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Abstract

Background Radiofrequency ablation (RFA) of vertebral
body metastases (VBM) has been reported as safe and
effective in retrospective studies. This single-arm
prospective multicenter clinical study evaluates RFA in the
treatment of painful VBM.

Methods Fifty patients with VBM were prospectively
enrolled during a 13-month period at eight US centers
under an IRB-approved study. Percutaneous RFA was
performed under imaging guidance with cement augmen-
tation at the discretion of the operator. Pain, disability and
quality of life were evaluated at baseline, prior to dis-
charge, days 3, 7, 30 and 90 using the Numerical Pain
Rating Scale, Oswestry Disability Index (ODI), the Func-
tional Assessment of Cancer Therapy-General 7 (FACT-
G7) and Functional Assessment of Cancer Therapy Qual-
ity-of-Life Measurement in Patients with Bone Pain
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(FACT-BP). Adverse events were monitored throughout
this time interval.

Results Twenty-six male and 24 female patients (mean age
61.0) underwent 69 treatments (30 thoracic and 39 lumbar).
Cement augmentation was performed in 96 % of reported
levels. Significant improvement in mean scores for pain,
disability and cancer-specific health-related quality of life
from baseline to all time intervals was seen. NRPS
improved from 5.9 to 2.1 (p < 0.0001). ODI improved
from 52.9 to 37.0 (p < 0.08). FACT-G7 improved form
10.9 to 16.2 (p = 0.0001). FACT-BP improved from 22.6
to 38.9 (p < 0.001). No complications related to the pro-
cedure were reported.

Conclusion RFA with cement augmentation safely and
effectively reduces pain and disability rapidly, while
increasing quality of life in patients suffering from verte-
bral body metastases.

Keywords Radiofrequency ablation - Spinal
metastases - Vertebral body metastases - Vertebral
augmentation - Cement augmentation

Introduction

The growth of malignant cells in the osseous environment
has been long recognized as a complication of cancer
dating to 1889 by Paget [1]. Vertebrae are the most com-
mon sites of bone metastases likely due to their highly
vascularized anatomy, with an incidence of 30-70 % in
patients with metastatic cancer [2—4]. Furthermore, verte-
bral body metastases (VBM) represent the most common
etiologies of chronic pain, fractures and spinal cord com-
pression in this patient population [5, 6].
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Current standard-of-care treatments for patients with
VBM include steroids, bisphosphonates, chemotherapy,
radiation therapy, surgical management and ablative ther-
apies [7, 8]. The mainstay of treatment for palliation of
pain is conventional fractionated external beam radiation
therapy (EBRT); however, up to 40 % of patients may
demonstrate no pain relief and 65 % will have residual pain
after treatment [9]. Stereotactic body radiotherapy (SBRT),
a highly conformal and image-guided hypofractionated
external beam radiotherapy, has been shown to provide
increased rate and degree of pain relief, and local control in
treatment of spinal metastatic disease, however, is less
commonly utilized for metastatic disease and carries
increased risk of serious adverse events, such as radiation-
induced myelopathy (1-5 %) and vertebral compression
fractures (11-39 %) [10]. The combination of radiation
therapy and minimally invasive procedures such as
radiofrequency ablation (RFA) and cement augmentation is
emerging as a promising therapeutic regimen [10, 11].

Minimally invasive thermal ablative procedures, such as
RFA, cryoablation and microwave ablation, have emerged
as viable options in the palliative treatment of muscu-
loskeletal metastases because of the short procedure time,
minimally invasive nature and ability to be performed on
an ambulatory basis [12]. However, device access to ver-
tebral body tumors can be challenging due to the posterior
location of most spinal metastases [13]. Such anatomical
and technical considerations in vertebral procedures have
resulted in a limited number of VBM lesions reported in
studies of percutaneous ablation of painful osseous
metastases [14, 15]. Retrospective studies have demon-
strated that RFA with cement augmentation is an effective
method for palliation of pain from VBM [16-19]. There is,
however, a lack of prospective experience in the USA
evaluating the effects of RFA in VBM. The purpose of this
prospective multicenter study was to assess pain palliation,
degree of disability and improvement in quality of life in
patients with vertebral metastatic tumors following percu-
taneous RFA.

Materials and Methods

Fifty patients were enrolled in an institutional review board
(IRB) approved study at eight sites in the USA between
August 2013 and September 2014—patient demographics
and baseline characteristics are presented in Table 1. All
patients signed written informed consent, and the study was
conducted in compliance with federal HIPAA regulations.
Inclusion criteria were painful VBM in at least one thora-
columbar vertebra with the pain concordant to the meta-
static lesion on cross-sectional imaging, aged 18 years or
older and considered candidates for spinal tumor ablation
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by the operating physician. Exclusion criteria were VBM in
cervical vertebrae and posterior tumor extension with cord
compression.

Treatment Procedure

Patients completed a physical examination prior to treat-
ment, and a review of the patients’ imaging was performed
to confirm the focal pain correlated with the cross-sectional
imaging and prepare a treatment plan (Figs. 1A, 2A).
Ablation within each vertebral body was performed using
the STAR Tumor Ablation System (DFINE, San Jose, CA),
which contains a bipolar RF probe with a unique extensible
electrode and articulating design, permitting percutaneous
navigation throughout the vertebral body. Multiple ther-
mocouples incorporated along the articulating segment of
the RF probe provide real-time thermal profile of the
ablation zone and are used to monitor the size of ablation
(Figs. 1B, 2B). A procedure was considered technically
successful if the index vertebra was able to be accessed
using the articulating bipolar ablation instrument and create
adequate overlapping ablation zones to cover the metastatic
lesion per the preoperative plan prior to cement augmen-
tation, when performed.

Patients were sedated using conscious sedation or gen-
eral anesthesia at the discretion of the operating physician.
The vertebral body was accessed using a transpedicular or
parapedicular approach under computed tomography (CT)
or fluoroscopic guidance with a 10-gauge coaxial cannula.
The RF probe was inserted within the appropriate vertebral
body location(s) based on cross-sectional preoperative
imaging. Thermal energy was applied to achieve desired
ablation zone of 10, 20 or 30 mm in length as determined
by the thermocouple (TC) temperatures on the RF elec-
trode. When required, due to size or location of tumor, the
RF probe was repositioned within the vertebra via the same
access cannula by articulating the distal end to adjacent
areas and overlapping ablation zones were created to
complete tumor ablation. In most cases (47/50), cement
augmentation (StabiliT® Vertebral Augmentation System,
DFINE, San Jose, CA) was performed following ablation
via the same access cannula. Small posterior lesions mea-
suring less than 25 % of the vertebral body (n = 3 of 69)
considered by the operator not at high risk of impending
vertebral body fracture were excluded from vertebral
augmentation post-ablation.

Clinical Follow-Up

Patients were asked to complete four validated clinical
instruments to measure their pain, disability and quality of
life prior to treatment. Pain was assessed with the
Numerical Pain Rating Scale (NPRS) that ranges from 0
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Table 1 Patient and tumor

Characteristic Value

characteristics

No. of patients (female/male) 24/26

Mean age, years (range) 61 (23-83) +SD 13

Race (white/black/other) (40/6/4)

Primary cancer
Kidney 11 22 %
Breast 10 20 %
Lung 9 18 %
Liver 3 6 %
Bladder 2 4 %
Adenocarcinoma 1 2 %
Bile duct 1 2 %
Cervical 1 2 %
Colon 1 2 %
Head and neck 1 2 %
Maxillary sinus 1 2 %
Melanoma 1 2 %
Ovarian 1 2 %
Pancreatic 1 2 %
Prostate 1 2 %
Thyroid 1 2 %
Uterine 1 2 %
Cancer type not specified 3 6 %

Total vertebra (thoracic/lumbar) 69 (30/39)

Mean vertebra treated metastatic bodies per patient 14 +SD 0.6
Patients with 1 VB 34 68 %
Patients with 2 VB 13 26 %
Patients with 3 VB 3 6 %

SD standard deviation, VB vertebral body

(no pain) to 10 (worst possible pain). Back-related dis-
ability was measured using the Modified Oswestry Dis-
ability Index (MODI) which is a validated scale comprised
of ten questions designed to assess pain intensity and
activities of daily living [20]. The responses are valued and
calculated to arrive at a composite index score. The ratings
and corresponding categories are 0—20 (minimal disabil-
ity), 21-40 (moderate disability), 41-60 (severe disability),
61-80 (crippled) and 81-100 % (bed bound). Quality of
life was assessed using two cancer-specific health-related
quality-of-life instruments, FACT-G7 and FACT-BP
(FACIT Elmhurst, IL). These are standardized question-
naires based on the Functional Assessment of Cancer
Therapy-General (FACT-G) [21]. The FACT-G7 is
abbreviated to seven evaluable questions and considered a
rapid version of the FACT-G which has 27 questions [22].
FACT-BP is specifically designed for use in cancer patients
with bone pain and contains 15 evaluable questions. Each
questionnaire provides a calculation to generate a

composite score. Higher scores are interpreted as greater
patient quality of life, and lower scores are interpreted as
lower patient quality of life. FACT-G7 has a scale from 0
to 28 and FACT-BP 0-60.

Validated minimal clinically important differences
(MCID) in NPRS (>2 point change), MODI (>10 %
change), FACT-G7 (>2-3 point change) and FACT-BP
(>3-6 point change) were used to interpret pain, disability
and quality-of-life score differences in terms of clinical
relevance [23, 24]. Clinical success was defined as a MCID
from baseline.

Follow-up assessments occurred at discharge (NPRS
only), 3 days, 1 week, 1 and 3 months. Complications
were recorded through the 3-month follow-up period and
graded using the classification system used by the Society
of Interventional Radiology (SIR) and the National Cancer
Institute’s Common Toxicity Criteria (version 4.03)
[25, 26].
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Fig. 1 A Axial T1-weighted fat saturated post-contrast image at L5
level demonstrates enhancement of the metastasis (white dashed
arrows), involving the posterior 1/3 of the vertebral body extending to
the pedicle. B 2 weeks after ablation; axial T1-weighted fat saturated
post-contrast image at L5 level demonstrates peripheral enhancement
(white arrows) around the area of overlapping ablations. Central low
signal intensity area is focus of multiple overlapping treatments. Pain
by day 30 had decreased to 2/10 compared with 9/10 at baseline

Statistical Analysis

Patients’ baseline assessments were used as controls.
Analysis of pain, disability and quality-of-life assessments
was performed at each visit to assess a change from
baseline, and a one-sample ¢ test was used to compare this

@ Springer

Fig. 2 A Axial CT image prior to probe placement. Metastasis seen
as low attenuation lesion (white arrows) identified, however, may
underestimate degree of lesion based on MR imaging. B Axial CT
imaging during placement of the bipolar RFA probe. Posterior medial
articulation is performed of the probe as it exits the outer cannula to
target tumor extension more posteriorly located. The ablation zone
will grow radially outwards from the insulative tip (black arrow) and
thermocouples (white arrows) allow for real-time temperature
measurements as the ablative zone increases. Three overlapping
ablations were performed to cover a wider area. Cement augmentation
was not performed in this case as there was no fracture and the
vertebral body was not felt to be at immediate risk. Despite this, pain
relief decreased by 30 % at discharge

difference to 0. Because a minimum pain score was not
required for inclusion in this study, additional analyses
were performed to assess the clinical effect of this treat-
ment on patients with baseline NPRS scores of >4, which
was an inclusion criteria reported in previous studies of
ablative therapy in painful osseous metastases. Two-sided
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95 % confidence intervals were also calculated to assess
statistical significance. Analysis of covariance (ANCOVA)
models were constructed to explore the effect of various
relevant covariates on outcomes.

Results
Study Population

Patient demographics and baseline characteristics are pre-
sented in Table 1. Over 50 % of the primary cancer types
originated from breast, kidney and lung. Sixteen patients
(32 %) received prior radiation therapy at differing times
prior to t-RFA treatment. Thirty-four patients had a single
VBM, 13 patients had two VBM, and three patients had
three VBMs for a total of 69 vertebrae treated, 57 % of
which were in the lumbar region of the spine. Of the tho-
racic VBMs, all were in the T6-T12 range except for one
(T1). All patients were treated in a single session under
either conscious sedation (n = 35, 70 %) or general anes-
thesia (n = 15, 30 %). In 77 % of the vertebrae, a unilat-
eral approach was used (Table 2). Ablation time per
vertebral body averaged 6.7 min using a mean 2.3 over-
lapping ablation zones. Technical success was achieved in
100 % of patients, and 66/69 lesions received vertebral
body cement augmentation.

Clinical Follow-Up

Every effort was made to contact patients in the follow-up
phase and included multiple attempts to reach the patient
by phone. Pain, disability and quality-of-life scores were
obtained in 90 % of patients at day 3, 92 % at week 1,
80 % at month 1 and 68 % at month 3. The reasons for
incomplete follow-up included inability to contact six
patients (12 %) death due to causes unrelated to the pro-
cedure in five patients (10 %), withdrawal of consent in
four patients (8 %) and deteriorating health preventing
questionnaire completion in one patient (2 %). One patient

(2 %) completed the 3-month follow-up but did not pro-
vide a pain score. Forty-two patients (84 %) did not receive
any additional radiation therapy during the follow-up per-
iod. Of the remaining eight patients included in the study,
two (4 %) received radiation therapy after RFA and six
patients (12 %) were unable to confirm any additional
therapy.

Patients experienced a mean pain score of 5.9 on a 0-10
scale at baseline. Pain decreased to a mean of 3.7 imme-
diately after the procedure with additional reduction to 2.1
at month 3 (Table 3; Fig. 3). On a patient-by-patient basis,
pain relief was rapid with 32/49 (65 %) of the patients
experiencing an MCID of >2 point change within 3 h of
treatment. Percent of patients reporting an MCID in pain
was 62, 59, 63 and 70 % at day 3, week 1, month 1 and
month 3, respectively. Pain score decrease was statistically
significant at each follow-up time point.

As this study did not have a minimum inclusion criteria
for pain, six patients that were enrolled had a baseline
NPRS < 4 prior to ablation. For this reason, a subset of 44
patients who recorded a baseline pain level of >4 was
completed. These patients had a mean pain score of 6.4 at
baseline which decreased to 4.0, 2.9 and 2.3 at discharge,
month 1 and month 3, respectively. An MCID pain score of
>2 points change was observed in 71, 68, 64, 67 and 73 %
of patients at discharge, day 3, week 1, month 1 and month
3, respectively.

Of the patients who received RFA without cement
augmentation, all patients (3/3) demonstrated clinical suc-
cess immediately after the procedure with a mean
improvement of 4.3 NPRS points. At last follow-up (mean
2.3 months) for all non-cemented patients, mean
improvement was 5.0 NPRS points. Furthermore, the 16
patients (32 %) who received radiation therapy prior to
RFA also experienced significant pain relief (pre-treat-
ment: 5.5; 90 days; 2.1, p < 0.01).

Mean disability, as measured by MODI, at baseline was
52.9 %, categorized as severe disability. MODI improve-
ment was statistically significant at each interval (Table 3).
A decrease was observed at months 1 and 3 with scores of

Table 2 Tumor radiofrequency

Characteristic Value
treatment
Treatment time, min., mean (range) 51 (14-133) 27 £ SD
Pedicle access
Unipedicular 53 77 %
Bipedicular 16 23 %
Ablation zones per vertebral body, mean (range) 2.3 (1-7) 1.4 £ SD
Ablation time, min. per vertebral body, mean (range) 6.7 (1-25) 4.0 = SD
Vertebral body cement augmentation, n 66 96 %
Cement volume, cc., mean 3.4 (0.3-8.0) 1.6 £ SD

SD standard deviation
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Table 3 Clinical instruments scores at baseline through 3-month follow-up

Characteristic ~ Baseline (n = 50) Discharge (n =49) Day 3 (n=45) Week 1 (n=46) Month 1 (n=40) Month3 (n = 34)
NPRS (0-10)

Mean score 5.9 3.7 3.6 35 2.6 2.1

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
MODI (0-100)

Mean score  52.9 45.2 45.9 40.0 37.0

p value <0.01 <0.01 <0.01 <0.01
FACT-G7 (0-28)

Mean score 11.0 15.0 16.1 15.8 16.2

p value <0.0001 <0.0001 <0.0001 <0.0001
FACT-BP (0-60)

Mean score  22.6 33.0 35.6 373 38.9

p value <0.0001 <0.0001 <0.0001 <0.0001

NPRS Numerical Pain Rating Scale, MODI Modified Oswestry Disability Index, FACT-G7 a rapid version of the Functional Assessment of
Cancer Therapy-General (FACT-G), FACT-BP Functional Assessment of Cancer Therapy Quality-of-Life Measurement in Patients with Bone

Pain
10
9
8
1
» 6
&
z 5
4
3
2
1
0
Baseline Discharge Day 3 Week 1 Month 1 Month 3
(n=50) (n=49) (n=46) (n=146) (n=40) (n=33)

Fig. 3 Pain scores measured by NPRS at baseline through 3-month
follow-up

41.2 and 37.0, respectively, representing an MCID and a
categorical improvement in functional status from severe to
moderate disability. On an individual patient basis, MCID
in MODI was achieved in 56 % of patients at month 3.

Quality of life as measured by FACT-G7 and FACT-BP
had mean scores of 11.0 and 22.6, respectively, at baseline.
The mean scores significantly increased by day 3 to 15.0
for FACT-G7 and 33.0 for FACT-BP (Table 3). Improve-
ment in both scores persisted throughout the 3-month fol-
low-up with an MCID achieved in 68 % of patients for
FACT-G7 and 79 % of patients for FACT-BP.

There were six adverse events reported in six patients
during the course of this study. This included: pain outside
the target vertebrae due to progression of the primary or
other metastatic disease (n = 3), ruptured disk (n = 1)
adjacent to the index vertebra, neuropathic pain (n = 1)
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and syncope (n = 1). The ruptured disk was present prior
to treatment of the index vertebrae, became painful (be-
tween the month 1 and month 3 visit) and was resolved
following bilateral nerve blocks. Neuropathic pain was
present prior to the procedure and intermittent after the
procedure (n = 1). The operating physicians deemed five
of the adverse events as unrelated and one, the ruptured
disk, as unlikely related to the RFA and/or vertebral aug-
mentation procedures.

Discussion

This prospective study reports rapid onset of clinically
significant pain relief, decreased disability and improved
quality of life following percutaneous RFA treatment of
spine metastases with and without vertebral augmentation.

Pain relief was rapid with 65 % of patients experiencing
at least a two-point decrease in worst pain within 3 h of
treatment. Durable pain relief was observed with 68 % of
the patients experiencing >50 % reduction in pain at
3 months. Of particular importance, the 16 patients (32 %)
who underwent prior radiation therapy also experienced
significant pain relief. Further, patients were more mobile
and demonstrated significant improvements in disability
over the 3-month follow-up period. With such improve-
ment in pain and disability, it is not surprising quality of
life, assessed by cancer-specific questionnaires, improved
to a clinically meaningful degree by day 3 and persisted
through 3 months.

RFA has been the most widely studied local ablative
therapy of skeletal metastases, with two prospective
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clinical trials [15, 27]. While these studies have reported
significant reduction in pain following RFA, they include
relatively small percentages of vertebral metastases (14.5
and 9.3 %). The largest cryoablation trial (Callstrom
Cancer 2013) of the treatment of skeletal metastases was
equally effective in demonstrating pain reduction, but only
one patient (1 %) of the total subset had a vertebral body
metastasis. These studies are inherently limited with
respect to generalizations about feasibility and safety of
RFA adjacent to the spinal cord and the effect on disability
and quality of life. One prospective study that did include a
large percentage of vertebral lesions (n = 34/53, 64 %)
reported RFA followed by cement augmentation of osseous
metastases resulted in rapid pain relief but limited clinical
follow-up to pain at 24 h [18].

The current observational study represents the first
prospective clinical evaluation dedicated to evaluating
pain, disability and quality of life following RFA treatment
of spinal metastatic lesions. Although there is no compar-
ison arm in this study, the results compare favorably to
those reported in a meta-analysis of 16 randomized trials
studies of external beam radiation therapy (EBRT), the
standard of care for treatment of skeletal metastases [9].
The overall response rate was 60 % in patients undergoing
EBRT as single or multi-fraction. The current study
demonstrated a clinical success rate of 70 % with a 65 %
clinical success rate achieved 3 h post-procedure at dis-
charge. This rate of pain relief is of particular importance
when considering the comparative duration of therapy.
Whereas RFA and VA are performed in a single outpatient
session, radiation therapy is often performed in multiple
sessions over a 2-week period. And while 8 Gy in one
fraction has been reported to provide similar palliative
relief to multi-fraction EBRT, the likelihood of re-treat-
ment was 2.5-fold higher in single-fraction RT arm patients
(p < 0.00001) [9]. The multi-fraction course of therapy
increases physical demand on the patient with debilitating
pain. Most importantly, the accelerated rate at which pain
relief was achieved in this study as compared to the
4-6 weeks commonly required to achieve full palliative
effect of conventional fractionated EBRT alone can be
important to patients with stage IV cancer and limited life
expectancy [28, 29].

While this study demonstrates clinical utility of RFA in
treatment of VBM, we believe the adjunctive utility of
RFA with conventional RT is an important consideration.
The 16 patients (32 %) who underwent prior radiation
therapy also experienced significant pain relief (pre = 5.5,
day 90 = 2.1, p < 0.01) demonstrating the added value of
spine RFA in patients with inadequate pain relief following
radiation therapy or who have reached their dose tolerance
limits. While distinguishing effects of RT from RFA may
be difficult, it is notable that this cohort who received RT

had decreased NPRS from 5.5 to 3.3 at just 3 days. This is
more consistent with the immediate effect of pain relief
with ablation, as opposed to the effect of RT. Di Staso
reported reduction in both time to pain relief and recur-
rence rate when combining RFA and EBRT, raising the
potential for improved palliation, reducing the recurrence
rate and increasing duration of treatment effect by com-
bining these therapies [11]. A number of recent studies
have reported increased fracture rates following the use of
stereotactic body radiation therapy (SBRT) for spinal
metastatic lesions and suggest that VA in conjunction with
RT and/or RFA may allow for lower fracture rate and
perhaps an overall cost in palliative treatment of vertebral
metastases; however, further detailed investigation is
warranted [10]. The operator’s decision to perform verte-
bral augmentation in this study was based on spine and
tumor-specific predictive factors for vertebral fracture
progression proposed in the Spinal Instability Neoplastic
Score (SINS) [30], specifically type and extent of vertebral
involvement. This resulted in augmentation of vertebrae
with osteolytic or mixed lesions and either collapse or
tumor involvement of more than 25-50 % of the vertebral
body. Only three of 69 lesions were not considered to put
the vertebra at risks of further instability and were not
augmented post-ablation.

Recently, ‘tumor extravasation’ was reported in patients
undergoing balloon kyphoplasty [32]. The authors have
suggested that local targeted ablative therapy prior to
augmentation may mitigate risk with respect to ‘tumor
extravasation’. This may occur secondary to tumor exten-
sion close to or beyond the posterior vertebral body wall
with resultant transvenous or direct extension into the
epidural space. RFA has been shown to be safe and
effective in the treatment of posteriorly located lesions,
which would be at highest risk of tumor extravasation
given their proximity to the posterior wall and basivertebral
venous plexus [17]. The lack of cement-related complica-
tions in this study and the ability to target posterior lesions
with articulating RFA probes suggest that RFA allows for
targeted treatment of metastatic vertebral body lesions
prior to cement injection, and may reduce the risk of
extravasation.

Given the proximity to the spinal cord and central nerve
roots, the risk of neurological complications is of particular
concern with RFA of vertebral metastases. We report no
episodes of thermal or compressive neurological injury,
including the spinal cord. Previous studies have reported a
4 % incidence of nerve injury; however, it is unclear
whether this was related to the vertebral body treatments or
other sites [15]. It is the opinion of the authors that con-
current use of thermocouples incorporated along the length
of the device to measure lethal temperatures at the margin
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of the ablation zone was critical to the overall safety profile
of the procedure.

Registry data can be limited with respect to patient com-
pliance in follow-up, particularly involving patients with stage
IV metastatic disease and debilitating pain. However, this
study does have its merits in evaluating ablative therapy of
skeletal metastasis, in that it is prospective multicenter
(n = 8) enrolled a relatively large number of patients
(n =50) and had good compliance in stage IV cancer
patients at 3 months (34 % lost to follow-up). Additionally,
being a multicenter study, patients were enrolled from both
academic and private-practice operating physicians, provides
assurance that the procedure and clinical results are repro-
ducible. In comparison, two highly cited prospective studies
evaluating ablative therapy in skeletal metastases reported on
55 and 43 patients at four and nine centers with 42 and 40 %
lost to follow-up, respectively [15, 27].

Other limitations of this study include lack of follow-up
beyond 3 months, imaging evaluation to assess local con-
trol of disease, lack of follow-up physical examination and
the ability to differentiate palliative relief due to ablation
versus augmentation. Another limitation was the lack of
consistent recording of medication usage before and after
treatment and therefore could not be evaluated fully to
assess for impact on opioid usage. While longer-term fol-
low-up and tumor control may be of less importance in the
patient with advanced spine metastases or shorter life
expectancy, these are of value for future prospective
investigation. While cement augmentation was performed
in a majority of patients and may limit attribution of pain
relief to RFA alone, three subjects underwent ablation
only. It is notable that these three patients all experienced
clinical success with pain relief at discharge and at last
follow-up. Although a small sample, this would suggest
that RFA alone would have a palliative effect. While this
limits drawing direct causality of RFA alone with pain
relief, augmentation in patients with VBM may be asso-
ciated with a lower rate of subsequent or re-fracture
depending on the severity of the vertebral compromise and
radiation therapy administered [10]. Determining fracture
or instability of the vertebral body in the setting of meta-
static disease is also a subjective limitation as many criteria
may be considered including endplate deformity, tumor
type, size and location in the vertebra and percent of ver-
tebral body involvement [31]. One prospective pilot study
that addressed the palliative effect of RFA alone compared
RFA (n = 8) to RFA combined with cement augmentation
(n = 8) in breast cancer patients with painful spinal
metastases in the absence of vertebral fractures [28, 29].
The authors concluded cement delivery in the necrosis
cavity had no significant additional effect on reduction in
pain or improvement in quality of life, supporting a direct
relationship between tumor RFA and pain palliation due to
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destruction of adjacent nociceptors and reduced production
of nerve stimulating cytokines [18].

There is increasing evidence that optimizing patient
outcomes results in improved quality of life and that pain
management is an essential part of comprehensive onco-
logic management [32]. The National Comprehensive
Cancer Network (NCCN) guidelines version 2.2014 for
Adult Cancer Pain added RFA as a treatment modality for
control of local bone pain [33]. This prospective multi-
center clinical series found that radiofrequency ablation
with or without vertebral augmentation is a safe, effective
and durable treatment for patients with painful metastatic
vertebral body tumors that concomitantly improved dis-
ability and quality of life for these patients.
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