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Case Report

Breast Cancer after Radiation
Therapy in a Patient

with Li-Fraumeni Syndrome:
A Case Report
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Li-Fraumeni syndrome (LFS) is an inherited autosomal-dominant tumor-predisposition disor-
der caused by germline mutations in the TP53 tumor suppressor gene. Since patients with LFS
are likely to develop therapy-related cancers, radiation therapy should be avoided if breast
cancer is found in these individuals. Herein, we present a case of secondary breast cancerin an
LFS patient after radiation and chemotherapy for the first diagnosed breast sarcoma.
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INTRODUCTION

Li-Fraumeni syndrome (LFS) is an inherited autosomal-dominant tumor-predisposi-
tion disorder caused by germline mutations in the TP53 tumor suppressor gene. It is
associated with the early onset of various cancers and induces a high cumulative can-
cer risk (1). Individuals with LFS have a high risk of developing multiple neoplasms
during their lifetime, especially breast cancer (50%), soft tissue sarcomas (15%), brain
tumors (6%), and osteosarcomas (5%) (1). Around 50% of breast cancer patients with
LFS develop secondary cancer, of which breast cancer is the most common followed by
sarcomas, then brain and lung cancers (2). For female with LFS, the cumulative breast
cancer incidence by age 60 is 85%, so multimodality screening protocols should be con-
sidered for these individuals (2, 3). It is important to diagnose LFS for the first time, but
it is also important to reduce the risk of subsequent cancer, which can be prevented (2).

Second primary malignancy means a new cancer that occurs in an individual and cer-
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tain type of it may be a result of previous treatment, such as radiation and chemotherapy (4).
Here in, we present a case of the second breast cancer in a 29-year-old female with LFS after
radiation and chemotherapy for previously diagnosed breast sarcoma and include a review
of the literature.

CASE REPORT

A 29-year-old female was referred to our institution due to suffering from a huge fast-grow-
ing mass and abnormality on outside breast ultrasonography. The results of histologic exam-
ination on outside biopsy revealed a possibility of malignant phyllodes tumor. She had a fam-
ily history of breast cancer occurring in her mother and grandmother in their 40s and her
sister in her 20s, but no genetic mutation in the BRCA1 and BRCA2 genes. Contrast-enhanced
chest CT showed a 100 mm X 70 mm size and heterogeneous low density mass with periph-
eral enhancement in the right upper breast (Fig. 1A).

She was treated via a wide excision. It was diagnosed with myxoid malignant fibrous his-
tiocytoma of the right breast that has recently been classified as pleomorphic undifferentiat-
ed sarcoma. Adjuvant chemotherapy with an alkylating agent and an anthracycline was per-
formed. However, remnants of the tumor were detected on dynamic contrast-enhanced
(DCE)-MRI after surgery followed by adjuvant chemotherapy (Fig. 1B).

She then underwent re-excision, residual adjuvant chemotherapy, and radiation therapy

performed using 5000 cGy in 25 fractions on the right breast followed by additional boost ir-

Fig. 1. A29-year-old female with Li-Fraumeni syndrome and combined breast cancer.

A. Contrast-enhanced chest CT shows a 100 mm X 70 mm-sized heterogeneous low-density soft mass with
a peripheral enhancing solid component (arrow) diagnosed as myxoid malignant fibrous histiocytoma (re-
cently changed to pleomorphic undifferentiated sarcoma).

B. Dynamic contrast-enhanced MR with fat-suppressed T1-weighed gradient echo after wide excision of the
mass shows a nearly 15-mm-sized irregularly shaped mass with heterogeneous enhancement in the right
upper central breast (arrow), suggesting remnant mass.

C. 6 years after breast surgery shows focal asymmetry with grouped amorphous and pleomorphic calcifica-
tions (arrow) in the far inner portion of the right breast.
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radiation using 1000 cGy in 5 fractions on the right breast tumor bed for 2 months in 2013.

However, in 2018, five years later, she was diagnosed with LFS at the age of 35 in a genetic
testing conducted after she learned that her sister in United States had been diagnosed with
LFS. The following year, she presented with a palpable mass in the upper inner quadrant of
the right breast. On cleavage mammogram, focal asymmetry with grouped amorphous and
pleomorphic calcifications in the far inner portion of the right breast was noted (Fig. 1C). An
irregular-shaped hypoechoic mass with internal echogenic dots in the far upper inner of the
right breast was demonstrated (Fig. 1D). Invasive ductal carcinoma was confirmed via US
guided core needle biopsy. The results of immunohistochemical staining showed negative
for estrogen and progesterone receptors but were positive for human epidermal growth fac-
tor receptor 2 receptor and positive for Ki-67 with 27%. After biopsy, on axial DCE-MRI, a 26
mm X 18 mm-sized irregular shaped mass with spiculated margin and heterogeneous en-
hancement (Fig. 1E). Wash-out kinetics was also noted on DCE-MRI.

She underwent a mastectomy followed by adjuvant chemotherapy with paclitaxel plus
trastuzumab.

This study was approved by the Institutional Review Board of our institution and the re-
quirement for informed consent was waived (IRB No. EUMC 2020-03-033).

Fig. 1. A29-year-old female with Li-Fraumeni syndrome and combined breast cancer.

D. US image shows an irregular hypoechoic mass with internal echogenic dots corresponding to calcifica-
tions in the upper inner region of the right breast. Combined increased vascularity within the mass was
demonstrated (transverse view and Doppler ultrasonography from the left side).

E. Dynamic contrast-enhanced T1-weighted fat-suppressed gradient-echo axial MR image shows a 26 mm X
18 mm-sized irregularly shaped mass with a spiculated margin and heterogeneous enhancement in the right
upper inner breast (arrow).
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DISCUSSION

Classic LFS is defined by the presence of all of the following criteria: 1) a proband with a
sarcoma diagnosed before 45 years old, 2) a first-degree relative with any form of cancer be-
fore 45 years old, and 3) a first- or second-degree relative with any form of cancer before 45
years old or a sarcoma at any age (1). Breast cancer is the most common cancer in LFS pa-
tients with early onset diagnosed before age 34 years (1). In LFS, 50% of patients develop sub-
sequent cancers, but for female breast cancer in LFS patients, the cancer-free survival rate by
age 70 was 15% (1). Most LFS-associated breast cancers are invasive ductal carcinomas with
human epidermal growth factor receptor 2/neu amplification or estrogen and progesterone
receptor positivity (1). It is well-known that TP53 mutations in human cancer give rise to neo-
plastic properties in cells (5). A germline mutation in TP53 is present in 56%-70% of families
with classical LFS (5). The central role of TP53 is to block the mechanisms involved in cell cy-
cle arrest, apoptosis, and DNA repair, particularly in response to DNA damage and other cel-
lular stressors (1). The cumulative cancer incidence in patients with germline TP53 muta-
tions is 50% by 31 years old among females and nearly 100% by 70 years old for females and
males (2).

Only 5%-10% of breast cancer patients are associated with hereditary syndromes, and the
rates of the germline BRCA1, BRCA2, and TP53 mutations in early-onset breast cancer pa-
tients are 11%, 6%, and 5%, respectively (6). However, the incidence in Asia has been poorly
reported due to a lack of resources (6). LFS is such a rare genetic disorder, but the importance
of its diagnosis is also closely related to the occurrence of radiation-induced secondary ma-
lignancies. Radiation-induced second primary cancer is a very rare event with an incidence
of less than 2% that can develop 10 years after irradiation (7). However, breast cancer patients
with LFS have a higher risk of developing radiation-induced second primary cancer and have
a shorter onset time (8). Hendrickson et al. (8) reported that four of fourteen (29%) cancer
patients with LFS developed radiation-induced cancer after treatment. Sarcoma is one of the
common secondary malignancy occurring within radiation filed after radiation therapy. In
breast, chest wall angiosarcoma and malignant histiocytofibroma have been reported, and
in addition, various cancers such as papillary thyroid carcinoma have been also reported (7).
While data showing the factors contributing to therapy-associated cancer incidence in pa-
tients with LFS are limited, the second primary cancer is likely to occur due to the carcino-
genic effects of the radiation and/or chemotherapy agents previously used to treat malignan-
cies (1). This is because damaged TP53 function not only affects the tumor response to
radiation therapy and chemotherapy, but also increases the risk of therapy-associated malig-
nancy (4). In a study by Boyle et al. (9), cells with or without germline TP53 mutation have
been found to have a decreased capacity for eliminating or repairing radiation-induced DNA
damage that occurs in LFS patients who have undergone radiation therapy; for that reason
the authors concluded that LFS may be a predisposing factor for radiation-induced second
primary cancer.

The recommendation for clinical monitoring of LFS in National Comprehensive Cancer
Network (NCCN) was specified to detect tumors early and reduce treatment-related morbidi-
ty and mortality. According to the NCCN v.1 2021 guidelines on LFS management for breast
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cancer, it is recommended that ages 20-29 take MRI every year and those aged 30-75 take
MRI and mammography with consideration of tomosynthesis for breast screening (10). In
addition, it also states that it is recommended to consult about options for risk-reducing mas-
tectomy and avoid therapeutic radiation therapy in breast cancer as well as other cancers
(10). However, since the management of LFS is complex, it should be considered on a case-
by-case in consideration of the balance between benefits and risks.

In our case, the risk of radiation was not assessed because the diagnosis of LFS was delayed.
We showed imaging features of breast sarcoma and a second breast cancer arising from the
breast undergone radiation treatment. Imaging findings of invasive ductal carcinoma after ra-
diation therapy were not significantly different from those of usual breast cancer, which are
commonly seen with irregularly shaped masses and suspicious calcification. However, we be-
lieve that this is the case of second primary breast cancer occurred in the radiation field six
years after completion of radiation therapy. Through this case, we would like to emphasize the
importance of early diagnosis of LFS, prevention and prediction of radiation-induced malig-
nancies, and to help in establishing an appropriate screening and treatment plan.
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