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Abstract

Purpose of Review Approximately 10% of breast cancer cases are attributed to a hereditary predisposition. Here, we review the
risks and management options for highly penetrant genes including BRCA1/2, TP53, PTEN, CDHI1, STK11, and PALB2 which
confer a 5 to greater than 10-fold increased risk of breast cancer, and an increased risk of other cancers.

Recent Findings Risk-reducing salpingo-oophorectomy (RRSO) reduces mortality in BRCA/2 carriers. Other management
strategies are tailored to the hereditary cancer syndrome in question and include more intensive screening with imaging and
serologic studies, risk-reducing surgeries such as mastectomy, and consideration of risk reduction agents.

Summary Given the advances in our knowledge regarding the impact of management strategies in mutation carriers, genetic
testing for high-penetrance breast cancer genes has become standard of care. It is critically important to discuss the implications of
testing unaffected family members, in order to be able to offer impactful interventions to healthy at-risk individuals.
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Introduction

Breast cancer is the second leading cause of death in women
after cardiovascular disease, and over 240,000 cases are diag-
nosed each year in the USA [1]. Approximately 10% of all
cases are attributed to a hereditary predisposition [2, 3], with
mutations in the breast cancer type 1 or 2 susceptibility genes
(BRCA1 and BRCA?2) being the best-characterized causes of
hereditary breast cancer. In addition to BRCA1/2, a number of
other rare high-penetrance genes have also been identified
including 7P53 (Li-Fraumeni syndrome), PTEN (Cowden
syndrome), CDH1 (hereditary diffuse gastric cancer), and
STK11 (Peutz-Jeghers syndrome). Mutations in these genes
all confer a greater than 10-fold increased risk of breast cancer.
PALB? is also considered a high-risk gene and is associated
with about a 5-10-fold excess risk of breast cancer [4]. More
moderate-risk genes, which are associated with about a 2—5-
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fold excess risk of breast cancer, include CHEK2, ATM,
BARDI, RAD51D, and MSHG6 [4].

In this article, we will review the cancer risks and manage-
ment options for healthy individuals who have been found to
harbor a mutation in a highly penetrant breast cancer gene. It is
important to note that most of the management guidelines are
based on expert opinion, as randomized trials are difficult to
carry out in these rare high-risk populations. The guidelines
are predicated on the risks for cancer as well as the age at which
cancer risk begins to rise. Additionally, when considering man-
agement options for these high-risk individuals, it is key to con-
sider the differences between screening and prevention. The
goal of screening is to detect a cancer at its earliest stage when
it is more likely to be curable. The aim of prevention is to
decrease the likelihood of ever developing cancer. Finally,
decision-making regarding which strategies to pursue should
be made on an individual basis, and should consider individual
values as they pertain to quality of life as well as other social and
psychosocial factors. It is important to note that an individual’s
decision about which strategy to pursue can change over time.

Management of Unaffected BRCA1/2
Mutation Carriers

Data from a number of primarily retrospective studies indicate
that BRCAI mutation carriers have about a 57-65% risk of
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breast cancer and 39-59% risk of ovarian cancer. For BRCA2
mutation carriers, these risks range from 45 to 57% for breast
cancer and 11 to 18% for ovarian cancer [5]. A recently pub-
lished multi-institutional international prospective cohort study
further validated these estimates. This study included 6036
BRCAI and 3820 BRCA?2 female mutation carriers and found
that the lifetime risk of developing breast cancer by age 80 as
72% for BRCAI and 69% for BRCA2 mutation carriers. The
lifetime risk of ovarian cancer was estimated at 44% for
BRCAI and 17% for BRCA2 mutation carriers [6]. These can-
cers also typically occur at a younger age than is seen in the
general population, with studies indicating that over 40% of
BRCAI and 35% of BRCA2 mutation carriers develop breast
cancer by the age of 50. For ovarian cancer, the risk in BRCA
mutation carriers begins to rise in their late 30s and 40s whereas
for BRCA2 mutation carriers this rise occurs at age 50 [6].
BRCA1/2 mutation carriers are also at increased risk of devel-
oping fallopian tube cancers, with a lifetime risk of 0.6 versus
0.2% in the general population. It is thought that 50% of serous
cancers including ovarian cancers may be arising from the dis-
tal fallopian tubes [7, §8].

Mutation carriers also have an increased risk of second
breast cancer. Studies indicate up to a 60% risk of developing
a contralateral breast cancer. This risk appears to be influenced
by the age at diagnosis of the primary breast cancer [9, 10].
The large prospective study described above found a cumula-
tive risk for contralateral breast cancer of 40% for BRCAI and
26% for BRCA?2, 20 years after the first diagnosis [6]. Strength
of family history may also impact cancer risks. The prospec-
tive cohort analysis found about a 2-fold excess risk of breast
cancer over baseline for BRCA 1/2 mutation carriers with two
or more first- or second-degree relatives compared to those
with no affected relatives [6].

Mutation location has also been shown to play an important
role. An observational study of more than 30,000 BRCA1/2
mutation carriers identified breast cancer and ovarian cancer
cluster regions in BRCA I and BRCA2, with breast and ovarian
cancer risks varying by type and location of mutations [11].

Other cancers are also found more frequently in BRCA1/2
mutation carriers. The risk of male breast cancer is estimated
at 7% in BRCA2 mutation carriers and about 1% in BRCAI
mutation carriers. This compares to a 0.1% risk in the general
population. The typical age of onset is after 60 years of age
[12]. Male BRCA2 mutation carriers have been estimated to
have a 2.5- to 9-fold excess risk of prostate cancer and, while
there is debate about whether BRCA [ mutation carriers have
an increased risk, some studies have suggested they have up
to a 3.75 increase in risk. Additionally, a number of other
cancers including pancreatic cancer, melanoma, uterine pap-
illary serous carcinoma, stomach, biliary, and possibly colo-
rectal cancer have been described to be more common in
mutation carriers, but the absolute risk of these malignancies
is low [5, 13, 14].
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Screening and Prevention Options for Breast Cancer
(Table 1)

Breast Cancer Screening

BRCAI and BRCA2 mutation carriers who have not yet un-
dergone risk-reducing surgery should be counseled on screen-
ing strategies as recommended by expert opinion and guide-
lines such as those issued by NCCN [15]. This includes breast
awareness beginning at age 18, clinical breast exam (CBE)
every 6 months beginning at age 25, and annual breast MRI
for women between the ages 25 to 75. In addition to breast
MR, screening mammography is recommended for ages 30
to 75. If there is a family history of breast cancer under the age
of 30, these ages should be adjusted accordingly. A large
retrospective cohort study found that any exposure to radia-
tion prior to the age of 30 in BRCA /2 mutation carriers was
associated with an increased risk of breast cancer [16]. As a
result, the age of initiation of annual screening mammography
has been changed to begin at age 30. For women aged 75 and
older, recommendations should be made on an individual
basis.

Although the impact of screening MRI on mortality is un-
known, one large prospective study of 445 BRCA /2 mutation
carriers demonstrated a shift in the stage of diagnosis in those
undergoing MRI screening. Mutation carriers undergoing
MRI in addition to mammography were significantly more
often diagnosed with stage 0 and 1 breast cancer than those
undergoing only mammography [17]. The role of breast ultra-
sound as a screening tool has also been evaluated. A large
single-center prospective study done in Austria compared
the role of screening breast MRI, mammography, and ultra-
sound in 559 women who were either BRCAI/2 mutation
carriers or were found to have at least a 20% likelihood of
developing breast cancer based on family history criteria
[18]. The sensitivity of MRI was significantly higher than
mammography and ultrasound, regardless of age, mutation
status, or breast density. MRI detected all but two cancers
and mammography was the sole detection method for two
cases of DCIS with microinvasion. However, no cancers were
detected by ultrasound alone. Thus, ultrasound is not a recom-
mended screening modality in BRCA /2 mutation carriers. An
important consideration is that while MRI is a sensitive test, it
can have false-positive findings. In order to minimize false
positives, it is recommended that MRI be performed days 7—
15 of the menstrual cycle in premenopausal women and by
radiologists experienced in breast MRI.

Breast Cancer Prevention
The options for prevention include both chemoprevention and

surgical prophylaxis with either risk-reducing mastectomy
(RRM) or risk-reducing salpingo-oophorectomy (RRSO). A
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Table 1 Summary of management recommendations for breast and ovarian cancer for BRCA1/2 mutation carriers
Breast cancer Ovarian Cancer
Screening CBE every 612 months beginning at age 25 Transvaginal ultrasound and CA-125 every 6 months, ages 30 to 35
Breast MRI annually ages 25 to 75 can be considered
Mammogram annually ages 30 to 75
Individualize screening after age 75
Prevention Bilateral mastectomy based on personal preference Bilateral salpingo-oophorectomy at age 35-40 for BRCA1 carriers,

Bilateral salpingo-oophorectomy at age 35-40 for
BRCALI carriers, and age 4045 for BRCA2 carriers
Consider risk reduction agents

and age 4045 for BRCAZ2 carriers is strongly recommended
Consider risk reduction agents

number of studies have evaluated the role of RRM including a
prospective study of 358 high-risk women (including 236
BRCA1/2 mutation carriers) who had undergone RRM [19].
In this study, after 4.5 years of follow-up, there were no pri-
mary breast cancers diagnosed in the RRM group; there was
one metastatic breast cancer diagnosed 4 years after RRM in a
woman who did not have a previously known primary breast
cancer. Additionally, a large prospective multi-center study of
over 2400 BRCA 1 or BRCA2 mutation carriers evaluated the
impact of RRM and RRSO on breast and ovarian cancer risk
[20]. In this study, with about 3 years follow-up, no breast
cancers were diagnosed in women who underwent RRM (0
0f247) as opposed to 7% of women who did not (98 of 1372).
Finally, a meta-analysis which included 10 studies of BRCA1/
2 mutation carriers undergoing RRM found a 90 to 100%
reduction in risk of breast cancer incidence [21]. However,
no benefit in overall survival has been reported, perhaps be-
cause the follow-up has not been long enough. Based on the
data presented, expert guidelines strongly recommend consid-
ering RRM for breast cancer prevention in BRCA 1/2 mutation
carriers. However, it is important to have individualized dis-
cussions regarding this recommendation and to fully consider
the psychosocial impact and morbidity of this procedure. A
prospective study of 90 women who had undergone RRM
evaluated issues surrounding anxiety, depression, sexuality,
and body image by questionnaires done prior to, 6 months
after, and 12 months after surgery [22]. Although anxiety
did decrease by 12 months after surgery, almost half of the
women reported problems with body image and sexual plea-
sure decreased compared to prior to surgery.

With advances in surgical techniques, many mutation car-
riers are now routinely being offered nipple-sparing mastecto-
my. A recent retrospective study reviewed the outcomes of
nine large institutions’ experience with prophylactic nipple-
sparing mastectomy. In their series, 202 mutation carriers
underwent bilateral RRM and 144 had unilateral RRM fol-
lowing a diagnosis of contralateral breast cancer. They found
no cases of primary breast cancer in either group (mean
follow-up of 34 and 56 months, respectively), whereas based
on modeling, 22 would have been expected [23]. These results
are encouraging in terms of superior cosmetic outcomes with

nipple-sparing mastectomy, which may result in improve-
ments in body image and preservation of sexual function.

In addition to RRM, RRSO can also be considered as a
means to reduce breast cancer risk and mortality in BRCA1/2
mutation carriers. In the prospective multi-institution study
discussed above, 993 mutation carriers underwent RRSO
[20]. When compared to those who had not undergone this
procedure, RRSO was associated with about a 50% reduction
in breast cancer risk in those without a previous diagnosis of
breast cancer. When breast cancer risk reduction was stratified
by mutation carrier type, there was a 37% relative risk reduc-
tion amongst BRCAI mutation carriers and 64% amongst
BRCA?. This difference may be because more BRCA2-asso-
ciated breast cancers are estrogen receptor positive, though
further investigation is needed. Furthermore, the effect was
age dependent, with no effect seen after age 50. A second
case-control study of 1439 BRCA1/BRCA2 mutation carriers
with breast cancer matched to 1866 carriers without breast
cancer found that oophorectomy was associated with a 57
and 46% reduction in breast cancer risk for BRCA/ and
BRCA?2 mutation carriers, respectively [24]. Of note, the risk
reduction was greater when surgery was performed at less
than 40 years of age. More recently, however, studies have
suggested that RRSO may not reduce breast cancer risk in
BRCA mutation carriers in particular. In a study by the
Dutch Hereditary Breast Cancer Registry that included 822
mutation carriers, 246 BRCAI and 100 BRCA2 mutation car-
riers opted for RRSO [25]. Analyses were conducted to at-
tempt to limit cancer-induced testing bias and immortal
person-time bias—which involved including participants
who did not have a known breast or ovarian cancer diagnosis
prior to their mutation testing, and taking into account person-
time bias before RRSO—and concluded that RRSO had no
significant effect on breast cancer incidence (12.1% in non-
RRSO vs. 9.9% in RRSO group, p=0.31). However, the au-
thors did find a trend toward a lower breast cancer risk in
premenopausal mutation carriers who underwent RRSO, par-
ticularly in BRCA2 mutation carriers. There were some limi-
tations to this study, including that the average age of women
undergoing RRSO was 44 years, while that of the non-RRSO
group was significantly younger, at 33 years. Given the age
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differential, the non-RRSO group had a lower absolute risk of
breast cancer. Conversely, there was little time left to see any
potential impact on breast cancer risk of the group undergoing
RRSO, as the average age was close to that of natural meno-
pause. In response to this analysis, a re-analysis was conducted
of data from two previous publications reporting positive find-
ings of RRSO and breast cancer risk reduction [26]. The im-
mortal person-time bias was taken into account during the re-
analysis and still resulted in hazard ratios similar to those pre-
viously reported, indicating a protective effect of RRSO on
breast cancer risk in mutation carriers. A more recent interna-
tional prospective study looked at over 3700 BRCA1/2 muta-
tion carriers, of which 1552 underwent RRSO either before or
after study enrollment [27]. A total of 350 new primary breast
cancers were diagnosed over a median follow-up of over
5 years; 40.9% of these occurred in those who had previously
undergone RRSO. The annual incidence of breast cancer in
those with and without RRSO was similar and did not vary
between BRCAI and BRCA2 mutation carriers. RRSO was
associated with a statistically significant breast cancer risk re-
duction in BRCA2 mutation carriers under the age of 50.
However, this was not seen in BRCA mutation carriers under
the age of 50. Due to the conflicting data, there is still debate
regarding the impact of RRSO on breast cancer prevention.

When considering RRSO prior to the natural age of men-
opause, the potential symptoms and risks of this procedure
should also be taken into account. In an effort to mitigate these
effects, the role of hormone replacement therapy (HRT) post-
RRSO has been evaluated. A prospective study found that
mutation carriers who took HRT post-RRSO had about a
45% reduction in risk of developing breast cancer, a benefit
very similar to those who did not take HRT post-RRSO [28].
The study did not take into account the type or duration of
HRT use, but does suggest that short-term HRT cancer be
safely offered post-RRSO.

In addition to surgical prophylaxis, chemoprevention can
also be considered for breast cancer prevention. Little data
exists on primary chemoprevention with either selective estro-
gen receptor modulators (SERMs) such as tamoxifen or aro-
matase inhibitors (Als) in BRCA1/2 mutation carriers.
However, an international study of over 2400 BRCA1/2 mu-
tation carriers with a diagnosis of unilateral breast cancer dem-
onstrated that treatment with tamoxifen decreased the risk of
contralateral breast cancer both in BRCA/ and BRCA2 muta-
tion carriers, suggesting that this therapy may have benefit
[29]. Since BRCAI mutation carriers tend to develop triple
negative cancers, questions have been raised regarding tamox-
ifen effectiveness as a chemoprevention agent in this group of
women. In general, tamoxifen can be considered for primary
risk reduction in BRCA2 mutation carriers who opt against
RRM, although data is limited [30]. Due to limited and con-
flicting data, the NCCN does not currently recommend con-
sideration of chemoprevention with tamoxifen [15].
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Ovarian Cancer Screening and Prevention (Table 1)
Ovarian Cancer Screening

NCCN guidelines no longer routinely recommend routine
screening for ovarian cancer, as studies have yet to show ben-
efit. However, transvaginal ultrasound and serum CA-125 level
every 6 months beginning at age 30, or earlier depending on
family history, can be considered [15]. False positives can be
minimized by performing these tests in the first half of the
menstrual cycle; it is important to note that CA-125 levels can
be higher in premenopausal compared to post-menopausal
women. Trials implementing the risk of ovarian cancer algo-
rithm (ROCA), which follows the change in CA-125 over time
from baseline, suggest it may have a benefit in positive predic-
tive value of early-stage ovarian cancer compared to utilizing
the single cut-off of 35 U/mL for CA-125 levels [31].

Ovarian Cancer Prevention

When considering prevention for ovarian cancer, the modali-
ties again include surgical prophylaxis or chemoprevention.
With respect to surgical prophylaxis, the international study
discussed above included 1557 mutation carriers unaffected
by cancer and demonstrated that those undergoing RRSO had
about a 70% reduction in risk of ovarian cancer and a 55%
reduction in all-cause mortality [20]. A second large prospec-
tive study of over 5700 mutation carriers found an 80% risk
reduction of ovarian cancer with RRSO as well as a 77%
reduction in all-cause mortality at age 70 in those undergoing
RRSO [32]. Given the significant impact on cancer incidence
and even more importantly on mortality, current guidelines
strongly recommend RRSO. The NCCN guidelines recom-
mend RRSO for BRCAI mutation carriers between ages 35
and 40, and upon completion of childbearing [15]. Because
the onset of ovarian cancer in BRCA2 mutation carriers tends
to be 8 to 10 years later, RRSO can be delayed to ages 40 to
45 years in this population. As many of the ovarian cancers are
thought to originate in the distal fallopian tubes, the possibility
of delaying RRSO until the age of natural menopause and
performing bilateral salpingectomy alone post-childbearing
has arisen. The effectiveness of this method is still being stud-
ied and thus this should not be offered as a standard of care.
Furthermore, it would not provide the breast cancer risk re-
duction that is achieved with premenopausal oophorectomy.
The role of risk-reducing hysterectomy in mutations carriers
is also controversial. A large study of over 4000 mutation car-
riers found a cumulative risk of endometrial cancer of 2.8% by
age 75; the risk in tamoxifen users was higher at 4.3% [33]. A
more recent prospective study looked at over 1000 mutation
carriers who had undergone RRSO without hysterectomy [34]
and found that although there was no overall increased risk of
endometrial cancers, there were four cases of serous-like
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endometrial cancers in BRCA I compared to one in BRCA2 mu-
tation carriers. Given the low absolute risk of endometrial cancer
in BRCA1/2 mutation carriers, it is not currently recommended
that hysterectomy be performed solely for risk reduction.

Two separate meta-analyses of retrospective and case-
control studies have looked at the impact of oral contraceptive
pill (OCP) use on cancer risk in mutation carriers and found that
they reduce the risk of ovarian cancer [35, 36]. However, it was
noted that OCP use may be associated with a slight increased
risk of breast cancer, or shift the age of onset downwards. An
abstract presented at AACR in 2017 from three large hereditary
cancer cohorts which included over 5000 BRCAI and 3000
BRCA?2 mutation carriers was not able to clearly determine if
OCP use was associated with an increased risk of breast cancers
[37]. Given the lack of high-quality data, OCP use can be con-
sidered for prevention of ovarian cancer in mutation carriers,
though it is not a standard recommendation. Furthermore, the
potential for increase in risk of breast cancer must be consid-
ered. In addition, the recommended age for RRSO is typically
prior to the age at which mutation carriers are at highest risk of
ovarian cancer, making the benefit of OCP unclear.

Other Cancers

Male mutation carriers should begin breast self-exam and
CBE at age 35. There is only limited data regarding breast
imaging in male carriers and breast imaging is not recom-
mended by the current guidelines [15].

Given the increased risk of prostate cancers, studies have
also evaluated the role of PSA screening in men with a known
genetic predisposition to prostate cancer secondary to BRCA1/2
mutations. The IMPACT study recently reported results of PSA
velocity screening in 584 BRCA2 mutation carriers, 510
BRCAI mutation carriers, and 548 family members who had
tested negative for the BRCA mutation. A total of 174 individ-
uals with three or more PSA readings underwent a prostate
biopsy, and 45 were diagnosed with prostate cancer. They
found that PSA was more strongly predictive of prostate cancer
in BRCA1/2 mutation carriers than non-carriers, and found no
further benefit from incorporating PSA velocity [38]. NCCN
guidelines recommend prostate cancer screening beginning at
age 45 in BRCA2 mutation carriers, and that such screening be
considered in BRCAI mutation carriers [15].

There are no specific guidelines for screening for pancre-
atic cancer or melanoma, but screening should be individual-
ized, based on family history.

Management of Other High-Risk Hereditary
Breast Cancer Syndromes (Table 2)

Given the advent of panel testing, increasing numbers of in-
dividuals are being identified as carrying a deleterious

mutation in another high-penetrance gene. We will review
the known cancer risks associated with mutations in these
high-penetrance genes as well as their current management
strategies. Of note, the cancer risk and management guidelines
are based on findings from high-risk families identified by
phenotype directed testing. Because of this ascertainment bias,
it is unclear if the cancer risks and hence management strate-
gies for patients identified through multigene panel testing
(without features of the associated syndrome) will be the same
as those quoted in the literature.

Li-Fraumeni Syndrome

Li-Fraumeni syndrome (LFS) is associated with an autosomal
dominant mutation in the tumor protein p53 (7P53) tumor
suppressor gene. Mutation carriers have a lifetime cancer risk
of about 90% for women and 70% for men. The most fre-
quently associated cancer is breast cancer, with studies indi-
cating about a 70% lifetime risk. Other hallmark cancers in-
clude but are not limited to sarcomas (about 25% of tumors),
brain tumors including choroid plexus carcinomas (which
tend to occur even in the absence of family history or other
cancers), adrenocortical cancer, and leukemia. It is now also
known as the sarcoma, breast, leukemia, and adrenal gland
(SBLA) cancer syndrome. LFS is also notable for childhood
cancers, multiple primary cancers, and an increased risk of
secondary cancers within a radiation treatment field [39].
Breast cancers associated with LFS are frequently associated
with amplification of HER2, bilateral breast cancers, and a
younger age of onset with studies showing median age of
onset at 33—37 [39-42]. One report of 12 families with LFS
identified one third of breast cancers before age 30 [43].
Current NCCN guidelines for 7P53 mutation carriers rec-
ommend breast cancer screening including breast awareness
beginning at age 18, CBE every 6—12 months starting at age
20to 25 or 5 to 10 years before the first breast cancer in family,
annual MRI between ages 20 to 29, and then annual mammo-
gram in addition to annual MRI between ages 30 to 75 [15]. In
addition, it is appropriate to consider RRM for these women.
A recently published long-term prospective study found that a
comprehensive surveillance protocol, which included annual
whole-body, brain and breast MRI, annual mammography,
and abdominal and pelvic ultrasound every 3—4 months, as
well as colonoscopy, statistically significantly improved
long-term survival [44]. In this study of 89 7P53 mutation
carriers, 40 initially agreed to surveillance and 49 declined;
of those who declined, 19 ended up crossing over to the sur-
veillance arm. Forty asymptomatic tumors were diagnosed in
19 of the 59 patients who underwent surveillance, while 61
symptomatic tumors were diagnosed in 43 of the patients who
initially declined surveillance. Those who underwent surveil-
lance had a 5-year overall survival of close to 90% compared
to about 60% for those who did not (p =0.01). A more recent
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Table 2 Management options for

high-risk hereditary breast cancer High-risk gene Lifetime breast Breast cancer screening and prevention
mutations (associated syndrome) cancer risk

TP53 ~90% -CBE every 6—12 months beginning at age 20-25 or

(Li-Fraumeni) 5-10 years before first cancer in family
-Annual MRI beginning at ages 20
-Annual mammogram between ages 30 to 75
-Consider RRM

PTEN 25-85% -CBE every 6—12 months beginning at age

(Cowden/PTEN hamartoma) 20-25 years or 5-10 years before first cancer in

family
-Annual mammogram and MRI starting between
ages 30-35

-Consider RRM

STK11 ~45-57% -CBE every 6 months

(Peutz-Jeghers) -Annual mammogram and MRI starting at age 25
-Consider RRM based on family history

CDHI ~40% -Annual mammogram and consider annual breast

(hereditary diffuse gastric cancer) MRI starting at age 30
-Consider RRM based on family history

PALB2 35-50% -Annual mammogram and consider annual breast

MRI starting at age 30
-Consider RRM based on family history

meta-analysis assessed the clinical utility of whole-body MRI
in germline 7P53 mutation carriers: of 578 individuals, 42
cancers were identified on the baseline scan in 39 individuals,
35 cancers of which were treated with curative intent. The
overall estimated detection rate for new, localized primary
cancers was 7%. The majority of cohorts included the brain
as part of the whole-body MRI. Out of 10 brain tumors iden-
tified in individuals undergoing both brain and whole-body
MRI, only 5 of them were diagnosed on the whole-body
MRI. Hence, whole-body MRI is not reliable in identifying
brain tumors and dedicated brain MRI should be considered in
the appropriate clinical setting [45]. Therefore, additional
screening for 7P53 mutation carriers should include annual
dermatologic and neurologic exams, consideration of colonos-
copy every 2-5 years starting at age 25, avoidance of thera-
peutic radiation, and annual brain and whole-body MRI. If
whole-body MRI is not available, individuals are encouraged
to participate in clinical trials which utilize it, or pursue alter-
nate comprehensive imaging [15]. Additional surveillance
should be considered based on individual family history.
Furthermore, as data are accumulating regarding various
screening strategies, it is likely that the current recommenda-
tions will evolve over time.

Cowden/PHT Syndrome
Cowden syndrome, or PTEN hamartoma tumor syndrome

(PHTS), is associated with a constellation of symptoms which
can include mucocutaneous lesions (trichilemmomas, acral
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keratosis, and facial papules) and macrocephaly, as well as
high-risk benign and malignant tumors of the breast, thyroid,
endometrium, colon, and kidney. A systematic review in 2013
has re-defined the diagnostic criteria for Cowden syndrome,
excluding benign breast disease, uterine fibroids, or genitouri-
nary malformations, and including autism spectrum disorders,
colon cancer, and renal cell carcinoma [46]. Cowden syn-
drome has traditionally been associated with an autosomal
dominant mutation of the phosphatase and tensin homolog
(PTEN) tumor suppressor gene. However, a number of indi-
viduals with Cowden syndrome have tested negative for
PTEN mutations, and alterations in other genes such as such
as SDHx, KLLN, AKTI, and PIK3CA have been identified,
suggesting that these genes may be associated with Cowden
syndrome [47].

Lifetime risk of breast cancer had traditionally been esti-
mated at 25 to 50%. However, recent studies suggest this risk
may be as high as 67-85% [47]. Several studies have also
described a high risk of second breast cancers in PTEN muta-
tion carriers, up to 29% within 10 years from the first diagno-
sis [48]. A study of over 3000 individuals who met relaxed
International Cowden Consortium operational criteria for
Cowden syndrome identified 368 patients with a pathogenic
germline PTEN mutation [49]. The estimated lifetime risks of
invasive cancer were 85% for breast cancer (with 50% pene-
trance by 50 years of age), 35% for epithelial thyroid cancer,
34% for kidney cancer, 28% for endometrial cancer, 9% for
colorectal cancer, and 6% for melanoma. Breast cancers began
to occur at age 30 and endometrial cancer at age 25. Other
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recent studies from groups in the Netherlands and France have
found similar cancer spectrums, but the risk of renal and skin
cancers were not as elevated as in the latter study [50, 51]. A
higher incidence of secondary cancers of the thyroid, endo-
metrium, kidney, and colon has also been observed in individ-
uals with Cowden syndrome [48]. Current NCCN guidelines
recommend breast cancer screening for female mutation car-
riers including breast awareness beginning at age 18, CBE
every 6—12 months starting at age 20 to 25 or 5 to 10 years
before the first breast cancer in family, annual mammogram,
and MRI starting at age 30 to 35 or individualized based on
earliest breast cancer in family. Annual random endometrial
biopsy and/or ultrasound at age 30 to 35 can be considered for
endometrial cancer screening in addition to risk-reducing mas-
tectomy and hysterectomy for prevention [15, 47, 48].
Recommendations for screening of other cancers include an-
nual physical exam including thyroid exam beginning at age
18 or 5 years prior to youngest cancer in the family, annual
thyroid ultrasound, colonoscopy at least every 5 years begin-
ning at age 35, and consideration for renal ultrasound every 1
to 2 years starting at age 40, dermatologic exam, and psycho-
motor assessment [15].

Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome is a rare disease associated with a
mutation in serine/threonine kinase 11 gene (S7K//) and is
associated with mucocutaneous pigmented lesions and
hamartomatous polyps [30]. It carries a breast cancer risk of
45% and gastrointestinal cancer risk of 57% by age 70 [52]. It
also carries an increased risk of ovarian, testicular, and lung
cancers. In terms of breast cancer risk management, NCCN
guidelines recommend CBE every 6 months and annual mam-
mogram and breast MRI, both beginning at age 25. It is felt that
there is insufficient evidence regarding the role of RRM. There
is also between a 10-40% lifetime risk of various gastrointes-
tinal cancers. Current NCCN guidelines recommend upper and
lower endoscopy every 2—3 years beginning in teenage years,
baseline CT or MRI enterography by 8 to 10 years with follow-
up based on findings but at least by 18 years and then every 2—
3 years, and MRCP or EUS every 1-2 years. Additionally,
annual pelvic exam beginning at 18-20 years with Pap smear
and consideration of transvaginal ultrasound, and testicular ex-
am beginning at 10 years is recommended due to the elevated
risk of ovarian, cervical, and testicular cancers. No specific
screening measures are currently recommended for lung cancer
risk other than smoking cessation [53].

Hereditary Diffuse Gastric Cancer
Hereditary diffuse gastric cancer is due to cadherin-1 (CDHI)

gene mutations and is associated with a lifetime cumulative
gastric cancer risk of 67% in men and 83% in women. It is also

associated with a lifetime breast cancer risk of 39%, specifi-
cally lobular cancers [54]. In regard to increased risk of breast
cancer, NCCN guidelines recommend annual mammogram
and consideration of annual breast MRI beginning at age 30.
For the increased risk of gastric cancer, prophylactic gastrec-
tomy is recommended between ages 18 to 40; it can be con-
sidered under the age of 18 for those with a family member
diagnosed with gastric cancer prior to the age of 25.
Surveillance with upper endoscopy with random biopsies
should be offered every 6 to 12 months for those who decline
prophylactic gastrectomy [55]. It is important to note that the
recommendations regarding gastric cancer screening and pre-
vention are based on the cancer risks derived from families
with high incidences of cancers. It is unclear if these guide-
lines apply to individuals identified through multigene panel
testing, whose personal and family history are not suggestive
of this syndrome.

PALB2

PALB? is a high-risk breast cancer susceptibility gene and the
function of this gene is crucial for BRCA2 DNA damage re-
sponses. Biallelic mutations in PALB2 cause Fanconi anemia.
Monoallelic mutations in PALB?2 are present in a small number
of breast cancer patients [30]. One study, which included 362
members of families with a known PALB2 deleterious muta-
tion, demonstrated a 14% cumulative breast cancer risk by age
50 and 35% by age 70 [56]. PALB2 mutations also appear to
be influenced by the strength of the family history of breast
cancer. For instance, the breast cancer lifetime risk in PALB2
mutation carriers without a family history of breast cancer was
33% whereas in those with two or more close relatives the risk
was 58% [40, 56]. This risk is similar to that of BRCA2 mu-
tation carriers. Additionally an increased risk of bilateral
breast cancer has been seen [40]. Current guidelines recom-
mend mammography and breast MRI beginning at 30 years.
In addition, RRM should be considered. While some studies
suggest that there may be an increased risk of pancreatic or
ovarian cancer, currently it is felt that there is insufficient
evidence for screening or prevention of these cancers [15].

Conclusion

Individuals who inherit mutations in high-penetrance genes
face markedly elevated risks of breast and ovarian cancers as
well as other cancers. For BRCA/ and BRCA2 mutation car-
riers, risk-reducing salpingo-oophorectomy has been demon-
strated to reduce overall mortality and is strongly recommend-
ed. Other management options depend on the hereditary can-
cer syndrome and the attendant cancer risks. They include
more intensive surveillance with imaging and serological test-
ing or other prevention options including risk-reducing
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mastectomy. The majority of management guidelines are
based on expert opinion and are likely to evolve as further
data accumulate. It is critically important to discuss the thera-
peutic, social, and psychosocial implications of genetic testing
on affected individuals and their at-risk family members, in
order to aid in an individualized approach to management.
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