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SPLCIAL ARTICLE

Genetic Testing for Cysti/c Fibrosis

National Institutes of Health Consensus Development Conference Statement on Genetic Testing for Cystic Fibrosis

Objective: To provide health care providers, patients, and
the general public with a responsible assessment of the op-

ose pups treated in g, | . timal practices for genetic testing for cystic fibrosis (CF).

milk, some oral agents ar | -

Participants: A nonfederal, nonadvocate, 14-member

. panel representing the fields of genetics, obstetrics, in-

ternal medicine, nursing, social work, epidemiology, pe-

5 diatrics, psychiatry, genetic counseling, bioethics, health

economics, health services research, law, and the pub-
lic. In addition, 21 experts from these same fields pre-

- sented data to the panel and a conference audience of 500.

Evidence: The literature was searched through

MEDLINE, and an extensive bibliography of references

- was provided to the panel and the conference audience.
- Experts prepared abstracts with relevant citations from

© . the literature. Scientific evidence was given precedence
. over clinical anecdotal experience.

Consensus Process: The panel, answering predefined

- questions, developed its conclusions based on the sci-
+ entific evidence presented in open forum and the scien-

tific literature. The panel composed a draft statement that

. was read in its entirety and circulated to the experts and

the audience for comment. Thereafter, the panel re-

" solved conflicting recommendations and released a re-
" vised statement at the end of the conference. The panel

finalized the revisions within a few weeks after the con-
ference.

Conclusions: Genetic testing for CF should be offered
to adults with a positive family history of CF, to part-
ners of people with CF, to couples currently planning a
pregnancy, and to couples seeking prenatal care. The panel
does not recommend offering CF genetic testing to the
general population or newborns. The panel advocates ac-
tive research to develop improved treatments for people
with CF and continued investigation into the under-
standing of the pathophysiology of the disease. Compre-
hensive educational programs targeted to health care pro-
fessionals and the public should be developed using input
from people living with CF and their families and from
people from diverse racial and ethnic groups. Addition-
ally, genetic counseling services must be accurate and pro-
vide balanced information to afford individuals the op-
portunity to make autonomous decisions. Every attempt
should be made to protect individual rights, genetic and
medical privacy rights, and to prevent discrimination and
stigmatization. It is essential that the offering of CF car-
rier testing be phased in over a period to ensure that ad-
equate education and appropriate genetic testing and
counseling services are available to all persons being tested.

Arch Intern Med. 1999;159:1529-1539

ENETIC TESTING is avail-
able for a variety of dis-
eases and will soon be
available for many more.
Furthermore, genetic

fessional organizations issued recommen-
dations on its use. These groups consid-
ered the circumstances under which the
tests should be offered, and the popula-
tions that would potentially benefit. Al-
most all of their recommendations were

NIH Consensus Development

.1 Conferences are convened to

evaluate available scientific
information and resolve safety
and efficacy issues related to

... biomedical technology. The
" resultant NIH Consensus
" Statements are intended to

advance understanding of the
technology or issue in question
and to be useful to health
Professionals and the public.
See the acknowledgments
section on page 1538 for
additional information about

" NIH Consensus Statements.

predispositions to common diseases are be-
coming known and potentially will affect
large segments of the population. This con-
sensus conference considered cystic fibro-
sis (CF), a well-characterized, serious ge-
netic disease for which testing is becoming
available, and a series of recommenda-
tions for genetic testing in the popula-
tion is presented. The analysis and rec-
ommendations may prove relevant to
genetic testing in other situations.

At the beginning of this decade, a test
was developed that could identify indi-
viduals who carry the genetic mutation as-
sociated with CF. Concerned that this test
might be inappropriately or prematurely
used, several genetic and health care pro-
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against using the test for large-scale, popu-
lation-based screening until more sensi-
tive tests were developed and until more
had been learned about the risks and ben-
efits of genetic testing for individuals and
their families. Several statements called for
additional support for research on the edu-
cational, laboratory, counseling, ethical,
and cost-benefit issues associated with the
delivery of population-based screening for




CF. Since that time, new research has
yielded a large body of data on these
issues.

This conference brought to-
gether the research investigators,
health care providers, epidemiolo-
gists, geneticists, ethicists, and other
experts, as well as representatives of
the public, to present and discuss the
latest data.

Following 1%, days of presen-
tations by experts and audience dis-
cussion, an independent, nonfed-
eral consensus panel composed of
experts in the fields of genetics, ob-
stetrics, internal medicine, nurs-
ing, social work, epidemiology, pe-
diatrics, psychiatry, genetic
counseling, bioethics, health eco-
nomics, health services research,
law, and the public weighed the sci-
entific evidence and developed a
draft statement in response to the fol-
lowing 5 key questions:

1. What is the current state of
knowledge regarding natural his-
tory, epidemiology, genotype-
phenotype correlations, treatment,
and genetic testing of CF in various
populations?

2. What has been learned
about genetic testing for CF regard-
ing (public and health profes-
sional) knowledge and attitudes, in-
terest and demand, risks and
benefits, effectiveness, cost, and im-~
pact?

3. Should CF-carrier testing be
offered to (1) individuals with a fam-
ily history of CF, (2) adults in the
preconception or prenatal period,
and/or (3) the general population?

4. What are the optimal prac-
tices for CF genetic testing (setting,
timing, and the practices of educa-
tion, consent, and counseling)?

5. What should be the future
directions for research relevant to ge-
netic testing for CF and, more
broadly, for research and health poli-
cies related to genetic testing?

The primary sponsors of this
meeting were the National Human
Genome Research Institute and the
National Institutes of Health (NTH)
Office of Medical Applications of Re-
search. The conference was cospon-
sored by the National Institute of
Diabetes and Digestive and Kidney

. Diseases; the National Heart, Lung,

and Blood Institute; the National In-

stitute of Child Health and Human

Development; the NIH Office of Rare
Diseases; the National Institute of
Mental Health; the National Insti-
tute of Nursing Research; the NIH
Office of Research on Women’s
Health; the Agency for Health Care
Policy and Research; and the Cen-
ters for Disease Control and Pre-
vention.

1. WHAT IS THE CURRENT
STATE OF KNOWLEDGE
REGARDING NATURAL
HISTORY, EPIDEMIOLOGY,
GENOTYPE-PHENOTYPE
CORRELATIONS, TREATMENT,
AND GENETIC TESTING OF CF
IN VARIOUS POPULATIONS?

Cystic fibrosis is a multisystem ge-
netic disease in which defective chlo-
ride transport across membranes
causes dehydrated secretions. This
leads to tenacious mucus in the
lungs, to mucus plugs in the pan-
creas, and to the characteristically
high sweat chloride levels. Intelli-
gence and cognitive function are
typically normal. A survey in 1995
reported that 35% of young adults
with CF worked full-time and al-
most 90% had completed a high
school education. More than 25 000
Americans have CF, with approxi-
mately 850 cases newly diagnosed
each year. Cystic fibrosis is inher-
ited as an autosomal recessive dis-

- order. The responsible gene, the CF

transmembrane conductance regu-
lator (CFTR), was mapped to chro-
mosome 7 and identified in 1989.

Natural History

Cystic fibrosis has a highly variable
presentation and course. Median age
at diagnosis is 6 to 8 months; nearly
two thirds of individuals are diag-
nosed as having CF before 1 year of
age. Some individuals have severe

pulmonary and/or gastrointestinal

disease, whereas others have rela-
tively mild disease with presenta-
tion during adolescence and young
adulthood. Outcomes range from
early death from pulmonary com-
plications to mild atypical disease in
the second and third decades and
a rare normal length of life. Al-
though median survival increased
from 18 years in 1976 to 30.1 years
in 1995, there has been little life span
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extension between 1990 and 1995

Survival has improved, thus far,

through aggressive management of
pulmonary, pancreatic, and intes;.
nal complications. Despite ag.
vances in treatment, there isno cure
for CF.

Severity of lung disease is the
key to the quality of and length of
life. Ninety percent of persons whq
have CF die from pulmonary com.
plications. Pulmonary function tests,
espec1ally forced expiratory vol.
ume in 1 second (FEV)), are predic-
tive of mortality: when the FEV, is
30%, mortality is 50% in 2 years.
Poor prognosis is related to respira-
tory complications before 1 year of
age, malnutrition, and denial of the
condition. Better prognosis is indi-
cated from mild symptoms at diag-
nosis, pancreatic sufficiency, and
atypical presentation. There are sug-
gestions in the literature that early
diagnosis and treatment may result
in improved growth of young chil-
dren; however, data are limited about
whether early treatment decreases
morbidity as measured by hospital-
izations and pulmonary function
tests, and, ultimately, mortality rates.

Treatment

The major goals of traditional treat-
ment for CF are to improve pulmo-
nary, gastrointestinal, and pancre-
atic outcomes. Pulmonary treatment
is focused on physical therapy to de-
crease obstruction of the airways, an-
tibiotics to decrease colonization by
Staphylococcus aureus and Pseudo-
monas aeruginosa, and nonsteroi-
dal anti-inflammatory drugs to de-
crease the inflammatory cascade and
resulting tissue damage. Gastroin-
testinal and pancreatic treatments
include high protein-high energy
diets, pancreatic enzymes, and fat-
soluble vitamins.

New modalities include the use
of inhaled deoxyribonuclease, which
breaks down the DNA from neutro-
phils and pharmacological modifi-
cation of ion transport to loosen se-
cretions. Pharmacological activation
of mutant CFTR (cystic fibrosis
transmembrane conductance regu-
lator) protein to stimulate chloride
channel activity is being investi-
gated. Double-lung transplanta-
tion extends life but is not curative.
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There are new findings regard-
ing human B-defensin 1, a factor re-
sponsible for innate immunity. The
natural bactericidal activity of hu-
man B-defensin 1 is inhibited on CF
epithelia because of high extracel-
lular sodium chloride, and correc-
tion of the sodium chloride concen-
tration of extracellular fluid holds
promise for therapy in CF. Finally,
although the feasibility of gene
therapy is currently under investi-
gation, this potential “cure” is not
anticipated in the near future.

Epidemiology

Cystic fibrosis is one of the most
common genetic diseases in whites,
with an incidence of about 1 in 3300.
The disease also has a fairly high in-
cidence among Hispanics, 1 in 9500.
Cystic fibrosis is a rare disorder in

native Africans and native Asians, es- -

timated to occur in less than 1 in
50 000, but higher incidences are ob-
served in American populations of
these ethnic groups (1 in 15300and
1 in 32 100, respectively), suggest-
ing white admixture. Recent sur-

~ veys of some American Indian popu-

lations also indicate high incidences:
1in 3970 in the Pueblo people and
1 in 1580 among the Zuni. These
data are summarized in the Table.
The relatively high incidence and
concomitant high frequency of car-
riers motivate the proposal of popu-
lation-based screening.

CF Mutation Analysis
Since the identification of the gene

and the major mutation respon-
sible for CF, more than 600 muta-

tions and DNA sequence variations
have been identified in the CFTR
gene. The AF508 mutation is rep-
resented in almost all populations;
although its relative frequency var-
ies among different geographic lo-
cations. The highest frequency is ob-
served in white populations, where
it accounts for approximately 70%
of the CF alleles (Table). The AF508
mutation accounts for large por-
tions of the alleles in other racial/
ethnic groups: 48% in African
Americans, 46% in Hispanics, and
30% in Asian Americans and Ash-
kenazi Jews. Some 15 to 20 other
“common” mutations account for
2% to 15% of CF alleles, depending
on the ethnic composition of the pa-
tient group studied. Most of the re-
maining mutations are rare.

The proportion of detectable
mutations is an important indica-
tor of the utility of a population-
screening program. Combining de-
tection of the AF508 with other
mutations common to specific eth-
nic groups, it appears that there are
several populations for which 90%
to 95% sensitivity can now be
achieved with the current technol-
ogy: Ashkenazi Jews, Celtic Bretons,
French Canadians from Quebec, and
some American Indians. In US
whites, it is feasible to approach 90%
sensitivity at the current time. The
detection rate in African Ameri-
cans is about 75%. Despite the rela-
tively high incidence in Hispanics,
the detectable alleles account for
only 57% of the CF mutations in this
group. The promise appears to be

weak in Asian Americans, at 30%

sensitivity. Because the remaining
mutations are rare, expanding the
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panel of screened mutations is ex-
pected to achieve only marginal
gains in sensitivity.

Genotype-Phenotype
Correlations

The discovery of the gene has en-
abled evaluation of specific muta-
tions in relation to the observed
clinical heterogeneity. The correla-
tion of genotype with phenotype is
substantial for pancreatic function;
however, identification of the spe-
cific CFTR mutation has not been
highly predictive of the severity and
course of pulmonary disease, which
is the major factor affecting patient
quality of life and longevity. Fur-
thermore, there is evidence to sug-
gest arole for modifier genes and en-
vironmental factors that are as yet
unidentified.

Virtually all males with classic
CF have congenital bilateral ab-
sence of the vas deferens (CBAVD).
However, there is a population of oth-
erwise healthy males with CBAVD
who have ahigh frequency of CF mu-
tations. It appears that more than half
of these males have 1 or 2 specific
mutations, which identifies these
genotypes as the most common cause
of CBAVD. Some women with these
genotypes are healthy or develop
chronic sinusitis or bronchitis as the
extent of their morbidity. It is un-
clear whether such mildly affected in-
dividuals can be reliably identified by
their genotype.

Thus, it appears that knowl-
edge of the genotype is as yet of lim-
ited value in making predictions
about the anticipated course of dis-
ease in an individual, although re-




search to identify genotypes associ-
ated with relatively mild presentation
such as CBAVD may prove useful in
informed decision making.

Genetic Testing in Various
Populations

Genetic testing has been performed
for CF carriers in various racial and
ethnic groups, mass and focused
screening, and different types of or-
ganized medical settings. At this time,
there is limited spontaneous public
request for this testing, Although test-
ing has not met with enthusiasm,
there has been little or no group op-
position to offering testing to Afri-
can Americans, Asian Americans,
whites, Hispanics, American Indi-
ans, and persons of Jewish ancestry.
Most experience has been gained with
whites and Ashkenazi Jews, where in-
cidence is highest. Mass screening has

resulted in the least response. Preg- -

nant patients appear to be moti-
vated to obtain genetic information.
Nonpregnant patients and those with
a family history have exhibited only
moderate acceptance rates. In the
United States, mass screening of new-
borns has occurred in only 2 states,
Colorado and Wisconsin; other-
wise, newborn testing has been lim-
ited to those with a family history.
Thelogistics of testing have been suc-
cessfully implemented in various set-
tings, such as health maintenance or-
ganizations and primary care settings,
including fee-for-service settings.
With the exception of one fee-for-
service setting and the newborn state
programs, all testing has been free of
charge. Direct provider recruitment
has proven more effective than less
personal approaches.

2. WHAT HAS BEEN LEARNED
ABOUT GENETIC TESTING
FOR CF REGARDING (PUBLIC

AND HEALTH PROFESSIONAL) -

KNOWLEDGE AND
ATTITUDES, INTEREST AND
DEMAND, RISKS AND
BENEFITS, EFFECTIVENESS,
COST, AND IMPACT?

Knowledge and Attitudes Toward
CF and Genetic Testing

As with most genetic diseases, the
public’s knowledge is very low re-

garding CF, its genetic basis and vari-
able course, and prognosis and un-
derstanding of genetic testing is poor.
Moreover, among those who have
heard of CF, inaccurate impressions
often exist, because people are gen-
erally not familiar with the progress
in treating the disease during the past
40 years. Understanding genetic test-
ing for CF involves learning com-
plex concepts such as test sensitiv-
ity, carrier status, patterns of
inheritance, risk/probability, and
genotype-phenotype correlations.
These gaps in the public’s genetic
knowledge suggest that genetic test-
ing programs must include written
informed consent and educational
and counseling components.

There are only approximately
2000 genetic professionals nation-
ally, so implementation of wide-
spread genetic. testing must rely
heavily on primary care providers
and prenatal providers. Some re-
search efforts, however, have shown
that many office-based physicians are
not interested in participating in ge-
netic testing programs involving CF
because of lack of familiarity and
concerns with unreimbursed time.
Medical practitioners need to be-
come more knowledgeable about ge-
netics, genetic testing, and nondi-
rective counseling as genetic tests
become more widely available.

Public Interest and Demand

Notwithstanding the limits of pub-
lic understanding of genetics and ge-
netically related diseases, prospec-
tive parents have enormous interest
in the health and well-being of chil-
dren to be. In an Office of Technol-
ogy Assessment survey of a decade
ago, 83% of Americans said they
would take a genetic test before hav-
ing children, if it would tell them
whether their children would likely
inherit a fatal genetic disease. Many
genetic counselors and nurse geneti-
cists report that they are frequently
asked about DNA-based CF tests.
However, studies have shown that
interest in CF genetic testing is lim-
ited in the general population and
that agreement to participate in ge-
netic education and testing proce-
dures occurs primarily among preg-
nant women and persons with family
histories of genetic disorders.
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In the prenatal testing cop.
text, participation rates have varieq
widely in studies to date because of
variability of methods used, with ac.
ceptance of offers for testing rang.
ing from about 50% to a high of 789
in one health maintenance organi.
zation population. Participation hag
been affected by factors relating o
convenience, education, cost, views
regarding abortion, concerns aboyt
the low sensitivity of the test, and the
manner of presentation of the test-
ing opportunity. Concerns about
confidentiality and insurability are
often mentioned in the genetic test-
ing context. There also is evidence
of reluctance to engage in carrier
testing on the psychological grounds
of “not wanting to know,” as has oc-
curred in studies where some people
with family histories of genetic dis-
orders chose not to participate.

The reasons for interest in pre-
natal genetic testing are diverse.
Some participants in studies have
sought information in anticipation
of a decision about pregnancy ter-
mination in the case of a fetus with
CF. Others wished to know only
their carrier status, perhaps to make
emotional and practical plans for
parenting a child with CF.

Risks

Research has assessed initial con-
cerns among providers of genetic
services that genetic testing might
have adverse psychological conse-
quences, such as anxiety and de-
pression caused by the difficulty of
conveying the uncertainties inher-
ent in genetic testing or the chal-
lenge of adjusting to identification
as a carrier. The research to date has
shown such problems to be transi-
tory; the topic, nevertheless, may
warrant additional research incor-
porating comprehensive psychologi-
cal assessment tools. The risks of
misinformation or misunderstand-
ing highlight the need for a high level
of competence in conveying the re-
sults and meaning of information de-
rived from genetic testing. Prob-
lems retaining complex genetic
concepts highlight the need for
broad-based public education.
Another concern is the fear that
disclosure of genetic test results
might affect one’s family relation-

|~ N > ali N

e e e e B B e W a . o B o B o A o B = -}

st

ot

ar |
le
b
ce
p(
fu

ci
t¢
fi
re
fa

ir

ti

te
ti

S oToa M9 =2

w

b = ML = g B <

o,

P e




1 testing con. !

tes have varieq
Jate because of
sused, with ac.
T testing rang.
oahigh of 78%
znarnce organi.
wrticipation hag
‘o1s relating to
ion, cost, views
:oncerns about
‘he test, and the
ion of the test-
sncerns about
nsurability are
he genetic test-
Iso is evidence
jage in carrier
logical grounds
1ow,” as has oc-
Te some people

. of genetic dis- -

participate.
interest in pre-
g are diverse,
n studies have
in anticipation
pregnancy ter-
of a fetus with
to know only
erhaps to make
tical plans for
th CF.

ed initial con-
lers of genetic
: testing might
slogical conse-
1xiety and de-
he difficulty of
rtainties inher-
1g or the chal-
y identification
arch to date has

ns to be transi-

ertheless, may
-esearch incor-
sive psychologi-
s. The risks of
nisunderstand-
1for ahigh level
nveying the re-
information de-
testing. Prob-
nplex genetic
t the need for
education.

n s the fear that
tic test results
amily relation-

i hips, employment, educational or

ther opportunities, or ability to

‘maintain or obtain health insur-

ance. This is a more general prob-

1 lem and needs to be addressed at a
" proader level to ensure patient ac-
' f cess to genetic services and other op-
| portunities without threat of harm-
- ful consequences.

Impact and Effectiveness

. The effectiveness of genetic testing

can be judged in terms of its ability

| to convey information that patients
- find useful. The experience to date

reports high levels of patient satis-

| faction after undergoing genetic test-
" ing for CF. In the prenatal situa-
- tion, because of the rarity of the
. disease, more than 99% of couples
- tested receive reassuring informa-
" tion regarding the improbability of

-~ havinga child with CF.

Several studies have reported
significant increases in knowledge of
. CFamong couples who have under-
- gone genetic testing and partici-

- pated in the educational programs

connected with it. Although there

- was some drop in knowledge after

several years, knowledge levels still

~ were higher than in the pretesting
period. A decline in understanding

has been reported in some re-
search, where a considerable por-

~ tion of the individuals who were car-

riers did not retain the meaning of

- the test results. In some instances,
- this meant that people incorrectly

believed they were no longer at risk

- for having children with CF.

In addition to the educational

-and psychological benefits of CF

testing, the effectiveness of testing
can be judged in terms of how the

- information is used. This is most ger-
mane in situations in which a test

produced a positive result. Most
couples in whom the woman was

- found to be a carrier chose to have

the partner tested as well. The in-
ability of current DNA-testing tech-
nology to detect all possible muta-
tions and the difficulty in conveying
the concept of residual risk temper
these positive effects.

Another indicator of impact oc-
curs in the rare instances in which
a fetus with CF is identified. In the
limited studies to date, most couples

- with no family history of genetic dis-

orders in this circumstance choose
to terminate the pregnancy. It should
be noted that some couples do not
undergo final stages- of testing be-
cause of their intention to continue
the pregnancy.

Cost

Assessment of the costs associated
with testing, screening, and treat-
ment of CF is challenging because
technology and treatment modali-
ties are changing rapidly. Nonethe-
less, there is general agreement about
the magnitude of many of the key
cost variables and the likely future
direction of change in these costs.
In terms of treatment, options
of care for many individuals with
CF have expanded during the past
decade with implications for the
average cost of care. Although the

Office of Technology Assessment es-

timated in 1992, based on 1989 data,
that the annual treatment costs were
approximately $10 000 per year per
individual with CF, current esti-
mates exceed $40 000 per year in di-
rect medical costs and $9000 per

year in ancillary costs. Using a 3%

discount rate, this implies a net pres-
ent value of approximately $800 000
for direct and ancillary costs asso-
ciated with a CF birth.

The technology and cost of

DNA diagnostic testing fora CF mu- -

tation are changing rapidly. At pres-
ent, the cost of DNA diagnostic test-
ing for CF is between $50 and $150
per test, testing for between 6 and
72 CF mutations. Rapid progress is

being made in cost of testing, how- .

ever, because of improvements in in-
strumentation. These costs will likely
decline and the number of muta-
tions screened will quickly in-
crease.

In terms of the cost of prenatal
testing, the costs of informed con-
sent procedures, educational and
counseling services, associated ad-
ministrative costs, and so forth must
be added to the laboratory testing
costs per se. These costs will vary as
a function of the level of various edu-
cational and counseling services ac-
companying the testing according to
evolving professional standards for
genetic-testing procedures.

Regarding cost savings from

neonatal testing, currently no de-
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finitive data demonstrate medical
benefit and cost savings associated
with population-based neonatal
screening. However, there is sug-
gestive evidence that differences in
height, weight, and nutrition of
youngsters with CF are a function
of whether they had neonatal screen-
ing and early diagnoses. These may
well translate into future health out-
comes and treatment savings, but the
magnitude of such benefits is not
known.

Broader assessment of the costs
of a voluntary, broad-based prena-
tal screening program depends on
variables such as the number of in-
dividuals deciding to participate in
the test, the incidence of CF carri-
ers in the population involved, the
testing method (eg, sequential or
couple based), the proportion of
couples with an affected fetus who
choose to terminate the pregnancy,
and the number of children the
couples wish to have. Although as-
sumptions about these variables dif-
fered, studies showed that the cost
per identified CF fetus averted
ranged from $250 000 to $1 250 000
for a white population of northern
European ancestry. Estimates on the
high end of this range come down
substantially if one considers couples
who plan to have more than one
child or if identified carriers in-’
form siblings and other relatives.

Abroad educational effort is es-

" sential to create a level of genetic lit-

eracy in the population and among
health care professionals that will al-
low individuals to use genetic and
other information in making impor-
tant life decisions. An estimate of the
costs of this effort is not available.

3. SHOULD CF-CARRIER
TESTING BE OFFERED TO
(1) INDIVIDUALS WITH A

FAMILY HISTORY OF CYSTIC
FIBROSIS, (2) ADULTS IN THE
PRECONCEPTION OR
PRENATAL PERIOD, AND/OR
(3) THE GENERAL
POPULATION?

The first 2 sections of this report sum-
marized the knowledge base for the
recommendations that follow. Ob-
jectives for CF testing and reasons for
and against testing are different for
each population, but, in all cases, in-
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dividuals’ acceptance of testing must
be entirely voluntary. Each popula-
tion is considered separately.

1. Individuals with a family
history of CF and partners of those
with CF should be offered genetic
testing. Asa group, individuals with
a family history have relatively high
frequencies of mutations in the
CF1R gene. Members of this group
have increased awareness of their
risk of being carriers, as well as in-
creased familiarity with the disease
and its impact on the family. Test-
ing can be helpful with regard to
reproductive decision making and
informative regarding family health.

2. Cystic fibrosis genetic
testing should be offered to the pre-
natal population and couples cur-
rently planning a pregnancy,
particularly those in high-risk
populations. Data indicate that a
significant level of interest in CF
testing exists in this group. Because
this is a vulnerable population and
because of the inherent time con-
straints, it is particularly important

‘that they receive adequate and bal-

anced information. The informa-
tion includes, but is not limited to,
sensitivity of the test, a description
of the range of severity of the dis-
ease, and risks. The offer of testing
should be made to enable couples
who wish to avoid the birth of a
child with CF to do so, without
influencing those who do not. Care
should be taken to ensure that the
decision to have testing is com-
pletely voluntary.

3. Cystic fibrosis testing for the
general population is not advo-
cated. Given the low incidence and
prevalence of CF and the demon-
strable lack of interest in the gen-
eral population, there is little justi-
fication for testing.

Routine genetic screening for
CF in newborns is not advocated,
based on available data. Studies have
not provided sufficient evidence that
identifying CF patients earlier than
the current average age of diagno-
sis improves outcomes. The panel
recommends that studies of CFTR
screening in newborns be devel-
oped to provide a foundation for as-
sessment of benefits of early therapy.

Genetic testing for CF should
begin with education concerning CF.

It should be clear that the patient has

received the material and has had
an opportunity for questions to be
answered before testing is under-
taken. Development of model edu-

cational and consent forms for ge- -

netic testing, as well as education
programs for providers, is encour-
aged. All persons undergoing ge-
netic testing should give written in-
formed consent for the test, receive
culturally sensitive educational ma-
terials, and demonstrate an under-
standing of the test and test results.

It is essential that the offering
of CF carrier testing be phased in
over time to ensure that adequate
education and appropriate genetic
testing and counseling services are
available to all persons being tested.
Genetic testing and counseling for
CF in the populations identified by
the panel's recommendations should
be eligible for payment by insurers.

4. WHAT ARE THE OPTIMAL
PRACTICES FOR CF GENETIC
TESTING (SETTING, TIMING,

AND THE PRACTICES OF
EDUCATION, CONSENT, AND
COUNSELING)?

The goal of genetic testing for CF is
to provide individuals with infor-
mation that will permit them to
make informed reproductive and
other decisions. Testing is of ben-
efit only if there is access to the nec-
essary comprehensive health ser-
vices and resources that ensue from
case/carrier detection. Compo-
nents of a testing program should in-
clude education, counseling, and the
use of medical facilities to improve
health outcomes.

The setting must provide ac-
cess for provision of comprehen-
sive services. Whether it is based in
a medical center or in a primary care
setting, a professional interdiscipli-
nary team should address the indi-
vidual’s genetic, medical, emo-
tional, and reproductive health
needs. The services should not be ad-
ministered in isolation, but in asso-
ciation with tertiary care centers.

The complexity of DNA diag-
nostic data and the vast number of
mutations in CF mandate sophisti-
cated laboratory capability (or ac-
cess to it) as an integral compo-
nent. Laboratories providing
molecular diagnostic capability
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should use tests that achieve a my.
tation detection rate of approxi.
mately 90% or better for whites or
a detection rate for African Ameri.
cans, Asian Americans, Hispanics,
Ashkenazi Jews, American Indians,
and others comparable with that
available at present.

Timing for Testing
Depends on Targeted Group

* In adults with a positive family
history of CF, genetic testing
should be provided at any time re-
quested. .

* Newborn siblings of patients with
CF as well as other siblings who
exhibit atypical symptoms should

be tested. However, testing of mi- '

nors for the purpose of identify-
ing carrier status is not recom-
mended.

* Carrier detection in pregnant
couples with a family history of
CF should be provided in an ex-
peditious manner. Similarly, the
request by a couple with known
carrier status for prenatal diagno-
sis must be addressed prompitly to
facilitate access to all needed ser-
vices so as to provide an optimal
opportunity to make an in-
formed decision.

* Couples in the prenatal popula-
tion (ie, those not in a high-risk
group) should be offered the op-
portunity for carrier detection as
early as possible to provide them
time to consider the full range of
informed reproductive deci-
sions.

o The rationale for offering testing
to couples currently planning a
pregnancy is predicated on timely
provision of balanced, accurate in-
formation about CF, including
natural history of the disease, rela-
tive frequency in different ethnic
and racial groups, variability of
disease manifestation, and avail-
ability of highly sensitive and spe-
cific tests to determine carrier
status.

+ Although most males who have
CF are sterile, partners of per-
sons with CF should be tested on
request for carrier status. The
highest practical level of sensitiv-
ity of the DNA test should be used
to maximize detection of at-risk
couples.
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Education
Genetic testing should be provided
- in response to the needs of pa-
rients. Thus, programs must pro-
* yide information relating to genet-
jcs in general, such as basic
inheritance patterns, variable na-
" e of disease expression, risk of oc-
- currence, and diagnostic and thera-
_ peutic options. In the case of CF
testing programs, balanced informa-
tion should be presented and regu-
larly updated. The elements that
must be included are the following:

. Natural history of the disease

. Range of severity

. Improvement in survival rates

. Quality of life for patients and

families

5. Full range of therapeutic modali-
ties ‘

6. Reproductive options, includ-

ing adoption, use of artificial re-

productive modalities, and con-

tinuation or termination of

pregnancy.

O P

Educating patients and families
¢ can be accomplished by using a wide
. variety of printed materials and me-
* dia, including videos and interactive
~ online systems. At present, informa-

' tion content is presented in a vari-
able manner. It is recommended that

effort be directed to develop model in-

formation that highlights the posi-

tive as well as the negative aspects of

living with CF, using input from

people living with the disease, their

_ families, and members from diverse
' racial/ethnic groups.

Every attempt should be made

i toascertain the level of understand-

- ing and cultural background of the

_ person being tested. Follow-up as-
. sessment to determine retention of
- knowledge is an essential ingredi-

" ent of any educational program.

Informed Consent

i To ensure informed choice, it is im-

! perative that the informed consent
, process demonstrate that the indi-
- vidual has fully understood the mul-
! tiple options and implications that en-
~ sue from genetic testing. It is also
~ important to ensure that those who

\decline to be tested do so knowledge-

h\bly, although this is typically not

documented. Informed consent must
include a clear description of the dis-
ease, of the limitations of the ge-
netic testing methods, and of the vol-
untary participation of the individual
giving consent. Individuals must be
assured that although every effort will
be made to ensure the confidential-
ity of their medical and genetic data,
absolute confidentiality cannot be
guaranteed.

Counseling

Provision of accurate genetic coun-
seling, particularly when the re-
sults are provided to the patient or
when the intervention strategies are
discussed, is essential. The implica-
tions of genetic testing, its limita-
tions and strengths, and the risks of
ensuing potential therapies and in-
terventions mandate that individu-
als knowledgeable in genetics pro-
vide these services. The counseling
skills required must combine re-
spect for a patient’s right to make an
autonomous decision with an ap-
propriate level of support to facili-
tate the decision-making process.

Any strategy attempting to pro-
vide these services to the public car-
ries with it a responsibility to en-
hance the educational process for
physicians and other health care pro-
viders. Rapid changes in the meth-
ods of molecular diagnosis, and
therapeutic options that result from
them, mandate continuing educa-
tion and involvement of genetic spe-
cialists in the process of translating
these developments into practical
and beneficial terms. Cystic fibro-
sis centers should make counseling
available to minor siblings, who of-
ten have a need for information that
goes unaddressed.

Nondiscrimination

Pivotal to individual autonomy is the
guarantee that genetic data not be
used for discrimination with refer-
ence to insurability, employment
and educational opportunities, and
social stigmatization.

Federal and state statutes cur-
rently in place to address nondis-
criminatory practices against any
carrier, person with a genetic disor-
der, or family member need to be en-

forced. However, these laws pro-
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vide limited protection from
discriminatory practices. Addi-
tional federal and state statutes are
needed to broaden protection from
harm based on genetic status from
educational, health care, and other
organizations that may affect and
restrict immediate and long-term
opportunities. Special attention to
expand the understanding and
awareness of the legal, insurance,
health care, and educational profes-
sions about discriminatory prac-
tices should be undertaken.

In spite of laws that are putinto
place to protect people from external
discrimination, less visible or more
subtle harm may occur. For example,
families may perceive differently a
member found tobea carrier or found
to be affected with a genetic disorder.

‘These families may marginalize or os-

tracize the identified person. No laws
can be passed to provide protection
from this practice; however, future
research isneeded to understand the
parameters of this problem and the
moderating impact of education and
counseling.

5. WHAT SHOULD BE THE

FUTURE DIRECTIONS FOR
RESEARCH RELEVANT TO
GENETIC TESTING FOR CF
AND, MORE BROADLY, FOR

RESEARCH AND HEALTH

POLICIES RELATED TO
GENETIC TESTING?

What are the impacts on medical
costs, ancillary costs, and quality
of life associated with CF, as treat-
ment options and screening tech-
nologies change? What are the
cost-effective approaches to treat-
ment and screening in different
settings?

What is the actual incidence of
discrimination and stigmatiza-
tion with respect to carriers, per-
sons with genetic disorders, and
their families? How does fear or
anticipation of discrimination af-
fect decision making by some per-
sons with identified genetic dis-
orders?

‘What is the most effective mecha-
nism to educate health profes-
sionals about the current state of
genetic disorders, genetic test-
ing, and management of genetic
disorders?
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What are effective educational
strategies to educate the public

and specific populations about ge- -

netics and genetic testing?

What are patients’ expectations of
pretest education, genetic repro-
ductive risk counseling, genetic
evaluations, and transmittal of test
results?

Do early diagnosis and treat-
ment of newborns with CF modify
the morbidity as indicated by pul-
monary function tests, matura-
tion status, rates of infection, hos-
pitalization, and mortality rates?
What types of screening strate-
gies should be used (eg, sequen-
tial vs couple screening)? A sys-
tematic literature review should
be undertaken, and, if war-
ranted, a randomized controlled
trial should be initiated to assess

the relative merits of these strat-
egies.

« Whatare goals for the future? Cer-

tain specific mutations appear to
result in limited phenotypes, such
as CBAVD. A goal of future re-
search should be to continue to
identify additional mutations,
modifier genes, and environmen-
tal factors and correlate these with
the phenotype.

How to define mutations of genes?
Because CF is characterized by
multiple mutations of the CFTR
gene, this disease would be the
prototype for the assessment of
multiple methods to define nu-
merous allelic mutations of a large
gene.

‘What should be studied? The op-
timal system for delivery of ge-
netic services in rural and nonaca-
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demic settings should be studied.

* What are long-term effects of preg-
nancy termination or continua-
tion on high-risk couples?

CONCLUSIONS AND
RECOMMENDATIONS

Active research should continue on
improved treatments for people with
CF, enhanced molecular diagnosis
of CF, and better understanding of
the pathophysiology of CF.
* During the past 2 decades, aggres-
sive management of the pulmo-
nary manifestations of CF and
new treatment modalities have re-
sulted in much longer survival.
» More than 90% of CF mutations
can be identified in certain popu-
lations. Although generally good
correlations exist between cer-




tain CF mutations and pancre-

atic status, it is known that CF

mutations are not robust predic-
tors of severity of disease and lon-
gevity.

The goal of genetic testing is to

provide individuals with infor-

mation that will permit them to
make informed decisions.

Cystic fibrosis genetic testing

should be offered to adults with a

family history of CF, to partners of

people with CF, to couples cur-
rently planning a pregnancy, and
to couples seeking prenatal care.
¢ Comprehensive educational pro-

grams are recommended, using a

- variety of media, for health care
professionals and the public.

* Counseling services must be ac-
curate and provide balanced in-
formation to afford individuals the
opportunity to make autono-
mous decisions. Every attempt
should be made to protect indi-
vidual rights and genetic and
medical privacy rights and to pre-
vent discrimination and stigma-
tization.

* Access to genetic testing in the pre-
natal setting enhances the ability
of couples to make reproductive
choices, as shown by their inter-
est in and use of the information
they gain. The cost is reasonable
in relation to the benefits ob-
tained.

* Offering CF genetic testing to the
general population or to new-
born infants is not recom-
mended.

* Genetic testing for many addi-
tional conditions will be avail-
able in the future. Some of the
principles considered for CF ge-
netic testing might well have
broader application.

o It is essential that the offering of
CF carrier testing be phased in
over time to ensure that ad-
equate education and appropri-
ate genetic testing and counsel-
ing services are available to all
persons being tested.

Accepted for publication November 8,
1998.
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