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Abstract

The potential for reducing the risk of breast cancer through selective estrogen receptor modulators, aromatase inhibitors, and surgery
generated interest in the use of quantitative models of risk assessment. With the addition of ductal lavage cytology to tradition:
epidemiologic risk factors, a discovery of cellular atypia can result in refinement of assigned risk values, while simultaneously optimizing
patient selection for selective estrogen receptor modulators utilization. In view of increasing complexity in this arena, a Risk Assessme
Working Group was formed to outline management strategies for the patient at an elevated risk for the development of breast cancer.
longer a statistical exercise, quantitative risk assessment is part of basic breast care and comprehensive management includes a discu
of the following: ductal lavage for improved risk stratification, multiple options for risk reduction, and high risk surveillance strategies that
might incorporate investigational imaging protocols. © 2004 Excerpta Medica, Inc. All rights reserved.
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Attempting to gauge a woman'’s risk for the development of ~ As other interventional strategies such as preventive
breast cancer was largely speculative at the clinical level for mastectomy[2] or preventive oophorectomy3,4] were
many years, while the epidemiologists and statisticians found effective in reducing breast cancer risk, the need for
worked toward objectivity. When the Gail model of breast individual counseling to objectify personal risk levels over
cancer risk assessment was chosen for use in the Breasj defined period of time became even more apparent.
Cancer Prevention Trial (NSABP P-[], the era of quan-  Heightened surveillance guidelines for high-risk patients,
titative risk assessment in clinical breast care was Iaunched.induding the potential use of magnetic resonance imaging,
The success of that trial in achieving a 49% risk reduction 5qded yet another role for quantitative risk assessment.
in t_he _development of br_east cancer reinforced the utility of Recently, the introduction of ductal lavage as a means of
objective measures of risk. sampling duct epithelium has brought cytologic atypia into
the arena of risk stratificatiofb]. This development has

* Corresponding author. Tel.:1-405-936-5455; fax:+1-405-936- magnified th_e importance of clinicians be_ing grounded in
5217. the burgeoning science of breast cancer risk assessment. In
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well asinterventional and surveillance strategies, the Breast
Cancer Risk Assessment Working Group was established,
presenting an initia report herein.

Risk factors

Factors that are known to affect the chances of develop-
ing breast cancer can be roughly divided by the degree to
which they elevate risk. Many factors that are linked to
hormone exposure (early menarche, late menopause, hor-
mone replacement therapy, body mass index, alcohol in-
take) elevate risk only dlightly [6—10]. Positive family his-
tory carries a greater degree of risk, especialy in women
with a first-degree relative with premenopausal breast can-
cer, or with two or more relatives with breast cancer [11,12].
The increased risk in nulliparous women or women expe-
riencing afirst live birth after the age of 30 may result from
the absence or delay in undergoing the final epithelial dif-
ferentiation that occurs during the first full-term pregnancy
and lactation. It has been suggested that epithelial stem cells
may be less susceptible to carcinogenesis after this differ-
entiation [13]. Radiation exposure (eg, multiple chest fluo-
roscopies, atomic bomb survivors) has been known for
many years to increase the risk of breast cancer. Clemons et
al [14] reviewed 17 studies that tracked the incidence of
breast cancer in patients who had received radiotherapy for
the treatment of Hodgkin's disease. At follow-up times
ranging from 5 to more than 20 years, the median relative
risk for breast cancer was 5 (range 1.4 to 75.3).

Three types of histology—ductal carcinoma in situ
(DCIS), lobular carcinomain situ (LCIS), and atypical hy-
perplasia (AH)—are associated with a high risk of invasive
breast cancer. Ductal carcinoma in situ is believed to be a
preinvasive condition, often resulting in invasive ductal
carcinoma over time. In a study by Page et al [15], 28% of
women who were diagnosed with DCIS on biopsy but
received no subsequent treatment developed invasive dis-
ease over a period of 15 years. Unlike DCIS, LCIS is not
generally considered as a preinvasive condition. It islargely
asymptomatic, and usually found incidentally during biopsy
for other reasons. In women found to have LCIS, thereisa
10% to 15% chance in each breast of developing invasive
cancer within 20 years after initial diagnosis [16].

A model of breast carcinogenesis suggests that atypical
hyperplasia of either the lobular or ductal type is an early
developmental stage in the process that transforms normal
cells into cancerous ones [17]. Whether all or even most
cancers follow this developmental pathway, it has nonethe-
less been demonstrated that histological AH is astrong risk
factor for future breast cancer development. Dupont et al
[18] have shown that women with biopsy-proven atypia
have 5.3 times the risk of women with no proliferative
disease, and 2.8 times the risk of women who show prolif-
erative disease without atypia. At especially high risk (rel-

aive risk = 11) are women with AH who aso have a
first-degree family history of breast cancer.

Although the connection between atypia and increased
breast cancer risk was first demonstrated by histologic ex-
amination of breast biopsy specimens, similar findings have
been reported in studies examining cytologic abnormalities.
Wrensch et a [19] reported an increased risk of breast
cancer associated with abnormal cells found in nipple aspi-
ration fluid (NAF) in 2,701 cancer-free women 25 to 54
years of age. At an average follow-up time of 12.7 years,
they found that women with cytologically atypical cells
were 4.9 times more likely to develop breast cancer than
those in whom no NAF could be obtained. In those with
atypical cells and a positive family history of breast cancer,
thisrisk increased to 18-fold compared with women with no
NAF and a negative family history, though confidence in-
tervals were wide (4.6 to 70.2) due to the small number of
subjects in this category.

Fabian et a [20] performed random periareolar fine-
needle aspiration (FNA) cytology on 480 high-risk women.
At an average follow-up of 45 months, they found that
women with atypical cells had a fivefold increased risk of
developing breast cancer, though this risk may actually be
understated in light of the fact that controls (no atypia) had
other risk factorsfor the devel opment of breast cancer. Inall
three approaches above (one histologic and two cytologic),
the estimated increase in risk was surprisingly similar (four-
fold to fivefold). Nonetheless, there are conflicting reports
about whether histologic atypiais the biologic equivalent of
cytologic atypia. King et al [21] detected atypical hyperpla-
siain NAF in 67% of cases with an underlying malignancy,
a finding that correlated significantly with the histologic
presence of atypical proliferative disease. In contrast, Krish-
namurthy et al [22] were able to detect atypical or malignant
cellsin only 23% of NAF samples taken from patients with
biopsy-proven malignancies from whom adequate samples
were available. From the standpoint of risk stratification,
however, cytologic atypia seems to be comparable with
histologic atypica hyperplasia

Until recently, the main focusin breast cancer has always
been on detection and treatment. We now have an oppor-
tunity to significantly influence both patient outcome and
health-care costsin this country by shifting our focus to risk
assessment and prevention.

Hormone replacement and breast cancer risk

The relationship between exogenous hormones and
breast cancer risk has long been a source of controversy.
This is, in part, related to the variety of estrogen prepara-
tions and combinations of estrogen and progesterone that
are encompassed by the term hormone replacement therapy
(HRT), as well as the potential impact of variable durations
of useonrisk. A national sample of postmenopausal women
conducted in 1995 indicated that 38% of postmenopausal
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women aged 50 to 74 years were current users of HRT [23],
making this an important public health issue.

Several recent studies have provided some clarity on this
issue. A meta-analysis of 51 epidemiological studies (90%
of the total done) included 53,865 postmenopausal women,
17,830 (33%) of whom had used HRT at some time. Of
those who had ever used HRT, approximately one third had
done so for more than 5 years [24]. The relative risk (RR)
of breast cancer development for women using HRT for 5
years or more was 1.35 (95% confidence interval [Cl] 1.21
to 1.493, P = 0.00001). For women who had discontinued
HRT more than 5 years ago, no increase in risk was noted.
Overdll, risk increased by a factor of 1.023 (95% CI 1.011
to 1.036) per year of use. The effect of HRT use was noted
to be greater in women of lower weight or body mass index.
These findings trandate as 2 excess breast cancers per 1,000
women who use HRT for 5 years, 6 excess cancers after 10
years, and 12 excess cancers after 15 years of use [24].

Severa studies have suggested that the combination of
estrogen and progesterone increases breast cancer risk more
than estrogen alone [25,26]. Schairer et al [25] performed a
cohort study of 46,355 postmenopausal women in the
Breast Cancer Detection and Demonstration Project. In this
group the relative risk of breast cancer increased by 0.01
(95% CI 0.002 to 0.03) for each year of estrogen-only use
compared with 0.08 (95% CI 0.02 to 0.16) for each year of
estrogen and progesterone use. Ross and et a [26] aso
observed asignificant increase in risk for the combination of
estrogen and progesterone compared with estrogen alone,
with odds ratios of 1.24 (95% CI 1.07 to 1.45) and 1.06
(95% CI 0.97 to 1.15), respectively, after 5 years of use.

The most compelling data on the relationship between
breast cancer risk and combined estrogen and progesterone
therapy comes from the Women’s Health Initiative [27].
This randomized tria included 16,608 postmenopausal
women aged 50 to 79 who were randomly allocated to
receive conjugated equine estrogen 0.625 mg per day plus
medroxyprogesterone acetate 2.5 mg per day or placebo.
The primary outcomes of the study were the incidence of
invasive breast cancer and the incidence of coronary heart
disease. The trial was stopped after a mean follow-up of 5.2
years because the incidence of invasive breast cancer ex-
ceeded the stopping rules for the trial. The hazard ratio for
invasive breast cancer development was 1.26 (95% CI 1.00
to 1.59), an excess of 8 cases per 10,000 woman-years of
follow-up. Of note, women taking the hormone replacement
therapy experienced a 29% increase in the risk of cardio-
vascular events, a 41% increase in the risk of stroke, and a
doubling of venous thromboembolic episodes. The in-
creases in the risk of breast cancer and cardiovascular dis-
ease were seen across age groups and racial/ethnic groups,
and these increases were not dependent on the presence of
underlying risk factors. The study did confirm the beneficial
effect of hormone replacement therapy in reducing the risk
of osteoporotic fracture, but a global index of risk and

benefit indicated more harmful outcomes in the estrogen
plus progesterone group than in the placebo group.

At this time it seems clear that hormone replacement
therapy increases the risk of breast cancer development, and
this risk is greatest in women receiving combined estrogen
and progestin therapy. The level of risk increases with the
duration of therapy. Whether breast cancer mortality is
increased is uncertain. Case-control and observational stud-
ies have not shown an increased mortality among users, but
these studies are confounded by differences in screening
behavior among users and nonusers. Gapstur et a [28], in a
population-based study, found that the excess in breast
cancer risk was confined to cancers of favorable histologic
subtype such as tubular or mucinous, which are associated
with a lower risk of breast cancer death. This finding was
not confirmed by Schairer et al [25]. However, the findings
of the Women’s Health Initiative have eliminated the ratio-
nale for the long-term use of hormone replacement therapy
for health maintenance. Short-term use for relief of meno-
pausal symptoms is associated with a small increase in the
risk of breast cancer development that appears to be revers-
ible after discontinuation of therapy. The lack of overall
health benefit for combined estrogen-progestin therapy
makes the results of ongoing studies of selective estrogen
receptor modulators (SERMYS) of particular interest. If these
agents are proven to reduce the risk of cardiovascular dis-
ease, they will, in fact, have a positive impact on three major
causes of morbidity and mortality in postmenopausal wom-
en— breast cancer, osteoporosis, and heart disease—making
them the health maintenance therapy of choice [29].

Quantitative risk assessment

Managing increased risk of breast cancer begins with
identification of the target population. The first step is to
define risk as the probability that a harmful event will occur
[30]. A risk ratio is the ratio of two incidence rates, which
many physicians (and certainly most patients) do not fully
understand. The absolute risk, though, is the probability that
an event will occur within a specific time interval. Quanti-
tative risk assessment is, therefore, measuring the contribu-
tion of individual risk factors and their interactions to the
likelihood that an adverse event will occur.

Patients who should undergo risk assessment include
those who have one or more first-degree relatives with
breast or ovarian cancer, have multiple familial generations
affected, have first-degree relatives with either bilateral
breast cancer or breast and ovarian cancer, or have addi-
tional primary malignancies such as lymphoma and brain
tumors.

In addition to these presentations, quantitative risk as-
sessment clarifies the power of the aforementioned risks,
such as women with just one first-degree relative affected
with breast cancer (ie, a mother, daughter, or a sister).
Women with a history of a benign breast biopsy are aso
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members of a group that is at higher risk [31]. Twenty
percent of American women over age 40 are nulliparous,
and that factor alone doubles the lifetime risk of breast
cancer [32]. Similarly, if first full-term pregnancy occurs
after age 30, a woman's lifetime risk of breast cancer is
doubled. Women taking hormone replacement therapy, as
noted in the previous section, are also at increased risk [27].

Mitchell Gail published a landmark study in 1989 that
used data from more than 270,000 women in the Breast
Cancer Detection and Demonstration Project (BCDDP)
[12]. Baseline hazard rates for breast cancer were available
from the study, and an estimate of both the relative and
absolute risks predicted the likelihood that a woman with a
given risk factor profile would develop invasive breast can-
cer, ductal carcinoma in situ, or lobular carcinoma in situ
over a defined interval of time. These estimates were re-
stricted to women having annual mammographic screening.

Age, age at menarche, family history of breast cancer in
first-degree relatives, history of benign breast biopsies, age
a first live birth (or nulliparity), and race are the factors
needed to calculate Gail model risk. If awoman has cellular
atypia, her risk is doubled. The risk factors that are used in
the Gail model can be ascertained in the clinic in approxi-
mately 2 minutes. The modified model projects the absolute
risk of invasive breast cancer [33].

The age-specific incidence rates used in the model are
obtained from the National Cancer Institute SEER programs
so that the baseline rates are population based. The attrib-
utabl e risks (the proportion of women in the population who
have a given risk factor and the contribution of that risk
factor to overall risk) are also obtained from SEER data.

The first validation of the Gail model was conducted
using data from the 1987 Texas Breast Screening Project in
which 64,000 women had mammograms, and approxi-
mately 40,000 of them provided risk factor information
[34]. More than 3,100 of those women had at least one
first-degree relative with breast cancer at the time of their
screening. There was 91% follow-up of those 3,100 women
5yearslater in 1992. If amodel such as Gail is accurate, the
model’s expected number of cases should match the ob-
served number of cases that occur over time in a cohort of
women. If the observed and expected numbers are close to
each other, their ratio will be 1. Bondy et a [34] found the
ratio to be 1.01 and published their confirmatory data in
1994.

Subsequently, there were 6,700 women in the placebo
arm of the Breast Cancer Prevention Tria (BCPT) who
received no intervention. All women entering the study had
baseline Gail model risk assessments and were followed
prospectively for 4.5 years until the trial was unblinded.
Additional validation studies have also been done in the
Cancer and Steroid Hormone Study [35] and in the Nurses’
Health Study [36]. Table 1 shows four different studies:
BCDDP, the Cancer and Steroid Hormone Study (CASH),
the Nurses' Health Study (NHS), and the BCPT. Using data
from each of the trias gives some variation among the risk

Table 1
Comparison of four studies assessing the validity of the Gail model
Feature Study [reference]
BCDDP CASH NHS BCPT
[12] [35] (36] (33]
Number of breast 2,852 4,715 2,396 204
cancers
Age range (years) 31-81 20-54 29-61 35-79
Study years 1973-1980 1980-1982 1976-1988  1992-1998
Mammography Annual Rare Not specified Annual
frequency

BCDDP = Breast Cancer Detection and Demonstration Project; CASH
= Cancer and Steroid Hormone Study; NHS = Nurses' Health Study;
BCPT = Breast Cancer Prevention Trial.

estimates for women with two or more affected relatives,
but for those with one or two relatives, the Gail model
performed well. The model dightly overestimates the risk of
breast cancer in women with AH, and in those with two or
more relatives but no AH. In women aged 50 years and
older, the model performed very well. The observed-to-
expected ratio was 0.93 for women under age 49 in the
Breast Cancer Prevention Tria, 1.13 for perimenopausal
women, and 1.05 for older postmenopausal women [33].

Women with elevated Gail model risk scores should be
considered as candidates for risk reduction. However, the
initial challenge is recognizing that a woman with any one
of the Gail model risk factors should trigger a quantitative
risk assessment, allowing the potential for risk reduction.
The NCI risk disk, or more properly, the Breast Cancer Risk
Assessment Tool, or the web-site, http://bcra.nci.nih.gov/
brc/ can be used to generate risk model estimates.

Another useful model, based entirely on family history,
comes from Claus [37] and is derived from the CASH study
that included approximately 4,700 women, and amost
4,700 controls. It considers both autosomal dominant ma-
ternal and paternal inheritance. The Claus model applies to
women with at least one affected first-degree relative, and it
takes into account second-degree relatives (that is, aunts and
grandmothers) as well as their ages at diagnosis.

It is possible to use the Claus paper to look up the current
age of a woman having risk assessment, her affected rela-
tives with respective ages at diagnosis, and then to estimate
the likelihood that she will develop breast cancer in her
lifetime, or during shorter intervals as desired. (Using a
personal data assistant [PDA], one can aso go to http://
www.palm.com and using the software search engine, type
in “breast cancer,” and download a Gail and Claus risk
assessment tool for a PDA.)

In families where there is both breast and ovarian cancer,
referral to medical genetics counselors is appropriate to
estimate risk. These counsel ors have models available, other
than Gail and Claus, that estimate the likelihood that a
woman carries a significant mutation in one of the BRCA
genes.

The Couch model was one of the earliest models that
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attempted to calculate the probability that a woman harbors
aBRCA1 mutation [38]. Shattuck-Eidens [39] was arefine-
ment on Couch because this model considered women with
multiple breast cancers or both breast and ovarian cancer. A
third model is the Frank model, which considers both
BRCA1 and BRCAZ2 genes, calculates the probabilities of a
mutation based on the number of relatives diagnosed with
breast cancer, their ages at diagnoses, along with the pres-
ence of ovarian cancer [40]. These models are designed to
estimate the probability of carrying BRCA mutations, not
the likelihood of developing breast cancer. After genetic
testing has been completed, a skilled counselor must then
address the risk for developing breast (or ovarian) cancer
within the context of an individual’s family history.

The model used most often by genetic counselors to
quantify risk is the BRCAPRO model [41], which can be
obtained from the University of Texas Southwestern Med-
ica Center (available at: http://www3.utsouthwestern.edu/
cancergene/cancergene.htm). One can enter information
about a particular family, including the ages of relatives and
whether they are affected with breast or ovarian cancer. The
model also accommodates male breast cancers. Once the
pedigree information has been entered, one can ask the
model to perform avariety of calculations. BRCAPRO will
calculate the probabilities of either carrying a mutation or of
developing breast or ovarian cancer by a given age. Con-
venient graphics that demonstrate age-related risks over
time assist the genetic counselor in patient education.

In summary, several tools are now available that perform
validated quantitative risk assessment. At least over the
short term of 5 years or so, these models give us accurate
estimates of breast cancer risk. This evolving science is
explained in greater detail in arecent book [42]. Prospective
quantification of breast cancer risk can now be offered with
an accuracy that alows this service to become part of
routine clinical management of breast cancer risk.

Ductal lavage cytology as a risk stratifier

Given that the vast mgjority of breast cancers arise from
the epithelial lining of the ductolobular system of the breast
[43], it follows that a great deal of attention has been
focused recently on ductal lavage, amethod of sampling this
system. The end component of the ductolobular system,
called the terminal ductal lobular unit (TDLU), is consid-
ered the nidus for the development of both ductal and
lobular carcinoma. Exfoliated epithelia cells lie within the
ductolobular system, along with ductal fluid, allowing this
cellular-rich materia to be analyzed by a variety of meth-
ods, the most clinically useful at present being cytology.
Cytologic atypia, whether discovered in NAF [19] or by
FNA [20], confers an elevation in risk comparable with
histologic atypical hyperplasia where RR ranges from 2.85
[44] to 5.3 [18].

The concept of ductal lavage was proposed as a means to

increase the cellular yield that is often inadequate in NAF
aone for the detection of atypia. In a multicenter study of
women at elevated risk for breast cancer reported by Dooley
et al [45] comparing ductal lavage to NAF cytology, 84% of
participants had fluid-yielding ducts that served as sites for
lavage. Of the patients successfully lavaged, 23% were
found to have atypia (17% mild and 6% marked atypia),
54% had benign cytology, and 2 patients (less than 1%) had
frankly malignant cells. Inadequate specimens for cytology
were more common in the traditional NAF approach (73%)
versus ductal lavage (22%). NAF had a median cell yield of
120 per breast, whereas ductal lavage demonstrated a me-
dian yield of 13,500 cells per duct. Most importantly, ductal
lavage demonstrated threefold sensitivity in the detection of
atypia.

If ductal lavage has improved sensitivity for the detec-
tion of cellular atypiain the breast, a convenient tool will be
established that could serve to dtratify risk in the manage-
ment of patients with preexisting epidemiologic risk factors.
In addition, the 86% risk reduction observed in women with
atypical ductal hyperplasiain the Breast Cancer Prevention
Tria [1] alows clinicians who are using ductal lavage to
identify a subset of patients in whom favorable risk:benefit
ratios of tamoxifen chemoprevention are more clearly de-
fined.

Ductal lavage is an office-based procedure that can be
easily assimilated into a breast care practice. In the multi-
center study [45], using a visual analogue pain score for
lavage, participants reported a median of 24 of 100, where
0 represented “no pain,” and 100 represented “most severe
pain.” When asked to compare the comfort of ductal lavage
with the comfort of mammaography, 29% considered lavage
more comfortable, 20% felt it was comparable, and 51% felt
it was less comfortable than mammography.

While the promise of ductal lavage (and nipple aspirate
fluid) extends to both genomics and proteomics [46] as they
relate to risk stratification and perhaps early detection of
breast cancer, current indications for ductal lavage are based
on the entry requirements of the multicenter study: (1) Gall
model 5-year risk assessment of 1.7% or greater, (2) pa
tients with a prior history of breast cancer, and (3) women
who harbor a BRCA 1/2 mutation. The Risk Assessment
Working Group recommends extending these indications to
include women in the elevated (high) risk and very high risk
categories (to be described in the next section), especialy if
outcome would alter management decisions.

If results of ductal lavage show insufficient cellularity
(insufficient cellular material for diagnosis [ICMD]), ductal
lavage should be repeated once initially, then every 1 to 3
years [5,47]. With a“benign” report, the patient’s quantita-
tive risk assessment is unchanged, as no negative predictive
power has yet been established that would allow areduction
in calculated risk. A follow-up study can be performed in 1
to 3 years, depending on the clinical situation. For “mild to
moderate atypia,” no further diagnostic work-up is required,
but the quantitative risk assessment must now be altered to
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account for this new risk factor. Given the comparable risk
imparted by cytologic atypia and histologic atypica hyper-
plasia, it is reasonable to use the Gail model for quantifying
risk, entering a “biopsy that showed atypical hyperplasia’
into the calculator or software. Risk reduction with tamox-
ifen, or through entry into the STAR chemoprevention tria,
will have a larger net benefit and subjects will be more
likely to adopt a drug intervention risk reduction strategy.

For either “marked atypia” or “malignant cells,” further
diagnostic work-up is required. After confirming normal
mammography and examination, ductography or ducto-
scopy should be performed, with biopsy of any abnormality.
If the ductal visualization study is normal, then breast mag-
netic resonance imaging (MRI) should be performed, again
with biopsy of any abnormality. If the work-up is still
negative, the patient should be completely reevaluated in 3
months, or consideration can be given to a segmental re-
section of the cannulated duct that yielded the suspicious
cells. It is aso reasonable to more strongly consider tamox-
ifen or entry in the STAR trial.

Cytologic findings, regardless of the methodology used
for sampling, can provide both patient and clinician with
pertinent information to formulate management decisions.
Every general surgeon practicing breast surgery, as well as
any physician focusing on breast disease, should be fully
cognizant of the importance of quantitative risk assessment
as a prelude to discussing risk reduction strategies. Ductal
lavage is an important new clinical tool to ad in this
process. Random FNA cytology serves a similar purpose,
and comparative studies will define whether these two ap-
proaches are interchangeable or complimentary.

Risk management strategy

The Breast Cancer Risk Assessment Working Group has
developed a breast cancer risk assessment schema for the
purpose of identifying women who are at an “ elevated risk”
as digtinct from those at a “very high risk” of developing
breast cancer, and to facilitate the clinica management of
women at these increased levels of risk. Three risk strata
have been delineated: average risk, elevated or high risk,
and very high risk.

Average risk

Women at average risk for developing breast cancer are
those whose risk factors confer no greater than a 1.5-fold
relative risk of developing breast cancer, eg, history of a
breast biopsy showing usual epithelial hyperplasia[18] and
women who have a 5-year Gail risk of less than 1.7% [12].

Elevated or high risk

Women at elevated or high risk of developing breast
cancer are those who have a relative risk between 1.5-fold
and 4-fold to 5-fold. Women in this group include those

with a 5-year Gail risk greater than 1.7% [12]; those with a
finding of atypical ductal or lobular hyperplasia on breast
biopsy [48]; women with cellular atypia on examination of
nipple aspirate fluid (NAF) [19,49], FNA [20] or ductal
lavage specimen [45]; women with two or more second-
degree premenopausal relatives affected with breast cancer
[37]; and women who have been taking combined estrogen
and progesterone hormone replacement therapy (HRT) for
more than 10 years [25,27,50].

A large prospective study by DuPont and Page [48] has
demonstrated that women with biopsy-proven atypical duc-
tal or lobular hyperplasia have a fourfold to fivefold in-
creased risk of developing breast cancer in the ensuing 20
years, while the aforementioned studies of cytologic atypia
show comparable risk [19,20]. Women with a 5-year Gail
risk greater than 1.7% have at least a twofold greater risk
than women at average risk, and this may be considerably
higher depending on the number of first-degree relatives
affected, and whether the woman is known to have atypical
hyperplasia [1,12]. Claus tables [37] indicate that women
with two or more second-degree relatives (both of whom are
either maternal or paternal) who developed premenopausal
breast cancer have an approximately twofold or greater
relative risk of breast cancer, depending on the age of breast
cancer onset in the relatives.

Long-term users of HRT are also placed in this elevated
or high risk category based on the data provided in a
previous section of this review—Hormone replacement and
breast cancer risk.

Very high risk

There are four groups of women who are considered to
be at very high risk for the development of breast cancer
with relative risks generally greater than fourfold to five-
fold. Women with a persona history of invasive breast
cancer, ductal carcinomain situ, or lobular carcinomain situ
have more than a fourfold to fivefold increased risk of
developing a new primary breast cancer [1,51,52]. Women
who have a persona history of cellular atypia on ductal
lavage, FNA, or NAF, or a breast biopsy that has shown
atypical ductal or lobular hyperplasia, and who have a
first-degree affected relative with breast cancer are at 11- to
18-fold increased risk of developing breast cancer [20,48].
Women with a known BRCA 1/2 germline mutation are at
very high risk for developing breast cancer, with lifetime
risk estimates between 40% and 80% [53]. Lastly, women
who have undergone breast irradiation before age 20 (eg,
mantleirradiation for Hodgkin's disease) have relative risks
for breast cancer elevated 40-fold or higher [54].

Clinical management of breast cancer risk

Average risk

Women who are at average risk for developing breast
cancer should undergo annua clinical breast examination
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Risk Management Strategy Breast health history and quantitative risk assessment are

used to stratify patients into Average, Elevated/High or
Very High risk categories.

RISK STATUS 1 MANAGEMENT

+ Annual CBE**
+ All other categories excluded + Annual mammography beginning at age 40

* Reassess risk every 2-3 years

* ADH/ALH or cellular atypia [_~ At least annual CBE** FATYPIA
+ 5-year Gail risk > 1.7% + Annual mammography beginning at age 40 + Recommend tamoxifen or
+ 2 or more 2™ degree + Counsel patients about pros and cons of prevention clinical trial
premenopausal affected relatives? continuing estrogen therapy more strongly unless
+ On combined estrogen- + Consider tamoxifen or prevention clinical trial contraindicated
progesterone replacement therapy unless contraindicated (and only if age > 35)
for > 10 years® B * Recommend ductal lavage if benefit/risk analysis NO ATYPIA
unclear or if the patient declines tamoxifen and a * Repeat lavage in 110 3
| diagnosis of atypia would change her decision L years*

ELEVATED OR HIGH RISK | AVERAGE RISK'

“IBC = Invasive Breast Cancer  **CBE = Clinical Breast Exam

1 More than half of women diagnosed with breast cancer have no known risk factors.

2 If both relatives are either maternal or paternal. For more accurate risk assessment of mixtures of 1st and 2nd degree relatives consult the Claus model.

3 Women on combined hormone replacement therapy for greater than 10 years have approximately twice the risk of age-matched women who have never used hormone
replacement therapy.

4 These patients should also be considered for prevention clinical trials.

Fig. 1. Management strategy for women determined to be at average risk or elevated/high risk for breast cancer.

and annual mammaography beginning at age 40 (Fig. 1) [55]. in asignificant risk factor such as a breast biopsy or family
Reassessment of a woman's breast cancer risk should be history of breast cancer. Postmenopausal women who are at
undertaken every 2 to 3 years or whenever there is a change average risk for breast cancer who take raloxifene for 3
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years for the treatment or prevention of osteoporosis will
realize a 70% reduction in their breast cancer risk [56]. The
optimal duration of raloxifene treatment and the durability
of thereductionin risk once raloxifeneis stopped are not yet
known. Longer follow-up on the Multiple Outcomes of
Raloxifene Evaluation study and the results of the Study of
Tamoxifen and Raloxifene (STAR) will provide insights
into these important questions [57].

Elevated or high risk

In addition to annua clinical breast examination and
annual mammography beginning at age 40, women at ele-
vated or high risk for developing breast cancer are excellent
candidates for consideration of treatment with a risk reduc-
tion agent such as tamoxifen or participation in the STAR
trial (Fig. 1) [58]. Women at elevated or high risk who have
been taking combined HRT for 2 years or more should be
counseled about the risks and benefits of continuing HRT
[27]. In genera, stopping HRT should be considered to
prevent a further increase in breast cancer risk [59]. A
reanalysis of the aggregate data from the major case control
and cohort studies of HRT has shown that the elevation in
breast cancer risk that accompanies prolonged HRT use is
significantly decreased 5 years after stopping HRT [24].

The Breast Cancer Risk Assessment Working Group
recommends consideration of ductal lavage for women who
are at elevated risk for breast cancer based on a 5-year Gail
risk greater than 1.7%, two or more affected second-degree,
premenopausal relatives, or use of combined HRT for more
than 10 years if a finding of cytologic atypia would alter
decision-making. Women with biopsy-proven atypical duc-
tal or lobular hyperplasia are unlikely to benefit from ductal
lavage because afinding of cellular atypiawould not further
increase risk, and because a strong recommendation for
tamoxifen therapy can be made based on tamoxifen's es-
tablished effectivenessin reducing risk in women with atyp-
ical hyperplasia[1]. However, afinding of cellular atypiain
a woman in any of the other three categories of elevated/
high risk would double that woman’s 5-year Gail risk score,
placing her into a considerably higher risk category. In such
women, the finding of atypia can provide valuable informa
tion to facilitate decision-making about HRT and antiestro-

gen therapy [5].

Very high risk

In women at very high risk for developing breast cancer,
a clinical breast examination is recommended every 6
months in addition to annual mammography (Fig. 2) [60].
Women who are suspected of being BRCA 1/2 mutation
carriers should undergo genetic counseling and consider-
ation of genetic testing. If risk reduction with a SERM is
elected, tamoxifen isthe current standard of care for patients
with estrogen or progesterone receptor-positive invasive

breast cancer, ducta carcinomain situ, or lobular carcinoma
in situ [58]. Likewise, tamoxifen (or participation in the
STAR tria for postmenopausal women) is the established
option available for women who have afirst-degree affected
relative with breast cancer and a personal history of cellular
atypia or atypical hyperplasia on breast biopsy [61] whose
risk is greater than 1.66% in 5 years using the Gail model.

The role of tamoxifen or other SERM risk reduction
therapy in women who are at very high risk based on a
known BRCA 1/2 mutation or due to previous breast irra
diation before age 20 has not been established, though
preliminary evidence suggests that patients with BRCA
mutations may experience risk reduction comparable with
that seen in the Breast Cancer Prevention Tria [62,63]. One
report suggests this effect is limited to patients with ater-
ationsin the BRCA2 gene [62]. Prophylactic mastectomy is
known to reduce breast cancer risk by at least 90% in
women who are known BRCA 1/2 mutation carriers [60]
and is a reasonable consideration for women at very high
risk and for whom the benefit of tamoxifen is unknown. In
addition, prophylactic oophorectomy in premenopausa
BRCA 1/2 mutation carriers reduces breast cancer risk by up
to 75% [64,65] and is recommended once childbearing is
completed [60].

A finding of cytologic atypia cannot further increase
breast cancer risk in the four categories of women who are
dready at very high risk of developing breast cancer as
there are no published data applicable to these situations.
However, pending such information, ductal lavage or ran-
dom FNA cytology can be considered on a case-by-case
basis if the discovery of atypical cells would alter decision-
making about prophylactic mastectomy or committing to 5
years of tamoxifen risk reduction therapy.

Imaging the high-risk patient

Nine thousand new cases of breast cancer each year are
associated with a genetic predisposition for the disease
[66—68]. Mutations in the breast cancer susceptibility genes
BRCA1 and BRCA?2 account for greater than 60% of he-
reditary cases of breast cancer [69]. By age 50 years, ap-
proximately 50% of BRCA1/2 carriers will develop breast
cancer, necessitating screening strategies that begin at an
early age [69,70]. The only known effective interventions
for preventing breast cancer in BRCA-positive women are
prophylactic mastectomy [2,71,72] and oophorectomy
[64,65], dthough tamoxifen may show benefit as well
[62,63]. As an dlternative to prophylactic surgery and as a
complement to tamoxifen, intensive screening with conven-
tional mammaography and clinical examination are recom-
mended starting at age 25, despite the concern that this
strategy may not have sufficient sensitivity to alter breast
cancer mortality, and that radiation from mammography
may foster BRCA-related breast carcinogenesis. In addition,
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Risk Management Strategy

Breast health history and quantitative risk assessment are
used to stratify patients into Average, Elevated/High or
Very High risk categories.

RISK STATUS 5

Personal history of IBC* or DCIS

+ ER/PR positive or negative cancer
considering prophylactic
mastectomy

« Current or remote ER/PR positive
cancer not currently on and never
taken tamoxifen

| analysis unclear

+ Breast irradiation prior to age 20
(e.g., mantle radiation for Hodgkin's

[ cBE™ every 6 months and annual mammography®
|_* Consider ductal lavage®

MANAGEMENT

+ CBE™ every 6 months and annual mammography
+ Offer ductal lavage if the presence of atypia
would assist decision-

making®

+ CBE** every 6 months and annual mammography
+ Consider tamoxifen or prevention clinical trial
* Ductal lavage recommended if benefit/risk

[ aTYPIA .
* Recommend tamoxifen®
or prevention clinical trial

disease) unless contraindicated
% - NO ATYPIA
Al * Known BRCA1 or 2 mutation carrier + CBE*™ every 6 months and annual mammography® * Repeat lavage in 1to 3
m + 2 or more 1%t degree affected + Recommend genetic counseling for those not | years?
relatives with breast and/or ovarian previously informed
I cancer + Consider tamoxifen® or other prevention clinical
trial
w + Consider prophylactic oophorectomy « Offer ductal lavage if the
_— |_* Consider prophylactic mastectomy presence of atypia would
I alter decision-making
P
o
L|J + CBE** every 6 months and annual mammography FATYNA
> + Consider tamoxifen or prevention clinical trial + Recommend tamoxifen or
unless contraindicated (and only if age > 35) prevention clinical trial
. LCIS + Recommend ductal lavage if benefit/risk analysis more strongly unless
unclear or if the patient declines tamoxifen and a contraindicated
diagnosis of atypia would change her decision
+ Consider bilateral prophylactic mastectomies, NO ATYPIA
especially if other independent risk factors exist * Repeat lavage in 1to 3
| and if risk with tamoxifen is unacceptable years*
+ Personal history of ADH/ALH or + CBE** every 6 months and annual mammography® [+ Offer ductal lavage if the
cellular atypia AND a 1% degree + Consider tamoxifen or other prevention clinical presence of atypia would
affected relative with breast cancer. | trial (only if age > 35) alter decision-making

*IBC = Invasive Breast Cancer **CBE = Clinical Breast Exam
1 More than half of women diagnosed with breast cancer have no known risk factors.

L (i.e. contralateral breast)

2 |f both relatives are either maternal or paternal. For more accurate risk assessment of mixtures of 1st and 2nd degree relatives consult the Claus model.
3 Women on combined hormone replacement therapy for greater than 10 years have approximately twice the risk of age-matched women who have never used hormone

replacement therapy.
4 These patients should also be considered for prevention clinical trials.
5 Sufficient evidence is not available at this time to make a definitive recommendation.

8 Consider increased imaging surveillance such as breast MRI or ultrasound and initiation of mammography before age 40.

Fig. 2. Management strategy for women determined to be at very high risk for breast cancer.

breast cancer may be more difficult to detect by mammog-
raphy in premenopausal women due to denser breast tissue.
Screening breast MRI is not limited by dense breast tissue,

does not use ionizing radiation, and should be strongly
considered as an additional screening modality in high-risk
women.
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Breast screening mammography and MRI for women at
high genetic risk of breast cancer

As a diagnostic tool, contrast-enhanced MRI has dem-
onstrated very high sensitivity (95%) for the detection of
invasive breast cancer, while reported specificity ranges
from 37% to 97% [73-75]. Breast lesions on contrast-
enhanced MRI are assessed for malignancy based on mor-
phologic and pharmacokinetic patterns of enhancement.
Morphologic features of malignancy include spiculated bor-
ders and rim enhancement. Pharmacokinetic features of
malignancy include a rapid rate of contrast uptake and a
rapid rate of contrast washout. The specificity of MRI for
invasive disease can be low because benign proliferative
breast disease can share these features. The mechanism of
enhancement is believed to be related to processes associ-
ated with tissue perfusion and vascular permeability. It
appears that invasive cancer and some types of benign
breast disease share these processes. These shared factors
contribute to the observed low specificity and result in
additional imaging and biopsy procedures. Thus, screening
breast MRI should be reserved for women at very high risk
for developing breast cancer.

The high sensitivity of MRI in the detection of invasive
cancer has prompted five international pilot trials for pro-
spectively screening high-risk women, resulting in four
published studies to date. These studies confirm the ability
of contrast enhanced MRI to detect mammographically oc-
cult breast cancer [76—79]. Tilanus-Linthorst et a [76]
detected 3 invasive cancers among a population of 109
women with normal physical examinations and negative
mammograms, while Kuhl et al [77] detected invasive can-
cer in 7 BRCA1/2 carriers, whereas mammography failed to
detect these lesions in 5 patients. Warner et al [79] com-
pared mammography, MRI and ultrasound in high-risk
women and detected six invasive breast cancers with MRI
while mammography and ultrasound only detected two and
three cancers, respectively. The four cancers that were
missed by mammography were located in dense breasts as
determined by quantitative density analysis. All cancers
screen-detected by MRI in these studies were T1 lesions,
demonstrating that MRI can detect invasive cancer at early
stagesin high-risk women. In aretrospective analysis of 179
high-risk women, 7 of 13 breast cancers were not detected
by mammography, while all 13 breast cancers were detected
by MRI [80]. These studies strongly support the use of
breast MRI as part of a screening protocol for high-risk
women.

There are few data on the role of breast MRI in the
detection of DCIS and the incidence of DCIS in women
who carry BRCAL1/2 mutations. More data are needed to
determine the role of screening breast MRI for the detection
of DCIS.

The appropriate screening interval for women at high

genetic risk for developing breast cancer is currently un-
known. Warner et a [81] detected one interval cancer on
MRI after 4 annual rounds of screening. Due of the high
cost of MRI and uncertainty of the efficacy of less than
1-year intervals, current screening guidelines should include
annual examinations.

A comprehensive imaging breast cancer screening pro-
tocol for women at high genetic risk for developing breast
cancer should include monthly self-breast examination,
clinical breast examination three to four timesayear, annual
mammography and breast MRI in the setting of a clinical
trial. More data are needed to identify appropriate screening
intervals and cohorts of women who will benefit from
screening breast MRI.

Practical applications of risk assessment

The primary care provider is the first professional along
the health care continuum who has the opportunity to dis-
cuss and initiate risk assessment. This is an opportunity not
only to identify those women who are at an elevated risk,
but also to educate and counsel them about their personal
risk and appropriate options. Women at high/elevated risk
or very high risk should be referred to a risk assessment
clinic or specialist in this area for further evaluation. Many
women are not waiting for their physician to refer them, but
are initiating referrals themselves.

Breast cancer risk assessment in office practice is a
process that necessitates a conversation between the clini-
cian and the patient. Like all conversations, both parties
bring different talents and abilities to the table. And, like all
conversations, the outcome depends upon the manner in
which information is communicated and the manner in
which it is received.

To begin the process of risk assessment, documentation
of the patient’srisk factors, derived from family history and
personal history, should be performed, and then included as
part of the permanent medical record. The information
should also be updated as appropriate.

This core risk assessment database is important when
encountering both symptomatic and asymptomatic individ-
uals. For the symptomatic patient, an increased background
risk for breast cancer might ater the threshold to biopsy an
indeterminate lesion, and could have an impact on the treat-
ment choices should breast cancer be diagnosed. For the
asymptomatic patient, a review of her breast cancer risk
should be part of the summary and conclusion of a routine
office visit so that appropriate plans for follow up can be
made.

Quantitative risk assessment tools are invaluable to the
clinician because they yield estimates of the probability that
the patient will develop breast cancer within a defined
period of timeand, if helpful, over alifetime. This temporal
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framework helps make the level of risk real and understand-
able to the patient. Ductal lavage cytology may add a valu-
able data point, particularly astheyield of atypical cytology
appears to indicate risk that is likely to be realized in the
near term, which is more readily appreciated by the patient.

Every patient will understand her risk in a unique and
individual way, depending largely on her personality char-
acteristics. That is to say, some individuals are extremely
risk averse, while others may tolerate high levels of risk in
general. In addition, a patient’s perceived threat of a breast
cancer diagnosis may be influenced by the positive and
negative experiences of her friends and family members.

After communication of the level of risk discerned by the
clinician, the discussion should move to strategies to man-
age that risk. Available approaches may be grouped into
three categories: enhanced surveillance, chemoprevention,
and prophylactic surgery. A thorough discussion of all three
should be conducted. Enhanced surveillance, possibly in-
volving participation in a high-risk program, should be
recommended to all patients, regardless of active risk re-
duction interventions. At this time, prophylactic surgery
mainly appears to be the province of known (or putative)
mutation carriers, or selected very high risk patients as
outlined in Fig. 2.

The surgical approach provides dramatic risk reduction,
but certainly constitutes a mgjor life-altering event for the
patient. Chemoprevention has, to date, proved to be an
unappealing choice to the maority of women who are
offered this strategy. Patients' concerns regarding side ef-
fects are well known. Other issues, including effects on
fertility and duration of the risk reduction benefit also come
into play in decision-making. The discussion of breast can-
cer risk management and risk reduction strategies should be
an open dialogue, and may be reviewed at each office
encounter to allow patients and clinicians to reevauate
decisions.

As we develop more accurate approaches for estimating
risk in individual patients, the problem becomes how to
effectively educate patients about those risks, as well as
their options in dealing with them. As described by
Prochaska [82], patients progress through recognizable
stages in this process. As many as 40% of patients may tend
to underestimate their chances of developing cancer while
overestimating the risks involved in different treatment op-
tions. These patients are at a psychological stage where they
do not understand the impact of their risk factors. With
appropriate education and additional data (quantitative risk
assessment, ductal lavage cytology), they can progress to
the point where they are ready to consider a preventive
strategy [83]. Active enrollment into a clinical trial can be
effective at this point, but only after suitable groundwork
has been laid in the earlier stages. Once patients are enrolled
into a trial, it is important to provide an infrastructure

(frequent contact, patient networks, annual celebrations)
that supports them in maintaining compliance.

There are significant obstacles to the practical perfor-
mance of breast cancer risk assessment in office practice.
Patients have concerns regarding the confidentiality of in-
formation, particularly the results of genetic testing. We
have inadequate information about the meaning of risk as
well as the “best” management strategy for various subsets
of high risk patients. And for the practitioner, the process of
assessing a patient’s breast cancer risk and discussing the
management of that risk is time consuming and open-ended.

Risk is an inherently difficult concept for the clinician to
communicate as no matter how high the calculated danger
might be, no level of risk is completely predictive of a
patient’s future outcome. Also, while physicians may view
risk assessment data as objective and reproducible, patients
will understand and interpret that data based on their ages,
attitudes, beliefs and experiences, and make their manage-
ment decisions accordingly.

Perhaps the most important concept in this area is that
breast cancer risk is fluid. It changes with time. Therefore,
breast cancer risk assessment should be repesated periodi-
cally to allow the patient the benefit of updated information,
as well as the opportunity to change the risk management
strategy she previously employed.

Future directions

Risk assessment for the development of breast cancer
will continue to evolve, both in improved quantification
through mathematical modeling as well as improved pre-
diction through increasing reliance on actual abnormalities
in ductal cells, ductal fluid, or serum-based strategies. At the
same time, risk reduction approaches will continue to un-
fold with the use of newer SERMs, pure antiestrogens, and
conceived biologic weapons that work through hormonally
independent pathways. These improvements in prediction
and prevention are so intertwined that it is easy to imagine
a day when specific abnormalities in breast cells pinpoint
the best pharmacologic option available for risk reduction,
analogous to antibiotic sensitivity testing.

And while prediction and prevention are the ultimate
goals, the interim is filled with a strong need to diagnose
breast cancer earlier and more reliably. The technology
platform that will most likely alow major diagnostic im-
provements through its sensitivity is breast MRI. Breast
MRI is impractical for screening the general population,
however, emphasizing once again the importance of quan-
titative risk assessment methods that properly select patients
for this modality.

It is the mission of the Risk Assessment Working Group
to monitor these developments and to construct guidelines
to assist practitioners in this new and exciting arena.
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