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 Introduction

Breast cancer is now the leading cause of cancer in women 
worldwide and has surpassed lung cancer in mortality [1]. It 
is a profound public health issue. In the United States in 
2019, 268,600 cases of invasive breast cancer were diag-
nosed and 41,760 women died from the disease [2]. Rates 
are expected to increase over the upcoming decades, due not 
only to a combination of aging and improved detection but to 
an increase in sedentary lifestyle patterns and poor diet. 
There are several approaches available to increase the 
chances of diagnosing breast cancer at an early, curable 
stage, or reducing the chance of getting breast cancer at all. 
Some examples include enhanced surveillance with periodic 
enhanced breast magnetic resonance imaging (MRI), pre-
ventive medication, or even risk-reducing surgery or mastec-
tomy (RRM). These interventions cannot be employed 
widely, as each has a cost of its own – financial, physical, or 
psychological (or all three). The risks and benefits of risk 
management must be considered on an individual basis, and 
this requires knowledge of the assessment of risk and the 
proposed risks and benefits of the interventions offered. 
Being at “high risk” for breast cancer can be defined in dif-
ferent ways. Patients at the highest risk have germline genetic 
variants conferring a fivefold or greater increased risk for the 
development of breast cancer; patients are also considered 

high risk with benign atypical lesions, a history of therapeu-
tic chest irradiation, moderate risk germline genetic variants 
conferring a two- to fivefold risk for the development of 
breast cancer, extreme breast density, an estimated lifetime 
risk of breast cancer of 20% or greater (based on models 
using family history), or a personal or family history of 
breast cancer. The remainder of women are considered to be 
at “average” risk as currently we do not have tools to accu-
rately identify low risk women. All women need to remain 
vigilant about screening as the majority of breast cancers 
occur sporadically. Most breast cancers are not attributable 
to risk factors other than female gender and increasing age. 
There are, however, risk factors that allow certain women to 
be more proactive.

 Identification of the High-Risk Patient

Traditional risk factors for the development of breast cancer 
include family history, early menarche, late menopause, nul-
liparity or late age at first birth (over the age of 30), benign 
atypical breast lesions such as atypical ductal or lobular 
hyperplasia or lobular carcinoma in situ, or prior therapeutic 
chest irradiation, particularly under the age of 30. More 
recently, alcohol consumption, obesity, and combined hor-
mone replacement therapy have been the focus of increased 
attention and in the mid 1990s, BRCA1 and BRCA2 were 
identified in causal association with the study of very-high- 
risk families. Over time, many other genes have been identi-
fied that are linked with breast cancer, and in fact, ~12% of 
breast cancers are associated with germline mutations [3, 4] 
and up to 25% of ovarian cancers [5]. In late 2013, multigene 
cancer panels were introduced clinically and now represent 
the vast majority of tests ordered for identification of those at 
hereditary risk, making testing more efficient, available, and 
affordable. Breast density is emerging as another important 
risk factor currently being incorporated into risk modeling, 
and the cumulative effects of common allelic variants will 
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play an increasingly important role in risk stratification going 
forward, both for average and for high-risk women. Of these 
risk factors, pathogenic germline genetic variants confer the 
highest levels of risk, with benign atypical lesions, extreme 
breast density, and prior thoracic irradiation being also 
important points of focus.

Risk assessment and identification of women at high risk 
allow for referral to healthcare providers with expertise in can-
cer genetics counseling and testing for breast cancer- related 
germline mutations (e.g., BRCA), patient counseling about 
risk-reduction options, and cascade testing to identify family 
members who may be at increased risk. It will also identify 
those at increased risk for those at increased risk for other than 
genetic predisposition and will encourage conversation around 
modifiable risk factors for all, which we will also discuss.

When identifying patients at risk for hereditary cancer, 
families will often exhibit many more cancers than would be 
expected, cancers occur at earlier ages than would be 
expected, and rare cancers such as pancreatic cancer and 
ovarian cancer are seen more frequently (See Table 4.1).

 Hereditary Cancer

 Review
Hereditary breast and ovarian cancer syndrome (HBOC) is 
due to either a BRCA 1 or 2 gene mutation on chromosomes 

17q and 13q, respectively [6]. Breast cancer in BRCA 
1- positive women is diagnosed by age 50 up to 40% of the 
time and in BRCA2-positive women up to 30% of the time 
[7]. In families with both male and female breast cancer, 
BRCA 2 mutations (or PALB2 mutations) are suspected [7, 
8]. Patients with BRCA 1 or 2 mutations have a lifetime risk 
of developing breast cancer of up to 70% [7]. Patients with 
BRCA 1 gene mutations are more likely than BRCA 2 muta-
tions to develop estrogen receptor negative, progesterone 
receptor negative, and human epidermal growth factor recep-
tor 2 (HER2) non-amplified (known as “triple negative”) 
breast cancers. With BRCA1 there is a lifetime risk of ovarian 
cancer up to 44%, felt to start at the age of 40, a less than 5% 
risk of pancreatic cancer, and a prostate cancer risk in males 
for which screening is offered at the age of 40 [7, 9]. BRCA2 
confers up to a 17–18% lifetime risk of ovarian cancer begin-
ning at the age of 50, a 5–10% risk of pancreatic cancer, a 
small risk of melanoma, and a higher risk of prostate cancer 
in males for which screening is recommended at the age of 
40 [7, 9]. A comprehensive assessment for determining who 
may qualify for genetic testing for HBOC can be found in 
Table 4.1.

Hereditary diffuse gastric cancer syndrome (HDGC) is 
caused by truncating or missense germline E- cadherin muta-
tions (CDH1) on chromosome 16q22.1 [10]. HDGC has 
been associated with an increased risk of the lobular subtype 
of breast cancer, with a lifetime estimate of ~55% and dif-
fuse gastric cancer, or linitis plastica [11]. Women with 
CDH1 mutations from highly penetrant families have been 
reported to have lifetime risks for the development of diffuse 
gastric cancer of 56–83% with an average age of onset of 
37  years; however, an estimate of the CDH1 penetrance 
without ascertainment bias for families rich in gastric cancer 
was 33% [11]. Total gastrectomy is recommended between 
age 18 and 40 [12].

PTEN hamartoma tumor syndrome (PHTS) is caused by 
an autosomal dominant germline mutation of the PTEN 
tumor suppressor gene located on chromosome 10q23 [13]. 
These alterations have been found to occur irregularly across 
exons with varying types of mutations (frameshift, missense, 
etc.) [14]. The primary clinical concern in these patients is 
the increased lifetime risks of breast, endometrial, thyroid 
(follicular or papillary), colon, melanoma, and renal cell can-
cers. Autism is seen in young children, and thyroid cancer 
can be seen very early; thyroid ultrasound initiation is rec-
ommended at the age of 7 [9]. It has been shown that PTEN- 
positive women have twice the risk of developing any type of 
cancer than PTEN-positive men [14]. The cumulative 
 lifetime risk for female invasive breast cancer is 70–85% 
[13, 14]. Other features of the syndrome commonly include 
macrocephaly (head circumference 58  cm or greater in 
women or 60 cm or greater in men), biopsy-proven trichil-
emmomas, thyroid nodules, or goiter or uterine fibroids. 
Features that are also associated are gastrointestinal hamar-

Table 4.1 Who needs breast cancer genetic testing?

Rule 1-2-3 for hereditary breast and ovarian cancers
1 –  One of the below diagnoses in a patient or a first- or second- 

degreea relative:
   Breast cancer 50 years of age or younger
   Ovarian cancer at any age
   Pancreatic cancer at any age
   Triple-negative breast cancer 60 years of age or younger
   Male breast cancer at any age
   Metastatic prostate cancer at any age
    Ashkenazi descent with breast, ovarian, pancreatic, or 

intraductal prostate cancer at any age
   Known mutation carrier for a breast cancer susceptibility gene
    A mutation identified on tumor genomic testing that has 

clinical implications if also identified in the germline
2 – Two cancer diagnoses in a patient or family member(s):
    Two primary breast cancers in the same individual, with the 

first under the age of 50
    Two relatives diagnosed with breast cancer, one under the age 

of 50
3 – Three breast cancers in the patient and/or close blood relatives

Adapted from NCCN [9], ACOG [171], and USPSTF [21]
Note: Consider testing in the following scenarios:
   Bilateral breast cancer, first diagnosed between the ages of 50 and 

65 years
  An unaffected Ashkenazi Jewish individual
aFirst-degree relatives include parents, siblings, and children. Second- 
degree relatives include half-siblings, grandparents, aunts/uncles, 
nieces/nephews, and grandchildren
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tomas including ganglioneuromas and esophageal glyco-
genic acanthoses, Lhermitte-Duclos disease, macular 
pigmentation of the glans penis, acral keratosis (palmoplan-
tar keratotic pits and/or acral hyperkeratotic papules), muco-
cutaneous neuromas, oral papillomas (particularly on the 
tongue and gingiva), lipomas, and vascular malformations.

Peutz-Jeghers syndrome (PJS) is an autosomal dominant 
polyposis disorder characterized by a germline mutation in 
the serine/threonine kinase tumor suppressor gene (STK11) 
on chromosome 19p13 in most patients [15]. Patients with 
Peutz-Jeghers syndrome have an increased risk of gastroin-
testinal, breast, gynecologic (uterine, ovarian, and cervical), 
pancreatic, and lung cancers. The lifetime risk of female 
breast cancer is 44–50% by the age 70, regardless of the type 
of mutation [15]. The lifetime risk for pancreatic cancer is 
also very significant, at least >15%, but the precise estimates 
are not clear given the paucity of data. Patients will com-
monly have freckling of the mouth, lips, nose, eyes, genita-
lia, or fingers.

Li-Fraumeni syndrome (LFS) is an autosomal dominant 
disorder characterized by a germline mutation in the TP53 
gene, which codes for a transcription factor associated with 
cell proliferation and apoptosis [16]. This mutation confers a 
lifetime cancer risk of 93% in women (mainly breast cancer) 
and 68% in males [16]. Breast cancers can occur very early. 
It is also prudent to avoid therapeutic radiation therapy in 
Li-Fraumeni patients who develop cancer when possible. 
There is felt to be a 5–10% absolute risk of pancreatic can-
cer, but the syndrome is characterized by a wide variety of 
cancers throughout the life span including soft tissue sarco-
mas, osteosarcomas, colon cancer, gastric cancer, adrenocor-
tical tumors, and brain tumors.

PALB2 has emerged as an important highly penetrant 
breast cancer-associated gene. It is a partner and localizer of 
BRCA2 with a lifetime risk of breast cancer of 53%, a life-
time risk for ovarian cancer of 5%, 5–10% for pancreatic 
cancer, and 1% for male breast cancer [8].

ATM Pathogenic or likely pathogenic variants in the ATM 
(ataxia-telangiectasia mutated) gene increase the risk for 
breast cancer with a lifetime risk between 15% and 40% 
(moderate risk), a <3% risk of ovarian cancer, ~5–10% 
risk for pancreatic cancer, and an elevated risk for prostate 
cancer [9].

CHEK2 is another moderate risk gene with an estimated 
lifetime risk of breast cancer of 15–40% and an elevated risk 
for colorectal cancer. Screening colonoscopies are recom-
mended at the age of 40 and then every 5 years [9]. Of note 
is that patients with CHEK2 mutations are strongly predis-
posed to developing estrogen-receptor positive breast can-
cers; this has important implications for chemoprevention.

 Under-recognition: The Scope of the Problem

A 2017 study analyzing National Health Interview Survey 
data estimated that 1.2–1.3 million US women with a history 
of breast and/or ovarian cancer have not undergone testing. 
Less than one in five women with a history of breast or ovar-
ian cancer who meet National Comprehensive Cancer 
Network (NCCN) criteria have undergone the recommended 
genetic testing. The majority have never even discussed the 
option of testing with their providers [9, 17]. It is estimated 
that more than 90% of unaffected BRCA1 and BRCA2 carri-
ers have not been offered testing [18].

Evaluation for the presence of a hereditary cancer syn-
drome includes careful assessment of personal and family 
history and tumor characteristics. For example, BRCA1, 
BRCA2, BARD1, and PALB2 mutations are enriched in estro-
gen receptor (ER)-negative and human epidermal growth 
factor receptor 2 (HER2)-negative tumors. TP53 mutations 
are enriched in HER2 positive tumors and ATM and CHEK2 
mutations are enriched in ER+ tumors [19]. Identifying 
women at increased risk for hereditary cancer is a vital com-
ponent of patient care. Diagnosis of pathogenic germline 
mutations in both cancer patients and their families can pre-
vent future cancers in both risk stratifying the patient for 
heightened surveillance for other cancers and implementa-
tion of risk-reducing measures, but also for testing other 
family members at risk to identify other mutation carriers. 
These interventions have the potential to significantly 
decrease the hereditary cancer burden.

We commonly see these patients or their unaffected rela-
tives in our clinics. In a large recent survey of women visit-
ing two busy gynecology practices, 23.8% met criteria for 
genetic testing [20]. Even in patients with a personal history 
of breast or ovarian cancer meeting criteria for testing, only 
15.3% have undergone testing [17]. This represents an enor-
mous opportunity for prevention and early detection for the 
attentive clinician. Early identification of families at risk 
may inform recommendations for more comprehensive 
screening and risk-reducing strategies and may even have 
important treatment implications for patients diagnosed with 
breast or ovarian cancer.

The USPSTF recommends that primary care clinicians 
assess a woman’s personal and family history and ancestry 
and refer to genetic counseling as indicated [21]. The 
American College of Obstetricians and Gynecologists 
(ACOG) recommends that OB/GYNs perform a risk assess-
ment updated regularly. The assessment includes informa-
tion on personal and family history, including pathology, 
imaging, and evaluation of other risk factors for cancer. If a 
hereditary cancer risk assessment is revealing, referral to a 
genetics specialist is indicated [22].

4 Management of a Woman at Elevated Risk for Breast Cancer
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The genetic counseling process is very important for 
patients. Ensuring informed consent and patient comprehen-
sion of potential results is critical in the genetic testing pro-
cess. Prior to proceeding with genetic testing, a patient is 
encouraged to pursue pretest genetic counseling. Family his-
tory is expanded, and the potential is discussed to reveal 
impact beyond breast cancer risks, impact to family mem-
bers, incidental findings, and findings of uncertain clinical 
significance. Cost, insurance coverage, and laws protecting 
individuals from job or healthcare discrimination based on 
genetic information are discussed. If there is a known patho-
genic variant in the family, patients understand that they will 
have a true positive or true negative test. With highly pene-
trant genes, “true negatives” return to population risk, 
whereas with moderate risk genes, “true negatives” are still 
presumed to be at increased risk due to the potential of shared 
environmental exposures and the possible contribution of 
other factors not related to the identified moderate risk gene. 
Patients must understand the meaning of uninformative neg-
ative results and variants of uncertain significance (VUS).

Counseling is vital to ensure patient comprehension and 
ease in the delivery of results. Specific examples underscore 
the value of pretest counseling. Broad pan-cancer gene panels 
can reveal mutations in common genes such as monoallelic 
MUYTH or APCI1307K in the Ashkenazi community, which 
are felt to be unrelated to breast cancer; conversely, finding a 
true germline mutation in TP53 revealing significant cancer 
risks has profound impact on the patient and also on their chil-
dren. Mutations in CDH1 revealing potentially very high gas-
tric cancer risks (particularly in a family with no prior gastric 
cancer history) lead to very challenging discussions around the 
possibility of risk-reducing gastrectomy. Finally, with panel 
testing, variants of uncertain significance are common, occur-
ring approximately 25% of the time [3, 4, 23, 24]. A VUS indi-
cates that a gene mutation has been identified that has an 
unknown effect on protein function and an uncertain associa-
tion with cancer risk. A VUS can also be a source of uncer-
tainty for providers and may lead to overtreatment, excessive 
surveillance, and unnecessary preventive measures [25].

The results disclosure conversation includes the impact 
of the findings on the patient and their family, risk manage-
ment options, and provision of available resources. 
Discussion of management should outline recommenda-
tions related to multidisciplinary care if other organs are at 
risk. As more is learned about the different hereditary syn-
dromes conferring risk, strategies for risk management con-
tinue to evolve, often necessitating a multidisciplinary team 
of subspecialists to care for these patients. (See Table 4.2). 
The mutations associated with hereditary breast cancer are 
inherited in an autosomal dominant fashion. This means that 
a single copy of the disease-associated mutation is enough 
to cause the disease. Parents, siblings, and children of the 
carrying a mutation have a 50% chance to also have that 

mutation. Extended family members may also be at 
increased risk. Identifying at-risk family members and dis-
cussing strategies for the patient to notify them is essential. 
Caution should be given to interpretation of variants of 
uncertain significance (VUS) and uninformative negative 
results. In both scenarios, a patient’s personal and family 
history, not their genetic test result, should be used to deter-
mine medical management recommendations.

Certain features suggestive of a possible hereditary can-
cer syndrome are well known: breast cancer diagnosed at a 
young age (50 years or younger), multiple primary tumors, 
several close blood relatives with the same type of cancer, 
and male breast cancer, for example. The Society of 
Gynecologic Oncology recommends that timely and univer-
sal genetic testing is recommended for women with ovarian, 
fallopian tube, and peritoneal cancers [26]. Other features 
perhaps less commonly appreciated are triple-negative breast 
cancer diagnosed at age 60 or younger, pancreatic cancer at 
any age, and prostate cancer (particularly metastatic or of 
intraductal histology) [27]. Couch et al. reported on a large 
series of patients with triple-negative breast cancer (TNBC) 
who underwent multigene panel testing finding a high fre-
quency of gene mutations (14.6%) and suggested that all 
patients with TNBC regardless of age or family history, be 
offered genetic testing, at least for BRCA1 and BRCA2 [27]. 
Prevalence of actionable germline mutations in prostate can-
cer patients (aggressive and non-aggressive) may be as high 
as 10–15% [28, 29] and up to 14.1% with unselected pancre-
atic cancer patients [30].

A group that deserves special mention are those of 
Ashkenazi ancestry who have a 2–2.5% incidence of carry-
ing a BRCA mutation. Historically, the vast majority of those 
with mutations harbored one of the three Ashkenazi “founder 
mutations,” two in BRCA1 and one in BRCA2, and thus test-
ing was modified to address only these variants, the multi- 
site 3 test. It has recently been shown that pathogenic variants 
in other non-founder BRCA genes and mutations in other 
genes are not uncommonly found in Ashkenazi patients and 
multigene panel testing should be likely be offered to this 
population [31, 32]. In fact, given the prevalence of muta-
tions seen in this population, population testing is being con-
sidered, with National Comprehensive Cancer Center 
(NCCN) guidelines suggesting “consideration of testing” in 
unaffected Ashkenazi individuals [9].

There are several arguments in favor of more liberal test-
ing guidelines. Pathogenic variants are relatively common 
and are actionable. Guidelines that restrict genetic testing by 
personal and family history have gaps. A recent study looked 
at more than 1000 patients with breast cancer and demon-
strated that there was essentially no difference in the finding 
of pathogenic variants between patients who met testing cri-
teria compared to those who did not [33]. Patients are missed 
by current testing guidelines. Genetic testing and its results 
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are acceptable to patients, and genetic testing is increasingly 
affordable.

In February of 2019, the American Society of Breast 
Surgeons released a Consensus Guideline that genetic test-
ing should be made available to all patients with a history of 
breast cancer [34]. This has been hotly debated with con-
cerns over available genetic counseling resources and possi-
ble gaps in interpretation of results by both patients and 
providers leading to possible overtreatment [25]. Clinicians 
have a great deal of influence over patient decisions and need 
to clearly understand and communicate testing and treatment 
implications, if they are to test independently.

That being said, patients want to know. The public’s inter-
est in genetics and genomics continues to increase, and there 
has been corresponding and unprecedented growth in direct- 
to- consumer genetic testing. Now available are multigene 
cancer panels using next-generation sequencing with associ-

ated genetic counseling which may help bridge the gap in 
some instances where up-front genetic counseling resources 
are limited, when at-risk patients would prefer to test pri-
vately and when patients have concerns about insurability 
and do not understand laws in place (such as GINA in 2008) 
protecting Americans from discrimination based on their 
genetic information in both health insurance and employ-
ment [35]. Providers need to understand the differences 
between these actionable clinical grade tests and the single- 
nucleotide polymorphism (SNP)-based recreational tests 
available.

Pathogenic variants in breast cancer susceptibility genes 
result in a higher risk for development of disease, earlier age 
at onset, and an increased risk for a second or phenotypically 
related cancer. Early identification may inform strategies for 
enhanced surveillance, preventive medication, or risk- 
reducing surgery. The American College of Radiology stated 

Table 4.2 Genetic mutations and cancer risk

Gene
Absolute lifetime breast 
cancer risk Breast cancer screening recommendations

Other associated cancers/absolute 
risk

ATM 15–40% Annual mammography with consideration of tomosynthesis and 
consideration of breast MRI at age 40

Pancreatic cancer (5–10%)
Prostate cancer

BARD1 Insufficient evidence to 
determine

Annual mammography with consideration of tomosynthesis and 
consideration of breast MRI at age 40

–

BRCA1 ~70% Annual breast MRI at age 25 with alternating breast MRI and 
mammogram with consideration of tomosynthesis starting at 30

Ovarian cancer (~44%; RRSO 
age 35–40)
Pancreatic cancer (<5%)
Prostate cancer

BRCA2 ~70% Annual breast MRI at age 25 with alternating breast MRI and 
mammogram with consideration of tomosynthesis starting at 30

Ovarian cancer (~18%; RRSO 
age 40–45)
Pancreatic cancer (5–10%)
Prostate cancer (more 
prevalent)
Melanoma

BRIP1 Insufficient evidence to 
determine

Insufficient data; manage per family history or routine annual 
mammography starting at age 40

Ovarian cancer (>10%; RRSO 
age 40–45)

CDH1 ~55% (predisposed to 
ER+ lobular disease)

Annual mammography with consideration of tomosynthesis and 
consideration of breast MRI at age 30

Gastric cancer (gastrectomy 
age 18)

CHEK2 15–40% (predisposed to 
ER+ disease)

Annual mammography with consideration of tomosynthesis and 
consideration of breast MRI at age 40

Colon cancer

NF1 15–40% Annual mammography with consideration of tomosynthesis at 
age 30 and consideration of breast MRI from ages 30 to 50

Peripheral sheath tumors
GIST

PALB2 53% Annual mammography with consideration of tomosynthesis and 
consideration of breast MRI at age 30

Ovarian cancer (5%)
Pancreatic cancer (5–10%)

PTEN 70–85% Annual mammography with consideration of tomosynthesis and 
consideration of breast MRI at age 30 or 5–10 years prior to first 
family member’s diagnosis

Thyroid cancer (follicular or 
papillary variants)
Endometrial cancer
Colon cancer

RAD51C 15–40% Insufficient data; manage per family history or routine annual 
mammography starting at age 40

Ovarian cancer (>10%; RRSO 
age 45–50)

RAD51D 15–40% Insufficient data; manage per family history or routine annual 
mammography starting at age 40

Ovarian cancer (>10%; RRSO 
age 45–50)

STK11 44–50% Insufficient data; manage per family history or routine annual 
mammography starting at age 40

Ovarian cancer (>10%)
Pancreatic cancer (>15%)

TP53 >60% Annual breast MRI age 20–29 with addition of annual breast 
mammography starting at age 30

Pancreatic cancer (5–10%)

Adapted from the National Comprehensive Cancer Network Genetics/Familial High-Risk Assessment [9]
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“All women, especially black women and those of Ashkenazi 
Jewish descent, should be evaluated for breast cancer risk no 
later than age 30, so that those at higher risk can be identified 
and can benefit from supplemental screening” (African 
Americans have a disproportionate burden of aggressive 
early-onset breast cancer) [36]. Providers should have a con-
sistent method to evaluate and update personal and family 
history on a regular basis, identifying those at risk, and reas-
sessing survivors for the need for updated testing.

Screening and management guidelines for individuals 
with hereditary breast cancer syndromes continue to evolve. 
While subspecialists may be involved in enhanced surveil-
lance and preventive care options, the primary care physician 
(PCP) is uniquely poised to centralize the patient’s care, with 
both a broader perspective and knowledge of the patient’s 
competing medical issues, risks, and preferences, and the 
imaging center has the unique capability of capturing a large 
number of women who may not be receiving information 
from their healthcare providers about breast cancer risk.

 Benign Atypical Lesions

 ADH/ALH/LCIS and FEA
The normal life cycle of the breast is characterized by hor-
mones and growth factors acting on stromal and epithelial 
cells to regulate development, maturation, and differentia-
tion of breast tissue. At puberty, estradiol and progesterone 
levels increase to initiate breast development. Ten to 100 
subsegmental ducts end in glandular units called terminal- 
duct lobular units. These subsegmental ducts lead to 20–40 
segmental ducts that lead to 5–10 primary milk ducts at the 
nipple. Over time, in response to hormonal stimuli in an 
exaggerated fashion, there is enhancement of lobular tissue 
and stroma in some individuals, leading to hypertrophy and 
“fibrocystic change,” but also in some, to an increase in cel-
lular proliferation [37, 38]. Although there does appear to be 
some degree of increased risk associated with benign prolif-
erative lesions without atypia such as usual duct hyperplasia, 
papillary lesions, radial scar, and sclerosing adenosis (on the 
order of a relative risk of ~1.5–2.0) [38, 39], proliferative 
lesions with atypia (atypical ductal hyperplasia and atypical 
lobular hyperplasia) confer more significant risk (RR ~four-
fold) [38, 40]. Atypical hyperplasia is a pathologic diagnosis, 
usually found incidentally on a biopsy of a mammographic 
abnormality or breast mass. ADH is characterized by a pro-
liferation of uniform epithelial cells filling part of the 
involved duct (see Fig. 4.1). ALH is characterized by mono-
morphic dyscohesive cells filling part of the involved lobule 
(see Fig. 4.2). Frequently used risk models, such as the Gail 
model (BCRAT) or the IBIS model (Tyrer-Cuzick), do not 
provide accurate risk estimates for women with atypical 
hyperplasia. In absolute terms, it can be more useful to think 

about risk in terms of a cumulative risk over time. Atypical 
hyperplasia confers a risk of breast cancer of ~30% at 
25 years [40, 41]. Atypical hyperplasia is found in approxi-
mately 10% of biopsies with benign findings [42]. Only a 
small minority of these women are offered enhanced surveil-
lance or preventive medication, despite their very high risk, 
and of those who are offered the medication, few accept [43].

Breast lesions are believed by many to progress in a linear 
fashion from usual duct hyperplasia – UDH (ductal hyper-
plasia without atypia)  – to atypical ductal hyperplasia and 
then to ductal carcinoma in situ and invasive ductal cancer, 
but true, causal relationships have not been well established. 
ADH differs from DCIS only with regard to the extent of 
proliferation of the abnormal cell proliferation. The atypical 
cell population in ADH shows high levels of estrogen recep-
tor expression and shares molecular alterations with DCIS 

Fig. 4.1 Histologic photo of atypical ductal hyperplasia. (Courtesy of 
Erinn Kelly Downs, DO)

Fig. 4.2 Histologic photo of atypical lobular hyperplasia. (Courtesy of 
Erinn Kelly Downs, DO)
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providing strong evidence that ADH is an early lesion in the 
development pathway of breast cancers. Flat epithelial atypia 
may be an intermediary step between UDH and ADH. FEA 
shares molecular and genetic alterations with the cells of 
ADH, low-grade DCIS, and low-grade invasive cancers, pro-
viding evidence that it may be a precursor. In the case of 
lobular histology, atypical lobular hyperplasia is felt to prog-
ress to lobular carcinomas in situ to invasive lobular cancer, 
as one possible mechanism [44]. ALH differs from LCIS 
with regard to the extent of involvement of the lobular units. 
In ALH, the atypical cell population distends less than 50% 
of the acinar spaces in the involved lobules; any greater 
involvement is categorized as LCIS. Observations that ALH 
and LCIS are clonal and contain the same genetic alterations 
found in adjacent invasive lobular carcinomas have gener-
ated interest in the theory that LCIS is a precursor lesion in 
addition to being a marker of increased risk [45]. Other 
mechanisms for cancer development and progression are 
actively being investigated, but interruption of the progres-
sion of atypical hyperplasia with preventive medication is an 
extremely important clinical intervention, and in fact preven-
tive tamoxifen was shown in the Breast Cancer Prevention 
Trial P-1 to reduce the risk of estrogen-sensitive breast can-
cers in women with atypical hyperplasia by 86% [46]. These 
lesions are considered risk markers, because the cancers that 
subsequently develop are not necessarily in the area of the 
atypia and may even occur in the contralateral breast.

The younger a woman is when she is diagnosed with 
atypical hyperplasia, the higher her risk of developing breast 
cancer [40, 47]. Though risk models tend to be additive 
regarding family history and atypical hyperplasia, the two 
risk factors often go together, and it has been showed that the 
associated risks should not be added; but likely the same 
pathologic process.

It is also consistently observed that among women who 
develop atypical hyperplasia (either ductal or lobular) in whom 
cancer develops, the vast majority develop estrogen- receptor- 
positive invasive ductal disease [48]. The cumulative incidence 
of breast cancer increases linearly over time [49]. Kerlikowske 
looked at another large cohort of women participating in the 
Breast Cancer Surveillance Consortium evaluating 1.2 million 
women age 35–74 looking at factors specific for estrogen recep-
tor-positive and estrogen receptor- negative breast cancer and 
found that for women age 40 years, compared with no prior 
biopsy, for ER+ disease, hazard ratios were 1.53 vs. 1.26 for 
non-proliferative disease, 1.63 vs. 1.41 for proliferative disease 
without atypia (UDH, radial scar, papilloma, or sclerosing ade-
nosis), and 4.47 vs. 0.20 for proliferative disease with atypia. 
Women at the highest risk had lobular carcinoma in situ (LCIS) 
that were primarily at risk for ER+ cancers [50]. This has impor-
tant implications for efforts at risk reduction through endocrine 
manipulation.

Lobular carcinoma in situ is diagnosed microscopically 
when more than half of the acinar spaces in a lobule are dis-
tended and distorted by a dyscohesive proliferation of small 
uniform cells that are strongly estrogen receptor positive and 
have a low proliferation rate and loss of the CDH1 gene 
encoding E-cadherin (See Fig. 4.3). The pleomorphic variant 
is characterized by cells that show marked nuclear pleomor-
phism, often with central necrosis. It can be estrogen recep-
tor positive or negative, high or low grade, and have high or 
low proliferation rates, but it also has loss of the CDH1 gene 
encoding E-cadherin. It often occurs in the setting of concur-
rent invasive lobular cancer.

LCIS is often multifocal and is bilateral in one-third of 
patients [51]. A common misconception, as with ALH, is 
that invasive cancers developing after LCIS will be invasive 
lobular cancers; in fact, the majority that develop are invasive 
ductal cancers [52, 53]. Currently, LCIS is thought of as 
likely an indicator of increased breast cancer risk and a non- 
obligate precursor lesion. King published a series on 1060 
patients with LCIS participating prospectively in a surveil-
lance program over a 29-year period and reported a 2% 
annual incidence of breast cancer [54]. In a population based 
study of 19,462 women diagnosed with LCIS from the SEER 
database between 1983 and 2014, the cumulative incidences 
of subsequent breast malignancy were 11.3% (95% CI, 
10.7–11.9%) and 19.8% (95% CI, 18.8–20.9%) at 10 and 
20  years, respectively [55]. At a median follow-up of 
8.1  years (range 0–30.9  years), primary breast cancer was 
diagnosed in 9.4% of the cohort [55].

Flat epithelial atypia (FEA) is a relatively new term estab-
lished in 2003 meaning replacement of the luminal epithelial 
cells with one to several layers of a single epithelial cell type 
showing low-grade cytologic atypia. The lesions have a ten-

Fig. 4.3 Histologic photo of lobular carcinoma in situ. (Courtesy of 
Erinn Kelly Downs, DO)
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dency to calcify and are seen in 3.8–10% of breast biopsies 
performed for mammographic calcifications [56, 57]. A 
study from the Mayo cohort showed that FEA did not further 
increase breast cancer risk among women with atypical 
hyperplasia and the risk associated with FEA was similar to 
that of patients with proliferative lesions without atypia. 
FEA should not be considered equivalent to ADH and ALH 
with regard to cancer risk assessment, risk modeling, or 
patient management [58]. It should not be entered into the 
Gail or Tyrer-Cuzick risk model as an equivalent to atypical 
hyperplasia.

The National Comprehensive Cancer Network (NCCN) 
has recognized the risk associated with both atypical hyper-
plasia (ADH/ALH) and LCIS and recommends that annual 
contrast-enhanced screening breast MRI be recommended 
for these patients, when their calculated estimated lifetime 
risk is 20% or greater [12].

 Breast Density

Dense breast tissue as measured by mammography has long 
been recognized as an important independent risk factor for 
the development of breast cancer but has only been received 
recent focus, likely as a result of the opportunity for supple-
mental imaging on the basis of breast density knowledge. 
Women with the highest degree of breast density or 
“extremely dense breasts” are felt to be at four- to fivefold 
increased risk as compared with those at the lowest density 
“fatty replaced” [59–61]. In fact, it is felt to be one of the 
strongest risk factors for the development of breast cancer 
[62]. Dense breast tissue contains a higher proportion of 
stromal and glandular tissue. According to classic studies in 
twins, heritability accounts for approximately 60 percent of 
the variation in breast density [61].

A large study of pooled data in the modern era looking at 
mammography density and the risk of breast cancer by age 
and tumor characteristics in 3414 women with breast cancer 
and 7199 without who underwent screening mammography 
showed that density was associated with all breast cancer 
subtypes, but particularly large tumors and node-positive 
tumors across all age groups, and estrogen-receptor-negative 
status among women under age 55, suggesting high mam-
mographic density plays an important role in tumor aggres-
siveness, especially in younger women [63].

Risk of combined postmenopausal hormone therapy is 
also related to mammographic density. Postmenopausal 
hormone therapy, in particular estrogen plus progestin, 
increases breast density [59, 64–66] and breast cancer risk. 
A large study published by Kerlikowske collected data on 
587,369 women who underwent 1,349,027 screening mam-
mograms collecting data on BIRDAS breast density, age, 
menopausal status, and current HT use, assuming a normal 

BMI. They found the use of postmenopausal hormone ther-
apy, in particular estrogen plus progestin therapy, is associ-
ated with higher breast cancer risk among with higher breast 
density compared to postmenopausal women with high 
breast density that do not take hormone therapy. Studies 
have shown that postmenopausal estrogen use alone does 
not result in an increase in breast cancer incidence [67]. In 
this study, estrogen alone was associated with higher breast 
cancer risk among women with high breast density com-
pared with postmenopausal women with high breast density 
that did not take HT but to a lesser extent than estrogen plus 
progestin therapy, and there was no increase among post-
menopausal women with average breast density. For exam-
ple, in women age 55–59 years with extremely dense tissue, 
the 5-year risk was 2.4% for non-users, 3% for estrogen-
only users, and 4.2% for combined HT users. Low breast 
density was associated with a low risk of breast cancer for 
women of all ages regardless of HT use [68]. Postmenopausal 
women with high breast density may want to consider the 
added risk of breast cancer when deciding on initiating post-
menopausal therapy, or on duration of therapy. Proposed 
mechanisms include that perhaps the hormone therapy 
slows the normal process of breast involution that occurs 
with aging. Additionally, it is postulated that combined hor-
mone therapy may stimulate proliferation of greater num-
bers of epithelial and stromal cells in the breast associated 
with high breast density to promote tumorigenesis and 
increase breast cancer risk [68].

As mentioned, high breast density appears to be a herita-
ble risk factor and is associated with the development of par-
ticular estrogen-receptor subtypes. The strength of 
association of breast density decreases with older age for 
estrogen-receptor-positive breast cancer. In comparison, the 
incidence of estrogen-receptor negative receptor cancer is 
stable with increasing age and the association with breast 
density remains elevated across all ages, suggesting that 
there could be continued genetic influence of breast density 
for the development of estrogen-receptor-negative breast 
cancer as women age. In support of this, at least some single- 
nucleotide variants associated with breast density are also 
preferentially associated with estrogen-receptor-negative 
breast cancers [50].

A provacative case control study looked at the population 
attributable risk of clinical risk factors for breast cancer of 
patients in the Breast Cancer Surveillance Consortium. Many 
established breast cancer risk factors are used in clinical risk 
prediction models, although the proportion of breast cancers 
explained by these factors is unknown. The study design was 
a case control study with 1:10 matching, and both pre- and 
postmenopausal women were included. A total of 18,437 
women with invasive breast cancer or ductal carcinoma in situ 
were enrolled as cases and matched to 184,309 women with-
out breast cancer, with a total of 58,146 premenopausal and 
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144,600 postmenopausal women enrolled in the study. Breast 
density was the most prevalent risk factor for both the pre-
menopausal and postmenopausal women and had the largest 
effect on the population attributable risk proportion: 39.3% 
(95% CI, 36.6–42.0%) of premenopausal women and 26.2% 
(95% CI, 24.4–28.0%) of cancers in postmenopausal women 
were attributable to increased density (of note, 22.8% (95% 
CI, 18.3–27.3%) of breast cancers could potentially be averted 
if all overweight and obese women attained a body mass index 
of less than 25 [69].

Breast density is an important and increasingly recog-
nized independent risk factor for the development of breast 
cancer that is likely largely heritable and may be associated 
with more aggressive disease, particularly in younger 
women, and higher risk in postmenopausal women on hor-
mone replacement therapy. It seems prudent that a woman 
embarking on a shared decision-making discussion with her 
healthcare provider about screening mammography from the 
age of 40–49 consider a baseline mammogram to have 
knowledge about her mammographic density to aid in 
informing that decision and that breast density enter into the 
shared decision-making process around hormone replace-
ment in the postmenopausal setting.

 Therapeutic Irradiation

Breast cancer is the most common secondary solid tumor 
following pediatric Hodgkin lymphoma and is associated 
with the therapy for the primary malignancy. Women receiv-
ing therapeutic thoracic irradiation prior to the age of 30 
(e.g., for treatment of Hodgkin lymphoma) is a significant 
risk factor for the development of breast cancer. Results from 
a case control study of women treated at a young age (<30) 
for Hodgkin lymphoma with thoracic radiation indicated that 
the estimated cumulative absolute risk for breast cancer at 
55 years of age was 29% (95% CI, 20.2–40.1%) for a women 
treated at 25 years of age with 40 Gy of radiation and no 
alkylating agents [70]. A more recent paper reported on 
female childhood cancer survivors treated with chest irradia-
tion who were participants in the CCSS (Childhood Cancer 
Survivor Study) showed the cumulative incidence of breast 
cancer by age 50 years was 30% (95% CI, 25–34), with a 
35% incidence among Hodgkin lymphoma survivors overall 
(95% CI, 13–25), respectively [71].

Mantle field radiation historically represented the stan-
dard of care for patients with supradiaphragmatic Hodgkin 
lymphoma. Currently, coupled with effective multi-agent 
chemotherapy, radiotherapy fields can be reduced and 
smaller fields have been shown to be associated with fewer 
radiation-associated malignancies. A more recent study 
looking at a modern smaller field radiotherapy showed that it 

was not associated with a greater risk of secondary breast 
cancer than chemotherapy alone [72].

Intriguingly, a breast cancer polygenic risk score devel-
oped for risk stratification in the general population was also 
found to be useful in substratifying risk in survivors of 
Hodgkin lymphoma that would be more prone to developing 
breast cancer [73].

Current NCCN guidelines for Screening and Diagnosis 
for a woman who has received thoracic radiation therapy 
between the ages of 10 and 30 are breast awareness (women 
should be familiar with their breasts and promptly report 
changes to their healthcare provider), annual clinical encoun-
ter 8 years after RT is complete and until the age of 25 (clini-
cal encounter meaning at minimum medical and family 
history should be obtained and the encounter should encom-
pass ongoing risk assessment, risk reduction counseling, as 
well as a clinical breast exam by a licensed provider), and, 
beginning at the age of 25, clinical encounters every 
6–12 months with the addition of annual contrast-enhanced 
breast MRI. An annual screening mammogram (with consid-
eration of tomosynthesis) is added 8 years after RT but not 
prior to the age of 30. Consideration is given to whole breast 
ultrasound or contrast-enhanced mammography for those 
who qualify for but cannot undergo MRI, and patients should 
also be offered risk reduction strategies, though chemopre-
vention has not been specifically studied in this patient popu-
lation [12]. Consideration can be given to risk-reducing 
mastectomy per NCCN guidelines should that be the prefer-
ence of the patient after careful informed shared decision-
making and consent [27]. Counseling regarding the degree of 
protection offered by such surgery and the degree of cancer 
risk should be provided. It is important that the potential psy-
chosocial effects of risk-reducing mastectomy are addressed. 
Nipple-sparing mastectomy has been suggested as a safe and 
effective risk reduction strategy [74].

 Risk Modeling

It is well known that breast cancer can run in families, and it 
is not uncommon for a woman who has a family history to 
suffer from anxiety around fear of the disease. Individuals 
with a family history of breast cancer frequently overesti-
mate their risk and are relieved when presented with quanti-
tative information suggesting that their risk is lower than 
they would have predicted [75, 76]. Conversely, a healthy 
woman with a benign atypical biopsy may be convinced to 
embark on preventive medication when she sees a mathemat-
ical estimate of her risk over time. Modeling can be used for 
prediction of an individual’s risk of carrying a genetic muta-
tion, calculation of risk for inclusion in clinical trials, and 
calculation of a lifetime risk for purposes of enhanced clini-
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cal surveillance. Third-party payors certainly consider quan-
titative risk assessment data in their determinations of 
medical necessity for contrast-enhanced breast MRI, an 
expensive medical test.

Risks are often expressed as either relative risks or abso-
lute risks. Relative risk expresses the strength of association 
between exposure to a risk factor and the presence of breast 
cancer. For example, the relative risk of breast cancer con-
ferred by atypical hyperplasia is about four. This means that 
women with atypical hyperplasia develop breast cancer 
about 4 times more frequently than similar women without 
atypical hyperplasia. Absolute risk is the percent chance that 
some event will happen over some specified time. The same 
woman might be informed that her absolute risk of develop-
ing breast cancer is ~30% over the next 25 years.

Cancer risk models use personal and family history 
information to calculate the probability that an individual 
carries a pathogenic variant in a cancer predisposition gene 
or to estimate the probability that the woman will develop 
cancer over time. In the United States, guidelines using per-
sonal and family history for genetic testing largely govern 
referrals and reimbursement. Risk modeling is seldom 
employed for estimation of the likelihood of carrying a 
pathogenic variant (such as BRCAPRO or the UPENNII 
model) presently as testing has become more affordable and 
available. Risk prediction models are more commonly used 
to identify women without genetic mutations who may be at 
an elevated risk for breast cancer and those who may benefit 
from additional counseling, supplemental screening, or che-
moprevention [77, 78]. Currently, there are several risk 
assessment tools available, each with their own values and 
flaws. While some models include hormonal factors and 
body mass index, others focus only on family history and 
hereditary risk. As our understanding of breast cancer risk 
has evolved, many of the risk models have also been updated 
to incorporate additional risk factors including breast den-
sity and racial background [79]. As a result, recognizing the 
differences between each risk model is critical in determin-
ing its proper utilization in decision-making for prevention 
and screening.

 Gail Model

The Gail model is probably the most commonly used model. 
It can be accessed at http://cancer.gov/bcrisktool/default.
aspx. It asks five questions, takes about a minute to com-
plete, estimates the 5-year and lifetime risk of breast cancer 
in women >35 years of age, and is the preferred model of the 
United States Preventive Services Task Force for estimation 
of 5-year risk; it is felt that the benefits generally outweight 
the risks of preventative medication if the 5-year risk per 
Gail model is 3% or greater (in the absence of medication 

contraindications) [80]. The National Comprehensive Cancer 
Network (NCCN) uses the Gail model 5-year risk of >1.67% 
to recommend discussion around chemoprevention with all 
patients [27].

The model was initially developed based on of data from 
the Breast Cancer Detection Demonstration Project 
(BCDDP), a large screening study that included over 250,000 
women age 35–74 years. Developed by Dr. Mitchell Gail and 
colleagues at the National Cancer Institute (NCI), it was one 
of the earliest tools created to determine a woman’s risk for 
developing invasive breast cancer, carcinoma in situ, or 
LCIS. It uses a logistic regression model to estimate a wom-
an’s lifetime risk and 5-year risk of breast cancer, accounting 
for a woman’s age, ethnicity, age at menarche, parity, imme-
diate family history, previous biopsies, and their histologies 
[81]. This was later updated and validated to create the modi-
fied Gail model, which has been implemented in a variety of 
formats. The modified version can predict both the 5-year 
risk and the lifetime risk of invasive breast cancer in women 
up to age 90 [79, 82].

While the Gail model is one of the most studied and vali-
dated tools, it does have limitations. The model does not 
accurately calculate risk in high-risk populations, those with 
strong family histories, a history of mantle radiation, or 
underlying LCIS or a history of breast cancer [79, 83]. It can-
not be used for women under age 35 and considers only a 
fraction of family history data. It only includes female first- 
degree relatives, does not include age at diagnosis of affected 
relatives, and does not include paternal family history or 
family history of other cancers. Among ethnic backgrounds, 
it is well validated in White populations; however, it may 
underestimate the risk of breast cancer in African American, 
Asian, and Hispanic women. As a result, several extensions 
of the Gail model have been developed in order to provide 
more estimations of risk in these populations [79, 81]. The 
Gail model can also overestimate the risk in women with a 
history of benign breast biopsies. It can help predict women 
who may be candidates for risk- reducing medications when 
the 5-year risk is >1.67%; however, it is not appropriate for 
determining women who may benefit from supplemental 
screening. Overall, the use of the Gail model is appropriate 
for women over the age of 35 who are not at hereditary risk 
and are undergoing regular mammographic screening [79].

 Tyrer-Cuzick Model

A more comprehensive model, the Tyrer-Cuzick model, 
available at http://www.ems- trials.org/riskevaluator/, takes a 
bit more time to complete, but is more comprehensive, tak-
ing into consideration biometrics, reproductive factors, and 
multigenerational family history as well as breast density to 
provide a 5-year, 10-year, and lifetime risk for the develop-
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ment of breast cancer. A pedigreed version can be printed for 
the patient and imported into the clinical note.

The Tyrer-Cuzick (T-C) model was originally designed in 
2004 and developed from data from the International Breast 
Cancer Intervention Study (IBIS). Later versions have incor-
porated data from the United Kingdom Thames Cancer 
Registry 2005–2009. The model includes hereditary, hor-
monal, and pathologic risk factors to determine a woman’s 
short term and lifetime risk. There are multiple versions 
available; however, the newest version, v8, also incorporates 
breast density, which is known to be an independent risk fac-
tor for breast cancer. In the T-C model, lifetime risk can be 
estimated up to age 85, and it is also able to calculate the 
probability of BRCA1 and BRCA2 mutations [83]. The T-C 
model includes multiple risk factors including height, 
weight, age of menarche, parity, breast biopsy history and 
pathology, menopausal status, use of hormone therapy, fam-
ily history of breast, and ovarian cancer including first-, sec-
ond-, and third-degree relatives, as well as Ashkenazi Jewish 
ancestry and BRCA status [83]. Given its comprehensive 
nature, T-C demonstrates better calibration and predictive 
accuracy when compared to other models such as Gail [79].

The T-C model has been shown to overestimate cancer 
risk in women with atypical hyperplasia and LCIS or in 
women with a less strong family history. In contrast, it may 
underestimate the risk in women with very strong family his-
tories [79, 83]. It can be used in women under the age of 35. 
A 10-year risk of 5% or greater per the T-C model is accepted 
by the American Society of Clinical Oncology as a equiva-
lent to a 5-year risk per Gail of 3% or greater in terms of the 
benefits of chemoprevention likely outweighing the risks 
(assuming no medication contraindications) [84].

 Barlow/Breast Cancer Surveillance 
Consortium

The Breast Cancer Surveillance Consortium (BCSC) model 
or Barlow model was first described in 2006 using data col-
lected from the BCSC which included women ages 35–84 at 
the time of their screening mammograms. The model itself is 
designed to predict the risk of invasive breast cancer or DCIS 
within 1 year of a woman’s screening mammogram and does 
not apply to women with a prior history of cancer, prior mas-
tectomy, or prior breast augmentation [79]. It is divided into 
two parts: premenopausal and postmenopausal. The pre-
menopausal model incorporates a woman’s age, breast den-
sity, prior breast biopsies, as well as family history. The 
postmenopausal model considers the same factors but also 
includes demographic risk factors, BMI, and hormonal fac-
tors. Because this model incorporates breast density, it is best 
suited to be used at mammographic facilities where breast 

density is readily available. It is currently not available as a 
web-based tool but is widely used in research [79].

 Claus

The Claus model was originally developed from a population- 
based, case study (the Cancer and Steroid Hormone Study) 
involving 4730 women ages 20–54  years old with known 
breast cancer and matching it to 4688 controls in the same 
geographic region and 5-year categories of age [83]. The 
model itself was intended to be used in women with a family 
history of breast cancer and uses only hereditary variables 
(family history and age at diagnosis) to predict the lifetime 
risk of breast cancer. Segregation analysis revealed the pres-
ence of an autosomal dominant genotype carried by 1 in 300 
people, which lead to an elevated risk [85]. Output informa-
tion from the Claus model includes a lifetime risk of breast 
cancer up to age 79 and includes both invasive breast cancer 
and DCIS [83]. The Claus model should not be used in 
women with a known genetic mutation, as it will underesti-
mate overall risk. It has not been validated outside the origi-
nal cohort and does not incorporate any other risk factors.

 BRCAPRO

BRCAPRO was originally developed in 1997 as a model 
used to determine the risk of carrying BRCA1 mutation and 
later extended to include BRCA2 [79, 85]. The model is also 
designed to determine lifetime risk but is highly sensitive at 
predicting the probability of carrying a deleterious mutation 
in these two genes. BRCAPRO can be used in both men and 
women with and without a family history to determine the 
probability of having BRCA1 or BRCA2 mutation, develop-
ing ovarian cancer or invasive breast cancer and, more 
recently added, the risk for developing contralateral breast 
cancer in those women with a known breast cancer history. 
BRCAPRO also incorporates pathologic markers for breast 
cancer including ER, CK14, CK5/6, and HER2 status [79]. 
Currently, DCIS is not specially accounted for in the 
BRCAPRO model [86].

 BOADICEA/CanRisk

CanRisk is now available as the updated version of 
BOADICEA at www.canrisk.org.

The Breast and Ovarian Analysis of Disease Incidence 
and Carrier Estimation Algorithm (BOADICEA) was first 
introduced in 2002 and later refined in 2004 [79]. Similar to 
BRCAPRO, it also calculates the likelihood of carrying 
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BRCA1 or BRCA2 mutations, overall lifetime risk, in addi-
tion to including the effects of an added polygenic risk score, 
even for moderately penetrant gene carriers [85]. Risk is cal-
culated using the Bayes’ theorem and takes into account 
family history of ovarian and breast cancers, tumor pathol-
ogy, and demographic influences [87]. Short-term and life-
time risks for both breast and ovarian cancer are predicted.

Future directions will employ incorporation of risk- 
reducing strategies such as weight loss and chemopreven-
tion into modeling, ease of communication to patients to 
facilitate understanding and decision-making, and further 
validation in non-White populations, particularly for the 
single-nucleotide variants. More information must also be 
incorporated with regard to competing risks, particularly 
in light of the obesity epidemic and its associated 
morbidity.

 Discussion and Clinical Implementation

Determining breast cancer risk requires a comprehensive 
assessment that is often a multifaceted approach. First and 
foremost, one needs to ask whether the patient has a pedigree 
suggestive of genetic predisposition. If a woman meets 
 criteria for genetic evaluation, then that is the most critical 
element of risk assessment.

It is then important to understand the clinical implica-
tions of various models in order to determine which model 
will have the best predictive accuracy for your patients. The 
Gail and Claus models primarily estimate the risk of breast 
cancer over a span of time and continue to be widely 
accepted and well validated among physicians and research-
ers [79]. The Gail model has undergone a variety of modifi-
cations to account for a more refined risk assessment for 
particular populations. An important limitation of these 
models is that while they remain strongly calibrated, they 
lack “discriminatory accuracy,” suggesting their stronger 
value within a given population, but limited efficacy in pre-
dicting an individual woman’s risk for breast cancer [79]. 
Tyrer-Cuzick, BRCAPRO, and BOADICEA/CanRisk not 
only estimate lifetime risk but can also assess the probabil-
ity of carrying a pathogenic mutation. T-C also incorporates 
body mass index, extended family history and structure, and 
hormonal factors that allow it to be best applied to the gen-
eral population vs. solely those with an elevated familial 
risk and at this point in time is the most comprehensive with 
the greatest ease of use [79].

In a large study by McCarthy et al. [88], the performance, 
validity, and accuracy of various models (Gail, Claus, BCSC, 
TC, and BRCAPRO) were studied with regard to both DCIS 
and invasive breast cancer risk. A total of 35,921 women 
aged 40–84 who underwent routine mammographic screen-
ing were included and followed for 6 years. Among all mod-

els, there was comparable moderate discrimination; however, 
the Gail model had a marginally higher accuracy than 
BRCAPRO and T-C in the general population, and BCSC 
had the highest overall accuracy in women who had a readily 
available breast density [88]. When determining calibration, 
the Gail model and BCSC were superior when compared to 
T-C; however, this was thought to be due to the fact that the 
data was pulled from a general mammography clinic vs. a 
high-risk clinic. The ability to assess a full family pedigree in 
an alternative clinic and input it into either the T-C or the 
BRCAPRO model could have led to better predictability. 
Overall the results of this study are reassuring that among all 
models there is comparable calibration and predictive accu-
racy among women in the general population [88]. More 
data is needed to evaluate their roles in predicting individual 
risk among both general and high-risk populations.

 Polygenic Risk Score

The likelihood that a woman will develop breast cancer dur-
ing her lifetime is influenced by her hereditary makeup. 
Recall that there are essentially three types of genetic varia-
tion felt to contribute to risk:

 1. Pathogenic variants in rare highly penetrant genes such as 
BRCA1, BRCA2, PTEN, TP53, CDH1, and PALB2 which 
are associated with ~10% of all breast cancers.

 2. Pathogenic variants in still rare but slightly more common 
moderately penetrant genes such as CHEK2 and ATM which 
explain an additional 4–8% of family history. Mutation risk 
is lower, but the single mutation is still impactful enough to 
significantly influence breast cancer risk.

 3. Genome-wide association studies have identified com-
mon single-nucleotide polymorphisms that, by them-
selves, confer very little risk (usually between 1.05-fold 
and 1.50-fold); however, acting in concert, these com-
mon changes may explain up to 18% of additional asso-
ciated familial cancer risk [89]. There are currently over 
300 known common genetic variants (SNPs) or SNVs 
associated with increased risk, some specific for 
estrogen- receptor- positive disease and some for estro-
gen-receptor-negative disease.

Improved stratification of breast cancer risk is essential 
for optimizing clinical benefit from screening and risk- 
reducing procedures. Polygenic risk scores can be expected 
to add an additional layer of stratification, although precisely 
how best to combine the scores with traditional tools remains 
unclear.

These single-nucleotide polymorphisms (SNPs) occur 
approximately every 300 nucleotides in the human genome 
and are present in >1% of a population [90, 91]. Polygenic 
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risk scores incorporate SNPs in an appropriately weighted 
fashion, adding an element to risk stratification that is inde-
pendent of other risk factors.

There has been a lot of investigation looking at the poly-
genic risk score as an independent risk factor which can now 
be incorporated into both the Tyrer-Cuzick and the 
BOADICEA/CanRisk models for risk estimation, but also 
research looking at SNVs as modifiers of risk in gene mutation 
carriers. Couch et al. looked at breast and ovarian cancer pen-
etrance in BRCA carriers as related to their polygenic risk 
score, and there was marked variability. For breast cancer, life-
time risk estimates ranged from 28% at the minimum PRS to 
nearly 100% at the highest. For some patients this may ulti-
mately be important in clinical decision-making. For ovarian 
cancer, risk was substratified between 9% and 96%, but with-
out effective screening, risk-reducing BSO would still be rec-
ommended with a 9% risk [92].

A recent study by Gallagher et al. (2020) looked at strati-
fication of breast cancer risk by an 86-SNV score in non- 
carriers, carriers of pathogenic variants in moderate-risk 
breast cancer genes, and carriers of highly penetrant gene 
mutations. They observed significant stratification of risk, 
particularly in CHEK2 carriers. The median lifetime risk 
estimate seen in CHEK2 carriers in the study was 23%, but 
at the minimum polygenic risk score, the adjusted lifetime 
risk was 6.6%, and at the maximum, it was 70.6% [93]. This 
may ultimately be clinically important for carriers of moder-
ate risk genes in risk management decision-making.

Polygenic risk scores are likely to be an important future 
direction for individualized risk assessment for both women 
who carry pathogenic mutations in breast cancer predispos-
ing genes [93–95] and in those who do not. In the future, the 
polygenic risk score may be helpful in substratifying women 
at high risk for breast cancer, despite negative genetic testing 
results, average risk women making decisions about screen-
ing, women with family history making decisions about pre-
ventive medication, or even those at hereditary cancer risk 
faced with decisions about risk reducing surgeries. Together 
with pathogenic mutations in highly and moderately pene-
trant genes, SNPs are expected to evolve into an important 
component of genetic breast cancer risk assessment. At the 
present time, however, there are no validated studies to sup-
port the use of polygenic risk scores in clinical settings, and 
data is lacking in non-White populations. The effects of many 
of these SNVs are population specific.

 Risk Management

The three pillars of risk management are enhanced surveil-
lance, risk-reducing agents, and risk-reducing surgery. The 
fourth, which applies to all women, is lifestyle modification. 

The utility and benefit of each are, to a large degree, depen-
dent on condition-specific empiric cancer risks, family his-
tory, comorbidities, and patient preference. We will address 
each in turn. Management guidelines derived through expert 
review and consensus are available for the hereditary cancer 
syndromes via the National Comprehensive Cancer Network 
(NCCN) [27]. These frequently updated recommendations 
are available at www.nccn.org. Consultation with a genetic 
specialist is critical for patients identified at increased risk 
for hereditary cancer. Evaluation will provide patients with a 
detailed explanation of the cancer risks and current manage-
ment guidelines for their particular condition. Each of these 
conditions also confers increased risk for cancer in at least 
one additional site. The management of these additional 
risks is beyond the scope of this chapter; however, compre-
hensive care for these patients requires a familiarity with 
other cancer risks so that adequate referrals may be 
provided.

The starting point for screening of all women is the clini-
cal encounter which includes a personal and family history 
followed by a breast cancer risk assessment and a clinical 
breast examination. The age at onset and frequency of the 
encounter depends on the age and risk assessment of the 
patient. In a systematic review of several case-controlled 
studies that included clinical breast examination as part of 
the screening modality, the sensitivity of clinical breast 
examination was found to be 54% and specificty 94% [96]. 
The clinical exam is important in order to detect early stage 
palpable cancers, especially those that are mammographi-
cally occult (e.g., lobular carcinomas). Breast self-awareness 
is also recommended; that is, women should be familiar with 
their breasts and promptly report any changes to their health-
care provider.

 Imaging in High-Risk Patients

 Screening Mammography: Special Challenges

The presence of dense breast tissue decreases the sensitivity 
of screening mammography to detect small lesions and may 
obscure visualization of an underlying cancer. About half of 
all women of screening age have “dense” breast tissue 
referred to as “heterogeneously dense” or “extremely dense” 
by American College of Radiology (ACR) Breast Imaging 
Reporting and Data System (BI-RADS) nomenclature. The 
sensitivity of screening mammography for women with 
almost entirely fatty breasts is 88% as compared with 82% 
for women with scattered fibroglandular densities, 69% for 
women with heterogeneously dense breasts, and 62% for 
women with extremely dense breasts [97, 98]. Women at 
higher than average risk for breast cancer typically begin 
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screening at an early age, when density is typically even 
higher, and sensitivity has been reported as low as 31% [99]. 
In women actually screened, mortality reductions are even 
greater. One analysis looked at deaths in screened vs. 
unscreened women. Seventy-one percent of the deaths 
observed in the study occurred in unscreened women with a 
median age at diagnosis of fatal cancer of 49 years [100]. 
Mammography screening fulfills all requirements for an 
effective screening test. It detects cancers earlier, at a more 
curable size, reducing cancer deaths in randomized con-
trolled trials and when introduced into the population, is 
associated with a decrease in deaths from the disease.

Younger patients typically have higher breast density and 
tend to present with more aggressive cancers [97, 101–103]. 
They also present with higher interval cancers [104]. Thus, 
density definitely presents a challenge in the high-risk 
patient, particularly the young patient, or any woman with 
dense tissue.

 Choosing the Modality: Digital Mammography 
Versus Digital Breast Tomosynthesis

Current NCCN guidelines recommend consideration of 
tomosynthesis for high-risk women who are undergoing 
screening mammography [105]. Tomosynthesis allows 
acquisition of three-dimensional (3D) data using a moving 
x-ray and digital detector. These data are reconstructed using 
computer algorithms to generate thin sections of images. It is 
associated with a supplemental yield of ~1.5 cancers/1000 
women screened and reduces the callback rate for noncan-
cerous findings significantly in women with dense breasts 
when performed in conjunction with a standard two- 
dimensional digital mammogram. It is more sensitive for 
cancer detection in all categories of breast density except for 
fatty replaced breasts [106–109]. A current limitation to digi-
tal breast tomosynthesis is the increased radiation dosage, a 
potential concern in young nulliparous women. The dosage 
however, still falls below the limit set by the FDA for stan-
dard mammography. Of note is that BRCA2 carriers demon-
strate higher benefit of cancer detection on mammography 
prior to age 40, in comparison to BRCA1 carriers [110].

Interpreting dense mammograms is challenging. 
Radiologists should minimize interruptions, develop stan-
dardized search patterns, and use specific hanging protocols 
for interpretation of screening mammograms. The radiolo-
gist must look at the entire mammogram for large findings 
and global differences. Next, the borders of dense fibroglan-
dular tissue with fatty tissue are evaluated for changes such 
as retraction, protrusions, or spicules extending from the 
underlying tissue. Special attention is paid to retro-glandular 
fat, anterior mammary fat, the axillary tail, and the axilla. 

Lastly, the dense breast tissue is evaluated in detail looking 
for subtle masses, distortion, calcifications, or asymmetries.

 NCCN Criteria for Screening MRI

The sensitivity of contrast-enhanced breast MRI at detect-
ing breast cancer is higher than the sensitivity of mammog-
raphy, although the specificity of MRI is often lower, 
resulting in a higher rate of false-positive findings [111]. 
Microcalcifications, often the earliest sign of breast cancer, 
are also not detected with MRI [112]. The high sensitivity is 
based on the fact that tumors attract new blood vessels to 
provide nutrients for them to grow (angiogenesis). These 
vessels can be visualized as “enhancement” on contrast- 
enhanced MRI when the tumor is as small as 2 mm in size 
[113]. These vessels are leaky and the large gadolinium mol-
ecules extravasate into the breast cancer stroma. Sensitivity 
of MRI alone ranges between 75.2% and 100% and is gener-
ally over 80% and specificity climbs from 90% to 97%, 
implying that the lower specificity is mainly a first-round 
effect [114].

In women with a history of thoracic radiation between 
ages 10 and 30  years, a known genetic predisposition to 
breast cancer, or a lifetime risk of 20% or greater based on 
models such as Claus or Tyrer-Cuzick, the National 
Comprehensive Cancer Network recommends annual MRI 
as in addition to annual mammography [105]. Women with 
lobular carcinoma in situ or atypical hyperplasia with a cal-
culated lifetime risk of 20% or greater should also be consid-
ered for breast MRI. The age at which to begin MRI screening 
in those at hereditary risk is outlined in the NCCN guidelines 
for High Risk/Familial Breast/Ovarian/Pancreatic care [9]. 
In those for whom MRI is being ordered due to family his-
tory of the disease, MRI begins 10 years prior to when the 
youngest family member was diagnosed with breast cancer, 
but not prior to the age of 25 years, or age 40 years (which-
ever comes first.) For those receiving MRI due to prior thera-
peutic chest irradiation, MRI begins 8 years after RT but not 
prior to age 25 years. An important group to remember is 
untested first-degree relatives of highly penetrant gene muta-
tion carriers (BRCA1, BRCA2, PTEN, TP53, PALB2, and 
CDH1). This group of patients is eligible for MRI screening 
even if they are not ready or willing to undergo genetic test-
ing at the time that MRI screening would be recommended. 
Whole breast ultrasound can be considered or contrast- 
enhanced mammography for those who qualify for but can-
not undergo MRI [9].

Although there is no direct evidence that MRI reduces 
mortality, supplementing annual screening with MRI facili-
tates early disease detection in high-risk patients [9]. There 
are (nor will there be) no randomized studies, so the effects 
of screening on breast cancer specific survival is precluded. 
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The studies use the evidence that early detection improves 
outcomes (from mammography screening trials) as an 
argument for MRI screening. The tumors that are detected 
tend to be smaller (the fraction <1 cm is much higher than 
in women screened only with mammography) and the frac-
tion of women with positive axillary lymph nodes is much 
lower [115]. Evans et  al. reported a significantly higher 
overall survival of 95.3% in women at very high risk par-
ticipating in an MRI-based screening program compared 
with 73.7% for equally high-risk women who did not [115]. 
Unfortunately, there are a number of other factors that limit 
the uptake of MRI screening by eligible patients and com-
pliance with recommended surveillance schedules. The key 
factors center around the trade-offs between the accuracy 
of the test versus the anxiety associated with both the expe-
rience of the test and the fear of the results, the out-of-
pocket costs (many patients pay a significant portion of the 
cost themselves), discomfort, and time (away from work, 
away from home). Finally, they may fear false-positive 
results, particularly if they have experienced an imaging 
callback in the past.

 ACR Criteria for Screening MRI in Breast Cancer 
Survivors

Breast cancer survivors commonly inquire about eligibil-
ity for screening breast MRI. It has been shown that ear-
lier detection of second cancers, both in the ipsilateral and 
 contralateral breast, improves overall survival, particu-
larly in younger patients [91]. NCCN recommends annual 
mammograms for patients who have had breast-conserv-
ing surgery and does not comment specifically on MRI 
screening [105]. The American College of Radiology rec-
ommends that MRI be offered to survivors with remaining 
dense breast tissue (heterogeneously dense or extremely 
dense) or those with remaining tissue who were diagnosed 
under the age of 50 [116]. Diagnostically, breast MRI may 
be useful in women with prior history of breast cancer and 
suspected recurrence when clinical, mammographic, and/
or sonographic findings are inconclusive. It may also be 
useful in patients presenting with axillary or distant meta-
static disease and no mammographic or physical findings 
of primary breast cancer. It may also be useful in evaluat-
ing suspected cancer recurrence in patients with tissue 
flap reconstruction. MRI is an important tool helpful in 
differentiating between recurrence and fat necrosis in 
patients with history of breast cancer who have undergone 
autologous tissue flap reconstruction or those who have 
had fat grafting [117].

 FAST/Abbreviated MRI

Recent studies have reported shortened or abbreviated MRI 
protocols to have similar sensitivities and specificities com-
pared to complete MRI protocol. These studies are being 
used increasingly as a screening tool and could help make 
breast MRI a more cost-effective screening tool [118, 119].

Patients with dense breast tissue are seeking supple-
mental screening because of the limited sensitivity of 
screening mammography. Abbreviated or FAST MRI has 
a shorter scan time and much lower cost than full-protocol 
breast MRI.  In 2014, Kuhl studied patients with slightly 
increased risk of breast cancer, dense breast tissue, and 
normal digital mammogram findings with abbreviated 
MRI. Of note, 96% of the patients in their study also had 
a negative screening ultrasound. The study found the same 
supplemental cancer detection rate (18.2/1000), sensitiv-
ity (100%), and specificity (94%) as full-protocol MRI 
[120]. Another study by Kuhl in 2017 evaluated FAST 
MRI in women with all densities who had an average risk 
and a negative digital mammogram result. In this group, 
65% also had a negative result on screening breast ultra-
sound. The authors reported a supplemental cancer detec-
tion rate of 15.5 per 1000 women screened and an 
increased detection of poorly differentiated high-grade 
cancers at an early stage. The median size was 8 mm and 
93.4% were node negative [121]. Conant recently reported 
on a single institution series at the University of 
Pennsylvania in asymptomatic women with dense tissue 
after negative digital breast tomosynthesis who were 
offered abbreviated breast magnetic resonance imaging. 
Screening with AB-MI yielded an added cancer detection 
rate of 27.4 per 1000 women (95% CI, 16.1–46.3) [122]. 
A large cross- sectional study was published by Kuhl in 
2020 reporting on longitudinal follow-up at 48 sites in the 
United States and Germany in women with dense tissue 
undergoing routine screening comparing abbreviated 
breast magnetic resonance imaging (MRI) to digital breast 
tomosynthesis (DBT). AB-MRI detected significantly 
more invasive cancers (11.8 per 1000) than DBT (4.8 per 
1000). No invasive cancer was identified by DBT alone 
[123]. A recent meta-analysis published in 2020 cited 
overall sensitivity for abbreviated MRI of 94.8% (95% CI, 
85.5–98.2) and specificity of 94.6% (95% CI, 91.5–96.6) 
which did not differ significantly from full- protocol MRI 
[124]. To enable wider use of MRI and improve cost-
effectiveness, the use of shorter and less costly MRI pro-
tocols is necessary. The concept of abbreviated breast 
MRI was introduced to enable this, reducing acquisition 
time to 3 minutes and making reading time much faster. 
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Unfortunately, administration of IV contrast is still 
required which takes time and is costly and painful, 
despite the fact that the currently used macrocyclic agents 
are very stable and safe [125].

 Other Modalities: Ultrasound, Contrast 
Enhanced Mammography, BSGI, and MBI

Handheld and automated ultrasound can increase cancer 
detection in high-risk patient with dense breasts but may 
increase recall and benign breast biopsies and, in the setting 
of contrast-enhanced MRI, only decreases specificity and 
should generally be avoided. It could be offered if the patient 
is not eligible for MRI screening or is intolerant of the test. 
Current NCCN guidelines do not support routine use of 
molecular imaging (e.g., breast specific gamma imaging, 
sestamibi scan, or positron emission mammography) as 
screening modalities. There is emerging evidence though 
that these tests may improve early breast cancer detection in 
patients with dense breast tissue; however, whole body radia-
tion effective dose with these tests is 20–30 times higher than 
mammography [126].

 Future Directions in Breast Imaging

Screening for breast cancer aims to reduce morbidity and 
mortality from the disease. Current screening modalities 
lack sensitivity or specificity or are expensive or not widely 
available. Novel techniques are being explored including 
contrast- enhanced spectral mammography, automated 
three-dimensional breast ultrasound, transmission tomogra-
phy, elastography, optoacoustic imaging, abbreviated/ultra-
fast and diffusion-weighted MRI, and molecular breast 
imaging. Artificial intelligence and radiomics have the 
 capability to refine care. Liquid biopsies and breath tests 
may also be available to add to the armamentarium of avail-
able choices [127].

 Interesting Cases

 Case 1

A 50-year-old Korean-American medical professional 
underwent screening mammogram showing bilateral breast 
calcifications (BIRADS 0). She returned for diagnostic 
imaging and was found to have probably benign calcifica-
tions in the right upper outer breast for which 6-month fol-
low- up was recommended (BIRADS 3) and more suspicious 
calcifications in the left upper outer breast for which biopsy 
was recommended (BIRADS 4). Her mother had breast can-

cer at age 76. Figure  4.4 shows initial screening mammo-
gram of the left breast.

She underwent needle localization biopsy on the left 
(rather than stereotactic biopsy due to body habitus and 
breast size) showing ALH and fibrosis. Her data were entered 
into the Gail risk assessment model with a 5-year risk of 
developing breast cancer of 5.9% and a lifetime risk of 
31.6%.

The patient had a follow-up bilateral diagnostic imaging 
showing stable benign calcifications on the right (BIRADS 
2) and new probably benign calcifications in the left upper 
outer breast for which six-month follow-up was recom-
mended (BIRADS 3). A screening breast MRI (Fig.  4.5) 
showed a suspicious mass in the right upper outer breast 
(BIRADS 5) and non-mass-like enhancement at 12  pm 

 

Fig. 4.4 Initial screening mammogram of the left breast shows 
extremely dense breast tissue and no suspicious masses, architectural 
distortion or microcalcifications

 

Fig. 4.5 Screening MRI post contrast T1-weighted subtraction image 
shows suspicious mass in the right upper outer breast and non-mass- 
like enhancement in the central upper breast
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(BIRADS 5). She went on to right ultrasound-guided biopsy, 
which showed ALH/LCIS in both locations. Surgical exci-
sion revealed multifocal invasive lobular carcinoma, Bloom- 
Richardson grade I on the right. She had unilateral 
mastectomy on the right, continues with high-risk screening, 
and is doing well 6 years later.

 Case 2

A 32-year-old patient presented for risk assessment and to 
establish breast care. Her age of menarche was 12. Her 
maternal aunt developed breast cancer at 50 and had negative 
BRCA testing and her mother recently developed breast can-
cer at 53 and had negative multigene panel testing. A mater-
nal uncle had renal cell cancer and her paternal grandfather 
had esophageal cancer. There was no history of Ashkenazi 
Jewish ancestry. Her physical examination was normal. Her 
lifetime risk for breast cancer was estimated at 27% using 
the T-C model and she was recommended to undergo annual 
clinical breast examinations until the age of 40, baseline 
mammogram at the age of 35 with annual mammograms and 
MRI to begin at 40. There was also a discussion about 
tamoxifen chemoprevention to be deferred until she is done 
childbearing. A screening mammogram, which had been 
ordered in conjunction with the visit, was performed 
(Fig.  4.6). Calcifications were seen in the right breast for 
which stereotactic biopsy was recommended (Fig.  4.7). It 

showed poorly differentiated triple-negative invasive ductal 
carcinoma. She went on to mastectomy which showed a 
small focus of poorly differentiated invasive ductal cancer 
arising in a background of extensive high-grade comedo- 
type DCIS. One of three sentinel lymph nodes showed mac-
rometastatic disease and seven additional nodes were 
removed. This young woman with Stage II (T1aN1M0) 

Fig. 4.6 Bilateral CC and MLO views of the breast from screening mammogram

Fig. 4.7 Diagnostic right mammogram magnification CC view dem-
onstrates suspicious calcifications in the central breast
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TNBC began chemotherapy with ACT. She received gosere-
lin for ovarian function protection. MyRisk panel testing 
revealed a deleterious BRCA1 mutation, subsequently dem-
onstrated in the patient’s father.

 Case 3

A 40-year-old patient presented for risk assessment and to 
establish breast care. Her mother developed breast cancer at 
61 and was BRCA negative. Her maternal grandmother 
developed breast cancer at 49. Her exam was normal. Her 
mammograms were normal and demonstrated heteroge-
neously dense breast tissue. She was offered preventive 
tamoxifen but declined. Her lifetime risk as estimated by the 
T-C model was 23%. Six months later, a screening MRI was 
ordered which showed a 6.3 cm area of ductal and segmental 
enhancement on the right side (Fig. 4.8). Second-look ultra-
sound showed no abnormality and MRI-guided biopsy 
showed carcinoma in situ of mixed type, which was strongly 
ER+/PR+. She had bilateral mastectomies that showed 
10 mm of carcinoma in situ on the right with negative mar-
gins (20 mm), negative sentinel lymph nodes, and negative 
pathology of the left breast. She underwent DIEP flap recon-
struction. She saw medical oncology and it was felt tamoxi-
fen was not necessary. She did decide to have genetic panel 
testing which was negative.

 Chemoprevention

Breast cancer chemoprevention refers to the use of preven-
tive medication to decrease the risk of the development of 
breast cancer in high-risk women. Specifically, tamoxifen 
and raloxifene, which are two selective estrogen receptor 
modulators (SERMs), have been shown in randomized, con-
trolled trials to reduce the risk of estrogen-receptor-positive 
breast cancer and are FDA approved for breast cancer risk 
reduction. Additionally, exemestane and anastrozole, which 
are aromatase inhibitors (AIs), have also been shown to 
reduce the risk of breast cancer specifically in postmeno-
pausal women. Yet despite the efficacy of these medications, 
they continue to not be widely adopted in everyday practice 
[128]. It is estimated that over 2,000,000 women in the 
United States would benefit from preventative medication, 
but very few of them take it. In a study of 22,235 Medicare 
eligible women, raloxifene was used in only 2.5% and 4% of 
women with an elevated 5-year estimated risk of 1.66–3% 
and >3%, respectively. Data from review of Part D claims 
revealed that use of raloxifene was 6.6% in women in the 
highest risk category (5-year risk >3%) [129]. The limited 
use of these medications is likely due to lack of physician 
comfort and knowledge in prescribing the medications and 
fear of adverse effects on the part of the patient. The follow-
ing will highlight the medications commonly used for breast 
cancer chemoprevention, those individuals who are most 
likely to benefit, and common side effects associated with 
use [130]. A comprehensive table demonstrating all of the 
risk reducing agents can be seen in Table 4.3.

 Tamoxifen and Raloxifene

Tamoxifen and raloxifene are SERM medications that have 
agonist effects on estrogen receptors in the uterus, vagina, 
liver, and bone but have antagonistic effects on the estrogen 
receptors in the breast. Tamoxifen has long been used in the 
treatment of hormone-positive breast cancers. The interest in 
tamoxifen as a preventive agent came from the finding that 
while it reduced the risk of recurrence of primary breast can-
cers, substantial reductions in contralateral breast cancers 
were also noted [131]. Several large randomized controlled 
trials have studied the risks and benefits of tamoxifen and 
raloxifene for use as preventative agents and will be dis-
cussed here. It should be noted that no trial has shown a sur-
vival advantage with risk-reducing medication.

Fig. 4.8 Contrast-enhanced MRI of the breast post-contrast subtrac-
tion T1-weighted images showed a 6.3 cm area of ductal and segmental 
enhancement in the right breast
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Table 4.3 Risk-reducing medications for patients with an elevated risk for breast cancer

NCCN27 USPSTF80 ASCO172

Tamoxifen Encourage shared decision-making in 
healthy premenopausal and 
postmenopausal women >35 years who 
life expectancy >10 years and who have 
a 5-year absolute risk for breast cancer 
of >1.7% or who have had LCIS
It is contraindicated in women who are 
pregnant or planning pregnancy due to 
its teratogenic effects
Avoid with certain SSRIs that are 
cytochrome P450 2D6 enzyme 
inhibitors and prevent the conversion of 
tamoxifen to endoxifen

Encourage shared decision-making in 
asymptomatic premenopausal or 
postmenopausal women >35 years with an 
elevated risk for breast cancer with a history 
of LCIS or atypical hyperplasia
The USPSTF does not recommend any 
specific risk assessment tool. Risk 
assessment can be determined by a 
combination of known risk factors for breast 
cancer
Consider risk/benefit ratio when discussing 
use; should be avoided in those with history 
of VTE or those at elevated risk

Encourage shared decision-making in 
premenopausal women who are 
>35 years with a 5-year absolute risk 
of breast cancer of >1.66%, or those 
with LCIS
Is it not recommended for those with a 
history of VTE, prolonged 
immobilization, those using 
concomitant HT, pregnant women, 
those who may become pregnant, or 
nursing mothers
Risk reduction benefit continues for an 
additional 10 years

Dosage: 20 mg PO daily for 5 years Dosage: 20 mg PO daily for 5 years Dosage: 20 mg PO daily for 5 years
Raloxifene Encourage shared decision-making in 

healthy postmenopausal women 
>35 years who have a 5-year absolute 
risk for breast cancer of >1.7% or who 
have had LCIS
NCCN strongly support the use of 
tamoxifen over raloxifene in 
postmenopausal women without direct 
contraindications for use. Consideration 
of adverse effects and toxicity could 
lead to consideration of using raloxifene 
over tamoxifen

Encourage shared decision-making in 
asymptomatic postmenopausal women 
>35 years with an elevated risk for breast 
cancer with a history of LCIS or atypical 
hyperplasia
The USPSTF does not recommend any 
specific risk assessment tool. Risk 
assessment can be determined by a 
combination of known risk factors for breast 
cancer
Consider risk/benefit ratio when discussing 
use; should be avoided in those with history 
of VTE or those at elevated risk

Encourage shared decision-making in 
postmenopausal women who are 
>35 years with a 5-year absolute risk 
of breast cancer of >1.66%, or those 
with LCIS
Is it not recommended for those with a 
history of VTE and prolonged 
immobilization or in premenopausal 
women
Can consider using beyond 5 years in 
patients with known osteoporosis or 
osteopenia

Dosage: 60 mg PO daily for 5 years Dosage: 60 mg PO daily for 5 years Dosage: 60 mg PO daily for 5 years
Exemestane Encourage shared decision-making in 

asymptomatic postmenopausal women 
>35 years who have a 5-year absolute 
risk for breast cancer >1.66% or LCIS
The use of exemestane is not currently 
FDA approved for breast cancer risk 
reduction and there is no current data 
comparing its use to tamoxifen or 
raloxifene

Encourage shared decision-making in 
asymptomatic postmenopausal women 
>35 years with an elevated risk for breast 
cancer with a history of LCIS or atypical 
hyperplasia
The USPSTF does not recommend any 
specific risk assessment tool. Risk 
assessment can be determined by a 
combination of known risk factors for breast 
cancer
Consider risk/benefit ratio when discussing 
use; should be avoided in those with history 
of VTE or those at elevated risk

Encourage shared decision-making as 
an alternative to tamoxifen or 
raloxifene in postmenopausal women 
who are >35 years with a 5-year 
absolute risk of >1.66% or those with 
LCIS or atypical hyperplasia
It is not recommended for 
premenopausal women and is not 
currently FDA approved for breast 
cancer risk reduction

Dosage: 25 mg PO daily for 5 years Dosage: 25 mg PO daily for 5 years Dosage: 25 mg PO daily for 5 years
Anastrozole Encourage shared decision-making in 

asymptomatic postmenopausal women 
>35 years who have a 5-year absolute 
risk for breast cancer >1.66% or LCIS
The use of anastrozole is not currently 
FDA approved for breast cancer risk 
reduction and there is no current data 
comparing its use to tamoxifen or 
raloxifene for chemoprevention

Encourage shared decision-making in 
asymptomatic postmenopausal women 
>35 years with an elevated risk for breast 
cancer with a history of LCIS or atypical 
hyperplasia
The USPSTF does not recommend any 
specific risk assessment tool. Risk 
assessment can be determined by a 
combination of known risk factors for breast 
cancer
Consider risk/benefit ratio when discussing 
use; should be avoided in those with existing 
osteopenia/osteoporosis

Encourage shared decision-making as 
an alternative to Tamoxifen, 
raloxifene, and exemestane in 
postmenopausal women who are 
>35 years with a 5-year absolute risk 
of >1.66% or those with LCIS or 
atypical hyperplasia
It is not recommended for 
premenopausal women and is not 
currently FDA approved for breast 
cancer risk reduction.
It is considered a relative 
contraindication in women with 
existing osteoporosis

Dosage: 1 mg PO daily for 5 years Dosage: 1 mg PO daily for 5 years Dosage: 1 mg PO daily for 5 years

Adapted from NCCN [27], USPSTF [80], and ASCO [172]
Women eligible for risk-reducing medications with either tamoxifen, raloxifene, exemestane, or anastrozole should undergo annual mammo-
graphic screening with consideration for tomosynthesis, a clinical breast exam every 6–12 months, and discussion of breast awareness. Supplemental 
screening with breast MRI may be considered in select patients [27]
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 NSABP P-1 Study: The Breast Cancer 
Prevention Trial

The largest trial evaluating the use of tamoxifen as a preven-
tive agent was the Breast Cancer Prevention Trial (NSABP 
P-1). Results were published in 1997. This study looked at 
13,388 women (age 35 years or older) who were estimated to 
be at increased risk for the development of breast cancer 
(5-year Gail model risk score >1.67%, age >60, or history of 
LCIS) and randomly assigned them to either tamoxifen 
(20 mg/day) or placebo for 5 years [130, 132]. After a median 
follow-up of 4.6 years, the use of tamoxifen was shown to 
reduce the risk of invasive and noninvasive cancers by 50% 
among all age groups [4]. Additionally, it was noted that 
women who had a history of atypical hyperplasia had an 
86% reduction in breast cancer risk with tamoxifen [132, 
133]. Women of all ages were noted to have benefit with 
tamoxifen use.

While tamoxifen is promising with regard to effects on 
breast cancer risk reduction, it also carries a variety of 
adverse effects that should be considered prior to its use. In 
young, healthy premenopausal women, there was no 
increased risk of serious side effects. However, in post-
menopausal women, tamoxifen use increased the risk of 
endometrial cancer, venous thromboembolism, and cata-
racts [132, 134]. In the P-1 study, the annual incidence of 
endometrial cancer in those women taking tamoxifen was 2 
per 1000 women (all Stage 1 localized tumors) [132]. These 
findings were consistent with those seen in other trials eval-
uating the use of tamoxifen in the treatment setting. Women 
who are known to be at risk for the development of venous 
thromboembolism (e.g., those with a prior history of blood 
clot or stroke or those with risk factors such as a known 
coagulation disorder, active smoking history, or obesity) 
should not be offered tamoxifen for chemoprevention. 
Additionally, those women who report abnormal bleeding 
during their course of treatment with tamoxifen should 
notify their physicians immediately and undergo an appro-
priate workup. Finally, tamoxifen is teratogenic and should 
not be used in pregnant women or in those planning on 
becoming pregnant.

Most of the historical data regarding raloxifene comes 
from osteoporosis studies in women at average risk for the 
development of breast cancer. The Multiple Outcomes 
Raloxifene Evaluation (MORE) trial was a large double- 
blind placebo-controlled study that was designed to evaluate 
the risk of vertebral facture on 60 mg or 120 mg of raloxi-
fene, or placebo [135]. While the study showed raloxifene to 
be an effective medication for reducing the risk for vertebral 
fractures, in a secondary analysis, it also was shown to 
decrease the incidence of invasive breast cancers. The MORE 
trial concluded that during 4 years of treatment, raloxifene 
reduced the risk of estrogen receptor positive tumors by 70% 

in postmenopausal women with known osteoporosis [135, 
136]. The Continuing Outcomes Relevant to Evista (CORE) 
trial examined the same women from the MORE trial who 
opted to continue raloxifene therapy for an additional 4 years. 
In women who took raloxifene for an additional 4 years, the 
risk of invasive breast cancer was reduced by 59%. The com-
bined data from both the MORE and CORE trials concluded 
that the incidence of estrogen receptor-positive invasive 
breast cancer was reduced by 66% in those postmenopausal 
women who had taken raloxifene for 8  years [136, 137]. 
Raloxifene was not found to increase the risk of endometrial 
cancer in these trials, and these data prompted a head-to- 
head comparison of tamoxifen and raloxifene in women at 
increased risk.

 STAR Trial

The Study of Tamoxifen and Raloxifene (STAR) trial com-
pared the use of tamoxifen 20 mg to raloxifene 60 mg over a 
duration of 5 years in 19,749 postmenopausal women (age 
35 years or older) with a median age of 58.5 years who had 
an average 5-year risk for the development of breast cancer 
of 4.03%. The initial results of the study showed that raloxi-
fene was as effective as tamoxifen in reducing the risk of 
invasive breast cancer after a median follow-up of 47 months 
[136]. At 81 months, however, raloxifene was slightly less 
effective than tamoxifen yielding a 38% reduction in inva-
sive breast cancer [138]. Additionally, in women with atypi-
cal hyperplasia, raloxifene was 78% as effective as tamoxifen, 
and there was no statistically significant difference between 
the two for LCIS risk reduction [137]. Given the improved 
safety profile in postmenopausal women with a uterus, it 
remains an important option.

Ultimately the use of tamoxifen and raloxifene should be 
individualized based on a patient’s risk for the development 
of breast cancer, personal and family medical history, and 
patient preference. It is imperative for physicians to be able 
to appropriately identify patients who may benefit from risk- 
reducing medications. While tamoxifen is FDA approved for 
the prevention of breast cancer in premenopausal women, 
increased side effects of endometrial hyperplasia and cancer, 
blood clots, and cataracts may pose a potential threat to many 
postmenopausal women. Raloxifene may be a safer alterna-
tive in these women, especially those who have their uterus. 
The most common side effects seen with both tamoxifen and 
raloxifene are hot flashes and night sweats. Tamoxifen is 
often associated with vaginal discharge and raloxifene may 
result in vaginal dryness, though both medications are gener-
ally well tolerated [139]. The United States Preventive 
Services Task Force has suggested that women with an esti-
mated 5-year breast cancer risk of 3% or greater are likely to 
have more benefit than harm from using tamoxifen or raloxi-
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fene (assuming that there are no contraindications to the use 
of the medications) [140].

 Low-Dose Tamoxifen

An attractive alternative regimen for preventive therapy is 
supported by a recent trial published in the Journal of 
Clinical Oncology from Italy in 2019. A multicenter trial of 
500 women with intraepithelial neoplasia including atypical 
hyperplasia and lobular carcinoma in situ were followed for 
a median of 5.1 years with a primary end point of invasive 
breast cancer or ductal carcinoma in situ. Patients were given 
5 mg daily for 3 years (as opposed to the traditional 20 mg 
daily for 5 years) and the same 50% reduction in breast can-
cer events was seen with limited toxicity [141].

 Exemestane

Exemestane was first studied in 2004 as a potential alterna-
tive to SERMs for breast cancer chemoprevention. The 
NCIC Clinical Trials Group Mammary Prevention Trial 
(NCIC CTG MAP.3) was a randomized, double-blind, 
placebo- controlled study that compared 25 mg exemestane 
+/− celecoxib vs. placebo [142]. A total 4560 postmeno-
pausal women who were estimated to be at increased risk for 
breast cancer were randomized to receive either 25  mg 
exemestane plus placebo, 25 mg exemestane plus celecoxib, 
or placebo plus placebo to be administered once daily for a 
duration of 3 years. Exemestane was found to reduce the 
incidence of invasive breast cancer by 65% as compared to 
placebo [142]. The majority of these cancers were estrogen- 
receptor positive; however, there were also reductions seen 
in HER-2-positive tumors, which often carry a poorer prog-
nosis. Additionally, there were notable reductions in nonin-
vasive breast cancers in addition to precursor lesions 
including atypical hyperplasia and LCIS. The most common 
associated side effects included menopausal symptoms such 
as hot flashes, night sweats, insomnia, and arthralgias; how-
ever, the medication is generally well tolerated. Unlike 
tamoxifen, there was no endometrial hyperplasia or venous 
thromboembolism [139, 143]. A slight decrease in bone min-
eral density was seen in MAP3 (2–7%); however, in several 
other trials, upon discontinuation of exemestane, improve-
ment toward baseline bone density was seen. As a result, 
exemestane serves as a feasible alternative for chemopreven-
tion in postmenopausal women who have contraindications 
to tamoxifen or raloxifene. Despite the 3-year duration of the 
MAP3 trial, NCCN recommends 5 years of use in the pre-

ventive setting, with a baseline bone density prior to initia-
tion of therapy and monitoring as indicated [81].

 Anastrozole

Anastrozole is an aromatase inhibitor that has also been stud-
ied as a potential risk-reducing agent in postmenopausal 
women. The International Breast Cancer Intervention Study 
II (IBIS-II) was a large, double-blind, placebo-controlled 
study that measured the safety and efficacy of anastrozole vs. 
placebo in women age 40–70 years with an elevated risk for 
breast cancer [144]. A total of 3864 women were enrolled 
and randomized to receive either 1 mg of anastrozole daily or 
placebo for a total of 5 years. At the end of 5 years, there was 
a 50% reduction in invasive breast cancers seen in women on 
anastrozole vs. placebo (32 cases vs. 64 cases, respectively; 
HR 0.50; 95% CI, 0.32–0.76; p = 0.0001) [131, 144]. There 
were also reductions in ER-positive disease and DCIS, but 
no reductions were noted in ER-negative disease. While the 
use of anastrozole decreased the risk of breast cancer in all 
groups, notable reductions were seen in women with a his-
tory of atypical hyperplasia or LCIS [144]. Similar to the 
MAP3 trial, there were no major adverse events seen in 
women on anastrozole. Joint pain and vasomotor symptoms 
were commonly seen in both the use of anastrozole and 
exemestane; however, vasomotor symptoms were more prev-
alent in IBIS II in women on anastrozole. Additionally, an 
increased report in dry eyes, dry mouth, and hypertension 
were noted. Though there was no increased risk of fractures 
in women on anastrozole in IBIS-II, clinicians should still 
monitor bone status, as there have been some reductions in 
bone density seen with the use of aromatase inhibitors in 
general [144]. Anastrozole, like exemestane, can be consid-
ered as an alternative to raloxifene in postmenopausal women 
at an elevated risk for breast cancer.

 Risk-Reducing Surgery

Risk-reducing mastectomy (RRM) is associated with a 
decreased risk of breast cancer of 90–95% [145] and 
decreased breast cancer specific mortality in BRCA carriers 
with breast cancer who choose contralateral risk-reducing 
mastectomy [146]. NCCN guidelines support a discussion 
around RRM for women with pathogenic variants in BRCA1, 
BRCA2, PTEN, TP53, and PALB2 given their very high lev-
els of risk. Consideration can also be given to those who 
received therapeutic chest irradiation between the ages of 10 
and 30 or those with a compelling family history without 
hereditary explanation [27]. Risk-reducing mastectomy is 
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never a recommendation as it is a highly personal choice and 
screening is highly sensitive at detecting breast cancer early.

Surgical options for RRM include total or simple mastec-
tomy (removal of the both breasts, nipple-areola complex, 
and the overlying skin), skin-sparing mastectomy (removal 
of the both breasts, nipple-areola complex with preservation 
of the overlying skin), or nipple-sparing mastectomy 
(removal of the both breasts with preservation of the nipple- 
areola complex and the overlying skin). The timing of risk- 
reducing mastectomy is highly dependent on personal and 
family medical history and personal choice.

Nipple-sparing mastectomy (NSM) has emerged over 
recent decades as an option for treatment and prevention of 
breast cancer with optimal cosmesis. In addition, the proce-
dure also facilitates the process of single-stage breast recon-
struction, and to date evidence is growing in terms of 
oncologic safety [74].

Patients need to understand that chest wall sensation will 
be markedly reduced or absent and that their tissue will not 
be completely removed but as much will be removed as pos-
sible. It will still be recommended that they come in annually 
for a clinical evaluation. Furthermore, they must anticipate 
issues with body image changes and sexuality. If it is possi-
ble to involve a health psychologist familiar with this field, it 
will help the patient to meet with him or her before the pro-
cedure, and afterward.

 Breast Reconstruction

The primary goals of breast reconstruction following mas-
tectomy include reestablishing the breast shape, optimizing 
symmetry, and recreating the nipple and areolar complex if 
desired by the patient (and it has been surgically removed). 
In general, patients prefer the approach of immediate recon-
struction, but sometimes it is deferred if a patient is smoking 
or obese due to the increased risk of complications in these 
settings. Managing expectations and working with the multi-
disciplinary team is an essential component of the shared 
decision-making process.

Implant-based breast reconstruction begins either at the 
time of mastectomy (referred to as immediate breast recon-
struction) or at some time following mastectomy (delayed 
breast reconstruction). Immediate breast reconstruction has 
historically been performed with placement of a tissue 
expander behind the pectoralis muscle at the time of mastec-
tomy, followed by later placement of a permanent breast 
implant. In some women, direct-to-implant reconstruction is 
possible without the placement of a tissue expander. Recently, 
many plastic surgeons are opting for a prepectoral placement 
of the implant. Oncologic surveillance, particularly for chest 
wall recurrence, poses unique challenges in women with pre-
pectoral implant-based breast reconstruction and a standard 

of care remains to be established. Mammography is not use-
ful following mastectomy with implant reconstruction, and 
full-protocol MRI is expensive and not currently indicated in 
this low-risk setting.

Autologous tissue flap reconstruction may also be per-
formed in either an immediate or a delayed fashion. 
Pedicled flaps may be offered as an option if resources to 
perform free tissue transfer are not available. Tissue-based 
breast reconstruction has the potential to achieve a more 
natural consistency. The key distinctions between implant 
and autologous reconstruction, which should be communi-
cated as an essential component of the preoperative coun-
seling, include a much lengthier operative time and a longer 
time for recovery. Donor sites may include the abdomen, 
thighs, back, or gluteal region, with the abdomen over-
whelmingly being the most common. When compared, 
patient-reported outcomes following both implant-based 
and autologous breast reconstruction have revealed that 
long-term satisfaction is greater among patients who opted 
for an autologous approach [147].

 Psychological Assessment and Counseling

Women undergoing elective RRM should be ideally referred 
for psychological assessment and counseling preoperatively. 
A mental health and substance use and abuse history is often 
not explored by the breast or plastic surgical staff and may be 
relevant in preparation for this type of procedure both in 
terms of pain control and adjustment to the change in body 
image. There is also typically a lot of loss and trauma that 
these patients have experienced in living with a hereditary 
cancer syndrome (e.g., death of close loved ones) and this 
may influence decision-making and coping styles. It is 
important to explore a patient’s motivation for surgery, assess 
their support structure and mental health stability, and, fur-
ther, assess their capacity for decision-making, optimizing 
preparation for surgery, and ability to manage changes post-
operatively. The patient needs to weigh the risks and benefits 
of their different options including enhanced surveillance 
and preventive medication and also envision best and worse- 
case scenarios for surgical outcomes, particularly if they are 
unsure about their choice.

Women who do experience regret often have been forced 
into the decision by the doctor or family or had significant 
complications. Patients may also benefit from relaxation 
training and other coping skills. Including partners or other 
social supports in counseling may help to strengthen social 
support for the surgery. Patients with significant anxiety or 
depression may benefit from further psychologic interven-
tions, both preoperatively and postoperatively.

Family planning, sexuality, self-image, and the anxi-
ety associated with both cancer risks and surveillance are 
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all factors women consider when deciding whether and 
when to undergo RRM. A survey of 12 high-risk women 
who elected RRM elicited feelings of some regret in a 
minority (25%) of patients, while all of those surveyed 
expressed a sense of relief and reduced anxiety related to 
both cancer risk and screenings [148]. Another cohort of 
14 women surveyed post-RRM reported initial distress 
related to physical appearance, self-image, and intimacy 
but also reported a significant decrease in anxiety related 
to breast cancer risk and were largely satisfied with their 
decision [149].

 Lifestyle Modifications

 Modifiable Risk Factors

 BMI/Exercise
It has long been accepted that an elevated body mass index 
(BMI) can increase one’s risk for several chronic diseases 
[150]. However, the relationship between BMI and breast 
cancer risk is more complex and largely modified by both 
age and menopausal status. Specifically, premenopausal 
women with a higher BMI are at lower risk for the develop-
ment of breast cancer, whereas postmenopausal women with 
a higher BMI are at an increased risk [151]. The mechanisms 
linking obesity with cancer risk are an area of active investi-
gation. In postmenopausal women, excess adipose tissue 
serves as key source for the production of estrogen [151]. 
One possible theory for risk in obese women is the higher 
levels of circulating estrogens [81]. There are other mecha-
nisms occurring simultaneously that create an environment 
favorable for tumor formation, however. In fact, the American 
Society of Clinical Oncology (ASCO) estimates that at least 
~30% of breast cancers in the United States are attributable 
to obesity [152].

The World Cancer Research Fund’s (WCRF) Continuous 
Update Project (CUP) is an ongoing analysis which looks at 
how various dietary and lifestyle habits can impact cancer 
risk [153]. Data from multiple studies are compiled to gener-
ate recommendations for the public on general cancer pre-
vention. For premenopausal breast cancer, CUP identified 12 
newer studies that evaluated the relationship between BMI in 
young adulthood and premenopausal breast cancer risk. A 
meta-analysis of this data showed an 18% decreased risk of 
breast cancer per 5 kg/m2 increase in BMI [153, 154]. This 
inverse relationship was still seen even after adjusting for 
age, alcohol intake, and reproductive factors [20]. Conversely, 
the Pooling Project of Prospective Studies on Diet and 
Cancer (Pooling Project) studied postmenopausal breast can-
cer risk and found that women with a BMI >28 kg/m2 were 
26% more likely to develop cancer compared to lean women 
[155]. Moreover, the Nurses’ Health Study (NHS) also found 

that gaining weight in adulthood can also impact breast can-
cer risk [154]. In this large prospective cohort study, weight 
changes among women 30–55 and women >55 were fol-
lowed for 24–26 years. The data suggested that weight gain 
of 28.0 kg/m2 or more, particularly after menopause, is asso-
ciated with an increased breast cancer risk, whereas weight 
loss after menopause is associated with a decreased risk.

Increased levels of exercise have also been shown to influ-
ence breast cancer risk. A large population-based study of 
over 90,000 women aged 40–65 years showed that those who 
had reported more than 5  hours of vigorous exercise per 
week compared to those who did not had overall reductions 
in breast cancer risk [81]. Another large prospective cohort 
by Eliasson et  al. also demonstrated that postmenopausal 
women with both higher levels of both recent and long-term 
total physical activity had lower breast cancer risk [156, 
157]. Interestingly, the main activity in this cohort was “brisk 
walking” suggesting that only 5 hours per week of this could 
lead to a reduced risk while also falling in line with the rec-
ommendations by the American Heart Association for gen-
eral physical activity [156–158]. Studies from CUP and 
WCRF also looked at several studies assessing physical 
activity and breast cancer risk and concluded that “vigorous 
physical activity probably protects against both premeno-
pausal and postmenopausal breast cancers” [153, 154]. 
Ultimately, women should be encouraged to adopt an exer-
cise regimen early and to maintain both a healthy weight and 
BMI through adulthood and beyond menopause [81].

 Alcohol
Alcohol is a known modifiable risk factor for the develop-
ment of breast cancer. There are many potential mechanisms 
that are postulated for this risk, and its effect is likely related 
to genetic and genomic differences between individuals as 
well.

Multiple studies have demonstrated a modest increase in 
risk associated with increased alcohol consumption. In a 
pooled-analysis by Smith-Warner et  al., seven prospective 
cohort studies examined the association between alcohol 
consumption and breast cancer risk, accounting for several 
additional modifiable risk factors [159]. A total of 322,647 
women were studied and followed for an average of 11 years. 
Those who consumed greater than 60  g/day had a 31% 
higher chance for developing invasive cancer [159]. These 
results were consistent even when attributing for additional 
factors including menopausal status. Additional data from 
the Cancer Prevention Study II showed that alcohol con-
sumption also has an impact on breast cancer prognosis. 
Data showed that women who consumed 2–3 drinks per day 
had a 50% higher risk of breast cancer mortality compared to 
nondrinkers [159, 160] suggesting that not only does alcohol 
increase one’s risk, but is also associated with increased mor-
tality from breast cancer.
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The CUP performed a pooled analysis of nearly 15 cohort 
studies on premenopausal breast cancer risk and alcohol intake. 
Ten of those studies reported a statistically significant increase 
of 5% per 10 g of alcohol consumed per day [153]. Conversely, 
35 studies were reviewed evaluating the association between 
alcohol and breast cancer risk in postmenopausal women and 
nearly all studies showed a positive association. A large meta-
analysis revealed that among postmenopausal women, breast 
cancer increased 9% per 10 mg of ethanol consumed per day. 
The CUP’s panel conclusions assert that consumption of alco-
hol is “probably” a cause of premenopausal breast cancer and a 
“convincing” cause of postmenopausal breast cancer [153]. As 
a result, the NCCN recommends women to consume less than 1 
glass of alcohol per day, defined as either 1 ounce of liquor, 8 
ounces of beer, or 6 ounces of wine [81].

 Breastfeeding
There is convincing evidence that breastfeeding is a protec-
tive modifiable risk factor for breast cancer [161]. The mech-
anism whereby breastfeeding influences breast cancer is 
likely multifactorial. First lactation itself produces a distinc-
tive hormonal state in the body and is often associated with a 
time of amenorrhea and infertility. As a result, there is a 
reduction in circulating estrogen levels, which can poten-
tially impact cancer risk. Additionally, changes within the 
breast tissue itself during lactation can also affect tumoro-
genesis [153]. Breastfeeding not only reduces breast cancer 
risk but also has other long-term health benefits for both the 
mother and the baby. Consequently, most organizations rec-
ommend breastfeeding exclusively for the first 6  months 
with continuance for 1  year or longer, depending on the 
desire of the mother and baby [162].

Screening mammography can be performed in a lactating 
woman, ideally after she empties her breasts by either pump-
ing or feeding her baby. Diagnostic imaging is performed any-
time during pregnancy or lactation if a woman has a concerning 
breast sign or symptom; if mammography is necessary in a 
pregnant woman, the uterus is shielded. MRI is contraindi-
cated during pregnancy due to the necessary administration of 
gadolinium and is generally not performed during lactation as 
the hormonal effects on the breast tissue limit the sensitivity of 
the exam. In extremely high-risk women (e.g., highly pene-
trant gene mutation carriers), it is not unreasonable to perform 
MRI screening day 7–15 after their first menstrual cycle 
returns when they have stopped breastfeeding. Otherwise, the 
test is more sensitive if one waits until the woman is 6 months 
out from breastfeeding to order the breast MRI.

A large meta-analysis in 2002 pooled data from 47 differ-
ent studies across 30 countries and found that the relative risk 
for breast cancer is reduced by 4.3% for every 1 year a woman 
breastfeeds [162, 163]. Additionally, a relative risk was also 
reduced by 7% with each individual birth [163]. Ten years 
later, a large systematic review revealed that women who 

breastfed had a 14% lower risk than women who did not 
breastfeed. The reduced risk was sustained regardless of the 
number of births and for those women who had breastfed for 
longer than 1  year; an even more substantial reduction in 
breast cancer risk was noted. Convincing evidence from addi-
tional literature also suggest that breastfeeding has an impact 
on the cancer subtype. A meta-analysis revealed that breast-
feeding was associated with reductions in both luminal and 
triple-negative cancers; however, no difference was noted on 
the development hormone-positive breast cancers [163].

The current guidelines from NCCN and WCRF state that 
breastfeeding should be encouraged among reproductive- 
aged women and that the evidence is convincing that lacta-
tion protects against breast cancer [27, 154]. This often 
presents challenges for women working outside of the home.

 Menopausal Hormone Therapy
The use of hormone therapy has remained a controversial 
topic for many decades, with many studies showing mixed 
results. The Women’s Health Initiative (WHI) was one of the 
first and largest studies that looked at the relationship between 
hormone therapy use and primary disease prevention. Over 
150,000 postmenopausal women were enrolled and into a set 
of clinical trials involving either combined hormone therapy 
(estrogen plus progestin) for women with an intact uterus, and 
estrogen alone therapy for women without a uterus. The for-
mer study ended early due to finding an increase rate of breast 
cancer and stroke in women on combined hormonal thearpy. 
[27]. An attributable risk for breast cancer for a woman on 
combined hormone therapy in the WHI was found to be less 
than 1 additional case per 1000 women annually [164]. In 
addition to a slight increased risk, changes in breast density 
were seen on mammography in those on combined hormones. 
A statistically significant increase of 6% was noted in baseline 
breast density after 1 year of use [164]. At year 2, the degree 
of increase was decreased to 4.9% suggesting that the mam-
mographic effects of hormone therapy are maintained but are 
not progressive [165]. While the WHI showed an increased 
risk in breast cancer in the combined therapy group, an 18-year 
follow-up study showed no increased risk of breast cancer 
related or all-cause mortality [166].

Conversely, hysterectomized women in the estrogen-
only arm had lower risks of breast cancer when compared 
to placebo (20% at 7.1 years which did not reach statistical 
significance) [167]. Secondary analysis revealed that 
estrogen use is associated with an increase in breast den-
sity (not as significant as that which is seen with combined 
hormone therapy) in addition to an increase in benign pro-
liferative breast disease. In a separate randomized con-
trolled trial by Rohan et al., the daily use of 0.625 mg of 
conjugated equine estrogen was associated with a twofold 
increase in benign proliferative disease during a follow up 
period of 6.9 years [168].
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While the WHI was one of the largest studies to date 
studying the effects hormone therapy on chronic disease and 
cancer risk, numerous smaller studies have also been done as 
a means to better understand this relationship. For those tak-
ing estrogen alone, the risk of breast cancer has been mixed. 
Some smaller trials have shown similar nonsignificant reduc-
tions in risk as seen in the WHI, while other observational 
studies show an increased risk [164]. Long-term data on pro-
longed use of estrogen have also been mixed – some obser-
vational data suggest an increased risk if on estrogen alone 
for greater than 5 years, but others have not, suggesting that 
duration of use may play a role in overall risk [164]. The age 
at which one begins hormone therapy may also be important. 
The average age of entry into the WHI study was 62, well 
past when most women would be prescribed hormone ther-
apy, and coincidentally at the average age of diagnosis of 
sporadic breast cancer in the United States.

The North American Menopause Society recommends 
that both breast cancer risk and cardiovascular risk be dis-
cussed with all women who are considering hormone ther-
apy [164]. Those who are at an elevated risk should carefully 
weigh the risks and benefits of use, and if prescribed, it 
should be given within 10 years of the onset of menopause. 
Alternatively, the use of vaginal estrogen alone can be given 
safely to those at average or high risk and, in certain settings, 
be given to breast cancer survivors in collaboration with a 
woman’s oncologist.

 What About Contraception?
A study published in the New England Journal of Medicine 
[169] looked at the outcomes of 1.8 million Danish women 
aged 15–49 years old, who were followed for an average of 
over 10 years. They found that among these women, those 
who were currently or recently using hormonal birth control 
had a 20% higher relative risk for the development of breast 
cancer during the study period. The absolute risk associated 
with contraception, however, was very low; for every 7690 
women using hormonal contraception for 1 year, there may 
be one extra breast cancer case diagnosis. Further there is no 
evidence that women at increased risk for the development 
of breast cancer should be advised against hormonal contra-
ception. Oral contraceptives reduce the risk of ovarian can-
cer and endometrial cancer by 50% and have been studied in 
BRCA carriers who have exhibited no increased risk for 
breast cancer [163, 170].

 Conclusion

The past several years have brought substantial develop-
ments in the field of risk assessment, germline genetic test-
ing, and risk management. Exciting technology such as 
next-generation sequencing for high-throughput testing of 

multiple genes simultaneously at a lower cost has made 
genetic testing more widely available, and patients are fasci-
nated by the information, as evidenced by the booming 
direct-to-consumer market. Patients and primary care pro-
viders are becoming more aware, involved, and invested. Our 
understanding of cancer risks associated with both genetic 
and nongenetic risk factors continues to improve, and the 
plethora of information now available leads to new chal-
lenges and nuances in clinical practice. Focus on  identification 
of those at hereditary risk, patients with a history of thera-
peutic chest irradiation, and women with benign atypical 
biopsies such as ADH/ALH and LCIS is critical in meeting 
the challenge of helping those at the highest risk. Assessment 
of breast density is important for all women, in making 
choices about screening, about supplemental screening, and 
about risk related to the density itself. Refinement and vali-
dation of the polygenic risk score and integration into tradi-
tional risk models may lead to further personalization and 
risk refinement.

Ongoing management of the high-risk woman involves 
special considerations and understanding, particularly with 
regard to the psychological aspects associated with high-risk 
care and risk reduction. Women, particularly with a heredi-
tary predisposition to breast cancer, are faced with complex 
and emotional decisions about the best ways to manage and 
reduce their risks. Referral to multiple subspecialties is an 
important component of these patients’ preventive care and 
may include cancer genetics, a high-risk breast clinic, gyne-
cologic oncology, and counseling services. Options for risk 
management include enhanced surveillance, preventive med-
ications, and, in some cases, risk-reducing surgery. Healthy 
lifestyle modification should be recommended for all.

It is imperative to identify those women who are at an 
elevated risk for breast cancer and identify them early, before 
cancer develops. Physicians should be systematic when 
obtaining family history and make sure it is updated annu-
ally. Primary care providers need the time and comfort level 
to effectively counsel regarding risk reduction strategies 
including chemopreventive medications. It is important to 
remember that risk assessment and management is not a one- 
time conversation, but an ongoing process  – personal and 
family history changes, and guidelines change, and with 
time, the relationship that develops between the patient and 
the provider encourages compliance, open communication, 
and personalized patient care.
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