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Abstract: Metastasis of ovarian cancer to breast (MOCB) is rare, and the diagnosis is
difficult due to the varied imaging manifestations. The objective of this paper is to report
a special case of MOCB, review the imaging manifestations of MOCB and attempt to
determine the characteristic imaging features that might be helpful in making the diagnosis
and providing appropriate systemic therapy. A 40-year-old woman presented with a breast
lesion six years after a diagnosis of ovarian serous cystadenocarcinoma. Ultrasound (US) and
magnetic resonance imaging (MRI) examinations were performed; the final diagnosis was
metastasis of ovarian serous cystadenocarcinoma to breast according to the histological
examination and immunohistochemical examination after lumpectomy. Herein, we reviewed
41 cases diagnosed with MOCB, which include imaging of the metastatic breast lesion or
a detailed description without imaging. In this review, we summarized that MOCB could
present with calcifications (especially microcalcifications) on mammography (MM). MOCB
presenting as inflammatory breast cancer usually shows swelling and skin thickening on MM
and US, and increased fludeoxyglucose (FDG) uptake on positron emission tomography/
computed tomography (PET/CT). These manifestations could be helpful in differentiating
malignant tumors from benign ones, but it may still be difficult to distinguish between
primary and metastatic tumors. The correct diagnosis of MOCB requires a combination of
the clinical history of the primary tumor, careful clinical examination, radiology and ana-
tomic pathological evaluation.
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Background

Metastasis to the breast from extramammary malignancies is rare, representing
0.5-2% of all breast cancers;' the main tumors that produce metastases to the breast
are malignant melanoma, distant sarcomas, lung cancer, ovarian cancer, renal cell
cancer and thyroid cancer.” Metastasis of ovarian cancer to breast (MOCB) represents
0.03-0.6% of all breast cancers,’ and ovarian serous cystadenocarcinoma is the most
common type of ovarian tumor that can metastasize to the breast.* Most patients with
MOCB have no family history of primary breast cancer; the patients are usually
detected with masses in the breast after being diagnosed with ovarian cancer, with
a median interval from the primary cancer to the metastatic breast varying between 0
(simultaneous) and 16 years.” Metastasis to the breast is the first presentation of
The prognosis of MOCB is

poor; survival has been reported between 13 days and 85 months, with higher survival

malignancy in approximately 11-30% of all cases.®

rates reported in patients who underwent surgery.>® The establishment of the diag-
nosis of MOCB is important because different therapeutic methods need to be
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established for metastatic and primary breast cancers.’
However, it is still difficult to differentiate metastatic lesions
from primary ones before surgery or needle biopsy due to
differences in imaging findings. The purpose of this paper is
to review the imaging of MOCB and attempt to find out the
characteristic imaging features in different types of MOCB,
which might be helpful in making the diagnosis and provid-
ing appropriate systemic therapy.

Case Report

A 40-year-old woman had been diagnosed with ovarian
serous cystadenocarcinoma thirteen years ago and had under-
gone hysterectomy, bilateral salpingo-oophorectomy, omen-
tectomy, lymphadenectomy, and additional chemotherapy
for twelve cycles. The patient had no regular reexaminations
and found no discomfort after the procedures. Seven years
ago, the patient presented with a mass in the left breast that
was localized, palpable and painless. The serum cancer

antigen 125 level reached 87 U/mL. The patient had no
familial history of breast cancer. Ultrasound (US) (4 MHz,
Mylab 90, Esaote, Genoa, Italy) findings showed an oval
cystic mass measuring 8*6*7 cm? in the upper outer quadrant
of the left breast. The mass was anechoic with an uneven wall
thickness (Figure 1A). Magnetic resonance imaging (MRI)
(3.0 T, Signa HDx, GE, Connecticut, USA) findings showed
a lobulated cystic mass measuring 7¥6%6 cm® located in the
left breast. The mass showed a slightly high signal intensity
on T1-weighted imaging (TIWI) (3.0 T; TR 400 ms, TE
7 ms, flip angle 90°), slightly high signal intensity on T2-
weighted imaging (T2WTI) (3.0 T; TR 2800 ms, TE 108 ms,
flip angle 90°) and low signal intensity on short time inver-
sion recovery (STIR) imaging (3.0T; TR 7800 ms, TE 52 ms,
IT 175 ms, flip angle 90°). The cystic wall and septum of the
mass were unevenly thick and showed slight and localized
enhancement on dynamic contrast-enhanced MRI (DCE-
MRI) (3.0T; TR 4 ms, TE 2 ms, flip angle 14°, Gd-DTPA
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Figure | Ultrasound (A) shows an oval cystic mass with an uneven wall thickness (white and black arrows). Magnetic resonance imaging shows a lobulated cystic mass with
a cystic wall and septum of uneven thickness. T |-weighted imaging (B) and T2-weighted imaging (C) show slightly high signal intensity (indicated by white arrows both in
(B and C). Short time inversion recovery imaging (D) shows low signal intensity (white arrow), and dynamic contrast-enhanced magnetic resonance imaging (E) shows slight
and localized enhancement on the cystic wall (white arrow). Histological examination shows an undifferentiated adenocarcinoma with cystic wall and papillary architecture
(H&E staining, x100) (F). Positive immunohistochemical results for WT-1 (IHC, x400) (G).
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0.1 mmol/kg) (Figure 1B—E). Unfortunately, the patient had
(MM)
Histological examination after lumpectomy showed an

not undergone mammographic examination.

undifferentiated adenocarcinoma of unknown origin.
Immunohistochemically, the tumor cells were positive for
estrogen receptor (ER) and Wilms tumor 1 (WT-1) and
negative for gross cystic disease fluid protein 15 (GCDFP-
15) (Figure 1F-G). The final diagnosis was metastasis of
ovarian serous cystadenocarcinoma to breast. The patient
then received a combination chemotherapy of carboplatin
(700 mg on day 1 of a 30-day cycle) and paclitaxel
(210 mg/m? on day 1 of a 30-day cycle), which was initiated
35 days after the surgery. Unfortunately, after four che-
motherapy cycles, the patient was lost to follow-up.

Discussion

Literature on MOCB is rare, and literature on radiological
findings or descriptions of metastatic breast lesions is even
rarer. Herein, we reviewed 41 patients (mean age, 50 v,
age range, 14-82 y) diagnosed with MOCB from 1964 to
2019, including imaging of metastatic breast lesions or
detailed descriptions without imaging. The primary tumors
were ovarian serous cystadenocarcinomas (OSCs) (n=32,
78.05%), ovarian clear-cell carcinomas (OCCCs) (n=2,
4.88%), ovarian granulosa cell tumors (OGCTs) (n=1,
2.44%), ovarian small-cell carcinomas (OSCCs) (n=1,
2.44%) and ovarian carcinomas of unknown pathology
(n=5, 12.19%). Among the 41 lesions, the diameters of
17 were described with a diameter of 3.00 ¢cm, and the
location was described for 36, with 16, 12 and 8 lesions in
the right, left, and bilateral breasts respectively. The quad-
rant was described for 14, and we summarized that the
common quadrant for metastases was the upper outer
quadrant of the breast (n=9, 64.28%), which may be
ascribed to the increase in blood supply in this region.®
We also summarized that a single lesion was more fre-
quently identified (n=39, 95.12%). Breast metastases from
extramammary malignancies have both hematogenous and
lymphatic routes, and the imaging characteristics vary.
Hematogenous disseminated lesions are commonly oval
and circumscribed, while lymphatic dissemination may
lead to diffuse breast involvement and swollen and skin
which
carcinoma.”'® Five lesions presented as no-mass type

thickening, might mimic inflammatory
with swelling and skin thickening, and all presented as
mimic inflammatory breast cancers. It is worth mentioning

that there were a total of 6 lesions presenting as

inflammatory carcinoma, and 1 lesion was described as
a “mass” with the primary carcinoma being OCCC.
There were 32 patients who had undergone MM exam-
inations, and the characteristic imaging results were sum-
marized in Table 1. According to the literature, the MM
imaging of breast metastases from extramammary organs
usually presented as high density, oval and circumscribed
masses and generally without skin or nipple retraction." "'
However, others demonstrated that the margins could also
be microlobulated or indistinct.” The shapes and borders of
breast metastatic lesions from the ovary were oval/spicu-
lated and circumscribed/indistinct according to the sum-
mary in this review. Calcifications were not common in
breast metastases from extramammary organs, excluding
MOCB, which may contain psammomatous bodies.”'?
The first report of calcification in breast metastatic lesions
from OSC was as early as 1974." Herein, we summarized
that calcification could occur in metastatic breast lesions,
and microcalcification was common, accounting for 43.75%
(14/32) and 46.43% (13/28) of metastatic lesions from all
cancer types and OSCs, respectively. Moreover, there were
2 cases of macrocalcification: one was a metastatic lesion
from OSC presenting as multiple calcifications, and another
was metastasis from ovarian carcinoma of unknown

Table | Characteristics of MM Imaging for Different Types of MOCB

Characteristics osC OocCcCC Unknown Total
(n=28) (n=1) (n=3) (n=32)
Shape
Oval 9(9/16) 1(1/2) 10(10/19)
Spiculated 7(7116) 1(1/1) 1(1/2) 9(10/19)
Border
Circumscribed 7(7116) 1(1/3) 8(8/20)
Indistinct 9(9/16) 1(1/1) 2(2/3) 12(12/20)
Calcification
Microcalcification | 13(13/28) 1(1/3) 14(14/32)
Macrocalcification | 1(1/28) 1(1/3) 2(2/32)
No calcification 14(14/28) | 1(1/1) 1(1/3) 16(16/32)
Swollen and skin
thickening
Yes 2(2/28) 1(1/1) 3(3/32)
No 26(26/28) 3(3/3) 29(29/32)
High density (Yes) 26(26/26) | 1(1/1) 3(3/3) 30(30/30)

Notes: A total of 32 cases were summarized; the Shapes of 19 were described, the
Borders of 20 were described, the Calcifications and Swollen and skin thickening of 32
were described, the Densities of 30 were described. Cases with metastatic lesions from
ovarian granulosa cell tumor (OGCT) and ovarian small-cell carcinoma (OSCC) were not
examined by MM.

Abbreviations: OSC, ovarian serous cystadenocarcinoma; OCCC, ovarian clear-
cell carcinoma; Unknown, ovarian carcinoma of unknown pathology.
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pathology presenting as a ring-shaped calcification. As
a malignant sign of breast tumors, microcalcification plays
a significant role in distinguishing malignant tumors from
benign ones; despite its presence, however, it may still be
difficult to differentiate between primary and metastatic
lesions. Among the 32 lesions, the dense of 30 were
described, with all presenting as high density, and the skin
were described for 32, with 3 presenting as swelling and skin
thickening. Patients presenting with skin thickening might
suffer lymphatic route metastases, which mimic inflamma-
tory carcinoma. In 1964, breast metastases from extramam-
mary mimicking inflammatory carcinoma were first
reported.'* Primary inflammatory breast cancer is charac-
terized by erythema and skin thickening due to extensive
lymphatic tumor emboli in the breast dermis.'> The 3 lesions
presenting as inflammatory carcinoma consisted of 2 meta-
static lesions from OSCs and 1 metastatic lesion from
OCCC. OCCC is of the epithelial subtype, occurring in
1-25% of epithelial ovarian cancers, and 4-10% of those

presenting with lymph node metastasis.'®!”

The typical US features hematogenous metastases from
extramammary malignancies to breast include oval shaped,
circumscribed hypoechoic masses without calcifications or
architectural distortion.'® In this review, only 17 patients had
undergone breast US examination, and the lesions presented
as solid (accounting for 70.00% and 50.00% of breast
lesions metastasized from all cancer types and OSCs,
respectively), hypoechoic (accounting for 57.14% and
62.50% of breast lesions metastasized from all cancer
types and OSCs), oval/spiculated and circumscribed/indis-
tinct lesions without calcification (accounting for 94.11%
and 90.00% of breast lesions metastasized from all cancer
types and OSCs), which were summarized in Table 2. The
different presentations of calcification in metastatic breast
lesions of the ovary on MM and US imaging may be
ascribed to the low diagnostic rate of calcification on US.
Swelling and skin thickening (n=3, 17.70%) were also not
common. All of these were metastases mimicking inflam-
matory breast carcinoma, which contained features similar
to those seen on MM. Hyperechoic lesions were unusual,

Table 2 Characteristics of US Imaging for Different Types of MOCB

Characteristics OSC (n=10) OCCC (n=I) OGCT (n=1) OSCC (n=1) Unknown (n=4) Total (n=17)
Shape

Oval 2(2/3) 1(1/1) 1(I/1) 2(2/4) 6(6/10)

Spiculated 1(1/3) 1(1/1) 2(2/4) 4(4/10)
Border

Circumscribed 1(1/3) 1(1/1) 1(I/1) 2(2/4) 5(5/10)

Indistinct 2(2/3) 1(1/1) 2(2/4) 5(5/10)
Calcification

Microcalcification 1(1/10) 1(1/17)

No calcification 9(9/10) (/1) (1) 1(1/1) 4(4/4) 16(16/17)
Swollen and skin thickening

Yes 2(2/10) 1(1/1) 3(3/17)

No 8(8/10) I(1/1) 1(1/1) 4(4/4) 14(14/17)
Echogenicity

Hypoechoic 5(5/8) 1(1/1) 2(2/3) 8(8/14)

Hyperechoic 1(1/1) 1(1/14)

Anechoic 1(1/8) 1(1/14)

Mixed 2(2/8) 1(1/1) 1(1/3) 4(4/14)
Component

Solid 2(2/4) (/1) 1(1/1) 1(1/1) 2(2/3) 7(7/10)

Cystic and solid 1(1/4) 1(1/3) 2(2/10)

Cystic 1(1/4) 1(1/10)

Notes: A total of |7 cases were summarized; the Shapes and Borders of 10 were described, the Calcifications and Swollen and skin thickening of 17 were described, the

Echogenicity of 14 were described, the Components of 10 were described.

Abbreviations: OSC, ovarian serous cystadenocarcinoma; OCCC, ovarian clear-cell carcinoma; OGCT, ovarian granulosa cell tumor; OSCC, ovarian small-cell carcinoma;

Unknown, ovarian carcinoma of unknown pathology.
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only appearing in the metastatic breast of OSCC in our
review. OSCC is a rare, highly malignant tumor that usually
affects young women.'” The sole case in this review
reported on a 14-year-old girl suffering this disease; the
metastases showed multiple, round, well-defined hypere-
choic and hypoechoic masses in the bilateral breasts.
Intratumoral cystic components were also not common, as
there were few reports describing this. Most of these were in
patients with synovial sarcoma from the thigh or hepatocel-
lular carcinoma and insular carcinoma of the thyroid
gland."® Herein, we summarized 3 lesions (2 metastasized
from OSCs and 1 metastasized from ovarian carcinoma of
unknown pathology) containing cystic components in this
review. Interestingly, the US imaging of our case report
revealed an oval cystic mass. In addition, we reviewed 1
patient with metastasis from OGCT who underwent US
examination only. OGCT is a rare neoplasm arising from
sex-cord-stromal cells and is frequently associated with hor-
monal cancer, and only a small percentage of this type of
ovarian carcinoma exhibits metastasis.”® This case presented
as oval-shaped, circumscribed, hypoechoic masses without
calcifications or skin thickening. Unfortunately, the number
of patients who underwent US imaging in this review was
small, and the characteristic imaging manifestations could

not be well summarized here.

In this review, 5 metastatic lesions of OSCs were exam-
ined by positron emission tomography/computed tomogra-
phy (PET/CT). Three of those presented with inflammatory
breast cancer with increased fludeoxyglucose (FDG) uptake
and skin thickening, and the other 2 masses also had
increased FDG uptake (Table 3). PET/CT is not typically
used in the diagnosis of MOCB, and metastatic lesions are
often found accidentally. PET/CT can detect smaller tumors
with increased FDG uptake;>' however, it is unable to play
a major role in distinguishing primary and metastatic breast
tumors because of the similar imaging characteristics.**

MRI is also rarely used in the diagnosis of breast meta-
static lesions. The imaging on MRI might present as an oval
mass with intermediate signal on T2WI and low signal on
TIWI as well as fast and homogeneous enhancement.'
Herein, only 3 lesions (2 lesions metastasized from OSCs
and 1 lesion metastasized from ovarian carcinoma of
unknown pathology) had MRI imaging or descriptions in
this review, and all presented with homogenous/inhomoge-
neous enhancement (Table 3). In our case report, the patient
had undergone MRI examination. The imaging showed
a lobulated cystic mass with a cystic wall and septum of
uneven thickness, slightly high signal intensity on T1WI and
T2 WI, low signal intensity on STIR, and slight enhance-
ment in the cystic wall and septum on DCE-MRI.

Table 3 Characteristics of PET/CT, MRI, and CT Imaging for Different Types of MOCB

Characteristics oSsC

OoCcCC

OSscCC Unknown Total

PET/CT (n=5)
FDG uptake increasing (Yes) 5(5/5)
Swollen and skin thickening
Yes 3(3/5)

No 2(2/5)

5(5/5)

3(3/5)
2(2/5)

MRI (n=3)
Enhancement
Homogenous 1(1/2)

1(112)

Inhomogenous

1(173)

1(1/1) 2(2/3)

CT (n=2)

Shape
Oval
Spiculated

Border
Circumscribed
Indistinct

High density (Yes)

T

1)
(/)

1(1/1) 1(112)

1(112)
1(1/1) 1(112)
1(112)

(/1) 2(212)

Notes: Five cases were examined by PET/CT. Three cases were examined by MRI. Two cases were examined by CT.
Abbreviations: OSC, ovarian serous cystadenocarcinoma; OCCC, ovarian clear-cell carcinoma; OSCC, ovarian small-cell carcinoma; Unknown, ovarian

carcinoma of unknown pathology.
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Only 2 patients (metastasis from OSCC and OCCC)
underwent computed tomography (CT) imaging in this
review. The patient with metastatic lesions from OSCC
presented with multiple high-density, oval, circumscribed
masses, while the patient with metastatic breast lesions
from OCCC presented with a high-density, spiculated,
indistinct mass (Table 3).

Conclusions

As a matter of fact, the number of cases is small in this
review so that we can only make a simple description and
summary of the imaging characteristics rather than carry
out effective statistics. Herein, we summarized that MOCB
(especially that metastasized from OSCs) could present
with calcifications (especially microcalcifications) on
MM. MOCB presenting as an inflammatory breast cancer
usually showed swelling and skin thickening on MM and
US and increased FDG uptake on PET/CT. We hold the
opinion that these manifestations could be helpful in dif-
ferentiating malignant tumors from benign ones, but it
may still be difficult to distinguish between primary and
metastatic tumors. The correct diagnosis of MOCB
requires a combination of clinical history of the primary
tumor, careful clinical examination, radiology and ana-
tomic pathological evaluation.

MOCB has a low incidence and a high misdiagnosis
rate. However, it cannot be ignored for the different man-
agement of primary and metastatic tumors. We need to pay
attention to the finding of a new breast lesion in patient
diagnosed with ovarian cancer for it may be MOCB.
Though there is no characteristic imaging manifestations
in different types of MOCB, which has been summarized
in this review, we still hope to find out the special imaging
manifestations after collecting and reviewing more cases
of MOCB in the future. What’s more, we hope to provide
more accurate and reliable information to the surgeons and

the patients before surgery or needle biopsy.
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