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CLINICAL STUDY

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
Jason Levy, MD, Thomas Hopkins, MD, MBA, Jonathan Morris, MD,
Nam D. Tran, MD, PhD, Elizabeth David, MD, FRCPC,
Francesco Massari, MD, PhD, Hamed Farid, MD, MBA,
Alexander Vogel, MD, William G. O’Connell, MD, Peter Sunenshine, MD,
€ h, MD, and
Robert Dixon, MD, Afshin Gangi, MD, PhD, Nicolas von der Ho
Sandeep Bagla, MD
ABSTRACT
Purpose: To evaluate the effectiveness of radiofrequency (RF) ablation as measured by change in worst pain score from baseline to 3
mo after RF ablation for the palliative treatment of painful bone metastases.
Materials and Methods: One hundred patients (mean age, 64.6 y) underwent RF ablation for metastatic bone disease and were followed up
to 6 mo. Subjects’ pain and quality of life were measured before RF ablation and postoperatively by using the Brief Pain Index and European
Quality of Life questionnaires. Opioid agent use and device-, procedure-, and/or therapy-related adverse events (AEs) were collected.
Results: Eighty-seven patients were treated for tumors involving the thoracolumbar spine and 13 for tumors located in the pelvis and/or sacrum.
All ablations were technically successful, and 97% were followed by cementoplasty. Mean worst pain score decreased from 8.2 ± 1.7 at baseline to
3.5 ± 3.2 at 6 mo (n ¼ 22; P < 0.0001 for all visits). Subjects experienced signiﬁcant improvement for all visits in average pain (P <.0001), pain
interference (P < .0001), and quality of life (P < .003). Four AEs were reported, of which 2 resulted in hospitalization for pneumonia and respiratory failure. All 30 deaths reported during the study were attributed to the underlying malignancy and not related to the study procedure.
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.
ABBREVIATIONS
AE ¼ adverse event, BPI ¼ Brief Pain Inventory, PMMA ¼ polymethyl methacrylate, RF ¼ radiofrequency
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Current estimates report bone metastatic involvement in
60%–84% of cases in the presence of an underlying
neoplastic process, which can lead to morbidities (1). Patients in whom bone metastases develop may experience
pain, fracture, or neurologic injury. The annual health care
burden for the treatment of malignancy-related bone-related
complications is estimated at $12.6 billion (1). With the
growing incidence of cancer cases combined with the prolonged survival of patients as a result of effective chemotherapy and targeted therapies, the prevalence of patients
with bone metastases is increasing (2).
The primary goals of the treatment of bone metastases is pain
relief, reduction of delayed skeletal or neurologic events,
preservation of daily function, and optimization of quality of
life. Although ﬁrst-line therapy usually consists of
bisphosphonates or targeted bone agents, external-beam radiation therapy is considered the standard of care for symptomatic patients; however, pain relief often is not immediate and
may take as long as 4–6 weeks to be fully effective (3). Stereotactic body radiation therapy has demonstrated higher rates
of palliation, ranging from 50% to 85%, but is associated with
fracture rates as high as 11%–39% (4–7). Surgical treatments
such as vertebrectomy, spinal reconstruction with cages,
pedicle screw internal ﬁxation, Harrington-type acetabular
reconstruction, or other types of invasive therapies are available
to assist with pain relief and strengthen skeletal integrity;
however, these are associated with prolonged recovery time,
increased infection rates, and high morbidity and mortality
rates (8,9). In addition, these invasive procedures can delay
radiation therapy or other systemic therapies (10).
Minimally invasive ablation procedures with kyphoplasty
and polymethyl methacrylate (PMMA) augmentation have
been shown in randomized controlled studies to achieve
marked reduction in back pain and improvement in quality
of life with a decrease in opioid agent use (11). More
recently, several small observational studies of percutaneous
radiofrequency (RF) ablation have demonstrated pain relief
(8,12–16), mood and pain intensity improvements (13), and
decreased opioid agent use (12,16). The clinical goal of RF
ablation in vertebral metastases is primarily pain reduction
and tumor cavitation before stabilization (17,18). Recent
multidisciplinary treatment guidelines have outlined a
treatment paradigm whereby RF ablation may be considered
in conjunction with other therapies (19).
The purpose of this prospective, nonrandomized, multicenter study was to evaluate the effectiveness of skeletal RF
ablation to demonstrate rapid (within 3 d) and sustained pain
improvement in patients with painful bone metastases. This
study provides the results in this cohort of patients.

subjects discontinued participation before undergoing RF
ablation (Fig 1). The present document reports the results in
the ﬁrst 100 subjects treated with RF ablation. The present
institutional review board/ethics committee–approved prospective study (clinicaltrials.gov identiﬁer, NCT 03249584)
was conducted in compliance with federal Health Insurance
Portability and Accountability Act regulations. All patients
included were at least 18 years of age with metastatic tumors
of the thoracic and/or lumbar vertebral body/bodies, periacetabulum, iliac crest, and/or sacrum and were candidates for
RF ablation per the labeled indications. Exclusion criteria
included pure osteoblastic tumors, worst pain rated as < 4 on a
scale from 1 to 10 in the past 24 hours, more than 2 painful
sites requiring treatment, or Karnofsky performance score <
40 at enrollment. Included subjects had osteolytic bone metastases conﬁrmed by imaging or biopsy per physician
discretion. All procedures were considered technically successful if RF ablation was delivered to the targeted tumor.
A total of 134 ablations were performed under imaging
guidance in the 100 patients. Sixty-eight patients (68%) had
a single target site treated with RF ablation, and 32 (32%)
had multiple sites treated. For those treated in the thoracic
and lumbar vertebrae, the majority (85%) of RF ablation
approaches were bilateral. Although not required per protocol, PMMA augmentation was performed in the majority
of cases (97%; 130 of 134). No patients underwent additional RF ablation procedures during the follow-up period.
Table 1 demonstrates patient characteristics and Table 2
reﬂects details of the ablation procedures.
Patient outcomes including pain, pain interference, and
quality of life were collected in a total of 94, 89, 64, 46, and
22 patients at 3 days, 1 week, 1 month, 3 months, and 6
months, respectively. A total of 40 patients discontinued
study participation after RF ablation treatment but before the
6-month follow-up, with 2 additional discontinuations after
6 months. The reasons for discontinuation included 30
deaths (71%), 9 voluntary patient withdrawals of consent
(21%), 2 losses to follow-up (5%), and 1 discontinuation
upon biopsy diagnosis of nonmalignant bone tumor (1%).
Chemotherapy (43%), steroids (39%), and osteoporosis
medications (38%) were reported as the most frequent
treatments after RF ablation.

MATERIALS AND METHODS
One hundred six patients were enrolled at 14 global investigational centers between October 2017 and March 2019 in the
OsteoCool Tumor Ablation Post-Market (OPuS One) Study.
The study is projected to enroll a maximum of 250 patients as
long as 12 months after RF ablation. After enrollment, 6

RF Ablation Procedure
Ablation of the targeted tumor(s) was performed with the
OsteoCool RF Ablation System (Sofamor Danek/Medtronic,
Dublin, Ireland). The system consists of an RF generator,
peristaltic pump, and the connector hub, which provides 2
channels for the use of the ablation probes and 2 channels
for the use of the optional independent thermocouples. The
bipolar ablation probe is a coaxial, bipolar technology that
provides localized tumor ablation and automatically adjusts
the power to maintain the RF heating within the desired
treatment range. The active tip of the RF ablation probe is
internally cooled with circulating sterile water in a closedloop system. RF energy heats the tissue while circulating
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Figure 1. Study ﬂow. The differences between counts at a visit and the next visit may not equate to the discontinued count because of
subjects who were still actively being followed at the time of manuscript preparation.

water moderates the temperature in close proximity to the
active tip to minimize charring. The ablation volume and
time are determined based on the probe tip size.
All procedures were performed with computed tomography (16%) or ﬂuoroscopic guidance (84%) under moderate
sedation (30%), monitored anesthesia care (18%), or general
anesthesia (52%) per the institution’s standard of care. The
target tumors were accessed by using an 8- or 10-gauge
introducer cannula. In the thoracolumbar spine, the vertebral
bodies were accessed via a transpedicular or parapedicular
approach. The ablation probe lengths were predetermined and
placed through the access cannula. The RF ablation protocol
was performed by using the preset manufacturer algorithm. At
the completion of RF ablation, PMMA, if used, was injected
through the same bone access cannula.

Clinical Follow-up
Relevant cancer medical history and demographic information was collected before the procedure. Patients completed
validated questionnaires to measure their pain, function, and
quality of life. The Brief Pain Inventory (BPI) short form is a
12-item self-administered questionnaire used to evaluate the
severity of a patient’s pain and the impact of this pain on the
patient’s daily functioning. For the purpose of this analysis, a
minimal clinically important difference in pain, as measured
by the BPI, was deﬁned by a  2-point change from baseline
to postprocedural follow-up (20). The European Quality of
Life–Five Dimensions is a standardized measure of patients’
health status widely used as a validated tool to determine
health-related quality of life (21).

Follow-up assessments occurred after the ablation procedure, 3 days, 1 week, and 1, 3, and 6 months after the
procedure. Device-, therapy-, and/or procedure-related
adverse events (AEs) were collected through the follow-up
period.

Study Population
Patient demographic and baseline characteristics are presented in Table 1. A majority of the patients were female
(56%; 56 of 100), and the mean age was 64.6 years
(range, 30–89 y). The most common histology of the
underlying primary tumor was adenocarcinoma; lung
(25%) and breast (21%) were reported as the most
common primary cancer. Eighty-seven subjects (87%)
were treated for tumors involving the thoracolumbar spine,
and 13 subjects (13%) were treated for tumors located in the
pelvis and/or sacrum. Seventy-one percent of patients (71 of
100) reported concurrent treatments at baseline. Of these
treatments, steroids, chemotherapy, and osteoporosis medications were reported most often. At the baseline visit, 95
patients (95%) reported not currently receiving radiation at
the targeted tumor; only 5 patients (5%) reported undergoing radiation in the target area previously.

Statistical Analysis
The primary objective was to achieve signiﬁcant pain
improvement, from baseline to 3 months, in patients treated
with RF ablation for spinal metastases involving the thoracic
and/or lumbar vertebral body/bodies. A minimum sample

1748 ▪ RF Ablation for Palliative Treatment of Bone Metastases

Table 1. Patient and Tumor Characteristics

Table 2. Tumor Radiofrequency Procedure Characteristics

Characteristic

Value

No. of patients

100

Sex
Female

56 (56)

Male

44 (44)

Age (y)
Mean

64.6

Range

30–89

Primary cancer
Lung

Levy et al ▪ JVIR

25 (25)

Characteristic

Value

Imaging guidance
CT

16 (16)

Fluoroscopy

84 (84)

Anesthesia
General

52 (52)

Local conscious sedation

30 (30)

Monitored anesthesia care

18 (18)

Procedure time (h)
Mean

21 (21)

Kidney

10 (10)

Prostate

6 (6)

1 site

68 (68)

Colon, rectosigmoid

5 (5)

2 sites

30 (30)

3 sites*

2 (2)

Liver

4 (4)

Lymph node

3 (3)

Endometrium
Pancreas

2 (2)
2 (2)

Range

1.1

Breast

0.3–3.1

Ablation sites per subject

Approach per ablation (134 ablations)
Vertebral ablation
Bilateral (2 probes)

120
102 (85)

Unilateral (1 probe)

18 (15)

Skin

2 (2)

Bone

1 (1)

Gastrointestinal system

1 (1)

1 probe

3 (21)

Thyroid

1 (1)

2 probes

7 (50)

Noncancerous*

1 (1)

3 probes

2 (14)

16 (16)

4 probes

2 (14)

Other
Metastatic tumor location
Thoracic

44 (44)

Lumbar

33 (33)

Lumbar and thoracic

10 (10)

Periacetabulum

4 (4)

Sacrum

3 (3)

Lumbar and iliac crest

2 (2)

Iliac crest

1 (1)

Sacrum and iliac crest
Lumbar and sacrum

1 (1)
1 (1)

Thoracic and sacrum

1 (1)

Current treatments at baseline†
0
1

29 (29)
28 (28)

2

31 (31)

3/4

12 (12)

Type of treatment at baseline
Osteoporosis medications

33 (33)

Chemotherapy

33 (33)

Steroids

29 (29)

Radiation treatment at baseline
Yes

5 (5)

No

95 (95)

Note–Values in parentheses are percentages.
*Determined by biopsy after radiofrequency ablation.
†
Before radiofrequency ablation.

Other locations

Cement augmentation
Yes
No
Technical success

14

130 (97)
4 (3)
134 (100)

Note–Values in parentheses are percentages.
*Deviations documented for treating 3 sites.

cohort by including subjects treated for metastatic tumors in
the periacetabulum, iliac crest, and/or sacrum.
Change from baseline was tested: a Shapiro–Wilk test P
value  .05 prompted the use of a Wilcoxon signed-rank test;
otherwise, a paired t test was used. For serial results over time,
if any visit showed a Shapiro–Wilk P value  .05, a Wilcoxon
test was applied to all visits. The primary objective was
examined for signiﬁcance at the 0.05 level; remaining additional measures were examined at 0.0025 following post-hoc
Bonferroni adjustment. Primary objective sensitivity analyses
included the use of multiple imputation and last observation
carried forward. SAS software (version 9.4; SAS, Cary, North
Carolina) was used for all analyses.
The trial was designed by the principal investigators (S.B,
J.L.) and the sponsor (Medtronic). The data were collected
by the individual sites and analyzed by the sponsor. The ﬁrst
and last authors prepared the ﬁrst draft, which was then
reviewed and edited by the other coauthors.

RESULTS
size of 35 subjects completing the 3-month BPI worst pain
assessment was required to demonstrate an improvement of
 2 points. The results also include an expanded analysis

Outcomes
Following RF ablation, patients experienced signiﬁcant
improvement in worst pain, average pain, pain interference,
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Table 3. Clinical Outcomes Scores at Baseline through 6-Month Follow-up
Characteristic

Baseline
(n ¼ 100)

Day 3
(n ¼ 94)

Week 1
(n ¼ 89)

Month 1
(n ¼ 64)

Month 3
(n ¼ 46)

Month 6
(n ¼ 22)

8.2 ± 1.7

5.6 ± 2.7

4.7 ± 2.9

3.9 ± 3.0

3.7 ± 2.9

3.5 ± 3.2

8.0

5.0

5.0

4.0

3.0

3.0

P value (Wilcoxon)

–

< .0001

< .0001

< .0001

< .0001

< .0001

95% CI of change
Subjects with  2-point change (%)

–
–

–3.1 to –1.9
59

–3.9 to –2.7
66

–4.7 to –3.1
75

–5.1 to –3.1
83

–6.2 to –3.5
86

6.0 ± 2.1

4.0 ± 2.3

3.3 ± 2.3

2.8 ± 2.2

2.8 ± 2.4

2.9 ± 2.5

6.0

4.0

4.0

3.0

3.0

3.0

–

< .0001

< .0001

< .0001

< .0001

< .0001

95% CI of change

–

–2.5 to –1.4

–3.3 to –2.1

–3.4 to –2.1

–3.6 to –2.1

–4.4 to –2.1

Subjects with  2-point change (%)

–

51

62

67

74

77

6.1 ± 2.3

4.1 ± 2.8

3.1 ± 2.7

2.9 ± 2.5

2.8 ± 2.7

2.5 ± 2.5

6.0

3.9

2.4

2.6

2.1

1.3

P value (t test)

–

< .0001

< .0001

< .0001

< .0001

< .0001

95% CI of change

–

–2.4 to –1.4

–3.5 to –2.3

–3.5 to –2.2

–3.9 to –2.1

–4.7 to –2.6

0.48 ± 0.32

0.58 ± 0.33

0.64 ± 0.28

0.69 ± 0.21

0.66 ± 0.26

0.69 ± 0.24

0.59

0.69

0.70

0.71

0.70

0.69

–
–

.0018
0.03–0.15

< .0001
0.10–0.21

< .0001
0.10–0.24

.0021
0.05–0.25

.0006
0.09–0.34

BPI worst pain
Mean score ± SD
Median

BPI average pain
Mean score ± SD
Median
P value (Wilcoxon)

BPI pain interference score
Mean score ± SD
Median

EQ-5D index
Mean score ± SD
Median
P value (Wilcoxon)
95% CI of change

Note–95% CIs are the 95% 2-sided CIs for the change from baseline.
BPI ¼ Brief Pain Inventory; CI ¼ conﬁdence interval EQ-5D ¼ European Quality of Life–Five Dimensions.

and quality of life. Before RF ablation, the mean score for
worst pain was 8.2 (Table 3). After ablation, worst pain
signiﬁcantly improved, with mean scores decreasing to
5.6, 4.7, 3.9, 3.7, and 3.5 at 3 days, 1 week, 1 month, 3
months, and 6 months, respectively (P < .0001 for all
visits; Fig 2). More than half of patients (59%)
experienced immediate improvement, reporting a  2point change in worst pain at the targeted treatment site(s)
3 days after ablation. Worst pain continued to improve, with
approximately 75%, 83%, and 86% of patients reporting 
2-point improvement at the 1-, 3-, and 6-month visits,
respectively. The vertebral-treated subject subgroup
included in the primary objective experienced a mean
improvement in worst pain from 7.8 at baseline to 3.6 at 3
months (P < .0001; Table 4). To assess any impact of
dropout on this result, 2 preplanned sensitivity analyses
were performed. These conﬁrmed that the change in pain
from baseline to 3 months is robust to missing data, as the
analyses demonstrated results consistent with those of
only subjects with complete data.
Decreases in average pain were also observed. Before RF
ablation, patients reported an average pain score of 6.0
(mean). Average pain score improved, with means reported
as 4.0, 3.3, 2.8, 2.8, and 2.9 at 3 days, 1 week, 1 month, 3
months, and 6 months, respectively (P < .0001 for all
visits). Three days after ablation, 51% of patients were
considered to have a clinically relevant change in average

pain. This increased to 67% after 1 month and further
increased to 77% at the 6-month visit.
Quality of life and pain interference with patient’s functionality was also assessed before and after the procedure.
The mean European Quality of Life index was 0.48 at
baseline. Following RF ablation, it improved to 0.58, 0.64,
0.69, 0.66, and 0.69 at 3 days, 1 week, 1 month, 3 months,
and 6 months, respectively, corresponding to respective
mean
changes
(improvements)
from
baseline
of þ0.09, þ0.15, þ0.17, þ0.15, and þ0.21 (P  .003 for all
visits). The degree of pain interference with patient functionality per BPI showed improvement, with the mean degree of interference decreasing consistently over time after
ablation from baseline (6.1) to 4.1, 3.1, 2.9, 2.8, and 2.5 at
the respective scheduled follow-up visits (P < .0001 for all
visits). Eighty-four subjects (84%) did not report receiving
any radiation treatments at the targeted area after RF ablation. Data were collected on transdermal and/or oral narcotic
agents taken 24 hours before each visit. Data were then
converted into morphine equivalent dose. Mean oral
morphine equivalent 24-hour dose for all treated subjects at
baseline was 61.0 mg, and it decreased to 50.4 mg at the 3month visit.
Four AEs were reported, of which 2 resulted in hospitalization for pneumonia and respiratory failure, respectively. Thirty deaths were reported during the course of the
study, with 29 through the 6-month visit. All deaths were
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Figure 2. BPI scores for worst pain, average pain, and pain interference. Change from baseline is signiﬁcant at all time points (P <.0001)
for all 3 measures.

classiﬁed by the clinical events committee and investigator
to be attributed to underlying malignancy and not related to
RF ablation.

DISCUSSION
The primary analysis of the prospective OPuS One Study
shows rapid and signiﬁcant pain improvement at 3 days
after RF ablation and sustained signiﬁcant long-term relief
through 6 months in patients with metastatic bone disease
treated in real-world settings. The results also show significantly improved quality of life and signiﬁcantly increased
function in patients with painful bone metastasis. The rapid
and sustained pain-relief results after treatment with the RF
ablation system were clinically impactful given the
advanced disease state of this cohort of patients.
Three days after the ablation procedure, more than half of
patients experienced clinically relevant improvement with a
minimum 2-point decrease in worst pain score. Patients
continued to have substantial pain improvement, with

approximately 75% experiencing clinically relevant
improvement at 1 month and more than 85% at 6 months.
Average pain also showed consistent signiﬁcant improvement over time. Quality of life and the degree of pain
interference with daily activities improved signiﬁcantly
compared with before ablation.
External-beam radiation therapy is the current standard of
care for the treatment of bone metastases. Although radiation therapy is noninvasive, it has several important limitations (22). Pain relief with external-beam radiation therapy
can take as long as 4–6 weeks after treatment completion,
and pain response rates are estimated at 60% (3,23).
Although the use of stereotactic body radiation therapy has
increased, especially in oligometastatic disease, radiationinduced vertebral compression fractures are reported in
11%–39% of cases (24). Because of tissue tolerance, there is
also a potential inability to repeat radiation therapy at the
same site if the pain persists (12). The present study is
unique, as the majority of patients reported no previous
radiation at the treated site at baseline. Given the radiation-
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Table 4. Primary Objective: Change in Worst Pain at 3 Months for Vertebral Subjects
Analysis Method
Primary (completers)

N
42

Sensitivity analyses (including imputation)
Multiple imputation
69
LOCF

69

Mean

P Value (t test)

Change

Baseline

Month 3

Mean

95% CI

7.8

3.6

–4.1

–5.2 to –3.1

8.1

3.8

–4.4

–5.3 to –3.5

< .0001

8.1

4.3

–3.8

–4.7 to –3.0

< .0001

< .0001

Note–Subject count included in the sensitivity analyses is less than the total treated because some subjects were treated outside of the
vertebral body/bodies or had inadequate follow-up (< 3 mo since treatment) at the time of primary objective assessment.
CI ¼ conﬁdence interval; LOCF ¼ last observation carried forward.

naivety of this cohort of patients at baseline, the results
indicate that the effects of pain relief can be attributed to the
study procedure. Forty-six percent of patients had metastatic
lung or breast cancer, which is typically radiation-sensitive,
but patients in this study experienced clinically impactful
pain relief quickly, within 3 days after RF ablation. Other
RF ablation studies were limited in their evaluation of pain
response by the confounding variable of previous radiation
treatment (16,25). In addition, in the present study, only
16% of patients received radiation at the ablation site after
RF ablation.
No postprocedural fractures at the ablation site(s) were
reported in this study, suggesting that RF ablation with
PMMA augmentation can address biologic pain while protecting against future mechanical failures. This study did not
have any symptomatic PMMA leakage complications that
have been previously reported in other studies (26). Four
AEs were reported, with 2 resulting in hospitalization for
pneumonia and respiratory failure, respectively. All 30
deaths reported during the study were classiﬁed by the independent clinical events committee and investigators as not
related to the RF ablation procedure, therapy, or device and
attributed to the natural progression of the disease.
The limitations of the present study include the difﬁculty
to discern the impact of RF ablation alone as a result of the
use of PMMA augmentation. The study of Berenson et al
(11) previously demonstrated that kyphoplasty alone can
improve pain control in patients with cancer with painful
compression fractures at 1 month and maybe as early as 1
week. The potential combined beneﬁt of tumor ablation for
biologic pain and prevention of delayed skeletal events with
the administration of PMMA for mechanical stabilization
and mechanical pain was likely complementary. This becomes more important in the patient population of the present study, given that the inclusion criteria included
predominantly axial weight-loading bones, thoracolumbar
spine, and periacetabular locations, where mechanical stabilization is crucial. For those reasons, it is unlikely that
these 2 therapies will ever be studied separately in the same
prospective trial. Additionally, the use of only oral and
transdermal narcotic agents was collected; intravenous
administration of narcotic agents was not collected, which
could confound the study results. In the authors’ opinion,

given that intravenous narcotic agents are more likely to be
given in an inpatient setting and follow-up was predominantly on an outpatient basis, this might suggest that the
pain reduction could have actually been underestimated.
Finally, the high mortality rate in this cohort (30%, with 16
of 30 dying before the 1-mo visit) implies that RF ablation
was provided as palliative treatment at the end of the care
continuum, with more severe symptoms, rather than earlier
in therapy, when recurrence or disease progression may be
more likely. The high mortality rate in the present cohort
(30%) is comparable to the high mortality rate previously
reported (> 20% at 6 mo) for patients undergoing surgical
treatment for cancer-associated compression fractures (11).
In conclusion, considering the rapid and long-lasting
signiﬁcant pain relief and high degree of safety shown in
the present study, RF ablation of axial skeletal metastases is
a viable treatment option. As suggested by more recent
multidisciplinary guidelines, RF ablation with cementoplasty has become one of the ideal treatment modalities that
may be performed alone or in combination with radiation
therapy in the treatment of metastatic bone disease.
Consideration of this therapy sooner in the care continuum
to maximize its palliative beneﬁts in metastatic bone disease
is a potential future direction. Other future studies could be
targeted to imaging-based local tumor control assessment,
comparison of tumor reduction with and without adjunctive
external-beam radiation therapy, and potential for reduction
in fractures versus radiation therapy alone.

ACKNOWLEDGMENTS
The authors acknowledge the OPuS One Study Investigators
and Research Coordinators and support staff.

REFERENCES
1. Schulman KL, Kohles J. Economic burden of metastatic bone disease in
the. U.S. Cancer 2007; 109:2334–2342.
2. Hernandez RK, Adhia A, Wade SW, et al. Prevalence of bone metastases
and bone-targeting agent use among solid tumor patients in the United
States. Clin Epidemiol 2015; 7:335–345.
3. Johnstone C, Lutz ST. External beam radiotherapy and bone metastases.
Ann Palliat Med 2014; 3:114–122.
4. Gerszten PC, Mendel E, Yamada Y. Radiotherapy and radiosurgery for
metastatic spine disease: what are the options, indications, and outcomes? Spine (Phila Pa 1976) 2009; 34(suppl):S78–S92.

1752 ▪ RF Ablation for Palliative Treatment of Bone Metastases

Levy et al ▪ JVIR

5. Husain ZA, Sahgal A, De Salles A, et al. Stereotactic body radiotherapy for
de novo spinal metastases: systematic review. J Neurosurg Spine 2017;
27:295–302.
6. Cunha MVR, Al-Omair A, Atenafu EG, et al. Vertebral compression fracture (VCF) after spine stereotactic body radiation therapy (SBRT): analysis
of predictive factors. Int J Radiat Oncol Biol Phys 2012; 84:e343–e349.
7. Rose PS, Laufer I, Boland PJ, et al. Risk of fracture after single fraction
image-guided intensity-modulated radiation therapy to spinal metastases.
J Clin Oncol 2009; 27:5075–5079.
8. Hoffmann RT, Jakobs TF, Trumm C, Weber C, Helmberger TK,
Reiser MF. Radiofrequency ablation in combination with osteoplasty in
the treatment of painful metastatic bone disease. J Vasc Interv Radiol
2008; 19:419–425.
9. Jacofsky DJ, Papagelopoulos PJ, Sim FH. Advances and challenges in the
surgical treatment of metastatic bone disease. Clin Orthop Relat Res
2003; 415(suppl):S14–S18.
10. Choi D, Bilsky M, Fehlings M, Fisher C, Gokaslan Z. Spine oncologymetastatic spine tumors. Neurosurgery 2017; 80(suppl):S131–S137.
11. Berenson J, Pﬂugmacher R, Jarzem P, et al. Balloon kyphoplasty versus
non-surgical fracture management for treatment of painful vertebral body
compression fractures in patients with cancer: a multicentre, randomized
controlled trial. Lancet Oncol 2011; 12:225–235.
12. Goetz MP, Callstrom MR, Charboneau JW, et al. Percutaneous imageguided radiofrequency ablation of painful metastases involving bone: a
multicenter study. J Clin Oncol 2004; 22:300–306.
13. Dupuy DE, Liu D, Hartfeil D, et al. Percutaneous radiofrequency ablation
of painful osseous metastases: a multicenter American College of Radiology Imaging Network trial. Cancer 2010; 116:989–997.
14. Guenette JP, Lopez MJ, Kim E, Dupuy DE. Solitary painful osseous metastases: correlation of imaging features with pain palliation after radiofrequency ablation–a multicenter American College of Radiology Imaging
Network study. Radiology 2013; 268:907–915.
15. Zheng L, Chen Z, Sun M, et al. A preliminary study of the safety and
efﬁcacy of radiofrequency ablation with percutaneous kyphoplasty for

thoracolumbar vertebral metastatic tumor treatment. Med Sci Monit
2014; 20:556–563.
Anchala PR, Irving WD, Hillen TJ, et al. Treatment of metastatic spinal
lesions with a navigational bipolar radiofrequency ablation device: a
multicenter retrospective study. Pain Physician 2014; 17:317–327.
Carraﬁello G, Lagana D, Pellegrino C, et al. Percutaneous imaging-guided
ablation therapies in the treatment of symptomatic bone metastases:
preliminary experience. Radiol Med 2009; 114:608–625.
Callstrom MR, Charboneau JW, Goetz MP, et al. Image-guided ablation of
painful metastatic bone tumors: a new and effective approach to a difﬁcult problem. Skeletal Radiol 2006; 35:1–15.
Wallace AN, Robinson CG, Meyer J, et al. The Metastatic Spine Disease
Multidisciplinary Working Group algorithms. Oncologist 2015; 20:1205–1215.
Mathias SD, Crosby RD, Qian Y, Jiang Q, Dansey R, Chung K. Estimating
minimally important differences for the worst pain rating of the Brief Pain
Inventory-Short Form. J Support Oncol 2011; 9:72–78.
EuroQol–a new facility for the measurement of health-related quality of
life. Health Policy 1990; 16:199–208.
Agarawal JP, Swangsilpa T, van der Linden Y, Rades D, Jeremic B,
Hoskin PJ. The role of external beam radiotherapy in the management of
bone metastases. Clin Oncol (R Coll Radiol) 2006; 18:747–760.
Sze WM, Shelley M, Held I, et al. Palliation of metastatic bone pain: single
fraction versus multifraction radiotherapy - a systematic review of the
randomised trials. Cochrane Database Syst Rev 2004; 2:CD004721.
Sahgal A, Whyne CM, Ma L, Larson DA, Fehlings MG. Vertebral
compression fracture after stereotactic body radiotherapy for spinal metastases. Lancet Oncol 2013; 14:e310–e320.
Bagla S, Sayed D, Smirniotopoulos J, et al. Multicenter prospective clinical series evaluating radiofrequency ablation in the treatment of painful
spine metastases. Cardiovasc Intervent Radiol 2016; 39:1289–1297.
Lane MD, Le Huy BQ, Lee S, et al. Combination radiofrequency ablation
and cementoplasty for palliative treatment of painful neoplastic bone
metastasis: experience with 53 treated lesions in 36 patients. Skeletal
Radiol 2011; 40:25–32.

16.

17.

18.

19.
20.

21.
22.

23.

24.

25.

26.

