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• Spine is most common site of osseous metastatic disease
– 40% will develop spine metastases
– Most will be lytic and involve the posterior vertebral body

• 53% with solid tumor bone mets suffer spinal skeletal related events 
(SRE)

• Greater than 25% occupancy of the vertebral body, and involvement of 
the vertebral endplate or all 3 columns should be considered for 
prophylactic or therapeutic decompressive and stabilization treatment

VERTEBRAL AUGMENTATION

Hibberd CS et al Orthopedics 2018;41(1):e38-e45



• Painful spinal metastases.  Multiple pain generators. 

• Mechanical pain – Caused by the VCF or pathological fracture.  Spinal 
deformity, spine instability and a fracture line.  (Goal is to stabilize 
through fixation or cement augmentation).

• Biological pain – Caused by Stretching/irritation of the periosteum: 
secondary to tumor growth, Tumor growth into surrounding nerves 
and tissues, or Osteoclast mediated bone resorption and associated 
release of neuro-stimulating cytokines.

VERTEBRAL AUGMENTATION

Wallace AN, et al. AJNR Am J Neuroradiol. 2015.



Aoude A, Amiot LP. A comparison of the modified Tokuhashi and Tomita scores in determining prognosis for patients 
afflicted with spinal metastasis. Can J Surg. 2014;57(3):188-93. 
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Fourney DR, Frangou EM, Ryken TC, et al. Spinal instability neoplastic score: an analysis of 
reliability and validity from the spine oncology study group. J Clin Oncol 2011;29:3072–7 

Spine Instability  Neoplastic Score (SINS)
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Vertebroplasty 
Kits
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• Pathologic vs. Traumatic 
• Osteoporotic

– Thoracic vertebral fractures-no kyphotic deformity
– Thoracic vertebral fractures-significant kyphotic deformity

– Thoraco-lumbar junction fractures
– Lumbar fractures- loss of, neutral, and hyper-lordotic

– Sacral fractures—totally different mechanics

• Cancer related
• Stable

• Lytic, mixed
• Impending or completed fracture

• Hemangioma
• Multiple Myeloma - Lymphoma

VERTEBRAL AUGMENTATION



-Tailored Approach-

One size does not fit all

VERTEBRAL AUGMENTATION



VERTEBRAL AUGMENTATION

• Metastases 

• Myeloma

• Lymphoma

• Leukemia

• Pain palliation

• Local tumor control

• Anterior stabilization

• Anti-tumoral effect
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Cement leakage
Infection
Fracture of ribs, posterior 
elements or pedicle
Risk of collapse of the adjacent 
vertebral body
Allergic reaction 
Bleeding from the puncture site

Painful osteop. VCF refractory to medical therapy
Painful vertebrae due to benign tumors
Painful vertebrae –osteolysis-malignant infiltration
Painful vertebrae – osteonecrosis (Kummel’s d.)
Painful vertebra plana
Need for vertebral body or pedicle reinforcement 
prior to posterior surgical stabilisation.
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Tumor extravasation following a cement augmentation procedure for vertebral 
compression fracture in metastatic spinal disease

Cruz JP, Sahgal A. J Neurosurg: Spine / June 6, 2014

2-Case patient study involving the phonemonial of ‘tumor extravasation’ In this paper, the 
authors describe for the first time an iatrogenic complication secondary to BKP that we 
characterize as “tumor extravasation.”

• Conclusions: Accordingly, the authors advise caution in using BKP when significant 

epidural tumor is present.
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NRS Pain Score†
CAncer Patient Fracture Evaluation (CAFE) Study

• Balloon Kyphoplasty versus Non-surgical Fracture
Management for Treatment of Painful Vertebral Body 
Compression Fractures in Patients with Cancer: A 
Multicentre, Randomised Controlled Trial

Berenson et al. 2011;12:225-35. LANCET 2011 



Robust Clinical Data
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Percutaneous Vertebral Augmentation Assisted by PEEK Implant in Painful Osteolytic 
Vertebral Metastasis Involving the Vertebral Wall: Experience on 40 Patients

Anselmetti et al Pain Physician 2013; 16:E397-E404

Prospective study of 40 patients suffering from a painful spine malignancy with vertebral 
wall involvement not responding to conventional therapies
Vertebral augmentation with Kiva intravertebral implant for pain palliation
Median pre-treatment VAS of 10 (range 6 – 10) significantly (P < 0.001) dropped to one 
(range 0 – 3), with all patients achieving a clinically relevant benefit on pain at one month

Conclusions: The Kiva System potentially represents a novel and effective minimally 
invasive treatment option for patients suffering from severe pain due to osteolytic
vertebral metastases.
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PEEK IMPLANT

Bladder Ca

VERTEBRAL AUGMENTATION

Multiple Myeloma
Images courtesy Sean Tutton, M.D., FSIR



ECR 2015 / C-1719 
Vertebral body stenting and cement augmentation to restore structural 

stability in extreme spinal osteolysis, 
L. Danieli1, E. Raz2, M. Reinert3, G. Pesce4, G. Bonaldi5, A. Cianfoni3; 1Rome/IT, 

2New York, NY/US, 3Lugano/CH, 4Bellinzona/IT, 5Bergamo/IT 
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VCF after Spinal SBRT

65% of fractures occurred in the first 4 months

VERTEBRAL AUGMENTATION



The Use of Vertebral Augmentation and External Beam Radiation Therapy in the
Multimodal Management of Malignant Vertebral Compression Fractures

Hirsch et al Pain Physician 2011; 14:447-458

retrospective analysis of 201 cases of patients with cancer and MCFs who received both 
external beam radiation therapy (EBRT) and VA
in only 4% of cases did patients report worsening of their fracture-related pain post-
procedure.
there was no difference in pain outcomes with regard to sequencing of EBRT and VA

Conclusions: The majority of patients with MCFs have excellent palliation with this 
approach. 
In patients who receive both EBRT and VA, the sequence in which they are given 
does not affect pain improvement outcomes.
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Interaction of radiation therapy and radiofrequency kyphoplasty in the treatment of 
myeloma patients

Bornemann et al Technol Health Care . 2017;25(3):567-575

86 myeloma patients with VCF were treated with RF+KP followed by radiation therapy 
(RFK group) or vice versa (RT group)
Both groups achieved comparable outcomes in height restoration, pain reduction and 
impact of functional Impairment but:
More cement leakages and additional fractures were noted in the RT group

Conclusions: With regard to higher rates of bone cement extrusion and 
additional fractures we recommend to perform radiation therapy 
before radiofrequency kyphoplasty though
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ALWAYS COMBINE WITH CEMENT INJECTION
AVOID PATHOLOGIC FRACTURES 



Percutaneous bone tumor management

Gangi A., BuyX. Semin Intervent Radiol. 2010;27(2):124-36.

(PMMA) provides pain relief and bone strengthening in patients with malignant bone 
tumors.
PMMA is suitable for treatment of fractures involving weight-bearing bones, such as 
vertebral body. 
This procedure is performed in a palliative intent and does not stop tumor progression; 
thus, it should be considered as a complement, not a replacement, to other treatment 
modalities for cancer

VERTEBRAL AUGMENTATION



Breast 

Meta
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European Society of 
Medical Oncology

(ESMO)
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National Comprehensive Cancer Network. Adult  Cancer Pain (Version 2.2014).
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• Radiotherapy

• Chemotherapy

• Ferrus Oxide

• Radioisotopes

• Thermal Cement

Exothermic cement for tumor that polymerises at 88   C

VERTEBRAL AUGMENTATION



 Antimitotic Agents

 Titanium Microspheres

 Bisphosphonate Release 
from a CPC for Osteosarcoma 

CEISAM Research Center
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Which Lesion will benefit from which procedure

• MDT

What is the objective ??

– Construct should be durable

– Allow Fast Mobilization

– Provide biomechanical Stability



RF ABLATION
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PMMA and new fractures

• OUTLINE:

• Products in the market
• Ind- CI

• Technique
• Literature data

• Ready for prime time?



• CLINICAL

• Local vs Diffuse bone pain

• “Mechanic” vs “Inflammatory” 
pain

• Performance status

• TECHNICAL
• Review recent cross sectional imaging 

(x rays, CT, MRI, PET/CT)
• Lesion shape / location / lytic vs

blastic
• Impeding pathologic fracture (SINS)
• Vascularity
• Close by sensitive structures

BONE ABLATION

A.N. Walace et al. The Oncologist 2015;20:1205–1215
Ratasvuori M et al. Surg Oncol 2013;22:132-138

ISSUES TO CONSIDER PRIOR TO ABLATION:



BONE ABLATION

Minimally 
invasive 

approach

Well-
tolerated 
even in 

patients with 
co-

morbidities or 
with 

extensive 
disease

Overall 
morbidity of 

the procedure 
is low -

impressive 
and reliable 
pain relief

May assist in 
liquefying the 

tumor and 
allowing for 
better fill of 
the cement 

Why to use:



VIRTUES AND SINS RFA MWA CA HIFU

ABLATION ZONE
SIZE - SHAPE 

++ +++ ++++ +

INTRA-PROCEDURAL PAIN + +++ ++++ ++++

EQUIPMENT – SET UP +++ ++++ ++ +

LITERATURE DATA ++++ ++ ++++ ++

COST ++++ ++++ ++ +

TIME CONSUMING ++ ++++ + +

HEAT SINK EFFECT + ++++ ++ +++
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Patients who benefit from RFA

✓ with focalized pain from metastatic spinal tumor

✓ with radio-resistant tumors

✓ with persistent and/or recurrent pain after radiation therapy

✓ with posteriorly positioned metastatic tumors

✓ who have reached their maximum radiation dose limit

✓ with focalized pain and symptoms preventing palliative radiation

✓ cannot undergo other palliative treatments due to concurrent systemic treatments

✓ in which myelosuppression is of concern



• Indications for Use

– indicated for palliative treatment in spinal procedures by ablation 
of metastatic malignant lesions in a vertebral body

• Risks and Contraindications

– Use of device is contraindicated in patients with heart pacemakers 
or other electronic device implants

45



• Lumbar spine > cervical 
spine > thoracic spine > 
sacrum

• Most commonly the 
nidus is located in the 
neural arch 

• radicular pain, gait 
disturbance, limb 
atrophy, and painful 
scoliosis due to 
asymmetric muscle 
spasm

• when scoliosis is present, 
the nidus typically is on 
the concave side of the 
lumbar curvature 

• Chai FW et al Radiologic Diagnosis of Osteoid Osteoma: From Simple to Challenging Findings. Radiographics 2010; 30:737–749
• Jackson et al. Osteoid osteoma and osteoblastoma: similar histologic lesions with different natural histories.

Clin Orthop Relat Res 1977 (128):303–313
•Saifuddin et al. Osteoid osteoma and osteoblastoma of the spine: factors associated with the presence of scoliosis. 

Spine (Phila Pa 1976) 1998;23(1): 47–53

OSTEOID OSTEOMA –
spinal osteoid osteoma



RFA OSTEOID OSTEOMA



STRATEGIC –
quality assurance



• On routine histologic analysis is essentially indistinguishable 
from OO - tumor size of 2 cm or larger is the main 
histopathologic criterion to distinguish this lesion from OO

• Patients are usually younger than 30 years of age and the 
lesion is more common in males (by x2:1)

Motamedi K, Seeger LL. Benign bone tumors. Radiol Clin N Am 49 (2011) 1115–1134

OSTEOBLASTOMA



OSTEOBLASTOMA

L2-L3 FACET JOINT LESION
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• Radiation therapy = gold standard:
– meta-analysis of 25 trials comparing SF vs MF for pain palliation due to bone metastases
– complete pain responses for 23% (SF) and 24% (MF) of patients respectively
– overall pain responses (complete and partial responses combined) for 60% and 61%

• RTH: 
– Applied in areas that have not reached limit
– Limited by cumulative radiation tolerance of nearby organs
– Based on tumor histology ( eg sarcoma, melanoma GIST, RCC, NSCLC)
– Does not improve stability (weakens adjacent bone with effect on pathologic fracture)
– SBRT: 9-11% (Skeleton) - >33% (Spine) Pathologic # 

BONE ABLATION

Kurup et al. AJR 2017; 209:713–721
Meyer et al Eur Urol 2017; 1-4

•Denis K. et al. Single fraction conventional external beam radiation therapy for bone metastases: 
A systematic review of randomised controlled trials. Radiotherapy and Oncology 2013; 106: 5-14



Benefits of Simultaneous RF Ablation?

Benefits of Simultaneous Bilateral Ablation

- Efficiently generate large areas of ablation with limited overlapping zones

- Spatial relationship between conductive heating and convective cooling

- Generates 2 areas of resistive & conductive heating in relative close proximity

- Reduces effect of convective cooling (heat sink)

- Reducing temperature delta between areas of resistive heating and adjacent tissue, decreasing 
distance heat must be conducted

- Reduces power required to conduct heat through tissue, lowering incidence of increased impedance



Challenges in Simultaneous RF Ablation?

• Location of electrodes 

– Optimal location in VB and proximity of dual electrodes

– VB anatomy (large size, oblique pedicle orientation)

– Tumor location (posterior, diffuse) 

• Limitations of straight electrodes

– Limit access to posterior third

– Difficult to reorient, achieve optimal proximity of electrodes 
required to achieve coalescence 



Procedural considerations in SBA with STAR

• Proximity of Electrodes:

– Should not touch after electrode fully extended 

– AP view landmark
• spinous process. Electrodes on either side of the spinous process

• If overlapping distance equivalent to width of SpineSTAR 



CAN WE CHALLENGE RTH?



Neurogenic & Bone 
Cancer Pain



Unipedicular Approach

CASE #



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
Radiofrequency Ablation for the Palliative Treatment of Bone Metastases: 

Outcomes from the Multicenter OsteoCool Tumor Ablation Post-Market Study 
(OPuS One Study) in 100 Patients

Levy et al J Vasc Interv Radiol . 2020 Nov;31(11):1745-1752.

100 patients (87-13 spine-sacrum/illium), 14 centers
97% of ablations were followed by cementoplasty
Variable neoplasmatic substrate
Mean worst pain score decreased from 
8.2±1.7 at baseline to 3.5 ± 3.2 at 6 mo

Conclusions: Results from this study show rapid (within 3 d)
and statistically significant pain improvement with sustained

long-term relief through 6 mo in patients treated with 
RF ablation for metastatic bone disease.



OPuS One safety summary

0

UC202212998EN | © 2022 Medtronic. | All Rights Reserved.

62

0
delayed skeletal-

related fractures or 
neurologic 

injuries reported.

delayed skeletal-related fractures or neurologic injuries reported.

6

82

device, therapy, and/or procedure-related adverse events in 6 
patients (2.9%; 6/206) reported

• 3 considered serious: intra-abdominal fluid collection, pneumonia, 
respiratory failure.

deaths (40%; 82/206) deaths reported during the course of the 
study.

• All deaths were classified by the Clinical Events Committee and 
Investigator.

• None were related to the device, therapy, or procedure.



conclusion
• Levy J, David E, Hopkins T, et al. Improvement in quality of life in patients treated for painful osseous metastases with radiofrequency ablation: The OPuS One Study. Abstract presented at the Society for Interventional Radiology Annual Scientific Meeting. Virtual. 2021. 

UC202212998EN | © 2022 Medtronic. | All Rights Reserved.

63

In a large, multicenter prospective 
global prospective trial, RFA 

demonstrated to be a clinically 
impactful palliative treatment 

option for patients with metastatic 
bone lesions.

RFA provided swift (3 days post 
RFA), significant, and sustained 

(12 months post RFA) 
improvements in pain relief and 

quality of life.

21

RFA is safe with no delayed 
skeletal-related events 

fractures reported during 
study.

3



Case #

• 41yo Male Patient

• Sacral lesion biopsied: Hemangiopericytoma

• Treated by RF



New Lytic L1 Lesion



Osteocool and Augmentation



Bilateral Augmentation



10 months later



Re-Treatment of LtP
Ablation



RE-TREATMENT OF LTP
AUGMENTATION



• Neural injury

• Applicator placement - damage

• Fracture risk

• Inadvertent osteochondral injury

• Large tumor treatment and tumor lysis

Kurup et al Cardiovasc Intervent Radiol 2017;40(2):166-176

BONE ABLATION

Avoiding Complications:
• Passive thermal protection

– Thermocouples 
– Intra-operative neurological monitoring 

systems 
(neurodiagnostic EEG, EMG and evoked 

potential electrodes 
and accessories, electrostimulation of 

peripheral nerves)
• Active thermal protection - insulation

– CO2, - air
– Hydrodissection
– Skin warming/cooling Tsoumakidou et al CVIR 2013

Filippiadis et al Insights Imaging 2014
Kurup et al CVIR 2017



• COMMON AIM: to cure/control tumor or to relieve 
symptoms with as little collateral damage to normal tissue 
as possible

• COMMON ORIGIN: for more than half a century, both fields 
were intimately linked in terms of training and clinical 
practice

Andreas Adam and Lizbeth M. Kenny. Interventional oncology in multidisciplinary cancer treatment in the 21st 
century. Nat Rev Clin Oncol. 2015 Feb;12(2):105-13.

IR-RTH COLLABORATION



• DEFINE EVIDENCE-BASED CRITERIA: for choosing or combining 
these two modalities (size, nature and location of tumor + 
vulnerable adjacent structures + status of the affected organ -
patient’s choice)

• COMMITMENT TO WORK TOGETHER IN PROMINENT CENTERS: 
“the Athenian experience” – facility / staff for outpatient clinics / 
ward support for inpatients

IR-RTH STRATEGIC 
COLLABORATION



Feasibility study of RFA adjunctive effect in combination with RT

– Safe and may be more effective than EBRT alone 

– Improved degree, rate, duration of pain relief in painful spinal metastases

RT only
n=30

RFA+RT
n=15

P-value

Overall response 60% 93% < .05

Complete pain relief 17% 53% < .05

Time to Pain Relief 9 wks 3 wks < .01

Recurrent pain Retreatment need 26.6% 6.7% NS

Di Staso M et al. European radiology. 2011;21(9):2004-10

RFA + conventional EBRT



Combined Ablation and Radiation Therapy of Spinal Metastases: 
A Novel Multimodality Treatment Approach

Greenwood et al J Pain Physician 2015; 18:573-581

21 patients, 36 spinal mets
Concurrent treatment: <4 wk between RT+ Ablation
Variable neoplasmatic substrate
Mean worst pain score decreased from 
8.0±2.3 at baseline to 2.9 ± 3.3 at 1 mo

Conclusions: Percutaneous ablation and concurrent RT is safe 
and effective in palliating painful spinal metastases and can 
be effective in those who have radiation resistant tumor histology

CLINICAL – Complimentary



Interaction of radiation therapy and radiofrequency kyphoplasty in the treatment of 
myeloma patients

Bornemann et al Technol Health Care . 2017;25(3):567-575

86 myeloma patients with VCF were treated with RF+KP followed by radiation therapy 
(RFK group) or vice versa (RT group)
Both groups achieved comparable outcomes in height restoration, pain reduction and 
impact of functional Impairment but:
More cement leakages and additional fractures were noted in the RT group

Conclusions: With regard to higher rates of bone cement extrusion and 
additional fractures we recommend to perform radiation therapy 
before radiofrequency kyphoplasty though

CLINICAL – Complimentary



Radiofrequency thermoablation (RFA) and 
radiotherapy (RT) combined treatment for bone

metastases: a systematic review

Piras et al Eur Rev Med Pharmacol Sci. 2021;25(10):3647-3654

3 studies, 92 patients

Conclusions: The RFA-RT 
combined strategy
appears to be promising in 
terms of efficiency
and safety with adequate pain 
control and
quality of life improvement

CLINICAL – Complimentary

RF followed Rt after 6d

RT within 4 wk of 
RF

RT followed RF
after 28 d



• Baseline MRI after treatment to allow post-ablation inflammation 
to subside (FAT-SAT+GD)1 mo: 

• PET-CT scanning (requested by the oncologists) to evaluate 
systemic response, at which time evaluation of the ablated lesion 
can be performed

6-8 weeks: 

• At the discretion of the treating medical or surgical oncologist to 
assess for local tumor control 

• When the patient complains of new or increasing pain at the site 
of ablation

Subsequent 
imaging:

PATIENT FOLLOW UP



• Osteoid osteoma: ablation is the GOLD 
STANDARD therapy

• RFA: cumulative data on terms of results –
evidence for long term efficacy

• Osteoblastoma: more aggressive ablation session 
(esp in long bones)

• Know the anatomy and take care of sensitive 
structures - Bone is injured during all forms of 
ablation

TAKE HOME MESSAGE



• BONE ABLATION CONCERNS

• Access to the lesion

• Extent of ablation zone

• Protection of surrounding sensitive structures (nerves, joints, 
skin etc)

• Large sized tumors (technically challenging - myoglobinuria)

• Combo treatments (osseous augmentation, TAE)

TAKE HOME.......



• BONE ABLATION

• Feasible, safe and efficacious technique aiming for pain 
palliation ± functional restoration

• Included in the NCCN Guidelines for Adult Cancer Pain

• Multiple ablation techniques available

• Optimize selection: patient (lesion) tailored approach to 
maximize efficacy 

TAKE HOME.......



ROLE OF IO IN OLIGOMETASTATIC 
BONE DISEASE
Dimitrios K Filippiadis MD, PhD, MSc, EBIR

Assistant Professor of Diagnostic and Interventional Radiology
2nd Radiology Dpt, University General Hospital "ATTIKON"

Medical School, National and Kapodistrian University of Athens



• More than 1.4 million patients are diagnosed with cancer annually 
in the United States

• 70% will develop bone metastases 

• Scandinavian Skeletal Metastasis Registry:

– the incidence of cancer has increased by 18% during the last 
decade

– cancer mortality rates have remained nearly constant (+2%)

A.N. Walace et al. The Oncologist 2015;20:1205–1215
Ratasvuori M et al. Surg Oncol 2013;22:132-138

CANCER STATISTICS



• Skeletal system: third most important filter for cancer metastases 
after lungs and liver 

• Spine: the most common site of osseous metastatic disease 

• WHY SPINE?

– Presence of vascular red marrow in adult vertebrae

– Communication of deep thoracic and pelvic veins with valveless
vertebral venous plexuses

A.N. Walace et al. The Oncologist 2015;20:1205–1215
Ratasvuori M et al. Surg Oncol 2013;22:132-138

CANCER STATISTICS



• Oligometastatic disease
• <3-5 lesions, <3-5cm diameter

» Gangi et al. Quality Improvement Guidelines for Bone 
Tumour Management. CVIR 2010 33:706–713

• the presence of 1 and 5 distant metastases in <2 organs, 
although the exact number of metastases that should be 
considered remains debatable

➢ deSouza et al. Strategies and technical challenges for 
imaging oligometastatic disease. EJCANCER 2017; XX:1-11

• Ablation with curative intent
• Ablation volume – Safety margin (A0)

DEFINING TERMS

A0
tumor
Ablation zone



– Medical oncologists

– Radiation oncologists 

– Surgeons (Ortho and/or 
Neuro)

– Interventional Radiologists 

– CTH / bone-modifying agents

– RTH / SBRT

– Surgical techniques

– Minimally invasive interventions 
(percutaneous/trans-arterial)

MULTIDISCIPLINARY INPUT:

MANAGEMENT OF BONE 
METASTASES



• SURGERY: 
– Technically challenging and morbid, prolonged recovery, delay 

systemic therapies

– Metastasectomy is associated with higher complication rates

• RTH: 
– Applied in areas that have not reached limit

– Limited by cumulative radiation tolerance of nearby organs

– Based on tumor histology ( eg sarcoma, melanoma GIST, RCC, NSCLC)

– Does not improve stability (weakens adjacent bone with effect on 
pathologic fracture)

MANAGEMENT OF BONE 
METASTASES

Kurup et al. AJR 2017; 209:713–721
Meyer et al Eur Urol 2017; 1-4



VCF after Spinal SBRT

65% of fractures occurred in the first 4 months

MANAGEMENT OF BONE 
METASTASES



• ABLATION: 
– Effective tumor destruction irrespective of histology

– Minimally invasive

– Combined to PMMA+ fixation techniques

MANAGEMENT OF BONE 
METASTASES

• Radiofrequencies (RFA)

• Microwaves (MWA)

• Laser (LITT)

Electromagnetic -
Thermal

• Cryoablation (CWA)Thermal

• Irreversible Electroporation 
(IRE)

Electromagnetic -
Biological

• High Intensity Focused 
Ultrasound (HIFU)

Mechanical -
Thermal

N. Kurup et al. AJR 2017; 209:713–721
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AUGMENTATION TECHNIQUES



• Visible ablation zone
• Large-sized ablation zone – ability 

to geometrically design the 
ablation zone (simultaneous use 
of up to 8 cryoprobes)

• Blastic lesions: ability of ice to 
penetrate bone

• Conscious sedation

• Time consuming (mean duration 
3h and 5 min)

• High cost

Callstrom MA, Kurup N. Percutaneous ablation for bone and soft
tissue metastases—why cryoablation? Skeletal Radiol (2009) 38:835–839

AUGMENTATION TECHNIQUES



VIRTUES AND SINS RFA MWA CA IRE

ABLATION ZONE
SIZE - SHAPE 

++ +++ ++++ ++

INTRA-PROCEDURAL PAIN + +++ ++++ ++++

EQUIPMENT – SET UP +++ ++++ ++ +

LITERATURE DATA ++++ +++ +++ +

COST ++++ ++++ ++ +

TIME CONSUMING ++ ++++ + +

HEAT SINK EFFECT + ++++ ++ ++++

ABLATION TECHNIQUES



Randomized Trials Ablation vs. Surgery / RTH 
Randomized Trials RFA vs. MWA vs CWA

0

MANAGEMENT OF BONE 
METASTASES



94

• RFA in 2010
• Recurrent disease in 2016 • MRgFUS Planning

ABLATION TECHNIQUES
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ABLATION TECHNIQUES

Moynagh et al. Semin Intervent Radiol 2018; 35(4):299-308



McMenomy et al. Percutaneous cryoablation
of musculoskeletal oligometastatic disease for complete remission 

size and number of metastases
length of disease-free interval

Treatment adequacy of primary tumor
presence of multiple metastatic sites

ABLATION FOR OLIGOMETASTATIC DISEASE

Oligometastatic patients (<5 lesions)
43 patients with MSK lesions

CWA



ABLATION FOR OLIGOMETASTATIC DISEASE

Barral et al F Percutaneous Thermal Ablation of Breast Cancer Metastases in 
Oligometastatic Patients

PTA is associated with prolonged
OS, PFS, and local control of oligometastatic breast
cancer regardless of the location of the metastases.

Increasing tumor burden (>4 cm) and triple-negative 
and histological subtype are significantly associated 

with a poorer outcome

Oligometastatic patients (<5 lesions)
18/79 patients (23%) with bone lesions

RFA - CWA



ABLATION FOR OLIGOMETASTATIC DISEASE

• 59 y-o female
• Breast Ca

•metastasis acetabulum-illiac bone



ABLATION FOR OLIGOMETASTATIC DISEASE



ABLATION FOR OLIGOMETASTATIC DISEASE

Cazzato et al. Percutaneous image-guided ablation of bone
metastases: local tumor control in oligometastatic

patients 

Lesion size >2cm predicted local tumor progression
Similar LPFS rates among all the different

tumor histologies

Oligometastatic patients (≤3 lesions)
46 patients – 49 lesions

Thyroid, Breast, Lung, Others
RFA – CWA (20% + consolidation)

34 mo fu



ABLATION FOR OLIGOMETASTATIC DISEASE

Deschamps et al. Thermal ablation techniques: a curative treatment of bone 
metastases in selected patients? 

Oligometastatic and/or metachronous diseases are 
good prognostic factors for local success

Small-size (<2 cm) bone metastases and no cortical
erosion are good prognostic factors

Oligometastatic patients (≤3 lesions)
141 patients – 152 ablation sessions - 193 lesions

Thyroid, Breast, Kidney, Pheochromocytoma, Others
RFA – CWA (+ consolidation in weight bearing locations)

22.8 mo fu



ABLATION FOR OLIGOMETASTATIC DISEASE

Falk et al. Effect on Survival of Local Ablative Treatment of Metastases from 
Sarcomas: A Study of the French Sarcoma Group

paradigm shift regarding the treatment of 
oligometastatic cancer

supports the evidence for sarcomas

Oligometastatic sarcoma patients (1-5 lesions)
281 patients, 164/281 patients received local treatment

35 (16.4%) RFA
25.7 mo fu



ABLATION FOR OLIGOMETASTATIC DISEASE

Vaswani et al. Radiographic Local Tumor Control and Pain Palliation
of Sarcoma Metastases within the Musculoskeletal System

with Percutaneous Thermal Ablation
Oligometastatic sarcoma patients (1-5 lesions)

local tumor control (17%; 11/64) 
RFA or CWA

12 mo fu

treatment in the setting of oligometastatic disease
offers potential for remission



ABLATION FOR OLIGOMETASTATIC DISEASE



ABLATION FOR OLIGOMETASTATIC DISEASE

Gardner et al. Cryoablation of Bone Metastases from Renal Cell
Carcinoma for Local Tumor Control

40 patients – 50 bone meta
25/40 (62.5%) oligometastatic disease

CWA - 35 mo fu
Patients with oligometastatic disease

experienced better local tumor control (96% [24 of 25]) 
compared with patients who had >5 metastases (53.3% 

[8 of 15]) (p = 0.001)

The local tumor-control rate was better for lesions for 
which a larger mean difference between maximum 
iceball diameter and maximum lesion diameter was 
achieved (2.2 ± 0.9 cm for those without recurrence 
versus 1.35 ± 1.2 cm for those with recurrence; p = 
0.005).



ABLATION FOR OLIGOMETASTATIC DISEASE



ABLATION FOR OLIGOMETASTATIC DISEASE



ABLATION FOR OLIGOMETASTATIC DISEASE



• Bone-only oligometastatic patients

– Are we ready for curative ablation?

– Is curative ablation ready for prime time?

• Access to RT modern equipment varies greatly throughout Europe 
• <1/3 of RTH centers are fully equipped for SBRT

– Grau C et al Radiother Oncol. 2014;112(2):155- 64.
– Bonet M et al Clinics in Oncology  2018

THERAPEUTIC ALGORITHM



ABLATION FOR OLIGOMETASTATIC DISEASE



CURATIVE THERAPY
(Oligometastatic disease)

PALLIATIVE THERAPY

Spine Ablation + Vertebral augmentation

Peripheral 
Skeleton

Non-weight bearing area Ablation

Weight bearing area Ablation + 
bone augmentation

Pain reduction Spine Vertebral augmentation

Peripheral 
Skeleton

Mirels Score<9 Non-weight 
bearing area

Ablation
TAE

Weight bearing
area

Ablation + 
bone augmentation

Size reduction
Tumor decompression

Mirels Score>9

Ablation
TAE

Need for structural support
Asymptomatic Mirels score>9

Bone augmentation +
AblationTokuhashi and Tomita systems

Mirels score  
Karnofsky Performance Scale

THERAPEUTIC ALGORITHM



FUTURE DIRECTIONS

• Multi-disciplinary (tumour board meetings)

• Multi-modality

• Combination of treatments

• REMEMBER: 
– THERE IS A NEED FOR A LOT MORE DATA
– THERE IS A NEED FOR THERAPEUTIC ALGORITHM IN PERIPHERAL 

SKELETON



RECIST vs mRECIST

Lencioni R, Llovet  JM. Semin Liver Dis 2010;30:52–60
Llovet JM et al Journal of Hepatology 2012 vol. 56 j 908–943

PATIENT FOLLOW UP



• Baseline MRI after treatment to allow post-ablation inflammation 
to subside (FAT-SAT+GD)1 mo: 

• PET-CT scanning (requested by the oncologists) to evaluate 
systemic response, at which time evaluation of the ablated lesion 
can be performed

6-8 weeks: 

• At the discretion of the treating medical or surgical oncologist to 
assess for local tumor control 

• When the patient complains of new or increasing pain at the site 
of ablation

Subsequent 
imaging:

PATIENT FOLLOW UP



PATIENT FOLLOW UP

• [18F]-fluoro-2-deoxy-D-glucose (FDG)

• Pre-procedural: ability to detect tumors that are occult on conventional 
anatomic cross-sectional imaging and to identify metabolically active 
portions of tumors

• Intra- procedural: 
– the fusion of PET images obtained at the beginning of the procedure with CT 

images obtained intermittently during the procedure
– fusion of intraprocedural CT images with pre-ablation PET
– direct use of PET images for needle guidance

• Post-ablation: evaluate treatment adequacy, local tumor recurrence, and 
progression of musculoskeletal metastatic disease

Tomasian et al. PET Clin 2018; 13: 579–585



c/o A. Manca, Torino, ITALY

PATIENT FOLLOW UP



• Metastatic substrate 
– esp. Prostate, Breast, Melanoma, RCC, NSCLC, Thyroid

– Ca prostate: biochemical response

– RCC: Increased survival

– Breast Ca: subtype dependent – increased survival

– Sarcoma: increased survival

• Lesion characteristics 
– Size <2cm

– No cortical erosion

• Ablation technique ± structural augmentation
– Adequate coverage of the lesion

TAKE HOME MESSAGES……



• Uncertainty whether local therapy improves survival outcome 
or rather represents a selected population with better 
prognosis

• Criteria for appropriate application of ablation to limited 
metastases are not well established

• Understand timing and role of local treatment in MDT 
approach

• Appropriate case selection, thoughtful technique, proper fu

TAKE HOME MESSAGES……



Bone tumours: thermal ablation 
with or without consolidation

Dimitrios K Filippiadis MD, PhD, MSc, EBIR

Assistant Professor of Diagnostic and Interventional Radiology

2nd Department of Radiology, University General Hospital "ATTIKON"

Medical School, National and Kapodistrian University of Athens



• Radiation therapy = gold standard:
– meta-analysis of 25 trials comparing SF vs MF for pain palliation due to bone metastases
– complete pain responses for 23% (SF) and 24% (MF) of patients respectively
– overall pain responses (complete and partial responses combined) for 60% and 61%

• RTH: 
– Applied in areas that have not reached limit
– Limited by cumulative radiation tolerance of nearby organs
– Based on tumor histology ( eg sarcoma, melanoma GIST, RCC, NSCLC)
– Does not improve stability (weakens adjacent bone with effect on pathologic fracture)
– SBRT: 9-11% (Skeleton) - >33% (Spine) Pathologic # 

BONE ABLATION

Kurup et al. AJR 2017; 209:713–721
Meyer et al Eur Urol 2017; 1-4

•Denis K. et al. Single fraction conventional external beam radiation therapy for bone metastases: 
A systematic review of randomised controlled trials. Radiotherapy and Oncology 2013; 106: 5-14



• CLINICAL

• Local vs Diffuse bone pain

• “Mechanic” vs “Inflammatory” 
pain

• Performance status

• TECHNICAL
• Review recent cross sectional imaging 

(x rays, CT, MRI, PET/CT)
• Lesion shape / location / lytic vs

blastic
• Impeding pathologic fracture (Mirels

score, Harrington criteria, SINS)
• Vascularity
• Close by sensitive structures

BONE ABLATION

A.N. Walace et al. The Oncologist 2015;20:1205–1215
Ratasvuori M et al. Surg Oncol 2013;22:132-138

ISSUES TO CONSIDER PRIOR TO ABLATION:



BONE ABLATION

Radiofrequency (RFA)

Cryoablation (CWA)

Microwaves (MWA)

High Intensity Focused 
Ultrasound (HIFU)

Gangi et al Semin Intervent Radiol 2010 - Filippiadis et al Insights Into Imaging 2014

Rosenthal et al Radiology 2012 - Kurup et al Semin Intervent Radiol 2012

• Pain palliation ± functional 
restoration

• Necrotize tumor-
periosteum interface

• Tumor decompression

• Inflammation reduction

• Inhibition of osteoclast
activity



BONE ABLATION

Minimally 
invasive 

approach

Well-tolerated 
even in 

patients with 
co-

morbidities or 
with extensive 

disease

Overall 
morbidity of 

the procedure 
is low -

impressive 
and reliable 
pain relief

May assist in 
liquefying the 

tumor and 
allowing for 
better fill of 
the cement 

Why to use:



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
The Role of Ablation in Cancer Pain Relief

Filippiadis et Curr Oncol Rep. 2019 25;21(12):105.



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
Radiofrequency Ablation for the Palliative Treatment of Bone Metastases: 

Outcomes from the Multicenter OsteoCool Tumor Ablation Post-Market Study 
(OPuS One Study) in 100 Patients

Levy et al J Vasc Interv Radiol . 2020 Nov;31(11):1745-1752.

100 patients (87-13 spine-sacrum/illium), 14 centers
97% of ablations were followed by cementoplasty
Variable neoplasmatic substrate
Mean worst pain score decreased from 
8.2±1.7 at baseline to 3.5 ± 3.2 at 6 mo

Conclusions: Results from this study show rapid (within 3 d)
and statistically significant pain improvement with sustained

long-term relief through 6 mo in patients treated with 
RF ablation for metastatic bone disease.



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
Cryoablation for Palliation of Painful Bone Metastases: The MOTION Multicenter Study

Jennings et al. Radiology: Imaging Cancer VOL. 3, NO. 2

65 patients 
Variable neoplasmatic substrate
Pain palliation – life quality improvement

Conclusions: Cryoablation of metastatic bone tumors provided rapid and durable pain palliation, 
improved quality of life, and offered an alternative to opioids for pain control.



BONE ABLATION



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
Percutaneous microwave ablation of bone tumors: a systematic review

Cazzato et al. Eur Radiol . 2020 Nov 6. Online ahead of print.

Seven non-comparative studies
249 patients and 306 tumors
Meta – myeloma - OO
Variable ablation protocols
4.0% clinically significant complications

Conclusions: MWA is effective in achieving pain relief at short- (1 month) and mid-term (4-6 
months) for painful OO and malignant bone tumors, respectively. Although MWA seems safe, 

further prospective studies are warranted to further assess this aspect, and to standardize MWA 
protocols.



BONE ABLATION



Magnetic resonance-guided focused ultrasound for patients with 
painful bone metastases: phase III trial results

• 149 patients

• 112 (MR-guided HIFU)-35 (sham)

• Response rate for the primary endpoint:

64.3% in the MRgFUS arm 

20.0% in the placebo arm (P < .001)

Hurwitz et J Natl Cancer Inst . 2014;106(5):dju082.

Conclusion: This multicenter phase III trial demonstrated that MRgFUS is a safe and effective, 
noninvasive treatment for alleviating pain resulting from bone metastases in patients that 
have failed standard treatments.

BONE ABLATION



Targetability of osteoid osteomas and bone metastases by MR-guided 
high intensity focused ultrasound (MRgHIFU)

• 115 metastatic lesions (43 pelvis)
– HIFU may be performed alone 

– HIFU may be performed using protection of surrounding

structures or bone consolidation

– HIFU is not feasible 

Bing et IJH 2018; 35(1):471-479 

Conclusion: MRgHIFU cannot be systematically performed non-invasively on bone tumors.
Combination with minimally-invasive thermo-protective techniques may increase the number of
eligible cases.

BONE ABLATION



• Recurrent disease in 2016 • MRgFUS Planning

BONE ABLATION

c/o S. Tutton USA



Randomized Ablation Trials

0

BONE ABLATION



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
Treatment of osteolytic solitary painful osseous metastases with radiofrequency ablation or 

cryoablation: A retrospective study by propensity analysis

Zugaro et al Oncol Lett. 2016 ; 11(3): 1948–1954.

50 patients (25/25 : RFA/CWA)
CA only significantly improves the rate of CR 
CA only decreases the requirement of narcotic 
medications
A significant improvement in self-rated QoL was 
observed in both groups



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
Percutaneous image-guided thermal ablation of bone metastases: a retrospective 

propensity study comparing the safety profile of radiofrequency ablation and cryoablation

De Marini et al Int J Hyperthermia . 2020;37(1):1386-1394.

274 patients (53/221 : RFA/CWA)
similar rates of major complications with RFA and CA 
higher rates of minor complications with RFA 
due to preponderant post-procedural pain

Conclusions: Similar low rates of major complications are expected with RFA and CA of BM. In 
the post-operative period, RFA appears more painful than CA, thus warranting for adoption of 
dedicated analgesic protocols for patients undergoing RFA.



Complications Following Percutaneous Image-
guided Radiofrequency Ablation of Bone Tumors: 

A 10-year Dual-Center Experience

• 169 patients (48.8% pelvis)

• major complication rate was 2.3%

• most frequent event: secondary fracture 

• immediate postoperative pain 18%

Cazzato et al Radiology 2020;296(1):227-235

Risk factors for complications are tumor size 
greater than 3 cm and previous radiation 

therapy

BONE ABLATION
Complications of Percutaneous Bone Tumor 

Cryoablation: A 10-year Experience

• 239 patients – 320 lesions

• major complication rate was 2.5%

• secondary fracture 1.2%

Major complications are associated with age >70 
years 

and use of more than three cryoprobes

Cazzato et al Radiology 2019;291(2):521-528.



• Neural injury

• Applicator placement - damage

• Fracture risk

• Inadvertent osteochondral injury

• Large tumor treatment and tumor lysis

Kurup et al Cardiovasc Intervent Radiol 2017;40(2):166-176

BONE ABLATION

Avoiding Complications:
• Passive thermal protection

– Thermocouples 
– Intra-operative neurological monitoring 

systems 
(neurodiagnostic EEG, EMG and evoked 

potential electrodes 
and accessories, electrostimulation of 

peripheral nerves)
• Active thermal protection - insulation

– CO2, - air
– Hydrodissection
– Skin warming/cooling Tsoumakidou et al CVIR 2013

Filippiadis et al Insights Imaging 2014
Kurup et al CVIR 2017



BONE ABLATION
Ablation + surgery

Ablation + RTH
Ablation + TAE

Ablation + Osseous augmentation
Ablation +Cementoplasty + embolization



BONE ABLATION

Gangi et al Cardiovasc Intervent Radiol 2010; 33:706–713

• Clinical presentation 
(no symptoms vs mechanic pain)

• Localization, size, type of the lesion
•Associated destruction of bony cortex

•Previous local therapies
•Presence of pathological fracture



BONE ABLATION

Garnon et al DII 2019; 100(12):743-752



BONE ABLATION

c/o F. Cornelis Paris/FR



CURATIVE THERAPY
(Oligometastatic disease)

PALLIATIVE THERAPY

Spine Ablation + Vertebral augmentation

Peripheral 
Skeleton

Non-weight bearing area Ablation

Weight bearing area Ablation + 
bone augmentation

Pain reduction Spine Vertebral augmentation

Peripheral 
Skeleton

Mirels Score<9 Non-weight 
bearing area

Ablation
TAE±

bone augm.
Weight bearing

area

Ablation + 
bone augmentation

Size reduction
Tumor decompression

Mirels Score>9

Ablation, TAE ±
bone augmentation

Need for structural support
Asymptomatic Mirels score>9

Bone augmentation +
Ablation

Tokuhashi and Tomita systems
Mirels’ – Harrington’s score  
Karnofsky Performance Scale

PELVIC BONE ABLATION



Filippiadis et al Percutaneous bone lesion ablationBONE ABLATION
Tumoral dissemination along the screw trajectory in percutaneous osteosynthesis and 

cementoplasty: a non-described complication

Gjorgjievska Delov et al CVIR. 2018; 41:336–339 

Conclusions: Although we present no direct supportive evidence, the development of a 
coaxial system and possibly a percutaneous ablation strategy associated with POC should be 
considered, especially in patients with longer life expectancy.



• BONE ABLATION CONCERNS

• Access to the lesion

• Extent of ablation zone

• Protection of surrounding sensitive structures (nerves, joints, 
skin etc)

• Large sized tumors (technically challenging - myoglobinuria)

• Combo treatments (osseous augmentation, TAE)

TAKE HOME.......



• BONE ABLATION

• Feasible, safe and efficacious technique aiming for pain 
palliation ± functional restoration

• Included in the NCCN Guidelines for Adult Cancer Pain

• Multiple ablation techniques available

• Optimize selection: patient (lesion) tailored approach to 
maximize efficacy 

TAKE HOME.......



48 yom with painful left gluteal desmoid tumor

DESMOIDS



First ablation  (12 probes)

DESMOIDS



First ablation Post MRI (T1FS subtraction images)

DESMOIDS



Second ablation (10 probes)

DESMOIDS



CK elevation with rhabdomyolysis (planned admission for IV fluids and Cr and CK monitoring)

DESMOIDS



Post Second ablation 4 mos

DESMOIDS



Post Second ablation 10 mos

DESMOIDS



MUSCULOSKELETAL AND SPINE 
(MSK) MASTERCLASS

Cementoplasty with or without 
ablation

Dimitrios K Filippiadis MD, PhD, MSc, EBIR
Assistant Professor of Diagnostic and Interventional Radiology

2nd Radiology Dpt, University General Hospital "ATTIKON"
Medical School, National and Kapodistrian University of Athens



CANCER PAIN

• Lytic metastases cause MSK pain by:

• undermining osseous stability and the integrity 
of muscle and tendon insertions

• causing increased intraosseous pressure and 
exerting periosteal stretching

• compressing adjacent nerves and muscles

• inciting cytokine mediated inflammation
Deib et AJR 2019

Yevich et al Semin Interven Radiol 2018 



VP → SP → CP

→ →

A WALK TO THE PAST



CEMENTOPLASTY
Injecting cement through a trocar, into a weakened bone, to achieve 

consolidation  and pain management
Cementoplasty is performed to treat pain by reducing the activity of 

pain-sensitive periosteal nerves by means of internal trabecular
stabilization

•Moser et al Cementoplasty of pelvic bone metastases: systematic assessment
of lesion filling and other factors that could affect the clinical outcomes. Skeletal Radiol 2019

• Deib et al Percutaneous Microwave Ablation and Cementoplasty: Clinical Utility in the Treatment of Painful
Extraspinal Osseous Metastatic Disease and Myeloma AJR 2019



CEMENTOPLASTY

• INDICATIONS:

– Painful osteolytic
metastasis

– Myeloma lesions

– Symptomatic 
osteoblastic metastases 
(if bone is not too dense 
or if fissures are present)

• PRINCIPLES:

– Structural support

– PMMA polymerization 
produces an exothermic 
reaction with transient 
peak of temperature 
reaching 80°C



Precision of the treatment goal: curative or palliative
Fracture risk

Neurological compression

CEMENTOPLASTY



CEMENTOPLASTY

Kortman et al Journal of NeuroInterventional Surgery 2013



CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



Cazzato et al Interventional Radiologist’s perspective on the 
management of bone metastatic disease. EJSO 41 (2015) 967e974

CEMENTOPLASTY



80 Pts, Mirels score 9.8 ± 1.8
VAS -Karnofsky scale improved
EORTC QLQ-C15-PAL improved

21 Pts, Mirels score 11
median follow-up 731 d (98 –1.826 d)
1-year pathologic fracture rate was 40.6% 

Standard cementoplasty: Injection of PMMA in peripheral bones

CEMENTOPLASTY

50 Pts, Mirels score 11
Average follow-up 8.9 ± 5.5 mo
pathologic fracture rate 4%  (2 cases)

51 Pts, Mirels score >9
follow-up 3 mo

No pathologic fracture



• Standard cementoplasty: Injection of PMMA in peripheral 
bones

Compression Tension            Shearing          Torsion             Bending

CEMENTOPLASTY



• Standard cementoplasty: Injection of PMMA in peripheral 
bones

TYPE OF BONE MATTERS

CEMENTOPLASTY

Flat bones such as acetabular roof, femoral
condyles, tibial endplates, or talus can be treated effectively

with percutaneous cementoplasty

Cementoplasty of long bone diaphysis should be considered
only in selected nonsurgical patients



CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



• Standard cementoplasty: Injection of PMMA in peripheral 
bones

LOCATION MATTERS

CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY



• Standard cementoplasty: Injection of PMMA in peripheral 
bones

TECHNIQUE MATTERS

CEMENTOPLASTY



CEMENTOPLASTY



CEMENTOPLASTY

Sequential injection through several needles does not always allow 
the coalescence of cement streams
Avoiding leakage from the track of the first needle
Simultaneous injection produces a more compact and solid block of 
cement and reduces radiation exposure

Moser et al Cementoplasty of pelvic bone metastases: systematic assessment
of lesion filling and other factors that could affect the clinical outcomes. Skeletal Radiol 2019



• Standard cementoplasty: Injection of PMMA in peripheral 
bones

• Augmented Cementoplasty: PMMA + instrumentation for 
bone support/augmentation (closed fixation)

Compression Tension            Shearing          Torsion             Bending

CEMENTOPLASTY



Anselmetti GC, Manca A, Chiara G et al. Painful pathologic fracture of the humerus: 
percutaneous osteoplasty with bone marrow nails under hybrid computed tomography and 
fluoroscopic guidance.  J Vasc Interv Radiol. 2011 Jul;22(7):1031-1034.

Garnon et al CVIR 2015
Anselmetti et al JVIR 2011
Deschamps et al CVIR 2012
Abdel-Aal et al CVIR 2012

Anselmetti GC Semin Intervent Radiol 2010
Chang et al J Vasc Interv Radiol 2005
Deschamps et al l J Vasc Interv Radiol 2012
Tsoumakidou et al CVIR 2014

CEMENTOPLASTY



Kelekis et al Percutaneous Augmented Peripheral Osteoplasty in Long Bones of Oncologic Patients for Pain Reduction 
and Prevention of Impeding Pathologic Fracture: The Rebar Concept. Cardiovasc Intervent Radiol. 2016 Jan;39(1):90-6

CEMENTOPLASTY



CEMENTOPLASTY



COMPLICATIONS

Miranda et al Insights into Imaging 2018 



COMPLICATIONS

• Needle access complications (direct traumatic injury to artery, 
nerve, or muscular tendon)

• Periosteal cement extrusion – cement leakage (Symptoms tend to 
result from direct compression on adjacent nerves or muscle)

• Cardiopulmonary complications (cement emboli, fat embolism, 
transient hypotension or bradycardia)

Yevich et al Semin Interven Radiol 2018 



CEMENTO- COMBO

Cementoplasty + surgery
Cementoplasty + RTH

Cementoplasty + ablation
Cementoplasty + embolization

Cementoplasty + embolization + ablation



CEMENTOPLASTY+ SURGERY

• Cementoplasty can be 
performed after prior 
fixation, if surgical material 
becomes loose

• The aim is to preserve the 
osteosynthesis and thus to 
avoid major salvage surgery 
associated with high 
morbidity

Buy et al Semin Intervent Radiol 2018



c/o G. Anselmetti Turin/IT

After RT

→ → After Osteoplasty

Breast metastases and high grade pain undermanaged 
by opiate analgesic therapy.

CEMENTOPLASTY +RTH



CEMENTOPLASTY+ ABLATION

• Local tumor control

• Pain relief

• Cavity creation within the 
tumor which promotes 
cement distribution

• Radiofrequencies (RFA)

• Microwaves (MWA)

• Laser (LITT)

Electromagnetic 
- Thermal

• Cryoablation (CWA)Thermal

• Irreversible Electroporation 
(IRE)

Electromagnetic 
- Biological

• High Intensity Focused 
Ultrasound (HIFU)

Mechanical -
Thermal



CEMENTOPLASTY+ ABLATION



CT fluoroscopy-guided percutaneous osteoplasty with or without 
radiofrequency ablation in the treatment of painful extraspinal and 
spinal bone metastases: technical outcome and complications in 29 

patients 

• 29 patients, 40 lesions

• Cementoplasty ± RFA

Burgard et al Diagn Interv Radiol 2018 

CEMENTOPLASTY+ ABLATION



Combined Microwave Ablation and Cementoplasty in Patients 
with Painful Bone Metastases at High Risk of Fracture

• 35 patients, 37 lesions

• MWA + cementoplasty

• 90% pain relief at 6 mo

Pusceddu et Cardiovasc Intervent Radiol 2015 

CEMENTOPLASTY+ ABLATION



Percutaneous Microwave Ablation and Cementoplasty: Clinical 
Utility in the Treatment of Painful Extraspinal Osseous Metastatic 

Disease and Myeloma

• 65 patients, 77 lesions

• MWA + cementoplasty

• 64.6% LTC @ 24 wk

Deib et AJR 2019 

CEMENTOPLASTY+ ABLATION

Conclusion: MWA is efficacious in alleviating pain due to osseous metastases with promise 
for locoregional tumor control esp in oligometastatic disease



The Hopeless Case? Palliative Cryoablation and
Cementoplasty Procedures for Palliation of

Large Pelvic Bone Metastases

• 48 patients, >5cm diameter

• CWA + cementoplasty

• 7.9 → 1.2 NVS units

Coupal et Pain Physician 2017 

CEMENTOPLASTY+ ABLATION



CEMENTOPLASTY+ ABLATION



FUTURE DIRECTIONS

Composite cements or biocompatible calcium-phosphate 
cements show no benefit in oncology due to lower stability over 
time with less mechanical resistance

Several studies report research projects using loaded
cements as therapeutic vectors (Methotrexate, cisplatin, 
zoledronate)

PMMA with radionuclide to reinforce focal antitumoral effect



FUTURE DIRECTIONS



CURATIVE THERAPY
(Oligometastatic disease)

PALLIATIVE THERAPY

Spine Ablation + Vertebral augmentation

Peripheral 
Skeleton

Non-weight bearing area Ablation

Weight bearing area Ablation + 
bone augmentation

Pain reduction Spine Vertebral augmentation

Peripheral 
Skeleton

Mirels Score<9 Non-weight 
bearing area

Ablation
TAE

Weight bearing
area

Ablation + 
bone augmentation

Size reduction
Tumor decompression

Mirels Score>9

Ablation
TAE

Need for structural support
Asymptomatic Mirels score>9

Bone augmentation +
Ablation

Tokuhashi and Tomita systems
Mirels score  
Karnofsky Performance Scale

THERAPEUTIC ALGORITHM



• In advanced cancer, bone is a common site of metastases 
characterized by substantial skeletal morbidity

• Pain reduction → limits beds rest

• Cementoplasty is quickly effective for pain relief with long 
term efficacy on pain and improvement of functional disability 
and quality of life

TAKE HOME MESSAGES……



ΕΥΧΑΡΙΣΤΩ ΠΟΛΥ

The

THANK YOU FOR 
YOUR ATTENTION



THANK FOR YOUR ATTENTION


