
has an emotionally supportive family (23,26,47,66).
Neither approach can cure CF. Both types of
transplants leave the pancreatic, Gl, reproductive,
and sweat gland manifestations of CF unresolved.

Prognosis

Survival data for individuals with CF change
rapidly (figure 3-3), Fifty years ago, most infants
born with CF died within the frist 2 years of life. In
1959, the median age at death was 4 years. Median
age at death has increased one year per year for the
past decade (33). In 1990, the median age at death
had progressed to 28 years-meaning that one-haf
of babies born with CF in 1963 were alive in 1990
(27,28). The CFF reports that estimating the life
expectancy of an infant born with CF today would
require data from considerably more years than have
been collected and is thus not feasible (52). Some
research indicates past improvements in surviva

Median age at death of CF patients (years)

Figure 3-3-Median Survival of U.S. Cystic Fibrosis
Patients Over Time
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SOURCE: Office of Technology Assessment, 1992, based on S.C. FitzSim-
mons, “Cystic Fibrosis Patient Registry, 1990: Annual Data
Report,” Cystic Fibrosis Foundation, Bethesda, MD, January
1992; and S.C. FitzSimmons, Cystic Fibrosis Foundation,
Bethesda, MD, personal communication, February 1992.

might not continue without further advances in
therapy: Data from Canada show a plateau in median
survival age at 28 years over the last decade (21).
Nevertheless, afew postulate median survival of an
infant born in 1992 with CF might be 40 years (12).

Three medical factors account for the increased
life expectancy of persons with CF: the advent of
antibiotics in the 1940s, the introduction of chest PT
in the 1950s, and advances in nutrition in the 1970s
and 1980s. Past failure to diagnose mild cases of CF
also probably negatively skewed median survival
data. And, the development of CF centers providing
specialized and comprehensive care likely has
contributed to longevity. Currently, people with CF
can often lead full lives for long periods and can
pursue college educations, maintain careers, marry,
and have families.

As noted earlier, CF follows a varied clinical
course. A few affected babies die from meconium
ileus within the first days of life, while some people
can be largely asymptomatic for 10 years (figure
3-4). Certain prognostic factors help predict sur-
vival. Lung function measured by a clinical test
helps predict short-term survival, particularly when
considered with respect to age and gender (41).
Mortality rates in children and adolescents are
higher than in adults with similar measured lung
function (41). Likewise, mortality rates are higher in
females than males with comparable lung function
(41). In general, males live a few years longer than
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Figure 3-4-Age Distribution of U.S. Cystic Fibrosis
Patients in 1990 -
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SOURCE: Office of Technology Assessment, 1992, based on S.C. FitzSim-
mons, “Cystic Fibrosis Patient Registry, 1990: Annual Data
Report,” Cystic Fibrosis Foundation, Bethesda, MD, January
1992.
females (27). African Americans have more diffi-
culty during the early years of life, but fare better
than Caucasians later (10). Psychosocia aspects of
the disease also affect prognosis. Denial, depend-
ence, and depression-on the part of either parent or
patient-result in poor compliance with therapeutic
regimens and poor prognosis. Other signs of poor
prognosis include respiratory complications before
age 1, abnormal chest x-ray at diagnosis, or inade-
quate nutritional status. Clinically mild symptoms at
the time of diagnosis and pancreatic sufficiency both
predict longer survival (10). Certain CF mutations
associate with severe lung disease, while others
cause milder forms (9,67,72).

The effect of early diagnosis on clinical outcome
isunclear, and whether neonatal screening for CF is
useful remains controversial. Some clinical experi-
ence supports the belief that earlier diagnosis, and
hence earlier treatment, improve prognosis. How-
ever, when and where patients are treated has a
significant effect on outcome (10). Long-term data
from neonatal screening programs in Colorado and
Wisconsin could settle this issue (1,34,36,70).

Psychological Aspects

Beyond physical ailments, people with CF and
their families experience emotional and social ef-
fects. As in any chronic illness, being sick adds
additional strain to life. In particular, because CF
requires daily treatments-even mildly affected
individuals require digestive enzymes and usually
chest PT---the disease affects the daily lives of the

affected person and his or her family. Psychological
response to the demands of the disease and out-
look on life vary considerably (45,50,63). Not all
individuals with CF and their families experience
al-or even most—negative emotional aspects of
the disease; in particular, those with milder cases
grow up with little disruption to their lives. Specific
feelings and reactions, however, typify particular
periods in both the life of the individual and the
course of CF (15,54,62).

Children, adolescents, and adults with CF react
differently to the condition, Children sometimes
resiss home care, such as chest PT, because it
intrudes on play time and interferes with their desire
for independence. Children can be sensitive to being
different from their peers, and can be embarrassed by
physical manifestations of the disease such as
flatulence, coughing, and dietary restrictions. Miss-
ing school due to frequent lung infections or
hospitalizations interferes with school work; hospi-
talization can be a stressful and frightening experi-
ence. Children above age 10 start worrying about the
seriousness of CF and the possibility of death,
feelings that are exacerbated when they see friends
succumb to the disease (48,62).

CF accentuates the fears, conflicts, and insecuri-
ties associated with adolescence. At a time when
they most want to be independent of their parents,
teenagers with CF frequently depend on them for
daily chest PT and other medical necessities. Some
teenagers refuse to take enzyme supplements or
medication to rebel against parental attempts to keep
them healthy. The short stature, delayed onset of
secondary sex characteristics, and sometimes im-
paired athletic ability characteristic of CF can be
traumatic for adolescents who feel acutely aware of
their bodies and seek peer approval. Nonetheless,
many teenagers with CF are as psychologically
healthy as their peers (15,50,54,62).

Asthe prognosis for CF improves, it increasingly
becomes a disease of young adulthood rather than a
disease of childhood (figure 3-4). Due to the
progressive nature of CF lung complications, many
adults are physically more restricted than they were
as children. If they go to college, young adults with
CF must factor the demands of daily chest PT, often
performed by family, into the decision of where to
attend. CF aso influences career choice, since
individuals face frequent bouts of infection and can
be limited in physical activity. The need for health



Chapter Medical Aspects . 79

insurance also can shape job choice (ch. 8). The
threat of early death influences family planning
and marriage decisions as well. Within the medi-
cal community, a need exists for increased atten-
tion to CF care of adults, whose medical and psycho-
logical concerns differ from those of children
(17,46,48,54,63).

For the family of a child with CF, the disease often
shapes family time and interactions (54,62). With
the initial diagnosis, family members experience a
range of emotions. anger, shock, and grief that their
child has a life-threatening illness; denia of the
disease; relief to finaly know definitely what is
wrong and what can be done (15,48,54,62). Having
a child with CF can cause conflicts in marriage and
social life. CF is time consuming, can limit family
vacations, and demands that parents have jobs that
provide adequate health insurance. For siblings, CF
can inspire resentment of the attention focused on
the sick child. When a sibling with CF dies, siblings
can fed guilt that they were responsible (15,48,54,62).

While the burden of CF can be emoctionally
difficult, many individuals and their families perse-
vere, leading full lives. The medical condition is
only part of the social context and environment that
creates the whole life. Since studies focus on the
negative impact of CF, it is much easier to enumerate
the difficult parts of the experience than it is to
document that many CF patients and families are
happy (15,62). For them, CFisjust a part of life. As
one mother of a son with CF notes, no one—with or
without CF—is guaranteed a * ‘perfect life or a
perfect child” (32).

SUMMARY AND CONCLUSIONS

CF is the most common, life-shortening, recessive
genetic disorder among Caucasians. Age of diagno-
sis and severity of symptoms vary greatly from
individual to individual. CF generaly involves
exocrine gland dysfunction. It affects multiple organ
systems in the body, including the lungs, digestive
tract, reproductive organs, and sweat glands, as well
as the skeletal framework. The condition wreaks its
most severe toll, however, on the respiratory and
digestive systems, where it is characterized by
chronic obstruction and infection of the airways and
insufficiency of the pancreas in providing digestive
enzymes. Ultimately, the majority of people with CF
die from heart failure stemming from the respiratory
consequences of CF.

Diagnosis of CF usualy follows from its clinical
symptoms, with confirmation by laboratory tests.
Currently, analysis of sweat is the simplest and most
reliable method for confirming CF. Measurement of
a pancreatic enzyme, trypsin, is used—imperfect-
ly—to identify CF. DNA-based CF mutation tests
are not yet ready as the sole diagnostic test in
negative cases, but can be used to accurately
diagnose positive incidence.

Treating CF focuses on managing the respiratory
and digestive symptoms to maintain a stable condi-
tion, At present, lung obstruction is ameliorated by
daily chest PT and is sometimes augmented by
aerosols, bronchodilators, and corticosteroids. Anti-
biotics are used to fight infection. The drugs DNase
and amiloride, currently in clinical trias, offer hope
of attenuating obstruction as well, although they will
not be a substitute for chest PT To attain adequate
nutrition, pancreatic enzyme replacement and die-
tary supplementation are required. In a few end-
stage cases, double-lung or heart-lung replacement
aleviates CF-related pulmonary complications, al-
though digestive difficulties remain and rejection of
the transplanted organs can limit longevity.

Research into the underlying basis responsible for
CF progresses at a rapid pace. In the coming decade,
new approaches to therapy, including amiloride and
nucleotide triphosphates, could decrease lung dam-
age by combating primary manifestations at the
level of ion transport. Treatments that correct the
molecular deficit rather than ameliorating symptoms
seem feasible. Eventually, gene therapy to supple-
ment the gene itself could be possible.

Over the past half-century, CF has evolved from
an illness nearly always fatal in childhood to one in
which numerous individuals now survive into adult-
hood. Currently, the median survival age is 28 years.
Advances in new therapies and comprehensive
approaches to patient care have all contributed to
longer lives for people with CF. The search for new
treatments, and ultimately a cure, might improve
future prognosis.
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Chapter 4

The State-of-the-Art in Genetics

Molecular biology is being integrated into genet-
ics and medicine at a rapid pace. In the laboratory,
more than 300 human conditions can be analyzed
with today’s molecular genetic technology (3 1).
With clinical application of these discoveries comes
public expectations for new means of diagnosis,
screening, and even cure. This chapter provides an
overview of the genetic principles important to
understanding the issues involved in carrier screen-
ing for cystic fibrosis (CF). It outlines basic tenets of
human genetics and molecular biology and summar-
izes the technical aspects of CF carrier screening,
Finally, this chapter looks forward, exploring how
advances in automation could affect both carrier
screening for CF and testing and screening for
additional genetic disorders. Earlier OTA reports
provide further background in human genetics and
biotechnology (128-134).

BASIC GENETIC PRINCIPLES

Genetics explores how specific traits are passed
from one generation to the next. Except for certain
specidized cells, each of the trillions of cdls in a
human being contains a complete set of genetic
instructions-the genome—for the individual. A
person’s genome governs everything from the struc-
ture of a single molecule, such as a protein, to the
expression of identifiable traits, such as eye color.
An intricate hierarchy of instructions determines
which cells act on this genetic information, as well
as when they do so.

Scientists study human genetics on many levels.
They assess, for example, the molecular basis for
inheritance by examining the specific structure and
function of the genetic material, DNA. Geneticists
also observe how the environment influences the
expression of genetic traits, and trace the clustering
of biological characteristics in populations.

Function and Organization of DNA

As in al higher organisms, genetic information is
stored in humans in DNA, a double stranded
structure resembling a twisted ladder. This double
helix consists of a genetic aphabet of four different
nucleic acid molecules, or bases—adenine (A),
thymine (T), guanine (G), and cytosine (C)---each of
which is attached to a deoxyribose sugar group and
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a phosphate molecule (figure 4-1). The bases pair
predictably—A with T, and G with C—to form the
DNA double helix structure.

Lengths of DNA ranging from 1,000 to 2 million
base pairs comprise a gene, the fundamental physi-
cal and functional unit of heredity. About 50,000 to
100,000 structural genes, spread over 3,3 billion
base pairs, make up the human genome. DNA
associates with proteins to form chromosomes,
tightly coiled structures located in the cell nucleus.

In humans, genes are arrayed on 46 chromosomes-
22 pairs of autosomes and 1 pair of sex chromo-
somes (figure 4-2). Females have two X chromo-
somes, and males have one X and one Y chromo-
some. Egg and sperm cells contain just one copy of
each chromosome; fusion of the sperm and egg at
fertilization creates afull genetic complement.

The physica location of a gene on a chromosome
iscalled itslocus. Some genes have been mapped—
plotted at a specific locus on a chromosome--and
cloned-generated in multiple copies in the labora-
tory. Alternative forms of a gene at a particular locus
are caled alleles. At each locus along pairs of
autosomes, an individual can have two identical or
two different alleles, one copy inherited from the
mother and one from the father. If the alleles are the
same, the person is said to be homozygous for that
particular locus. If the versions differ, the person is
said to be heterozygous. Even though a normal
individual has at most two alleles at a given
locus-again, one copy inherited from the mother
and one from the father-additional alleles can exist
in other individuals.

DNA Replication

Through DNA replication, a full genome of DNA
is regenerated each time a cell undergoes division to
yield two daughter cells. In DNA replication, each
chain of the double helix is used as a template to
synthesize copies of the original DNA (figure 4-3).
During cell division, the DNA double helix un-
winds, the weak bonds between base pairs break, and
the DNA strands separate. A series of enzymes insert
a complementary base opposite each base in the
original strand-A opposite T, and G opposite
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Figure 4-I—The Structure of DNA
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Left: A schematic diagram of the DNA double helix. Right: The four bases form the letters in the alphabet of the genetic code. The sequence
of the bases along the sugar-phosphate backbone encodes the genetic information.

SOURCE: Office of Technology Assessment, 1992.

c--creating two identical copies of the original
DNA.

Proteins

The bridge between DNA’s chemical information
and physical realization of its instructions consists of
steps that convert the DNA code into biologicaly
active products. Through a process known as gene
expression, a DNA sequence for a structural gene
ultimately results in formation of a molecule called
a protein (figure 4-4). Proteins are required for the
structure, function, and regulation of all cells,
tissues, and organs in the body.

First, the bases in the DNA segquence are copied,
or transcribed, into messenger ribonucleic acid
(mRNA), a single-stranded molecule that carries the
genetic information out of the nucleus. The basesin
the mMRNA are read as triplets, or codons, that
specify 1 of 20 different amino acids, the building
blocks of a protein molecule. Then, in accordance
with the instructions in the mRNA, amino acids are
assembled into a specific protein molecule. Thus,
the information encoded by DNA is transcribed to

MRNA and translated from the DNA code into a
protein that has a particular function in a cell.

Genetics and Disease

Hereditary variation is the result of changes-or
mutations—in DNA. Mutations present in germ
cells (egg or sperm) are inherited by offspring,
whereas those that occur in somatic cells (other body
cells) are not passed on to future generations. Most
mutations exist in both cell types. Mutations arise
from the substitution of one DNA base for another,
from rearrangements (e.g., small insertions or dele-
tions) within the gene, or from duplication or
deletion of the entire gene. Approximately 4,000
known human disorders result from genetic causes
(88). Disorders arising from a mutation in only one
gene are known as monogenic. CF is a monogenic
condition.

Since proteins are produced from the instructions
in genes, a mutation in a gene that codes for a
specific protein can affect the structure, regulation,
function, or synthesis of the protein. A particular
mutation in a gene can produce a benign or mild
effect, while a different mutation in the same gene
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Figure 4-2-Chromosome Complement of a Normal Human Female
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SOURCE: Genetics & IVF Institute, Fairfax, VA, 1990.

can result in gross reduction or complete loss of
activity of the resulting protein. The genetic con-
gtitution of an individua is its genotype, while the
observable expression of the genes is its phenotype.

Modes of Inheritance

Although DNA’s structure was first determined i n
1953, the inheritance of genetic traits was studied
long before then. In 1865, Austrian monk Gregor
Mendel postulated that discrete biological units—
later named genes—were responsible for both the
maintenance and variation of certain characteristics
from one generation to the next. Since then, under-
standing of the processes underlying inheritance has
been refined.

In human monogenic—i.e., single gene—
disorders, the altered gene can be on any one of the
22 autosomal chromosomes or on a sex chromo-
some. Traditionally, modes of inheritance are
classed in three basic categories:

10 11

M IS |

16 17 18

. autosomal dominant,
. autosomal recessive, and
. X-linked.

In the past decade, several less common heredity
pattems-e.g., genomic imprinting and mitochon-
drial inheritance-have been identified in humans
and tied to specific diseases such as Fragile X
syndrome and some respiratory enzyme deficiencies
(55,85,104).

In an autosomal dominant disease, a single mutant
alele causes the trait to be expressed, even though
the corresponding allele is normal. A heterozygous
individual with a mutation usually is symptomatic at
some level, although many disorders, such as
neurofibromatosis, vary in the severity and age of
onset of the condition. Marfan syndrome, Hunting-
ton disease, and adult polycystic kidney disease are
inherited in an autosomal dominant manner. Every
affected individual generaly has an affected parent
(except for cases arising from a spontaneous, or de
novo, mutation). If the affected individual has an
unaffected spouse, each potential child will have a
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Figure 4-3-DNA Replication

When DNA replicates, the original strands unwind and serve as
templates for the building of new, complementary strands. The
daughter molecules are exact copies of the parent, each daughter
having one of the parent strands.

SOURCE: Office of Technology Assessment, 1992.

50 percent chance of inheriting the mutant alele and
having the disease, and a 50 percent chance of not
inheriting the mutant allele (figure 4-5). Male and
female offspring are equaly likely to inherit the
mutation. Barring de novo mutations, children who
do not receive the abnormal allele will not have the
disorder and cannot passit on to future generations.

Recessive traits result in illness only if a person
has two mutant copies of the gene. That person is
said to be homozygous for the gene. Heterozygous
carriers of a single copy of the defective gene are
usualy clinically asymptomatic. CF is inherited in

an autosomal recessive manner. Other common
disorders inherited this way include sickle cell
anemia, Tay-Sachs disease, phenylketonuria, and
[3-thalassernia. Individuals with the disease receive
one mutant allele from each parent, who are each
asymptomatic carriers. When both parents are carri-
ers of arecessive trait, each potential son or daughter
has a 1 in 4 chance (25 percent) of inheriting the
mutant gene from both parents, resulting in the
homozygous affected state (figure 4-5). Each poten-
tial child also has a 50 percent chance of inheriting
one mutation from either parent, thus being an
unaffected carrier. They, in turn, can pass on the
mutation to their children. Finaly, each potential
child of two carriers also has a 25 percent chance of
inheriting the normal allele from both parents, thus
being a homozygous unaffected individual who
cannot pass on the mutation to future offspring.

In sex-linked disorders, the mutant gene can
theoretically be on either sex chromosome, the X or
the Y. In redlity, the Y chromosome is small and
contains few genes. To date, no known disease
conditions transmit via the Y chromosome in
humans. The X chromosome, however, is large and
contains numerous genes for many traits that can be
mutant and result in disease. Diseases caused by
aberrations in genes on the X chromosome are called
X-linked disorders. Duchenne muscular dystrophy
and hemophilia A and B are X-linked conditions.

Genes on the X chromosome can also be dominant
or recessive, but because females have two X
chromosomes, and males have one X and one Y,
male and female offspring show different patterns of
inheritance. Sons of a carrier female-who is often
asymptomatic—have a 50 percent probability of
inheriting the mutant gene from their mother. These
sons will be affected (figure 4-5). Sons who do not
inherit the abnormal gene are unaffected and cannot
transmit the gene. Daughters of a carrier mother each
have a 50 percent chance of inheriting the defective
gene-thus being unaffected carriers-and a 50
percent chance of not inheriting the gene and being
unaffected noncarriers. A male with an X-linked
recessive condition will transmit the gene to all of
his daughters, who will be carriers, but to none of his
sons, who will be unaffected. An X-linked dominant

disease affects the mother, who can aso pass it on to
both her sons and daughters with a 50 percent
chance. Affected males pass X-linked dominant
conditions to all of their daughters, but not their
sons. X-linked dominant diseases are relatively rare.
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Figure 4-4-Gene Expression
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In the first step of gene expression, messenger RNA (MRNA) is synthesized, or transcribed, from genes by a process somewhat similar
to DNA replication. In higher organisms, this pracess takes place in the nucleus of a cell. In resEOnse to certain signals (e.g., association
with a particular protein%, sequences of DNA adjacent to, or sometimes within, genes control the synthesis of mANA. Protein synthesis,
or translation, is the second major step in gene expression. Messenger RNA molecules are known as such because they carry messages
specific to each of the 20 different amino acids that make up proteins. Once synthesized, mRNAs ieave the nucieus of the celi and go to
another cellular compartment, the cytoplasm, where their messages are translated into the chains of amino acids that make up proteins.

A single amino acid is coded by a sequence of three nucleotides in the mRNA, called a codon. The main component of the translation

machineryisthe ribosome—a structure composed of proteins and another class of RNAs, ribosomal RNAs. The ribosome reads the genetic

code of the mRNA, whils a third kind of RNA molecule, transfer RNA (tRNA), mediates protein synthesis by bringing amino acids to the
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ribosome for attachment to the growing amino acid chain. Transfer Rr\)As have three nucleotides that are complementary to the codons
in the mRNA.
SOURCE: Office of Technology Assessment, 1992.

Figure 4-5-Modes of Inheritance of Single Gene Disorders
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THE GENETICS OF CYSTIC
FIBROSIS

As mentioned earlier, CF is an autosomal reces-
sive disorder. To have CF, an individual must inherit
a mutant CF gene from each parent. If a couple
produces a child with CF, each parent (excluding the
possibility of a new mutation, nonpatemity, or a rare
genetic event called uniparental disomy) must pos-
sess one of the 170+ CF mutations, but not
necessarily the same ones. Each parent, then, is an
asymptornatic carrier. For these couples, the chance
of having a child with CFis 1in 4 for each pregnancy
(figure 4-6). Furthermore, if two carriers have an
unaffected child, thereisa2 in 3 possibility that the
unaffected child is a carrier. Again, because CF is an
autosomal recessive disorder, it equaly affects
males and females.

CF occursin al racia and ethnic groups, although
more frequently in some than in others (table 4- 1). It
is the most common, life-shortening, recessive
genetic disorder in Caucasians of Northern and
Central European descent. In the United States, the
incidence of CF in Caucasians is about 1 in 2,500
live births (17,56,81). An incidence of 1 in 2,500

Figure 4-6-inheritance of Cystic Fibrosis
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SOURCE: Office of Technology Assessment, 1992.

Table 4-1—incidence of Cystic Fibrosis Among
Live Births in the United States

Population Incidence (births)
Caucasian. .................. 1 in 2,5008.bc

Hispanic. . ................... 1 in 9,600

African American. ............. 1 in 17,000%° to 1 in 19,000
Asian American. .............. 1 in 90,000!

aT.F. Boat, M.J. Weish, and A.L. Beaudet, “Cystic Fibrosis,” The Metabolic
Basis of Inherited Disease, C.R. Scriver, A.L. Beaudet, W.S. Sly, et al.
(eds.) (New York, NY: McGraw Hill, 1989).

bk B. Hammond, S.H. Abman, R.J. Sokol, et al., “Efficacy of Statewide
Neonatal Screening for Cystic Fibrosis by Assay of Trypsinogen Concen-
trations,” New England Journal of Medicine 325:769-774, 1991.

CW.K. Lemna, G.L. Feldman, B.-S. Kerem, et al., “Mutation Analysis for
Heterozygote Detection and the Prenatal Diagnosis of Cystic Fibrosis,”
New England Journal of Medicine 322:291-296, 1990.

ds.C. FitzSimmons, remarks at Fifth Annuai North American Cystic Fibrosis
Conference, Dallas, TX, October 1991.

8J.C. Cunningham and L.M. Taussig, A Guide to Cystic Fibrosis for Parents
and Children, (Bethesda, MD: Cystic Fibrosis Foundation, 1989).

fI.MacLusky, F.J. McLaughlin, and H.R. Levinson, “Cystic Fibrosis: Part 1,”
Current Problems in Pediatrics, J.D. Lockhart (ed.) (Chicago, IL: Year Book

Medical Publishers, 1985).

SOURCE: Office of Technology Assessment, 1992.

implies a carrier frequency of approximately 4
percent. In other words, 1 in 25 Caucasians in the
United States—about 8 million Americans—
possess 1 chromosome with a CF mutation and 1
chromosome with a normal CF gene, and hence are
cariers.

In 1989, the gene responsible for CF was isolated
and precisely located among the 22 autosomes, its
most common mutation identified, and its DNA
sequence determined (74,101,107). Prior to this
discovery, the CF gene was localized to a specific
chromosom---chromosome 7-by examining mark-
ersin the area of DNA believed to surround the gene.
Using a technique known as restriction fragment
length polymorphism (RFLP) analysis, scientists
could follow a DNA pattern of inheritance through
a family. The DNA pattern itself was not the CF
gene, but was close in location-r linked-to it.
This method of linkage analysis enabled researchers
to hone in on the exact location of the gene on
chromosome 7 (77,125,126,137,143). While some
of the underlying problems in CF could be studied
with linkage analysis, the exact identification of the
gene opened up new avenues of pursuit in under-
standing the nature of the biochemical defect, in
elucidating possibilities for treatment and cure, and
in developing assays to detect carriers of CF
mutations.
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The Cystic Fibrosis Gene

The CF gene is located on the long arm of
chromosome 7, where it is distributed over 250,000
base pairs (250 kb) of genomic DNA (figure 4-7). At
this locus, regions of the gene that code for the CF
protein product are separated into 27 fragments, or
exons, interspersed with portions of DNA that do not
get trandated-i. e, stretches, caled introns, that are
not decoded into proteins. During a process called
transcription, introns are spliced out and the exons
are pieced together into a precisely ordered string of
6,100 base pairs that codes for a protein comprised
of 1,480 amino acids (74,101 ,107).

Ultimately, the CF gene product—known as the
cystic fibrosis transmembrane conductance regula-
tor (CFTR)--links DNA instructions with a critical
biochemical function. When the CFTR comes from
a mutant CF gene, that function is impaired and
produces the medical manifestations of the disorder
(box 4-A). The exact biochemical malfunction
responsible for CF remains unknown, but CFTR
regulates chloride ion (Cl-) conductance in affected
cell types and appears to be a Cl channel (the
structure that governs Clentry and exit in the cell).
Efforts to understand the underlying pathogenesis of
CF, and to develop treatment for it, focus on the
structure and function of the protein product (30). In
particular, studies of CFTR examine its role in ion
transport, the key disturbance in the disorder. One
major avenue of intervention under development is
gene therapy, which involves inserting DNA that
codes for CFTR into cells with mutant CF alleles in
order to restore physiological function (box 4-B).

Mutations in the Gene

Concomitant with the elucidation of the CF gene
was the identification of a three base-pair deletion
that resulted in a faulty CF gene product (i.e., a
flawed CFTR). This mutation—abbreviated as
DF508—results in the deletion of one amino acid,
phenylalanine, at position number 508 in CFTR.
Approximately 70 percent of all mutant CF genes in
Caucasians in the United States and Canada exhibit
this mutation (74,81). However, international stud-
ies reveal ethnic and regiona variation in the
distribution of this mutation (36,105). Overall, the
DF508 mutation is most frequent in Northern
European populations and less prevalent in persons
from Southern Europe. Not surprisingly, the multi-

cultural nature of the United States and Canada
reflects this variation. The international epidemiol-
ogy of the DF508 mutation is summarized in
appendix A, as is the ethnic distribution of the
mutation in the United States.

No other mutation accounts for a similarly large
fraction of mutant CF genes among the remaining 30
percent of CF gene defects. To date, more than 170
additional mutations have been identified, and the
number continues to grow (30). Most of these appear
only in single individuals or families, athough a few
mutations account for 1 to 3 percent of CF mutations
in the United States. The more common CF muta
tions and their epidemiology are also described in
appendix A; some of these lesions also appear to
vary among populations. Among Jewish persons of
Central and Eastern European descent (Ashkenazic
Jews), DF508 is relatively rare, but one mutation,
W 1282X, accounts for approximately 60 percent of
CF mutations in this group (1 14).

Correlation Between Genotype and Phenotype

The severity of CF symptoms differs greatly
among individuals. To some extent, this isdue to
DNA differences and resultant alterations in the
CFTR protein. Some mutations correlate with par-
ticular symptoms—primarily status of pancreatic
enzyme sufficiency—and can be considered either
mild (conferring pancreatic enzyme sufficiency) or
severe (conferring pancreatic enzyme insufficiency)
for this criterion (7,1 1,19,20,25,38,74,76,78,110-
114,1 16,124). DF508 is considered a severe muta-
tion, generally resulting in pancreatic insufficiency
in homozygotes or in conjunction with a different
severe defect in the other CF gene, although some
exceptions exist (20,74,76,78,1 10-1 12,124). Other
mutations appear to correlate with milder clinical
outcome, but more data need to be collected
(11,25,78,1 13,1 16). Pancreatic sufficient patients
tend to have better respiratory function.

Pulmonary function generally does not corre-
spond to specific mutations (74,78,1 10-1 12,124).
Correlations between other mutations and particul ar
phenotypes are also being studied (1 1,33,44,91,
99,1 19,124,145). Overdl the course of the disease
depends on both genetic and environmental features,
and complete clinical outcome cannot be predicted
on the basis of DNA analysis alone.
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Figure 4-7—The Cystic Fibrosis Gene
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The CF gene is located on the long arm of chromosome 7, where it is spread over 250,000 base pairs
(250 kb) of DNA. Coding regions of the DNA, or exons, are separated by noncoding regions, or introns.
After the DNA is transcribed into messenger RNA (mRNA) comprised of all 27 exons of the gene, the
mRNA is exported from the cell nucleus. Finally, instructions in the mRNA are translated, using special
structures in the cell to assemble 1,480 amino acids into the final protein product.

SOURCE: Office of Technology Assessment, 1992, based on M.C. lannuzzi and F.S. Collins, “Reverse Genetics and
Cystic Fibrosis,” American Journa/ of Respiratory Cellular and Molecular Biology 2:309-316, 1990.
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Box 4-A—The Gene Product: Cystic Fibrosis Transmembrane Conductance Regulator

Since the discovery of the principal mutation responsible for cystic fibrosis (CF), scientists have begun to relate
this DNA error to the defect in ion transport long known to characterize the disorder. Cells cannot pump water, but
must move fluids across their membranes through osmosis, a process that depends largely on ion movement either
through pores in the membrane (channels), or transport systems designed to convey ions from one side of the
membrane to the other. In CF affected individuals, regulation of chloride ion (Cl-) transport is defective
(46,95,140,142). Like most cellular activities, CI"movement requires communication among different parts of the
cell. Intricate networks of messenger systems accomplish this. Two common mediators of these systems, calcium
ions (Ca") and cyclic adenosine monophosphate (CAMP), regulate Cl channels in epithelial cells. In individuals
with CF, channels regulated by Ca”function properly, but those channels controlled by cAMP and its
intermediaries do not (95).

The product of the CF gene, a protein called the cystic fibrosis transmembrane conductance regulator (CFTR),
regulates this cAMP-mediated Cl conductance across the epithelial membrane. With current techniques, direct
observation does not revea the structure of CFTR. Rather, increasingly detailed examination of the deficits
accompanying the defect, elucidation of the effect of conferring normal activity to CF cells, and specul ations about
both structure and function of the molecule based on predictive modeling techniques and manipulation of the gene
are slowly providing insight into CFTR's nature.

Current research suggests that CITR functions as a Cl' channel (4,13,47,49,96,98,1 18), although it may have
other fictions as well (10,22,59). On the basis of predicted structure, CFTR might belong to alarge family of
energy-dependent membrane transport systems that consists of several membrane-sparming regions and segments
that bind the cellular energy source, adenosine triphosphate, or ATP (2,49,58,59,65,93,100,122). Activation of
CFTR is mediated by a regulatory domain (3,27,98). The DF508 mutation and numerous other mutations are located
in regions that code for portions of the protein likely to be of functional importance (35,38,50,71,75,92,98).

Numerous experiments have established CI channel regulation by cAMP through introduction of the normal
CF gene into CFTR-defective epithelia cell lines (39,52,69,96,97,102). Moreover, Cl conductance was induced
in nonepithelial cell lines-theoretically without previously existing Cl channelswhen the CF gene was
intre-heed, suggesting that CFTR might be a channel (4,5,72,106). Conversely, Cl conductance was blocked in
normal cells by preventing production of the CFTR product (1 15). However, recent discoveries of new types of
chloride channels in CF-affected tissues complicate a straightforward interpretation that CFTR is a chloride channel
(121,135).

Scientists are attempting to correlate symptoms of CF with a single molecular cause. CFTR has been
demonstrated in al organs affected by the condition (123). One hypothesis to explain the multitude of CF traits
attributes multiple symptoms to improper modification of a host of non-CFTR proteins due to decreased Cl-
permeability in cells of CF patients (8,141).

Asthe workings of CFTR are better understood, new avenues for treatment open. If the underlying causes of
the disease are understood therapies can be directed at correcting the molecular deficits. For example, administering
large quantities of CAMP analogs dlicits Cl conductance in cells with mutant CFTR (37,40,144). This suggests
CAMP analogs might be an effective pharmacological intervention.

Elucidation of the structure and function of the CFTR protein could facilitate a means of assaying for CF
mutations that would not require DNA analysis and the need to examine multiple mutations. Such a functional test
theoretically would measure either the presence, absence, or atered state of the protein product. A functional test
might, for example, evaluate Cl'conductance. Indications that Cl" conductance can be induced in cells with CF
mutations, but with a recognizably different pattern than normal cells, might enable such a test (37,40). This pattern,
however, appears to differ among cell types and methods of measurement (4,144). Likewise, understanding the
extent to which protein processing is affected remains elusive (26,37,40,147). Although knowledge about the nature
of CFTR and its structure and fiction continues to advance rapidly, answers that would render feasible a functional
test for CF carriers are lacking. It might be, for example, that the more than 170 different CF mutations lead to a
range of activities at the cellular level.

SOURCE: Office of Technology Assessment, 1992.




94 . Cystic Fibrosis and DNA Tests: Implications of Carrier Screening

Box 4-B-Gene Therapy and Cystic Fibrosis

Recent advances have moved gene therapy from theory to clinical and therapeutic experimental application
(6,57). Protocols for gene therapy in humans must be approved by the Recombinant DNA Advisory Committee
(RAC) of the National Ingtitutes of Health (NIH), the NIH director, and the Food and Drug Administration in what
can be alengthy process, although the procedure has been streamlined (48). The first human gene therapy clinical
trial was approved by the RAC and the NIH director in July 1990. By June 1992, nine other protocols for human gene
therapy were in various stages of approval (146). For gene transfer---experiments that mark cells to trace the course
of a treatment or the disease but are not therapetic--- additional 15 protocols were in various stages of approval
(146). Current human gene therapy trials include alteration of:

. white blood cells to treat a rare genetic disorder, severe combined immune deficiency due to adenosine
deaminase deficiency, begun in September 1990 (84);

. immune system cells to produce an anticancer agent, begun in January 1991 (21,62); and

. liver cells to correct hypercholesterolemia, a genetic disorder of fatal cholesterol buildup, approved in October
1991, begun in June 1992 (56 FR 58800; 146).

The theory of gene therapy is straightforward: The normal gene is inserted into the cellular DNA either to code
for a functioning protein product, or, in the case of cancer thempies, to confer disease-fighting properties.
Experimentally, delivering normal genes into desired cells can be accomplished through physical or chemical means
that disturb the cell membrane and allow DNA to enter, including specially modified viruses, liposomes (fatty
materials able to transport drugs directly into cells), and direct injection (43,136). Somatic cell therapy-the only
approach approved for human trials---changes only the DNA of the person receiving the therapy and cannot be
inherited by offspring. In contrast, germ line gene therapy would alter the genetic material that is passed onto future
generations. To date, no germ line therapy in humans has been proposed. For most conditions, cells are removed from
the patient, genetically atered, and replaced.

Correction of abnormal Cl transport through insertion of the norma CF gene into defective cells suggested that
gene therapy was a viable consideration for treating CF (39,52,97,102); currently, the respiratory deficits of the
disease are being targeted for correction by gene therapy. Unlike the RAC-approved protocols in progress, however,
lung cells are generally inaccessible for removal and redelivery after gene transfer, making other means of
administering the DNA necessary. Several systems are under investigation for efficacy of delivery in vivo without
side effects. In one system, DNA is removed from an adenovirus, the type of virus responsible for some forms of the
common cold and other respiratory ailments, and the inactivated virus shell is used as a vector to deliver the CF gene
directly into the lungs of rats (108,109). The CF gene has also been delivered into cells isolated from the lungs of
CF patients by bronchia brushing (32). In vivo and in vitro, significant amounts of messenger RNA for the CF gene
are gtill present 6 weeks later, suggesting that long-term expression of the gene will be feasible. It is not yet known,
however, how frequently new doses of the CF gene would have to be administered (32,109). An aternative delivery
mechanism, aerosolized liposomes, has been used to deliver apha- 1-antitrypsin genes into rabbit lungs (61). A similar
system might be applicable to delivery of the CF gene to human lungs.

Many questions about the safety and efficacy of gene therapy for CF must be answered before it will be suitable
for human trials (30,32,138,146). Scientists do not yet know how much corrected protein product is needed to restore
normal function to a patient with CF. Neither do they know whether adverse health effects will result from placing
too much CFTR in a patient. Further, even though the virus has been fully debilitated in theory, using a viral vector
raises concerns about expression of contaminating normal virus. Crippled viruses could also join with genetic material
aready in the cell and allow expression of a new virus or activate cells to a cancerous state.

Ethical considerations are also raised by some (6). Because gene therapy involves altering the genetic makeup
of an individual, some express concerns about eugenic overtones, although only somatic cell therapy is under
consideration. The general public, however, is enthusiastic. A 1986 OTA survey found that 83 percent of the
American public approved of human cell manipulation to cure usually fatal diseases, 78 percent would be willing to
undergo gene therapy personally to correct a genetic proclivity to a serious or fatal disease, and 86 percent of
respondents would be willing to have his or her child undergo gene therapy for a usualy fatal disease (131).

Gene therapy clearly offers the promise of treatment for some disorders. On the other hand, heightened attention
to genetics in general-and gene therapy in particular—in the popular press can raise false hopes for cures for diseases
long before they will be feasible or readily available (53,70). For CF, critical steps have been made towards the first
attempt at gene therapy in humans; clinical applications, however, are till on the horizon.

SOURCE: Office of Technology Assessment, 1992.
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TESTSFOR CYSTIC FIBROSIS
MUTATIONS

Localization of the CF gene and determination of
its sequence enabled direct analysis of DNA for the
presence of CF mutations. However, as mentioned in
chapter 2, carrier screening is hindered by the
multitude of mutations, particularly those too rare to
be used practicaly in a CF carrier screening panel.
Moreover, not all CF mutations have been discov-
ered. As additional mutations are elucidated and
incorporated into carrier screening protocols, the
detection limitation decreases incrementally, al-
though the inability to detect al mutations remains.
This section explains the process and limits of direct
DNA screening as applied to CF.

Techniques Used in Direct DNA Analysis

Multiple techniques are used to analyze DNA.
Four principal processes are employed, though each
technique is not performed on all samples. These
methods, depicted in figure 4-8, are:

- DNA amplification;

. restriction enzyme digestion;

- gel electrophoresis; and

« Southern transfer, dot-blotting, and probe hy-
bridization.

DNA Amplification

DNA amplification increases the amount of DNA
to be analyzed by making copies of the original
sequence from the sample. A process call the
polymerase chain reaction (PCR) is typically used
(box 4-C). Using PCR, selected areas of a gene can
be amplified through repeated cycles to yield large
guantities of the sample for rapid diagnosis.

While PCR amplifies a stretch of DNA between
two primers, a new technique known as ligase chain
reaction (LCR) amplifies only the region of DNA
directly beneath the known sequence. Like PCR,
millions of copies of the original sequence are made,
but LCR’'S advantage is that it lends itself easily to
detecting mutations differing by even a single base
(82, 139 )---athough it is not yet practical for general
use.

Restriction Enzyme Digestion

Restriction enzymes act as molecular scissors,
cutting the DNA into fragments at specific se-
guences. Different enzymes recognize and cut dif-

ferent sequences. Mutations in a gene alter the DNA
sequence and sometimes create or destroy specific
sequences known as restriction sites. Thus, when
changes occur in the DNA, restriction enzyme
digestion can yield different sizes of DNA fragments
in samples taken from an affected versus an unaf-
fected individual. To distinguish between alleles, a
restriction enzyme site can be intentionally created
if a mutation has not created one (45,54).

Gel Electrophoresis

In gel electrophoresis, PCR-derived or restriction
enzyme digested DNA is separated into its different
sized fragments. The sample is placed in a semisolid
matrix, called a gel, and exposed to an electric field.
In response to the electrical field, the DNA migrates
toward one edge of the gel. In doing so, the gel acts
as a sieve, with large DNA fragments passing
through the gradient more slowly than small ones,
allowing the DNA mixture to be separated according
to size.

After gel electrophoresis is performed, the frag-
ments can either be viewed directly using ultraviolet
light plus a dye called ethidium bromide, or trans-
ferred onto a membrane for analysis with specific
DNA probes (deseribed in the following section).

Southern Transfer, Dot Blotting, and Probe
Hybridization

DNA fragments from gel electrophoresis can be
transferred to a nylon or other type of membrane,
forming a “Southern blot. ” A specitic probe---or
short sequence of single-stranded DNA complemen-
tary to the DNA sequence being sought--can be
washed onto a membrane, where it will bind to
complementary sequences on the membrane. Al-
though most probes are generic and identify all
aleles of a gene, alele specific oligonucleotide
(ASO) probes refine diagnostic accuracy by per-
fectly matching the nucleotide sequence of a portion
of the gene in question (24). Sequences differing by
only one base can be detected. Before use, the probe
is labeled with a fluorescent or radioactive marker so
the region of DNA binding to the probe can be
detected. The hybridized molecules can be viewed
either by exposure to x-ray film for a radioactive
probe or by other methods, such as colorimetric
dyes.

A variation of Southern transfer, called dot
blotting, involves directly spotting DNA into dis-
crete spots on the nylon membrane. A probe, or
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Figure 4-8-Techniques for DNA Analysis of Cystic Fibrosis Mutations
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Box 4-C—The Polymerase Chain Reaction: Step-by-Step

For the most part, al body cells within an individual contain the same DNA. Thus, DNA molecules in cells must
regenerate copies of themselves each time a cell divides; DNA reproduces through a process called replication. During
replication, the origina strands in the DNA double helix unwind and serve as templates for the building of new,
complementary strands, resulting in two identical copies of the original DNA molecule.

The polymerase chain reaction (PCR) is an in vitro technology based on the principles of replication. First described
in 1985, PCR is now widely performed in research and clinical laboratories, and it is acritical technology for DNA
diagnostics.

PCR involves the repeated duplication of a specific area of DNA to increase the amount of that DNA available to
be used for research or test purposes. For example, consider the following sequence of double-stranded DNA to be
amplified using PCR:

[-G-G-C-T]
-T-T-C-G-A-T-G-G-A-T-A-A-A-C-C-G-A
-A-A-G-C-T-A- C-C-T-A-T-T-T-G-G-c-T

[-T-T-C-G-]

In order to perform PCR, the sequences of the DNA at both ends of the region of interest must be known, and their
complementary sequences available as short pieces of purified DNA called primers. One primer must be complementary
to the end of one strand, the second to the opposite end of the other strand as indicated in the diagram above. These two
specific sequences flank the area the scientist wants to copy, and serve as the foundation to which bases can be added
and the DNA strand copied.

In PCR, the temperature of the solution centaining the DNA to be amplified is raised to about 95 ‘C, which results
in the separation, or melting, of the double helix to yield single-stranded pieces:

-T-T-C-G-A-T-G-G-A-T-A-A-A-C- C-G-A-

“A-A-G-C-T-A-C-C-T-A-T-T-1-6-G-C-T-
Copies of the primers are then added to the solution and allowed to hybridize to the DNA of interest, by lowering the

lemperature: T-T-C-G-A-T-G-G-A-T-A-A-A-C-C-G-A-
< [-G-G-C-T]

[-1-1-C-G-]—>
~A-A-G-C-T-A-C-C-T-A-T-T-T-G-G-C-T-

The scientist then sets conditions in the reaction that allow new copies of the DNA of interest to be synthesized from
the ends of the primers (referred to as primer elongation). That is, DNA polymerase (a heat-stable version of an enzyme
from Thermus aquaticus, a thermophilic microorganism isolated from a hot spring in Y ellowstone National Park) starts
at the end of the primers and, using bases (G, A,T,C) that are part of the reaction mixture, synthesizes complementary
strands of each of the two single strands to yield two strands from the original one:

-T-T-C-G-A-T- G-G-A-T-A-A-A-C-C-G-A
-A-A-G-C-T-A-C- C-T-A-T-T-T-G-G-c-T---

~-T-T-C-G-A-T-G-  G-A-T-A-A-A-C-C-G-A-
-A-A-G-C-T-A-C-C-T-A-T-T-T-G-G-C-T-

Thus one cycle of PCR occurs, doubling the number of DNA copies from the original area of interest. After this
frost round of synthesis, and for each subsequent cycle, the temperature of the reaction is raised to approximately 95 °C
to separate the DNA strands. Primers are again allowed to hybridize to the strands, and DNA synthesis allowed to occur.
After a second cycle of PCR, the two strands become four, and after 20 to 25 cycles of PCR, the original DNA area of
interest has been amplified about a millionfold.

SOURCE: Office of Techology Assessment, 1992.
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probes, can be hybridized to the membrane and
diagnosis made rapidly (42). Reverse dot blotting is
similar in principle to Southern transfer and dot
blotting. However, in reverse dot blotting, the
unique ASOs (which would be used as probes in
conventional Southern analysis or dot blotting) are
immabilized on the membrane. Key segments of the
individual’s uncharacterized DNA are then ampli-
fied, labeled, and hybridized to the probes on the
membrane.

Carrier Assays for Cystic Fibrosis

CF carrier tests involve direct DNA analysis, and
al laboratories currently performing them directly
analyze the gene. In individuals with a family history
of CF or an affected child, an indirect assay-ailed
linkage analysis-sometimes can be used to obtain
additional information in the event of a negative test
result. The following sections describe the tech-
niques used to detect CF mutations.

Direct Analysis of the Cystic Fibrosis Gene

DNA is generally obtained from white blood cells
in blood samples, athough it can be obtained from
amost al nucleated cells in the body. Some groups
in the United Kingdom and one project in the United
States use buccal cells from mouthwash samples (ch.
10). In 1992, most laboratories in the United States
assay DNA samples for the DF508 mutation and 6 to
12 other common mutations (DF508+6-12). Some
laboratories screen for additional mutations.

After DNA is extracted from a blood sample, key
segments containing mutations are amplified with
PCR. When multiple segments are arnplified at
once, it is referred to as multiplexing. For some of
the mutations, the amplified DNA can be €electro-
phoresed and the migration pattern-specific to
each mutation—visualized directly on the gel.
Digestion with restriction enzymes followed by gel
electrophoresis and visualization, or blotting fol-
lowed by ASO hybridization, can also be used to
analyze the mutations.

Reverse dot blotting using ASOs can be used to

simultaneously analyze multiple CF mutations, and
test kits that do so are under development in the
United States (42) (figure 4-9).

The Limits of DNA-Based Tests

DNA analysis for CF is limited by the diversity of
mutations and the variation in frequency among

different racial and ethnic groups (34). At present,
DF508+6-12 other mutations account for approxi-
mately 85 to 95 percent of all mutant CF genes in
Caucasians, depending on ethnicity (14,89), The
range in detection rates presented by different
commercial vendors likely results from their using
tests that detect different mutations and assaying
different populations (29,66).

The presence of a specific mutation establishes
CF carrier status; a negative test, however, does not
preclude carrier status, since not all mutations are
known or assayed. About 5 to 15 percent of carriers
remain undetected because their mutation is not
included in the assay.

Linkage Analysis

In some cases where one partner is a known
carrier and the other does not test positive for the
most common mutations, linkage analysis can be
used to gather more information about an individ-
ual’s risk. Linkage analysis can only be performed in
families with living members with CF or on DNA
samples stored from a deceased individual; fre-
guently, such samples are unavailable. In this
procedure, DNA markers are studied to trace the
transmission pattern in a particular family of the CF
gene and a specific mutation. For families with the
necessary DNA samples, linkage analysis is gener-
aly informative. In rare instances, recombination
events, which can alter marker patterns, can lead to
erroneous conclusions from linkage results.

Automation of DNA Diagnostic Procedures

The ability to test quickly and accurately will be
crucial to widespread, inexpensive CF carrier screen-
ing, particularly if batteries of genetic assays are to
be developed: Automation will be key. At present,
the Human Genome Project serves as the primary
impetus for automating DNA analysis, and the
National Laboratories engaged in this aspect of the
project are at the forefront in developing these
technologies (1,5 1,64,103). As such, most advances
in automated technology are specific to DNA
sequencing, not diagnosis. Facets of the two pro-
cesses overlap considerably, however, and some
sequencing technologies can be made directly appli-
cable to, or adapted for, DNA diagnosis.

Over the past few years, a humber of instruments
have been developed to increase the speed and
volume of routine DNA diagnostic procedures (79).
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Figure 4-9—Reverse Dot Blot Analysis for Six Common Mutations
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Allele specific oligonucleotide probes are bound to the test strip to detect six common CF mutations; in this photograph, each individual
strip runs horizontally. DNA samples from individuals of unknown CF status are PC R-amplified and hybridized to separate test strips. Here,
test strips for eight different individuals are shown (rows A through H). Following hybridization and colorimetricanalysis, the patterns of dots
on the strips are revealed-and hence the CF status of the individuals.

For each mutation on the strip (DF508, G542X, G551D, R553X, WI 282X, and N1303K) the left dot, if present, indicates the person has
a normal DNA sequence at t hat part of the CF gene. The right dot, if present, indicates the person has a CF mutation at that site. Individual
A, then, has no CF mutations at the loci tested, as demonstrated by single dots on the left side for all mutations. In contrast, individuals
B,D, F, and H are carriers, as demonstrated by the presence of two dots for one of the CF mutations. Individual C has CF, as demonstrated
by a single dot on the right side of the DF508 panel; individual E has CF, as demonstrated by the single dot on the right side of the G542X
panel. Individual G also has CF, but this person’s CF arises from two different mutations—DF508 and R553X—as indicated by the pairs
of dots in each of these panels.

SOURCE: Roche Molecular Systems, Inc., Emeryville, CA, 1992.

To the extent that the Human Genome Project is
federally funded, integration of existing technolo-
gies specificaly for clinical diagnostics will depend
on Federal research priorities. Given the state of
aready automated procedures used in diagnosis and
the rapid development of new DNA technologies
under the auspices of the Human Genome Project,
DNA automation is advancing at a pace that could
realize entirely automated DNA diagnosis in the
next few years.

Already, a nonelectrophoretic method of mutation
detection has been automated and applied to detec-
tion of DF508 (90). Most DNA diagnostic tech-
niques, however, still depend on electrophoresis,

especidly in the early stages of gene identification.
Currently, instrumentation for such DNA diagnosis,
except probe hybridization to a membrane, are
automated or being automated. At a minimum, these
steps include:

DNA isolation from source material (e.g.,
blood, mucosal, or buccal cells),
DNA amplification,

. gel preparation and loading for electrophoresis,
and

. Visualization and interpretation of results.

Automated instruments for DNA extraction, gene
amplification by PCR, sequence gel loading, and
visualization of sequence gel results already exist



100 . Cystic Fibrosis and DNA Tests: Implications of Carrier Screening

Photo credit: Tony J. Beugeisdijk, Los Alamos National Laboratory

Automated robotic system used in DNA analysis at Los
Alarms National Laboratory.

(42,51,64,79,103). While not faster than humans,
these machines are designed to standardize proce-
dures and decrease human error. They are not,
however, aways reliable (18,73,103). At Lawrence
Berkeley Laboratory, scientists are creating separate
robotic systemsto allow simultaneous amplification
and analysis of 96 different samples (94,127). At Los
Alamos National Laboratory, a robotic system can
produce high-density falters that increase the amount
of information on one 96-sample filter by afactor of
16-i.e., 1,536 results can be obtained from one
filter (15). To visualize and interpret results, scien-
tists have designed an image plate reader that
eliminates x-ray film (51,94,127).

Many new techniques for automated DNA analy-
ses have been proposed, although at present they are
not viable for large-scale clinical application (51,60,
64). One new procedure, DNA sequencing by
hybridization, involves coating a DNA chip with
short pieces of known DNA to which DNA of
unknown sequence can be hybridized. Based on the
hybridization pattern, mathematical algorithms can
be used to decode the unknown seguence (923,51,64).
A technique known as flow cytometry sequences
DNA one molecule at atime by identifying individ-
ual, consecutive bases through base-specilic fluores-
cence (67,68,83). Several other approaches to in-
creasing sequencing speed are under development,
including mass spectroscopy, atomic probe micro-
scopy, and x-ray diffraction (28,51 ,64,79,103). As
DNA sequencing becomes more rapid and less
expensive, the prospect of determining CF (and

other) mutations by direct DNA sequence analysis
might someday be realized (86,87).

At present, most components of DNA analysis
necessary for DNA-based genetic tests are auto-
mated as individual units, though some scientists are
working on coordinating sequential steps into one
system (15,94,127). In Japan, HUGA-1, a fully
integrated robotic system that automates DNA
sequencing from purification of DNA to interpreta-
tion of the final sequence, was to begin operating in
April 1992 (41,64,1 17). Research into automation is
also being carried out in Europe (63,120).

Clearly, crucial steps in DNA-based carrier screen-
ing assays for CF are automated now in research
settings: DNA extraction, amplification, gel prepa-
ration, loading for electrophoresis, and visualization
and interpretation of results. Only the step where a
probe is hybridized to the membrane remains to be
automated. The availability of high density filters
means numerous DNA samples can be stored and
analyzed concurrently, suggesting improved meth-
ods for handling the quantity of samples in high-
volume screening. While currently the procedures
are automated as single units, integrated robotic
systems are being developed. Taken together, these
advances in instrumentation indicate that automat-
ing the components of rapid carrier screening for CF
is aready technologically feasible, athough an
integrated system incorporating all of the processes
has yet to be created.

RESEARCH FUNDING

Federal finding for CF research is principaly
through the National Institutes of Heath (NIH).
Unlike most biomedical research, private-sector
funds, which are made available through grants by
the Cystic Fibrosis Foundation (CFF) and direct
conduct of research by Howard Hughes Medical
Institute (HHMI), account for a large portion of
CF-related research. Some investigators receive
funding through one or more of these sources. All
three sources fund basic biomedical research. NIH
and CFF support specific projects, while HHMI
awards salaries and research support to individual
investigators.

Federal Efforts

In fiscal year 1991, NIH allocated $46,937,000 for
all research related to CF. Of that, $20,662,724 was
provided for intramural research. Extramurally,
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$19,753,956 was granted to investigators for whom
CF is the primary focus of laboratory or clinical
research and an additional $6,520,320 to those for
whom CF research is a secondary component. Nine
of 12 institutes of the NIH and 3 of 4 research centers
apportion these monies. In fisca year 1991, two
institutes-the National Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK) and the
National Heart, Lung, and Blood Institute (NHLBI)--
accounted for 73 percent of Federal funding for
CF-related research: NIDDK disbursed $10,226,070
(39 percent) and NHLBI disbursed $8,847,051 (34
percent). One institute of the Alcohol, Drug Abuse,
and Mental Heath Administration provided $66,236
in fiscal year 1991 for CF-related research as a
secondary research focus. Table 4-2 lists funding by
ingtitute or center. The U.S. Department of Energy
(DOE) appropriated $48 million in fiscal year 1991
and $59 million in fisca year 1992 for the human
genome initiative. Indirectly, technology develop-
ment---e.g., in the form of automation of DNA
diagnostic technologies-horn DOE’s funding of
the Human Genome Project could affect DNA
diagnostics if it is determined to be a program
priority.

Beginning in fiscal year 1991, eight coordinated
CF carrier screening pilot studies were funded by
NIH at a total of $1,657,086 for the first fiscal year
and $4,442,568 over a 3-year period (80). Six of
these NIH pilots were funded by the National Center
for Human Genome Research’'s Ethical, Lega, and
Social Issues (ELSI) program (ch. 2), one by the
National Center for Nursing Research, and one by
the National Institute of Child Health and Human
Development, although all eight are considered a
single consortium (ch. 6). ELSI alone targeted
$1,340,963 in fiscal year 1991 and $3,200,178
through the end of fiscal year 1993 for these pilots
(80).

Private Efforts

The Cystic Fibrosis Foundation is a nonprofit
organization whose mission is to further research,
medical care, public policy, and education for CF. It
dedicates 33 percent of its annual budget to research
towards a cure. CFF maintains research centers at

REQUEST FOR APPLICATIONS

New Therapies for the
Treatment and Cure of
Cystic Fibrosis

The National Institute of Diabetes and Diges-
tive and Kidney Diseases (NIDDK), the Na-
tional Heart, Lung and Blood Institute (NHLBI)
and the Cystic Fibrosis Foundation (CFF) in-
vite investigator-initiated research applications
to develop and characterize new therapeutic
approaches for the treatment and ultimate cure
of cystic fibrosis (CF).

Research areas include but are not limited to:

® Development of viral and nonviral deliv-
ery systems to achieve gene therapy tor CF;

m Identification of cell types that are appro-
priate targets for gene thcmpy,

m Characterization of the regulatory mecha-
nism which confers stable and efficient gene
transfer into CF cells;

®m Evaluation of the safety issues associated
with the development of gene therapy;

m Development of pharmacological interven-
tions based upen knowledge of the basic

------

m Development of therapeutic strategies
involving CFTR protein.

Research approaches must be directly relevant
to cystic fibrosis. Applications must be submit-
ted to the NIH. Proposals which are judged
meritorious but are not funded by the NIH
will be considered for support by the CFF.

NIH support will be provided as grants-in-aid.
CFF support is available for up to two years.

The deadline for letters of intent 1s Jan. 17, and
for applications is Feb. 21, 1992, For the tull text
of the RFA, contact Judith Fradkin, M.D., Chief,
Endocrinology & Metabolic Diseases Branch,
NIDDK, Westwood Bldg, Rm. 603, Bethesda,
Md. 20892 or Susan Banks-Schlegel, Ph.D., Di-
rector, Asthma and CF Program, NHLBIL
Westwood Bldg, Rm. 6A15. For mformation
about CFFaward, contact Robert ). Beall, Ph.D.,
CFF Executive Vice President for Medical Af-
fairs, 6931 Arlington Road, Bethesda, Md. 20814

@NIDDK  JE e

"Cystic
Fibrosls
Foundation

R . L. Photo credit: Cystic Fibrosis Foundation
medical schools and universities throughout the

United States and provides grants to individua
researchers. For calendar years 1991 and 1992, CFF
earmarked $20 million per year for biomedical
research, nearly equivalent to NIH's extramural

Advertisement seeking grant proposals for CF-related
research. The Cystic Fibrosis Foundation funds proposals
that are deemed meritorious by the National Institutes of
Health peer review panels, but that do not receive support

due to lack of funds.
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Table 4-2—Federal Extramural Funding for Cystic Fibrosis Research, Fiscal Year 1991

CF-related Percent of budget
research funding Number of Total budget for CF-related
Institute or center® (dollars) projects (dollars) research

NIDDK. .......... 8,413,847 66
1,812,223 12
10,226,070 78 615,300,000 1.7

NHLBIL ........... 7,620,247 45
1,226,804
8,847,051

NIAIDD. ........... 1,106,789
753,823
1,860,612

NCHGR.......... 1,340,963
449,074
1,790,037

NCRR........... 773,673
208,347
982,020

NICHD........... 361,381
254,018
615,399

NDDR............ 0
558,351
558,351

NEL............. 0
478,044
478,044

NIGMS. .......... ]
330,200
330,200

NCNR........... 274,110
0
274,110

(6
A~ ©

1,126,900,000 0.8

907,300,000 0.2

87,400,000 2.0
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335,800,000 0.3

479,000,000 01

148,900,000 0.4

253,200,000 0.2

760,000,000 0.04

— O

39,900,000 0.7

0
220,862
220,862

NINDS. .......... 4] 0
162,338 1
162,338 1

NIH. ... 19,753,956 163
6,520,320 43
26,274,276 206 8,276,700,000 0.3

—— O

193,200,000 01

541,700,000 0.03

NIMH. . ......... 0 0
66,236 1
66,236 1 622,714,000 0.01

alnstitute and Center abbreviations refer, in order, to the following: NIDDK, National Institute of Diabetes and Digestive
and Kidney Diseases; NHLBI, National Heart, Lung, and Blood Institute; NIAID, National Institute of Allergy and
Infectious Diseases; NCHGR, National Center for Human Genome Research; NCRR, National Center for Research
Resources; NICHD, National Institute of Child Health and Human Development; NIDR, National Institute of Dental
Research; NEI, National Eye Institute; NIGMS, National Institute of General Medical Sciences; NCNR, National
Center for Nursing Research; NIAMS, National Institute of Arthritis and Musculoskeletal and Skin Diseases; NINDS,
National Institute of Neurological Disorders and Stroke; NIH, National Institutes of Health; ADAMHA, Alcohol, Drug
Abuse, and Mental Health Administration; NIMH, National Institute of Mental Health.

b CFrelated research is primary focus of grant.

¢ CF-related research is secondary focus of grant.

d Total CF+elated research (primary plus secondary).

SOURCE: Office of Technology Assessment, 1992.
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funding level (12). Approximately 30 to 40 percent
of the research budget supports studies in gene
therapy, and the balance is spent on research into the
pathophysiological basis of the disease and other
therapies (12). In collaboration with NIH, CFF funds
projects deemed meritorious by the NIH peer review
process but not supported because of lack of funds.
A total of $2 million in calendar year 1991 and $3.6
million in calendar year 1992 has been designated
under this program (12). CFF does not support
research into carrier screening.

HEMI is a philanthropic organization that spon-
sors biomedical research through support of individ-
ual investigators. For fiscal year 1992, $68.9 mill-
ion, or 34 percent of its research budget, has been
dedicated towards this purpose (16). No breakdown
was available for the amount of spending specifi-
cally for CF, but six HHMI investigators who carry
out such research as all or part of their activities
receive a total of $5,743,093 to cover salary,
research materials, and al operative costs (16).

SUMMARY AND CONCLUSIONS

The 1989 isolation of the CF gene-and a single
mutation responsible for about 70 percent of muta-
tions in CF patients and families-opened new
possibilities for understanding the basic defect,
finding a cure, and testing and screening for carriers.
Since then, more than 170 mutations of the CF gene
have been identified. Approximately 13 mutations
account for 85 to 95 percent of CF mutations in the
United States in Caucasians.

One halmark of CF—its varied symptoms and
severity-sometimes correlates with differences in
genetic mutations. Pancreatic insufficiency, for ex-
ample, appears to be associated with the most
common mutation (DF508), although other aspects
of the disease have not yet been shown to correspond
to specific mutations.

One outgrowth of identifying the CF gene has
been the ability to directly analyze DNA to detect
carriers of the condition. Although the presence of
multitudinous mutations that vary in frequency
among ethnic and racial groups confounds screening
and DNA diagnosis on clinical, ethical, and lega
levels, new technologies promise to surmount at
least some of the technical difficulties. Coordinating
existing automation and devel oping new automated
technigues would facilitate rapid, large-scale detec-

tion of CF mutations. DNA automation is advancing
a a pace that would enable entirely automated DNA
diagnosis to be realized in the next few years, if this
should be deemed a priority.

Another significant research result has been
elucidation and understanding of the CF gene
product, cystic fibrosis transmembrane conductance
regulator, which could lead to improved diagnosis
and treatment. As research in the underlying mecha-
nism of CF progresses, new molecular-based treat-
ments could further improve the heath and quality
of life of affected individuals. Future therapies, for
example, might be targeted at correcting the deficits
in ClI'flow or overcoming the defects in the gene
through gene therapy.
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Chapter 5
Quality Assurance

Quality assurance for cystic fibrosis (CF) carrier
screening is multifaceted. In particular, three aspects
of quality assurance are important to ensuring the
safety, efficacy, and accurate interpretation of DNA-
based CF assays:

. the quality of clinical laboratory services;

. the quality of genetic diagnostic kits, reagents,
assays, and instrumentation; and

. the quality of professional services, including
diagnostic and counseling services.

Oversight of quality assurance extends to Federal,
State, and local governments. It includes the judici-
wy, professional societies, and clinical laboratories
as well. All have a stake in ensuring high-quality
diagnostic services, athough the extent of involve-
ment varies. For example, al play apart in oversight
of laboratory performance, but the Federal Gover-
nment has primary responsibility for ensuring the
safety and efficacy of clinical laboratory devices
(e.g., DNA test kits). Professional societies and
courts, on the other hand, have a large impact on the
quality of professional services.

This chapter concentrates on the roles of all
interested parties in ensuring that both private and
public facilities provide high-quality DNA-based
genetic analysis, especially CF mutation screening.
It discusses voluntary versus mandatory standards,
and how both regulatory and nonregulatory mecha
nisms can facilitate efforts to guarantee high quality.

QUALITY ASSURANCE FOR
CLINICAL LABORATORIES

Laboratories use quality control to ensure that a
laboratory’s results meet predetermined criteria. It
includes the steps taken by a laboratory to produce
valid, reproducible, and reliable results each time the
test is performed. Quality assurance programs docu-
ment the satisfactory performance of quality control,
and can include proficiency testing and externa
inspections (83,84,85). Quality control and quality
assurance are essential components of good labora-
tory practice.

In 1991, Congress reviewed progress toward
overcoming longstanding difficulties with ensuring
the accuracy of diagnostic laboratory tests per-

formed by facilities across the Nation. Congres-
sional concern persists that quality problems could
remain unresolved, despite recent changes in Fed-
era law (167). Questions about laboratory quality
are important to CF mutation analysis.

First, the quality of a laboratory’s performance
affects the quality of counseling services. Accurate
reporting and interpretation of the mutations used by
a laboratory are necessary if used by genetics and
other health professionals are to convey accurate
results to their clients. Failure to assay a less
common mutation (or to properly interpret the
results of the battery of mutations used) could result
in clients mistakenly believing themselves to be at
negligible risk of conceiving a child with CF.
Conversely, misinterpreting test results could also
mislead individuals to think they are at increased
risk and to decide against conception. Second, the
technical skills of both the technician and laboratory
are essential for maintaining an acceptable standard
of practice to alow a laboratory to conduct DNA
analysis of CF mutations. Today’'s assays, for
example, use the polymerase chain reaction (PCR),
and some observers have concerns about the proper
controls to ensure against potential mishaps—
chiefly contamination—using PCR-based techniques
(54,74,169).

Because the intensity of Federal interest in
clinical laboratory performance is new and evolving,
and because Congress has expressly involved itself
by taking action in this area, this section focuses on
recent congressional action, chiefly the Clinical
Laboratory Improvement Amendments of 1988
(CLIA) (Public Law 100-578). States and profes-
sional organizations, however, also play key roles in
certain aspects of laboratory quality assurance.
Thus, this section also examines how each has been
involved in specific debates surrounding quality
assurance for clinical facilities performing DNA-
based diagnostic procedures, which include carrier
screening and testing for CF.

The Clinical Laboratory |mprovement
Amendments of 1988

To remedy problems of inadequate and incon-
sistent clinical diagnostic testing, the 100th Con-
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Photo credit: Vivigen, Inc.

Facilities that perform DNA-based diagnostic tests are subject to the Clinical Laboratory Improvements Amendments of 1988.

gress passed legislation that subjects most clinical
laboratories to a number of requirements, including
qualifications for the laboratory director, standards
for the supervision of laboratory testing, qualifica-
tions for technical personnel, management require-
ments, and an acceptable quality control program.
Many of these same standards were aready in place
prior to 1988 with regard to laboratories doing
testing for Medicare or accepting samples across
State lines, but CLIA represents the congressional
response to national concern over shortcomings in
the stringency and coverage of the original 1967 law.
Designed to strengthen Federal oversight of labora-
tories to ensure that test results are accurate and
reliable, CLIA creates a national, unified mechanism
that regulates virtually every laboratory in the
country-not just those involved in interstate com-
merce or participating in Medicare. Another impact
of CLIA, beyond its extension to all laboratories, is
the integration of the previously separate inspection
and enforcement systems.

Prior to enactment of CLLA, Federal regulations
covered the approximately 12,000 laboratories that
either transported samples between States or per-
formed tests billed to Medicare. In 1990, however,
the Health Care Financing Administration (HCFA)
of the U.S. Department of Health and Human
Services (DHHS) began exercising sweeping regu-
latory authority over clinical laboratories. HCFA's

mandate is to set standards for staffing and maintain-
ing al medica laboratories, including physician
office testing. HCFA is aso directed to manage a
comprehensive program to police the facilities, and
it can impose sanctions.

Under CLIA, the Secretary of DHHS (hereinafter
the Secretary) shall establish national standards for
quaity assurance in clinical laboratory services. The
Secretary must implement recordkeeping, inspec-
tion, and proficiency testing programs, and report to
Congress on arange of issues gauging the impact of
various quality assurance mechanisms. Regulatory
requirements will vary according to whether the
facility performs tests considered “simple,” “mod-
erately complex,” or “highly complex” (42 CFR
493). For example, cytogenetic testing-examining
chromosome profiles—is likely to be considered
“highly complex” (108). DNA-based genetic tests
are not yet covered by the cytogenetics category, but
unless specifically categorized, atest is considered
“highly complex” (57 FR 7245). Tests similar to
DNA-based genetic assays—i.e.,, DNA analysis to
detect viruses-have been classified “highly com-
plex” (57 FR 7288).

CLIA and the Omnibus Budget Reconciliation
Act of 1989 (Public Law 101-239) grant HCFA the
power to suspend or revoke a lab’'s certificate for
violation of the rules. Further, fines up to $10,000 for
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each violation or each day of noncompliance can be
levied, and jail sentences of 3 years can be imposed,
The law continues to permit, subject to approva by
the Secretary, States or private associations to
substitute for the Federal accreditation process.
Currently, these include at least the College of
American Pathologists (CAP), the American Asso-
ciation of Bioanalysts, accrediting agencies in three
States, the Joint Commission on Accreditation of
Headthcare Organizations, and the American Osteo-
pathic Association.

Monitoring Laboratory Performance

HCFA will continue using State agencies for
onsite monitoring because those agencies have the
most experience in inspection activities, have the
ongoing responsibilities for assessing laboratory
compliance, inspect an entire facility (HCFA agents
inspect only specific areas), and make periodic
recertification (56 FR 13430).

Beyond onsite monitoring and inspection, pro-
posed HCFA regulations aim to help physicians and
patients avoid laboratories that perform poorly by
issuing an annual laboratory registry (42 CFR
493.1850). The registry will include, for example,
those facilities that have had their CLIA certificates
suspended and those that have had their accredita-
tion withdrawn or revoked. The registry is designed
to create a national enforcement mechanism that
affects virtually every clinical laboratory in the
country.

For the first time, CLIA regulates the estimated
98,000 physician office laboratories. In total, HCFA
estimates that from 300,000 to 600,000 physician,
hospital, and freestanding laboratories in the Nation
could potentially come under these provisions, and
that the registry will likely change the practice
patterns of laboratories across the country. Some
laboratories might close because they cannot meet
the requirements. Others, out of fear of being
sanctioned, might choose not to perform certain
tests. Some laboratories will increase their fees to
private patients to cover the costs of upgrading
facilities to meet CLIA standards and to pay the user
fee (57 FR 7188) being imposed to fund the survey
and other CLIA requirements. Some laboratories,
however, are exempt, including certain State facili-
ties and some performing drug abuse tests (57 FR
7190). Facilities limited to some types of insurance
testing could also be exempt (108).

State Authority Under CLIA

States will be substantially affected by CLIA. On
one level, they will probably experience some
additional administrative burden if they identify an
increased number of noncompliant laboratories. The
principal impact, however, will be on the relation-
ship between the Federal Government and the States
in the area of direct laboratory regulation. Prior to
CLIA’s enactment, the Federal Government had no
regulatory authority over the numerous intrastate
laboratories, including those located in physicians
offices. These were, in many cases, though not all,
regulated by the States; such facilities are now
subject to CLIA requirements.

As mentioned earlier, however, CLIA does not
preclude continued State regulation and licensure
(57 FR 7188), although the thrust of States' roleis
changed. Primary emphasis focuses on licensing
personnel and providing information, inspection,
and some proficiency testing services. (A later
section in this chapter describes specific State
initiativesin overseeing clinical laboratories.)

Proficiency Testing

One issue of critical concern to Congress in
passing CLIA was proficiency testing programs.
Until CLIA, such programs varied broadly in testing
criteria and in grading of test results. Moreover,
uniform or minimally acceptable Federa standards
did not exist. Now, except under certain circums-
tances, proficiency testing shall be conducted every
4 months, with uniform criteriafor al examinations
and procedures. The Secretary shall also establish a
system for grading proficiency testing performance.
HCFA expects to propose rules on proficiency
testing before the end of 1992. None of these rules
is expected to apply to DNA-based CF tests (65,185).

Sanctions

HCFA has moved more quickly on the issue of
sanctions against laboratories not meeting Federal
requirements (57 FR 7218). Such sanctions can be
imposed instead of, or before, suspending, limiting,
or revoking the laboratory’s certificate and cancel-
ing the laboratory’s approva to receive Medicare
payment for its services.

Prior to CLIA and the Omnibus Budget Reconcil-
iation Act of 1987, the only recourse HCFA had
against a noncomplying laboratory was cancellation
of its approval to receive Medicare payment for its
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services. In developing arange of new sanctions,
HCFA has attempted to establish consistency be-
tween the enforcement approach for Medicare labo-
ratories and for laboratories that do not participate in
Medicare. At the direction of Congress, the sanc-
tions include directed plans of correction, civil
money penalties, payment for the costs of onsite
monitoring by the agency responsible for conduct-
ing certification inspections, and suspension of all or
part of Federal payments to which the laboratory
would otherwise be entitled for services furnished
after the effective date of sanction.

HCFA proposes three levels of nhoncompliance,
with graduated severity according to levels of
deficiencies: those posing immediate jeopardy to
patients, those not posing immediate jeopardy, and
those that are minor. HCFA can also impose
sanctions in specific categories or subcategories, and
thus discourage laboratories from performing tests
in which they do not comply with CLIA without
discouraging testing in categories in which no
deficiencies are identified. CLIA dso provides for
incarceration and fines for any person convicted of
intentionally violating any CLIA requirement. It
specifies administrative and judicial review proce-
dures available to a laboratory when HCFA imposes
a sanction or suspends, revokes, or limits the
facility’s CLIA certificate.

Impact of CLIA on DNA Tests

As with other clinical diagnostic tests, CLIA will
affect DNA analysis performed by clinical facilities.
Currently HCFA can limit CLIA certificates at the
specialty or subspecialty level. No special category
exists for DNA tests, but facilities performing such
assays clearly fall within CLIA’s regulatory rubric.
Furthermore, HCFA theoreticaly could limit CLIA
certificates at the level of individual tests rather than
a the specialty or subspeciaty level. For example,
a laboratory could lose its authority to perform CF
mutation analyses, while retaining authority to
continue performing, and receiving payment for,
sickle cell tests. Such detailed oversight, however,
would probably strain HCFA's administrative ca-
pacities (34).

One aspect of CLIA important to carrier testing
and screening for CF will be the development of
proficiency testing standards. The legislation is
quite detailed in addressing proficiency testing for
other clinical tests, but is silent for DNA analyses.
Nonetheless, HCFA expects voluntary participation

of DNA laboratories in a proficiency testing pro-
gram (148). As described later, professional socie-
ties and nonprofit associations are likely to play the
major role in this aspect of quality assurance,
although their involvement is neither required nor
approved by HCFA.

State Authorities

Since CLIA, the principal State role in quality
assurance for clinical facilities is licensure and
certification of personnel. All licensing of medical
and clinical personnel is based on State law. State
and Federa tort actions to remedy issues related to
personnel and service quality are discussed sepa-
rately in this chapter.

As mentioned earlier, however, CLIA does not
prevent States from regulating and licensing facili-
ties within certain guidelines (55 FR 33936). At least
one State views CLIA as too broad-based to
appropriately address issues raised by DNA tests,
Cdifornia established an expert advisory committee
to develop standards and to hire qualified consult-
ants to conduct onsite inspections. After a pilot study
using voluntary approvals, the California Depart-
ment of Heath Services (CDHS) intends to ask for
specific licensing laws and regulations for DNA and
cytogenetic laboratories. CDHS will use any accept-
able national proficiency testing program, but will
develop its own if those being developed by
professional organizations (described in a following
section) are not satisfactory (34).

Another State, New York, has regulated clinical
laboratories since 1964, prior to enactment of the
original Federal legislation in 1967 (184), More
important to the issue of quality assurance for CF
carrier screening, New York State has established a
genetics quality assurance program that includes
requirements for licensing personnel, licensing fa-
cilities, laboratory performance standards, and DNA-
based proficiency testing (box 5-A).

The Role of Professional Societies

While CLIA clearly expanded the Federal role in
clinical laboratory oversight, the law continues to
permit, subject to approval by the Secretary, the
involvement of other parties in regulating laboratory
practices. In particular, private nonprofit associa-
tions and professional societies could have the
greatest impact in proficiency testing. Of those
associations with standing under the past Federal
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Box 5-A—The New York State Genetics Quality Assurance Program

Responding to the development of DNA-based tests for genetic conditions, New York State has created a
permit category for genetic tests. Since January 1, 1991, al facilities within the State, or that handle samples from
the State, have had to be State licensed. Included among the types of technologies for which a permit is required
is DNA analysisfor carrier or disease status. To date, 40 facilities— 15 within New Y ork and 25 out-of-State-have
been accredited.

In the area of personnel qualifications, the New Y ork State regulations detail specific minimum requirements
for training and education of the laboratory director, including experience with molecular biology and genetic
linkage analysis. To receive alaboratory license, applying facilities must undergo an onsite inspection by the New
York State Department of Health, The laboratory also must meet severa other requirements, including documenting
that it: periodically tests equipment; monitors and performs proper quality control of its reagents and standards;
adheres to appropriate confidentiality of records; participates in some form of external quality assurance program
(where available); and demonstrates that it has a clear, appropriate, interpretive report format that explains findings
for nongeneticist physicians. These reports must also caution the provider about possible inaccuracies and suggest
dternative or additional testing if necessary. Finaly, to maintain its license, the facility must undergo
interlaboratory proficiency testing for DNA analytical methods.

Beginning in August 1992, New York State will administer a quarterly proficiency testing program. Under the
program, a single sample will be sent to accredited laboratories. Using five systems of their choosing, the
laboratories will analyze and interpret results for the unknown sample and report the findings to the State
Department of Health, Clinical Laboratory Evaluation Unit.

SOURCE: Office of Techology Assessment, 1992, based on P.D. Murphy, “New York State Genetics Quality Assurance program,” meeting

abstract Biotechnology and the Diagnosis of Genetic Disease: Forum on the Technical, Regulatory, and Societal Issues, Arlington

VA, Apr. 18-20, 1991.

regulatory structure, CAP is likely to be most
important to quality assurance of laboratories doing
DNA analysis.

In 1989, CAP established the Molecular Pathol-
ogy Resource Committee to develop appropriate
guidelines for all clinical tests involving DNA
probes or other molecular biological techniques. Its
scope includes not only DNA genetic diagnostics,
but also the use of DNA assays to detect infectious
diseases and neoplasms, and for forensic identifica
tion. The Committee has administered two DNA-
based proficiency testing pilot programs, although
their focus was not genetic disorders (66).

Besides CAP, several organizations are poised to
facilitate the development of monitoring laborato-
ries through proficiency testing for DNA-based
assays. The Council of Regional Networks for
Genetic Services (CORN), which receives Federal
support, has been active in an array of quality
assurance issues for genetic service facilities, in-
cluding proficiency testing since 1985 (38). The
CORN Proficiency Testing Committee sponsored a
DNA-based genetic test pilot of 20 laboratories in
1990. The Southeastern region has a regional
proficiency testing program, and will be enlarging

its planned second survey into a nationa test, to be
completed in 1992; this effort includes CF mutation
anaysis (100).

The American Society of Human Genetics (ASHG)
has recently become active in the area. A joint
ASHG/CAP DNA pilot proficiency testing program
commenced in 1992. Full proficiency testing is
planned by 1994 (5,66,99). ASHG and CORN also
have designated liaisons with each other's efforts.

Proficiency testing is widely viewed as an import-
ant component of quality assurance. It provides a
reliable and identifiable benchmark to assess quality
performance; in the past, professional societies
involvements have predominated. Today, each of
three principal organizations clearly fillsanichein
the evolving area of proficiency testing programs for
genetic DNA assays. Historically, CAP hasled and
administered an array of proficiency testing pro-
grams, CORN, with its extensive regional structure
and practitioner community emphasis, has long been
active in improving education, training, and labora-
tory quality to improve genetic services delivery;
and ASHG has served as the leading national
professional society for genetics researchers and
service providers. Cooperation among these groups
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will be essential for the timely development of
proficiency testing programs for DNA-based genetic
diagnostics. Such cooperation will become increas-
ingly important, since professiona programs could
affect proficiency testing for CF mutations (and
other DNA tests) well before HCFA proposes
proficiency testing rules under CLIA (100).

U.S. FOOD AND DRUG
ADMINISTRATION AND
MEDICAL DEVICE REGULATION

Today, DNA-based CF tests are done at research
laboratories, commercia facilities, public heath
laboratories, and hospitals. Most attention on ensur-
ing high quality focuses on the institution or
individual performing the assay, At some future
date, however, DNA-based genetic tests-e. g., for
CF mutation analysis—will be marketed widely in
the form of kits such as those that exist for pregnancy
testing, infectious disease analysis, or forensic DNA
identification. At least one U.S. company has begun
evaluating a prototype CF mutation test kit in pilot
studies (47,48). Cellmark Diagnostics, U. K., isaso
testing a kit that detects DF508 plus three additional
mutations (figure 5-1; ch. 10),

The U.S. Food and Drug Administration (FDA)
has authority to ensure the safety and efficacy of
diagnostic test kits. * This section briefly analyzes
FDA approval procedures that might apply to new
genetic diagnostic kits. A comprehensive analysis of
Federal policies and the medical devices industry
appearsin a1984 OTA report (168).

FDA Authority to Regulate Test Kits

FDA regulates drugs, devices, and biologics
during all phases of their development, testing,
production, distribution, and use, Genetic diagnostic
kits fall within the definition of a device—i.e, a
medical device is a health care product that does not
achieve its primary, intended purposes through
chemical action in or on the body, or by being
metabolized. Thus, the extent to which physicians,
genetic counselors, and their clients come to rely on
CF mutation analysis kits--or other DNA-based
genetic test kits—will depend on FDA regulation of
devices.

Figure 5-—DNA-Based Test Kit for
Cystic Fibrosis Mutations

SOURCE: Cellmark Diagnostics (Imperial Chemical Industries PLC), United
Kingdom, 1992.

FDA's regulatory options range from registering
an item’'s presence and periodically inspecting
facilities to ensure good manufacturing practices, to
setting performance and labeling requirements, to
premarket review of a device. In addition, the agency
may engage in postmarketing surveillance to iden-
tify ineffective or dangerous devices; it may ban
devices it deems unacceptable.

The Federal Food, Drug, and Cosmetic Act
of 1938

Products such as in vitro DNA diagnostics are
regulated under section 351 of the Public Health
Service Act (42 U.S.C. 262), but are also subject to
the adulteration, misbranding, and registration pro-
visions of the Federal Food, Drug, and Cosmetic Act
of 1938 (FFDCA) (21 U.S.C. 301 et seq.). Addition-
aly, ‘*good manufacturing practices’ are currently
applied to licensed in vitro diagnostics.

The Medical Device Amendments of 1976 and
Safe Medical Devices Act of 1990

The Medica Device Amendments of 1976 (MDA)
(Public Law 94-295) and the Safe Medical Devices
Act of 1990 (SMDA) (Public Law 101-629) clarfied
and enlarged the 1938 FFDCA definition of ‘‘de-
vice' to include items used in diagnosing conditions
other than disease (e.g., pregnancy, in vitro diagnos-
tic products), and specific products previously

1 Though FDA also could have regulated reagents currently used in CF mutation assays, it does not and likely will not. FDA does not regulate
reagents unless they are submitted by manufacturers for clearance or approval. Manufacturers of reagents offer them labeled “for investigational use
only. Facilities may develop such reagents into analytical procedures, and then offer tests such as CF mutation analysis-and other DNA-based genetic
diagnostics-as clinical services. The practices, but not reagents, are regulated under CLIA.
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Box 5-B—FDA Regulation of In Vitro Diagnostic Devices

Under section 5 IO(k) of the Federal Food, Drug, and Cosmetic Act of 1938, manufacturers must notify the U.S.
Food and Drug Administration (FDA) 90 days prior to marketing any medical device thought to be substantially
equivalent to one legaly on the U.S. market. On the basis of this submission, FDA evaluates how similar the new
device is to the existing device. (Devices manufactured before passage of the Medical Device Amendments of 1976
(Public Law 94-295) may be exempt from certain regulatory controls.) If FDA finds the proposed device is
substantially equivalent, FDA notifies the manufacturer that it can be marketed. Since 1976, 6 percent of new
devices underwent stringent premarket review (clinical trials and other demonstrations of safety and effectiveness);
94 percent were reviewed and entered the market on data provided by manufacturers that indicated they were
substantially equivalent to existing devices (162).

At present, the majority of biotechnology-based medical devices represent clinical laboratory or in vitro
diagnostic applications. In vitro diagnostic devices include reagents, instruments, and systems intended for use in
the diagnosis of disease or other conditions-including a determination of the state of health-in order to cure,
mitigate, treat, or prevent disease or its sequelae. Manufacturers submit about 1,200 new in vitro diagnostic
applications each year to FDA, of which a significant percentage are biotechnol ogy-based.

Although most biotechnology in vitro diagnostic devices submitted are monoclinal antibody-based reagent
systems, a number employ DNA technologies, particularly those that detect and identify infectious agents in clinical
specimens. The mgjority of these applications are processed through FDA’s 5 10(k) premarket notification program.
Under the 510(k) process, a proposed device maybe marketed if it is demonstrated to be substantialy equivalent
to alegally marketed U.S. product, In many cases, a biotechnology-based in vitro diagnostic device can be shown
to be equivaent if the sponsor demonstrates that the new item has essentially equivalent intended use, performance
characteristics, and patient risk to an existing product. For example, the first DNA tests for infectious agents were
compared to previously cleared 510(k) monoclinal antibody reagents for the same intended uses.

In some instances, comparison to an existing conventional product is not possible and, therefore, introduction
raises new types of risk questions that require scientific evaluation of safety and effectiveness through the premarket
approva process. In this case, the new product would be classified as Class |11, and subject to the regulatory scheme
described elsewhere in this chapter. Such was the case for the review of a DNA test for gene rearrangements to assess
certain leukemias.

With enactment of the Safe Medical Devices Act of 1990 (Public Law 101-629), manufacturers now
introducing a permanently implantable device, a life supporting or life sustaining device, or a device that potentialy
presents a serious risk to health must conduct postmarked surveillance of the device. FDA may aso require any other
manufacturer of a device, such as a CF mutation test kit, to conduct postmarked surveillance.

SOURCE: Office of Technology Assessment, 1992, based on K.B Hellman and J.L Hackett, U.S. Food and Drug Admimaston,
MD, personal communication December 1991.

Rockville,

regulated as new drugs (e.g., bone cement, sutures,
or soft contact lenses). Based on the 1976 amendm-
ents, DNA-based genetic tests would be consid-
ered “devices.” Box 5-B describes the general
regulatory process FDA employs for in vitro diag-
nostic devices, similar to those under development
for CF mutations.

FDA formed the Center for Devices and Radio-
logical Health in 1982 to centralize both the
implementation of MDA (and now SMDA) and the
development of programs to ensure that unsafe and
ineffective medical devices are not sold in the
United States. With SMDA, Congress intended that
perceived shortcomings in MDA would be ad-

dressed. SMDA expands FDA authority to require
postmarketing surveillance and to order a temporary
or permanent halt to sales of a device in light of
postmarketing surveillance results. (FDA’s new
authority was demonstrated in early 1992 with its
consideration of silicone breast implants (73).)
SMDA aso expands the category of facilities and
users required to communicate problems to FDA.
MDA/SMDA directs FDA to classfiy devices into
one of three categories, with different levels of
regulation applying to each.

Class | Devices. Class | contains devices for
which general controls authorized by MDA/SMDA
are sufficient to provide a reasonable assurance of
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safety and effectiveness. Before they can be mar-
keted in the United States, new Class | devices that
have not been exempted require premarket notifica-
tion to FDA demonstrating their substantial equiva-
lence to legally marketed devices. Manufacturers of
Class | devices are subject to general controls,
meaning they must register their establishments, List
the devices with FDA, conform to good manufactur-
ing practices, and submit to periodic inspections (21
U.S.C. 360).

Theoretically, genetic test kits could fall within
thisfrost of three classifications. Included in Class |
are: chlarnydia serological reagents, dye and chemi-
cal solution stains, tissue processing equipment,
blood bank supplies, and examination gowns. One
current Class | product used for genetic diagnosisis
the chromosome culture kit, defined as “a device
containing the necessary ingredients . . . used to
culture tissues for diagnosis of congenital chromo-
somal abnormalities” (21 CFR 864.2260).

Class || Devices. Class Il isaregulatory class of
devices for which genera controls are insufficient to
provide a reasonable assurance of safety and effec-
tiveness and for which scientific information is
sufficient to establish ‘*special controls' to provide
such assurances. The' general control provisions of
Class | devices also apply to Class Il devices, as does
the premarket notification requirement. In addition,
Class Il devices must meet specia controls, which
can include adherence to performance standards,
postmarketing surveillance, establishment of patient
registries, and clinical data submission. Older,
established genetic test kits not involving DNA
methods (e.g., abnormal hemoglobins and alpha-l-
antitrypsin assays) have been designated as Class ||
(21 CFR 862,864, 868).

In theory, DNA-based genetic diagnostic kits
could be classified at this level if FDA determined
that general controls, such as good manufacturing
practices, are insufficient to give the kits the
reliability aready exhibited by similar kits classified
in Class I. If, for example, FDA considered a
DNA-based CF mutation anaysis kit similar to
abnormal hemoglobin assays, it might classify it as
Class Il. On the other hand, if FDA finds the
reliability of the technologies used in DNA-based
diagnostic tests differs substantially, or if the tests
raise new issues of safety and effectiveness, FDA
could define it as Class I11. In fact, concern about the
reliability of a DNA-based kit that employs essen-

tially the same methods-PCR and DNA probes—
as those that might be developed for CF tests has
been raised in criminal court (74).

Class |11 Devices. Devices purported to be “life
supporting, life sustaining, or for a use which is of
substantial importance in preventing impairment of
human health,” or “devices which present an
unreasonable risk of illness or injury” comprise
Class Ill. In addition to general controls, these
products require premarket approval by FDA based
on data demonstrating that a device is safe and
effective for its intended use. Manufacturers intro-
ducing Class Il devices since January 1991 have
been required to conduct postmarked surveillance.
(SMDA additionally empowered FDA to require
any other manufacturer of an existing device to
conduct postmarked surveillance.)

Examples of Class Ill devices include a DNA
probe to detect the “Philadelphia chromosome” in
patients with myel ogenous leukemia, tests to detect
chromosomal rearrangements in certain immune
cells, and maternal serum a pha-fetoprotein (M SAFP)
assays for neural tube defects. Class Ill is an
automatic classification level for new devices not
yet shown to be substantially equivalent to an
existing device on the market-about 2 percent per
year. About 5 percent of all medical testing devices
are ultimately subject to Class |11 regulation (51 FR
26342), and it is likely that DNA-based test kits will
be categorized as Class |11 (185,189,190).

Investigational Device Exemption. Under the
Investigational Device Exemption, FDA may ex-
empt investigational devices from regulatory re-
guirements that might hinder developing scientific
data demonstrating safety and effectiveness. In most
cases, these clinical studies of medical devices are
performed to gather data or to support a premarket
notification submission or a premarketing approval
application.

Regulatory Future of Cystic Fibrosis
Mutation Test Kits

Experience with other test kits, such as that for
MSAFP (box 5-C), could shed light on the regula-
tory future of CF mutation test kits. On the other
hand, congressional concerns about medical device
regulation and SMDA have occurred since the
debate about MSAFP test kits (152-160,164-
166,168), although questions persist about the ade-
guacy of medical device regulation (163). Further,
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Box 5-C—Maternal Serum Alpha-Fetoprotein Test Kits and the FDA

In many respects, questions raised in the 1970s and 1980s about screening the serum of pregnant women to
determine the concentration of apha-fetoprotein parallel today’s debate about routine carrier screening for cystic
fibrosis (CF). (See aso ch. 6.) One controversy surrounding maternal serum alpha-fetoprotein (MSAFP) screening
involved FDA approval of test Kits.

In the 1970s, British medicine had taken the lead in assessing MSAFP screening to detect neura tube defects.
Based on a study of 5,800 patients screened for MSAFP in the United Kingdom, the Immunological Panel of the
Bureau of Medica Devices, U.S. Food and Drug Administration (FDA), recommended in June 1977 that MSAFP
test kits be classified as Class 11 devices. The panel further recommended that FDA require kits be labeled to indicate
that a single positive test did not contitute an accurate diagnosis in and of itself and was insufficient to warrant
pregnancy termination, athough some panel members (and outside experts) viewed this recommendation as an
overextension of FDA authority and an inappropriate attempt to regulate medical practice.

Historically, reagents used in MSAFP screening either qualified under the Investigational Device Exemption
(IDE) (21 CFR, part 812) or were not directly regulated because the components were produced within a laboratory
for its own diagnostic use. MSAFP test kits, however, were not commercially marketed in the United States prior
to the enactment of the Medical Device Amendments of 1976 (MDA) (Public Law 94-295), and thus were subject
to MDA. In October 1978, FDA appeared to be on the verge of releasing MSAFP test kits on an unrestricted basis.

Concern about the kits quickly mounted from laboratories, physicians, consumers, and professional societies
such as the American College of Obstetricians and Gynecologists and the American Academy of Pediatrics. As with
CF carrier screening, objections about the accuracy of the test, the difficulty in interpreting results, and the potential
burden from increased caseloads for genetic counselors were raised. Concern was also voiced that anti-abortion
groups were influencing FDA to slow approval. Others complained, by contrast, that commercial influences were
rushing the move to approve MSAFP kits, which had 1979 sales of $250 million outside the United States. Some
contended that FDA'’ s decision to send the device to the Immunological Advisory Group (rather than to a panel of
obstetricians and geneticists) resulted in inadequate attention to some of the clinical and programmatic aspects of
widespread use of the kits (34).

In February 1979, FDA held a public hearing on MSAFP test kits before two of its advisory committees (the
Obstetrics-Gynecologic Device Section and the Immunology Device Section); in August 1979, FDA announced it
intended to restrict the sale, distribution, and use of MSAFP test kits. FDA classified MSAFP test kits as Class 111,
which required premarket approval. Further, premarketing approval applications (PMAS) would not be approved
until FDA determnined what restrictions, if any, were necessary to ensure the reliability, safety, and efficacy of the
kits, Manufacturers were not permitted to distribute MSAFP kits in the United States for investigational use under
the IDE. In November 1980, FDA published 13 proposed restrictions for MSAFP test kits (45 FR 74158), and
announced public comment would be received at hearings in January 1981.

Despite support for the restrictions—based on concerns about accuracy and efficacy as just described-several
objections were raised to FDA'’s proposed rules. Testimony was offered that 90 percent of hospitals offered MSAFP
screening and were using materials not regulated (because they were not kits); that FDA’s lack of action on pending
PMAs violated due process under MDA ; that the proposed regul ations extended beyond medical device regulation
under MDA into the realm of clinical laboratory regulation (generally the domain of the Health Care Financing
Administration and the Centers for Disease Control); and that the proposed regulations thrust FDA into an
inappropriate role of regulating private medical practice.

FDA issued revised regulationsin 1983, and M SAFP test kits have been widely employed in the United States
since that time. Today, the debate is less a matter of the approval of the test kit per se, but on ancillary issues that
include the role of State health agencies (35) and whether results generated by small, decentralized laboratories are
of lower quality (98, 144).

SOURCE: Office of Technology Assessment, 1992.

because each device is evaluated on a case-by-case The 1984 medical devices reporting (MDR)
basis, the regulatory future of a PCR-based CF (or regulation and SMDA require a report to FDA of any
comparable) test kit remains speculative until one association between a device and serious injury or

wends its way through the FDA process. death of a patient and could be one level of quality
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assurance of CF test kits. The regulation, however,
is limited to instances of patient death or serious
injury. Because use of test kits like those under
development for CF is unlikely to result in injury or
death to a patient, problems are not likely to be
reported on this basis. Kits with poor reliability
could, however, lead to unnecessary pregnancy
terminations, as well as cause significant emotional
harm to patients. The prospect of such pregnancy
terminations might prompt FDA to order post-
marketing surveillance of CF test kits.

If the MDR regulation and SMDA were to apply
to genetic diagnostic kits, they might serve as an
early warning system of problems with accuracy and
reliability. The congressional General Accounting
Office (GAO) found that the MDR regulation
generally increased the flow of information about
device defects by a factor of 7. Nonetheless, GAO
estimated that, prior to SMDA, only one-fourth of
manufacturers were in compliance and that FDA
was ill-equipped to handle the data flow, data
management, and data analysis required (161,162).

In the absence of an actua product, what is the
regulatory outlook for test kits like those under
development for CF carrier screening? Enhanced
postmarketing surveillance under SMDA, coupled
with a shift within FDA toward increased regulatory
attention to medical devices, might indicate CF
mutation analysis kits will be subject to more
stringent review than previous non-DNA genetic
test kits. FDA recently embarked on a series of
measures directed at tightening up regulation and
postmarketing surveillance of devices, as well as
other items regulated by FDA (73,78). One target of
increased regulatory attention, for example, has been
monoclinal antibody kits, which are being subjected
to increased scrutiny (53). The general change in
tone at FDA and accompanying personnel changes
have led to consternation among some industry
spokespersons (81). Thus, it is difficult to predict
how MDA and SMDA will ultimately apply to
DNA-based diagnostic test kits.

GENETIC SERVICES DELIVERY

Delivering high-quality genetic services to clients
depends on ensuring a su.fflcient number of skilled
professionals, which in turn demands adequate
education and training. Developing and ensuring
that high standards are maintained, providing mech-
anisms to evaluate professional performance, and

affording methods for client redress when lapses
occur are the subjects of the following section of this
chapter. In particular, this section addresses:

- whether primary care physicians (e.g., obstetri-
cians/gynecologists, internists, or family prac-
tice specidists) are now expected to discuss CF
mutation tests or to provide genetic services
related to them as an aspect of routine medical
care;

. what al genetic professionals-physicians, ge-
netic counselors, nurses, socia workers, or
Ph.D. clinical geneticists—are expected to do
when counseling individuals about the assays;
and

- what remedies exist for consumers harmed by
inadequate care.

Licensing and Certification

For genetic tests and information-as for other
medical procedures-the quality of care is largely
determined by the expertise of the health profession-
as and the quality of the laboratory services. The
expertise and reliability of the providers, in turn,
depends on the quality of medical and genetics
education (ch. 6) and the quality of State certifica-
tion, licensure, and discipline of such professionals
within its jurisdiction.

Genetics professionals who are physicians are
formally licensed by States. The process of medical
licensure, making the practice of medicine without
alicense acrimina offense, both permits individuals
to practice medicine and forbids those without a
license born competing. As well as providing
minimum standards, licensing of physicians pro-
vides States with the right to review an individual’s
practice and to discipline the person. Sanctions
range from simple censure to license revocation for
failure to follow proper standards in delivering
services. As such, licensing can have an impact on
the quality of services. A State license is the only one
required to practice medicine or any of its special-
ties. Neither failure to obtain specialty board certifi-
cation nor failure to maintain membership in a
professional medical specialty society in any way
limits a physician’s legal ability to practice a
medical speciaty.

Nonetheless, economic and intellectual incent-
ivesin the 1930s and 1940s led to the development
of certification procedures for specialties, to hospital-
based specialty training programs, and finally to the
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growth of voluntary professional medical specialty
societies (143). Genetic counselors and Ph.D. genet-
icists are not licensed by States, but until 1992 were
certified by the American Board of Medical Genet-
ics (ABMG) (asare M.D. geneticists). Beginning in
1993, Ph.D. and M.D. geneticists will be certified by
ABMG, but future certification of master’ s-level
counselors is uncertain.

Factors Affecting Physician Decisions About
Cystic Fibrosis Carrier Screening

NO definitive mechanism exists for determining
when physicians should routinely inform people
about the availability of tests that could revea their
propensity to have a child with a genetic disorder,
such as CF (70). Physician practice maybe driven by
judgment of what is in a patient’s best interest,
consumer demand, patient autonomy, liability fears,
economic self-interest, or a combination of these
factors. CF carrier screening presents a classic
instance of the perennial problem of appropriately
controlling the evolution of practice standards as a
new technology becomes available,

Physicians can now offer individuals with no
family history of CF atest that can determine, with
85 to 95 percent sensitivity, whether they are CF
carriers. With professional opinion in a state of flux
and knowledge of the test’s existence continuing to
spread among patients, physicians might wonder
whether they are obligated to inform patients of its
availability, even before patients ask about it.
Determining when to routinely inform people about
the availability of tests that reveal their propensity
for having a child with CF is a contentious issue.

OTA'’s survey of genetic counselors and nurses in
genetics reveded that some consumers are interested
in CF carrier screening: about 19 percent of respon-
dents said they were “frequently’ or ‘‘very fre-
guently’ asked by clients about DNA carrier testing
or screening for CF (170). On the other hand, some
physicians report that consumer willingness to
undertake CF carrier screening is modest at present
(1 1,13). This reticence could stem from, in part,
resistance to the tests' costs, which patients must

generally self-pay.’It might also arise from a barrier
common to many types of medical screening: lack of
interest and reluctance to uncover what might be
perceived as potentially unpleasant news (145).

Generally, physicians are obligated to inform
patients of the risks and benefits of proposed tests
and procedures, so that patients themselves may
decide whether to proceed. This obligation extends
to diagnostic technigues (150). Where a patient
specifically asks about a test, physicians would seem
to be obligated to discuss the test, even if they do not
recommend that it be taken. Preliminary results from
one survey, for example, indicate that up to 90
percent of physicians responding would order a CF
carrier test if asked to by a patient (76). Physicians
do not appear, however, to be obligated to ask
patients about their potential interest in a test or
procedure that the physician does not view as
warranted by individuals' circumstances (box 5-D)
(104), athough they are under an obligation to elicit
family histories that reveal whether a person is at a
particular risk for conceiving a child with a genetic
disorder.

A 1989 Cadlifornia appellate court held that a
couple, whose family did not appear to have
members of an ethnic group at elevated risk for
Tay-Sachs disease, had no basis to complain of
mal practice when a physician failed to inform them
that Tay-Sachs carrier screening is available (104).
Expert witnesses advised that the 1 in 167 carrier
frequency for Tay-Sachs in the general population
was sufficiently low that customary medical practice
does not recommend carrier screening for those not
at elevated risk-i. e., those who are neither Ashke-
nazic Jews nor descended from a few other groups
with elevated carrier incidence.

For CF, however, the incidence of carriers is more
common in the general Caucasian population (1 in
25) than is Tay-Sachs for Ashkenazic Jews (1in 31)
(134). Physicians might ponder whether the 1 in 25
carrier frequency, which results in a 1 in 2,500
incidence of CF among live births in the genera
population, is sufficiently high that they should
inform patients that CF carrier mutation analysis

2 Ptysicians seeing patients who rely on health insurance to cover part of their costs usually inform them that their coverage generally precludes
reimbursement for CF mutation analysis without a family history of the condition (i.e., for screening purposes). OTA recognizes that in the present health
care system, and with current reimbursement policies by insurers (ch. 7), the reality is that choosing to be screened usually depends on the ability to
self-pay. As mentioned earlier, however, the issue of economic access to CF carrier screening is no different-and inextricably linked--to the broad
issue of health care access in the United States (172), a topic beyond the scope of this report. In this report, OTA analyzes the issue in the context of
today’s health care system, but points out that in the view of some opponents of widespread CF carrier screening, nonuniversal access is an a priori reason

for why CF carrier screening should not proceed.
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Box 5-D—Medical Malpractice and Standards of Care

Tort law permits individuals to sue those who have negligently caused them harm, achieving financial and
emotional compensation for some victims and providing one means of quality assurance in medical practice.
Theoretically, making providers responsible for their actions provides an incentive for them to act reasonably and
prevent patient harm. In practice, medical malpractice litigation sometimes suffers the shortcoming of juries and
Judges second guessing past physician practice as a means of stimulating future improvements. In generd, tort suits
do a better job of enforcing standards after they have been developed. Nevertheless, medical malpractice litigation
alows ajury to review the acts of atreating physician, remedy individual grievances, and force development of a
good practice standard.

A physician whose treatment complied with the standard of care in the field, i.e., conformed with that offered
by the “reasonable prudent physician” (or specidlist, if the defendant is a speciaist) under the same or similar
circumstances, can rarely be found liable for medical malpractice. Statements issued by a relevant professional
society are viewed as evidence of what a reasonably prudent physician might have done; so is expert witness
testimony (43,51,58,173). Thus, current customs of practice protect physicians. The law assumes, however, that
customary medical practice adequately reflects scientific learning and otherwise represents appropriate public
policy to be enforced by the courts against individual practitioners (70).

Yet a court can devalue a standard of care by asserting that limited adoption of a practice by some professionals
is sufficient to call into question the reasonableness of the defendant’s practice-regardless of the extent to which
that practice was accepted generally by the profession (40). The plaintiff no longer needs to show a deviation form
what the average practitioner would have done. Instead, he or she can establish negligence based only on the
defendant’s failure to do what some cohort of the same profession was doing (40,188). Even with uniform practice
within an industry (147) or profession (75,82,95), conformity with guidelines and customary practice is not an
absolute defense beeause “there are precautions so imperative that even their universal disregard will not excuse
their omission” (147).

In the context of medical care, however, only a few courts have followed this reasoning (52,71,96,149). Instead,
most courts have deferred to the usual and customay practice of the majority of similarly skilled physicians—
sometimes limiting review to local practice standards—when evaluating the actions of a particular physician
(37,101,115),

No empirical data exists on current customs of practice about generaly informing individuals about CF carrier
tests. Physicians are somewhat protected, however, by professional society statements that advise against CF carrier
screening for all individuals. On the other hand, because the content of some professional statements are in flux and
because the technology changes quickly, a provider might worry that failure to offer the test or at least to inform
couples of the assay’s existence-will fall below rapidly evolving customs of care.

Since avariety of professionals provide genetic counseling, another question is whether the same standard of
care should apply to al. Generdly, each class of health care professionds is held to a separate standard of care (24).
But this rule is premised, in part, on the notion that each group performs distinct types of services. Where the service
isidentical+. g., CF carrier screening and subsequent counseling about risks by a genetic counselor, nurse, social
worker, fertility specialist, obstetrician/gynecologist, internist, or family practitioner-anyone performing the
service would be expected to meet at least a common minimum standard of care (24). Where the professional in
contact with the patient does not possess the requisite skill, that professional will be under a duty to recognize his
or her limitations and refer to the appropriate specialist (90).

SOURCE: Office of Technology Assessment, 1992.

exists. Whether physicians are obligated to do so
depends, however, ‘on the customary practice of
similarly skilled and situated physicians.

With respect to CF carrier screening, customary
physician practice might evolve faster than that
recommended by physicians' own professional soci-
eties (box 5-E), by managed health care facilities or
insurance companies, or by government programs.
This raises the question of how customary practices

develop during a time of diverse opinion. The policy
statements of professional societies (6,44,49) and
participants at a Government-sponsored workshop
(107) all state that CF mutation tests are not
recommended for individuals without a family
history of CF.

In addition to taking their cues from professional
society and government guidelines, physicians might
oppose informing patients of the availability of CF
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Box 5-E—Professional Societies and Standards of Care

Professional societies can set voluntary, informal standards for professional behavior, require members to
participate in continuing professional education to maintain active membership status, or require periodic
examination. They can have codes of ethics governing general behavior, as do the American Medical Association
(AMA) and the National Society of Genetic Counselors. A professiona organization, such as the new American
College of Medical Genetics, can also survey its members and gather data on new techniques. Membership in
professional societies is voluntary, as is members adherence to an organization’s code of conduct and standards
and participation in membership surveys.

When faced with a complaint about malpractice, courts will generally hold that the customary practice of
similarly skilled physicians will be deemed *‘reasonable’ care. To determine what is customary and appropriate,
courts often look to guidelines established by the relevant professional societies. Conversely, to protect their
members, customary practices are often incorporated in professional statements and guidelines.

Identification of DF508 in 1989 resulted in intense speculation about the appropriate standard of care for
general population CF carrier screening—speculation that heightens as the assay’s capability to detect prevalent
mutations improves. At the center of the discussions, professional societies faced the question: Should offering CF
carrier screening become the standard of care in medical practice?

While acknowledging that a spectrum of individual opinions exists, the American Society of Human Genetics
(ASHG), the largest professiona society comprised of members of the human genetics research and clinical
communities, issued a statement in 1990 about the timing of widespread carrier screening for CF. ASHG's
leadership, based on its own analysis and not a poll of the membership, took the position that routine CF carrier
screening is “ NOT yet the standard of care” (25). The Committee on Obstetrics. Maternal and Fetal Medicine of
the American College of Obstetricians and Gynecologists endorsed the ASHG position statement soon thereafter
(44), and the AMA has aso issued a similar position statement on CF carrier screening (49).

In mid-1992, after extended discussion, ASHG's leadership approval a revised statement that CF mutation
analysis ‘‘is not recommended at thistime’ for those without family histories of CF (6). Some argue that the subtle
change in language of the 1992 statement retreats from the absol uteness of the 1990 statement. This view holds that
the new statement reflects an evolution of debate within the society—that some believe CF carrier screening may
now be offered to individuals without a family history of CF, although it might not be the ‘ standard of care. Others
argue that ASHG's position is unchanged-that the new statement is tantamount to restating that CF carrier
screening should not be offered to individuals without a family history of CF. In either case, the statement cannot
be interpreted to mean that CF carrier screening should be offered to all individuals.

Professional statements can exert significant influence beyond helping courts and juries to evaluate malpractice
claims. On the basis of the first ASHG statement, at least one commercia facility initially did not promote its CF
tests for population screening purposes (56,61), although it appears to do so now. Additionally, OTA’s survey of
genetic counselors and nurses revealed that 53 percent felt in June 1991 that it was inappropriate to provide CF
carrier screening compared to 20.6 percent who believed CF carrier tests for cases of negative family history was
appropriate (20.6 percent uncertain); 74 percent of respondents knew of the ASHG statement (versus 31 percent who
knew of the NE-I statement), and many specifically cited the ASHG statement as influencing their or their
ingtitutions' policies.

SOURCE: Office of Technology Assessment, 1992.

carrier screening because they judge that the test is
too psychologically risky to be worth any potentia
benefits to those without a family history of CF. The
very existence of prenatal diagnoses can produce
stress in potential parents (89). For some patients,
tests’ availability sharpens otherwise low-level,
diffuse concerns that surface only “on bad days, ”
and turns them into real and dreaded possibilities
(89). Even with accurate delivery of statistical
information concerning the incidence of CF, people
can become worried about their carrier status--even

if they never worried about it when the test was
unavailable. The effects of this concern can be
significant, ranging from sleepless nights to hesita-
tion about conceiving or bearing a child (131).
Physicians might also decline to screen patients
because a third-party payor or managed care pro-
vider judges the test to be too expensive for expected
benefits.

Opponents of CF carrier screening also argue that
inappropriate financia incentives drive the practice—
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that physicians paid on a fee-for-service basis find
CF mutation tests profitable, as has been the case for
other diagnostic procedures (72), or contend that
physicians' recommendations might be influenced
by laboratories marketing their tests in the same way
that pharmaceutical companies currently market
drugs to doctors (32,64). Some opponents also
express concern that increased CF carrier screening
will pressure third-party payers and managed care
facilities to provide reimbursement for the test's
cost, thereby necessitating a rise in premiums or
discontinuation of coverage for other tests that these
opponents view as more important.

Some physicians, however, have aready chosen
to incorporate (CF carrier screening into their prac-
tices because they disagree with the existing guide-
lines. They believe the assays are sufficiently
sensitive for genera use, and that even patients with
unknown risk of conceiving a child with CF should
now have the information to exercise choice in
managing their health care. Still other physicians
might be offering the assay out of concern that
failing to could subject them to charges of medical
malpractice if a couple has a child with CF and a
court subsequently finds that CF carrier screening
had indeed become the standard of care, despite
professional statements to the contrary (19). They
may worry and practice “defensive medicine”
(171), afraid that the growing practice of offering the
test to self-paying patients—those who have specifi-
cally asked about and those who have not—sets a de
facto (and therefore de jure) standard of care for all
individuals (box 5-F).

Concerns about defensive medicine are especialy
important because, although courts look to profes-
siona society statements for evidence of practice
standards, in the end it is the actual practice of
similarly skilled professionals that tends to set the
minimum threshold for reasonable care. Defensive
medicine has been blamed for the proliferation of
many other medical tests and procedures of limited
value to certain populations. The problem is particu-
larly acute with regard to procedures performed in
the context of reproductive medicine, since the birth
of a baby with severe medical problems can result in
substantial damage awards to cover medical ex-
penses of the child's projected lifespan (79). CF
carrier screening seems to fall squarely within this
concern (57).

As of mid-1992, customary medical practice has
not evolved to routine CF carrier screening. Nor has
any court had occasion to consider whether the
standard of care for good medicine requires CF
carrier screening. To date, the statements of profes-
sional societies have slowed the adoption of such a
standard of care by signaling to physicians, third-
party payers, and courts that CF carrier screening is
not necessary to meet definitions of reasonable care.
On the other hand, while no empirical data exist on
current customs of practice about informing individ-
uals in a clinical setting about the availability CF
carrier tests, trends in the number of assays per-
formed suggest increasing numbers of providers are
informing individuals about their availability (ch. 2).
Whether such practices will be sustained-and
hence become the standard of care-is unclear. But
if doubts about the appropriateness of CF carrier
assays fade, an obligation to offer them to all
individualsislikely to heighten (128).

Clearly, a balance among professional guidelines,
physician views, and patient demand must be struck
with regard to CF carrier screening. Overall, physi-
cians acting on behalf of individuals will establish
customs of care. Nevertheless, standard setting in
the area of medical practice is diffuse and generaly
unregulated. In the end it might be up to courts and
juries to determine, on a case-by-case basis through
retrospective review in the context of medical
mal practice litigation, what level of care is owed to
patients.

Duties of Care for Genetic Counseling

Genetic counseling requires professional's to edu-
cate patients about the availability of genetic serv-
ices, to elicit enough information to determine
whether patients are in particular need of genetic
tests, to help patients decide whether genetic infor-
mation would be useful to them, especially in light
of their personal and religious values, and to assist
patients in obtaining quality genetic analysis if
desired.

A decision to offer information about tests for CF
carrier screeninger to provide the assay itself—
raises questions; What constitutes quality genetic
counseling? What about confidentiality of informa-
tion obtained in the course of counseling?
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Box 5-F—The Maine Medical Liability Demonstration Project:
An Alternative Approach to Set Practice Standards?

I n response to concerns about defensive medicine, Maine enacted legislation in 1990 that creates a
demonstration project designed to ensure high quality medical care, to reduce costs associated with medical
malpractice litigation, and to decrease incentives to practice defensive medicine. The project hopes to accomplish
these goals by having groups of physicians work with representatives of patients and insurers to form consensus
opinions on practice standards in defined areas of medical care. These practice standards are then available to
participating physians in the form of professional education. If a participating physician complies with the practice
standards, then he or she is largely protected from claims of medical malpractice.

Advisory committeesin a particular area of practice will be composed of experts relevant to the area as well
as public members. For example, the Medical Specialty Advisory Committee on Obstetrics and Gynecology
consists of nine members, including six physicians representing diverse interests (e.g., a tertiary hospital, mid-sized
hospital, and rural practice) and three public members (one representing the interests of payers of medical costs,
one representing consumers, and a representative of alied heath professionals).

Each medica speciadty advisory committee shall develop practice parameters and risk management protocols
in the area relating to that committee. Practice parameters must define appropriate clinical indications and methods
of treatment within that specialty. Risk management protocols must establish standards of practice designed to avoid
malpractice claims and increase the defensibility of those that are pursued. Once the medical specidty advisory
committee recommends a set of actions, the Board of Registration in Medicine and the Board of Osteopathic
Examination and Registration shall review and approve the parameters and protocols for each medical speciaty
area, and adopt them as rules under the Maine Administrative Procedure Act. Each medical specialty advisory
committee shal aso provide a report to the Legislature setting forth the parameters and protocols that have been
adopted, and describe the extent to which the risk management protocols reduce the practice of defensive medicine.

For claims of professional negligence against a participating physician (or the employer of a participating
physician) that allege a violation of the standard of care, only the participating physician (or the physician's
employer) may introduce into evidence, as an affirmative defense, the existence of the practice parameters and risk
management protocols developed and adopted for that medica specialty area. Unless independently developed from
a source other than the demonstration project, the practice parameters and risk management protocols are not
admissible in evidence in a lawsuit against any physician who is not a participant in the demonstration project.

For malpractice policies beginning on or after July 1, 1990, the State superintendent of insurance shall
determine the amount of the savings in professional liability insurance claims and claim settlement costs to insurers
anticipated in each 12-month period as a result of the project. A portion of the savings could be subject to an
assessment that would be used to address other health care needs of the State.

The Maine project represents an innovative approach to questions raised about appropriate medical practice
standards. It formalizes the role of professional societies in establishing standards of care, giving them statutory
authority and protection. It also expands the decisionmaking process to explicitly include members of the public.
As the project progresses, it could provide interesting perspectives and results in the area of standards of care and
medical liability to policymakers.

SOURCE: Office of Technology Assessrnent, 1992, based ON Title 24. Insumnce, Chapter 21. Maine Health Security Act, Subchapter 1x.
Medical Liability Demonstration Project, 24 M.R.S. 2971 (1990).

Pretesting

To meet standards of responsible care, a genetics
professional must understand enough about the
patient’s health and his or her reproductive plans.
The provider must also be aware of what technolo-
gies are available to take an appropriate family
history and proceed with necessary analyses. For a
nonspecialist, it might be enough to recognize the
need for a referral (24,106). These tasks have
become more difficult as the timing for genetic

affected child to prior to a patient’s frost conception.
Thus, the usua signal of a patient at risk (i.e., the
birth of an affected child) would not be present.

Today, providers might elicit information con-
cerning a patient’s plans with regard to children and
family history for a wide variety of detectable
disorders, some of which are quite rare, during
general checkups and annual gynecological visits.
This would then be followed by client education to
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help individual s decide whether they wish to pursue
further counseling or tests. Less than that could give
patients grounds to complain of afalse assurance of
safety.

Counseling

Having elicited information and obtained test
results, the professional’ s next task is to communi-
cate the results in a meaningful way. An important
aspect of this task involves explaining the reproduc-
tive risks clients face. Because statistical informa-
tion can be difficult to understand, this responsibility
is more complex than merely stating the odds that a
child will be born with a genetic condition.

All professionals who do genetic counseling—
genetic counselors, nurses, doctors, social workers,
and clinical geneticists—realize that translating
technically accurate information into understanda-
ble information is essential and difficult (63,91,
114,124,130,137,179). Making information mean-
ingful to nonprofessionalsincludes :

- supplying an accurate, or at least tentative,
diagnosis;

- explaining the pattern of inheritance along with
known uncertainties;

. recognizing and understanding psychosocia
and ethnocultural issues;

- presenting the range of therapeutic options for
treatment and management of the disorder;

. offering options for further diagnostic tests, if
available; and

- counseling on medical options for preventing
the birth of affected children, if desired by the
patient (1,7,24,1 11,123,178).

Judging whether information has been delivered
in a sufficiently comprehensible way is not ssimple.
People interpret information about genetic risk in a
highly personal manner (93,183), and a counselee
can misperceive, misunderstand, or distort informa-
tion. Such an effect could have significant emotional
impact that affects the individual’s decisionmaking
or adjustment to the circumstance (131,176,179).
Some consumers could perceive that a negative
result from the use of “cutting edge’ DNA techno-
logy means no risk, thus mistakenly interpreting the
assay’s resolution. Still others might believe that
administration of the test itself conveys protection
from risk.

In one study on risk communication and patient
interpretation, over one-quarter of women surveyed

Photo credit: Beth Fine

A genetic counselor discusses results with clients. Genetic
counseling can help individuals and families understand
the implications of positive and negative test outcomes.

could not correctly explain the meaning of 1 out of
1,000. Of those who gave the correct answer, 16
percent said the defect occurred “often or occasion-
aly,” versus “rarely or very rarely. ' Thirty-one
percent of those who incorrectly answered the
guestion judged the defect occurred “often or
occasionally’ (26). Another study of clients showed
that those perceiving their numerical risk as higher
than others who were at the same risk were more
likely to ask the genetic counselor about having
another child. At the same time, patients tend to
interpret a given mathematical risk as **low’ more
often than do the counselors describing it (183).
Finally, leaving the mathematical ability of patients
aside, parents’ perceptions of uncertainty in genetic
counseling significantly affects qualitative decisions
they make (94).

Given the nuances of information delivery and
reception, and differences in situations encountered,
is there a standard for genetic counseling? One
commentator argues in favor of a standard for
genetic counseling based on what patients would
want to know (modeled after informed consent
reguirements) because thereis no freed professional
norm as an alternative, and because adequacy of the
information conveyed turns more on the values of
the patient being counseled than on professiona
norms: “It seems proper for a counselor to aim at
informing the counselees about everything the latter
would find material to the decision they have to
make as determined on the basis of a lay, not expert,
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standard’ (24). The more prevalent standard, how-
ever, appears to be based on a review of what most
professionals do, rather than what an individual
patient wants (29,87), The problem with relying
solely on professional custom is that standards are
still evolving, and there are distinctive schools of
thought about methods of counseling (78,137,142).

In light of the 1991 Supreme Court decision in
Rust v. Sullivan (132), it is unlikely that patients at
a clinic receiving Federa funds from Title X of the
Public Health Service Act could easily receive
information about the option of choosing to termin-
ate a pregnancy that is at risk of resulting in the
birth of a child with a genetic disorder. This judicia
decision runs counter to beliefs of many in the
genetics community: ASHG members overwhelm-
ingly assert that genetic counseling about all repro-
ductive options is imperative (4). Rust upheld
Federal regulation requiring clinics receiving these
monies to respond to all inquiries concerning
abortion by stating that abortion is not an appropriate
family planning option. In the context of genetic
counseling, many argued that the rule is inconsistent
with the standards of medical care required by State
malpractice statutes and cases—i, e., that abortion is
within the range of options that physicians and
health care providers are expected to disclose to their
patients (23). In March 1992, the rule was reinter-
preted to permit physicians to discuss abortion, but
it does not permit them to counsel where it can be
obtained. Nurses and counselors may not discuss
abortion. As the vast majority of interactions at
clinics receiving Title X funds are between patients
and nurses, the reinterpretation will have limited
effect on counseling practices.

Depending on the condition, pregnancy termina-
tion is chosen by 57 to 97 percent of parents who
learn that a fetus will be born with a genetic disorder
(16,41,50,62). A 1990 genera survey of the Ameri-
can public found 32 percent of respondents would
undergo an abortion if a genetic test proved positive;
an additional 18 percent reported that having an
abortion would depend on the nature of the defect
(140). With respect to CF specifically, a recent
sampling in New England of parents who had a child
with CF found 80 percent would continue a preg-
nancy even if prenatal testing determined that the
fetus was affected, although the majority said
abortion should be a legally available option for

those who utilize such testing (181,182). Another
study of families who had children with CF in the
Rochester, NY area found 56 percent approved that
a woman should have the option of terminating
CF-affected pregnancies, but the question did not
ask whether they, themselves, would (102). No data
on general population attitudes (no family history)
toward CF carrier screening, prenatal diagnosis, and
abortion exist, but data are accumulating from a
limited number of experiencesin CF carrier screen-
ing pilots. Indications are that, compared to couples
with family histories of CF, fewer individuals from
the general population would continue an affected
pregnancy (14,21).

The 1992 U.S. Supreme Court decision in
Planned Parenthood of Southeastern Pennsylvania
v. Casey’means abortion now turns largely on State
law, athough it also appears that absolute obstacles
to such a choice will be held unconstitutional. At
issue was the 1973 decision in Roe v. Wade (129),
which held a woman's liberty of conscience and
bodily integrity may not be sacrificed to State
interests in protecting fetal life. The 1992 decision
announced such liberty remains protected from State
efforts to prohibit abortion, but States now may
make a woman's choice to terminate a pregnancy
following prenatal diagnosis more financialy, medi-
cally, or emotionally difficult unless the restriction
is a substantial obstacle to choosing abortion. This
new standard, the ‘‘undue burden’ test, represents a
retreat from the standard in Roe, which held that
abortion was a fundamental right. As a fundamental
right, abortion was protected horn all State impedi-
ments except those based on a compelling need and
implemented in the least restrictive manner possi-
ble—the “strict scrutiny” test. The new standard
requires empirical data as to the effect of State
regulations on women'’s ability to choose pregnancy
terminations, Thus, State regulations restricting or
shaping genetic counseling might be evaluated to
determineif they pose a ‘‘ substantial’ obstacle to a
woman's choice of pregnancy termination. The
1992 opinion appears to tolerate apotentialy wide
range of State laws that might be enacted to
discourage women from using prenatal testing or
aborting affected fetuses. The decision explicitly
upholds the constitutionality of State preferences for
childbirth over abortion throughout pregnancy, and
not merely following viability.

3 Planned Parenthood of Southeastern Pennsylvaniav. Casey, __S.Ct.__ (1992),60 U. S.L.W. 4795,
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Keeping Genetic Information Confidential

Both ethics and law obligate professionals with
information on the carrier or affected status of a
patient to keep that information confidential absent
a few, specific exceptions (3,8,60,88,187). Profes-
sional codes of ethics guide practitioners (3,109), as
do State statutes or case law in States with no
specific statutory authority (27,67,68,77,110,139).
Not all genetic information must remain confiden-
tial, however.

A patient is presumed to have consented to
disclosure to his or her partner, for example, if the
individual comes in for genetic counseling as part of
acouple and the initial history is performed on both
partners. Similarly, consent to disclosure is gener-
ally assumed when test results are raised as an issue
in a malpractice suit or in an appea for benefits
denied by a govemment agency (126). State statutes
also require that certain medical findings be re-
ported, such as certain birth defects or communica-
ble diseases, sexual and physical abuse of children,
gunshot wounds, and drug abuse (8,60). At least 12
States require that birth defects be reported to a
registry (Florida, Indiana, lowa, Louisiana, Mary-
land, Michigan, Minnesota, New Jersey, Virginia,
Woashington, West Virginia, and Wisconsin).A

The closest analogy to a situation in which a
provider might wish to revea genetic information to
third parties without a patient’ s permission appears
to be the case of disclosure of communicable
diseases. As with disclosing arisk of infection, the
motivation would be to spare third parties the ill
effects of the disorder. In the case of CF, thiswould
entail a wish to help relatives of the patient be aware
that they, too, could beat higher than average risk of
conceiving a child with CF. If, after a patient has
been advised to inform relatives that they could
carry a CF mutation, the provider is persuaded that
the relatives will not be notified, he or she may want
to breach confidentiality. The impulse to breach
confidentiality could be legal as well as humanitar-
ian. Genetics providers might be concerned that they
have a legal duty to protect third parties from
intentional, foreseeable harm when they know that

Screening and The Ethical, Social
Counseling for and Legal Implications
Genetic Conditions

of Genetic Screening,
Counseling, and
Education Programs

President’s Commission for the Study of
Ethical Problemsin Medicine and
Biomedical and Behavioral Research
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A 1983 report of the President’s Commission for the
Study of Ethical Problems in Medicine and Biomedical and
Behavioral Research.

one of their patients poses a threat (146), although
courts still narrowly construe such a duty.

From an ethical perspective, the 1983 President’s
Commission delineated four conditions that should
be satisfied before overriding confidentiality with
regards to genetic information. First, reasonable
efforts to elicit voluntary consent for disclosure have
failed. Second, a high probability exists that harm
will occur if the information is withheld and that the
disclosed information will actually be used to avert
harm. Third, the harm that identifiable individuals
would suffer would be serious. Fourth, appropriate
precautions are taken to ensure that only the genetic

‘Florida Stat. Ann. Sec. 41 1.203(9)(b) (West 1986); Florida AdminCode. Ann. R. 10J-8.007 (1990) and Guideline VII(b) (1981); Indiana Stat.
Ann. See. 16-4-10-1(Michie 1990); lowa Code Ann. Sec. 136A.6 (West 1989); Louisiana Department of Health and Human Services, Guidelines:
Neonatal Screening, Sec. INI(F) (1988); Maryland Regs. Code Tit. 10, Sec. 10.38.11 (1975); Michigan Comp. Laws 333.5721 (1990); Minnesota Reg.
7.1.172(c)(2)(b) (1979); New Jersey Stat. Sec. 26:8-40.22 (1989); Virginia Code Ann. 32.1 -69.1 (1990); Wash. Rev. Code Sec. 70,58.320 (1990); West
Virginia Code Sec. 16-5-12a Michie 1990); Wisconsin Stat. Sec. 146.028 (1987-88).
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information needed for diagnosis or treatment of the
condition in question is disclosed (119).

Evaluating CF carrier screening in light of the
President’s Commission’s criteria reveals that:

- The patient is not the source of the danger to the
third party, as is the case with communicable
disease. Rather, the patient’s carrier status is
merely an indication that the mutation is
present in the family and that each blood
relative is at increased risk of being a carrier.

- Evenif therelative is a carrier, it poses no threat
to his or her person because only those carry-
ing two copies of the mutation exhibit any ill
effects. Being a carrier carries no persona
threat of illness.

Being a carrier does not pose a problem in
reproductive planning unless the relative's
partner is aso a carrier.

Overadll, then, the risk to the third party from
nondisclosure must be balanced against the benefit
of maintaining the expected confidentiality of the
provider-patient setting. A provider contemplating
breach of confidentiality and disclosure to a pa-
tient's spouse must weigh the patient's own confi-
dentiality against the spouse’s interest in sharing
decisions concerning conception, abortion, or prepa-
ration for the birth of a child with extraordinary
medical needs. For CF, the chances of harm also
must be evaluated: The spouse must also be a CF
carrier for the probability of having a child with CF
to rise to 25 percent.

In actua practice, a recent international survey of
M.D. and Ph.D. geneticists revealed that 60 percent
of respondents in the United States (and 66 percent
from 17 other countries) said they would disclose a
child’s diagnosis of hemophilia A to interested
maternal relatives who might be at risk for conceiv-
ing children with hemophilia A—against the wishes
of the client. Twenty-four percent of respondents
would seek out relatives and tell them even if they
did not ask for the information (180), (Hemophilia A
is an X-linked, recessive disorder, and hence carriers
are only femae. For CF, both paterna and maternal
relatives could be carriers. Hence, the situation is not
gtrictly equivalent, but is illustrative for CF carrier
screening. )

Finally, as important as maintaining confidential-
ity of CF carrier status within families, is confidenti-
ality with respect to third parties. At least one life

insurance group acknowledges that existing mecha-
nisms to maintain confidentiality of genetic test
information might not be appropriate, and that
special protection might be necessary (2). Recent
evidence indicates that the Cystic Fibrosis Founda-
tion (CFF), as part of its annual survey of CF centers,
has begun to request information on mutation status
(31,174). CFF releases only aggregate information
for research purposes, but because data are delivered
by centers to CFF without express consent in a
fashion that is identifiable to individuals and their
families, questions about the advisability of this
practice have arisen. A sampling of institutions
reveals that institutional review boards have not
reviewed such practices nor been consulted about
releasing such information (31).

Compensation for Inadequate
Genetic Counseling

Practitioners who provide inadequate genetic
counseling, including failing to prescribe needed
tests or failing to keep results confidential, might be
subject to sanctions by a regulatory body or a
professional society. As with other areas of civil law
enforcement, sanctions can range from a mild
reprimand to revocation of applicable licenses to
practice. Courts also can issue an injunction to
prevent a practitioner from disclosing certain infor-
mation, on pain of being found in contempt of court.
Finally, courts (and juries) can award monetary
compensation for out-of-pocket expenses and men-
tal or physical suffering to those harmed by poor
counseling. In particularly outrageous cases, puni-
tive damages may be assessed against a defendant.

Failure to Adequately Test or Counsel

People are human and mistakes are made. But
what happens when the birth of an affected child
occurs because a health professional breaches a duty
to adequately test or counsel a client? Increasingly,
courts have become arbiters of whether a health care
provider has met his or her professional obligations
to a patient, which has increased the impact of
judicial decisionmaking on quality assurance of
professional services.

Inadequate counseling for genetic tests can result
in a number of outcomes. First, patients might
forego conception or terminate a pregnancy when
correct information would have reassured them.
Second, people might choose to conceive children
when they otherwise would have practiced contra-
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ception, they might fail to investigate using donor
gametes that are free of the genetic trait they wish to
avoid, or they might lose the opportunity to choose
to terminate a pregnancy. The latter situations could
result in the unwanted birth of an affected child.

Medical personnel have a duty to provide infor-
mation to expectant parents so that they can be fully
informed about any reproductive decision they
choose to make (17,20,24,39,86,105,125, 127).
Courts have a'so occasionally recognized a duty for
health care providers (and even parents) to prevent
persons not yet conceived from being conceived in
a manner that would result in their birth under
conditions where they would suffer serious genetic
or congenital disorders (36,69).

Wrongful Birth and Wrongful Life. Wrongful
birth and wrongful life are the terms used to describe
the forms of malpractice claims that arise from the
birth of an affected child. In a wrongful birth claim,
parents assert that failure to receive timely, accurate
information robbed them of the opportunity to avoid
conception or birth of an affected child. Wrongful
birth claims can result in special danages (usually
medical expenses and other special costs associated
with the care of an affected child) and general
damages (those encompassing al the ordinary costs
of raising the child). Since the 1973 Roe v. Wade
decision (129), courts tend to award special danages
when a case has merit.’Most courts remain reluctant
to award general damages.

Although some courts have rejected the wrongful
birth claim altogether (10,86), most jurisdictions
allow compensation to parents for the negligent
failure to inform or to provide correct information in
time for them to either prevent conception or to
decide whether to terminate a pregnancy if a fetus
shows evidence of a genetic disorder. Rarely have

State legislatures acted to categorically deny parents
access to wrongful birth claims,°except to forbid
claims based on allegations that the parents would
have terminated the pregnancy had they been
adequately counseled and tested.’Such State stat-
utes limit parental claims for wrongful birth to cases
of preconception counseling and testing that result in
parental loss of opportunity to forego conception in
favor of adoption or the use of donor gametes.

With regard to CF, at least one court has ruled that
parents might collect the extra medical costs associ-
ated with managing the condition. In this case, the
couple complained that they would have avoided
conceiving a second child had their physicians
accurately diagnosed CF in their first child and thus
realized both parents were carriers (136).

In wrongful life claims, the child asserts he or she
was harmed by the failure to give the parents an
opportunity to avoid conception or birth, because
never having existed would be better than to exist
with severe disabilities. U.S. courts, however, have
been reluctant to allow damages because most have
been uncomfortable with any decision that hints
nonexistence might be preferable to life, even when
that life includes pain and suffering.

As of 1991, courts in only three States recognized
a cause of action for wrongful life: California (15 1),
New Jersey (120), and Washington (69). The status
of the cause of action is unclear in Louisiana and
Indiana, whose courts have held that physicians do
have a duty to advise parents prior to conception that
they have an elevated risk of giving hirth to a
severely afflicted child and that a wrongful life
action might be an appropriate remedy for the child
(33,1 18).°In contrast, 21 States have judicialy
rejected a common law cause of action for wrongful

*Should Roe v. Wude ultimately be overturned, wrongful birth and wrongful life cases would again tum largely on State abortion law. Where
abortion becomes illegal, State courts could conclude that failure to inform a woman of significant fetal abnormalities does not deprive her of the choice
to terminate the pregnancy, as that choice is foreclosed by State law. Sinceit is unlikely, however, that al States would outlaw abortion, the ability to
travel to a jurisdiction where abortion remained legal could lead courts to conclude that an opportunity nonetheless had been lost due to a faulty diagnosis
of genetic impairment. Thus, while wrongful life and wrongful birth claims might be weakened by overturning RO€ V. Wade, they would not be
eliminated. The ASHG recently endorsed model statutory language designed to protect the reproductive options of women at risk for bearing children
with serious genetic or congenital disorders (5).

6 Colorado Stat. Sec. 13-64-502.

"Mimesota Stat, Ann. Sec. 145; Missouri Am. Stat. Sec. 188.130; South Dakota Stat. Sec. 21-55-2; Utah Stat. Sec. 78-11-24 (30).

8n the Indiana case, the court held that the State statute prohibiting wrongful life suits applied only when the child asserted he or she should have
been aborted. By its terms, the statute did not prohibit suits that claim the child should never have been conceived (33).

9 Alabama (45); Arizona (177); Colorado (92); Delaware (59); Florida (103); Georgia (9,55); Idaho (18); Illinois (1 38); Kansas (22); Kentucky
(135); Massachusetts (175); Michigan (121); Missouri (186); New Hampshire (141); New Y ork (15); North Carolina (10); Pennsylvania (46); South
Carolina (1 17); Texas (1 12); West Virginia (80); Wisconsin (42)
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life.”At least eight State statutes prohibit a cause of
action against a physician for wrongful life.”

Overall, then, parents can sue successfully for
extraordinary medical costs associated with the birth
of a child with a disability whom they would not
have conceived or carried to term if they had
received timely, accurate information about the risks
the pregnancy posed to the affected child and to their
own emotional and financia stability. Ordinary
costs of raising the infant, however, usually are not
reimbursed. Children suing on their own behalf for
wrongful life are far less successful; most courts are
unable to conclude that they have been harmed by
living with severe disabilities when the only aterna-
tiveis never to have lived.

Breach of Confidentiality

At least 21 State statutes explicitly protect patient
“formation regarding medical conditions and treat-
ment.” Offending physicians can have their licenses
revoked or be subject to other disciplinary action.
Four of these States—IIlinois, New Mexico, North
Dakota, and Oregon-punish both negligent and
willful disclosures, Idaho and Michigan do not
differentiate between the two types of disclosure,
and the remainder punish only willful breaches of
confidentiality (8).

Patients whose confidential records have been
revealed can also bring civil suit against the physi-
cian or facility for tortious public disclosure of
private facts (122). Thisis not the same as a suit for
defamation, which requires that the information
divulged be false; it merely requires that the
disclosure offend community standards of decency
or expectations of privacy (12,68). Like defamation,
however, the plaintiff must demonstrate an actual
harm before compensation can be awarded.

Other civil suits a patient could bring for breach
of confidentiality include a breach of contract action.
While not common, such suits have been recognized
as legitimate by State courts (68,77,97). They are
premised on the notion that the provider-patient
relationship is contractual, and that breach of
contract litigation may be used to enforce the
implied contract of confidentiality-for example
through an injunction or, alternatively, to obtain
financial redress following an unauthorized disclo-
sure (8,1 13). Actions brought under breach of
contract would also be possible against employees
and nonphysician health care workers, either be-
cause these individuals are party to the contractual
relationship (e.g., clerks at a medica facility) or
under atheory of respondent superior (24).

Some suits for unauthorized disclosure could be
premised on Federal and State guarantees of aright
to privacy, thus limiting the ability of government
agencies, such as health departments, to obtain
medical records (116,133). In addition, severa
States have statutes that protect the confidentiality of
medical records, independent from State licensure
and discipline legislation.”

Health care professionals who release genetic or
other medical information about a patient, however,
would not be legally liable to that patient or subject
to disciplinary action if there were a valid defense to
the action. Such defenses would include the consent
of the patient, waiver of the right to object to
disclosure, the need to comply with a valid State or
Federd law, or, at times, the need to prevent physical
harm to a third party, as discussed earlier.

SUMMARY AND CONCLUSIONS

Quality assurance for CF carrier screening means
ensuring the safety and efficacy of the tests them-
selves, whether they are performed de novo in

10 Indiana Code Ann. Sec. 34-1.1.11 (Bums Sypp. 1989); Maine Rev. Stat. Ann. Tit. 24, Sec. 2931 (Supp. 1989); Minnesota Stat. Ann. Sec. 145.42

(West 1990); Missouri Ann. Stat. Sec. 188.1301 (Vernon Supp. 1990); North Dakota Cent. Code Sec. 32-03-43 (Supp. 1989); Pennsylvania42 C.S.
Sec. 8305 (Supp. 1991); South Dakota Codified Laws Sec. 21-55-1 (1987); Utah Code Ann. Sec. 78-11-24 (Supp. 1989).

11 Arizona, Rev.Stat. Ann. Secs.32-1401(20)(b), -1451 (Supp. 1990); Arkansas, Stat. Ann. Sec. 17-93-44)9(15) (1987); California, Bus.and Prof.
Code Sees. 2227, 2228 (West Supp. 1991) and 2263 (West Supp. 1990); Delaware, Code AM. Tit. 24, Sec. 173(a), (b)(12) (1987); Idaho, Code Sec.
54-1814(13) (1988); Illinois, Ann. Stat. ch. 111, pa-m. 4400-22(A)(30) (Smith-Hurd Supp.1990); Kansas, Stat. Ann. Sec. 65.2386(c) (Supp. 1989);
Kentucky, Rev. Stat. Ann. Sec. 311-595 (Baldwin Supp. 1990); Maine, Rev. Stat. Ann. Tit. 32, Sec. 3282-A(2) (Supp. 1990); Michigan, Comp. Laws
Ann. Sec. 333.16221 (e)(ii} (West Supp.1990); Minnesota, Stat. Ann. Sec. 147-091(1)(m) (West 1989); Nebraska, Rev. Stat. Sees. 71-147(10), 71-148(9)
(1990); Nevada, Rev. Stat. am. Sec. 6303065(1) (1989); New Mexico, Stat. Ann.Sec. 61-6-15@)(5) (1989); North Dakota, Cent. Code Sec.
43-17 -3](13) (Supp. 1990); Ohio, Rev. Code Ann. Sec. 4731.22 (B)(4) (Baldwin 1987); Oklahoma, Stat. Ann. Tit. 59, Secs. 503, 5@(4) (West 1989);
Oregon, Rev. Stat. Sec. 677.190(5) (1989); South Dakota, Codified Laws Arm. Sees. 36-4-29 (1986) and 36-4-30(4) (Supp. 1990); Tennessee, Code Ann.
Sec. 63-1-120(15) (1990); Utah, Code Ann. Sees. 58-12-35(1)(a), 56-12-36(3) (1990).

12 California Civil Code Sec. 56,10 (West1988); Montana Code Ann. Sec. 50-15-525 (1987); Rhode Island Gen’l Laws Sees. 5-37.3-1t0.3-11
(1987); Wisconsin Stat. Ann. Sec. 146.82 (West 1987).
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clinical diagnostic laboratories or via test kits. It also
encompasses guarantees for accurate interpretation
of the test results by health care professionals.
Ensuring that consumers receive high-quality tech-
nical and professional service for DNA-based CF
carrier tests is the responsibility of providers, under
the shared oversight of the Federal Government,
State and local governments, private entities, includ-
ing professional societies, and the courts.

Quality assurance to assess clinical laboratory
performance is still in flux, in large measure because
the 1967 legislation governing regulation of clinical
testing facilities was overhauled by Congress in
1988. Rulemaking by the executive branch is under
way for some aspects of clinical laboratory regula-
tion, but not others. The Health Care Finance
Administration hopes to propose rules, for example,
on proficiency testing, a key quality assurance
component, by the end of 1992.

The Clinical Laboratory Improvement Amend-
ments of 1988 clearly encompass facilities perform-
ing DNA-based genetic analyses. But, while CLIA
details particular performance standards for severa
types of clinical diagnostic procedures, it does not
specifically address DNA-based tests. This lack of
detailed directives for DNA-based diagnostics could
be a strength in the short-term, since the field is
rapidly changing. Whereas a predominant Federal
role appears the likely result for certain clinica
laboratory protocols, multiple stakeholders might
ultimately share oversight of DNA-based genetic
assays (e.g., CF carrier tests). For example, the
efforts of New York State in the area of genetic test
laboratory certification and proficiency testing could
influence the Federal approach to regulating genetic
analyses. Similarly, the impact of professiona
organizations (e.g., the College of American Pathol-
ogists, the Council of Regional Networks for Ge-
netic Services, and the American Society of Human
Genetics) on proficiency testing will be important.

To a certain extent, truly broad dissemination of
CF carrier screening depends on the availability 