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Learning Objectives

• Understand the epidemiology of osseous metastatic disease in 
breast cancer

• Discuss mimics, pitfalls, and pearls when assessing for osseous 
metastatic disease

• Know the imaging features of osseous metastases and their mimics 
to accurately diagnose metastatic disease

• Examine current treatment options for osseous metastases, the 
biology of the primary and metastatic lesions, and their treatment-
related imaging features



Epidemiology

• Approximately 2/3 of patients with bone metastases will develop 
“skeletal related events” (SREs), including:
• Pathologic fractures* (indication for surgical intervention 

or palliative radiotherapy)
• Hypercalcemia of malignancy
• Spinal cord compression

• Additional complications include focal bone pain, immobility 
(and subsequent deep vein thrombosis)

• Bone is the most common site of breast cancer metastases, and develops in ~ 25% of 
patients with breast cancer

• Of those with metastatic breast cancer, ~70% will have bone metastases

• Most osseous metastases are secondary to hematogenous spread of tumor cells, 
although rarely breast cancer can also spread via direct extension through the chest wall

XR: Pathologic fracture of the left 
hip



Epidemiology

• Low-grade and estrogen receptor positive (ER+) breast cancers are 
more prone to the subsequent development of osseous metastatic 
disease

• Bone metastases are often associated with a higher mortality rate, with 
patients experiencing SREs at an even higher risk of mortality
• However, bone-only metastases have a better prognosis compared to 

metastases to visceral organs

• Additional risk factors associated with an increased chance of 
developing bone metastases include:
• Lymph node involvement
• Increased tumor size
• Patient < 35 years old



Imaging Options
• Bone scan (skeletal scintigraphy) (SS): 

• Most common primary imaging modality to assess for whole-body 
osseous metastases

• Involves the use of radiopharmaceuticals (Tc-99 MDP) with high 
sensitivity for the detection of osteoblastic/sclerotic metastases

• Decreased sensitivity for osteolytic lesions
• Increased sensitivity, decreased specificity compared to radiographs

• Radiograph (x-ray) (XR): 
• Inexpensive and accessible
• Bone lesions can be lucent (osteolytic) or increased density 

(osteosclerotic and osteoblastic)
• Can be used as an adjunct to bone scan for follow up, used to quickly 

assess for complications of disease (pathologic fractures), or used in 
cases when bone scan is negative/equivocal and high clinical suspicion 
remains

PITFALL: When considering x-ray as an imaging modality in the workup of 
suspected bone metastases, consider that these lesions may not be able to be seen 

until later on in the disease course – in most cases, ~50% of normal bone mineral 
content must be lost before osteolytic metastases can be observed on a radiograph!

XR: Diffuse sclerotic 
osseous metastases 

with pathologic 
bilateral obturator 

ring fractures

SS: Multifocal 
radiotracer uptake in 
the calvarium, spine, 

ribs, sternum, 
scapulae, 

pelvis/sacrum, 
humeri, and femurs



Imaging Options

• Computed tomography (CT) +/- positron emission tomography (PET) :
• Increased sensitivity compared to x-ray to detect metastatic disease 

(sensitivity 71% - 100%), especially sensitive for lesions in the skull or spine 
(limitation of x-ray)

• Often used in conjunction with PET for more accurate full-body scanning – this 
uses a metabolically active radiotracer (18F-FDG) to indicate areas of 
increased glucose metabolism (tumor), and can be used to assess for both 
skeletal and soft tissue metastases concurrently

• Magnetic resonance imaging (MRI): 
• Costly to perform but provides a very high sensitivity (82-100%) and specificity 

(73-100%) for detecting bone metastases without the use of ionizing radiation. 
• Provides great  detail of bone marrow (vascular) and can help detect early 

marrow lesions before advanced disease manifests as cortical irregularities.
• Metastases to marrow appear as areas of decreased signal intensity on T1 

weighed imaging.

PITFALL: The sensitivity of CT for visualization of osteolytic metastases 
and sequelae of disease (pathologic fractures) is decreased in patients 

with underlying osteopenia/osteoporosis

PET/CT: Multifocal 
FDG avid osseous 
metastases in the 
spine, pelvis and 

ribs



Diffuse Osseous Metastatic Disease 

CT: Large, irregular, heterogeneously 
enhancing, necrotic left breast mass

CT: Diffuse osseous lytic lesions in the pelvis, sternum, and 
spine, consistent with advanced metastatic disease, including 

a pathologic compression fracture of L1 (arrow)

63 y/o F presenting with a fungating left breast mass which started as a “small lump” ~ 1 year ago

Teaching Points:
• Bone is the most common site of breast cancer metastases
• Most osseous metastases are secondary to hematogenous spread of tumor cells, although rarely 

breast cancer can also spread via direct extension through the chest wall
• Symptoms can include focal bone pain and pathological fractures



Quick Quiz

Osseous metastases from breast cancer exhibit which pattern of 
bone destruction on imaging?

A. Lytic
B. Blastic/Sclerotic
C. Mixed
D. All of the above

TEACHING POINT: Be careful! Bone metastases from breast cancer 
can be osteolytic, osteoblastic/osteosclerotic, or mixed (features of 

both). The most common overall pattern of bone destruction in pre-
treated osseous metastases in the setting of breast cancer is lytic.



Case Presentations



Malignant Phyllodes Tumor, Osseous Metastasis

TEACHING POINTS:
• Phyllodes tumors are rare tumors of the breast fibroepithelium, which 

account for less than 1% of all breast cancers, malignant in ~ 20% of cases.
• Very rare – only a few cases of phyllodes tumor osseous metastases have 

been reported in the literature.
• Remember that phyllodes tumors demonstrate hematogenous spread!

(rather than lymphatic). Axillary dissection is typically not recommended.

36 y/o F with a history of excisional biopsy proven malignant phyllodes tumor s/p right mastectomy in 2014

PET/CT: FDG avid lytic and expansile lesion with 
associated soft tissue mass involving the left 

lateral fourth rib

XR: Shoulder radiograph 
(left) demonstrates a 

lytic lesion in the inferior 
tip of the right scapula

MRI: T1 hypointense 
(middle) and T2 

hyperintense (right) 
lesion in the inferior right 

scapula with cortical 
break and soft tissue 

extension



Invasive Lobular Carcinoma, Osseous Metastasis
61 y/o F with a history of palpable bilateral breast masses and increased calcifications, biopsy proven invasive lobular carcinoma

MG: Retroareolar mass containing 
coarse and heterogeneous 

calcifications; there were multiple 
masses in the bilateral breasts

US: Irregular, hypoechoic, retroareolar 
mass with angular margins and mild 

posterior acoustic shadowing

CT: Lytic metastatic lesion is 
demonstrated within the left 

sacral ala

CT: Multiple sclerotic
metastatic lesions are present 

throughout the spine 

TEACHING POINTS:
• Invasive lobular carcinoma (ILC) is the second most 

common type of breast cancer (~ 5-15% of all breast 
cancers)

• Close association with the loss of E-cadherin, a 
glycoprotein that normally acts to maintain cell adhesion

• Often bilateral (~ 15%) and multicentric
• Multiple studies have shown that ILC has a higher risk of 

bone metastases compared to invasive ductal carcinoma

Due to the propensity for ILC to 
be bilateral, imaging of the 
contralateral breast is very 

important!



Male Breast Cancer, Direct Osseous Invasion
64 y/o M presenting with an ulcerating mass of the left chest wall, pathologically proven invasive ductal carcinoma

CT: Diffuse sclerotic 
changes of the 

sternum, consistent 
with metastatic disease

US: Irregular, hypoechoic retroareolar 
mass with angular margins, 

measuring 6.2 x 2.6 x 2.1 cm, which is 
inseparable from the underlying 

pectoral muscle. There is moderate 
internal vascularity on color Doppler.

PET/CT: FDG avid, irregular left breast mass, inseparable from the 
underlying pectoralis muscle, extending to the skin surface (left) with 

sclerotic sternal lesion displaying low level FDG uptake (right)

TEACHING POINTS:
• Breast cancer in males is rare, accounting for only ~ 1% 

of all breast cancer cases
• Close association with men carrying BRCA1 and BRCA2 

gene mutations
• Although osseous metastases are most commonly 

secondary to hematogenous spread, rarely direct 
invasion can occur from direct extension into chest wall 
musculature or from adjacent enlarged internal 
mammary lymph nodes



Quick Quiz

Skeletal related events (SRE’s) in the setting of breast cancer 
metastases include all of the following, except...

A. Hypercalcemia of malignancy
B. Pathologic fractures
C. Spinal cord compression
D. Bone pain



Treatment Options for Metastases

TEACHING POINT: The best treatment plans often involve a multi-specialty approach with 
collaboration between breast surgeons, medical oncologists, radiation oncologists, and radiologists

Surgery:
Only indicated for patients with pathologic 

fractures or spinal cord involvement 
with peripheral nerve compression.

External beam radiation therapy:
Great choice to provide palliative pain relief.

Additional indications include patients at risk for 
the development of pathologic fractures, 
and neurological sequelae of spinal cord 

compression.

Denosumab:
A monoclonal antibody which inhibits the 

function of RANKL ligand, inhibiting the bone 
breakdown effects of osteoclasts. In breast 

cancer, has been proven to be more effective 
than bisphosphonates in reducing the 

incidence of SRE’s. Less risk of renal 
toxicity compared to bisphosphonates.

Bisphosphonates:
Pyrophosphate analogs (stop bone 

demineralization), which act to prevent 
osteoclast-mediated bone breakdown. Best 

treatment for hypercalcemia of malignancy.
Reduce pain and incidence of SRE’s.



Assessing Treatment Response with Imaging 
• Bone metastasis treatment response has been historically assessed using 

criteria developed by the Union for International Cancer Control (UICC) and 
World Health Organization (WHO)

• A limitation of the UICC and WHO criteria is that CT/MRI changes are not 
included in the assessment of treatment response, despite these imaging 
modalities’ increased sensitivity and specificity for detecting lesions compared 
to XR or SS
• UICC: uses XR alone to assess treatment response
• WHO: uses XR and SS to assess treatment response

• The Revised Criteria for the Assessment of Bone Response (MD Anderson 
criteria – MDA) incorporates CT/MRI imaging findings in assessing tumor 
treatment response, which allows a more in-depth assessment of response



• Patients with breast cancer metastases who underwent treatment are 
separated into 1 of 4 categories based on imaging findings: complete 
response, partial response, no change (stable disease/non-responders), 
progressive disease 

• Complete response:
• Lytic lesion → completely sclerotic (XR, CT)
• Blastic lesion normalizes (XR, CT)
• Disappearance of focal increased radiotracer uptake or abnormal tumor 

signal (SS, CT, MRI)

• Partial response:
• Lytic lesion → sclerotic rim or partial sclerosis (XR, CT)
• Measurable lesion regression (XR, CT, MRI, SS)
• Decrease in blastic lesion (XR, CT)

Assessing Treatment Response with Imaging 
The Revised Criteria for the Assessment of Bone Response (MD Anderson criteria – MDA)



Assessing Treatment Response with Imaging 

• No change:
• Unchanged measurable lesions or blastic/lytic lesions (XR, CT, MRI)
• No new lesion (XR, SS, CT, MRI)

• Progressive disease:
• Increase in size of any measurable lesions (XR, CT, MRI)
• New lesion (XR, CT, MRI, SS)
• Increased radiotracer uptake (SS)

The Revised Criteria for the Assessment of Bone Response (MD Anderson criteria – MDA)



Assessing Treatment Response with Imaging 
What changes should the radiologist be looking for on imaging?

• SS: Areas of increased radiotracer uptake (“dark” spots) → clear

• XR: Areas of lucency (lytic) → areas of increased density (sclerotic)

• CT: Lytic → sclerotic or evidence of tumor regression

• MRI: Normalization of bone signal/evidence of tumor regression

• PET/CT: Areas of metabolic hyperactivity (“hot” spots) → clear



Post-Treatment Osseous Metastatic Changes 

MG: Irregular mass in the posterior, outer, lower left 
breast, biopsy proven invasive ductal carcinoma

CT: Osseous metastases to 
cervical vertebral bodies; pre-

treatment (A) showing lytic
lesions which converted to 

sclerotic lesions post-
treatment (B)

61 y/o F with history of invasive ductal carcinoma metastatic to bone, ER +, PR+, HER-2/neu – status post chemotherapy

TEACHING POINTS:
• Look carefully at the bones when interpreting breast MRIs as osseous 

metastases can sometimes be subtle and easily missed!
• Although not all osseous metastases in breast cancer are lytic, these 

lesions will most often become sclerotic after treatment

MRI: Enhancing sternal lesion 
on initial staging MRI (A). Post-

treatment follow up MRI (B) 
showed a lesion with T1 and 
T2 hypointense signal and no 

enhancement, compatible 
with treatment response

A B

A B



Post-Treatment Osseous Metastatic Changes 
58 y/o F with history of inflammatory breast carcinoma metastatic to bone, ER +, PR+, HER-2/neu – status post chemotherapy

MRI: Sagittal T1 FLAIR MRI demonstrates a round, 
hypointense lesion within the central L2 vertebral 
body. This lesion was mixed hypo/hyperintense on 

T2, consistent with metastasis

PET/CT: A) FDG avid multifocal soft tissue nodularity within the right breast demonstrating FDG 
uptake. The patient also had FDG avid soft tissue nodularity within the right pectoralis muscle 
and multiple FDG avid right subclavian and right axillary lymph nodes. B) Focal FDG uptake is 

demonstrated within the central L2 vertebral body, concerning for osseous metastatic disease

TEACHING POINTS:
• Inflammatory breast cancer is rare, accounting for ~ 0.5 – 2% of invasive breast 

cancers
• Dermal lymphatic invasion by breast carcinoma → peau d’orange appearance of 

the skin (edema leads to tightening of the Cooper’s suspensory ligament)
• Rapid onset of breast erythema, warmth, or peau d’orange; a palpable mass 

may not be present!

A B



Post-Treatment Osseous Metastatic Changes 
58 y/o F with history of inflammatory breast carcinoma metastatic to bone, ER +, PR+, HER-2/neu – status post chemotherapy

PET/CT: Following chemotherapy treatment, the right 
breast demonstrates decreased FDG uptake. Additionally, 

the right axillary and right subclavian lymph nodes are 
decreased in size without focal FDG uptake. These findings 

suggest a good tumor response.

PET/CT: Sequential images of the L2 vertebral body – A) Initial imaging demonstrates an FDG avid lesion 
in the central L2 vertebral body, consistent with metastatic disease. B) Post-chemotherapy related 

changes are demonstrated within the L2 vertebral body lesion, now appearing sclerotic and without 
focal FDG uptake. C). 1-year post- chemotherapy, there is new FDG uptake within the L2 vertebral body 

(arrow) adjacent to the known sclerotic metastatic lesion, concerning for recurrent metastasis

INITIAL POST-CHEMOTHERAPY 1-YEAR LATER

TEACHING POINT:
Recurrent symptoms should raise suspicion for recurrent metastasis. PET/CT can be a useful 
adjunct to help detect recurrent disease, which will appear as a new area of focal FDG uptake 
adjacent to previous chemotherapy-related metastatic change

Presents 1-year status post chemotherapy with new onset back pain…

A B C



Receptor Conversion in Breast Cancer Osseous Metastasis

MG: Irregular, spiculated mass in the 
retroareloar left breast, biopsy proven 

invasive ductal carcinoma 

US: Irregular, hypoechoic retroareolar 
mass with spiculated margins, biopsy 

proven invasive ductal carcinoma

CT: Round, sclerotic lesion is demonstrated 
within the posterior left iliac bone, 
suspicious for metastatic disease.

ER+ PR+ HER2 -

ER+ PR- HER2 -

TEACHING POINTS:
• Receptor status (ER – estrogen receptor, PR –

progesterone receptor, and human epidermal growth 
factor receptor 2 status (HER2)) can change between 
the primary breast cancer and systemic breast cancer 
metastasis.

• Of these, it is most common to see a conversion 
from + to –→ clinically, this means that the patient 
may not receive the proper treatment for distant 
disease.

• Additional biopsies of lesions at distant sites of 
suspected metastasis may be beneficial on a patient-
to-patient basis to ensure adequate treatment.



Imaging 
Differentials and Pitfalls



Differential of Sacral Osseous Metastases

PET/CT: FDG avid lytic lesion within the 
S1 vertebra measuring ~ 4.7 x 3.0 cm 
with associated pathologic fracture of 

the sacrum (arrow) 

PET/CT: Focal FDG uptake along 
left sacrum with associated 

degenerative/erosive changes 
along the left SI joint

PET/CT: H-shaped FDG uptake along the sacrum on whole 
body MIP PET images in a pattern consistent with bilateral 

sacral insufficiency fractures (Honda Sign). No lytic lesion on 
CT images.

Metastasis w/ Pathologic Fracture Sacroiliitis Bilateral Sacral Insufficiency Fractures

vs. vs.

TEACHING POINTS:
• PET/CT is a great tool in assessing osseous metastatic disease in breast cancer patients
• Important to look at CT images when assessing focal FDG uptake to rule out benign causes!



Primary Bone Lesion (Enchondroma) vs Osseous Metastases 

MetastasisEnchondroma

vs.

TEACHING POINTS:

• Enchondromas are benign intramedullary neoplasms 
containing cartilage/chondroid matrix

• Since enchondromas contain cartilaginous/chondroid 
matrix, calcifications are common

• Remember – since medullary bone contains the 
osseous vascular supply, hematogenous bone 
metastases are often confined to the medulla in early 
disease. As disease progresses, metastases will tend 
to grow and invade the cortical bone and 
surrounding soft tissues, - enchondromas should 
never grow into the cortex. This should raise 
suspicion for an alternative diagnosis, such as 
metastasis.

XR: A lytic lesion is present within the 
distal femoral diaphysis exhibiting 

speckled calcifications and a narrow zone 
of transition. There is no evidence of 

periostitis or cortical invasion. 

XR: A lytic lesion is present within 
the mid femoral diaphysis. There is 
evidence of invasion of the lateral 

femoral diaphysis cortex, 
suspicious for 

malignancy/metastasis.



TEACHING POINTS:
• Differentiating between a sternal metastasis vs a benign hemangioma is often difficult, particularly on 

MRI, as hemangiomas often enhance --> further characterization with bone scan is often necessary
• Sternal metastases often have decreased T1 signal, while hemangiomas often have high T1 signal 

(although imaging features may overlap)
• Signs of osseous destruction (as in the metastatic case above) can be helpful in diagnosing a metastatic 

lesion
• The sternum is the most common site of a solitary bone metastasis!

Sternal Metastasis vs Benign Hemangioma

MRI: T1 hyperintense circumscribed sternal lesion with no significant 
enhancement (although many hemangiomas may show enhancement)

MRI: T1 isointense sternal lesion with internal enhancement, cortical 
breakthrough, and surrounding enhancement

Benign Hemangioma Sternal Metastasis

T1 Pre FS T1 Pre FST1 Post FS T1 Post FS

vs.



Differential Diagnosis: Schmorl’s Node

CT: A) Sagittal and B) axial CT in a patient with known primary invasive ductal carcinoma 
demonstrating a solitary lytic lesion within the inferior aspect of the L4 vertebral body. 

Differential diagnosis includes metastatic disease and benign, degenerative Schmorl’s node

PET/CT: Coronal images demonstrating C) pre and D) post chemotherapy changes of 
the L4 lytic lesion. The lesion in question was FDG avid pre-treatment, suggesting 

metabolic activity, which resolves post-treatment

62 y/o F with status post L4 lytic lesion CT-guided biopsy

TEACHING POINTS:
• Schmorl’s nodes (intravertebral disc herniations through the superior or inferior vertebral body endplate) 

present a diagnostic pitfall when assessing for metastatic disease in the spine
• Schmorl’s nodes demonstrate low to moderate FDG uptake on PET/CT, and can lead to a false positive 

result, mimicking metastases
• Schmorl’s node pathology usually shows inflammatory cell infiltration and bone marrow edema vs. 

malignant cells in the setting of metastatic disease

Pathology was compatible with 
marrow fibrosis, mild mixed 

chronic inflammatory cell 
infiltrate, but no evidence of 

malignant cells 

A
B

C D



Conclusion

• Imaging is important in diagnosing osseous metastatic disease and 
assessing the response to treatment

• Awareness of common mimics of metastatic disease is important to 
ensure accurate diagnosis

• Many treatment options exist for osseous metastatic lesions and 
SRE’s; however, it is most important to have a multi-discipline 
approach to determine the best course of treatment for the patient
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