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Bone represents the third most common site of cancer metas-
tases after the lung and liver.1 Between 20 and 30% of patients
with any advanced malignancy eventually develop osteolytic
metastases and approximately half of all patients suffer from
intractable bone pain.2 In addition to being a major source of
cancer-related pain, these lesions are frequently at risk for
pathologic fracture and its accompanying morbidity. While
bonymetastases are commonly thought of as occurringwithin
the vertebral column, over 80% are found outside the spine.3

Percutaneous interventional treatments offer a broad
array of minimally invasive, image-guided procedures that
are rapidly effective, reduce the need for opioids, and often
work in complementary fashion with adjunct treatments in
radiation oncology, orthopaedic surgery, and/or medical
oncology. This article presents an approach to assess extra-
spinal lytic metastases, reviews available interventional
techniques in use today, and offers example cases as an
introductory primer to the thought process used for select-
ing the appropriate interventional treatment.

General Principles

The presence of bone metastases is a primary source of
morbidity for patients and can result in fracture, pain, and/or

decreased quality of life.2 A multidisciplinary approach in the
management of patients with osseous metastatic disease and
early referral to pain palliation has shown to significantly
improve both survival and quality-of-life metrics. At present,
radiation therapy is considered themainstay treatment for the
palliation of bonymetastases. Although radiotherapy has been
shown to be an effective treatment for local control of osseous
metastases, its effectiveness in providing timely pain palliation
has certain limitations. Up to 20 to 30% of patients treatedwith
external beam radiation report receiving no pain relief at all.
Complete pain responses are seen in only up to 25% of
patients.4–8 In addition, the time to maximal pain reduction
for radiotherapy occurs 12 to 20weeks after the completion of
treatment—a period that can often meet or exceed a patient’s
life expectancy.9 Prior to radiotherapy, patients are prescribed
opioids as part of the World Health Organization’s analgesic
ladder. The well-known drawbacks of constipation, nausea,
sedation, dependence, and tachyphylaxis also make opioids a
suboptimal analgesic strategy.10

As pain response is the primary endpoint for most studies
related to the treatment of bone metastases, percutaneous
therapies offer many added potential benefits. In contrast to
external radiation, interventional treatments such as percu-
taneous ablation and mechanical reinforcement can achieve
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pain relief in 24 hours to 1 week—frequently in patients
whose pain has proven resistant to alternative therapies.
Pain reduction is achieved in 70 to 96% of patients as
compared with 50 to 80% reported with radiotherapy.11 In
addition, and in contrast to radiation therapy, ablation
combined with cementoplasty or percutaneous stabilization
(PS) results in tumor cytoreduction and reinforcement of the
treated bone. Functional improvement is achieved in nearly
80% of patients and there is limited evidence to suggest that
cementoplasty with PS reduces the risk of pathologic frac-
ture in the long bones.12–14

Interventional Treatments

Ablation, cementoplasty, and PS represent methods in which
interventional radiologists can offer patients aminimally inva-
sive, rapid, and well-tolerated solution in the treatment of
painful bony metastases. More importantly, these interven-
tional procedures do not preclude a patient from concurrent or
subsequent radiation therapy, chemotherapy, or orthopaedic
surgery. In some instances, interventional treatments may be
chosen to allow for quicker initiation of concurrent therapy,
since traditional surgical postoperative periods require longer
recovery intervals prior to initiation of chemotherapy. None-
theless,multidisciplinary reviewat tumorboardandconsensus
is needed prior to choosing any interventional procedure out-
lined below to ensure that the procedure does not interfere
with any other planned treatments.

Interventional approaches to painful bony metastases
include thermal ablation that causes cell death through
extreme heating or cooling.

Heating Techniques

I. Radiofrequency ablation (RFA) is themost studied ablative
technique.4,15–17 RFA uses electrical energy to heat tumor
tissue to approximately 90°C. RFA systems come in two
designs, monopolar and bipolar. Both systems work on the
sameprinciple. Inmonopolar systems, theRFAneedle that is
inserted into the tumor acts as the negative electrode (the
cathode) and grounding pads act as the positive electrode
(the anode). A generator produces a rapidly alternating
current that is conducted from the needle, through the
tissues, and to the grounding pads. This rapidly alternating
current excites ions in the tumor tissue, causing heating
throughfriction,andthuscelldeath.Becausetheneedlehasa
small cross-sectional area, it creates a very high-energy flux
and high heat nearby. The current spreads through the
tissues and the circuit is closed when it reaches the large
cross-sectional area of the ground pads which have a vastly
reduced energy flux.18 In bipolar needles, the device tip
includes both the anode and cathode (active and returning
electrode) in the same probe. Single RFA needles generate a
spherical zoneofheat that canablate areas4 cmorsmaller.18

Multiple bipolar needles can be combined to ablate larger
areas.
RFA is highly effective at treating intraosseous lytic lesions,
but the heat it generates does not penetrate cortical bone

well. Thiscanmake itasuboptimalchoice in thetreatmentof
lytic lesionswithasignificant soft-tissuecomponentoutside
of intact cortex.19 In addition, patients withmetal implants
orpacemakersshouldnotundergoRFmonopolarablationas
the implant or pacer may act as a ground and cause thermal
injury or pacemakermalfunction. RFA performed near large
blood vessels is subject to the “heat sink” effect whereby
flowing blood channels heat away from the intended abla-
tion zone, resulting in unablated residual disease. RFA can
also produce charring of tissues around the needle and this
charred tissue possesses increased impedance, which inter-
rupts the flow of electricity and interferes with tumoricidal
heating.20 Finally, the zone of ablation produced by RFA is
not visible on computed tomography (CT), magnetic reso-
nance imaging (MRI), or ultrasound in real time, requiring
detailed understanding of the tumor anatomy and probe
performance specifications prior to the procedure.20

II. In microwave ablation (MWA), an oscillating electro-
magneticmicrowavefieldcauses rapid realignmentofpolar
molecules (predominantly water) and the rapid motion of
these molecules generates frictional heat that kills cells.19

Microwave energy causes uniform tissueheating that is not
disruptedbycortical bone and is less susceptible to theheat
sink effect than RFA. In addition, MWA is not contraindi-
cated in patients with metal implants. However, MWA
ablation zones are not purely spherical—they are often
modified teardrop shapes depending on the make and
model of probe used—complicating procedural technique
and demanding greater operator experience to perform
MWA.21 Similar to RFA, the zone of ablation in MWA is not
visible on CT, MRI, or ultrasound in real time.

Cooling Techniques

I. Cryoablation (CA) kills tumor cells through cycles of
rapid freezing and gradual thawing. The Joule-Thompson
effect—which dictates that certain gases exhibit cooling
after being forced through a porous plug or valve—is used
to rapidly cool a cryoprobe needle. As the gas—most often
argon—moves from an internal feed line into an internal
expansion chamber, the needle tip falls to a temperature
of �160°C or colder.22 Tumoricidal effects are achieved
when the surrounding tissue is rapidly cooled to between
�40°C and �60°C.22 CA is advantageous because it natu-
rally produces a cold-related anesthetic effect, which
allows for reduced sedation and anesthesia. Like MWA,
CA is not affected by bone cortex and freezes lesions with
soft tissue and bone components easily. CA also permits
precise ablation as the ice ball can be seen in real time via
MRI/CT/ultrasound because the frozen tissue possesses
lower density than the surrounding tissue.22 In addition,
multiple cryoprobes can be used simultaneously, allowing
for the ablation of large or irregular tumors in one session.
One distinct advantage of CA is its relative preservation of
soft tissue and neuronal architecture. Drawbacks of CA
include the length of the procedure (two rounds of freez-
ing for �10 minutes and thawing for �5 minutes are
required), cost of themultiple probes that are needed, risk
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of bleeding as disrupted blood vessels thaw (this is less of
a risk in heating ablation as RFA/MWA cauterize as they
heat), and delayed cementoplasty (the frozen tissue must
be allowed to rewarm to body temperature so as not to
interfere with polymethyl methacrylate [PMMA]
polymerization).

Mechanical Reinforcement

I. Cementoplasty (or osteoplasty) involves the injection of
PMMA into lytic lesions. This treatment offers limited
tumoricidal action within approximately 3 mm of the
injected cement via the transient exothermic hardening
of PMMA, but it does not achieve controlled ablation.23,24

PMMA performs well for resisting compressive mechan-
ical forces, but it is much weaker than bone when sub-
jected to torsion.25

II. PS with pins, screws, or a combination of these materi-
als to reinforce bone weakened by metastases has been
described only in small retrospective and prospective
series in the IR literature.13,26,27 These options are typi-
cally utilized in locations that experience torsional forces,
for example, the femoral neck and the humerus. In these
early studies, PS has demonstrated reduced fracture rates,
reduced pain, and improved function.11 Some PS techni-
ques, particularly those in the femoral neck, are similar to
orthopaedic surgery and entail the insertion of orthopae-
dic screws across lytic lesions in the neck with or without
accompanying cement. Other techniques involve cemen-
toplasty augmented by needle “rebars.”14 More experi-
mental techniques in diaphyseal bone employ cement-
filled catheters or flexible nailswhich are inserted into the
medullae of long bones.14,28

Treatment Considerations and Scoring
Classifications

The techniques described earlier are versatile and allow for
treatment of lytic lesions throughout the musculoskeletal
system. Determining if a patient is an optimal candidate for
IR therapy is a multidisciplinary effort that must involve the
patient’s medical oncologist, a consulting orthopaedic onco-
logic surgeon, radiation oncologist, interventional radiolo-
gist, and the patient.12,29 At a minimum, the team must
consider the following:

1. Prior management—Has the patient failed conservative
management, e.g., bisphosphonates, chemotherapy,
opioids, radiotherapy?

2. Patient fitness—Is the patient a poor surgical candidate or
simply opposed to surgery?

3. Intention of therapy, i.e., palliative versus curative—How
many lesions are afflicting the patient? If there are fewer
than three to five lesions (oligometastatic) and an ablative
zone 1 cm larger than the lesion(s) can be achieved, can
interventional therapies attempt curative intervention?30

4. Architecture of the lesion—Is the lesion sclerotic, lytic, or
permeative? Is the cortex destroyed in addition to can-
cellous bone? Is the bone weight bearing? In what direc-
tion are the normal biomechanical forces? What is the
fracture risk to the patient? This discussion may utilize
scoring systems such as the Mirels or Harrington scoring
systems or the greater than 30 mm of axial cortical
involvement or greater than 50% of circumferential invol-
vement described by Van der Linden .

5. Nearby critical structures—Primarily joints and nerves. Is
precise visualization of the ablative zone required to
safely perform the procedure?

Given the variability of lesions that may occur and extra-
spinal bones that can be involved, no clear guidelines or
algorithms exist for treatment. When choosing a percuta-
neous therapy, each patient should be approached in an
individual, case-by-case manner. Certain scoring classifica-
tions can also be utilized to help guide decisions at multi-
disciplinary tumor boards and should be familiar to the
interventional radiologist.

The Mirels scoring system (see ►Table 1) is the most
commonly used scoring system employed in assessing the
risk of pathologic fracture and need for prophylactic fixation
at a site of bony metastasis in long bones.31 The system
evaluates the riskof fracture through radiological and clinical
factors, such as location (upper limb, lower limb, and peri-
trochanteric), radiographic appearance (lytic, blastic, or
mixed), size of the lesion (<1/3 of cortical thickness,
1/3–2/3 of cortical thickness, and>2/3 of cortical thickness),
and accompanying pain (mild, moderate, and functional).
Each parameter is scored from 1 to 3, resulting in a total score
from a minimum of 4 to a maximum of 12.

Table 1 Mirels’ score

þ1 þ2 þ3

Site Upper limb Lower limb Peritrochanteric

Pain Mild (<4/10) Moderate (�4/10) Functional impairment

Blastic vs. lytic vs. mixed Blastic Mixed Lytic

Degree of cortical
bone involvement

<1/3 on axial
cross-sectional imaging

1/3–2/3 on axial
cross-sectional imaging

>2/3 on axial
cross-sectional imaging

Score �7: <5% risk of fracture Score 8: 15% risk of fracture Score �9: high risk of fracture;
stabilization recommended

Source: Adapted from Cazzato et al.30
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The initial validation study retrospectively analyzed 78
metastatic long bone lesions and found that 27 had fractured
at 6months.29 IncreasingMirels’ scores were correlatedwith
increasing fracture risk: lesionswith scores�7 had a low risk
(5%), a score of 8 had 15% risk of fracture, and lesions with
scores �9 had very significant risk (33%). Scores less than 7
have traditionally been treated with irradiation. Scores of 8
can be treated with conservative or interventional methods
based on clinical judgement. Scores of 9 or higher are treated
with prophylactic fixation.

The current interventional radiology literature describes
using ablation, cementoplasty, or a combination of the two
when treating patients with extraspinal, non–weight-bearing
lesionsof longboneswhichhaveMirels’ scoresof7or less.2,4,30

Weight-bearing lesions, or lesions that have scores of 9 or
above, are universally treated with cementoplasty, and are
often additionally treated with PS and ablation.11,14,32–34

The Harrington classifications were developed several
years before the Mirels system to guide surgical therapy of
metastases and defects within the acetabulum. They are not
designed to quantify fracture risk, rather they describe
known defects in the acetabular structure. Interventional
radiologistsmay use this system to treat lesions in groups I to

III with a combination of cementoplasty, RFA, and osteo-
synthesis with orthopaedic screws, while group IV almost
always requires surgical reconstruction.34

Harrington groups35:

• Group I: minimal involvement of the acetabulum in sub-
chondral bone.

• Group II: the medial wall of the acetabulum is destroyed,
but the roof and the lateral wall are still preserved.

• Group III: extensive osteolysis of themedial wall, the roof,
and the lateral rim of the acetabulum.

• Group IV: complete acetabular collapse.

In an analysis of the risk factors for pathologic femoral
fractures, Van der Linden et al noted that axial cortical
involvement greater than 30 mm (30% fracture rate) and
circumferential cortical involvement greater than 50% (35%
fracture rate) were predictive of fracture.36

Harrington also authored a study analyzing risk factors for
femoral fracture and found that cortical bone destruction
greater than 50%, a lesion larger than 2.5 cm, a pathological
avulsion fracture of the lesser trochanter, and persisting
stress pain despite irradiation were all predictive of
fracture.37

Fig. 1 A54-year-oldmanwith a history ofmetastatic renal cell carcinomapresentingwith right shoulder pain. Initial imagingdemonstrated a right scapular
lesionwithposterior cortical destruction and invasion into the glenoidbodybutnodefinite fracture extension into the joint (arrow) (a).He receivedpalliative
radiation therapy, but was admitted to the hospital with persistent severe shoulder pain 1 month later. Open surgical repair was not offered as first-line
therapygiven the expected surgicalmorbidity and required interruption inongoing systemic therapies in the setting ofprogressive disease.Goals of therapy
included pain palliation, increased shoulder mobility, prevention of disease progression into the glenoid cortex and articular surface, and reinforcement of
theglenoid toprevent stress fracture. Cryoablationwas chosen formaximal visualizationof theablation zoneandminimal damage to theadjacent joint. Four
probes were placed using needle guidance software to optimize tumor coverage (b). Following cryoablation (c), a “hot” thaw was performed with active
heating of the ablation probe tips for greater than 15 minutes to melt the ice and facilitate cement deposition. The glenoid cavity was then filled with
polymethyl methacrylate under intermittent CT imaging to ensure no extravasation into the joint (d). Pain and function were significantly improved
postoperatively (e). Unfortunately, hedeveloped recurrentpain2months later andCTscandemonstrateda scapular body fracturewith severedisplacement
and over-ride (f), despite the glenoid remaining well reinforced (g). Nonoperativemanagement was chosen due to the expectedmorbidity associated with
any operation and the patient’s desire to avoid an extensive operation. For lesions isolated to the glenoid, osteoplasty alone is usually clinically sufficient to
resist the compressive forces in this area with arm abduction; however, therewas significant tumor destruction extending down into themidscapular body,
and this fracture likely occurred due to a combination of overuse during the healing phase and multidirectional stress forces in the area of fracture. The
addition of a scapular body screw (h), despite its inherent challenges, may have provided superior stabilization in this setting.
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Cases

The following series of cases demonstrate the method by
which patients with osseous metastatic disease were ulti-
mately treatedwith percutaneous interventional techniques.
The cases and their accompanying discussion highlight the
current lack of an algorithmic approach to this disease
process and stress the need for multidisciplinary care in
the management of such patients.

Case 1 (see ►Fig. 1)
A 54-year-old man with metastatic renal cell carcinoma.

1. Prior management: systemic therapy, radiation therapy.

2. Patient fitness: ambulating with a walker due to lower
extremity pain.

3. Intention of therapy: pain palliation, increased mobility,
local tumor control, structural reinforcement of the glenoid.

4. Architecture of the lesion: destructive glenoid and scapular
body lesion. No significant fracture displacement.

5. Nearby critical structures: joint space, suprascapular
nerve.

Case 2 (see ►Fig. 2)
A 71-year-old woman with multiple myeloma and sternal
pain when using her walker.

1. Prior management: systemic therapy.

Fig. 2 A 69-year-oldwomanwith a history of CKD andmultiplemyeloma status post stem cell transplant with relapsed and progressive disease presenting
with severe sternal pain. At the time of presentation, she was experiencing excruciating pain of 10/10 when using her walker for ambulation despite an oral
analgesic regimen ofMS Contin 15 mg q12h and 6–8 additional 5 mg oxycodone pills daily. CT imaging demonstrated diffuse lytic disease throughout the
sternumwith a singlemildly displaced, mildly angulated, axially oriented pathologic fracture through themid sternum (arrow) (a). The goal of therapywas
pain palliation and increased mobility. Open surgical plating was considered but not offered due to her poor functional status, need for ongoing systemic
therapy, diffuse sternal bone loss, and therapy-induced thrombocytopenia. The biomechanical forces exerted on the sternum are complex and include a
high degree of rotational and oblique forces. Without completely intact cortex to transmit these forces, cementoplasty alone, even if complete sternal fill is
achieved, will quickly fail under these noncompressive forces. The axial fracture orientation had disrupted the craniocaudal cortical buttress, and therefore,
weelected toplace craniocaudal screws, tangential to the fracture line, to recreate thevertical sternal rigidity. Importantly, theminimaldegreeof angulation
and displacement allowed for effective fracture reduction with minimal manipulation of the bone access trocars. Two parallel 4.5-mm cannulated screws
were utilized to prevent any rotational movement that could occur around a single screw axis (b). Osteoplasty with polymethyl methacrylate (PMMA) was
performed subsequently to stabilize the lytic cavity. Ablation was not performed with the following considerations: her disease was widely metastatic;
reasonable local control of myeloma can often be achieved with adequate cement fill; and ablation could cause further injury to the sternum, heart, and,
lungs andmayhinder progressivehealing. Achieving adequatefixationwith such severebone loss is challengingandwas addressed in this caseby using fully
threaded screws tomaximize anchoringwith the PMMA. Her sternal pain was negligible and ambulation improved at 3weeks postprocedure. Over the next
2 years, she experienced no recurrent pain or construct failure on imaging (c), at which time she died from her progressive disease.
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2. Patient fitness: painful ambulation with assistive device.
3. Intention of therapy: pain palliation, increased mobility.
4. Architecture of the lesion: diffuse lytic disease, single

transverse sternal fracture, minimally displaced.
5. Nearby critical structures: heart, lungs, skin.

Case 3 (see ►Fig. 3)
A 69-year-old male/female with lytic lymphoma metastases
to the femoral condyles.

1. Prior management: systemic therapy, radiation therapy.
2. Patient fitness: ambulatory with assistive device.
3. Intention of therapy: pain palliation, prevention of frac-

ture progression, preservation of ambulation.
4. Architecture of the lesion: permeative and lytic lesion in a

weight-bearing bone.
5. Nearby critical structures: joint space. Cement leakage

into the joint impairs function, destroy cartilage, and
requires surgical removal.

Case 4 (see ►Fig. 4)
A 68-year-oldmalewith hepatocellular carcinoma (HCC) and
left hip lesion.

1. Prior management: five rounds of radiation to the left iliac
bone.

2. Patient fitness: able to ambulate with pain.
3. Intention of therapy: cure of a single oligometastatic focus

and mechanical stabilization.
4. Architecture of the lesion: Harrington 1.

5. Nearby critical structures: sciatic nerve; a posterior
approach with the RFA probe must be superior enough
to avoid the nerve as it courses deep to the piriformis. Joint
space; cement leakage into the joint impairs function,
destroys cartilage, and may require surgical removal.

Patient was initially treated with transarterial radioembo-
lization as a subsequent bridge to orthotopic liver transplant.
Twelvemonths following transplant, the patient began report-
ing left hip pain and a positron emission tomography scan
revealeda solitaryhypermetabolic focus (pathologically shown
tobeHCC) in the left iliacboneextending toward theacetabular
roof. Despite five rounds of radiation therapy, he continued to
experience pain and interval growth of his lesion. Given these
findings, an interventional approach was sought for ablation
and cementoplasty.

This lesionwas treated in a hybrid CT-fluoroscopy suite to
allow for CT-guided probe placement and live fluoroscopic
PMMA injection. Multiplanar images demonstrate the lytic
lesion on axial and coronal images (►Fig. 4a). Multiplanar
oblique images formatted into the plane of the RFA probe and
cement trocar are shown. Fluoroscopic images demonstrat-
ing the injection of PMMA. A 4D reconstruction of the pelvis
along with the trocar and cement within the right ilium.

Conclusion

Percutaneous techniques offered in interventional radiology
for the treatment of lytic metastases are safe, effective, and

Fig. 3 A 69-year-old man with a history of lymphoma status post remote prophylactic intramedullary nail placement in the right femur presenting with
progressive right knee pain.MRI demonstrated new diffuse infiltrative disease within the distal femoral condyles with preservation of the joint space and no
definite cortical fracture (a). He underwent radiation therapy totaling 20 Gy in addition to ongoing systemic therapy but had persistent right knee pain
3months later. Repeat MRI at that time demonstrated some tumor response, but a newminimally compacted pathologic fracture was best seen along the
medialmetaphysis, againwith relative preservation of the joint space (b). A total knee replacement was considered but was deferred in favor of aminimally
invasive approach due to the patient’s poor overall functional status, previous instrumentation of the femur, and relatively preserved joint, realizing that the
same surgical reconstruction could still be performed later if necessary. In this case, the fracture is transverse, almost completely perpendicular to themajor
vertical force vector transmitted through the kneewith weight bearing, andwithout any significant angulation or displacement. Moreover, there is no clear
approach to placing reinforcing screws tangential to the fracture line. Lymphoma, like myeloma, is often easily displaced by polymethyl methacrylate,
allowing for extensive cementation. Additionally, imaging did not demonstrate a large fracture cleft extending into the joint that might lead to cement
preferentially extravasating into the joint space. With these considerations, we elected to perform robust osteoplasty alone, striving for continual, robust
cement deposition from the distal portion of the intramedullary nail to the subarticular bone, with the goal of providing just enough stabilization to allow
the natural healing process to occur. Osteoplasty was performed through two 11-gauge bone trocars from a medial and lateral approach with cement
delivery through a coaxial cement delivery cannula (c). Ablation was not performed because of this tumor’s sensitivity to radiation therapy, difficulty in
encompassing the whole lesion, potential injury to the intact knee cartilage and healthy bone, and relative ease of cement fill. The procedure was
terminated when a small amount of cement was seen outside the bone within the anterior joint space. Intermittent CT imaging was utilized over
fluoroscopy to more quickly and accurately identify cement extravasation. His pain significantly improved postprocedure and eventually subsided
completely. He continues to walk without an assistive device one and a half years from stabilization with stable radiographic findings (d).
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complementary with the other specialties involved in the
care of complex oncology patients. These treatments may
offer quicker and more durable pain relief than other thera-
pies and allow for quicker initiation of other medical treat-
ments. Theymay also be used for both palliative and curative
indications. Understanding the modalities available to the
interventionalist and close collaborationwith surgical, med-
ical, and radiation oncology specialties are important for
choosing the right treatment for patients with painful extra-
spinal bone metastases.
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