
CLINICAL REVIEW

Women at High Risk for Breast Cancer—What the
Primary Care Provider Needs to Know
Nelia Afonso, MD

Until recently, the assessment made by the primary care provider regarding screening for breast cancer
was generally limited to decisions about when to initiate mammography. Early diagnosis was stressed as
the best protection against breast cancer morbidity. However, there have been recent developments in
the ability to predict and modify breast cancer risk. It is therefore important for the primary care pro-
vider to be able to identify women at higher risk for breast cancer and be familiar with issues regarding
screening and risk reduction. Recent data regarding the evaluation of breast cancer risk, newer screen-
ing strategies for high-risk women, and medical and surgical approaches to reduce breast cancer risk
and are discussed in this article. (J Am Board Fam Med 2009;22:43–50.)

Each year 170,000 women are diagnosed with breast
cancer; screening for breast cancer is one of the topics
that primary care providers should address with their
patients. Screening for breast cancer has been exten-
sively endorsed and most women in the United States
more than 40 years old participate in screening activ-
ities.1,2 In the community mammography remains the
main screening tool.3 However, there have been sev-
eral important developments in the ability to predict
and modify breast cancer risk. Recently, data have
become available regarding the evaluation of risk,
screening strategies for high- risk women, and med-
ical and surgical approaches that can decrease breast
cancer risk. Women who are concerned about their
risk for breast cancer and should be counseled and
managed appropriately; it is important for primary
care providers to be familiar with these issues.

Evaluation of Breast Cancer Risk
Average Risk
The National Cancer Institute’s Surveillance, Ep-
idemiology, and End Results program estimates

that, based on breast cancer statistics from 2001
through 2003, 12.7% of women born in the United
States today will develop breast cancer sometime
during their lifetime. This average risk of approx-
imately 12% is often expressed as “1 in 8,” whereas
the chance that a woman will never have breast
cancer is 87.3%, or “7 in 8” women.4

Identification of Women at Higher Risk for Breast
Cancer
Several approaches are available for identifying
women with a higher than average risk of breast
cancer. These include an assessment of family his-
tory with genetic testing consideration; a review of
clinical history, including prior breast biopsies; and
the evaluation of mammographic density.

Family History
Many women will have a family history of breast
cancer but, among the majority of these women,
the risk does not increase substantially and is asso-
ciated with, at the most, a doubling of the lifetime
risk. Only 1% to 2% of breast cancer cases are
caused by the inheritance of an autosomal domi-
nant, high-penetrance gene, conferring up to an
85% lifetime risk of breast cancer. In some families,
there is also a high risk of ovarian cancer. Features
of the family history that suggest cancer may be
caused by such a high-penetrance gene include:5–8

● Two or more first-degree (parent, sibling, or
child) or second-degree (grandmother, grand-
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daughter, aunt, niece, half-sibling) relatives with
breast or ovarian cancer.

● Breast cancer occurring before the age of 50
(premenopausal) in a close relative.

● Family history of both breast and ovarian cancer.
● One or more relatives with 2 cancers (breast and

ovarian cancer or 2 independent breast cancers).
● Male relatives with breast cancer.
● Two breast cancer susceptibility genes, BRCA1

and BRCA2, have recently been identified; these
genes are responsible for approximately 40% of
cases of inherited breast cancer. In patients with
BRCA1 mutations, the average cumulative risk of
developing cancer by the age of 70 ranges be-
tween 55% and 85% for breast cancer and be-
tween 16% and 60% for ovarian cancer. In
BRCA 2-mutation carriers, the risks range be-
tween 37% and 85% for breast cancer and be-
tween 11% and 27% for ovarian cancer.9

Clinical History and Significance of Previous Breast
Biopsies
Studies have shown an increased cancer risk in
young survivors after radiation treatment. Among
women with Hodgkin’s disease who received man-
tle field radiation treatment, the risk of breast can-
cer increases significantly 15 to 30 years after radi-
ation therapy.10

The best-characterized premalignant lesions are
atypical ductal hyperplasia (ADH), atypical lobular
hyperplasia (ALH), and lobular carcinoma in situ
(LCIS). LCIS and ALH, together described as lob-
ular neoplasia, are associated with substantially in-
creased risk of subsequent breast cancer, with life-
time risk estimates ranging from 10% to 20%.11

ADH is part of the continuum of ductal prolifera-
tive breast diseases, ranging from usual ductal hy-
perplasia to ductal carcinoma in situ (DCIS). The
literature review by Arpino et al11 suggests a 4- to
5-fold increased risk of invasive breast cancer in
women with ADH at a median follow-up of 17
years, which is doubled if the woman has an asso-
ciated family history of breast cancer.

Once thought to be a precursor to invasive car-
cinoma, LCIS is now considered to be a marker of
increased risk for breast cancer. In most cases it is
characteristically multifocal and bilateral. More
than 50% of patients with LCIS have multiple foci
in the ipsilateral breast, and approximately 30% of
patients have LCIS in the contralateral breast.12,13

LCIS is considered a marker of increased risk of
cancer in either breast. In contrast, DCIS (also
called intraductal carcinoma) represents the stage
of breast cancer development in which most of the
molecular changes that characterize invasive breast
cancer are already present even though the lesion
has not assumed a fully malignant phenotype.14

DCIS is a precursor to invasive cancer and is there-
fore not discussed in this review.

A systematic review of published studies done by
the Agency for Health care Research and Quality
revealed that within 5 years after LCIS diagnosis,
4.2% to 9.3% of patients were diagnosed with
breast cancer. In studies that followed patients for
more than 5 years, the incidence of cancer was
7.7% to 26.3%.15

Mammographic Density
Extensive mammographic density is strongly asso-
ciated with the risk of breast cancer, with age and
mutations in the breast cancer gene being the only
other factors associated with a greater risk. A meta-
analysis of 42 studies showed that women in the
highest quartile of mammographic density have a
risk of breast cancer that is approximately 4 to 6
times higher than that of women of similar age in
the lowest quartile.16 In a recent study, Boyd et al17

also reported an association between breast cancer
and extensive mammographic density even when
the density was observed as much as 8 years before
a breast cancer diagnosis. This finding indicates
that the association between extensive mammo-
graphic density and an increased risk of breast can-
cer is not only because of a masking effect of the
breast density, which could obscure a cancer, but
also because of a biologic connection between
breast density and breast cancer.

Breast density is not currently used routinely
when assessing breast cancer risk. In the future,
however, measures of mammographic density
could be useful in assessing the risk of breast cancer
and in guiding measures to prevent breast cancer.

Risk Assessment Tools
The use of breast cancer risk assessment tools in
the evaluation of risk is a good way for physicians to
engage their patients in a discussion of factors that
may contribute to their increased risk. These mod-
els incorporate family history, which is the main
determinant of risk, but some of these models in-
corporate other risk factors, such as previous ab-
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normal breast biopsies and reproductive history
(these are discussed below). Women who are as-
sessed in primary care settings as being high risk by
the use of any one of these models should be of-
fered a referral to centers that have expertise in
high-risk breast cancer for genetic counseling and a
more definitive assessment of risk.

Breast Cancer Risk Assessment Tool
This is an interactive tool designed by the National
Cancer Institute and the National Surgical Adju-
vant Breast and Bowel Project (NSABP) to estimate
a woman’s risk of developing invasive breast cancer.
This is available on the National Cancer Institute’s
Web site (http://www.cancer.gov/bcrisktool/).

This tool was developed from the original Gail
model and includes the following risk factors: cur-
rent age, race, age at menarche, age at first live
birth, the number of first-degree relatives with
breast cancer, the number of previous breast biopsy
examinations, and presence of atypical hyperplasia.
The model predicts a woman’s likelihood of having
a breast cancer diagnosis within the next 5 years
and within her lifetime (up to the age of 90).18,19

Although this prediction model has been validated
in large populations, one of the limitations of this
model is that it is not good at predicting individual
risk.20 In addition, this model does not take into
consideration the paternal family history, second-
degree relatives, or the age at onset in affected
relatives. Both of these factors are significant in
predicting hereditary breast cancer risk.

Claus Model
The Claus model (http://www4.utsouthwestern.
edu/breasthealth/cagene/default.asp) estimates the
probability that a woman will develop breast cancer
based on her family history of cancer; it incorpo-
rates more extensive family history but excludes
other risk factors.6 Risk tables have been published
by Claus et al and the risks can be calculated as
lifetime probabilities of developing cancer or an
estimated risk that a woman will develop cancer
over 10-year intervals. It should be emphasized that
the Claus model may be used only for women with
at least one female first- or second-degree relative
with breast cancer; this model does not take into
account other risk factors that have been associated
with breast cancer, such as age of menarche, age at
first live birth, or a family history of ovarian cancer.

Genetic Testing and BRCAPRO
Although less than 10% of all breast cancers are
linked to genetic mutations, such as BRCA-1 and
BRCA-2, women who carry these mutations are at
very high risk for breast cancer. The information
provided by genetic testing is invaluable when mak-
ing informed decisions related to breast cancer risk
management. Universal genetic testing has some
major drawbacks, namely the high cost and the
frequency of mutations of uncertain clinical signif-
icance that occur in unselected families. The Amer-
ican Society of Clinical Oncology has devised
guidelines suggesting that it is reasonable to con-
sider testing of women whose mutation probability
is greater than 10%.21

The BRCAPRO is a program that calculates the
probability that a particular family member carries
a germ-line mutation of the BRCA1 and BRCA2
genes (http://www4.utsouthwestern.edu/breast-
health/cagene/default.asp). The calculations are
based on Bayes’ rules of determination of the prob-
ability of a mutation, given family history.22

Women who are identified in primary care settings
to be at high risk should be referred to genetic
counseling for a more definitive risk assessment.
Risk assessment tools are recommended as an ad-
juvant to genetic counseling. Genetic counseling is
recommended before mutation testing. Data are
not available to determine the optimal age to test.

Screening Strategies in High-Risk Women
Mammography has been proven to detect breast
cancer at an early stage. However, for women with
an increased risk of breast cancer, newer screening
technologies are available for earlier detection, par-
ticularly in women younger than 40 years for whom
mammography is less sensitive. Contrast-enhanced
magnetic resonance imaging (MRI) has been
shown to have a high sensitivity (86% to 100%) for
detecting breast cancer in high-risk asymptomatic
and symptomatic women, although reports of spec-
ificity have been more variable (37% to 97%).23–27

The American Cancer Society now recommends
MRI screening in addition to mammograms for
women who meet at least one of the following
conditions28:

● they have a BRCA1 or BRCA2 mutation;
● they have a first-degree relative (parent, sibling,

child) with a BRCA1 or BRCA2 mutation (even if
they have yet to be tested themselves);
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● their lifetime risk of breast cancer has been
scored at 20% to 25% or greater (as defined by
BRCAPRO or other accepted risk assessment
tools that look at family history and other fac-
tors);

● they had radiation to the chest between the ages
of 10 and 30; or

● they have clinical syndromes that place them at
high risk, such as Li-Fraumeni syndrome, Cow-
den syndrome, or Bannayan-Riley-Ruvalcaba
syndrome; or they may have one of these syn-
dromes based on a history in a first-degree rela-
tive.

There is still not enough evidence for or against
recommending MRI screening in women who28:

● have a 15% to 20% lifetime risk of breast cancer
based on one of several accepted risk assessment
tools that look at family history and other factors;

● have LCIS or ALH;
● have ADH;
● have very dense breasts or unevenly dense breasts

on a mammogram; or
● have already had breast cancer, including DCIS.

Screening MRIs are not recommended for
women with a lifetime risk of breast cancer below
15%.

Although an MRI is a more sensitive test, it may
still miss some cancers that a mammogram would
detect. An MRI should therefore be used in addi-
tion to, not instead of, a screening mammogram.

For most high-risk women, screening with MRI
and mammograms should begin at the age of 30
and continue for as long as the woman is in good
health. Because evidence is limited regarding the
best age at which to start screening, this decision
should be based on shared decision-making be-
tween patients and their health care providers, tak-
ing into account individual patient circumstances
and preferences. Recommendations for screening
in high-risk women are summarized in Table 1.

Reducing Risk
Several nonpharmacological interventions have
been studied. Regular exercise may reduce breast
cancer risk, although the mechanism is unknown.29

Reduction in body weight and decreasing or stop-
ping alcohol consumption may reduce breast can-
cer risk in postmenopausal women.30,31 Dietary fo-

late seems to protect against the increased risk of
breast cancer caused by alcohol intake.32,33 Al-
though not statistically significant, the Women’s
Health Initiative found that a low-fat diet was as-
sociated with a 9% reduction in the risk of breast
cancer.34 Observational studies also suggest that
vitamin D and calcium might be involved in the
development of breast cancer. Of the 13 studies of
breast cancer, 9 reported a favorable association of
vitamin D markers or sunlight with cancer risk,
including one where the association was limited to
premenopausal women; 1 study reported a favor-
able trend of borderline statistical significance and
3 found no association.35 None reported adverse
effects. However, there are no data from random-
ized controlled trials ensuring adequate vitamin D
intake could reduce the risk of breast cancer. It is
important to discuss these with women, but they
need to be aware that lifestyle changes alone should
not be relied on as the only risk reduction strate-
gies.

Hormonal Interventions
Use of Selective Estrogen Receptor Modulators
The links between hormones and breast cancer has
long been recognized. The identification of the
estrogen receptor provided a successful target for
the treatment and prevention of breast cancer. Se-
lective estrogen receptor modulators (SERMs),
which antagonize estrogens in some tissues and
mimic their action in others, play a key role in
chemoprevention. Tamoxifen acts as an estrogen
antagonist in breast tissue and as an estrogen ago-
nist in the endometrium. Conversely, raloxifene
behaves as an estrogen antagonist in both the breast
and the endometrium. Differences in their molec-
ular and 3-dimensional structures affect the tran-
scriptional activity of the activated estrogen recep-
tor.

The National Surgical Adjuvant Breast and
Bowel Project (NSABP P-1) Breast Cancer Preven-
tion Trial evaluated the use of tamoxifen for the
prevention of breast cancer in high-risk women
who were either pre- or postmenopausal. The
study found that tamoxifen, when given for 5 years,
decreased the risk for developing invasive breast
cancer by 49% in women who were at an increased
risk for developing breast cancer. Those with atyp-
ical hyperplasia derived the largest risk reduction:
85%.36 Significant adverse effects are associated
with tamoxifen, including hot flashes, endometrial
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cancer, and venous thrombolembolism. Women
may perceive these risks as outweighing the poten-
tial benefits and may opt not to take tamoxifen.37

Tamoxifen was the first drug approved for chemo-
prevention of breast cancer.

Recent evidence suggests a similar magnitude of
benefit from the related drug raloxifene. In the
NSABP P-2 Study of Tamoxifen and Raloxifene
trial, tamoxifen and raloxifene had equivalent ef-
fects in reducing risk of invasive breast cancer in all
examined high-risk women who were postmeno-
pausal, including women with a history of atypical
hyperplasia or LCIS, who had the highest annual
rates of invasive breast cancer.38 There were fewer
noninvasive cancers in the women who took tamox-
ifen, although this was not statistically significant.
Comparisons of raloxifene with tamoxifen show
equal efficacy as a chemopreventive agent for breast
cancer, but there were fewer thromboembolic dis-
orders, endometrial cancers, hysterectomies, cata-

racts, and cataract surgeries in women taking ralox-
ifene. Raloxifene was approved for the prevention
of invasive breast cancer in high-risk postmeno-
pausal women in 2007.

Women should be offered chemoprevention
with SERMs only after a shared decision-making
process that involves careful consideration of the
risks and benefits. Data are currently needed re-
garding the optimal time to initiate chemopreven-
tion in women identified as high risk.

Aromatase Inhibitors
The aromatase enzyme is required for the last step
in estrogen biosynthesis. The third-generation aro-
matase inhibitors, which include exemestane, anas-
trozole, and letrozole, are potent and selective in-
hibitors of aromatase activity. The effect of
aromatase inhibitors, as measured by the degree of
aromatase inhibition, is approximately 98% for
each of the third-generation agents.

Table 1. Breast Cancer Screening for Women at Increased Risk

Symptom Category Screening Follow-up

NCCN
guidelines*

Prior thoracic RT Periodic breast self-exam encouraged (�25 years old)
Annual clinical breast exam (�25 years old)
Annual mammogram (8–10 years after RT or 40

years, whichever first)

5-year risk of invasive breast cancer �1.7%† Periodic breast self-exam encouraged
Clinical breast exam every 6 to 12 months (35 years

old)

Genetic high risk Monthly self breast exam (18 years old)
Bimonthly clinical breast exam (25 years old)
Annual mammogram (20–25 years old)
Annual MRI (25 years old)

ACS guidelines‡ �15% lifetime risk
15% to 20% lifetime risk

�20% lifetime risk

MRI not recommended
Should talk with their doctors about the benefits and

limitations of adding MRI screening to their yearly
mammogram.

Annual mammogram and annual MRI

USPSTF§ Women who are at increased risk for breast cancer
(for example, those with a family history of
breast cancer in a mother or sister, a previous
breast biopsy revealing atypical hyperplasia, or
first childbirth after age 30)

The USPSTF did not examine whether women
should be screened for genetic mutations
(BRCA1 and BRCA2) that increase the risk of
developing breast cancer, or whether women
with genetic mutations might benefit from earlier
or more frequent screening for breast cancer.

More likely to benefit from regular mammography
than women at lower risk. The recommendation
for women to begin routine screening in their 40s
is strengthened by a family history of breast cancer
having been diagnosed before menopause.

*From National Comprehensive Cancer Network. Clinical practice guidelines in oncology, 2007. Available at http://www.nccn.org.
†Risk based on the breast cancer risk assessment tool.
‡From Saslow D, Boetes C, Burke W, et al. American Cancer Society guidelines for breast screening with MRI as an adjunct to
mammography. CA Cancer J Clin 2007;57:75–89.
§From US Preventive Services Task Force. Screening for breast cancer: recommendations and rationale. Ann Intern Med 2002;137(5
Part 1):344–6.
RT, radiation therapy; MRI, magnetic resonance imaging.
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Interest in the use of the drugs for chemopre-
vention developed from the findings of the Anas-
trozole, Tamoxifen Alone and in Combination tri-
al.39 Postmenopausal women with early-stage
breast cancer who were using anastrozole alone had
a 58% reduction in contralateral invasive breast
cancer. The second International Breast Cancer
Intervention prevention trial began in 2003 and
compares anastrozole to placebo in 6000 post-
menopausal women with an increased risk of breast
cancer as well as women with mammographic den-
sity covering at least 50% of the breast.40

Surgical Interventions
Cancer prediction models work well for popula-
tions but are not good at predicting individual risk.
In a patient who has no evidence of breast cancer
but who is at high risk, bilateral mastectomy is an
option for risk reduction. Bilateral prophylactic
mastectomy has been reported to reduce breast
cancer incidence more than 95%.41–45

A recent position statement by the American
Society of Surgical Oncology suggests bilateral
prophylactic mastectomy may be considered in the
following patients without a cancer diagnosis who
are at high risk because of46:

● the presence of BRCA mutations or other genetic
susceptibility genes;

● a strong family history of breast cancer; cancer in
multiple first-degree relatives and/or multiple
successive generations of family members with
breast and/or ovarian cancer;

● histologic risk factors: ADH, ALH, or LCIS con-
firmed on biopsy (these changes are especially
significant if they are present in a patient with a
strong family history of breast cancer); or

● difficult surveillance; a clinically and mammo-
graphically dense breast may make surveillance
difficult.

Patients considering prophylactic mastectomy
should also be informed about the potential bene-
fits and risks of immediate reconstruction. The
position statement recommended that these pa-
tients are best evaluated by a multidisciplinary
team, which may include a surgeon, a medical on-
cologist, a pathologist, and a genetic counselor. It is
important for these patients to be aware of poten-
tial risks and benefits of prophylactic mastectomy as
well as the fact that the procedure does not provide

100% protection against the development of breast
cancer. Additional factors to consider include pa-
tient age and other comorbidities.

Prophylactic Salpingo-oophorectomy
Bilateral prophylactic salpingo-oophorectomy is
widely used for cancer risk reduction in premeno-
pausal women with BRCA1/2 mutations.47–49 Bi-
lateral prophylactic salpingo-oophorectomy signif-
icantly reduces breast cancer risk by approximately
50% and ovarian cancer risk by 80% to 95% but
may be accompanied by menopausal symptoms,
increased cardiovascular risk, impaired quality of
life, and accelerated bone loss.49 Therefore, deci-
sions regarding the timing of bilateral prophylactic
salpingo-oophorectomy and the use of hormone
replacement therapy after bilateral prophylactic
salpingo-oophorectomy must be made only after
consultation with a multidisciplinary team.

A thorough discussion with the patient of alter-
native approaches including close surveillance, risk-
reduction strategies including chemoprevention,
and participation in clinical trials is necessary to
provide the patient with the full spectrum of risk-
reduction options.

Conclusions
Most women will not develop breast cancer during
their lifetime. However recent data can help iden-
tify the subset of women who are at higher risk for
breast cancer. Furthermore, improved screening
strategies and treatment options are now available
that could decrease the risk for these women.

References
1. Blackman DK, Bennett EM, Miller DS. Trends in

self-reported use of mamograms (1989–1997) and
papanicolaou tests (1991–1997)—Behavioral Risk
Factor Surveillance System. MMWR CDC Surveill
Summ 1999;48:1–22.

2. Weir HK, Thun MJ, Hankey BF, et al. Annual
report to the nation on the status of cancer, 1975–
2000, featuring the uses of surveillance data for can-
cer prevention and control. J Natl Cancer Inst 2003;
95:1276–99.

3. Elmore JG, Armstrong K, Lehman CD, Fletcher
SW. Screening for breast cancer. JAMA 2005;293:
1245–56.

4. Ries LAG, Harkins D, Krapcho M, et al. SEER
Cancer Statistics Review, 1975–2003. Bethesda
(MD): National Cancer Institute; 2006.

5. US Preventive Services Task Force. Genetic risk
assessment and BRCA mutation testing for breast

48 JABFM January–February 2009 Vol. 22 No. 1 http://www.jabfm.org

 on 20 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2009.01.070188 on 5 January 2009. D

ow
nloaded from

 

http://www.jabfm.org/


and ovarian cancer susceptibility: recommendation
statement. Ann Intern Med 2005;143:355–61.

6. Claus EB, Risch N, Thompson WD. Autosomal dom-
inant inheritance of early- onset breast cancer: Impli-
cations for risk prediction. Cancer 1994;73:643–51.

7. Palomaki GE, McClain MR, Steinort K, et al.
Screen-positive rates and agreement among six fam-
ily history screening protocols for breast/ovarian
cancer in a population-based cohort of 21- to 55-
year-old women. Genet Med 2006;8:161–8.

8. Wooster R, Bignell G, Lancaster J, et al. Identifica-
tion of the breast cancer susceptibility gene BRCA2.
Nature 1995;378:789–92.

9. Antoniou A, Pharoah PD, Narod S, et al. Average
risks of breast and ovarian cancer associated with
BRCA1 or BRCA2 mutations detected in case series
unselected for family history: a combined analysis of
22 studies. Am J Hum Genet 2003;72:1117–30.

10. Wahner-Roedler DL, Nelson DF, Croghan IT, et
al. Risk of breast cancer and breast cancer character-
istics in women treated with supradiaphragmatic ra-
diation for Hodgkin lymphoma: Mayo Clinic expe-
rience. Mayo Clin Proc 2003;78:708–15.

11. Arpino G, Laucirica R, Elledge RM. Premalignant
and in situ breast disease: biology and clinical impli-
cations. Ann Intern Med 2005;143:446–57.

12. Urban J. Bilaterality of cancer of the breast: Biopsy
of the opposite breast. Cancer 1967;20:1867–70.

13. Rosen PP, Kosloff C, Lieberman PH, Adair F, Braun
DW Jr. Lobular carcinoma in situ of the breast.
Detailed analysis of 99 patients with average fol-
low-up of 24 years. Am J Surg Pathol 1978;2:225–51.

14. Burstein HJ, Polyak K, Wong JS, Lester SC, Kaelin
CM. Ductal carcinoma in situ of the breast. N Engl
J Med 2004;350:1430–41.

15. Agency for Healthcare Research and Quality. Diag-
nosis and Management of Specific Breast Abnormal-
ities. AHRQ Publication No. 01-E045, April 2001.
Available from: http://www.ahrq.gov/clinic/epc-
sums/abnorsum.htm. Accessed 26 June 2008.

16. McCormack VA, dos Santos Silva I. Breast density
and parenchymal patterns as markers of breast can-
cer risk: a meta-analysis. Cancer Epidemiol Biomar-
kers Prev 2006;15:1159–69.

17. Boyd NF, Guo H, Martin LJ, et al. Mammographic
density and the risk and detection of breast cancer.
N Engl J Med 2007;356:227–36.

18. Gail MH, Brinton LA, Byar DP, et al. Projecting
individualized probabilities of developing breast can-
cer for white females who are being examined annu-
ally. J Natl Cancer Inst 1989;81:1879–86.

19. 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;91:1541–8.

20. Rockhill B, Spiegelman D, Byrne C, Hunter DJ,
Colditz GA. Validation of the Gail et al. model of
breast cancer risk prediction and implications for

chemoprevention. J Natl Cancer Inst 2001;93:358–
66.

21. Statement of the American Society of Clinical On-
cology: genetic testing for cancer susceptibility,
adopted on February 20, 1996. J Clin Oncol 1996;
14:1730–6.

22. Berry DA, Iversen ES, Gudbjartsson DF, et al.
BRCAPRO validation, sensitivity of genetic testing
of BRCA1/BRCA2, and prevalence of other breast
cancer susceptibility genes. J Clin Oncol 2002;20:
2701–12.

23. Heywang-Kobrunner SH, Bick U, Bradley WG Jr,
et al. International investigation of breast MRI: re-
sults of a multicentre study (11 sites) concerning
diagnostic parameters for contrast-enhanced MRI
based on 519 histopathologically correlated lesions.
Eur Radiol 2001;11:531–46.

24. Harms SE, Flamig DP, Hesley KL, et al. MR imag-
ing of the breast with rotating delivery of excitation
off resonance: clinical experience with pathologic
correlation. Radiology 1993;187:493–501.

25. Boetes C, Barentsz JO, Mus RD, et al. MR charac-
terization of suspicious breast lesions with a gadolin-
ium-enhanced TurboFLASH subtraction technique.
Radiology 1994;193:777–81.

26. Liu PF, Debatin JF, Caduff RF, et al. Improved
diagnostic accuracy in dynamic contrast enhanced
MRI of the breast by combined quantitative and
qualitative analysis. Br J Radiol 1998;71:501–9.

27. Lehman CD. Role of MRI in screening women at
high risk for breast cancer. J Magn Reson Imaging
2006;24:964–70.

28. Saslow D, Boetes C, Burke W, et al. American Can-
cer Society guidelines for breast screening with MRI
as an adjunct to mammography. CA Cancer J Clin
2007;57:75–89.

29. McTiernan A, Kooperberg C, White E, et al. Rec-
reational physical activity and the risk of breast can-
cer in postmenopausal women: the Women’s Health
Initiative Cohort Study. JAMA 2003;290:1331–6.

30. Eliassen AH, Colditz GA, Rosner B, Willett WC,
Hankinson SE. Adult weight change and risk of
postmenopausal breast cancer. JAMA 2006;296:193–
201.

31. Smith-Warner SA, Spiegelman D, Yaun SS, et al.
Alcohol and breast cancer in women: a pooled anal-
ysis of cohort studies. JAMA 1998;279:535–40.

32. Tjonneland A, Christensen J, Olsen A, et al. Folate
intake, alcohol and risk of breast cancer among post-
menopausal women in Denmark. Eur J Clin Nutr
2006;60:280–6.

33. Baglietto L, English DR, Gertig DM, Hopper JL,
Giles GG. Does dietary folate intake modify effect of
alcohol consumption on breast cancer risk? Prospec-
tive cohort study. BMJ 2005;331:807.

34. Prentice RL, Caan B, Chlebowski RT, et al. Low-fat
dietary pattern and risk of invasive breast cancer: the
Women’s Health Initiative Randomized Controlled

doi: 10.3122/jabfm.2009.01.070188 Women at High Risk for Breast Cancer 49

 on 20 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2009.01.070188 on 5 January 2009. D

ow
nloaded from

 

http://www.jabfm.org/


Dietary Modification Trial. JAMA 2006;295:629–
42.

35. Garland CF, Garland FC, Gorham E, et al. The role
of vitamin D in cancer prevention. Am J Public
Health 2006;96:252–61.

36. Fisher B, Costantino JP, Wickerham L, et al. Ta-
moxifen 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–
88.

37. Port ER, Montgomery LL, Heerdt AS, Borgen PI.
Patient reluctance toward tamoxifen use for breast
cancer primary prevention. Ann Surg Oncol 2001;8:
580–5.

38. Vogel VG, Constantino JP, Wicherham DL, et al.
Effects of tamoxifen vs raloxifene on the risk of
developing invasive breast cancer and other disease
outcomes: the NSABP Study of Tamoxifen and
Raloxifene (STAR) P-2 trial. JAMA 2006;295:2727–
41. Epub 2006 June 5.

39. Baum M, Budzar AU, Cuzick J, et al. Anastrozole alone
or in combination with tamoxifen versus tamoxifen
alone for adjuvant treatment of postmenopausal
women with early breast cancer: first results of the
ATAC randomised trial. Lancet 2002;359:2131–9.

40. Cuzick J. Aromatase inhibitors in prevention–data
from the ATAC (arimidex, tamoxifen alone or in
combination) trial and the design of IBIS-II (the
second International Breast Cancer Intervention
Study). Recent Results Cancer Res 2003;163:96–
103, discussion 264–6.

41. Hartmann LC, Schaid DJ, Woods JE, et al. Efficacy
of bilateral prophylactic mastectomy in women with
a family history of breast cancer. N Engl J Med
1999;340:77–84.

42. Hartmann LC, Sellers TA, Schaid DJ, et al. Efficacy
of bilateral prophylactic mastectomy in BRCA1 and
BRCA2 gene mutation carriers. J Natl Cancer Inst
2001;93:1633–7.

43. Meijers-Heijboer H, van Geel B, van Putten WL, et
al. Breast cancer after prophylactic bilateral mastec-
tomy in women with a BRCA1 or BRCA2 mutation.
N Engl J Med 2001;345:159–64.

44. Rebbeck TR, Friebel T, Lynch HT, et al. Bilateral
prophylactic mastectomy reduces breast cancer risk
in BRCA1 and BRCA2 mutation carriers: the
PROSE Study Group. J Clin Oncol 2004;22:1055–
62.

45. Geiger AM, Yu O, Herrinton LJ, et al. A population-
based study of bilateral prophylactic mastectomy ef-
ficacy in women at elevated risk for breast cancer in
community practices. Arch Intern Med 2005;165:
516–20.

46. Giuliano AE, Boolbol S, Degnim A, Kuerer H, Le-
itch AM, Morrow M. Society of Surgical Oncology:
Position Statement on Prophylactic Mastectomy.
Approved by the Society of Surgical Oncology Ex-
ecutive Council, March 2007. Ann Surg Oncol 2007;
14:2425–7. Epub 2007 June 28.

47. Kauff ND, Satagopan JM, Robson ME, et al. Risk-
reducing salpingo-oophorectomy in women with a
BRCA1 or BRCA2 mutation. N Engl J Med 2002;
346:1609–15.

48. Rebbeck TR, Lynch HT, Neuhausen SL, et al. Pro-
phylactic oophorectomy in carriers of BRCA1 or
BRCA2 mutations. N Engl J Med 2002;346:1616–
22.

49. Domchek SM, Rebbeck TR. Prophylactic oophorec-
tomy in women at increased cancer risk. Curr Opin
Obstet Gynecol 2007;19:27–30.

50 JABFM January–February 2009 Vol. 22 No. 1 http://www.jabfm.org

 on 20 M
arch 2024 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2009.01.070188 on 5 January 2009. D

ow
nloaded from

 

http://www.jabfm.org/

