
Background: The spine is the most common site of skeletal metastatic disease. Vertebral body 
metastases (VBM) can cause crippling pain, fractures, and spinal cord compression. Radiofrequency 
ablation (RFA) is a minimally invasive technique that has proven to be a safe method of targeted 
tissue destruction. Studies have shown that RFA combined with cement vertebral augmentation is 
safe and effective and has been associated with significant improvements in pain and quality of life.

Objectives: The purpose of this study was continued evaluation of the safety and efficacy of this 
technique.

Study Design: Prospective cohort.

Setting: A single academic medical center.

Methods: Patients undergoing RFA with cement vertebral augmentation for a painful thoracic or 
lumbar VBM were eligible for inclusion. Additional inclusion criteria included pain concordant with 
a metastatic lesion on cross-sectional imaging, aged 18 years or older, and considered candidates 
for spinal tumor ablation by the operating physician. Patients with vertebral metastatic disease 
in the cervical spine or patients with spinal cord compression from posterior tumor extension 
were excluded. Ablation within each VBM was performed using a bipolar radiofrequency probe 
with an extensible electrode and available articulation, permitting vertebral body navigation 
percutaneously. Patients were evaluated at baseline, 3 days, one week, one month, and 3 months 
using the Numeric Rating Scale (NRS-11) and Functional Assessment of Cancer Therapy-General 
7 (FACT-G7) to assess pain and quality-of-life, respectively. A one-sample t test was performed, 
and 95% confidence intervals were calculated to assess changes in average NRS-11 and FACT-G7 
scores.

Results: A total of 30 patients met inclusion criteria and underwent RFA of one or more VBM. 
Patients with 13 different primary cancers types underwent treatment. Patients received RFA to 
either one (n = 26; 87%) or 2 vertebral body levels (n = 4; 13%). Of the 34 levels, 13 were thoracic 
vertebra (38%) and 21 were lumbar vertebra (62%). Average NRS-11 scores decreased from a 
baseline of 5.77 to 4.65 (3 days; P = 0.16), 3.33 (one week; P < 0.01), 2.64 (one month; P < 0.01), 
and 2.61 (3 months; P < 0.01). FACT-G7 increased from a baseline average of 13.0 to 14.7 (3 days; 
P = 0.13), 14.69 (one week; P = 0.15), 14.04 (one month; P = 0.35), and 15.11 (3 months; P = 
0.07). No major adverse events were reported.

Limitations: A heterogeneous patient population, small sample size, and potential confounders 
of concurrent variable adjuvant therapies were limitations. Additionally, most patients received 
both cement augmentation and targeted RFA, making it difficult to distinguish independent 
analgesic benefits of the therapies.

Conclusions: This study demonstrates that minimally invasive targeted RFA with cement 
augmentation of spinal metastatic lesions is an effective treatment for patients with VBM.
Key words: Cancer, cancer pain, spinal metastasis, radiofrequency ablation, tumor ablation, 
cement augmentation 
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ticulating tumor ablation system that permits navigation 
within bone. Cement augmentation was delivered via 
the same cannula in cases of known compression frac-
tures or pathologic lytic lesions with suspected structural 
instability. That study revealed statistically significant im-
provements in Numeric Rating Scale (NRS-11), Functional 
Assessment of Cancer Therapy-General 7 (FACT-G7), and 
Oswestry Disability Index (ODI) with no complications 
related to the procedure reported. The purpose of this 
single-center prospective study was continued evalua-
tion of the safety and efficacy of this technique in cancer 
patients with metastatic spine disease. 

Methods

Patients
In addition to the 14 patients who were contrib-

uted to the Bagla et al (22) study, we prospectively 
enrolled an additional 16 patients in which this pro-
cedure was performed at our institution for a total 
cohort of 30 patients. This study was approved by our 
medical center’s institutional review board and data 
were collected between August 2013 and September 
2017. Written informed consent was obtained from all 
study patients, and the study was conducted in compli-
ance with federal HIPAA regulations. Inclusion criteria 
included at least one painful thoracic or lumbar VBM 
with pain concordant with a metastatic lesion on cross-
sectional imaging, aged at least 18 years or older, and 
considered candidates for spinal tumor ablation by the 
operating physician. Exclusion criteria were defined 
as vertebral metastatic disease in the cervical spine or 
patients with spinal cord compression from posterior 
tumor extension. 

Measurement
Patients were evaluated at baseline (preprocedure) 

and at 3 days, one week, one month, and 3 months 
postprocedure using the NRS-11 and FACT-G7 to assess 
pain and quality-of-life, respectively, both of which 
have been validated (23,24). NRS-11 is a numeric ver-
sion of the visual analog scale (VAS) in which a patient 
selects a whole number to represent the severity of 
their pain with 0 being no pain and 10 being the most 
severe. FACT-G7 is a shortened validated version of the 
Functional Assessment of Cancer Therapy-General using 
a subset of 7 questions from the original 27 questions 
within the survey to assess the patients’ quality of life, 
with higher overall scores indicating greater quality of 
life. 

The spine is the most common site of skeletal 
metastatic disease. This is thought to be 
because of its high vascularity, with antegrade 

arterial spread and retrograde seeding through the 
valveless extradural Batson’s venous plexus (1). Up 
to 30% of all new cancers diagnosed in the United 
States displayed symptomatic vertebral metastases 
at presentation (2), with an incidence of vertebral 
metastases of 30% to 70% in patients with known 
metastatic disease (3-5). Vertebral body metastases 
(VBM) are predominantly found in thoracic vertebrae 
(70%), followed by lumbosacral vertebrae (22%), and 
cervical vertebrae (8%) (6). These VBM often cause 
crippling pain, fractures, and spinal cord compression, 
further debilitating this patient population (7-9). With 
a median survival time of less than one year, treatment 
is focused on pain reduction, improving function and 
quality of life, and maintaining mechanical stability 
all while minimizing recovery time. However, because 
of advances in chemotherapy and hormonal therapy, 
increasing life expectancy of patients with metastatic 
spine disease warrants more attention to addressing 
debilitating painful spinal metastatic lesions. 
Depending on an array of factors including intensity of 
symptoms, vertebral stability, presence and/or degree 
of epidural extension, life expectancy, performance 
status, and prior radiation, management of VBM 
now involves a patient-centered, multidisciplinary 
integrated approach involving bisphosphonates, 
steroids, chemotherapy, radiation therapy, surgical 
management, and interventional augmentation and 
ablative therapies (10-14). 

Radiofrequency ablation (RFA) is a minimally in-
vasive thermal technique in which a high-frequency 
alternating current is applied to tissue causing local 
ionic agitation and frictional heat, resulting in localized 
coagulative necrosis with minimal impact on the sur-
rounding healthy tissue. RFA has proven to be a safe 
method of targeted tissue destruction (15,16). RFA is 
well-established as a treatment of metastases to the 
liver, kidneys, and bone (17-21), and more recently has 
been applied to vertebral metastatic tumors (14,15). 
In conjunction with the destruction of the vertebral 
metastases, cement filling of the pathologic lytic lesion 
and the resultant defect in the vertebrae restores the 
integrity and support of the vertebral body.

Our institution contributed (n = 14) to a 50 patient 
multicenter retrospective study by Bagla et al (22) in 
2016, evaluating the safety and efficacy of RFA com-
bined with cement vertebral augmentation using an ar-
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Procedure
Patients underwent an initial evaluation by an in-

terventional pain physician including a physical exami-
nation, review of available imaging, and verification of 
concordant pain with a VBM via cross-sectional imag-
ing. Ablation within each VBM was performed using an 
articulating bipolar radiofrequency probe, permitting 

percutaneous navigation within the vertebral body 
(STAR Tumor Ablation System, Merit Medical Systems, 
South Jordan, UT). Multiple thermocouples embedded 
along the length of the RFA probe provided a real-time 
thermal profile of the ablation zone and were used to 
intraoperatively monitor the size of the ablation (Figs. 
1, 2, and 3). The procedure was considered successful if 

Fig. 1. Illustration 
of  transpedicular 
approach to 
vertebral body tumor 
ablation and cement 
augmentation.

Fig. 2. Lateral view of  L3 and L5 cement augmentation 
after tumor ablation.
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adequate overlapping ablation zones encompass-
ing the metastatic lesion were achieved within the 
vertebra per the preoperative plan. 

Patients were sedated via intravenous con-
scious sedation for the procedure to enable them 
to provide biofeedback during the ablation, with 
the goal of preventing neurologic injury. Using a 
transpedicular or parapedicular approach under 
fluoroscopic guidance, a 10-gauge coaxial cannula 
was used to obtain either bipedicular or unipedicu-
lar access to the vertebra (Fig. 1). The decision on 

whether to access bipedicular versus unipedicular was based 
on preoperative imaging of the vertebral body tumor. A 
bipedicular approach was employed if the bony metastasis 
was noted to cross the midline. A unipedicular, ipsilateral ap-
proach was employed if the tumor did not cross the midline. 
Cross-sectional preoperative imaging was used to determine 
the location and size of the desired ablation zone. The ra-
diofrequency probe was inserted into the vertebra through 
the coaxial cannula and articulated to access the metastatic 
lesions. RFA thermal energy was applied to achieve the 
desired ablation zones using the thermocouples located on 
the electrode shaft to confirm and quantify the ablation 
zone. Repositioning was performed as necessary to create 
overlapping zones and attempt complete tumor ablation. In 
28 of the 30 patients, cement augmentation was performed 
following the RFA via the same access cannula. Only 2 small 
posterior lesions were not augmented, as they were consid-
ered to be of little risk of impending vertebral body fracture. 

Statistical Analysis
A one-sample t test was performed, and 95% confi-

dence intervals were calculated to assess changes in average 
NRS-11 and FACT-G7 scores across timepoints.

Results

A total of 30 patients met inclusion criteria and under-
went RFA of one or more VBM. Patient demographics and 
baseline characteristics are presented in Table 1. Patients 
with 13 different primary cancers types underwent treat-
ment. Primary cancer types included 7 patients with meta-
static renal cancer, 6 breast, 5 lung, 2 bladder, 2 melanoma, 
2 hepatic, one adenocarcinoma, one multiple myeloma, one 
maxillary sinus, one prostate, one thyroid, and one patient 
with metastatic colon cancer. Patients received RFA to either 
one (n = 26; 87%) or 2 vertebral body levels (n = 4; 13%). Of 
the 34 levels, 13 were thoracic vertebra (38%) and 21 were 
lumbar vertebra (62%). Unipedicular access was performed 
in 19 levels (56%). There was a 100% technical success rate 
among the procedures with a mean total ablation time of 
9.56 minutes per level (standard deviation 4.58). Average 
NRS-11 scores decreased from a baseline of 5.77 to 4.65 (3 
days; P = 0.16), 3.33 (one week; P < 0.01), 2.64 (one month; 
P < 0.01), and 2.61 (3 months; P < 0.01) (Table 2). FACT-G7 
increased from a baseline average of 13.0 to 14.7 (3 days; 
P = 0.13), 14.69 (one week; P = 0.15), 14.04 (one month; P = 
0.35), and 15.11 (3 months; P = 0.07). Additionally, no major 
adverse events were reported. In the 2 patients in which we 
were able to obtain a postprocedure magnetic resonance 
imaging scan, local tumor control was observed, and pain 
control was documented (Figs. 4 and 5).

Fig. 3. Lateral view of  vertebral body tumor ablation.
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Discussion

It is estimated that symptomatic spinal metastasis is 
present in 10% of patients with cancer (25). Over 50% 
of these patients have multiple spinal levels involved 
with metastatic cancer (26). In many cases, the etiology 
of this pain can be related to a combination of vertebral 
instability and/or fracture, periosteal stretching, neuro-
stimulating cytokines, and canal and/or neuroforaminal 
involvement as a result of the metastatic lesions (27). 
Current standard radiation therapy treatment modali-
ties have variable results, and patients frequently suffer 
from inadequate pain relief, despite the best effort of 
their physicians (28). Surgical intervention is associated 
with a higher degree of morbidity and can be high 
risk in these patients owing to decreased performance 
status, postsurgical healing challenged by poor bone 
quality, and decreased life expectancy (29). 

Table 1. Patient demographics.

Characteristics Value

Patients (n) 30

Gender
Male, n (%)

Female, n (%)
19 (63%)
11 (37%)

Mean age (years ± SD) 62.9 ± 13.45

Race
White, n (%) 27 (90%)

Primary cancers, n (%)
Renal
Breast
Lung
Liver

Bladder
Melanoma

Adenocarcinoma
Multiple myeloma

Maxillary sinus
Prostate
Thyroid
Colon

7 (23%)
6 (20%)
5 (17%)
2 (7%)
2 (7%)
2 (7%)
1 (3%)
1 (3%)
1 (3%)
1 (3%)
1 (3%)
1 (3%)

Abbreviation: SD, standard deviation

Table 2. Changes in pain (NRS-11) and quality of  life (FACT-G7) measure scores over study timepoints

Baseline 3 days One week One month 3 months

NRS-11

n 30 23 26 25 18

mean ± SD 5.77 ± 2.81 4.65 ± 2.82 3.33 ± 2.59 2.64 ± 2.41 2.61 ± 2.28

P value 0.1571 0.0014* 0.0001* 0.0002*

FACT-G7

n 30 23 26 25 18

mean ± SD 13.0 ± 3.64 14.7 ± 4.49 14.69 ± 4.92 14.04 ± 4.49 15.11 ± 3.97

P value 0.1341 0.1464 0.347 0.0711

Abbreviation: SD, standard deviation

Fig. 4. A. Preprocedure magnetic resonance imaging scan of  T12 vertebral metastasis from lung cancer. T2- and T1-weighted images. B. 
Postprocedure magnetic resonance imaging scan of  T12 vertebral metastasis from lung cancer. T2- and T1-weighted images. Note local 
tumor control and decrease in size of  posterior body lytic mass. Magnetic resonance imaging scan was taken at 90 days postprocedure.

A B
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As described earlier, RFA is a targeted therapy that 
has been proven to be safe and effective following de-
cades of use in the ablation of liver and lung tumors. 
The use of RFA in osseous lesions was first described 
by Rosenthal et al (30) in 1992, and has since been in-
creasingly used in the management of bony metastases 
(19,20). However, this treatment method is only one of 
many being applied to this patient population, as many 
already undergo traditional treatment methods of radia-

tion and chemotherapy. The results of several studies 
outlining the application of RFA therapy, with and 
without vertebral augmentation, have shown posi-
tive impacts on VAS scores in this patient population. 
This treatment is also used in concert with current 
adjuvant therapies in many cases when pain control 
is not optimal after treatments such as radiation. 

In 2010, Sandri et al (31) published the retro-
spective results of 11 patients who received RFA 
with cement augmentation, reporting significantly 
decreased VAS pain scores from 8 (range, 7-10) be-
fore treatment to 1.8 (range, 0-3) at 72 hours, and 
1.9 (range, 1-3) at 6 weeks after the treatment with 
no reported complications. In 2014, Anchala et al 
(32) published data from a multicenter retrospec-
tive study examining 128 lesions in 92 patients who 
underwent RFA with or without vertebral cement 
augmentation and showed significant (P < 0.01) de-
creases in VAS scores at one week, one month, and 6 
months postoperatively. The reported preoperative 
average VAS score was 7.51, which improved over a 
range of 1.73 to 2.25 throughout follow-up. Another 
multicenter study by Wallace et al (33) evaluated 72 
RFA treatments of 110 spinal metastases with verte-
bral augmentation performed after 95% (105 of 110) 
of ablations. Patients reported clinically significant 
decreased pain scores at both one-week (P < 0.0001) 
and 4-week (P  <  0.0001) follow-ups with pre- and 
posttreatment VAS scores of 8.0 and 1.9, respectively. 
No major complications occurred related to RFA, 
and there were no instances of symptomatic cement 
extravasation. In 2018, Zhao et al (34) reported their 
results of RFA treatment of spinal metastatic lesions 
in conjunction with cement augmentation in 16 pa-
tients. They reported significant (P < 0.05) improve-
ments in pain from a VAS score of 8.1 reduced to 5.5 
at 24 hours, 2.8 at one week, and 1.4 at 6 months. In 
addition to these outcomes, no intraprocedural com-
plications occurred. Our results affirm these findings, 
as we found similar significant decreases in pain at 
one week, one month, and 3 months.

In 2011, Berenson et al (35) published their 
results on the efficacy of balloon kyphoplasty com-
pared with conservative management for patients 
with malignant compression fractures (CAFE study). 
In this study, a statistically significant improvement 
in Roland Morris Disability score at one month was 
found compared with the control arm. Because the 
CAFE study did not measure pain as a primary end-
point, it is difficult to compare the efficacy of a com-

Fig. 5. A. Preprocedure magnetic resonance imaging scan of  
T12 pedicle tumor secondary to metastatic renal cancer. Fig. 
5. B. Postprocedure magnetic resonance imaging scan of  T12 
pedicle tumor secondary to metastatic renal cancer. Note local 
tumor control. Magnetic resonance imaging scan was taken at 
90 days postprocedure.

A

B
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bined vertebral augmentation + RFA technique versus 
vertebral augmentation (kyphoplasty) alone. One can 
infer a similar, very low adverse effect rate in both our 
prospective series and the patients in the CAFE study, 
suggesting that spinal RFA does not add any additional 
risk when performing 2 very similar procedures in terms 
of invasiveness. 

As mentioned previously, 14 of the patients report-
ed in this current cohort were included in a previous 
multicenter study by Bagla et al (22) in 2016. That study 
revealed, at 90 days postprocedure, NRS-11 improved 
from 5.9 to 2.1 (P < 0.0001), ODI improved from 52.9 to 
37.0 (P < 0.01), and FACT-G7 improved from 10.9 to 16.2 
(P = 0.0001). No complications related to the procedure 
were reported. We found that our baseline NRS-11 
scores were similar to the Bagla et al (22) study; how-
ever, baseline scores for the FACT-G7 were elevated. 
Although we saw similar decreases in pain via the NRS-
11, we did not see statistically significant differences in 
FACT-G7 quality of life scores.

The listed studies reported pain scores ranging 
from 7.51 to 8.1 pretreatment to a range of 1.4 to 1.8 
posttreatment. Pain scores of 5.77 pretreatment and, 
at their lowest, 2.61 posttreatment in this study were 
consistent with those reported in the multicenter study 
of which our data were used. Although our P values 
at one week (P = 0.0014), one month (P = 0.0001), and 
3 months (P = 0.0002) were statistically significant, the 
initial 3-day follow-up was not statistically significant (P 
= 0.1571). Most authors in the previously cited studies 
reported significant pain improvement within days of 
their interventions, whereas our results were not statis-
tically significant until one week postprocedure. Given 
the downward trend in pain score, we suspect this is 
due to fewer patients available for follow-up (23 of 30) 
at 3 days posttreatment. Most relevant is that the rate 
at which significant pain relief occurred following RFA 
and cement augmentation is significantly more rapid 
than the 4 to 6 weeks reported to achieve full pallia-
tive relief following conventional fractionated external 
beam radiotherapy, a standard of care for spinal meta-
static disease (36). FACT-G7 showed improvement from 
13 at baseline to 15.11 at 3 months, but this was not 
statistically significant. It is important to note that this 
could be because of an elevated baseline (13 vs. 10.9) 

and smaller sample size (30 vs. 50) when compared with 
Bagla et al (22). Additionally, statistically significant im-
provements in quality of life can be difficult to achieve 
in metastatic cancer patients with multifactorial pain. 

The important clinical implications of documented 
reduced pain and increased quality of life noted in this 
and other studies following RFA are highlighted in the 
National Comprehensive Cancer Network (37) guide-
lines version 1.2018 for adult cancer pain. This guideline 
states that survival is linked to symptom control, and 
pain management contributes to broad quality of life 
improvements and prevention of expected analgesic 
side effects (37). Clinicians who care for patients with 
debilitating pain from terminal disease, family mem-
bers who witness it, and patients who experience it are 
frequently frustrated at the variable response of the 
disease to available treatment modalities. Having one 
more promising method of treatment available in the 
armamentarium, especially one that can couple well 
with existing therapies, may offer reassurance to all in-
volved as these patients seek comfort in their final days.

Limitations of this study include the heterogeneous 
patient population as well as a small sample size. There 
were also potentially confounding variables of concur-
rent adjuvant therapies that varied between patients. 
The authors, however, believe that the best pain con-
trol is achieved in this patient population by adjuvant 
administration of both therapies because of the unique 
pain generating features of spinal vertebral metastasis 
(mechanical and biological). 

Conclusions

This single-center study demonstrates that mini-
mally invasive targeted RFA with cement augmentation 
is an effective palliative treatment for patients with 
painful spinal metastatic lesions. Specifically, we found 
significant decreases in pain at one week, one month, 
and 3 months postprocedure, but no significant differ-
ences in quality of life scores. An increasing number of 
prospective studies continue to affirm the safety and 
efficacy of this treatment. Prospective randomized tri-
als are needed to determine the efficacy of this com-
bined therapy relative to or in conjunction with current 
conventional treatments.
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