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Cardiac Metastases from Solid Papillary
Carcinoma of the Breast
Analysis of Clinicopathological Characteristics
Fei Teng, M.M., Dong Chen, M.D., Ying Wu, M.D., Jian-feng Shang, M.M.,
Yan-wei Li, M.M., and Guo-liang Lian, B.M.

OBJECTIVE: To gain further understanding of the
pathological features and biological behavior of solid
papillary carcinoma (SPC) of the breast.
STUDY DESIGN: We stained tissue sections of a right
atrial tumor excised from a patient with SPC of the
breast with metastasis to the right atrium, using hematoxylin and eosin (H&E) staining and immunohisto
chemistry.
RESULTS: The solid area of the tumor showed an
intermingled fibrovascular network with no apparent
papillary structures on H&E staining, providing an
auxiliary diagnosis for myocardial invasion. Immuno
histochemical staining confirmed cardiac metastasis of
invasive SPC of the breast.

CONCLUSION: Pathological examination of this case
improves our understanding of the diagnosis and treat
ment of metastatic SPC. (Anal Quant Cytopathol
Histpathol 2019;41:185–190)
Keywords: breast; breast cancer; breast carcino
ma; carcinoma, papillary; cardiac mass; cardiac
metastases; echocardiography; heart; clinicopatho
logical characteristics; metastasis; solid papillary
carcinoma.
Primary cardiac tumors are rare, and cardiac metastases are 13 to 40 times more common than pri
mary cardiac tumors.1 Although breast cancer is

From the Departments of Pathology, Affiliated Anzhen Hospital of Capital Medical University and Affiliated Tiantan Hospital of Capital
Medical University, Beijing, China.
Fei Teng is Pathologist, Department of Pathology, Affiliated Anzhen Hospital of Capital Medical University.
Dong Chen is Pathologist, Department of Pathology, Affiliated Anzhen Hospital of Capital Medical University.
Ying Wu is Pathologist, Department of Pathology, Affiliated Tiantan Hospital of Capital Medical University.
Jian-feng Shang is Pathologist, Department of Pathology, Affiliated Anzhen Hospital of Capital Medical University.
Yan-wei Li is Researcher, Department of Pathology, Affiliated Anzhen Hospital of Capital Medical University.
Guo-liang Lian is Researcher, Department of Pathology, Affiliated Anzhen Hospital of Capital Medical University.
Address correspondence to: Dong Chen, M.D., Department of Pathology, Affiliated Anzhen Hospital of Capital Medical University,
2 Anzhen Road, Chao Yang District, Beijing 100029, China (aztengfei@126.com).
Financial Disclosure: The authors have no connection to any companies or products mentioned in this article.

0884-6812/19/4106-0185/$18.00/0 © Science Printers and Publishers, Inc.
Analytical and Quantitative Cytopathology and Histopathology ®

185

ARTICLES

AQCH

ANALYTICAL and
QUANTITATIVE
CYTOPATHOLOGY and
HISTOPATHOLOGY

186

Teng et al

one of the most common primary malignancies
that metastasizes to the heart, cardiac metastasis
of solid papillary carcinoma (SPC) of the breast is
rare. Herein, we present a rare case of a patient
with SPC of the breast with metastatic involvement
of the heart. We report on the clinicopathological
characteristics, diagnosis, treatment, and prognosis
of this case and other previously reported cases to
improve our understanding of this rare tumor.
The patient was a 67-year-old woman with a 1year history of discontinuous precardiac discom
fort, aggravated by 3 months of hospitalization.
The patient had undergone modified radical sur
gery to the right breast because of right breast
cancer 24 years previously. The postoperative pathological diagnosis was medullary carcinoma of
the breast, and she received 2 postoperative cycles of cyclophosphamide-adriamycin-fluorouracil
(CAF) chemotherapy. Intermuscular lymph node
metastasis had been found in the right chest
wall 18 years previously, and right chest wall
intermuscular lymph node and pectoralis major
muscle resection were performed. The postopera
tive pathology showed invasive ductal carcinoma,
and 2 postoperative cycles of cyclophosphamidemethotrexate-fluorouracil (CMF) chemotherapy
were administered. Three months prior to the
current clinical presentation, the patient present
ed with chest tightness, shortness of breath, lower
limb edema, and restricted activity ability, with no
obvious causes.
Echocardiography showed a medium echogenic
mass in the right atrium, with a pedicle at one

Figure 1 Echocardiography. Tumor measuring 5.0 × 5.0 cm in
the right atrium cavity (white arrow).
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end and attached to the atrioventricular septum.
The mass was spherical, with a smooth surface,
protruding into the right ventricular inflow tract
during the diastolic phase, throwing into the right
atrium during contraction, with no adhesion to
the tricuspid valve, and a small amount of effusion detectable in the pericardial cavity (Figure 1).
Her vital signs on admission were blood pressure
106/60 mmHg, heart rate 95 beats per minute,
respiratory rate 19 breaths per minute, body tem
perature 36.5°C, and SpO2 88.5%. Her symptoms
were relieved after anti-infective and diuretic
treatment. The preliminary clinical diagnosis was
myxoma or sarcoma of the right ventricle of the
heart, and the right atrial tumor was removed
under general anesthesia.
Materials and Methods
The excised tumor tissue was fixed in neutral
formaldehyde for 12 hours, embedded in paraffin,
sectioned, stained with hematoxylin and eosin
(H&E), and observed by light microscopy. Sections were also examined by immunohistochemis
try (IHC) staining using the following antibodies:
pan cytokeratin (CK) (clone AE1/AE3), CK8/18
(clone 5D3), GATA3 (clone L50823), E-cadherin
(clone EP6), CK5/6 (clone D5/16/B4), calretinin
(clone SP13), estrogen receptor (clone EP1), pro
gesterone receptor (clone EP2), Her2 (clone EP3),
smooth muscle actin (clone 1A4), desmin (clone
GM007), leukocyte common antigen (clone MEM
28), keratin 20 (clone Ks20.8), vimentin (clone V9),
synaptophysin (clone SY38), neuron-specific eno
lase (clone GM021), chromogranin A (clone lk2h10),
melanoma (clone HMB45), S-100 (clone 4C4.9),
and Ki-67 (clone MIB-1) (all from OriGene Tech
nologies, Inc., Rockville, Maryland, USA).
IHC staining was conducted using the EnVision
two-step method. Briefly, sections were baked at
75°C for 30 minutes, rapidly dewaxed, and rinsed.
Antigen retrieval was carried out according to
the specific antibody, followed by quick rinsing,
blocking of endogenous enzyme for 5 minutes,
and further rinsing. Primary antibody (150 µL)
was added, followed by quick rinsing, addition
of second antibody polymer (150 µL), and incuba
tion for 15 minutes. TMB substrate solution 150 µL
was then added, followed by quick rinsing, stain
ing with hematoxylin, and further quick rinsing.
The sections were then dehydrated and cleared,
mounted with neutral balsam, and observed by
light microscopy.
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positivity for synaptophysin and neuron-specific
enolase. Estrogen receptor (100%) and progester
one receptor (90%; not shown), AE1/AE3, CK8/18,
E-cadherin, and GATA-3 were also strongly posi
tive. In contrast, staining was negative for leukocyte common antigen and Her2 (score 0, according
to American Society of Clinical Oncology/College
of American Pathologists guidelines version 7)
and for S-100 and CK5/6. The findings for calre
tinin (−), SMA (−), desmin (−), CK20 (−), vimentin
(−), chromogranin A (−), melanoma (−), and Ki-67
(20%+) were diagnostic for SPC of the breast,
invasive-type (Figure 3F–J).
The pathological diagnosis was cardiac metasta
tic cancer of invasive SPC of the breast.
Figure 2 Gray-white masses measuring 5.0 × 5.0 × 3.8 cm, graywhite and gray-yellow in section.

The equipment and reagents used in this study
included a Leica ST5020 automatic H&E stainer,
Leica BOND-MAX automatic IHC stainer, dewax
ing solution, and antigen-retrieval solution (all from
Leica Biosystems, Buffalo Grove, Illinois, USA).
Results
Pathological Findings
The resected tumor appeared as gray-white with
moderate hardness, measuring 5.0×5.0×3.8 cm in
size, and gray-white and gray-yellow in section
(Figure 2). Microscopically, the boundary between
the tumor and the surrounding tissue was clear,
and the tumor was surrounded by a fibrous
capsule. H&E staining of the tumor cells demonstrated flaky or nested irregular growth, irregu
lar, map-like, jigsaw-like tumor contours, accom
panied by stromal desmoplasia (Figure 3A–B).
Under high magnification, the tumor cells were
composed of monotonous and circular cells of
low to intermediate nuclear grade. There were
frequent cells with a plasmacytoid or endocrine
appearance with eosinophilic, granular cytoplasm
and eccentric nuclei. The cell morphology showed
benign features with <5 mitotic figures per 10
high-power fields. However, the solid area of the
tumor showed an intermingled fibrovascular net
work with no apparent papillary structures. Extra
cellular mucus and tumor necrosis were visible in
the local area (Figure 3C–E).
IHC Findings
The tumor cells showed scattered but distinct IHC

Discussion
Cardiac metastases are much more common than
primary cardiac tumors, with an estimated inci
dence of 2.3–18.3% among patients with cancer.2
Lung and breast cancers, germ cell neoplasms,
mesotheliomas, lymphomas, leukemia, and malig
nant melanomas are among the most common
malignancies that metastasize to the heart.3,4 How
ever, cardiac metastasis of SPC of the breast is
extremely rare and, to the best of our knowledge,
has not been reported previously.
Cardiac metastases are generally small and mul
tiple. Neoplasms usually metastasize to the heart
by one of four different pathways: (1) hematoge
nous spread, which is common in patients with
leukemia, lymphoma, or soft tissue sarcoma, resulting in myocardial and endocardial metastases,
(2) lymphatic spread, common in patients with
lung cancer and leading to pericardial and epi
cardial involvement, (3) transvenous extension via
the vena cava, commonly associated with liver and
kidney cancer, pheochromocytoma, and uterine
leiomyoma,5 and spread to the right atrium by
invasion of the inferior vena cava, and (4) direct
extension to the heart in patients with thymoma,
mesothelioma, and breast cancer, commonly involving the pericardium and more rarely the
myocardium and intima.6 Breast cancer spreads
through the mediastinal lymph nodes, and the
tumor cells first invade the epicardium followed
by the myocardial lymphatic system.7 In the current case, the possibility that the tumor cells had
spread to the pericardium via the mediastinal
lymph nodes to then invade the cardiac cavity
was also considered.
Although most cases of cardiac metastases are
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Figure 3
(A) Tumor cells arranged in
irregular nests. H&E stain
(×4). (B) Some cell nests had
irregular shapes and jagged
edges with local extracellular
mucus. H&E stain (×10).
(C) Fibrovascular axis was
located at the center of the
SPC with a dendriform shape.
H&E stain (×20). (D) Nuclei
were round to ovoid with
frequent mild atypia and
small or uncertain nucleoli.
The chromatin was finely
dispersed. All the tumor cells
exhibited abundant cytoplasm
with fine and eosinophilic
granularity. H&E stain (×40).
(E) Underlying papillary
structure represented by a
network of fibrovascular
cores among solid cellular
proliferation. Perivascular
palisading was also
visible. H&E stain (×20).
(F) Strong positive nuclear
immunostaining for estrogen
receptor (99% positive tumor
cells) and (G) GATA-3.
(H) Strong positive cytoplasmic
immunostaining for AE1/AE3
and (I) synaptophysin. (J) Ki-67
IHC showed 20% of tumor
cells were positive. (F–J) IHC
stain (×10).

usually indolent clinically,8 patients may have various clinical presentations depending on the ana
tomic cardiac compartment involved and the tumor burden. Patients may present with chest pain,
dyspnea, palpitations, arrhythmias, conduction abnormalities, superior vena cava syndrome, peri
cardial effusion, cardiac failure, cardiac tampon
ade, cardiogenic shock, or even sudden death.9-12
However, these symptoms are not specific and

can also occur as a result of many non-tumor
heart diseases. Fortunately, echocardiography was
valuable to identify non-tumor lesions and tumors, such as cardiac thrombosis and myocardial
rhabdomyomas, leiomyoma, and cardiac sarcoma.
These 4 lesions mentioned above showed moderate to strong echoes by echocardiography exami
nation. The location of lesions was fixed relatively,
without any variation through the cardiac cycle.
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There is no or little blood flow signal in the lesions, usually located in the subendocardial mus
cle layer, with broad fundus rather than pedicle.
However, due to the pedicle being attached to the
atrial septum, as in our case, the morphology of
the myxoma may vary through the cardiac cycle.
Hence, it is difficult to identify myxoma and SPC
by echocardiogram. In brief, although echocardi
ography can stereoscopically display the location,
shape, surface features, internal echo, presence of
tumor pedicles, and adjacent lesions, the histopa
thological examination is nec
essary to determine
the origin and nature of the cardiac tumor.
SPC of the breast is a rare and specific type
of papillary lesion, first identified by Maluf and
Koerner.13 It has been reported to account for
<1% of all breast carcinomas14 and often demon
strates neuroendocrine differentiation. The 2012
edition of the World Health Organization Breast
Tumour Pathology and Genetics Classification
officially classified SPC under “intraductal papil
lary lesions” and described it as a separate entity
of papillary carcinoma.15 SPC generally exhibits
inert biological behavior and rarely undergoes
metastasis, with only 1 case of liver metastasis
reported in PubMed.16 Pure SPC is characterized
by a dense arrangement, expansive growth, and
cell-rich nodules. The fibrous vascular axis in the
nodule is thin and inconspicuous and appears
as a solid structure at low magnification.17 SPC
accompanied by infiltration demonstrates mapshaped or island-like tumor-cell nests with irregular and jagged edges, an absence of myoepi
thelial cells at the periphery of the cancer nests,
and invasive tumor cell growth with interstitial
fibrous tissue hyperplasia.18 Invasive SPC is also
often accompanied by extracellular mucus secretion and neuroendocrine differentiation.
The pathological differential diagnoses of SPC
of the breast are complicated, including all benign and malignant papillary lesions. All cases
of malignant papillary proliferation of the breast
lack an intact myoepithelial cell layer within
the papillae, a feature which allows them to be
distinguished from cases of benign papilloma.19
When assessing the presence of a complete
myoepithelial layer, p63 is often used as an
adjunct to assess the presence and distribution
of myoepithelial cells in papillary neoplasms of
the breast.20 Other IHC markers, such as estro
gen/progesterone receptor, C-erbB2, and Ki-67,
may also provide prognostic information,21 and
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papillary breast carcinoma is usually estrogen/
progesterone receptor–positive and C-erbB2–
negative. Breast-specific markers can also help
to identify the source of distant metastases of invasive breast tumors such as SPC. Recent investigations have shown that GATA3 is com
monly expressed in breast carcinomas,22,23 with
comparable specificity to mammaglobin and
GCDFP-15 but greater sensitivity as a marker
for breast carcinomas.24 The current case showed
strong nuclear positivity in the neoplastic cells
and estrogen receptor positivity. We therefore
concluded that the patient’s heart tumor was
caused by metastasis of a papillary carcinoma of
the breast.
Conclusion
Heart metastasis of breast SPC is exceedingly uncommon. The tumor has unique clinicopatholog
ical features, accompanied by an inconspicuous
papillary structure and neuroendocrine charac
teristics, making it easy to misdiagnose if the
patient’s medical history is not fully understood.
Echocardiography can provide a preliminary qualitative diagnosis and differential diagnosis of tumors and can provide an important reference for
clinical selection of treatment options. It can be
the preferred noninvasive diagnostic method for
cardiac-occupying lesions. Patients with pure in
situ SPC have a better prognosis; however, even
invasive SPC tumors often appear to be indolent,
with relatively low rates of recurrence and metas
tasis. The current patient received chemotherapy
and endocrine therapy, and there was no recur
rence or metastasis after 36 months of follow-up.
There is thus a need to improve our understanding of the diagnosis and treatment of metastatic
SPC.
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