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Objectives

ÅReview imaging features of MSK metastatic disease

ÅDiscuss clinical features and treatment algorithms for MSK metastatic 
disease

ÅReview minimally invasive techniques used in MSK palliation



MSK Metastases

ÅMost common site of metastatic disease

ÅMorbidity
ÅPain

ÅPathologic fracture

ÅNeural compromise

ÅMyelosuppresion

AJR 2017; 209:713ς721
World J Radiol2015 August 28; 7(8): 202-211 68 yo F with rhabdomyosarcoma of the thyroid. Case courtesy of Brady Huang, MD. 

59 yo F with breast cancer and foot drop. 



Routes of spread

ÅDirect extension όŜΦƎΦ tŀƴŎƻŀǎǘΩǎ ǘǳƳƻǊύ

ÅLymphatic
ÅDraining lymph node involves adjacent bone (e.g. 

vertebral destruction in pelvic carcinoma)

ÅHematogenous
ÅArterial ςimmunity to tumor penetration in 

absence of infection

ÅVenous* ςƳƻǎǘ ŎƻƳƳƻƴ ό.ŀǘǎƻƴΩǎ ǇƭŜȄǳǎ Ą

direction connection to IVC/SVC with no valves)

ÅIntraspinal(e.g. CSF  to spinal canal)

Resnick. Bone and Joint Imaging, 2004
BatsonOV. Ann Surg. 1940;112:138. 



Pathophysiology of bone metastases

ÅRich marrow sinusoidal system Ą large endothelial gaps

ÅTumor adhesion molecules bind to bone matrix

ÅCertain tumors upregulate: 
ÅOsteoclasts(e.g. TNF, PTHrP)Ą lysis

ÅOsteoblasts(e.g. EGF, IGF) Ą sclerosis

World J Radiol2015 28; 7(8): 202-211
Valdez et al (2012) Hematopathology.
Journal of Clinical Oncology, 19, 15 2001



Pathophysiology of bone metastases

Osteolytic
ÅLung

ÅKidney

ÅThyroid

ÅMost SCCs

ÅMelanoma

ÅHCC

ÅColon 

ÅBladder

AJR:208, May 2017 

Mixed 
ÅLung

ÅBreast

ÅCervical

ÅBladder

ÅTesticular

ÅGastrointestinal

Osteoblastic
ÅProstate

ÅBreast

ÅCarcinoid

79 yo M with prostate cancer. 

70 yo F with breast cancer.
73 yo F with lung cancer. 



Common sites of bone metastases 

ÅThoracolumbar spine + sacrum = vertebral body > posterior element
ÅLumbar(52%), Thoracic (36%), Cervical (12%) 

ÅPelvis

ÅRibs

ÅSternum

ÅFemoral and humeral shafts

ÅSkull (e.g. myeloma, breast lung)

Resnick. Bone and Joint Imaging, 2004

67 yo F with breast cancer. 

69 yo F with lung cancer



Infrequent sites of bone metastases 

ÅMandible (e.g. myeloma)

ÅPatella

ÅAppendicular 
ÅHands and Feet Ą lung cancer

Å{ƛǘŜǎ ƻŦ ŘƛǎŜŀǎŜ όŜΦƎΦ tŀƎŜǘΩǎύ ƻǊ 
surgery (e.g. implant)

Resnick. Bone and Joint Imaging, 2004
World J Radiol2015 August 28; 7(8): 202-211 

98 yo man with biopsy-proven metastasis to calcaneus. History prostate cancer.



Imaging Pearls: Sclerotic lesion

Bone Island
ÅSpiculated

ÅGrowth < 50% in 1 year

ÅNormal surrounding 
marrow

ÅCan be warm or hot on 
bone scan

Metastasis
ÅLess homogenous

ÅRim of edema ςhalo sign (99% 
specific)

ÅMean attenuation < 885 HU

Planar Bone scan should not be used to exclude or mandate 
biopsy of a sclerotic lesion. Useful to find additional lesions. AJR:208, May 2017 

AJR 2016; 207:362ς368 

69 yo F with breast cancer.



Imaging Pearls: Lytic lesion

ÅAsymptomatic + nonaggressive sclerotic margin + no treated 
malignancy = no additional imaging

ÅIndeterminate ĄMRI 
ÅLook for Fat (99.5% benign)

AJR:208, May 2017 
93 yo F with fall. 



Imaging Pearls: Focal marrow abnormality

ÅAdult red marrow = Axial skeleton, proximal long bone metaphyses
ÅT1 signal > muscle or disk

ÅFocal red marrow can appear masslikewithout macroscopic fat

ÅIn and out of phase Ąmicroscopic fat decrease in signal on OOP 
images when compared to muscle

ÅIf no macro or micro fat Ą 6% malignant
ÅBreast, lung, lymphoma, myeloma

ÅFDG PET/CT ς95% sensitive for mets/lymphoma

AJR:208, May 2017 

86 yo F with right chest wall sarcoma. 



Soft-tissue metastases

Å1.3% of soft-tissue masses

ÅLarge, painful, deep to fascia

Å~ 50% - first presentation of malignancy
ÅLung, skin, kidney

J Bone Joint Surg Br.2009 Aug;91(8):1083-5.

33 yo M with biopsy proven rectal cancer 
metastatic to gluteal musculature.

48 yo F with pulmonary artery sarcoma.



Clinical features of bone metastases

ÅComplication from bone met = skeletal-related event

ÅA patient with bone met Ą skeletal-related event  every 3-6 mos
ÅCluster around periods of progression and reduced treatment options

ClinCancer Res 2006;12(20 Suppl) 2006 



Clinical features of bone metastases

ÅPain

ÅPathologic fractures

ÅNeural compression

ÅMyelosuppresion

ÅDeconditioning

ÅWeakness

ÅRespiratory compromise

ÅHypercalcemia

ClinCancer Res 2006;12(20 Suppl) 2006
Semin Intervent Radiol 2017;34:121ς131.
JGastrointestOncol2014;5(6):E113-E116.



Pain

ÅMost common cause of of cancer-related pain

ÅNot adequately treated in 56-82% of patients

ÅMechanisms
ÅTumor-induced osteolysis

ÅCytokine release

ÅInfiltration of nerves

ÅNociceptivetype Ą damage to tissues

ÅNeuropathic type Ą damage to nerves

ClinCancer Res 2006;12(20 Suppl) 2006
Diagnostic and Interventional Imaging (2017) 98, 627τ634
Semin InterventRadiol2017;34:328ς336 

34 yo M with metastatic liposarcoma. 



Pain

ÅBase of skull ςcranial nerve palsies, 
neuralgias, headaches

ÅVertebral ςneck and back pain with or 
without neurologic complication 
(epidural extension)

ÅPelvic and femoral ςpain in back and 
lower limbs, mechanical instability

ClinCancer Res 2006;12(20 Suppl) 2006 

60 yo M with RCC and lung cancer. 



Pain in the spine

ÅPeriosteum Ą high density of sensory nerve endings
ÅTumor invasion Ą local inflammatory environment

ÅMedullary Ą little sensory innervation 

ÅExtend directly into exiting nerve roots

ÅCompress dura or spinal cord 

ÅPathologic fracture
ÅStabilize when possible

ClinCancer Res 2006;12(20 Suppl) 2006 



Pathologic fractures

ÅReduced load bearing capability Ąmicrofracture(pain) Ą fracture
ÅMost common =  ribs and vertebrae

ÅMost disability = Long bone fracture or epidural extension

37 yo F with metastatic pheochromocytoma. ClinCancer Res 2006;12(20 Suppl) 2006 



Spinal metastases 

ÅGoals of treatment
ÅPalliative pain control

ÅStructural stabilization

ÅTumor control

ÅPatient evaluation
ÅStructural integrity

ÅPain 

ÅClinical factors

Semin Intervent Radiol 2017;34:121ς131. 



Spinal metastases ςStructural assessment

ÅEarly surgical evaluation
ÅAggressive multilevel or multicolumn disease

ÅSignificant deformity

ÅSpinal canal encroachment

ÅBowel/bladder dysfunction

ÅLower extremity weakness or sensory deficits

ÅIdentify pathologic fractures and high risk lesions for future fracture
ÅMRI preferred

ÅCT ςCritical cortical boundaries, minimally displaced fractures

ÅSPECT/CT ςmyeloma fractures

Semin Intervent Radiol 2017;34:121ς131. 



Spinal metastases ςPredicting fracture risk

ÅLimited data-driven recommendations

ÅMost validated scoring system Ą Spinal Instability Neoplastic Score (SINS)
ÅPublished by Spine Oncology Study Group (2010)
ÅBased on literature review and expert opinion ςsomewhat validated

ÅScores 6 variables
ÅLocation
ÅMechanical pain
ÅType of bony lesion
ÅRadiographic alignment
ÅVertebral body destruction
ÅInvolvement of posterolateral spinal elements

SPINE Volume 35, Number 22, pp E1221ςE1229 
Global SpineJournal 2017, Vol. 7(8) 744-748 
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