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Objective: This article aims to provide a better understanding of ultrasonography and
immunohistochemistry of secondary nonhematological tumors of breast.

Methods: The study reviewed the ultrasound findings and immunohistochemical features of
nonhematological metastatic breast tumor cases found in patients of West China Hospital,
Sichuan University from 2007 to 2019. Each case was categorized as secondary breast
malignancy using histopathological results.

Results: Fourteen cases were identified from West China Hospital database. Ten cases
originated in the lung, 2 cases in the stomach, 1 case in the ovary and 1 case of neuroendo-
crine carcinomas. Fourteen masses were evaluated. Ultrasound findings showed that tumors
were hypoechoic (14/14), irregular (13/14), indistinct margin (13/14), along a long axis
parallel to the skin (11/14), lacked vascularity via color doppler flow imaging (9/14). Eight
cases showed no posterior features. Calcification was found in 1 case of lung adenocarci-
noma that had metastasized to the breast. Abnormal axillary lymph nodes were detected in 5
cases. Immunohistochemical analysis showed that estrogen receptor (ER) and progesterone
receptor (PR) were both negative in 11 cases, including gastric and lung cancer metastasis.
One case of ovarian metastasis was positive for ER and negative for PR. Six patients were
positive for cytokeratin 7 (CK7) and negative for cytokeratin 20 (CK20), including lung and
ovarian carcinoma metastasis. Thyroid transcription factor-1 (TTF-1) was positive in 9 of 10
pulmonary carcinoma metastases. The patient of ovarian metastasis was positive for Wilms’
tumour 1 (WT-1) and carbohydrate antigen 125 (CA125). Two cases from gastric metastasis
were positive for caudal-type homeobox 2 (CDX2).

Conclusion: Although breast ultrasound is not useful in distinguishing metastases from
primary breast cancer, it is helpful in diagnosing breast lesions as oncological diseases and
provide evidence for further examination of patients. Immunohistochemistry plays an impor-
tant role in distinguishing secondary breast cancer from primary, especially in patients
without tumor history.

Keywords: breast secondary carcinomas, ultrasonography, immunohistochemistry, clinical
history

Introduction

Breast carcinoma is one of the most common types of malignant tumor in women.
In 2018, the incidence of breast cancer accounted for 24.2% of all malignant tumors
in women across the world." However, metastases of extramammary malignancies
to the breast are extremely scarce, accounting for only 0.3% to 2.7% of all
malignant breast tumors.>” In addition to metastasis of contralateral mammary
cancer, the most common primary tumors with breast metastases are hematologic

malignancies, including leukemia and lymphoma.>* ® Breast metastases have also
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been reported in primary cancers such as melanoma, lung
cancer, ovarian cancer, gastric cancer and neuroendocrine
cancer.”” To avoid unnecessary and potentially harmful
treatments, accurate diagnosis of secondary breast carci-
noma is very important. Identification of the primary and
secondary breast tumors is crucial. Therefore, we have
summarized some features of metastatic neoplasms of the
breast by reviewing our cases.

Materials and Methods
From January 2007 to December 2019, records of 14 cases
of nonhematological metastases to the breast were col-
lected from the Department of Ultrasound, West China
Hospital, Sichuan University. All cases were confirmed
by ultrasound-guided core needle biopsy or surgical
pathology breast biopsies. All patients had undergone
breast ultrasound (US). Breast nodules or masses were
found in 9 of 11 cases of chest computed tomography.
None of the patients had undergone mammography and
mamma magnetic resonance imaging examination.

US examinations were performed by ultrasonic techni-
cians or ultrasound doctors using a 5-to12-MHz linear
probe and iU22 scanner (Philips Ultrasound, Bothell,
WA), or a 6- to 14-MHz probe and a EUB-8500 scanner
(Hitachi Medical, Tokyo, Japan) or a 6- to 15-MHz probe
and a LOGIQ E9 scanner (GE Healthcare, Wauwatosa,
WI, USA). The location, size, shape, margin, orientation,
echogenicity, calcification, color doppler blood flow signal
of the mass and axillary lymph node status were recorded.
Two ultrasound doctors with more than five years of
clinical experience retrospectively assessed the ultrasonic
imaging features using the American college of
Radiology-Breast imaging reporting and data system
(ACR-BIRADS) 5th edition specifications,

shape, margin, orientation, echogenicity, posterior fea-

including

tures, calcifications, vascularity, the presence of axillary
lymphadenopathy and BIRADS category. Meanwhile, they
collected additional ultrasound information about mass
lesion or diffused infiltrative lesion, location, multiplicity,
size, bilaterality. In the presence of multiple breast masses
of one patient, they evaluated ultrasonic image character-
istics of the largest mass.

The immunohistochemical staining of the data from the
department of pathology in our hospital was analyzed
retrospectively. These included ER, PR, CK7and CK20,
TTF-1, WT-1, CA125 and CDX2. Other stains were pan-
cytokeratin (PCK), chromogranin A (CgA), synaptophysin
(Syn) and Desmin.

Results

Clinical Features

There were 12 women and 2 men aged between 31 and 81
years old (median age was 50 years old). These patients
had an interval of 22 days to 6 years from the diagnosis of
primary cancer to the discovery of breast metastases. Ten
cases originated in the lung (9 cases in lung adenocarci-
noma, 1 case in small cell lung carcinoma), 2 cases in the
gastrointestinal tract (both in high-grade gastric adenocar-
cinoma), 1 case originated in the ovary (serous papillary
ovarian adenocarcinoma) and 1 case in laryngeal neuroen-
docrine carcinomas. Among 14 patients, an ultrasound-
guided core needle biopsy was performed in 10 patients,
2 patients were diagnosed by excisional biopsy and the
rest were treated using both means.

Nine patients had a known history of a primary extra-
mammary neoplasm and they had undergone operation and/
or chemotherapy, radiotherapy previously. As for the
remaining 5 patients, the breast lesions were diagnosed as
simultaneous metastasis from extramammary malignancy.
Three cases originated from lung adenocarcinoma, 1 from
small cell carcinoma of lung and 1 from poorly differen-
tiated adenocarcinoma of the stomach. Two cases only had
breast symptom as the initial manifestation. One merely
presented with a palpable breast mass while the other man-
ifested as skin edema and erythema of breast. The primary
lesions originated from lung adenocarcinoma and small cell
carcinoma, respectively. Amidst all of our cases, breast was
the only site of metastasis in two cases. Breast metastasis of
the rest of the cases occurred as part of more widespread
tumor dissemination. Other sites of widespread metastasis
had bone, liver, brain, pleura, peritoneum or soft tissue. The
final diagnosis was made by ultrasound-guided core needle
biopsy or surgical resection biopsy. Four of these 14
patients underwent mastectomy for the breast mass.

The breast symptom was present as palpable lumps in
10 cases, of which 6 cases had hard breast texture and 2
cases had breast pain. One patient had diffused redness
and swelling of the skin of one side of the breast with pain,
but no breast lump was palpable. In one patient with
bilateral breast involvement, the skin of both breasts dis-
played orange peel-like skin changes. No nipple discharge
or depression was found in all patients.

Ultrasound Findings
A total of 14 masses were evaluated (Table 1). Unilateral,
left-sided and outer upper quadrant of the breast were
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g more frequently affected. Among 14 cases, 13 patients’
_ 3 s breast masses were located on a single side of the breast
g g . . .
E » E 2 and 8 cases had a single mass, while 6 cases had multiple
oL o 5 @ .
5 3 ElS 2 2 3 masses. The mass occurred on the left breast in 8§ cases, on
O 8
E the right breast in 5 cases and on both sides in 1 case. The
> o . .
T g . 5 maximum diameter of the breast mass was about 6 mm to
3 E 3 . § 5 s 78 mm (mean diameter was 22 mm), of which 8 cases
o 2 ¢ £ Ra) 0 S
> =>F|< < E were less than 20 mm and 6 cases were more than 20 mm.
b . .
§ 4 Of the 14 cases, 13 cases showed irregular and ill-defined
S £ breast masses and 11 cases showed that the long axis of
3; 2 2 2 g the mass was parallel to the skin (Figure 1A and B and D).
g Only one case from metastasis of lung small cell carci-
5 g E] noma showed a clear, regular and round-like breast
8 g 5 nodule. All cases presented with hypoechoic masses,
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€ i z z z £ including homogeneous hypoechoes in 11 cases and het-
£ o , , 5 erogencous hypoechoes in 3 cases. There were no poster-
] 5 Q Q = . . . .
§ E § 8 § g I§ S g ior features in 8 cases (Figure 1D) and posterior
3 enhancement in 2 cases. Four cases of metastases from
o . . .
u lung adenocarcinoma had posterior shadowing or com-
- = I~ s . .
= £ £ £ ] bined pattern (Figure 1E and F). Two cases of enhance-
s 2 2 2 o ment posterior features were, respectively, metastasized to
3 .
- 2 the breast from pulmonary adenocarcinoma and lung small
o Q . . . .
'g £ cell carcinoma. Calcification was found in 1 case. To the
§ s + = g best of our knowledge, this is the first-ever report of
o & o I . . . . .
° < < < 5 calcification in breast metastasis of lung adenocarcinoma.
g g £ E: c Vascularity was found in 5 cases, including internal blood
oo 0 bo
3 . . S
2 £ £ £ kS flow signals in 2 cases, vessels in rim in 1 case, and 2
= % cases with internal blood flow and vessels in rim (Figure
%2 - . . .
g S o 1B). Nine masses were detected with no vascularity on
@ 0 Q $ g ',g color doppler examination (Figure 1F). Affected side or
z s bilateral abnormal axillary lymph node could be detected
Q g . . . .
3£ 0 @ - §¢ in 5 patients (Figure 1C). The final assessment categories
- g % were BIRADS 3 in 1 case, BIRADS 4 in 12 cases and
R ° 3 . . . .
K ref; BIRADS 5 in 1 case, including BIRADS 4A in 2 cases,
Q ]
8 s s - £ BIRADS 4B in 2 cases and BIRADS 4C in 8§ cases.
T
5 £ 8 . . .
2 56 Immunohistochemical Characteristics
g o < . . . . . .
S @ = ] g E All patients performed immunohistochemical staining
o g (Table 2). With the exception of the one case of ovarian
< < o £ . . ..
5 5 g o cancer metastatic to the breast, which was positive for ER
& e 2 2z s £ L and negative for PR, the other 11 cases were negative for
o g O [T oo O g . @ ¢ . . .

. 8 g g % | & % 51453 both biomarkers, including 2 cases of stomach cancer
o | T a8 38| S8 |Ewe . . .
'§ - © 58 metastasis and 9 cases of pulmonary carcinoma metastasis.
5|3 . . s é ; g CK 7 and CK 20 were assessed in 6 patients with primary
S o § ] £ tumors originating from the lung and ovary. All of them
~ ] _ -~ — S o 3 . . .

P < n ™ © SE 8 were positive for CK7 and negative for CK20. Nine cases
9 B ... . .
3 o o - g £ %” were TTF-1 positive and 1 case was negative in the cases
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= 242 of breast metastasis from lung cancer (Figure 2A-D). WT-
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Figure | (A—C) No.3, A 31-year-old female with lung adenocarcinoma metastasis. The ultrasound shows an irregular indistinct and homogeneous hypoechoic mass in the
central area of the left breast with the long axis parallel to the skin (A), color Doppler flowing imaging shows rich blood flow signals inside and vessels in rim (B) and
ipsilateral abnormal axillary lymph nodes show metastasis (C). (D) No.l |, A 55-year-old female with ovary serous papillary adenocarcinoma. The ultrasound shows an
irregular indistinct hypoechoic mass in the upper outer quadrant of the right breast with no posterior features. (E and F) No.2, A 8l-year-old male with lung
adenocarcinoma metastasis. The ultrasound shows an irregular indistinct and heterogeneous hypoechoic mass in the central area of the left breast with the long axis non-
parallel to the skin (E) and color Doppler flowing imaging shows no internal blood flow signals (F) and posterior features are combined pattern (E and F).

1 and CA125 were positive in patients with ovarian metas-
tasis. CDX2 was positive in two cases of primary gastric
origin (Figure 2E and F). The immunohistochemical mar-
kers showed that the tissue was positive for PCK, CgA and
Syn, negative for Desmin of neuroendocrine carcinomas
metastatic to the breast.

Discussion
The
malignancies.'® In this study, there was a high incidence

breast is an wuncommon metastatic site of

of pulmonary cancer, which is probably due to a high
prevalence of lung cancer in China. But the relevant evi-
dence needs to be further studied. In the reported litera-
ture, men are less likely to be involved than women.>'!
This may be due to differences in breast size, blood vessels
or hormone levels between men and women."' It is also
possible that angiogenic factors and immunological deter-
minants also contribute to this."' Two male patients in our
study had metastases to the breast, and the ratio of male to

female was 1:6.
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Table 2 Immunohistochemical Staining Features

NO. Histology ER PR CK7 CK20 TTF-1 Other

| Lung, adenocarcinoma Neg Neg NA NA Pos NA

2 Lung, adenocarcinoma Neg Neg Pos Neg Neg NA

3 Lung, adenocarcinoma Neg Neg Pos Neg Pos NA

4 Lung, adenocarcinoma Neg Neg Pos Neg Pos NA

5 Lung, adenocarcinoma Neg Neg Pos Neg Pos NA

6 Lung, adenocarcinoma Neg Neg NA NA Pos NA

7 Lung, small cell carcinoma Neg Neg NA NA Pos NA

8 Lung, adenocarcinoma Neg Neg Pos Neg Pos NA

9 Lung, adenocarcinoma Neg Neg NA NA Pos NA

10 Lung, adenocarcinoma NA NA NA NA Pos NA

Il Ovary, serous papillary adenocarcinoma Pos Neg Pos Neg NA WT-1 (+), CAI25 (+)
12 Stomach, adenocarcinoma Neg Neg NA NA NA CDX2 (+)

13 Stomach, adenocarcinoma Neg Neg NA NA NA CDX2 (+)

14 Laryngeal, neuroendocrine carcinomas NA NA NA NA NA PCK (+), CgA (+), Syn (+), Desmin (-)

Abbreviations: Pos, positive; Neg, negative; NA, not applicable.

Clinically, the characteristic of breast metastasis is
a palpable nontender movable lump. The symptom of peau-
d’orange, nipple retraction, or nipple discharge is
uncommon.®'"'* Most breast metastatic masses grow
rapidly and close to the skin, which may induce skin edema
or erythema. This manifestation can often be mistaken for
inflammatory breast cancer.'"*'> In our study, most mammary
symptoms of metastatic tumor were painless breast masses.

As per our research, malignant tumors of lung and
stomach are more likely to be detected at the same time
as breast metastasis. This may be related to the pathway of
tumor metastasis. The specific mechanism needs to be
further studied. The diagnosis of breast masses becomes
more complicated in the absence of malignancy history,
especially with breast symptoms being the first manifesta-
tion. In this case, pathological examination is particularly
important for these patients. Imaging examination is also
essential for indicating extra-breast tumors.

Metastasis may show single or multiple and unilateral
or bilateral lesions.'"'* In this study, a single and unilat-
eral breast mass from non-breast metastatic disease are
more prevalent and masses are more common than dif-
fused infiltrative lesions. The mass was located in the left
breast in most cases. There was a wide range in the size of
the mass. However, masses smaller than 20 mm in dia-
meter are relatively more common.

The common manifestations of ultrasonography were
round to oval shaped, well-defined hypoechoic solid
masses.'"'*'® Some of our results were different. The
sonogram of breast masses is more common with irregular

shape and unclear boundaries (13/14). But the mass of

metastasis from lung small cell carcinoma was circum-
scribed, regular and round-like. The metastasis of lung
small cell carcinoma is easier to perform as benign
nodules than other origins of tumors. The long axis of
most masses was parallel to the skin (11/14). All masses
of the nonparallel growing to the skin were metastasized
from lung adenocarcinoma. In other words, the masses of
the breast metastases from pulmonary adenocarcinoma
were more likely to appear nonparallel growth than other
sources of mammary metastases. All masses are hypoe-
choic, but the echotexture is often homogeneous. No pos-
terior features of the mass are more common, accounting
for 57.1% (8/14). The masses of shadowing or combined
pattern of posterior features were more likely to occur in
metastases of lung adenocarcinoma. Although the ultra-
sound images of masses from different metastatic sites are
different, it is difficult to distinguish them from one
another. The discovery of calcification in metastatic
tumors is rare. It may occur in metastasis from ovarian
cancer, hepatocellular carcinoma, medullary thyroid carci-
noma and gastric cancer in reported literatures ®!3!15:16:18
In our study, we found one case of calcifications of meta-
static lung adenocarcinoma. To the best of our knowledge,
this is the first-ever report of calcification in breast metas-
tasis of lung adenocarcinoma. It also highlights the diver-
sity and complexity of the characteristics of metastatic
lesions. Color Doppler examination showed that no blood
flow signal of the mass accounted for 64.3% (9/14). This is
different from the abundant blood supply of primary breast
carcinoma. These common features of secondary breast
carcinoma are not easy to differentiate from primary
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Figure 2 Metastases from pulmonary adenocarcinoma (A and C, H&E 200X) and thyroid transcription factor | (B and D, Immunostain 200X). Metastasis from gastric

adenocarcinoma (E, H&E 200X) and CDX2 (F, Immunostain 200X).

malignant tumors of the breast, but they can suggest that
the breast mass is malignant. In Mun et al report, accord-
ing to breast metastases routes from extramammary malig-
nancies, they summarized typical and atypical radiological
features of metastatic diseases of the breast.'> Compared
with primary breast cancer, metastatic breast cancer from
hematogenous routes has less axillary lymph node
involvement.'> But abnormal enlargement of axillary or
internal mammary lymph nodes are associated with metas-
tases from lymphatic routes. These metastases originate
from contralateral breast cancer, as well as in gastric and
ovarian cancer.®'>'"?% There were 5 cases of abnormal
axillary lymph node in the series of our study. Original
lesions originated from lung in 4 cases and stomach in 1
case. This may be related to lymphatic metastasis.

The pathologic and immunohistochemical studies become
quite helpful when clinical and imaging features of non-breast
metastatic tumors are difficult to identify from primary breast
cancer. The point of identification of primary breast cancer
from secondary cancer is that the former should be able to find
the composition of the catheter in situ or the small leaf in situ
on HE section.?! Tt is an important hint for the diagnosis of
metastasis to the breast if the histological characteristics are
rare for primary breast cancers. Meanwhile, the diagnosis of
secondary breast carcinoma depends on the features of pri-
mary malignancies.*** For example, small cell carcinoma
suggests lung origin, clear cell carcinoma suggests renal ori-
gin, papillary carcinoma may be serous papillary carcinoma of
the ovary, pigment and intranuclear inclusion bodies suggest
melanoma. However, not every metastatic lesion has these

International Journal of General Medicine 2020:13
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characteristics, and about 1/3 of the lesions have no special
histological features.* A history plays an important role in the
correct diagnosis of these patients. A diagnosis can usually be
made by comparing the pathologic characteristics of primary
tumor.

Immunohistochemical analysis is helpful in the diagnosis
of secondary tumor in the absence of medical history. In
general, one patient should use a group of antibodies of
immunohistochemical study because no marker is 100% spe-
cific or sensitive.”” The examination of CK 7 and CK 20
contributed to the recognition source of tumors. Breast cancer
is typically CK 7+ and CK 20-. In addition, CK7+ and CK 20-
are also found in non-mucinous ovarian cancer, lung adeno-
carcinoma and thyroid cancer.”***** CK20 is commonly
expressed in colorectal cancers and other gastrointestinal can-
cers and is infrequently positive in breast cancers.”>*® In our
study, CK7+ and CK20- were found in metastasis lung ade-
nocarcinoma and papillary adenocarcinoma of the ovary. The
positive expression of mammaglobin, ER, PR, GATA binding
protein 3 (GATA3) and gross cystic disease fluid protein 15
(GCDFP-15) helps to support the origin of breast.”> GCDFP-
15 is expressed in about 60% of mammary carcinomas,
10-20%  of
carcinomas.”>’ GCDFP-15 may also be expressed in salivary

including triple-negative ~ mammary
glands, sweat glands, ovaries, endometrium and pulmonary
carcinomas.”>’ Triple-negative carcinomas do not usually
express GCDFP-15, GATA-3 or Mammaglobin. In such
cases, SOX-10 may be helpful.®® Primary small cell carci-
noma of the breast is extremely rare. The negative expression
of ER and PR in the small cell carcinoma favors metastasis
since the very rare examples of primary small cell carcinoma
of the breast express these markers in 33% to 50% of cases.”’
Biomarkers of TTF-1 for lung cancer, CDX2 for gastric
cancer, CD56(+), Syn, CgA for neuroendocrine cancer and
WT-1 and CA125 for ovarian cancer are common markers for
identification of the origin of metastatic lesions.>***** TTF-1
is expressed in most lung adenocarcinomas and small cell
carcinomas accounting for 70-80%, and usually most cells
are positive.”>>'*2 TTF-1 is rarely expressed in other types of
lung cancers.” It is very rarely expressed in breast cancers,

2533 and in rare primary

mostly in grade 3 non-special type
small cell carcinoma of the breast.>>** CDX2 is sparsely
expressed in colorectal cancer and is often positive in gastric
and esophageal adenocarcinomas.®> >’ CDX2 is occasionally
positive in other sites, including breast.”> WT1, CA125 and
ER are usually diffusely expressed in ovarian serous papillary
carcinoma.”® WT1 is also often expressed in pure or mixed

breast mucinous carcinoma and occasionally focally

expressed in other histological types of mammary
carcinoma.® CAI25 is also positive in mammary
carcinoma.”® ER is positive for about 80% of breast

cancers.”” Therefore, a group of antibodies is needed to com-
prehensively consider the metastasis. As a type of nerve cell
adhesion molecule, CD56 is highly sensitive to the identifica-
tion of neuroendocrine phenotype of tumor.***' However, it
has low specificity because anti-CD56 antibodies also located
other tumors, including well-differentiated thyroid carcinoma,
lung squamous cell carcinoma, hepatocellular carcinoma,
renal cell carcinoma, ovarian carcinoma, endometrial carci-
noma, neuroblastoma, etc.**4>43 CgA and Syn are the pre-
ferred markers to verify the neuroendocrine origin of
tumors.*® CgA represents strongly positive in normal neu-
roendocrine cells and is a specific neuroendocrine marker.*’
Syn is the most sensitive marker of general neuroendocrine
tumor, which is positive both in well-differentiated and in
poorly differentiated tumors.*® But it is also positive in olfac-
tory neuroblastoma, neuroblastoma, Ewing’s sarcoma and

adrenocortical carcinoma.*®**4

Therefore, Syn is not
a specific neuroendocrine marker.*® The combination of

CgA and Syn is always desirable.

Conclusion

Timely and accurate diagnosis of metastases to the breast
is significant for treatment and to avoid unnecessary sur-
gery for these patients. The sonographic characteristics of
secondary breast involvements help to indicate that breast
disease is a malignant tumor, despite it being difficult to
distinguish between secondary and primary breast cancer.
It can also provide a basis for further examination of
patients. If the history of extramammary tumor is known,
it is of great significance with regard to indicating breast
metastasis. Pathological examination is very critical to the
diagnosis and differential diagnosis of metastatic carci-
noma. Immunohistochemistry is very helpful for diagno-
sis, especially for differential diagnosis of patients without
tumor history.

Abbreviations

ACR-BIRADS, American college of Radiology-Breast ima-
ging reporting and data system; ER, estrogen receptor; PR,
progesterone receptor; GATA3, GATA binding protein 3;
GCDFP-15, gross cystic disease fluid protein 15; CK7, cyto-
keratin 7; CK20, cytokeratin 20; TTF-1, thyroid transcription
factor-1; CDX2, caudal-type homeobox 2; WT-1, Wilms’
tumour 1; CA125, carbohydrate antigen 125; PCK, pancyto-
keratin; CgA, chromograninA; Syn, synaptophysin.
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