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INTRODUCTION

Molecular genetic research became highly pertinent to hereditary
breast cancer (HBC) when Hall et al [1] described families with
early-onset familial aggregations of breast cancer that were linked
to the D17S74 locus on the long arm of chromosome 17. The gene is
now referred to as BRCAl. Following this report, Narod et al [2]
studied five large hereditary breast/ovarian cancer (HBOC) families
from the Creighton HBC resource and found three of them to be
positive for linkage to this BRCAl1l locus. BRCAl is a large gene
which contains twenty-two coding exons distributed over
approximately 100kb of genomic DNA. It produces a protein of 1863
amino acids. Shattuck-Eidens et al [3] found that 86% of the 37
different BRCAl mutations which have been identified were either
frameshifts, nonsense mutations, or splice mutations. These

presumably lead to premature truncation of the BRCAl protein.

A second susceptibility gene, BRCA2, was mapped to chromosome 13 in
1994 [4] and was identified in 1995 [5]. The majority of families
with cases of male breast cancer appear to be associated with
BRCAZ.-BRCAZ confers a high risk of breast cancer, and a low risk

of ovarian cancer (®10-20%).

These molecular genetic advances have provided a unique opportunity
to counsel hereditary breast cancer family members, and to offer
members the opportunity to be gene tested once they understand the

positive as well as negative aspects of knowing their gene status.
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Follow-up genetic counseling is essential.

Goals and Objectives

The initial goal of our study supported by the Department of
Defense was to evaluate the impact of genetic counseling in HBC and
HBOC families where BRCA1 had been identified. With the
identification of BRCA2, we are now also including families with
this mutation from our resource. This study is designed to
demonstrate the feasibility of genetic counseling for HBC and HBOC,
and to evaluate the impact of counseling on psychological state and
medical behavior. The study is also designed to examine predictors
of adverse consequences that could evolve from genetic testing.
This information may then enable physicians and genetic counselors

to anticipate and prevent problems in individual patients.

BODY

Progress to date in our study of genetic counseling based on BRCAl
and BRCA2 1linked markers has been extremely well-targeted and

productive. The schematic for this study is shown in the Figure.

The search for germline mutations is performed in collaboration
with Steven Narod, M.D., of Women's College Hospital, Toronto,
Canada, and Gilbert Lenoir, Ph.D., D.V.M., in Lyon, France.

Eligible members of BRCA1l and BRCA2-linked families receive an
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introductory letter, followed by a baseline, structured telephone
interview administered by a trained interviewer at Georgetown
University under the direction of Caryn Lerman, Ph.D., a clinical
psychologist/geneticist at Georgetown University, Washington, D.C.
About four weeks later, these individuals have an opportunity to
attend an education session, referred to as a Family Information
Service (FIS) at which time information about gene linkage,
hereditary breast cancer and surveillance measures are again
reinforced prior to individual counseling and disclosure of genetic

test results for breast-ovarian cancer susceptibility.

All genetic coﬁnseling and testing 1is provided by, and/or
supervised by Dr. Lynch and his colleagues. Structured telephone
interviews are conducted from Georgetown University at one-, six-,
and twelve-months following genetic counseling to evaluate the

impact of disclosure of genetic information.

Results

Since the initiation of this study, 14 BRCAl families and 2 BRCA2
families have been counseled and 246 family members have been
advised of their individual gene status (Table 1). Preliminary
results were presented at the meetings of the American Society of
Clinical Oncology, Philadelphia, PA, May, 1996, and a report has
been published [6]. (Appendix). A manuscript has also been
submitted to Cancer describing our genetic counseling experience

with the 14 BRCA1l families.
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An additional 27 families (245 individuals sampled) have had a
mutation identified and will be counseled. Twenty-three families
(148 individuals sampled) are still being evaluated. Thirty-one
families (405 individuals sampled) do not, to date, have an

identifiable mutation on either the BRCAl or BRCA2 genes.

Table 2 describes the demographic characteristics of the fourteen
BRCA1 families who feceived education at family information
sessions (FIS) and/or underwent DNA testing and genetic counseling.
Initially, as part of our formal 1linkage analysis, informative
married-in spouses of family members in the direct 1lineage
underwent DNA testing. This accounts for the fact that the total
number of family members was 3,678, of whom 2,549 were direct blood

line relatives.

Table 3 describes cancer of all anatomic sites in concert with
those individuals who are gene positive, inclusive of obligate gene
carriers, versus those who are gene negative or wherein the gene
status is unknown. As expected, the overwhelming majority of these
patients had carcinoma of the breast and/or ovary occurring in the
gene positive/obligate gene carrier individuals.

There was a slight excess of colorectal cancer among the gene
positive/obligate gene carrier class (7 <cases) versus the
individuals in the gene negative category. However, the gene
status was unknown for eight individuals, therefore, the

interpretation of whether colorectal cancer occurs in excess in the




14 BRCAl families remains elusive [7].

The issue of prostate cancer has similar limitations. Two
individuals were gene positive/obligate gene status, while two were
gene negative, and seven were gene status unknown. The same
concern applies to malignant melanoma where three patients were
gene positive/obligate gene carrier status, three were BRCAl
negative, and two were gene status unknown. Interestingly, a
sarcoma occurred in two gene positive, but none in gene negative
patients, but again the numbers are too small for interpretation.
The remainder of the cancer sites were not informative with respect
to their BRCA1l status, but the data is presented here because of
the need to publish findings pertaining to cancer of all anatomic
sites among individuals from BRCAl families wherein germline

testing has been performed.

The reasons cited by family members at baseline telephone interview

for wanting BRCA1l testing and for not wanting testing were

evaluated. The most widely cited reasons for wanting testing were
to learn about one’'s children’'s risks and to increase use of
screening tests. of interest, almost one-half of individuals
surveyed reported childbearing decisions as a “very important”
reason for wanting BRCA1l testing. This 1is surprising, since
reproductive decision making generally is not a focus in genetic
counseling for cancer susceptibility. Overall, fewer individuals

reported strong reasons for not having testing. This is consistent
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with the high level of acceptance of testing in this population.
However, concerns about the effect of testing on one’s family and
worries about losing health insurance were cited most frequently as

barriers to receiving BRCA1l test results.

Table 4 shows the demographic characteristics of the 181 blood line
relatives from the 14 BRCA1l families who were counseled, tested,

and received results of their individual DNA testing.

We examined whether persons who came forward for BRCAl testing had
different sociodemographic backgrounds than those who declined, a
finding which was supported by our data. Individuals who decided
to be tested were predominantly female, under age 50, had at least
a high school education, and had health insurance. Thus, BRCA1l
test decliners were mostly males over age 50 who had not completed
high school and had no health insurance. In a logistic regression
model, the following factors were significant independent
predictors of acceptance of testing: gender (OR=3.8, CI=1.8-8.1),
age (OR=2.9, CI=1.3-6.2), education (OR=3.4, CI=1.1-11.2), and
health insurance status (OR=5.1, CI=1.5-17.0). Thus, females were
almost four times more likely than males to request testing;
individuals under age 50 were 3% times more likely than those over
age 50; and individuals with health insurance were about five times

more likely than those who did not have insurance [6].

Table 5 provides information about emotional responses among
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individuals who received their BRCAl1l result. Not unexpectedly,
those receiving BRCAl1l positive information had more emotional
responses of sadness when compared to the relief obtained among

those who received BRCA1l negative information.

Short-term Impact of BRCAl1l Testing on Depressive Symptoms. The

psychological and behavioral impacts of BRCA1l testing are being
evaluated using validated psychometric tools that are administered
during baseline and follow-up telephone interviews. These
interviews are conducted with individuals who test positive,
negative, and with those who decline testing. Outcomes of interest
in this study include perceptions of risk, depression, functional
health status, screening behaviors, and medical and reproductive

decision-making.

Depression symptoms reported at baseline by individuals in these
HBOC families do not differ from general population norms for
depression using the Center for Epidemiologic Studies Scale [8].
This is somewhat surprising in light of previous studies showing
elevated distress levels in women at risk for breast cancer [9,10].
It is possible that members of hereditary breast cancer families
develop stronger coping mechanisms as a result of repeated

experiences of having relatives diagnosed with cancer.

Following disclosure of BRCA1l status, carriers show a slight

elevation in depressive symptoms over time (about .10 standard
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deviations), while noncarriers show a slight decline in depression
(about .25 standard deviations). These changes in depression in
carriers and noncarriers are not statistically or clinically

significant.

Tables 6 and 7 depict our interpretation of the attitudes about
surveillance and prophylactic surgery among BRCAl positive versus
BRCA1l negative patients. As expected, a significantly larger
number of individuals in the BRCAl positive category (32%) had
already manifested carcinoma of the breast and had undergone
mastectomies when compared to those who were BRCAl negative (where
only 6% had already manifested carcinoma of the breast) (p= .001).
Thirty-two percent of patients in the BRCAl positive category and
22% in the BRCAl1l negative category had considered prophylactic
mastectomy prior to receiving their results. In contrast, 35% in
the BRCA1l positive status category contemplated prophylactic
mastectomy after receiving their results, but none of the negative

women continued to consider this option (p= .012).

It was of interest that 73% of BRCAl1l positive individuals had
considered prophylactic oophorectomy prior to receiving their
results, and 40% of those who were negative for BRCA1l had
considered prophylactic oophorectomy prior to receiving their
results (p= .002). However, after receiving findings that their
status was positive for BRCAl, 76% considered prophylactic

oophorectomy, while none in the negative BRCAl category considered
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prophylactic oophorectomy (p= .001).

Insurance Issues

About one-fourth of the individuals in both BRCAl1 positive and
BRCA1 negative categories were concerned about their potential for
insurance discrimination. In a sample of 88 individuals tested for
BRCA1 mutations, 4 of them indicated problems in obtaining or
maintaining insurance; however, in each of these cases the
difficulties predated receipt of test results. Four out of 38
individuals who tested positive indicated changes in their
insurance since testing; however, these changes were unrelated to
genetic testing [6]. Our preliminary data indicate that insurance
concerns may have an effect on decisions to receive BRCA1l testing
and on medical decision-making. For example, 18% of mutation
carriers indicated that insurance concerns affected their decisions
about receiving prophylactic surgery. Thus, it is critical that
the potential for insurance discrimination be addressed during the

pre-test education session.

CONCLUSION
While these preliminary results are encouraging, caution must be
taken in generalizing to all individuals who may participate in
BRCA1 testing. Individuals in this study received extensive
education and counseling as part of their involvement in prior
linkage studies. The psychological effects of BRCAl1l testing may

differ for individuals who are less aware of their personal risk
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and who receive test results outside of a controlled research
setting. In addition, patients’ scores on the depression measure
at one-month follow-up show large standard deviations. This
suggests that there is substantial variability within the groups of
carriers and noncarriers in their responses to testing. This
supports the clinical observation that individuals vary widely in
how they respond psychologically to genetic information. Once
sufficient numbers of individuals have been accrued to this trial,
it will be important to identify and characterize the subset of
participants who may experience adverse effects following receipt

of positive or negative results of BRCAl testing in all areas that

are being evaluted in our study.
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-Table 1

COUNSELED INDIVIDUALS

FAMILY DATE OF FIS
BRCA1

2775 7-9-94

1234 8-20-94
1813 1-29-95
2090 2-18-95
2770 3-18-95
2651 4-22-95
1973 5-27~95
2944 5-27-95
3079 6-10-95
1816 8-19-95
1086 10-7-95
2749 10-28-95
1252 10-29-95
2850 3-13-96
BRCA2

2932 1-13-96
'3433 5-11-96 & 7-20-96

18




Table 2. Demographic characteristics of 14 BRCA1 families.

Total number of family members: 3678

Total number of blood relatives: 2549

Total number of family members educated about HBOC and the role of genetic testing: 253
Adults married into the family (not blood relatives) 41

Genetic testing status of 388 family members (of direct lineage > 18 y.o.a.) DNA sampled:

Gene positive: 145
Pending 58
Ambiguous 11

Gene negative: 174
Total number counseled and given gene status. 181

Gene positive 78
Gene negative 100
| Ambiguous 3




Table 3. Cancer sites in 238 members of 14 BRCA1 families.*

Site Total Gene positive/Obligate Gene Negative p-value Gene status
gene carriers unknown
Individuals with cancer 238 114 21 103
at any site

Individuals with cancer at each specific site

Breast 109 74 7 * 28
Ovarian - 43 30 2 > 11
Colorectal 18 7 3 0.36 8
Lung ‘ 13 2 1 10
Cervical 13 1 5 7
Prostate 11 2 2 0.11 7
Cancer site unknown 9 3 0 6
Malignant Mel . | 8 3 3 2
Bladder 4 0 0 4
Pancreas 3 0 0 3
Kidney 2 0 0 2
Stomach 2 1 0 1
Wilm's Tumor 2 0 0 2
Leukemia 2 0 0 2
Lymphoma 2 0 0 2
Omentum 2 1 0 1
Sarcoma 2 2 0 0
Gall Bladder 2 0 0 2
Uterine 1 0 0 1




Table 3 - CONTINUED

Liver 1 0 0 1
Abd/Csu 1 1 0 0
Esophogial 1 0 0 1
Brain Tumor 1 0 0 1
Gyn Ca Unknown -1 0 0 1
Hodgkins 1 0 0 1
Thyroid 1 0 1 0
Mesentary 1 0 0 1
Malignant Schwannoma 1 0 0 1
Retroperitoneal 1 1 0 0

*20 individuals have cancer at two sites (e.g. breast/ovarian or breast/lung) and have been
counted once for each primary cancer site. Therefore, totaling any of the columns will result in
a figure higher than that reported in the “cancer at any site” row.

**Not computed; breast and ovarian cancer status and gene carrier status are perforce related.




Table 4. Demographic characteristics and reasons for seeking risk

assessment in 181 counseled members of 14 BRCA1 families.

Sex

Male
Female

BRCA1 Cancer Affected

Age at Time of Counseling, years
Mean
Range

Reason for seeking risk assessment
Children and/or family
Surveillance
Curiosity
For possible prophylactic surgery
Relieve anxiety

For research purposes

Number (%)
46 (25)
135 (75)
32 (18)
42
19-84
102 (56)
54 (30)
31 (17)
13 (7)
10 (5)
9 (5)
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Table 5. Genetic test results, and emotional response to recieving results

for 181 members of 14 BRCA1 families.

BRCA1 mutation Number (%)
Positive 78 (43)
Negative 101 (55)
Ambiguous 3 (2)

Emotional Response

BRCA1 Positive .

Appeared to be Sad/crying 28 (36)
Appeared not to be surprised 21 (27)
Claimed to feel guilty 6 (8)
Appeared to be angry 5 6)
Claimed a sense of relief 3 4)
No apparent reaction 15 (19)
BRCA1Negative
Appeared to be happy/relieved 81 (80)
No apparent reaction 10 (10)
Appeared to be surprised 8 (8)
Claimed feelings of survival guilt 4 (4)
23




Table 6. Surveillance practices and attitudes toward prophylactic

mastectomy in 135 female members of 14 BRCA1 families.*

Number (%)
BRCA1 Positive BRCA1 Negative
Summary of Bilateral Mastectomies Prior to the
Counseling Session

Number of women (n) 57 78
Mastectomy for Cancer 18 32% 2 6%
Prophylactic Mastectomy 5 9% 7 9%
Mastectomy (Other medical 3 5% 1 1%
indications: fibrocystic disease, etc)

Breast Surveillance Prior to the Counseling Session

(excluding women who have had bilateral mastectomies)

Number of women (n) 31 68
Mammography 24 7% 55 81%
MD Exam 26 84% 59 87%
Self Breast Exam 18 58% 35 51%

Considering Prophylactic Mastectomy

(excluding women who have had bilateral mastectomies)

Number of women (n) 31 68
Before recieving results 10 32% 15 22%
After recieving results 11 35% 0 0%

* The data from one female with ambiguous results has been excluded
ns = not significant

p-values from Fisher’s exact test (2 tailed)

p-value

0.001
ns

ns

ns
ns

ns

ns

0.012




Table 7. Surveillance practices and attitudes toward prophylactic

oophorectomy in 135 female members of 14 BRCA1 families.*

Number (%)
BRCA1 Positive BRCA1 Negative  p-values
Summary of Bilateral Oophorectomies Prior to
the Counseling Session
Number of women (n) 57 78
Oophorectomy for Cancer 4 7% 0 0% ns
Prophylactic Oophorectomy 11 19% 10 13% ns
Oophorectomy (Other medical indications: 5 9% 10 - 13% ns
dysmenorrhea, etc.)
Ovarian Surveillance Prior to the Counseling Session
(excluding women who have had bilateral oophorectomy)
Number of women (n) 37 58
CA125 3 8% 6 10% ns
Ultrasound 8 22% 12 21% ns
Considering Prophylactic Oophorectomy
(excluding women who have had bilateral oophorectomy)
Number of women (n) 37 58
Before recieving results 27  73% 23 40% 0.002
After recieving results 28 76% 0 0% 0.001

* The data from one female with ambiguous results has been excluded
ns = not significant

p-values from Fisher’s exact test (2 tailed)




APPENDIX
Original Contribution

BRCAT Testing in Families

Reprinted from JAMA ® The Journal of the American Medical Association June 26, 1996 Volume 275 Copyright 1996, American Medical Association

With Hereditary Breast-Ovarian Cancer

A Prospective Study of Patient Decision Making and Outcomes

Caryn Lerman, PhD; Steven Narod, MD, FRCPC; Kevin Schulman, MD; Chanita Hughes, MS;
Andres Gomez-Caminero, MPH; George Bonney, PhD; Karen Gold, PhD; Bruce Trock, PhD;
David Main, MS; Jane Lynch, RN; Cecil Fulmore, MS; Carrie Snyder, RN; Stephen J. Lemon, MD, MPH;

Theresa Conway, RN; Patricia Tonin, PhD; Gilbert Lenoir, DVM; Henry Lynch, MD

Objectives.—To identify predictors of utilization of breast-ovarian cancer sus-
ceptibility (BRCAT gene) testing and to evaluate outcomes of participation in a
testing program.

Design.—Prospective cohort study with baseline interview assessment of pre-
dictor variables (eg, sociodemographic factors, knowledge about hereditary cancer
and genetic testing, perceptions of testing benefits, limitations, and risks). BRCA1
test resulis were offered after an education and counseling session in a research
setting. Outcome variables (including depression, functional health status, and
prophylactic surgery plans [follow-up only]) were assessed at baseline and 1-month
follow-up interviews.

Participants.—Adult male and female members (n=279) of families with
BRCAT1-linked hereditary breast-ovarian cancer (HBOC).

Results.—Of subjects who completed a baseline interview (n=192), 60% re-
quested BRCAT test results (43% of all study subjects requested results). Requests
for results were more frequent for persons with health insurance (odds ratio [OR],
3.74; 95% confidence interval [Cl], 2.06-6.80); more first-degree relatives affected
with breast cancer (OR, 1.59; 95% Cl, 1.16-2.16); more knowledge about BRCA1
testing (OR, 1.85; 95% Cl, 1.36-2.50); and indicating that test benefits are important
(OR, 1.45; 95% ClI, 1.13-1.86). At follow-up, noncarriers of BRCAT mutations
showed statistically significant reductions in depressive symptoms and functional
impairment compared with carriers and nontested individuals. Individuals identified
as mutation carriers did not exhibit increases in depression and functional impair-
ment. Among unaffected women with no prior prophylactic surgery, 17% of carriers
(2/12) intended to have mastectomies and 33% (4/12) to have oophorectomies.

Conclusions.—Only a subset of HBOC family members are likely to request
BRCAT testing when available. Rates of test use may be higher in persons of a
higher socioeconomic status and those with more relatives affected with breast
cancer. For some high-risk individuals who receive test results in a research set-
ting that includes counseling, there may be psychological benefits. More research
is needed to assess the generalizability of these results and evaluate the long-term

consequences of BRCAT testing.
(JAMA. 1996;275:1885-1892)

From the Department of Medicine, Lombardi Cancer
Center, Georgetown University Medical Center, Wash-
ington, DC (Drs Lerman, Schuiman, Gomez-Caminero,
Gold, and Trock, Ms Hughes, and Messrs Main and Ful-
more), Department of Medicine, Women's College Hos-
pital, Toronto, Ontario (Dr Narod); Division of Poputation
Science, Fox Chase Cancer Center, Philadelphia, Pa
(Dr Bonney); Department of Preventive Medicine and
Public Heaith, Creighton University Medical Center,

JAMA, June 26, 1996—Vol 275, No. 24

Omaha, Neb (Mss Lynch, Snyder, and Conway and Drs
Lemon and Lynch); Department of Human Genetics,
McGill University, Montreal, Quebec (Dr Tenin); and Unit
of Mechanisms of Carcinogenesis, International Agency
for Research in Cancer, Lyon, France (Dr Lenoir).

Reprints: Caryn Lerman, PhD, Division of Cancer
Prevention and Control, Georgetown University Medi-
cal Center, 2233 Wisconsin Ave NW, Suite 535, Wash-
ington, DC 20007.

THE ISOLATION of the BRCAI gene
offers an unprecedented opportunity for
high-risk members of families with he-
reditary breast-ovarian cancer (HBOC)
to learn whether they carry a cancer-
predisposing mutation.! Females found
to carry a mutation in BRCAZ have an
80% to 90% lifetime risk of breast can-
cer, a40% to 656% lifetime risk of ovarian
cancer, and an increased risk of colon
cancer.?® Male mutation carriers are at
increased risk for prostate and colon can-
cer and can also transmit breast-ovar-
ian eancer susceptibility to their daugh-
ters.? Early identification of BRCA1
mutation carriers within HBOC fami-
lies can allow for targeted surveillance
and management strategies.*®

For editorial comment see p 1928.

At present, little is known about
whether high-risk patients from HBOC
families will want to know their muta-
tion status or how they will make deci-
sions about undergoing BRCAI testing.
Preliminary reports indicate that there
is strong interest in BRCAT testing, both
in the general population and in high-
risk families.™® However, past experi-
ences with Huntington disease (HD gene)
and cystic fibrosis (CF gene) have shown
that usage rates of genetic tests may be
substantially lower than anticipated
based on stated intentions to receive a
hypothetical genetic test. For ex-
ample, prior to the initiation of testing
for the HD gene, two thirds of at-risk
individuals expressed strong interest in
testing.’'¢ Following the introduction of
predictive testing programs, fewer than
15% of those who initially expressed in-
terest participated.!!
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In deciding whether to have BRCA1
testing, patients must weigh complex
information about the potential benefits
of testing against the limitations and
possible risks of this new technology.
These limitations and risks include un-
certainties inherent in cancer risk fig-
ures,? the absence of proven strategies
for preventing cancer in carriers (in-
cluding surgical prophylaxis),'” the risk
of genetic discrimination in employment
or in obtaining or maintaining insur-
ance,’® and the potential for negative
psychological consequences of learning
one’s genetic status.®%*° Models of con-
sumer health behavior®? can be used
to understand better the ways that pa-
tients will process this complex infor-
mation in deciding whether to be tested
for BRCA1 mutations. These frame-
works predict that patients would ac-
quire knowledge about the inheritance
of breast-ovarian cancer susceptibility
and about the test itself. This knowl-
edge would then shape their perceptions
of the benefits, limitations, and risks of
being tested. Perceptions of the impor-
tance of the benefits of BRCAI testing
would be expected to facilitate test use,
while coneerns about the limitations and
risks should hinder use of this test.

For individuals who decide to have a
BRCAI test, adverse psychological con-
sequences are considered to be a poten-
tial risk.?’ This concern is based on an-
ecdotal reports of participants in genetic
linkage studies®' and on the results of
studies of women’s anticipated emotional
reactions to a hypothetical BRCAT test.®
As yet, however, there are no pub-
lished empirical accounts of the effects
of BRCAL1 testing on participants’ psy-
chologieal and functional health status.
The importance of conducting a system-
atic evaluation of genetic testing out-
comes was underscored by a major pro-
spective study of genetic testing for
Huntington disease.” In contrast to the
serious adverse psychological effects of
genetic testing for Huntington disease
that had been anticipated based on an-
ecdotal reports,® the prospective study
found that testing had long-term psy-
chological benefits—both for carriers and
for noncarriers of HD gene mutations.

To fill the gap in our knowledge of
patient decision making and the out-
comes of BRC A1 testing, we conducted
aprospective observational study of 279
members of BRC A1-linked HBOC fami-
lies. This study had 3 principal goals: (1)
to examine predictors of decisions to
receive BRCAT test results, including
sociodemographic factors, knowledge,
and perceptions of the benefits, limita-
tions, and risks of testing; (2) to evalu-
ate the effects of BRC AT testing on psy-
chological and functional health status;
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and (3) to evaluate how testing influ-
ences participants’ medical decisions. At
present, it is recommended that BRCA1
testing be provided only to members of
high-risk families in the context of re-
search protocols.®? By identifying fac-
tors associated with actual utilization in
these studies, we can estimate the mag-
nitude of the demand for BRCA1 test-
ing and identify the characteristies of
those who are likely to request such
testing. In addition, a better understand-
ing of patient decision making is neces-
sary to guide the development of edu-
cational materials and informed consent
protocols for BRCA1 testing. Finally, to
the extent that we can delineate the
psychosocial effects of BECALI testing,
we will be better able to provide coun-
seling and to attend to participants’ psy-
chosocial and medical needs.

METHODS
Study Population

Eligible subjects included 279 women
and men, aged 18 years and older, who
are members of 13 extended HBOC fami-
lies from a registry maintained by the
Creighton University Hereditary Can-
cer Institute. These families were en-
rolled into a prospective observational
study during the period from July 1994
through November 1995. These families
were selected from the registry because
the BRCA1 mutations (and in 1 family,
a multipoint lod score of 6.2) had pre-
viously been identified.?” The study
sample included unaffected at-risk fam-
ily members (without cancer at present)
as well as family members affected with
cancer. Affected family members were
included beecause, in some cases, cancers
were sporadic and not due to inherited
susceptibility. The 38 affected individu-
als included 21 women with breast can-
cer, 4 women with ovarian cancer, 3
women with breast and ovarian cancer,
2 men with prostate cancer, and 8 pa-
tients with other cancers. Subjects were
considered ineligible for this study if
they had a psychiatric or cognitive dis-
order which precluded informed consent
(1 mentally retarded subject was ex-
cluded based on this eriterion).

The families under investigation had
participated in prior genetic studies.”?
As part of these prior studies, family
members had received written educa-
tional materials about the genetics and
natural history of HBOC, although none
had received the results of BRCA1 test-
ing prior to the current research project.

Procedures

All study procedures had been ap-
proved by the Creighton University In-
stitutional Review Board. Eligible male

and female members of these extended
families received an introductory letter
explaining the prospective study and in-
viting them to participate. Individuals
who did not wish to be contacted for
the interview returned a self-addressed
stamped posteard to the investigator
(these individuals were still offered
BRCA1 testing and their decisions were
recorded). Those who did not decline to
be interviewed were contacted within 2
weeks to obtain oral consent for the base-
line telephone interview. It was stressed
that agreeing to the baseline interview
did not obligate them to participate in
the education session or to receive their
BRCAT test results. A professional in-
terviewer from Lombardi Cancer Cen-
ter conducted a 40-minute structured
telephone interview 1 to 2 months prior
to the education session and the offer of
BRCAI test results. Measures included
sociodemographic characteristies; medi-
cal history; baseline levels of knowledge;
baseline perceptions of the benefits, limi-
tations, and risks of BRC A1 testing; and
depression and functional health status
(see description of measures below).
All family members were subsequently
invited to attend an education session on
BRCAI1 testing. These 1- to 2-hour ses-
sions were conducted on a family-by-fam-
ily basis through a series of trips to a
geographic area central to most family
members. Individuals who were unable
to attend the education session for their
family were given the option of traveling
to Creighton University (funds were
available through the research grant to
support this travel) or to receive the edu-
cation by telephone. An oncologist/ge-
neticist (H.T.L.) conducted all education
sessions following a semistructured pro-
tocol. After written informed consent
was obtained, the following topics were
addressed: (a) inheritance of breast-
ovarian cancer susceptibility; (b) cancer
risks associated with BRCAI muta-
tions, including breast, ovarian, colon,
and prostate cancer; (¢) genetic linkage
studies, gene identification, and tests
for mutation status; (d) benefits of ge-
netic testing, ineluding the potential for
early detection and reduction of uncer-
tainty; () limitations of genetic testing,
including incomplete penetrance (not all
mutation carriers get cancer) and etio-
logic heterogeneity (noncarriers ean still
get cancer); (/) risks of genetic testing,
including the potential for loss of insur-
ance or employment and adverse psy-
chosocial consequences for oneself and
one’s family; (g) options for prevention
and surveillance and their limitations
(including the possibility of peritoneal
cystadenocarcinomatosis of the ovary),
and (k) assurance of confidentiality of
test results and related information.
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After the education session, partici-
pants were given the option of receiving
their BRCALI test results. To increase
access to the counseling, test results
were made available on the same day as
the education session. This was possible
because linkage results and mutational
status had been determined as part of
prior genetic studies and subsequently
confirmed in an independent laboratory.
Individuals had been informed in the

introductory letter that results would"

be available. However, they were also
informed that they could elect to re-
ceive their results at any time after re-
ceipt of pretest education. Because test-
ing was conducted in the context of a
research protocol, all testing and coun-
seling were free of charge. In accor-
dance with current guidelines,? all in-
dividuals who wished to receive their
test results provided additional written
informed consent.

Individuals who elected to receive
their BRCA1 test results participated
in an individual counseling session with
a physician/geneticist (H.T.L., S.N., or
S.J.L.). The following topics were ad-
dressed according to a standardized
counseling protocol: (a) patient expec-
tations about the test result, (b) the test
result and associated cancer risks for
the individual and his or her offspring,
(c) available options for surveillance and
prevention and the associated limitations
and risks, (d) the patient’s plans for com-
municating his or her test results to oth-
ers, (e) assertion of confidentiality of all
test results and related information, and
(f) supportive counseling as needed. All
study subjects were recontacted for a
telephone interview assessment of de-
pression, functional health status, and
medical decision making 1 month later.

Predictors of Utilization

All predictor variables were assessed
at baseline, prior to the education ses-
sion and the offer of receipt of BRCA1
test results.

Sociodemographic and Clinical Vari-
ables.—Sex, age, education level, mari-
tal status, employment status, health
insurance status, clinical status (affected
vs unaffected), and number of first-de-
gree relatives affected with breast or
ovarian cancer were assessed.

Knowledge About Inherited Breast
Cancer and BRCAI Testing.—An 11-

item true-false measure was used to as-

sess knowledge of inheritance of breast-
ovarian cancer susceptibility and genetic
testing. This measure has high internal
consistency (coefficient a=.74). It in-
cludes items used in a core instrument
developed for use by the National Cen-
ter for Human Genome Research
(NCHGR) Cancer Studies Consortium.
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Perceptions of the Importance of the
Benefits, Limitations, and Risks of
BRCAI Testing.—A 12-item measure,
developed and validated in previous re-
search,®® was used to assess attitudes
about BRCAI testing. Subjects were
offered a series of items enumerating
potential benefits, limitations, and risks
of BRCAI testing and were asked to
indicate whether each was “not at all
important,” “somewhat important,” or
“yery important” in their decision to
have a BRCA1 test. Principal compo-
nents factor analysis indicated that this
measure consists of 2 independent
factors with a nonsignificant negative
correlation. These 2 factors, labeled
“perceptions of benefits” (pros) and “per-
ceptions of limitations/risks” (cons) are
highly internally consistent (coefficient
a=.83 and .81, respectively).

Outcome Variables

BRCAI Testing Decisions.—All sub-
jeets (including interview. respondents
and nonrespondents) were classified as
either requesters or decliners of BRCA1
testing. Requesters were those who re-
ceived their BRC A1 test results within
the time frame of this study. Decliners
were those who indicated that they did
not wish to know their BRCAI muta-
tion status at the present time. Status
(request vs decline) was confirmed dur-
ing the 1-month follow-up phone con-
tacts.

Depression Symptoms.—The Center
for Epidemiologic Studies Depression
(CES-D) Scale was administered dur-
ing the baseline and 1-month follow-up
telephone interviews to assess depres-
sive symptomatology. This scale has ad-
equate test-retest reliability (r=0.57 for
2-8 weeks) and has been shown to cor-
relate with clinical ratings of the sever-
ity of depression.*® The Cronbach coef-
ficient o in our sample was .91, Possible
scores on this measure range from 0 to
60, with higher scores reflecting more
depressive symptoms.

Functional Health Status.—Func-
tional health status was assessed during
the baseline and 1-month follow-up tele-
phone interviews using 2 targeted scales
from the Medical Outcomes Study
(MOS).3% The 4-item role functioning
scale of the MOS was used as a mea-
sure of impairment in daily activities®
(Cronbach coefficient o=.75). Scores on
this measure range from 0 to 4. The 4-item
sexual functioning scale was used be-
cause of the potential implications of
BRCAI testing for reproductive and
sexual funetioning® (Cronbach coeffi-
cient a=.84). Scores on this measure range
from 4 to 16. Both of these measures were
scored such that higher scores reflected
greater impairment in functioning.

Medical Decision Making.—During
the 1-month follow-up interview, 2 in-
dividual items were administered to as-
sess the impact of receipt of BRCAI
test results on decisions about prophy-
lactic mastectomy and prophylactic ooph-
orectomy.

Statistical Analysis

Descriptive statistics were used to de-
termine the rates of participation and to
characterize the study population in
terms of knowledge of BRCAI1 testing
and perceptions of the importance of the
benefits, limitations, and risks of test-
ing. Variables associated with BRCA1
testing decisions were analyzed using x?
tests and ¢ tests and by multivariate
logistic regression models. Since mem-
bers within a given family may have had
correlated outcomes,®* we used logis-
tic regression analysis with general es-
timating equations® to account for in-
trafamily clustering.

The second stage of analysis focused
on evaluating the psychosocial effects of
BRCAI testing at 1-month follow-up.
Toidentify possible baseline confounder
variables, associations between study
group (carrier, noncarrier, or decliner)
and sociodemographic variables were as-
sessed using x? tests. Variables having
significant associations with the study
group were examined for their effects
on 3 outcome variables (depressive
symptoms, role impairment, and sexual
impairment) using ¢ tests and 1l-way
analyses of variance (ANOVAs). Next,
1-way ANOV As were performed to test
for differences between carriers, non-
carriers, and decliners in terms of base-
line psychological and functional status,
as well as changes from baseline to
1-month follow-up. Linear regression
analysis with general estimating equa-
tions® was used to examine changes in
functioning while controlling for base-
line levels, other potential confounder
variables, and correlated responses
within families. These analyses of the
effects of testing were conducted for all
study participants and then repeated
excluding affected participants. Finally,
effects of BRCAT1 testing on medical de-
cision making in carriers and noncarri-
ers were examined using an extension
of the Fisher exact test.®

RESULTS

Response Rate to Baseline and
Follow-up Interviews

As shown in Figure 1, of the 279 eli-
gible men and women, 192 (69%) com-
pleted the baseline telephone interview,
and 87 (31%) refused. Compared to in-
terview respondents, nonrespondents
were more likely to be male (x2=15.1;
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P<.001) and to have had a prior diag-
nosis of cancer (x*=4.4; P=.03), but did
not differ significantly in age. The vast
majority of interview nonrespondents
(81/87) also declined BRCA1 test results
when offered. Among the 192 individu-
als who completed the baseline inter-
view, 140 (73%) were recontacted and
completed the 1-month follow-up inter-
view; the remaining subjects could not
be reached after multiple attempts. In-
dividuals lost to follow-up (n=52) were
significantly more likely to have declined
BRCAT1 testing (n=33) (x?=16.2; P<.001),
to be male (n=26) (x2=9.6; P=.002), to
lack health insurance (n=9) (x*= 10.6;
P=.001), and to be unaffected (n=47)
(x2=4.6; P=.03). Individuals lost to follow-
up were similar to remaining subjects
with respect to any other demographic
or clinical variables or in terms of the
primary outecomes of depression and func-
tional health status.

Sociodemographic Factors,
Knowledge of BRCA1 Testing,
and Perceptions of the Importance
of the Benefits and Limitations

or Risks of Testing

The average (SD) age of interview
respondents was 43 (14) years. All re-
spondents were white, 67% were female,
and 77% were married. Most (90%) had
completed high school and most (93%)
had health insurance.

Responses to the baseline knowledge
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Table 1.—Descriptive Statistics for Baseline Knowl-
edge Measure (n=192)

Responding
Correctly,

Item No. (%)

True items

A father can pass down an
altered BRCAT gene to his
daughters.

A woman who doesn’t have an
altered BRCAT gene can still
get cancer.

A woman with an altered
BRCAT1 gene has a high risk
of ovarian cancer.

A woman who has a sister with
an altered BRCAT gene has
a 50% chance of having an
altered gene herself.

Tests for ovarian cancer often
do not detect a tumor untit it
has spread.

There are many different genes
that cause cancer.

False items

All women who have an altered
BRCAT gene will get cancer.

A woman who gets breast
cancer at age 70 years is
more likely to have an
altered BRCAT gene than a
woman who gets breast
cancer at age 40 years.

Having one’s ovaries removed
will definitely prevent cancer.

The BRCAT gene causes
about one half of all breast
cancers.

About 1 in 10 women have an
altered BRCAT gene.

144 (75)
142 (74)

138 (72)

113 (59)

86 (45)

59 (31)

115 (60)

113 (59)

59 (31)

33 (17)

19 (10)

measure are shown in Table 1. Scores on
this measure ranged from 0 to 11, with
an average (SD) score of 5,97 (2.91). Thus,
on average, subjects gave correct re-
sponses to about 55% of the items. The
pereentage of subjects responding cor-
rectly to individual knowledge items
ranged from 10% to 75%.

As shown in Table 2, the benefit of
BRCA1 testing rated as most impor-
tant was “to learn about my children’s
risks” (rated by 96% of participants as
somewhat or very important). The most
important perceived limitation or risk
of testing was “test results might not be
accurate” (rated by 40% of participants
as somewhat or very important). The
possibility of losing health insurance was
rated as a somewhat or very important
limitation or risk of testing by 34% of
the sample. Interestingly, individuals
with and without health insurance en-
dorsed this item at the same rate. Scores
for the perception of benefits scale and
the perception of limitations or risks
scale ranged from 6 to 18, with average
(SD) scores of 15.30 (2.78) and 8.47 (2.48),
respectively. Overall, individuals rated
the benefits of testing as significantly
more important than the limitations or
risks of testing (t190=2.71; P=.007).

Utilization of BRCAT Testing

The rates of participation and BRCA1
testing decisions are shown in Figure 1.
Among all family members offered the

»

opportunity to receive their BRCAT test
results (n=279), 43% requested their test
results (n=121), and 57% declined
(n=158). The rate of requests for test-
ing was higher when the denominator
included only those individuals who par-
ticipated in the baseline interview
(n=192). In this sample of respondents,
116 individuals (60%) opted to receive
pretest education and all but 1 of these
decided to obtain the results of testing.
The results presented below compare
baseline interview respondents who
elected to receive BRCAI test results
(n=115; 60%) with those who declined
(n="T7; 40%). Of those who received the
test results, 46% (n=53) were mutation
carriers and 54% (n=62) were noncar-
riers. Information on specific muta-
tions has been previously reported.””

Predictors of Utilization
of BRCAT Testing

The results of the bivariate analyses of
BRCA1 testing decisions are shown in
Table 3. BRCA1 test use was associated
with female sex, having a high school edu-
cation or beyond, and having health in-
surance. Having a greater number of first-
degree relatives with breast cancer was
positively related to test use, while the
number of relatives with ovarian cancer
was not. There was a marginal associa-
tion (P=.053) between test use and clini-
cal status (affected vs unaffected). Mari-
tal status and employment were unrelated
to BRCAI testing. Baseline knowledge
about BRCAT1 testing (tig=4.46; P<.001)
and perceived importance of the benefits
of testing (£199=2.76; P=.006) both related
strongly to test use, while the perceived
importance of the limitations or risks of
testing was not.

To identify factors having indepen-
dent associations with BRCATZ testing
decisions, predictor variables with P<..10
associations in bivariate analyses were
tested in logistic regression models
(Table 4). Significant independent pre-
dictors of test use in this model included
the number of first-degree relatives with
breast cancer (OR, 1.59; 95% confidence
interval [CI], 1.16-2.16) and having
health insurance (OR, 3.74; 95% CI, 2.06-
6.80). Knowledge of BRC A1 testing and
perceived importance of the benefits of
testing both exhibited independent posi-
tive associations with BRCAI test use
(OR, 1.85; 95% CI, 1.36-2.50 and OR,
1.45; 95% CI, 1.13-1.86, respectively).
0dds ratios for these continuous mea-
sures were based on a 1 SD difference
in scale scores. Thus, individuals who
scored 1 SD above the mean on either
knowledge of BRCAT1 testing or the per-
ceived benefits of testing were 1.5 to 2
times more likely to use BRCAT testing
than individuals scoring at the mean.
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Table 2.—Descriptive Statistics for Perceived Importance of the Benefits, Limitations, and Risks of BRCAT
Testing (n=192)

No. (%) Endorsing Level of Importance

—
Variable Not at All Somewhat Very
Benefits of testing

To learn about my children’s risk 8 (4) 35 (18) 149 (78)
To know if | need to increase screening 4(7) 44 (23) 134 (70)
To plan for the future 17 (9) 46 (24) 129 (67)
To make surgery decisions™ 14 (15) 21 (22) 59 (63)
To be reassured 17 (9) 58 (30) 117 (61)
To make childbearing decisionst 41 (39) 21 (20) 44 (41)
Limitations and risks of testing
Worried about losing insurance 126 (66) 35 (18) 31(16)
Concerns about effect on family 121 (63) 42 (22) 29 (15)
Don't believe | can prevent getting cancer 130 (68) 44 (23) 18 (9)
Couldn’t handle it emotionally 132 (69) 44 (23) 16 (7)
Test results might not be accurate 115 (60) 63 (33) 14 (7}
Don't trust modern medicine 161 (84) 23(12) 8 (4)
*Women only.
1Men and women who had not completed their families.
Table 3.—Predictors of Utilization of BRCAT Testing
Request, Decline,
No. (%) No. (%) Odds Ratio P
Variable Subgroup (n=115) (n=77) X2 (95% Cly* Value
S Fi le 85 (66 44 (34
ex ema (66) @4 :I 588  2.10 (1.15-3.92) 01 .
Male 30 (48) 33 (52)
Age, <50 91 (63 53 (37,
98,y (63) ©7) ] 261  1.72(0.88332) .11
=50 24 (50) ,24(50)
Education =High school 110 (62 67 (38
g ©2) ©8) ] 608  4.10(1.24-13.7) 01
<High school 4 (29) 10 (71)
Marital status Married 92 (63 55 (37
st (69) @7 ] 223 1.67(0.85-3.30) 13
Unmarried 22 (50) 22 (50)
Employment Not loyed 32 (65 17 (35
mploy empoy (6% @5 :| 080  1.36(0.70-2.67) .37
Employed 83 (58) 60 (42)
Health insurance Yes 111 (62) 67 (38)
6.17 4.14 (1.25-13.70) .01
No 429 10(71)
Clinical status Affected 28 (74) 10 (26)
3.75 2.15(0.99-4.74) .05
Unaffected 87 (56) 67 (44)
No. of first-degree relatives =2 39 (75) 13 (25) :I 6.08 2.45 (1.21-4.98) 01
with breast cancer 0-1 76 (55) 62 (45) : i i : .
No. of first-degree relatives =2 3 (60) 2 (40)
with ovarian cancer 01 112 (62) 70 (38) 005 0.94(0.15-5.88) 94
Request, Decline, P
Score Mean (SD) Score Mean (SD) t Testt Value
Knowledge ’ 6.71 (2.72) 4.88 (2.85) 4.46 <.001
Perceived benefits 15.74 (2.62) 14.63 (2.90) 2.76 .006
Perceived limitations and risks 8.34 (2.60) 8.66 (2.29) -0.88 .38
(e e
*Cl indicates confidence interval.
tDegrees of freedom are 180.
Table 4.—Logistic Regression Analysis of BRCAT Test Use
Odds Ratio
Variable Estimate SE (95% CIy*
Constant ’ —4.58 1.99
Sex, FIM 0.44 0.41 155 (o 69-3.49)
Health insurance, yes/no 1.32 0.30 3.74 (2.06-6.80)
Education, =/<high school 1.26 0.73 3.52 (0.84-14.69)
Clinical status, affected/unaffected ) 0.003 0.40 1.01 (0.46-2.18)
No. of first-degree relatives with breast cancerf 0.46 0.16 1.59 (1.16-2.16)
Knowledget . 0.21 0.05 1.85 (1.36-2.50)
Perceived benefits of testingt 0.13 0.05 1.45 (1.13-1.86)

*Cl indicates confidence interval.
1Odds ratios reflect the increase in odds associated with each additional first-degree relative.
$0dds ratios reflect the increase in odds associated with 1 SD increase in the continuous measure.
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Education level and sex did not enter
this adjusted model, despite significant
bivariate associations with BRCA1 test
use. This may be due to multieollinear-
ity with the knowledge variable. The
model was repeated excluding affected
subjects and the results were similar.

Psychosocial Outcomes
of BRCAT Testing

To identify potential baseline con-
founder variables, we compared the 3
study groups (carriers, noncarriers, and
decliners) with respect to sociodemo-
graphic and clinical variables. Only 2
variables had significant associations
with the 3-level study group variable:
clinical status (affected vs unaffected)
(x?=381.8; P<.001) and number of affected
first-degree relatives (x2=10.7; P=.03).
Not surprisingly, carriers had a signifi-
cantly greater number of affected first-
degree relatives than noncarriers or de-
cliners and were more likely to be
affected themselves. However, neither
of these 2 variables was associated with
changes in depression, role impairment,
or sexual impairment and therefore
would not be likely confounder variables.
Nonetheless, because of the increased
relevance of BRCAI testing for unaf-
fected individuals, we conducted 2 sets
of outcome analyses: 1 set of analyses
for all subjects and 1 set for unaffected
individuals only. The latter set of analy-
ses also served to control for heteroge-
neity that potentially could mask mean-
ingful between-group differences in
psychosocial outecomes. ‘

The psychological and functional health
status outecomes by study group (carrier,
noncarrier, and decliner) are shown in
Table 5. The study groups had similar
baseline levels of depression and sexual
impairment, but differed at baseline with
respect to role impairment; ie, noncarri-
ers had higher baseline levels of role im-
pairment (Fy3,=3.59; P=.03). Baseline
levels for all measures were within the
normal ranges.** In the analysis of all
subjects, significant between-group dif-
ferences in changes from baseline to
1-month posttesting were observed for
role impairment (Fy.;=8.61; P<.001).
Nonsignificant between-group differences
in change scores were observed for de-
pression (Fy,3,=2.83; P=.06) and sexual

. impairment (Fy16=2.39; P=.10). Among

unaffected subjects, significant between-
group differences in change scores were
observed for depression (F310.=3.00;
P=.05) and role impairment (F3104=7.39;
P=.001). A nonsignificant between-group
difference in change scores was observed
for sexual impairment (F5=2.68; P=.07).
As shown in Table 5, noncarriers and car-
riers in unaffected subjects both showed
consistent reductions in all 3 measures of
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Table 5.—Psychological and Functional Health Status by Study Group

All Study Participants

Unaffected Study Participants

. 1T |
Noncarriers, Carriers, Decliners, Noncarriers, Carriers, Decliners,
Score Mean Score Mean Score Mean P Score Mean Score Mean Score Mean P
Variable* (SD) No. (SD) No. (SD) No. Value (SD) No. (SD) No. (SD) No. Value
Depression
(range, 0-60)
Baseline 8.70 (9.47) 50 8.19(8.37) 46 7.15(10.15) 44 .72 8.68 (9.56) 47 7.04(6.34) 22 7.49(1050) 38 .75
1 mot -3.39(10.07) 50 -0.10(7.45) 46 0.37 (7.23) 44 06 —3.58(10.07) 47 -0.19(6.42) 22 0.77(7.31) 38 .05
Role impairment
(range, 0-4) .
Baseline 1.32(1.19) 50 0.97(1.02) 46 0.70(1.13) 44 .03 1.30 (1.18) 47 1.00 (1.02) 22  0.71(1.18) 38 .07
1 mot —0.94 (1.18) 50 —0.13(1.27) 46 0.00{1.14) 44 <.001 —0.96(1.21) 47  —0.13(1.28) 22  0.00(1.18) 38 .001
Sexual impairmentf
(range, 4-16)
Baseline 5.56 (3.05) 47 6.02(2.85) 37 5.04(1.75) 35 .30 5.16 (3.11) 45 5.50(2.14) 18  4.99(1.76) 31 .57
1 mot —0.80 (3.33) 47 —066(253) 37 0.76(3.91) 3 .09 -0.82(3.37) 45 -0.82(2.32) 18 1.01(4.08) 31 .07

*The variable for depression is based on the Center for Epidemiologic Studies Depression Scale. The variables for role impairment and sexual impairment are based on scales

from the Medical Qutcomes Study.

+Scores shown are changes from baseline to 1-month follow-up. Higher scores reflect more impairment.
{These items had “not applicable” responses from 21 of the subjects.

distress and impairment (reflected in
negative change scores), while decliners
showed small increases or no change.
Multiple linear regression models
were generated to predict changes in
each of the 3 psychosocial outecome vari-
ables (depression, role impairment, and
sexual impairment); these models ex-
amined the effect of study group while
controlling for baseline levels of the out-
come variable. In the analyses of all sub-
jects, noncarriers exhibited significantly
greater reduction in depression than
both carriers and decliners (3=3.07,
P<.001; p=38.10, P<.001, respectively).
Noncarriers also exhibited significantly
greater reduction in role impairment
than both carriers and decliners (B=.55,
P=.001; B=.60, P=.004, respectively).
For sexual impairment, noncarriers ex-
hibited significantly greater reductions
than decliners (B=1.17; P=.03), but did
not differ from carriers. Those identi-
fied as carriers did not show increasesin
depression and functional impairment.
When conducted with unaffected indi-
viduals only, results for depression did
not change. Role impairment differed
only between noncarriers and carriers,
and there were no significant differences
between the 3 groups of unaffected in-
dividuals in sexual impairment.

Medical Decision Making

The impact of BRCA1 testing on pro-
phylactic surgery decisions was exam-
ined for unaffected women who received
their BRCALI test results. As shown in
Table 6, 17% of carriers reported that
they intended to obtain prophylactic
mastectomies and 33% intended to ob-
tain prophylactic oophorectomies. An ad-
ditional 17% of carriers remained unde-
cided. None of the noncarriers intended
to have prophylactic surgery. It is no-
table that of 9 unaffected women who
had previously opted for prophylactic
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mastectomies, 5 were determined to be
carriers and 4 were noncarriers of a
BRC A1 mutation. Of the 15 women who
had previous oophorectomies, 4 were
determined to be carriers and 11 were
noncarriers.

COMMENT

Forty-three percent of all individuals
from HBOC families requested BRCA1
test results when offered. Among indi-
viduals who agreed to participate in a
baseline telephone interview, 60% re-
quested test results. While these rates
are somewhat lower than predicted based
on prior surveys of interest in BRCA1
testing in HBOC families,! they exceed
the rates of uptake for other new genetic
tests such as those for the HD and CF
genes.!"* This is not surprising consid-
ering key differences between breast can-
cer and other genetic disorders. For ex-
ample, unlike Huntington disease and
cystic fibrosis, there are options available
for potentially reducing breast cancer risk;

“if breast cancer is found early, treatment

may be effective.

There are other possible explanations
for the higher rates of BRCA1 test usein
this study. First, subjects were members
of a hereditary cancer registry and had
provided blood samples for previous ge-
netic studies.>? They were also aware
that BRCA1 test results would be avail-
able on the same day as the pretest edu-
cation. Utilization of carrier testing has
been shown to increase when the offer of
test results is immediate vs delayed.”*
Second, testing was offered in the con-
text of a research study and was there-
fore free of cost. The cost of commercial
BRCAT1 testing may range from approxi-
mately $150 to $1500, depending on
whether the specific mutation in the fam-
ily has been identified * This cost may be
a deterrent for some individuals. While
some insurance companies may pay for

testing and counseling services, patients
may be reluctant to request such pay-
ment because of concerns about future
genetic discrimination.

The results of this study provide some
insights into the characteristics of indi-
viduals likely to come forward for
BRCAI testing. In the bivariate analy-
ses, women were about twice as likely
to request test results as men. The lower
rate of test use among men may be be-
cause they perceive themselves as less
vulnerable to the effects of BRCA1 mu-
tations.’ Had we included information
in the initial letter to family members
about prostate and colon cancer and pa-
ternal transmission of susceptibility, the
rate of participation of men in the edu-
cation session and subsequent testing
might have increased (these issues were
discussed in the education sessions). In-
dividuals who had been affected with
cancer requested test results at a higher
rate than unaffected at-risk individuals.
Requests for BRCAI test results were
significantly more frequent among in-
dividuals with a greater number of rela-
tives affected with breast cancer.

The potential for diserimination by
health insurers on the basis of genetic
status is considered to be one of the
most serious risks of BRCAT testing.'8%®
Consistent with this, our results sug-
gest that the lack of health insurance
may be a significant barrier to partici-
pation in BRCAT testing programs. In-
dividuals who did not have health in-
surance were almost 4 times less likely
to request BRCAI testing than indi-
viduals with health insurance, even af-
ter adjusting for other sociodemographic
factors." Moreover, 34% of individuals
reported at baseline that the possibility
of losing health insurance was an im-
portant risk in having BRCA1 testing.
Concerns about insurance diserimina-
tion may also deter carriers of BRCAI
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Table 6.—Impact of BRCAT Testing on Prophylactic
Surgery Decisions Among Unaffected Women
-]

Carriers, Noncarriers, P
Variable No. (%) No. (%) Value*
Decided to obtain
prophylactic
mastectomy
Yes 2(17) 0 (0)
No 8 (66) 30 (100) .003
Uncertain 2(17) 0(0)
Decided to obtain
prophylactic
oophorectomy
Yes 4 (33) 0(0)
No 6 (50) 22 (100) .001
Uncertain 2(17) 0 (0)

]
*This value was obtained using the Fisher exact test
for 2x 3 contingency table.

mutations from sharing their mutation
status with their providers and insurers
and from undergoing potentially ben-
eficial preventive interventions.®* Also,
individuals who know their mutation sta-
tus and deliberately withhold such in-
formation from insurance companies
could risk the loss of their policy or cov-
erage for an illness related to the mu-
tation. Individuals who lacked health in-
surance may also have been deterred by
the cost of subsequent medical care that
might be indicated if they tested posi-
tive.

The results of this study also shed
light on how patients process informa-
tion in making their decisions about
BRCAI1 testing. Individuals with more
knowledge about HBOC and genetic
testing and those who rated the benefits
of BRCAI testing as significantly more
important than the limitations and risks
were more likely torequest BRCAI test
results. Thus, to the extent that the pub-
licis educated about BRCAT1 testing and
the potential benefits are emphasized,
utilization of BRCAI testing is likely to
increase. Contrary to our expectations
and previous research,?? we found that
the perceived importance of the limita-
tions and risks of BRCA1 testing did
not influence BRCAT1 testing decisions.
In addition, subjects rated the limita-
tions and risks of BRC A1 testing as sta-
tistically significantly less important
than the benefits. This is despite the
fact that the limitations and risks of
BRCA1 testing were emphasized in all
contacts, including those prior to our
assessments. Thus, it appears that
BRCA1 testing decisions were influ-
enced disproportionately by the benefits
of testing, relative to the limitations and
risks of testing.

Another goal of this study was to
evaluate the effects of BRCAI testing
on psychological and functional health
status and on patients’ medical decisions.
The results of these analyses do not pro-
vide evidence for serious short-term ad-

verse effects of BRCAI testing, at least
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among high-risk individuals. Carriers of
BRCA1 mutations showed no increases
in depressive symptoms and functional
impairment by 1 month following dis-
closure of test results. Improvements in
psychosocial functioning were statis-
tically significant for noncarriers. In-
dividuals who declined BRCAI test
results experienced no changes in de-
pression or functional health status. As
was found for genetic testing for Hun-
tington disease (the HD gene),” learn-
ing one’s BRCAI genetic status may
reduce prolonged uncertainty and
thereby enhance quality of life. This may
be true even when the result reveals a
risk-conferring mutation.

The. results of BRCAZ testing may
also be useful to carriers in decision mak-
ing about prophylactic surgery. In the
present study, 33% of carriers reported
that they planned to obtain prophylac-
tic oophorectomies and 18% intended to
obtain prophylactic mastectomies. For
members of HBOC families who do not
carry a BRCAI mutation, receipt of a
negative test result may prevent un-
necessary prophylactic surgery.!®

While these outcomes are encourag-
ing, they must be considered in the
proper context. First, participants in this
study were members of high-risk fami-
liesin a hereditary cancer registry, many
of whom were involved in prior cancer
genetics studies. All of these individuals
were white and most had a high school
education. These factors may limit the
generalizability of the study findings.
Second, in accordance with current
guidelines,®% all testing was provided
as part of a carefully monitored research
protocol including pretest education and
genetic counseling. Such counseling may
be responsible for the psychosocial ben-
efits observed at 1-month follow-up. Out-
side a controlled research environment
or in the general population, the poten-
tial for adverse effects of BRCA1 test-
ing may be greater. Third, outcome data
for this study were collected 1 month
after BRCAI testing and different re-
sults may be found with longer-term
follow-up. However, based on studies of
Huntington disease genetic testing,? the
psychological benefits would be expected
to increase, rather than decrease, over
time. Finally, the results of the present
study may have been influenced by a
response bias. A subset of eligible indi-
viduals (31%) elected not to participate
in the baseline interview; the vast ma-
jority of these individuals also declined
BR(CALI testing. The model of BRCA1
test decision making might have differed
had these individuals been included in
the analysis. On the other hand, indi-
viduals who withdrew from the study
(most of whom declined test results) did

not differ in terms of their demographic
backgrounds or in psychological or func-
tional profiles from those who remained.
Therefore, significant bias in the results
of the psychosocial outcomes analysis is
unlikely.

Although the results of the outcome
analysis provide information about over-
all responses to BRCAT1 testing, addi-
tional studies are needed to examine
individual differences among testing par-
ticipants. The SDs in depressive symp-
toms and other outcomes suggested the
presence of amoderate degree of within-
group variability, Thus, it is likely that
persons with different educational back-
grounds or with different psychological
profiles responded differently to learn-
ing their BRCA1 mutation status.?’ In-
formation about such differences would
be very useful to identify individuals
who are more or less vulnerable to ad-
verse effects of BRCAI testing and to
tailor counseling and follow-up accord-
ingly. Future studies should also exam-
ine more subtle effects of BRCAZ test-
ing on carriers and noncarriers, including
guilt, anger, and strained family rela-
tionships.!?

CONCLUSIONS

Our findings suggest that some, but
not all, members of HBOC families will
want to have BRCAT testing. Rates of
BRCAI test use may be highest for in-
dividuals of a higher socioeconomie sta-
tus and those who have a greater num-
ber of relatives affected with breast
cancer. Individuals who lack health in-

~ surance may be deterred from BRCA1
" testing because of concerns about ge-

netie discrimination in employment and
insurance. This inequity in access to test-
ing will be best addressed by federal
legislation prohibiting insurance com-
panies from using genetic information
to establish eligibility for enrollment or
continuation of insurance or to deter-
mine premium rates.*

Although the findings related to the
psychosocial impact of BRCA1 testing
in HBOC families are promising, the
complexities of testing and counseling
must be considered carefully prior to
extending these services outside the con-
text of carefully monitored research pro-
tocols.! The high frequency of BRECA1
mutations found in women of Ashkenazi
Jewish descent,’?® coupled with the re-
cent availability of commercial testing
and the widespread publicity about
BRCA1 testing,” may create strong
pressures for physicians to offer test-
ing. However, prior to the translation of
BRCA1 technology from research to
clinical practice, strategies for patient
education and informed consent must
be developed and tested. The results of
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the present study underscore the im-
portance of conveying information, not
only about the benefits of testing, but
particularly about the limitations and
risks of these tests. Individuals who elect
to receive their test results should be
counseled extensively about the impli-
cations of these results, as well as about
the limitations and risks of available sur-
gical and prevention options.'” Proper
informed consent and counseling is es-

References

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

2. Easton DF, Bishop DT, Ford D, et al. Genetic
linkage analysis in familial breast and ovarian can-
cer: results from 214 families. Am J Hum Genet.
1998;52:678-701.

3. Ford D, Easton DF, Bishop DT, Narod SA, Gold-
gar DE, and the Breast Cancer Linkage Consor-
tium. Risks of cancer in BRC Al-mutation carriers.
Lancet. 1994;343:692-695.

4. Hoskins KF, Stopfer JE, Calzone KA, et al. As-
sessment and counseling for women with a family
history of breast cancer: a guide for clinicians.
JAMA. 1995;273:577-585.

5. Lynch HT, Watson P, Conway TA, Lynch JF.
Natural history and age at onset of hereditary breast
cancer. Cancer. 1992;69:1404-1407.

6. Lynch HT, Watson P, Conway TA, et al. DNA
sereening for breast/ovarian cancer susceptibility
based on linked markers: a family study. Arch In-
tern. Med. 1993;153:1979-1987.

7. Chaliki H, Loader S, Levenkron JC, et al. Wom-
en’s receptivity to testing for a genetic suscepti-
bility to breast cancer. Am J Public Health. 1995;
85:1133-1135.

8. Lerman C, Daly M, Masny M, Balshem A. At-
titudes about genetic testing for breast-ovarian can-
cer susceptibility. J Clin Oncol. 1994;12:843-850.
9. Lerman C, Seay J, Balshem A, Audrain J. In-
terest in genetic testing among first-degree rela-
tives of breast cancer patients. Am J Med Genet.
1995;57:385-392.

10. Struewing JP, Lerman C, Kase RG, et al. An-
ticipated uptake and impact of genetic testing in
hereditary breast and ovarian cancer families. Can-
cer Epidemiol Biomarkers Prev. 19954:169-173.
11. Craufurd D, Dodge A, Kerzin-Storrar L, et al.
Uptake of presymptomatic predictive testing for
Huntington’s disease. Lancet. 1989;2:603-605.

12. Quaid KA, Morris M. Reluctance to undergo
predictive testing: the case of Huntington’s dis-
ease. Am J Med Genet. 1993;45:41-45.

13. Bekker H, Modell M, Denniss G, et al. Uptake
of eystic fibrosis testing in primary care: supply
push or demand pull? BMJ. 1993;306:14-16.

14. Tambor ES, Bernhardt BA, Chase GA, et al.
Offering cystic fibrosis carrier screening to an HMO
population: factors associated with utilization. Am
J Hum Genet. 1994;55:626-637.

15. Evers-Kiebooms G, Swerts A, Van den Berghe
H. The motivation of at risk individuals and their
partners in deciding for or against predictive test-

1892 JAMA, June 26, 1996—Vol 275, No. 24

sential to optimize patient decisions
about BRCAL1 testing, thereby maxi-
mizing the potential benefits and mini-
mizing the risks of this new technology.

This work was supported by Department of De-
fense grants DAMD17-94-J-4340 and DAD17-94-J-
4299; Nebraska State Cigarette Tax Cancer and
Smoking-Related Disease Program grant LB59
and Council for Tobacco Research funding; Na-
tional Cancer Institute grant CA01604; and Na-
tional Institute of Mental Health grant MH54435.

We wish to thank Aba Bonney for assistance

ing for Huntington’s disease. Clin Genet. 1989;35:
29-40.

16. Kessler S, Field T, Worth L, Mosbarger H.
Attitudes of persons at risk for Huntington’s dis-
ease toward predictive testing. Am J Med Genet.
1987;26:259-270.

17. King M-C, Rowell 8, Love SM. Inherited breast
and ovarian cancer: what are the risks? what are
the choices? JAMA. 1993;269:1975-1980.

18. Billings PR, Kohn MA, Cuevas M, et al. Dis-
crimination as a consequence of genetic testing.
Am J Hum Genet. 1992;50:476-482.

19. Biesecker BB, Boehnke M, Calzone K, et al.
Genetic counseling for families with inherited sus-
ceptibility to breast and ovarian cancer. JAMA.
1993;269:1970-1974.

20. Lerman C, Croyle R. Psychological issues in
genetic testing for breast cancer susceptibility. Arch
Intern Med. 1994;154:609-616.

21. Engel JF, Blackwell RD, Miniard PW. Con-
swmer Behavior. 8th ed. Fort Worth, Tex: The
Dryden Press; 1995.

22. Ajzen I, Fishbein M. Understanding Attitudes
and Predicting Social Behavior. Englewood Cliffs,
NJ: Prentice-Hall International Inc; 1980.

23. Wiggins S, Whyte P, Huggins M, et al. The
psychological consequences of predictive testing
for Huntington’s disease. N Engl J Med. 1992;327:
1401-1405.

24. Bloch M, Adam S, Wiggins S, Huggins M,
Hayden MR. Predictive testing for Huntington dis-
ease in Canada: the experience of those receiving
an increased risk. Am J Med Genet. 1992;42:499-
5017.

25. American Society of Human Genetics (ASHG)
Ad Hoc Committee on Genetic Testing for Breast
and Ovarian Cancer. Statement on genetic testing
for breast and ovarian cancer predisposition. Am J
Hum Genet. 1994;55:ii-iv.

26. National Advisory Council for Human Genome
Research. Statement on use of DNA testing for
presymptomatic identification of cancer risk. JAMA.
1994;271:785. :

27. Serova O, Montagna M, Torchard, et al. A high
incidence of BRCA1 mutations in 20 breast-ovarian
cancer families. Am J Hum Genet. 1996;58:51-52.
28. Feunteun J, Narod SA, Lynch HT, et al. A
breast-ovarian cancer susceptibility gene maps
to chromosome 17q21. Am J Hum Genet. 1993;52:
736-742.

29. Narod SA, Ford D, Devilee P, et al. An evalu-
ation of genetic heterogeneity in 145 breast-
ovarian cancer families. Am J Hum Genet. 1995;
56:254-264.

Printed and Published in the United States of America

h‘f’.

with telephone interviewing and Susan Marx and
Theresa Brownson for their assistance with manu-
seript preparation. We also thank Patrice Watson,
PhD, for her efforts with study development. We
also appreciate the feedback provided by Gary
Chase, PhD, Mare Schwartz, PhD, and Madison
Powers, PhD, on an earlier version of the manu-
seript. We wish to acknowledge the valuable input
of the Cancer Genetic Studies Consortium and the
Ethical, Legal, and Social Implications (ELSI)
program of the National Center for Human Ge-
nome Research. We also are very grateful to all of
the family members who participated in this study.

30. Radloff LS. The CES-D Scale: a self-report
depression scale for research in the general popu-
lation. Appl Psychol Measure. 1977;1:385-401.

31. Sherbourne CD, Stewart AL, Wells KB. Role
functioning measures. In: Stewart AL,Ware JE,
eds. Measuring Functioning and Well-being: The
Medical Outcomes Study Approach. Durham, NC:
Duke University Press; 1992:205-219.

32. Sherbourne CD. Social functioning: sexual prob-
lems measures. In: Stewart AL,Ware JE eds. Mea-
suring Functioning and Well-being: The Medical
Outcomes Study Approach. Durham, NC: Duke
University Press; 1992:194-204.

33. Bonney GE. Regressive logistic models for fa-
milial disease and other binary traits. Biometrics.
1986,42:611-625.

34. Bonmey GE. Compound regressive models for
family data. Hum Hered. 1992;42:28-41.

35. Zeger SL, Liang K-Y. Longitudinal data analy-
sis for discrete and continuous outcomes. Biomet-
rics. 1986;42:121-130.

36. Mehta CR, Patel NR. A network algorithm for
performing Fisher’s exact test inr X ¢ contingency
tables. J Am Stat Assoc. 1983;78:427-434.

37. Nelson N. Caution guides genetic testing for
cancer susceptibility genes. J Natl Cancer Inst.
1995;88:70-72.

38. Office of Technology Assessment (OTA). Ge-
netic Tests and Health Insurance: Results of a
Survey. Washington, DC: US Government Print-
ing Office; 1992. Office of Technology Assessment
(OTA) publication OTA-BP-BA-98.

39. Lynch HT, Lynch J, Conway T, Severin M.
Psychological aspects of monitoring high-risk wom-
en for breast cancer. Cancer. 1994;74:1184-1192.
40. NIH-DOE Working Group on Ethical, Legal,
and Social Implications of Human Genome Research.
Genetic Information and Health Insurance: Re-
port of the Task Force on Genetic Information and
Insurance. Washington, DC: US Dept of Health
and Human Services, Public Health Service; May
10, 1993. NIH publication 93-3686.

41. Collins FS. BRCA1—lots of mutations, lots of
dilemmas. N Engl J Med. 1996;334:186-188.

42. Struewing JP, Abeliovich D, Peretz T, et al.
The carrier frequiency of the BRCAI 185delAG
mutation is approximately 1 percent in Ashkenazi
Jewish individuals. Nat Genet. 1995;11:196-200.
43. Fitzgerald MG, MacDonald DJ, Krainer M, et
al. Germ-line BRC A1 mutations in Jewish and non-
Jewish women with early-onset breast cancer.
N Engl J Med. 1996;334:143-149.

BRCA1 Testing—Lerman et al



