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Breast cancer is one of the most common cancers and causes several complications in females.
Currently, MRI is a necessary method for preoperative studies in patients with breast cancer. A high
frequency of breast MRI can lead to an increase in the number of incidental extramammary find-
ings. Moreover, it can provide accurate preoperative workup; therefore, the prognosis of patients
can be improved. Herein, we provide several extramammary findings, including the mediastinum,
lung, upper abdomen, bone, and soft tissue, correlating with US, chest CT, liver MRI, PET-CT, and
bone scan.

Index terms Breast; Magnetic Resonance Imaging; Breast Cancer

INTRODUCTION

Breast cancer is one of the most common cancer and cause many complications in female
(1, 2). MRI is a powerful tool in breast imaging (3-5), and rapid increased of performance (6). It
has been widely used for assessment of lesion extent in patients with known breast cancer,
monitoring of the response to neoadjuvant chemotherapy, characterization of equivocal find-
ings at conventional mammography and ultrasonography (USG), screening in high risk fe-
male, and examination of patients after breast surgery such as augmentation or reconstruc-
tion surgery (3).

Usually MR device with a field of strength of 1.5T or greater was performed (3, 7). The pa-
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tients lies prone with both breasts hanging into the surface coil. Imaging between days 7-14
of the menstrual cycle is recommended to reduce background parenchymal enhancement.
Because breast MRI protocol is not standardized, breast MRI is a variety of protocol (7).
When the field of view (FOV) has extent of other anatomical structures such as mediastinum,
lung, skeletal, spleen, and liver, breast MRI can incidentally detect extramammary findings
(8). As the use of breast MRI increases, the number of incidental extramammary findings may
increase. These results are important because they can provide an accurate preoperative
work-up, so the prognosis of patients will more improved. The purpose of this article is to in-
troduce various incidental benign and malignant extramammary findings, such as mediasti-
num, lung, epigastric, bone, and soft tissue, found on breast MRI in breast cancer patients

and to emphasize the need to pay attention to these findings.

MRI PROTOCOL AND FOV OF BREAST MRI

Breast MRI were performed using a 3T MRI unit (Achieva, Philips Medical Systems, Best,
the Netherlands). The following sequences were evaluated: T2-weighted spectral selection at-
tenuated inversion recovery (SPAIR) sagittal sequence (repetition time [TR] 3805 ms, echo
time [TE] 70 ms, FOV 200 mm X 200 mm X 90 mm, matrix 400 X 392 X 30 [slice], voxel 0.5 X
0.5 X 3 (slice thickness), recon voxel 0.417 X 0.417), diffusion-weighted images (DWI) b-value
1000 (FOV 320 mm X 320 mm X 192 mm, voxel 2.5 X 2.5 X 5 [slice thickness], matrix 400 X
392 X 35 [slice], recon voxel 1.25 X 1.25 [RL X AP]), T1-weighted turbo spin echo (TSE) axial
sequence (FOV 320 mm X 320 mm X 192 mm, voxel 0.94 X 1.05 X 5 [slice thickness], matrix
400 X 392 X 35 (slices), recon voxel 0.5 X 0.5), before and five times after intravenous admin-
istration of gadovist (7.5 mL) or uniray prefilled (15 mL). eTHRIVE 6 dynamic sequence (TE
2.5, TR 5.0, FOV 320 mm X 320 mm X 180 mm, voxel 0.73 X 0.8 X 1.5, matrix 440 X 400 X 120
[slice], recon voxel 0.62 X 0.62 X 1.5). Contrast material was injected with a 6s delay into the
dorsal metacarpal vein with 18G or 20G needle at a flow rate of 1.5 mL/s followed by a flush
of 25 mL saline solution.

In this study, FOV about breast MRI included part of the mediastinum, lung, upper abdo-

men, bone, and soft tissue.

EXTRAMAMMARY FINDINGS IN MEDIASTINUM

Usually most of mediastinal lesions are asymptomatic and can find incidentally (9). Alduk
et al. (10) analysed that the extra mammary finding rate of mediastinal is 15.9% (22/138). In
adult, most of mediastinum mass finding is primary thymic masses (Figs. 1, 2), thyroid mass-
es and lymphomas (9). The most important tool for evaluation of mediastinal mass is CT. But
MRI also help to diagnosis of cystic mass and assessment of relationships with the surround-
ing structures (9).

Cardiac hypertrophy (Fig. 3) is an abnormal finding that is easily detected on a chest X-ray,
and can be confirmed through the cardiothoracic ratio (11). Cardiothoracic ratio is calculated

as the ratio between the maximum transverse diameter of the heart and the maximum width
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Fig. 1. 56-year-old female with IDC in right breast and thymoma.

A. CE T1-weighted-MRI shows a 1.4 cm in size IDC in the right breast (arrow).

B. CE T1-weighted-MRI shows an enhancing mass in the anterior mediastinum (arrow).

C. In the axial chest CT, there is an enhancing nodule at the same location as the MRI (arrow).

D. PET/CT shows a round-shape mass with fluorodeoxyglucose uptake (max SUV 2.3) in the same location as the MRI (arrow). The mass was
diagnosed as a thymoma after excision and biopsy.

CE = contrast-enhanced, IDC = invasive ductal carcinoma, max SUV = maximum standardized uptake value

Fig. 2. 48-year-old female with DCIS in left breast and thymic cyst.

A. CE T1-weighted-MRI shows a 1.2 cm in size DCIS in the left breast (arrow).

B. In axial chest CT, there is a low attenuated non-enhancing nodule at the same location as the MRI (arrow).

C. PET/CT shows a round-shape nodule with no fluorodeoxyglucose uptake in the same location as the MRI (arrow).
D. CE T1-weighted-MRI shows 1.3 cm in size non-enhancing nodule in the anterior mediastinum (arrow).

CE = contrast-enhanced, DCIS = ductal carcinoma in situ

Fig. 3. 72-year-old female with adenocarcinomas of unknown primary site in left breast and cardiomegaly.

A. CE T1-weighted-MRI shows a biopsy-proven adenocarcinoma in the right axilla (blank arrow) and an enhancing nodule in the right
breast of approximately 3.2 cm in size (arrow).

B. CE T1-weighted-MRI shows an enlarged heart in the middle mediastinum.

C. On posteroanterior chest X-ray, the cardiothoracic ratio is 0.55.

CE = contrast-enhanced
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of the chest above the costophrenic angles measured at the inner edge of the rib. Cardiac hy-
pertrophy is defined as a cardiothoracic ratio > 0.5. This can be easily detected in other radio-
logical tests (12).

A incidence of aberrant right subclavian artery (Fig. 4) has been reported 0.16% to 2% (13).
We found one case of the aberrant right subclavian artery on breast MRI. It was further eval-

uated on CT scan.

Fig. 4. T4-year-old female with DCIS in right breast and aberrant right subclavian artery.

A. Contrast-enhanced T1-weighted-MRI shows a 1 cm in size DCIS in the right breast (arrow).

B. T1-weighted-MRI shows a vascular structure (arrow) arising from the aortic arch after left subclavian ar-
tery running posterior to esophagus.

C-E. In the serial axial and reformatted coronal chest CT, there is an aberrant right subclavian artery (arrows)
running posterior aspect to esophagus (blank arrow).

DCIS = ductal carcinoma in situ

Fig. 5. 61-year-old female with DCIS in right breast and synchronous primary lung cancer.

A. CE T1-weighted-MRI shows a 3.5 cm DCIS in the right breast (arrow).

B. CE T1-weighted-MRI shows a 2.8 cm in size enhancing nodule in the left lung (arrow).

C. Axial chest CT also shows an enhancing nodule in left lower lobe (arrow). It was diagnosed as an adenocarcinoma by percutaneous
transthoracic needle biopsy.

D. PET/CT shows an increased fluorodeoxyglucose uptake (max SUV 4.3) in left lower lobe of the lung (arrow).

CE = contrast-enhanced, DCIS = ductal carcinoma in situ, max SUV = maximum standardized uptake value
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EXTRAMAMMARY FINDINGS IN LUNG

The breast cancer commonly spreads to the lung and lymph nodes (14). Casey et al. (15)
found that breast cancer patients with a solitary pulmonary nodule had primary lung cancer
(52%) (Fig. 5) and lung metastasis (43%) (Fig. 6). Alduk et al. (10) founds that the prevalence of
incidental extra mammary finding on breast MRI is lung (24/138; 17.4%) and pleural cavity
(15/138; 10.9%), including pleural metastasis (Fig. 7). One case is atelectasis (Fig. 8) that resem-
bles a pleural metastasis. The Lymph node metastasis (Fig. 9) is 20% (5/25) of malignant find-
ings (10). Those finding is basic assessment of treatment plan for breast cancer.

Incidental extra mammary findings on breast MRI include benign finding like pneumonia
(Fig. 10), pleural effusion, tuberculosis sequelae (Fig. 11) and pulmonary hamartoma (Fig.
12). There is no criteria of staging of breast cancer, but some of benign findings required ex-
tra treatment like antibiotics against pneumonia, percutaneous catheter drainage of pleural

effusion or anti tuberculosis drugs against active tuberculosis.

Fig. 6. 62-year-old female with IDC in left breast and lung metastasis.

A. CE T1-weighted-MRI shows a 3.7 cm IDC in left upper center of the left breast (arrow).

B. CE T1-weighted-MRI shows a 1.6 cm in size enhancing nodule in the right lung (arrow).

C. Axial chest CT also shows an enhancing nodule in the right middle lobe (arrow). It was diagnosed as a metastatic cancer by percutane-
ous transthoracic needle biopsy.

D. PET/CT shows an increased fluorodeoxyglucose uptake (max SUV 8.43) in the right lung (arrow).

CE = contrast-enhanced, IDC = invasive ductal carcinoma, max SUV = maximum standardized uptake value

. ©5“

Fig. 7. 50-year-old female with IDC in right breast and pleural metastasis.

A. CE T1-weighted-MRI shows an IDC with skin invasion (arrow) in right breast of approximately 7 cm in size.
B. CE T1-weighted-MRI shows small enhancing nodule on the left anterior pleural surface (arrow).

C, D. Axial CE CT image shows multiple pleural metastases (arrows).

CE = contrast-enhanced, IDC = invasive ductal carcinoma
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Fig. 8. 63-year-old female with IDC in both breast and atelectasis mimicking pleural metastasis.

A, B. CE T1-weighted-MRI shows two IDCs, one on each breast (arrows), of approximately 1.7 cm and 1 cm.

C, D. CE T1-weighted-MRI shows an enhancing lesion in right superior diaphragmatic area of approximately 1.3 cm in size, mimicking
pleural metastasis on the MRI. However, this lesion is correlated with right middle lobe atelectasis on the axial chest CT (arrows).

CE = contrast-enhanced, IDC = invasive ductal carcinoma

Fig. 9. 64-year-old female with IDC in right breast and internal mammary lymph node metastasis.

A. CE T1-weighted-MRI shows a 3.3 cm in size IDC in the left breast (arrow).

B. CE T1-weighted-MRI shows a 7 mm size enhancing nodule in the left internal mammary chain (arrow).

C. In the CE axial chest CT, there is an enhancing nodule at the same location as the MRI (arrow). The nodule
was diagnosed as a metastatic lymph node after operation.

CE = contrast-enhanced, IDC = invasive ductal carcinoma

Fig. 10. 54-year-old female with IDC in left breast and pneumonia.

A. CE T1-weighted-MRI shows an IDC in the left breast.

B. CE T1-weighted-MRI shows a 2.5 cm extent non-enhancing mass in the left lung parenchyma (arrow).

C, D. In the axial chest CT, there is a consolidation and ground glass opacity in the left lower lobe superior segment (arrows). Patient
showed elevated white blood cell count and was treated with antibiotics.

CE = contrast-enhanced, IDC = invasive ductal carcinoma

EXTRAMAMMARY FINDINGS IN UPPER ABDOMEN

The most common extra mammary findings is liver (16, 17). Iodice et al. (17) reported that
the half of non-significant extra mammary finding is liver cysts (51%, 210/414) (Fig. 13). We

found another benign finding, such as focal nodular hyperplasia (Fig. 14), liver cirrhosis, as-
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cites (Fig. 15), gallstone (Fig. 16) and hiatal hernia (Fig. 17). This findings are not necessary to
prompt further evaluation. However, 8% (5/66) of significant extra mammary finding was liver

metastasis (Fig. 18) (17). Half of metastatic breast cancer was known liver metastasis (18).

Fig. 11. 43-year-old female with IDC in right breast and tuberculosis sequelae.

A. CE T1-weighted-MRI shows a 1.5 cm in size IDC in the right breast (arrow).

B. T1-weighted-MRI shows an irregular mass in the right upper lobe (arrow).

C, D. In pre-contrast axial chest CT, there is a calcified nodule at the same location as the MRI (arrow). Also, in the lung window setting,
there is a band-like opacity around the calcified nodule (arrow). Considering the patient’s history and radiologic findings, it was pre-
sumed to be tuberculosis sequelae.

CE = contrast-enhanced, IDC = invasive ductal carcinoma

Fig. 12. 44-year-old female with IDC in right breast and pulmonary hamartoma.

A. CE T1-weighted-MRI shows 1.1 cm IDC in the right breast (arrow).

B. CE T1-weighted-MRI shows a 0.8 cm in size well-circumscribed solitary pulmonary nodule in the right lung (arrow).
C, D. Axial chest CT also shows a non-enhancing nodule with a fatty component in the right lower lobe (arrows).

CE = contrast-enhanced, IDC = invasive ductal carcinoma

Fig. 13. 79-year-old female with IDC in right breast and hepatic cyst.

A. CE T1-weighted-MRI shows a 3.1 cm in size IDC in the left breast (arrow).

B. T1-weighted-MRI shows a 5.7 cm in size hypointense lesion in the left lateral segment of the liver (arrow).

C. Inthe CE axial CT, there is a non-enhancing low-attenuated lesion at the same location as the MRI (arrow).

D. On ultrasonography, there is anechoic lesion with posterior acoustic enhancement in the left lateral segment of liver (arrow).
CE = contrast-enhanced, IDC = invasive ductal carcinoma
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Fig. 14. 51-year-old female with IDC in right breast and focal nodular hyperplasia.

A. CE T1-weighted-MRI shows a 2.9 cm in size IDC in the left breast (arrow).

B. T1-weighted-MRI shows a 1.7 cm in size enhancing lesion in the liver S8 (arrow).

C, D. Inthe axial chest CT, there is an enhancing low-attenuated lesion at the same location as the MRI (arrows).

E, F. CE T1-weighted liver MRI in the arterial phase reveals strong enhancement of the lesion and (F) wash-out in hepatobiliary phase (ar-
rows).

G. Axial T2W MRI shows a well-circumscribed T2 iso to hyperintense lesion (arrow) in the liver S8 with a central T2 hyperintense scar.

CE = contrast-enhanced, IDC = invasive ductal carcinoma

Fig. 15. 41-year-old female with IDC in left breast and liver cirrhosis with ascites.

A. CE T1-weighted-MRI shows a 5.2 cm IDC in the left breast (arrow).

B. CE T1-weighted-MRI shows nodular contour of the liver (red arrows) and ascites (yellow arrows), which suggests liver cirrhosis.
C. Axial CE CT imaging also shows a nodular contour of the liver and ascites, which is well correlated with the previous breast MRI.
CE = contrast-enhanced, IDC = invasive ductal carcinoma
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This finding is important to set up the treatment plan and needs to further evaluation.

EXTRAMAMMARY FINDINGS IN BONE & SOFT TISSUE

MRI is known the high positive predictive tool for defection of bone and soft tissue lesion. Stud-

Fig. 16. 49-year-old female with IDC in left breast and gallstone.

A. CE T1-weighted-MRI shows a 1.5 cm IDC in the left breast (arrow).

B. CE T1-weighted-MRI shows a hypointense nodular lesion in the gallbladder (arrow), which suggests a GB stone.

C, D. The axial non-enhanced CT image (C) and abdominal ultrasonography (D) also show a high density/ echogenic nodular lesion (ar-
rows) in the gallbladder, which is well correlated with the previous breast MRI.

CE = contrast-enhanced, IDC = invasive ductal carcinoma

Fig. 17. 78-year-old female with invasive lobular breast cancer in right breast and hiatus hernia.

A. CE T1-weighted-MRI shows a 2.4 cm in size invasive lobular breast cancer in the right breast (arrow).

B. T1-weighted-MRI shows a hypointense mass-like lesion of 5.7 cm in size in the para-esophageal area (arrow).

C, D. CE axial and coronal reformatted CT shows herniation of abdominal contents through the esophageal hiatus (arrows).
CE = contrast-enhanced

Fig. 18. 45-year-old female who underwent excision biopsy for right breast mass, which was proven IDC and hepatic metastasis.
A. CE T1-weighted-MRI shows an approximately 2.5 cm post-op hematoma in the right breast (arrow).

B. CE T1-weighted-MRI shows multiple ill-defined hypointense nodules in the liver (arrows).

C. Axial CT image shows correlating multiple ill-defined lesions in the liver, which suggests liver metastasis.

D. PET/CT shows diffuse and heterogeneous fluorodeoxyglucose uptake in both lobes of the liver.

CE = contrast-enhanced, IDC = invasive ductal carcinoma
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ies reported that bony findings on breast MRI is 3.1% (26/828) to 21% (66/308) (4). The Bone me-
tastasis (Fig. 19) is highly suggested that combined abnormality of multiple lesion and soft tissue

masses. But multiple bony lesions are confused bone metastasis with bone fracture (Fig. 20).

Fig. 19. 76-year-old female with IDC in left breast and bone metastasis.

A. Contrast-enhanced T1-weighted-MRI shows a more than 5 cm in size IDC in the left breast (blank arrow) and enhancing lesions in the
sternum (arrow).

B. T1-weighted-MRI shows hypointense lesions in the sternum (arrow), which suggest bone metastasis.

C, D. Whole body bone scan and PET/CT shows focal uptakes in sternum (arrows).

IDC = invasive ductal carcinoma

Fig. 20. 73-year-old female with IDC in right breast and rib fracture mimicking bone metastasis.

A. CE T1-weighted-MRI shows a 4.2 cm extent IDC in the right breast with skin invasion (arrow).

B. CE T1-weighted-MRI shows a focal enhancing lesion in right rib, which is suggestive of bone metastasis
on the MRI (arrow).

C, D. Axial CE CT image also shows multiple rib fractures with callus formation (arrows).

E. Bone scan also shows multiple rib fractures in both sides (arrows).

CE = contrast-enhanced, IDC = invasive ductal carcinoma
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It needs to further evaluation like bone scan or PET, because of very different condition to
make a treatment plan (8). Skin or chest wall invasion are also important to stage of breast can-
cer. There is one case of representing breast cancer with skin and muscle invasion (Fig. 21).
Some reports announced the relationship with breast cancer and neurofibromatosis. Breast
cancer patients of under 50 years of age have more risk of neurofibromatosis (Fig. 22) (19).

MRI is not required to diagnosis of neurofibromatosis, but it help to identify asymptomatic

Fig. 21. 45-year-old female with IDC in left beast and pectoralis muscle metastasis.

A. CE T1-weighted-MRI shows multiple IDCs (arrow) with skin invasion (blank arrow) in the left breast.

B. CE T1-weighted-MRI shows enlargement of the pectoralis muscle with enhancement (arrow).

C. In the CE axial CT, there is metastasis in the left pectoralis muscle (arrow) and skin invasion (blank arrow).
D. PET/CT shows increased FDG uptake in the left pectoralis muscle, which is suggestive of metastasis.

CE = contrast-enhanced, IDC = invasive ductal carcinoma

Fig. 22. 35-year-old female with IDC in right breast with history of neurofibromatosis.

A. CE T1-weighted-MRI shows a 7 cm in size IDC in the right breast (arrow).

B. T1-weighted-MRI shows a 1.6 cm in size nodule in the left lateral chest wall (arrow).

C, D. CE T1-weighted-MRI shows several small nodules in the subcutaneous layer (arrows).

E, F. In the CE axial CT, there is a 2.4 cm in size hardly-enhancing nodule in the paraaortic area (red arrow)
and small nodules in the soft tissue (yellow arrows).

CE = contrast-enhanced, IDC = invasive ductal carcinoma
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Fig. 23. 45-year-old female with IDC in left beast and pectus excavatum.

A. CE T1-weighted-MRI shows a 7 cm in size IDC with skin invasion in the left breast (arrow).

B. CE T1-weighted-MRI shows concave depression of the sternum and chest wall deformity (arrow).
C. With the CE CT, the Haller index was calculated as 3.06, compatible with pectus excavatum.

CE = contrast-enhanced, IDC = invasive ductal carcinoma

tumours (20).

One of common chest wall malformations is pectus excavatum. Those patients should ini-
tially be evaluated morphology of thorax wall, tracheal bronchus and heart. CT and MRI is
tool that can measure the degree of severity of pectus excavatum (Fig. 23) (21).

CONCLUSION

Few studies of the extramammary finding of breast MRIs have been reported. Morakkabati-
Spitz et al. (22) analysed the prevalence of incidental findings on breast MRI. 9% of the pa-
tients with a history of breast cancer and 81% of patients on preoperative staging had inciden-
tal findings. Extramammary findings found in these patients have a high probability of
malignancy (4, 22). Therefore, findings found incidentally on breast MRI may be helpful in
treating cancer or developing a treatment plan. In conclusion, it is the responsibility of the ra-

diologist to observe these findings carefully and not to ignore them.
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