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           Introduction 

    An accurate estimation of breast cancer risk is essential in 
guiding clinical management for women at all levels of 
risk. The goal of providing the appropriate clinical man-
agement is to increase survival in high-risk women and 
decrease cost and complications in low-risk women. 
Women can be at high risk of developing breast cancer 
based on benign disease (like ADH and LCIS) as well as 
family history of cancer. While the former is determined 
by the surgeon, the genetic counselor is essential in using 
the family history to distinguish those at high risk for 
breast cancer.  

     Recognizing Risk 

 It is essential to identify women who would benefi t from 
genetic counseling and risk assessment and refer them 
to a provider who can assess risk using the aforemen-
tioned models and clinical judgment. Several health and 
professional organizations strongly encourage referral to 
a certifi ed/credentialed cancer genetics professional for 
pretest counseling, prior to genetic testing. The National 
Comprehensive Cancer Network® (NCCN®) has estab-
lished criteria for those individuals that need further 

genetics risk assessment (Box  1.1 ). If an individual meets 
these criteria, the NCCN®  recommends that individual be 
referred to a cancer genetics  professional for further work-
up and potential genetic testing [ 1 ]. While these criteria 
are very helpful in identifi cation, each individual practice/
institution should establish a protocol so that the criteria 
are utilized. 

  The process of identifying and referring those needing 
further genetics assessment varies widely. Many practices 
will rely on physicians and other health-care providers to 
recognize and refer these individuals for further risk assess-
ment [ 2 ]. The success of this strategy, however, relies on 
multiple factors – the strongest of which is patient inquiry 
about their need for genetic testing for cancer [ 3 ,  4 ]. Other 
programs implement a “pen and paper” family history ques-
tionnaire that is reviewed by a trained staff member to iden-
tify and refer for genetic counseling. Still others use a more 
complex approach, where a patient inputs his or her personal 
and family history into a computerized software program, 
and the software identifi es those needing genetic counseling 
[ 5 – 7 ]. This software output must be reviewed systematically 
so as no woman identifi ed as “high risk” is overlooked. The 
use of the Internet in the identifi cation of at-risk women is a 
potentially powerful tool, and interest in this modality is high 
[ 8 ]. More research is needed to determine which of the strat-
egies noted herewith are most effi cient at identifying indi-
viduals at risk [ 9 ,  10 ]. 

 Once an individual is recognized as being at increased 
risk, it is important that they are referred to a cancer genet-
ics professional [ 1 ] as the importance of pretest and post-test 
genetic counseling for cancer susceptibility testing is widely 
recognized [ 11 ]. Referral to a cancer genetics professional is 
also important because the provider ordering the genetic test-
ing must understand the complexities of genetic testing and 
the appropriate interpretation of the test results. One study 
reported that patients undergoing genetic testing for APC 
mutations often received inadequate counseling and would 
have been given incorrectly interpreted results [ 12 ]. The 
authors concluded that physicians should be prepared to offer 
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 Box 1.1 NCCN Criteria for Referral to Genetics Provider: Hereditary Breast and/or Ovarian Cancer Syndrome Testing 
Criteria  a,b,c  (V4.2013) 

  Individual from a family with a known deleterious BRCA1/BRCA2 mutation  

 Personal history of breast cancerd + one or more of the following: 
•  Diagnosed at age ≤45 years 
•  Two breast primaries e  when fi rst breast cancer diagnosis occurred ≤ age 50 years 
•  Diagnosed at age ≤50 years with ≥1 close blood relative with breast cancer at any age or with a limited family history 
•  Diagnosed at age ≤60 years with a triple-negative breast cancer 
•  Diagnosed at any age with ≥1 close blood relative f  with breast cancer diagnosed ≤50 years 
•  Diagnosed at any age with ≥2 close blood relatives f  with breast cancer at any age 
•  Diagnosed at any age with ≥1 close blood relative with epithelial ovarian cancer 
•  Diagnosed at any age with ≥2 close blood relatives f  with pancreatic cancer or aggressive prostate cancer (Gleason score ≥7) at any age 
•  Close male blood relative f  with breast cancer 
•  For an individual of ethnicity associated with higher mutation frequency (e.g., Ashkenazi Jewish), no additional family history may 

be required. g  

 Personal history of epithelial ovarianh cancer 

 Personal history of male breast cancer 

 Personal history of pancreatic cancer or aggressive prostate cancer (Gleason score ≥7) at any age with ≥2 close blood relatives f  
with breast and/or ovarian h  and/or pancreatic or aggressive prostate cancer (Gleason score ≥7) at any age 

 Family history only (signifi cant limitations of interpreting test results for an unaffected individual should be discussed): 
•  First- or second-degree blood relative meeting any of the above criteria 
•  Third-degree blood relative with breast cancer d  and/or ovarian h  cancer with ≥2 close blood relatives f  with breast cancer (as least one 

with breast cancer ≤50 years) and/or ovarian h  cancer 
•  Clinical judgment should be used to determine if the patient has reasonable likelihood of a mutation, considering the unaffected 

patient’s current age and the age of the female unaffected relatives who link the patient with the affected relatives 
•  Testing of unaffected individuals should only be considered when an appropriate affected family member is unavailable for testing 

 HBOC testing criteria met, then see follow-up (HBOC-2) 

 HBOC testing criteria not met, then cancer screening as per NCCN screening guidelines 

   a One or more of these criteria are suggestive of hereditary breast/ovarian cancer syndrome that warrants further personalized risk assessment, genetic 
counseling, and often genetic testing and management. The maternal and paternal sides should be considered independently. Melanoma has been 
reported in some HBOC families 

  b Patients who have received an allogeneic bone marrow transplant should not have molecular genetic testing via blood or buccal samples due to unreliable 
test results from contamination by donor DNA. If available, DNA should be extracted from a fi broblast culture. If this source of DNA is not possible, buccal 
samples can be considered, subject to the risk of donor DNA contamination. 

  c Individuals with limited family history, such as fewer than 2 fi rst- or second-degree female relatives or female relatives surviving beyond 45 years in either 
lineage, may have an underestimated probability of a familial mutation 

  d For the purposes of these guidelines, invasive and ductal carcinoma in situ breast cancers should be included 

  e Two breast primaries include bilateral (contralateral) disease or two or more clearly separate ipsilateral primary tumors either synchronously or 
asynchronously 

  f Close blood relatives include fi rst-, second-, and third-degree relatives on the same side of family (see BR/OV-3) 

  g Testing for Ashkenazi Jewish founder-specifi c mutation(s) should be performed fi rst. Full sequencing may be considered if ancestry also includes non-Ashke-
nazi Jewish relatives or other HBOC criteria are met. Founder mutations exist in other populations 

  h For the purposes of these guideline, fallopian tube and primary peritoneal cancers are included. Ovarian/fallopian tube/primary peritoneal cancers are 
component tumors of Lynch syndrome/hereditary nonpolyposis colorectal cancer; be attentive for clinical evidence of this syndrome. See NCCN guide-
lines for colorectal cancer screening 

 Reproduced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Genetic/Familial High-
Risk Assessment: Breast and Ovarian V.4.2013. © 2013 National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN 
Guidelines® and illustrations herein may not be reproduced in any form for any purpose without the express written permission of the 
NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. NATIONAL COMPREHENSIVE 
CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and all other NCCN Content are trademarks owned by the National 
Comprehensive Cancer Network, Inc.   www.nccn.org        
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genetic counseling if they order genetic tests. Another study 
examining the genetic testing ordered at a large genetic testing 
company (including genetic testing for hereditary predisposi-
tion to cancer) showed that as high as 30 % of all ordered tests 
were inappropriately ordered [ 13 ]. Among frequently misor-
dered tests in this study were requests for full gene sequenc-
ing when a familial mutation was known or when a screening 
panel would have been more appropriate. These studies sug-
gest that if a physician is not adequately trained in the com-
plexities of cancer genetic testing, a referral to cancer genetics 
professional should be made. The genetics professional will 
obtain a more detailed family history and determine who is 
appropriate for genetic testing. Practice guidelines exist to 
guide the genetic counselor in this process [ 14 ,  15 ].  

    Defi ning Risk 

 There exist various models which are used to estimate a 
woman’s risk of breast cancer (Table  1.1 ). Most of these 
models can be classifi ed into two groups: those that esti-

mate the risk of developing breast cancer over time [ 16 ,  17 ] 
and those that estimate the probability of detecting a muta-
tion in a cancer susceptibility gene [ 18 ,  19 ]. The most com-
monly used breast cancer risk assessment models are the 
Gail and Claus models. The model of Gail and colleagues 
[ 16 ] estimates breast cancer risk by taking into account a 
woman’s age at menarche, age at fi rst live birth, number of 
fi rst-degree relatives with breast cancer, and previous biop-
sies, with specifi c focus on the presence of atypical hyper-
plasia. The Gail model will underestimate the risk of 
developing breast cancer in many women with a family his-
tory of cancer as it does not include breast cancer in non-
fi rst-degree relatives or a family history of ovarian cancer 
[ 20 ]. For this reason, the model is more appropriately used 
to determine breast cancer risk in individuals who do not 
have family histories suggestive of a hereditary breast can-
cer syndrome or who have tested negative for a known 
genetic mutation. The tables of Claus and colleagues [ 17 ] 
also determine the risk of breast cancer for unaffected 
women, taking into consideration the number and age at 
breast cancer diagnosis of fi rst- and second- degree female 

   Table 1.1    Models used to predict the risk of breast cancer and the probability of a BRCA mutation   

 Model  Variables in model  Comments/limitations 

  Risk of breast cancer for unaffected women  
 Gail et al. [ 16 ]  Age, FH of breast cancer, reproductive 

factors (age at menarche, menopause, 
and fi rst childbirth and the number of 
live births), number of breast biopsies, 
personal history of atypia 

 Does not incorporate paternal FH of breast or 
ovarian cancer; does not include breast cancer 
in non-FDR; does not consider age of onset of 
breast cancer in relatives; derived from a 
population undergoing screening 

  Provides risk of breast cancer by a given age 
   Available as an interactive tool at   www.cancer.gov/

bcrisktool     

 Claus et al. [ 17 ]  Age, FH of breast cancer (fi rst- and 
second-degree relatives) 

 Limited to specifi c combinations of affected 
relatives; does not incorporate risk factors 
other than family history 

   Provides 5-year and lifetime probability of breast 
cancer 

   Available for download at   www4.utsouthwestern.
edu/breasthealth/cagene/default.asp     

  Probability of detecting BRCA mutation (affected and unaffected women)  
 Tyrer et al. [ 18 ]  Personal or family history of breast and 

ovarian cancer, Ashkenazi ethnic 
background 

 Incomplete validation, especially in nonwhite 
populations    Also provides a 10-year and lifetime probability of 

breast cancer 
 Frank et al. [ 21 ]  Personal or family history of breast and 

ovarian cancer, Ashkenazi ethnic 
background 

 Empirical model with incomplete validation; 
does not include unaffected family members   Provides empirical experience of one laboratory 

   Available for download at   www.myriadtests.com/
provider/brca-mutation- prevalence.htm     

 BRCAPRO [ 19 ]  Personal or family history of breast or 
ovarian cancer, Ashkenazi ethnic 
background 

 Requires information on all affected and 
unaffected family members; incorporates only 
FDR and SDR relatives and may need to 
change proband to best capture risk; uses 
high- penetrance estimates 

  Also provides age-specifi c probability of breast cancer 
   Available for download at   www4.utsouthwestern.

edu/breasthealth/cagene/default.asp     

   Abbreviations :  FH  family history,  FDR  fi rst-degree relative,  SDR  second-degree relative  

1 Breast Cancer Genetics and Risk Assessment

http://www.cancer.gov/bcrisktool
http://www.cancer.gov/bcrisktool
http://www4.utsouthwestern.edu/breasthealth/cagene/default.asp
http://www4.utsouthwestern.edu/breasthealth/cagene/default.asp
http://www.myriadtests.com/provider/brca-mutation-prevalence.htm
http://www.myriadtests.com/provider/brca-mutation-prevalence.htm
http://www4.utsouthwestern.edu/breasthealth/cagene/default.asp
http://www4.utsouthwestern.edu/breasthealth/cagene/default.asp


4

relatives. Despite this, the Claus model also underestimates 
the risk of a woman developing breast cancer if she has a 
hereditary predisposition to developing breast cancer 
because it does not take into consideration ethnicity or the 
presence of ovarian cancer in the family. This model, too, is 
more helpful in women without a family history suggestive 
of a known hereditary cancer syndrome.

   For women with a family history of cancer, there exist 
models that help determine the likelihood of indentifying 
a mutation in a highly penetrant cancer susceptibility gene. 
There are a handful of models that are designed to estimate 
the likelihood of identifying a mutation in the  BRCA1  or 
 BRCA2  gene [ 18 ,  19 ,  21 – 23 ], for example. These models 
have both strengths and limitations that health-care provid-
ers must be familiar with to use and interpret them appro-
priately [ 24 – 26 ]. Probably the most widely used model is 
BRCAPRO which estimates the probability that an individ-
ual is a carrier of a  BRCA  mutation using family history and 
Bayes’ theorem [ 19 ]. One limitation of the model is that it 
only incorporates relevant family history up to the second-
degree relatives, potentially underestimating the probabil-
ity of  BRCA  mutations in individuals with extended family 
history (e.g., early- onset breast cancer or ovarian cancer in 
cousins). On the other hand, the BRCAPRO model analysis 
is based primarily on large, high- penetrance families, thus 
this may lead to overestimation of risk in a more diverse risk 
assessment clinic. 

 A web-based model to predict the likelihood of iden-
tifying a mutation in the PTEN gene (which is respon-
sible for Cowden syndrome) has been proposed by the 
researchers at Cleveland Clinic (  http://www.lerner.ccf.org/
gmi/ccscore/documents/adult_criteria.php    ). This model is 
based on a paper by Tan and colleagues [ 27 ] and proposes 
a clinical scoring system for selection of patients for PTEN 
mutation on the basis of a prospective study of 3,042 pro-
bands. The web-based model consists of a series of >20 
clinical questions, with the output result of >3 % being 
the threshold for consideration of PTEN genetic testing. 
The major limitation of this model is that there is probable 
referral bias in the data it was based on, as the data were 
derived from two cohorts of patients representing patients 
recruited at two major cancer centers. While not a risk 
assessment model, the NCCN also has proposed criteria 
for when to offer PTEN testing. In these criteria, many of 
the clinical correlates present in the PTEN risk assessment 
model proposed by the Cleveland Clinic are removed. It 
remains unclear which of the previously mentioned is the 
most appropriate for determining those individuals at risk 
for PTEN mutations. 

 There are no statistical models that predict the likelihood 
of identifying mutations in the  TP53  or  CDH1  genes to date. 
Because there is no well-defi ned risk assessment model, it is 
important to be able to recognize other genetic syndromes 

based on personal and family history. (Please refer to full 
discussion of individual syndromes later in this chapter.) 

 It is important when using any risk assessment model to 
understand the limitations of these risk calculations and to 
place risk estimates into the appropriate context. It is impor-
tant to note that risk estimates calculated by different models 
may vary—a factor that complicates the use of quantitative 
thresholds for making screening recommendations [ 28 ]. The 
health-care provider must use clinical judgment in addition 
to the estimates from models in order to provide the most 
precise risk assessment for an individual patient.  

     Genetic Counseling 

 The genetics professional will most often begin the assess-
ment with collecting a detailed 3- generation family his-
tory in the form of a pedigree [ 29 ,  30 ]. It is important to 
gather information on both maternal and paternal lineages, 
with particular focus on individuals with malignancies 
(affected). Table  1.2  illustrates effective questions used by 
providers in obtaining this information [ 31 ]. It is impera-
tive to include those family members without a personal 
history of cancer (unaffected) because the ratio and pattern 
of affected and unaffected infl uences the risk assessment. 
It is equally important to include the presence of nonma-
lignant fi ndings in the proband and family members, as 
some inherited cancer syndromes have other physical 
characteristics associated with them (e.g., trichilemmomas 
with Cowden syndrome).

   Table 1.2    Useful questions to use when obtaining a family history   

 Questions to ask all patients 
 Questions to ask patients who have had 
cancer or regarding relatives with cancer 

 Age  Organ in which tumor developed 
 Personal history of benign 
or malignant tumors 

 Age at time of diagnosis 

 Major illnesses  Number of tumors a  
 Hospitalizations  Pathology, stage, and grade of 

malignant tumors 
 Surgeries  Pathology of benign tumors 
 Biopsy history  Treatment regimen (surgery, 

chemotherapy, radiation) 
 Reproductive history b   Age at time of diagnosis 
 Cancer surveillance 
 Environmental exposures 

  Data from Trepanier et al. [ 31 ] 
  a For patients who have developed more than one tumor, it is important 
to discriminate whether the additional tumor(s) was a separate primary, 
recurrence, or the result of metastatic disease 
  b Especially important for women at increased risk of breast, ovarian, or 
endometrial cancer. Inquire about age at menarche, age at fi rst live 
birth, history of oral contraceptive use, infertility medications, or hor-
mone replacement therapy including dosage and duration, and age at 
menopause  
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   When taking the family history, the accuracy of the infor-
mation obtained from an individual patient should be consid-
ered. Sometimes individuals are even unclear about their 
own medical health history. One study reported that individ-
uals who have had colonic polyps identifi ed on colonoscopy 
do not recall key details about their own polyps (number, 
size, or pathology features) required to establish appropriate 
screening and surveillance intervals [ 32 ]. 

 When talking about relatives, many factors can infl u-
ence an individual’s knowledge of their family history. A 
recent study indicates that individuals are often confi dent 
that a family member has had cancer but are typically 
unsure of the details surrounding that diagnosis [ 9 ,  33 ]. 
Reports of breast cancer tend to be accurate, while reports 
of ovarian cancer are less trustworthy [ 34 ,  35 ]. In a large 
study of 2,605 relatives that were sampled for confi rmation 
of cancer reports on breast, colorectal, prostate, and lung 
cancer, sensitivity and positive predictive values were low 
to moderate and varied by cancer type: 60.2 and 40.0 %, 
respectively, for lung cancer reports, 27.3 and 53.5 % for 
colorectal cancer reports, 61.1 and 61.3 % for breast cancer 
reports, and 32.0 and 53.4 % for prostate cancer reports 
[ 36 ]. Studies have also found signifi cant reporting differ-
ences between maternal and paternal family history of can-
cer, in addition to degree of relative [ 36 ,  37 ]. It is also 
important to note that family histories can change over 
time, with new diagnoses arising in family members as 
time passes [ 38 ]. See Box  1.2  [ 39 ]. 

  All of these factors must be considered during the consulta-
tion, as the risk assessment and differential diagnosis is based 
primarily on this information. The primary purpose of the risk 
assessment process is to distinguish a hereditary form of can-
cer from familial clustering of cancer and sporadic forms of 
cancer. Features of a family history that are suggestive of a 
hereditary cancer syndrome include a preponderance of rela-

tives with similar or related cancers; earlier age at onset of 
cancer; autosomal dominant pattern of cancer inheritance; the 
presence of rare cancers; the presence of multifocal, bilateral, 
or multiple primary cancers in one individual; and the absence 
of environmental risk factors. When a hereditary form of can-
cer is suspected, genetic testing should be entertained. 

 Although some published guidelines for genetic testing 
exist, much of the time the decision to offer genetic testing is 
based on clinical judgment. The American Society of 
Clinical Oncology (ASCO) recommends that genetic testing 
be offered when (1) the individual has personal or family his-
tory features suggestive of a genetic cancer susceptibility 
condition, (2) the test can be adequately interpreted, and (3) 
the results will aid in diagnosis or infl uence the medical or 
surgical management of the patient or family members at 
hereditary risk of cancer [ 11 ]. The NCCN provides NCCN 
Clinical Practice Guidelines in Oncology (NCCN 
Guidelines®) for individuals that should be offered genetic 
testing for hereditary breast/ovarian cancer syndrome, 
Li-Fraumeni syndrome, and Cowden syndrome [ 1 ]. In the 
end, however, it is up to the individual provider’s judgment 
as to whether or not genetic testing is indicated.  

    Genetic Testing Process 

 Once it has been determined that genetic testing is appropri-
ate, the next step is to determine which individual in the fam-
ily should be tested fi rst. If there is not a known mutation in 
a family, testing should begin with a person that has the high-
est probability of fi nding a mutation. Typically, this is a per-
son who has been diagnosed with cancer at an early age. If 
there is no such person available, the person with the highest 
a priori risk of carrying a mutation in the gene should be 
tested. If there is a known mutation in the family, testing 
should begin with those family members with the highest 
risk of carrying the familial mutation. 

    Testing Logistics 

 Finding the appropriate laboratory to perform the testing is 
also very important. Genetic testing for most cancer suscep-
tibility genes is available at a variety of laboratories in a 
variety of settings. It is important to note that many genetic 
tests can be done in a research lab as well as in a clinical 
laboratory. Clinical certifi cation via the Clinical Laboratory 
Improvement Amendments of 1988 (CLIA), however, is 
essential when using the DNA tests for clinical management 
of the individual. When choosing a laboratory, it is also 
important to consider the fact that laboratory techniques (as 
well as sensitivity of the technique) vary. Finally, cost of 
testing as well as insurance coverage issues need to be taken 

 Box 1.2 Challenges in Collecting an Accurate Family 
History 

 Family history is incomplete 
  Family members live far away 
  Clients are not prepared to answer questions 
  Cancer is not discussed in the family 
 Family history information is not available 
  Lost contact with relatives 
  Estrangement from the family 
  Adoption 
 Reported history is false 
  Mistaken about the cancer diagnosis 
  Confused about the diagnosis 
  Deliberately fabricating history 

  Adapted from Schneider [ 39 ]    
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into account when choosing a laboratory to perform the 
genetic test. 

 The turnaround time for the genetic test will vary by gene 
and by laboratory. For most of the syndromes discussed in 
this chapter, genetic testing takes 4–12 weeks, and results are 
not available in enough time to impact the surgical manage-
ment of a newly diagnosed breast cancer patient. There are 
two very important exceptions to this. 

  BRCA1/2  genetic test results are typically available within 
14 days of the blood draw. The information gleaned from this 
has the potential to affect surgical decision-making if the results 
are available prior to defi nitive surgery. If a woman tests posi-
tive for a deleterious mutation, for example, she may choose 
mastectomy to treat her cancer and also undergo contralateral 
prophylactic mastectomy to reduce the risk of developing a 
second breast malignancy. Although women are interested in 
obtaining this genetics information at the time of diagnosis to 
help them plan their choice of surgery [ 40 ], women who report 
that they would not consider bilateral mastectomies even with 
a BRCA mutation are likely to proceed with breast-conserving 
surgery regardless of BRCA result [ 41 ]. 

 Genetic testing for  TP53  mutations can take as little as 3 
weeks if ordered as an “urgent” test. It is well known that 
 TP53  mutant cells are extremely sensitive to DNA damage 
[ 42 ,  43 ]. In vivo studies suggest that DNA damaging agents 
(e.g., chemotherapy and radiotherapy) used for treatment of 
a cancer in an individual with LFS can cause a second malig-
nancy [ 44 ]. One study showed the risk of developing second 
cancer after radiotherapy treatment was as high as 57 % [ 45 ]. 
Although avoidance of chemotherapy in many situations is 
not plausible, radiotherapy can sometimes be avoided by dif-
ferent surgical techniques (e.g., mastectomy rather than 
lumpectomy for surgical treatment of breast cancer). It is 
important that oncologists realize that radiation should be 
avoided if possible (e.g., choosing mastectomy over lumpec-
tomy). In many cases, however, radiation is needed for 
proper treatment of the current cancer, and in these cases, it 
should not be avoided. In these cases, it is imperative that the 
physicians and patient be aware of the risk of a second pri-
mary in the radiation fi eld [ 44 ,  46 ]. 

 For several reasons, it is important that the identifi cation 
of women who are interested in and would use this genetic 
testing information in their surgical decision-making be 
done  prior to  any defi nitive treatment. First, when women 
undergo genetic counseling after defi nitive surgery, they 
are less likely to consider genetic testing pertinent to them 
[ 47 ]. Second, women may be subjected to additional surgi-
cal procedure and all of the associated risks. For example, 
one study showed that women who had  BRCA1/2  testing and 
who had initially undergone breast-conserving surgery chose 
to undergo subsequent bilateral mastectomies prior to receiv-
ing radiation therapy [ 48 ]. Finally, women with a family his-
tory of breast cancer may be advised to consider bilateral 

 mastectomies for treatment of their newly diagnosed breast 
cancer. Most of these women if tested for BRCA mutations 
would fi nd that they are not mutation carriers. Silva reported 
that in a group of such women, fi nding out that they are not 
mutation carriers  after  the prophylactic procedure leads 
many to question the decision to undergo prophylactic sur-
gery. This, in turn, is often associated with complications and 
quality of life problems which they never envisioned [ 49 ].  

     Informed Consent 

 Once a laboratory has been identifi ed, it is necessary to 
obtain informed consent from the individual undergoing the 
test. The components and process of informed consent for 
cancer genetic testing have been described thoroughly [ 50 –
 52 ] and are presented in Box  1.3 . It is important to note that 
some US states have very specifi c laws that provide require-
ments as to what are the necessary components of the 
informed consent document itself. 

      Test Results and Follow-Up 

 Once the results are available, it is important to disclose 
the results to the patient in a timely fashion. The provider 
should review the signifi cance of the results and quantify the 

 Box 1.3 Components of Informed Consent 

  1. Purpose of the test and who to test 
  2. General information about the gene(s) 
  3. Possible test results 

 Positive result 
 Negative result: no mutation in the family (i.e., uninformative 
negative) 
 Negative results: known mutation in the family (i.e., true 
negative) 
 Variant of uncertain signifi cance 

  4. Likelihood of positive result 
  5. Technical aspects and accuracy of the test 
  6. Economic considerations 
  7. Risks of genetic discrimination 
  8. Psychosocial aspects 

 Anticipated reaction to results 
 Timing and readiness for testing 
 Family issues 
 Preparing for results 

  9. Confi dentiality issues 
 10. Utilization of test results 
 11. Alternatives to genetic testing 
 12. Storage and potential reuse of genetic material 

  Adapted from Trepanier et al. [ 31 ]    
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patient’s risk for developing cancer, the emotional impact of 
the test results on the individual, screening recommendations 
and how his/her medical management should  proceed given 
the test results, and the importance of sharing the information 
with his/her relatives and resources if desired [ 31 ]. 

 It is incredibly important for the health-care provider 
and patient to maintain communication [ 31 ]. For those 
individuals who are found to carry a mutation in a can-
cer predisposition gene, the follow-up can ensure that the 
patient is adhering to appropriate screening recommenda-
tions and also ensure that there is dissemination of the test 
result through family. For individuals who are found to be 
“true negative,” the future contact can ensure that the patient 
understands the appropriate screening (i.e., not too much 
screening but not avoidance of appropriate, general popu-
lation screening recommendations). Patients receiving a 
“variant of uncertain signifi cance” should stay in touch with 
the ordering provider so that if the variant is reclassifi ed, 
that new information can be communicated quickly to the 
patient and his/her family. 

 For patients receiving an uninformative negative (i.e., a 
negative result when no mutation has been previously identi-
fi ed in the family), it is crucial to remain in contact with their 
genetics health-care provider. As new genetic tests become 
available, for example, the provider can advise whether or 
not these newer techniques are appropriate for them. The 
most appropriate method for recontacting patients has yet to 
be determined, and interestingly, the uptake of the additional 
testing was quite low in one study [ 53 ]. Nonetheless, every 
attempt to communicate with individuals should be made to 
ensure that they receive the best care. 

 This issue has come up twice in recent history with genetic 
testing for  BRCA1/2 . In 2002, Myriad Genetics labs intro-
duced a newer technique for detecting mutations in  BRCA1 . 
Again in 2006, Myriad Genetics added a technique called 
“rearrangement testing” or “BART” which brought the sensi-
tivity of the  BRCA1/2  test up to nearly 99 %. For those women 
who had testing prior to these newer technologies, it was 
important to communicate the availability of these tests so that 
they could decide to proceed with the additional test or not. 

 More recently in 2013, laboratories started offering 
“breast cancer gene panel” testing for patients. These tests 
include mutational analysis for many genes that have been 
associated with an increased risk of breast cancer. (Please 
see sections later in this chapter for full discussion of each 
gene.) Genetic counseling and testing for gene panels is more 
complex than testing for single gene disorders because of the 
length of time to obtain results, the higher likelihood of vari-
ants of uncertain signifi cance, and the number of syndromes 
and associated cancer risks that need to be reviewed and the 
potential diffi culty in management recommendations. 

 With single gene analysis, genetic counselors can discuss 
the specifi c disorder in depth and can focus on the patient’s 

questions related to the syndrome. In gene panel testing, 
counselors are faced with reviewing multiple syndromes in a 
short period of time and synthesizing pertinent information 
about each syndrome or associated cancer risk without over-
whelming the patient. Currently, test reporting can take any-
where from 2 to 6 months, so this type of testing may not be 
feasible for decision-making regarding surgical intervention 
or oncology treatment. 

 In addition, testing for multiple genes means that there is 
a higher risk for fi nding unclear results. With BRCA testing, 
for example, the number of variants of uncertain signifi -
cance has decreased dramatically over time, with a rate of 
5 % or less for patients of most ancestries [ 54 ]. With panel 
testing, many of these genes on the panels are not well char-
acterized in any population. This means that the likelihood 
of fi nding a variant of uncertain signifi cance is quite high 
when testing multiple genes in this setting. One laboratory 
that has been doing gene panel testing notes that the rate of 
fi nding at least one uncertain variant is over 30 % for its 
breast cancer gene panel testing (personal communication, 
Ambry Genetics Laboratories). 

 Because of the large number of genes that are “new” and 
therefore not well studied, there are many questions about 
how to manage individuals with deleterious mutations in 
these genes. Even in the genes that are considered to have 
well-defi ned cancer risks, management issues can be contro-
versial. With high-risk breast cancer genes, there are often 
clear or at least published guidelines on how to follow and 
treat women with mutations in these genes. Typically, if a 
woman is tested for a particular single gene, it is usually 
because her personal and family history is consistent with 
the syndrome. With the approach of testing for multiple 
genes simultaneously, alterations may be found in genes that 
are not consistent with the history in the family or the indi-
vidual. Consider the following example: 

 BRCA testing was negative in a woman with an invasive 
ductal breast cancer diagnosed at 45 who has multiple fi rst- 
and second-degree relatives with early breast cancer. She 
meets with a genetic counselor to consider additional genetic 
testing and goes forward with breast cancer gene panel test-
ing, and 3 months later, analysis reveals that she has a delete-
rious  CDH1  mutation, which is associated with Hereditary 
Diffuse Gastric Cancer (HDGC) syndrome. Standard man-
agement recommendations include prophylactic gastrec-
tomy. Do you recommend this to your patient, knowing that 
she does not have the typical type of breast cancer seen in 
HDGC and has no family history of gastric cancer? 

 With more moderate-penetrance genes, there are gener-
ally few if any published guidelines on how to manage indi-
viduals with these types of gene mutations. Management 
strategies are even harder to determine in the “unknown” 
category of genes on these panels, which often have few 
studies to provide clinicians with evidence-based research.   
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    Inherited Breast Cancer Syndromes 

 The identifi cation of individuals with cancer predisposition 
gene mutations affords the mutation carriers the ability to 
use the information in making medical management deci-
sions. The most clearly described hereditary breast cancer 
syndromes for which genetic testing is available include 
hereditary breast and ovarian cancer syndrome (HBOC), 
Cowden syndrome (CS), Li-Fraumeni syndrome (LFS), 
Peutz–Jeghers syndrome (PJS), and hereditary diffuse gas-
tric carcinoma syndrome (HDGC). All of these syndromes 
are inherited in an autosomal dominant pattern and are asso-
ciated with other cancers and clinical features. As noted pre-
viously in this chapter, genetic testing for each of the genes 
associated with these syndromes is available through com-
mercial and research laboratories, thus allowing for appro-
priate clinical care, genetic counseling, and testing for at-risk 
individuals. Newer “breast cancer panel tests” include test-
ing for lesser known genes and are discussed at length next.  

     Hereditary Breast and Ovarian 
Cancer Syndrome 

 Hereditary breast and ovarian cancer syndrome is the most 
common form of hereditary breast cancer and hereditary 
ovarian cancer. The vast majority of cases of HBOC are due 
to mutations in the  BRCA1  and  BRCA2  genes [ 21 ,  55 ]. 
 BRCA1  and  BRCA2  mutations are found in approximately 1 
of 400 individuals but found more commonly in the Ashkenazi 
Jewish population in which 1 of 40 individuals carries one of 
three main disease-causing mutations: two in  BRCA1  
(187delAG and 5385insC, previously named 185delAG and 
5382insC) and the 6174delT mutation in  BRCA2  [ 56 ,  57 ]. 
Other founder mutations have been identifi ed in populations 
that tend to be isolated by culture or geography [ 58 ,  59 ]. 

 BRCA-associated cancers have been studied extensively . 
BRCA2 -associated breast cancers are similar in phenotype 
and clinical behavior to sporadic breast cancers [ 60 ,  61 ]. 
 BRCA1   -related breast cancers are often of higher histologi-
cal grade, show an excess of medullary histopathology, and 
are more likely than sporadic tumors to be “triple negative” 
(i.e., estrogen receptor negative, progesterone receptor nega-
tive, and are less likely to demonstrate HER2/neu overex-
pression) [ 62 ]. Ovarian cancers found in women with  BRCA1  
and  BRCA2  mutations tend to be serous papillary cancers. 
Endometrioid and clear-cell subtypes of ovarian cancer have 
been observed [ 63 ], but borderline and mucinous ovarian 
tumors do not seem to be a part of the phenotype [ 64 ]. Both 
primary tumors of the fallopian tubes and peritoneum occur 
with increased frequency in mutation carriers [ 65 ]. The 
prognosis of ovarian cancer in  BRCA1  and  BRCA2  carriers is 
better than age-matched controls [ 63 ,  66 ,  67 ]. 

 The penetrance associated with mutations in  BRCA1  and 
 BRCA2  remains an active area of research. The range of 
breast cancer risk is infl uenced by the population under study: 
higher-risk estimates have come from studies with affected 
families and somewhat lower-risk estimates from studies in 
populations. Also, the risk of ovarian cancer is not the same 
for all  BRCA2  mutations, with mutations in the central ‘ovar-
ian cancer cluster region’, conferring a higher lifetime risk 
[ 68 ]. Other factors, such as birth cohort, oral contraceptive 
use, age at fi rst pregnancy, and exercise, have all been shown 
to infl uence penetrance risk in populations [ 69 ]. There has 
been a report of increased risk of gallbladder and bile duct, 
stomach, and melanoma with  BRCA2  mutation, none of 
which seem to be clinically actionable [ 70 ,  71 ]. Pancreatic 
cancer risk is also increased in families with  BRCA1  and 
especially  BRCA2  alterations, although studies differ as to the 
magnitude of this risk [ 72 ,  73 ]. The risks of developing spe-
cifi c cancers can be found in Table  1.3  [ 55 ,  69 ,  70 ,  74 – 76 ].

   The current NCCN screening recommendations for 
women are listed in Box  1.4 . Risk-reducing mastectomies 
are an appropriate consideration for women at the highest 
hereditary risk for breast cancer. Studies have shown a 
90–95 % reduction in breast cancer risk following prophy-
lactic mastectomy [ 77 – 80 ]. The evidence for the use of 
tamoxifen or raloxifene as chemopreventive agents in  BRCA  
carriers is limited; however, tamoxifen has been shown to 
reduce the risk of contralateral breast cancers in  BRCA  carri-
ers [ 81 – 83 ]. Two fairly recent studies support the role of 
risk-reducing salpingo-oophorectomy: the hazard ratio for 
ovarian cancer for women who underwent prophylactic sur-
gery compared to those who chose close surveillance was 
0.15 and 0.04, respectively [ 84 ,  85 ]. Women should be 
informed about the potential for the subsequent development 
of peritoneal carcinomatosis, which has been reported up to 
15 years following RRBSO [ 65 ,  86 ]. 

  Male  BRCA  mutation carriers face an increased risk for 
breast cancer and prostate cancer. They are advised to undergo 
training in breast self-examination with regular monthly prac-
tice and semiannual clinical breast examinations, and work-
up of any suspicious breast lesions is recommended. The 
NCCN Guidelines® also recommend that a baseline mammo-
gram be considered, with an annual mammogram if gyneco-
mastia or parenchymal/glandular breast density is identifi ed 

   Table 1.3    BRCA1/2 cancer risks (lifetime risks)   

 Cancer site  BRCA1 mutation (%)  BRCA2 mutation (%) 

 Female breast  50–80  40–70 
 Ovarian cancer  <40  <20 
 Prostate  <30  <39 
 Pancreatic  1.3–3.2  2.3–7 

  Adapted from Ford et al. [ 55 ], King et al. [ 69 ], Antoniou et al. [ 74 ], 
Risch et al. [ 75 ], The Breast Cancer Linkage Consortium [ 76 ], and 
Ozcelik et al. [ 70 ]  
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on baseline study [ 1 ]. The guidelines also recommend that 
male BRCA mutation carriers should adhere to the current 
prostate cancer screening guidelines [ 1 ,  87 ].  

       Li-Fraumeni Syndrome [ 88 ] 

 Li-Fraumeni syndrome (LFS) is a rare cancer predisposi-
tion syndrome that is thought to be responsible for ~1 % of 
breast cancer [ 89 ]. LFS is often thought of as a hereditary 

 predisposition to cancer in general, involving many tumor types 
and occurring at any point in an individual’s lifetime, often 
early adult and childhood cancers. The majority of cases of 
LFS are due to mutations in the  TP53  gene [ 90 – 93 ]. The com-
ponent tumors of LFS include bone sarcomas (primarily osteo-
sarcomas and chondrosarcomas), soft-tissue sarcomas, breast 
cancer, brain tumors, leukemia, and adrenocortical carcinomas 
[ 94 ]. The classic component tumors are thought to account for 
63–77 % of cancer diagnoses in  individuals with Li Fraumeni 
syndrome [ 94 – 97 ]. Breast cancer is the most common tumor 

 Box 1.4 NCCN Screening for Female BRCA Carriers 

•  Breast awarenessa starting at age 18 years 
•  Clinical breast exam, every 6–12 months,b starting at age 25 years 
•  Annual mammogram and breast MRI c  screening starting at age 25, or individualized based on earliest age of onset in familyd   
•  Discuss option of risk-reducing mastectomy. 

 –  Counseling may include a discussion regarding degree of protection, reconstruction options, and risks. 

•  Recommend risk-reducing salpingo-oophorectomy, e  ideally between 35 and 40 years, and upon completion of child bearing, 
or individualized based on earliest age of onset of ovarian cancer in the family. 

 –  Counseling includes a discussion of reproductive desires, extent of cancer risk, degree of protection for breast and ovarian cancer, 
management of menopausal symptoms, possible short-term hormone replacement therapy to a recommended maximum age of 
natural menopause, and related medical issues. 

•  Address psychosocial, social, and quality-of-life aspects of undergoing risk-reducing mastectomy and/or salpingo-oophorectomy. 
•  For those patients who have not elected risk-reducing salpingo-oophorectomy, consider concurrent transvaginal ultrasound 

(preferably days 1–10 of menstrual cycle in premenopausal women) + CA-125 (preferably after day 5 of menstrual cycle in 
premenopausal women) f  every 6 months starting at age 30 years or 5–10 years before the earliest age of fi rst diagnosis of 
ovarian cancer in the family. 

•  Consider chemoprevention options for breast and ovarian cancer, including discussing risks and benefi ts g  (see NCCN guidelines for 
breast cancer risk reduction). 

•  Consider investigational imaging and screening studies, when available (e.g., novel imaging technologies, more frequent screening 
intervals), in the context of a clinical trial. 

   a Women should be familiar with their breasts and promptly report changes to their health-care provider. Periodic, consistent breast self- examination (BSE) 
may facilitate breast self-awareness. Premenopausal women may fi nd BSE most informative when performed at the end of the menses 

  b Randomized trials comparing clinical breast exam versus no screening have not been performed. Rationale for recommending clinical breast exam every 
6–12 months is the concern for interval breast cancers 

  c High-quality MRI limitations include having a need for a dedicated breast coil, the ability to perform biopsy under MRI guidance, experienced radiologists 
in breast MRI, and regional availability. Breast MRI is performed preferably days 7–15 of menstrual cycle for premenopausal women 

  d The best screening strategy for women age 25–30 is uncertain with some data suggesting that mammogram be added to MRI only after age 30. The 
appropriateness of imaging modalities and scheduling is still under study [ 225 ] 

  e Given the high rate of occult neoplasms, special attention should be given to sampling and pathologic review of the ovaries and fallopian tubes. 
(See discussion for details.) See the College of American Pathologists, Protocol for the Examination of Specimens from patients with Carcinoma 
of the Ovary 

  f There are data that show that annual transvaginal ultrasound and CA-125 are not effective strategies for screening for ovarian cancer in high-risk women. 
There are limited data regarding the effectiveness of a 6-month screening interval. Thus, until such data are available, it is reasonable to consider this approach 
in high-risk women, especially in the context of a clinical research setting 

  g Data suggest that oral contraceptives (OCs) reduce ovarian cancer risk in BRCA mutation carriers. The risk/benefi t ratio is uncertain because of contra-
dictory evidence about OC’s increasing breast cancer risk; however, OC use for contraception is acceptable. Other chemoprevention options for breast 
cancer include tamoxifen and raloxifene; however, only very limited data with these agents are available in patients with BRCA mutations. (See discus-
sion for details.) 

 Reproduced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Genetic/Familial High-
Risk Assessment: Breast and Ovarian V.4.2013. © 2013 National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN 
Guidelines® and illustrations herein may not be reproduced in any form for any purpose without the express written permission of the 
NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. NATIONAL COMPREHENSIVE 
CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and all other NCCN Content are trademarks owned by the National 
Comprehensive Cancer Network, Inc.   www.nccn.org        
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in  TP53  mutation carriers (24–31.2 %), followed by soft tissue 
sarcomas (11.6–17.8 %), brain tumors (3.5–14 %), osteosar-
comas (12.6–13.4 %), and adrenocortical tumors (6.5–9.9 %) 
[ 98 ,  99 ]. Other tumors that have been argued to be component 
tumors of LFS are listed in Box  1.5  [ 95 – 101 ]. 

  There are some data regarding common histology of LFS 
component tumors. Breast cancers are most commonly inva-
sive ductal carcinomas and may have a tendency toward 
being “triple positive” [ 94 ,  102 ]. Rhabdomyosarcomas 
account for 55 % of soft-tissue sarcomas, followed by fi bro-
sarcomas (13 %), and then malignant fi brous histiocytomas 
[ 98 ]. For LFS-associated brain tumors, 69 % are astrocytic 
(astrocytoma or glioblastoma), followed by medulloblas-
toma/PNET tumors (17 %) [ 98 ]. 

 Typically, LFS-associated tumors occur at signifi cantly 
younger ages than when they occur sporadically. However, 
depending on tumor type, the mean age of diagnosis varies 
from childhood well into adulthood [ 98 ]. Understanding can-
cer risk for LFS is somewhat complicated as the ranges of risk 
vary greatly between studies and depend largely on study pop-
ulation. When pooling studies that examine overall cancer risk 
in  TP53  mutation carriers (both female and male), the risk of 
developing cancer by ages 15–20 is 12–42 %, by ages 40–45 
is 52–66 %, by age 50 is 80 %, and by age 85 is 85 % [ 96 ,  97 , 
 103 ,  104 ]. When separating out the sexes, it is apparent that 
female  TP53  mutation carriers have generally a higher life-
time cancer risk in comparison to males [ 97 ,  104 ,  105 ]. 

 Individuals diagnosed with LFS are also at markedly 
increased risk to develop multiple primary tumors. Hisada 
et al. found that following a fi rst cancer diagnosis, there is a 
57 % risk for a second primary tumor within 30 years of the 
fi rst diagnosis, followed by a 38 % risk for a third primary 
tumor within 10 years of the second cancer diagnosis [ 45 ]. In 
addition, it has been widely observed that second, third, etc. 
primary cancers commonly occur in the radiation fi eld of 
previously treated cancers [ 45 ,  90 ,  94 ,  104 ]. 

 Currently, NCCN management recommendations 
(Box  1.6 ) for individuals with LFS center around proven 
screening techniques such as mammography and MRI for 
the detection of breast cancer and early colonoscopy [ 88 ]. 
Because of the wide variety of tumors that can be seen in 
LFS, researchers have begun to consider whole-body imag-
ing techniques such as MRI or PET scans for individuals 
who have  TP53  mutations. One study published in 2011 
involved the use of whole-body MRI, in addition to certain 
targeted MRI screening and biochemical testing, to screen 
children and adults with LFS. Researchers were successful 
in detecting cancers presymptomatically and early [ 106 ]. 
While this cohort was relatively small, promising studies 
like these give hope to families with Li-Fraumeni syndrome 
for the possibility of screening and detecting cancers at an 
earlier, curable stage. 

        Cowden Syndrome 

 Cowden syndrome (CS) is a rare hereditary cancer syndrome 
that is characterized by overgrowth in different organ sys-
tems. The incidence of CS is thought to be about 1 in 200,000 
but may be underdiagnosed. CS belongs to the set of syn-
dromes known as the  PTEN  hamartoma tumor syndromes 
(PHTS) [ 107 ].  PTEN  (phosphatase and tensin homolog) 
mutations are found in the vast majority of patients with 
Cowden syndrome, although mutations in other genes such 
as  BMPR1A  and the succinate dehydrogenase (SDH) genes 
have been reported in a small number of patients who have 
features of Cowden syndrome but do not meet diagnostic cri-
teria (Cowden syndrome like) [ 108 ,  109 ]. 

 Diagnostic criteria for Cowden syndrome are complicated 
[ 110 ]. The National Comprehensive Cancer Network’s 
(NCCN) most recent NCCN guidelines (v.4.2013) for testing 
for Cowden syndrome are included in Box  1.7  [ 88 ]. 

 Breast cancer is the most frequent cancer seen in Cowden 
syndrome. Reports of the risk of cancers associated with 
CS vary widely [ 111 ,  112 ]. It was initially felt that Cowden 
syndrome patients faced moderate increased risks for can-
cer; however, a paper published in 2012 by a group from 
the Cleveland Clinic reported much higher risks for can-
cer than previously thought. In 2013, the French Cowden 
disease network published similar high risks for cancer 

 Box 1.5 Other Tumors Associated with LFS 

 Wilms’ tumor 
 Malignant phyllodes tumor 
 Lung cancer 
 Choroid plexus tumor 
 Colorectal cancer 
 Prostate cancer 
 Pancreatic cancer 
 Bladder cancer 
 Hepatoblastoma 
 Neuroblastoma 
 Lymphomas 
 Nasopharyngeal cancer 
 Teratomas 
 Ureteral tumors 
 Testicular cancer 
 Laryngeal cancer 
 Ovarian cancer 
 Melanoma 
 Gonadal germ cell tumors 
 Stomach cancer 

  Adapted from Gonzalez et al. [ 95 ], Nichols et al. [ 96 ], Hwang 
et al. [ 97 ], Kleihues et al. [ 98 ], Olivier et al. [ 99 ], Birch et al. 
[ 100 ], and Strong et al. [ 101 ]    
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in carriers [ 113 ]. See Table  1.4 . There is a possibility of 
ascertainment bias in these more recent papers because of 
recruitment strategies. The screening recommendations for 
individuals with Cowden synrome are seen in Box  1.8 . 

         Peutz-Jeghers Syndrome 

 Peutz-Jeghers syndrome (PJS) is a rare autosomal dominant 
gastrointestinal polyposis syndrome. The incidence is not 
well known but is estimated at 1 in 25,000 to 1 in 300,000 

 Box 1.6. NCCN Screening for Li-Fraumeni Syndrome 

 Breast cancer risk, women 

•  Breast awareness a  starting at age 18 years 
•  Clinical breast exam, every 6–12 months, starting at age 20–25 years or 5–10 years before the earliest known breast cancer in the 

family (whichever comes fi rst). 
•  Annual mammogram and breast MRI screening starting at 20–25 years b  or individualized based on earliest age of onset in family c,d  
•  Discuss risk-reducing mastectomy and counsel regarding degree of protection, degree of cancer risk, and reconstruction options. 
•  Address psychosocial, social, and quality-of-life aspects of undergoing risk-reducing mastectomy. 

 Other Cancer Risks 

•  Address limitations of screening for many cancers associated with LFS. Because of the remarkable risk of additional primary 
neoplasms, screening may be considered for cancer survivors with LFS and a good prognosis from their prior tumor(s). 

•  Annual comprehensive physical exam with high index of suspicion for rare cancers and second malignancies in cancer survivors 
includes careful skin and neurologic examinations. 

•  Therapeutic RT for cancer should be used with caution. 
•  Consider colonoscopy every 2–5 years starting no later than 25 years. 
•  Pediatricians should be apprised of the risk of childhood cancers in affected families. 
•  Discuss option to participate in novel screening approaches using technologies within clinical trials when possible, such as whole-

body MRI, abdominal ultrasound, and brain MRI. e  
•  Additional surveillance based on individual family histories. 
•  Education regarding signs and symptoms of cancer. 

 Risk to Relatives 

•  Advise about possible inherited cancer risk to relatives, options for risk assessment, and management. 
•  Recommend genetic counseling and consideration of genetic testing for at-risk relatives. 

 Reproductive Options 

•  For patients of reproductive age, advise about options for prenatal diagnosis and assisted reproduction including preimplantation 
genetic diagnosis. Discussion should include known risks, limitations, and benefi ts of these technologies. See discussion for 
details. 

   a Women should be familiar with their breasts and promptly report changes to their health-care provider. Periodic, consistent breast self exam (BSE) may facili-
tate breast self-awareness. Premenopausal women may fi nd BSE most informative when performed at the end of the menses 

  b Given theoretical concerns with harmful effects of radiation exposure in LFS, for patients aged 20–30 years, annual MRI-only screening may be suffi cient 
based on physician’s discretion 

  c The appropriateness of imaging modalities and scheduling is still under study 

  d High-quality MRI limitations include having a need for a dedicated breast coil, the ability to perform biopsy under MRI guidance, experienced radiologists in 
breast MRI, and regional availability. Breast MRI is performed preferably days 7–15 of menstrual cycle for premenopausal women 

  e A surveillance study has been published that utilizes these screening approaches [ 106 ] 

 Reproduced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Genetic/Familial High-
Risk Assessment: Breast and Ovarian V.4.2013. © 2013 National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN 
Guidelines® and illustrations herein may not be reproduced in any form for any purpose without the express written permission of the 
NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. NATIONAL COMPREHENSIVE 
CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and all other NCCN Content are trademarks owned by the National 
Comprehensive Cancer Network, Inc.   www.nccn.org        

   Table 1.4    French Cowden disease network published high risks for 
cancer in carriers   

 Pilarski (2009) 
[ 111 ] 

 Tan et al. 
(2012) [ 112 ] 

 Bubien et al. 
(2013) [ 113 ] 

 Breast cancer risk  25–50 %  85 %  77 % 
 Thyroid cancer  3–10 %  35 %  38 % 
 Endometrial cancer  5–10 %  28 %  NS 
 Renal cell cancer  Unknown  34 %  NS 
 Melanoma  Unknown  6 %  NS 
 Colorectal cancer  Unknown  9 %  NS 

  Adapted from Pilarski [ 111 ], Tan et al. [ 112 ], Bubien et al. [ 113 ] 
  NS  not specifi ed  
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 Box 1.7 NCCN Guidelines for Testing for Cowden 
Syndrome (v.4.2013) 

•  Bannayan-Riley-Ruvalcaba syndrome (BRRS) 
•  Adult Lhermitte-Duclos disease (dysplastic gangliocytoma 

of the cerebellum) 
•  Autism spectrum disorder and macrocephaly or 
•  ≥2 biopsy-proven trichilemmomas 
•  ≥2 major criteria (one must be macrocephaly) 
•  ≥3 major criteria, without macrocephaly or 
•  1 major and ≥3 minor criteria 
•  ≥4 minor criteria 
•  Fewer criteria are needed when an individual has a relative 

with a clinical diagnosis of Cowden syndrome (any one 
major criteria or two minor criteria) 

  Major criteria  
•  Breast cancer 
•  Endometrial cancer 
•  Follicular thyroid cancer 
•  Multiple GI hamartomas or ganglioneuromas 
•  Macrocephaly (≥97th percentile, 58 cm in adult women, 

60 cm in adult men) 
•  Macular pigmentation of glans penis 
•  Mucocutaneous lesions 

 –  One biopsy-proven trichilemmoma 
 –  Multiple palmoplantar keratoses 
 –  Multifocal or extensive oral mucosal papillomatosis 
 –  Multiple cutaneous facial papules (often verrucous) 

  Minor criteria  
•  Autism spectrum disorder 
•  Colon cancer 
•  Esophageal glycogenic acanthosis (≥3) 
•  Lipomas 
•  Mental retardation (intelligence quotient ≤75) 
•  Papillary or follicular variant of papillary thyroid cancer 
•  Thyroid structural lesions (e.g., adenoma, nodule(s), goiter) 
•  Renal cell carcinoma 
•  Single GI hamartoma or ganglioneuroma 
•  Testicular lipomatosis 
•  Vascular anomalies (including multiple intracranial 

developmental venous anomalies) 

  Reproduced with permission from the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines®) 
for Genetic/Familial High-Risk Assessment: Breast and 
Ovarian V.4.2013. © 2013 National Comprehensive Cancer 
Network, Inc. All rights reserved. The NCCN Guidelines® 
and illustrations herein may not be reproduced in any form 
for any purpose without the express written permission of 
the NCCN. To view the most recent and complete version of 
the NCCN Guidelines, go online to NCCN.org. NATIONAL 
COMPREHENSIVE CANCER NETWORK®, NCCN®, 
NCCN GUIDELINES®, and all other NCCN Content are 
trademarks owned by the National Comprehensive Cancer 
Network, Inc.   www.nccn.org        

 Box 1.8 NCCN Guidelines for Cancer Screening 
and Prevention: Cowden Syndrome 

  Women  
•  Breast awareness starting at age 18 years 
•  Clinical breast exam, every 6–12 months, starting at age 

25 years or 5–10 years before the earliest known breast 
cancer in the family. 

•  Annual mammography and breast MRI screening starting at 
age 30–35 years or 5–10 years before the earliest known 
breast cancer in the family (whichever comes fi rst). 

•  For endometrial cancer screening, encourage patient 
education and prompt response to symptoms and 
participation in a clinical trial to determine the effectiveness 
and necessity of screening modalities. 

•  Discuss option of risk-reducing mastectomy and 
hysterectomy and counsel regarding degree of protection, 
extent of cancer risk, and reconstruction options. 

•  Address psychosocial, social, and quality-of-life aspects of 
undergoing risk-reducing mastectomy and hysterectomy 
and/or hysterectomy. 

  Men and women  
•  Annual comprehensive physical exam starting at age 18 or 

5 years before the youngest age of diagnosis of a component 
cancer in the family (whichever comes fi rst), with particular 
attention to breast and thyroid exams. 

•  Baseline thyroid ultrasound at age 18 years and consider 
annually thereafter. 

•  Consider colonoscopy starting at age 35 years, then every 
5–10 years or more frequently if patient is symptomatic or 
polyps found. 

•  Consider annual dermatologic exam. 
•  Education regarding the signs and symptoms of cancer. 

  Risk to relatives  
•  Advise about possible inherited cancer risk to relatives, 

options for risk assessment, and management. 
•  Recommend genetic counseling and consideration of genetic 

testing for at-risk relatives. 

  Reproductive options  
•  For women of reproductive age, advise about options for 

prenatal diagnosis and assisted reproduction including 
preimplantation genetic diagnosis. Discussion should include 
known risks, limitations, and benefi ts of these technologies. 
See discussion for details. 

  Reproduced with permission from the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines®) 
for Genetic/Familial High-Risk Assessment: Breast and 
Ovarian V.4.2013. © 2013 National Comprehensive Cancer 
Network, Inc. All rights reserved. The NCCN Guidelines® 
and illustrations herein may not be reproduced in any form 
for any purpose without the express written permission of 
the NCCN. To view the most recent and complete version of 
the NCCN Guidelines, go online to NCCN.org. NATIONAL 
COMPREHENSIVE CANCER NETWORK®, NCCN®, 
NCCN GUIDELINES®, and all other NCCN Content are 
trademarks owned by the National Comprehensive Cancer 
Network, Inc.   www.nccn.org        
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live births by the National Institutes of Health [ 114 ]. 
 Peutz- Jeghers is characterized by the development of Peutz-
Jeghers polyps (a specifi c type of hamartoma) in the intestine 
in conjunction with pigmentation (brown or bluish spots) 
around and inside the mouth, nose and lips, perianal area, as 
well as other parts of the body. The mucocutaneous lesions 
are often most prominent in childhood and fade with age. 

 Most families with PJS have mutations in the  STK11  
gene, although this gene does not explain all inherited cases 
of PJS as well as many simplex cases [ 115 ]. The lifetime risk 
of breast cancer in females with PJS is reported in a wide 
range, with the most consistent risks being in the 30–50 % 
range [ 116 ,  117 ]. Other cancers that can be seen in PJS 
include cancers of the colon, pancreas, stomach, ovary, small 
intestine, lung, cervix, testes, uterus, and esophagus [ 118 ]. 
Consensus diagnostic criteria were published in 2010 and 
are listed in Box  1.9  [ 118 ]. Screening and surveillance guide-
lines are also included in Table  1.5  [ 119 ].

          Hereditary Diffuse Gastric Cancer Syndrome 

 Hereditary diffuse gastric cancer syndrome is a rare autoso-
mal dominant hereditary cancer syndrome characterized by 
diffuse or signet ring cell pathology cancer of the stomach. 
The incidence of this syndrome is not well known. The life-
time risk of stomach cancer is thought to be approximately 
80 % compared to less than 1 % in the general population 
[ 120 ,  121 ]. The second most common cancer in families 
with this syndrome is lobular breast cancer, with a lifetime 
risk of about 40 % in women [ 122 – 126 ]. Colorectal cancer 
and cleft lip and palate have also been reported in some fami-
lies [ 123 ,  127 ]. The International Gastric Cancer Linkage 
Consortium (IGCLC) published clinical criteria in 2010 seen 
in Box  1.10  [ 128 ]. Screening and prevention adapted from 
consensus guidelines are included in Box  1.11  as well [ 129 ]. 

   Table 1.5    NCCN screening and surveillance guidelines for Peutz-Jeghers syndrome   

 Site  Procedure  Onset (year)  Interval (year) 

 Stomach  Upper endoscopy a   8  2–3 
 Small intestine  Capsule endoscopy or MR enterography b   8  2–3 
 Large intestine  Colonoscopy  18  2–3 
 Breast  Breast examination  25 c   Monthly 

 Mammography or MRI  25 c   1 
 Ovary  Transvaginal ultrasound and serum CA 125 c   18  1 
 Cervix and uterus  Pelvic exam with Pap smear d   18  1 
 Pancreas  MRI-MRCP or endoscopic ultrasound and CA 19-9  25  1–2 
 Testes  Testicular exam; ultrasound if symptomatic or abnormality on exam  Birth  1 

  Adapted from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Genetic/Familial High-Risk Assessment: Breast and 
Ovarian V.4.2013. © 2013 National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN Guidelines® and illustrations herein may 
not be reproduced in any form for any purpose without the express written permission of the NCCN. To view the most recent and complete version 
of the NCCN Guidelines, go online to NCCN.org. NATIONAL COMPREHENSIVE CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, 
and all other NCCN Content are trademarks owned by the National Comprehensive Cancer Network, Inc.   www.nccn.org     
  a Extended upper endoscopy beginning at age 18 years 
  b CT enterography as alternative 
  c Discuss prophylactic mastectomy 
  d Discuss prophylactic hysterectomy and oophorectomy  

 Box 1.9 Clinical Diagnostic Criteria for Peutz-Jeghers 

    Any  ONE  of the following is present: 
  Two or more histologically confi rmed PJ polyps 
   Any number of PJ polyps detected in one individual who 

has a family history of PJS in close relative(s) 
   Characteristic mucocutaneous pigmentation in an 

individual who has a family history of PJS in close 
relative(s) 

   Any number of PJ polyps in an individual who also has 
characteristic mucocutaneous pigmentation 

  Adapted from Beggs et al. [ 118 ]    

 Box 1.10 Clinical Criteria for Hereditary Diffuse Gastric 
Cancer Syndrome 

 Any of the following: 
   Two gastric cancer (GC) cases in a family, one individual 

under age 50 years with confi rmed diffuse gastric cancer 
(DGC) 

   Three confi rmed DGC cases in fi rst- or second-degree 
relatives independent of age 

   Simplex case (i.e., a single occurrence in a family) of DGC 
occurring before age 40 years 

   Personal or family history of DGC and lobular breast 
cancer, one diagnosed before age 50 years 

  Adapted from Fitzgerald et al. [ 128 ]    
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       Moderate- and Low-Penetrance Breast 
Cancer Genes 

 Besides the high-risk genes and syndromes listed previously, 
several familial forms of breast cancer have been reported. 
These include families with  CHEK2  and  ATM  mutations. 
The risk of breast cancer associated with alterations in these 
genes is thought to be lower than with traditional hereditary 
breast cancer syndromes; other factors are likely to interact 
with the effects of changes in these genes and result in a 
more moderate increase in risk for breast cancer. 

 Researchers at the University of Washington published a 
study on germline mutations in 12 genes linked to ovarian 
cancer that are also being analyzed in families with breast 
cancer [ 130 – 132 ]. Many laboratories are offering genetic 
testing for panels of genes that are important in DNA repair 
pathways. This grouping is adapted and expanded from cat-
egories presented by Pennington and Swisher in 2012 [ 133 ]. 

    Group 1: Genes Functionally Related to BRCA1 
and BRCA2 (ATM, BARD1, CHEK2, MRE11A, 
NBN, RAD50, FAM175A) 

    ATM (Ataxia Telangiectasia Mutated) 
  ATM  is a serine threonine kinase that mediates checkpoint 
regulation and homologous repair [ 134 ].  ATM -defi cient cells 
display increased chromosome breakage and abnormal cell 
cycle progression, especially in the presence of ionizing 
radiation. An increased risk for breast cancer was fi rst 
observed in the mothers of patients with ataxia telangiectasia 
(a recessive condition characterized by cerebellar ataxia, tel-
angiectasias, immune defi ciency, and a high risk of cancer) 
more than 30 years ago [ 135 ]; breast cancer is also seen more 
often in A-T patients [ 136 ]. The relative risk of breast cancer 
for  ATM  mutation carriers is thought to be about 2.4-fold 
over that of noncarriers [ 137 ].  

    BARD1 (BRCA1-Associated RING Domain 1) 
  BARD1  helps to mediate the tumor suppressor function of 
 BRCA1  and has an independent role in tumor suppression 
as well. Initial studies on  BARD1  seemed to indicate a 
higher frequency of mutations in familial breast cancer or 
breast/ovarian cancer than in controls, although the signifi -
cance of these mutations was unclear [ 138 ,  139 ]. Clearly 
deleterious mutations of  BARD1  have been reported in fam-
ilies with breast and/or ovarian cancer, but in a small per-
centage of cases [ 140 ]. Relative risks for breast cancer are 
not well known.  

    CHEK2 (Cell Cycle Checkpoint Kinase 2) 
  CHEK2  is a serine threonine kinase involved in double- 
strand DNA break repair.  CHEK2  was initially reported in 
a few families with a clinical diagnosis of Li-Fraumeni syn-
drome but does not play a major role in LFS [ 141 ,  142 ]. 
Several different mutations have been reported to be associ-
ated with increased breast cancer risk; one specifi c com-
mon mutation in  CHEK2 , 1100delC, appears to confer 
about a 2.4-fold increase in breast cancer risk [ 143 ]. The 
interaction of 1100delC with family history of breast can-
cer yields a relative risk of almost fi vefold (approximately 
37 % by age 70) [ 143 ]. Women who are homozygous for 
1100delC seem to have an even higher risk for breast can-
cer and multiple primary tumors [ 144 ]. The carrier fre-
quency of 110delC is higher in some European populations 
than in North America and, consequently, support for wide-
spread testing of this mutation is more common in Europe 
than in the USA [ 131 ,  145 ].  

    MRE11A (Meiotic Recombination 11 Homolog A, 
S. Cerevisiae) 
 Recessively inherited mutations in  MRE11A  cause ataxia-
telangiectasia- like disorder (ATLD), another chromosomal 
instability syndrome.     MRE 11A is part of an important com-
plex along with Rad50 and Nbn/Nbs1, called MRN, which is 
critical for genomic integrity and tumor suppression. 
 MRE11A  germline mutations were found in a small number 
of women whose breast tumors showed loss or reduction of 
all three MRN complex proteins [ 146 ]. Few studies have 
analyzed the risk of breast cancer associated with mutations 
in this gene.  

    NBN (Nibrin aka NBS1) 
 Nijmegen breakage syndrome is a recessively inherited 
chromosomal instability syndrome characterized by micro-
cephaly, growth retardation, immune defi ciency, and cancer 
caused by alterations in  NBN  (OMIM #251260). Two com-
mon mutations, 657del5 and R215W, have been seen in 
Slavic cancer populations and at low frequency in controls 
[ 147 ,  148 ]. The relative risk of breast cancer in this 

 Box 1.11 Consensus Screening and Prevention 
Guidelines for CDH1 + Patients 

 Consider prophylactic gastrectomy with close nutritional 
follow-up. 
 If refused, annual EGD with biopsy 
 If biopsy is positive for signet ring cells, recommend 
prophylactic gastrectomy and close nutritional follow-up. 
 Screening for lobular breast cancer from age 35 years 
 Consider colorectal cancer screening in families with CRC 
beginning at age 40 years or 10 years younger than the 
earliest case. 

  Adapted from Fitzgerald et al. [ 128 ]    
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 population appears to be about threefold higher in carriers 
of the 657del5 mutation [ 149 ]. A germline missense muta-
tion, Leu150Phe, has been reported in a small number of 
Northern European breast cancer families [ 150 ]. However, 
deleterious mutations have not been found in other popula-
tions [ 151 ,  152 ].  

    RAD50 
 One patient has been reported with Nijmegen breakage 
syndrome- like disorder (NBSLD), another recessively inher-
ited chromosomal instability syndrome; she was found to be 
a compound heterozygote for mutations in  RAD50  (OMIM 
#613078 [ 151 ]).  RAD50  mutations have been reported in 
similar cohorts as  NBN  [ 150 ]. The signifi cance of a previ-
ously reported mutation, 687delT, found in Finnish families, 
has been challenged [ 153 ].  RAD50  mutations have not been 
seen consistently in other populations [ 151 ,  154 ,  155 ]. 
Therefore, the relative risk of breast cancer associated with 
carriers of  RAD50  mutations is unknown.  

    FAM175A (Family with Sequence Similarity 175, 
Member A aka ABRA1, CCDC98) 
  FAM175A  produces a BRCA1-associated protein that links 
BRCA1 to a core complex dedicated to ubiquitin chain rec-
ognition and hydrolysis at DNA double-strand breaks. One 
study indicates that mutations in this gene may be linked 
with a rare form of hereditary breast cancer in Finnish fami-
lies [ 156 ].   

    Group 2: Other Genes in the Fanconi Anemia 
Pathway That Increase Breast Cancer Risk 
(BRIP1, PALB2) 

   BRIP1(BRCA-Interacting Protein C-Terminal 
Helicase 1 or FANCJ) 
  BRIP1  is important in the double-strand DNA repair func-
tion of  BRCA1 . Seal and colleagues published a report in 
2006 which showed truncating mutations in 9/1,212 women 
with breast cancer and 2/2,081 controls [ 157 ]. They calcu-
lated a relative risk of 2.0 associated with a truncating  BRIP1  
mutation. Several studies have shown a low frequency of 
 BRIP1  mutation in various cohorts, but often the mutation 
does not segregate with cancer in the family [ 158 – 161 ]. 
Many studies have not observed a link between  BRIP1  and 
breast or ovarian cancer risk [ 162 – 167 ]. It is unclear whether 
the relative risk of 2 for breast cancer is accurate, but if there 
is an association, it is likely to be a small one for most popu-
lations. There are specifi c founder mutations which seem to 
confer a much higher risk for cancer; for example, an 
Icelandic  BRIP1  mutation, c.2040_2041insTT, confers an 
odds ration of ~8 for ovarian cancer [ 168 ].  

   PALB2 (Partner and Localizer of BRCA2 
or FANCN) 
 PALB2 co-localizes with BRCA2 in the nucleus and helps to 
stabilize the protein, making it critical for homologous 
recombination [ 169 ].  PALB2  mutations were fi rst reported in 
breast cancer patients in 2007; a link between breast cancer 
and pancreatic cancer has also been seen. A UK group found 
a frequency of mutation of ~1 % in familial breast cancer 
cases (10/923 versus 0/1,084 controls); they estimated a two-
fold increase in risk for breast cancer [ 170 ]. In Finland, a 
founder mutation, c.1592delT, was seen in ~1 % of unselected 
breast cancer cases and 2.7 % of familial breast cancer cases 
[ 171 ]. In greater than 20 studies, the frequency of  PALB2  
mutations in breast cancer cohorts varies from 0 to 5 %, with 
most populations having a frequency of 0.5–1 % in cases 
[ 161 ,  172 – 197 ]. The Finnish mutation (c.1592delT) may be 
more highly penetrant than other mutations with an esti-
mated lifetime risk of 40 % by age 70 with triple-negative 
tumors seen more often [ 190 ,  198 ]. There is a question of 
whether the location of the truncating mutation has differen-
tial effects on breast cancer risk [ 198 ].   

    Group 3: RAD51 Gene Family Members 

   RAD51 Paralogs 
  RAD51  is a critical part of DNA repair through homologous 
recombination [ 199 ]. Members of the  RAD51  gene family 
which share homology to  RAD51  and each other are also 
important in homologous recombination and have indepen-
dent DNA repair functions; these  RAD51  paralogs include 
 RAD51B ,  RAD51C ,  RAD51D ,  XRCC2 , and  XRCC3  [ 200 ]. 
While RAD51 mutations have not been linked with heredi-
tary cancer, associations have been made with several gene 
family members.  RAD51C  has been implicated in one family 
with Fanconi anemia-like phenotype and is likely to repre-
sent one of the Fanconi anemia complementation groups 
(FANCO) [ 201 ].  RAD51C  and  RAD51D  mutations have 
been found in women with ovarian cancer [ 202 – 207 ]. While 
 RAD51C  and  RAD51D  mutations appear to be relatively 
rare, families with mutations in these genes (especially 
 RAD51D ) could represent a small but important fraction of 
hereditary ovarian cancer. The risk of breast cancer associ-
ated with  RAD51C  and  RAD51D  mutations is not well 
known, but they do not appear to be major contributors to 
risk. One study which analyzed 689 multiple breast cancer 
case families through whole exome sequencing reported two 
families with  XRCC2  mutations, one protein-truncating 
mutation and one missense [ 208 ]. However, a larger analysis 
of 3,548 familial breast cancer cases and 1,435 controls did 
not fi nd any evidence of  XRCC2  mutations as causative in 
cases [ 209 ]. One particular SNP in  XRCC3 , T241M, found 
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in about 10 % of Asian women has been associated with a 
moderate increase in risk for breast cancer [ 210 ,  211 ]. An 
SNP in  RAD51B  has been associated with a modest increase 
in risk for male breast cancer [ 212 ]. Yet, a larger study of 
 RAD51B  on multiple-case, non-BRCA families did not 
reveal any germline mutations [ 213 ].   

    Group 4: Hereditary Colorectal Cancer/
Polyposis Genes 

   Lynch Syndrome and MYH-Associated Polyposis 
 Lynch syndrome (LS) is the most common hereditary form of 
colorectal cancer accounting for about 2–3 % of colorectal 
cancer cases. It is caused by mutations in genes involved in 
DNA mismatch repair, including  MLH1 ,  MSH2 ,  MSH6 , 
 PMS2 , and, indirectly,  EPCAM . LS is typically characterized 
by the development of relatively early onset colorectal and 
uterine cancer; increased risks for other cancers include stom-
ach cancer, cancer of the small intestine, pancreatic cancer, 
sebaceous carcinomas, ovarian cancer, cancers of the urinary 
collecting tract, and rarely brain tumors [ 214 ]. Most studies 
have not shown a signifi cant increase in breast cancer risk for 
MMR mutation carriers versus noncarriers [ 215 ], although a 
more recent paper studying a cohort of Lynch syndrome fami-
lies prospectively did show a fourfold increase in breast cancer 
risk [ 216 ]. It is clear that defective mismatch repair can be seen 
in some breast cancers in women from Lynch syndrome fami-
lies [ 217 ,  218 ]. Whether there is a true increase in risk (and the 
magnitude of this risk) is a matter of debate at this point. 

  MUTYH -associated polyposis (MAP) is a recessive form 
of adenomatous polyposis.  MUTYH  is involved in base exci-
sion repair; without MUTYH, oxidative DNA damage leads 
to the formation of 8-oxo-G which mispairs with adenine. 
This leads to an increase in G:C>T:A transversions in  APC  
and other genes [ 219 ]. MAP is associated with an attenuated 
phenotype; adenomas typically number less than 100 and a 
mixture of polyp types (serrated adenomas, hyperplastic pol-
yps) and duodenal polyps are often seen [ 220 ,  221 ]. 
Extraintestinal manifestations, including breast cancer, have 
been reported in MAP [ 222 ,  223 ]. However,  MUTYH  does 
not appear to be a common cause of breast cancer [ 224 ].    

    Summary 

 Cancer genetics has become an integral subspecialty of the 
practice of preventive medicine and oncology. Genetic coun-
selors provide expertise in the attainment of the family history, 
cancer risk assessment, and guidance for individuals as they 
pursue genetic testing through the informed consent process. 
The identifi cation of individuals who harbor mutations in can-
cer predisposition genes enables the utilization of appropriate 

screening and prevention techniques. Cancer genetic care 
begins with the identifi cation of individuals at high risk, pro-
ceeds through the genetic counseling and testing process, and 
culminates in targeted and effective medical management for 
these individuals. As genetic testing becomes more routine, 
the hope is that information about hereditary and familial can-
cer predisposition will lead to the development of better 
screening techniques, earlier detection, less morbidity from 
preventive options, and longer disease- free survival.     
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