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Identifying Women at High Risk
of Breast Cancer: Understanding
the Risk Models

Scott M. Weissman

Introduction

Breast cancer risk assessment is increasingly
becoming part of routine medical care. For
women who have not been affected with breast
cancer, identifying those that have personal and/
or family history risk factors increasing their risk
can benefit from increased screening with breast
MRI, chemoprevention with tamoxifen, and/or
prophylactic bilateral mastectomy, especially in
women found to have a hereditary susceptibility
to breast cancer [1-5]. Similarly, women who
have already been affected with breast cancer can
benefit in the same fashion for the same reasons
with respect to developing an ipsi- or contralat-
eral tumor, in addition to the potential of recog-
nizing other sites in the body that may be at
increased risk for tumor development (e.g., ovar-
ian, gastric, endometrium). One integral tool in
assessing breast cancer risk is the incorporation
of one or more breast cancer risk models.

There are two main types of breast cancer risk
models that can be employed for assessing risk:
models that quantify a woman’s breast cancer
risk (either as a 5-year, 10-year, or lifetime risk)

S.M. Weissman, M.S., C.G.C. ()

NorthShore University HealthSystem, Center for Medical
Genetics, 1000 Central Street—Suite 620, Evanston,

1L 60201, USA

e-mail: sweissman@northshore.org

and models that provide a probability that a
woman harbors a mutation in a gene known to
cause a hereditary cancer predisposition syn-
drome; models have been created for hereditary
breast and ovarian cancer syndrome (i.e., the
BRCAI and BRCA2 genes) and Cowden syn-
drome (PTEN gene). These different model types
can be further subdivided into two broad catego-
ries: empirical and genetic models [6, 7].
Empirical breast cancer risk models use a num-
ber of variables, typically a combination of per-
sonal and/or family history factors, and the effect
of each variable is then combined using a statisti-
cal analysis, commonly logistic regression, to
produce risk estimates. Empirical models do not
take into account genetic factors like mode of
inheritance, mutation prevalence, or penetrance
(i.e., the chance of developing cancer if someone
carries a gene mutation). Further, empirical mod-
els cannot take into account exact family struc-
ture or unaffected individuals to adjust risks.
Genetic models, as discussed by Amir and col-
leagues, make explicit assumptions about the
number of susceptibility genes involved, the
mutation frequencies in the general population,
and the cancer risks conferred by mutations in the
genes [7]. Genetic models use pedigree analysis
in the form of Bayesian and segregation analysis
which are based on exact family relationships
and ages (current, age at cancer diagnosis, or age
at death); this is the main advantage of a genetic
model over an empiric model. However, genetic
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models can be limited if an individual is unaware
of their family’s medical history with respect to
cancer or if someone has a particularly small
family size or, in the case of breast cancer, a lim-
ited number of female relatives.

Regardless of model type, the most important
feature of a risk model is its performance with
respect to calibration, discrimination, and accu-
racy [8]. Calibration evaluates the model’s abil-
ity to predict the number of events in a specific
group of a population and is usually measured by
using goodness-of-fit or chi-square statistics
which compare the number of expected to
observed events. Models that have good calibra-
tion will adequately predict disease burden in a
population. Discrimination assesses the ability
of a model to distinguish who will and will not
develop a disease at the individual level and is
measured by calculating the concordance statis-
tic (c-statistic); the c-statistic is typically pre-
sented as the area under a receiver operating
curve (i.e., AUC). An AUC of 0.50 would be
representative of a chance occurrence, so a model
that has good discrimination generally as an
AUC of 0.70 or higher [7]. Lastly, a model’s
accuracy is represented by values of sensitivity,
specificity, positive predictive value (PPV), and
negative predictive value (NPV). Accuracy and
discrimination are of importance when trying to
make clinical decisions at the level of the indi-
vidual [8].

This chapter describes the most commonly
used empiric and genetic breast cancer risk mod-
els and summarizes the pros and cons of each
model. Tables 1.1 and 1.2 provide quick over-
views of the characteristics of each model
reviewed. While some of the models included are
out-of-date and are not used as frequently as
some of the other models, they were included
because they are incorporated in CancerGene®
(copyright), a software package that includes
nine different breast cancer and family history
models as well as colon and pancreatic cancer
models [9, 10]. Many healthcare professionals
use this software as it incorporates many risk
models into one program. Risk models not
included in this chapter have been reviewed else-
where [6].

S.M. Weissman

Empiric Models: Breast Cancer Risk

Gail Model

The Gail model is one of the most recognized and
widely used breast cancer risk assessment mod-
els. The model provides 5-year and lifetime
breast cancer risks based on a woman’s current
age and risk factors compared to a woman of the
same age with average risk factors [11]. The orig-
inal Gail model was developed from a population
of Caucasian women participating in the Breast
Cancer Detection Demonstration Project
(BCDDP), a mammography screening program
conducted between 1973 and 1980 [12, 13]. After
examining a number of potential risk factors
between 2,852 incident cases of breast cancer
(which included both in situ and invasive disease)
and 3,146 unaffected controls, in addition to a
woman’s current age, four major risk factors were
identified; these included: family history of breast
cancer in first-degree relatives (either O, 1, or >2
affected relatives), age at first live birth (<20,
20-24, 25-29 or 230) or nulliparity, age at menar-
che (<12, 12-13, or >14), and previous breast
biopsy (0, 1, or >2) relative to age at the biopsy
(<50 or 250). Using unconditional logistic regres-
sion, Gail and colleagues calculated relative risk
coefficients for each risk factor, concurrently
adjusting for the other risk factors. The relative
risk for each individual risk factor is multiplied to
create a single relative risk which is then com-
bined with background breast cancer incidence
rates to generate an absolute age-specific risk
through a baseline proportional hazards estima-
tion. The model will predict breast cancer between
the ages of 20-80.

Three different studies evaluated and vali-
dated the original Gail model [14-16]. While all
three studies had slightly different populations
of various sizes, all found that the Gail model
significantly overestimated breast cancer risk,
especially in younger women. Spiegelman et al.
found that it overestimated risk in women with
two or more first-degree relatives affected with
breast cancer and in women who had their first
live birth <age 20 [15]. Additionally, Bondy et al.



Table 1.1 Input variables and features of the empiric risk models®

Variable Gail PENNI PENNII
Model characteristics

Requires a computer .

Requires a pedigree

Available in CancerGene® (copyright) ¢ .

Model input

Exact family structure

Age of unaffected proband .
Age of unaffected relatives

Reproductive and personal risk factors

Ashkenazi Jewish ancestry .
Non-Caucasian ethnicity .

Breast cancer status, proband .
Breast cancer status, relatives . .
Breast cancer age of onset, proband .
Breast cancer age of onset, relatives .
Ovarian cancer status, proband .
Ovarian cancer status, relatives o

Ovarian cancer age of onset, proband
Ovarian cancer age of onset, relatives
Male breast cancer status, proband
Male breast cancer status, relatives

Male breast cancer age of onset,
proband

Male breast cancer age of onset,
relatives

Both breast and ovarian cancer in .
proband

Both breast and ovarian cancer in .
relatives

Bilateral breast cancer status, proband
Bilateral breast cancer status, relatives

Bilateral breast cancer, both ages of
onset, proband

Bilateral breast cancer, both ages of
onset, relatives

Prostate cancer in family

Pancreatic cancer in family

Model output

Breast cancer risk .
Ovarian cancer risk

Predictions for BRCAI and BRCA2

separately

Predictions for BRCAI and BRCA2

together

Predictions for BRCAI only .
Probability of carrying a mutation

Probability of finding a mutation if .
tested

Adapted and modified from [29]

2Does not include the PTEN mutation risk calculator
®These models are for people of Ashkenazi Jewish ancestry only

Myriad I Myriad II

. ¢

.

. .

. .

. .
.

. .

. .

.

. .

.

. .
.
.

.

. .

This model was included in CancerGene® (copyright) up until version 3.3

NCI CART®

LAMBDA"
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Table 1.2 Input variables and features of the genetic risk models

Variable

Model characteristics

Requires a computer

Requires a pedigree

Available in CancerGene® (copyright)

Model input

Exact family structure

Age of unaffected proband

Age of unaffected relatives

Reproductive and personal risk factors
Ashkenazi Jewish ancestry

Non-Caucasian ethnicity

Breast cancer status, proband

Breast cancer status, relatives

Breast cancer age of onset, proband

Breast cancer age of onset, relatives

Ovarian cancer status, proband

Ovarian cancer status, relatives

Ovarian cancer age of onset, proband

Ovarian cancer age of onset, relatives

Male breast cancer status, proband

Male breast cancer status, relatives

Male breast cancer age of onset, proband
Male breast cancer age of onset, relatives
Both breast and ovarian cancer in proband
Both breast and ovarian cancer in relatives
Bilateral breast cancer status, proband
Bilateral breast cancer status, relatives
Bilateral breast cancer, both ages of onset, proband
Bilateral breast cancer, both ages of onset, relatives
Prostate cancer in relatives

Pancreatic cancer in relatives

BRCA1/2 genetic test results from the proband
BRCA1/2 genetic test results from relatives
BRCA /2 genetic test sensitivity and specificity
Model output

Breast cancer risk

Ovarian cancer risk

Predictions for BRCAI and BRCA2 separately
Predictions for BRCAI and BRCA?2 together
Probability of carrying a mutation

Probability of finding a mutation if tested

Adapted and modified from [29]

found that the model underestimated risk in
older women [16]. Interestingly, none of women
in the validation studies were undergoing routine
annual mammography as was done in the

Claus BRCAPRO BOADICEA IBIS

BCDDP study which led all of the studies to
suggest that the Gail model may be most accu-
rate for populations of women undergoing rou-
tine annual mammography.
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The Gail model was subsequently modified
(a.k.a., Gail 2, or the Breast Cancer Risk
Assessment Tool (BCRAT)) for the National
Surgical Adjuvant Breast and Bowel Project
(NSABP) Breast Cancer Prevention Trial (BCPT)
[17, 18]. The model was changed so that it pro-
jected the absolute risk of invasive breast cancer
only for women 35 years or older; age-specific
invasive breast cancer rates, and attributable risk
estimates to obtain baseline hazard rates were
taken from Surveillance Epidemiology and End
Results (SEER) data instead of the BCDDP and
the model formally incorporated atypical hyper-
plasia, although adding atypical hyperplasia was
first discussed in the discussion section of the
original Gail model publication [12, 19].
Costantino and colleagues sought to validate the
original (model 1) and modified (model 2 or Gail
2) Gail models from the women enrolled in the
placebo arm of the BCPT P-1 Trial [19]. Model
1 provided “reasonable” absolute risk estimates
for women under the age of 60 and overestimated
risk in women older than 60. Model 2, overall,
had good calibration with an expected to
observed ratio of 1.03 (158.99 expected vs. 155
observed), but it overestimated risk for women
in the highest risk quintiles and underestimated
risk for women in the lowest risk quintiles.
Further, when evaluating the individual risk fac-
tors, both models overestimated risk in women
with more than two biopsies under the age of 50
and in women who had their first live birth under
the age of 20 (as seen in Spiegelman study) and
underestimated risk for women with one biopsy
under the age of 50 and for most categories of
women without a family history of breast cancer.
With respect to the models’ calibration, mea-
sures of goodness of fit were assessed; model 1
showed a lack of fit whereas model 2 had no evi-
dence for lack of fit.

Rockhill and colleagues validated the
modified Gail model in the Nurses’ Health Study
population, as they did for the original Gail
model and had the exact same findings as
Costantino et al. [20]. Interestingly, they also
looked at the discriminatory accuracy of the
modified Gail model (none of the previous

studies evaluated this) and found the c-statistic
to be very low at 0.58. However, as they dis-
cussed, this finding was not unexpected due to
the low relative risks associated with many of the
risk factors used for the Gail model and described
how incorporating other risk factors (e.g., mam-
mographic density) could help improve its dis-
criminatory accuracy (which, to date, has not
been done).

The Breast Cancer Risk Assessment Tool
website is the version of the model that is used
today [11]. Figure 1.1a and b demonstrates what
the current input looks like as well as an exam-
ple of how the results are displayed. The Gail
model has been updated as SEER data has
changed and now includes race-specific risks
for African-American, Asian, and Pacific
Islander women [21, 22]. Validation in a
Hispanic population is still needed. With the
development of more complex breast cancer risk
assessment models over the years, the Gail
model is primarily used for chemoprevention
discussions. In fact, Gail et al. created a benefit-
to-risk index that assesses the benefits of taking
tamoxifen for breast cancer risk reduction
against the risks of adverse events associated
with tamoxifen use [23]. It needs to be noted
that the Gail model should not be used to deter-
mine breast MRI eligibility as was specifically
noted in the Appendix of the American Cancer
Society breast MRI screening guidelines [1].
Part of the reason for this is that the Gail model
is not a family history-based risk model. The
Gail model does not factor in second-degree
relatives, age of onset, or any genetic factors;
although a few papers have looked at increasing
the discriminatory accuracy by incorporating
single nucleotide polymorphisms (SNPs) that
have been linked to increased breast cancer risk
[24-26]. Therefore, the Gail model is not a
model that should be used to assess breast can-
cer risk in women with a paternal family history
of breast cancer (any affected relatives would
have to be second-degree or more distant) or
women with a strong family history of breast
cancer (e.g., three or more or multiple early
onset breast cancer cases).
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Fig. 1.1 (a and b) Example of the Gail model

Empiric Models: BRCA1/2 Mutation
Probabilities

PENN Models

In 1997, Couch et al. published a model for
assessing the likelihood of identifying BRCAI
mutations in women with or without a personal
history of breast cancer [27]. They created their
model using 263 unrelated women with breast
cancer from families (both Ashkenazi and

non-Ashkenazi Jewish) with a history of breast
with or without ovarian cancer. Using both uni-
variate and multivariate analyses, they examined
possible associations between the presence of a
BRCAI mutation in a family and the following
family characteristics: unilateral breast cancer,
bilateral breast cancer, ovarian cancer, combined
breast and ovarian cancer in the same individual,
the number of women at risk in a family (>20
years of age), the average age of diagnosis for
breast and ovarian cancer, and Ashkenazi Jewish
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ancestry. A predicted probability of harboring a
BRCAI mutation in the family was calculated
using logistic regression analysis; from this, they
created two sets of tables (one each for Ashkenazi
and non-Ashkenazi Jewish individuals) that take
the average age of onset of breast cancer only in
the family in combination with one of four family
features: families with breast cancer only, fami-
lies with breast and ovarian cancer, families with
a single individual with breast and ovarian can-
cer, and families with both breast and ovarian
cancer who have one individual in the family who
had both breast and ovarian cancer.

For example, take a non-Ashkenazi woman
who had breast cancer at age 42, who has a
mother, maternal aunt, and maternal first cousin
with breast cancer at ages 52, 48, and 38, respec-
tively, the PENN model would predict a 5%
chance of identifying a BRCAI mutation in this
family since this is a breast cancer only family
with an average age of onset of 45 years. If the
same family had a grandmother with ovarian can-
cer, the PENN model predicts a 23.4% chance of
finding a BRCAI mutation and if you switch the
ovarian cancer diagnosis to the maternal aunt
with breast cancer, the likelihood of identifying a
BRCAI mutation now increases to 82.9%. Once
the likelihood of identifying a mutation is deter-
mined, you can then use basic Mendelian princi-
ples of autosomal dominant inheritance to
calculate the chance of other people in the family
also having a BRCAI mutation (e.g., any of the
maternal aunt’s children would have an ~41.5%
chance of harboring a BRCAI mutation, 50% of
the aunt’s risk).

The PENN model is easy to use and has been
built into CancerGene®. The PENN model per-
forms similarly to other BRCA mutation predic-
tion models with an AUC between 0.62 and 0.80
depending on the population studied [28-30].
The PENN model requires knowledge of all
breast and ovarian cancer diagnoses in the fam-
ily; only takes into account one side of the family
so if there is breast and/or ovarian cancer in both
lineages of a proband, the model would need to
be run separately for each side of the family; and
is based on BRCAI genetic testing that occurred
when genetic testing first became available which

means it: (1) identified variants of uncertain
significance (i.e., inconclusive test results) at
much higher rate (30-40% vs. 3-5% today); and
(2) did not evaluate for large deletions or duplica-
tions. Therefore, the PENN model underesti-
mates the likelihood of finding a BRCA I mutation.
However, the biggest limitation of the PENN
model is that it does not evaluate for BRCA2
mutations. Genetic testing for the BRCAI and
BRCA2 genes almost uniformly includes both
genes; BRCA genetic may be limited to one gene
in situations where there is a known BRCA muta-
tion in the family or the family is of a specific
ethnic background that has founder mutations in
only one gene (e.g., BRCAI founder mutations in
Poles). Another limitation is that the group does
not report on whether the breast cancers included
are invasive, in situ, or both or whether the ovar-
ian cancers are epithelial only or a combination
of epithelial and non-epithelial tumors. Non-
epithelial ovarian cancers are generally not asso-
ciated with BRCA mutations [31, 32].

The PENN model has been updated (PENN
II) and expanded to include the BRCA?2 gene. The
new model factors in additional cancers including
prostate and male breast cancer (the number of
cases in the family) as well as pancreatic cancer
(present or absent in the family) and mother-
daughter concordance. At the time of writing this
chapter, a full description of the PENN II model
has not yet been published in a peer-reviewed
journal, although some information about the
model has been published and the model per-
forms equally to other BRCA risk models in the
high-risk clinic setting [30]. The model is avail-
able online for free at http://www.afcri.upenn.
edu/itacc/penn2/ (Fig. 1.2) and at least one major
insurance carrier (Aetna) recognizes the PENN II
model in determining coverage for BRCAI and
BRCA?2 genetic testing.

Myriad Models: Shattuck-Eidens
and Myriad Il

Shattuck-Eidens Model (Myriad I)
Shortly after clinical BRCAI and BRCA2
genetic testing became available, Myriad Genetic
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This model can be used to predict the pre-test probability, or prior probability, that a person has a BRCAI or

BRCA2 mutation. In general, individuals with at least a 5-10% chance of having a mutation in either gene are
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This model does not predict breast cancer nisk. It focuses only on the chance that an individual has inherited a
mutation in BRCAIl or BRCA2.

Instructions for use

. Please answer the following questions.

2. Information from a single lineage in the family should be used and restricted to three generations.

. If there is cancer history present on both the maternal and paternal sides, each lineage should be entered

separately.

. Since this model depends on the family history being accurate, attempts should be made to confirm the family

history with pathology reports, epecially for cases of ovarian cancer

. Further information can be found by clicking the ?icon

Part A. Select the Side of the Family in Question: Maternal @ Paternal

Part B. Please provide Following Information:

1. Presence of Ashkenazi Jewish ancestry? S no " yes

2. Number of women in family diagnosed with both breast and ovarian cancer? (0-100)

3. Number of individual women in family diagnosed with ovarian or fallopian tube cancer in the (0-100)

absence of breast cancer?

4. Number of breast cancer cases in family diagnosed in individuals under the age of 507 (0-100)

5. What is the age of the youngest breast cancer case? (18-
130)

6. Presence of mother-daughter breast cancer diagnosis in family? S no | ves

7. How many individuals with bilateral breast cancer in family? (0-100)

8. Number of male breast cancer diagnoses in family? (0-100)

9. Presence of pancreatic cancer in family? 9 no " yes

10. Number of prostate cancer diagnoses in family? (0-100)

Part C. Closest Relative with Breast or Ovarian Cancer: Aunt/Uncle -]

Fig. 1.2 Example of the PENNII model (© Copyright 2012 The Trustees of the University of Pennsylvania, owner and
operator of the University of Pennsylvania Health System. ALL RIGHTS RESERVED.)

Laboratories, in collaboration with the USA and  genetic testing data from 798 unrelated individuals
European groups, published data intended to from 20 high-risk clinics selected for testing
identify predictive characteristics of harboring a based on features suggestive of a BRCAI muta-
BRCAI mutation [33]. They collected BRCAI tion (e.g., early age of onset of breast cancer,



1 ldentifying Women at High Risk of Breast Cancer: Understanding the Risk Models 9

multiple breast cancer diagnoses, ovarian cancer).
Most of the individuals had family history infor-
mation available from first-degree relatives, but
some individuals included information on second-
degree relatives as well. There is no mention of
including third-degree relatives or male relatives
affected with breast cancer.

Complete information was available on 621
affected individuals and their families and, from
this data set, they examined the relationship
between phenotype and the presence of a delete-
rious BRCAI mutation (all uncertain BRCAI
variants of uncertain significance were excluded)
for 593 individuals by logistic regression. Six
factors were considered in their modeling algo-
rithm: (1) patient disease status using five differ-
ent classifications—unilateral breast cancer/no
ovarian cancer, bilateral breast cancer/no ovarian
cancer, unilateral breast cancer with ovarian can-
cer, bilateral breast cancer with ovarian cancer,
ovarian cancer/no breast cancer; (2) patient age at
first diagnosis; (3) Ashkenazi or non-Ashkenazi
Jewish ancestry; (4) number of relatives affected
with breast cancer but not ovarian cancer; (5)
number of relatives affected with ovarian cancer,
but not breast cancer; and (6) number of relatives
affected with both breast and ovarian cancer. No
distinction was made between degree of related-
ness of family members in the model. When
fitting the model, an individual with unilateral
breast cancer and ovarian cancer who also had a
family history of ovarian cancer ended up as a
negative risk factor because only a few individu-
als met this criteria, so this variable was removed
from the modeling. The overall number of women
positive for a BRCAI mutation was 102.

The data generated from the model is pre-
sented in graphical format in the paper. There are
two sets of graphs, one each for patients of
Ashkenazi and non-Ashkenazi Jewish descent.
Unfortunately, this model is not particularly user-
friendly in this format, but it has been built into
the CancerGene® (copyright) for easier use. The
Shattuck-Eidens model has the same limitations
as the original PENN model.

Myriad Il Model (The Frank Model)
About a year after the Shattuck-Eidens model
was published, Myriad Genetic Laboratories and

collaborators (12 sites from the USA were
included) published a report of an update to their
initial model that included the BRCA2 gene and a
uniform selection criteria [34]. The Myriad 11
model is based on a cohort of 238 women who
either had invasive breast cancer before age 50 or
ovarian cancer at any age and had at least one
first- or second-degree female relative with either
diagnosis at any age (most of the cancer diagno-
ses in the proband and family members were
verified with a medical records review); 105
women met this minimal criteria; and 123 women
had more significant histories. Family histories
collected included primarily first-, second-, and
third-degree relatives. Four eligible women
reported a family history of male breast cancer,
but there were not enough cases to factor male
breast cancer into the model.

All but 27 women had genetic testing for both
BRCAI and BRCA2; 27 women declined BRCA2
genetic testing after they were found to have a
BRCAI mutation. The final number of women
positive for either a BRCAI or BRCA2 mutation
was 94 (63 BRCAI and 31 BRCA2); of these, 70
were women with breast cancer before the age of
50 only (n=200), 10 were women with ovarian
cancer only (n=22), and 14 were in women with
a history of breast and ovarian cancer (n=16).

After applying a model-fitting procedure to
their polychotomous logistic regression analysis
of their selected risk factors, they developed a
mathematical fit for the probability of detecting
either a BRCAI or BRCA2 mutation in women
diagnosed with breast cancer under the age of 50
only plus additional personal or family history.
No significant factors appeared when the analy-
ses were applied to women ascertained based on
a diagnosis of ovarian cancer. Therefore in order
to use the Myriad II model, to start, the patient
must be a woman with breast cancer under the
age of 50 and has to have at least one relative
with breast cancer under the age of 50. If both of
these criteria are not met, the Myriad II model
cannot be used. For patients who meet these cri-
teria, the Myriad II model will then adjust the
likelihood of testing positive for a BRCAI/2
mutation on whether: (1) there is any relative
with ovarian cancer; (2) the patient had bilateral
breast cancer (with one under the age of 50) or
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ovarian cancer (in addition to breast cancer under
age 50); and (3) if the patient had breast cancer
under the age of 40 or any combination of the
above factors. For example, if a woman had
breast cancer at 39, has a relative with breast can-
cer under age 50, and a relative with ovarian can-
cer, her chance of testing positive for a BRCAI
mutation is 50.9%, 7.9% for BRCA2, and 59%
for either BRCA or BRCA2. Unlike with the
Myriad I model, Ashkenazi Jewish ancestry was
not associated with an increased likelihood of
finding a BRCA mutation and was not factored
into their analysis.

The Myriad II model was a major improve-
ment over the Myriad I model since it took into
account the BRCA2 gene, had uniform selection
criteria, and verified histological diagnoses in
most cases and in its simplicity to use (look-up
table). However, there are two major weaknesses
of this model; first, is that it is based on a highly
selective patient population as evidenced by
their nearly 40% detection rate of BRCAI or
BRCA?2 mutations which is not representative of
most cancer genetics clinics. Secondly, the
Myriad II model is highly restrictive in respect
to who the model can be applied to which limits
its application. As discussed above, if the patient
does not have a diagnosis of breast cancer in
themselves and at least one family both under
the age of 50, the model cannot be used. Other
issues with the model include some of the same
issues as in the Myriad I and PENN I models
with respect to the genetic testing technology
and high variant of uncertain significance rate,
the lack of incorporation of male breast cancer,
and the potential for inclusion of low malignant
potential/borderline or mucinous ovarian tumors
and non-epithelial ovarian cancers.

The Myriad II model used to be included in
CancerGene® (copyright) but has since been
removed (starting in version 3.3) in favor of the
Mpyriad prevalence table data which is also avail-
able as a BRCA risk calculator [35]. The Myriad
prevalence data is not a model, but reflects the
likelihood of finding a mutation based on certain
personal and family history features from
Myriad’s internal database for both Ashkenazi
and non-Ashkenazi Jewish individuals. This data
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is purely based on the personal and family history
and ancestral information recorded on Myriad’s
test requisition forms by healthcare professionals
who order clinical BRCA genetic testing; indi-
viduals tested under research protocols are not
included. Whether or not the diagnoses recorded
are confirmed or if the ages are accurate are
unknown and are the major limitations of this
data set. The risk calculator can be found at
https://www.myriadpro.com/brca-risk-calculator?
page_id=165 and the prevalence tables can be
found at https://www.myriadpro.com/bracanaly
sis-prevalence-tables. At the time of writing this,
the prevalence tables were last updated in
February of 2010. Various studies have validated
the Myriad I, II and the prevalence tables and
these models are comparable with respect to its
discrimination and accuracy with other empiric
and genetic models [28-30, 36, 37].

NCI CART Model

The NCI CART model provides BRCAI and
BRCA2 mutation frequencies for individuals of
Ashkenazi Jewish ancestry [38]. The model is
based on data collected from a population survey
of 5,318 Ashkenazi Jewish men and women from
the Washington, DC area. Information on cancers
and ages of onset in the study participant, first-
and second-degree relatives was collected and all
individuals were tested for the three Ashkenazi
Jewish founder BRCA mutations (BRCAI
187delAG, BRCAI 5385insC, and BRCA2
6174delT). They applied the classification and
regression tree (CART) procedure to evaluate
prediction algorithms on the following factors:
the decade of age the individual was tested in
(i.e., <40, 4049, 50-59, >60), the decade of age
at diagnosis for affected individuals, breast or
ovarian cancer in the participant, first-degree rel-
ative with breast or ovarian cancer, and a history
of breast and ovarian cancer in the same woman.
They opted not to include second-degree family
history information.

Personal and family history combinations and
mutation frequencies are presented in tabular for-
mat which makes the NCI CART model very
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easy to use; it is also in CancerGene©(copyright).
However, based on the categories, there are cer-
tain histories that cannot be accounted for, which
is a limitation of this model. For instance, if a
woman has a family history of breast and/or ovar-
ian cancer and also has a personal history of
breast cancer under the age of 40, the family his-
tory information will not be factored in to adjust
her likelihood of having a mutation. The reason
for this is that the authors concluded family his-
tory had less influence on the chance of having a
BRCA mutation for women with cancer com-
pared to unaffected individuals with a family his-
tory. This conclusion was challenged by two
separate groups who reanalyzed the data using
different statistical methods and found that fam-
ily history was a significant factor for women
with a personal history of cancer [39-41].

While the model can be used for men or
women, it is only applicable to Ashkenazi Jewish
individuals, only includes affected first-degree
relatives, does not factor in male breast or bilat-
eral breast cancer, and does not differentiate
maternal and paternal lineages (i.e., to effectively
use the model, risk should be calculated indepen-
dently for each side of the family). Additionally,
the genetic testing done on individuals in this
study included the three Ashkenazi Jewish
founder mutations and likely missed some fami-
lies that have a non-Ashkenazi Jewish founder
mutation [35]; this would lead to the model likely
underestimating risk, albeit slightly. In a study
comparing seven different BRCA risk prediction
models, the NCI CART model had the lowest
c-statistic of all the models (0.63) for risk predic-
tions for Ashkenazi Jewish families [29]. This in
part may be due to the original purpose of the
study which is to calculate population-based pen-
etrance estimates for mutation carriers and the
majority of their participants were unaffected
individuals [42, 43].

Further, using the NCI CART (or the
LAMBDA model discussed below) has limited
value for determining when BRCA genetic test-
ing should be offered to an Ashkenazi Jewish
individual since guidelines in the USA recom-
mended genetic counseling and BRCA testing for
all Ashkenazi Jewish women with a personal and/

or family history of breast and/or ovarian cancer
in first- and second-degree relatives [4, 5, 44].
The model could be used to help patients better
understand their chances of testing positive dur-
ing pretest genetic counseling.

LAMBDA Model

A second BRCA prediction model developed
specifically for Ashkenazi Jewish individuals is
the Log odds of an Ancestral Mutation in BRCA I
or BRCA?2 for a Defined personal and family in
an Ashkenazi Jewish woman (LAMBDA) [43].
The LAMBDA model was primarily developed
out of the response the authors published to the
NCI CART model [39]. The LAMBDA model
was developed from data sets from two different
Ashkenazi Jewish populations: (1) Australian
women who had a diagnosis of breast or ovarian
cancer or had a family history of breast or ovar-
ian cancer in first- or second-degree relatives
(n=240); and (2) women from the UK who had
a previous diagnosis of breast or ovarian cancer
(n=184) [45]. All probands were screened for
the three Ashkenazi Jewish founder BRCA muta-
tions, and then through logistic regression analy-
sis, they modeled the probability that the proband
carries one of the three mutations. To be consis-
tent with the NCI CART study, they used many
of the same predictive factors including the same
age breakdowns (decade of age of onset of can-
cer and decade of age at genetic testing), per-
sonal history of breast or ovarian cancer, and the
number of first- and second-degree relatives
affected with breast or ovarian cancer in the
modeling. They also included a history bilateral
breast cancer in the proband or a first- or second-
degree relative. After they analyzed the com-
bined Australian and the UK populations, they
again used logistic regression to combine this
data set with the data generated from their analy-
sis of the NCI CART data to generate the
LAMBDA model.

The final factors that ended up having
significance and being included in the model are
shown in Fig. 1.3. Breast cancer diagnosed 60 or
older, second-degree relatives with breast cancer
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Fig. 1.3 (a—c) Example of the LAMBDA risk assessment tool
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after the age of 40 or with bilateral breast cancer
and age of onset of ovarian cancer were not
included in the model as the authors found no
evidence these factors influenced risk. The
authors tested the internal consistency of the
LAMBDA model and there was no evidence of
systematic bias. The LAMBDA model is simple
to use and requires adding up all of the risk fac-
tors to get the LAMBDA score which in turn is
compared to the conversion table which provides
a pretest probability of having one of the three
Ashkenazi Jewish BRCA mutations.

Apicella and colleagues validated the
LAMBDA model on a population of over 1,200
Ashkenazi Jewish women from North America
that were pooled from clinic-, community-, and
population-based cohorts [46]. Overall, the AUC
was 0.79 but the model seemed to have better
prediction for BRCAI mutations over BRCA2.
The model was overdispersed, predicting 18%
more carriers than observed. When compared to
BRCAPRO (discussed below) risk estimates on
the same population, the LAMBDA model was
comparable with respect to AUC (0.78 for
BRCAPRO) and did better with dispersion as
BRCAPRO was markedly overdispersed predict-
ing 86% more carriers than observed. A second
study was published in 2007 that compared the
LAMBDA model to the Myriad II, BRCAPRO,
and Couch models in 200 women presenting to a
high-risk clinic at the Mayo Medical Center in
Rochester [28]. Interestingly, Lindor and her col-
leagues only had 30 Ashkenazi Jewish women in
their cohort (15% of the total), but they ran the
LAMDA model on all 200 women and performed
complete DNA sequencing for both BRCAI and
BRCA2 as well as a deletion and duplication
panel for 5 BRCA I mutations. Like Apicella et al.
reported [46], the LAMBDA was overdispersed,
but was less likely to miss mutation carriers than
the three other models. Further, they found the
LAMBDA model outperformed or at least
matched most of the models in a high-risk clinic
setting in which 85% of the patients were not of
Ashkenazi Jewish ancestry suggesting the
LAMBDA model may have utility in
non-Ashkenazi Jewish women. However, further
studies are needed to confirm their findings.

Limitations of the LAMBDA model include
the lack of inclusion of relatives beyond second-
degree, male breast cancer, age of onset in rela-
tion to bilateral breast cancer, and other
BRCA-related cancers. Like some of the other
models, the model does not differentiate the
maternal from the paternal lineage and, at this
time, it can only be used in individuals of
Ashkenazi Jewish ancestry, although Apicella
notes her group is working on modifying the
model for individuals not of Ashkenazi Jewish
descent [46]. While the LAMBDA is not comput-
erized which would speed up the time it takes to
use the model, the math involved is straightfor-
ward and simple.

Genetic Models: Breast Cancer Risk
Claus Model

The Claus model, sometimes referred to as the
Claus tables, is another well-known model for
breast cancer risk assessment. The Claus model
provides age-specific breast cancer risk estimates
for women with family history of breast cancer
[47]. The actual model was developed from data
obtained from the Cancer and Steroid Hormone
(CASH) Study, a multicenter, population-based,
case—control study conducted by the Centers for
Disease Control [48]. The study included 4,730
women with a confirmed diagnosis of breast can-
cer, “most” of which were invasive, between the
ages of 20-54 and 4,688 control subjects matched
according to 5-year age intervals and geographic
region. Family history information was collected
on specific female relatives, but for the develop-
ment of the model, only mothers and sisters of
Caucasian cases and controls were used. Second-
degree relatives and non-Whites were excluded
due to underreporting of diagnoses for these
groups. Daughters were also excluded due to the
relatively few cases of affected daughters in both
the case and control arms; this was likely a
byproduct of the age eligibility for the study.
Through goodness-of-fit tests, they compared
the observed age-specific risk patterns with those
predicted under a variety of genetic models and
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determined a rare allele inherited in autosomal
dominant manner with an allele frequency of
0.0033 best explained the risk in these families; it
is important to remember that the BRCA genes
had not yet been fully elucidated at the time the
Claus model was published. Assuming an auto-
somal dominant rare allele was responsible for
breast cancer, complex segregation analysis was
used to calculate age-specific risks for women
with either one or two first- or second-degree
relatives affected with breast cancer by the age of
onset of the affected relative. The results of this
analysis are presented in lookup tables that pro-
vide cumulative probabilities of developing
breast cancer between ages 29 and 79 in 10-year
increments for different family history combina-
tions of affected relatives by age of onset includ-
ing: 1 first-degree relative; 1 second-degree
relative; 2 first-degree relatives; a mother and
maternal aunt; a mother and paternal aunt; 1
maternal and 1 paternal second-degree relative;
and 2 second degree relatives.

There are several limitations to the Claus
model, most important of which is that there is no
independent validation of the Claus model.
Numerous studies have compared the Claus
model to other models. In a study comparing the
estimated risks for the Gail and Claus models for
111 women attending a high-risk clinic at the
University of California in Los Angeles,
McGuigan et al. showed that there was poor con-
cordance between the two models with Claus
model estimate falling within the 95% confidence
interval of the Gail risk only 22% of the time
[49]. However, the models were more concordant
for women who had more than one affected first-
degree relative, so the authors postulated that
some of these differences in agreement could be
due to the personal risk factors factored into the
Gail model that are not included in the Claus
model. A second group comparing the Claus and
Gail models had similar findings to McGuigan
et al. [50]. Amir and colleagues found the Claus
model underestimated absolute breast cancer
when comparing expected to observed cases as
well as breast cancer risk among women with a
single affected first-degree relative in a cohort of
3,170 women from the UK undergoing compre-
hensive risk assessment [51]. Since the Claus
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model only takes into account two affected
relatives, the Claus model will also underestimate
risk for women who have very strong family his-
tories of breast cancer (four or more cases) who
are negative for a BRCA mutation. The model
also is limited by the fact that certain combina-
tions of affected first- and second-degree relatives
are not accounted for by the tables (e.g., sister
and aunt or mother and paternal grandmother), so
this requires some manipulation of the models to
get risk numbers for patients. For instance, in a
sister/aunt combination, the sister may need to be
reflected as an affected mother to accurately cap-
ture her first-degree relationship. Other issues to
be aware of are that model’s accuracy in non-
Caucasian populations is unknown, the model
likely underestimates risk for women who have
relatives diagnosed in the twenties because there
were few women in the CASH study diagnosed
with breast cancer in this age range, bilateral
breast cancer is not taken into account, and non-
familial risks are not factored in [47, 52].

The Claus model was created from a large data
set and is useful for women who have 2-3 affected
relatives who have not undergone BRCA genetic
testing or when a BRCA mutation has not been
identified as the cause of the breast cancer in the
family. This last point was assessed by Claus and
the creators of the BRCAPRO model and they
concluded the Claus model may be better than
BRCAPRO for estimating breast cancer risk in
BRCA negative families [53]. The model has been
incorporated into the CancerGene® (copyright)
for easy use. Additionally, when using the Claus
model in CancerGene® (copyright), the program
will provide risk estimates for the most genetic
looking combination of affected individuals. For
example, if a woman has a mother affected at 49,
a sister affected at 42, and a paternal aunt diag-
nosed at 35, CancerGene® (copyright) will auto-
matically provide the risk for having two affected
first-degree relatives (35.4%) over the mother/
paternal aunt risk (19.7%). The Claus model is
one of the models recognized by the American
Cancer Society for calculating breast cancer risk
to determine breast MRI screening eligibility [1].

A couple of variations of the Claus model
exist although they are not commonly used. Prior
to the publication of the Claus model, Claus and
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colleagues developed two tables that provide
age-specific breast cancer risks for women with
either: (1) one or two first-degree relatives
affected with ovarian cancer by age of onset or
(2) two affected first-degree relatives, one with
breast cancer and one with ovarian cancer, by age
of onset [54]. The same CASH data set was used
with all the same parameters as discussed above
including an additional 493 women who had epi-
thelial ovarian cancer. The utility of this model
has never been evaluated.

The other Claus model variation is an exten-
sion of the original Claus model called the Claus
extended method [55]. Using newer information
about risk factors for hereditary breast cancer,
van Asperen and colleagues used linear regres-
sion analysis and incorporated three additional
factors into the Claus model: (1) family history of
ovarian cancer; (2) family history of bilateral
breast cancer; and (3) whether there are more
than two affected relatives with breast cancer in
the family. This last factor can also, in theory,
include male breast cancer but the model did not
specifically take this into account. They created a
regression formula factoring in these three risk
factors plus the original Claus model score for
the family. In their analyses, the Claus extended
method had lower agreement with the Claus
model than the Claus tables, but the extended
method correlated better with risk estimates from
BRCAPRO and another lesser used model called
the Jonker model (a.k.a., BRCA1/2/u model)
[56]. The main issue with the Claus extended
method is that the formula has never been made
available in any computerized format, so using
the Claus extended method requires inputting
data into their formula and doing the math to cal-
culate the risks which is not the most practical
approach in a busy clinic setting.

Genetic Models: Breast Cancer Risk
and BRCA1/2 Mutation Probabilities
BRCAPRO

BRCAPRO is by far the most studied and widely

used model for assessing BRCA /2 mutation car-
rier probabilities. It is a mathematical model that

uses Mendel’s laws of inheritance, in this case
autosomal dominant inheritance, and Bayes theo-
rem to combine information about a person’s per-
sonal and family history with published BRCA
mutation prevalence data and age-specific cancer
rates [57-61]. Unlike the BOADICEA or Tyrer-
Cuzick model (discussed below), the BRCAPRO
model works on the assumption that the cancer in
the family is either due to a BRCA1/2 mutation or
is sporadic in nature, so no other genes (real or
theoretical) are including in its statistical equa-
tions. The BRCAPRO model will produce a
BRCA carrier probability for men or women
based on: a person’s current age; history of inva-
sive breast (unilateral or bilateral, as well as male
breast cancer) and/or ovarian cancer and age of
onset; all maternal and paternal first- and second-
degree relatives including their current age or age
at death, their history of invasive breast (unilat-
eral or bilateral, as well as male breast cancer)
and/or ovarian cancer and if affected, the age of
onset; Ashkenazi Jewish ancestry (BRCAPRO
uses different mutation prevalences for Ashkenazi
and non-Ashkenazi Jewish individuals); and
results of BRCA1/2 testing for anyone in the fam-
ily who has undergone testing. The sensitivity
and specificity of BRCA genetic testing is
modifiable in the model. Background cancer rates
come from SEER data. Technically, BRCAPRO
does not factor in DCIS since age-specific DCIS
risks for BRCA carriers are not known. However,
some genetics providers will include DCIS when
using BRCAPRO in one of two ways: (1) the pro-
vider will perform two separate calculations, one
including and one excluding the relative with
DCIS, and then provide both probabilities to the
consultand and explain that the actual carrier
probability is somewhere in between the two
risks or (2) some providers will include the rela-
tive but add 10 years to the age of onset given the
potential that in 10 years, if left in the breast,
DCIS would transform into invasive disease [62].
Neither of these methods for using BRCAPRO
has ever been validated.

Over the years, the BRCAPRO model has
undergone a variety of updates. The age-specific
penetrance estimates for breast and ovarian can-
cer have gone from the original higher estimates
to more conservative levels [63—-68]. BRCAPRO
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will now factor in both the ovarian and breast
cancer risk reduction afforded to women who
have undergone prophylactic bilateral salpingo-
oophorectomy, for whatever reason, in the family
based on the age at surgery; the protective effect
on breast cancer risk only benefits women who
have the surgery under the age of 60 [69, 70].
Estrogen and progesterone receptor, HER2-neu,
CK14, and CK5/6 status can also be inputted to
adjust risk predictions [36, 71, 72]. Further,
BRCAPRO will consider different races and eth-
nicities for both penetrance and mutation preva-
lence estimates and pedigrees of any size can
now be included (e.g., third- and fourth-degree
relatives can be added).

Multiple studies have looked at the ability of
BRCAPRO to discriminate between BRCA muta-
tion carriers and noncarriers. Antoniou and
Easton provide a summary of some of the studies
which show a range of concordance between 60
and 83% [6]. Bellcross compiled data showing
the sensitivity, specificity, and PPV of BRCAPRO
range between 73-79%, 24-79%, and 24—46%,
respectively [73]. BRCAPRO generally overesti-
mates risk for individuals with high carrier prob-
abilities and underestimates risk for individuals
with low carrier probabilities [6]. The BRCAPRO
model generally poorly discriminates between
mutations in BRCAI and BRCA2, but it seems as
though the addition of breast cancer tumor mark-
ers into the model has increased the model’s dis-
criminatory power [36, 71, 72]. BRCAPRO has
been found to overestimate risk for women with
bilateral breast cancer [74, 75] and appears to
have high discriminatory capacity for men with
breast cancer [76]. The BRCAPRO model has
been evaluated for individuals of African-
American, Hispanic, Asian-American, and Native
American background [77-82]. In general,
BRCAPRO seems to have the same discrimina-
tory ability and calibration for minority popula-
tions compared to Caucasian populations. Some
of the studies found slight differences but none of
the differences were statistically significant.

In addition to BRCA mutation carrier proba-
bilities, the BRCAPRO model provides lifetime
breast and ovarian cancer risks for unaffected
individuals or contralateral breast cancer risk for
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an affected individual based on the weighted
average of the penetrance for mutation and non-
mutation carriers, with the estimated carrier prob-
abilities as weights. The risk is presented in
5-year increments and will calculate risk out until
the eighth decade of life. Interestingly, if the
patient is in the eighth decade of life, BRCAPRO
will provide risks for a minimum of 20 years (i.e.,
tenth decade). This function of the BRCAPRO
model is not as well studied or fully validated.
The BRCAPRO model may be underestimating
risk since it is not factoring in any personal his-
tory and/or other genetic factors. At least one
study found that the BRCAPRO model
significantly underestimated breast cancer risk
and performed the worst compared to the Gail,
Claus, and Tyrer-Cuzick models [51].

BRCAPRO requires a computer to use the
program and may take 10—-15 min to input the
history to generate carrier probabilities.
BRCAPRO also requires a complete family his-
tory to get the most accurate prediction; any fam-
ily history that is omitted will cause the model to
overestimate risk. As with most of the other
BRCA mutations prediction models, BRCAPRO
does not factor other BRCA-related cancers (e.g.,
prostate, pancreas) and as mentioned above, does
not include DCIS. It is important to note that not
all of the additions discussed above have been
incorporated into the BRCAPRO model in the
CancerGene® (copyright) software [18] (most
recent version is 5.1), but they will soon be added
(D. Euhus, personal communication). The most
up-to-date version can be downloaded from the
BayesMendel website [61].

BOADICEA Model (Breast and Ovarian
Cancer Analysis of Disease Incidence
and Carrier Estimation Algorithm)

The BOADICEA model uses complex segrega-
tion analysis and Bayes theorem to compute
BRCAI and BRCA2 mutation carrier probabili-
ties as well as age-specific invasive breast and
ovarian cancer risks [83-86]. The BOADICEA
model accounts for the allele frequencies and
age-specific breast and ovarian cancer risks for
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BRCAI and BRCA2 mutations as well as a
polygenic component (i.e., an unknown number
of genes that confer a low risk of cancer and act
multiplicatively with one another) that represents
the familial aggregation of breast cancer not due
the BRCA genes, but that can also influence breast
cancer penetrance in BRCA mutation carriers; the
polygenic component has no influence on ovarian
cancer risk in this model.

The original model version of the BOADICEA
model was fit from a combined data set of 1,484
population-based cases of breast cancer diag-
nosed under the age of 55 and “multiple case”
breast cancer families that included >2 affected
individuals, at least one of whom was diagnosed
under the age of 50 [84, 85]. Family history infor-
mation was included for first-degree relatives
only. All of the index cases underwent BRCAI
and BRCA2 genetic testing, albeit with an infe-
rior testing technique (conformation sensitive gel
electrophoresis (CSGE)) that has an ~70% detec-
tion rate; this means they missed some mutations
which in turn would have affected the calibration
of the model. The baseline breast and ovarian
cancer risks are from an English and Welsh popu-
lation from 1983 to 1987. These rates (5% for
breast and 1% for ovarian cancer) are lower than
typical rates from the USA. The incidences were
assumed to change in 5-year intervals as opposed
to an even and gradual change in risk. Further, the
model assumed a fixed set of calendar incidences
over all groups instead of accounting for the
change in risks with advancing age. The BRCA
penetrance estimates for breast and ovarian can-
cer selected were on the lower end of the spec-
trum as well (breast and ovarian cancer by age
70: 35% and 26%, respectively, for BRCAI and
50% and 9.1%, respectively, for BRCA2). The
lower penetrance estimates, in turn, led the
BOADICEA model to provide lower carrier
probabilities when compared to an early version
of BRCAPRO. Finally, only breast and ovarian
cancer were included in the model and only one
cancer was factored in (e.g., bilateral breast can-
cer was not counted).

BOADICEA was subsequently expanded to
include a much larger data set of population-
based breast (which included some male breast

cancers) and ovarian cancer diagnoses from three
additional studies, one of which was from a meta-
analysis of 22 separate population-based studies
which totaled 2,785 families and 537 BRCAI or
BRCA?2 mutation carriers [86, 87]. Family history
was again reported for all first-degree relatives
and some studies went beyond first-degree rela-
tionships. All of the index cases had BRCAI and
BRCA?2 genetic testing, but given the variety of
techniques used across all studies, a 70 and 80%
mutation detection rate for BRCAI and BRCA2,
respectively, was assumed (however, when using
BOADICEA online, the model allows the user to
set the genetic testing sensitivity to provide more
accurate risks). Baseline breast and ovarian can-
cer rates were again taken from English and
Welsh populations, but calendar period and
cohort-specific incidences were used and the
authors employed a method of “smoothing” to
account for the gradual changes in risk over time.
They used the same techniques for determining
penetrance estimates for BRCA mutation carriers
which were substantially higher and closer to the
believed penetrance estimates. Further, family
history of male breast, prostate, and pancreatic
cancer was added into the model for determining
BRCA carrier probabilities and male breast can-
cer was included for adjusting age-specific breast
cancer risks, but the model will not provide breast
cancer risks for men. History of more than one
cancer for women has been included in
BOADICEA. This allows the model to factor in
bilateral breast cancer diagnoses for BRCA muta-
tion carrier probabilities as well as contralateral
breast cancer risk for women with and without
BRCA mutations who have already been affected.
Also added were BRCA genetic test results and
Ashkenazi Jewish ancestry for each individual
versus the entire family; this is helpful for indi-
viduals who are Ashkenazi Jewish through only
one lineage. Breast cancer tumor pathology is an
additional factor that will be added soon [88].
The BOADICEA model is available in a Web-
based program and will generate a PDF report
with a pedigree, BRCA carrier probabilities, and
breast and ovarian cancer risks [89] (Fig. 1.4a—c).
Pedigrees can be created online or uploaded from
a pedigree drawing program. A complete family
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history is needed for the most accurate risk
estimates. BOADICEA can include half sibling
and relatives beyond second-degree. However,
the online model is rather labor-intensive and not
very user-friendly. For example, in order to add
aunts, uncles, and cousins, grandparents need to
be entered first, but this information is not found
on the website. Additionally, since the
BOADICEA model is calendar- and cohort-
specific, it requires year of birth or death for each
person in the family which is information most
people do not have, so it takes additional time to
try and calculate years of birth/death based on the
ages provided by patients. While there is an
“unknown” option if this information is not avail-
able, selecting “unknown” will cause that relative
to be ignored by the model which in turn will lead
BOADICEA to underestimate risks highlighting
the need for specific ages. BOADICEA will not
calculate cancer risks beyond the age of 80.
BOADICEA does not factor in any reproductive
or hormonal risk factors or preventative surger-
ies. To include preventative surgeries, a woman’s
age should be censored at the age she had the
surgery [89]. In situ disease and non-epithelial
ovarian cancers were not used to develop the
model, so including this information may lead to
overestimation of risks. Another limitation of the
model relates to age-specific ovarian cancer risks

in women who have tested negative for a BRCA
mutation. Since the polygenic component was
not applied to ovarian cancer risks, the
BOADICEA model will assume low ovarian can-
cer risks if negative BRCA results are entered into
the model. Further, BOADICEA also underesti-
mates risk for families with a strong history of
ovarian cancer [89]. Other than Ashkenazi Jewish
ancestry, the model cannot be adjusted for any
other races or ethnicities, though the original
BOADICEA has been shown to provide compa-
rable risk estimates for African-Americans, but
may underperform in Hispanics [82].

Despite all of these limitations, BOADICEA
predicts BRCA carrier probabilities just as well as
some of the other models. At least three separate
studies have validated both the original [37, 82,
90] and current version [91-93]. Areas under the
ROC curves, sensitivities, specificities, and PPVs
are shown in Table 1.3. The breast and ovarian
cancer risks produced by BOADICEA have not
been well studied or validated. The initial publi-
cations for the original and updated version show
that the model predicts breast cancer risks well
compared to a large combined analysis of famil-
ial risk [94], though it may underestimate the risk
for very early onset cases (< age 30) in the family
and may overpredict risk at older ages [85, 86].
Jacobi and colleagues compared BOADICEA
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Fig. 1.4 (a—c) Example of the BOADICEA model including the typical data input page and results output
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b 2.0 BOADICEA risk calculation results

Index or subject of the BOADICEA calculation

Firstname/identifier of index: Scott
Unique identifier of index: 1

The BOADICEA model predicts the following BRCA1/BRCAZ2 mutation carrier probabilities and
breast/ovarian cancer risks for this individual:

Genetic status  [Mutation carrier probabilities A gelBreast cancer risksfOvarian cancer risk
Mo mutation 0.8841 B6 10.0023 0.0001
BRCAI1 10.0609 37 10.0049 0.0003
BRCA2 0.0550 38 0.0077 0.0006
39 10.0109 0.0009
Model parameters M0 [0.0143 0.0013
Family member Scott (1) 15 10.0362 D.0045
Mutation frequencies A shkenazi 50 10.0656 0.0087
BRCA1: 0.008 65 10.0986 D.0149
BRCAZ: 0.006 50 10.1304 D.0229
pMutation search sensitivities Custom 55 10.1589 0.0299
BRCA1: 09 70 [0.1841 D.0362
BRCA2: 0.9 75 [0.2073 D.0422
B0 0.2279 D.0478
: [ [ | | o)
5 8 E 10
MG023192) MGMam(02) PGEad(?0) PGMem
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Fig. 1.4 (continued)
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Table 1.3 Performance characteristics of the BOADICEA model

BRCA1 BRCA2 BRCA1/2
Original model AUC Sens Spec PPV AUC Sens Spec PPV AUC Sens Spec PPV
Barcenas et al. 0.772  0.500 0.877 0.339 0.758 0.483 0.864 0.229 0.781 0.671 0.774 0.405
[8]**—F/SDR only
Barcenas et al. 0.773 0.571 0.856 0.333 0.763 0.552 0.803 0.189 0.775 0.729 0.711 0.367
[8]**—extended
Roudgardi et al. [9]° 0.700 0.460 0.840 - 0.590 0.180 0.930 - 0.680 0.530 0.780 -
Kaurian et al. [10]¢ - - - - - - - - 0.826 — -
Updated model
Panchaletal. [11]*  0.800 - - - 0.630 - - - 0.740 0.700 0.650 -
Antoniou et al. - - - - - - - - 0.810 - - -
[12]—extended
Antoniou et al. [13]> 0.820 0.829 0.638 0.219 0.680 0.675 0.591 0.125 0.770 0.904 0.395 0.258

AUC area under the curve, Sens sensitivity, Spec specificity, PPV positive predictive value, F/SDR only first- and
second-degree family members only, extended entire family structure

“Non-Ashkenazi Jewish families only

"Sensitivity, specificity, and PPV using a 10% cutoff for offering genetic testing
Sensitivity, specificity, and PPV using a 20% cutoff for offering genetic testing

4Data in table for Caucasian pts only

breast cancer risk estimates with other breast
cancer models for different fictitious personal
and family history scenarios and found that
BOADICEA tended to produce lower risk
estimates than many of the other models [95].
Studies assessing age-specific ovarian cancer
risk estimates have not been performed. Finally,
one study evaluated the breast and ovarian cancer
risks provided by BOADICEA for unaffected
BRCA mutation carriers and it seemed to be com-
parable to what would be expected for the study
population, but further studies are needed to
confirm their findings [93].

IBIS Model (Tyrer-Cuzick Model)

The IBIS model is a complex model that pro-
vides both lifetime breast cancer risk estimates
as well as BRCAI or BRCA2 mutation probabili-
ties [96]. The model uses a two locus genetic
model with one of the genes being either BRCA
or BRCA?2 and the other being a hypothetical low
penetrant, highly prevalent gene that causes
breast cancer only; the theoretical prevalence of
this gene is 11% in the general population with a

lifetime risk of 24% to age 70. The purpose of
the hypothetical gene is to account for all other
unknown genes modifying familial breast cancer
risk which can help account for effects of the
family history of cancer if a BRCA gene muta-
tion is not present in the family. The same
approach was not applied to ovarian cancer, so
the IBIS model does not provide ovarian cancer
risks. The IBIS model uses a proportional haz-
ards modeling to combine both genetic and
nongenetic factors to calculate breast cancer
risks. It does this by combining the absolute risk
based purely on family history and the relative
risk for an individual based on her personal fac-
tors. For BRCA probabilities, the model uses
segregation analysis based on Bayes theorem to
predict the risk of having a BRCAI or BRCA2
mutation from family history information.

The data used to generate the model comes
from a variety of populations. Baseline breast
and ovarian cancer risks were taken from the UK
national statistics whereas the BRCA breast and
ovarian cancer penetrance estimates (i.e., lifetime
risks) were from the Breast Cancer Linkage Con-
sortium (BCLC) which is a population of Euro-
pean and North American BRCA families [66].
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BRCAI and BRCA2 mutation prevalence data
come from a population of the UK women with
early onset breast cancer. Lastly, family history
risk estimates were comprised from a Swedish
registry that reported breast and ovarian cancer
risks for women whose mothers and/or sisters
had breast (unilateral or bilateral) and/or ovarian
cancer [97].

The IBIS model is one of the most comprehen-
sive models as it factors in a variety of personal
risk factors including current age, age at menar-
che, parity and, if parous, age at first live birth,
height and weight for body mass index, meno-
pausal status and age at menopause, atypical
hyperplasia, and lobular carcinoma in situ. Since
the model was first published, additional personal
risk factors have been added including hyperpla-
sia without atypia [98], personal history of ovar-
ian cancer, hormone replacement therapy use and
length of use, and Ashkenazi Jewish ancestry for
the whole family (i.e., a person who is half
Ashkenazi Jewish has to be entered as either non-
Ashkenazi or 100% Ashkenazi) [42]. For an indi-
vidual’s family history, the IBIS model allows for
the incorporation of both maternal and paternal
lineage and initially included both affected and
unaffected first- and second-degree female rela-
tives and has been updated to include cousins and
half sisters. A diagnosis and age of onset for
breast cancer can be added for any relative, but
bilateral breast cancer can only be inputted for
mothers and sisters. Diagnoses and age of onset
for ovarian cancer can be added for most relatives
except nieces, cousins, and half sisters and the
model will account for up to two aunts with ovar-
ian cancer on each side of the family. Other
BRCA-related cancers (e.g., pancreatic) and male
breast cancer are not included in the IBIS model.

The IBIS model has a number of benefits. The
model itself is easy to use with regard to data
entry (although it does require a complete family
history to be most accurate) and can be found
online at www.ems-trials.org/riskevaluator/. The
model output is very nice as it represents age-
adjusted risks in both numerical and graphical
form and provides a small pedigree (Fig. 1.5a—c).
IBIS incorporates personal and reproductive risk
factors in addition to pretty complete family

history information and will adjust risk based on
the number of affected and unaffected female
relatives. BRCA genetic test results can be added
into the model and it will calculate residual breast
cancer risks. The original model’s breast cancer
predictive value was compared to both the Gail
and Claus models in a cohort of women from the
UK who was seen for risk assessment and under-
going regular mammography [51]. Overall, the
IBIS model outperformed both models, predict-
ing breast cancer risk more accurately as shown
by its goodness of fit and discriminatory value
(Table 1.4), though the same type of study has not
been performed on a population of women with
different baseline breast cancer risks than the UK
women to see if this finding would be consistent
in a different population of Caucasian women
than was used to create the model. This is rele-
vant as one of the main uses of the IBIS model is
to aid genetics professionals in determining
breast MRI eligibility [1, 52].

Many downsides have been raised by multiple
authors as well. To start, the model will not factor
in a diagnosis of breast cancer in a proband; so
IBIS model cannot be used to calculate BRCA
carrier probabilities for women affected with
breast cancer. Concerns about the IBIS model
include the possibility that the penetrance may be
underestimated and the mutation frequency could
be overestimated for the hypothetical gene which
would lead to an underestimation of breast cancer
risk for women with a strong family history of
breast cancer and overestimation of risk for
women with weaker family histories [99]. The
IBIS model was developed by modeling recur-
rence risks in mother—daughter pairs only so it
may not predict risks for other affected relative
groupings as accurately and it is not based on a
real sample of women [6, 100]; instead it is an
amalgamation of different populations and data
sets. The model assumes that the nongenetic risk
factors are multiplicative on risk and has the same
degree of effect on both BRCA mutation carriers
and non-BRCA mutation carriers [6]. The risk of
breast and ovarian cancer for BRCA mutation
carriers used from the BCLC is based on high-
risk families [6] and may lead to overestimates of
BRCA probabilities. The IBIS model seems to
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Fig. 1.5 (a—c) Example of the IBIS model including the data input page and the results output
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C

Woman's age is 45 years.

Age at menarche was 12 years.
Age at first birth was 25 years.
Person is premenopausal.
Height is 1.63 m.

Weight is 75.5 kg.

Woman has never used HRT.

Risk after 10 years is 10.08%.

10 year population risk is 2.226%.
Lifetime risk is 27.65%.

Lifetime population risk is 9.159%.
Probability of a BRCA1 gene is 9.249%.
Probability of a BRCAZ gene is 4.537%.

65 70 75 80

—— Personal risk
—— Population risk

Fig. 1.5 (continued)

Table 1.4 Comparison of Model
calibration and discrimina- .
tion between IBIS, Claus, Gail
and Gail models Claus
IBIS

Copy to Clipboard

Goodness of fit

0.48 (95% CI1 0.37-0.64)
0.56 (95% CI 0.43-0.75)
0.81 (95% CI 0.62-1.08)

Discriminatory value

0.735 (95% C1 0.666-0.803)
0.716 (95% CI 0.648-0.784)
0.762 (95% CI 0.700-0.824)

Adapted from [51]

overestimate breast cancer risk in women with
atypical hyperplasia [101] and premenopausal
women with a low BMI [102]. Moreover, two
separate studies showed that the IBIS model does
not predict BRCA mutation status as well as some
of the other models [91, 93]. In addition to some
of the practical issues with IBIS model mentioned
above (e.g., does not include male breast cancer,
up to two aunts with ovarian cancer can be
included), the IBIS model does not adjust to non-
Caucasian women.

Empiric Model for Cowden Syndrome
PTEN Mutation Risk Calculator

Until recently, the BRCA1/2 genes were the only
hereditary breast cancer genes that had risk mod-
els available for risk stratification. In 2011, Tan
et al. published the first risk model to assess for
Cowden syndrome, one of the conditions collec-
tively referred to as the PTEN hamartoma tumor
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syndromes (PTHS) [103, 104]. Briefly, Cowden
syndrome is a multisystem disorder that has fea-
tures including macrocephaly, dermatologic,
neurologic, and gastrointestinal manifestations as
well as an increased risk for various cancers
including breast, thyroid, endometrial, and renal.
Specifically, the lifetime risk of developing breast
cancer for a woman who carries a PTEN muta-
tion is 25-50% [105]. The International Cowden
Consortium (ICC) created operational diagnostic
criteria in 1996 to help identify individuals that
should be offered genetic testing for PTEN muta-
tions which has subsequently been revised on
two occasions [105-107]; Table 1.5 lists the cur-
rent diagnostic criteria.

The rationale for generating the PTEN risk
calculator is that current Cowden syndrome
guidelines do not differentiate features found in
adult and pediatric populations, the number of
major and minor criteria combinations makes the
guidelines difficult to use, the guidelines do not
allow a clinician to quantitate the likelihood of
finding a PTEN mutation, and chiefly none of the
existing guidelines are based on data generated
from a prospectively collected population of
PTEN mutation carriers.

The PTEN risk calculator was developed using
an international cohort of 3,042 prospectively
collected individuals recruited into a protocol at
the Ohio State University initially and then at the
Cleveland Clinic. Individuals were eligible for
the protocol if they met relaxed ICC operational
criteria for Cowden syndrome; this includes
pathognomonic criteria or at least two criteria,
either major or minor. All individuals underwent
extensive molecular analysis for PTEN mutations
that included testing for large deletions and dupli-
cations as well as DNA sequencing of the PTEN
promoter region. The cohorts were a mix of chil-
dren and adults, so the risk calculator can be used
for pediatric or adult patients suspected of having
a PTHS. The rest of the discussion will focus on
the factors used in the creation of the risk calcula-
tor for an adult population.

To start, Tan and colleagues compared the
prevalence of the different benign and malignant
manifestations of Cowden syndrome in the gen-
eral population (primarily North American reports)
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Table 1.5 ICC criteria for an operational diagnosis
of Cowden syndrome
Pathognomonic criteria

Adult Lhermitte-Duclos disease, defined as the presence
of a cerebellar dysplastic gangliocytoma

Mucocutaneous lesions—trichilemmomas, acral
keratoses papillomatous lesions +/— mucosal lesions

Major criteria
Breast cancer

Epithelial thyroid cancer (non-medullary), especially
follicular thyroid cancer

Macrocephaly

Endometrial cancer

Minor criteria

Other thyroid lesions (e.g., adenoma, multinodular
goiter)

Intellectual disability (IQ<75)

Hamartomatous intestinal polyps

Fibrocystic breast disease

Lipomas or fibromas

Genitourinary tumors (especially renal cell carcinoma) or
malformations

Uterine fibroids

An operational diagnosis of Cowden syndrome is made if
an individual meets any one of the following criteria:

Pathognomonic mucocutaneous lesions combined with
one of the following:

Six or more facial papules, of which three or more
must be trichilemmoma

Cutaneous facial papules and oral mucosal
papillomatosis

Oral mucosal papillomatosis and acral keratoses
Six or more palmo-plantar keratoses

Two or more major criteria

One major and three or more minor criteria
Four or more minor criteria

Adapted from [108]

to their cohort of individuals who met relaxed
ICC criteria as well as those who had identifiable
PTEN mutations. One of the limitations with
their adult cohort is that many individuals were
referred to the study due to a personal and/or
family history of one or more cancers that in turn
may have led to a referral bias; this prevented the
use of conventional regression modeling, so they
used a clinically driven modeling approach. For
each manifestation, they generated a relative risk
from the Cleveland Clinic cohort (by using the
one cohort, they could then use the Ohio State
cohort to validate the risk calculator) relative to
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the prevalence in the general population.
Phenotypic features strongly suggestive of
Cowden syndrome (e.g., trichilemmomas and
extreme macrocephaly) with the highest relative
risks were assigned the highest weight (i.e., 10)
whereas features with the lowest relative risks
(e.g., fibrocystic breast disease) were assigned
the lowest weight (i.e., 1). For features that their
group believed to contribute to the potential refer-
ral bias, they adjusted the weights down one level
(e.g., a diagnosis of thyroid cancer between the
ages of 20-29 had a relative risk of ~46—48 and
should have been given a weight of 6, but given
the potential for referral bias, a weight of 4 was
used). An individual’s score is generated as the
sum of the weights of features from a given indi-
vidual. The score is then used for the calculation
of a point pretest probability of harboring a PTEN
mutation. Tan et al. recommend PTEN genetic
testing be pursed when the pretest probability is
3% or greater (an overall score of >10); at this
cutoff level, 90% of individuals who carry PTEN
mutations will be identified. The risk calculator
can be found online at http://www.lerner.ccf.org/
gmi/ccscore.

In addition to the limitation of a potential
referral bias, they were unable to validate extreme
macrocephaly and gastrointestinal polyp number
against the Ohio State cohort; they had to omit
extreme macrocephaly completely and they
matched polyp presence with multiple polyp sta-
tus. Further and most importantly, validation of
the tool needs to be done on a population-based
sampling approach to know that it works in the
community setting. Given these limitations, the
PTEN risk calculator is very helpful in the clinic
setting when one is trying to determine when to
offer patients genetic for the PTEN gene for
Cowden syndrome.
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Genetic and Genomic Factors
in Breast Cancer

Lee P. Shulman

Introduction

Breast cancer is the result of a complex interaction
of genetic, genomic, and environmental factors
that result in the initiation and progression of
malignancy. While certain germline (germinal)
inherited genes have been identified that, when
altered or mutated, predispose that individual to
develop breast cancer and other associated malig-
nancies such as ovarian epithelial cancer (OEC),
the majority of breast cancer cases, even those
occurring in women with multiple affected fam-
ily members, are not associated with mutations of

Some of the material presented in this work is adapted
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genes currently linked to cancer predisposition
syndromes. Of interest is that women who
develop breast cancer and have identified germi-
nal gene mutations generally do not have a vastly
different disease course or prognosis than those
who develop sporadic breast cancer and have no
detectable gene mutations. However, specific
alterations of the somatic genome (i.e., the
genome of the actual tumor tissue as opposed to
the germinal genome found in all the nucleated
cells of an individual) have been identified that
better predict prognosis and the relative success
or failure of specific therapeutic interventions.

Risk assessment for breast cancer in unaf-
fected women continues to rely on a careful and
detailed assessment of personal and family histo-
ries within a risk assessment algorithm with the
offering of genetic testing to women (and some
men) who are found to have an increased likeli-
hood of being a carrier of a deleterious mutation
in a cancer susceptibility gene. Accordingly,
genetics and genomics have become a central
aspect of clinical breast cancer, from risk assess-
ment to prognosis and management. In this chap-
ter, our current understanding of genetic and
genomic factors in the assessment of breast can-
cer risk and prognosis will be presented, recog-
nizing the central role of genetic counseling in
cancer risk assessment and the expanding capa-
bilities of genetic and genomic analyses to better
delineate risk for developing breast cancer, assess
prognosis in affected individuals, and identify
more effective preventative and therapeutic
interventions.

N.M. Hansen (ed.), Management of the Patient at High Risk for Breast Cancer, 29
DOI 10.1007/978-1-4614-5891-3_2, © Springer Science+Business Media New York 2013
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Heritable Breast Cancer

The increased risk for developing cancer in
women with mutations in cancer susceptibility
genes invariably begins with the inheritance of a
germline mutation from either parent. While
gynecologic malignancies can only occur in
females and the vast majority of breast cancers
occur in women, genes that predispose to the
development of gynecologic malignancies are
mostly autosomal in nature and thus readily
inheritable from either parent. This concept is
critical when obtaining family history informa-
tion as both parents can transmit gene mutations;
accordingly, obtaining careful and detailed fam-
ily histories of an individual’s maternal and pater-
nal families is vital to estimating accurate risk for
cancer development in an individual.

By definition, a germline mutation is present
at conception; every cell of the individual will
have the gene mutation, a fact that is likely asso-
ciated with the involvement of multiple organs in
many cancer susceptibility syndromes. However,
the inheritance of a mutated cancer susceptibility
allele is only the first step in promoting the devel-
opment of a malignancy and does not guarantee
that an individual will go on to develop a particu-
lar malignancy. The development of a heritable
cancer, as well as most other cancers, is postu-
lated to be dependent on the occurrence of a sec-
ond genomic alteration [1]. That an individual
has inherited the first “step” serves to explain
why such individuals have a considerably higher
risk for developing cancer than the general popu-
lation, as well as why cancer predisposition syn-
dromes are characterized by cancer development
at an earlier age and a higher rate of bilaterality
than what is observed in the general population.

However, cancer is ultimately a disease of
somatic cells; if two (or more) independent
events are needed for the cells to become malig-
nant, then inheriting the first step, as opposed to
waiting for it to occur through some random
events causing a somatic alteration, will surely
increase the likelihood of it occurring compared
to those individuals who do not inherit such
mutations. The second (and any subsequent) step
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is invariably somatic in nature, also explaining
why not everyone who inherits a susceptibility
gene develops the malignancy. Molecular studies
of cancers in individuals with malignancies aris-
ing from hereditary cancer syndromes frequently
show a loss of heterozygosity at the genomic
position of the tumor suppressor gene in tumor
tissue. This loss of heterozygosity is the “second
step” in the development of cancer in individuals
who have inherited mutated cancer susceptibility
genes. Sections describing germinal and somatic
mutations that either predispose to or character-
ize breast cancer will be found later in this
chapter; they represent the more current molecu-
lar definitions of the first and second ‘“‘steps”
described by Knudson in the early 1970s [2].

There are numerous mechanisms that likely
lead to this loss of heterozygosity and the inac-
tivation of the tumor suppressing gene. While
such cellular and nuclear events are common
and are mostly random processes by which
genes and chromosomes are altered, deleted,
replaced, or rearranged and not typically associ-
ated with organic pathology, such changes in the
presence of an inherited mutation in a tumor
suppressor gene can lead to the alteration or
inactivation of tumor-suppressing gene function
and predispose that organ to undergo malignant
transformation. This process is known as mono-
allelic inheritance of a gene mutation with sub-
sequent inactivation of the wild-type allele and
loss of heterozygosity. However, it is now rec-
ognized that some individuals can inherit muta-
tions in both alleles (either homozygous or
compound heterozygous), an uncommon occur-
rence known as inherited biallelic mutations,
which tend to present with a different clinical
phenotype, including childhood cancers, to that
usually observed with monoallelic (dominant)
inheritance of mutations [3].

It is interesting to note that while most hered-
itary cancer syndromes, including hereditary
breast and ovarian cancer syndrome, are mostly
transmitted in and present as a classic autosomal
dominant inherited condition, the requirement
of a second step that inactivates both alleles
(biallelic inactivation) makes the cellular mech-
anism necessary for the promotion of carcino-
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Table 2.1 Cancer predisposition genes associated with breast cancer

Clinical features

Breast and epithelial ovarian cancers

Breast and epithelial ovarian cancers

Cowden syndrome

Li-Fraumeni syndrome

Breast and epithelial ovarian cancers; Fanconi

anemia (subtype-O; biallelic mutation)

Gene (chromosome) Penetrance
BRCAI (17q21) High
BRCA2 (13q12-13) High
PTEN (10923.3) High
TP53 (17q13.1) High
RADS51C (17q23) High (7)
CDH]I (16q22.1) Moderate
ATM (11q22.3) Moderate
CHEK?2 (22ql2.1) Low
BRIPI (17q22) Low
PALB?2 (16q12) Low
KRAS-variant (12p12.1) Unknown

Gastric cancer and lobular breast cancer
Ataxia-teleangectasia (biallelic mutation)
Some association with Li-Fraumeni syndrome
Fanconi anemia (biallelic mutation)

Fanconi anemia (biallelic mutation)

Breast cancer, epithelial ovarian, lung cancer,

head and neck cancers, GI cancer

genesis to be recessive in nature. However, the
different phenotypes associated with biallelic
inheritance compared to monoallelic inheritance
bespeak a difference in the molecular biology of
these two disease inheritance patterns, and may
eventually provide valuable insight into the
molecular mechanisms of cancer development.
Nonetheless, most breast cancers, even those
associated with considerable family histories, are
not associated with germline mutations of known
cancer predisposition genes. Accordingly, an
alternative mechanism is likely to be responsible
for the development of the considerably more
cases of cancer than those currently associated
with germline mutations of cancer predisposition
genes. Fasching et al. proposed that cancer sus-
ceptibility may be influenced by relatively com-
mon low penetrant genetic polymorphisms,
similar to those associated with common adult
diseases such as diabetes [4]. It is clear that while
the delineation of deleterious mutations in cancer
susceptibility genes was a great leap forward in
the molecular and clinical delineation of cancer
development, we require further investigations
into the molecular processes and clinical charac-
teristics of cancer in order to develop more effec-
tive screening and diagnostic algorithms and
therapeutic interventions that are applicable to
more malignancies and considerably more people
than are currently impacted by the identification

of individuals at high risk for the development of
heritable malignancies.

Molecular Biology of Cancer
Predisposition Genes

While most breast malignancies are not associ-
ated with an identified germinal mutation, a
review of the literature confirms the identification
and confirmation of five uncommon but highly
penetrant genes (BRCAI, BRCA2, PTEN, TP53,
CDH]I) and four rare but moderately penetrant
genes (CHEK?2, ataxia teleangectasia mutated
[ATM], BRIP1, PALB2), along with an expanding
list of low penetrant genes and putative genes that
contribute to the risk of developing breast cancer
(Table 2.1). Most of the low penetrant genes have
been discovered in genome-wide association
studies (GWAS), which are extensive studies of
DNA obtained from a large cohort of individuals
with a particular condition or disease in search for
common genes or genomic sequences that may
be associated with development of the disease in
question or its prognosis [5]. GWAS studies are
becoming an increasingly important tool in iden-
tifying cancer- and disease-predisposing germi-
nal genes; however, such studies account for the
identification of genes and genomic sequences
that account for less than 1/3 of inherited cases of
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breast cancer [6]. Such studies have also been
applied to the detection of somatic gene muta-
tions and genomic sequences in cancer tissue that
are associated with disease prognosis and the
development of more effective therapeutic
interventions.

Highly Penetrant Susceptibility
Cancer Genes

As with other cancer susceptibility genes, those
that predispose women and men to develop breast
cancer are also likely to increase the risk for
developing other cancers in affected individuals.
Which organs other than the breast that may be at
risk for undergoing malignant transformation
resulting from a mutation in a cancer predisposi-
tion gene depends on a wide variety of molecular
and environmental factors including the specific
function(s) of the gene products (RNA, proteins),
individual lifestyle issues (e.g., obesity, smoking),
and the specific molecular pathway(s) by which
the gene mutation increases the likelihood of
breast cancer, among other epigenetic and
acquired factors. The following genes presented
here represent those that convey the highest risk
for developing breast cancer as a result of inherit-
ing a deleterious mutation in the specific gene.
Inheritance of the gene mutations that result in
cancer predisposition syndromes occurs in an
autosomal dominant fashion.

Mechanism of Breast Cancer
Susceptibility: Fanconi Anemia (FA)
and BRCA Pathway (FA-BRCA)

Mutations of BRCAI and BRCA2 make up the
majority of currently detectable germinal muta-
tions associated with a predisposition to breast
cancer, with the general mechanism by which
this increased risk for breast and ovarian cancer is
conferred is believed to be a disruption in the
repair of double-stranded DNA resulting from
endogenous or exogenous factors. It may be sur-
prising that many of the genes associated with a
predisposition to hereditary breast cancer are
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associated with Fanconi anemia (FA), a rare
(approximately 1/350,000 live births), autosomal
recessive condition characterized by congenital
abnormalities (e.g., short stature, hyperpigmented
skin), bone marrow failure, and a predisposition
to leukemia (AML) along with solid tumors
including vulvar, esophageal, and head and neck
malignancies [7, 8].

Fifteen genes currently comprise the FA fam-
ily of genes with biallelic mutation of these genes
resulting in the FA phenotype, as would be
expected in any autosomal recessive Mendelian
disorder. Not surprisingly, monoallelic mutation
of some of these 15 genes results in a different
phenotype, one that is characterized by a predis-
position to breast cancer and, in some cases,
other malignancies such as OEC [9]. In addition
to the association of these 15 genes with FA, they
also play important roles in the repair of DNA
interstrand crosslinks (ICLs) and have come to
be characterized as the FA-BRCA pathway.
Indeed, it is this repair function that links these
genes to an increased risk of breast and other
cancers. Adverse affects on DNA repair and
homologous recombination, a process which
maintains genomic integrity by repairing endog-
enous and exogenous DNA double strand breaks,
are the mechanisms by which BRCAI/BRCA2
mutations, as well as mutations of other cancer
predisposition genes such as ATM, BRIPI, and
PALB?2 (all of which are either directly or indi-
rectly associated with the FA-BRCA pathway),
are believed to increase the risk for breast and
other malignancies [10].

The FA-BRCA pathway provides a strong
pathophysiological basis for the delineation of
molecular mechanisms associated with the
development of breast cancer and associated
malignancies. While not all genes in the
FA-BRCA pathway are associated with an
increased risk for hereditary breast cancer, the
study of the FA-BRCA pathway provides impor-
tant information concerning potential mechanisms
of tumorigenesis. Mutations of the genes associ-
ated with the multistep mismatch repair (MMR)
pathway are associated with Lynch syndrome, a
cancer predisposition syndrome not typically
associated with a considerable increased risk
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for breast cancer. However, Williams et al.
showed that FANCD2, one of the 15 FA genes,
interacts with two of the MMR proteins (MSH?2
and MLH1) [8]. With an earlier demonstration of
the interaction of BRIPI (FANCJ) with the MMR
complex MutLo, these findings suggest an
important role for MMR proteins in the activa-
tion of the FA-BRCA pathway and the repair of
ICLs, all of which are integral to the process that
prevents or predisposes an individual to heredi-
tary breast cancer. With regard to somatic
changes associated with the FA-BRCA pathway,
a study by Rudland et al. found that the absence
of the FA protein FANCD2 was strongly associ-
ated with malignant breast cancer specimens,
with negative staining being strongly correlated
with the presence of metastatic-inducing pro-
teins such as S100A4, S100P, osteopontin, and
AGR2 [11]. Such information will be critical for
the development of novel and effective therapies
that will utilize molecular and protein informa-
tion from FA-BRCA pathway for the develop-
ment of effective screening algorithms and
therapeutic interventions.

BRCA1/BRCA2

BRCA1I and BRCA2 are two separate and distinct
tumor suppressor genes that account for approxi-
mately 5% of all breast cancer cases [12] and
85% of all cases of hereditary breast and OEC
[13], although these two genes account for a
smaller percentage of isolated familial breast
cancer cases in the absence of EOC [14]. In addi-
tion to breast and OECs, individuals with muta-
tions in BRCA1/2 also demonstrate an increased
risk for other cancers including pancreas, stom-
ach, prostate, and colon [15].

BRCAI is located on chromosome 17q21,
contains 22 coding exons, and spans 80 kb DNA
while BRCA?2 is located on chromosome 13q12-
13, contains 26 coding exons, and spans 70 kb
DNA [16]. These disparate genes are part of the
DNA breakage repair pathway and function as
tumor-suppressor genes, with mutations resulting
in a highly penetrant susceptibility to the devel-
opment of breast cancer and EOC. Both genes
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are involved in DNA repair by activating the
repair of double strand breaks and initiating
homologous recombination [12]. BRCAI is a
gatekeeper of genomic integrity with multiple
roles including homologous repair, checkpoint
control, spindle regulation, and transcriptional
regulation [17]. BRCA2 appears to have a more
singular role in the DNA repair process through
its strict interaction with RADS]1 filament forma-
tion, which likely serves as a regulatory step in
recombination repair [12].

Mutations of BRCAI and BRCA2 associated
with the development of breast and associated
malignancies are found throughout the coding
regions and at splice sites, with most of these
mutations being small insertions or deletions that
lead to frameshift mutations, nonsense mutations,
or splice site alterations. All of these genetic
alterations invariably lead to premature protein
termination and altered or absent proteins that
result in reduced or absent DNA repair and the
elimination of suppression of the development of
malignancies in breast and ovarian epithelial tis-
sues. In addition to these mutations and some
missense mutations, large deletions and rear-
rangements not detectable by standard PCR have
been identified and are now part of the molecular
testing provided to those undergoing genetic test-
ing for BRCA mutations. Palma et al. reported
that genomic rearrangements, detected by an
analysis separate from conventional gene
sequencing and aimed at detecting large gene
rearrangements not amenable to detection by
conventional analyses (e.g., BART analysis),
accounted for 18% of BRCAI/2 mutations in
non-Ashkenazi Jewish probands with no such
rearrangements being detected in Ashkenazi
Jewish probands [18].

The frequency of BRCAI and BRCA2 muta-
tions in the general population is estimated to be
17300 to 1/800 [19], though a study by Risch
et al. in Canada suggests that these frequencies
may be considerably higher at 1/140 to 1/300
[20]. However, some populations and communi-
ties have a higher frequency of certain BRCA1/2
mutations than the general population. In the
United States, BRCA1/2 mutations are found in
approximately 1 of every 40 individuals of
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Eastern European (Ashkenazi) Jewish ancestry.
What also distinguishes this community is that
three mutations (185delAG and 5382insC in
BRCAI and 6174delT in BRCA2) account for
approximately 98% of all mutations detected
[21]. In Iceland, the 999del5 mutation in BRCA2
accounts for approximately 7% of all cases of
epithelial ovarian cancer occurring in Icelanders
[22]. These mutations are known as ‘“founder
mutations,” so named because in certain popula-
tions begun by a small ancestral group isolated
by societal behavior or geography, certain genes
in the original “founders” of a community or
population can become far more common in suc-
ceeding generations than would be expected to
occur in the general population because of that
geographical or social isolation. The identification
of founder mutations allows for more facile
screening of individuals of those groups associ-
ated with these mutations. As such, evaluating
individuals of Eastern European Jewish ancestry
at increased risk for a BRCAI or BRCA2 muta-
tion based on family history is now accomplished
by first determining the presence of one of these
three mutations unless analysis of an affected
relative shows that the BRCA /2 mutation in the
family is not one of these three mutations.
Evaluating for these three mutations in high-risk
members of the Ashkenazi Jewish community is
not only easier than gene sequencing but also less
costly. However, even in some clinical scenarios
in which a single putative BRCAI/2 mutation
is of interest in the risk assessment process, a
“single site” analysis would potentially be aug-
mented with a founder mutation analysis or even
full gene sequencing if the family history indicates
that another mutation may be present, possibly
from the other parental lineage. For individuals
from populations associated with founder muta-
tions who are at increased risk for BRCA1/2
mutations based on family history and found not
to have one of the founder mutations, gene
sequencing and rearrangement analysis can be
offered after a “negative” founder mutation result
in order to provide a complete and thorough
molecular evaluation [16].

While the clinical aspects of BRCAI/BRCA2
germinal mutations are well described, there are
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clinical implications of the somatic changes
associated with BRCA1/BRCA2 breast and ovar-
ian cancers that impact prognosis and the use of
certain therapeutic interventions that go beyond
the considerable increased risk for developing
cancer among those women and men who inher-
ited such mutations. These advancements are
associated with use of poly(ADP-ribose) poly-
merase 1 (PARP1) inhibitors, which provide a
new approach to therapies for women and men
with BRCAI/BRCA2-related cancers by impact-
ing the DNA repair mechanism that is adversely
affected in BRCA1/BRCA2-related malignancies.
A more detailed description will be provided in
the section “Somatic Genes.”

Cowden Syndrome

Cowden syndrome, or multiple hamartoma
syndrome, is an autosomal dominant condition
characterized by the formation of multiple hama-
rtomas in any organ of the body and an increased
risk for certain malignancies. Pathognomonic
features of Cowden syndrome include facial
trichilemmomas, acralkeratoses, and oral papil-
lomatous papules Individuals with Cowden syn-
drome are at increased risk for developing a
variety of benign and malignant conditions, with
over 90% of individuals demonstrating mucocu-
taneous lesions [23]. Germline mutations in
PTEN (Phosphatase and TENsin homologue
deleted on chromosome TEN), located at
10g23.3, have been found in 85% of individuals
with Cowden syndrome as well as in people with
other rare and unrelated conditions such as
Bannayan-Riley-Ruvalcaba  syndrome  and
Proteus syndrome. However, these syndromes
do share some common phenotypic features that
have led to the characterization of these condi-
tions under the common classification of PHTS
(PTEN hamartoma tumor syndrome) [24].

In addition to the hamartomas and dermato-
logical conditions, Cowden syndrome is associ-
ated with an increased risk of a variety of
malignancies. Lifetime risk for nonmedullary
thyroid cancer is approximately 10%, with benign
thyroid conditions also markedly increased in



2 Genetic and Genomic Factors in Breast Cancer

prevalence  among  affected individuals.
Lhermitte-Duclos disease (dysplastic gangliocy-
toma of the cerebellum) and renal cell carcinoma
have also been reported to be components of
Cowden syndrome, although the exact frequency
of these two conditions among individuals with
Cowden syndrome has yet to be well delineated.

An increased risk of breast cancer has been
reported among men with Cowden syndrome,
with women with Cowden syndrome having an
approximate 75% risk for benign breast disease
such as fibromas, fibroadenomas, and fibrocystic
changes, as well as an over 50% lifetime risk for
breast cancer [25]. In addition, women with
Cowden syndrome have a 5-10% lifetime risk of
endometrial cancer and an increased risk of
developing uterine fibroids [26].

Diagnosis of Cowden syndrome is achieved
by demonstrating major and minor criteria as put
forth in the International Cowden Syndrome
Consortium Operational Criteria for the Diagnosis
of Cowden Syndrome [27]. Approximately 80%
of individuals who meet the diagnostic criteria
are found to have mutations in PTEN. Because of
the considerable and varied increased risk for
cancer development in individuals with Cowden
syndrome, surveillance should be undertaken to
detect malignancies at an earlier and more treat-
able stage. Such screening may include a base-
line thyroid examination and ultrasound
assessment at 18-years-old with an annual thy-
roid exam thereafter. A family history of renal
cancer should prompt an annual urinalysis and
urine cytology along with a renal ultrasound.
Women with Cowden syndrome should begin
annual clinical breast exams at age 18 with semi-
annual exams beginning at age 25. Mammography
should be offered at approximately 25-30 years
of age, or 10 years earlier than the youngest
affected female in the family. In addition, women
with Cowden syndrome should be offered an
annual breast MRI upon initiation of annual
mammographic exams. Men with Cowden syn-
drome should have annual clinical breast exams
starting at age 25-30, with further evaluation
based on the finding of palpable lesions. Annual
endometrial biopsies should be performed start-
ing at age 35-40, or 10 years earlier than the
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youngest affected individual in the family. This
can also be augmented by an annual endovaginal
ultrasound examination in postmenopausal
women [23]. Endometrial cancer is amenable to
risk reduction, and conservative approaches to
prevention (e.g., copper T 380A, levonorgestrel
intrauterine system, oral contraceptives) should
be discussed with affected women during their
reproductive years. Definitive preventative mea-
sures for endometrial cancer, such as hysterec-
tomy, should also be discussed, but should be
reserved for women who have completed their
childbearing as conservative preventative mea-
sures such as combination oral contraceptive and
intrauterine contraceptive devices are highly
effective in preventing endometrial cancer [28].

Li-Fraumeni Syndrome

Li-Fraumeni syndrome (LFS) is a rare cancer
predisposition syndrome estimated to account for
approximately 1% of hereditary breast cancer
cases. Mutations in TP53, a tumor suppressor
gene located on 17p13.1, are the primary cause of
LFS, which is transmitted in an autosomal domi-
nant fashion. In addition, families with classic
LFS phenotypes have also been found to have
mutations in the CHEK?2 gene, found on 22q12.2.
Unlike TP53, CHEK?2 encodes for a serine/threo-
nine protein kinase that phosphorylates p53,
leading to cessation of mitosis and allowing DNA
repair; CHEK?2 mutations thus promote the devel-
opment of malignancy by inhibiting DNA repair,
similar to the MMR genes associated with Lynch

syndrome.
LFS is characterized by early-onset breast
cancer, soft-tissue sarcomas, adrenocortical

tumors, brain tumors, and leukemias. In some
families with LFS, brain tumors, adrenocortical
tumors, and sarcomas may present in childhood.
Additional tumors reported in LFS families
include ovary, pancreas, lung, stomach, mela-
noma, and Wilms’ tumor [23]. Similar to other
cancer susceptibility conditions, LFS appears to
increase the risk of early development of cancer,
with a 50% risk of cancer by age 40 and a 90%
risk of cancer by age 60 [29]. Screening and
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management of patients at risk for LFS is
challenging given the variety of early-onset
malignancies associated with this condition. In
women, annual clinical breast examinations,
including MRI and mammography, should start
at age 20, and consideration of oral contraception
use is warranted to reduce the risk of ovarian can-
cer, along with an annual pelvic and abdominal
ultrasound examination. However, there are no
published guidelines for screening LFS patients;
clinicians should strongly consider genetic coun-
seling and testing (TP53 and CHEK?2) for indi-
viduals and family members with a considerable
history of sarcomas and early-onset cancers.

Hereditary Diffuse Gastric Cancer

Gastric cancer is a common cause of cancer
worldwide and estimated to become the tenth
leading cause of mortality by the year 2030 [30].
As with breast and ovarian cancers, the vast major-
ity of gastric cancers occur sporadically, with only
1-3% of gastric cancers being associated with an
inherited cancer predisposition syndrome. Such
cases are referred to as hereditary diffuse gastric
cancer (HDGC) [31]; with approximately 1/3 of
families fulfilling criteria for HDGC will have a
mutationin CDH1 (E-cadherin; 16q22). Mutations
in CDH1 are highly penetrant, resulting in an 80%
lifetime risk for developing gastric cancer, similar
to the risk of developing breast cancer in women
with BRCA1/2 mutations [31].

Inheriting a mutation in CDH]1 is also associ-
ated with a high risk for developing lobular breast
cancer in women, with CDHI mutations convey-
ing an approximate lifetime risk of 60%. The
CDH1 locus (16q22) is frequently associated with
a loss of heterozygosity in breast cancers and is
associated with a poor clinical prognosis.
Accordingly, inheriting a mutation in CDH1 (“first
step”’) would markedly increase the likelihood of
breast cancer by increasing the likelihood of a loss
of heterozygosity if the “second step” occurs. The
molecular mechanism by which this occurs
appears to be associated with aberrant promoter
hypermethylation, an event observed in cancers
and in this clinical situation, associated with a loss
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of expression and function of E-cadherin, a protein
related to tissue integrity [32, 33]. Accordingly,
the striking increase in breast cancer risk among
women who carry a CDHI mutation is associated
with a loss of heterozygosity that prevents the nor-
mal production of E-cadherin which serves to
maintain tissue integrity and suppress the devel-
opment of breast cancer.

Other Susceptibility Genes in Breast
Cancer

Similar to the aforementioned genes, other genes
predispose to the development of breast cancers
and other malignancies by similar mechanisms;
specifically, an altered gene that essentially
reduces or removes the inhibition of abnormal
cell growth and development in breast tissue and
other organs. What differentiates these genes
from the others previously described is that these
genes are not as highly penetrant; that is, inherit-
ing the gene by an individual does not increase
the likelihood of breast cancer development to the
same degree as that associated with more highly
penetrant genes. The likely reason for this is that
there are other genes or epigenetic factors, thus
far unidentified, which are required to initiate the
development of breast and extramammary malig-
nancies. The epidemiological impact of mutations
in the CHEK? gene (see below) may be an exam-
ple of a gene that when mutated can present with
a novel phenotype associated with other cancer
predisposing genes (7P53). Perhaps the actual
mechanism affected by the gene mutation (i.e.,
CHEK?2 mutations apparently inhibit DNA repair
similar to the MMR genes of Lynch syndrome)
determines whether the gene mutation has a sin-
gular clinical impact, as with BRCA 1/2 mutations,
or rather functions more like a modifier gene that
exerts a deleterious effect only in the presence of
other genetic, genomic, or epigenetic factors.

RAD51C

Germline mutations in genes involved in homol-
ogous recombination have been associated with a



2 Genetic and Genomic Factors in Breast Cancer

variety of human genetic disorders and
malignancies. Homologous recombination main-
tains genomic integrity by repairing endogenous
and exogenous DNA double strand breaks, fail-
ure of which can lead to aberrant genetic rear-
rangements and a variety of chromosomal
structural alterations associated with Mendelian
syndromes (e.g., Fanconi anemia, Bloom syn-
drome) and a predisposition to the development
of a number of malignancies [34]. With the rec-
ognition that BRCAI and BRCA2 are known to
regulate homologous recombination, other genes
that adversely affect homologous recombination
can be associated with an increased likelihood of
genetic disorders and cancer development.

An apparently highly penetrant gene for breast
and ovarian cancer, RAD51C, has recently been
identified and is found on chromosome 17q23.
RADSI1C is involved in two specific complexes
and has multiple functions in DNA damage
response and the maintenance of genomic stabil-
ity [35, 36]. Similar to PRIBI and PALB?2, bial-
lelic mutations of RAD5IC are associated with
Fanconi anemia (subtype-O), whereas monoal-
lelic mutations are associated with a predisposi-
tion to hereditary breast cancer. RADS51 function
appears to be regulated by both BRCAI and
BRCA2, although BRCA2 has regions that
directly interact with RADS51 for the mobiliza-
tion of RADS]1 in response to DNA damage.

Initial studies have demonstrated that RAD5IC
may be mutated in 1.5-4.0% of all families pre-
disposed to breast and ovarian cancer [37].
Despite the initial scientific and clinical support
for RADS51C as a cancer susceptibility gene, oth-
ers have not found a high prevalence of RAD51C
mutations in at-risk breast-ovarian cancer cohorts
[38] or may not be as highly penetrant as has
been demonstrated in some studies [39]. As the
actual frequency of RADS5IC has not yet been
precisely delineated as well as the effect of the
various identified germline mutations on the risk
of breast and ovarian cancers in women and men
carrying such mutations, further studies are
needed in order to determine whether RAD51C
should be included in a universal or targeted
genetic screening panel for women with family
histories of breast and ovarian cancer. Further
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studies of the mechanism of RAD51C mutations
in the initiation and development of breast and
ovarian cancers, especially its molecular interac-
tion with BRCA2, will help determine the precise
role of RAD51C in risk and prognosis determina-
tion for breast and ovarian cancers in low- and
high-risk populations.

Other Putative and Less Penetrant
Cancer Susceptibility Genes

While there are likely highly penetrant genes that
are responsible for the development of breast and
other malignancies that have not yet been
identified as a result of their very low frequency
among women and families with breast and ovar-
ian cancer, the presence of mild to moderately
penetrant genes is likely responsible for a consid-
erable percentage of breast and other organic
malignancies. The following listing of genes is
by no means exhaustive, but does represent some
of the more commonly evaluated genes associ-
ated with cancer predisposition.

ATM

The ataxia teleangectasia mutated gene, or ATM,
is located on chromosome 11g22.3 and encodes a
checkpoint kinase intrinsic to DNA repair.
Biallelic mutations of this gene are associated
with the autosomal recessive disease known as
ataxia-teleangectasia. Heterozygotes that carry a
single mutation do not express the phenotype of
ataxia-teleangectasia, but do have a 2-5-fold
increase in the risk for breast cancer [12].

CHEK2

The checkpoint kinase-2 gene (CHEK2) is
located on chromosome 22q12.1 and encodes a
checkpoint kinase that is a key mediator in DNA
damage response. Mutations of CHEK2 were
initially associated with LFS (see above); how-
ever, studies found some CHEK?2 germline vari-
ants (e.g., 1000delC, 1157T) were not associated
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with LFS or an LFS-like syndrome but only
with an increased risk for breast cancer [40].
CHEK?2 seems to be a low penetrant gene; the
1000delC variant incurs a twofold increase in
the risk of breast cancer in women and a tenfold
increase in men [12].

BRIP1 (BRCA1-Interacting Protein-
Terminal Helicase 1)

BRIP]1, also known as FANCJ or BACH 1, is found
on chromosome 17q22 and along with PALB2
and RADS5I1C, encodes for proteins that partici-
pate in the FA pathway and are involved in the
maintenance of DNA stability. Biallelic muta-
tions in these genes are associated with FA phe-
notypes while monoallelic mutations of these
genes are associated with a predisposition to
hereditary breast cancer [41].

Cantor et al. first detected BRIPI mutations in
two individuals with early onset breast cancer
and family histories of breast cancer [42].
However, the exact mechanism by which BRIP]
mutations may increase the risk for breast cancer,
or whether or not all BRIPI mutations predispose
to hereditary breast cancer, remains unclear. Seal
et al. found that BRIPI mutations conferred a
twofold increase in the risk for breast cancer
among mutation carriers [43].

Indeed, the relationship between specific
BRIPI and BRCAI mutations and their role in the
development and progression of breast cancer
remains unclear with further delineation of this
genetic  “relationship” potentially providing
important information regarding tumorigenesis
in BRCAI and BRIPI mutation carriers [10].
Until further clinical and molecular studies are
undertaken, it is best to describe BRIP1 as a low
to moderately penetrant gene with an as yet
undefined impact on the risk for breast cancer.

PALB2

As opposed to BRIP1, the literature concerning
PALB2 provides for a stronger association
betweenmutationsin this geneand apredisposition
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to hereditary breast cancer. In a small study from
Australia, Wong et al. found that mutations in
PALB?2 were responsible for 2.8% of hereditary
breast cancer cases [41], a frequency comparable
(1.1%) to that reported by Rahman et al. in a
larger UK study in which there were no PALB2
mutations detected among the 1,084 subjects in
the comparator control group [9].

PALB2, which is derived from the phrase
“partner and localizer of BRCA2,” is located on
16p12. Because of its interaction with BRCA2, it
is not surprising that biallelic mutations of PALB2
result in a Fanconi anemia phenotype similar to
that found in individuals with biallelic BRCA2
mutations and different from the phenotype asso-
ciated with biallelic mutations of the other FA
genes. It is also not surprising that PALB2 muta-
tions are not only associated with an increase in
the risk for breast cancer in women but also in
men. To this end, Rahman et al. found that muta-
tions in this gene conferred an increased risk of
almost exclusively breast cancer and that the
magnitude of the increase in women was 2.3-fold
with an increased, though not specified, risk of
breast cancer in men with PALB2 mutations [9].
In all, BRCAI, BRCA2, and TP53 account for
approximately 15-20% of the familial risk for
breast cancer; PALB2 mutations are estimated to
add an additional 2-3% to the characterization of
familial risk for breast cancer. However, the
mechanisms by which PALB2 and the other
FA-BRCA pathway gene mutations predispose
women and men to breast cancer are complex
and still not well delineated. PALB2, along with
BRCA2 and BRIPI, are all cancer susceptibility
genes that are not part of the FA core complex but
are the only FA genes that act downstream of
FANCD2, a FA protein associated with an
increased risk for sporadic breast cancer [44].

KRAS-Variant

While the aforementioned cancer susceptibility
genes increase the risk of malignancy as a result
of mutations of tumor suppressor genes, an onco-
gene may result in increased cancer susceptibi-
lity through a completely different pathway.
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The KRAS-variant is a functional variant in a
let-7 microRNA (miRNA) complementary site in
the 3'-untranslated region of the KRAS oncogene
(rs61764370). miRNA are a class of approxi-
mately 22-nucleotide noncoding RNAs that are
evolutionarily conserved and function by nega-
tively regulating gene expression by binding to
partially complementary sites in the 3'-untrans-
lated regions (3" UTR) of target mRNAs. miR-
NAs are aberrantly expressed in virtually all
cancers, where they function as a novel class of
oncogenes or tumor suppressors [45]. Because
miRNAs are global gene regulators, even small
aberrations in miRNA levels or their target sites
can lead to important cellular changes. In sup-
port of this concept, emerging evidence shows
that SNPs within miRNAs or miRNA binding
sites can be functional and act as powerful bio-
markers of cancer risk when one allele alters
miRNA function or binding characteristics [46].
The variant is relatively uncommon with a minor
allele frequency of about 7% in populations of
European descent, is uncommon in Africans, and
almost absent in East Asians and Native
Americans [46, 47].

Ratner et al. reported the KRAS-variant to be
associated with 28% of unselected cases of OEC
and 61% of cases of HBOC syndrome not char-
acterized by BRCA1/2 mutations [46]. Another
study found a significant increased association of
the KRAS-variant among women with triple-neg-
ative (i.e., estrogen and progesterone receptor
negative and HER2 negative) [48]. However,
similar to RADS51C and other putative cancer pre-
disposition genes, not all studies have found a
significant or clinically relevant association of
the KRAS-variant among women with ovarian
cancer or a personal or family history of HBOC
syndrome [49]. Nonetheless, a recent study by
Cerne et al. may shed light on the novel attributes
of the KRAS-variant and the risk of breast and
ovarian cancer [50]. In this study from Slovenia,
the authors found results similar to that of Pharoah
et al. [49]; specifically, that among 530 sporadic
cases of postmenopausal breast cancer and 165
cases of familial breast cancer cases, including
29 cases characterized by BRCAI/2 mutations,
there was no increased incidence of KRAS-variant
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when compared to 270 matched postmenopausal
controls. However, they did find that among post-
menopausal women using estrogen-based hor-
mone therapy, the presence of the KRAS-variant
was associated with HER2-positive tumors and
tumors that were more poorly differentiated, both
characteristics indicative of a poorer prognosis
and suggestive of a potentially novel mechanism
that may involve an estrogen pathway or receptor
in the development and progress of breast cancer
among women with KRAS-variant.

Somatic Genes

Breast cancer is a heterogeneous disease. Initially,
prognosis for breast cancer was based on tumor
size alone; however, this approach was not accu-
rate given the novel and unique prognostic and
therapeutic aspects attributable to breast malig-
nancies regardless of tumor size. Later on, a his-
tological classification system was developed,
dividing breast cancer into groups distinguished
by the histological appearance of the tumor.
While this represented an improvement over the
previous classification system, it too failed to
provide an accurate assessment of prognosis. The
most widely used classification system of breast
cancer currently combines histomorphological
information (such as histological subtype and
grading) as well as TNM staging information
[tumor size (T) together with lymph node (N) and
distant metastasis occurrence (M)] [51, 52].

The aforementioned genes presented in this
chapter characterize germline or heritable muta-
tions that are found in each and every cell of an
individual but increase the risk of malignancy in
only specific organs. The development of cancer
invariably results in a profound alteration of the
genetic material in tumor cells when compared to
similar cells that have not undergone malignant
transformation. While many of these changes
within the cancer genome are random and repre-
sent the disruptive effect of the malignant trans-
formative process on the nuclear, cellular, and
even mitochondrial functions within the cell,
studies have shown that there are certain changes
within the affected cellular genome, or somatic
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changes, that occur in a nonrandom manner and
may be representative of novel processes that are
associated with malignant transformation. In this
regard, analysis of the somatic nature of breast
cancer tissue has been found to be very useful in
providing for a more accurate estimation of prog-
nosis and the development therapeutic interven-
tions that target novel molecular pathways in the
cancer tissue and provide for the development of
more effective treatment modalities.

A more recent approach to better classify
breast cancer subgroups is that of gene expres-
sion profiling which seeks to characterize the
somatic changes within the tumor tissue. This
molecular characterization of breast cancer tissue
has become commonplace in cancer centers
worldwide. Malignancies are now routinely char-
acterized by the positivity or negativity of the
molecular expression of estrogen (ER) and pro-
gesterone receptors (PR), as well as for the over-
expression of the oncogene HER-2. The
implication of the positivity or negativity of any
of these three somatic findings is covered in
greater detail elsewhere in this book. However,
one particular result of these three assays deserves
discussion in this chapter: triple negative breast
cancer (TNBC). TNBC is defined as the absence
of estrogen receptors (ER), progesterone recep-
tors (PR), and the absence of HER-2 overexpres-
sion and accounts for approximately 15% of all
breast cancer tumors, and occurs at a higher fre-
quency among premenopausal women and
women of African descent [53]. TNBC is also
associated with obesity and high parity, instead
of the low parity more commonly associated with
other types of breast cancer [53]. Regardless of
the demographic distribution of TNBC cancers,
these malignancies are associated with a poorer
prognosis than non-TNBC breast cancers, with a
higher rate of metastatic spread to brain and lungs
and early recurrence, with few effective thera-
peutic options available in cases of recurrence
[17,52, 54].

Sgrlie et al. categorized breast cancers into
five gene expression subtypes: Luminal A,
Luminal B, HER-2 Enriched, Basal-like, and
Normal-like, each of which have been associated
with unique clinical characteristics [55]. TNBC
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tumors have a basal-like morphology, expressing
myoepithelial-cell-type cytokeratins CK5, CK14,
CK17, frequent mutations in 7P53, cadherin, and
epidermal growth factor receptor similar to that
found in basal epithelial layer cells [56]. BRCAI-
associated tumors are also frequently associated
with basal-like morphology and commonly dis-
play a TNBC phenotype [54]. Somatic mutations
in BRCA1/2 rarely occur in cases of sporadic
breast cancer, but a high incidence (20%) of
BRCA1/2 mutations are found in cases of TNBC.
While not all basal-type tumors or BRCAI-
associated tumors are triple negative malignan-
cies, the molecular mechanisms associated with
the development of breast cancer in women with
BRCAI mutations clearly underlie the somatic
changes found in sporadic TNBC cancers [17].
Of further interest is that among those cases of
TNBC not associated with BRCAI mutations,
there appears to be an inhibition of BRCAI
expression through other mechanisms including
“gene silencing” in which methylation resulting
from carcinogenesis effectively blocks expres-
sion of BRCA-related proteins and renders the
cell to be similar to a BRCA 1/2 mutated cell with-
out any of the germline mutations typically asso-
ciated with the loss of BRCA gene expression
[57]. These unique tumor characteristics have
been described as “BRCAness” and represent the
considerable similarities between BRCA I-related
cancers and TNBC. However, the similarities
described herein do not apply to BRCA2-related
malignancies, which appear to be a far more het-
erogenous group of cancers than BRCAI-related
cancers.

It is the spectrum of molecular and cellular
similarities of TNBCs to BRCA-related breast
cancers that provides the potential for develop-
ment of more effective therapeutic interventions
for these more aggressive tumors. Inactivating
mutations in genes involved in the DNA damage
response pathways are associated with increased
risk for cancer susceptibility and occur both as
germline or somatic mutations with increasing
evidence of epigenetic gene silencing as an
additional cause of loss of protein function.
Loss of function by any mechanism of the afore-
mentioned gene products in a tumor cell
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precursor clone leads to an accelerated mutation
acquisition and underpins the initiation and
development of the malignancy [58]. A poten-
tially new strategy that has emerged for treat-
ment of BRCAI- and BRCA2-related tumors is
the use of poly(ADP-ribose) polymerase 1
(PARP1) inhibitors.

The human genome is continuously exposed
to exogenous (e.g., exposure to genotoxic com-
pounds) and endogenous (e.g., recombination
aberrations) deleterious events that have the
potential to destabilize the genome. It is the DNA
repair pathways that serve to maintain genome
stability and integrity, and as such have been
found to be tumor suppressor in nature with
mutations in the genes that make up these path-
ways being associated with cancer predisposition
syndromes, as has been previously described
with BRCAI and BRCA2, both of which are
involved in DNA double strand break repair.
There are currently 16 members of the PARP
family of which only PARP1 and PARP2 are
involved in DNA repair [59]. PARP is involved in
base excision repair, a key pathway in the repair
of DNA single strand break. PARP activity in
cells is typically low, but is stimulated by DNA
strand breaks. PARP1 and PARP2 form homodi-
mers and heterodimers at DNA break sites and
serve to recruit other needed proteins for the
repair process as well as activating other neces-
sary cellular processes needed for DNA repair.
The absence of PARP leads to spontaneous single
strand breaks that collapse replication forks into
double strand breaks, triggering homologous
recombination for repair. However, with the loss
of functional BRCA1 or BRCA2, cells will be
sensitized to inhibit PARP activity, apparently
leading to the persistence of the DNA lesions
which are usually repaired by homologous
recombination. When both pathways are defec-
tive this will result in chromosomal instability,
cell cycle arrest, and finally apoptosis. Cell sur-
vival assays show that cell lines lacking wildtype
BRCA1 or BRCA2 were extremely sensitive to
PARP inhibitors compared to heterozygous
mutant or the wildtype cells [60]. These results
suggest the potential use of PARP inhibitors in
the treatment of BRCAI- and BRCAZ2-related
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breast and ovarian cancers with recent and
ongoing clinical trials showing promising results
and clinical outcomes [61].

Given the similarities of TNBC and BRCA-1
related cancers, its stands that PARP inhibitors
could have a similar beneficial effect on TNBC.
Indeed, early studies showed promise with addi-
tion of iniparib to a chemotherapeutic regimen
provided to women with TNBC. However, a more
robust phase 3 trial recently showed no clinical
benefit with iniparib in women with TNBC [62].
However, it should be noted that iniparib is dif-
ferent from other PARP inhibitors, so that the
findings with iniparib should not necessarily be
considered to be representative of all PARP
inhibitors.

With our increasing understanding of the com-
plex network that is the DNA damage response,
pathways already recognized to be critical to the
establishment of the cancer phenotype are thus
gaining additional roles as controllers of DNA
repair and subjects of clinical study as putative
sites for therapeutic agents. The initial success
with PARP-1 and PARP-2 in BRCAI/2-related
cancers has been shown to target tumor
deficiencies in DNA repair as well sensitizing to
DNA damaging therapeutics such as radiation
and chemotherapy. Further identification of rele-
vant somatic changes and the implication of these
changes in tumorigenesis will likely be the
approach that we use to develop new and more
effective diagnostic and therapeutic modalities.

Cancer Risk Assessment

The past two decades have witnessed the
identification of several genes that have been
associated with hereditable breast and gyneco-
logic cancers, thereby promoting the develop-
ment of and need for cancer genetic counseling.
Similar to conventional genetic counseling for
pediatric and prenatal conditions, cancer genetic
counseling is geared to identifying individuals
with mutated cancer predisposition genes as well
as those family and personal histories that impact
the overall risk for development of cancer.
However, unlike conventional genetic counseling



42

in which most individuals or fetuses with a
particular phenotype are likely to possess a dele-
terious gene or abnormal chromosome comple-
ment, most cases of cancer, even those associated
with considerable family histories in individuals
of high-risk ethnic and racial groups, are not
associated with the inheritance of cancer predis-
position genes. Indeed, no more than 10% of
most types of cancer are associated with increased
heritability [63]. Nonetheless, counseling has
become a central part of the risk assessment pro-
cess, provided not only to identify those individu-
als with mutations in cancer predisposition genes,
but also to provide accurate information and
emotional support to those individuals who have
not inherited deleterious mutations found in par-
ents or siblings as well as to those individuals
who have not inherited specific mutations but
still may be at an increased risk for developing
cancer.

Cancer risk assessment is a process by which
individuals are identified who are at increased
risk for a hereditary or familial cancer and are
offered a different approach to prevention and
screening than that which is offered to individu-
als in the general population. Such altered inter-
ventions for high-risk individuals can range from
an earlier initiation of screening, such as the ini-
tiation of mammography before the age of 40 in
women with a BRCA 1/2 mutation, to the incorpo-
ration of screening protocols not offered to non-
high risk individuals, such as the use of regular
breast MRI examinations in women with
BRCA1/2 mutations. The detection of a deleteri-
ous mutation may also prompt a more novel or
extreme approach to prevention, such as the con-
sideration of prophylactic mastectomy to reduce
the risk for breast cancer in women with BRCA1/2
mutations. However, not all preventative mea-
sures offered to high-risk individuals are neces-
sarily extreme or extirpative in nature; for
example, women at increased risk for epithelial
ovarian cancer are likely to be encouraged to
breastfeed or consider bilateral tubal ligation
once childbearing has been completed as a way
to reduce the risk for EOC without increasing the
risk for breast cancer [14, 64]. What is clear is
that the identification of high-risk individuals,
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whether as a result of inheriting a deleterious
mutation or because of an extensive family
history of cancer, allows for the offering of risk
reducing strategies that have been shown to pro-
long lives and improve quality-of-life for high-
risk individuals [65].

Assessing risk for hereditable cancers involves
a variety of tools and tests that a counselor can
use depending on the personal and family history
of the individual presenting for counseling and
risk assessment. Nonetheless, obtaining medical
records and pathology reports is critical to pro-
vide accurate counseling and risk assessment, as
many individuals may not be aware of the actual
information concerning their own medical his-
tory or that of family members. While genetic
testing provides definitive information in indi-
viduals with deleterious mutations, most individ-
uals at risk for a heritable cancer will not test
positive for a deleterious mutation, which will
most likely be the result if an individual is actu-
ally not at risk for the malignancy associated with
the tested mutation as a result of an inaccurate
family history.

Assuming one has provided accurate personal
and family histories, counselors can use a variety
of approaches to assess risk for developing heri-
table cancers. Qualitative and quantitative risk
assessments are used to determine an individual’s
risk for possessing a deleterious mutation in a
cancer susceptibility gene and for developing
cancer. Qualitative risk assessment primarily uses
family and personal histories to determine an
individual’s risk. Such risk analysis also incorpo-
rates a variety of other factors including, where
applicable and not exclusively, environmental
factors including exposure to toxic substances,
use of medications, pathology reports, and life-
style issues (e.g., number of pregnancies, length
of time breastfeeding, etc.). An accurate qualita-
tive assessment includes a detailed personal and
family history, supported by corroborated details
of the individual’s personal and family history.
Such details will include, but are not limited to,
the age of patient and family members, reproduc-
tive histories, histories of genetic disorders and
major illnesses, causes of death, and lifestyle
issues (e.g., obesity, oral contraceptive use) that
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Fig. 2.1 Pedigree of woman with BRCA2 mutation
(6174delT; arrowhead). Transmission is through paternal
side of family; paternal uncle was the individual initially

could impact morbidity and mortality as well as
increasing or decreasing risk for cancer develop-
ment. In addition, for family members with can-
cer, further detail is needed including age of
diagnosis, staging and grading of tumor, and
years of survival. Optimally, this information
should be obtained from operative and pathology
reports as well as medical records. All of this
information can be included into a pedigree
(Fig. 2.1) that provides an easy-to-access over-
view of the proband and his/her family. Such
information is critical even in the absence of
genetic testing outcomes.

Quantitative risk assessment employs risk
assessment models to ascertain an individual’s
risk for developing cancer or for carrying a dele-
terious mutation in a cancer susceptibility gene.
While risk assessment models are widely used
to assess risk for certain cancers such as breast
cancer, not all malignancies are amenable to
risk assessment by a model [66]. As such, coun-
selors usually use qualitative and quantitative

tested and was found to carry the deleterious mutation.
All individuals in the family with the mutation are denoted
with a [+] symbol

approaches to determine an individual’s risk for
carrying a deleterious cancer susceptibility gene
and provide nondirective counseling concerning
the decision to undergo genetic testing or to initi-
ate particular screening, diagnostic, or preventa-
tive measures.

Counselors also perform a psychosocial
assessment of their patients, as patients frequently
face emotional stress and psychological upset
based on the findings of the counseling and
genetic testing. Counselors should obtain infor-
mation from patients prior to counseling and risk
assessment concerning their expectations for the
counseling session, the personal impact of the
cancer(s) in question, the economic impact of
undergoing counseling and testing and the poten-
tial clinical outcomes, their relationship with rel-
atives and the ability to obtain information from
those relatives as well as the desire to alter their
lifestyle and initiate preventative measures in
case an increased risk for cancer is determined.
Equally important is the sense of the patient
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concerning the personal and familial implications
of positive or negative genetic testing results.
Olaya et al. found that 50% of individuals at
increased risk for carrying a BRCA1/2 mutation
chose not to undergo genetic testing, with insur-
ance coverage playing little to no role in the deci-
sion to undergo or forego such testing [67]. In
this study, the authors sought to develop counsel-
ing instruments that would better explain the
benefits of testing to unaffected high-risk indi-
viduals and to target those with a high school
level education as a strategy to improve testing
rates. One should consider that those individuals
who chose to forego genetic testing in this study
did choose to undergo genetic counseling because
of an increased risk for developing cancer. This
study thus clearly demonstrates that a variety of
psychosocial factors play a major role in deter-
mining not only decisions to obtain counseling
and testing, but also specific choices in this infor-
mational process. Accordingly, counselors must
be aware of and incorporate these psychosocial
issues into their counseling process if they are to
provide effective counseling and empower their
patients to obtain all the information that they
seek and to respect the patient’s desire to not
obtain certain information.

While testing an individual for an autosomal
dominant deleterious mutation that occurs in a
parent is a relatively straightforward process, the
emotional implications of either a positive or
negative results should be addressed prior to test-
ing as the emotional impact of the testing out-
comes may not necessarily be easy to predict. A
good example of this is found in the movie “In
The Family” (J. Rudnick, Producer, Kartemquin
Films, 2008), a film that documents the life of a
woman who carries a BRCAI mutation and
details the lives of other individuals at risk for or
with heritable breast and ovarian malignancies.
In one scene, three daughters are finding out their
BRCAI mutation status, having decided to get
testing because their mother has a deleterious
BRCAI mutation. Two daughters are found to
have inherited the mutation while the other was
found to not carry the gene. Surprisingly, it is the
unaffected sibling who is most upset at the
findings of the genetic testing. Genetic risk
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assessment and testing may provide qualitative
and quantitative analysis to individuals at
increased risk for developing cancer; however,
the perception of that risk by patients is driven by
emotional and psychological factors that are con-
siderably impacted by the individual’s experi-
ence with cancer. The delineation and acceptance
of psychosocial factors such as coping mecha-
nisms, behavior modifications, and emotional
reactions to medical and nonmedical events can
greatly assist the counselor in providing accurate
information that is best used by the patient.

Finally, not everyone who undergoes genetic
testing receives a definitive result indicating the
presence or absence of a deleterious mutation.
Of those undergoing testing for BRCA1/2 muta-
tions, approximately 5-10% are found to have a
variant of uncertain clinical significance (VUS)
[68]. VUS are usually missense or potential
splice site changes that have not, as yet, been
shown to be definitively associated with adverse
clinical outcomes. More than 1,500 VUS have
been identified and are frequently identified in
individuals of minority ethnic population. Most
VUS have only been reported in one to two indi-
viduals, making further analysis of the clinical
impact of VUS challenging [69]. Once a VUS is
identified, further analyses such as segregation
analysis or study variants in multiple unrelated
individuals are applied in an attempt to charac-
terize the VUS as clinically relevant (favor dele-
terious) or irrelevant (favor polymorphism).
However, small sibships and family sizes as well
as few individuals with any particular VUS
impede the mathematical estimation needed to
better characterize the clinical impact of a
specific VUS [69].

The finding of a VUS is obviously a difficult
clinical outcome that can lead to considerable
emotional distress and angst concerning the
unknown clinical implication of the genetic test
result. In such situations, counselors must use
their skills to provide a clear and measured over-
view of the meaning and implication of the test
and provide emotional support for a patient who
may be distraught because of the inability to
obtain a definitive assessment of her risk for
developing cancer [70].



2 Genetic and Genomic Factors in Breast Cancer

Conclusions

The recognition of the increasing role of genetics
and genomics in the development, assessment,
and treatment of cancer requires professionals
to be able to integrate current scientific and clin-
ical evidence with an ability to obtain critical
information from patients so as to provide the
necessary support to facilitate the process by
which individuals at high risk are identified and
offered appropriate screening, diagnostic, and
preventative interventions to reduce the risk of
cancer and improve overall clinical outcomes.
As we learn more about the molecular mecha-
nisms of cancer initiation, development, and
metastasis, the assessment of the tumor genome
and exome will not only better characterize the
prognostic and therapeutic aspects of each
malignancy, but allow for the development of
targeted and more effective preventative and
therapeutic interventions. Given the heteroge-
neity of breast cancer, it is unlikely that a single
laboratory assay, imaging procedure or histori-
cal vignette will provide sufficient information
toadequately screen the population. Accordingly,
cancer risk assessment will remain our most
important tool in assessing the risk of each indi-
vidual woman to develop breast cancer and thus
to determine the best approach to screening for
that individual person.

For those found to be at high risk for develop-
ing breast cancer, counseling is the process by
which high-risk women are provided with the
information and emotional support needed to
facilitate their decision-making process concern-
ing further testing and preventative interventions.
Although technological advances will likely alter
the cancer genetic counseling process in the
future, for now and the foreseeable future this is
how patients will best be served in their search
for answers concerning their risks for developing
cancer, and in the delineation of improved inter-
ventions to prevent and treat breast cancer, a
widespread cause of morbidity and mortality
among all women regardless of race, ethnicity, or
socioeconomic status.
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BRCA Mutation

Ashley N. Hardy, Elizabeth Tarasewicz,
and Jacqueline S. Jeruss

Introduction: What Are BRCA
Mutations?

Breast cancer is the most common malignancy
affecting women in the United States and the sec-
ond leading cause of cancer-related deaths.
According to the National Cancer Institute,
approximately 200,000 women are diagnosed with
breast cancer each year in the United States and
40,000 die of the disease [1]. Although the vast
majority of breast cancers are diagnosed in women
without known risk factors, 5-10% of newly diag-
nosed cases can be traced to hereditary gene muta-
tions that significantly increase the likelihood of
developing breast and other malignancies [2].
Approximately 80% of these hereditary breast
cancers are the result of germline mutations in
the Breast Cancer Susceptibility Genes, BRCA1
and BRCAZ2, which are inherited in an autosomal
dominant fashion. BRCA1, which is located on
chromosome 17q12-21, and BRCA2, located on
chromosome 13q12-13, are tumor suppressor
genes that are essential for DNA repair, transcrip-
tional regulation, and cell cycle control [3]. As a
result, mutation of these genes (the majority
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being frameshift or nonsense mutations resulting
from small insertions or deletions) [4] leads to an
elevated lifetime risk of developing breast cancer
as well as other malignancies.

BRCAL is activated and phosphorylated by
CHK2 and ataxia telangiectasia mutated (ATM)
kinase in response to DNA damage. BRCAI then
binds Rad51, a protein required for homologous
recombination of double-strand breaks [5], which
allows it to cooperate with BRCA2 to facilitate
DNA repair. BRCA1 also exerts its effects on DNA
repair through its interaction with various other
proteins, which bind specifically to its BRCT
(BRCA1 C-termini) domain to promote activation
of critical G/M phase cell cycle checkpoints. If
mutations occur within this domain, BRCA1 is
unable to bind to its partners, allowing damaged
DNA to escape repair [3] (Fig. 3.1). In terms of
transcriptional regulation and cell cycle control,
upon phosphorylation by ATM [6], the normal
BRCALI protein can regulate the expression of the
GADD45 and p21 genes, ultimately inducing cell
cycle arrest in response to DNA damage caused by
ionizing radiation [7, 8]. Note that p53, another
well-known tumor suppressor gene, has been dem-
onstrated to exert the same effects with BRCA1
acting as a co-activator, helping to explain why
mutations of the BRCA1 gene can inhibit p53 tran-
scription [9, 10] (Fig. 3.2).

It is estimated that, in the general population,
mutations of the BRCA1 and BRCA2 genes
occurin I inevery 300-500 people [11]. However,
in certain populations the frequency of these
mutations is higher, notably in those individuals
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Fig. 3.1 Characteristics of the BRCA1 and BRCA2
proteins. BRCA1: Features of the BRCA1 protein include
the N-terminal RING domain, nuclear localization signals
(NLS), and the two C-terminal BRCT domains (yellow).
Sites of phosphorylation by CHK2 and ATM are indicated

of Ashkenazi Jewish descent, in which the
incidence of BRCA mutations is 1 in 40 [12].
Three mutations (185delAG and 5382insC in
BRCA1 and 6174delT in BRCA2) account for
over 90% of the BRCA mutations found in the
Ashkenazi Jewish population [13]. Additional
founder mutations have been traced to other
groups, most commonly of Icelandic, Polish,
French Canadian, and Italian origin [14].

Clinical Implications of BRCA
Mutations

Women with BRCA1 or BRCA2 mutations have
a substantially increased risk of developing breast
cancer compared to non-BRCA mutation carriers,
with a 76-84% chance of developing breast can-
cer by age 70 (compared with a 13% likelihood
for noncarriers) [15, 16]. In addition, carriers of

(black arrows) along with the site of Rad51 binding
(bracket). BRCA2: Rad51 binds to six of the eight BRC
repeats present in the BRCA?2 protein (bracket). (Adapted
from Venkitaraman (2001) with the permission of Elsevier
Science Ltd)

either mutation are more likely to be diagnosed at
an earlier age, tend to present with tumors of
higher histologic grade, and are more likely to
develop cancer in the contralateral breast com-
pared to sporadic controls [17]. Despite these
similarities, there are a number of differences that
exist between the two genes that are important to
consider (Table 3.1).

Specifically, BRCA1 breast tumors tend to be
of a higher grade as a result of higher mitotic rates
and nuclear polymorphisms and display elevated
levels of cyclin E expression [18, 19]. This is in
contrast to BRCA2-related tumors, which are
more likely to overexpress cyclin D1 and in which
the higher grade observed in these tumors is the
result of decreased tubule formation [18, 20].

Differences between BRCA1 and BRCA2
also exist with respect to hormone receptor status.
The majority of BRCA1 breast tumors have a
triple-negative phenotype as they lack expression



3 BRCA Mutation

51

Transcriptional
Regulation

BRCA1

DMNA Damage

Fig. 3.2 The role of BRCA proteins in DNA repair, tran-
scriptional regulation, and cell cycle control. Upon expo-
sure to a DNA damaging agent, ATM or CHK2
phosphorylates BRCA, upregulating the expression of
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directly, or through transcription of p53. Phosphorylated
BRCAL also promotes DNA repair in cooperation with
BRCAZ2 and Rad51. (Adapted from Venkitaraman (2001)
with the permission of Elsevier Science Ltd)

Table 3.1 Comparison of the BRCA genes and associated breast cancer characteristics

Characteristics BRCAL

Inheritance pattern Autosomal dominant
Chromosomal locale 17q12-21

Cellular functions DNA repair

Transcriptional regulation
Cell cycle control
Breast cancer risks

Breast cancer
characteristics

Early age of onset

High grade
High mitotic rate
Nuclear polymorphisms

Increased incidence of ER/PR negativity

HER2/neu negative
Cyclin E overexpression

Increased risk of bilateral cancer
Ovarian cancer (26-36% by age 70)
Cervical, uterine, pancreatic, colorectal

Other (non-breast)
associated cancer risks

Males: prostate

45% of Hereditary breast cancer
71% Risk by age 70 (95% CI 53-82%)

BRCA2
Autosomal dominant
13q12-13
DNA repair
Transcriptional regulation
Cell cycle control
35% of Hereditary breast cancer
84% Risk by age 70 (95% CI 43-95%)
Early age of onset
High grade
Decreased tubule formation

Increased incidence of ER/PR positivity
HER2/neu negative

Cyclin D1 overexpression

Increased risk of bilateral cancer
Ovarian cancer (10-27% by age 70)

Gastric, pancreatic, gallbladder, bile
duct, skin (melanoma, basal cell)

Males: breast, prostate
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Fig. 3.3 Relationship between BRCAI, triple-negative,
and basal-like breast cancers. BRCAl-mutated breast
cancer often phenotypically overlaps with both triple-
negative and basal-like breast cancers. (Adapted from Pal
et al. (2011) with the permission of Springer Science +
Business Media)

of the estrogen (ER) and progesterone receptors
(PR) and are HER2/neu negative. Additionally
the majority of BRCA1 tumors have morphologic
features similar to those described in basal-like
cancers as they have been shown to express the
markers CK5/6 and EGFR [21, 22] (Fig. 3.3). In
comparison, BRCA2 tumors exhibit ER positiv-
ity in 60-90% of cases and PR positivity in
40-80%, similar to the expression patterns found
in sporadic controls [23, 24]. Altogether, the dif-
ferences that exist between the two mutations
may affect treatment strategies and may account
for the differences in survival times, which are
shorter for patients with BRCA1 mutations [25].

The mutations also confer an increased chance
of developing other cancers, most frequently ovar-
ian cancer, with a lifetime risk ranging from 26—
36% and 10-27% for BRCA1 and BRCA2 carri-
ers, respectively [26]. BRCA1 mutations are also
associated with cervical, uterine, pancreatic, and
colon cancer while BRCA?2 mutations are affiliated
with cancers of the stomach, pancreas, gallblad-
der, bile duct, and skin (melanoma and basal cell
carcinoma) [27, 28]. Men carrying BRCA1 muta-
tions are at elevated risk for testicular and early-
onset (prior to age 55) prostate cancer while those
with BRCA2 mutations are at risk for developing
male breast cancer [29] (Table 3.2).

A.N. Hardy et al.

Table 3.2 Relative risks of cancers (non-breast) associ-
ated with BRCA mutations [28, 67, 68]

Associated cancers Relative risk

BRCAI Ovarian 13
Cervical 3.7
Uterine 2.7
Pancreatic 23
Colorectal 1.5
Prostate 1.8

BRCA2 Ovarian 21
Gastric 2.6
Pancreatic 3.5
Gallbladder and bile duct 5.0
Melanoma 2.6
Male breast 1.7
Prostate 4.7

Given the clinical implications of being a BRCA
carrier, genetic testing to assess for the presence of
these mutations has been implemented into clinical
practice in much of the developed world [30].

Screening Guidelines for BRCA
Mutations

Although not standardized, according to the US
Preventive Services Task Force, the following
high-risk patient scenarios should prompt a rec-
ommendation for BRCA mutation testing [31]:

» 2>2First-degree relatives diagnosed with breast
cancer, with at least one diagnosis made at age
50 or younger

e >3 First- or second-degree relatives diagnosed
with breast cancer at any age

 First-degree relatives with bilateral breast cancer

* First- or second-degree relative diagnosed with
both breast and ovarian cancer at any age

e Several first- and second-degree relatives
diagnosed with breast and ovarian cancer

e > 2 First- or second-degree relatives with an
ovarian cancer diagnosis at any age

* Male relative with breast cancer

* Women of Ashkenazi Jewish descent with a
first-degree relative diagnosed with breast or
ovarian cancer or with > second-degree
relatives (maternal or paternal) with a breast or
ovarian cancer diagnosis
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Table 3.3 Breast and ovarian cancer surveillance strategies for BRCA mutation carriers based on National Cancer

Comprehensive Network (NCCN) guidelines

Screening modality
Self breast exam (SBE)
Clinical breast exam (CBE)

Breast cancer

Mammography
Magnetic resonance imaging (MRI)

Ovarian cancer Transvaginal ultrasonography

Serum CA-125 measurements

Surveillance Options for BRCA
Mutation Carriers

For individuals found to be carriers of BRCAI or
BRCA2 mutations, attempts should be made to
ensure that if cancer develops, it is detected early,
or ideally, prevented from developing at all
(Table 3.3). Surveillance strategies for BRCA
patients include the performance of monthly self-
breast exams (SBE), clinical breast exams (CBE)
every 6 months, imaging of the breast with yearly
mammograms and magnetic resonance imaging
(MRI) starting between 25 and 30 years of age or
before the earliest diagnosis of breast cancer was
made in the affected family [32]. Although SBE
and CBE may add little to cancer detection rates
in BRCA carriers, they are recommended as they
allow patients to gain a greater sense of familiar-
ity with their breast tissue, and in the case of
CBE, provides patients with the opportunity to
connect to their health care provider [33].

In a prospective study comparing the various
breast cancer surveillance modalities for BRCA
mutation carriers, MRI had a sensitivity of 77%
for detecting breast cancers compared to the
36-33% sensitivity achieved by mammography
and ultrasound, respectively. The sensitivity
approached 95% when the modalities were com-
bined [34]. Despite the expense and the potential
for false positive findings, MRI has been proven
to be cost-effective for BRCA mutation carriers as
demonstrated in a study by Plevritus et al. This
study estimated that combined annual screening

Recommended frequency

Monthly starting at age 18

Every 6 months starting at age 25 or 5-10 years prior
to the earliest breast cancer diagnosis

Annually beginning at age 25-30 or 5-10 years prior
to the earliest breast cancer diagnosis

Annually beginning at age 25-30 or 5-10 years prior
to the earliest breast cancer diagnosis

Every 6-12 months beginning at age 25-35 or 5-10
years prior to earliest ovarian cancer diagnosis

Every 6-12 months beginning at age 25-35 or 5-10
years prior to earliest ovarian cancer diagnosis

with MRI and mammography would provide an
additional 2 life years for women with BRCA1
mutations and 18 months for those with BRCA2
mutations [35].

Although transvaginal ultrasound and serum CA
125 level testing have limited sensitivity and
specificity for the detection of early stage ovarian
cancer, because of the significant risk, the American
College of Obstetricians and Gynecologists (ACOG)
recommends that BRCA carriers undergo annual or
semiannual screening with these tests beginning at
25-35 years of age or 5-10 years prior to the earliest
familial ovarian cancer diagnosis [36].

Prevention Strategies for BRCA
Mutation Carriers

Several strategies exist to reduce cancer risk in
patients with BRCA mutations, ranging from
prophylactic surgery, chemoprevention, and life-
style modifications (Table 3.4). One of the largest
multicenter prospective studies, the Prevention
and Observation of Surgical End Points (PROSE),
determined that prophylactic bilateral mastec-
tomy conferred a 90% risk reduction in BRCA1
and BRCA2 mutation carriers after a mean
follow-up of 6.4 years [37].

In recent years, nipple-sparing mastectomy
(NSM) has evolved as an option for women under-
going mastectomy given the excellent cosmetic
results and psychological benefit achieved, espe-
cially for young cancer patients [38]. Despite these
benefits, concern exists regarding the oncologic
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Table 3.4 Risk-reducing strategies for BRCA mutation patients and other factors that may impact a patient’s likelihood

of developing hereditary breast or ovarian cancer
Strategy

Prophylactic surgery
Prophylactic bilateral

Salpingo-oophorectomy (PBSO)

Chemoprevention
(SERMs)

Oral contraceptives (OCPs)

Other factors Hormone replacement
Therapy (HRT)

Breast feeding

High parity

safety of this operation, notably for BRCA
mutation carriers and others with elevated cancer
risk, given the possibility of nipple involvement by
the tumor [39]. To date, there appears to be a low
probability of nipple involvement by premalignant
lesions (i.e., atypical hyperplasia and carcinoma
in situ) or invasive carcinoma in the nipple areola
complex (NAC) of BRCA carriers as demonstrated
by a study examining the presence of such lesions
in women with BRCA mutations that underwent
prophylactic mastectomy over a time course of 22
years [40]. Further research needs to be done in
this area given the fact that more women are choos-
ing to pursue NSM. Currently, intraoperative ret-
roareolar frozen sections are obtained to assess for
the presence of cancer involving the NAC prior to
proceeding with nipple-sparing surgery.

Bilateral prophylactic salpingo-oophorectomy
(PBSO) has been associated with a reduction in
the risk for both ovarian and breast cancer for
BRCA mutation carriers. This was also demon-
strated by the PROSE study, which reported a 96%
reduction in ovarian cancer risk and a 53% reduc-
tion in breast cancer risk among BRCA carriers
undergoing PBSO compared to matched controls
[41]. Studies have shown that this risk reduction
was greatest if performed by age 40 or upon the
cessation of childbearing [42]. In addition to pro-
viding a reduction in the incidence of breast and
ovarian cancer, a prospective multicenter cohort
found a reduction in all-cause mortality (hazard

Prophylactic bilateral mastectomy (PBM)

Selective estrogen receptor modulators

Influence on risk

90% Risk reduction

53% Risk reduction in breast cancer
96% Risk reduction in ovarian cancer
50-58% Risk reduction

70% Risk reduction in ovarian cancer
Potential increased breast cancer risk
No influence with short-term use

40% Risk reduction after 1 year for
BRCAI

Reduced risk for BRCA1
Potential increased risk for BRCA2

ratio, HR=0.40, 9%% CI, 0.26-0.61) that was
both ovarian (HR=0.44, 95% CI, 0.26-0.76) and
breast cancer-specific (HR=0.21, 95% CI, 0.06—
0.80) in BRCA patients [43].

Nonsurgical prevention strategies for BRCA-
positive patients include chemoprevention, life-
style modifications, and close surveillance. The
incomplete penetrance of mutations of the
BRCA1 and BRCA?2 genes supports the idea that
various hormonal and reproductive factors can
influence the risk of cancer development within
this patient population.

Several studies have investigated the impact of
chemoprevention with tamoxifen on the develop-
ment of breast cancer in BRCA mutation carriers.
Tamoxifen, a selective estrogen receptor modula-
tor (SERM), is routinely used in the treatment of
estrogen receptor-positive breast cancers.

In the National Surgical Adjuvant Breast and
Bowel Project (NSABP)-P1 trial, a subgroup
analysis concluded that although tamoxifen was
able to reduce the incidence of breast cancer for
women with a BRCA2 mutation, women with a
BRCA1 mutation were not conferred the same
benefit. This appeared to correlate with the obser-
vation that the majority of BRCA1 tumors are
ER-negative while BRCA2 tumors are predomi-
nately ER-positive [23, 24], yet the study’s small
sample size (8§ women with BRCA1 and 11 with
BRCA2 mutations) prevents any definitive con-
clusion for this analysis [44]. Conversely, in a
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case—control study examining 285 BRCA1/2
mutation carriers with bilateral breast cancer and
751 mutation carriers with unilateral cancer, the
use of tamoxifen conferred a reduction in the risk
for the development of contralateral cancer for
both BRCA1 and BRCA2 mutation carriers by
50 and 58%, respectively. Thus, these findings
suggest that risk reduction with tamoxifen ther-
apy may be independent of hormone receptor sta-
tus for BRCA patients [45].

Although the protective effect of oral contra-
ceptives in BRCA1/2 mutation carriers for the
prevention of ovarian cancer has been estab-
lished, with a risk reduction of 34% for new oral
contraceptive users and a 70% risk reduction for
those with 6 or more years of use [46], the impact
of oral contraceptives on the risk of breast cancer
in this patient population is controversial. In one
case—control study of 1,311 pairs of BRCA muta-
tion carriers, those with a history of oral contra-
ceptive use was associated with an increased risk
of breast cancer among those with BRCAI
mutations (OR=1.20; 95% CI=1.02-1.40). An
increased risk, however, was not observed among
those with BRCA2 mutations (OR=0.94; 95%
CI=0.72-1.24) [47]. Despite these findings,
other population-based studies have failed to
demonstrate an association between oral contra-
ceptive use and the development of breast cancer
in BRCA mutation patients [48, 49].

Investigations have also been conducted to
determine the effect that hormone replacement
therapy (HRT) might have on subsequent breast
cancer risk in BRCA mutation carriers, particularly
for those who use short-term HRT to combat meno-
pausal symptoms (vaginal dryness, hot flashes,
decreased libido, fatigue, memory and cognitive
changes) after undergoing PBSO. In a multicenter
prospective cohort study of BRCA1/BRCA2 muta-
tion carriers that underwent PBSO with or without
HRT, short-term HRT did not counteract the risk
reduction associated with PBSO [50].

Breastfeeding is thought to be protective
against the development of breast cancer as a
result of favorable alteration of the hormonal
milieu [51], delay in the reestablishment of ovu-
latory cycles [52], and induction of extended ter-
minal differentiation [53]. A case—control study
examining the impact of breastfeeding showed

55

that BRCA1 mutation carriers who breastfed for
more than 1 year had a 40% cancer risk reduction
compared to those patients that breastfed for a
shorter duration or chose not to breastfeed at all.
Note that similar results were not observed for
BRCAZ2 carriers, which may be explained by the
smaller study sample size of those along with
the different biology associated with BRCA2
mutation carriers [54].

Parity has been evaluated as a potential modifier
of breast cancer risk in BRCA mutation carriers in
several studies with largely mixed results.
Although pregnancy appears to provide protec-
tion against the development of breast cancer
before age 35 for the general population, there are
concerns that the opposite may be true for those
harboring a BRCA mutation, who are more likely
to develop cancers prior to age 40. These concerns
were initially supported by the findings from
Jernstrom et al., who observed that the risk of
breast cancer increased with each additional preg-
nancy in BRCA mutation carriers prior to age 40,
particularly for those with BRCA2 mutations [55].
However, in subsequent studies by Cullinane et al.
and McLaughlin et al., parity was associated with
a reduced risk of developing breast cancer among
BRCA1 mutation -carriers (OR=0.67; 95%
CI=0.46-0.96; p=0.03), but an increased risk for
BRCAZ2 patients (OR=2.74; 95% CI=1.18-6.41;
p=0.02) [56], and appeared to increase by 17%
with each additional birth [57].

Breast Cancer Treatment Strategies
for BRCA Mutation Carriers

While many aspects of breast cancer treatment for
BRCA patients are similar to those of non-mutation
carriers, the underlying biology of these tumors
and the additional risks they confer affect their
management (Fig. 3.4). Because of the increased
risk of recurrence and of developing cancer in the
contralateral breast, many BRCA mutation carriers
may choose to undergo bilateral mastectomy as
part of their initial therapy. In fact, there is an esti-
mated 20—42% 10-year risk of developing contral-
ateral breast cancer in women with BRCA-positive
tumors compared to a 5—6% risk observed in spo-
radic controls [58]. Prophylactic mastectomy of the
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Fig. 3.4 Treatment algorithm for BRCA mutation carri-
ers diagnosed with unilateral breast cancer. BCT breast
conservation surgery; PBSO prophylactic bilateral sal-
pingo-ophorectomy; SERM selective estrogen receptor
modulator. Asterisk patients may benefit from enrollment
in clinical trials using PARP and Cdk inhibitors

unaffected, contralateral breast may decrease the
risk of developing subsequent cancer in that breast
by 90% although it has not been shown to improve
survival when used as monotherapy [59].

For those BRCA patients who instead choose to
pursue breast conservation therapy (BCT or
lumpectomy combined with radiation therapy),
there should be recognition that as with sporadic
controls, there is a higher risk of ipsilateral tumor
recurrence compared with those that undergo mas-
tectomy. However, focusing on BCT alone, several
studies have demonstrated that the risk of recur-
rence was similar between BRCA mutation carri-
ers and sporadic controls. Note that this is
particularly the case when BCT is followed by either
PBSO or tamoxifen therapy as observed in a study
by Pierce et al., which showed that the rates of
ipsilateral recurrence were twice as high in those
of BRCA patients who did not undergo PBSO.
Furthermore, there was a 31% rate of recurrence
in those BRCA mutation carriers who did not
take tamoxifen following BCT compared to no
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recurrences amongst those that had taken the
medication over a 15-year period [60]. Thus, these
findings suggest that for those BRCA patients
choosing to undergo BCT, strong consideration
should be placed on following this with PBSO and/
or tamoxifen therapy given the impact on reduced
breast cancer recurrence. Finally, as previously
mentioned, PBSO is associated with an
approximate 96% risk reduction in ovarian cancer
development in BRCA mutation carriers [41].

As BRCA-positive tumors tend to be of higher
grade, hormone receptor negative (notably
BRCAI tumors), and at an advanced stage at the
time of diagnosis [17], the majority of patients
with these tumors are candidates for chemother-
apy. Recent studies have suggested that specific
chemotherapeutic agents, notably platinum-based
agents, may have greater efficacy in patients with
BRCA-mutated tumors based on their mechanism
of action. Although not routinely used in the treat-
ment of breast cancer in general, defects in DNA
repair render BRCA-positive tumors more sensi-
tive to the DNA damaging effects of cisplatin and
other agents in this class [61]. In fact, in a mouse
model of BRCAI1 breast cancer, 100% of those
mice treated with high doses of cisplatin exhibited
a complete pathologic response whereas those
treated with doxorubicin were refractory [62].

Studies have also suggested that BRCA-
mutated tumors may be resistant to the effects of
paclitaxel, another chemotherapeutic agent
widely used in the treatment of breast cancer, by
impairing the mitotic spindle assembly check-
point and overriding the mitotic arrest normally
induced by the paclitaxel and other taxanes [63].

In addition to the more conventional therapies,
new classes of medications, including the poly
(ADP-ribose) polymerase (PARP) inhibitors and
cyclin-dependent kinase (Cdk) inhibitors, have
shown promise for the treatment of BRCA1 and
BRCAZ2-positive breast cancers in the preclinical
setting. These tumors are susceptible to PARP
inhibitors as DNA damage exerted by PARP inhi-
bition is unable to be repaired by BRCA-mediated
homologous recombination [64]. Utilizing such
therapies may obviate the need for such highly
toxic doses of chemotherapy in the treatment of
patients with BRCA-positive tumors [65].
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Thus far, a phase 1 study utilizing single-agent
olaparib, an oral PARP inhibitor, demonstrated a
favorable therapeutic index and clinical response
in 64% of BRCA mutation carriers. In contrast,
patients with sporadic cancers failed to show any
response [66].

Recently, a study by Johnson et al. evaluated
the combined effect of PARP and Cdk inhibition,
given the fact that Cdkl1 is necessary for BRCA-
mediated homologous recombination. As a result,
by inhibiting the activity of Cdk1l, BRCA-positive
tumors appeared to be more sensitive to the
effects of PARP inhibition both in vitro and
in vivo [65].

Summary

In summary, BRCA1l and BRCA2 genes are
classified as tumor suppressors given their roles
in DNA repair, transcriptional regulation, and
cell cycle control [3]. Mutations in these genes
therefore increase the susceptibility for cancer
development, namely of the breast and ovaries,
accounting for 5-10% and 10-15% of all newly
diagnosed breast and ovarian cancers, respec-
tively [2]. BRCA-mutated breast cancers are
typically diagnosed at an earlier age, can be
bilateral, and of higher histologic grade [17].
Given the clinical implications of being a BRCA
carrier, patients with high-risk personal and fam-
ily history characteristics should undergo testing
to assess for the presence of these mutations.
Risk-reducing strategies for BRCA mutation
carriers range from prophylactic mastectomy
and oophorectomy, to chemoprevention with
SERMs and lifestyle modifications. Cancer treat-
ment options for these patients are similar to
sporadic controls although their underlying biol-
ogy may make the use of platinum-based chemo-
therapy more efficacious [61, 62]. Finally,
although PARP and Cdk inhibitors have shown
promise in phase 1 clinical trials for the treat-
ment of BRCA-mutated tumors [66], there
remains a need for more targeted therapies to
treat these extremely complex, highly penetrant
breast cancers.
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High Risk Breast Lesions
and Pathologic Evaluation

Thomas J. Lawton

Lobular Neoplasia

Foote and Stewart were the first to use the term
lobular carcinoma in situ (LCIS) in 1941 describ-
ing a proliferation of cells within breast lobules
that were cytologically similar to invasive lobular
carcinoma [1]. Later, other authors deemed
lesions with similar cells but with less involve-
ment of a lobule as atypical lobular hyperplasia
(ALH) [2]. Since the cells of ALH and LCIS are
identical (Fig. 4.1) and it appeared it was just the
extent of involvement of a lobule by lobular neo-
plastic cells, the term lobular neoplasia (LN) was
coined in 1978 by Haagensen to encompass atyp-
ical lobular hyperplasia (ALH) and lobular carci-
noma in situ (LCIS) [3].

Histologically, LN (which includes ALH and
LCIS) in the classic form is composed of disco-
hesive, small, relatively uniform cells with
round to oval nuclei with scanty cytoplasm. The
cells generally lack nucleoli and there are rare
mitotic figures. These were originally described
as Type A cells. Type B cells (often found in the
same terminal ductal lobular unit (TDLU) as
Type A cells) were described as larger than Type
A cells, they had less uniformity, more cyto-
plasm, and often prominent nucleoli. There are
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also varying morphologies of the cells of LN
including apocrine differentiation and signet
ring (when the cells have intracytoplasmic vacu-
oles containing mucin).

The cells of LN often extend up from the lobular
unit into the terminal ducts in what is termed “pag-
etoid” extension. This can often make it difficult to
distinguish LN from solid low grade ductal carci-
noma in situ (DCIS) which may have extended
down into the lobules (so-called cancerization of
lobules). The characteristic growth pattern along
terminal ducts by LN cells which “undermine the
overlying epithelium” as well as the discohesive
nature of the constituent cells can aid in this dif-
ferential. In difficult cases, an e-cadherin immuno-
histochemical stain can be useful as it is nearly
always absent in cases of LN [4, 5].

Since LCIS and ALH are composed of similar
cells the diagnostic distinction between them is
based on the extent of involvement of breast lob-
ules. Pathologists use different criteria to distin-
guish these two entities but the most commonly
used criteria are of that by Page et al. [6]. For a
diagnosis of LCIS, the involved lobules should
have lobular neoplastic cells that fill and distend
at least 50% of the acinar units. The criteria for
“distention” were subsequently described as eight
or more lobular neoplastic cells spanning an acinar
unit [2]. If fewer than 50% of the acinar units in a
lobule are “filled and distended,” then a diagnosis
of ALH is made (Fig. 4.2). While the term lobular
neoplasia (LN) is often used to encompass both of
these entities, based on these histologic criteria
and follow-up epidemiologic studies routinely
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Fig. 4.1 The cells of atypical lobular hyperplasia (ALH)
and lobular carcinoma in situ (LCIS) are identical. They

BT A

-

Fig. 4.2 ALH and LCIS in the same biopsy. This image
shows the distinction between the two entities. For a diagno-
sis of LCIS, at least 50% of the acinar units in a lobule should
be “filled and distended” with lobular neoplastic cells

showing a lower rate in the incidence of the
subsequent development of invasive carcinoma for
ALH vs. LCIS, pathologists generally recommend
maintaining the two entities as separate [2, 6-8].
In the past decade or so, some variants of LCIS
have been described including lesions with cen-
tral necrosis and others with high grade cytology
called pleomorphic LCIS (pLCIS) [4, 5, 9-11].
In pLCIS the cells have a similar growth pattern
and remain discohesive as in classic LCIS, but

are discohesive, have small, round to oval nuclei, and
generally lack nucleoli

Pleomorphic LCIS

Fig.4.3 Inpleomorphic lobular carcinoma in situ (pLCIS),
the lobular neoplastic cells are still discohesive but there is
greater nuclear pleomorphism than in classic LCIS

they have far more nuclear pleomorphism than
the monomorphic cytology seen in classic LCIS
(Fig. 4.3). Often, pLCIS and classic LCIS occur
in the same biopsy (Fig. 4.4).

It can often be difficult to distinguish pLCIS
from high grade DCIS. Several features can be
helpful as the cells of pLCIS will remain discohe-
sive unlike those of high grade DCIS. As in classic
LN, pathologists can use immunohistochemistry in
difficult cases to distinguish pLCIS from high
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Fig. 4.4 This image
shows both classic LCIS
and pLCIS in the same
ducts and lobules involving
an area of adenosis. The
thicker arrow shows the
pLCIS while the thinner
arrow shows classic LCIS

grade DCIS, as DCIS and normal ducts will
maintain e-cadherin membrane expression whereas
LN generally will not.

Columnar Cell Lesions

Columnar cell lesions have been termed variably
over the years in the pathology literature includ-
ing terms such as columnar cell change (CCC),
columnar cell hyperplasia (CCH), columnar
metaplasia, expanded lobular units with colum-
nar alteration, blunt duct adenosis, atypical lob-
ules type A of minimal severity, hypersecretory
hyperplasia, and most recently, columnar altera-
tion with prominent apical snouts and secretions
(CAPSS). There are basically three groups of
columnar cell lesions: CCC, CCH, and flat epi-
thelial atypia (FEA) [12, 13].

CCC is on the low end of the spectrum of
columnar cell lesions. The histology is character-
ized by variably dilated acinar units in a lobule
lined by one to two layers of columnar epithelial
cells with uniform, oval to elongated nuclei. In
CCC, the cells are oriented in the usual perpen-
dicular fashion to the basement membrane. As in
all columnar cell lesions, there are frequently
luminal secretions and central calcifications.

CCH has a similar histology to CCC but unlike
in CCC where there are only one to two epithelial

Pleomorphic and Classic LCIS

cells lining the space, there is hyperplasia of the
same type of cells which often stratify in CCH.
On the upper end of the spectrum is FEA. The
term flat epithelial atypia (FEA) was adopted by
the World Health Organization Working Group on
the Pathology and Genetics of Tumors of the
Breast in 2003 [14]. The typical histology of FEA
shows cystically dilated lobular units that are lined
by one to a few layers of monomorphic, but
enlarged, round to oval epithelial cells with low-
grade cytologic atypia which lose their typical per-
pendicular orientation to the basement membrane
(Figs. 4.5 and 4.6). This cytologic atypia and loss
of orientation to the basement membrane separate
FEA from CCC and CCH. The cells in FEA often
have apical “snouts” and as in CCC and CCH fre-
quently there are luminal secretions and central
calcifications. In FEA, although the epithelial cells
are atypical, there are no architectural changes as
seen in atypical ductal hyperplasia (ADH) or low
grade DCIS such as micropapillary or cribriform
growth patterns. Any of these architectural pat-
terns would exclude a diagnosis of FEA [15].

Atypical Ductal Hyperplasia

ADH was originally coined to describe an intra-
ductal proliferation that has “some but not all” of
the features of low grade DCIS [6]. Practically
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Fig. 4.5 A medium power
view of flat epithelial
atypia (FEA). The acini in
the involved lobules are
distended and the ductal
cells have enlarged nuclei
with prominent nucleoli
not oriented perpendicular
to the basement membrane

Fig. 4.6 Higher power
view of FEA showing the
enlarged cells with
prominent nucleoli not
oriented perpendicular to
the basement membrane.
This image also shows the
prominent “snouts” and
intraluminal secretions
often seen in this entity

speaking, this diagnosis is reserved for cases in
which the architecture is that of low grade DCIS
but the population involved is not monomorphic
or the cells are monomorphic but the architecture
is not that of low grade DCIS (Fig. 4.7) [16].

In making a diagnosis of ADH, some authors
in the literature have suggested using a more
quantitative approach. In one of the original
papers on the diagnosis of ADH the authors sug-

Flat Epithelial Atypia (FEA)

T e

gested that if fewer than two duct spaces were
involved completely by a process that appeared
like low grade DCIS then a diagnosis of ADH
was made (Fig. 4.8) [17, 18]. Others have sug-
gested a size limit such that if a focus of what
appears to be low grade DCIS is seen, if that
focus measures less than 0.2 cm then a diagnosis
of ADH is made [19]. However, these suggested
criteria are based on arbitrary cut-off points.
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Fig. 4.7 Atypical ductal
hyperplasia (ADH).
Several ducts with a
relatively monomorphous
population of ductal cells
with a focal rigid
secondary lumen.
However, there is an
admixed population of
myoepithelial cells and
many of the cells “overlap”
and thus this focus does
not fulfill criteria for low
grade ductal carcinoma
in situ (DCIS)

Fig. 4.8 ADH. There is
partial involvement of a
duct with a uniform
population of cells forming
arigid cribriform
architecture. However,

a second population of
columnar cells lines the
remainder of the duct, and
therefore this focus does
not fulfill criteria for low
grade DCIS

Thus the distinction between a high risk lesion
such as ADH from DCIS can be very subjective.
There are studies in the literature showing how
pathologists disagree on the diagnosis of ADH
vs. low grade DCIS and even from usual type
ductal hyperplasia (UDH) [20]. Since the impli-
cations for the relative risk to the patient for the
possibility of developing a subsequent carcinoma,
criteria need to be better defined between the
entities of UDH, ADH, and low grade DCIS.

Atypical Ductal Hyperplasia (ADH)

Atypical Ductal Hyperplasia (ADH)

oL
. - " L,

Papillary Lesions

Papillomas are benign intraductal proliferations
composed of fibrovascular cores lined by a myo-
epithelial layer over which lies an epithelial layer
(Figs. 4.9 and 4.10). Central papillomas (usually
subareolar) tend to be solitary but multiple papil-
lomas tend to occur more peripherally in the
breast.
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Fig. 4.9 Solitary intraductal papilloma. An intraductal
proliferation of ductal epithelium growing on fibrovascular
stalks lined by myoepithelial cells

Papilloma

Fig. 4.10 High power view of an intraductal papilloma.
The thick arrow shows the ductal epithelium and the thin
arrow shows the fibrovascular stalks which frequently
contain foam cells

The epithelium in an intraductal papilloma
often forms just a single layer overlying the
myoepithelial layer and fibrovascular core; how-
ever, all types of epithelial proliferations that
occur in the breast can involve papillomas: usual
type hyperplasia (UDH), atypical hyperplasia
(ADH and ALH), and carcinoma in situ (DCIS
and LCIS). Distinguishing between ADH and
DCIS within a papilloma is controversial based
on the literature. Some authors believe in size
criteria suggesting that if a population of what
appears histologically to be low grade DCIS in a
papilloma measures less than 3 mm it should be

Multiple Papillomas

" -

Fig. 4.11 Multiple papillomas. Unlike a solitary intra-
ductal papilloma, this image shows numerous ducts
involved by an intraductal epithelial proliferation with
fine fibrovascular stalks

diagnosed as ADH. Others feel that if a similar
population occupies less than 30% of the papil-
loma it should be diagnosed as ADH. Finally,
others believe any size focus of what appears to
be low grade DCIS within a papilloma should be
called DCIS [21, 22].

Finally, there is some data suggesting that soli-
tary intraductal papillomas pose an increased risk
to the patient for the development of a subsequent
carcinoma, albeit slim; however, data suggests
when multiple papillomas are present it appears
that risk is increased (Fig. 4.11) [23, 24].

Radial Scar/Complex Sclerosing
Lesion

Radial scar and complex sclerosing lesion are terms
used to describe a stellate characteristic pathologic
lesion that at low power has a central fibroelastotic
stromal area surrounded by irregular ducts and lob-
ules that radiate from this central stromal area
(Fig. 4.12). By convention, radial scar refers to a
lesion measuring 1 cm or less and complex scleros-
ing lesion refers to lesions with the same histology
but which measure greater than 1 cm [25].

Often, in the central stromal area, there are
entrapped benign ducts which can mimic a tubular
carcinoma. Benign ducts will maintain their myo-
epithelial cell layer whereas tubular carcinomas
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Fig. 4.12 Radial scar. This image shows a lesion with a
central fibroelastotic stromal area (scar) with ducts and
lobules radiating from the central stromal area

will not so this is usually not a problem on routine
H & E. However, if it is an issue, routine immuno-
histochemistry for myoepithelial markers (e.g.,
SMHC, p63, or calponin) can aid in the differen-
tial diagnosis.

The ducts and lobules surrounding the central
fibroelastotic stromal area can be involved by any
type of usual epithelial proliferation seen in the
breast including UDH, atypical hyperplasia (ADH
and ALH), and in situ carcinoma (DCIS and LCIS).
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Management of High-Risk Lesions

Christine M. Gresik and Seema A. Khan

Introduction

Although all women are at risk of breast cancer, a
particularly high risk is associated with the pre-
sence of specific changes in the breast. These
include epithelial atypia documented on breast
biopsy [1, 2], and extremely dense breast tissue
on mammography [3]. Today, these conditions
are mainly discovered on imaging and docu-
mented with image-guided core needle biopsy.
Knowledge of the appropriate management of
women with high-risk breast lesions is essential
to guide decisions regarding the need for surgical
excision, intense surveillance, and preventive
interventions, either medical or surgical. This
chapter summarizes the risk of malignancy asso-
ciated with specific high risk lesions as well as
the appropriate surveillance and management of
such lesions.

Epidemiologic studies over the last 25 years
have provided information that allows the
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classification of benign breast lesions into three
broad categories based on the associated breast
cancer risk: nonproliferative change, proliferation
without atypia, and atypical proliferation. The
diagnostic frequency of these categories has
changed over the last two decades, as the method
of discovery has shifted from physical examination
to ever more sensitive imaging techniques.
Whereas the large cohort studies that have
examined the risk of breast cancer associated
with benign lesions have shown that atypical pro-
liferations comprise about 3—4% of all benign
biopsies [2, 4, 5], these included surgical biopsies
in the pre-core biopsy era. Series of core needle
biopsies suggest a higher frequency of atypical
lesions, ranging from 5 [6, 7] to 14% [7, 8]. The
number of atypical lesions diagnosed on core
needle biopsy is therefore increasing, emphasiz-
ing the need for rational strategies of clinical
management. The reported frequency of the main
categories of benign breast lesions that confer
increased risk of breast cancer in recent series is
shown in Fig. 5.1. In this chapter, we will con-
sider management strategies in three distinct
areas: need for surgical excision; optimal surveil-
lance; and preventive interventions.

Decision for Surgical Excision

The rationale for surgical excision following core
biopsy diagnosis of a high-risk lesion is driven by
the potential for underdiagnosis, related to the
possibility of an adjacent coexisting carcinoma.

N.M. Hansen (ed.), Management of the Patient at High Risk for Breast Cancer, 69
DOI 10.1007/978-1-4614-5891-3_5, © Springer Science+Business Media New York 2013
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Fig. 5.1 Frequency of high-risk lesion in 2.6 million
screened women—FEA flat epithelial atypia, ADH atypi-
cal ductal hyperplesia (this includes atypical papilloma
and ADH mixed with other lesions), LN lobular neoplasia

1 FEA 6%

m 2 ADH 44.7%

® 3 LN 5.3%

B 4 Papillary lesion 19.8%
H 5 RS/CSL 25.2%

B 6 Mucoclele 1%

M 7 Miscellaneous 4.2%

(atypical lobular hyperplasia and lobular carcinoma in
situ); papillary lesion (without atypia); mucocele-like
lesions (Adapted from El-Sayed et al. Histopathology.
2008 53:650-57)

Table 5.1 Upgrade rates of borderline lesions in a large series of core needle biopsies

Lesion N % Excised
ADH 141 55.3

LN 23 39.1
Papillary lesion 44 74.3
Radial scar 41 83.3
Phyllodes tumor 24 87.5

NOS 5 80

All 279 64.9

PPV %

N upgraded PPV % excision excision+F/U
63 44.7 40.6
14 60.9 58.3
10 227 15.9
7 16.7 12.3
3 12.5 12.5
20 20.3
98 35.1 29.9

ADAH atypical duct hyperplasia; LIN lobular neoplasia; NOS not otherwise specified; PPV positive predictive value; F/U
follow-up minimum 6 months for masses and 12 months for calcifications (Adapted with permission, Houssami et al.

Br J Cancer. 2007;96:1253-1257)

Thus the goal of surgical excision is to rule out
the existence of overt malignancy in adjacent tis-
sue and not necessarily to completely excise the
entire focus of atypia, although this is often
accomplished unless the radiological abnormal-
ity is large. Once coexistent malignancy has
been excluded, the patient can then be coun-
seled regarding future surveillance, life-style
modification, and possible risk-reducing strate-
gies such as chemoprevention.

Lesions for which surgical excision has been
recommended are shown in Table 5.1, along with

the rates of upgraded diagnosis described in
various clinical series. There is a continuum in
the risk of diagnostic upgrade for these lesions,
ranging from close to 0 to 30% or more. They
fall into roughly three groups, with radial scar
and papilloma falling at the lower end, and atyp-
ical duct hyperplasia (ADH) at the high end. The
position of lobular lesions varies according to
whether or not they are separated into atypical
lobular hyperplasia (ALH) and lobular carci-
noma in situ (LCIS), or clumped together into
lobular neoplasia (LN). The rationale for
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Table 5.2 Risk estimates of breast cancer based on class of benign breast lesion

Author Relative risk for class of lesion (95% CI)
followed NP PDWA AH/ADH
by ref. no

Tamimi 1.00 1.3(0.9-1.8) 3.5(2.3-5.3)
2010

Kabat 1.00 14 (1.1-1.9) 2.7(0.5-15.6)
2010

Hartmann 1.3 (1.2-1.4) 19 (1.7-2.1) 4.2(3.3-5.4)
2005

London 1.00 1.7 (1.2-2.6) 2.4 (1.3-4.5)
1997

McDivitt 1.5 (1.3-1.9) 1.8 (1.3-2.) 2.6 (1.64.1)
1992

Carter 1.5 1.9 3.0

1988

Dupont 1.5(1.2-1.8) 19(1.2-29) 5.3(3.1-8.8)
1985

71

LN Number Number

Biopsy years  of women  of cases
NA Pre-1995 2,005 365
8.1 (0.9-71) 1946-1994 1,239 665
NA 1967-1991 1,907 707
5.3(2.7-10.4) Pre-1988 331 46
NA Pre-1990 694 433
NA Pre-1986 16,692 485
NA 1959-1968 <5,234 134

NP non-proliferative, PDWA proliferation without atypia, AH atypical hyperplasia (when lobular lesions are not ana-
lyzed separately from ductal), ADH atypical ductal hyperplasia, LN atypical lobular lesions

considering the two together is based on the fact
that the distinction between them is quantitative,
not qualitative, and therefore a reliable distinc-
tion cannot be made based on core needle biopsy
material. The upgrade rate for all lesion types
also varies with the size of the imaging abnor-
mality (larger lesions are more likely to be
underdiagnosed) [9], and the size of the sam-
pling needle (14 gauge cores are associated with
higher rates of underdiagnosis) [10]. Although
the upgrade rates in Table 5.2 appear higher than
in smaller series dedicated to the analysis of
specific types of borderline lesions [11, 12], the
data are strengthened by the size of the series,
and the fact that the entire range of atypical
lesions is included, allowing one to get a sense
of the relative potential for upgrading when these
diagnoses are made on CNB. Additionally, the
authors have included women who did not
undergo excision, a source of bias in series that
include only surgical cases.

Despite multiple attempts to identify features
of CNB-diagnosed atypical lesions that would
allow the selection of patients who do not require
surgical excision, there are no validated criteria
that define lesions with a low-enough risk of
upgrade that excision can be reliably avoided.
However, several studies have identified older

age and volume of atypia (i.e., number of atypical
foci) as being associated with higher risk of
upgrade, in addition to the size of the radiological
lesion. In general, older studies using 14 gauge
core needles reported rates of upgrade of up to
50% [13-15]. More recent series of vacuum-
assisted biopsy have suggested that complete
excision of calcifications with vacuum-assisted
CNB may allow management with observation
alone [16], but this cannot be considered as a
validated approach at the moment.

Overall, a consensus governs the need for
surgical excision of ductal proliferations with
atypia (ADH, papilloma, radial scar, columnar
sclerosing lesion) with only a minority of
patients with small lesions and complete CNB
ablation being fentatively eligible for observa-
tion without excision. However, there remains
ambiguity in the literature regarding the need
for excision of lobular lesions, radial scar, and
papilloma, particularly if the lesion is small,
and has been ablated by CNB, with no residual
radiological findings [17-19]. The quality and
expertise of local radiology and pathology
consultants should clearly guide individual
practitioners in their recommendations to
patients who may be eligible for observation
alone.
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Risk of Future Breast Cancer

Several large cohort studies have defined the risk
of breast cancer among women with a history of
benign breast biopsy. The risk estimates associ-
ated with the three broad categories of lesions are
shown in Table 5.3. The findings are fairly consis-
tent in that nonproliferative BBD confers a rela-
tive risk of about 1.5 (or 1.0 if it is used as the
reference category); proliferation without atypia
carries a RR of about 2.0, and atypical hyperplasia
is associated with a three- to fivefold increased
risk of developing breast cancer. When authors
have separated out ADH from lobular lesions,
lobular neoplasia appears to carry a higher relative

Table 5.3 American Cancer Society recommendations
for breast MRI screening as an adjunct to mammography

Recommend annual MRI screening (based on
evidence*)

BRCA mutation
First-degree relative of BRCA carrier, but untested

Lifetime risk ~20-25% or greater, as defined by
BRCAPRO or other models that are largely
dependent on family history

Recommend annual MRI screening (based on expert
consensus opiniont)
Radiation to chest between age 10 and 30 years
Li—Fraumeni syndrome and first-degree relatives
Cowden and Bannayan—Riley—Ruvalcaba syndromes
and first-degree relatives
Insufficient evidence to recommend for or against MRI
screening ¥
Lifetime risk 15-20%, as defined by BRCAPRO or
other models that are largely dependent on family
history
Lobular carcinoma in situ (LCIS) or atypical lobular
hyperplasia (ALH)
Atypical ductal hyperplasia (ADH)
Heterogeneously or extremely dense breast on
mammography
Women with a personal history of breast cancer,
including ductal carcinoma in situ (DCIS)
Recommend against MRI screening (based on expert
consensus opinion)
Women at <15% lifetime risk

*-1st set of recommendations based on peer reviewed
published data

t-2nd set of recommendations based on consensus opinion
$-3rd set—insufficient evidence to recommend or not
recommend MRI

C.M. Gresik and S.A. Khan

risk than ductal lesions, but this finding cannot be
considered to be firm at the moment, given the
small numbers in these studies [5, 20]. It is never-
theless a potentially important distinction, since
lobular lesions are being detected with greater fre-
quency given the increasing use of MRI, and the
greater sensitivity of digital mammography, where
they are now being seen as areas of abnormal
enhancement and as microcalcifications, in con-
trast to the classical view that lobular neoplasia
tends to be a purely incidental finding.

An emerging model of breast cancer evolu-
tion suggests that atypical epithelial proliferation
is a risk marker for low-grade malignancy of
both ductal and lobular types [21, 22]. This idea
has been articulated based on studies of clonality
of atypical epithelial lesions and related cancers,
and on histological associations between these
lesions. This concept is also supported by follow-
up data on women with a history of benign breast
biopsies, which suggest that subsequent cancers
are largely estrogen receptor positive cancer.

Specific High-Risk Lesions
Radial Scar

A radial scar is generally classified as a prolifera-
tive lesion, although it can be associated with foci
of ADH. It is most commonly identified as an
architectural distortion on mammography, with
radiating spicules and central lucency which
makes it difficult to distinguish from invasive car-
cinoma based on imaging alone. Excision is rec-
ommended unless the lesion is small and ablated
by core biopsys; if atypia is present, excision should
always be performed. The future risk associated
with radial scar without atypia generally reflects
that of PDWA [23, 24], although at least one study
shows no significant impact of radial scar on breast
cancer risk in the absence of atypia [25].

Papillary Lesions

Papillomas consist of hyperplasic duct epithe-
lium supported by a fibrovascular core of tissue
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which become friable, producing spontaneous
bloody nipple discharge which prompts their
clinical presentation [26]. When papillomas are
focused peripherally near the terminal duct-lobular
unit, they can often be multiple and are referred
to as papillomatosis, and are more likely to pres-
ent as radiological abnormalities. When associ-
ated with nipple discharge, ductography can be
used to identify a filling defect in the system.
Alternatively, ductoscopy may be used to identify
the precise location of the lesion and resection
will both confirm the diagnosis and alleviate the
symptom. Asymptomatic, radiologically detected
papillary lesions are associated with DCIS at rates
ranging from 10 to 20% [27, 28]. When atypia is
present however, the upgrade rate approximates
that of ADH [27, 29]. For this reason, it is generally
recommended that all papillary lesions identified
via core biopsy should be surgically excised to rule
out concomitant malignancy; although the need for
excision of all papillomata diagnosed on NCB
has been questioned recently [19], criteria for
safe observation remain to be defined.

Central, solitary papilloma carries a modest
increase in breast cancer risk, similar to that of
proliferative disease; peripheral, particularly
multiple papillomata are associated with an
increased risk of subsequent breast cancer which
directly correlates with the volume of atypia [30].
If no atypia is identified on final excisional
pathology, no further immediate treatment is war-
ranted. However, the finding of associated atypia
should prompt the discussion of chemopreven-
tion as a risk-reducing strategy and guide the
need for future surveillance.

Flat Epithelial Atypia

The optimal clinical management of this lesion,
which was previously labeled “clinging” DCIS,
remains unclear due to the variations in terminol-
ogy used to describe these lesions and secondary
to the limited number of cases that have been
studied in a systematic fashion [31]. Flat epithe-
lial atypias (FEA) are often seen in association
with DCIS and with some types of invasive breast
carcinoma, particularly tubular carcinoma [32, 33].
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Upgrade rates for pure FEA in small series are
either similar to ADH [33], or lower [34, 35]. In
one recent series, none of 33 patients with a diag-
nosis of pure FEA on core biopsy were upgraded,
compared to 3/10 cases when both FEA and ADH
were present. This led the authors to conclude
that when pure FEA is related to a small radio-
logic target, surgical excision is not necessary [34].
However, FEA is often admixed with ADH [36],
in which case the behavior is similar to ADH.
Breast cancer risk following a diagnosis of FEA
is also somewhat uncertain again related to small
numbers, but appears to be increased [37].

Thus it is likely that FEA represents an indo-
lent, nonobligate precursor to low-grade ductal
carcinoma [21]; studies with extended follow-up
suggest an increased risk of subsequent cancer
are needed to confirm the long-term risk in this
group. Until these studies are completed, the
standard management of a diagnosis of FEA on
core biopsy is surgical excision. When FEA is
found to be the dominant lesion in the excisional
biopsy or is found to be present at the surgical
margin, re-excision is not considered necessary
since there is no evidence of a direct progression
to carcinoma. Because of its intimate relationship
with ADH in many patients, recommendation
for chemoprophylaxis and optimal surveillance
follows the same lines as ADH, until better data
become available.

Atypical Ductal Hyperplasia

ADH has been extensively studied with regard to
the progression to malignancy and therefore its
management is somewhat less controversial than
that of other high-risk lesions. Surgical excision
is universally recommended, since the upgrade
rate is reliably 20% or higher [7]. With the wide-
spread use of large-core needle biopsy however,
there is emerging data that small lesions (under
6 mm) and less than three foci of ADH may iden-
tify a group of women who can be safely observed
[38, 39]. However, as with other work in this
field, these suggestions are based on retrospective
analyses and need to be confirmed before they
can be implemented in practice.
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Fig.5.2 A schematic diagram to illustrate the evolution-
ary pathways of low-grade breast in situ and invasive neo-
plasia. 7C tubular carcinoma, 7LC tubulo-lobular

The relative risk of subsequent cancer in
women with ADH is increased from three- to
fivefold, as shown in Table 5.3 [2, 5, 40]. The
seminal study regarding the risk of subsequent
malignancy associated with ADH was published
from Vanderbilt University by Dupont and Page
[4] who identified 377 atypical hyperplasias
(3.6% of 10,542 biopsies); these consisted of
ADH in 2.6% and ALH in 1.6% of women. With
a mean follow-up of 17 years (range 1.4-24.3
years), 18/150 women with ADH subsequently
developed invasive cancer. The relative risk of
developing future breast cancer was 4.4-fold the
general population, with an absolute risk of 10%.
About half of these cancers occurred in the ipsi-
lateral breast and the majority (14/18) developed
within 10 years of the atypical biopsy. This theme
of approximately fourfold increased risk and
equal laterality of subsequent cancer is observed
again in the more recent cohort study from the
Mayo clinic [2], see Fig. 5.2. However, the wan-
ing of risk after 10 years has not been duplicated,
and it is likely that risk remains elevated for
decades.

carcinoma, /LC invasive lobular carcinoma (Reproduced
with permission, Ian O Ellis. Mod Pathol. 2010;23)

The Vanderbilt data showed an interaction of
atypical histology and the presence of a family
history of breast cancer in a first degree relative,
increasing the relative risk to ninefold the general
population, and the absolute risk to 20% at 15
years [41]. However the findings from the subse-
quent, similarly sized cohort assembled at the
Mayo Clinic did not show any interaction with
family history [2]. Regardless of other features of
the risk profile, women with a benign breast
biopsy showing atypical hyperplasia should have
their risk assessed using a statistical model. Most
will meet criteria for counseling regarding risk-
reducing medication, and a substantial proportion
are willing to accept this (see discussion below of
chemoprevention).

Lobular Neoplasia

The collective term “lobular neoplasia” is com-
monly used to describe both ALH and LCIS,
since the distinction between the two descriptors
is quantitative rather than qualitative, with the
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main criterion being the fraction of the TDLU
involved [42, 43]. In ALH, 50% of the lobules are
filled with lobular neoplastic cells, while the
entire lobule is filled with neoplastic cells in
LCIS. Although LCIS appears to carry a higher
risk for breast cancer than ALH in cohorts where
surgical biopsy material is available [40, 44],
their distinction in core biopsy material is less
reliable in CNB samples, lending credence to the
notion that lobular neoplasia is a more functional
label [45]. Notably, the frequency of LCIS is ris-
ing, particularly among postmenopausal women
[46]; although the reasons for this have not been
defined, increased sensitivity of imaging tech-
niques is almost certainly partially responsible.
For lobular neoplasia, as for other high-risk
lesions, the first decision facing the clinician and
patient is whether or not excision is required; the
literature remains mixed in this regard. Even
recent, large series show wide variation in the
yield of malignant diagnoses upon surgical exci-
sion following CNB. These range from under 5%
(3/68) for pure LN with concordant imaging [47]
to 19% for ALH and 33% for LCIS in a series of
789 LN lesions [48]. Strikingly, series that start
with a large denominator population of many
thousands of women and drill down to the frac-
tion with lobular neoplasia on CNB show the
highest upgrade rates [7, 49, 50]. For example,
Brem et al. started with a population of 32,420
core needle biopsies and found lobular neoplasia
in 278 (0.9%), of which 164 (59%) continued to
surgical excision, with pathological confirmation
of cancer in 38 (23%) [50]. The upgrade rate was
similar for lesions diagnosed as LCIS (25%, 17
of 67 lesions) vs. ALH (22%, 21 of 97 lesions).
Upgrades were significantly more frequent when
the lesion prompting CNB was a mass rather than
microcalcifications, use of a core biopsy device
rather than a vacuum device (p<0.01), and
obtaining fewer specimens (p<0.0001). Thus
although small, single institution series may
show a low conversion rates for CNB-diagnosed
lobular neoplasia, larger series drawn from a
well-defined denominator population show con-
sistently higher rates of upgrading. The key for
safe observation appears to be (1) incidental
finding of LN, (2) no residual radiographic lesion
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(3) absence of associated ADH or pleomorphic
LCIS, and (4) meticulous attention to radiology—
pathology correlation with a high level of exper-
tise available in these two areas. If these
conditions are met, close clinical follow-up can
be considered, although the bulk of the evidence
supports excisional biopsy.

With regard to breast cancer risk, ALH contin-
ues to be regarded somewhat separately from LCIS
since the large cohorts have utilized older surgical
biopsy data. The relative risk of breast cancer for
patients with a diagnosis of ALH is similar to that
of ADH in the Vanderbilt and Mayo cohorts, since
these lesions were considered as one category [2,
4], with an approximate fourfold increase in risk.
Subsequent, smaller studies that have separated
LN from ADH show higher RR for LN, in the
range of five- to eightfold [5, 20]. In an analysis of
the Nurses’ Health Study, stratification by meno-
pausal status was possible, and it appears that ALH
in premenopausal women has a significantly stron-
ger association with breast cancer risk (OR=9.6;
95% (I, 3.3-27.8) than in postmenopausal women
(OR=3.7;95% CI, 1.3-10.2)[20].

The laterality of subsequent breast cancer in
patients with ALH has been examined by Page
et al. [51]. The overall relative risk of developing
cancer was 3.1 (95% CI, 2.3-4.3, P<0.0001). Of
the 252 women reviewed, 68% of 50 subsequent
invasive cancers developed in the ipsilateral
breast and 24% in the contralateral breast. An
additional two women had subsequent bilateral
cancer.

The breast cancer risk of LCIS is generally
considered to be higher than that of ALH [44];
annual risk of breast cancer is often quoted as
~1% per year, although recent data from Memorial
Sloan Kettering Cancer Center suggests a higher
annual risk, in the region of 2-3% [52].
Subsequent invasive cancers have either ductal or
lobular histology. The laterality distribution is
similar to ALH, and like ALH, LCIS is consid-
ered to be an indicator of risk rather than a direct
precursor to invasive disease [53], although that
premise is questioned in the case of lesions with
pleomorphic features, as discussed below.

Pleomorphic LCIS (PLCIS) is a recently
described entity, characterized by discohesive,
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central necrosis and calcifications, both of which
are rarely seen with LCIS [54, 55]. The cellular
features may make it difficult to distinguish from
DCIS, but the hallmark of e-cadherin negativity
is easily established with immunohistochemistry
[55]. The upgrade rate for pleomorphic LCIS is
higher than for the classic variety, and excision is
recommended for conclusive diagnosis [17]. The
treatment for PLCIS is similar to that of DCIS in
the fact that complete excision with tumor-free
margins is generally agreed-upon, but no consen-
sus exists regarding the most appropriate treat-
ment as long-term outcomes for this condition
are not available. Likewise, the role of radiation
therapy following lumpectomy for PLCIS is
unclear due to lack of knowledge of the long-
term behavior of PLCIS.

High-Risk Lesions in BRCA
Mutation Carriers

Studies comparing the prevalence of histopatho-
logic lesions in prophylactic mastectomy (PM)
specimens from women with BRCA mutations
and in mastectomy specimens obtained at autopsy
from an age- and race-matched comparison group
without a known cancer predisposition suggest
that high-risk lesions also precede cancer devel-
opment in this population [56]. Kauff et al. com-
pared the prevalence of benign, premalignant,
and cancerous lesions from 24 cases and 48 com-
parison subjects. The results demonstrated an
odds ratio of 12.7 (95% confidence interval, 3.1—
52.4; P<0.001) for the detection of any high-risk
lesion (DCIS, LCIS, ADH, or ALH) in speci-
mens from the BRCA mutation group. This
finding suggests that hereditary breast carcinoma
does have a preinvasive phase that may be detect-
able with aggressive surveillance and that like
sporadic breast carcinoma, BRCA-associated
breast carcinoma arises from a stepwise, morpho-
logically recognizable progression through atypi-
cal hyperplasia to carcinoma in situ and finally
invasion. Notably, atypical lesions are as (or
more) frequent in PM specimens of women with
an autosomal dominant familial breast cancer
pattern, but no BRCA mutation [57]. Since there
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is no information about the time-course of
progression from high-risk lesion to cancer, it is
not clear how useful information about the pre-
sence of high-risk lesions in mutation carriers
would be for planning the timing of interventions
such as risk-reducing mastectomy. This particu-
lar high-risk group clearly merits aggressive
screening regardless of whether high-risk lesions
are present or not.

Surveillance

There is no consensus regarding intense surveil-
lance of women at high risk of breast cancer
because of biopsy-diagnosis of high-risk epithe-
lial lesions. According to the American Cancer
Society guidelines, there is insufficient data to
recommend MRI surveillance for women with
atypical hyperplasia or LCIS, a lifetime breast
cancer probability of 15-20% (estimated using a
model that relies largely on family history), or for
women with extremely dense breasts [58]. Since
these guidelines were published, several single-
institution series of MRI surveillance in patients
with LCIS have been published, showing an
incremental detection of malignancy over that
detected on mammography alone. In one such
study of 670 MRI exams in 220 women, 14 can-
cers were found on MRI alone; six were DCIS,
three were invasive malignancies that were
ablated by the biopsy procedure (no residual can-
cer at surgery), and the remainder were invasive
cancers, ranging in size from 5 mm to 1.3 cm
[59]. Given the emerging concepts of high-risk
lesions being indicators of low-grade, well-dif-
ferentiated malignancy, there is a real concern
that the cancers being detected at the cost of con-
siderable expense (financial and emotional) may
eventually be classified as “idle” cancers, with
little if any impact on survival. An earlier study
from the same institution which included 252
women with LCIS and 126 women with atypical
hyperplasia showed that MRI screening gener-
ated more biopsies for a large proportion of
patients, and facilitated detection of cancer in
only a small highly selected group of patients
with LCIS [60]. At the moment, the available
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evidence does not support the use of MRI
surveillance for women with high-risk breast
lesions, unless they meet the criterion of >20%
lifetime risk estimated by a model that relies
mainly on family history. The mainstay of screen-
ing following a diagnosis of a high-risk lesion
remains annual mammography, although digital
mammography appears to have advantages in
young women and those with dense breasts [61].

Prevention

Medical prevention is addressed in full in Chap. 8,
but it is worth noting here that women with
atypical hyperplasia and LCIS appeared to derive
a particularly large benefit from tamoxifen
therapy in the P-1 trial of the National Surgical
Adjuvant Breast and Bowel Project (NSABP).
A total of 6% of the total participants had LCIS
and the trial demonstrated a risk reduction of
66% (RR 0.44, 95% CI 0.16-1.06) for this group.
For women with atypical hyperplasia, the risk
reduction was even greater, with an RR of 0.14
(95% C10.03-0.47) [62]. These estimates are not
statistically significant because of the small num-
ber of breast cancer events in this subset of
patients, but the direction is consistent between
the two groups, and if pooled, would likely be
statistically significant. Other tamoxifen trials
did not address this specific issue.

The P-2 trial of the NSABP (Study of
Tamoxifen and Raloxifene or STAR) succeeded
the P-1 [63]. Eligibility criteria were generally
similar to the P-1 trial, but entry was restricted to
postmenopausal women because of the lack of
safety data for raloxifene in premenopausal
women. Of the 19,767 participants, almost 3,000
had a history of LCIS or atypical hyperplasia.
The 8-year results of this trial show a slight dis-
advantage for raloxifene compared to tamoxifen,
which was nonsignificant for women with a his-
tory of LCIS (RR 1.13, 95% CI 0.76-1.69), but
was significant for those with a history of atypi-
cal hyperplasia (RR 1.48, 95% CI 1.06-2.09).
Thus tamoxifen provides a larger benefit for
women with high-risk lesions than for the larger
population of high-risk women, and among hys-
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terectomized postmenopausal women, may be
superior to raloxifene.

More recently Goss et al. examined the use of
the aromatase inhibitor exemestane for the pri-
mary prevention of breast cancer in high-risk
women [64]. Of the 4,560 participants, 8% were
known to have a history of LCIS, ADH, or ALH
at entry. The risk reduction for the entire study
population was seen as an RR of 0.35 (95% CI
0.18-0.70), whereas for women with prior high-
risk lesions it was 0.36 (95% CI10.11-1.12). Thus
there does not appear to be a specifically better
benefit for women with high-risk lesions, at least
in this early report of this study, with a total of 43
breast cancer events so far.

Another aspect of the implementation of
medical prevention strategies for breast cancer is
the fact that women who have had a recent abnor-
mal mammogram, followed by a breast biopsy
with atypical findings, are more receptive to
counseling regarding the use of drugs like tamox-
ifen [65]. It is therefore worthwhile to provide
women with high-risk lesions information
regarding the risk benefit balance of chemopre-
ventive medication, and stress the possibly
greater benefit that may accrue to them. The
recent data suggesting an evolutionary path of
epithelial atypia to low grade and (therefore
estrogen receptor positive) malignancy [21, 22]
further supports this strategy.

Surgical Prevention

The most radical preventive measure for high-
risk women is bilateral risk-reducing mastectomy
(BRRM). Prospective long-term efficacy data on
this procedure are scant, and the largest reported
experience is a retrospective analysis from the
Mayo Clinic [66]. The outcomes of 639 women
were reported over a time period of 30 years fol-
lowing BRRM, comparing the women catego-
rized into high and moderate risk of breast cancer
to their sisters who did not undergo risk-reducing
surgery. An overall 90% relative reduction in
breast cancer incidence for women undergoing
BRRM was observed, an absolute risk reduction
of 16.1% for high-risk patients and 7.9% for
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moderate-risk patients. With regard to survival,
an absolute risk reduction of 2.4-4% was
identified. Hamm et al. further investigated the
number of women needed to treat to prevent a
breast cancer event or death related to breast can-
cer [67]. Though the findings were analyzed
according to the patient’s specific risk of breast
cancer, overall conclusions were that most women
without a documented BRCA mutation, despite
increased personal risk of breast cancer, will
derive no benefit from prophylactic surgery.
Specifically, six high-risk women need to undergo
prophylactic surgery to prevent one incident of
cancer and 25 high-risk women need to undergo
prophylactic surgery to prevent a death related to
breast cancer. For women at moderate risk, 13
and 42 women respectively would need to
undergo risk-reducing surgery to prevent an inci-
dent or death related to breast cancer.

When risk-reducing mastectomy is sought by
women with a strong family history who have not
undergone genetic testing, the first priority is to
provide information and counseling, stressing the
benefits of confirming the presence or absence of a
mutation in the family. The most suitable family
member to undergo testing should be identified
(affected with cancer and young age at diagnosis),
but if a surviving affected family member is not
available, the patient seeking mastectomy may
benefit from testing. Among women with high-
risk lesions whose affected family members have
tested negative, the risk for future breast cancer
remains high, and BRRM may be considered if the
estimated lifetime breast cancer risk approaches
that of a BRCA mutation carrier (40-50%),
although chemoprevention should be the first strat-
egy offered. Among premenopausal women with a
documented contraindication to tamoxifen (i.e.,
high risk for thromboembolisms) the rationale for
BRRM may be stronger; for postmenopausal
women, exemestane is now also an option. The
age of the patient should also be considered; the
benefit for BRRM is highest for BRCA mutation
carriers when it is done at earlier ages [68], and
although this has not specifically been addressed
for women with high-risk lesions, the relationship
of benefit to age is likely to be similar, with mar-
ginal if any benefit for women over 60 or so.
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Summary

High-risk lesions of the breast are most com-
monly detected on breast imaging, and diagnosed
by core needle biopsy. The key management
decisions relate to (1) need for surgical excision
(required in most instances); (2) the need for
intense surveillance (not backed by available
data); (3) the need for chemoprevention (requires
individual assessment, is often justified, but not
often accepted); and (4) the need for risk-reduc-
ing surgery (not usually necessary or beneficial).
Individual counseling and decision-making is the
mainstay of rational management of this group of
patients, and practitioners need to stay abreast of
the rapidly evolving literature in this area.
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Radiological Imaging
for the High-Risk Patient

Erin Neuschler and Paula Grabler

Introduction

In this chapter we will discuss the appropriate
imaging techniques for women at high risk for
breast cancer as well as accepted timelines for
imaging. Mammography is the only imaging
technique that has been proven to decrease breast
cancer mortality as a screening modality. Given
the limitations of mammography, other imaging
techniques are recommended for the woman at
high risk. We will discuss the utility of ultrasound
and magnetic resonance imaging (MRI) as addi-
tional screening modalities. In addition emerging
breast imaging technologies will be reviewed.

Mammography

The American Cancer Society (ACS), American
Medical Association (AMA), and the American
College of Radiology (ACR) recommend annual
screening mammography for women beginning at
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the age of 40 [1-3]. Mammography is considered
the standard of care in the early detection of breast
cancer, before it is symptomatic, with a sensitivity
of 77-95% and a specificity of 94-97% [4].
Randomized controlled trials have demonstrated
a significant reduction in breast cancer mortality
with the widespread use of screening mammogra-
phy [5-11]. Meta-analyses of the data from mul-
tiple, international, randomized controlled trials
have reported an approximately 30% reduction in
mortality for women between the ages of 50 and
74 [12, 13]. Research conducted in two Swedish
counties, comparing deaths from breast cancer
diagnosed 20 years before the introduction of
screening to deaths during the 20 years after the
introduction of screening, demonstrated a
significant reduction in breast cancer mortality
for women 40 years of age and older [14].
Controversies regarding the benefits of screening
for women in their forties have existed for many
years with more recent arguments against screen-
ing for younger women proposed by the United
States Preventive Services Task Force [15]. Given
the significant limitations of their analyses, the
ACS, AMA, and ACR have stood by their recom-
mendation for annual screening mammography
for women beginning at the age of 40.

While research supports these recommenda-
tions for women in general, the appropriateness
of these recommendations for women who are at
higher risk for developing breast cancer have
been called into question, especially given that
this cohort may develop the disease at a younger
age. The ACR recommends beginning screening
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mammography by the age of 30 but not before
the age of 25 for women at highest risk of devel-
oping breast cancer [16]. Consequently, the ACS
and the National Comprehensive Cancer Network
have proposed screening mammography begin-
ning prior to the age of 40 for women at highest
risk for breast cancer [17, 18].

This select population of the highest risk
patients according to the ACS and NCCN
includes: (1) Women who are positive for the
BRCA 1 and 2 gene mutation for whom annual
screening mammography beginning at the age of
25 is recommended. (2) Women with a strong
family history of breast cancer including a mother
or sister diagnosed with premenopausal breast
cancer or two or more first degree relatives diag-
nosed with breast or ovarian cancer for whom
early mammography beginning 5-10 years prior
to the youngest breast cancer case is recom-
mended. (3) Women with a history of mantle
field radiation between the ages of 10 and 30 for
whom early mammography 8-10 years after
radiation treatment, but not before age 25, is
recommended. (4) Women with TP53 or PTEN
gene mutations (Li-Fraumeni, Cowden, and
Bannayan—Riley—Ruvalcaba syndromes) for
whom yearly mammography beginning at the
age of 30 is recommended. (5) Women between
35 and 40 years of age with a 5-year risk of inva-
sive breast cancer 1.7% or higher for whom
annual screening mammography is recommended.
(6) Women with an average lifetime risk of inva-
sive breast cancer greater than 20% for whom
annual screening mammography beginning at
the age of 30 is recommended. (7) Women who
have been diagnosed with breast cancer and
treated with lumpectomy or mastectomy for
whom annual mammography at a minimum,
regardless of age, is recommended [17, 18].
Women diagnosed with breast cancer have a
2-15% lifetime risk of developing a metachro-
nous breast cancer and 0.5-1.5% risk for recur-
rence per year within the first 5 years; in these
latter cases, recurrence is typically near the
lumpectomy site [19]. Significant differences in
the 5-year rates for local recurrence have been
reported from 7% for Stage I breast cancer as
compared to 13% for Stage III [20].
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Regarding breast cancer patients treated with
conservation therapy, recommendations for the
schedule of mammographic imaging of the
treated breast vary. Annual mammography for
the contralateral breast is always recommended,
regardless of the imaging timeline for the treated
breast. Practice guidelines for patients diagnosed
with DCIS as well as invasive cancer presenting
with calcifications advise a postoperative mam-
mogram to document complete removal of the
calcifications, unless complete excision of
calcifications is clearly documented on the speci-
men radiograph. Magnification views with com-
pression in addition to the routine images are
used for optimal evaluation of the postoperative
lumpectomy site for disease recurrence manifest-
ing as calcifications or new masses [21, 22]. For
all breast cancer patients treated with lumpec-
tomy, mammography of the treated breast is rec-
ommended 6—12 months following surgery with
at least annual mammography thereafter [21-23].
Studies have questioned, however, the need for
the postoperative mammography and 6-month
follow-up [24-26], especially in light of the fact
that the median time to present with a recurrence
is greater than 2 years after surgery [27].

Since mammography utilizes X-rays to cre-
ate images, beginning mammography at an ear-
lier age in women with a genetic or familial
predisposition to breast cancer is not without risk
[28]. An analysis of 5 studies which examined
the effects of low-dose radiation on breast cancer
risk was conducted with 4 of the studies focusing
on mutation carriers and 1 study focusing on
women with family histories of breast cancer.
These studies demonstrated an approximately 1.5
times increased risk for radiation-induced breast
cancer in both of these groups, suggesting a
greater susceptibility to DNA-damaging ionizing
radiation in these specific patient populations.
Increased risk was especially prevalent in those
who began mammography prior to the age of 20
or who underwent five or more exposures at an
early age [29]. Consequently, the earliest age that
mammography is recommended is 25.

Additional screening modalities other than mam-
mography have been proposed, not only because
of the minimum age at which mammography is
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Fig. 6.1 (a, b) Annual left mammogram (MLO and CC
views) for a 34-year-old BRCAI1 positive woman who has a
history of a right mastectomy approximately 2 years prior.
Her right breast cancer pathology was invasive ductal carci-
noma grade 3 with metastatic involvement of a single right
axillary lymph node. The coil-shaped marking clip in the
upper central left breast marks the site of a prior benign MR
biopsy. The mammogram demonstrates heterogeneously
dense breast tissue without a dominant mass or suspicious
microcalcifications. (¢) Ultrasound of the left breast was

recommended and the associated radiation risks,
but also because of the inherent limitations of mam-
mography in detecting breast cancer. Reports from
screening programs involving women at increased
familial risk have indicated a greater number of
interval breast cancers (i.e., those diagnosed
between screening intervals), cancers which are
larger in size, as well as a greater number of can-
cers which are associated with axillary lymph node
involvement. This is especially true in women with
dense breasts [30, 31] (Fig. 6.1a—d).

Fifty percent of women less than 50 years of
age are considered to have dense breasts. By
definition, these breasts are composed of 50% or
greater fibroglandular tissue and may obscure
detection of small breast lesions, particularly in
mammography. Complicating matters further is
that dense tissue itself has been shown to increase
the risk for breast cancer. Cancers which are clin-
ically detected between screening intervals have
a worse prognosis and occur with significantly
greater frequency in dense breasts, particularly
those with 75% or greater fibroglandular tissue.
Extremely dense breasts combined with a non-

performed with a 17-5 MHz transducer. There is a 1.3 cm
irregular, hypoechoic mass which is located at the 1:30 posi-
tion, 5 cm from the nipple. This mass is not oriented parallel
to the skin surface. (d) Ultrasound-guided core needle
biopsy was performed of the irregular mass in the left breast.
Post-biopsy left mammogram in the CC projection demon-
strates the new wing-shaped biopsy marking clip in the outer
breast. The pathology demonstrated infiltrating ductal carci-
noma grade 2. Given negative MR imaging performed
6 months prior, this represents an interval cancer

homogeneous parenchymal pattern are consid-
ered the most problematic [32, 33].

In women with dense breasts as well as the
overlapping demographic groups of women under
the age of 50 and those that are premenopausal,
Pisano et al. [34] reported increased effectiveness
of digital mammography in detecting breast cancer
over analog technology. Overall, the sensitivity of
digital mammography in patients with dense
breasts is higher than that of film-screen mammog-
raphy, measuring 70% and 55%, respectively [34].

Specific features of breast cancers have been
seen in women with high familial risk [35, 36].
Breast cancers in BRCAI carriers tend to be high
grade, estrogen negative, and invasive cancers
which exhibit fast growth rates. The mammo-
graphic features are more frequently associated
with benign lesions (oval shape with smooth
margins which appear to be pushing adjacent
parenchymal tissue rather than demonstrating an
infiltrative appearance). In addition, these cancers
are less frequently associated with calcifications.
In contrast, cancers in BRCA2 carriers are more
frequently associated with calcifications with
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many (approximately 1/3) diagnosed as DCIS. In
addition, these patients also have cancers present-
ing as spiculated masses, a finding which is dif-
ferent than their BRCA1 counterparts and more
similar to the general population of women who
develop breast cancer [37-39].

High-risk women presenting for screening with
no clinical complaints obtain a 2 view mammo-
gram of each breast with either digital or film
screen technology. Two images of each breast are
obtained on routine screening mammography with
amean dose of 6.5 mGy [40]. Images are obtained
in the mediolateral oblique projection which
enables superior and inferior localization as well
as the craniocaudal projection which enables
medial and lateral localization of lesions. Analysis
of the mammogram includes an assessment of the
density of the breasts (almost entirely fat, scattered
fibroglandular, heterogeneously dense, and
extremely dense) as well as an evaluation for pos-
sible lesions (masses, asymmetries, architectural
distortion, calcifications, and skin thickening)
[41]. Characteristics of the lesions are analyzed to
assess the level of suspicion. Having prior mam-
mograms to compare is particularly helpful in
evaluating more benign appearing lesions, as the
need for additional imaging or biopsy may be obvi-
ated if stability over multiple examinations is
established. Screening mammograms are typically
read in batches following the patient’s departure
and a letter is sent to the patient with the results
within 30 days of the exam, the latter of which is a
requirementoutlinedinthe US FDA Mammography
Quality Standards Act (MQSA) [42].

Characteristics of benign appearing lesions
include masses with circumscribed margins, sta-
ble parenchymal asymmetries, and round
calcifications. A small percentage of circum-
scribed masses may represent malignancies that
can demonstrate aggressive behavior and high-
grade histology. As mentioned previously, this is
particularly true for the high-risk patient.
Therefore, unless stability is established, biopsy
may be required. Characteristics of suspicious
lesions include non-circumscribed margins (spic-
ulated, microlobulated, indistinct, obscured) and
calcifications which are clustered, pleomorphic,
and/or in a linear or segmental in distribution [41].
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Architectural distortion is also a suspicious
finding unless due to prior surgery or a benign
etiology such as a radial scar.

Mammographic interpretation is given a code
based upon the ACR Breast Imaging Reporting
and Data System, or BI-RADS. The coding is 1:
Normal, 2: Benign, 3: Probably benign with short
interval follow-up recommended, 4: Suspicious
with biopsy recommended, 5: Highly suspicious
with appropriate action advised, and 0: Additional
imaging required or comparison to prior mam-
mograms [41].

For high-risk women with a clinical finding or
who have a history of a prior breast malignancy,
diagnostic mammography is typically performed.
This may include routine screening images as
well as additional diagnostic mammographic
views and possible ultrasound as needed. These
examinations are supervised by the radiologist.

Ultrasound

In most breast imaging practices, ultrasound is
predominantly used as an adjunct to mammogra-
phy, primarily for problem-solving after an initial
mammogram as well as for the evaluation of pal-
pable findings. In addition, ultrasound is also
used as the imaging modality for initial evalua-
tion of palpable abnormalities in women under
the age of 30 as well as in women who are preg-
nant or breastfeeding. Ultrasound is unique in
that it uses sound waves to create images, rather
than using potentially harmful ionizing radiation.
While high frequency transducers are favored for
imaging of small, superficial structures, they are
limited by their depth of penetration. For this rea-
son, broad bandwidth linear transducers are now
available which provide frequencies between 5
and 17 MHz, providing the necessary tools for
imaging lesions of varying sizes as well as at a
variety of tissue depths [43].

The usefulness of screening ultrasound as a
screening methodology has been supported by
numerous studies. Berg [44] reviewed six single-
center studies which included a total of 42,838
screening ultrasounds. In these studies, 126
women (0.29%) were shown to have 150 cancers
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which were identified only with supplemental
ultrasound. Of these cancers, 141 were invasive
and 99 were smaller than 1 cm in size. These
studies also demonstrated that the benefit of addi-
tional screening sonography was increased with
increasing breast density, as 114 of the 126
(90.5%) women with cancers detected on screen-
ing sonography had either heterogeneously dense
or extremely dense parenchyma [44].

The ACRIN (American College of Radiology
Imaging Network) 6666 trial was a multicenter
study that compared screening mammography
vs. screening mammography plus ultrasound for
the detection of breast cancer in high-risk women
and those with dense breasts. In this study, radi-
ologists interpreted either the mammographic or
sonographic images and were blinded to the
results of the other imaging modality. The ACRIN
6666 trial is the largest randomized study of
screening ultrasound in which mammography
and sonography were performed and interpreted
independently. To be eligible for the ACRIN trial,
a woman needed to have either heterogeneously
dense tissue or extremely dense breast tissue in at
least one quadrant. Women with BRCA-1 or
BRCA-2 mutations as well as a personal history
of breast cancer were included (with the study
addressing imaging of the non-affected breast).
Women with prior biopsies of lobular carcinoma
in situ (LCIS), atypical ductal hyperplasia (ADH),
atypical lobular hyperplasia (ALH), or atypical
papillary lesion were included if not on chemo-
prevention. If on chemoprevention, only women
with a family history of breast cancer in a relative
under 50 were included. Women over 30 years of
age treated with prior chest, mediastinal, or axil-
lary irradiation at least 8 years previously also
met inclusion criteria. Women with a personal
lifetime risk of breast cancer of at least 25%, as
defined by either the Gail or Claus models, were
included in the study, as were those women with
specific 5-year risks based upon the Gail model
and density of breast tissue [45].

With 2,705 women recruited for the study, the
ACRIN study determined that adding a single
screening ultrasound to mammography increased
the number of detected cancers from 7.6 to 11.8
per 1,000 women. Of 12 cancers that were detected
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by screening sonography alone, 11 (92%) were
invasive, with a median size of only 10 mm. Eight
of nine cancers (89%) had negative lymph nodes.
Only 12 out of 136 lesions recommended for
biopsy based upon ultrasound review were malig-
nant, equating to a 8.8% positive predictive value.
This positive predictive value is low compared
with the ACR guidelines of 25-40% for mam-
mography [45].

Berg [46] compiled all of the six single-center
studies, the ACRIN trial, and two multicenter
Italian studies, and reported that nearly all of the
screening ultrasound detected cancers were inva-
sive, but more importantly, most were node nega-
tive. The median size of the cancers measured
between 9 and 11 mm. In these studies, additional
cancers detected with ultrasound alone ranged
from 2.7 to 4.6 per 1,000 women [46].

As would be expected, ultrasound is more sen-
sitive for detection of invasive cancers rather than
for DCIS, as DCIS is more frequently associated
with calcifications and less frequently associated
with a soft tissue mass. In the ACRIN study, of
the 12 cancers detected only by screening ultra-
sound, only one cancer was DCIS [45]. In a sur-
veillance study of BRCA carriers with MRI,
ultrasound, mammography, and clinical breast
examination by Warner et al. [47], a retrospective
analysis of the DCIS cases was performed. Zero
of 12 DCIS cases were detected by ultrasound.
Only two of these cancers were not identified by
MRI [47].

In the ACRIN trial, the median time to perform
screening breast ultrasound was 19 min for a bilat-
eral ultrasound [45]. The length of time of a typi-
cal ultrasound exam is a limitation, particularly in
the United States where there is a shortage of breast
imaging radiologists. Automated whole breast
ultrasound systems (AWBU) have been developed
in the hopes of expediting screening breast ultra-
sound. AWBU uses a computer-guided mechani-
cal arm to acquire images of the breast under the
control of a physician or technologist to maintain
appropriate orientation and contact of the trans-
ducer to the skin. The result is a cine-loop of
images simulating real-time imaging which are
reviewed at a computer workstation [48]. In a study
by Kelly et al., radiologists reviewing screening
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mammograms, with and without ABWU, were
blinded to the diagnosis (whether benign or malig-
nant) in women whose mammograms demon-
strated heterogeneously dense or extremely dense
parenchyma. This study demonstrated decreased
call back rates in dense-breasted women and
increased breast cancer detection accuracy [49].

While screening breast ultrasound has been
shown to be effective in increasing cancer detec-
tion rate when combined with mammography,
studies have shown that MRI is superior to ultra-
sound in cancer detection, particularly in known or
suspected BRCA gene mutation carriers [50-53].
In a recent study by Sardenelli et al. [53], 501
high-risk women were screened with all three
modalities. In this study, 52 cancers were detected,
49 of which were detected by screening exams and
3 of which were detected clinically in between
screening exams. The 91% sensitivity of MRI in
this study was much higher than that of mammog-
raphy or ultrasound, which measured 50% and
52%, respectively [53]. These studies demonstrate
that MRI is a critical screening test for high-risk
women and should be combined with mammogra-
phy rather than screening ultrasound and mam-
mography alone. If a high-risk woman chooses not
to undergo MRI, then sonography could be uti-
lized as the next screening test of choice. In
women with dense breasts, who are at intermedi-
ate risk and therefore not typically scheduled for
screening MRI examinations, screening sonogra-
phy could be helpful. As will be discussed in the
next section of this chapter, targeted ultrasound
can be useful as an adjunct for better characteriza-
tion and localization of lesions identified on MRI.

The BI-RADS reporting system is used to
describe lesions identified by breast ultrasound.
The lexicon is based upon a feature analytic
approach which emphasizes shape (oval, round,
irregular), orientation (parallel or not parallel to
the skin), and margin (circumscribed or not cir-
cumscribed). Characteristics of typically benign
appearinglesions, suchascysts and fibroadenomas,
include oval or round masses which are parallel in
orientation ~ with  circumscribed  margins.
Characteristics of suspicious lesions are masses
which are irregular, not parallel in orientation, and
not circumscribed (indistinct, angular, microlobu-
lated, and spiculated) [54].
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Ultrasound imaging features may be different
in cancers in high-risk patients, similar to that seen
with mammography. A prospective study per-
formed by Schrading and Kuhl [39] looked at the
imaging phenotypes of breast cancer in high-risk
women, BRCA gene mutation carriers, and women
at high and moderate risk based upon family his-
tory. The imaging phenotypes as well as location
of the lesions within the breast were examined.
Two-thirds of breast cancers seen in BRCA1 carri-
ers and women deemed to be high risk by family
history were found to be in the posterior third of
the breast, usually just superficial to the pectoralis
muscle. In moderate risk women, cancers were
evenly distributed within the anterior, middle, and
posterior thirds of the breast. Out of 64 invasive
cancers, 15 demonstrated a “fibroadenoma-like”
appearance, with oval or round shape as well as
smooth or pushing margins. Of the 15 cancers with
this appearance, 13 were known or suspected gene
mutation carriers [39].

Schrading and Kuhl [39] discuss potential rea-
sons for circumscribed cancers to be present in
high-risk women. It has been shown that heredi-
tary breast cancer demonstrates a medullary (or
atypical medullar) differentiation, which is asso-
ciated with pushing margins [35]. In addition, it
has been shown that breast cancers in women
with familial risk are usually of higher nuclear
grade, which may present on mammography and
sonography as circumscribed lesions [55]. This is
in contrast to intermediate- and low-grade tumors
which are more likely to have spiculated borders
due to a desmoplastic response which is incited
in the surrounding tissue [56]. In the study by
Schrading and Kuhl, 13 of the 15 cancers that
were high grade demonstrated benign morpho-
logic features. Therefore, when imaging high-
risk women, it is important to recognize that
malignant lesions can demonstrate benign mor-
phologic features [39] (Fig. 6.2a—e).

Magnetic Resonance Imaging

As discussed in the “Ultrasound” section, MRI is
integral in screening the high-risk patient, both
because of the increased sensitivity for detecting
cancers as well as because of the lack ionizing
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Fig.6.2 (a, b) Annual left mammogram for a 42-year-old
woman with a history of a right mastectomy 3 years
prior for infiltrating ductal carcinoma grade 3. She has a
family history of breast cancer in her sister and grand-
mother, both premenopausal at diagnosis. MLO and CC
views demonstrate a new circumscribed mass in the
lower central left breast. (¢) Targeted left breast ultra-
sound with a 17-5 MHz transducer demonstrates an oval,
circumscribed, and hypoechoic mass which is oriented
parallel to the skin surface. The mass is located at the 6
o’clock position, 5 cm from the nipple and measured

radiation. MRI is a technology which utilizes a
high strength magnet to align the nuclear spins of
hydrogen atoms throughout the body. By apply-
ing radiofrequency pulses, these aligned spins can
be “excited” into higher energy states which will
ultimately release radiofrequency energy that is
detected by an antenna and is used to create the
final images that are interpreted on the PACS
viewing station. Since the late 1980s, breast MRI
has utilized gadolinium-based intravenous con-
trast [57, 58]. Detection of breast cancer with
gadolinium hinges upon the concept of tumor
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0.4 cm. This lesion corresponds to the mammographic
mass. (d) Bilateral axial contrast-enhanced MR subtrac-
tion image and (e) sagittal multiplanar reformat subtrac-
tion image of the left breast demonstrate an enhancing,
circumscribed mass at the 6 o’clock location which
corresponds with the mammographic and sonographic
findings. Kinetic analysis of the enhancing mass demon-
strates washout kinetics. Ultrasound-guided core needle
biopsy was performed demonstrating invasive ductal
carcinoma grade 3. This is an example of a circum-
scribed cancer

neovascularity, with the assumption that a
neoplastic process will enhance to a greater degree
than the surrounding breast parenchyma. Due to
hormonal variations in background parenchymal
enhancement, breast MRI should be done in the
second week of the menstrual cycle [59]. Due to
the own inherent risk profile of gadolinium agents,
MRI contrast should be avoided in the setting of
renal insufficiency as well as pregnancy.

The ACR has issued technical guidelines for
MRI. These include a dedicated breast coil and
imaging with at least 1.5 T field strength. Some of
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the other requirements include requirements for
slice thickness as well as timing of the post-contrast
images. Institutions performing breast MRI should
be able to perform MRI-guided biopsies as well as
MRI-guided needle localizations. A radiologist
interpreting MRI images should have expertise in
breast imaging and should work in concert with
high-risk clinicians who specialize in risk assess-
ment for breast cancer, to ensure appropriate utili-
zation of the modality [60]. This partnership allows
for effective communication of results as well as
appropriate follow-up and treatment. It is encour-
aged that radiologists audit their interpretations so
that call-back rates can be assessed as well as
biopsy statistics [61].

Similar to mammography and ultrasound,
BI-RADS for MRI lesions is based upon a feature
analytic approach. The lexicon utilizes categorical
descriptors, with the goal being to select the terms
from each category which best describes the over-
arching feature of a particular lesion. The lesion
types include focus/foci (area of enhancement less
than 5 mm), mass, and nonmasslike enhancement
(area of enhancement that does not fit criteria for a
mass). For a mass, the important descriptors are
shape (oval, round, lobulated), margin (smooth,
irregular, spiculated), and the internal enhancement
of the mass (homogeneous, heterogeneous, rim-
enhancement, dark internal septations, enhanced
internal septations, and central enhancement). For
non-masslike enhancement the descriptors are based
upon the distribution of the enhancement [62].

In addition to morphology, evaluation of MRI
lesions is based upon kinetic analysis. This is
determined by the perfusion and diffusion of
intravenous contrast from vessels into the extra-
cellular space over time. The BI-RADS for MRI
describes these kinetic curves and their impor-
tance in differentiating benign from malignant
lesions was shown by Kuhl et al. in 1999 [62, 63].
The initial portion of the kinetic curve describes
percentage of wash-in of contrast into the lesion
which is characterized as slow, medium, or rapid.
The delayed phase of enhancement is character-
ized as either persistent, plateau, or washout.
A Type 1, or persistent curve, is seen when there
is continued increase in contrast signal over time.
These kinetics are usually associated with benign
lesions. A Type II, plateau curve, is seen when
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there is no increase in signal over time after initial
wash-in. Lastly, a Type III, washout curve, is seen
when there is a decrease in signal after an initial
wash-in. Type 1 curves are typically associated
with benign processes. Type II and III curves
have been shown to have a high positive predic-
tive value for malignancy, measuring 77% [63].
Tumor neovascularity results in rapid uptake of
contrast, and, in many cancers, results in early
washout of contrast. These findings create a type
III enhancement curve [64].

Assessment of lesions is based upon a combi-
nation of morphology and kinetics, with morphol-
ogy being the most important factor. Kinetics are
useful for supporting a recommendation; however,
morphology should be the basis of the recommen-
dation. As with mammography and ultrasound, a
mass with a spiculated margin is suspicious
regardless of its kinetic curve. Similarly, an oval
mass is more likely to be benign. If a mass has an
oval shape, circumscribed margin, is bright on T2
weighted sequence (a fluid sensitive sequence),
and has a low-signal non-enhancing internal sep-
tation, this lesion may be considered benign. with
confidence irrespective of kinetics. This is due to
the high negative predictive value of a low-signal,
non-enhancing septation [65]. The assessment of
whether an enhancing focus is felt to be benign or
suspicious depends upon the background enhance-
ment within both breasts. In the high-risk patient,
a solitary asymmetric focus with suspicious kinet-
ics would be suspicious for a tiny cancer. For non-
mass enhancement the descriptors are based upon
the distribution of the enhancement, it is the distri-
bution that is the most important feature, with
kinetics playing little if any role in the recommen-
dation for biopsy. A focal area of enhancement,
which is an area of enhancement less than 25% of
a quadrant, is the least suspicious, followed by lin-
ear enhancement, which is enhancement which is
not in a ductal distribution. Ductal and segmental
enhancement are more likely to be associated with
ductal carcinoma in situ or invasive cancer.
Regional and diffuse enhancement are larger areas
of enhancement with the latter usually seen in the
setting of background parenchymal enhancement
and felt to be benign [64].

The ACS is specific in their recommendations
regarding breast MRI, which are based upon
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clinical trials assessing breast MRI in high-risk
women [66]. The ACR endorses these recom-
mendations. The first of these published trials
was by Kuhl et al. [67] in 2000 and included 192
asymptomatic women who were proven or sus-
pected to carry a breast cancer susceptibility
gene. These patients underwent a regular clinical
breast exam, yearly mammogram, and breast
MRI as well as twice yearly ultrasound. Nine
cancers were identified in two screening rounds,
and all were detected by breast MRI. Only four of
the malignancies in the asymptomatic group were
identified by both mammography and ultrasound.
The positive predictive values of mammography,
ultrasound, and MRI were 30%, 12%, and 64%,
respectively [67].

Eight early clinical trials assessing breast MRI
effectiveness in high-risk women were reviewed
by Lehman in 2006 [61]. Out 0of 4,271 total women
included in these eight studies, 144 malignancies
were detected, yielding a 3% cancer detection
rate. Depending on the woman’s risk status and
age, approximately 31 out of every 1,000 women
screened would have an otherwise occult cancer
detected by MRI. The sensitivities ranged between
71 and 100% and the specificities ranged between
81 and 97%. In 8-17% of cases the patients had to
be recalled for additional evaluation.

The ACS recommends annual MRI screening
in women who are BRCA1 or BRCA2 gene
mutation carriers, have a first-degree relative who
is a BRCA carrier but has not been screened
themselves, or a lifetime risk of breast cancer of
at least 20-25% based upon the BRCAPRO
model or other models dependent on family his-
tory. The second group for which annual MRI
screening is recommended is in women who have
had chest radiation between the ages of 10 and 30
for Hodgkin’s disease and women who have or
their first degree relatives have the Li-Fraumeni,
Cowden, and Bannayan—Riley—Ruvalcaba
genetic syndromes [66].

For women with a lifetime risk of breast cancer
between 15 and 20%, history of LCIS, ALH or
ADH, heterogeneously or extremely dense paren-
chyma on mammography, or a personal history of
breast cancer, the ACS has found insufficient
evidence to recommend for or against MRI
screening [66]. The National Comprehensive

89

Cancer Network differs from the ACS in its
recommendations regarding women with a his-
tory of LCIS and atypical hyperplasias, stating
that MRI should be considered in these women, in
addition to mammography, clinical breast exam,
and risk reduction strategies [18]. In a study by
Friedlander et al. malignancy was found in 3.8%
of women with a history of LCIS screened by
MRI [68].

The scheduling of imaging in the high-risk
patient is important. It has been advocated alter-
nating screening mammography and breast MRI,
one every 6 months. Le-Petross et al. [69] investi-
gated the use of alternating screening mammogra-
phy and breast MRI every 6 months in women at
high risk for breast cancer based upon a retrospec-
tive chart review. All of the women had BRCA
mutations. Thirteen cancers were identified, 12 of
which were identified on MR, and were not
identified on the mammogram 6 months prior.
One of the cancers was found by prophylactic
mastectomy specimen and not by imaging [69].

There have been no randomized controlled tri-
als to assess the effect of screening MRI on mor-
tality, although other markers of mortality can be
assessed. These include the size of the tumor and
nodal involvement, both of which are important
prognostic indicators. Kriege et al. [70] used age-
matched control groups to look at the incidence
of nodal disease and tumor size in women
screened with MRI vs. those that were not.
Tumors which were 10 mm or less comprised
43.2% of the group screened by MRI, vs. 14.0
and 12.5% in the control groups not screened by
MRI. Lymph node involvement was 21.4% in the
group screened with MRI vs. 52.4 and 56.4% in
the group not screened with MRI [70].

In a study by Tilanus-Linthorst et al. [71],
woman at high risk were shown to benefit from
MRI screening with regard to stage of malignancy
and nodal disease. Early TINO cancers were
identified in only 46% of women not screened vs.
81% of women screened with MRI. Women not
screened with breast MRI had a 42% chance of
nodal disease vs. 19% of women screened with
breast MRI [71].

There has been a more recent prospective
study by Warner et al. [72] which compares the
incidence of breast cancer in BRCA mutation
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carriers who were screened with MRI vs. those
that were not. In this study, 445 BRCA gene
mutation carriers underwent annual MRI
screening. The incidence of breast cancer in
this MRI screened cohort was compared with
the incidence of breast cancer in BRCA gene
mutation carriers who did not undergo MRI
screening (830 total women). This MRI screen-
ing paradigm was performed for an average of
3.2 years. The purpose of the study was to com-
pare the incidence of noninvasive cancers, stage
I cancers, and stage II to IV cancers between
the two cohorts. The hypothesis was that if MRI
screening could reduce mortality in BRCA gene
mutation carriers, then higher stage cancers and
positive nodes would occur more frequently in
women who were not screened with MRI. The
cumulative incidence of malignancy was
assessed at 6 years. The percentage of cancers
detected for each group was 9.2%. This study
demonstrated a decreased incidence of
advanced-stage breast cancer in the screened
cohort. The incidence of DCIS and stage I
breast cancers was 13.8% in the MRI screened
group and 7.2% in the group not screened with
MRI. In contrast, the incidence of stage II to IV
breast cancers was 1.9% in the MRI screened
group and 6.6% in the group not screened with
MRI [72].

Schrading and Kuhl [39] investigated the MRI
phenotypes of breast cancer in women at high
risk. The “fibroadenoma-like” (or so-called
benign appearing) malignancies which can be
misleading on mammography and ultrasound are
less common in MRI. On MRI, fibroadenomas
typically demonstrate dark, non-enhancing septa-
tions. None of the 15 cancers which had a
“fibroadenoma-like” appearance on mammogra-
phy or ultrasound demonstrated this feature on
MRI. Rather, these 15 cancers instead demon-
strated suspicious MRI features, including rim
enhancement or Type III kinetics with rapid
washout. These features are not usually associ-
ated with fibroadenomas. A limitation of MRI in
evaluation of familial breast cancers is that benign
kinetic features can be seen in cancers and that
cancers can present as nonmasslike enhancement,
rather than a discrete mass [39].
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Targeted ultrasound is frequently employed
to evaluate abnormalities seen on MRI, often
referred to as a second look ultrasound. If there
is a suspicious finding identified on the second-
look ultrasound, then an ultrasound-guided
core needle biopsy could be performed, rather
than performing a more expensive, more time-
consuming MRI-guided biopsy. In a review
article by Leung [73], a meta-analysis of 13
studies on second-look ultrasound demon-
strated that lesion type on MRI is the most
important feature in determining whether the
lesion would be identified at second-look ultra-
sound. Enhancing masses are more likely to
have sonographic correlates than nonmasslike
enhancement. Additional features which were
predictive of being found on second-look ultra-
sound were larger size and malignant histology,
with invasive cancer being more commonly
found than DCIS. The probability of an MRI
lesion being malignant is greater if there is a
sonographic correlate. Based upon the recom-
mendations proposed by Leung, if no sono-
graphic correlate is identified, MRI biopsy
should be performed [73].

Lesions identified at second-look ultrasound
are often understated, as reported by Abe et al.
[74]. Malignant lesions identified at second-look
ultrasound were oval or round in greater than
60% of cancers and greater than 30% were
isoechoic or similar sonographic appearance to
fat. They also demonstrated that typically malig-
nant features were often not identified, with no
suspicious features identified in 11 of 33 malig-
nant lesions [74].

Emerging Breast Imaging
Modalities

Early stage cancers are more often associated
with longer term survival rates, the ability to per-
form lumpectomy rather than mastectomy, as
well as less need for chemotherapy [75]. In an
attempt to improve on the benefits of mammogra-
phy, ultrasound, and MRI, additional technolo-
gies have been introduced to further improve
breast cancer detection.
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The FDA-approved technique, tomosynthesis,
involves movement of an X-ray tube in an arc
around the compressed breast and creates mul-
tiple low dose projection images [76, 77]. 2D
and 3D images are acquired with the latter
resulting in a series of high-resolution thin slice
images. When MLO and CC 2D and 3D images
are obtained, the radiation exposure is approxi-
mately twice that of a typical digital mammo-
gram [78]. Poplak demonstrated comparable or
better image quality for breast tomosynthesis
over digital mammography, with a major benefit
being the elimination of overlapping structures
in dense breast tissue [79]. Mass margins may
be more precisely characterized and the num-
ber and distribution of findings better seen.
Research by Andersson et al. [80] demonstrated
improved cancer visibility with tomosynthesis
compared to digital mammography. This may
be due to superior delineation of masses and
architectural distortion [80]. Thus, tomosyn-
thesis may have a higher sensitivity for breast
cancer detection. Tomosynthesis has been
shown to be superior to digital mammography
in the assessment of tumor size and stage [81].
Tomosynthesis may also be helpful in evaluat-
ing women with dense breasts, particularly in
high-risk young women with dense breasts,
given the ability to eliminate overlapping breast
tissue and improve visibility of subtle cancers.
This modality, however, should be used cau-
tiously in this patient population due to the
increased radiation dose. Therefore, tomosyn-
thesis is not currently recommended to be used
as a screening modality in high-risk women at
this time.

Dedicated cone-beam breast CT is currently
under investigation as an adjunct to mammogra-
phy and an alternative to tomosynthesis, given
its potential to identify lesions obscured by over-
lapping breast tissue on conventional imaging.
A major feature of breast CT compared to tomo-
synthesis and mammography is that it does not
require compression, thus eliminating patient
discomfort. Additionally, lack of compression
utilized by this modality does not alter blood
flow to the breast if contrast is utilized [82].
In dedicated cone-beam breast CT, the patient
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lies prone with the breast hanging through an
opening in the table. A detector and X-ray tube
rotate 360° around the breast over a period of
approximately 10s, obtaining cross-sectional
slices with the ability to reformat in any 3D
plane. Studies have demonstrated imaging of the
breast from the chest wall to the nipple with
sufficient spatial and contrast resolution to detect
and characterize masses and their margins as
well as calcifications. A benefit of this technique
is that the lack of compression does not distort
the spatial relationships within the breast.
The radiation dose for this technique is lower
than that of tomosynthesis and not much more
than that of conventional mammography (mean
glandular dose of 8.2 mGy for CT vs. 6.5 mGy
for conventional mammography). Imaging of
the axilla and axillary tail region, however, is
less inclusive compared to that of mammogra-
phy [40]. Preliminary research suggests that
calcifications are better depicted on mammogra-
phy [83].

Further attempts to improve breast cancer
detection have involved nuclear medicine imag-
ing. Breast-specific gamma imaging (BSGI) and
positron emission mammography (PEM) are
FDA-approved adjuncts to mammography.
BSGI utilizes the radiotracer technetium-99m
sestimibi with high-resolution breast-specific
gamma cameras to detect both DCIS and inva-
sive carcinoma with sensitivities greater than
90%, regardless of breast density [84]. It is
based on cell function and is particularly sensi-
tive to malignant cells which have increased
metabolic activity and thus localize and emit
more gamma radiation.

PEM provides images of biochemical activity
in the breast, utilizing the glucose-based
radiotracer 18F-FDG. It is able to detect invasive
and in situ cancers with sensitivities of approxi-
mately 90%. Image creation in this modality is
also based on the higher metabolic activity of
cancer cells with preferential localization of the
glucose analog radiotracer [85].

The major limitation of both BSGI and PEM
for high-risk patients is that they have higher
radiation exposure, with mean doses greater than
that of conventional mammography and with the
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Table 6.1 Breast imaging recommendations for screening women based upon risk

Screening mammography

Highest risk Per the ACR: Yearly starting by age
30 (but not before age 25) or 10
years earlier than the age of
diagnosis of the youngest affected
relative, whichever is later

Per the NCCN: Yearly starting by
age 25 for hereditary breast and
ovarian cancer patients. 5—10 years
earlier than age of diagnosis of
youngest affective relative for strong
family history or other genetic
predisposition

Intermediate risk 10 years earlier than the age of
diagnosis of the youngest affected
relative, but not before 30

Average risk Age 40

radiation-induced cancer risks at least 20 times
greater than digital mammography [86].

Conclusion

Mammography remains the mainstay of breast
imaging as it is the only imaging modality that
has been shown to reduce breast cancer mortality.
It unfortunately has limited sensitivity in dense
breasts, which are found in many young women
at high risk. Ultrasound has been shown to find
additional cancers in dense breasts and is used in
the everyday breast imaging practice. However, it
suffers from a lack of specificity, and therefore is
not suitable for a screening modality. Women at
high risk benefit most from adding MRI to the
screening regimen. Newer technologies such as
tomosynthesis, breast CT, BSGI, and PEM may
be helpful in imaging the woman at high risk;
however, they are not screening modalities
because of their higher radiation dose. In sum-
mary, screening recommendations exist for those
women at the highest risk of developing breast
cancer, those with intermediate risk, and those of
average risk and these recommendations are out-
lined in Table 6.1.

Screening MRI Screening breast ultrasound
Alternate MRI with Not indicated unless there
mammography every 6 is a contraindication to
months MRI

Consider MRI if history Consider in women with

of LCIS (per NCCN). If dense breasts
performed, alternate MRI

with mammography

every 6 months

Not indicated Insufficient evidence to

support screening at this time
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Risk Reduction Strategies: Medical

Oncology

Virginia Kaklamani

Introduction

In the United States it is estimated that in 2012
more than 40,000 women will die of breast can-
cer and 229,060 women will be diagnosed with
the disease [1]. Although early detection strate-
gies, such as mammograms, have been success-
fully implemented, 10 (of women will be
diagnosed with four or more lymph nodes
involved [2]. It has long been thought that the
steps leading to cancer development in the breast
take place during a long period of time. Support
of this notion comes from data in women exposed
to radiation. Among patients who received chest
radiation for Hodgkin’s disease, a cancer of the
lymph nodes, as well as the survivors of the
atomic bombing, it has been found that the great-
est risk of developing breast cancer is when the
radiation exposure took place during the early
teen years [3]. However breast cancer in those
individuals occurred at least 10-15 years later.
Additional data come from infants undergoing
radiation to the thymic gland, a gland located in
the chest, [4] and girls in puberty who received
radiation during a procedure for the diagnosis of
tuberculosis [5].
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Owing to the long natural history of cancer
initiation, and the high incidence and severity of
the disease, breast cancer is a unique model for
successful prevention [6]. Lifestyle modification
has been suggested but so far such strategies
have been implemented in clinical trials for too
short a period to prove successful in preventing
breast cancer. Most of the focus has been on
developing medications for prevention (chemo-
prevention). To date three medications have
been extensively studied and approved as
chemopreventive agents for breast cancer:
tamoxifen, raloxifene, and exemestane. However
several other agents are currently undergoing
clinical testing.

Selective Estrogen Receptor
Modulators

These agents change the effect of estrogen in tis-
sues. The word selective is used because in some
tissues they promote the effect of estrogens and
in other tissues they inhibit its effect. Therefore
these agents can have estrogenic effects in some
tissues but antiestrogenic effects in others.

Tamoxifen
Tamoxifen was initially developed in the 1960s

to be used as a contraceptive pill. It was found
however to have strong antiestrogenic properties
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and to prevent the growth of breast tumors in rats
[7, 8]. Tamoxifen, like other selective estrogen
receptor modulators (SERMs), is unique and acts
as an estrogen in some tissues and as an antiestro-
gen in others [9]. It has long been the hormone
drug of choice for all stages of hormone respon-
sive breast cancer and has been shown to decrease
the risk of recurrence as well as mortality in early
stage breast cancer [10].

Tamoxifen was considered for breast cancer
chemoprevention for three reasons. Primarily
tamoxifen has an excellent safety profile [6]. This
is important since any agent used for chemopre-
vention would have to be used for a long period
of time, in healthy individuals. Secondly, tamox-
ifen has been found to prevent breast cancer in
mice and rats [7, 8]. Finally, studies showed that
when giving tamoxifen to treat breast cancer,
there was a decreased risk of developing breast
cancer in the other breast [10].

NSABP P-1
The NSABP P-1 trial was the first large preven-
tive trial in breast cancer and enrolled 13,388
patients between June 1992 and September
1997 [11]. Women were eligible to participate
in the trial if they were over the age of 60 or
between 35 and 59 years of age with a high risk
for breast cancer. Women with lobular carci-
noma in situ (LCIS), a high-risk factor for breast
cancer, were also eligible for the study. After a
median follow-up of 7 years tamoxifen was
found to reduce the incidence of breast cancer
by 43( and that of precancerous lesions by 37
(, in all age groups [12]. The benefit was found
to be only in hormone receptor-positive breast
cancers where the overall risk was reduced by
69(. The rate of hormone receptor-negative
tumors did not significantly differ from the pla-
cebo group. Tamoxifen led to a 32( reduction in
bone fractures due to osteoporosis and increased
the risk of uterine cancer, stroke, blood clots,
and cataracts whereas there was no difference in
the risk of heart attacks and death in the two
arms [12].

Overall the NSABP P-1 trial was able to dem-
onstrate a 43( reduction of the incidence of breast
cancer among healthy but high risk for breast
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cancer women who took tamoxifen for 5 years.
So far it hasn’t been shown that women who will
take tamoxifen for 5 years will live longer
although they will have a significantly lower risk
of being diagnosed with breast cancer. It has been
suggested, however, that a longer follow-up is
needed to demonstrate that women at high risk
for developing breast cancer will live longer if
they take tamoxifen for 5 years.

IBIS-I

A total of 7,145 women aged 35-70 and at high
risk for breast cancer were randomly assigned to
take either tamoxifen or a sugar pill (placebo) for
a 5 years [13]. After a median follow-up of 96
months women in the tamoxifen arm had a 27%
reduced risk for breast cancer compared with pla-
cebo. This reduction in risk was again seen only
in hormone receptor positive tumors whereas
there was no difference in the risk for hormone
receptor negative tumors. Side effects associated
with tamoxifen therapy were similar to those
observed in the NSABP P-1 trial.

Royal Marsden and Italian Trial

Two other trials failed to show an advantage to
the use of tamoxifen as a chemopreventive
agent. The Royal Marsden trial [14] enrolled
2,494 healthy women aged 30-70 years with a
family history of breast cancer. The trial accrued
patients between October of 1986 and April of
1996. Unlike the NSABP trial, 40( of women in
this trial were on hormone replacement therapy
(HRT). After a median follow-up of 70 months,
the overall incidence of breast cancer was simi-
lar between the two arms. It has been suggested
that the reason for not finding a benefit for
tamoxifen in this trial is because of the rela-
tively small number of patients as well as the
unknown effect of HRT in combination with
tamoxifen.

An Italian trial randomized 5,408 women,
unselected for breast cancer risk, who had
undergone hysterectomy followed by tamoxifen
versus placebo [15]. However, only 149 of those
participating in the trial completed 5 years of
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tamoxifen. Furthermore 47( of the participants
had had their ovaries removed at that time of their
hysterectomy which decreased their risk of sub-
sequent breast cancer. The study did not show
any difference between the two groups as far as
breast cancer development. This study has been
criticized for the small number of participants
completing 5 years of therapy, as well as the fact
that the high rate of ovarian removal would place
these women in a low-risk group for developing
breast cancer. Despite these drawbacks the Italian
study showed a trend toward a significant benefit
of tamoxifen among the patients who took it for 1
year.

Based on the NSABP P-1 trial tamoxifen at a
dose of 20 mg/day was approved by the FDA for
use as a chemopreventive agent in high-risk indi-
viduals for developing breast cancer. It is unclear,
however, if tamoxifen is preventing breast cancer
or treating early stage breast cancer present at the
initiation of therapy.

Raloxifene

Raloxifene is an SERM that like tamoxifen acts
as an antiestrogen in the breast tissue and pre-
vents breast cancer in mice and rats [16, 17].
Furthermore it has an estrogenic-like effect on
the bones and therefore prevents and treats osteo-
porosis and appears to be less estrogenic than
tamoxifen in the human uterus and therefore
does not seem to increase the risk of uterine can-
cer [16, 18]. It is approved for the prevention of
osteoporosis in postmenopausal women at a dose
of 60 mg/day. Early data on raloxifene suggested
that like tamoxifen it may be a useful chemopre-
ventive agent for breast cancer. Furthermore the
potential advantage of raloxifene is the fact that
it is less estrogenic on the uterus and may there-
fore not cause an increased incidence of uterine
cancer [18]. The Multiple Outcomes of
Raloxifene Evaluation (MORE) trial in which
7,704 postmenopausal women were randomized
to receive two different doses of raloxifene or
placebo [19] found that there was a 70( reduction
in breast cancer incidence in the raloxifene
treated arms.
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STAR Trial

Based on these findings, the Study of Tamoxifen
and Raloxifene (STAR) trial was initiated in
postmenopausal women at high risk for breast
cancer [20]. The STAR trial randomized 19,747
eligible postmenopausal women to tamoxifen
20 mg/day or raloxifene 60 mg/day for 5 years.
With a median follow-up of 81 months tamoxifen
was found to be a better chemopreventive agent
compared with raloxifene, indicating that the rate
in the raloxifene group was about 24( higher than
the rate in the tamoxifen group. There was no dif-
ference in the two treatment groups in precancer-
ous lesions. The incidence of uterine cancer was
significantly lower in the raloxifene group as was
the incidence of blood clots and cataracts [20].
Overall this study demonstrated that both tamox-
ifen and raloxifene are effective chemopreventive
medications with tamoxifen potentially being the
better chemopreventive agent and raloxifene
being the less toxic agent. However since ralox-
ifene has only been studied in postmenopausal
women, tamoxifen is still the only medication
used for breast cancer prevention in premeno-
pausal women. Both agents have only been found
to prevent hormone receptor positive breast
cancer [20].

Other SERMs

Due to the toxicity profile of tamoxifen several
other SERMs are currently being developed with
the potential of being more potent chemopreven-
tive agents with less toxicity. In a recent trial of
8,556 postmenopausal women lasofoxifene at a
dose of 0.5 mg per day was found to significantly
decrease hormone receptor positive breast cancer
risk, coronary heart disease, stroke, and spinal
fractures, whereas it increased blood clots and
had no effect on uterine cancer [21]. In 9,354
postmenopausal women, arzoxifene at 20 mg/
day was compared to placebo and found at 48
months to significantly reduce the risk of invasive
breast cancer and spinal fractures. It was also
found to significantly increase uterine polyps,
blood clots, and muscle cramps but not heart
attacks [22].
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Aromatase Inhibitors

Aromatase inhibitors are a newer class of breast
cancer drugs which block the production of estro-
gens. These agents work on an enzyme, called
aromatase, which is responsible for the produc-
tion of estrogens in postmenopausal women.
They are currently used to treat breast cancer and
have been shown to be more efficacious than
tamoxifen in breast cancer treatment. However
unlike tamoxifen they can only be used in post-
menopausal women.

Exemestane

Exemestane is one of the three aromatase inhib-
itors which is currently being used for the treat-
ment of breast cancer. Given data in invasive
breast cancer where aromatase inhibitors (Als)
have been shown to decrease the incidence of a
second breast cancer more so than tamoxifen,
exemestane was studied in women at high risk
for developing breast cancer. The NCIC CTG
MAP3 [23] randomized 4,560 women at high
risk for breast cancer to exemestane or placebo.
Women received the medications for 5 years. At
a median follow-up of 35 months women who
received exemestane had a 65( decreased inci-
dence of breast cancer. There were no significant
differences in side effects between the two
groups although women on placebo felt better
than the women on exemestane. Furthermore,
exemestane has been shown to increase the risk
of bone fractures and the follow-up period in
this trial may not have been enough to show
this. The results of this trial lead to the approval
of exemestane in the prevention of breast cancer
in postmenopausal women.

Ongoing Trials with Als

The IBIS-II trial [24] planned to randomize
6,000 women at high risk for breast cancer to
anastrozole or placebo. As of January 2012,
6,844 women had already been randomized
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and the study was not accruing any more
volunteers. Results should be expected in the
next few years.

Future Strategies for
Chemoprevention

Other Agents

Recent data has suggested that bisphosphonates,
medications that are widely being used for the
treatment and prevention of osteoporosis, can help
prevent breast cancer. In women who participated
in the Women’s Health Initiative (WHI) oral bis-
phosphonate use was associated with a 30(
decreased risk of hormone receptor positive breast
cancer and a nonsignificant 44( decrease in the risk
of hormone receptor negative breast cancer [25].

Other agents such as COX-2 inhibitors [26],
statins [27], PARP inhibitors [28], metformin
[29], and retinoids [30] are also being considered
as chemopreventive agents although data are still
preliminary.

Conclusions

Currently three agents have been approved for
breast cancer chemoprevention, tamoxifen in
pre- and postmenopausal women and raloxifene
and exemestane only in postmenopausal women.
Emerging agents such as bisphosphonates and
COX-2 inhibitors show promise although their
side effect profile may limit their use. However
most of the agents to date show activity in pre-
venting mostly hormone receptor positive breast
cancers and the lack of any survival benefit in the
prevention trials suggests that these agents may
prevent breast cancers that would have been cured
with our current treatments without having any
effect in preventing aggressive, life-threatening
breast cancers. It is our hope that future research
will build on our current chemopreventive strate-
gies finding novel agents to prevent all subtypes
of breast cancers.
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Risk Reduction Strategies:
Surgical Perspective

Lisa Renee-Palko Spiguel and Nora Hansen

Introduction

Breast cancer is estimated to affect over 200,000
women in the United States in 2012, accounting
for up to 40,000 deaths [1]. Based on SEER data-
base rates from 2006 to 2008, the cumulative life-
time risk of breast cancer for an average woman
in the general US population is 12.29%, with the
greatest risk occurring in the sixth decade of life
[1]. Although the majority of these breast cancers
are sporadic, approximately 25% of breast can-
cers are secondary to some inherited predisposi-
tion, commonly related to identifiable mutations
in inherited genes such as BRCAI1, BRCA2,
CHEK2, and PTEN. Women born with these
gene mutations are at a significantly higher risk
of developing breast cancer over the general pop-
ulation, as well as other associated cancers, and
do so typically at a younger age.

Mutations in the tumor suppressor genes,
BRCAT1 and BRCA2, account for the majority of
known familial breast cancer risk. Studies dem-
onstrate that women with germ line mutations in
BRCALI gene have an estimated lifetime risk of
breast cancer ranging from 65-87%, with the
average lifetime risk of 45-55% in BRCA2
carriers. The greatest risk occurs in women
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younger than the age of 40. These women are
also at an increased risk of ovarian cancer with a
lifetime risk in BRCA1 carriers of 39-51%, and
11-35% for BRCA?2 mutation carriers. The great-
est risk of ovarian cancer occurs in women over
the age of 60 [2]. Although studies looking
specifically at breast cancer-specific survival in
women with germ line BRCA mutations have not
demonstrated a decrease in overall or disease-
free survival, they have demonstrated that in
addition to an increase in lifetime risk of breast
cancer, there is an increase in the incidence of
metachronous breast cancers as compared to the
general population, with up to 20% of BRCA1
carriers and over 10% of BRCA?2 carriers diag-
nosed with a new cancer at 5 years, as compared
to 2-5% for the general population diagnosed
with sporadic cancer [3, 4].

Although evidence of known genetic muta-
tions confirms a women’s predilection for cancer,
not all inherited conditions are known.
Furthermore other factors such as a personal his-
tory of breast cancer, as well as personal history
of high risk lesions such as LCIS and atypical
hyperplasia, increase a woman’s risk above the
general population. Due to the increased risk of
cancer in these patients, various options exist to
either increase the detection of cancer at an ear-
lier stage or decrease the overall risk of cancer
from occurring. Options include increased sur-
veillance which is discussed in depth in chapter 6
as well as chemoprevention strategies through
the use of selective estrogen receptor modulators,
such as tamoxifen, which have demonstrated a
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49% decrease in the risk of invasive cancer in
healthy high risk patients with a median follow-
up of 55 months. In subset analysis of BRCA
mutation carriers, the use of tamoxifen demon-
strated an equivalent reduction in breast cancer
incidence among BRCA2 carriers; however,
tamoxifen beginning at the age of 35 in healthy
BRCA1 mutation carriers did not significantly
reduce breast cancer risk. These results are likely
related to the overall low incidence (6.6%) of
BRCA carriers in the Breast Cancer Prevention
trial, as well as the majority of BRCA1 cancers
being ER- and PR- negative [5].

Additional options to reduce risk are surgical,
consisting of prophylactic bilateral mastectomy
(PBM) and prophylactic bilateral salpingo-
oophorectomy (PBSO) in high risk women, as
well as contralateral prophylactic mastectomy
(CPM) in women with a personal history of breast
cancer diagnosis. This chapter will discuss these
surgical options for cancer risk reduction, focus-
ing on the ability of surgery not only to reduce
the occurrence of a primary breast cancer, but
also to reduce the occurrence of subsequent
metachronous cancers and associated mortality.
Furthermore it will discuss safety of nipple spar-
ing mastectomy (NSM) on risk reduction and
cancer treatment in high risk women, as well as
the role for sentinel lymph node biopsy (SLNB)
in prophylactic surgery.

Surgical Strategies

Prophylactic Bilateral Mastectomy
Several prospective and retrospective studies
have investigated the utility of PBM for the pre-

vention of breast cancer (Table 8.1). All of these
studies demonstrate a 85-100% breast cancer

Table 8.1 Prophylactic bilateral mastectomy
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risk reduction following PBM with up to a
14-year median follow-up.

One of the first studies that investigated the
efficacy of PBM in cancer prevention was a study
looking specifically at moderate and high risk
women based on family history. Hartmann and
colleagues conducted this retrospective review of
all women with a family history of breast cancer
who underwent PBM for risk reduction—10% of
which underwent total mastectomy, while 90%
underwent subcutaneous mastectomy. Women
were divided into two groups, high risk and mod-
erate risk on the basis of family history. A total of
639 women were identified, 214 at high risk and
425 at moderate risk. Following a median follow-
up of 14 years, a 89.5% reduction in breast can-
cer risk in the moderate risk group was
demonstrated as compared to the predicted inci-
dence based on the Gail risk model, and a 90-94%
breast cancer risk reduction occurred in the high
risk group based on incidence of breast cancer in
related sisters. They also concluded a reduction
in the risk of death from breast cancer in both
groups up to 94% [6]. On subset analysis of 26
BRCA1 and BRCA2 mutation carriers, with a
median follow-up of 13.4 years, no patients
developed subsequent breast cancer following
PBM, translating into a breast cancer risk reduc-
tion of up to 100% [7].

A second study investigating the role of PBM
in breast cancer risk reduction specifically in
BRCA patients was a prospective study con-
ducted on 139 BRCA1 and BRCA2 carriers, 76
of which underwent PBM with 63 electing for
surveillance alone [8]. Following a mean follow-
up of 2.9 years, no women developed breast can-
cer following PBM, whereas 8 (17.7%) women
developed breast cancer in the surveillance group,
demonstrating a substantial breast cancer risk
reduction in BRCA mutation carriers.

Study Year Study design F/U (years) Patients (n) Breast cancer risk reduction (%)
Hartmann et al. 1999 Retrospective 14 639 90-94

Hartmann et al. 2001 Retrospective 13.4 26 85-100

Meijers-Heijboer etal. 2001 Prospective 2.9 139 100

Rebbeck et al. 2004 Prospective 6.4 483 90-95
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A larger prospective cohort study of 483 BRCA
carriers with a longer mean follow-up of 6.4 years
compared 105 BRCA mutation carriers who
underwent PBM to 378 matched controls who
underwent routine surveillance [9]. Four different
statistical analyses were performed to determine
breast cancer risk reduction associated with PBM,
as well as the effects of concomitant PBSO on
overall risk reduction. Women either underwent
subcutaneous, total, or modified radical mastec-
tomy (MRM). Following 6.4 years follow-up, 2
(1.9%) women who underwent PBM were diag-
nosed with breast cancer compared with 184
(48.7%) of the 378 matched controls, demonstrat-
ing up to a 95% breast cancer risk reduction in
BRCA mutation carriers who undergo PBM.

A more recent study by Heemskerek-Gerritsen
investigated the role of both PBM and CPM in
high risk women with either known BRCA status
or 50% risk carriers from a hereditary breast/
ovarian cancer (HB(O)C) family [10]. Their study
comprised 358 women, 65.9% of which were
known BRCA mutation carriers, while the other
34.1% were from HB(O)C families. Fifty-one
percent of which were affected women with a
history of breast cancer, and 49% had no prior
history of breast cancer. All patients underwent
skin sparing mastectomies. A considerable por-
tion of BRCA mutation carriers also opted for
PBSO, with 57% of unaffected BRCA carriers
and 67% of affected BRCA carriers. Following a
4.5-year median follow-up, no primary breast
cancers occurred after CPM. One BRCA1 muta-
tion carrier who underwent PBM was found to
have metastatic cancer in an axillary node, as well
as bone and liver metastases 3.5 years following
PBM, suggesting a missed occult primary at the
time of her PBM. No additional patients undergo-
ing PBM developed subsequent breast cancer.

Although none of the studies investigating the
role of PBM on breast cancer risk reduction are
randomized prospective trials, they all demon-
strate at least a 90% reduction in breast cancer
risk following prophylactic mastectomy. Based
on such provocative risk reduction, one would
infer a survival benefit directly from PBM in
these high risk patients; however, there has been
no strong evidence to date. One of the first studies
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investigating PBM in high risk patients by
Hartman and colleagues did confer up to a 94%
reduction in the risk of death from breast cancer
in both moderate and high risk groups; however,
this was calculated based on the probability of
breast cancer for each year of follow-up with the
breast cancer-relative survival rates from the
SEER database [6].

Schrag and colleagues also suggested a gain in
life expectancy following prophylactic surgery
among women who carry mutations in either
BRCA1 or BRCA2; however, their data was cal-
culated based on a Markov decision analysis
model. They used available data on the incidence
of cancer, prognosis of women with various can-
cer types, and the efficacy of PBM and PBSO in
preventing breast and ovarian cancer to estimate
the effects of prophylactic surgery on life expec-
tancy among women with different levels of can-
cer risk [11]. They compared nine case scenarios
based on whether patients underwent immediate
prophylactic surgery, delayed prophylactic sur-
gery, or surveillance alone. They assumed all
women undergoing PBSO would continue to
receive hormone replacement therapy until the
age of natural menopause, hypothetically abating
any effect PBSO would have on breast cancer
prevention. Their results demonstrated, on aver-
age, that 30-year-old women who carry BRCA
mutations would gain approximately 2.9-5.3
years of life expectancy from PBM and 0.3-1.7
years of life expectancy from PBSO depending
on their cumulative risk of cancer, and that the
gain in life expectancy from undergoing both
prophylactic surgeries was greater than the sum
of each procedure alone. In regards to optimal
timing for surgery, PBSO could be delayed up to
the age of 40 years with little loss of life expec-
tancy. However the overall gain in life expectancy
did decline with age, with minimal benefits for
women 60 years and older.

Based on the above studies, it is evident that
PBM confers over a 90% reduction in breast can-
cer risk in high risk women; however, there is
only a suggested mortality reduction, with the
overall gain being greater for younger women,
and little benefit on survival for women over the
age of 60.
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Prophylactic Bilateral Salpingo-
Oophorectomy

The impact of PBSO in regards to breast cancer
and ovarian cancer risk reduction has also been
well studied (Table 8.2). These studies demon-
strate an approximate 50% risk reduction of
breast cancer risk following PBSO and up to a
96% risk reduction of gynecologic malignancies
following PBSO. The greatest effect of PBSO on
both breast and gynecologic malignancies occurs
in women less than the age of 50, supporting the
use of PBSO as a prophylactic surgery for women
soon after childbearing ages.

Rebbeck and colleagues performed one of the
first retrospective case—control cohort studies
investigating the reduction of breast cancer risk
following PBSO in BRCA1 mutation carriers [12].
They included women with BRCAI mutations
who underwent PBSO but had no prior history of
breast or ovarian cancer and had not undergone
PBM. These women were matched with a control
group comprising BRCA1 mutation carriers that
had not undergone either PBSO or PBM, had
similar date of birth, and were from the same col-
laborative institution from which the case cohort
was ascertained. Following 9 years of postsurgi-
cal follow-up, PBSO demonstrated a 47% reduc-
tion in the risk of developing breast cancer, which
persisted for greater than 10 years after surgery
and was not negated by the use of postsurgical
hormone replacement therapy. When further ana-
lyzing risk reduction based on age, women older
than the age of 50 demonstrated little benefit,
indicating that the therapeutic benefit of PBSO
occurs at earlier ages.

In a later publication, Rebbeck and colleagues
investigated the benefit of PBSO for both breast
and ovarian cancer risk reduction in both BRCA1
and BRCA2 mutation carriers as compared to
matched controls [13]. In the subgroup of 259
women studied for ovarian cancer risk reduction,
only 2 (0.8%) cases of papillary serous peritoneal
cancer were diagnosed 3.8 and 8.6 years after
surgery, as compared to 58 (19.9%) cases in 292
matched controls, leading to an overall ovarian
cancer risk reduction of 96%. The mean age of
ovarian cancer diagnosis was 50 years of age
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supporting the role of PBSO as soon as possible
after childbearing is completed. In the subgroup
of 241 women studied for breast cancer risk
reduction, 21 (21.2%) of the 99 patients who
underwent PBSO subsequently developed breast
cancer, as compared to 60 (42.3%) of the con-
trols, constituting a 53% breast cancer risk
reduction.

A prospective study by Kauff and colleagues
investigated the prevention of breast and ovarian
cancer in women 35 years of age or older with
BRCA1 or BRCA2 mutations who underwent
PBSO as compared to women who underwent
surveillance [14]. With a mean follow-up of 24.2
months, 5 (6.9%) ovarian or primary peritoneal
cancers developed in women who elected to
undergo surveillance, compared to 1 (1.0%)
woman who underwent PBSO. Eight (12.9%)
women with breast tissue in the surveillance
group developed breast cancer, as compared to 3
(4.3%) women who underwent PBSO. When
both breast cancer and ovarian cancer occur-
rences were analyzed together, a 75% risk reduc-
tion of BRCA-related breast or ovarian cancer
was found. When analyzed separately, a reduc-
tion in both BRCA-related breast and ovarian
cancer occurred; however the risk reduction was
not statistically significant.

In a more recent prospective study by Kauff
and colleagues, the efficacy of PBSO for the pre-
vention of BRCA-associated breast and gyneco-
logic cancer was investigated in women with
BRCA1 and BRCA2 mutations independently
[15]. Following 33 months of follow-up, 28
(9.5%) women who underwent surveillance
developed breast cancer, as compared to 19
(6.3%) women who underwent PBSO, leading to
a 47% risk reduction in BRCA-related breast
cancer. In BRCA1 mutation carriers, 19 (10.6%)
developed a new breast cancer, as compared to 15
(7.9%) women who underwent PBSO, represent-
ing a 39% risk reduction in BRCAI patients. In
BRCA2 carriers, 9 (7.8%) patients developed
breast cancer in the surveillance group, as com-
pared to 4 (3.5%) breast cancers in the PBSO
group, leading to an overall 72% risk reduction in
BRCAZ2 carriers. The larger reduction in breast
cancer risk in BRCA2 carriers following PBSO
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was thought to be related to the higher proportion
of ER-positive breast cancers occurring in
BRCA2 mutation carriers as compared to BRCA1
carriers.

In regards to BRCA-associated gynecologic
cancers, 12 (4.2%) women who underwent sur-
veillance, as compared to 3 (0.6%) women who
underwent PBSO developed gynecologic cancers,
leading to an 88% risk reduction of BRCA-
associated gynecologic cancers following PBSO.
When their analysis was limited to BRCA1 carri-
ers, 10 (5.8%) women developed gynecologic can-
cers in the surveillance group, as compared to 3
(0.9%) in the PBSO group, leading to an 85%
overall risk reduction. In BRCA2 carriers, only 2
(1.8%) women developed gynecologic cancer in
the surveillance group, with no patients develop-
ing cancer in the PBSO group. Risk reduction in
BRCAZ2 carriersdid notreach statistical significance
related to the low incidence of BRCA2-associated
gynecologic cancers. PBSO therefore appears to
confer a larger risk reduction in BRCA-associated
breast cancer in BRCA2 mutation carriers and a
larger risk reduction in BRCA-associated gyneco-
logic cancers in BRCA1 mutation carriers.

Eisen and colleagues performed an interna-
tional case—control study also investigating the
extent of protection offered against BRCA-
associated breast cancer following PBSO in
BRCA1 and BRCA2 mutation carriers, as well as
the affect of age at PBSO [16]. They identified
1,439 matched sets in 3,295 patients, 74% were
BRCALI1 carriers, 26% were BRCA2 carriers.
As compared to the surveillance group, PBSO
was associated with a 57% reduction in breast
cancer risk in BRCA1 carriers, and a 46% reduc-
tion in risk in BRCA2 patients. This protective
effect was evident up to 15 years following
PBSO. When investigating the effect of age at
PBSO, a statistically significant reduction was
seen only up to the age of 50 in BRCA1 carriers.
There was no clear trend associated with timing
of PBSO for BRCA2 carriers likely related to the
lower number of BRCAZ2 carriers in their study,
as well as an older age of breast cancer onset in
BRCAZ2 carriers.

In a subsequent prospective case—control cohort
study investing the effect of PBSO on
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BRCA-associated gynecologic malignancies,
Finch and colleagues demonstrated an 80%
reduction in gynecologic cancer risk in patients
undergoing PBSO as compared to surveillance
alone [17]. One thousand eight hundred and
twenty-eight women were enrolled, with 75.5%
BRCAI1 mutation carriers, and 24.1% BRCA2
mutation carriers. Eight patients carried both
BRCA1 and BRCA2 mutations. Thirty two
(4.1%) gynecologic cancers were observed in the
surveillance group, 29 (5.3%) in BRCAI carriers
and 3 (1.3%) in BRCA2 mutation carriers, as
compared to 7 (1.3%) in women undergoing
PBSO, 6 (1.3%) in BRCAI carriers and 1 (1.0%)
in BRCA?2 carriers. After adjustment for covari-
ates, there was an 80% reduction in risk of gyne-
cologic cancers associated with PBSO in BRCA
carriers.

As demonstrated in the above studies, there is
an approximate 50% risk reduction for breast
cancer and up to a 96% risk reduction for gyne-
cologic-associated cancer in BRCA mutation
carriers who undergo PBSO as compared to sur-
veillance. In subset analysis, it appears that PBSO
may confer a larger breast cancer risk reduction
in BRCAZ2 carriers as compared to BRCA1 carri-
ers. This greater risk reduction is likely related to
the increased prevalence of ER-positive cancers
in BRCA2 mutation carriers as compared to
BRCA 1 carriers. On the other hand, it appears
from various studies that PBSO may confer a
larger gynecologic cancer risk reduction in
BRCAI1 carriers, which is likely related to an
increased prevalence of gynecologic cancers at
younger ages in BRCA1 carriers. The greatest
reduction in both breast and gynecologic cancers
following PBSO is shown to occur at ages less
than 50, supporting the use of PBSO for prophy-
lactic surgery soon after a woman’s childbearing
years.

Does breast and gynecologic cancer risk
reduction following PBSO equate to a mortality
benefit in these high risk women? Domcheck and
colleagues performed a large prospective analy-
sis of over 600 BRCA1 or BRCA2 mutation car-
riers, with the primary intent to determine whether
PBSO improves overall mortality and cancer-
specific mortality in these high risk patients [18].
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In their matched cohort analysis, results
demonstrated a 7% incidence of breast cancer in
BRCA carriers following PBSO, as compared to
13% in women undergoing surveillance, leading
to a breast cancer risk reduction of 64% follow-
ing PBSO in BRCA patients. Subsequent mor-
tality analysis demonstrated a statistically
significant reduction in overall mortality (HR
0.24), breast cancer-specific mortality (HR 0.10),
and gynecologic-specific mortality (HR 0.05) in
BRCA carriers. When investigating the associa-
tion between PBSO and mortality reduction in
BRCALI independent of BRCA2 mutation carri-
ers, a statistically significant reduction in overall,
breast cancer-specific, and ovarian cancer-specific
mortality reduction was demonstrated in BRCA1
carriers only, likely related to the lack of cancer-
specific deaths in BRCA2 mutation carriers who
underwent PBSO.

In a more recent multicenter prospective
cohort study by Domcheck and colleagues, the
relationship of both PBSO and PBM in cancer-
specific and overall mortality reduction was
investigated in BRCA carriers [19]. Both PBSO
and PBM resulted in breast cancer risk reduction.
After 3 years follow-up, none of the women
undergoing PBM developed breast cancer, while
7% of the surveillance women did. PBSO in both
BRCAI1 and BRCA2 mutation carriers led to a
statistically significant breast cancer risk reduc-
tion, with a 37% reduction in BRCA1 carriers
and 64% reduction in BRCA2 carriers. Breast
cancer risk reduction was only significant in
women who underwent PBSO prior to the age of
50. In regards to gynecologic cancer risk reduc-
tion, PBSO was associated with risk reduction in
BRCA1 mutation carriers only, with a risk reduc-
tion of 85% in women with a prior diagnosis of
breast cancer, and 69% in women with no prior
history of breast cancer. No cases of gynecologic
cancer following PBSO were detected in BRCA2
carriers. Furthermore, PBSO was associated with
significantly lower all-cause mortality and cancer-
specific mortality when all BRCA mutation carri-
ers were combined, with the greatest gain in
women younger than the age of 50. However
when analyzed independently based on mutation
status, all-cause mortality reduction and cancer-
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specific mortality remained significant only in
BRCA1 mutation carriers. This is likely related
to the limited number of BRCA2 mutation carri-
ers, as well as fewer events that occurred in
BRCA2 mutation carriers.

The above studies demonstrate a significant
breast and gynecologic cancer risk reduction, as
well as a significant lower cancer-specific mortal-
ity and increased overall survival in women who
undergo PBSO as compared to women who elect
to undergo increased surveillance. Importantly
this overall survival benefit and lower cancer-
specific mortality was found to occur in women
younger than the age of 50, supporting the notion
that women who elect to undergo PBSO should
do so soon after childbearing years [12, 16, 19].
As mentioned above, when BRCA mutation car-
riers were independently evaluated based on
BRCA1 vs. BRCA2 mutation status, the survival
benefit was more significant in BRCAT carriers.
This is most likely related to the lower number of
BRCAZ2 carriers enrolled in the above studies, as
well as the overall lower incidence of BRCA-
associated cancers occurring at younger ages in
BRCA mutation carriers.

When discussing PBSO as a prophylactic
option for BRCA mutation carriers, it is impor-
tant to address concerns regarding premature
menopause in premenopausal women. Premature
menopause may lead to increased risk of osteo-
porosis and cardiovascular disease, as well as
early symptoms of hot flashes, vaginal dryness,
sexual dysfunction, and cognitive dysfunction
[16]. It is important to counsel women that the
use of short-term hormone replacement therapy
appears safe in such women, with studies demon-
strating no significant difference in breast risk
cancer reduction in women who took short-term
HRT following PBSO, as compared to those who
did not [20, 21]. Although the data on duration of
HRT is not concrete, it appears that women who
undergo PBSO in their premenopausal years are
safe to take short-term HRT until the age when
they would have experienced natural menopause,
typically at the age of 50. This allows physicians
the ability to prescribe HRT until the natural age
of menopause to abate premature menopausal
symptoms in women following PBSO.
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Contralateral Prophylactic
Mastectomy

In addition to women with strong family histories
or known inherited mutations, women with a his-
tory of primary breast cancer are also at higher
risk of developing a subsequent primary cancer,
approximating 1% per year, with some studies
demonstrating a risk of contralateral breast can-
cer (CBC) up to 35% by 16 years after the first
breast cancer diagnosis [22]. This risk is higher
in women with known BRCA1 or BRCA2 germ
line mutations, with up to a 27% risk at 5 years
and 43% risk at 10 years depending on the specific
mutation and history of endocrine therapy [23].
Due to this increased risk of metachronous can-
cer, more women are electing to undergo CPM
for breast cancer risk reduction. Recent SEER
data demonstrates that the use of CPM in the
United States has more than doubled from 1998
to 2003, with up to 11% of women undergoing
mastectomy for their index cancer electing to
undergo concomitant CPM [24].

One of the first studies investigating CBC risk
reduction following CPM, was a study by
McDonnell and colleagues who retrospectively
evaluated women with a family history of breast
and/or ovarian cancer who underwent CPM at the
time of their therapeutic mastectomy. To deter-
mine CBC risk reduction they used the Anderson
statistical model calculating risk reduction based
on family history and menopausal status [22].
Following a median follow-up of 10 years, only 8
(1.1%) women developed CBC post CPM.
Through use of their statistical model, breast can-
cer risk reduction was up to 96% following CPM
which varied slightly based on menopausal sta-
tus, with a 94.8% reduction in premenopausal
women and 96.3% risk reduction in postmeno-
pausal women. The risk reduction was similar
regardless of whether adjuvant therapy was used
for the woman’s primary cancer.

Metcalfe and colleagues looked specifically at
CBC risk reduction in BRCA mutation-detected
families. Based on their analysis, they determined
a 5-year actuarial risk of CBC following the
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diagnosis of a first breast cancer to be 16.9% in
women who saved their contralateral unaffected
breast, and a 10-year risk of 29.5%. The 10-year
actuarial risk of CBC was shown to be slightly
higher for BRCA1 patients, 32%, as compared to
BRCAZ2 patients, 24.5%. With a mean follow-up
of 9.2 years, only 1 (0.7%) patient following
CPM developed a CBC, as compared to 97
(28.9%) in women who saved their contralateral
breast, leading to a 97% overall CBC risk reduc-
tion following CPM [23]. They also demonstrated
a 59% CBC risk reduction in their patients who
underwent PBSO, which was greater for women
younger than the age of 50 at time of diagnosis.

Van Sprundel and colleagues also demon-
strated a significant CBC risk reduction follow-
ing CPM in BRCA mutation carriers [25]. After a
mean follow-up of 3.4 years, only 1 (1.3%)
patient following CPM developed a CBC, whereas
6 (14%) patients undergoing surveillance devel-
oped CBC, leading to an overall 91% CBC risk
reduction following CPM, independent of the
impact of PBSO. A significant overall survival
was observed in the CPM groups as compared to
the surveillance group; however, this was related
to the effect of concomitant PBSO. Women who
underwent both CPM and PBSO did demonstrate
a better overall and breast cancer-specific survival
than either prophylactic surgery alone.

Herrinton and colleagues also demonstrated a
protective benefit of CPM on the incidence of
CBC, as well as an associated decrease in breast
cancer-specific mortality and all-cause mortality
[26]. After a median follow-up of 5.7 years, CPM
was associated with a 97% reduction in CBC
risk. Furthermore, 8.1% of women who under-
went CPM died of breast cancer as compared to
11.7% of women who did not, representing a
43% risk reduction in breast cancer-specific
death. On further analysis, the CPM cohort did
have a lower all-cause mortality suggesting a
possible of selection bias for overall healthier
patients undergoing CPM. CPM was also less
effective against preventing subsequent distant
metastasis, leading to a larger effect of CBC risk
reduction than expected mortality reduction.
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Boughey and colleagues also investigated the
effect of CPM on recurrence and survival in high
risk women with Stage I and II breast cancer [27].
High risk women were defined as any woman
with history of either first- or second-degree rela-
tive. Their control cohort was matched on age of
breast cancer diagnosis, year of diagnosis, tumor
stage, and nodal status. After a median follow-up
of 17.3 years, 2 (0.5%) patients developed a CBC
in the CPM cohort as compared to 31 (8.1%)
patients who did not undergo CPM, representing
a 95% risk reduction of CBC. Reduction in CBC
risk remained statistically significant after adjust-
ment for age, stage, nodal status, and first-degree
family history. Ten-year overall survival estimates
for CPM vs. Patients undergoing only therapeutic
mastectomy were 83% vs. 74%, with a 22% over-
all survival benefit for patients undergoing CPM.
A disease-free survival benefit of 34% was also
seen in women who underwent CPM. There was
also a trend towards improved breast cancer-
specific survival in women undergoing CPM.

In a recent large population-based study on
data from the SEER registry, Bedrosian and col-
leagues investigated the utility of CPM on breast
cancer-specific survival, with further analyses
based on age, disease stage, and ER status [28].
Of 311,643 cases of breast cancer diagnosed in
the 6-year study period, 107,106 women under-
went mastectomy for the treatment of unilateral
breast cancer. Eight thousand nine hundred and
two (8.3%) underwent CPM. As compared to
non-CPM  patients, CPM patients were
significantly younger and had earlier-stage dis-
ease. In a univariate analysis, CPM was associated
with improved disease-specific survival for
women with stages I-III, with an overall 47%
improvement in  disease-specific  survival.
Additional variables associated with disease-
specific survival were disease stage, lymph node
status, tumor grade, ER status, race, histology, and
age, all of which remained statistically significant
following multivariate analysis. To determine the
role of selection bias for healthier women, they
found that cancer-specific survival associated with
CPM declined with age, with women older than
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60 years having no risk reduction from CPM,
which was likely related to a strong association
between CPM and non-cancer causes of death in
women older than 60. Among younger women,
there was no association between CPM and non-
cancer causes of death.

In a subset analysis investigating age, disease
stage, and ER status, they demonstrated that
patients diagnosed before the age of 50 years
with stage I or II ER-negative breast cancer had a
significant reduction in the risk of disease-specific
mortality, with a risk reduction of 47%, account-
ing for a 4.8% increase in 5-year adjusted breast
cancer-specific survival favoring CPM. This was
not seen in early-stage ER-positive breast cancers
in young women. Among women between the
ages of 50 and 59, CPM was associated with
improved breast cancer-specific survival for
women who had early-stage ER-negative disease
and those with later-stage ER-positive disease.
No reduction in breast cancer-specific death was
associated with CPM in women older than 60
years of age. As illustrated by Bedrosian and col-
leagues, these results may be related to the larger
absolute lifetime risk of metachronous CBC
combined with the low probability of competing
causes of death in younger women. Furthermore
the role of endocrine therapy in reducing subse-
quent breast cancer may have a role in the
decreased effects of CPM in younger women
with ER+ disease. In addition, no survival benefit
was seen amongst women who underwent CPM
for DCIS, pure lobular cancers, or locally
advanced (stage III) disease.

Overall, the above studies demonstrate up to a
97% risk reduction of CBC in women who
undergo CPM as compared to women who save
their unaffected breast. This risk reduction has
been shown to confer a survival benefit that seems
to be affected by selection bias of healthier
women who undergo for CPM. However, based
on the SEER database study by Bedrosian and
colleagues there may be a subset of women for
which CPM would provide the greatest survival
benefit, consisting of young women with early
stage ER-negative disease (Table 8.3).
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Table 8.3 Surgical strategies for risk reduction

Prophylactic bilateral mastectomy (PBM)

L.R.-P. Spiguel and N. Hansen

e PBM has been shown to confer over a 90% breast cancer risk reduction in women at moderate to high risk based

on family history alone

* Subset analysis of BRCA mutation carriers continues to demonstrate a 85-100% breast cancer risk reduction

following PBM

* No strong evidence exists to date regarding an associated mortality benefit from breast cancer risk reduction following
PBM; however, analytic decision models do suggest a gain of 2.9-5.3 years of life in BRCA mutation carriers

Prophylactic bilateral salpingo-oophorectomy (PBSO)

* A 47-68% breast cancer risk reduction is demonstrated following PBSO, with a 80-96% gynecologic cancer

risk reduction in BRCA mutation carriers

» The greatest breast cancer and gynecologic cancer risk reduction occurred in BRCA women younger than the
age of 50 years, supporting the use of PBSO soon after childbearing years

e A significant reduction in overall mortality, breast cancer-specific mortality, and gynecologic cancer-specific
mortality is demonstrated following PBSO alone or in combination with PBM in BRCA mutation carriers

* In subset analysis investigating BRCA 1 and BRCA 2 mutation carriers independently, survival benefit was only
statistically significant in BRCA 1 carriers, likely related to the limited number of BRCA 2 carriers in the studies,
as well as the fewer cancer events that occurred in BRCA 2 mutation carriers as compared to BRCA1 carriers

* Similar to cancer-specific risk reduction, mortality benefit following PBSO was found to be significant only in

women younger than the age of 50 years
Contralateral prophylactic mastectomy (CPM)

e A 91-97% contralateral breast cancer (CBC) risk reduction has been shown to occur in women undergoing CPM

during the treatment of their index cancer

e Several studies suggest an overall and breast cancer-specific survival benefit following CPM; however, concern
exists for selection bias for younger healthier women electing to undergo CPM

* In subset analysis of a large SEER registry study, young women with ER-negative tumors may demonstrate the
greatest survival benefit due to the inability of the use of endocrine agents

e No survival benefit following CPM is demonstrated in women undergoing CPM for DCIS, pure lobular cancers,
locally advanced disease, as well as women over the age of 60

Nipple Sparing Mastectomy for Risk
Reduction and Cancer Treatment

Based on the above studies, both PBM as well as
CPM provide significant breast cancer risk reduc-
tion in patients undergoing both prophylactic and
therapeutic surgery. However, what surgery is the
best oncologic option for these patients? Over the
past few years, NSM has resurfaced as a surgical
option due to tighter selection criteria and
advanced reconstructive options. NSM is a mas-
tectomy technique similar to skin sparing mas-
tectomy (SSM), however unlike SSM, NSM
preserves the nipple areola complex with a small
amount of retroareolar tissue. From an aesthetic
standpoint, nipple areola complex preservation is
thought to maintain the aesthetic integrity of the
women’s breast, by preserving the most symbolic
component—the nipple and areola. However
from an oncologic standpoint, preserving the
nipple areola complex leaves the theoretical
potential for occult cancer in a clinically negative

nipple as well as the potential for future cancer to
occur. This risk is thought to be heightened in
high risk women undergoing prophylactic sur-
gery due to their predilection for cancer, which is
emphasized by Hartmann and Rebbeck’s earlier
studies demonstrating in-breast recurrences to
only occur in women who underwent NSM as
compared to total mastectomy [6, 9].

Occult Nipple Involvement

Numerous studies supporting the safety of NSM
for both therapeutic and prophylactic mastectomy
arise from studies investigating the incidence of
occult nipple involvement in mastectomy speci-
mens. In a recent study, Reynolds and colleagues
investigated both the presence of terminal duct
lobular units (TDLUs) in the nipple as well as the
incidence of premalignant and malignant lesions
within the NACs of BRCA carriers [29]. Sixty-
two therapeutic and prophylactic mastectomy
specimens from 33 BRCA mutation carriers were
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sectioned and microscopically examined.
Seventy-six percent of women were BRCAI1
mutation carriers, while 24% were BRCA?2 carri-
ers. Twenty-eight women (85%) underwent ther-
apeutic mastectomy, and 82% underwent
concomitant CPM. Five women (15%) underwent
PBM for risk reduction. Interestingly only 24%
of mastectomy specimens demonstrated TDLUs
in the NAC, the majority of which were in the
retroareolar tissue, with only 5 (8%) specimens
demonstrating TDLUS in the nipple papilla alone.
There was no evidence of premalignant or inva-
sive cancer found in the 33 NACs of prophylactic
mastectomies, including both CPM and PBM
specimens. Of the 29 therapeutic mastectomies,
only 1 (3.5%) NAC demonstrated invasive can-
cer, 1 (3.5%) demonstrated DCIS, and 1 (3.5%)
demonstrated atypical lobular hyperplasia.

Brachtel and colleagues then investigated clin-
icopathologic characteristics predictive of NAC
involvement [30]. Three hundred and sixteen
mastectomy specimens, 232 therapeutic and 84
prophylactic, were sectioned and analyzed.
Thirty-eight percent of patients were known
BRCA mutation carriers. None of the prophylac-
tic mastectomy specimens contained invasive car-
cinoma or DCIS, although 5% were positive for
LCIS. Twenty-one percent of the 232 therapeutic
mastectomy specimens contained pathologic
findings of DCIS (62%), IDC (<10%), ILC
(<10%), and lymphovascular invasion (<20%).
On multivariate analysis, tumor size, tumor-nipple
distance, and HER2-Neu amplification were
predictive of NAC involvement. No statistical
correlation was found with BRCA mutation sta-
tus. Furthermore they demonstrated an 80% sen-
sitivity and 96% negative predictive value of
retroareolar biopsy in determining nipple
involvement.

One of the most recent and largest studies by Li
and colleagues examined 2,323 mastectomy spec-
imens to determine the frequency of occult NAC
involvement as well as to identify clinicopatho-
logic features predictive of occult NAC involve-
ment [31]. Two hundred and forty-eight (10.7%)
mastectomy specimens demonstrated occult nip-
ple involvement, with more than half of the
involved nipples occurring only at the base of the
nipple margin. Only 5% of all involved nipples

113

had a negative base with involved papillae or skin.
Of the 248 involved nipples, 56.5% were DCIS
only, 29.4% were invasive cancer, 3.2% LVI only,
and 1.6% LCIS. Seventy-eight percent of the
index cancers with occult nipple involvement
were IDC or IDC accompanied with DCIS. On
multivariate analysis, tumor size, tumor-to-nipple
distance, central tumor location, multicentricity or
multifocality, as well as lymph node involvement,
LVI, and HER2-Neu amplification were statistical
predictors of occult nipple involvement.

The above studies demonstrate a higher likeli-
hood of NAC involvement in therapeutic mastec-
tomy specimens as compared to prophylactic
specimens, with both Reynolds and Brachtel dem-
onstrating a 0% incidence of malignant or prema-
lignant pathology involving the nipple base in
prophylactic mastectomy specimens [29, 30]. In
regards to therapeutic mastectomies, the likelihood
of NAC involvement was as high as 21%, which
was affected by factors such as tumor size, tumor-
to-nipple distance, multicentricity, higher stage
cancers, LVI, and the presence of HER2-Neu
amplification, demonstrating the importance of
patient selection in nipple areola preservation [31].

Oncologic Safety of Nipple Sparing
Mastectomy

On a clinical note, numerous single-institution
studies with at least 5 years of follow-up have dem-
onstrated oncologic safety in terms of acceptable
local, regional, and distant recurrence rates, as well
as favorable 5-year overall survival in patients
undergoing NSM [32-37] (Table 8.4). One of the
largest studies with longest follow-up was pub-
lished by Benediktsson and colleagues, with a
median follow-up of 13.4 years [33]. Although
they demonstrated one of the highest overall locore-
gional recurrence rates of 24.1%, 0% of their recur-
rences occurred at the NAC. High local recurrence
rates were likely related to their patient population,
in which over 50% of their patients had Stage II or
Stage III disease with up to 40% having axillary
node involvement. Furthermore, following sub-
group analysis of patients who received adjuvant
radiotherapy, the locoregional recurrence rate was
decreased to 8.5% after 13 years.



L.R.-P. Spiguel and N. Hansen

114

001
6L
1'L6
99L
9L

6

(%) TRATAINS [[RIDAO
TeoK-9AT]

4% 91
001 £9¢

Sy 1Y
18 LT

(23 8'1¢
8¢ 0

(%) I/ 98.1S (%) 1YX do-1sod

£'¢T
£0¢
01

(95) 20UALINDAI
JueISI(q

0
9v
0c
vel
I'vc

4

(95) 20UIINDAIL
[eu013210007]

el

91

0

C

(95) 20UALINIA JYN

¢ 66
s L68
Y 0cs
'8 8¢€C

el 91¢
Y 9¢

(s1eak) N/ (1) syuaned

110C
010T
010T
600¢
800¢
900¢
Teax

‘[e 39 uasudf
[elewry
‘Teje Wy

Te 30 19qI00)

‘Te 30 uossyyIpaueg

‘Te 319 osnIe)
Apmg

(ASN) Awoyodysewr Surreds ojddiN 8 3jqel



8 Risk Reduction Strategies: Surgical Perspective

Table 8.5 Oncologic safety of nipple sparing mastectomy

115

* A 10-20% incidence of occult nipple areola complex (NAC) involvement has been demonstrated in women
undergoing therapeutic mastectomy, with a 0% incidence of occult nipple involvement in women undergoing

prophylactic mastectomy for risk reduction

* Clinicopathologic factors related to increased NAC involvement are larger tumor size, shorter tumor-to-nipple
distance, central tumor location, tumor multicentricity or multifocality, presence of lymph node involvement, as

well as HER2-neu amplification

* Clinical studies demonstrate locoregional recurrences to occur in 0-24% of women undergoing NSM for breast
cancer treatment, with NAC recurrences only as high as 1.6%

» Intra-operative retroareolar tissue biopsy is recommended with studies demonstrating a 80% sensitivity and 96%
negative predictive value of retroareolar biopsy in determining NAC involvement

A second series published by Gerber and
colleagues compared 246 patients who underwent
MRM, SSM, or NSM, with an average follow-up of
8.4 years [34]. Each surgical group was statistically
equivalent in terms of multicentricity, AJCC stag-
ing, axillary involvement, tumor grade, as well as
pre- and postoperative systemic and radiotherapy.
Their results demonstrated no significant differ-
ences in locoregional recurrences, isolated distant
metastases, or breast cancer-specific death. Their
locoregional recurrence rates for MRM, SSM, and
NSM were 14.6, 12.5, and 13.4%, respectively,
with only a 1.6% incidence of NAC recurrence in
their NSM patients. Of more recent studies with a
minimum 5-year median follow-up, local recur-
rence rates ranged from 0 to 5%, with NAC recur-
rence rates ranging from O to 1.3% [35-37].

A recent study by Filho and colleagues investi-
gated the use of NSM for both prophylactic and
oncologic purposes in high risk women [38]. Fifty
six percent were for breast cancer risk reduction,
as compared to 44% for therapeutic mastectomies.
NSM was offered as a therapeutic option to patients
with clinically negative axillas, tumors less than
3 cm, and a tumor-to-nipple distance of at least
1 cm. Approximately 20% of their patients were
known BRCA mutation carriers, with 70% of their
patients having a positive family history. Although
with a limited median follow-up of 10.4 months,
there were no reported local or NAC recurrences.

Based on the above studies, NSM for prophy-
lactic surgery appears to be oncologically safe in
regards to the low probability of occult nipple
involvement, as well as the acceptable recurrence
rate and overall survival. Additional long-term
follow-up in high risk patients would be helpful
in fully elucidating the clinical outcomes in such
patients. NSM for therapeutic surgery also

appears safe; however, appropriate patient
selection appears to be paramount and the use of
intra-operative frozen section of retroareolar tis-
sue is recommended (Table 8.5).

Role of Sentinel Lymph Node Biopsy
in Prophylactic Mastectomy

SLNB in the setting of prophylactic mastectomy
currently is not standard of care, although the use
of SLNB has been demonstrated to occur in up to
85% of patients undergoing CPM based solely on
surgeon preference [39]. Many surgeons fear the
need to perform staging axillary lymph node dis-
section (ALND) in patients found to have occult
invasive malignancies in their prophylactic speci-
mens, when an axillary dissection potentially
could have been prevented with a negative SLNB.
Although some institutions do report the utility of
SLNB following mastectomy, the overall accuracy
is unknown [40]. Although postsurgical complica-
tions following ALND are reported in up to 70%
of patients, SLNB is also not without risk, with
recent data from prospective randomized trials
demonstrating up to a 25% postoperative compli-
cation rate following SLNB alone, which includes
up to an 8% risk of lymphedema at 6 months [41].
Furthermore the incidence of an occult invasive
cancer in prophylactic specimens is reportedly
low. Both Hartmann and colleagues, as well as
Heemskerk-Gerritsen and colleagues demon-
strated a <1% incidence of occult invasive cancer
in their prophylactic mastectomy specimens of
high risk women undergoing PBM [6, 10].

Since then numerous retrospective studies
have investigated the role of SLNB for prophy-
lactic surgery [42—48] (Table 8.6). The incidence



L.R.-P. Spiguel and N. Hansen

116

el

C

C

C

€1

9°¢

61

e

(%) san1sog

ANIS [elore[enuo))

S

9

6T

8¢

61

€L

e

0

(%) S1DA

I

[

7'l

91

€1

9C

8’1

e

(95) 190UBD JAISBAU]

uowrtoads Aw0)00)seIN

S8y
Tes
6S
£Cs
9¢s
LS

(%) + 10181 AT

9 ¥81
- 66
- (2%
€6 6CS
L SSl
0'LL €Ll
9¢ 60¥
- LS
(%) vOud (1) syuaneq

QAn0adsonay
QAndadsonoy
aAn0adsonay
aAT0adsonay
aAndadsonay
An0adsonay
An0adsonay

aanoadsorg
u3isop Apms

110¢
010¢
600¢
800C
L00T
L00¢
900¢
000C
TeQx

‘I8 32 U0Z9ZSAZD)
BERERENNCNG
‘Te 30 e3uoIe|

‘I8 39 ury3ne o

‘Te 10 ueIOS
LECR LK

‘[e 32 Aoysnog
‘[e 30 yuodng
Apms

Asdoiq apou ydwA| [ounuag 9°g ajqer



8 Risk Reduction Strategies: Surgical Perspective

17

Table 8.7 Role of sentinel lymph node biopsy (SLNB) in risk reducing surgery

» The incidence of occult invasive carcinoma found in prophylactic mastectomy is low, occurring in less than 3.5%

of women undergoing PBM

*  When calculating the total benefit rate of sentinel lymph node biopsy based on the number of negative sentinel
lymph nodes when occult cancer is found and the number of positive sentinel lymph nodes when no cancer is
found, the benefit rate is only 2.8%—in turn not supporting the use of routine SLNB during prophylactic surgery

e Some studies investigating sentinel lymph node biopsy in CPM also demonstrate an increased risk of cross
metastasis to contralateral sentinel nodes, questioning the utility of routine SLNB in this subset of patients

of occult invasive carcinoma in prophylactic
specimens has been shown to occur between 1
and 3.5% of the time. Furthermore the majority
of occult disease if found, is typically in situ dis-
ease. In a recent meta-analysis incorporating
1,251 patients undergoing routine SLNB in 1,343
prophylactic mastectomies from 6 retrospective
studies, occult invasive cancer was found in 21
specimens, representing an occult invasive can-
cer rate of only 1.7% [49]. Of these 21 cases,
only 4 cases had positive SLNs, therefore only 17
patients of 1,343 pooled prophylactic mastecto-
mies were able to avoid potential ALND. Eighteen
cases demonstrated positive SLNs where no
occult cancer was identified. A total benefit rate
of SLNB was calculated, which was defined as
the number of negative SLNs at the time of pro-
phylactic mastectomy in cases with occult cancer
plus the number of positive SLNs at the time of
prophylactic mastectomy in cases where no inva-
sive cancer was identified divided by the number
of prophylactic mastectomies. The overall benefit
rate was 2.8%.

Although Zhou and colleagues demonstrated
only an overall 2.8% benefit rate, is there a patient
population that would benefit from routine
SLNB? Of the studies reviewed, the majority
demonstrate a higher incidence of occult cancer
in CPM specimens for known index cancers as
compared to PBM for risk reduction. Therefore
patients undergoing PBM for risk reduction may
not be suitable candidates for routine SLNB.
However in CPM patients, clinicopathologic fac-
tors have been identified as predictive in both
contralateral occult disease as well as contralat-
eral sentinel lymph node involvement. Boughey
and colleagues demonstrated postmenopausal
status, age over 60 years, or history of either ILC

or LCIS to be predictive of contralateral occult
disease. They did not demonstrate BRCA muta-
tion status to be a predictive variable [43].
Laronga and colleagues found that larger index
cancer size, ipsilateral nodal metastases, higher
index tumor grade, skin and nipple involvement,
and LVI did play independent roles in contralat-
eral nodal involvement in the absence of contral-
ateral occult disease [46]. This was true in 6 of
the 8 studies and likely represented cross metas-
tasis from locally advanced or inflammatory
index cancers, as well as patients undergoing
delayed CPM in the face of an ipsilateral recur-
rence with prior axillary dissection. Such clinico-
pathologic characteristics may be helpful in
patient selection for SLNB in patients undergo-
ing CPM [39, 43, 44, 46-48] (Table 8.7).

Conclusion

The decision to undergo prophylactic surgery for
risk reduction remains complex. Although pro-
spective randomized clinical trials would be ideal
to truly evaluate the efficacy of prophylactic sur-
geries on risk reduction and survival, these stud-
ies would be difficult for accrual and would take
years of follow-up. Based on numerous prospec-
tive and retrospective studies, PBM, PBSO,
as well as CPM demonstrate significant cancer-
specific risk reduction. Although only analytical
models demonstrate expected survival benefit for
patients undergoing PBM, stronger retrospective
and prospective studies demonstrate an overall
survival and cancer-specific survival in younger
women undergoing PBSO. Furthermore, a recent
population-based analysis demonstrates a poten-
tial survival benefit in younger patients with
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ER-negative tumors undergoing CPM. In regards
to type of prophylactic surgery, total mastectomy,
SSM, and NSM all appear to be safe options for
prophylactic surgery. Patient selection remains
imperative for NSM decision in patients undergo-
ing NSM for therapeutic mastectomy, with tumor
characteristics and anatomical factors of clinical
importance. Whereas the routine use of SLNB is
not fully supported based on the available litera-
ture, the use of SLNB in selected patients undergo-
ing CPM may appear clinically appropriate, such
as patient with locally advanced index cancers.
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Options and Advances in Breast

Reconstruction

John Y.S. Kim, Vinay Rawlani,
and Jennifer E. Cheesborough

Introduction

Women at high risk for developing breast cancer
are increasingly turning to risk reduction surgery,
and the majority of these women will pursue
breast reconstruction. Therefore, to fully under-
stand the surgical management of high-risk
women, one must be aware of the reconstructive
options available including prosthetic and autolo-
gous modalities. Each of these procedures has
distinct advantages and disadvantages, which are
discussed in the following chapter. The key
aspects of these procedures and their outcomes
are also reviewed.

Introduction to the High-Risk Patient

For women in the United States, the lifetime risk
for developing breast cancer is 12.2% [1]. There
are also women who carry a heightened risk of
developing cancer. These include women with a
strong family history of breast cancer, a BRCA1
or BRCA2 mutation, in situ breast cancer, and
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atypia. Approximately 5-19% of women have a
strong family history of breast cancer [2].
Additionally, 1 in 400 women in the general pop-
ulation are carriers of the BRCA mutation, 1 in
40 women of Ashkenazi Jewish decent are carri-
ers of the BRCA mutation, and 0.4% of women
have known breast cancer in situ [3]. Prophylactic
risk reduction mastectomy serves to reduce the
chance of developing breast cancer in these
“high-risk” patients. Data shows that the risk of
breast cancer can be reduced by 90% with bilat-
eral prophylactic mastectomy (BPM) and up to
95% when combined with prophylactic oophorec-
tomy [4, 5].

While breast reconstruction rates after BPM
vary from 60 to 92%, the increasing incidence of
risk reduction breast surgery will ultimately lead
to a heightened utilization of reconstructive tech-
niques [6, 7]. These patients comprise a unique,
typically younger group of women undergoing
breast reconstruction. Although satisfaction rates
for BPM and subsequent reconstruction fall
between 70 [8] and 100% [9], these patients have
greater reconstructive expectations than their
counterparts undergoing therapeutic mastectomy
[10]. Nearly all high-risk patients will have ques-
tions prior to surgery; however, 69% of these
concerns are related to reconstruction rather than
oncologic issues [10]. Therefore, understanding
of the approach to the high-risk patient cannot be
complete without knowledge of the reconstruc-
tive options available for these patients.

N.M. Hansen (ed.), Management of the Patient at High Risk for Breast Cancer, 121
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Reconstructive Goals and Limitations

For all breast reconstruction patients, the goal of
surgery is to restore reasonable shape, volume,
and symmetry of the breasts. These factors have
been associated with improved self-image and
self-confidence in women undergoing mastec-
tomy reconstruction [11-15]. Traditionally, the
ability to restore breast volume, shape, and sym-
metry relies on suitable preservation and rear-
rangement of skin and appropriate substitution of
volume. Whether the volume replacement is in
the form of an implant or autologous tissue rear-
rangement, the key is to provide sufficient bulk
and position the volume in an aesthetic fashion.
In the high-risk population, there is one addi-
tional factor that has a dramatic effect on recon-
structive outcomes: whether or not the nipple can
be spared. Preserving the nipple can significantly
impact overall aesthetic outcomes [16, 17].

Reconstructive Planning:
Nipple Sparing Mastectomy

The oncologic indications for nipple sparing mas-
tectomy (NSM) are broadening. In general, NSM
is considered for all high-risk patients and most
cancer patients with TO to T2 tumors smaller than
4.5 cm in size, further than 2.5 cm from the areola
edge and 4 cm from the nipple center, with no
clinical involvement of the nipple areola complex
(NAC) or skin [18, 19]. In these circumstances,
the incidence of local recurrence appears to be
equivalent to skin sparing mastectomies [19-23].

Following a NSM, the blood supply to the NAC
is based solely upon the subdermal plexus of the
mastectomy skin flap. Several surgical techniques
have been described for NSM that focus on increas-
ing NAC viability. The most common incisions
used in NSM are periareolar, lateral, transareolar,
vertical, or inframammary [24-26] (Fig. 9.1). Each
incision has advantages and disadvantages
(Table 9.1). Periareolar incisions enable central
access to all quadrants of the breast during the mas-
tectomy while maintaining a well-hidden scar
within the periphery of the NAC. However, the
radial blood supply to the nipple is disrupted along

Lateral

|

., «— Periareolar

’

~
Inferolateral ™

Fig. 9.1 Schematic drawing of common nipple sparing
mastectomy (NSM) incisions. Several incision patterns
have been proposed for the NSM. The periareolar, lateral,
and inframammary incisions are the most common.
Incision designs require balancing effects on exposure vs.
nipple viability. Note that the periareolar incision alone
directly limits radial blood flow to the nipple and therefore
is not recommended. The inferolateral incision is a
modification of the inframammary incision and allows
better access to the upper outer quadrant

the length of the incision, such that incisions that
cover a greater percentage of the radial circumfer-
ence of the NAC increase the risk of nipple necro-
sis (Fig. 9.2a—c). Lateral incisions also allow for
easy access to all quadrants of the breast, but do not
directly disrupt the radial blood supply to the nip-
ple. While the scar lies on the breast mound, it is
often well-hidden in a bra or bathing suit (Fig. 9.3a,
b). The transareolar incision placed horizontally
directly across the NAC provides a similar amount
of exposure as the periareolar and lateral incisions;
however, scar contracture may cause nipple distor-
tion. The vertical incision preserves blood supply to
the NAC similar to a lateral incision, improves vis-
ibility near the inframammary fold (IMF), but the
scar remains on the breast mound and reduces
access to the axillary tail. Inframammary incisions
allow the scar to be well-concealed in the IMF with
minimal disruption of the dermal blood supply to
the NAC (Fig. 9.4a, b). The inframammary incision
may be modified by shifting the incision to the
inferolateral portion of the IMF (inferolateral
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Table 9.1 Nipple sparing mastectomy incision: advantages and disadvantages

Pro

Periareolar Good central access for mastectomy,
reasonable scar aesthetics

Lateral Good central access for mastectomy, good
blood supply

Transareolar Good central access for mastectomy, good
blood supply

Vertical Good blood supply, allow removal of excess
skin in horizontal dimension

Inframammary  Good scar aesthetics

Inferolateral Good scar aesthetics, improved access to

upper outer quadrant

Con
Increased nipple necrosis/loss

More visible scar, possible nipple malposition

More visible scar, possible loss of nipple projection
or retraction

Technically difficult to reach upper outer quadrant

Questionable vascularity in larger breasts, poor
access for larger volume mastectomies

Poor access for larger volume mastectomies

Fig. 9.2 Nipple necrosis following a unilateral nipple
sparing mastectomy (NSM) using a periareolar incision.
(a) Preoperative photograph. (b) Postoperative result
demonstrating the aesthetic benefits of a nipple sparing
approach to mastectomy with a periareolar incision. (c)
(Different patient) the periareolar incision is more likely

incision). This potentially allows for better
preservation of inferior perforating vessels and pro-
vides better access to the upper outer quadrant,
which is often difficult with a traditional inframam-
mary incision.

to result in nipple necrosis. With a periareolar incision, the
radial blood supply to the nipple areolar complex is dis-
rupted along the length of the incision. The greater the
circumference covered by the incision, the greater the risk
of necrosis

The reported incidence of nipple necrosis rates
varies from 0 to 68%, with a propensity towards
higher rates of necrosis with periareolar incisions
[24, 25, 27-30]. Several other patient and techni-
cal factors may affect the risk for nipple necrosis.



124

JY.S.Kimetal.

=TS

Fig.9.3 Bilateral tissue expander-implant reconstruction
following nipple sparing mastectomy via lateral incision.
(a) Preoperative photograph. (b) Postoperative result

Fig.9.4 Unilateral tissue expander-implant reconstruction
following nipple sparing mastectomy via inframammary
incision. (a) Preoperative photograph of a patient with
atypical lobular hyperplasia of left breast who underwent a
small infra-areolar biopsy. (b) Postoperative result demon-

Patients with larger or ptotic breasts will have a
longer NAC to chest wall distance and attenuated
blood supply to the NAC [31]. In general, patients
who are diabetic and actively smoking are thought
to have poorer perfusion of mastectomy skin
flaps and may not be the best candidates for a
nipple sparing procedure [32, 33]. Thinner mas-
tectomy skin flaps and the use of tumescent solu-
tion with epinephrine are thought to potentially
increase risk of wound complications, but the use
of tumescent solution may facilitate the genera-
tion of the mastectomy flaps for the surgical
oncologist/breast surgeon [31].

Reconstructive techniques may also have an
effect on nipple viability [34]. With any type of
reconstruction, one must limit the amount of pres-
sure placed on skin flaps as this may decrease the

demonstrating the aesthetic benefits of a nipple sparing
approach to mastectomy with a lateral incision

strating the aesthetic benefits of an inframammary nipple
sparing approach to mastectomy. This patient with moder-
ate-sized breasts and minimal ptosis is the ideal candidate
for an inframammary approach to nipple sparing mastec-
tomy. She had a contralateral breast augmentation

blood supply to the NAC. Autologous reconstruc-
tion may provide a secondary source of blood sup-
ply to the nipple via an underlying vascularized
tissue bed. In prosthetic reconstruction, various
techniques have been described to increase nipple
viability. In two-stage expander-based reconstruc-
tion, the expanders may be initially underinflated
to reduce tension on the skin flaps. With single-
stage prosthetic reconstruction, there is impetus to
restore all or part of the breast volume immedi-
ately following the mastectomy, but consideration
must be given to the viability of the NAC at the
time of surgery. If an adjustable implant is utilized,
the implant may be underfilled if the flaps appear
threatened and fully inflated at a later clinic visit.
At our institution, we have adopted a patient-
specific, multidisciplinary approach to nipple
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sparing mastectomies. The decision to pursue a
NSM is determined by the breast surgeon and
patient. Prior to the mastectomy, the breast and
reconstructive surgeons discuss the incision
design, taking into consideration the patient’s risk
factors and anticipated techniques for mastectomy
and reconstruction. For patients with small breasts
without lesions in the upper outer breast quadrant,
an inferolateral incision is used. In cases not
meeting these criteria, a lateral incision is pre-
ferred. We rarely utilize a periareolar incision,
except in the outlier cases of preexisting periareo-
lar scars, as the minimal benefit it provides is out-
weighed by the risk of nipple necrosis. During the
reconstructive procedure, the mastectomy skin
flaps and nipple viability are assessed. If the NAC
or surrounding skin is not thought to be viable, the
mastectomy is converted into a skin sparing mas-
tectomy (SSM). If there is any doubt of complete
flap viability, the reconstruction may be delayed
and the mastectomy skin flaps monitored.

Reconstructive Planning: Skin
Sparing Mastectomy

Although NSM allows for complete preservation
of the skin envelope, the technique is not suitable
for all patients [19, 35]. Such patients are candi-
dates for a SSM (Fig. 9.5a). Although the NAC
and some skin are removed during an SSM, the
similar principle of optimizing mastectomy skin

flap preservation is utilized to enhance the
outcomes of SSM (Fig. 9.5b). Most breast sur-
geons use an elliptical or fusiform skin excision
with a length to width ratio of 3:1, which is
thought to permit a tension-free closure without
relative excess at the apices. While this incision
design may be appropriate for patients with
excess skin, a significant amount of skin is
removed and can affect reconstructive outcomes.
Therefore, planning of the SSM incision warrants
discussion.

From the oncologic surgeon’s perspective, a
mastectomy incision is designed to achieve two
goals: to adequately excise skin to aid in tumor
control and to provide access for the mastectomy
procedure. From the reconstructive surgeon’s per-
spective, the incision is designed to optimize the
outcome of the reconstruction. Mathematical
modeling has shown the amount of skin removed
in the vertical dimension has greater negative
effects on breast volume and shape than skin
removed in the horizontal dimension [36]. The
relationship between the vertical dimension of the
mastectomy incision and breast volume is qua-
dratic in nature. Additionally, the volume loss
caused by loss of vertical skin height occurs in
areas that impact breast projection and ptosis,
which are two very important components of an
aesthetically acceptable result (Fig. 9.6).
Fortunately for the breast surgeon, horizontal
extension of the incision provides excellent visual
access to the breast [36]. Therefore, the ideal SSM

Fig.9.5 Bilateral tissue expander-implant and nipple areo-
lar complex reconstruction following skin sparing mastec-
tomy (SSM). (a) Preoperative photograph. (b) Postoperative
result demonstrating a reasonable appearance of the breast

after reconstruction is completed. Note how the recon-
struction of the nipple areolar complex visually improves
the outcome
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Fig. 9.6 Mathematical modeling demonstrating the effect
vertical incision dimensions on breast volume. Top: effect
of an elliptical skin excision with vertical dimension mea-
suring 40 mm on breast volume. Bottom: effect of an ellipti-
cal skin excision with vertical dimension measuring 60 mm

Fig. 9.7 Schematic drawing of the preferred SSM inci-
sions. Optimal skin preservation is an important aspect of
achieving good aesthetic outcomes after SSM. The verti-
cal dimension of an incision has greater effect on breast
volume loss than the horizontal component and therefore

on breast volume. Note the significant reduction in breast
volume compared to the 40 mm ellipse, and the greater
effect of volume loss on projection and ptosis. There is a
quadratic relationship between the vertical dimension of an
elliptical mastectomy incision and breast volume

would involve a complete periareolar incision
with a horizontal extension in the lateral or supe-
rolateral direction. Alternatively, a fusiform inci-
sion in the same vector may be used with minimal
additional effect on reconstructed breast volume
(Fig. 9.7). Planning of the incision is important
for both prosthetic and autologous-based recon-
structions. In prosthetic breast reconstruction,
preservation of the native mastectomy flap mini-
mizes the need for serial expansions. In autolo-
gous reconstruction, aesthetic outcomes are better
when the visible flap skin paddle is minimized to
the size and shape of the reconstructed NAC.

<<
<

Fig. 9.7 (continued) should be minimized. Secondly,
medial extension of the incision into the breast cleavage
area should be avoided. Therefore, the preferred design of
an SSM incision is a circum-areolar incision at a minimal,
yet oncologically safe, distance from the areolar with a
lateral extension. Alternatively, a fusiform incision with
the apex pointing in the same vector may be used with
minimal effect on breast volume loss
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Breast Reconstruction: Techniques

As alluded to above, the best reconstructive out-
comes begin with an appropriately planned mas-
tectomy. The second focus of breast reconstruction
is replacement of the excised parenchymal vol-
ume to achieve reasonable size, shape, and sym-
metry. In selecting the appropriate method of
reconstruction, one must consider the advantages
and disadvantages of each technique and evaluate
the patient’s goals and expectations.

There are two methods of breast reconstruc-
tion: prosthetic (i.e., tissue expander-implant
reconstruction) and autologous (pedicled or free
flap tissue transfer). The advantages and disad-
vantages of each technique are summarized in
Table 9.2. In general, prosthetic reconstruction is
a less invasive procedure, with a shorter immedi-
ate recovery period than autologous reconstruc-
tion. However, this method carries an overall
greater incidence of long-term complications,
requires that a prosthetic device be permanently
implanted in the body and has greater limitation
in achieving a natural appearance. Alternatively,
autologous reconstruction is highly effective in
producing a natural breast appearance and tex-
ture. However, autologous reconstruction is more
invasive and requires a longer recovery time.
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While the overall incidence of complications is
lower, the possibility of complete flap failure and
complications at the flap donor site is always
present [37].

While reconstructive options may be discussed
preoperatively with the patient, one must remem-
ber that the definitive method of reconstruction
cannot be determined until intraoperative evalua-
tion of the skin flaps and the mastectomy defect
is completed. In prosthetic reconstruction, the
viability of skin flaps has a significant impact on
whether the reconstructive surgeon can perform a
one or two-stage prosthetic reconstruction. In
cases of autologous reconstruction, the perfusion
of the reconstructive flaps must be assessed as
well as the patency of recipient vessels.

Unilateral vs. Bilateral Reconstruction

The majority of high-risk patients will undergo
BPM and reconstruction [38]. In general, the out-
comes of bilateral prosthetic-based reconstruction
are better compared to unilateral cases because
such reconstruction gives the surgeon more con-
trol over achieving symmetry [17]. However,
women undergoing bilateral reconstruction may
not have sufficient tissue to undergo bilateral breast
reconstruction with autologous tissue alone.

Table 9.2 Prosthetic vs. autologous reconstruction: advantages and disadvantages

Abdominal tissue transfer

Initial surgery impact
Secondary surgery
(excluding nipple
reconstruction)

Hospital stay
Shape and feel

Potential for
abdominal weakness

Return to work
Procedure-specific risks

Tissue expander/implant
Minimal
Always, unless

candidate for one-stage
reconstruction

1-2 days
No ptosis, firm, little

motion, no change with
body weight changes

None

2 weeks

Skin flap loss, delayed
healing, expander
exposure/infection

Latissimus flap +implant
Moderate
Occasional

2-3 days

Moderate to natural ptosis, less
firm, more motion, little change
with weight fluctuation

None

4 weeks
Donor site seroma, flap loss

(TRAM, DIEP, SIEA)
Greatest
Infrequent

3-7 days

Natural ptosis, soft, normal
motion, changes propor-
tionate to weight fluctuation
Risk even with muscle
sparing techniques
(except SIEA)

6-8 weeks

Flap loss, partial flap loss,
abdominal weakness, fat
necrosis
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Fig. 9.8 Unilateral tissue expander-implant-based recon-
struction following SSM. (a) Preoperative photograph of
a patient who desired an increase in breast size following
unilateral SSM. (b) Postoperative result demonstrating
the aesthetic benefits of tissue expander-implant. In gen-

There are high-risk patients with atypia and in
situ lesions who will decide to undergo a unilat-
eral mastectomy and reconstruction. Inherently,
it is more difficult to achieve symmetry in unilat-
eral reconstruction since the surgeon must try and
match the appearance of a natural breast. It is
especially difficult to attain symmetry in women
with larger and/or ptotic breasts. In these cases,
one may consider a contralateral procedure for
symmetry or autologous-based reconstruction
(Fig. 9.8a—c).

Timing

Most high-risk patients who desire breast recon-
struction will undergo immediate reconstruction
following their mastectomy [38]. The advantages
of immediate reconstruction include fewer sur-
geries, more pliable tissues unhindered by soft
tissue contracture, superior breast shape and
symmetry, lower cost, and positive psychological

eral, serial tissue expansion allows the surgeon to increase
the breast size to that desired by the patient.
(c) Postoperative result following nipple areolar complex
reconstruction and contralateral augmentation for

symmetry

outcomes [39]. The disadvantages include longer
initial surgery times and possible mastectomy
skin flap necrosis. A few high-risk patients will
delay reconstruction in consideration of the risk
of occult cancer diagnosis in the mastectomy
specimen. Data suggest that the detection rate of
occult cancer (DCIS or invasive carcinoma) in a
prophylactic mastectomy specimen for a high-
risk patient is 5—15% [40]. In this incidence, one
must consider whether the patient requires radia-
tion and whether there is adequate skin to reestab-
lish the breast envelope. These factors may lead a
surgeon to recommend autologous reconstruction.

Prosthetic-Based Reconstruction

Prosthetic-based breast reconstruction accounts
for nearly 80% of breast reconstruction procedures
across the United States [41]. The procedure
involves replacing the breast parenchyma with a
breast implant. While the majority of high-risk



9 Options and Advances in Breast Reconstruction

patients are candidates for prosthetic reconstruction,
it may not be suitable for all patients. Important
factors to consider prior to prosthetic reconstruc-
tion include the patient’s body habitus and breast
size, whether the reconstruction is unilateral or
bilateral, the patient’s expectations for symmetry,
and ability to tolerate the possibility of a second
operative procedure and serial expansions. The
ideal candidates for prosthetic reconstruction are
women with small- to medium-sized breasts, min-
imal breast ptosis, and planned bilateral recon-
struction. In patients undergoing unilateral
prosthetic reconstruction, symmetry is increas-
ingly difficult to achieve with increasing size and
ptosis of the contralateral native breast.

Obese patients pose an additional challenge in
prosthetic breast reconstruction. In addition to
often having large, ptotic breasts, this patient pop-
ulation often demonstrates a broader chest with
excess lateral chest wall tissue. Given the limita-
tion of tissue expander and implant sizes, pros-
thetic reconstruction may not restore the breast
volume to that of the original breasts or provide
the appropriate relationship between the body
habitus and reconstructed breasts. In this situation,
the addition of autologous tissue to an implant-
based reconstruction, or the use of autologous tis-
sue alone, may achieve a more pleasing result.

On the other hand, there are circumstances in
which prosthetic reconstruction may be highly
favored over autologous reconstruction. In active
women with minimal excess body tissue, there
may not be sufficient tissue to perform autolo-
gous breast reconstruction. Active patients may
also not tolerate the possibility of donor site mor-
bidity, such as abdominal weakness. For patients
with multiple medical problems, prosthetic-based
reconstruction offers a less invasive, simpler
operation with faster recovery.

Two-Stage (Tissue Expander-Implant)
Reconstruction: Technical
Considerations

The majority of prosthetic-based reconstructions
are performed in two stages. The first stage
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involves placement of a tissue expander in a
subpectoral pocket following mastectomy.
Postoperatively, serial inflations of the tissue
expander are performed until the desired breast
size is achieved. During the second stage, the tis-
sue expander is exchanged for an implant. In gen-
eral, two-stage reconstruction maximizes the
reconstructive surgeon’s control over the size,
shape, and pocket position by allowing for revi-
sion during the tissue expander to implant
exchange. This differs from one-stage implant-
based reconstruction in which the permanent
implant is placed during the primary procedure.

There are several aspects of prosthetic-based
breast reconstruction that are influenced by the
mastectomy technique and merit discussion. To
begin, the IMF determines the inferior position of
the tissue expander during the first stage opera-
tion. Therefore, care should be taken to avoid dis-
turbing the IMF during the mastectomy. Its
desired position should be marked on the patient
preoperatively in case it is disrupted during the
mastectomy.

Next, the preferred placement of the tissue
expander is in a submuscular or subfasical pocket.
There are two main methods of creating the
pocket. A subpectoral-subfascial pocket may be
developed by elevating the pectoralis major mus-
cle and fascia of the serratus anterior and rectus
abdominis muscles. With this technique, the pec-
toralis major is elevated off the chest wall and pec-
toralis minor. As the dissection is carried laterally,
the pocket is elevated in continuity with the sub-
fascial plane of the serratus anterior. As dissection
is carried inferiorly to the IMF, the tissues above
the rectus muscles are elevated in continuity with
the subpectoral space. This creates a complete
subpectoral/subfascial space for placement of the
tissue expander. Therefore, during the mastec-
tomy, care should be taken not to violate the fascia
above the rectus abdominus or serratus anterior
muscles. In a separate technique, a subpectoral—
subdermal pocket may be created by completely
disoriginating the pectoralis major from the chest
wall. In this scenario, only the superior portion of
the expander is covered by the pectoralis. While a
healthy inferior mastectomy skin flap can support
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the inferior portion of the expander, a thin or
compromised skin flap may provide inadequate
soft-tissue coverage of the inferior pole of the
expander thereby increasing the risk for implant
exposure. To address this, a piece of acellular der-
mal matrix (ADM) is often used to cover the infe-
rior portion of the tissue expander and augment
implant coverage. There are many potential
benefits and pitfalls to this technique, which are
discussed in the section on ADM.

Once the pocket is created, the appropriate tis-
sue expander is selected and placed into the pocket.
Selection of the appropriate expander is based on
several factors including: desired breast volume,
breast dimensions (height, width, and projection),
and the patient’s body habitus. The extent of intra-
operative inflation of the tissue expander is highly
dependent on the status of the mastectomy skin
flaps. The tissue expander is filled to a volume that
optimally eliminates dead space, but does not
impart excessive pressure on the mastectomy skin
flaps. Greater intraoperative expansion allows for
improved outcomes by preserving native mastec-
tomy skin; however, the viability of mastectomy
skin will determine how much expansion can
safely be performed intraoperatively. Tissue
expansion is continued postoperatively until the
desired breast size is achieved. The amount of skin
removed during SSM will inherently influence the
amount of expansion that needs to be performed
postoperatively to reestablish the breast envelope.

The second stage involves exchange of the tis-
sue expander for a permanent implant. The selec-
tion of a saline or silicone implant largely depends
on patient preference. All patients undergoing
breast reconstruction are candidates for use of a
silicone gel implant as long as they meet the
inclusion criteria determined by the manufacturer.
During the second stage, the capsule that devel-
ops around the expander can be modified via a
capsulotomy and/or a partial capulectomy to gain
control over the final implant and IMF position.

In unilateral reconstructions, a procedure may
be performed on the contralateral breast to improve
symmetry. Contralateral symmetry procedures
include augmentation mammaplasty, mastopexy,
or reduction mammaplasty. These procedures are
most often undertaken during the second stage

JY.S.Kim etal.

once the reconstruction is complete to maximize
the surgeon’s control of overall symmetry.

One-Stage (Implant) Reconstruction:
Technical Considerations

In select cases, prosthetic-based breast recon-
struction can be completed in one operation. The
procedure is performed in the same manner as the
primary operation for the two-stage prosthetic
reconstruction, except that a permanent implant
is inserted instead of a tissue expander. In the
ideal case, implants are selected to fill the mas-
tectomy defect and act to preserve the native mas-
tectomy skin flaps in their entirety. This technique
is particularly beneficial for patients undergoing
NSM, where all of the breast skin is preserved.

Not all patients are candidates for one-stage
implant reconstruction and both the anatomical
and patient factors that influence whether this
procedure is appropriate must be considered.
Anatomically, the patient should have small- to
moderate-sized breasts with minimal ptosis.
Following the mastectomy, the skin flaps must
demonstrate excellent viability with adequate tis-
sue to fulfill the patient’s desired final breast size.
If there is not enough skin, undue tension will be
placed on the flap by a permanent implant, thereby
increasing the risk of skin flap necrosis. In cases
where there is adequate skin, the use of an adjust-
able permanent saline implant can aid in one-
stage reconstruction. In these cases, the permanent
implant has a remote access port that is used for
minor volume modification postoperatively until
the desired size is achieved. While there are
advantages to this method, breast projection and
final implant position may be more difficult to
finesse than in two-stage reconstruction.

In addition to anatomic considerations, there
are patient factors to consider in one-stage pros-
thetic reconstruction. First, the patient must dem-
onstrate tolerance for a potentially smaller breast
size with a one-stage approach. Second, patients
should be prepared to undergo revision surgery in
order to achieve their desired aesthetic outcome.
This may prove difficult when the expectation is
for a single procedure.
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Fig. 9.9 Schematic representation of acellular dermal
matrix-assisted tissue expander-implant breast reconstruc-
tion. During the reconstructive procedure, ADM is sutured
to the chest wall to re-establish the IMF and the inferior
border of the dis-inserted pectoralis muscle to create a
dermal sling

Acellular Dermal Matrix

Today, nearly one-half of prosthetic breast recon-
structions are being performed with ADM [42].
The benefits of this procedure have been alluded
to above and include: (1) enhanced positioning of
the prosthesis, (2) more precise definition of the
IMF, (3) faster expansion curve (with concomi-
tant reduction in clinic visits and time to
exchange), (4) improved cosmesis resulting from
better expansion of the lower pole, (5) decreased
dissection of serratus anterior and rectus fascia
(with possible reduction in postoperative pain),
and (6) dissipation of pressure placed on skin
flaps by the tissue expander or implant. There are
also potential benefits of reducing long-term cap-
sular contracture. In general, the ADM is inserted
as an inferior pole sling, which supports and cov-
ers the inferior aspects of a tissue expander or
implant. The inferior aspect of the acellular der-
mis is sutured to the chest wall to reestablish the
IMF. The superior aspect is sutured to the pecto-
ralis muscle, creating a subpectoral/sub-ADM
implant pocket (Fig. 9.9). Over time, the acellular
dermis is incorporated into the soft tissues, by

Table 9.3 Meta-analysis-derived pooled complication
rate for prosthetic breast reconstruction [43]

Outcome [43] Incidence (%)

Hematoma 1.5
Seroma 3.5
Infection 4.7
Mastectomy flap necrosis 4.9
Reconstructive failure 3.8

vascular and fibroblast in-growth, theoretically
reducing the risk for infection [34]. By enabling
full release of the pectoralis major muscle from
the IMF, use of ADM facilitates a larger, more
defined pocket for tissue expander or implant
placement. This allows for greater intraoperative
expander fill volumes and more control over
implant position. In the inferior pole this trans-
lates to greater lower pole fill and greater ptosis.

While there are many benefits to utilizing
ADM, these must be weighed against the increased
potential complications. While ADM is biologi-
cally inert and incorporates into the soft tissues
over time, it is an additional foreign body that is
implanted into the breast. Meta-analysis has dem-
onstrated a twofold increase in complications
when utilizing ADM in breast reconstruction [43].
Therefore, the risks and benefits of this procedure
should be discussed with patients prior to surgery.

Outcomes

Overall, prosthetic reconstruction is a reliable and
generally simple option. According to a recent
meta-analysis, the overall pooled complications
rate is 14.0% [11.7-16.3%, 95% Confidence
Interval] [43]. The most frequently reported com-
plications include hematomas (1.5%), seromas
(3.5%), infections (4.7%), and mastectomy flap
necrosis (4.9%) (Table 9.3). Most complications
are reasonably minor in nature and can be treated
conservatively [44]; however, there is a 3.8%
chance of reconstructive failure and explantation.
For ADM-based reconstruction, complication
rates average 15.4% [9.3-21.4%, 95% Confidence
Interval] and there is an increased relative risk of
overall complications of 2.05 compared to non-
ADM prosthetic reconstruction [43].
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Abdomen-Based Flaps

For patients desiring autologous breast recon-
struction, an abdominal flap is usually the first-
line option, provided there is adequate lower
abdominal soft tissue. Abdominal flaps are based
upon the superior and inferior epigastric vessels
that supply the rectus abdominus muscles and
overlying abdominal tissue. These vessels are
connected via a system of choke vessels [45],
which allows the flap to be elevated as a pedicled
flap based upon the superior epigastric pedicle or
as a free flap based upon the inferior epigastric
system. The pedicled flap is passed from the
abdomen into the breast defect across the IMF
while the free flap is completely separated and
requires microvascular anastomosis of the infe-
rior epigastric vessels to either the thoracodorsal
or internal mammary systems.

In general, autologous reconstruction allows
for reconstruction of a natural appearing and

textured breast (Figs. 9.10a—c and 9.11a, b).
Benefits of abdominal flap reconstruction include
size, consistent vascular anatomy, and relatively
low donor site morbidity. Additionally, as part of
the procedure, patients receive an abdominoplasty
with a favorably placed “tummy tuck” scar, which
can often be hidden at or beneath the underwear
line (Fig. 9.12). However, patients must be made
aware of the potential for abdominal wall weak-
ness or hernia after abdominal harvest.

Specific advantages of the pedicled transverse
rectus abdominis myocutaneous (TRAM) flap
include: predictable vascular supply, ease of har-
vest, avoidance of microvascular surgery, and
shorter surgical time. Disadvantages involve the
necessary sacrifice of rectus abdominis muscle,
higher rates of fat necrosis (vs. free TRAM), lim-
ited arc of rotation, disruption of the IMF, smaller
vascular territory of the superior epigastric sys-
tem, and possible need for flap delay. Although
there is a relatively higher rate of partial flap loss
when compared to free tissue transfer, it should

Fig. 9.10 Unilateral free transverse rectus abdominus
myocutaneous (TRAM) reconstruction following SSM.
(a) Preoperative photograph. (b) Postoperative result
demonstrating the aesthetic outcome of TRAM flap
breast reconstruction after an optimally planned SSM

incision. Note that the SSM performed with a periareo-
lar incision with lateral extension allowed the flap skin
paddle to be placed at the location of the nipple areo-
lar complex (NAC). (¢) Results following NAC
reconstruction
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Fig. 9.11 Unilateral deep inferior epigastric perforator
flap reconstruction following SSM. (a) Preoperative pho-
tograph. (b) Postoperative result demonstrating the aes-

Fig.9.12 Abdominal scar following abdomen flap-based
reconstruction. The abdominal incision is usually designed
as an abdominoplasty or “tummy tuck” incision that is
often well hidden in the underwear line. This is an exam-
ple of an early scar with characteristic redness, which
attenuates over time

be noted that total flap loss is extremely rare with
a pedicled TRAM flap [46]. Delay of the flap,
via ligation of the deep and superficial inferior

thetic outcome of DIEP flap breast reconstruction and
nipple areolar complex reconstruction with contralateral
breast reduction

epigastric systems 1 week prior to flap harvest,
has been proven to significantly increase perfu-
sion of the pedicled TRAM flap and to reduce
complication rates [47]. Smokers and obese
patients have significantly higher rates of compli-
cations with this procedure including fat necro-
sis, partial flap loss, and abdominal donor site
morbidity [48].

A free TRAM flap is based upon the most
robust blood supply of the abdomen: the deep
inferior epigastric system. The blood vessels are
large in caliber and the pedicle is long enough to
allow for anastomosis to either the internal mam-
mary or thoracodorsal systems. This flap can be
elevated with the entire muscle or with a muscle
sparing technique in which only the necessary
portion of the muscle encompassing the vascular
pedicle is taken. Advantages of the free TRAM
include limited abdominal dissection, ability to
preserve muscle, maximal flap perfusion allow-
ing for a larger skin paddle, lower skin island
placement and more easily concealed scars,
maintenance of the IMF, and versatility at inset.
In comparison to the pedicled TRAM, obese
patients and smokers do not demonstrate
increased flap complications when undergoing a
free TRAM reconstruction. However, they are
still at risk for complications such as abdominal
or mastectomy skin flap loss, umbilicus loss,
seromas, and infections. Also, when compared to
normal weight patients, obese patients (BMI>30)
demonstrate significantly higher rates of overall
complications [33]. Challenges specific to free
tissue transfer include a higher total flap loss
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Table 9.4 Complications of abdomen-based autologous breast reconstruction [50, 53, 54]

Outcome TRAM [53] (%)
Total flap loss 1.0
Partial flap loss 1.8
Fat necrosis 4.9
Abdominal bulge or weakness 5.9
Abdominal hernia 3.9

when compared to pedicled TRAM or latissimus
dorsi flap reconstruction, longer operative times,
and the need for microvascular surgery.

While the free TRAM incorporates a segment
of rectus abdominus muscle and fascia that car-
ries perforating vessels to the skin, the deep infe-
rior epigastric perforator (DIEP) flap isolates
perforators and spares the anterior rectus sheath
and muscle. Proponents of this technique report
that saving the entire rectus muscle and fascia
decreases donor site morbidity, such as loss of
abdominal strength and development of hernias.
However, other surgeons argue that dissection of
perforators through the rectus abdominus denner-
vates the muscle, limiting the potential benefit of
sparing the muscle.

DIEP flaps have a higher incidence of partial
flap necrosis and require more revisions than
TRAM flaps. This is likely due to the fact that
small perforators are sacrificed in a DIEP flap
during dissection of the main vascular supply,
while they are preserved in a free TRAM.
Therefore, patients should be advised that appro-
priate selection between a free TRAM and a
DIEP flap depends on preoperative assessment
and intraoperative findings.

The superficial inferior epigastric artery
(SIEA) enters the abdomen above the rectus fas-
cia [49]. Elevation of the SIEA flap does not vio-
late abdominal fascia or the rectus abdominus
muscle. Therefore, it truly limits donor site com-
plications such as decreased abdominal wall
strength and development of hernias. The major
drawback to this flap is the highly variable size
and presence of the SIEA as well as its smaller
cutaneous vascular territory. The SIEA is present
and of sufficient size in only 30-40% of patients
[50, 51]. When performing autologous breast
reconstruction from the abdomen, the SIEA flap
can be attempted in all patients with the under-
standing that an intraoperative decision will be

DIEP [53] (%) SIEA [50, 54] (%)

2.0 5-7
2.5 0-5
10.1 1-14
3.1 0
0.8 0

made as to whether there are vessels of sufficient
caliber. If the SIEA cannot support the flap, then
the surgeon can proceed to DIEP or TRAM flap
reconstruction [54].

Outcomes

Overall, abdominal flaps—whether pedicled or
free—have good survival rates. With pedicled
TRAMs, total flap loss is rare but some degree of
ischemic compromise and partial flap loss or fat
necrosis is expected. According to arecent review,
8.9% suffer partial flap loss and 2.5% palpable fat
necrosis [52]. A meta-analysis performed by Man
et al. in 2009 demonstrates differences between
the outcomes following free TRAM and DIEP
flap breast reconstruction. The total and partial
flap loss rates were higher in DIEP flaps at 2.0
and 2.5% vs. 1.0 and 1.8% for TRAM flaps,
respectively. Additionally, 10.1% of DIEP flap
patients demonstrated fat necrosis vs. only 4.9%
in TRAM flap patients. Considering donor site
morbidities, DIEP flaps had 3.1% abdominal
bulge or weakness and 0.8% abdominal hernia
rates vs. 5.9% and 3.9% for TRAM patients,
respectively [53]. SIEA flaps are performed under
ideal anatomic conditions and therefore are less
common. In Spiegel and Khan’s 2007 review of
their experience with 82 patients undergoing
SIEA flap reconstruction, there were no abdomi-
nal hernias or bulges noted. The total and partial
flap loss rates were 5.1% each. Fat necrosis was
noted in 1% of the flaps and 3% went on to
develop breast infections [54] (Table 9.4).

Latissimus Dorsi Flap

The latissimus dorsi flap is a reliable, well-vascu-
larized muscle, or myocutaneous flap that does not
require microvascular surgery for ipsilateral breast
reconstruction. The vascular pedicle is based upon
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the thoracodorsal system, which allows for easy
rotation of the latissimus dorsi into the chest via a
subcutaneous tunnel in the axilla. The volume of
the latissimus dorsi flap can be increased by incor-
porating subcutaneous tissue with the flap or sup-
plementation with an implant [56-59].

After careful planning of the incision, the
latissimus dorsi is dissected free from its inferior
and medial origins with or without a skin paddle.
The thoracodorsal neurovascular pedicle is
identified in the axilla near the insertion of the
muscle and protected. Many surgeons will either
disinsert the muscle at the humerus and/or divide
the thoracodorsal nerve to limit movement in the
breast from muscle contraction. A subcutaneous
tunnel in the axilla is created to allow transposi-
tion of the muscle anteriorly into the chest. The flap
is carefully inset into the mastectomy defect.
When volume is desired, an implant or expander
is placed beneath the muscle (in conjunction with
pectoralis elevation as needed). The latissimus
dorsi can then be secured to the chest wall and
breast skin flaps circumscribing the prosthesis.

There are certain drawbacks to using the latis-
simus dorsi muscle. There is a significant risk for
seroma formation at the donor site requiring pro-
longed drain maintenance. The donor site may
leave unsightly scars. While the majority of
patients do not experience functional limitations
due to loss of the latissimus muscle, athletic indi-
viduals may complain of weakness in shoulder
abduction and extension. Since the latissimus
dorsi flap is relatively small, it is often used in con-
junction with a tissue expander or implant, which
increases the risk for potential complications.

Outcomes

Latissimus dorsi flap breast reconstruction is
considered a reliable flap with high survival rates
(97.5-100%) [55, 56]. The durable nature of the
thoracodorsal blood supply and the absence of
microvascular technique minimize flap ischemic
risk and complications. Traditionally, complica-
tion rates focus on donor site morbidity, which is
beset by a 23-34% seroma rate [55, 57]. A recent
comprehensive review by Losken et al. demon-
strates a 34% overall breast complication rate
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(both with and without expander/implant) broken
down into 7% major infection, 9.6% minor infec-
tion, 9.6% skin necrosis, 3.6% seroma, and 1%
implant extrusion [55].

Superior and Inferior Gluteal Artery
Perforator Flaps

The superior and inferior gluteal arteries are
branches of the internal iliac artery that supply
the gluteal muscle and overlying tissues. Superior
gluteal artery perforator (SGAP) and inferior glu-
teal artery perforator (IGAP) flaps can be designed
based upon the perforators that arise through the
muscle and supply the skin and subcutaneous tis-
sue. The SGAP and IGAP flaps are indicated in
breast reconstruction for patients who prefer a
gluteal scar over an abdominal scar, those with
insufficient abdominal tissue, those with abdomi-
nal scars precluding reliable flap transfer, or as a
salvage procedure. An advantage of the gluteal
flaps lies in the natural shape of the buttock,
which more closely approximates a breast and
therefore requires less shaping on the breast. It is
important to note that these flaps are perforator-
based flaps and therefore spare the muscle and
cause no functional limitations. Smoking and
prior liposuction of the donor site are absolute
contraindications to the use of these flaps [58].

Compared to abdomen-based reconstruction,
the gluteal perforator flaps have a smaller avail-
able skin paddle and a shorter pedicle length in
most cases. The SGAP flap offers certain benefits
over the IGAP flap as the sciatic and posterior
femoral cutaneous nerves are protected during
the harvest and the donor scar does not lie along
a pressure-bearing region when the patient is
seated. The inferior gluteal crease (IGAP), on the
other hand, has a longer pedicle, which may allow
for anastomosis within the axilla. Both flaps
allow for a well-hidden scar either in the IGAP or
just below the underwear line (SGAP).

Outcomes

SGAP and IGAP flaps are known for their ana-
tomic variability and difficult anastomoses. It is
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not surprising therefore that overall survival rates
tend to be lower compared to standard TRAM
flaps [59]. Total flap failure rates in the hands of
experienced surgeons can be as low as 2%.
Additionally, 15% will experience donor site
seromas while 8% will have fat necrosis of the
reconstructed breast [60].

Nipple Reconstruction

Nipple areolar complex (NAC) reconstruction is a
very important and final stage of breast recon-
struction (Fig. 9.13). The NAC is the natural focal
point of the breasts and its reconstruction leads to
an increase in patient satisfaction with overall aes-
thetic outcome [17]. NAC reconstruction is typi-
cally performed 3-6 months after completion of
the breast mound in order to allow the breast tis-
sue to settle into its final shape. The aim of nipple
reconstruction is to create a nipple-like mound of
tissue at a symmetric and appropriate position on
the breast. There are many local skin flap designs
that effectively create a nipple mound. Regardless
of the technique, all nipple mounds will shrink
50-75% over time. Therefore, some amount of
overcorrection is necessary at the outset.
Customized tattooing is performed 2-3 months

Fig.9.13 Nipple areolar complex (NAC) reconstruction.
NAC reconstruction is the final stage of breast reconstruc-
tion. Numerous techniques have been described to recon-
struct the NAC. In general the nipple mound is
reconstructed via a local rearrangement flap and the areo-
lar complex is tattooed at a later stage. NAC reconstruc-
tion positively affects aesthetic outcomes and patient
psychological well-being

later to create the appropriate color, size, and
shape of the complete nipple areolar complex.

Breast Conservation Therapy

Some high-risk patients are candidates for breast
conservation therapy. The options for reconstruc-
tion for partial breast defects are dramatically dif-
ferent from those utilized in mastectomy
reconstruction. In these cases, a combination of
oncologic and reconstructive (i.e., oncoplastic)
techniques may be combined to perform the
lumpectomy and reconstruction simultaneously,
such that the two procedures compliment each
other [61, 62]. For example, following a lumpec-
tomy, local tissue rearrangement can be com-
pleted in the form of a mastopexy or reduction
mammaplasty in patients who desire a lift or
reduction (Fig. 9.14a, b). The incisions and tissue
removed during the reconstructive procedure are
planned to incorporate the lumpectomy tissue. In
these cases, location of the lumpectomy defect is
critical in planning the reconstruction, as both the
breast and reconstructive surgeons must predeter-
mine the incisions and location of the parenchy-
mal vascular pedicle.

In some scenarios, the tissue defect created by
the lumpectomy is too large for standard onco-
plastic parenchymal rearrangement. In these
cases, one may consider bringing additional soft
tissue to the breast in the form of a flap. In most
cases, lumpectomy defects can be filled with a
latissimus muscle flap. This muscle tends to reach
the outer or upper quadrants of the breast. If a
large lumpectomy defect is anticipated, then an
“immediate-delayed” reconstruction can be
planned wherein the latissimus muscle recon-
struction is performed after final margins are
pathologically confirmed (Fig. 9.15a, b). The
latissimus can be delivered through a small axil-
lary incision using endoscopic instruments for
dissection [63]. Alternatively, there are cases of
lumpectomy defects after radiation therapy with
significant contracture and contour deformity. In
these cases, a latissimus muscle with a cutaneous
paddle may be required to correct both the vol-
ume and skin defect (Fig. 9.16a, b).
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Fig.9.14 Left breast lumpectomy performed in conjunc-
tion with a breast reduction. (a) Preoperative photograph
patient with ductal carcinoma in situ of the left breast
who was scheduled to undergo breast conservation
and adjuvant radiation, but desired a breast reduction.

Fig.9.15 Muscle-only latissimus flap reconstruction fol-
lowing left breast lumpectomy. (a) Preoperative photo-
graph. The patient decided to undergo breast conservation
therapy. Due to the planned defect size, likelihood of
deformity, and desire to maintain breast size, the patient
elected to undergo an immediate muscle-only latissimus

(b) Postoperative results after undergoing oncoplastic
lumpectomy and breast reduction followed by radiation.
The contralateral reduction procedure was delayed in this
case due to the unpredictable effects of radiation on soft
tissue contracture and increased risk for asymmetry

flap reconstruction. (b) Postoperative result demonstrat-
ing near normal contour of the breast after a muscle only
latissimus flap reconstruction. In general, the latissimus
flap provides adequate tissue for defects involving the
upper or outer quadrants of the breast

Fig. 9.16 Myocutaneous latissimus flap reconstruction
following left breast conservation therapy. (a) Preoperative
photograph of a patient who underwent a lumpectomy.
Postoperatively, the patient developed soft tissue and
skin contracture of the lumpectomy defect. (b)

Post-reconstruction result demonstrating near normal
contour of the breast after a myocutaneous latissimus flap
reconstruction. Note: the skin contracture necessitated
incorporation of a skin paddle with the flap
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Introduction

Breast cancer risk has been well-characterized for
a number of genetic syndromes including carriers
of BRCAI/BRCA2, p53, and PTEN mutations.
This chapter will focus primarily on the risk of
developing other malignancies in those individuals
or family members with a genetic predisposition
to breast cancer (Table 10.1). Screening protocols
and risk reduction strategies will also be reviewed
for individual malignancies where appropriate.

BRCA1/BRCA2 Mutation Carriers

Hereditary breast and ovarian cancer (HOBC)
syndrome, characterized by a markedly increased
risk of breast and ovarian cancer with an early age
of onset, is caused by mutations in the breast can-
cer susceptibility genes (BRCA) I and 2. BRCA 1
and 2 are tumor suppressor genes which function
in the repair of DNA strand breaks; mutations are
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inherited in an autosomal-dominant fashion with
high penetrance [1]. BRCAI/2 mutations have
also been associated with an increased risk of
ovarian, prostate, pancreatic, colorectal, and gas-
tric cancer, and melanoma. The following sec-
tions review the evidence for cancer risk at each
site and provide recommendations regarding clin-
ical patient management (Table 10.2).

Ovarian Cancer

In contrast to the general population (1-2% life-
time risk), estimates of ovarian cancer range from
37 to 62% in BRCAI mutation carriers, and from
11 to 23% in BRCA2 mutation carriers [2-5].
Meta-analysis of ovarian cancer screening in
women at high genetic risk, including BRCA1/2
carriers, shows an increased incidence of high-
grade serous cancers for which there is no recog-
nizable precursor [6].

Screening Recommendations Current options for
the early detection of ovarian cancer include
transvaginal ultrasound (TVU) and measurement
of serum CA-125 levels. In premenopausal
women, TVU is recommended during day 1-10
of the menstrual cycle and CA-125 levels after
day 5 of the menstrual cycle [1]. This screening
regimen should begin at age 35, or 5-10 years
earlier than the earliest age of first diagnosis of
ovarian cancer in the family, and should be per-
formed every 6 months. Recent studies find ovar-
ian cancer screening for BRCA mutation carriers
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Table 10.1 Hereditary cancer syndromes associated with an increased risk of breast cancer [1-5, 12, 21-23, 27, 31,

35,37, 49, 56, 65, 74, 80, 84]

Syndrome Gene(s) Inheritance
Hereditary breast BRCAI
and ovarian cancer BRCA2
Cowden PTEN
Li—Fraumeni p53
Peutz-Jeghers STK11
Fanconi anemia At least 15
FANC genes
Hereditary diffuse gastric CDH]I
cancer
Ataxia telangiectasia ATM

may be of limited value, based on low sensitivity
and low positive predictive value in asymptom-
atic women at high risk [7, 8].

Risk Reduction Strategies Prophylactic bilateral
salpingo-oophorectomy (PBSO) is recommended

Autosomal dominant

Autosomal dominant

Autosomal dominant

Autosomal dominant

Autosomal recessive

Autosomal dominant

Autosomal recessive

Related cancer risks (lifetime)

Ovarian: 27-54%
Melanoma: 5-7%
Prostate: 20-80%
Gastric: <5%
Pancreatic: 3-5%
Thyroid: 35%
Colorectal: 10%
Endometrial: 28%
Melanoma: 6%
Kidney: 34%
Absolute lifetime risks for LFS-associated
cancers are unknown
Sarcoma brain
Leukemia adrenocortical
Colorectal pancreas
Any childhood cancer
Colorectal: 39%
Lung: 15-17%
Small bowel: 29%
Uterine: 9%
Gastric: 13%
Ovarian: 18-21%
Pancreatic: 11-36%
Cervical: 10%
Absolute lifetime risks for FA-associated
cancers are unknown

AML

Skin

Brain

Kidney

Esophageal

Liver

Diffuse gastric: 80%

Absolute lifetime risks for AT-associated
cancers are unknown

Acute leukemia

Pancreatic

Lymphoma

Gastric

Ovarian

Liver

Salivary glands

Oral cavity

for BRCA1/2 carriers after the completion of
childbearing and ideally by age 35-40 years [1].
This recommendation is based on studies of sur-
veillance compared with PBSO in which the
mean age of diagnosis of ovarian cancer was 50.8
years [9]. Results of a recent meta-analysis of ten
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Table 10.2 Lifetime risk of concomitant cancers in BRCA 1/2 mutation carriers [1-5, 12, 21-23, 27, 31, 35, 37]

General Screening Risk reduction

Cancer site population (%) BRCAI (%) BRCA2 (%) recommendations strategies

Ovarian 1-2 37-62 11-23 Transvaginal ultrasound Bilateral salpingo-
and serum CA-125 oophorectomy at age
levels at age 35 35-40

Prostate 10-17 18-57 28-80 PSA and DRE annually
at age 40

Pancreatic 1.3 2.9-4.7 4.6-5.0 EUS or other imaging Limit smoking and
annually starting at age 40  alcohol; weight loss

Melanoma 1.8-2.7 Not increased from 4.6-6.9 Full-body skin examination Limit UV and

general population

studies involving BRCAI/2 mutation carriers
demonstrated an 80% reduction in the risk of
ovarian or fallopian cancer following PBSO [10].
Other studies focusing on the risk reduction of
ovarian cancer alone after PBSO estimate a 95%
decreased risk; ovarian cancer-specific mortality
is also reduced after PBSO in BRCA 1/2 mutation
carriers [9, 11].

Historic studies on incidence of cancer in
BRCA mutation carriers identify risks of other
gynecological cancers, including those of the fal-
lopian tubes, uterus, endometrium, and cervix
[12, 13]. “Primary” peritoneal cancer is a com-
mon late sequelae of locally advanced or meta-
static ovarian cancer [13]. Even after PSBO,
4.3% of women developed peritoneal cancer
within 20 years [3].

Surgical Options Laparoscopic PBSO is the sur-
gical procedure of choice. A complete survey of
the abdomen and pelvis should be done, includ-
ing all visceral and peritoneal surfaces. Any sus-
picious areas by inspection or palpation should
be biopsied with frozen section as appropriate
[14]. All ovarian tissue should be removed, if
necessary en bloc with surrounding adhesive tis-
sue to ensure complete resection. As much of the
fallopian tube should be removed as possible, but
small amounts of the intramural (interstitial) por-
tion may be left in situ without increasing the risk
of malignancy [15]. If there are additional gyne-
cological indications, hysterectomy can be per-
formed simultaneously for reduction of cancer

by dermatologist or
experienced practitioner
annually at age 10

radiation exposure

risk, but it should not be considered routine [16].
BRCA /2 carriers considering risk reduction sur-
gery should be counseled regarding surgically-
induced menopause. Symptoms can be mediated
with the use of hormone replacement therapy
(HRT); despite concern about the use of HRT in
BRCA mutation carriers, current data suggest that
HRT does not negate the reduction in breast can-
cer risk derived from PBSO [1, 17].

Chemoprevention Case—control studies demon-
strate that oral contraceptives (OCPs) reduce the
risk of ovarian cancer by 45-50% in BRCAI
mutation carriers and by 60% in BRCA?2 carriers,
with risks decreasing with longer duration of use
[18, 19]. A recent meta-analysis of BRCA muta-
tion carriers with (N=1,503) and without
(N=6,315) ovarian cancer, the use of OCPs
reduced the risk of ovarian cancer by 50% in
BRCA1/2 mutation carriers [20]. For each addi-
tional 10 years of OCP use, there was a
significantly reduced ovarian cancer risk (RR
0.64). When used for 5 or more years, OCPs may
be used for ovarian cancer risk-reduction [18—
20]. However, PBSO is still recommended for
optimal risk reduction [1].

Prostate Cancer
Male carriers of BRCA1/2 mutations are at an

increased risk of prostate cancer. The risk is
mediated by ethnicity, age, and mutation type.
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The Breast Cancer Linkage Consortium (BCLC)
studies report a relative risk of 1.82-3.33 for
prostate cancer in BRCAI carriers [13, 21]. For
BRCA?2 carriers, the relative risk is between four
and sevenfold [22, 23]. BRCA2 mutations have
been associated with a lower mean age at diagno-
sis, more advanced tumor stage, higher tumor
grade, and shorter median survival time [24, 25].

Screening Recommendations and Risk Reduction
Strategies The American Cancer Society recom-
mends offering standard screening with prostate-
specific antigen test (PSA) and digital rectal
examination to men with a known or likely
BRCAI or 2 mutation starting at age 40 or 45
years [26]. A multicenter, international study
entitled IMPACT (Identification of Men with a
Genetic Predisposition to Prostate Cancer:
Targeted screening in BRCA1/2 carriers and con-
trols) was recently undertaken to determine the
efficacy of prostate cancer screening in men with
BRCA mutations [27]. Prostate cancer was diag-
nosed as a result of screening in 3.3% of patients,
compared with the annual incidence of 0.1-1% in
the general population [28]; 9 of the 11 cancers
were found in BRCA mutation carriers. These
data provide convincing evidence that screening
PSA has a high positive predictive value in BRCA
patients. Based on the available data, there are no
clear recommendations for risk-reduction strate-
gies beyond beginning screening at age 40 in
high-risk individuals, including those with
BRCA1/2 mutations.

Melanoma

Several studies have suggested a link between
mutations in BRCA2 and melanoma. The BCLC
study on 3,728 individuals from 173 breast-ovar-
ian cancer families reported a relative risk of
cutaneous malignant melanoma of 2.58 [22]. An
odds ratio of 4 for BRCA2 mutations was reported
in Ashkenazi patients with ocular melanoma, and
other studies of breast cancer families have found
an increased incidence of ocular or cutaneous
melanoma [29, 30]
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Screening Recommendations and Risk Reduction
Strategies The Melanoma Genetics Consortium
recommends that high-risk individuals have a
baseline skin examination by a trained health
care provider beginning at age 10, with follow up
every 6 months until the nevus pattern is stable
and the patient is competent for self-surveillance,
and then annual follow up [31].

BRCA?2 is down-regulated in a dose-dependent
manner by UV radiation in human cells and is
involved in a DNA-damaging signaling pathway
induced by UV exposure [32]. Further, expres-
sion of wild-type BRCA2 can protect cells from
UV-induced cell death. The standard recommen-
dation to those at increased melanoma risk, due
to personal and/or family history, or to genetic
factors, is to reduce or eliminate sun exposure
and UV radiation.

Pancreatic Cancer

Several studies have demonstrated that BRCA
mutations increase the risk of pancreatic adeno-
carcinoma [33, 34]. Compared to the general
population risk of 1.3%, the cumulative age-ad-
justed lifetime risk of pancreatic cancer is 3.6%
in BRCAI carriers and 4.9% in BRCA?2 carriers
[5, 12, 35]. Given the phenotypic aggressiveness
of pancreatic cancer, lack of early symptoms, and
frequent late-stage at diagnosis, BRCA mutation
carriers may derive particular benefit from screen-
ing protocols and risk reduction strategies.

Screening Recommendations and Risk Reduction
Strategies Currently, there is no consensus on the
most suitable modality for pancreatic surveil-
lance, and regimens are largely institution-
specific [36]. Commonly ordered screening tests
include CEA, CA 19-9, liver function tests, amy-
lase, lipase, CT scans, and MRCP. More invasive
tests include EUS and ERCP [37, 38]. BRCA1/2
mutation carriers with a family history of pancre-
atic cancer should undergo screening starting at
age 40, or 10 years prior to the diagnosis of pan-
creatic cancer in the affected family member,
whichever is earlier [37]. The American
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Gastroenterology Association recommends spi-
ral CT as the initial screening investigation, with
follow-up EUS and CA 19-9 measurements if
CT is non-diagnostic [39]. If results are abnormal
or there is interval development of suspicious
characteristics, such as pancreatic or biliary duc-
tal dilation, a mass, or a discrete lesion, subse-
quent screening should proceed every 3—6 months
[36, 37]. In addition, practitioners should educate
patients about modifiable risk factors such as
smoking and assist in planning appropriate life-
style modifications [40].

Gastric Cancer

Some epidemiologic studies have reported an
increased risk of gastric cancer associated with
BRCA1/2 mutations, with RR 2.0-6.9 depending
on the particular study population [12, 22]. Other
studies have not identified a risk greater than that
in the general population [21, 23]. Given the
conflicting data, gastric cancer screening with
endoscopy can be considered in BRCAI/2 muta-
tion carriers with a family history of gastric can-
cer, and should start at age 40, or 5-10 years prior
to the earliest age of diagnosis [41]. Risk reduc-
tion with dietary modification, avoidance of
tobacco, and prompt treatment of premalignant
conditions such as H. pylori and mucosal dyspla-
sia should be implemented.

Colorectal Cancer

A two to four fold increased risk of colorectal
cancer associated with BRCAI/2 mutations was
found in several of the early BCLC and popula-
tion-based series [12, 21]. However, follow-up
studies examining over 2,500 patients with a
diagnosis of colorectal cancer have not demon-
strated an increased risk associated with BRCA
mutations [42, 43]. Recommended screening in
BRCA 1/2 mutation carriers is therefore the same
as the general population, with earlier and more
frequent testing based on personal and/or family
history of the disease.
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Cowden Syndrome

Cowden Syndrome (CS) is an autosomal domi-
nant cancer predisposition syndrome caused by
germline mutations in the tumor suppressor gene
phosphate and tensin homologue on chromosome
ten (PTEN). CS is the prototype of the PTEN
hamartoma tumor syndrome (PHTS), which
includes four clinically distinct syndromes: CS,
Bannayan-Riley-Ruvalcaba syndrome, Proteus
syndrome, and Proteus-like syndrome [44]. CS is
usually identified in adulthood by the characteris-
tic multiple disorganized benign growths, or
hamartomas, especially of the skin and mucous
membranes. These pathognomonic lesions, pres-
ent in over 90% of patients with CS, include
trichilemmomas, papillomatous papules, and
acral and plantar keratoses. Other common
findings in CS are macrocephaly, Lhermitte-
Duclos disease (dysplastic gangliogliocytoma of
the cerebellum), megencephaly, and dolicoen-
cephaly [44-46]. The criteria for CS have been
updated several times since their inception in
1996. Germline PTEN mutations have been found
in approximately 85% of patients who meet the
clinical criteria for CS, and mutations in the PTEN
promoter have been identified in approximately
7% of patients meeting clinical criteria without an
identifiable mutation [47, 48] (Table 10.3).

Cancer Risks Results from the first prospective
study of lifetime cancer risks in the PTEN muta-
tion carriers were recently published and the new
risk estimates are significantly elevated from
those historically quoted [49] (Table 10.4).
Following breast cancer, thyroid disease is the
second most common manifestation of CS,
affecting between two-thirds and three-quarters
of patients [45, 50]. The benign thyroid condi-
tions associated with CS include follicular ade-
nomas, adenomatous nodules, and multinodular
goiter [44]. It is now known that patients with CS
have a 35% lifetime risk of developing epithelial
thyroid cancer, typically with follicular pathol-
ogy [49, 51]. The average age of onset (38 years)
is earlier than that of the general population; even
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Table 10.3 Diagnostic criteria for Cowden syndrome (CS) [44, 45, 50]

Pathognomonic criteria Major criteria

Mucocutaneous lesions:
Trichilemmomas, facial

Acral keratoses

Papillomatous lesions

Mucosal lesions
Lhermitte-Duclos Disease (LDD)

Breast carcinoma, invasive

Thyroid carcinoma, especially follicular
Macrocephaly (>97% percentile)
Endometrial carcinoma

Minor criteria

Other thyroid lesions, i.e. adenoma,
multinodular goiter, Hashimoto’s
thyroiditis

Developmental delay

GI hamartomas/polyposis
Fibrocystic disease of the breast
Lipomas

Fibromas

Genito-urinary tumors (renal cell
carcinoma, uterine fibroids) or
malformations (bicornuate uterus)

An operational diagnosis of Cowden syndrome can be made if an individual meets any of the following:

1. Pathognomonic mucocutaneous
lesions alone if there are:

Six or more facial papules, of which three or more must be trichilemmomas, or
Cutaneous facial papules and oral mucosal papillomatosis, or

Oral mucosal papillomatosis and acral keratoses, or
Six or more palmo-plantar keratoses

2. Two major criteria but one must be macrocephaly or Lhermitte-Duclos syndrome

3. One major and two minor criteria
4. Four minor criteria

In a family where one individual is diagnosed with CS by genetic status or clinical criteria, other members can be

diagnosed if they meet any of the following:

1. Pathognomonic criteria

2. Any one major criteria with or without minor criteria
3. Two minor criteria

children with CS have developed thyroid cancer,
though interestingly all these cases demonstrated
papillary pathology [49, 51].

Abnormalities of the genitourinary tract are
common in CS patients. Women have an approxi-
mately 28% lifetime risk of developing endome-
trial cancer and up to 50% of women develop
multiple large uterine fibroids [49, 51, 52].
Additionally, Tan et al. recently reported renal
cell carcinoma (papillary subtype) has a lifetime
risk as high as 34% in CS [49].

Benign and malignant tumors of the skin,
brain, and gastrointestinal tract are also seen with
increased frequency in CS patients [44, 52]. The
skin and brain findings associated with CS tend
to be benign in nature, though of note, there is a
6% lifetime risk for melanoma in CS carriers
[49]. Recent studies have systematically assessed
polyp burden and colorectal cancer risk in patients
with CS. Greater than 90% of CS patients who
received colonoscopies were found to have pol-
yps. The polyps were most often hyperplastic and
located in the colon, but ganglioneuromatous and

adenomatous polyps were also found in the
esophagus, stomach, duodenum, jejunum, ileum
and rectum. In one series, colorectal cancer was
identified in 13% of patients, all of whom were
diagnosed at less than 50 years old [53]. Overall,
the lifetime risk of colorectal cancer in CS
patients is estimated to be 10% [44, 45, 49].

Screening Recommendations and Risk Reduction
Strategies Of the four PTEN hamartoma tumor
syndromes, an increased risk of malignancy has
been found only in Cowden syndrome. However,
since they are all associated with germline muta-
tions in PTEN, some experts advise all individu-
als with PHTS to follow the same cancer
surveillance strategies as those for CS [44, 45].
Current screening guidelines specify cancer sur-
veillance for known PTEN mutation carriers,
those who meet clinical criteria, and close rela-
tives of PTEN mutation carriers who have not
undergone genetic testing. Surveillance should
be individualized according to personal and/or
family history [1].
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Table 10.4 Risk of cancer and associated conditions in Cowden syndrome [49, 51, 53]

Lifetime Mean age of

Cancer risk (%) onset (yrs.) Pathology Associated conditions

Thyroid 35 37.5 Follicular Follicular adenomas, adenomatous nodules,
multinodular goiter

Endometrial 28 40-45 Adenocarcinoma Uterine fibroids, genitourinary malformations

Renal 34 40 Papillary, chromophobe Unknown

Colorectal 10 40 Adenocarcinoma, signet ring  GI polyps of mixed histology, primarily
hyperplastic

Melanoma 6 Unknown Unknown Unknown

Comprehensive physical examinations should
be performed annually beginning at age 18, or 5
years prior to the earliest age at diagnosis of mali-
gnancy in the family [1, 44]. Careful attention
should be given to dermatological changes with a
low threshold for referral to a dermatologist.
Thyroid exam and baseline ultrasound should be
initiated at diagnosis of CS or upon finding an
associated mutation, as even children with CS are
at risk for thyroid cancer [49, 51]. Based on recent
prospective data revealing a higher risk for endo-
metrial cancer than previously thought, a more
aggressive regimen is being recommended, includ-
ing endometrial biopsies for premenopausal
women on an annual basis starting at age 30, or 5
years prior to the earliest age of diagnosis of endo-
metrial cancer in the family. For postmenopausal
women, annual TVU with biopsy of any suspici-
ous areas is recommended [44, 49]. Due to updated
reported risk estimates regarding renal cell carci-
noma (RCC), biannual renal ultrasound/MRI in
addition to annual urinalysis with cytology is now
being recommended for individuals with CS [49,
50]. New guidelines for colorectal cancer surveil-
lance have been developed. Colonoscopies should
begin at age 35-40, or 5 years younger than the
earliest age of colon cancer onset in the family.
The recommended screening interval is biannu-
ally, though heavy polyp burden may necessitate
more frequent screenings [49, 51].

The malignant tumors associated with CS are
diverse and vary by age at onset and anatomic
location, making risk-reduction recommenda-
tions largely ineffective. Decisions about risk
reduction should be made on a case-by-case basis,
taking personal and family history of both benign
and malignant neoplasms into consideration.

Li-Fraumeni Syndrome

Li—Fraumeni Syndrome (LFS) is a rare familial
cancer syndrome caused by germline mutations
in the p53 tumor suppressor gene [54].
Transmission has been shown to be autosomal
dominant. However, only 50-70% of families
meeting the classical LFS criteria have a p53
mutation, suggesting that there may be alterna-
tive mutations, either in the promoter or in differ-
ent genes altogether, that are responsible for LFS
[55] (Table 10.5).

Cancer Risks Soft tissue sarcomas, premeno-
pausal breast cancer, adrenocortical carcinoma,
and brain tumors account for the majority of can-
cers in patients with germline p53 mutations, and
at least one of these cancers has been found in
one or more members of all families with a muta-
tion in p53 [56, 57]. Other cancers commonly
associated with LFS are osteosarcomas, colon
cancer, leukemia, and early onset of any child-
hood cancer, particularly adrenocortical carci-
noma (ACC), rhabdomyosarcoma, and brain
tumors (i.e., choroid plexus tumors) [55, 58, 59].
Some studies have demonstrated an increased
incidence of melanoma, germ cell tumors, Wilms’
tumor, lymphoma, lung cancer, and gastrointesti-
nal and endocrine tumors [60, 61].

For patients with a known germline p53 muta-
tion, the estimated cancer risk is 30% by age 20
and 95% by age 70 [61, 62]. Chompret et al. esti-
mate the lifetime risk of developing cancer in p53
mutation carriers is 73% for males and nearly
100% for females, with the high incidence of
breast cancer in female carriers accounting for
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Table 10.5 Clinical criteria for the diagnosis of Li—-Fraumeni syndrome (LFS) [55-60]

Clinical criteria
Classic LFS 1988

Description

Individual diagnosed with sarcoma prior to age 45, and

A first-degree relative with cancer prior to age 45, and
Another first- or second-degree relative with cancer diagnosed prior to age 45 OR

with sarcoma at any age
Chompret et al. [55]

Individual with sarcoma, brain tumor, breast cancer, or ACC prior to age 36, and at least one

first- or second-degree relative with cancer (other than breast cancer if the individual has
breast cancer) prior to age 46, or a relative with multiple primary cancers at any age; OR
Individual with multiple primary tumors, two of which are sarcoma, brain tumor, breast
cancer, and/or ACC, with the initial cancer prior to age 36, regardless of family history, OR
Individual with ACC at any age, regardless of family history

Two different tumors from the extended LFS spectrum (sarcoma, brain tumor, breast cancer,
ACC, leukemia, melanoma, pancreatic cancer, prostate cancer) in two first- or second-

Eeles [59] In families that do not meet classic LFS criteria:
degree relatives at any age
Birch [58] In families that do not meet classic LFS criteria:

Individual with any childhood cancer, sarcoma, brain tumor, or ACC diagnosed prior to age

45, AND

A first- or second-degree relative with a LFS-type tumor (sarcoma, brain tumor, breast
cancer, ACC, or leukemia) diagnosed at any age, AND
A first- or second-degree relative with any cancer diagnosed prior to age 60

the accounting for the gender-related discrepancy
[55]. Patients with LFS who survive their first
cancer have a markedly increased risk of develop-
ing multiple primary neoplasms as they age. After
the primary diagnosis of cancer, approximately
15% of LFS patients develop a second cancer, 4%
a third cancer, and 2% eventually develop a fourth
cancer [63]. Younger age at diagnosis of the first
cancer is associated with greater subsequent can-
cer risk, with a relative risk of 83 for those initially
diagnosed prior to age 19 [63]. The exceedingly
high lifetime risk of cancer for p53 mutation car-
riers includes all malignancies, almost a quarter of
which are outside the spectrum of LFS tumor
types [61]. It is difficult to estimate the risk of
each specific cancer associated with LFS due to
phenotypic variability and controversy surround-
ing the clinical criteria [56].

Screening Recommendations and Risk Reduction
Strategies The diverse range of tumors and ages
of onset argue against the implementation of
potentially invasive, repetitive, and costly screen-
ing tests for germline p53 mutation carriers [63].
In fact, clinical surveillance strategies have pre-
viously been discouraged for patients with LFS

secondary to a lack of evidence of benefit from
the early detection of malignancies [64].
Screening guidelines for p53 mutation carriers
recommend a comprehensive annual physical
exam starting at age 20-25 years with a high
index of suspicion for rare cancers and subse-
quent primary neoplasms in cancer survivors [1].
Screening for colorectal cancer with colonos-
copy should be considered every 2-5 years start-
ing at age 25 [1]. Initiating screening at these
early ages is based on the characteristically young
age of cancer diagnosis, at an average of 21.9
years (range 4 months to 49 years) for p53 muta-
tion carriers and 31.6 years in those meeting LFS
criteria without a mutation [56]. In a recent review
of inherited cancer syndromes, D’Orazio adds
the recommendation of annual urinalysis and
complete blood count (CBC) [65]. These tests,
which screen for ACC and leukemia, are more
frequently utilized in the pediatric population,
but may be considered in adult p53 mutation car-
riers with a family history of these malignancies.

Some groups advocate more formalized
and aggressive screening regimens based on
recent data. Masciari et al. implemented
an imaging surveillance program utilizing
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F18-fluorodeoxyglucose—positron emission tomo-
graphy/computed tomography (FDG-PET/CT) in
which a diagnosis of cancer was made in 20% of
patients [66]. Villani et al. suggest surveillance
with annual brain MRI, annual whole-body MRI,
biannual ultrasound of the abdomen and pelvis,
and CBC, LDH, and ESR every 4 months.
Survival at follow-up was 20% in the non-
surveillance group and 100% in the surveillance
group (p=0.0417) [64]. While whole-body PET-CT
or MRI may be considered in some high-risk LFS
patients, larger trials are necessary prior to mak-
ing evidenced-based recommendations.

Several studies have shown that radiation
treatment significantly increases the risk of sec-
ondary malignancies in p53 mutation carriers,
specifically for tumors that develop within the
radiation field [57, 63]. While it is not always
possible to avoid radiation in the treatment of a
primary malignancy, knowledge of p53 mutation
status could inform decisions about dose, dura-
tion, and extent of radiation field to limit expo-
sure. Similarly, limiting UV exposure is prudent
given the increased risk of melanoma found in
some studies of p53 mutation carriers [61].

Individualized screening in p53 mutation car-
riers should be based on personal and/or family
tumor history. Additional imaging and biochemi-
cal studies should be supplemented when war-
ranted clinically or upon presentation of signs or
symptoms of particular cancers. The diversity of
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tumor types in LFS and the inability to predict an
individual’s risk of a particular cancer limit the
utility of risk reduction strategies.

Peutz-Jeghers Syndrome/STK11
Mutation

Peutz-Jeghers syndrome (PJS) is caused by muta-
tions in the STKI/ gene and transmitted in an
autosomal dominant fashion. A recent systematic
review of 1,644 PJS patients from 20 cohort stud-
ies complied and analyzed the wide ranges of
cancer risks reported in the literature [67]. In
addition to breast cancer, which has a lifetime
risk of 32-54%, the most frequently reported
cancers overall are colorectal cancer, followed by
small bowel, stomach, and pancreatic cancer
[67]. Of note, PJS patients more frequently
develop sex cord ovarian tumors with annular
tubules, rather than epithelial subtype [68]. Male
children with PJS have an increased risk of Sertoli
cell tumors [69] (Table 10.6).

Screening Recommendations and Risk Reduction
Strategies Regular surveillance is recommended
for patients with PJS based on the high risk of
benign intestinal complications (intussuscep-
tion, obstruction, infarction, and bleeding) and
malignant disease [67, 70]. Several series have
demonstrated a low incidence of neoplasms in

Table 10.6 Peutz-Jeghers syndrome: cancer risk and surveillance guidelines, NCCN 2011 [1]

Site (% risk) Screening procedure and interval Initiation age
Breast (45-50) Mammogram and breast MRI annually; clinical breast exam every 6 months 25 years
Colon (39) Colonoscopy every 2-3 years Late teens
Stomach (2) Upper endoscopy every 2—-3 years Late teens
Pancreas (11-36) Magnetic resonance cholangiopancreatography (MRCP) and/or endoscopic ~ 25-30 years
ultrasound (EUS) every 1-2 years
CA 19-9 every 1-2 years
Small intestine (13) Small bowel visualization (CT enterography, small bowel enteroclysis) 8-10 years
baseline at 8-10 years; follow-up interval based on findings but at least by
age 18, then every 2-3 years; individualize based on symptoms
Ovary (18-21), Pelvic examination and PAP smear annually 18-20 years
Cervix (10), Uterus (9) Consider transvaginal ultrasound
Testes Annual testicular exam and observation for feminizing changes 10 years

Lung (15-17)

Provide education about symptoms and smoking cessation

No other specific recommendations have been made
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polypectomy specimens [71, 72]. Nonetheless,
endoscopic polypectomy for polyps greater than
10-15 mm is recommended for patients with PJS
[73]. Intraoperative enteroscopy has been recom-
mended in patients undergoing laparotomy, as it
increases the rate of polypectomy and has greater
sensitivity to detect all polyps, resulting in a
“clean sweep” to decrease the rate of repeat lapa-
rotomy [73, 74]. Several pharmacologic therapies
that target the mTOR pathway are being evalu-
ated in clinical trials to determine if there is a
decrease in polyp burden and a concomitant
reduction in malignancies [70].

Hereditary Diffuse Gastric Cancer/
CDH1 Mutation

Autosomal dominant germline mutations of the
tumor suppressor gene CDHI, which encodes
the protein e-cadherin, have been implicated as
the genetic basis of hereditary diffuse gastric
cancer (HDGC) and invasive lobular breast car-
cinoma [75]. The lifetime risk of gastric cancer
in HDCG kindreds is estimated at 80% with an
average age of onset of 40 years [76, 77]. The
hallmark of HDGC is a pattern of isolated,
mucin-filled signet ring cells scattered through-
out the gastric mucosa [77].

Screening Recommendations The screening recom-
mendation for patients with a CDHI germline
mutation, untested family members, and those at
increased risk due to clinical criteria is endoscopic
surveillance every 6—12 months [76, 77]. Using a
white light high definition endoscope, the mucosa
should be carefully inspected on inflation and
deflation, and minimum of 30 biopsies obtained
[76, 77]. Increased risk for colon cancer has been
suggested in HDGC families but not confirmed. In
families with CDHI mutations and a positive his-
tory of colon cancer, colonoscopy should begin 10
years prior to the youngest age at colon cancer diag-
nosis, or age 40, whichever comes first, and repeated
every 3-5 years depending on findings [76].

Risk Reduction Strategies Prophylactic gastrec-
tomy is recommended for known CDH1 germline
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mutation carriers [76]. This is based on the inabil-
ity to reliably detect the characteristically diffuse
and isolated gastric cancer cells and their submu-
cosal pattern of spread at endoscopy [77].
Gastrectomy is not recommended until age 20
due to the significant morbidity related to postop-
erative changes in digestion and nutrition [77,
78]. The procedure of choice is a total gastrec-
tomy and D1 lymphadenectomy with Roux-en-Y
reconstruction [76, 78].

Low Penetrance Mutations

The following syndromes are associated with a
relatively low risk of breast cancer and other
malignancies. There are no specific screening rec-
ommendations or risk reduction strategies for
these syndromes outside of a clinical trial.
Management of these patients should be dictated
by family and personal history of cancer. Nibrin
(NBN) and Ataxia telangiectasia-mutated (ATM)
mutations are known to increase sensitivity to
radiation and chemotherapy, which may produce
toxicity or induce further DNA damage, poten-
tially increasing subsequent malignancy risks
[79]. This should be taken into consideration when
treating these patients for breast cancer or other
malignancies, potentially by decreasing doses or
utilizing alternative therapies when possible.

Ataxia Telangiectasia/ATM

Ataxia telangiectasia (AT) is an autosomal reces-
sive disorder with an incidence of 1 in 100,000.
AT is characterized by ataxia, progressive dys-
phagia, immune deficiency, and pulmonary dis-
ease [80]. The incidence of malignancy in
homozygotes is 1% per year after age 10, 85% of
which are lymphomas and acute leukemias [81].
The heterozygous mutation carrier rate is much
higher, estimated at 2% in the general popula-
tion, and has been linked to an increased risk of
breast cancer with a relative risk of 2.4-6.3 [80,
82, 83]. A meta-analysis by Easton et al. reported
a pooled relative risk of 1.9 for risk for malignan-
cies other than breast cancer in ATM carriers [84].
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Thompson et al. demonstrated a potential excess
risk of colorectal and stomach cancer, although
overall numbers were small [82].

Fanconi’s Anemia/PALB2 Mutations

Fanconi’s anemia (FA) is a rare autosomal reces-
sive disorder. The hallmark feature is an increased
sensitivity to chromosomal breakage upon cel-
lular exposure to DNA interstrand cross-linking
agents, such as alkylating chemotherapeutic
drugs [85, 86]. A common link between breast
cancer susceptibility and FA was demonstrated
in 2002, when one of the FA proteins, FANCDI,
was found to be the same protein encoded by the
BRCA2 gene [87]. An additional FA protein,
FACNC/PALB?2, is critical for BRCA2’s chro-
matin localization and recruitment to DNA dam-
age sites, making it an important mediator of
BRCA2-mediated tumor suppression [88]
(Fig. 10.1).

Fanconi’s anemia is typically diagnosed in
childhood, secondary to phenotypes including
abnormalities of the skin, arms, head, eyes,
kidneys, and ears; short stature; and develop-
mental disability [86]. Aplastic anemia gener-
ally develops during the first decade of life,
with a cumulative risk of 90% by the age of 40
[89]. There is an increased risk of pancreatic
cancer in individuals with PALB2 mutations,
particularly in families with a history of breast
cancer [90]. It has been suggested that families

Y

DNA

Fig. 10.1 The role of PALB2 in the BRCA1/2 complex.
PALB?2 (also known as FANCN) physically links BRCA
and BRCA2 (also known as FANCDI) and aids in
the recruitment of the complex to sites of DNA damage.
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with both breast and pancreatic cancer undergo
genetic testing for PALB2, as the mutation is
more likely to be found in this particular con-
text [88].

Nijmegen Breakage Syndrome/NBN
Mutation

The Nijmegen Breakage syndrome (NBS) is an
autosomal recessive disorder caused by muta-
tion in the NBN gene, which encodes for the
protein nibrin [91]. Nibrin has been identified at
the crossroads of several pathways associated
with breast cancer susceptibility [92]. Patients
with NBS are at an increased risk of growth
retardation, immunodeficiency, microcephaly,
sensitivity to radiation and malignancy, with
40% developing cancer before the age of 20
[91, 93].

Individuals who are heterozygous for NBN
mutations are phenotypically normal but carry
an increased risk of developing cancer. Several
studies in Eastern European families with a his-
tory of breast cancer have demonstrated an
increased risk of breast cancer in heterozygous
NBN mutation carriers [92, 94]. NBN mutations
have been associated with hematologic malig-
nancies, as well as head and neck, colorectal,
gastric, renal, brain, and prostate cancers [94,
95]. However, overall numbers are small and risk
estimates for malignancies by anatomic site can-
not be made.

RAD51

The interaction of this complex with the enzyme RADS1
initiates homologous recombination, an important func-
tion in tumor suppressor activity
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In conclusion, breast cancer risk has been well

characterized for a number of genetic syndromes,
but these syndromes are also associated with an
increased risk of concomitant malignancies.
Physicians and patients need to be familiar with
these risks so that timely and appropriate screen-
ing can be completed to ensure that these other
potential malignancies are not overlooked.
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Psychological Implications of Testing
Positive for the BRCA Gene

Timothy Pearman

Introduction

Breast cancer is the most common cancer in
American women with approximately 230,000
cases diagnosed annually [1]. Women in the United
States have a 1 in 8 chance of developing the dis-
ease. While most cases of breast cancer do not
have a strong familial component, it is estimated
that approximately 5—10% of cases of breast can-
cer are due to a known genetic factor [2]. In women
with a known BRCA 1 or 2 mutation, 40-66% will
eventually develop breast cancer (compared to
10-12% in the general population) [3]. In response,
The American College of Medical Genetics pub-
lished guidelines for genetic testing for breast and
ovarian cancer in 1999.

Since that time, research has investigated
the emotional impact of both testing and being
identified as high risk, coping with testing results
generated, and coping among women choosing
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not to have this testing. This chapter will briefly
review the recommendations of the American
College of Medical Genetics and review literature
on distress and psychological functioning in
women at high risk for breast cancer. In addition,
we will review coping strategies, the role of
family support, self-esteem and communication,
and finally touch upon research investigating the
impact of support groups and enhanced counsel-
ing approaches on psychological functioning in
this population.

The process of risk assessment begins with an
interview eliciting a detailed three-generation
family cancer history. In doing so, counselors are
able to determine whether increased risk for breast
cancer is apparent. Initial discussions should edu-
cate patients, and also address questions, con-
cerns, and expectations regarding the implications
of genetic testing and outcomes. In sum, increased
risk for a mutation in BRCA1/2 genes is suspected
if there are three or more affected first or second
degree relatives on the same side of the family,
regardless of age at diagnosis, or less than three
relatives if one patient was diagnosed at age 45 or
less. In addition, if a family member has been
identified with a mutation, there are one or more
cases of ovarian cancer and one or more cases of
breast cancer on the same side of the family, or
multiple primary or bilateral breast cancers in the
patient or one family member, the patient is con-
sidered at risk. Finally, if there is any breast can-
cer in a male patient or relative, or the patient is of
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certain ethnic backgrounds (e.g., Ashkenazi
Jewish descent), the patient is considered at risk.

The second stage of the process is discussion
and education so that the patient can make an
informed choice about pursuing genetic testing.
The potential risks and benefits should be
addressed, as well as possible outcomes of testing
(positive, negative, or uncertain test results). Part
of this discussion should include discussion of
psychological risks, and also the difficulty of assur-
ing the confidentiality of results and the possibility
of discrimination by insurers and employers.

Finally, once adequate time has been given for
the patient to evaluate the next steps, informed con-
sent is obtained and testing initiated with a blood
draw. Following the testing, all individuals tested
must receive their results in person, regardless of
the results. Individuals found to have a mutation
are provided with a full explanation and interpreta-
tion of the test result, psychological support, and
information concerning testing of relatives. They
are also given information regarding prevention
and early detection. For individuals receiving infor-
mation about a mutation of uncertain significance,
testing of additional family members is indicated
to assess the significance of the variation.

A final note: women already diagnosed with
breast cancer may receive genetic testing as well.
The information in this chapter does not address
genetic testing concerns of this group of women
and is beyond the scope of this chapter. Interested
readers are referred to a recent literature review
of this population for further information [4].

Psychological Impact of High-Risk
Status

Interestingly, the literature on the emotional
impact of high-risk status has been conflicting [5].
Some studies have found no distress in women at
high risk [6] and other studies have found
significant distress in this population, with some
studies finding up to 43% of women displaying
significant levels of distress [7]. In addition, some
studies have found that individuals’ preexisting
functioning is related to distress levels related to
genetic testing [8]. Other factors such as
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personality style, stage of life with respect to
child bearing, and previous experience of family
members with genetic testing and cancer can also
impact distress levels [9].

Another key aspect to distress may be incon-
clusive test results. Inconclusive results comprise
approximately 80% of all genetic test findings [10].
As a result, many women who have sought
genetic testing are left with ambivalence and dis-
satisfaction with their test results. There are two
types of inconclusive results that are possible:
uncertain negative results and uncertain positive
results. Uncertain negative results occur when an
individual at high risk for a familial mutation
receives a negative genetic test result. This can
occur due to an undetected mutation (false nega-
tive) or a mutation in an as yet unknown gene.
Uncertain positive results (variants of unknown
significance) occur when a mutation is discov-
ered but it is unknown as to the impact of this
mutation on future cancer risk [11].

The potential impact of genetic testing may
also affect an entire family system at large. Patients
who test positive must decide whether to inform
their siblings, children, and parents. This can be a
very distressing process, especially in families
with strained interpersonal relationships [12].
Individuals with children are faced with many
complicated decisions: What is the best way to
tell a child? At what age should a child be told?
Which family members should be included in the
discussion? These decisions can seem overwhelm-
ing and there are no solid developmental standards
to guide these decisions at present.

Also interesting is that most studies have found
that levels of distress do not seem to differ between
women affected and unaffected by a known
genetic mutation, but instead seem related to sim-
ply being at familial high risk. Power et al. [5]
found that high levels of distress were present in
approximately 20% of women undergoing
genetic testing, regardless of mutation status. As a
point of comparison, significant levels of distress
are thought to be present in approximately 40% of
cancer patients, so while these numbers do not
approach that level, they are indicative of a high
level of need for psychological screening and
intervention in this population. One difference
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between affected and unaffected groups may be
somatization symptoms. Women with inconclu-
sive mutations in this study seemed to express
their distress by manifesting somatic symptoms
(as opposed to depression or anxiety) more fre-
quently than women with no known hereditary
risk or those of high-risk status.

Time Course and Coping

A recent study evaluated a group of 155 women
tested for BRCA1/2 mutations, and found that
mutation carriers endorsed more depressive
symptoms, negative mood, and cancer-specific
distress relative to non-mutation carriers at 1 and
6 months after test receipt [13]. However, this
study noted significant change over time, such
that women positive for BRCA1/2 mutations
showed significantly decreasing levels of distress
and mood disturbance by 12 months following
test receipt, consistent with the literature noted
above. Also of interest, neither having a previous
cancer diagnosis, nor receiving a true negative vs.
uninformative negative result predicted reactions
to genetic testing.

The fact that distress was elevated among
mutation carriers in the immediate (6-month)
period following testing but returned to near
baseline by 12 months suggests two things in par-
ticular. First, it appears that activities such as
making decisions regarding prophylactic treat-
ment, telling family members about test results,
etc., are very stressful to women with known
mutations and that these decisions are made fairly
rapidly. Second, it appears that women with
known mutation adapt fairly well over time, such
that their distress levels approach baseline (and
also the levels of non-mutation carriers) by 1 year
post-testing.

Notably, only one study to date has measured
psychological impact and distress related to test-
ing over a longer time period [14]. This study
found that anxiety and depressive symptoms
increased significantly in both BRCA1/2 positive
and negative women from | year to approxi-
mately 5 years post-testing. These symptoms
were predicted by cancer-specific distress, having

lost a relative to breast or ovarian cancer, and less
open communication about the test results, sug-
gesting that a woman’s environment, as well as
ways in which a woman copes with positive or
negative test results, may have significant impact
on distress.

Family Support, Self-Esteem,
Communication and Distress

A recent study of 222 high-risk women found
that several variables predicted psychological
distress [15]. It was observed that both personal
and social resources played a role in adjustment
to a diagnosis of high-risk status. Specifically,
self-esteem was associated with less general dis-
tress, whereas feeling stigmatized was associated
with more cancer-specific and general distress.
Self-esteem also mediated the relationships
between social support and general distress.
Support from family and friends was positively
associated with self-esteem, which in turn was
inversely related to general distress. This is con-
sistent with other studies of cancer coping.
Further, it was found that women who communi-
cated openly regarding hereditary breast cancer
risk had the lowest levels of self-reported vulner-
ability. Not surprisingly, support from a significant
other was directly associated with less general
distress. Finally, a woman’s response to high-risk
status (prophylactic mastectomy, prophylactic
salpingo-oopherectomy or surveillance alone)
did not appear related to cancer-specific or over-
all distress, with groups having similar mean
scores in all domains.

Another study found similar results in 237
women carrying a BRCA1/2 mutation [16]. This
study measured the impact of self-esteem, mas-
tery, and perceived stigma on adjustment. Women
were between 4 months and 8 years post-
notification of carrier status. In this study, time
since receiving test results, affected status, hav-
ing undergone prophylactic mastectomy or pro-
phylactic oophorectomy was not associated with
demographic or psychological variables. Self-
esteem and feelings of mastery were associated
with fewer intrusive thoughts, whereas stigma
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was associated with more. The authors conclude
that cancer-specific distress may be explained by
past and ongoing experiences of cancer in the
family and personality variables rather than by
the time since testing.

The findings above were replicated and elabo-
rated on in a study that found women who felt
supported by their families were more likely to
engage in open communication regarding risk [17].
This open communication in turn was associated
with lower levels of both cancer-specific and gen-
eral distress. The study concluded that if commu-
nication about hereditary risk is hampered,
women tend to feel isolated and alone in their
worries and emotions, and experience increased
distress. The authors posit that such “protective
buffering” by family members, while well
intended, is not likely to be helpful.

The impact of preexisting anxiety and feelings
of stigma related to testing results was also seen in
a study of 111 women carrying a BRCA1 muta-
tion [18]. This study showed that women who
experienced high levels of anxiety pre-testing
continued to experience high levels of anxiety up
to 1 year post-testing. Pre-test anxiety appeared
more predictive of post-test anxiety than did actual
mutation status. The authors suggest that health-
care providers screen for high levels of anxiety
pre-testing and develop interventions to address
these risk factors for post-testing distress.

Another contributor to distress over time is
coping style. A study of 126 women at increased
familial risk of breast cancer looked at this vari-
able and found that use of avoidant coping and
initial levels of distress were unique predictors of
distress over a 6 month period post-testing [19].
Avoidant coping is described as the use of denial,
self-distraction, detachment, and substance use in
coping with a stressor. Also, over the study
period, coping styles appeared stable, and results
of genetic testing did not seem to impact coping
style. It is worth mentioning that this study was
performed on all Caucasian women, so it is
difficult to ascertain if there are racial or other
demographic differences in coping.

Another study of 91 Italian women found that
coping strategies in general appeared similar to
those of the general population, suggesting that
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coping strategies may be fairly stable and not
dependent upon disease status, genetic risk or
other medical variables [20]. This finding begs
the question of whether interventions geared
toward decreasing the use of negative coping
strategies (i.e., avoidance) and increasing the use
of active coping strategies could assist in decreas-
ing distress in women at risk for significant psy-
chological distress as a result of genetic testing.

Education and Supportive
Interventions

Very few studies to date have addressed the
potentiallybeneficialimpactofpsycho-educational
groups and other interventions on well-being and
coping of high-risk women. In one study [21]
female BRCA mutation carriers were approached
by a social worker after learning about their test
results and offered participation in an educational
support group. Data was collected regarding
emotional well-being, breast cancer risk knowl-
edge and perception, risk management behavior
and family communication before and after group
participation. The results were generally
nonsignificant; women perceived their breast
cancer risk as high and experienced a very high
frequency of cancer thoughts at both pre- and
post-testing.

Interestingly, communication with the family
of origin was significantly reduced at the time of
post-testing compared to pre-intervention.
Women reported being very highly satisfied with
the group in terms of their decision-making pro-
cesses regarding cancer surveillance or prophy-
lactic surgery. One obvious limitation of this
study is the lack of a control group of high risk
women who did not receive the intervention, so it
is unknown if this data represents the natural
course of coping with high risk status, or indi-
cates a negative impact of group intervention in
terms of emotional distress.

Another trial evaluated an individual interven-
tion that the researchers described as “enhanced
counseling” [22]. In this trial, women were
randomly assigned to either the enhanced coun-
seling group or control condition (standard
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counseling plus general health information to
control for time and attention.) The enhanced
group intervention was designed to promote cog-
nitive and affective processing of cancer risk
information. Women in the enhanced counseling
group exhibited greater knowledge than women
in the control group 1 week after the intervention.
In addition, the intervention was found to be
emotionally beneficial for women testing posi-
tive for a genetic mutation. Specifically, these
women experienced lower levels of distress than
women in the control group who tested positive.

Interestingly, the impact of an enhanced “deci-
sion support” intervention has not been found to
decrease psychological distress [23]. In this
study, 214 women undergoing BRCA1/2 testing
were randomly assigned to the usual care condi-
tion or to the enhanced decision aid condition.
Women receiving the enhanced decision support
aid were significantly more distressed in the
short-term. However, both usual care and deci-
sion aid conditions were similar in anxiety by 1
year follow up.

Conclusions and Future Directions

Overall, women at high risk for hereditary breast
cancer display levels of distress and psychologi-
cal/emotional functioning that are similar to those
inthe general population. Nonetheless, asignificant
minority (approximately 20%) experience
significantly elevated distress, regardless of actual
genetic mutation status. A number of moderators
appear to influence the risk that a woman will
experience significant distress. These risks
include self-esteem and mastery, with high self-
esteem and mastery leading to decreased cancer-
specific distress. Also, coping style appears to be
important, with women utilizing an avoidant cop-
ing style experiencing more distress. Finally,
social support and family communication appear
important, with women experiencing high social
support, and increased communication within the
family having lower levels of psychological dis-
tress over time.

The impact of time since high risk assessment
has been somewhat controversial. Most studies
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have found that women being evaluated for high
risk status experience an initial increase in dis-
tress followed by a period of adaptation, which
lasts up to 1 year. After 1 year, the impact of high
risk status on distress and coping is unclear.
At least one study has found that cancer-specific
distress is increased from year 1 to year 5 post-
testing. And at least one study has found that
cancer-specific distress remains fairly constant
up to 8 years post-testing. More research is clearly
needed to determine the impact of time since
assessment on distress, as little research has
investigated this in women further than 1 year
after assessment of risk status.

Given the fact that a number of family, inter-
personal and medical variables can influence the
risk that a woman will be significantly distressed
following genetic testing, it is important to begin
to develop screening measures to assess distress in
this population. One recent study (24) has
attempted to do so. This study developed a mea-
sure called the Genetic Risk Assessment Coping
Evaluation (GRACE). More effort will be needed
to replicate this measure. Any screening measure
will need to focus highly on pre-test levels of anx-
iety, since pre-test levels of anxiety have been the
most significant predictor of post-test anxiety.
Interestingly, most studies have found that pre-test
anxiety is an even more powerful predictor of
post-test distress than is actual genetic risk status.

After screening measures are developed, the
next issue will be to develop tailored interven-
tions for women at high risk for distress. Thus far
interventions to reduce distress have focused on
providing more information to women in the
hopes that “more will be better.” Unfortunately,
this does not appear to have been the case, and in
some cases, women receiving more information
appear to be at increased risk for distress, at least
in the short term (up to 1 year). Therefore, it will
be important that future research attempt to focus
not only on the role of information in moderating
distress, but also address the impact of coping
style, self-esteem and feelings of stigmatization
and mastery in any future interventions.

A final note is that almost all of the research in
this area has been performed on women who
were relatively affluent and Caucasian.
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This is due to a number of factors, including
perhaps most importantly restrictions in insur-
ance coverage for genetic testing. As genetic test-
ing becomes more prevalent and more widely
covered by all public and private insurance plans,
research will need to focus more on different eth-
nic and socioeconomic groups, as it should not be
assumed that all groups will display similar pat-
terns of distress, coping and psychological health
in relation to high risk status.
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Introduction

The high risk clinic is an important component of
any comprehensive medical system. An effective
high risk clinic employs knowledgeable staff,
with the ability to assess risk, appropriately coun-
sel, provide, and interpret cancer predisposition
genetic testing, and make recommendations and
assist individuals to adopt risk reduction strate-
gies. After almost two decades after the cloning
of the BRCA genes, and commercial availability
and insurance coverage for testing, only a frac-
tion of BRCA mutation carriers have been
identified. We address the task of employing
twenty first century technology to match the
recent advances in genetics and to anticipate
implementation of systems to accommodate the
large numbers of individuals who will be identified
as high risk. Specifically, this chapter will discuss
HughesRiskApps (HRA), an integrated, open
access software package originated at the
Massachusetts General Hospital (MGH) and the
Newton Wellesley Hospital (NWH), and that is
undergoing continued enhancements through
grants, philanthropy and an active user group.
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There is no doubt that a high risk clinic is an
important component of a breast center, a cancer
center, or indeed any comprehensive medical
system. The purpose of the service is to identify
individuals at elevated risk for cancer and to
encourage management strategies to decrease the
morbidity and mortality of the disease. The need
for breast cancer risk assessment has long been
recognized and much has been written about how
to develop and implement a program [1]. There is
clear evidence that measures to identify, screen,
and provide prevention strategies can decrease
the occurrence of breast and ovarian cancer and,
in the case of breast cancer, to detect disease at an
earlier, more treatable stage.

An effective high risk clinic employs knowl-
edgeable staff, with the ability to assess risk,
appropriately counsel, provide, and interpret
cancer predisposition genetic testing, and make
recommendations and assist individuals to adopt
risk reduction strategies.

Sadly, almost two decades after the cloning of
the BRCA genes, and commercial availability
and insurance coverage for testing, only a frac-
tion of BRCA mutation carriers have been
identified. The prevailing approach that relies on
referral of individuals for assessment, testing,
and counseling has failed to identify most high
risk individuals [2].

In this chapter, we assume that the reader
acknowledges the need for a risk assessment clinic
and has available educated staff and ancillary
resources to provide the service. We address the
task of employing twenty first century technology
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to match the recent advances in genetics and to
anticipate implementation of systems to accom-
modate the large numbers of individuals who will
be identified as high risk. It is time to take advan-
tage of available technology and the vast scientific
knowledge base and to make an impact on cancer
prevention.

Clinicians who manage high risk patients have
adopted modern software technologies to collect
data, draw pedigrees, and run risk models [3], yet
they confront the limitations of technology, specific-
ally, the lack of interoperability and the unmet need
for specialization in the Electronic Health Record
(EHR). EHR’s remain mired in nineteenth century
approaches to data collection, often acting as little
more than computerized file cabinets holding elec-
tronic versions of free text notes.

Interoperability refers to the ability of one
software package to share information with other
software packages. Most software products cur-
rently used in risk clinics are not interoperable,
forcing duplicate data entry. Risk clinicians enter
the same data into a pedigree drawing program,
and then into programs to run models such as
BRCAPRO. In addition, most high risk clinics
also maintain a database to manage demograph-
ics, potentially tripling data entry. Patient data
entry has barely been leveraged. In fact, patients
who take 15-30 min to enter their family history
at home into “My Family Health Portrait” [4] are
asked to print out the resulting pedigree on paper
and bring it in to the risk assessment appointment
where it can be transcribed into the risk clinic
software programs. Thus, the same data is entered
four times, once by the patient and three times by
the high risk professional or staff. On the other
hand, high risk clinicians are already taking
advantage of Clinical Decision Support (CDS) in
the form of the pedigree, and risk models. CDS is
the use of computer software to analyze clinical
data and to present suggested actions to the clini-
cian in a way that makes the clinician want to
undertake that action, often using a visualization.

It is unfortunate that at a time when risk clin-
ics are poised to leap ahead into the twenty first
century, they are being asked instead to embrace
the EHR, losing their capability to draw pedi-
grees, run risk models, or manage their data in a
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way that allows quality control and participation
in what ASCO (American Society of Clinical
Oncology) has called the Rapid Learning Health
Care System. In this chapter we will discuss the
next generation of high risk software.

The role of technology can be realized in all
phases of the high risk clinic activities:
identification of high risk patients, preparation
prior to the clinic visit at home and later in the
waiting area, the visit itself, genetic testing, and
follow-up, in addition to the administrative
actions prior to, during, and following each visit.
In an attempt to interweave these artificial divi-
sions, we will discuss software packages that
bridge the divide between one function and the
next, and discuss opportunities to improve the
process further in the future.

Specifically, this chapter will discuss HRA, an
integrated, open access software package origi-
nated at the MGH and the NWH, and that is
undergoing continued enhancements through
grants, philanthropy, and an active user group.

Identification of High Risk
Patients

Currently the identification of high risk patients
requires the clinician to remember and act upon
long and convoluted guidelines, typically in the
midst of a busy clinic. As a result, the majority of
patients with BRCA mutations have yet to be
identified, despite the availability of genetic test-
ing since 1996. Efforts to deal with this problem
have included education of professionals and the
lay public, paper tools, and software approaches.
Education has been extensively implemented, yet
to date we have estimated that approximately
5%of carriers have been identified [5]. Paper
tools such as FHAT [6] or printouts of the NCCN
guidelines [7] have the advantage of ease of
implementation, but require several minutes of
clinician time to calculate the level of risk for
hereditary breast-ovarian cancer. While these
represent clever approaches, these paper forms
have not been adopted due to the increased work
required of the clinician and due to their narrow
scope (i.e., a separate tool would be required for
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every hereditary disease that a practice wished to
identify, overwhelming the primary clinician).

A much more promising approach is the use
of patient entered data followed by CDS to iden-
tify patients at risk for any hereditary condition.
One such approach is available via the internet
using “My Generations,” which allows patient
entered data, and produces pedigree drawing and
risk assessment calculations. Another program is
the surgeon generals’ tool “My Family Health
Portrait,” which allows individuals to enter their
family history and to draw a pedigree. This soft-
ware does not produce risk calculations, but the
output follows a standardized format known as
an HL7 message. An HL7 message can be
imported into any HL7 compliant software [8],
representing the best opportunity currently avail-
able for the sharing of family history data between
EHRs in sufficient resolution to perform risk
assessment and CDS. Such interoperability has
already been demonstrated using tools such as
My Family Health Portrait, HRA, CancerGene,
and Progeny [9], yet a much greater potential
exists with use of the Microsoft HealthVault per-
sonal health record platform.

HRA uses the approach of patient entered data
prior to a mammogram screening or provider visit
using Tablets. This primary care level Tablet cap-
tures general risk information and family history
limited to which relatives have had cancer and at
what age, and a family structure (number of vari-
ous relative types). Once family history has been
entered, the major cancer risk models are run auto-
matically, including BRCAPRO, Claus, Galil,
Myriad, MMRPRO, CCRAT, and PREMM [10-12].
Prior to entering the patient exam room, the clini-
cian receives a printout that shows a pedigree, the
risk model calculations and suggestions as to
whether genetic consultation or testing is indi-
cated. In addition, the system can be set to gener-
ate letters to patients suggesting they make a risk
clinic appointment, with a copy sent to their refer-
ring clinician. This system is in use at the breast
imaging centers at NWH and Barnabas Health
Hospitals. At NWH, 115,445 unique patient fam-
ily histories have been collected since 2007. There
is a fairly consistent average of a little more than
25 individuals a week identified as being at risk
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and sent letters regarding making an appointment
at the high risk center. At St. Barnabas, the system
has been in use since 2009, with similar results.
Despite the autonomy of the system and the lim-
ited work on the part of the staff, there remains the
challenge of following up and assuring that
identified patients attend an appointment, receive
recommendations and have the opportunity to
engage in risk reduction measures.

Preparation Prior to the Clinic Visit
at and in the Waiting Area

Most high risk clinics send patients a letter prior
to the visit, providing information about what to
expect at the visit, directions to the clinic, and
paper forms to complete prior to the visit. These
letters are typically premade forms with the
patient’s information and address added ad hoc,
or templates requiring clerical staff to type in the
patient-specific information. The ideal software
would identify patients whose appointments are
pending in the near future, and automatically
generate letters, directions, and forms to be sent
to the patient. These could be emailed, or sent by
standard overland mail.

In the waiting area, typically patients fill out
paper forms in addition to, or instead of, those
sent to their homes in advance. In some clinics,
support staff will interview the patient and key-
punch their data into both pedigree drawing soft-
ware (Progeny [13], Cyrillic [14], etc.) and
redundantly into risk model software (CancerGene
[15], Boadicea [16], Tyrer-Cuzick [17]). There
are relatively few clinics that have been able to
manage the IT hurdles necessary to integrate these
types of tools into an efficient workflow. With
HRA, the patients enter their data into a tablet pc
computer survey (Fig. 12.1). The risk clinic tablet
survey collects a more robust family history than
the mammography and primary care surveys, as it
collect names, ages, and vital status of each rela-
tive, as well as the types of cancers and ages of
diagnoses of each. The patient entered data is then
used to run risk models, draw a pedigree, and the
clinical workflow surrounding genetic testing and
other risk management decisions.
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Cancer Risk Assessment Survey

hughesriskApps™

Which relatives on your MOTHER'S side have
had or currently have cancer?

U Mother

Maternal Grandmother

Maternal Grandfather

Maternal Aunt

I

Maternal Uncle

D Maternal Cousin (Female)

D Maternal Cousin (Male)

Fig.12.1 A sample tablet survey screen showing the step
in collecting family history of cancer in which we identify
the maternal relatives who have had cancer. Subsequent

The Visit

If the family history has not been entered into a
pedigree drawing package and into the risk model
software by the patient or support staff, the coun-
selor may do this during the visit, or see the patient
without a pedigree or risk calculations, planning
to make up that deficiency after the visit. If the
data has been entered by the patient or staff, the
risk counselor can view the results and discuss
with the patient. As errors or additions are
identified, the counselor must make corrections
and/or enhancements in both software packages.
Alternatively, using HRA, the counselor can
review and edit the patient-entered data once and
immediately rerun the risk models and review the
corrected pedigree, all during the visit. In addi-
tion, HRA uses CDS to suggest management
options to the counselor (Fig. 12.2). The tool can
take the standards of care for genetic testing and
calculate risk model results for each relative in the
family, ultimately displaying a recommendation

! How many
] Maternal Aunts
E 1 | ‘ have had
‘ Cancer?
l Back H MNext

screens go on to collect which cancers each relative had,
and the estimated age of onset

in the context of several comparative health
voutcomes. The breast and ovarian cancer risk is
shown using four different possible scenarios,
based on (1) BRCAPRO estimation before test-
ing, (2) with positive BRCA testing, (3) with neg-
ative testing, and (4) for a woman of that age in
the general population. This view helps the coun-
selor see the potential effect of testing and helps
him or her better explain to the patient the value of
testing. By providing a sorted list with those at the
highest risk level on top, it highlights the cases in
which it is best to test the closest living affected
family member, and all those in the family that
could benefit from testing (Fig. 12.3).

Genetic Testing

At the conclusion of the visit, the counselor and
patient develop clear plans for the next steps,
including genetic testing when indicated. If a rel-
ative is the logical family member to have testing



Patient Name: Test, Standard1

Unit Number: 99903311201
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Fig. 12.2 A view of the future risk of breast cancer based on the various outcomes of the decision regarding genetic
testing, with the corresponding recommendations for the standard breast interventions
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Fig. 12.3 A typical pedigree for an at risk patient showing the risk of mutation for every individual in the family, the
genetic testing recommendation from the CDS algorithm, and a sorted list of who in the family is eligible for testing



166

first, it is the usual practice to advise the patient to
inform the relative. A counselor local to the rela-
tive may be suggested. HRA produces a letter to
the relative that explains why she or he is being
asked to test and lists local counselors. This letter
is handed to the patient, who can then pass it on to
the relative, avoiding any HIPAA issues.

Typically, when genetic testing is elected, the
paper requisition is completed by hand. Once
received by the genetic testing laboratory, that
information is keypunched into the laboratory’s
computer.

In the ideal world, that requisition would be
generated automatically as an HL7 lab order that
includes the demographic information, ordering
physician, as well as the relevant family history.
HRA is developing this functionality along with
Genelnsight [18], though most labs are not yet
able to receive such a requisition.

Currently the testing result is received as a
hard copy by mail or fax, and the result is key-
punched into the risk clinic software (e.g., HRA)
or is scanned into the EHR. In 2008, the American
health Information Community (AHIC) identified
the core data set for family history [19] that would
be sufficient for CDS The EHR’s would ideally
have robust family history sections, capable of
holding this data (which includes the genetic test-
ing result for any relative). To our knowledge, no
current EHR has been able to achieve this.
Scanning into the EHR is a dangerous approach,
as rudimentary CDS included in many EHRs
lacks the ability to read, and will be unaware of
the mutation status when suggesting the patient’s
risk level. In addition, with or without CDS, most
EHRs may bury the genetic test result in the notes
or the results section, increasing the likelihood
that clinicians will be unaware of the patient’s
genetic status. No EHR currently manages
genetic test result as structured data, though pilots
are underway.

Ideally, genetic testing labs should send results
back in HL7 messages that can be imported into
the EHR and into risk clinic software as structured
data. Pilots are in process. It is highly likely that
this function will be available in HRA and other
niche software long before an EHR can digest this
information and place it in a usable position.
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Once genetic test result data is entered into the
software package, it is managed in different ways.
Progeny allows collection of the BRCA result but
does not rerun risk models. (Progeny has been
customized by some centers to run risk models,
but as each instance of Progeny is highly custom-
ized to the local needs of the user, this approach
is not easily generalized). CancerGene can col-
lect general results (deleterious or polymorphism)
but does not collect the actual mutation. HRA
collects the mutation and result and reruns
BRCAPRO and the other risk models automati-
cally, while providing a repository of data for
future research. In addition, VUSs (variants of
uncertain significance) are flagged to allow
reevaluation as new data becomes available.

HRA also tracks families with a known muta-
tion in order to help identify high risk family
members, listing each tested family and showing
which mutation type is present, how many family
members have been tested, how many family
members are candidates for testing (risk of muta-
tion 10%or greater, over age 18, and alive). It is
currently not uncommon for only one family
member to be tested by single site analysis once
a family specific mutation has been identified.
Considering the high probability of finding a
mutation, and low cost of the testing, this often
missed opportunity represents low hanging fruit
in the attempt at making a significant impact on
public health.

Administrative Actions After
the Visit

Typically, the counselor sends letters to the refer-
ring providers and/or the patients following the
visit. The generation of these letters is time con-
suming, often done by cutting and pasting from
templates. HRA can be configured several ways
depending on the clinical workflow. One option
is to use the recommendations stored in the com-
puter by the clinician with the help of CDS to
drive the generation of letters built from para-
graphs that reflect individualized actions. Another
is to create a set of templates for specific types of
outcomes relevant to specific types of patients.
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Summary

As in most areas of medicine, software and CDS
can make the high risk clinic more efficient and
easier to monitor for quality control and improve-
ment. Every risk clinic should be using a pedi-
gree program and a risk models program. Some
examples of software have been provided, with
an obvious slant toward our solution, which tries
to knit the various functions together into a coher-
ent whole.
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Current and Future Direction
in Basic and Translational Research

Susan M. Love

As this book clearly outlines, the use of modern
mammographic screening combined with the
ability to easily test for the BRCA breast cancer
susceptibility genes have increased the focus on
identification of the high risk patient and her
options for prevention. Nonetheless mammo-
graphic screening is best at identifying high risk
lesions that have developed microcalcifications.
Non-calcifying precancerous disease remains for
the most part, undetected. By the same token
genetic testing only identifies the women with the
genes we know about and misses all of those for
whom we as of yet have no genetic marker.
Clearly the fact that most women who develop
breast cancer have neither of these findings indi-
cates that we have far to go in the identification of
women at risk for breast cancer.

Similarly our approaches to prevention are
crude at best. While removing ovaries and breasts
will indeed reduce the risk of subsequent cancer
they are gross whole organ approaches not with-
out significant clinical and psychological mor-
bidity. Systemic hormonal chemoprevention has
been demonstrated to reduce risk as well at least
for estrogen positive cancers, but uptake has been
disappointing. The ideal for prevention would be
to identify a causal agent that can be avoided or
vaccinated against, as has been done in cancer of
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the cervix. However, many years following the
identification of mouse mammary tumor virus,
there has yet to be compelling data for an infec-
tious cause. Some investigators have moved to
attempts to harness the immune system to pre-
vent disease which will be reviewed. Finally the
major barriers to developing new approaches to
prevention will be discussed.

It is clear that there is an enormous need to
both better identify women at risk and to prevent
their developing subsequent cancer. The major
barrier to developing new approaches to preven-
tion involves the limitations of imaging. In this
chapter I will focus primarily on the breast and
how exploiting its unique anatomy and physiol-
ogy may hold the key to these goals.

Where Does Breast Cancer Start?

Wellings et al. [1] studies in human breasts in
1975 have been widely accepted as demonstrat-
ing that all breast cancer begins at the junction of
the duct and lobule or the terminal duct lobular
unit (TDLU).

This has been interpreted to mean that cancer
is multicentric in origin and could not begin in a
ductal tree despite reports to the contrary dating
back as far as James Ewing [2] in 1940. Although
the reported incidence of multicentricity ranges
from 0 to 78% depending on the criteria used,
researchers who have used techniques of whole
breast sectioning such as Holland et al. [3] and
more recently Mai et al. [4] have concluded that
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the in situ component is most often located in a
single ductal tree or lobe. Teboul, using large-
field ultrasound, also recognized breast carci-
noma as a malignant diffuse disease involving the
whole epithelium of the affected lobe [5]. Recent
work by Tibor Tot on whole mount specimens
has confirmed the limitation of cancer to one duc-
tal system. He recently hypothesized that DCIS
[6] and consequently breast cancer in general is a
lobar disease with simultaneous or asynchronous,
and often multiple in situ tumor foci localized
within a single lobe thus suggesting the anatomy
behind multifocality.

Researchers who have explored the clonality
of mammary epithelium and early proliferative
lesions without regard to the underlying anatomy
have demonstrated loss of heterozygosity (LOH)
with contiguous patches of normal appearing
mammary epithelium [7-12]. Kurose et al. [13]
using modern techniques of laser capture micro-
dissection were able to take it a step further as
they analyzed both the epithelial cells and stroma
of 41 sporadic invasive adenocarcinomas of the
breast. They demonstrated LOH in ranging from
25 to 69% in epithelial cells and 17-61% in the
stroma cells respectively. They propose a genetic
model of multi-step carcinogenesis for the breast
involving first the epithelial and then the stromal
cells.

Tsai et al. [14] point out that “finding that a
tumor has a single inactivated X chromosome
indicates only that the initial events leading to the
tumor occurred at some time in development after
X chromosome inactivation. These events could
have occurred before maturity of the breast so
that many epithelial cells, all containing the same
inactive X chromosome and initiating genetic
abnormalities representing their independent
evolution into a tumor after the initiating events.”
The potential of predifferentiation initiation of
breast cancer is raised by the extensive epidemio-
logical data showing increased breast cancer inci-
dence among women who received radiation
before mammary gland differentiation. Children
treated with low doses of radiation for benign
conditions such as enlarged thymus [15], skin
hemangiomas [16], tinea capitis [17], and tuber-
culosis [18] have been demonstrated to have an
increased in subsequent breast cancer sometimes
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as much as threefold. The highest increase in
breast cancer risk was seen in individuals younger
than age 14 when treated with multiple
fluoroscopies for the management of pulmonary
tuberculosis [19] and in women who were
younger than age 10 at the time of exposure to
atomic bomb irradiation [20]. These predifferen-
tiation stem cells may be uniquely sensitive to
other agents in addition to radiation as suggested
by the increased risk of breast cancer in women
over 40 who received diethylstilbestrol (DES)
while in utero. This leads to the hypothesis
espoused by Tibor Tot that the initial lesion may
occur to a stem cell destined to develop into a
whole duct. This could be in utero or at least prior
to puberty resulting in the whole duct being clonal
and abnormal, a sick lobe.

Further evidence that clonality predates prolif-
eration comes from Diallo et al. [21]. To their sur-
prise X chromosome inactivation analysis revealed
a monoclonal origin of all the informative cases of
DCIS, ADH and papilloma analyzed. There were
no differences between neoplastic lesions such as
DCIS and hyperplastic lesions such as ADH of
usual type and papillomas. They noted that all the
TDLUs analyzed in this study were also monoclo-
nal in origin supporting the earlier reports of Tsai
who demonstrated that entire lobules and larger
ducts are monoclonal with opposite alleles inacti-
vated within the same breast. They concluded that
the breast is organized into distinct regions or
patches in which all the epithelial cells show the
same X chromosome inactivation pattern. More
recently Vicini and Goldstein [22] have described
monomorphic epithelial proliferations extending
adjacent to cancers, further suggesting that the
“sick lobe” may have large patches of transformed
but not yet premalignant disease. One could easily
make the leap that these clonal patches represent
one lobe or ductal system, though direct proof is
still missing due in part to the difficulty of track-
ing an arborizing three dimensional lobe on a two
dimensional slide.

Despite all the studies implying that the indi-
vidual lobes or ductal systems are the units of
interest in preventing and treating breast cancer
there is still controversy in the literature as to
their number and distribution in a breast. Most
surgical textbooks state without attribution that



13 Current and Future Direction in Basic and Translational Research 171

Fig. 13.1 (a) Duct anatomy and distribution a. Astley Cooper. (b) Duct anatomy and distribution Going’s computer-

ized mode

there are 15-20 ductal openings on the nipple,
but no scientific source for this pronouncement
has been identified. The study of breast duct anat-
omy dates back to 1845, with Cooper’s studies
injecting colored wax into the ducts of over 200
breasts of women who died during lactation [23]
(Fig. 13.1). He described human breast tissue as
organized into separate lobes consisting of one
central duct, its peripheral branches, and associ-
ated glandular tissue.

A continuing source of controversy in subse-
quent studies has been the number of lobes per
breast. Reports of breast and nipple duct anatomy
vary depending on whether the study focused on
openings on the nipple that can be cannulated
in vivo [5, 24-26] or in vitro and followed into
functional ducts in the breast or the number of
duct profiles seen on cross-sections of the nipple
[27-30] the former acknowledging 5-9 openings
on the nipple and the latter identifying 15-20
“duct appearing” structures. Some of the debate
may in fact be semantic as when Teboul and
Halliwell described 15-20 ducts converging on
5-8 milk pores in a series of more than 6,000
breasts studied via ultrasound and ductoscopy
[5]. Moffat and Going’s [27] three-dimensional
(3D) computer model of a single autopsy breast
traced ten complete nonanastamosing ductal sys-
tems (Fig. 13.1). Using six separate approaches,
Love and Barsky [24] found that more than 90%
of the nipples examined in their studies contained

Fig. 13.2 Distribution of the ducts

5-9 ductal orifices. They were able to document
as well that the location of the ductal orifice pre-
dicts the location of the ductal system it serves.
That is, the central ducts lead to lobes in the cen-
ter of the breast and the peripheral ones to the
appropriate peripheral lobes (Fig. 13.2).
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One explanation for the discrepant observa-
tion of 5-9 vs. 15-20 ducts may be the additional
tubular structures that mimic the appearance of
ducts behind the nipple, but do not contribute
significantly to the ductal lobular infrastructure
of the breast. The nature of these additional struc-
tures and their role in breast physiology and
pathology has yet to be described and it could be
that they represent ductal branching close to the
nipple surface, rudimentary undeveloped ducts or
even ducts with associated sebaceous glands [31—
33]. Collectively however, these data suggest that
there are 5-12 significant, independent, arboriz-
ing lactiferous ductal systems, each of which
cover a finite portion of the breast geography, and
can be accessed from the nipple.

The distribution of the ducts is usually depicted
radially with each duct occupying the same sized
segment of the breast. Primary data supporting
this model is rarely quoted and Astley Cooper
himself presented evidence against it. His dissec-
tions demonstrated that different ductal systems
vary greatly in size and may lie over or under one
another, intertwining like the roots of a tree. Love
and Barsky [24] described a central group and a
peripheral group of ducts and Going and Moffat
[27] described a breast where three lobes occupied
one half of the breast. Other unanswered ques-
tions regarding the anatomy of the ducts include
what happens after a woman finishes breastfeed-
ing. The process of involution has been well
described but there is no description of the recon-
stitution of the ductal system for the next child. Is
the pattern the same developed from residual stem
cells lining a path through the stroma? Or com-
pletely different generated from rudimentary ducts
behind the nipple? This remains to be explored.

With this presumptive evidence that the unit of
risk is not the breast as a whole but a single sick
lobe or ductal system, are there ways we can use
this information to screen for risk and then treat
the lobe in question?

Access to the Ductal Systems

While the anatomy of the ductal systems may
still be in question, it is clear that they are readily
accessible at least to infants.

Nipple Aspirate Fluid

Nipple aspirate fluid (NAF) refers to the drops of
fluid that can often be obtained through breast
massage and a simple suction device (Fig. 13.3).
Although this is successful in 80% of non-lactat-
ing Caucasian women, it can usually be elicited
from only one or two ducts (Fig. 13.3). This fluid,
considered a way of interrogating the duct, has
been widely studied for potential cellular and
non-cellular markers of breast cancer risk. It has
not been established as of yet whether this fluid
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Fig. 13.3 (a) Nipple aspiration. (b) Nipple showing
drops of NAF
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represents the whole breast or only the duct from
which it was obtained. Its etiology is also not
clear, as it could be overflow of normal ductal
fluid obtained from a particularly accessible or
extensive duct or represent a pathological process
such as a low grade inflammation. It is clearly
different from galactorrhea and spontaneous nip-
ple discharge with or without blood, which is
pathological representing a papilloma, papillo-
matosis and occasionally cancer. While the dif-
ferent color seen from different ducts (Fig. 13.3)
would suggest that it represents a local etiology,
the epidemiology of NAF production would
suggest a systemic process [33]. It is more com-
monly elicited from women aged 35-50 years, of
non-Asian ethnic origin, who experienced early
age of menarche, and who have Ilactated.
Moreover, reductions in NAF yield are associ-
ated with selective estrogen receptor modulators
and oophorectomy [34, 35]. This would suggest
that systemic hormonal stimulation of the breast
leads to NAF production, but does not explain
why only a few ducts produce it. It is certainly
possible that as with pathological discharge,
some NAF is systemic in origin while other types
represent local pathology. Sanchez et al. [36]
used polyacrylamide gel electrophoresis to ana-
lyze NAF protein banding patterns and delineated
two types. One was more similar to milk, and was
found in women who had given birth in the last 4
years or were on oral contraceptives. This type
was also more common in women with breast

Fig. 13.4 Ductal lavage

cancer. The other type closely resembled cyst
fluid with regard to color and components, and
was more common in women with benign dis-
ease. Other studies have demonstrated intraductal
papillary processes as the source of atypical cells
in NAF, suggesting that local as well as systemic
factors influence NAF production, both of which
need to be taken into account in our thinking.

Ductal Lavage

In an attempt to better access the whole breast,
technologies for duct cannulation, including
catheters and ductoscopes, have been developed.
The first reported lavage, referred to as a “rinse,”
was performed by LeBorgne [37] in Uruguay in
1953. He dilated the ducts, instilled saline, and
then massaged fluid out manually. Sartorius et al.
[38] combined lavage with contrast ductography
to collect the fluid as NAF after imaging. Love
developed an intraductal catheter, which used a
double lumen to maintain the patency of the duct
while lavaging it [39] (Fig. 13.4). These first-
generation devices have allowed proof of
principle.

Several studies involving the intraductal deliv-
ery of dyes to demarcate the path of lavage fluids
have demonstrated permeation of the lobular-
alveolar portion of the ductal systems [40—42].
Moreover, the procedure has collected lavage
cells exhibiting cytological features of lobular
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carcinoma in situ (LCIS) from a patient with
pathology-confirmed LCIS [40]. In addition,
lavage study participants have reported feeling
the cooler (room) temperature of the lavage saline
circulating within chest wall and axial regions
(unpublished observations). Collectively, these
data suggest that epithelial cells can be collected
from the terminal reaches of the mammary tree,
and that these samples can be used to detect
malignant cells in a subset of women with breast
cancer, albeit with low sensitivity.

Initially, the presumption was made that the
duct that secreted most actively and, therefore,
was most readily accessible, would be the “senti-
nel” duct, representing the status of the breast
[39]. In fact, if NAF represents a field defect
within the whole breast, one would expect that
sampling any duct with NAF in a breast with
cancer would demonstrate atypical cells. Studies
by Khan et al. [41] and Brogi et al. [40] have
demonstrated that this is not the case. Another
assumption was that the fluid yielding ducts
would be the ones most likely to harbor atypical
and malignant cells. On the contrary, several
investigations [42-44] have demonstrated atypi-
cal cells in non-discharging ducts at a rate simi-
lar to their incidence in discharging ducts. These
findings are not surprising since spontaneous
serosanguinous or watery discharge represents in
situ or invasive cancer only about 5% of the time.
Much of the data generated from the analysis of
NAF fluid and cancer risk may be a result of
pooling fluid from several different pathological
mechanisms, potentially in the same breast.
A recent study by Wood et al. [45] found that
nipple aspiration fluid was more commonly
expressed in cancerous compared with unaf-
fected breasts, and overall sensitivity for detect-
ing marked atypia or malignant cells in affected
breasts was similar to previous studies, at approx-
imately 17%.

The hope that ductal lavage would be the
answer to screening ducts for cancer may have
been overly optimistic. Sartorius et al. [38] postu-
lated in 1977 that with increasingly large invasive
cancers, the ducts might become obstructed and
epithelial cells with higher-grade atypia may
extravasate into surrounding tissues rather than
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shed into the ductal system. If this were the case,
early noninvasive lesions such as DCIS would be
more likely to yield atypical epithelial cells in
lavage specimen. In a follow-up study, Khan et al.
[46] included only women with calcifications on
mammogram, thus increasing the probability of
DCIS lesions. Of the ten women diagnosed histo-
logically with DCIS, only one woman produced
nipple fluid from a DCIS-bearing duct, and the
cytology was benign. These findings corroborate
results of the earlier studies and suggest low
overall utility for cytologic evaluation of ductal
lavage, even in the setting of known DCIS.

The technology has additional limitations,
however. One technical challenge is that it is not
always possible to tell whether a duct has been
perforated in the process of cannulation. Thus,
some lavages may actually represent a sampling
of stroma rather than ductal fluid. For this reason
we have tried lavaging under direct vision with a
ductoscope [47] which can help with these dis-
tinctions but is time consuming, and appropriate
scopes are not readily available. Most recently
we have used ultrasound to monitor the proce-
dure documenting a 7% perforation rate in healthy
women [47].

In fact, the microenvironment of each duct
may be distinct with regard to many properties.
Bhandare et al. [43] have shown different estro-
gen and estrogen precursor levels in different
ducts. Figure 13.2 shows NAF from several ducts
in one nipple and the different colors of secretion
suggest that indeed the fluid from separate ducts
has distinct properties. Our unpublished observa-
tions have suggested independence and variabil-
ity between ducts, but as with Khan and
colleagues’ data, these findings were obtained
with lavage. A critical goal is to define interduc-
tal variation at the genetic, biochemical and cel-
lular levels within the normal and diseased breast.
We are currently analyzing a lavage study using
ductoscopy to confirm the anatomy and compar-
ing hormone, protein, cell and biomarker levels
in at least three ducts per woman in an attempt to
answer this question. It does appear that cytology
is not the same in all the ducts, and it is certainly
possible that some ductal contents are local,
whereas others relate to the whole breast.
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Ductoscopy

Clearly, another way to exploit the access pro-
vided by the ductal system is through direct endo-
scopic visualization of the ductal tree, which may
afford a novel approach to intraductal lesions
such as DCIS. Although mammary ductoscopy
has not yet garnered widespread use, tremendous
improvements in endoscope technology in the
past decade have allowed for unprecedented visu-
alization and access to the intraluminal duct
(Fig. 13.5a). Both in the United States and Asia,
ductoscopy has had the greatest utility in the set-
ting of pathologic nipple discharge. Currently
available endoscopes measure 0.55-0.9 cm in
external diameter, often with a working side port
that allows for snaring and extraction of ductal
lesions [48]. Investigators have shown that ducto-
scopic-guided extraction is effective for benign
intraductal papillomas, but less effective in
removing malignant lesions, including DCIS.

In evaluation of abnormal nipple discharge,
ductoscopy has been shown to be of benefit by
avoiding the need for preoperative ductogram. One
series reported that 61% of ducts with discharge
had abnormal endoscopic findings that were surgi-
cally excised with ductoscopic guidance [49]. Of
the six cancers diagnosed, four had had negative
preoperative radiographic work-up. In patients with
known DCIS or breast cancer, ductoscopic guid-
ance has been shown to improve reexcision rates.
Dooley [50] have had extensive experience with

Fig. 13.5 (a) Ductoscopy
showing a trifurcation. (b)
Ultrasound confirmation of
the trifurcation

this technique, and in their hands, lumpectomy for
early-stage cancers guided by ductoscopy had a
markedly reduced likelihood of local failure com-
pared with standard lumpectomy techniques.

Ductoscopy can be monitored in real time
with ultrasound allowing the anatomy to be
appreciated as well (Fig. 13.5b). While it may
have potential in identifying pre-cancerous
lesions, the need to scope every duct precludes it
being used for screening.

Ductal Fluid for Screening

Seminal studies by Page and Dupont demon-
strated that a diagnosis of histological atypia via
surgical biopsy is associated with a fivefold
increase in relative risk for future invasive breast
cancer development [51, 52]. Cytological atypia
diagnosed in fluids obtained by nipple aspiration
and random periareolar fine needle aspiration is
associated with a similar two to fivefold increase
[53-55]. Because a diagnosis of atypia through a
variety of modalities has consistently been asso-
ciated with elevated risk for breast cancer devel-
opment, it was assumed that it would also be a
reliable marker in ductal lavage. However, there
are a number of challenges associated with the
cytological evaluation of ductal lavage samples.
To date, long-term follow-up has not been com-
pleted for lavage studies, and the prognostic
significance of atypia detected by this technique
remains undefined. It has been argued that
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extrapolation from NAF studies may be inappro-
priate given that it is unknown what proportion of
the cells collected by lavage represent naturally
exfoliated cells vs. intact cells that are dislodged
as the result of the procedure. However, sampling
via the random periareolar fine needle aspiration
technique is independent of naturally occurring
exfoliation and yet reveals a striking association
between cytological atypia and short-term risk
[55] although not specifically in the area sampled.
It is also true that cytological atypia on ductal
lavage may not represent pathological atypical
hyperplasia [56] but still could be a marker of
risk. A more critical issue, associated with the
diagnosis of atypia by any modality, is that
despite the elevation of relative risk, the majority
of women diagnosed with histological or cyto-
logical atypical hyperplasia do not develop breast
cancer [53, 57]. In addition, most of the women
who developed breast cancer in NAF studies with
long-term follow-up had not been diagnosed with
atypia [54]. A long term study, Serial Evaluation
of Ductal Epithelium (SEDE), designed to answer
this question was halted prematurely but an
attempt is being made to complete the follow up.
Additional challenges associated with exfoliative
breast cytology stem from the fact that it is a sub-
jective procedure often plagued by low reproduc-
ibility and poor inter-observer agreement,
particularly with regard to the classification of
atypical hyperplasia [58].

Molecular Biomarkers in Lavage Fluid

Due to the relatively low yield of cytologic evalu-
ation for breast cancer diagnosis, many groups
have now focused on molecular biomarkers in
ductal lavage fluid to identify characteristics
specific to precancerous and cancerous lesions of
the breast. Current studies analyzing genetic, epi-
genetic, and proteomic attributes of cells in duc-
tal lavage fluid have suggested that biomarker
analysis may be a more sensitive tool than cytol-
ogy alone, because molecular biomarker changes
often precede morphologic alterations and their
detection might lead to earlier identification of
breasts at risk for malignant change.
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Some investigators have used fluorescence in
situ hybridization (FISH) to detect genomic abnor-
malities by identifying aneusomy of chromosomes
within ductal lavage cells, as changes in copy
numbers of chromosomes 1, 8, 11, and 17 have
been shown to be associated with both preinvasive
and invasive breast lesions. King et al. [34]
described aneusomy for these chromosomes in
71% of the specimens from malignant cases and in
11% from benign cases, for a sensitivity of 71%
and specificity of 89%. Krishnamurthy et al. [59]
evaluated the utility of using FISH as an adjunct to
cytologic evaluation. They confirmed chromo-
somal aneuploidy in all of the malignant and
markedly atypical cases, but found aneusomy in
only one case described by cytology as mildly
atypical. The authors concluded that FISH-based
detection of chromosomal aneuploidy could
potentially be used as an adjunct to cytologic eval-
uation in confirming both benign and malignant
diagnoses. Adduci et al. [60] utilized array-based
comparative genomic hybridization (CGH) in pri-
mary surgical specimens then tested matched duc-
tal lavage specimens with region-specific FISH
probes to determine whether similar chromosomal
alterations were present in both specimens.
Although only 11% of cytology samples were
characterized as malignant, 55% of samples
showed biomarker changes that were identical to
those found in the primary surgical specimen. This
study clearly demonstrated the increased sensitiv-
ity of molecular probes over cytology for detec-
tion of malignancy in ductal lavage samples.

Genomic and epigenomic markers have also
been examined. Using quantitative fluorescence
image analysis, Zhang et al. [61] evaluated lavage
specimens from women with both benign and
malignant findings and demonstrated 100% sensi-
tivity in detecting cancer using DNAS5cER and
G-actin expression. Others have shown that evalu-
ation of methylation may also have more sensitiv-
ity for cancer detection than cytology: Krassenstein
et al. [62] used a panel of six loci to detect hyper-
methylation of CpG islands in matched tissue and
nipple aspiration fluid samples. They detected
hypermethylation in all of the malignant tissue
and 82% of the fluid samples. Fackler et al. [63]
utilized quantitative multiplex methylation-
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specific polymerase chain reaction (QM-PCR) to
evaluate promoter methylation events in a panel
of genes believed to be associated with increased
breast cancer risk. In their evaluation of QM-PCR
vs. cytologic evaluation, QM-PCR had double the
rate of detection of cancer cells.

While many proteins [64, 65], carbohydrates
[64—67], and hormones [64, 68] have been
described in ductal fluid none have been validated
in a way which allows them to be clinically use-
ful. For this reason proteomic analyses using the
surface-enhanced laser desorption and ionization-
time of light/mass spectrometry (SELDI-
TOF-MS) technique have been conducted on
lavage fluid with success. Sauter et al. [69] pro-
spectively collected nipple aspiration fluid from
women scheduled for diagnostic breast biopsy
and identified three protein peaks associated with
the pathologic categories of atypical ductal hyper-
plasia, DCIS, and invasive disease. Pavlou et al.
[70] reported more recently on an analysis of the
whole proteome of NAF in women scheduled for
breast biopsy. While 336 proteins were shared by
women with and without cancer, there were 441
that were restricted to the women with cancer
suggesting that NAF may well be able to predict
cancer risk.

At this time, the overall utility of nipple fluid
as a tool for risk assessment and early detection
of breast cancer remains controversial. While the
ability to access the fluid bathing the site of can-
cer initiation is tantalizing we still lack enough
understanding of the physiology of ductal fluid to
fully exploit its utility.

Intraductal Therapy

Because as we have described most breast cancers
arise from ductal epithelial cells in one lobe, enor-
mous opportunities exist in targeting therapy
directly into the ductal system. Additionally, intra-
ductal therapy is less likely to cause systemic tox-
icity and adverse effects. Investigation of the role
that the intraductal route may play in the treatment
and prevention of breast cancer is in its infancy.
It has been shown that paclitaxel prevents
tumor growth in the MNU-induced rat breast can-
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cer model [71]. The bulk of the preclinical data,
however, comes from Murata [72]. They demon-
strated that intraductal pegylated liposomal doxo-
rubicin (PLD) is associated with a potent
protective effect both in the MNU-induced rat
model and in the spontaneous Her2/neu trans-
genic mouse model. Results from the study dem-
onstrated that not only was the intraductal
administration of chemopreventive or chemother-
apeutic drugs significantly more effective in pre-
venting tumor development and promoting tumor
regression, but there were also lower circulating
levels of the agents and, as a result, no evidence
of systemic toxicity. 4-hydroxytamoxifen was
found to be as effective as subcutaneous tamox-
ifen in the prevention of tumors, and intraductal
administration of PLD caused complete regres-
sion in 24 of 25 tumors with a tumor-free 3-month
follow-up period. PLD was also found to be pro-
tective against tumor formation. Toxicity studies
showed no myelosuppression and peak levels of
drug were significantly lower for intraductal vs.
intravenous injection. The preclinical research
was expanded to determine the effects of intra-
ductal administration of other anticancer agents,
including 5-fluorouracil (5-FU), carboplatin,
nanoparticle albumin-bound paclitaxel (nab-
paclitaxel), and methotrexate, on treatment of
early and established tumors in a chemically
induced rat carcinogenesis model. They did not
observe major systemic side effects in rats that
were treated with the equivalent (5-FU) or higher
doses of a clinical human dose (PLD, carboplatin,
methotrexate, or nab-paclitaxel). Treatment with
5-FU was associated with the greatest antitumor
effects among the five agents, as evidenced by the
lowest number of neoplastic events and a low
Ki-67 labeling index. The observed transient hair
thinning in rats in response to intraductal 5-FU
indicates that a systemic concentration is achieved,
which may be explained by the agent’s small
molecular weight and short half-life. Further,
intraductal 5-FU administered to four ducts
resulted in protection of the remaining eight unin-
jected mammary glands from tumor development
(72% tumor-free mammary glands), and with
greater efficacy than that seen in rats after intrave-
nous administration of 5-FU (51% tumor-free
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Fig. 13.6 Cannulas in duct from multiple duct study

mammary glands). Thus, intraductal 5-FU was
superior to intravenous 5-FU in preventing mam-
mary tumorigenesis in the injected mammary
glands and also showed efficacy in the uninjected
glands in the same animal, implicating the par-
ticipation of a systemic factor in tumor preven-
tion with this particular agent.

These preclinical studies show that carbopla-
tin, 5-FU, and PLD are suitable for further intra-
ductal testing in clinical trials. At the same time,
their clinical trial data with PLD support the fea-
sibility of intraductal administration of agents.
Stearns et al. demonstrated that administering
PLD into one duct of women awaiting a mastec-
tomy was safe and associated with minimal side
effects. Nevertheless, the clinical trial is associ-
ated with several limitations and should be
regarded as a proof-of-principle study. First, they
evaluated only a few dose levels in a small num-
ber of women (n=17). Second, they administered
PLD once into one ductal system. Safety should
be investigated with longer observation period in
women who are awaiting mastectomy and
lumpectomy or those at high risk who are consid-
ering prevention options.

Since the use of this approach for prevention
would require instillation of the drug into the
majority of ducts in a breast, Love et al. [73, 74]
conducted a Phase I dose-escalation study in
Beijing, China to determine safety and evaluate
histopathologic response to either intraductal car-
boplatin or PLD instilled into 5-8 ducts in 31
women 2—7 days prior to mastectomy for breast
cancer (Fig. 13.6). The procedure was done under

local anesthesia with only mild breast discomfort
during drug delivery. Three dose levels were
used, with the highest level approaching the dose
used intravenously. This total dose was divided
among the cannulated ducts. Of note there was no
attempt to determine whether a duct was intact or
had been perforated during the procedure.
Assuming our reported perforation rate of 7%,
we assume that some of the drug may have
extravasated. After planned mastectomy, the
treated ducts were instilled with gelatin mixed
with India ink for identification purposes
(Fig. 13.7a). Nonetheless at the highest doses of
PLD, patients experienced only tenderness, mild
erythema and breast swelling, but no serious
adverse events were noted. In the carboplatin
group, both inflammatory responses and epithe-
lial changes increased in a dose-dependent fash-
ion. In the PLD group, no inflammatory changes
were seen, but there was a marked increase of
epithelial response to PLD treatment compared
with the carboplatin-treated patients, including
epithelial attenuation in the terminal ductal-lobu-
lar units (Fig. 13.8). A review of mastectomy
specimens revealed that the drugs were distrib-
uted widely throughout the ductal systems and
reached the TDLUs (Fig. 13.7b).

On the basis of this work Love and Mahoney
[75] have tested intraductal PLD in the neo-adju-
vant setting for DCIS. In patients with core biop-
sy-proven DCIS, the involved ductal orifice was
cannulated and confirmed on ductogram prior to
instilling 20 mg of PLD (10 cm?®) intraductally.
The women were followed for 6-weeks before
scheduled surgery. The study end points were
regression of the lesion on surgical pathology,
decreased markers in ductal fluid, and changes on
MRI before and after treatment. The study was
completed with 13 women receiving the full drug
dose into the duct harboring DCIS, with two
women reporting mild to moderate breast
inflammatory reactions that responded to anti-
inflammatory medications. Initial evaluation of
histology of surgical specimens has confirmed a
tissue response of inflammation, squamous meta-
plasia, and fat necrosis. Although women in this
study underwent surgery, the long-term implica-
tions of the trial may be to facilitate future treat-
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Fig. 13.7 (a) Surgical
specimen showing dye in
treated ducts. (b) Dye in
terminal ductal-lobular
units of treated duct

Fig. 13.8 Treated duct

ment of DCIS with intraductal therapy alone. In injection of ablative agents in unaffected, high-
addition, if this approach is effective in stripping risk women may allow for true loco-regional
cancer precursor cells from the ducts, intraductal chemoprevention.
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Breast Cancer Etiology

If we are going to be able to prevent the majority
of cases of breast cancer, it may well be time to
refocus our efforts on the etiology of the disease.
While genes and radiation are among known
breast cancer causes, other etiologies for the
majority of cases are still unknown. Infections
and chronic inflammation have been linked to
some cancers but studies of infectious causes of
breast cancer have been limited to looking for
specific viral signatures in invasive cancers. The
breast ducts are intimately associated with cuta-
neous and oral microorganisms during lactation
and sexual activity, and could well harbor infec-
tious agents that contribute to carcinogenesis.

1936, Dr. John Joseph Bittner, a geneticist and
cancer biologist working at the Jackson labora-
tory in Bar Harbor Maine, established the theory
that a cancerous agent or “milk factor,” could be
transmitted by cancerous mothers to young mice
from a virus in their mother’s milk [76]. The
majority of mammary tumors in mice are caused
by mouse mammary tumor virus (MMTV); none-
theless evidence for viral etiologies of human
breast cancer has been controversial. Interestingly,
MMT V-like gene sequences have been identified
in the human breast tumors, with 38% of breast
cancer tissue from American women testing
positive for MMT V-like genes [77-79]. In studies
of Australian breast cancer patients, prevalence
of MMTV-like genes correlated with severity of
cancer, with invasive breast cancer tissues express-
ing higher levels of MMTV-like genes compared
to noninvasive breast cancer tissues. Furthermore,
MMTV-like genes were rarely found in normal
breast tissue. Taken together, these data show that
the presence of MMTV-like genes in breast
tumors correlates with an invasive phenotype and
provides evidence that a virus may be associated
with human breast tumorigenesis [80].

DNA from human papillomavirus (HPV),
most commonly associated with cervical cancer,
has been detected by some groups in cancerous
breast tissues [81-83]. However, others have
failed to find a link between HPV infection and
breast cancer [84, 85]. The ubiquitous human
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herpes virus Epstein-Barr virus (EBV) has vary-
ing presence in breast cancer cells. While some
groups report identification of tumors with up to
50% EBV-positivity [86—88], other groups have
failed to detect EBV in breast cancer tissues alto-
gether [89, 90].

While none of this work is definitive it should
not be dismissed since as the example of cancer
of the cervix shows so well. The potential of a
preventative vaccine based on an infectious cause
remains a possibility and needs further
exploration.

Preventative Vaccines

With the increased knowledge regarding the
immune system and the absence of a defined eti-
ology of breast cancer there has been increased
interest in developing a vaccine to either prevent
breast cancer or treat the earliest stages. Most
research has focused on therapeutic vaccines [91]
aimed at eliciting an antigen-specific immune
response against tumor antigens. Thus far the
animal models have been more encouraging than
the human studies. Two groups are focusing on
the potential of various tumor antigens to elicit
significant immunologic memory to prevent
recurrence of cancer once it has been clinically
removed. Disis [92] and Clive et al. [93] both
tested a vaccine utilizing HER-2/neu peptides to
explore the efficacy of the vaccine in killing
tumor cells that express HER-2/neu. Disis and
colleagues created a vaccine based on recombi-
nant HER-2/neu intracellular domain protein in
patients with HER-2/neu positive cancers [94].
Peoples et al. [95], used a HER-2/neu peptide
derived from the protein’s extracellular domain
(E75-peptide vaccine) and tested the vaccine in
node-positive and node-negative patients that
were rendered disease-free after current thera-
pies. This team [96] found that their HER-2/neu
E75 peptide vaccine stimulates specific immunity
in disease-free breast cancer patients, albeit the
immunity wanes with time. A vaccine booster is
safe and effective, with the greatest effect
observed when given at 6 months after comple-
tion of the primary vaccination series.
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While this work is interesting the ultimate
goal is prevention all together. This has led to
increasing interest, in moving to treatment of
DCIS or prevention which could prove to be sim-
pler and more effective. Proof of this concept has
been demonstrated in animal models and work is
ongoing to establish the validity in humans. A
single vaccination with the antigen alpha-lactal-
bumin prevented breast cancer tumors from form-
ing in mice [97]. Other researchers have focused
on human mucin 1 (MUC1), a protein that is
overexpressed in 90% of human breast cancers.
Several studies have demonstrated the ability of
MUC1-based vaccines to elicit an effective anti-
tumor immune response in vivo and clinical trials
are currently underway to determine if this
response translates into prevention of tumor
growth in humans [98].

Dr. Czerniecki and colleagues at the University
of Pennsylvania are currently conducting a ran-
domized phase I/II trial of HER-2/neu pulsed
DC1 vaccine for patients with DCIS [87, 88, 99,
100]. This trial is studying the safety and efficacy
of the vaccine in treating patients with DCIS who
have not had any prior definitive treatment. Dr.
Czerniecki’s trial will shed light on the efficacy
of a potential vaccine in patients whose immune
systems have not been suppressed through prior
conventional treatments.

These approaches while exciting, will require
extensive testing in women to demonstrate both
safety and efficacy.

Major Challenge

In our focus on prevention of breast cancer and
the work described in this chapter it is clear that a
major challenge to progress is the limitation of
our technology. The clinical community recog-
nizes that most noninvasive disease will not prog-
ress and therefore does not need to be eradicated;
however, the lack of an accurate method to moni-
tor the extent and status of disease over time
whether by imaging or a systemic marker has
been a barrier to the adoption of less radical
approaches. Mammography is limited to visual-
izing calcifications and MRI, while able to iden-
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tify some DCIS, has not proved to be a good
monitoring tool. As a result, watchful waiting has
not been seriously tested nor have non-surgical
approaches such as hormonal therapy, anti-HER2/
neu approaches, vaccines or intraductal drug
instillation been tried. The major barrier to less
invasive approaches to preventing breast cancer
or treating precancerous lesions has been our
inability to assess the extent of disease, its malig-
nant potential and its behavior over time.

The biggest challenge for the future is not new
systemic approaches of chemoprevention but
rather the development of methods to actively
monitor pre-cancerous disease progression. This
will result in significant improvements in a
patient’s state-of-mind and reduce the cost of
therapy in the long-term since the requirement for
major surgery during the initial course of therapy
will be significantly reduced and open the duct
for a more scientific approach to the prevention of
invasive breast cancer in all women at risk.

References

1. Wellings SR, Jensen HM, Marcum RG. An atlas of
subgross pathology of the human breast with special
reference to possible precancerous lesions. J Natl
Cancer Inst. 1975;55(2):231-73.

2. Ewing J. Neoplastic diseases; a treatise on tumors.
Philadelphia and London: W. B. Saunders companys;
1940. 2p. 1., 9-1054p.

3. Holland R, et al. Histologic multifocality of Tis,
T1-2 breast carcinomas. Implications for clinical tri-
als of breast-conserving surgery. Cancer. 1985;
56(5):979-90.

4. Mai KT, et al. Pattern of distribution of intraductal
and infiltrating ductal carcinoma: a three-dimen-
sional study using serial coronal giant sections of the
breast. Hum Pathol. 2000;31(4):464-74.

5. Teboul M, Halliwell M. Atlas of ultrasound and duc-
tal echography of the breast: the introduction of ana-
tomic intelligence into breast imaging. Oxford,
United Kingdom: Blackwell Science; 1995.

6. Tot T. DCIS, cytokeratins, and the theory of the sick
lobe. Virchows Arch. 2005;447(1):1-8.

7. Lakhani SR, et al. Atypical ductal hyperplasia of the
breast: clonal proliferation with loss of heterozygos-
ity on chromosomes 16q and 17p. J Clin Pathol.
1995;48(7):611-5.

8. Lakhani SR, et al. Loss of heterozygosity in lobular
carcinoma in situ of the breast. Clin Mol Pathol.
1995:48(2):M74-8.



182

S.M. Love

10.

11.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Deng G, et al. Loss of heterozygosity in normal tis-
sue adjacent to breast carcinomas. Science.
1996;274(5295):2057-9.

Larson PS, et al. Genetically abnormal clones in his-

tologically normal breast tissue. Am J Pathol.

1998;152(6):1591-8.

Cavalli LR, et al. Loss of heterozygosity in normal

breast epithelial tissue and benign breast lesions in

BRCA1/2 carriers with breast cancer. Cancer Genet

Cytogenet. 2004;149(1):38-43.

. Clarke CL, et al. Mapping loss of heterozygosity in
normal human breast cells from BRCA1/2 carriers.
Br J Cancer. 2006;95(4):515-9.

. Kurose K, et al. Genetic model of multi-step breast

carcinogenesis involving the epithelium and stroma:

clues to tumour-microenvironment interactions.

Hum Mol Genet. 2001;10(18):1907-13.

Tsai YC, et al. Contiguous patches of normal human

mammary epithelium derived from a single stem

cell: implications for breast carcinogenesis. Cancer

Res. 1996;56(2):402—4.

Hildreth NG, Shore RE, Dvoretsky PM. The risk of

breast cancer after irradiation of the thymus in

infancy. N Engl J Med. 1989;321(19):1281-4.

Lundell M, et al. Breast cancer risk after radiother-

apy in infancy: a pooled analysis of two Swedish

cohorts of 17,202 infants. Radiat Res.
1999;151(5):626-32.

Modan B, et al. Increased risk of breast cancer

after low-dose irradiation. Lancet. 1989;1(8639):

629-31.

Myrden JA, Hiltz JE. Breast cancer following mul-

tiple fluoroscopies during artificial pneumothorax

treatment of pulmonary tuberculosis. Can Med

Assoc J. 1969;100(22):1032-4.

Miller AB, et al. Mortality from breast cancer after

irradiation during fluoroscopic examinations in

patients being treated for tuberculosis. N Engl J

Med. 1989;321(19):1285-9.

Tokunaga M, et al. Incidence of female breast cancer

among atomic bomb survivors, 1950-1985. Radiat

Res. 1994;138(2):209-23.

Diallo R, et al. Monoclonality in normal epithelium

and in hyperplastic and neoplastic lesions of the

breast. J Pathol. 2001;193(1):27-32.

Goldstein NS, Kestin LL, Vicini FA. Monomorphic

epithelial proliferations of the breast: a possible pre-

cursor lesion associated with ipsilateral breast fail-
ure after breast conserving therapy in patients with
negative lumpectomy margins. Int J Radiat Oncol

Biol Phys. 2011;79(3):818-22.

Cooper A. The anatomy and diseases of the breast.

Philadelphia: Lea and Blanchard; 1845. p. 74-119.

Love SM, Barsky SH. Anatomy of the nipple and

breast ducts revisited. Cancer. 2004;101(9):

1947-57.

Ramsay DT, et al. Anatomy of the lactating human

breast redefined with ultrasound imaging. J Anat.

2005;206(6):525-34.

Going JJ, Moffat DF. Escaping from Flatland: clini-

cal and biological aspects of human mammary duct

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

anatomy in three dimensions. J Pathol. 2004;203(1):
538-44.

Moffat DF, Going JJ. Three dimensional anatomy of
complete duct systems in human breast: pathological
and developmental implications. J Clin Pathol.
1996;49(1):48-52.

Ohtake T, et al. Computer-assisted complete three-
dimensional reconstruction of the mammary ductal/
lobular systems: implications of ductal anastomoses
for breast-conserving surgery. Cancer. 2001;91(12):
2263-72.

Taneri F, et al. Microanatomy of milk ducts in the
nipple. Eur Surg Res. 2006;38(6):545-9.

Rusby JE, et al. Breast duct anatomy in the human
nipple: three-dimensional patterns and clinical impli-
cations. Breast Cancer Res Treat. 2007;106(2):171-9.

. Dietz JR, et al. Directed duct excision by using mam-

mary ductoscopy in patients with pathologic nipple
discharge. Surgery. 2002;132(4):582-7; discussion
587-8.

Going JJ, Mohun TJ. Human breast duct anatomy,
the ‘sick lobe” hypothesis and intraductal approaches
to breast cancer. Breast Cancer Res Treat.
2006;97(3):285-91.

Phillips HA, Howard GC, Miller WR. Nipple aspi-
rate fluid in relation to breast cancer. Breast.
1999:8(4):169-74.

King BL, Tsai SC, Gryga ME, et al. Detection of
chromosomal instability in paired breast surgery and
ductal lavage specimens by interphase fluorescence
in situ hybridization. Clin Cancer Res. 2003;9:
1509-1516.

Mitchell G, et al. Nipple aspiration and ductal lavage
in women with a germline BRCA1 or BRCA2 muta-
tion. Breast Cancer Res. 2005;7(6):R1122.

Sanchez LM, et al. Identification of the major pro-
tein components in breast secretions from women
with benign and malignant breast diseases. Cancer
Res. 1992;52(1):95-100.

Leborgne RA. The breast in Roentgen diagnosis.
Montevideo, Uruguay: Impresora Uruguaya
SA—IJuncal 1511; 1953. p. 14-17.

Sartorius OW, et al. Cytologic evaluation of breast
fluid in the detection of breast disease. J Natl Cancer
Inst. 1977;59(4):1073-80.

Dooley WC, et al. Ductal lavage for detection of cel-
lular atypia in women at high risk for breast cancer.
J Natl Cancer Inst. 2001;93(21):1624-32.

Brogi E, et al. Ductal lavage in patients undergoing
mastectomy for mammary carcinoma. Cancer.
2003;98(10):2170-6.

Khan SA, et al. Ductal lavage findings in women
with known breast cancer undergoing mastectomy.
J Natl Cancer Inst. 2004;96(20):1510-7.

Kurian AW. Ductal lavage of fluid-yielding and non-
fluid-yielding ducts in BRCA1 and BRCA2 muta-
tion carriers and other women at high inherited
breast cancer risk. Cancer Epidemiol Biomarkers
Prev. 2005;14(5):1082-9.

Bhandare D. Endocrine biomarkers in ductal lavage
samples from women at high risk for breast cancer.



Current and Future Direction in Basic and Translational Research

183

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Cancer Epidemiol Biomarkers Prev. 2005;14(11):
2620-7.

Maddux A, et al. Patient and duct selection for nip-
ple duct lavage. Am J Surg. 2004;188(4):390-4.
Wood ME, et al. Ductal lavage of cancerous and
unaffected breasts: procedure success rate and can-
cer detection. Acta Cytol. 2009;53(4):410-5.

Khan SA, et al. Ductal lavage findings in women
with mammographic microcalcifications undergoing
biopsy. Ann Surg Oncol. 2005;12(9):689-96.
Tondre J, et al. Technical enhancements to breast
ductal lavage. Ann Surg Oncol. 2008;15(10):
2734-8.

Bender O, et al. Scarless endoscopic papillomec-
tomy of the breast. Onkologie. 2009;32(3):94-8.
Kapenhas-Valdes E, et al. Mammary ductoscopy for
evaluation of nipple discharge. Ann Surg Oncol.
2008;15(10):2720-7.

Dooley W. Ductoscopy technique—using ductos-
copy anatomically direct breast conservation sur-
gery. 6th International Symposium on the Intraductal
Approach to Breast Cancer. Santa Monica, CA.
BMC Proc. 2009;3(Suppl 5):S16.

Dupont WD, Page DL. Risk factors for breast cancer
in women with proliferative breast disease. N Engl J
Med. 1985;312(3):146-51.

Dupont WD, et al. Breast cancer risk associated with
proliferative breast disease and atypical hyperplasia.
Cancer. 1993;71(4):1258-65.

Wrensch MR, et al. Breast cancer incidence in
women with abnormal cytology in nipple aspirates
of breast fluid. Am J Epidemiol. 1992;135(2):
130-41.

Wrensch MR, et al. Breast cancer risk in women
with abnormal cytology in nipple aspirates of breast
fluid. J Natl Cancer Inst. 2001;93(23):1791-8.
Fabian CJ, et al. Short-term breast cancer prediction
by random periareolar fine-needle aspiration cytol-
ogy and the Gail risk model. J Natl Cancer Inst.
2000;92(15):1217-217.

Cyr AE, et al. Correlation of ductal lavage cytology
with ductoscopy-directed duct excision histology in
women at high risk for developing breast cancer: a
prospective, single-institution trial. Ann Surg Oncol.
2011;18(11):3192-17.

Page DL, et al. Atypical hyperplastic lesions of the
female breast. A long-term follow-up study. Cancer.
1985;55(11):2698-708.

Johnson-Maddux A, et al. Reproducibility of cyto-
logic atypia in repeat nipple duct lavage. Cancer.
2005;103(6):1129-36.

Krishnamurthy S, et al. Feasibility and utility of
using chromosomal aneusomy to further define the
cytologic categories in nipple aspirate fluid speci-
mens: a preliminary study. Cancer. 2004;102(5):
322-7.

Adduci KM, et al. Fluorescence in situ hybridization
of ductal lavage samples identifies malignant pheno-
types from cytologically normal cells in women with
breast cancer. Cancer. 2007;111(3):185-91.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Zhang W, et al. Biomarker analysis on breast ductal
lavage cells in women with and without breast can-
cer. Int J Cancer. 2006;119(2):359-64.

Krassenstein R, et al. Detection of breast cancer in
nipple aspirate fluid by CpG island hypermethyla-
tion. Clin Cancer Res. 2004;10(1 Pt 1):28-32.
Fackler MJ, etal. Quantitative multiplex methylation-
specific PCR analysis doubles detection of tumor
cells in breast ductal fluid. Clin Cancer Res.
2006;12(11 Pt 1):3306-10.

King BL, Love SM. The intraductal approach to the
breast: raison d’étre. Breast Cancer Res. 2006;8(2):
206.

Sauter E, et al. Biologic markers of breast cancer in
nipple aspirate fluid and nipple discharge are associ-
ated with clinical findings. Cancer Detect Prev.
2007;31(1):50-8.

Qin W, et al. Proteins and carbohydrates in nipple
aspirate fluid predict the presence of atypia and can-
cer in women requiring diagnostic breast biopsy.
BMC Cancer. 2012;12(1):52.

Deutscher SL, et al. Carbohydrate antigens in nipple
aspirate fluid predict the presence of atypia and can-
cer in women requiring diagnostic breast biopsy.
BMC Cancer. 2010;10(1):519.

Chatterton RT, et al. Patterns of sex steroid hormones
in nipple aspirate fluid during the menstrual cycle
and after menopause in relation to serum concentra-
tions. Cancer Epidemiol Biomarkers Prev. 2010;
19(1):275-9.

Sauter ER, et al. Proteomic analysis of nipple aspi-
rate fluid using SELDI-TOF-MS. Int J Cancer.
2005;114(5):791-6.

Pavlou MP, et al. Nipple aspirate fluid proteome of
healthy females and patients with breast cancer. Clin
Chem. 2010;56(5):848-55.

Okugawa H, et al. Effect of perductal paclitaxel
exposure on the development of MNU-induced
mammary carcinoma in female S-D rats. Breast
Cancer Res Treat. 2005;91(1):29-34.

Murata S. Ductal access for prevention and therapy of
mammary tumors. Cancer Res. 2006;66(2):638-45.
Love SM, et al. Local drug delivery to the breast: a
phase 1 study of breast cytotoxic agent administra-
tion prior to mastectomy. BMC Proc. 2009;3 Suppl
5:S29.

Rao J, et al. Histopathological responses to a short
term intraductal cytotoxic agent treatment: results of
a feasibility study. BMC Proc. 2009;3 Suppl 5:S30.
Mahoney M, Mills D, Love S. Intraductal therapy of
DCIS with liposomal doxorubicin: a preoperative
trial in rural California. BMC Proc. 2009;3 Suppl
5:S31.

Bittner JJ. Some possible effects of nursing on the
mammary gland tumor incidence in mice. Science.
1936;84(2172):162.

Etkind P, et al. Mouse mammary tumor virus-like
ENYV gene sequences in human breast tumors and in
a lymphoma of a breast cancer patient. Clin Cancer
Res. 2000;6(4):1273-8.



184

S.M. Love

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Wang Y, et al. Expression of mouse mammary tumor
virus-like ENV gene sequences in human breast can-
cer. Clin Cancer Res. 1998;4(10):2565-8.

Wang Y, Holland JF, Bleiweiss 1J. Detection of
mammary tumor virus ENV gene-like sequences in
human breast cancer. Cancer Res. 1995;55(22):
5173-9.

Ford CE, Faedo M, Rawlinson WD. Mouse mam-
mary tumor virus-like RNA transcripts and DNA are
found in affected cells of human breast cancer. Clin
Cancer Res. 2004;10(21):7284-9.

AKkil N, et al. High-risk human papillomavirus infec-
tions in breast cancer in Syrian women and their
association with Id-1 expression: a tissue microarray
study. Br J Cancer. 2008;99(3):404-7.

Heng B, et al. Human papilloma virus is associated
with breast cancer. Br J Cancer. 2009;101(8):
1345-50.

Kroupis C, et al. Presence of high-risk human papil-
lomavirus sequences in breast cancer tissues and
association with histopathological characteristics.
Clin Biochem. 2006;39(7):727-31.

Gopalkrishna V, et al. Absence of human papilloma-
virus DNA in breast cancer as revealed by poly-
merase chain reaction. Breast Cancer Res Treat.
1996;39(2):197-202.

Lindel K, et al. Breast cancer and human papilloma-
virus (HPV) infection: no evidence of a viral etiol-
ogy in a group of Swiss women. Breast.
2007;16(2):172-7.

Bonnet M, et al. Detection of Epstein-Barr virus in
invasive breast cancers. J Natl Cancer Inst.
1999;91(16):1376-81.

Lugmani Y, Shousha S. Presence of epstein-barr-
virus in  breast-carcinoma. Int J  Oncol.
1995;6(4):899-903.

McCall SA, et al. Epstein-Barr virus detection in
ductal carcinoma of the breast. J Natl Cancer Inst.
2001;93(2):148-50.

Lespagnard L, et al. Absence of Epstein-Barr virus in
medullary carcinoma of the breast as demonstrated

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

by immunophenotyping, in situ hybridization and
polymerase chain reaction. Am J Clin Pathol.
1995;103(4):449-52.

Glaser SL, et al. Absence of Epstein-Barr virus
EBER-1 transcripts in an epidemiologically diverse
group of breast cancers. Int J Cancer. 1998;75(4):
555-8.

Mittendorf EA, Peoples GE, Singletary SE. Breast
cancer vaccines: promise for the future or pipe
dream? Cancer. 2007;110(8):1677-86.

Disis ML. The ultimate in cancer chemoprevention:
cancer vaccines. Cancer Prev Res (Phila).
2010;3(4):406-9.

Clive KS, et al. The GP2 peptide: a HER2/neu-based
breast cancer vaccine. J Surg Oncol. 2012;105(5):
452-8.

Disis ML, Salazar LG, Knutson KL. Peptide-based
vaccines in breast cancer. Breast Dis. 2004;20:
3-11.

Peoples GE, et al. Clinical trial results of a HER2/
neu (E75) vaccine to prevent recurrence in high-risk
breast cancer patients. J Clin Oncol. 2005;23(30):
7536-45.

Mittendorf EA, et al. Clinical trial results of the
HER-2/neu (E75) vaccine to prevent breast cancer
recurrence in high-risk patients: from US Military
Cancer Institute Clinical Trials Group Study I1-01
and 1-02. Cancer. 2012;118(10):2594-602.

Jaini R, et al. An autoimmune-mediated strategy for
prophylactic breast cancer vaccination. Nat Med.
2010;16(7):799-803.

Yuan S, et al. MUC]1-based recombinant Bacillus
Calmette-Guerin vaccines as candidates for breast
cancer immunotherapy. Expert Opin Biol Ther.
2010;10(7):1037-48.

Czerniecki BJ, Roses RE, Koski GK. Development
of vaccines for high-risk ductal carcinoma in situ of
the breast. Cancer Res. 2007;67(14):6531-4.
Sharma A, et al. HER-2 pulsed dendritic cell vaccine
can eliminate HER-2 expression and impact ductal
carcinoma in situ. Cancer. 2012;118:4354-62.



Index

A
Abdomen-based flaps
abdominal scar, 132, 133
DIEP flap, 132, 133
latissimus dorsi flap, 134135
outcomes, 134
SIEA flap, 134
TRAM, 132-133
Acellular dermal matrix (ADM), 131
American Cancer Society (ACS), 72, 81-82
American College of Medical Genetics, 155
American College of Radiology (ACR), 81-82
American College of Radiology Imaging Network
(ACRIN), 85
American Society of Clinical Oncology (ASCO), 162
Aromatase inhibitors (Als), 100
Arzoxifene, 99
Ataxia telangiectasia-mutated (ATM) gene mutations, 37,
150-151
Atypical ductal hyperplasia (ADH), 63-65, 73-74
Atypical lobular hyperplasia (ALH), 61-62
Automated whole breast ultrasound (AWBU) systems,
85-86
Axillary lymph node dissection (ALND), 115

B
Basic and translational research
breast cancer
duct anatomy and distribution, 171-172
etiology, 180
identification, 169
loss of heterozygosity, 170
multicentricity incidence, 169
prevention, 169
X chromosome inactivation, 170
ductal fluid, 175-176
ductal lavage, 173-174
ductoscopy, 175
intraductal therapy
cannulated ducts, 178
5-fluorouracil, 177-178
pegylated liposomal doxorubicin, 177
treated duct, 178-179
major challenges, 181

molecular biomarkers, 176-177
NAF, 172-173
preventative vaccines, 180181
Bilateral prophylactic salpingo-oophorectomy (PBSO),
54
Bilateral risk-reducing mastectomy (BRRM), 77-78
BOADICEA model. See Breast and ovarian cancer
analysis of disease incidence and carrier
estimation algorithm (BOADICEA) model
BRCA1-interacting protein-terminal helicase 1 (BRIP1),
38
BRCA mutation
BRCA1 and BRCA2 gene, 7-9, 33-34
BRCAI1 and BRCA2 proteins
characteristics, 49-50
comparison, 50, 51
DNA repair and, 49, 51
relative risks, 52
triple-negative, basal-like breast cancers and, 52
carriers (see also Concomitant risk management)
BCT, 56
breastfeeding, 55
Cdk inhibition, 57
cisplatin and paclitaxel, 56
HRT, 55
NSM, 53-54
oral contraceptives, 55
PARP inhibitors, 56-57
PBSO, 54
pregnancy, 55
risk-reducing strategies, 53—54
surveillance options, 53
tamoxifen, 54-55
treatment algorithm, 55-56
psychological implications
education and supportive interventions,
158-159
family support, self-esteem, communication and
distress, 157-158
future prospects, 159-160
high-risk status, 156157
risk assessment process, 155-156
time course and coping, 157
screening guidelines, 52
BRCAPRO, 15-16

N.M. Hansen (ed.), Management of the Patient at High Risk for Breast Cancer, 185
DOI 10.1007/978-1-4614-5891-3, © Springer Science+Business Media New York 2013



186

Index

Breast and ovarian cancer analysis of disease incidence
and carrier estimation algorithm
(BOADICEA) model

age-specific invasive breast and ovarian cancer risks,
16-17

data input page and results output, 17-19

expanded form, 17

limitations, 18

original model version, 17

performance characteristics, 18, 20

Breast cancer

BRCA mutation (see BRCA mutation)

duct anatomy and distribution, 171-172

etiology, 180

genetic and genomic factors (see Genetic and
genomic factors)

high risk lesions management (see High risk lesions
management)

identification, 169

loss of heterozygosity, 170

multicentricity incidence, 169

prevention, 169

risk assessment (see Risk assessment)

X chromosome inactivation, 170

Breast conservation therapy (BCT), 56, 136-137

Breast density, 85, 91

Breast reconstruction

abdomen-based flaps
abdominal scar, 132, 133
DIEP flap, 132, 133
latissimus dorsi flap, 134—135
outcomes, 134
SIEA flap, 134
TRAM, 132-133
conservation therapy, 136-137
goals and limitations, 122
high-risk patient, 121
nipple reconstruction, 136
NSM (see Nipple sparing mastectomy (NSM))
prosthetic-based
ADM, 131
one stage, 130
outcomes, 131
procedure and patient selection, 128—129
two stage, 129-130
SGAP and IGAP flaps, 135-136
SSM, 125-126
techniques
prosthetic vs. autologous, 127
timing, 128
unilateral vs. bilateral, 127-128
Breast-specific gamma imaging (BSGI), 91-92
Breast ultrasound. See Radiological imaging

C

CancerGene®, 14

Cancer predisposition genes, 31-32
Cancer surveillance, 146, 147
Carrier. See BRCA mutation

CDH1 mutations, 150
Cdk inhibition, 57
Checkpoint kinase-2 (CHEK?2) gene, 37-38
Circumscribed cancers, 86, 87
Classification and regression tree (CART), 10-11
Claus model
development, 13
goodness-of-fit tests, 13—14
limitations, 14
variations, 14—15
Clinical breast exams (CBE), 53
Clinical decision support (CDS), 162
Columnar cell change (CCC), 63
Columnar cell hyperplasia (CCH), 63
Columnar cell lesions, 63, 64
Comparative genomic hybridization (CGH), 176
Concomitant risk management
ATM, 150-151
BRCA1/BRCA2 mutation carriers
colorectal cancer, 145
gastric cancer, 145
lifetime risk, 141, 143
melanoma, 144
ovarian cancer (see Ovarian cancer)
pancreatic cancer, 144145
prostate cancer, 143—144
Cowden syndrome
cancer risks, 145-146
diagnostic criteria, 145, 146
screening recommendations and risk reduction
strategies, 146—-147
FA/PALB2 mutations, 151
HDGC/CDHI1 mutation, 150
hereditary cancer syndromes, 141, 142
LFS
cancer risks, 147-148
diagnostic criteria, 147, 148
screening recommendations and risk reduction
strategies, 148—149
NBN, 151-152
PJS, 149-150
Contralateral prophylactic mastectomy (CPM),
110-111
Coping, 157
Cowden syndrome, 23-25, 34-35
cancer risks, 145-146
diagnostic criteria, 145, 146
screening recommendations and risk reduction
strategies, 146147

D

Dedicated cone-beam breast CT, 91

Deep inferior epigastric perforator (DIEP) flap, 134
Distress, 157-158

Ductal anatomy, 171-172

Ductal carcinoma in situ (DCIS), 62-63

Ductal fluid, 175-176

Ductal lavage, 173-174

Ductoscopy, 175



Index

187

E

Electronic health record (EHR), 162
Epstein-Barr virus (EBV), 180
Exemestane, 100

F
Family support, 157-158
Fanconi anemia (FA)
and BRCA (FA-BRCA) pathway, 32-33
mutations, 151
Flat epithelial atypia (FEA), 63, 64, 73
Fluorescence in situ hybridization (FISH), 176
5-Fluorouracil (5-FU), 177-178
Founder mutation, 34
Frank model, 9-10

G
Gail model
benefit-to-risk index, 5
current input and outcomes, 5, 6
discriminatory accuracy, 5
evaluation and validation, 2
model 1 vs. model 2, 5
risk factors, 2
Gene mutations, 29, 30
Genetic and genomic factors
breast cancer susceptibility
BRCA1 and BRCA2, 33-34
Cowden syndrome, 34-35
FA and FA-BRCA pathway, 32-33
LFS, 35-36
cancer predisposition genes, 31-32
future prospects, 45
germinal gene mutations, 29
hereditary diffuse gastric cancer, 36
heritable breast cancer, 30-31
highly penetrant susceptibility cancer genes, 32
putative and less penetrant cancer susceptibility genes
ATM, 37
BRIP1, 38
CHEK2, 37-38
KRAS-variant, 38-39
PALB2, 38
RADSI1C, 36-37
risk assessment (see Risk assessment)
somatic genes
cancer genome changes, 39-40
classification system, 39
PARP inhibitors, 41
TNBC, 40
Genetic counseling, 11
Genetic Risk Assessment Coping Evaluation (GRACE), 159
Genetic testing, 164, 166

H
Hereditary breast and ovarian cancer (HBOC) syndrome, 1
Hereditary breast cancer, 49, 54

Hereditary diffuse gastric cancer (HDGC), 36, 150
Heritable breast cancer, 30-31
High risk breast cancer, 156-157
High risk breast lesions and pathologic evaluation
ADH, 63-65
columnar cell lesions, 63, 64
lobular neoplasia
ALH vs. LCIS, 61-62
morphology, 61
pagetoid extension, 61
pleomorphic LCIS, 62-63
papillary lesions, 65-66
radial scar and complex sclerosing lesion, 66—67
High risk lesions management
ADH, 73-74
BRCA mutation carriers, 76
classification, 69
FEA, 73
frequency, 69, 70
future breast cancer risk, 72
lobular neoplasia, 74-76
papillary lesions, 72—73
prevention, 77
radial scar, 72
surgical excision
coexistent malignancy, 69-70
need for, 71
risk estimates, 71
upgrade rates, 70
surgical prevention, 77-78
surveillance, 7677
High-tech high risk clinic
administrative actions, 166
breast cancer future risk, 164, 165
CDS, 162
components, 161
EHR, 162
genetic testing, 164, 166
HRA, 161
interoperability, 162
patients identification, 162—163
preparation and waiting area, 163-164
purpose, 161
typical pedigree, 164, 165
HL7 message, 163
Hormone replacement therapy (HRT), 55
HughesRiskApps (HRA), 161, 163
Human mucin 1 (MUC1), 181
Human papillomavirus (HPV), 180

I
IBIS model
benefits, 21
BRCA1 or BRCA2 and hypothetical gene, 20
Claus and Gail models vs., 21, 23
data input page and results output, 21-23
data used, 20-21
limitations, 21, 23
risk factors, 21



188

Index

Inferior gluteal artery perforator (IGAP) flaps, 135-136
International Cowden Consortium (ICC), 24
Interoperability, 162
Interventions, 158—-159
Intraductal papilloma, 65-66
Intraductal therapy

cannulated ducts, 178

5-fluorouracil, 177-178

pegylated liposomal doxorubicin, 177

treated duct, 178-179

K
KRAS-variant, 38-39

L
LAMBDA model
development, 11
internal consistency, 13
limitations, 13
Myriad II, BRCAPRO and Couch models vs., 13
risk assessment tool, 11-12
validation, 13
Lasofoxifene, 99
Latissimus dorsi flap, 134—135
Li-Fraumeni syndrome (LFS), 35-36
cancer risks, 147-148
diagnostic criteria, 147, 148
screening recommendations and risk reduction
strategies, 148-149
Lobular carcinoma in situ (LCIS), 61-62
Lobular neoplasia (LN), 74-76
ALH vs. LCIS, 61-62
morphology, 61
pagetoid extension, 61
pleomorphic LCIS, 62-63
Low penetrance mutations
ATM, 150-151
NBN, 151-152

M
Magnetic resonance imaging (MRI), 53
ACS recommendations, 88—89
BRCA mutation carriers, 89-90
fibroadenoma-like malignancies, 90
kinetic analysis, 88
lesions characteristics, 88
principle, 87
scheduling, 89
second look ultrasound, 90
technical guidelines, 87-88
tumor size and nodal involvement, 89
Mammography
ACS and ACR recommendations, 81-82
age limit, 82
annual left mammogram, 83
dense breasts and, 83
features, 83-84

interpretation, 84

lesions characteristics, 84

mortality reduction, 81

population selection, 82

postoperative, 82
Medical oncology, risk reduction strategies

Als, 100

future prospects, 100

radiation and, 97

SERMs (see Selective estrogen receptor modulators

(SERMs))
Mouse mammary tumor virus (MMTV), 180
MRI. See Magnetic resonance imaging (MRI)
Multiple Outcomes of Raloxifene Evaluation
(MORE) trial, 99

Multiple papillomas, 66
Muscle-only latissimus flap reconstruction, 136-137
Mutation. See BRCA mutation
Myocutaneous latissimus flap reconstruction, 136-137
Myriad models

Myriad II model, 9-10

Shattuck-Eidens model, 7-9

N
National Surgical Adjuvant Breast and Bowel Project
(NSABP), 77
NCI CART model, 10-11
Nibrin (NBN) mutations, 151-152
Nijmegen Breakage syndrome (NBS) mutation,
151-152
Nipple areolar complex (NAC) reconstruction, 136
Nipple aspirate fluid (NAF), 172-173
Nipple sparing mastectomy (NSM), 54-55
advantages and disadvantages, 122, 123
bilateral tissue expander-implant reconstruction,
122, 124
nipple areola complex preservation, 112
nipple necrosis, 122, 123
nipple viability, 124125
occult nipple involvement, 112—113
oncologic safety, 113-115
schematic representation, 122
unilateral tissue expander-implant reconstruction,
122, 124
NSABP P-1 trial, 98

(0)

Oral contraceptives, 55

Ovarian cancer, 52, 53
chemoprevention, 143
risk reduction strategies, 142143
screening recommendations, 141-142
surgical options, 143

P
PALB2 mutations, 38, 151
Papilloma, 65-66, 72-73



Index 189
PBSO. See Prophylactic bilateral salpingo-oophorectomy AWBU, 85-86
(PBSO) BRCA gene mutation carriers, 86
Pegylated liposomal doxorubicin (PLD), 177, 178 circumscribed cancers, 86, 87
PENN models, 6-8 lesion characteristics, 86
Peutz-Jeghers syndrome (PJS), 149-150 MRI vs., 86
Phosphate and tensin homologue on chromosome ten principle, 84
(PTEN), 145 uses, 85
Pleomorphic LCIS, 62-63 Raloxifene, 99
Poly(ADP-ribose) polymerase 1 (PARP1), 41 Risk assessment, 161-163
Positron emission mammography (PEM), BOADICEA model
91-92 age-specific invasive breast and ovarian cancer
Prophylactic bilateral mastectomy (PBM), risks, 16-17
104-105 data input page and results output,
Prophylactic bilateral salpingo-oophorectomy (PBSO) 17-19
BRCA-associated gynecologic malignancies, 108 expanded form, 17
BRCAI1 mutation carriers, 106 limitations, 18
breast and ovarian cancer original model version, 17
prevention, 106 performance characteristics, 18, 20
risk reduction, 106-107 BRCAPRO, 15-16
efficacy, 106, 108 Claus model
gynecologic cancers, 108 development, 13
overall mortality and cancer specific mortality, goodness-of-fit tests, 13—14
108-109 limitations, 14
PBM and, 109 uses, 14
premature menopausal symptoms, 109 variations, 1415
protective effect, 108 Cowden syndrome, 23-25
Prosthetic-based reconstruction. See Breast Gail model
reconstruction benefit-to-risk index, 5
PTEN mutation risk calculator, 23-25 current input and outcomes, 5, 6
p53 tumor suppressor gene, 147 discriminatory accuracy, 5
evaluation and validation, 2
model 1 vs. model 2, 5
Q risk factors, 2
Quantitative multiplex methylation-specific genetic counseling, 41-42
polymerase chain reaction (QM-PCR), hereditable cancers, 42
176-177 IBIS model (see IBIS model)
input variables and features, 2—4
LAMBDA model (see LAMBDA model)
R Mpyriad models (see Myriad models)
RADSI1C, 36-37 NCI CART model, 10-11
Radial scar, 66-67, 72 PENN models, 6-8
Radiological imaging process, 42
BSGI and PEM, 91-92 psychosocial, 43-44
dedicated cone-beam breast CT, 91 qualitative, 42-43
mammography quantitative, 43
ACS and ACR recommendations, 81-82 risk model types and features, 1-2
age limit, 82 VUS, 44
annual left mammogram, 83 Risk reduction strategies
dense breasts and, 83 BRCA1 and BRCA2, 103-104
features, 83—-84 CPM, 110-111
interpretation, 84 nipple sparing mastectomy
lesions characteristics, 84 nipple areola complex preservation, 112
mortality reduction, 81 occult nipple involvement, 112-113
population selection, 82 oncologic safety, 113-115
postoperative, 82 PBM, 104-105
MRI (see Magnetic resonance imaging (MRI)) PBSO (see Prophylactic bilateral salpingo-oophorectomy
screening recommendations, 92 (PBSO))

tomosynthesis, 91
ultrasound
ACRIN, 85

SLNB, 115-117
surgical strategies, 111-112

Royal Marsden and Italian trial, 98-99



190

Index

S
Selective estrogen receptor modulators (SERMs)
arzoxifene, 99
IBIS-I, 98
lasofoxifene, 99
NSABP P-1, 98
raloxifene, 99
Royal Marsden and Italian trial, 98-99
STAR trial, 99
tamoxifen, 97-98
Self-esteem, 157-158
Sentinel lymph node biopsy (SLNB), 115-117
SERMs. See Selective estrogen receptor modulators
(SERMs)
Shattuck-Eidens model, 7-9
Skin sparing mastectomy (SSM), 125-126
Solitary intraductal papilloma, 65-66
Somatic genes
cancer genome changes, 39-40
classification system, 39
PARP inhibitors, 41
TNBC, 40
STK11 mutations, 149-150
Study of Tamoxifen and Raloxifene (STAR)
trial, 99
Superficial inferior epigastric artery (SIEA)
flap, 134

Superior gluteal artery perforator (SGAP) flaps, 135-136

Surgical excision
coexistent malignancy, 69-70
need for, 71

risk estimates, 71
upgrade rates, 70

T

Tamoxifen, 54-55, 97-98

Terminal duct lobular units (TDLUs), 112-113

Tissue expander implant reconstruction, 122, 124

Tomosynthesis, 91

Transverse rectus abdominus myocutaneous (TRAM),
132-133

Triple negative breast cancer (TNBC), 40

Tumor suppressor, 49, 57

Tyrer-Cuzick model. See IBIS model

U
Ultrasound imaging
ACRIN, 85
AWBU, 85-86
BRCA gene mutation carriers, 86
circumscribed cancers, 86, 87
lesion characteristics, 86
MRI vs., 86
principle, 84
uses, 85

\Y%
Vaccine, 180-181
Variant of uncertain clinical significance (VUS), 44



	Management of the Patient at High Risk
for Breast Cancer
	Preface and Acknowledgements
	Contents
	Contributors
	1: Identifying Women at High Risk of Breast Cancer: Understanding the Risk Models
	2: Genetic and Genomic Factors in Breast Cancer
	3: BRCA Mutation
	4: High Risk Breast Lesions and Pathologic Evaluation
	5: Management of High-Risk Lesions
	6: Radiological Imaging for the High-Risk Patient
	7: Risk Reduction Strategies: Medical Oncology
	8: Risk Reduction Strategies: Surgical Perspective
	9: Options and Advances in Breast Reconstruction
	10: Management of Concomitant Risk
	11: Psychological Implications of Testing Positive for the BRCA Gene
	12: The High-Tech High Risk Clinic
	13: Current and Future Direction in Basic and Translational Research
	Index



