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Germline BRCA2 Pathogenic Variant in Primary 
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	 Patient:	 Female, 35-year-old
	 Final Diagnosis:	 Breast cancer
	 Symptoms:	 Breast mass
	 Clinical Procedure:	 —
	 Specialty:	 Oncology

	 Objective:	 Rare coexistence of disease or pathology
	 Background:	 Down syndrome (DS) is the most common genetic disorder, and individuals with DS are known to have a low 

risk for solid tumors, including breast cancer. In contrast, Breast Cancer Susceptibility Gene (BRCA) pathogen-
ic variant can cause breast cancer. We report a case of primary breast cancer harboring a BRCA2 pathogenic 
variant in a 35-year-old woman with DS.

	 Case Report:	 A 35-year-old woman with DS presented with a palpable 2-cm mass in the upper-inner quadrant of the left 
breast. A biopsy confirmed an invasive ductal carcinoma of the breast. Her clinical diagnosis was cT2, N0, M0, 
cStageIIA. A left modified radical mastectomy with axillary node dissection was performed. Her final patho-
logical diagnosis was invasive ductal carcinoma (T2, pN1, M0, stageIIB), positive estrogen receptors, negative 
progesterone receptors, negative human epidermal receptor-2 status. She was started on adjuvant hormonal 
therapy. Unfortunately, 23 months after the operation, multiple metastases were detected. Testing for a BRCA 
pathogenic variant was performed, and a BRCA2 pathogenic variant was detected. Olaparib was orally admin-
istered, and the levels of tumor markers rapidly declined; however, the levels of the tumor markers started to 
increase again 5 months after the initiation of olaparib. Subsequently, she developed bilateral carcinomatous 
lymphangiomatosis and died 59 months after the operation.

	 Conclusions:	 This report highlights a rare case of primary breast cancer harboring a germline BRCA2 pathogenic variant in 
an individual with DS. Our study highlights the importance of genetic testing as part of breast cancer manage-
ment in these patients.
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Background

Down syndrome results from a trisomy of all or part of hu-
man chromosome 21. This syndrome is the most common ge-
netic disorder, causing various developmental and function-
al defects. Individuals with Down syndrome display a unique 
pattern of malignant disorders, which is characterized by a 
high frequency of acute leukemia and testicular cancer and a 
low risk of other types of solid tumors, including breast can-
cer. On the contrary, BRCA pathogenic variant can cause vari-
ous types of cancer, including breast, ovarian, pancreatic, and 
prostate cancer.

We report a case of primary breast cancer harboring a BRCA2 
pathogenic variant in a 35-year-old woman with Down 
syndrome.

Case Report

A 35-year-old premenopausal woman with Down syndrome 
presented to the Hokushin General Hospital Department of 
Surgery with a palpable 2-cm mass in the upper-inner quad-
rant of the left breast. She had histories of surgical repair of 
an atrioventricular septal defect at the age of 13 years and 
a duodenal stenosis at the age of 15 years. She had no fam-
ily history of breast or ovarian cancer; however, her paternal 
grandfather had a history of prostatic cancer. Ultrasound so-
nography revealed a 2.2×1.7-cm irregularly shaped heteroge-
neous hypoechoic mass with a partially unclear boundary and 
multiple dotted calcifications (Figure 1A). Mammography re-
vealed segmentally spread pleomorphic calcifications in the 
upper-inner quadrant of the left breast (Figure 1B).

Core needle biopsy results confirmed invasive ductal carcino-
ma in the left breast. No distant metastasis was detected on 
body computed tomography (CT) or bone scintigraphy. She un-
derwent a left modified radical mastectomy with axial lymph 
node dissection.

Postoperative histopathological examination revealed a 
2.5×2.2-cm invasive ductal carcinoma, associated with a wide 
intraductal spread measuring 6.5 cm in diameter (Figure 2A-2C). 
The surgical margin was negative for cancer cells. Dissection 
of the axillary lymph nodes showed metastatic deposits in 1 
of the 14 lymph nodes. Immunohistochemical analysis showed 
strong estrogen receptor positivity (90%) and negative pro-
gesterone receptor positivity (less than 1%; Figure 2E, 2E). 
The Ki-67 marker was positive in 62.5% of the tumor cells. 
Immunohistochemical analysis showed equivocal results for the 
human epidermal receptor (HER-2), and fluorescence in situ hy-
bridization confirmed the negative results for HER-2. After sur-
gery, the patient received adjuvant endocrine therapy with an 

LH-RH agonist and tamoxifen. Twenty-three months after the 
operation, while still under adjuvant hormonal therapy, a palpa-
ble left supraclavicular lymph node was detected. CT and bone 
scintigraphy revealed multiple pulmonary metastases, lymph 
node metastases, and multiple bone metastases, including in 
the skull and rib bones (Figure 3). Chemotherapy, consisting 
of weekly paclitaxel plus biweekly bevacizumab, was admin-
istered. The left supraclavicular metastatic lymph node rapid-
ly reduced in size and became impalpable 2 months after the 
initiation of chemotherapy; however, the levels of the tumor 
markers (CEA and CA15-3) started to increase 9 months after 
the administration of chemotherapy and gradually increased.

Testing for the BRCA mutation was thought to be necessary 
for determining the need for second-line chemotherapy. BRCA 
analysis (Myriad Genetics) detected a BRCA2 pathogenic vari-
ant (c.2097 del); hence, olaparib was orally administered 15 
months after the initiation of the first-line chemotherapy. The 
patient was started on olaparib at a dose of 300 mg twice a 
day. Six weeks after the initiation of olaparib, grade 3 anemia 
(hemoglobin 7.1 g/dL) occurred. Olaparib was suspended for 3 
weeks and resumed at a reduced dosage (250 mg twice a day).

The levels of the tumor markers (CEA and CA15-3) rapidly de-
clined after the administration of olaparib, and both levels fell 
within normal ranges 13 weeks after the initiation of olapa-
rib; however, the levels of the tumor markers started to in-
crease again 5 months after the initiation of olaparib (Figure 4). 
Eribulin in exchange for olaparib was started 12 months af-
ter the initiation of olaparib, owing to the progression of her 
disease. Subsequently, she developed bilateral carcinomatous 
lymphangiomatosis and died 59 months after the operation.

Discussion

Down syndrome is the most common chromosomal aberration, 
occurring in 1 in 450 to 500 live births in Japan [1]. It is char-
acterized by the presence of an extra copy of chromosome 21, 
and there are 3 forms: nondisjunction, translocation, and mo-
saic. Down syndrome is associated with various health issues, 
including intellectual disabilities, congenital heart diseases, gas-
trointestinal defects, celiac disease, and hypothyroidism [2,3].

However, individuals with Down syndrome have a decreased 
risk of solid tumors throughout life [4]. Some studies showed 
that the standardized incidence ratio of breast cancer in pa-
tients with Down syndrome was less than 0.5 [4-6]. Even 
though women with Down syndrome show a higher preva-
lence of risk factors for breast cancer, such as nulliparity, a 
lack of breast feeding, a high body mass index, and physical 
inactivity, the incidence of breast cancer is lower than that in 
the general population.
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Figure 1. �Image findings. (A) Breast ultrasonography revealed an irregularly shaped mass measuring 2.2×1.7×1.4 cm with an 
inhomogeneous inside and punctate high-echo contents. (B) Mammography showing pleomorphic calcifications spreading 
segmentary in the upper-inner quadrant of the left breast. (B1: MLO, B2: CC)
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Figure 2. �Histopathological findings. (A) Macroscopic image; (B) hematoxylin and eosin staining ×40; (C) hematoxylin and eosin 
staining ×40; (D) estrogen receptor staining; (E) progesterone receptor staining. (A) Macroscopically, the tumor was a well-
defined, solid mass measuring 2.5×2.2 cm in size (black arrows) with wide extension in the direction of the left papillary side 
(white arrow). Microscopic findings revealing (B) invasive ductal carcinoma with (C) wide intraductal spreading. The tumor 
cells are strongly positive for (D) estrogen receptors and (E) almost negative for progesterone receptors.
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Figure 3. �Image findings. (A-C) Cervicothoracic computed tomography (CT) examination; (D) bone scintigraphy; (A) CT revealing 
multiple lung metastases (white arrow); (B) left supraclavicular lymph node metastases multiple lymph node metastases left 
supraclavicular lymph node (white arrow); (C) mediastinal lymph node (white arrow); (D) bone scintigraphy showed skull and 
right 5th ribs (black arrow).
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Figure 4. �Postoperative patient’s clinical course. 
The process of treatment and the 
levels of tumor markers (CEA and 
CA15-3) are shown. Thirty-three 
months after the operation, BRCA 
analysis was performed under the 
first-line chemotherapy for multiple 
metastases of the breast cancer. The 
mutation of BRCA 2 was detected, 
and olaparib was administered for 
the second line chemotherapy. TAM – 
tamoxifen citrate; Bev – bevacizumab; 
PTX – paclitaxel.
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Women with Down syndrome generally have a short life com-
pared to the general population, and they could die before at-
taining the susceptible age for breast cancer. The reduced life 
expectancy of women with Down syndrome compared with 
the general population could be linked to the small number 
of breast cancer patients; moreover, hormonal or environmen-
tal protective factors, such as reduced estrogen exposure, ear-
ly menopause, or no alcohol/no tobacco use, can contribute 
to the lower incidence of breast cancer. However, these ep-
idemiological, hormonal, or environmental factors alone are 
not sufficient to explain the low frequency of breast cancer.

The basis for the decreased incidence of solid tumors, includ-
ing breast cancer, in Down syndrome remains unclear. One 
of the reasons for the low incidence of solid tumors in Down 
syndrome may be the “gene dosage effects” [7] or “increased 
dosage effects” [8], which means an extra copy of chromo-
some 21 leads to higher levels of the gene product that pro-
tects solid tumor growth. Some protein products encoded by 
the genes on chromosome 21 are thought to be candidates 
for antitumor agents. The protein product encoded by DSCR1 
(Down syndrome candidate resion-1/Down syndrome criti-
cal region-1) located on chromosome 21 inhibits angiogen-
esis mediated by vascular endothelial growth factor [9,10]. 
Another candidate protein implicated as a protective agent 
against the development of solid tumors in Down syndrome 
is endostatin, which is a product of collagen XVIII, encoded by 
the COL18A1 gene on chromosome 21 and a potent angio-
genesis inhibitor. Serum endostatin levels are elevated in pa-
tients with Down syndrome [8]. Other genes located on chro-
mosome 21 are thought to be tumor repressors, such as Ets2, 
ADAMTS1, and JAM-B [11]. Apart from the proteins related to 
angiogenesis inhibitor, the extracellular matrix produced by 
trisomy 21 fibroblasts is indicated as the other tumor-devel-
oping protection factor [12].

Unfortunately, our patient was also found to have an abnor-
mal BRCA gene. BRCA are tumor-suppressor genes that en-
code proteins for the high-fidelity repair of DNA double-strand 

breaks by the homologous recombination repair pathway [13]. 
Mutation of the gene leads to defective DNA double-strand re-
pair. Patients harboring pathogenic variants of the BRCA genes 
are at increased risk of developing solid tumors, especially 
breast and/or ovarian cancers. The cumulative risk for breast 
cancer by age 70 is 60% to 65% in those with BRCA1 patho-
genic variants and 45% to 55% in those with BRCA2 patho-
genic variants [14,15].

In our case, there were 2 opposite genetic conditions present 
simultaneously in the individual: the chromosome 21 trisomy, 
which may be a protective factor against cancer development, 
and the BRCA2 pathogenic variant, which can cause breast can-
cer with a high frequency. To the best of our knowledge, this 
is the first reported case of breast cancer harboring a germline 
BRCA2 pathogenic variant in a patient with Down syndrome.

Conclusions

Herein, we report an extremely rare case of primary breast 
cancer harboring a germline BRCA2 pathogenic variant in an 
individual with Down syndrome. Given that breast cancer is 
rare in patients with Down Syndrome, our case illustrates the 
importance for genetic testing upfront when a patient with 
Down Syndrome presents with breast cancer, as it may have 
significant impact on cancer therapy and, subsequently, the 
prognosis of the patient.
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