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LFS: Li-Fraumeni syndrome 

• Whom
•  to be concerned about LFS in breast cancer patients?

• What
•  is the characteristics of breast cancer in LFS?

• How
•  to manage breast cancer in LFS?

• Should RT be avoided?

• What happens if RT being done in LFS?
• RAS



The first observations were described by Li and Fraumeni in 1969



TP53

• "p" → "protein".
• "53" → molecular weight of the protein in kilodaltons 53 kDa.

P53 protein



TP53

P53 protein
Guardian of the genome



Li-Fraumeni syndrome

• Autosomal dominant disorder
• Mutation in p53 gene lead to

• Mutant protein (90%) 

• The absence of protein expression (10%)

• In the absence of the normal activated p53 protein
• Cells containing damaged DNA 

• Survive 

• Proliferate 

• Malignant transformation.



Li-Fraumeni syndrome (LFS)

• Early age at onset → 50% risk < 30 years in TP53 mutation carriers

• Multiple cancers
• Sarcoma 

• Breast                                     → 
• Brain tumors

• Adrenocortical carcinomas

• Other cancers

• Lifetime risk of cancer → 80–90%

The most common malignancy in LFS
The lifetime risk is estimated to be 90%.
Male breast cancer



DIFFERENTIAL DIAGNOSIS

• BRCA1 and BRCA2 pathogenic variants

• Premenopausal breast and ovarian cancer

• Pancreatic cancer, melanoma, and prostate cancer

• Mismatch repair cancer (Lynch) syndrome

• Leukemia, brain tumors, and intestinal cancer

The risk of contralateral breast cancer in TP53 
carriers diagnosed at less than 35 years of age is 
approximately 4 to 7 percent annually, around 
twice that in BRCA carriers
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DIAGNOSTIC CRITERIA

• Classical Li-Fraumeni syndrome

• Chompret criteria

• Li-Fraumeni-like syndrome



Patients at high risk for Li-Fraumeni syndrome



Whom to test for TP53 pathogenic variants?

• Females with early onset breast cancer
1. < 31 years

2. Without BRCA1/2 mutation 
• Possibly those with HER2+ breast cancer up to age 35 years

• The index of suspicion for Li-Fraumeni syndrome is increased if there is a family history 
of sarcoma, brain tumor, or adrenocortical carcinoma



Whom to test for TP53 pathogenic variants?

• Females with early onset breast cancer
1. < 31 years

2. Without BRCA1/2 mutation 
• Possibly those with HER2+ breast cancer up to age 35 years

• The index of suspicion for Li-Fraumeni syndrome is increased if there is a family history 
of sarcoma, brain tumor, or adrenocortical carcinoma

Patients with a TP53 variant identified on tumor-only genomic 
testing: If they were diagnosed with cancer <30 years of age or 
have a clinical scenario concerning for a germline mutation.
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Li-Fraumeni associated breast cancer

• Premenopausal breast cancer.
• Median age: 34 year 
• In a population-based series of breast cancer in those <31 years of age, 6 of 115 patients (5 percent) had TP53 pathogenic variants [31]. 

• More likely to have amplification of HER2
• In a series of 12 cancers in nine young females, 10 were positive for HER2 (83 percent), whereas only 16 percent of a control group of 231 breast cancers in young 

females without the TP53 pathogenic variant were positive for HER2.

• There was no difference in the frequency of ER and PR positivity (?)



LFS: Li-Fraumeni syndrome 

• Whom
•  to be concerned about LFS in breast cancer patients?

• What
•  is the characteristics of breast cancer in LFS?

• How
•  to manage breast cancer in LFS?

• Should RT be avoided?

• What happens if RT being done in LFS?
• RAS



MANAGEMENT

• Cancer surveillance strategy

• Cancer management





Cancer management

• The management of the various cancers is generally the same
•  as that in patients without Li-Fraumeni syndrome.

• However, for females with breast cancer
•  Mastectomy, rather than lumpectomy → RT, is generally preferred

• Because of the risks of second breast cancers or radiation induced neoplasms



Linear Accelerator (LINAC)





Radiation-induced secondary malignancies (RISM)→ like sarcomas



Radiation-associated sarcomas (RAS)

• The most common in breast cancer, lymphoma, head and neck, and gynecologic cancers

• Soft tissue > bone sarcoma

• MPNST, UPS, Angiosarcoma, Fibrosarcoma, LMS (RB survivors)

• Avg Latency period 7-17 year



Radiation-associated sarcomas (RAS)

• The most common in breast cancer, lymphoma, head and neck, and gynecologic cancers

• Soft tissue > bone sarcoma

• MPNST, UPS, Angiosarcoma, Fibrosarcoma, LMS (RB survivors)

• Avg Latency period 7-17 year

In BC survivors

• Avg Latency period 10-11 year

• The most common RAS for breast cancer is angiosarcoma
• Avg Latency period 4-8 year





Radiation-associated sarcomas

• Dose

• Age

• Potential effect modifiers
• Chemotherapy agents

• Chronic edema

• Genetic predisposition



Dose

• To induce a tumor → radiation dose must be great enough to cause 
genetic damage but not so great that it kills the cell

• This often happens to tissues → near the edge of the radiation field. 

3D-CRTLow Dose Bath in IMRT!



Magnetic resonance imaging (MRI) scan of a radiation-induced 

sarcoma (RIS) of the breast. A breast MRI scan shows 

gadolinium in a patient with RIS.



Radiation-induced angiosarcoma.
(A): Radiation-induced angiosarcoma occurring in a patient 

previously radiated after mastectomy.

(B): Radiation-induced angiosarcoma occurring in a patient 

previously radiated after lumpectomy. Photos courtesy of Dr. 

Chan Raut, M.D., Department of Surgery, Brigham and 

Women’s Hospital, Boston, Massachusetts



Reirradiation in RAS
• Few Data 

• RT+ hyperthermia

• Hyper ration 

A durable complete response
 after 11 months.

before re-RT + hyperthermia 



Chemotherapy agents

• Exposure to chemotherapy, particularly alkylating agents 
• In children

• May potentiate the effect of previous RT in childhood cancer survivors

• In  adult
• Whether chemotherapy potentiates the effects of RT is less clear.

• One systematic review
• No evidence that prior chemotherapy was a contributing risk factor.

•  The overall lower cumulative dose of alkylating agents
•  in breast cancer as compared with sarcoma is one hypothesis for the lack of an 

association in this context.



Chronic edema

• Cutaneous lymphangiosarcoma
•  Is more often found in breasts developing postoperative and post-irradiation edema and 

fibrosis (Stewart-Treves syndrome).

• It mainly affects women
• > 60 
• Those who underwent axillary lymphadenectomy + RT.

• The very rare nature of Stewart-Treves syndrome suggests that if 
there is an interaction between radiation and lymphedema, it is very 
weak.



Genetic predisposition

• To date, however, strong evidence for enhanced radiosensitivity has 
been observed only for Nijmegen breakage syndrome

• The situation is less clear for Li-Fraumeni syndrome 
• Germline TP53 pathogenic variants

• May have reduced capacities for eliminating or repairing radiation-induced DNA damage,

• Therefore, LFS may be a predisposing factor for radiation-induced second primary cancer



• p53-deficient cells are unable to arrest cell cycle progression or 
undergo apoptosis after radiotherapy.

• In addition, these cells tend to be more resistant to DNA-damaging 
agents, such as radiation



One chest wall angiosarcoma and one breast histiocytofibrosarcoma









• In most studies
• Patients with a TP53 P/LP variant were at increased risk of radiation-induced 

second malignant neoplasms [31, 32, 34–39, 41, 42]. 

• In some studies
• The incidence of RISMs after the treatment of localized BC was lower 

compared with that reported in the previous literature [33, 40, 43].





Should RT be avoided in LFS?

Risk of recurrnce Risk of radiation
induced maligncncy



IORTProton therapy



Bragg Peak

http://www.samsunghospital.com/home/proton/en/whatIsProtonTherapy/principle.do



• DNA damage induced by hadron therapy may be more difficult to repair.

• Irradiated volumes : proton radiation are two-fold smaller compared with those from a photon

• The risk of secondary malignant neoplasm was 2–10-fold lower with proton therapy

Proton therapy IMRT



2D-RT: 100%
3D-RT: 0

IMRT: 50%
Small sample size!
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