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BRCA1- and BRCA2-associated hereditary breast and ovarian cancer syndromes are among the best-known and most extensively
studied hereditary cancer syndromes. Nevertheless, many patients who proved negative at BRCA genetic testing bring pathogenic
mutations in other suppressor genes and oncogenes associated with hereditary breast and/or ovarian cancers.'ese genes include
TP53 in Li–Fraumeni syndrome, PTEN in Cowden syndrome, mismatch repair (MMR) genes in Lynch syndrome, CDH1 in
diffuse gastric cancer syndrome, STK11 in Peutz–Jeghers syndrome, and NF1 in neurofibromatosis type 1 syndrome. To these,
several other genes can be added that act jointly with BRCA1 and BRCA2 in the double-strand break repair system, such as PALB2,
ATM, CHEK2, NBN, BRIP1, RAD51C, and RAD51D. Management of primary and secondary cancer prevention in these he-
reditary cancer syndromes is crucial. In particular, secondary prevention by screening aims to discover precancerous lesions or
cancers at their initial stages because early detection could allow for effective treatment and a full recovery. 'e present review
aims to summarize the available literature and suggest proper screening strategies for hereditary breast and/or ovarian cancer
syndromes other than BRCA.

1. Introduction

In hereditary cancer syndromes (HCSs), inheritedmutations
lead to an increased risk of developing certain tumors,
frequently at an earlier age than in the rest of the population
[1]. Elevated cancer risk is usually due to a mutation in a
single gene involved in cell cycle regulation or in DNA
damage repair mechanisms (Figure 1). 'e most widely
known HCSs include hereditary breast and ovarian cancer
syndromes due to mutations in the BRCA1/2 genes [2, 3],
Li–Fraumeni syndrome due to mutations in TP53 [4],

Cowden syndrome due to mutations in PTEN [5], Lynch
syndrome, in which mutations in the DNA mismatch repair
system are involved [6, 7], diffuse gastric cancer syndrome
caused by CDH1 gene mutation [8], Peutz–Jeghers syn-
drome caused by mutations in the STK11 [9] gene, and
neurofibromatosis type 1 syndrome caused by NF1 muta-
tions [10]. Additionally, pathogenic alterations in PALB2
[11], ATM [12], CHEK2 [13], and NBN [14] are correlated
with an increased risk for breast cancer and/or other cancers,
whereas other genes such as BRIP1, RAD51C, and RAD51D
are associated with an increased ovarian cancer risk [15].

Hindawi
Journal of Oncology
Volume 2020, Article ID 6384190, 10 pages
https://doi.org/10.1155/2020/6384190

mailto:angela.toss@unimore.it
https://orcid.org/0000-0002-1162-7963
https://orcid.org/0000-0002-1854-6701
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/6384190


Management of cancer prevention is crucial in HCSs.
Cancer prevention can be divided into primary and sec-
ondary strategies [16–23]. 'e aim of the primary pre-
vention is to avoid cancer development by strategies
including health counselling and education, environmental
controls, prophylactic surgery, and chemoprevention.
Secondary prevention by screening aims to discover pre-
cancerous lesions or cancers at their initial stages because
early detection could allow for an effective treatment and
full recovery. Strategies of primary and secondary cancer
prevention are well established in the setting of BRCA-
associated breast and ovarian cancer. For all other syn-
dromes, on the other hand, the most appropriate screening
protocol is still debated.

'is review aims to summarize the available literature
and suggest proper screening strategies for hereditary breast
and/or ovarian cancer syndromes other than those associ-
ated with BRCA mutations.

2. Li–Fraumeni Syndrome

Li–Fraumeni syndrome is a rare autosomal dominant cancer
predisposition syndrome that involves a germline mutation
of the tumor protein 53 (TP53 gene) [4]. 'e estimated
prevalence of pathogenetic germline TP53mutations ranges
from 1/10,000 to 1/25,000 in the UK and is estimated at
1/20,000 in the US [24]. 'e lifetime cancer risk in indi-
viduals with Li–Fraumeni syndrome is ≥70% for men and
≥90% for women [25]. Five cancer types account for
the majority of Li–Fraumeni tumors: adrenocortical

carcinomas, breast cancer, central nervous system tumors,
osteosarcomas, and soft-tissue sarcomas [26]. Individuals
with Li–Fraumeni syndrome are also at an increased risk of
developing hematologic tumors (leukaemia and lympho-
mas), gastrointestinal cancers, gynecological tumors, and
melanoma [4].

Surveillance recommendations for individuals with Li–
Fraumeni syndrome are primarily based on the “Toronto
protocol” [27]. For breast cancer, screening recommenda-
tions advise starting with clinical breast examination once in
every 6–12 months from the age of 20. Annual breast MRI
screening with contrast is suggested from 20 to 75 years of
age. Given the increased sensitivity to ionizing radiation and
the increased risk for radiation-induced malignancies in
patients with germline pathogenic TP53 variants, there are
concerns about the safety of repeated mammograms. 'ere
is no consensus in the literature, but in light of the limited
additional sensitivity of mammography when MRI and al-
ternating whole-body diffusion-weighted MRI are used,
risks seem to outweigh benefits [28–30]. In case of family
history of breast cancer diagnosed earlier than 20 years of
age, breast MRI might start five years prior to the earliest age
of diagnosis. Although there are no data regarding risk-
reduction surgery in women with Li–Fraumeni syndrome,
the option of risk-reducing bilateral mastectomy should be
considered and discussed with female patients [6, 28].
Concerning gastrointestinal cancer, colonoscopy and upper
endoscopy should be performed once in every 2–5 years
starting from 25 years of age or five years prior to the earliest
case of colorectal cancer in the family. Moreover, annual
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dermatologic examination is recommended from 18 years of
age due to increased skin cancer risk, although less well-
defined.

As regards many of the other cancers associated with
Li–Fraumeni syndrome, early symptom-based detection is
quite difficult. General recommendations include complete
physical examination (including blood pressure evaluation,
full neurologic exams, assessment of growth, sudden weight
gain or loss, Cushingoid appearance, or signs of virilization
in children) once in every 3–4 months until the age of 18 and
then once in every six months. Annual whole-body diffu-
sion-weighted MRI could allow for early detection of ad-
renocortical carcinomas and sarcomas, based on the results
of multiple international trials [27, 31, 32]. As far as the
central nervous system is concerned, the Toronto protocol
with modifications [27] recommends annual brain MRI:
first, MRI with contrast and then without contrast if pre-
vious MRI is normal and no new abnormality has been
detected, in order to minimize the potential for gadolinium
accumulation in the basal ganglia in individuals undergoing
multiple enhanced MRIs [28]. Periodic blood tests can be
considered in those at increased risk for myelodysplastic
syndrome or leukaemia due to prior cancer treatments [28].

3. Cowden Syndrome

Cowden syndrome is the most prevalent PTEN hamartoma
tumor syndrome associated with multiple hamartomatous
and/or cancerous lesions in the skin, mucous membranes,
thyroid, breast, endometrium, kidney, and brain [33]. Af-
fected individuals usually have macrocephaly, trichi-
lemmomas, and papillomatous papules, and the syndrome
becomes apparent by the late 20s [5]. 'e estimated inci-
dence of Cowden syndrome is 1/200,000, but it is likely to be
underestimated due to the difficulties of making a clinical
diagnosis of the disease [34]. Cowden syndrome is an au-
tosomal dominant disorder due to germline PTENmutation
in 80% of cases [35].

'e lifetime risk of developing breast cancer is 85%, with
an average age at diagnosis between 38 and 46 years [5].
NCCN guidelines [6] recommend clinical breast examina-
tion once in every six months beginning at 25 years of age
and annual mammogram and breast MRI screening with
contrast starting at 30–35 years of age. However, screening
should start 5–10 years prior to the earliest case of breast
cancer in the family. Although there are no data regarding
risk-reduction surgery in women with Cowden syndrome,
the option of risk-reducing bilateral mastectomy should be
considered.

'e lifetime risk for thyroid cancer (usually follicular,
rarely papillary) is approximately 35% [36]. Annual thyroid
ultrasound from the time of diagnosis, including childhood,
should be performed according to NCCN recommendations
[6].

'e risk for endometrial cancer may be close to 28% [36].
'ere are no data on screening for endometrial cancer.
Routine transvaginal ultrasound has low sensitivity and
specificity, especially in premenopausal women, whereas
endometrial biopsy is highly sensitive and specific, but

invasive. 'erefore, screening with endometrial biopsy once
in every 1–2 years may be considered, while hysterectomy
should be discussed on a case-by-case basis, according to
NCCN guidelines [6].

Half as many individuals with Cowden syndrome have
adenomatous or hyperplastic colorectal polyps associated
with early-onset (<50 years of age) colorectal cancer in 13%
of patients [37]. Routine colonoscopy should be performed
from the age of 35 once in every five years or more fre-
quently, if the patient is symptomatic or polyps are found.
However, screening should start 5–10 years before the age of
the earliest case of colorectal cancer in the family.

Renal carcinomamay be present in up to 30% of patients.
Melanoma skin cancer is also increased in patients with
Cowden disease andmay occur in 5% of patients [38]. Yearly
to biennial renal imaging (preferably through CT or MRI)
beginning at the age of 40 is recommended to screen renal
cell carcinoma, while yearly dermatologic evaluation could
help to detect early melanoma.

Brain tumors as well as vascular malformations occa-
sionally affect individuals with Cowden syndrome. Cere-
bellar dysplastic gangliocytoma (Lhermitte-Duclos disease),
a rare central nervous system tumor, can also be found in
Cowden syndrome. However, the risk of developing these
conditions is not well defined [39]. In the presence of
neurological symptoms, especially in children, assessment of
psychomotor abilities and brain MRI should be performed
[6].

4. Lynch Syndrome

Lynch syndrome is caused by a germline mutation in one of
four DNA mismatch repair genes (MLH1,MSH2,MSH6, or
PMS2) [40] or deletions in the EPCAM gene resulting in
MSH2 silencing [41]. 'e estimated population frequency is
1 : 370 to 1 : 2,000 in Western populations [42]. Lynch
syndrome is characterized by an increased lifetime risk for
colorectal cancer (48–57% vs. 4.5%), endometrial cancer
(43–57% vs. 2.7%), and other cancers including stomach (up
to 13%), ovary (up to 24%), small bowel, hepatobiliary tract,
urinary tract, brain, and skin [43].

Guidelines for cancer screening in patients with Lynch
syndrome have been proposed by several groups including
the American College of Gastroenterology, United States
Multi-Society Task Force on Colorectal Cancer [44], Eu-
ropean Hereditary Tumor Group [45], American Society of
Clinical Oncology [46], and National Comprehensive
Cancer Network [6].

Colonoscopy is recommended once in every 1–2 years
starting from 20 to 25 years of age or 2–5 years before than
the youngest diagnosis age in the family. Moreover, chro-
moendoscopy is a promising technique that could facilitate
the detection of lesions and flat adenomas [47].

Regarding gynaecologic cancers, lifetime risk varies
according to mutated gene and patient’s age [48]. Trans-
vaginal ultrasound and serum CA-125 testing were shown to
be neither sufficiently sensitive nor specific to warrant a
routine recommendation for early detection of endometrial
and ovarian cancers. However, they may be required at

Journal of Oncology 3



clinicians’ discretion in assessing tumor risk on a case-by-
case basis [6]. Annual endometrial biopsy can be used as a
screening tool for endometrial cancer because of its high
sensitivity and sensibility [6]. Total hysterectomy is an op-
tion that may be considered to reduce the risk of endometrial
cancer in women with Lynch syndrome; likewise, bilateral
salpingo-oophorectomy may reduce the incidence of
ovarian cancer [49]. Since there is no effective screening for
gynaecologic cancers, women should be educated on rele-
vant symptoms such as abnormal uterine bleeding, pelvic or
abdominal pain, bloating, dyspepsia, or increased urinary
frequency or urgency.

Regarding gastric, duodenal, and more distant small
bowel cancer, there is insufficient evidence to recommend
surveillance [50], except for individuals with relevant family
history of these tumors [51]. Besides, esophagogas-
troduodenoscopy extended to the duodenum or into the
jejunum once in every 3–5 years starting from 40 years of age
should be considered in case of mutation in MLH1, MSH2,
or EPCAM [45]. Considering that infection with Heli-
cobacter pylori is a cause of gastric cancer, testing and
treating for this bacterium is suggested [46].

'ere is no clear evidence to support screening for
urinary tract cancer, except for individuals with a family
history of urothelial cancer or MSH2 mutation who may
benefit from annual urinalysis beginning at 30–35 years of
age [6]. 'e International Cancer of the Pancreas Screening
(CAPS) Consortium recommends screening for pancreatic
cancer in patients with Lynch syndrome and one first-degree
relative with pancreatic cancer [52]. Nonetheless, no pro-
tocol for pancreatic cancer screening has been established
yet. 'e NCCN panel therefore recommends MRI and
endoscopic ultrasonography as screening modalities to be
performed at high-volume centres with multidisciplinary
teams and preferably in a research protocol [6]. By reason of
the increased risk for brain cancer, in addition, annual
physical and neurologic examination from 25 to 30 years of
age may be considered, although no data support this
practice [6].

Some studies have shown that mutations in MLH1 and
MSH2, and less frequently in PMS2 and MSH6, could be
associated with increased breast cancer risk [53–55]. Nev-
ertheless, no specific recommendations for breast screening
in women with Lynch syndrome have been made available
so far, beyond those offered to the average risk population
[6]. Finally, a study suggested an increased risk for prostate
cancer in men with Lynch syndrome [56]. However, there is
no sufficient evidence to recommend different prostate
cancer screening from the rest of the population [6].

5. Diffuse Gastric Cancer Syndrome

Hereditary diffuse gastric cancer is a cancer susceptibility
syndrome defined by the early onset of diffuse gastric cancer
with or without lobular breast cancer. It is mainly caused by
germline mutations in the epithelial cadherin (CDH1) gene.
A most serious problem is that genetic diagnosis remains
unknown in up to 60% of patients [57]. 'e risk for
symptomatic gastric cancer, occurring by the age of 80,

ranged between 67 and 70% in men and 56 and 83% in
women, whereas the risk for breast cancer among women,
especially the lobular phenotype, amounted to 52% [8].

Prophylactic total gastrectomy is strongly recommended
between 18 and 40 years of age [58]. Screening by esoph-
agogastroduodenoscopy with multiple random biopsy once
in every 6–12 months should be reserved to patients who
cannot undergo prophylactic total gastrectomy, since upper
endoscopy may not detect early precursor lesions [59].

In women, finally, annual mammogram with consid-
eration of breast MRI with contrast beginning at the age of
30 (or prior to that, with a family history of breast cancer
before the age of 25) is recommended by NCCN guidelines
[6]. However, given the high lifetime risk and the low
sensitivity of mammography for lobular breast cancer, the
added value of MRI over mammography seems high in this
situation [60]. Risk-reducing mastectomy may be discussed
with these carriers, depending on family history [6].

6. Peutz–Jeghers Syndrome

Germline pathogenic alterations in STK11 are associated
with Peutz–Jeghers syndrome. 'is is an autosomal domi-
nant disorder characterized by hamartomatous gastroin-
testinal polyps, mucocutaneous pigmentation, and an
increased risk of colorectal, gastric, pancreatic, gallbladder,
small bowel, gynaecologic (uterus, cervix, and ovary), breast,
testicular, and lung cancers [9].

Regarding the risk of colorectal, gastric, and small bowel
cancers, colonoscopy, upper endoscopy, and capsule en-
doscopy should be recommended once in every 2–3 years,
starting from the late teens [61]. Moreover, the American
College of Gastroenterology recommends magnetic reso-
nance cholangiopancreatography with contrast or endo-
scopic ultrasound once in every 1–2 years from 30 years of
age, in order to detect early pancreatic cancer [62].

For breast cancer, annual mammogram and breast MRI
screening with contrast should be recommended from 25
years of age. In women, transvaginal ultrasound, serum CA-
125, and pelvic exam with Pap smear should be proposed
annually beginning at 18 years of age. No data on the benefit
of risk-reducing mastectomy are available, so that this
procedure may be considered based on family history [6].

In males, annual testicular exam and, subsequently,
ultrasound in case of symptomaticity or abnormality on
exam are suggested from birth to the teen years [62].

7. Neurofibromatosis Type 1

Pathogenic variants of NF1 cause neurofibromatosis type 1.
'is is an autosomal dominant HCS associated with in-
creased risk for nervous system tumors (especially malignant
peripheral nerve sheath tumors), gastrointestinal stromal
tumors, and breast cancer [10].

'e American Academy of Paediatrics and the American
College of Medical Genetics and Genomics have published
guidelines for children and adult surveillance [63, 64].
Annual physical examination, annual ophthalmologic ex-
amination in children (less frequently in adults), regular
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developmental assessment in children, regular blood pres-
sure monitoring, and MRI for followup of clinically sus-
pected intracranial tumors and other internal tumors are
recommended. Additionally, annual mammography, pos-
sibly associated with breast MRI, is suggested between 30
and 50 years of age [65]. After 50 years of age, breast cancer
risk in women withNF1mutation becomes similar to that of
the rest of the population. Breast MRI could therefore be
discontinued [66], while mammography can be performed
at longer intervals. No data on the benefit of risk-reducing
mastectomy are available, so that this procedure may be
considered based on family history [6].

8. Other Breast and Ovarian Cancer
Predisposition Genes

In addition to the known high-penetrance pathogenic
variants of BRCA1/2, mutations in other intermediate or
low-penetrant genes can increase the risk of breast and/or
ovarian cancer. According to a retrospective analysis, these
mutations account for 7.4% of patients who met the NCCN
criteria for BRCA1/2 mutation test [6]. 'e most common
are PALB2, ATM, and CHEK2 [67].

8.1. PALB2. It is estimated that 0.6%–3% of patients with
breast cancer harbour a mutation in PALB2 (partner and
localizer of BRCA2) [11, 15, 68]. Moreover, women carrying
pathogenetic variants of PALB2 have a 35% lifetime risk to
develop breast cancer by 70 years of age. 'e higher the
number of relatives affected, the higher the risk [69]. Breast
ultrasound and MRI are recommended yearly from 25 to 29
years of age, alternating once in every six months. Annual
mammogram and breast MRI screening are alternatively
recommended once in every six months, starting at 30 until
65 years of age [6].

Some studies highlight a possible association between
PALB2 mutations and ovarian cancer. Recently, PALB2 has
also been reported to be a new pancreatic cancer suscep-
tibility gene [70]. However, the associated risks are unclear
and not well-estimated. Furthermore, no effective screening
method is available for ovarian or pancreatic cancer.
Screening and/or risk-reducing surgery should be individ-
ualized based on familial history [71].

8.2. ATM, CHEK2, NBN, and BARD1. Individuals carrying
heterozygous pathogenic variants in ATM have a 33% cu-
mulative lifetime risk for breast cancer by 80 years of age
[12]. Mammogram with consideration of breast MRI is
recommended yearly from 40 years of age [6]. No data are
available on the benefit of risk-reducing mastectomy, so that
this procedure may be considered based on family history
[6]. ATM heterozygous pathogenic variants have been re-
ported in some cases of familial ovarian [15], pancreatic [72],
and prostate [73] cancer. Screening for pancreatic and
ovarian cancers in carriers of ATM pathogenic variants is
not recommended in the absence of familial antecedents,
while men should be encouraged to participate in prostate
cancer screening [6]. Homozygous or compound

heterozygous ATM mutations cause ataxia telangiectasia, a
syndrome characterized by progressive cerebellar ataxia,
oculomotor apraxia, immunodeficiency, and general in-
creased risk of malignancies [74].

'e rate of CHEK2 germline mutation is higher in
Northern European countries than in Mediterranean ones.
Certain mutations in the CHEK2 gene (c.1100delC and
I157T) are associated with increased breast cancer risk, with
a cumulative lifetime risk ranging from 28% to 37%
depending on family history [13, 75]. Mammogram and
breast MRI once a year start at 40 years of age [6]. No data
are available on the benefit of risk-reducing mastectomy, so
that this procedure may be considered based on family
history [6]. Within families carrying pathogenic CHEK2
variants, there is also an increased risk of other malignancies
including colon, prostate, kidney, bladder, and thyroid
cancers [76], with the vast majority of data for the c1100delC
variant. Colonoscopy once in every five years, beginning
from 40 years of age or 10 years earlier than the age of
diagnosis for any first-degree relative with colorectal cancer,
is recommended in individuals carrying CHEK2 mutations
[6]. Currently, there are no specific medical management
guidelines to address the possible risk of developing prostate,
kidney, bladder, and thyroid cancer in these individuals.

Individuals with slavic founder heterozygous NBN
mutation 675del5 have an increased risk of developing
numerous types of cancer, including breast (up to 30% at 80
years of age) and ovarian cancer. Moreover, an unestimated
increased risk of prostate cancer at 80 years of age is also
apparent in men [77]. 'e presence of biallelic hypomorphic
NBNmutations leads to the Nijmegen breakage syndrome, a
rare autosomal recessive syndrome of chromosomal insta-
bility mainly characterized by microcephaly at birth, com-
bined immunodeficiency, and predisposition to
malignancies. Approximately 40% of the affected patients
develop a malignancy before the age of 21 [14]. In slavic
mutation carriers, breast MRI is recommended yearly from
40 years of age, whereas no recommendations are provided
for ovarian and prostate cancer screening [6]. No data are
available on the benefit of risk-reducing mastectomy, so that
this procedure may be considered based on family history
[6].

Deleterious BARD1 germline variants are significantly
associated with early-onset breast cancer, according to re-
cent studies [78, 79]. On the grounds of these data, inten-
sified breast cancer screening programs should be offered to
women carrying pathogenic BARD1 gene variants. However,
the starting age and the frequency of mammogram and/or
breast MRI have not been established yet.

8.3. BRIP1, RAD51C, and RAD51D. Mutations in BRIP1,
RAD51C, or RAD51D are associated with an increased risk of
developing ovarian cancer. 'e prevalence rate of BRIP1,
RAD51C, or RAD51D pathogenic variants is about 1% in
women with ovarian cancer [15]. Nevertheless, there are no
data supporting screening for ovarian cancer. Transvaginal
ultrasound and serum CA-125 testing have not been shown
to be sufficiently sensitive or specific, even in the setting of
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Table 1: Summary of the recommendations for each predisposition gene.

Predisposition genes Cancer risk Lifetime
risk Surveillance

High-penetrance genes for breast and/or ovarian cancer

TP53

Adrenocortical gland 6–13% [25] Ultrasound of abdomen and pelvis: every 3–4mos, birth to age
18 yrs [27]

Breast 54% [25]
Clinical breast examination: every 6–12mos, age≥ 20 yrs

Breast MRI screening with contrast (with or without mammogram):
annually, age 20–75 yrs [27]∗

Central nervous system 6–19% [25] Neurologic exam: annually, all ages
Brain MRI: annually [27]

Sarcomas 5–22% [25] Whole-body MRI: annually, all ages
Ultrasound of abdomen and pelvis: annually, age ≥18 yrs [27]

Hematologic tumors NA Periodic blood test if increased risk for myelodysplastic syndrome or
leukaemia [28]

Gastrointestinal system NA Upper endoscopy and colonoscopy: every 2–5 yrs, age ≥25 yrs [27]
Skin NA Dermatologic exam: annually, age ≥18 yrs [27]

PTEN

Breast 85% [5]
Clinical breast examination: every 6mos, age≥ 25 yrs

Mammogram and breast MRI with contrast: annually, age 30–75 yrs
[6]∗

'yroid 35% [36] Ultrasound of thyroid: annually, all ages [6]
Endometrium 28% [36] Endometrial biopsy: every 1–2 yrs [6]∗

Colon and rectum 9% [36] Colonoscopy: every 5 yrs, age≥ 35 yrs [6]
Kidney 30% [36] CT or MRI of abdomen: every 1–2 yrs, age≥ 40 yrs [6]

Melanoma 5% [38] Dermatologic exam: annually, age ≥18 yrs [38]

CDH1
Stomach 56–83% [8] Upper endoscopy: every 6–12mos, age≥ 18 yrs [59]∗

Breast 52% [8] Mammogram and breast MRI with contrast: annually, age≥ 30 yrs
[6]∗

STK11

Colon and rectum 39% [9] Colonoscopy: every 2–3 yrs, age≥ 18 yrs [61]
Stomach 29% [9] Upper endoscopy: every 2–3 yrs, age≥ 18 yrs [61]

Small bowel 13% [9] Capsule endoscopy: every 2–3 yrs, age≥ 18 yrs [61]

Pancreas 11–36% [9] MR cholangiopancreatography with contrast or endoscopic
ultrasound: every 1–2 yrs, age≥ 30 yrs [62]

Breast 32–54% [9]
Clinical breast examination: every 6mos, age≥ 20 yrs

Mammogram and breast MRI with contrast: annually, age≥ 25 yrs
[6]∗

Ovary, cervix, and uterus 9–21% [9] Transvaginal ultrasound, serum CA 125, pelvic exam with pap
smear: annually, age≥ 18 yrs [6]

Testis 9% [9] Testicular exam: annually, until 18 yrs [62]
Lung 7–17% [9] Not recommended

Low-/moderate-penetrance genes for breast and/or ovarian cancer

PALB2 Breast 35% [69] Mammogram and breast MRI with contrast: annually, age≥ 30 yrs
[6]∗

Ovary, pancreas NA Not recommended

CHEK2

Breast 28–37%
[13, 75]

Mammogram and breast MRI with contrast: annually, age≥ 40 yrs
[6]∗

Colon NA Colonoscopy: every 5 yrs, age≥ 40 yrs [6]
Prostate, kidney, bladder,

and thyroid NA Not recommended

NBN (675del5) Breast Up to 30%
[77] Breast MRI with contrast: annually, age≥ 40 yrs [6]∗

Ovary and prostate NA Not recommended
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women at high risk of ovarian cancer due to an inherited
mutation [6]. NCCN guidelines recommend that risk-re-
ducing salpingo-oophorectomy should be considered be-
ginning at 45–50 years of age [6]. At present, BRIP1,
RAD51C, or RAD51D are not associated with an increased
risk for breast cancer [7].

9. Conclusions

In the last years, a large number of large case-control studies
have shown the correlation between mutations in some
genes and an increased risk of developing breast and/or
ovarian cancer, explaining tumor recurrence in those
families where mutations in BRCA1/2 were not found.
However, the lifetime risk in case of low-penetrant genes has
not been defined yet and additional prospective studies are
needed to establish a more customised screening program
for carriers. Summary of the recommendations for each
predisposition gene discussed in the present review is re-
ported in Table 1.
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