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Abstract: Genetic mutational characterization of synchronous bilateral male breast cancer (BC) has been poorly 
reported due to its rarity. Herein, we present a 55-year-old male patient who was diagnosed with bilateral breast 
cancer (BBC) and harbored different gene mutations. The diagnosis of synchronous bilateral breast cancer (SBBC) 
was made using ultrasonography, magnetic resonance imaging (MRI), mammography and core-needle biopsy. 
Subsequently, bilateral modified radical mastectomies were performed, and histopathologic examination revealed 
invasive ductal carcinoma. To further investigate the genetic profile of the patient, the biopsy tissue from both 
breasts and a blood sample were subjected to targeted next generation sequencing (NGS). The genomic profile of 
the left breast (LB) sample revealed two copy number variations (CNVs), amplification of MCL1 and DAXX, while the 
right breast (RB) sample showed no obvious mutation. We are reporting this case along with its clinicopathologic 
findings and genetic investigations, since SBBS occurs extremely rarely, especially in men. The heterogeneity in 
gene mutations observed in this case may suggest a different pathogenesis and the need for different therapy 
strategies.
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Introduction

Male breast cancer (MBC) is a rare disease, 
accounting for only 1% of all BC, and synchro-
nous bilateral MBC is even rarer [1, 2]. Due to 
its rarity, there is limited clinical research on 
MBC, making it challenging to determine the 
optimal therapeutic strategy. As a result, treat-
ment approaches for MBC are often extrapo-
lated from data obtained in females [3]. 

Gene mutation testing (such as BRCA1/BRCA2 
mutation testing) has become an important 
part of cancer management. It helps doctors 
personalize treatment decisions based on the 
specific gene mutations driving the cancer. 
Herein, we present a 55-year-old Chinese male 
patient with SBBC, and report the genetic char-
acteristics of both breasts through NGS.

Case presentation

A 55-year-old man was admitted to our hospital 
due to bilateral breast masses and right nipple 

discharge persisting for three years. The patient 
had no family history of cancer but had a medi-
cal history of multiple gastrointestinal polyp 
resection in May 2013. Physical examination 
revealed a 10 × 10 mm mass in the LB and a 
mobile, nontender 30 × 20 mm mass in the RB. 
A milky discharge was observed from the right 
nipple upon squeezing, but not the left nipple. 
No bilateral axillary or supraclavicular lymph-
adenopathy was noted. Hormone level testing 
showed an estradiol level of 72.14 pg/ml, which 
is nearly the highest level observed in women. 
Further clinical examinations, including ultraso-
nography, MRI, and mammography were per-
formed. Breast ultrasound revealed two solid 
lumps in the central and lower outer quadrant 
of the RB, measuring 15 * 11 mm and 26 * 17 
mm, respectively (Figure 1A). In the LB, a 12 * 
5 mm solid mass was observed in the lower 
outer quadrant (Figure 1B). The lumps were 
mixed cystic and solid masses, oval shaped, 
with clear edges, unevenly distributed, and no 
lymph node (LN) enlargement. Then bilateral 
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breast MRI (Figure 2) and mammography 
(Figure 3) confirmed the presence of lumps in 

both breasts, measuring 35 * 17 × 26 mm in 
the RB and 9 * 7 * 13 mm in the LB. Core-
needle biopsy revealed partly intracystic papil-
loma and partly invasive ductal carcinoma in 
the RB (Figure 4A), and invasive ductal carci-
noma in the LB (Figure 4E). Fine needle aspira-
tion cytology of bilateral axillary LN was nega-
tive. Subsequently, bilateral mastectomies 
were performed. Pathological diagnosis of 
specimens of the RB revealed a grade IIA, 
pT2N0M0 stage invasive ductal carcinoma, 
while the LB specimens demonstrated a grade 
IA, pT1N0M0 stage invasive ductal carcinoma. 
Both tumors were classified as Luminal B sub-
type. Immunohistochemical staining of the RB 
showed HER2+, progesterone receptor (PR)+, 
estrogen receptor (ER)+, Ki-67+ and P53+ 
(Figure 4A-D); the left side showed HER2+, 
PR+, ER+, Ki-67+, P53+ (Figure 4E-H). Further 
FISH testing was negative for HER2 amplifica-
tion, and BRCA1/2 gene testing was also nega-
tive. Adjuvant chemotherapy was administered, 
consisting of four cycles of epirubicin and cyclo-
phosphamide, followed by four cycles of pacli-

Figure 1. Ultrasonography showed hypoechoic breast lumps (BI-RADS Category 4C) in both breasts. A. Two solid 
lumps in right breast, measuring 15 * 11 mm and 26 * 17 mm, respectively. B. One solid lump in left breast, mea-
suring 12 * 5 mm.

Figure 2. MRI showed solid breast lumps (BI-RADS Category 5) in both breasts. A. Right. B. Left.

Figure 3. Mammography showed the presence of 
lumps in both breasts. A. Right. B. Left.
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taxel. No recurrence and metastasis were 
detected in subsequent examinations. the 
patients declined further radiotherapy. Horm- 
onal therapy with tamoxifen was initiated, and 
the patient has remained stable without evi-
dence of progression or recurrence for almost 
one year.

Addtionally, both the RB and LB surgical tissue 
samples, along with the blood sample, were 
subjected to NGS analysis in 3D Medicines Inc., 
a laboratory accredited by the Clinical Labo- 
ratory Improvement Amendment (CLIA) and 
College of American Pathologists (CAP), The 
analysis covered the whole coding sequence of 
372 cancer-related genes, including single-
nucleotide variant (SNV), CNV, and rearrange-
ments. The LB tumor sample had a purity of 
75%, the RB tumor sample had a purity of 70%, 
and the average coverages for the blood sam-
ple, the LB, and the RB tumor samples were 
477×, 172× and 440×, respectively. The 
genomic profile of the LB sample revealed two 
somatic CNVs, amplification of MCL1 (2.5 fold) 
and DAXX (2 fold). No mutation was found in 
the RB sample. The genomic profile of the blood 
sample revealed two heterogeneous germline 
base substitution mutations, the KMT2C/MLL3 
p.Y816fs*1 and the CDKN2A p.E33Gfs*30.

Discussion

KMT2C (Lysine (K)-Specific Methyltransferase 
2C) gene encodes KMT2C protein, which is also 
known as mixed-lineage leukemia 3 (MLL3) [4]. 

This gene is a central member of the MLL2/3 
complex (ASCOM) and possesses H3K4 specif-
ic histone methyltransferase activity. Inactiva- 
tion mutation and abnormal copy number of 
MLL3 are frequently occurred in leukemia and 
various solid tumors, such as colon cancer, 
esophageal cancer, melanoma, lung cancer, 
and BC. The frequency of MLL3 mutations is 
reported to be 6-11% in BC according to the 
TCGA database and 7.9% according to the 
COSMIC database. Studies have demonstrated 
that inactivation of the MLL3 results in ureteral 
epithelial tumors in mice [5], and downregula-
tion of MLL3 by siRNA promotes cell prolifera-
tion in HCC cell lines [6]. These findings suggest 
that MLL3 may function as a tumor suppressor 
gene. To date, the p.Y816fs*1 mutation has not 
been reported in breast cancer, but has been 
detected in colon cancer and melanoma. 
Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A) 
produces two tumor suppressors, p16INK4a 
and p14ARF4. p16INK4a binds to and inhibits 
the expression of cyclin dependent kinases 
CDK4 and CDK6, thereby blocking them from 
phosphorylating Rb and maintaining the func-
tion of Rb as a tumor suppressor [7]. The dele-
tion or inactivation of p16INK4a leads to an 
abnormal CDK4/6-Rb pathway and uncon-
trolled cell cycle regulation [8]. p14ARF func-
tions as a stabilizer of p53 by blocking MDM2-
induced degradation of p53, thereby enhancing 
p53-mediated cell cycle arrest and apoptosis 
[9]. Mutation or deletion of CDKN2A are fre-
quently reported in a wide variety of tumors, 

Figure 4. Core-needle biopsy was performed. Samples were used to detect expression of HER2, ER, and PR in both 
breasts by hematoxylin-eosin (H&E) and immunostaining.  H&E stain showed that the right breast (A) and left breast 
(E) had invasive ductal carcinoma. Immunohistochemistry showed HER2+ (B), ER+ (C), and PR+ (D) in the right 
breast; HER2+ (F), ER+ (G), and PR+ (H) in left breast.
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such as melanoma, glioma, esophageal cancer, 
stomach cancer, lung cancer, and bladder  
cancer. According to the COSMIC database,  
the mutation frequency and copy number loss 
frequency of CDKN2A in breast cancer are 
1.5% and 4.7%, respectively. The CDKN2A p.
E33Gfs*30 mutation has not been reported in 
any cancers yet. Various in vitro and in vivo 
experiments demonstrated that Paboxilin 
selectively and sensitively inhibited prolifera-
tion of CDKN2A deletion cells [10], indicating 
that deletion or loss-of-function mutation in 
CDKN2A may respond to CDK4/6 inhibitor, and 
Paboxilin has been approved by FDA in treat-
ment of breast cancer.

MCL1 gene encodes an anti-apoptotic protein 
of the Bcl-2 family, which plays a crucial role in 
preventing apoptosis [11]. MCL1 is a key regu-
lator of apoptosis. Phosphorylation of MCL1 
leads to its interaction with FBW7, a tumor sup-
pressor protein. In patient-derived tumor cells 
with loss-of-function mutations in FBW7 or 
lacking FBW7, MCL1 degradation is blocked, 
resulting in resistant to chemotherapy agents 
[12]. MCL1 gene copy number gain is common-
ly observed in leukemia and multiple solid 
tumors, including BC, lung cancer, colon can-
cer, and gastric cancer. In breast cancer, the 
frequency of MCL1 gene CNV is 6.6%, accord-
ing to the COSMIC database. The protein 
encoded by Daxx gene possess multiple func-
tions, and is present both in the nucleus and 
the cytoplasm. It interacts extensively with a 
variety of molecules, such as centromere pro-
tein C, apoptosis antigen Fas, and transcription 
factor ETS1. It functions as a potent transcrip-
tion repressor in the nucleus, but may function 
as regulator of apoptosis in the cytoplasm. 
Exomic sequencing of non-familial pancreatic 
neuroendocrine tumors (PanNETs) displayed 
that 43% of cases harbored mutations in genes 
encoding either of the two subunits of tran-
scription/chromatin remodeling complex con-
sisting of DAXX and ATRX [13]. DAXX gene CNV 
widely occurrs in various tumors, such as BC, 
cervical cancer, liver cancer, and melanoma. 
DAXX gene CNV frequency is 0.2% in BC accord-
ing to COSMIC database.

MBC is a rare disease, and SBBC in male 
patients is even rarer. Several risk factors have 
been proposed, including radiation exposure, 
obesity, and testicular disease (orchitis, unde-
scended testis, orchectomy) [1]. However, in 

this case, no similar risk factors were identified. 
The prognosis of MBC is a matter of debate. 
Some previous reports indicate a worse prog-
nosis in men [14], while others claim that the 
prognosis is similar in male and female patients 
[2]. The worse prognosis of men is attributed to 
the unawareness of the disease at an early 
stage. However, when stages and ages are 
matched, the prognosis in men and women is 
the same [15]. MBC is more likely to test posi-
tive for hormonal receptors but less likely to be 
HER2 positive [16]. Specifically, 80-90% MBC 
are ER-positive, and 73-81% PR-positive, even 
higher than those in women (75% and 65%, 
respectively). Therefore, endocrine manipula-
tion such as tamoxifen is a reasonable treat-
ment option for MBC. Some researchers dem-
onstrated therapeutic effect of aromatase 
inhibitors in MBC. However, unlike in postmeno-
pausal women, absolute suppression of estro-
gen may not be achieved through aromatase 
inhibitor therapy in MBC [17].

Treatment for MBC is extrapolated from data in 
womendue to the limited number of male 
breast cancer cases available for clinical 
research. It is hoped that with the development 
of next-generation sequencing, more cases will 
be studied to gain a better understanding of 
the intrinsic characteristics of synchronous 
bilateral male breast cancer.
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