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Cancer can be categorized as spo-
radic, familial, or hereditary.1 Spo-
radic cancers (70%-80% of cancer 
cases) occur by chance—for exam-
ple, because of a mistake that occurs 
during cell division—or as a result of 
a lifestyle choice (e.g., smoking) or 
a toxic environmental exposure. Fa-
milial cancers (15%-20% of cases) are 
likely caused by a combination of 
genetic and environmental risk fac-
tors.2 Although persons with familial 
cancers may have several relatives 
with the same type of cancer, a clear 
pattern of inheritance has not been 
established. Hereditary cancers (5%-
10% of cases) occur when a person 

has a specific altered (mutated) gene 
in nearly every cell in the body.3 
Persons with hereditary cancers are 
more likely to have family members 
with the same type or a related type 
of cancer. They tend to develop can-
cer at an earlier-than-average age 
and may develop more than one 
cancer in their lifetime.

The following statistics put the 
three categories of cancer in perspec-
tive. With regard to breast cancer, 
about 12% of women in the general 
population will develop the disease 
in their lifetime.4 A woman’s risk for 
developing breast cancer nearly dou-
bles if she has a first-degree relative 

(mother, sister, daughter) with breast 
cancer.5 If genetic testing reveals that 
she has a BRCA1 mutation associated 
with hereditary breast and ovarian 
cancer (HBOC) syndrome, her risk for 
developing breast cancer may be as 
high as 72%.6 With regard to ovarian 
cancer, about 1.3% of women in the 
general population develop the dis-
ease.7 If a woman has a first-degree 
relative with ovarian cancer, her risk 
triples—to about 5%.8 If genetic 
testing reveals that she has a BRCA1 
mutation, then her risk for develop-
ing ovarian cancer, according to data 
from the EMBRACE study, may be as 
high as 59%.9

Part 1 of this article provides 
general information about heredi-
tary breast and gynecologic cancer 
syndromes (HBGCSs) and describes 
specific HBGCSs that healthcare 
providers (HCPs) caring for women 
may encounter in their practices. In 
addition, the author discusses how 
and why these syndromes develop. 
Part 2 of this article, which will ap-
pear in the next issue of Women's 
Healthcare: A Clinical Journal for NPs, 
focuses on when to suspect that an 
HBGCS may be present in a woman 
with a personal or family history of 
breast, ovarian, or other gynecologic 
cancer; when it is appropriate to test 
for pathogenic variants (i.e., muta-
tions) in genes that may be respon-
sible for a breast or a gynecologic 

T his two-part article focuses on hereditary cancer syndromes 
associated with breast and gynecologic cancers. In part 1, 
the author provides background information about hereditary 

cancer, details several specific hereditary breast and gynecologic 
cancer syndromes (HBGCSs), and explains the gene alterations 
involved in these syndromes. In part 2, the author will describe ways 
that healthcare providers can identify women who may have one of 
these syndromes and who could therefore benefit from genetic risk 
assessment, counseling, and testing—processes she also discusses. The 
author will explain how to interpret genetic test results and provide 
management recommendations for the two most common HBGCSs. 

Key words: hereditary breast and gynecologic cancer syndrome, hereditary 
breast and ovarian cancer, HBOC, BRCA1, BRCA2, Lynch syndrome

Before reading the article, click hereA to take the pretest. 

ticipants to: 
1. “Sign In” at the top right-hand corner of the page (npwh.

org/courses/home/details/905) if you have an NPWH 
account. You must be signed in to receive credit for this 
course. If you do not remember your username or pass-
word, please follow the “Forgot Password” link and instruc-
tions on the sign-in page. If you do not have an account, 
please click on “Create an Account.”* 

2. Read the learning objectives, disclosures, and disclaimers 
on the next page.

3. Study the material in the learning activity during the ap-
proval period (now through September 2018).

4. Complete the post-test and evaluation. You must earn a 
score of 70% or better on the post-test to receive CE credit.

5. Print out the CE certificate if successfully completed.

* If you are an NPWH member, were once a member, or have taken 
CE activities with NPWH in the past, you have a username and pass-
word in our system. Please do not create a new account. Creation of 
multiple accounts could result in loss of CE credits as well as other 
NPWH services. If you do not remember your username or pass-
word, please either click on the “Forgot username” or “Forgot pass-
word” link above or call the NPWH office at (202) 543-9693, ext. 1.

Commercial support
The content for this article was supported by an educational 
grant from Myriad Genetics Laboratories, Inc.

https://www.npwh.org/courses/home/details/905
https://www.npwh.org/courses/home/details/905
https://www.npwh.org/courses/home/details/905


12 September 2017 Women’s Healthcare  NPWomensHealtHcare.com  

cancer; the implications that the 
findings, positive or negative, would 
have for a patient and her otherwise 
healthy female relatives; the types 
of genetic tests for the mutations as-
sociated with these syndromes that 
are available; and the implications of 
these test results—that is, how they 
should guide management.

Hereditary breast and 
gynecologic cancer 
syndromes
A hereditary cancer syndrome is a  
genetic predisposition to develop 
certain types of cancer that are 
caused by an inherited mutation 
(from either parent) in one or more 
genes and that may cause the early 
onset of these cancers.10 Many of 
these syndromes are caused by mu-
tations in tumor suppressor genes 
that code for proteins that protect 
against cancer, although in some 
syndromes, the mutated genes may 
promote the growth of cancer cells. 
In most cases, these genetic muta-
tions result in an increased cancer 
risk for multiple organs. This article 
reviews hereditary cancer syndromes 
that may lead to breast and/or gyne-
cologic cancers, including HBOC syn-
drome, Lynch syndrome (LS), Li-Frau-
meni syndrome (LFS), Peutz-Jeghers 
syndrome (PJS), and Cowden syn-
drome. A review of basic cancer  
genetics is available in the Box.

Hereditary breast and  
ovarian cancer syndrome
Most cases of HBOC syndrome are 
caused by mutations in BRCA1 or 
BRCA2, which may be inherited from 
the mother or the father. Only one 
copy of the mutation is needed for 
a woman to be at increased risk for 
developing cancer of the breast 
and/or ovary (autosomal dominant 
inheritance).11 About 1 in 40 Ashke-
nazi (Eastern European) Jews is born 
with a BRCA1 or a BRCA2 mutation, 

as compared with 1 in 300-500 per-
sons in the general U.S. population.12 
Ashkenazi Jews’ increased likelihood 
of carrying a BRCA1 or a BRCA2 mu-
tation is related to the founder effect, 
which is the reduced genetic diver-
sity resulting when a population is 
descended from a small number of 
colonizing ancestors.

For women with a BRCA1 or a 
BRCA2 mutation, the risk for devel-
oping breast cancer starts to increase 
when they reach their mid-20s.9 With 

regard to ovarian cancer, the risk 
starts to increase for women with a 
BRCA1 mutation when they reach 
their mid-30s and for those with a 
BRCA2 mutation in their 40s to early 
50s, although the risk is greatest when 
women with a BRCA1 or a BRCA2  
mutation are in their 50s or older.6,9 

Using the results of multiple stud-
ies, Petrucelli et al13 have summa-
rized the risk for malignancy in indi-
viduals, both female and male, with 
a germline BRCA1/2 pathogenic 

Box. Review of basic cancer genetics

The nucleus is the structure in our cells that contains most of our 
genetic material (a small amount is found in the mitochondria). In 
humans, each nucleus has 23 pairs of chromosomes, which contain a 
total of about 20,000 genes. We have two copies of nearly all of our 
genes, one from each parent. 

Each gene consists of a long piece of DNA that provides instructions 
for protein synthesis. These proteins are used for cell structure, 
metabolism, and communication. As long as there is no mistake or 
mutation in the DNA, the protein will have the correct form and ability 
to be used by the body. However, a mutation existing in a gene may 
prevent the protein from being made, or the protein will not be correctly 
formed and will therefore not be utilized. Most of the aforementioned 
20,000 genes make proteins that are not connected to cancer 
development. However, a number of genes, called tumor suppressor 
genes, code for proteins that are protective against cancer.

For the purpose of this discussion, let us focus on a BRCA1 mutation 
associated with HBOC syndrome. BRCA1 is a tumor suppressor gene; the 
protein for which it codes protects against breast cancer, ovarian cancer, 
and pancreatic cancer in women. Women without BRCA1-associated 
HBOC syndrome have two normal copies of BRCA1 in nearly all their 
cells, including their breast tissue. A sporadic breast cancer occurs 
when, over the course of her life, a woman acquires a mutation in one 
copy of the BRCA1 gene in a breast cell from carcinogen exposure or 
from a mistake that occurred during cell division; this is the “first hit.” 
At this point, the second normal copy of the BRCA1 gene in this breast 
cell is still producing a protein that is protecting the cell from cancer. 
However, if the second copy of BRCA1 in this breast cell also acquires a 
mutation—the “second hit”—it may develop into a cancer because now 
both copies of the BRCA1 gene in the cell are incapable of producing the 
protective protein. 

It usually takes a long time for a cell to acquire the two hits; sporadic 
cancer is typically a disease diagnosed in older age. By contrast, a 
woman born with a BRCA1 mutation in one of her two copies of this 
gene has a head start in terms of her risk for developing breast cancer, 
ovarian cancer, or pancreatic cancer. Each breast cell in her body already 
contains the first hit. A BRCA1 mutation carrier needs only to acquire 
the second hit in a breast cell in order to develop cancer, an event that 
could occur at a relatively young age. Therefore, many women with an 
inherited BRCA1 mutation develop premenopausal breast cancer.

A good point to remember is that all cancer is genetic—that is, of or 
related to aberrations in the genes—but not all cancer is hereditary.
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variant (a germline mutation is one 
that can be transmitted to offspring) 
(Table). In terms of breast cancer 
in women, the risk is 46%-87% for 
those with a BRCA1 mutation and 
38%-84% for those with a BRCA2 
mutation. In terms of ovarian cancer, 
the risk is 39%-63% for women with 
a BRCA1 mutation and 16.5%-27% 
for those with a BRCA2 mutation.

In the general population, the risk 
for a second primary breast cancer 
is 2% within 5 years. By comparison, 
women with a BRCA1 mutation have 
a 21% risk within 10 years and an 
83% risk by age 70, and those with 
a BRCA2 mutation have a 10.8% 
risk within 10 years and a 62% risk 
by age 70.13 Of note, however, for 
women with a BRCA1/2 mutation, 
the risk for developing a second 
breast cancer is highly dependent 
on the age at which breast cancer 
was first diagnosed. Women with 
a BRCA1/2 mutation who are diag-
nosed with breast cancer at age 30 
have a very high risk of developing 
a second primary breast cancer, 
but the risk of developing a second 
primary breast cancer in a woman 
whose breast cancer is diagnosed 
later in life is significantly less than 

83% for a BRCA1 mutation carrier 
and significantly less than 62% for a 
BRCA2 mutation carrier.9

Pancreatic cancer risk is 0.5% in 
the general population, as com-
pared with 1%-3% in women with 
a BRCA1 mutation and 2%-7% in 
those with a BRCA2 mutation.13 
Women with a BRCA2 mutation 
may also be at increased risk for 
melanoma.14 Finally, a recent study 
showed that women with a BRCA1 
mutation who had undergone a 
risk-reducing salpingo-oophorec-

tomy (RRSO) without hysterectomy 
had a slightly higher risk of devel-
oping serous and/or serous-like 
endometrial carcinomas, but not en-
dometroid endometrial carcinomas 
or sarcomas.15

Most BRCA1- and BRCA2-related 
breast cancers are invasive ductal 
carcinomas, which are more likely to 
be of higher histologic grade than 
sporadic breast cancers. Triple-neg-
ative breast cancers are more com-
mon in BRCA1 mutation carriers 
than in women with sporadic breast 
cancer. By contrast, BRCA2-related 
breast cancers tend to be hormone 
receptor positive.16 Ovarian cancers 
related to BRCA1/2 mutations are 
usually serous adenocarcinomas. 
Compared with ovarian cancers in 
non-carriers, those in BRCA1/2 mu-
tation carriers are also more likely to 
be high grade.17

Lynch syndrome
LS is an autosomal dominant he-
reditary cancer syndrome caused 
by a mutation in a mismatch repair 
gene: MLH1, MSH2, MSH6, PMS2, or 
EPCAM.18 LS—also known as hered-
itary nonpolyposis colorectal cancer 
syndrome, or HNPCC—confers a 
high risk for colorectal cancer (CRC) 
and has a population prevalence of 
1 in 600-3,000.18-20 Individuals with 
LS may have up to an 82% lifetime 
risk of developing CRC, although 
some data indicate that the risk is 
lower in women than in men.21 Of 
note, these cancer risks vary signifi-
cantly, depending on which gene 
mutation is involved. For example, 
CRC risk associated with a muta-
tion in MLH1 or MSH2 is 52%-82%, 
whereas that associated with a mu-
tation in MHS6 is 10%-22%.22 

In addition to CRC, LS predis-
poses women to the development 
of certain gynecologic cancers. For 
women with an MLH1 or an MSH2 
mutation, lifetime risk for endome-

Table. Risk of malignancy in individuals with a germline 
BRCA1 or BRCA2-pathogenic variant*

Cancer
General 

population 
risk

Risk for malignancy
BRCA1            BRCA2

Breast 12% 46%-87% 38%-84%

Second primary 
breast 2% within 5 years

21% within 10 
years

83% by age 70

10.8% within 10 
years

62% by age 70

Ovarian 1%-2% 39%-63% 16.5%-27%

Male breast 0.1% 1.2% Up to 8.9%

Prostate 6% through age 
69 8.6% by age 65

15% by age 65

20% lifetime

Pancreatic 0.50% 1%-3% 2%-7%

Melanoma 
(cutaneous and 
ocular)

1.6% Elevated risk

* Adapted from Nancie Petrucelli  et al. entitled “BRCA1- and BRCA2-Associated Hereditary Breast and 
Ovarian Cancer. © University of Washington 1993-2017. GeneReviews® is a registered trademark of 
the University of Washington, Seattle. The content is used with permission. All rights reserved.
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cancers. 

http://NPWomensHealthcare.com


14 September 2017 Women’s Healthcare  NPWomensHealtHcare.com  

trial cancer is 25%-60% and that 
for ovarian cancer is 4%-24%. Risks 
for gynecologic cancers in MSH6 
and PMS2 mutation carriers are 
increased but to a lesser degree.22 
LS accounts for most cases of hered-
itary uterine cancer and CRC, and 
is the second most common cause 
of inherited ovarian cancer (after 
HBOC).23 Other cancers associated 
with LS include urothelial cancer, 
central nervous system cancer, gas-
tric cancer, small bowel cancer, seba-
ceous carcinoma, hepatobiliary tract 
cancer, and pancreatic cancer.18

Li-Fraumeni syndrome
The population prevalence of 
this highly penetrant autosomal 
dominant syndrome is 1 in 5,000-
20,000.24 Women who carry a germ-
line mutation in the TP53 gene as-
sociated with LFS have a lifetime risk 
for cancer of nearly 100%, including 
a breast cancer risk of up to 60%, 
which often occurs when they are 
in their 20s or 30s.25,26 Other core 
cancers associated with LFS are sar-
comas (soft-tissue and bone), brain 
cancers, and adrenocortical carci-
nomas, although a variety of other 
cancers may occur.26 Gynecologic 
cancers associated with LFS include 

ovarian cancer and endometrial 
cancer. Women with LFS also have a 
significantly increased risk of devel-
oping multiple primary cancers.27

Peutz-Jehgers syndrome
Estimates for the birth prevalence 
of this rare syndrome range widely, 
from 1 in 25,000 to 1 in 280,000.28 
This autosomal dominant syndrome 
is caused by mutations in the  
STK11 gene and is characterized by 
hamartomatous polyps in the gastro-
intestinal (GI) tract, mucocutaneous 
pigmentation, and increased risk  
for cancer. PJS is associated with  
elevated lifetime risks for breast 
cancer (32%-54%), benign ovarian 
tumors (sex cord tumors with annular 
tubules; 21%), rare and aggressive ad-
enoma malignum of the cervix (10%), 
and uterine cancer (9%). Persons with 
PJS are also at increased risk for can-
cers of the pancreas and lung.

Cowden syndrome
This autosomal dominant syndrome 
is caused by mutations in the PTEN 
gene.29 This syndrome has a popu-
lation prevalence of 1 in 200,000.24 
Pathognomonic skin lesions such as 
papillomatous papules on the face 
and mucous membranes are nearly 

always present by age 30, and hamar-
tomatous and mixed GI polyps, which 
increase the risk for CRC, are seen 
frequently. Cowden syndrome carries 
high lifetime risks for breast cancer 
(up to 85%) and endometrial cancer 
(up to 28%)29 in addition to increased 
risks for colon cancer, thyroid cancer, 
renal cell carcinoma, and melanoma.

Clinical implications
Identifying individuals who may 
have a hereditary cancer syndrome 
is an important task for nurse prac-
titioners.30 If a woman is found to 
have an HBGCS, then risk reduction 
and/or screening measures can be 
implemented to prevent cancer or 
find it at an early stage. In addition, 
relatives of patients with an HBGCS 
can be offered individualized and 
quantified assessment of their own 
cancer risk, as well as options for 
tailored screening and prevention 
strategies.31 In Part 2 of this article, 
readers will learn more about when to 
suspect that an HBGCS may be pres-
ent in a woman who has a personal 
or family history of breast, ovarian, or 
other gynecologic cancer. They will 
also find out more about the genetic 
risk assessment, counseling, and test-
ing processes; the interpretation of 

In Part 2 of this article, 

readers will learn more about 

when to suspect that an 

HBGCS may be present in a 

woman who has a personal 

or family history of 
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gynecologic cancer. 
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genetic test results; and management 
recommendations for HBOC and LS, 
the two most common HBGCSs. =
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