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 1. Abstract
1.1. Objective

Li-Fraumeni Syndrome is a rare cancer predisposition syndrome 
caused by autosomal dominant germline mutations in the TP53 
gene. LFS is characterized by high lifetime cancer risk, high 
risk of multiple primary cancers, early cancer onset, and a broad 
spectrum of cancers. Individuals with Li-Fraumeni Syndrome 
are at risk of breast cancer at a much earlier age than the general 
population, with a mean age of onset around 32 years. Materials 
and Methods: Management of breast cancer risk in this popu-
lation includes prophylactic bilateral mastectomy. Electronic 
databases, including PubMed, Cochrane Library, Scopus, Ovid 
and WOS, were searched from 2015 to 2025. Search terms were 
“Li-Fraumeni syndrome”, “risk-reducing mastectomy”, and 
“breast cancer”. English-language articles published in peer-re-
viewed journals and guideline recommendations were included 
in the review. The decision to undergo risk-reducing mastecto-
my surgery in women who have not been diagnosed with breast 
cancer but have a genetic predisposition and are known to be 
at very high risk of developing the disease is summarized. Re-
sults: Accurately determining the risk of breast cancer is vital, 
considering mutations in predisposing genes. This study pro-
vides evidence of risk-reducing mastectomy and surgical deci-
sion-making in adolescents and young adults with Li-Fraume-
ni syndrome. Conclusion: In mastectomy surgeries that reduce 
risk, a comprehensive and personalized approach to the surgical 
process, as well as patient selection and management for multi-
disciplinary intervention, are of great importance.

2. Introduction
2.1. Li-Fraumeni Syndrome

Li-Fraumeni Syndrome (LFS) is a cancer predisposition syn-
drome caused by autosomal dominant germline mutations in 

the TP53 gene. LFS is characterized by a high lifetime risk of 
cancer, including multiple primary cancers and a wide range of 
associated cancers. Classic LFS cancers include brain, breast, 
sarcoma, and adrenal gland [1]. The syndrome is rare, and the 
frequency of TP53 mutation carriers is estimated to be between 
1/5,000 and 1/20,000. However, it is thought that the disease 
is underdiagnosed worldwide [2,3]. Li-Fraumeni syndrome 
was first described in 1969 by Dr. Frederick Li and Dr. Joseph 
Fraumeni [4]. (4) First described more than fifty years ago by 
Frederick P. Li and Joseph F. Fraumeni, the initial suspicion was 
raised by the observation of an “increased familial susceptibility 
to cancer” and the consideration of a potential familial origin for 
malignancies observed “not only by the large number of indi-
viduals affected but also by the excessive occurrence of multi-
ple primary neoplasms.” [4,5]. The diagnosis of LFS is difficult 
due to its heterogeneous clinical presentation and diagnostic 
inconsistencies.6,7 Furthermore, monitoring LFS patients pos-
es additional challenges for clinicians, as individuals often face 
recurrent malignancies due to genetic predisposition or compli-
cations from previous cancer treatments. The TP53 gene in cells 
encodes tumor protein 53, which plays a crucial role in tumor 
suppression and cell death [8,9]. The TP53 pathway is activated 
by cellular stress, including oncogene expression, DNA damage, 
low oxygen levels, metabolic dysfunction, and replication errors 
[10]. TP53 is a tumor suppressor gene located on chromosome 
17.  TP53’s role in tumor suppression has earned it the nick-
name “guardian of the genome.” It has been shown that cells 
lacking normal TP53 function continue to divide and multiply 
indiscriminately, leading to malignant tumors. In mice with loss-
of-function mutations, it was observed that 100% of mice devel-
oped tumors within nine months after complete elimination of 
TP53 [10]. TP53 is a critical tumor suppressor that plays a role 
in regulating cell cycle progression, DNA repair, apoptosis, and 
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aging. The coding and alterations of the suppressor p53 protein 
commonly contribute to cancer development [11,12]. In individ-
uals with LFS, germline mutations cause all cells in their bodies 
to have only one functional copy of the TP53 gene. 

Geographically, LFS is distributed globally, with no clear eth-
nic or racial predilections. However, certain populations exhibit 
high prevalence rates due to mutations attributable to genetic 
drift, population disruptions, or inbreeding [13]. Although rare, 
LFS shows significant variability in its penetration rate, along 
with interindividual variability in tumor spectrum, age of onset, 
and disease course, and this variability is attributed to genes, en-
vironmental effects, and random events [14-17]. It is suggested 
that LFS familial syndrome carries a high risk of cancer at a rate 
of approximately 80% throughout an individual’s lifetime [18]. 
Studies estimate that germline TP53 mutations are present in 
more than 350,000 individuals. This indicates that the number of 
cases is significantly higher than the number of registered cases 
and that LFS cases worldwide are potentially underdiagnosed 
[19,20]. However, if the criteria are not met, testing for other 
hereditary syndromes should be considered. Between 50-70% 
of individuals defined by the classic LFS criteria test positive 
for a variant in the TP53 gene [21]. According to the National 
Comprehensive Cancer Network (NCCN) guidelines (2024), it 
is estimated that these diagnostic criteria have a high positive 
predictive value when confirmed by molecular testing [22]. It 
is indicated if the individual comes from a family with a known 
TP53 variant and meets the classic criteria for LFS, has a person-
al or family history of pediatric hypodiploid acute lymphoblastic 

leukemia, has somatic tumor testing showing an allele frequency 
greater than 50% for the TP53 pathogenic variant or decreased 
p53 staining by immunohistochemistry, and meets one measure 
of the Chompret criteria [21].

3. Materials and Methods
This study searched electronic databases including PubMed, 
Cochrane Library, Scopus, Ovid, and WOS between 2015 and 
2025. All articles were searched using the English keywords 
“Li-Fraumeni syndrome,” “risk-reducing mastectomy,” and 
“breast cancer.” Additionally, relevant sources were accessed 
through Google Scholar. The review included articles written 
in English and published in peer-reviewed journals, as well as 
guideline recommendations.

4. Findings
4.1. Diagnosis of Li-Fraumeni Syndrome

Before the discovery of the TP53 mutation behind LFS, clini-
cians needed a way to identify individuals and families with this 
disease. In 1988, Dr. Li and Dr. Fraumeni established the classic 
diagnostic criteria for LFS based on a study of 24 families with 
cancers that fit the Li-Fraumeni phenotype (Table 1). The classic 
criteria for LFS are [23,24].

It is currently estimated that between 7% and 20% of first-time 
germline mutations occur during gametogenesis or embryogen-
esis.23 It requires the individual to meet one of the Chompret 
diagnostic criteria [21,25,26]. When classical LFS and Chom-
pret criteria are combined, molecular test sensitivity is reported 
to be 95% [27]. 

Table 1: Diagnostic criteria for Li-Fraumeni syndrome requiring further screening for TP53 mutation in Hereditary Mutations

Diagnostic Criteria Definition

Classical Criteria

Presence of all of the following:
- Sarcoma diagnosed at <45 years of age,
- First-degree relative <45 years of age with any type of cancer,
- First/second-degree relative with sarcoma at any age or any cancer under 45 years of age,

Chompret  Criteria 
(updated)

Presence of one of the following:
- Tumor from the Li-Fraumeni spectrum (sarcoma, breast cancer, central nervous system tumor, adrenocortical car-
cinoma, leukemia or lung cancer) <46 years and at least one first/second-degree relative with a Li-Fraumeni tumor 
(excluding breast cancer if the proband has breast cancer) <56 years or multiple tumors;
- Multiple tumors (excluding multiple breast tumors), two of which belong to the Li-Fraumeni spectrum, the first of 
which occurs at <46 years of age,
- Diagnosis of embryonal anaplastic subtype adrenocortical carcinoma, choroid plexus tumor or rhabdomyosarcoma, 
regardless of age and family history
- Breast cancer <31
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4.2. Clinical Features of Li-Fraumeni Syndrome 

Li-Fraumeni Syndrome is characterized by an increased risk of 
cancer in childhood and adulthood. Men with LFS are 151 times 
more likely to develop cancer than the general population and 
women with LFS are 1,085 times more likely to develop cancer 
than the general population; they are also 7.1 times more likely 
to develop cancer than men with LFS, largely due to the risk of 
breast cancer [28]. In fact, breast cancer is the most common 
cancer in female patients with LFS [29]. Previous studies have 
shown that women with LFS develop breast cancer almost three 
decades earlier than the general population and that the average 
age of onset is usually around 32-38 years. 29–32 Studies have 
drawn attention to the potential impact of reproductive factors, 
as significant protective effects of breastfeeding for longer than 
seven months have been observed in relevant populations [33]. 
Breast cancer in the context of LFS exhibits aggressive histo-
pathologic features, including high histologic grade and overex-
pression of the HER2/neu oncogene, and tends to have a lower 
overall survival compared to incidental cases [30,34]. Many cas-
es of LFS breast cancer are estrogen receptor (ER) and human 
epidermal growth factor receptor 2 (HER2) positive, suggesting 
a possible association of early-onset HER2 positive breast can-
cer with the presence of TP53 mutations [35]. Breast cancer has 
different clinical manifestations, suggesting that these are early 
signs and symptoms of LFS. Notably, breast cancers in LFS of-
ten occur at a younger age compared to incidental cases, making 
early breast cancer a worrying sign for clinicians to initiate an 
in-depth study of LFS [29,36,37]. In a prospective cohort study 
conducted by Mai et al. to classify the risk of malignancy, soft 
tissue sarcoma, osteosarcoma and brain cancer were the most 
common primary cancer diagnoses in individuals with LFS un-
der the age of 18, while breast cancer was the most common 
diagnosis in individuals between the ages of 18 and 44. They 
found that soft tissue sarcoma was the most common diagno-
sis at the age of 45 years. They also found that the cumulative 
cancer risk reaches 50% by age 31 for women and 46 for men, 
and approaches 100% for both sexes by age 70. Breast cancer 
was the second most common cancer diagnosis.38 Breast cancer 
is the most common cancer in women with LFS, with an inci-
dence risk of 49% by age 60 and a lifetime risk of 85% [38,39]. 

Women with TP53 mutation diagnosed with breast cancer tend 
to be hormone receptor and HER-2 positive, ductal, high stage 
and invasive. They found that the average age at diagnosis was 
between 32 and 33 years and that women with LFS were more 
likely to be diagnosed with multiple primary breast cancers than 
the general population [30,40]. The clinical manifestations of 
breast cancer are diverse, and the possibility of early emerging 
signs and symptoms of LFS needs to be carefully examined. Of 
particular concern is the observation that breast cancers in LFS 
frequently manifest at a younger age compared to incidental 
cases, underscoring the importance of early breast cancer detec-
tion as a crucial clinical indicator for initiating a comprehensive 
study of LFS [29,36,37]. 

4.3. Management and Follow-up of Li-Fraumeni Syndrome 

The follow-up protocol encompasses a comprehensive physical 
examination, along with whole body magnetic resonance imag-
ing (MRI), brain MRI, breast MRI, mammography, abdominal 
and pelvic ultrasonography, and colonoscopy. In the screen-
ing and follow-up study conducted by Villani et al., the 5-year 
survival rates were 89% in the follow-up group that accepted 
screening and 60% in the group that did not accept screening 
[41]. These results demonstrate the feasibility and benefit of 
comprehensive screening for individuals with LFS. The Toronto 
protocol and the NCCN recommend the use of MRI in place 
of other cancer screenings, such as mammography or positron 
emission tomography (PET) scans. Individuals with LFS should 
avoid radiation as much as possible due to the risk of “subse-
quent secondary malignancies” [42]. The National Cancer Insti-
tute has made multiple references to risk-reducing mastectomy 
(RAM), particularly in the context of breast cancer. It is recom-
mended that individuals undergo counseling to discuss the de-
gree of protection, reconstruction options, risks, family history, 
and risk of permanent breast cancer. Given the risk of radiation 
therapy-induced sarcoma, mastectomy is recommended as the 
primary treatment for breast cancer in women with LFS, rath-
er than the combination treatment of lumpectomy and radiation 
recommended for the general population for early-stage breast 
cancers.43 The latest guidelines recommendations for breast 
cancer screening are summarized below (Table 2). 

Table 2: Current guideline recommendations for breast cancer screening

From 18 years old   20-25 years old and above 20-75 years old    Mastectomy Preference

Toronto ‘
Protocol (2016) 41

From the age of 18
- Breast self-exam-
ination, once every 
month

•20-25 years and older
- Clinical breast exam, every 6 months

•20-75 years old
- Mammography and
breast MRI, once a year

-  Risk-reducing bilateral mastec-
tomy should be considered.
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NCCN (2024) 42
From the age of 18
- Breast awareness

•	 From age 20 onwards
- Clinical breast examination, every 
6-12 months
- Breast screening:
•	 Ages 20-29: If breast MRI 
is not available before age 20 (if the 
earliest diagnosed breast cancer in 
the family was before age 20), mam-
mography (due to concerns about ra-
diation exposure risk in pathogenic/
high-risk variant carriers, breast MRI 
is preferred before age 20, annually) 
(once a year)
•	 Ages 30-75: Breast MRI + 
mammography, once a year
(MRI: contrast-enhanced and 
non-contrast)

•	 >75 years old: Evalu-
ated individually
- Breast cancer treatment re-
ceived and bilateral mastec-
tomy not undergone TP53 
Pathogenic/high probability 
pathogenic variants: Breast 
MRI + mammography, once a 
year

- Discuss risk-reducing mastecto-
my, addressing psychosocial and 
quality of life aspects
- In patients diagnosed with 
breast cancer, mastectomy should 
be preferred over lumpectomy/
radiation to reduce the risk of ra-
diation-induced sarcoma.

AACR (2017)24 From the age of 18
- Breast awareness

•	 From age 20 onwards
- Clinical breast examination, every 6 
months

•	 Ages 20-75
- Breast MRI, once a
year

- Risk-reducing bilateral 
mastectomy should be 
considered.

GENTURIS
 (2020)40 

Ages 18-65
- Breast MRI, 
once a year

•	 Ages 18-65
- Breast MRI, once a year

•	 Ages 18-65
- Breast MRI, once a year

JOE & AEGH
 (2020)44

From the age of 18
-Clinical breast 
examination, every 6 
months

•	 Ages 20 to 75
- Breast MRI, once a year

•	 Ages 20 to 75
- Breast MRI, once a year

Japanese LFS Ex-
pert Group (2021)45 

From the age of 18
- Breast self-exam-
ination

•	 From age 20 onwards
- Clinical breast examination, every 
6 m

•	 Ages 20-75
- Breast MRI, once a year
(Breast MRI and abdomi-
nal-pelvic ultrasound, alter-
nated with annual whole-body 
MRI; screening at least every 6 
months)

4.4. Risk-Reducing Mastectomy in Hereditary Cancer Syn-
dromes 

A mastectomy, a treatment for breast cancer, involves removing 
breast tissue after a tumor is detected. A risk-reducing mastecto-
my is a surgery “performed to reduce the risk of breast cancer in 
a woman who has not been diagnosed with breast cancer but is 
known to be at very high risk of the disease” [43,44]. While the 
efficacy of RAM procedures in reducing the risk of breast can-
cer in the general population remains to be elucidated, evidence 
suggests a potential reduction in risk and enhanced oncologic 
outcomes in high-risk populations [47]. According to the CDC 
(2024), the prevalence of TP53 mutations, a genetic factor as-
sociated with hereditary breast and ovarian cancer, is notably 
lower than that of BRCA1/2 mutations. Approximately 1 in 500 
women in the United States carries a mutation in the BRCA1 or 
BRCA2 genes.48 Women with a history of breast cancer who 

carry a mutation in the BRCA1 or BRCA2 gene have indicated 
the factors that influenced their decision to undergo a risk-reduc-
ing mastectomy (RAM). These factors include the fear of devel-
oping breast cancer, the desire for psychological reassurance, the 
intention to extend life expectancy, the aspiration for autonomy, 
the need for insurance coverage, financial considerations, the 
perspective of their partner, the influence of their family histo-
ry, the impact of the “Angelina Jolie Effect,” their perception 
of risk, the influence of siblings, the opinions of physicians, 
the timing of genetic testing, and the desire to prevent the de-
velopment of metastatic disease. While women with BRCA1/2 
mutations who opted for RAM generally expressed satisfaction, 
they also reported negative aspects such as distorted body im-
age, unsatisfactory cosmetic results, complications, decreased 
sexuality, emotional issues, and a lack of education regarding 
post-RAM follow-up [49-51]. 
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4.5. Risk-Reducing Mastectomy Surgery for Hereditary 
Cancer Syndromes

A mastectomy, a surgical procedure used to treat breast cancer, 
involves the removal of breast tissue after a breast tumor has 
been detected. A risk-reducing mastectomy, on the other hand, 
is a surgical intervention “performed to reduce the risk of breast 
cancer in a woman who has not previously been diagnosed with 
breast cancer but is known to be at very high risk of the disease” 
[43]. Comeaux et al define risk-reducing mastectomy surgery 
as an invasive procedure that reduces the risk of breast cancer 
“for women at high risk of breast cancer.”46 While the efficacy 
of RAM procedures in reducing the risk of breast cancer in the 
general population remains to be elucidated, there is encourag-
ing evidence from studies conducted on high-risk populations 
[47]. A plethora of surgical interventions are available for the 
treatment of RAM. The initial primary classification of surgi-
cal interventions involves the removal of one or both breasts. 
Bilateral risk-reducing mastectomy is a surgical procedure in 
which both breasts are removed before a diagnosis of breast can-
cer is established. In the event that a woman is diagnosed with 
cancer in a single breast, the surgical intervention of contralat-
eral risk-reducing mastectomy is strongly recommended. This 
procedure entails the prophylactic removal of the contralateral, 
unaffected breast [43]. A radical mastectomy involves removing 
all breast tissue, skin, nipples, the chest wall muscles under the 
breast, and some lymph nodes in the armpit. Radical mastecto-
my was the standard procedure until the 1970s but is now rarely 
performed only in cases where the tumor has invaded the chest 
muscles and has not shrunk with chemotherapy. Today, surgeons 
generally choose to perform a modified radical mastectomy (re-
moval of breast tissue, skin, and nipples), a skin-sparing mastec-
tomy (removal of breast tissue and nipples), or a nipple-sparing 
mastectomy (removal of breast tissue and preservation of skin 
and nipples) [50]. A variety of reconstruction options exists sub-
sequent to RAM. The process of tissue expansion, also known 
as reconstruction, entails the strategic placement of expanders 
during the initial mastectomy procedure or subsequent to the 
mastectomy surgery, followed by a dedicated reconstruction 
surgery in a separate procedure. Reconstruction may involve the 
use of implants or autologous tissue, among other options within 
these categories. Some individuals opt for the “stay straight” ap-
proach, which involves avoiding reconstruction [52]. 

Adolescents and young adults diagnosed with cancer represent 
a particularly under-researched and under-met segment of on-
cology patients. According to the NCCN (2024), the term “ad-
olescents and young adults with cancer” is used to denote indi-
viduals between the ages of 15 and 39.42 Overall, adolescents 
and young adults with cancer have unequal access to oncology 
services, complex psychosocial and financial impacts from a 
cancer diagnosis, and only modest improved survival compared 
with those with adult and childhood cancers [53]. Cancer-related 
syndromes are experienced differently by young adults and ad-
olescents than by older adults. Cancer patients in their teens and 

early adulthood experience more psychological distress and fear 
of recurrence than older adults with cancer. In addition, cancer 
in adolescents and young adults is associated with an increased 
risk of cardiovascular disease, endocrine dysfunction, neurocog-
nitive impairment, sexual dysfunction and fertility issues. Edu-
cation, employment, financial difficulties and romantic relation-
ships also complicate the cancer experience for young people 
[54]. Studies of adolescents and young adults with Li-Fraumeni 
syndrome and family members’ illness narratives have identified 
the roles of family factors influencing the experience of LFS in 
adolescents and young adults with cancer. Family history and 
the information provided by healthcare professionals signifi-
cantly influence risk perceptions. Another common concern is 
the impact on relationships and reproductive planning. The im-
pact of hereditary cancer predisposition on self-esteem, sexual 
function, and body image has been highlighted [55]. A qualita-
tive study discussing the benefits and burdens of risk manage-
ment for adolescents and young adults with LFS found that indi-
viduals were aware of their breast cancer risk and were planning 
RAM. They also shared concerns about the benefits of RAM, 
such as controlling their breast cancer risk, but also the physical 
and emotional burden and impact on romantic relationships and 
breastfeeding [56].   

Research on the RAM decision-making process focuses on 
women who are carriers of the BRCA1/2 mutation. The cumula-
tive risk of breast cancer for women with the BRCA1/2 mutation 
is 50% by age 80, and the age of onset is reported to be between 
41 and 50 for women with the BRCA1 mutation and 51 and 60 
for women with the BRCA2 mutation [57,58]. Approximately 
10-15% of diagnosed breast cancers are associated with known 
hereditary cancer syndromes, and about 60% carry a BRCA1/2 
mutation 57, for this reason, it is observed that the majority of 
the literature on RAM decisions in hereditary cancer syndromes 
focuses on women with BRCA1/2 mutations. However, women 
with LFS and BRCA1/2 mutations have a higher lifetime risk of 
breast cancer, and the age of cancer onset is lower in these wom-
en. The implementation of the recommendations found in RAM 
studies does not adequately reflect the experiences of this popu-
lation [40]. In a cohort study conducted by Siegel et al. with 205 
women with LFS aged between 15 and 73 years, 63% reported 
having undergone mastectomy. They found that RAM was asso-
ciated with having children, having previously breastfed, know-
ing the genetic condition at the time of breast cancer diagnosis, 
and high cancer anxiety. In this study, they found that women 
with LFS underwent complete bilateral RAM at a median age of 
39, despite the mean age of onset of LFS-related breast cancer 
being 32 years. They noted that RAM should be considered in 
women with LFS in their 20s or early 30s to prevent primary 
breast cancer, but that the decision at this early age is complicat-
ed by body image concerns and desires to breastfeed in the fu-
ture 40 For the importance given to the desire to breastfeed, the 
impact of RAM on body image and dating is emphasized as an 
important factor [40,56]. It is important to note that family histo-
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ry and family discussions are not equivalent for this population. 
Despite being open to communication, research has shown that 
adolescents and young adults with LFS experience complexi-
ties in family communication about LFS. These complexities 
include balancing information sharing with emotional protec-
tion and considering the impact on mental health [59]. Research 
also suggests that individuals with rare disorders like LFS may 
struggle to find healthcare providers who are familiar with their 
condition and knowledgeable about care recommendations [60].

5. Conclusion
This study summarizes the preferences of adolescents and young 
adults with LFS, providing insights into the factors influencing 
the RAM decision-making process in these groups. Improved 
survival is often the preferred option for women carrying the p53 
genetic mutation. Accurately assessing this risk by considering 
factors such as the presence of mutations in breast cancer sus-
ceptibility genes is crucial. Interest in risk-reducing mastectomy 
has increased alongside advancements in genetic sequencing 
techniques, breast reconstruction, and breast imaging, as well 
as the rise of celebrity prophylactic breast surgery. The deci-
sion to perform RAM is based on the interconnected nursing 
interventions of psychosocial factors, beliefs, and emotions. In 
the context of this comprehensive decision-making process re-
garding surgical intervention for patients with associated risks, 
it is imperative to adopt a multidisciplinary and personalized ap-
proach to each patient, ensuring the selection of those who will 
derive the greatest benefit from this intervention. Complications 
may include adverse effects on physical, emotional, and sexual 
health, and potential outcomes associated with the implementa-
tion of risk-reducing mastectomy.
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