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ABSTRACT

Male breast cancer (MBC) is rare and accounts for approximately 1% of all breast cancer cases
worldwide. Previous studies have suggested that several factors significantly increase the

risk of MBC. Prolactinoma has the highest incidence rate among patients with functional
pituitary tumors. However, whether prolactinoma is involved in the onset and progression

of breast cancer remains unclear. To date, there are only five case reports globally on MBC
with concurrent prolactinoma. We hereby describe the first case of MBC with prolactinoma
in China. We also explored the patient's genetic profile using whole exome sequencing. Our
findings may help advance our understanding of the molecular pathogenesis of MBC. Further
molecular analyses of such cases are warranted to improve auxiliary molecular diagnostic
methods and targeted therapy for MBC.

Keywords: Breast neoplasms, male; Prolactinoma; Whole exome sequencing;
Pituitary neoplasms

INTRODUCTION

Male breast cancer (MBC) is a rare form of breast cancer, accounting for approximately 1%
and 1.4% of all breast cancer cases in Europe and the Americas, and China, respectively. Its
incidence varies by race and region [1]. Consistent with other types of cancer, the risk of MBC
increases with age. In contrast to female breast cancers, the age of MBC onset is delayed and
follows a unimodal distribution. To date, prospective studies on MBC are scarce, and clinical
trials on breast cancer treatments have often excluded male participants. In the past decade,
great efforts have been made to improve our understanding of the biological characteristics
of MBC and develop effective treatments. Previous studies have suggested that certain factors
significantly increase the risk of MBC.

It has been reported that approximately 15%-20% of patients with MBC have a family
history of breast or ovarian cancer, and approximately 10% of the patients have a genetic
predisposition toward this disease. Indeed, BRCA2 is the most common gene mutation
associated with MBC, and carriers have a lifetime risk of 5%-10%; in comparison, carriers of
the BRCAI mutation have a lifetime risk of 1%-5% [2]. In addition, Klinefelter's syndrome,
which is a relatively common disease characterized by primary hypogonadism and low
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testosterone levels, has been associated with increased risk of MBC. In addition to genetic
factors, conditions related to elevated estrogen levels have also been associated with MBC,
such as gynecomastia, liver disease, and obesity [3].

Prolactinoma (PRL) is the most common form of functional pituitary adenoma, accounting
for 50% of all pituitary adenoma cases. Long-term excessive secretion of prolactin can

lead to symptoms such as amenorrhea, galactorrhea and infertility in females. Besides,
hyperprolactinemia can also cause loss of libido, erectile dysfunction with hypogonadism,
and manifest as azoospermia in males. Previous studies have shown that prolactin may be
involved in tumorigenesis by promoting cell proliferation, cell differentiation, as well as
tumor angiogenesis and invasion [4]. However, whether prolactinoma is involved in the onset
and progression of breast cancer remains unclear. To the best of our knowledge, only five
cases of MBC with concurrent prolactinoma have currently been reported worldwide. In the
present article, we report the first case of MBC with prolactinoma in China. We also explored
the patient's genetic profile using whole exome sequencing (WES), with the aim to improve
auxiliary molecular diagnostic methods and targeted therapy for MBC.

CASE REPORT

A 5l-year-old male patient presented with a 4-year history of clear discharge from both nipples
without an obvious cause, and a 3-year history of a right-sided breast lump, both of which had
not been treated. As the lump had enlarged in the preceding months, the patient visited our
hospital for consultation. Breast ultrasonography suggested a 3.4 x 1.7 cm sized, irregular
and hypoechoic nodular lesion located near the right nipple with ill-defined borders and
heterogeneous internal echoes. Breast magnetic resonance imaging (MRI) revealed a patchy,
long T1 and T2 signal shadow located in the outer region of the right breast, the side toward
the nipple was 0.8 cm and that toward the pectoralis major was 2 mm. The maximum section
of the lesion was 3.2 x 1.5 cm in size; an enhanced scan showed an evident heterogeneous
enhancement and irregular lesion shape. Small lymph nodes were detected bilaterally in

the axillae, suggesting breast cancer (Figure 1). The patient underwent percutaneous biopsy
of his right breast tumor under local anesthesia; pathological findings suggested a right-
sided invasive breast cancer. A systemic physical examination, an enhanced computed
tomography scan of the thorax and abdomen, and a whole-body bone scan showed no signs
of abnormal metastasis. A coronal brain MRI scan suggested an enlarged pituitary; this was
further confirmed by sagittal imaging, with the lesion measuring 1.2 x 0.9 cm, exhibiting
heterogeneous signals and patchy long T1 and long T2 signals on the left side, suggesting a
pituitary tumor (Figure 2). Hormone level testing revealed the following: prolactin 153 ng/mL,
luteinizing hormone 4.21 mIU/mL, follicle-stimulating hormone 5.97 mIU/mL, progesterone
0.43 ng/mL, testosterone 4.24 ng/mL, and estradiol 43.2 pg/mL; these were consistent

with a diagnosis of prolactinoma. After a multidisciplinary team (MDT) discussion on the
subsequent treatment, the patient underwent a modified radical mastectomy (right side)
under general anesthesia on June 5, 2019. The postoperative pathological findings revealed
infiltrating ductal carcinoma, with massive degeneration and necrosis in the cancerous tissue.
Malignancy was not detected at the incision margins at the base or around the breast, and
metastasis was not found in the axillary lymph nodes (0/17). Inmunohistochemistry showed
expressions of estrogen receptor (ER) (+++), progesterone receptor (PR) (+++), Her-2 (-),

and Ki-67 (90%) (Figure 3). The patient was started on a 6-cycle TEC chemotherapy regimen
(docetaxel 75 mg/m? + epirubicin 75 mg/m? + cyclophosphamide 500 mg/m?) on the ninth
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Figure 1. Findings of MRI of the breast.

Breast MRI showing a space-occupying mass in the outer region of the right breast, measuring approximately 3.2
x 1.5 cm, 0.8 cm side towards the nipple and 2 mm side towards the pectoralis major.

MRI = magnetic resonance imaging.

Figure 2. Findings of MRI of the brain.

(A) Coronal MRI and (B) sagittal MRI showing an enlarged pituitary, measuring 1.2 x 0.9 cm, with heterogeneous
signals and patchy long T1 and long T2 signals displayed on the left side.

MRI = magnetic resonance imaging.

day after surgery, which was followed by endocrinotherapy with oral tamoxifen at a dose of

20 mg/day. Oral bromocriptine at a dose of 7.5 mg/day was also administered to treat the
prolactinoma. Follow-up outpatient visits were scheduled once every 3 months and included
imaging and blood tests. An MRI re-examination of the pituitary on September 11, 2019 and
December 19, 2019 showed no evident changes. Re-test of hormone levels showed prolactin
levels of 110 ng/mL and 83 ng/mL on September 10, 2019 and December 18, 2019, respectively;
these were significantly reduced when compared with baseline measurements. To date, no
recurrence of the tumor has been detected.
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Figure 3. Histopathological characteristics of breast cancer.
(A, B) Histology of the resected mastectomy specimen showing an infiltrating ductal carcinoma of the breast
(hematoxylin and eosin stain, magnification x200 and x400, respectively).

Given that the molecular characteristics of this type of a tumor have not yet been reported,
we performed WES using the Illumina's NovoSeq platform to explore the tumor-associated
molecular changes. Paraffin-embedded tumor tissue specimens were used for the WES
(Genetron Health, Beijing, China) assay. All experiments and bioinformatic analyses were
performed according to the standard procedures. The WES assay detected nine somatic
mutations (Table 1). Signaling pathway enrichment (Figure 4) and Gene Ontology (GO)
functional analyses (Figure 5) revealed that these genes were primarily enriched in the Kyoto
Encyclopedia of Genes and Genomes (KEGG) signaling pathway of inflammatory bowel
disease (IBD). GO functional analyses demonstrated that the tumor was enriched for the
regulation of secretion by cells, cell surface receptor signaling pathway involved in cell-cell
signaling, cell morphogenesis involved in neuron differentiation, axon development, organic
hydroxy compound metabolic process, axonogenesis, positive regulation of secretion,
positive regulation of secretion by cell, small molecule catabolic process, and the organic
hydroxy compound catabolic process. In addition, the enrichment of these functions was
consistent with the patient's phenotype.

This case report was approved by the Institutional Review Board of Daping Hospital, Army

Medical University (IRB No. 2020[43]), and the study protocol adhered to the principles of
the Declaration of Helsinki. Written informed consent was obtained from the patient.

Table 1. Tissue mutation profiling results of the patient

Gene name Variant classification cDNA change Protein change Tumor mutant ~ Chromosome  Exon number  RefSeq transcript ID
frequency (%)
RPLT1 inframe_insertion ¢.51_77dup p.Lys18_Gly26dup 5% 1 2|6 NM_001199802.1
SZT2 frameshift_variant €.7448_7449del p.Ser2483CysfsTer20 60% 1 54|71 NM_015284.3
GK5 missense_variant ¢.205A>G p.lle69val 33% 3 2|16 NM_001039547.2
GATA3 missense_variant €.259C>T p.Pro87Ser 34% 10 3|6 NM_001002295.1
A2ML1 missense_variant c.2771A>C p.Tyr924Ser 10% 12 23|25 NM_001282424.2
TTC6 stop_gained €.1956G>A p.Trp652Ter 31% 14 10/33 NM_001310135.1
ccDC97 missense_variant C.442C>T p.Argl48Cys 12% 19 2|5 NM_052848.1
KIAA1755 missense_variant C.1271G>A p.Arg424His 23% 20 314 NM_001029864.1
NTSR1 missense_variant C.968G>A p.Arg323His 19% 20 3|4 NM_002531.2
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Figure 4. Signaling pathway enrichment of genes.
Genes primarily enriched in the KEGG signaling pathway of inflammatory bowel disease.
IBD = inflammatory bowel disease; KEGG = Kyoto Encyclopedia of Genes and Genomes.
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Figure 5. GO functional analyses of these genes.
GO functional analyses showing enrichment in the regulation of secretion by cells, cell surface receptor signaling
pathway involved in cell-cell signaling, cell morphogenesis involved in neuron differentiation, axon development,
organic hydroxy compound metabolic process, axonogenesis, positive regulation of secretion, positive regulation

of secretion by cell, small molecule catabolic process, and in the organic hydroxy compound catabolic process.
GO = Gene Ontology.

DISCUSSION

To date, the etiology of MBC remains unclear. A previous study has reported
hyperestrogenism induced by endocrine disorders to be a major risk factor. However, MBC
may also be associated with obesity, liver disease, radiation exposure, and family history,

https://ejbc.kr https://doi.org/10.4048/jbc.2020.23.€63 660


https://ejbc.kr

Male Breast Cancer with Prolactinoma

JBC

among others [3]. The majority of currently available evidence on MBC is derived from
retrospective analyses of case reports presented over the past decades, where patients were
treated with regimens and protocols established from studies on female breast cancer. At the
time of writing, many aspects of MBC remain unknown.

The influence of prolactin on breast cancer is unclear, and different studies on prolactin levels
in patients with breast cancer have revealed conflicting results. Some researchers have noted
that prolactin levels in patients with breast cancer are not significantly higher than those in
control groups. For instance, Dekkers et al. [5] have reported that the standardized mortality
ratio among 1,342 patients with breast cancer receiving treatments for hyperprolactinemia
was 1.07 (95% confidence interval [CI], 0.5-2.03), suggesting that patients receiving
treatment for hyperprolactinemia were not at an increased risk of breast cancer. However, a
10-year study involving 1,400 cases has shown that prolactin was closely associated with the
occurrence of breast cancer, especially in postmenopausal women (relative risk [RR], 1.37; p <
0.05) and ER-positive patients (RR, 1.28; 95% CI, 1.07-1.54; p = 0.003) [6].

Hyperprolactinemia (HPRL) is a common clinical syndrome with physiological,
pharmacological, and pathological causes, with prolactinoma being the most commonly
seen pathological cause. Prolactinoma has the highest incidence rate among patients with
functional pituitary tumors [4].

To date, there are only five case reports on concurrent prolactinoma and MBC (Table 2) [711],
and no such case has been reported in China. In all of the previously reported cases, HPRL
occurred just before or at the time of tumor diagnosis, suggesting that prolactin may play a
role in the occurrence of breast cancer. Three of the previously reported cases presented with
gynecomastia, one of them had a palpable breast lump, whereas the remaining cases involved
bloody nipple discharge. All of them presented with abnormally high levels of prolactin.

In one of these, there was a significant time interval between the diagnosis of pituitary
prolactinoma and breast cancer, while no such significance was observed in the remaining
two cases. In the present case, the pituitary tumor was detected via brain MRI after the
diagnosis of breast cancer, and a diagnosis of prolactinoma was confirmed by abnormally
high prolactin level. Nevertheless, given that the first incidence of nipple discharge occurred
without an obvious cause 4 years before admission, the early onset of prolactinoma cannot
be excluded. Therefore, regular breast examinations for patients with prolactinoma may help
with the identification of early-stage breast cancer.

Among the 5 previously reported cases, three had bilateral breast cancer and 2 had a
unilateral tumor; 4 presented with invasive ductal carcinoma and the remaining only had
ductal carcinoma in situ. In the present case, an invasive ductal carcinoma was confirmed
by the immunohistochemical expression of ER+, consistent with the previously reported
cases. In addition, to the best of our knowledge, this is the first study to examine the

Table 2. Prolactinoma associated with breast cancer in male patients

Author Year Age Type Side Symptom Interval® Treatment
Olsson et al. [7] 1984 48 IDC Bilateral Gynecomastia R-26/L-36 S, DXT
Haga et al. [8] 1993 68 IDC L, unilateral Palpable breast lump 0 B
Volm et al. [9] 1997 70 IDC Bilateral Gynecomastia 8 S, DXT
Forloni et al. [10] 2001 45 L-IDC, R-DCIS Bilateral Gynecomastia 0 B
Mallawaarachchi et al. [11] 20M 56 DCIS R, unilateral Bloody nipple discharge 3 B

*Interval, between the diagnosis of prolactinoma and breast cancer.
IDC = invasive ductal carcinoma; DCIS = ductal carcinoma in situ; L = left; R = right; S = pituitary surgery; DXT = radiotherapy; B = bromocriptine.

https://ejbc.kr
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Figure 6. Mutational landscape of breast cancer.

Mutational landscape of 938 breast tumor samples from TCGA. The left cell indicates the somatic mutants
detected in our case. The upper penal shows somatic mutations with high recurrence (> 10%) in breast cancer.
The lower penal shows the rest of the somatic mutants in our case. Colors in the panel indicate different mutation
types. The left bar represents the occurrence of corresponding mutants in males and females.

TCGA = The Cancer Genome Atlas.

molecular characteristics of this tumor type. Nine mutant genes were found through the WES
(Genetron Health) assay of paraffin-embedded tumor tissue specimens. This mutational
landscape was compared with those of breast cancer hosted by The Cancer Genome Atlas
repository. Figure 6 shows the mutational landscape of 938 breast cancer tissues stratified
by sex along with the mutation status of our case listed on the left. Among the nine somatic
mutants, GATA3 appears as one of the most recurrent mutants in breast cancer. Most
somatic mutants in GATA3 are frameshift mutations which may cause the loss of function.
In addition, these mutations are enriched in the zinc finger 1 (ZnF1) and zinc finger 2

(ZnF2) domains which are responsible for maintaining stability and DNA binding. Although
GATA3 p.Pro87Ser detected in our case falls outside of known hotspots, it is predicted by

the scale-invariant feature transform algorithm as a possibly damaging mutation. The exact
functional consequence of this mutant requires further investigation. Considering the high
allele frequency (34%) in our case, it is possible that the GATA3 mutation served as an early
oncogenic event. Previous studies have suggested that GATA3 functions in the differentiation
of luminal epithelial cells [12]. More specifically, the lack of normal GATA3 expression drives
tumorigenesis through promoting the epithelial-mesenchymal transition (EMT), a known
characteristic in the progression of various cancers. The protein encoded by the GATA3 gene
belongs to the GATA3 family of transcription factors, which is involved in the development
of breast cancer through the regulation of different target genes involved in various pathways
such as epithelial-mesenchymal transformation, metastasis and tumor differentiation [12].
GATA3 is frequently mutated in breast cancer, and the mutation mostly occurs in exons 5
and 6. Approximately 41% (27/66) of the code shift mutation in GATA3 was predicted to

lead to early generation of the stop codon, and the encoded truncated protein products

were stable and expressed in the tumor [13]. Association of GATA3 with good prognosis has
been reported in female breast cancers but not in MBCs. It is possible that the mutant is not
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clinically important, but the functional consequence of the mutant is important. Due to the
rarity of MBCs with prolactinoma, further in-depth studies are required to better elucidate
the clinical implications of GATA3 mutation in males [14]. Further pathway enrichment

and GO functional analyses revealed that these genes were mainly enriched in the KEGG
signaling pathway of IBD. A previous study has suggested that IBD significantly correlated
with breast cancer [15]. Furthermore, this functional enrichment profile was consistent with
the phenotype of the present patient. This finding may help advance our understanding of
the molecular pathogenesis of breast cancer. Further molecular analyses of such cases are
warranted, with an aim to develop targeted therapies suitable for MBC patients.

With the development in science and technology, research on prolactinoma has advanced
surgery, medication, radiation, and other treatment methods that reduce tumor size, restore
normal levels of prolactin, maintain pituitary and other neural functions, prevent tumor
recurrence, and improve patients' quality of life. Drug therapies are the most effective
treatment for prolactinoma. Dopamine receptor agonists have allowed for restoration of
normal prolactin levels and tumor size reduction in most patients [4]. Among the previously
reported cases, 2 patients had a giant pituitary adenoma, each of which was removed
surgically; the other three patients were treated with oral drug therapies and their prolactin
levels were well controlled. Owing to the smaller pituitary adenoma in the present case,

he was treated with bromocriptine at a dose of 7.5 mg/day, which significantly reduced his
prolactin level at 3 and 6 months after treatment. During the ongoing follow-up, no disease
progression has been detected.

Here, we report the first case of MBC with concurrent prolactinoma in China. Based on the
present case and literature review findings, prolactin may play a role in the occurrence of
breast cancer. We advocate careful and regular examinations of patients with prolactinoma,
as well as clinical assessment and imaging tests for populations at high risk of breast cancer,
as these may aid in the early detection and prompt treatment of new breast cancer patients.
However, as this is the only currently available report involving analysis of the patient's
molecular data, future studies on larger samples are required to create a detailed molecular
atlas of breast cancer with prolactinoma to facilitate the development of molecular diagnostic
method and targeted therapy.
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