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DR. LIANG:
Introduction

Genetic susceptibility testing for breast cancer—as
well as for other diseases—is a significant policy issue in
health care today. With advances in molecular biology,
an individual’s susceptibility to a wide range of diseases
can be ascertained. However, the use of information
obtained through genetic testing may affect patients
adversely. As this case study indicates, physicians should
not regard genetic testing lightly, especially when dis-
cussing with patients the potential benefits and risks of
genetic testing. The implications of genetic testing are
particularly significant for breast cancer, in which
genetic disposition accounts for 10% to 15% of all
breast cancer cases.!

Health policy issues involved with genetic testing
should be noted by any physician considering recom-
mending genetic testing for a patient. The patient’s
employment status and access to insurance (either new
or existing) may be directly affected by the results of
genetic testing.??

Implications on employment. Employers who
request or require employees to undergo testing may
make decisions—for example, about hiring, promo-
tions, or termination—based on genetic test results
that are not considered acceptable by the employer.*
Employers may be concerned by positive genetic test-
ing results of their employees or potential employees.
For example, employers may perceive that the employ-
ee will cost the company more money if he or she has
positive genetic testing results because of increased
health insurance rates due to the potential for develop-
ing the disease. The employer may also mistakenly
believe that testing positive for a gene means the
employee will definitely develop the disease. If the
employee tests positive for a gene, the employer may
believe the employee will have a shorter employment
period, or may anticipate that the employee will
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request additional vacation or time off via the Family
and Medical Leave Act. Employer concerns may also
extend to genetic susceptibility of family members.

Although the extent to which employers use genet-
ic information in hiring and firing employees is
unknown, the belief is common among employees
that employers use genetic information against them.
In a study published in 1996, 20% to 25% of employ-
ees surveyed believed that they were denied employ-
ment or were fired because of their genetic family his-
tory; they reported that they do not reveal genetic
information to employers for fear of reprisal, and that
they do not undergo genetic testing because they fear
discrimination.’

Implications on privacy and health insurance.
Recognizing the implications of allowing unfettered use
of genetic information by health insurers and employ-
ers, many states have enacted genetic information priva-
cy laws. For example, Maryland prohibits health insurers
from using genetic information “to reject, deny, limit,
cancel, refuse to renew, increase the rates of, affect the
terms and conditions of, or otherwise affect a health
insurance policy . . . request or require a genetic test for
the purpose determining whether or not to issue or
renew health benefits coverage; or . . . release the results
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of a genetic test without prior written authorization of
the individual . . . . "® Other state statutes have similar
provisions.”® States have also prohibited employer dis-
crimination on the basis of genetic information.8®

In addition, federal law has been used to protect inap-
propriate use of genetic information. Major federal
statutes in this area include Title VII of the Civil
Rights Act!®!! the Health Insurance Portability and
Accountability Act,? and the Americans with Disabilities
Act.13% However, these statutes do not necessarily cover
each and every use of genetic testing information by
employers and health care insurers. In fact, several bills
to regulate the use of genetic information have been
introduced in Congress because of the limited protec-
tions of federal statutes.’>-?! States are also continuing to
consider and pass legislation due to similar concerns.?2-2
The federal Employee Retirement Income Security Act
may preempt these state efforts as it preempts other
health care legislation,® making it imperative that a fed-
eral regulatory scheme be established.

Other implications. In addition to the risks of inap-
propriate use of genetic information by employers and
health insurers, there are additional risks in genetic
testing. For example, a woman may incorrectly per-
ceive that a positive breast cancer gene test indicates
that she will inevitably develop breast cancer, or that a
negative test indicates she will never develop breast
cancer. Risks for misperceptions and data misinterpre-
tation are exacerbated by the fact that most patients
are not provided with thorough, careful counseling
regarding the results and implications of genetic test-
ing.2® Only 2700 health care professionals are certified
by the American Board of Medical Genetics or the
American Board of Genetic Counseling.?

Furthermore, commercial development of genetic
testing capabilities allows patients to obtain genetic
testing without a physician’s recommendation. Again,
this scenario potentially provides patients with informa-
tion they do not know how to correctly interpret.?

Finally, there is a lack of standardization in the med-
ical school curricula for physicians in the areas of
genetics, genetic testing, and genetic testing results
and interpretation. In a 1996 study, 20% of primary
care physicians were unaware that a predisposition to
breast cancer could be determined through genetic
testing; and for other disease states, primary care physi-
cians misinterpreted the genetic test results almost
33% of the time.2®

Summary. The risks in genetic susceptibility testing
for breast cancer extend beyond the clinical sequelae
of the disease itself. Issues in employment, health
insurance, and data misinterpretation by the patient

and the physician make it critical that the primary care
physician is aware of how genetic testing can affect his
or her patients. Through careful consideration of the
benefits and costs of a particular test and its results,
physicians can continue to advocate for their patients’
best interests as the knowledge gleaned from the
human genome continues unabated.

CASE STUDY
Initial Presentation

A 41-year-old woman presents to her primary care
physician for a checkup. She reports feeling well since
her last appointment 1 year ago but mentions that her
64-year-old mother recently died of breast cancer. The
patient says that she has read several articles about the
availability of genetic testing for breast cancer and asks
to be tested in order to learn “whether or not I’'m going
to get the disease.” She would also like to know if her
2 daughters, ages 21 and 16 years, are at increased risk.

History and Physical Examination

The patient denies any problems, reporting only
occasional upper respiratory infections and mild men-
strual cramps. She does not use drugs or alcohol, does
not smoke, and walks on a treadmill for 30 minutes
twice weekly. She is employed as a college development
officer and lives with her husband and daughters in
suburban Philadelphia.

Physical examination reveals a neatly dressed, mildly
overweight female. Blood pressure is 110/68 mm Hg,
pulse is 80 bpm, and respirations are normal. The
patient is afebrile. Breast examination reveals symmet-
rical breasts without masses, palpable abnormalities, or
breast discharge. No axillary or supraclavicular lym-
phadenopathy is appreciated. On pelvic examination,
external genitalia are normal. There is no vaginal dis-
charge and the uterus is anteverted, nontender, and
normal in size. No adnexal masses are appreciated.
The remainder of the physical examination is within
normal limits.

Pertinent laboratory results include a mammogram
that is unchanged from a baseline examination per-
formed 2 years ago.

QUESTIONS

* What are risk factors for breast cancer?
« How do gene alterations affect risk?

DISCUSSION

Breast cancer is a commonly diagnosed cancer and
the second leading cause of cancer death in women in
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the United States. In 1999, an estimated 176,000 cases
of breast cancer will be newly diagnosed, and
43,700 women will die of the disease.*

It is now known that inherited gene alterations
affect the risk of breast and ovarian cancers. In 1990, a
susceptibility gene for breast cancer was mapped by
genetic linkage to the long arm of chromosome 17.
This gene, BRCA1 (BReast CAncer 1), was subsequent-
ly isolated and sequenced in 1994.3t A second BRCA
gene, BRCA2, was localized to chromosome 13%* and
sequenced in 1996.

Risk factors and probable risk factors for breast can-
cer include advanced age, family history of breast can-
cer, early menarche, late menopause, nulliparity or late
age at first pregnancy, history of atypical hyperplasia,
lobular carcinoma in situ, radiation exposure, and his-
tory of multiple breast biopsies. Other possible risk fac-
tors may include exogenous hormone use, obesity, alco-
hol consumption, high-fat diet, and environmental
factors.®33% |t should be noted that three quarters of
all breast cancers are sporadic and occur in women with
no major risk factors.®> Approximately 15% to 20% of
breast cancer cases occur in families with a history of
breast cancer. In familial breast cancer, there is current-
ly no gene mutation to explain how the disease is trans-
mitted. Only 5% to 10% of all breast cancers are heredi-
tary, that is, associated with a known gene mutation.*

Women carrying germline mutations in BRCA1 or
BRCA2 have an extremely high lifetime risk for devel-
oping breast and/or ovarian cancer. In women carry-
ing germline mutations in BRCA1 or BRCA2, the
cumulative lifetime risk of breast cancer is 50% to 85%,
compared with 12% for women in the general popula-
tion; risk of ovarian cancer is 5% to 40%, compared
with 1.5% in the general population.®” Although their
exact function is not known, BRCA1 and BRCA2 are
believed to be genes that code for suppression of
tumor growth. These mutations are thought to pro-
duce a truncated protein product, increasing suscepti-
bility to breast cancer. The inheritance pattern for both
genes is autosomal dominant. Penetrance is variable,
probably on the basis of other genes that also have a
modifying effect on tumorigenesis.® In patients with
an inherited mutation, breast cancer develops at a
younger age, and tumors tend to be high-grade and
estrogen receptor-negative.®

QUESTION

¢ Who should be screened for BRCA1 and BRCA2
mutations?
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DISCUSSION

Since the vast majority of breast cancer cases are not
due to inherited alterations in BRCAL1/2, most women
would not benefit from genetic testing. Two major
genetics professional societies and the National
Human Genome Research Institute (NHGRI) have
asserted that it is premature to engage in genetic test-
ing outside of a research setting. In a recent editorial,
the director of NHGRI stated, “The technical ability to
perform tests for mutations should not be confused
with a mandate to offer them.”® The American Society
of Human Genetics issued a statement recommending
that testing be initially offered only on an investigation-
al basis.** However, this may pose a barrier for patients
who lack access to major medical centers.

The American Society of Clinical Oncology (ASCO)
recommends that cancer predisposition testing be
offered only in the case of a “strong family history of
cancer or very early age of onset of disease,” correlat-
ing with a greater than 10% probability of having a
BRCA mutation and resultant clinical value.*? Ideally,
the affected family member should be tested first to
identify the mutation that exists in that family. This
maximizes the chance that the testing in subsequent
family members will yield a meaningful result. If a
mutation is present, interested family members can be
tested for that specific mutation.

Methods for Estimating Risk

A detailed family cancer history can help determine
if a patient is from a family at high risk for hereditary
breast cancer, in which case genetic testing might be
indicated. The history should go back several genera-
tions, if possible, and include all cases of breast and
ovarian cancer in the family. The history should also
include age at diagnosis, tumor histology, the occur-
rence of bilateral primary tumors, tumor sites, and his-
tory of metastatic disease. The age and relationship of
unaffected relatives should also be obtained. BRCA1/2
mutations are more likely to be present in families with
a history of breast and/or ovarian cancer in multiple
relatives across several generations, multiple cases of
premenopausal breast cancer, bilateral breast cancer,
male breast cancer, and in Ashkenazi Jewish fami-
lies.**-%® Patients without these hallmarks are unlikely
to have a hereditary syndrome.

Statistical models have been developed that esti-
mate the probability of inheriting a mutation in
BRCAL or BRCA2. Figure 1 shows a model developed
by Shattuck-Eidens and colleagues®® that estimates
risk for women with breast or ovarian cancer. Table 1
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Figure 1. Estimated probability of carrying a deleterious BRCA1 mutation. Adapted with permission from Shattuck-Eidens D,
Oliphant A, McClure M: BRCA1 sequence analysis in women at high risk for susceptibility mutations. Risk factor analysis and impli-
cations for genetic testing. JAMA 1997;278:1242-1250.
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presents probability tables developed by Couch et al*
that can be used to inform a woman with a family his-
tory of breast cancer of the odds that she carries a
BRCA1 mutation.

Two models for predicting individualized breast can-
cer risk are widely used in research studies and clinical
counseling: the Gail model* and the Claus model.*°
The Gail model projects the probability of developing
breast cancer based on predictors of risk identified in
the Breast Cancer Detection Demonstration Project
study and has been validated in women who adhere to
regular mammography screening. A computer pro-
gram based on the Gail model is available from the
National Cancer Institute (800-4-CANCER). The Claus
model estimates risk based solely on family history using
data from the Cancer and Steroid Hormone Study.
Both models have limitations and may overestimate risk
in patients from low-risk families. However, they may be
useful in the process of deciding who would benefit
from further testing.5! Neither model was designed to
be used for prediction of likelihood of carrying a
BRCA1 or BRCA2 mutation.

QUESTION

< What are the implications of a positive test? A nega-
tive test?

DISCUSSION

A positive test in a patient who is a member of a
family with a known mutation indicates that the
patient has inherited the mutation and is at increased
risk for breast and ovarian cancer. In cases where a
known mutation exists in the family and the patient
tests negative for that mutation, the patient is pre-
sumed to have the same lifetime cancer risk as persons
in the general population. She cannot pass the family
risk on to her children. Women who have a negative
test may feel a tremendous sense of relief, but they
should be reminded that their risk is not zero and that
they need to continue to employ effective preventive
strategies such as mammography. Further, they need
to know that approximately 15% of negative tests are
falsely negative. A true-negative test result may be asso-
ciated with survivor’s guilt if another family member
tests positive.

In the absence of information from another rela-
tive, a negative result is not very informative and can
yield a false sense of security, as it overlooks the hun-
dreds of other possible mutations in BRCA1/2 or in as-
yet-undiscovered genes that may be the source of the
family’s predisposition to the disease.
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QUESTION

< What are management options in the setting of a
positive test result?

DISCUSSION

Options for managing cancer risk in patients found to
have a mutation in a BRCAL or BRCA2 gene include sur-
veillance, prophylactic surgery, and chemoprevention.

Surveillance

The goal of surveillance is to detect cancer early, when
it is most treatable. Recommendations by Burke et al*®
for cancer surveillance among women with BRCA1/2
mutations include monthly breast self-examination, clini-
cal breast examination every 6 to 12 months, and annual
mammography beginning at age 25 years. However, it
has not been established that high-risk women who fol-
low these guidelines have a greater disease-free or overall
rate of survival or that women who develop cancer while
following these guidelines are diagnosed at an earlier
stage.™

Prophylactic Surgery

Prophylactic mastectomy is a surgical option for the
prevention of breast cancer. The procedure greatly
reduces (but does not eliminate) the risk of developing
breast cancer in high-risk patients. In 1 large-scale ret-
rospective cohort study conducted at the Mayo Clinic,*
only 7 out of 575 at-risk women who underwent pro-
phylactic mastectomy developed breast cancer, corre-
lating with a 89% reduction in risk for women at mod-
erate risk and a 90% to 94% reduction for women at
high risk. In this study, the genetic status of patients
was unknown. Estimates of the failure rate of prophy-
lactic mastectomy with respect to preventing breast
cancer range from 1% to 19% as studies have been
complicated by the heterogeneity of women enrolled.>

Decision analyses of prophylactic surgery in BRCA1-
or 2-positive patients indicate that prophylactic surgery
at a young age substantially improves survival. Schrag et
al® compared prophylactic surgery with no prophylac-
tic surgery in women carrying BRCAL1/2 mutations and
found that in a 30-year-old woman with an inherited
mutation, prophylactic mastectomy conferred a 2.9- to
5.3-year gain in life expectancy and prophylactic
oophorectomy conferred a 0.3- to 1.7-year gain,
depending on the cumulative risk of cancer. Gains
declined with age and were minimal for a 60-year-old
woman. Grann et al*® found that prophylactic surgeries
were cost-effective compared with surveillance for years
of life saved.
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Table 1. Probability of Detecting a BRCA1 Mutation in Families*

Average Age at Diagnosis Predicted Percent Average Age at Diagnosis Predicted Percent
of Breast Cancer (years) Probability (95% CI)Jr of Breast Cancer (years) Probability (95% CI)T
Families with breast cancer only Ashkenazi Jewish families with breast cancer only
<35 17.4 (6.5-38.8) <35 47.9
35-39 11.7 (5.1-24.6) 35-39 36.7 (12.8-69.6)
40-44 7.7 (3.6-15.6) 40-44 26.8 (9.7-55.3)
45-49 5.0 (2.3-10.8) 45-49 18.7 (6.8-42.0)
50-54 32(1.2-81) 50-54 12.7 (4.3-31.8)
55-59 2.1 (0.6-6.5) 55-59 8.4 (2.5-24.8)
> 59 1.3 (0.3-5.5) > 59 5.5 (1.3-20.0)
Families with breast and ovarian cancer Ashkenazi Jewish families with breast and ovarian cancer
<35 55.0 (27.2-80.0) <35 84.2
35-39 435 (22.4-67.2) 35-39 77.1 (40.1-94.4)
40-44 32.7 (17.0-53.5) 40-44 67.9
45-49 23.4 (11.4-42.1) 45-49 57.2 (24.9-84.3)
50-54 16.2 (6.7-34.2) 50-54 457
55-59 10.8 (3.5-28.8) 55-59 34.7 (10.8-70.0)
> 59 7.1 (1.7-24.8) > 59 25.1
Families with breast and ovarian cancer in a single member Ashkenazi Jewish families with breast and ovarian cancer in a
single member
<35 77.0 <35 93.6
35-39 67.8 (37.1-88.3) 35-39 90.2
40-44 57.1 (28.4-81.7) 40-44 85.3
45-49 54.5 45-49 785
50-54 34.6 (12.1-67.0) 50-54 69.8
55-59 25.0 55-59 59.3
> 59 17.3 > 59 47.8
Families with breast and ovarian cancer and 1 member with Ashkenazi Jewish families with breast and ovarian cancer and
both breast and ovarian cancer 1 member with both breast and ovarian cancer
<35 96.6 <35 98.8
35-39 92.4 (72.0-98.3) 35-39 96.8
40-44 88.5 (63.4-97.2) 40-44 98.1
45-49 82.9 (52.0-95.6) 45-49 95.5
50-54 75.4 50-54 93.0
55-59 65.9 55-59 89.4
> 59 54.9 > 59 81.3

Adapted with permission from Couch FJ, DeShano ML, Blackwood MA, et al: BRCA1 mutations in women attending clinics that evaluate the risk of
breast cancer. N Engl ] Med 1997;336:1409-1415.

*The optimal use of this table requires a detailed family history and knowledge of all cases of breast and ovarian cancer in the family. The predict-
ed probabilities are for families as a whole. The predicted probability of a BRCAL mutation in a woman with breast or ovarian cancer is equal to
the probability for the family. For example, a woman with breast cancer who is from a family in which the average age at diagnosis of breast can-
cer was 40 to 44 years has a predicted probability of 7.7% (95% Cl, 3.6 to 15.6) of having a detectable BRCA1 mutation. For an unaffected family
member, the predicted probability is determined by the relationship to the affected family member. In the case of an unaffected sibling or child of
a woman with breast or ovarian cancer, the predicted probability of a BRCAL mutation is half the probability for the family. For an unaffected
grandchild, the predicted probability is 25% of the probability for the family.

Tconfidence intervals (Cls) could not be calculated for some entries because of the absence of a data point matching the criteria in the original data set.

Hospital Physician October 2000 45



Estrin et al: Genetic Testing for Breast Cancer : pp.

38-48

Chemoprevention

The agent tamoxifen is approved by the U.S. Food
and Drug Administration for reducing the incidence of
breast cancer among women at increased risk. It is an
anti-estrogen that induces a conformational change to
the estrogen receptor, thus restricting the ability of the
breast tissue to respond to the hormone. Tamoxifen
has a mild estrogenic effect on the endometrium that
can promote the development of endometrial cancer,
limiting its use in premenopausal women.%” Most of the
data supporting tamoxifen’s role as a primary preven-
tion agent were collected on high-risk women age
35 years or older whose BRCA status was unknown. The
most comprehensive study evaluating the effect of
tamoxifen on incidence of breast cancer and breast
cancer mortality to date is the Breast Cancer Prevention
Trial (known as the P-1),% a national study of 13,000 at-
risk women. After a mean follow-up period of 3.5 years,
cancer rates were 45% lower in women taking tamox-
ifen compared to controls.

QUESTION

< What issues should be discussed with the patient
prior to testing?

DISCUSSION

Genetic testing should be made available only in
conjunction with appropriate patient education and
counseling. Topics addressed should include the pur-
pose of testing; the technical accuracy of the test and
associated costs; and the benefits, risks, and clinical
implications of testing, including the possible preven-
tion strategies available. The elements of informed
consent identified by ASCO (Table 2) provides a
comprehensive list of what should be reviewed in the
discussion.*?

All patients considering genetic testing should
receive counseling from a trained genetic counselor or
a physician or health care professional knowledgeable
in the implications of the test results. Deficiencies in
genetics knowledge among physicians suggest that
patients may benefit from referral to a genetic coun-
selor or geneticist. In a 1991 survey to assess physicians’
knowledge of genetics,*® primary care physicians and
psychiatrists had a 74% accuracy rate compared to a
95% accuracy rate for genetics professionals. Genetic
counselors are trained to consider the ethical issues of
patient autonomy and nonmaleficence and to recog-
nize the elements of consent necessary to ensure
informed consent or informed refusal of testing.®®
They can tailor information to the individual and pro-
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Table 2. Elements of Informed Consent for BRCA Testing

Information on the purpose of the test (ie, to determine
whether a mutation can be detected in a specific cancer sus-
ceptibility gene)

What can be learned from both a positive and negative test,
including information on the type and magnitude of health
risks associated with a positive test and the risks that
remain after a negative test

The possibility that the test will not be informative

The options for approximating risk without genetic testing
(eg, using empiric risk tables based on family history)

The risk of passing a mutation on to children

The technical accuracy of the test

The fees involved for both the laboratory test and associated
consultation by the health professional providing pretest
education, results disclosure, and follow-up

The risks of psychologic distress and family disruption,
whether a mutation is found or not

The risk of employment and/or insurance discrimination

Level of confidentiality of results

Options and limitations of medical surveillance and screening
following testing. This latter discussion is important to avoid
false security and inadequate surveillance for those whose
genetic test may be negative but who are still at risk based
on other genetic factors, age, environment, or other reasons.

Adapted with permission from Statement of the American Society of
Clinical Oncology. Genetic testing for cancer susceptibility. ) Clin Oncol
1996;14:1730-1736.

vide patients with an opportunity to examine their
preferences and values in order to make an educated
decision. Unfortunately, there are only an estimated
1000 to 2000 licensed counselors in the United
States,®! raising issues of access for many patients and
physicians.

Family Cancer History

The physician acknowledges the patient’s fear of
developing cancer and her desire to know her risk. He
explains that testing is not helpful in the vast majority of
patients, being likely to yield useful information only in
certain high-risk families. The physician asks about
additional cases of breast and ovarian cancer in the
family. The patient reports no cases of ovarian cancer
and no other cases of breast cancer besides her mother,
who developed cancer later in life. In light of the fact
that there are no cases of ovarian cancer, no bilateral
disease, and no premenopausal breast cancer, the likeli-
hood of the patient harboring a BRCA1/2 mutation is
very low. The patient is reassured by the information,
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but the physician reminds her that she does have a posi-
tive family history and should be aware of her cancer
risk. He uses her age at menarche (12 years), age at first
live birth (20 years), number of first-degree relatives
with breast cancer (1), and number of previous breast
biopsies (0) to calculate her lifetime risk using the Gail
model. He encourages her to take active steps to pro-
mote breast health through lifestyle changes and regu-
lar mammography.

QUESTION

« What should this patient’s daughters be told about
their risk?

DISCUSSION

Genetic testing is not indicated in the daughters. In
the case of the older daughter, however, it is generally
agreed that women at age 20 years should be asked
about family history and undergo further risk assess-
ment if family history is positive.

Had a BRCA mutation been discovered in their fami-
ly, what then? In such a case, it would be appropriate to
provide education and counseling to the older daugh-
ter, who at age 21 years is presumably mature enough to
make her own informed decision regarding testing.
However, given the complexity of the information, the
cognitive maturity level of the individual patient should
be taken into account. The American Society of Human
Genetics and the American College of Molecular
Genetics hold that genetic testing is justifiable in chil-
dren only if it confers an immediate medical benefit to
the child, and the United Kingdom Cancer Family
Study Group advises against testing individuals under
18 years of age. Testing should probably be deferred in a
16-year-old girl, with the physician encouraging the
family to wait until the child is older. HP

REFERENCES

1. Rosenthal TC, Puck SM: Screening for genetic risk of
breast cancer. Am Fam Physician 1999;59:99-104,106.

2. Underwood RH, Cadle RG: Genetics, genetic testing,
and the specter of discrimination: a discussion using
hypothetical cases. Ky Law J 1996-1997,85:665—696.

3. Laudau M: Use of genetic testing by employers and
insurance companies. Dickinson J Environ Law Policy
1994;3:105-162.

4. Rachinsky TL: Genetic testing: toward a comprehensive
policy to prevent genetic discrimination in the work-
place. Univ Penn J Labor Employment Law 2000;2:
575-595.

5. Lapham EV, Kozma C, Weiss JO: Genetic discrimina-
tion: perspectives of consumers. Science 1996;274:

~N o

10.
11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

26.

27.

28.

29.

30.

31

32.

33.

34.

621-624.

Md Code Ann, Ins § 27-909(a).

Colo Rev Stat § 10-3-1104.7.

Geotinck S: Courts are jumping into the gene pool.
Dallas Morning News September 6, 1998;7B.

State briefs: a bill banning discrimination. Wash Health
Wk September 8, 1997; available at 1997 WL 9048084.
42 USCA 88 1971, 1975a, 2000a-h-6 (1994).
Norman-Bloodsaw v Lawrence Berkeley Lab, 135 F3d 1260
(9th Cir 1998).

26 USC §§ 9801-9806.

42 USC §§12101-12213.

Equal Employment Opportunity Commission. EEOC
Compliance Manual 1995;3:902—-945.

HR 306, 106th Cong, 1st Sess, (1999).

HR 293, 106th Cong, 1st Sess, (1999).

S 543, 106th Cong, 1st Sess, (1999).

HR 358, 106th Cong, 1st Sess, (1999).

HR 2824, 106th Cong, 1st Sess, (1999).

S 300, 106th Cong, 1st Sess, (1999).

S 326, 106th Cong, 1st Sess, (1999).

Ala Code §§ 27-53-1, 2 (1998).

Calif Ins Code § 101.23.3 (1999).

Fla Stat Ann § 627.4301 (1999).

Liang BA: Private Insurance. In Health Law & Policy: A
Survival Guide to Medicolegal Issues for Practitioners. Boston:
Butterworth-Heinemann, 2000:75-91.

Giardiello FM, Brensinger JD, Petersen GM, et al: The
use and interpretation of commercial APC gene testing
for familial adenomatous polyposis. N Engl J Med 1997;
336:823-827.

Tothstein MA, Hoffman S: Genetic technology: social
values and personal autonomy in the 21st century. Wake
Forest Law Rev 1999;34:849—-888.

Gold ER: Hope, fear, and genetics: judicial responses to
biotechnology. Judicature 1999;November/December:
132-138.

Holtzman NA, Watson MS, eds: Promoting safe and
effective genetic testing in the United States: final report
of the Task Force on Genetic Testing. National Human
Genome Research Institute Web site. Available at
http://www.nhgri.nih.gov/ELSI/TFGT _final. Accessed
September 15, 2000.

American Cancer Society. Cancer Facts and Figures—1999.
Atlanta, GA: The Society, 1999.

Miki Y, Swensen J, Shattuck-Eidens D, et al: A strong can-
didate for the breast and ovarian cancer susceptibility
gene BRCAL. Science 1994;266:66—71.

Wooster R, Bignell G, Lancaster J, et al: Identification of
the breast cancer susceptibility gene BRCA2. Nature
1995;378:789-792 [erratum Nature 1996;379;749].
Benichou J, Gail MH, Mulvihill JJ: Graphs to estimate an
individualized risk of breast cancer. J Clin Oncol
1996;14:103-110.

Love S, Lindsey K: Dr. Susan Love’s breast book. Reading,
MA: Addison-Wesley Publishing Company, 1991:137-169.

Hospital Physician October 2000 47



Estrin et al: Genetic Testing for

Breast Cancer pp. 38-48

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Pickle LW, Johnson KA: Estimating the long-term proba-
bility of developing breast cancer. J Natl Cancer Inst
1989;81:1854-1855.

Burke W, Daly M, Garber J, et al: Recommendations for
follow-up care of individuals with an inherited predispo-
sition to cancer. 1. BRCA1 and BRCA2. Cancer Genetics
Studies Consortium. JAMA 1997;277:997-1003.

Genetic testing for breast cancer risk: it’s your choice.
Cancer facts. CancerNet Web site. Available at http://
cancernet.nci.nih.gov/cancer_types/breast_cancer.shtml.
Accessed September 15, 2000.

Weber B: Update of BRCA-1 and BRCA-2 basic and clini-
cal research. Plenary Lecture IV. Presented at the 21st
Annual San Antonio Breast Cancer Symposium, 1998;
San Antonio, TX.

Verhoog LC, Brekelmans CT, Seynaeve C, et al: Survival
in hereditary breast cancer associated with germline
mutations in BRCAZ2. J Clin Oncol 1999;17:3396—3402.
Collins FS: BRCA1—Ilots of mutations, lots of dilemmas.
N Engl ] Med 1996;334:186-188.

Statement of the American Society of Human Genetics
on genetic testing for breast and ovarian cancer predis-
position. Am J Hum Genet 1994;55:i—iv.

Statement of the American Society of Clinical Oncology.
Genetic testing for cancer susceptibility. J Clin Oncol
1996;14:1730-1736.

de Bock GH, Vliet Vlieland TP, Hageman GC, et al: The
assessment of genetic risk of breast cancer: a set of GP
guidelines. Fam Pract 1999;16:71-77.

Tengs TO, Winer EP, Paddock S, et al: Testing for the
BRCA1 and BRCAZ2 breast-ovarian cancer susceptibility
genes: a decision analysis. Med Decis Making 1998;18:
365-375.

Struewing JP, Hartge P, Wacholder S, et al: The risk of
cancer associated with specific mutations of BRCA1 and
BRCA2 among Ashkenazi Jews. N Engl J Med 1997;336:
1401-1408.

Shattuck-Eidens D, Oliphant A, McClure M: BRCA1
sequence analysis in women at high risk for susceptibili-
ty mutations. Risk factor analysis and implications for
genetic testing. JAMA 1997;278:1242-1250.

Frank TS, Manley SA, Olopade Ol, et al: Sequence
analysis of BRCA1 and BRCAZ2: correlation of mutations
with family history and ovarian cancer risk. J Clin Oncol
1998;16:2417-2425.

Couch FJ, DeShano ML, Blackwood MA, et al: BRCA1
mutations in women attending clinics that evaluate the
risk of breast cancer. N Engl ) Med 1997;336:1409-1415.
Gail M, Rimer B: Risk-based recommendations for
mammographic screening for women in their forties.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

J Clin Oncol 1998;16:3105-3114 [erratum J Clin Oncol
1999;17:740].

Claus EB, Schildkraut J, lversen ES Jr, et al: Effect of
BRCAL and BRCA2 on the association between breast
cancer risk and family history. J Natl Cancer Inst 1998;
90:1824-1829.

Costantino JP, Gail MH, Pee D, et al: Validation studies
for models projecting the risk of invasive and total breast
cancer incidence. J Natl Cancer Inst 1999;91:1541-1548.
Hartmann LC: Strategies for primary prevention and
early detection of breast cancer. J Clin Outcomes Manage
1999;6(suppl 8):514-17.

Hartmann LC, Schaid DJ, Woods JE, et al: Efficacy of
bilateral prophylactic mastectomy in women with a fami-
ly history of breast cancer. N Engl J Med 1999;340:77-84.
Weber BL, Giusti RM, Liu ET: Developing strategies for
intervention and prevention in hereditary breast cancer.
J Natl Cancer Inst Monogr 1995;(17):99-102.

Schrag D, Kuntz KM, Garber JE, Weeks JC: Decision
analysis—effects of prophylactic mastectomy and
oophorectomy on life expectancy among women with
BRCAL or BRCA2 mutations. N Engl J Med 1997;336:
1465-1471.

Grann VR, Jacobson JS, Sundararajan V, et al: The quali-
ty of life associated with prophylactic treatments for
women with BRCA1/2 mutations. Cancer J Sci Am
1999;5:283-292.

Heisey R, Carroll JC, Warner E, et al: Hereditary breast
cancer: identifying and managing BRCA1 and BRCA2
carriers. Can Fam Physician 1999;45:114-124.

Fisher B, Costantino JP, Wickerham DL, et al:
Tamoxifen for prevention of breast cancer: report of the
National Surgical Adjuvant Breast and Bowel Project P-1
Study. J Natl Cancer Inst 1998;90:1371-1388.

Hofman KJ, Tambor ES, Chase GA, et al: Physicians’
knowledge of genetics and genetic tests. Acad Med
1993;68:625-632.

Taking a stand. Position statements, resolutions, and code
of ethics. National Society of Genetic Counselors Web site.
Available at http://www.nsgc.org/Taking_a_Stand.html.
Accessed September 15, 2000.

Andrews LB: Assessing genetic risks: implications for
health and social policy. Washington, DC: National
Academy Press, 1994.

Adapted from Estrin JT, Tenore J, Fleetwood J, Lipsky M: Genetic
Susceptibility Testing for Breast Cancer: Implications for
Practitioners. JCOM J Clin Outcomes Manage 2000;7(1):
81-88.

Copyright 2000 by Turner White Communications Inc., Wayne, PA. All rights reserved.

48 Hospital Physician October 2000



