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T
he musculoskeletal system is the third most 
common site of metastatic disease after the 
liver and lung, with > 50% of cancer patients 
developing osseous metastases.1-4 The associ-

ated morbidity with bone metastases includes pain, 
pathologic fracture, hypercalcemia, and neurologic 
deficits.5-7 Minimally invasive therapies can relieve 
pain or provide locoregional control that translates 
into improvements in quality of life, decreased opioid 
dependence, improved mobility, and lower overall 
health care costs.7-11 Treatment challenges can be 
attributed to the high variability in disease presenta-
tion. For example, the etiology of 
pain may be a result of structural 
bone instability, lost integrity of 
muscle and tendon insertions, 
cytokine-mediated tumor-asso-
ciated inflammation, increased 
intraosseous pressure caused 
by tumor growth or increased 
vascularity, periosteal stretching, 
or extrinsic pressure on adjacent 
nerves and muscles.3,12 To meet 
these challenges, multiple inter-
ventional oncology (IO) tech-
niques have been developed. 

Common IO procedures used 
to treat osseous metastases 
include tumor embolization, ther-
mal ablation, vertebral augmen-
tation, and cementoplasty.13 In 
addition, image guidance software 
has expanded the capability to 

stabilize pathologic fractures with percutaneous place-
ment of cannulated screws. The procedural approach 
is often tailored to individual tumor biology, location, 
vascularity, and size. This article reviews the current IO 
treatment options for osseous metastases. Supportive 
literature and potential future research directions are 
discussed for each treatment separately.

EMBOLIZATION
Embolization can be an effective treatment for hyper-

vascular tumors as a presurgical adjunct to facilitate 
resection or as an independent pain palliative measure 
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Figure 1.  A 55-year-old man with metastatic RCC of the right iliac and sacral bones 

(arrows) (A, B). Initial treatment with particle embolization resulted in improvement in 

resting pain (C). After embolization, mechanical pain with weight bearing persisted. 

Consolidative treatment with percutaneous screw fixation and cementoplasty signifi-

cantly relieved mechanical pain (D–F).
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(Figure 1); the latter will be the focus in this review.14-17 
Pain palliation occurs through impedance of locoregion-
al osteolysis and reduction of tumor volume, which in 
combination, downregulates cytokine-mediated tumor-
associated inflammation, decreases intraosseous pressure 
and periosteal stretching, and relieves tumoral compres-
sion on surrounding tissues and neurovascular struc-
tures. Multiple embolic materials can be used, including 
embolic beads, gelatin sponge, coils, or liquid agents such 
as ethanol, glue, or Onyx (Medtronic).18 Microsphere or 
microparticulate embolization is typically performed to 
achieve distal occlusion, although the choice of embolic 
agent depends on operator experience, degree of tumor 
vascularity, tumor-feeding artery size, presence of arterio-
venous shunting, and amount of collateral blood flow to 
the surrounding musculoskeletal tissue. 

Several retrospective reviews support emboliza-
tion as a pain palliative treatment, with most studies 
examining treatment of renal cell carcinoma (RCC) and 
thyroid metastases. A small case series of nine patients 
with metastatic RCC reported mild to marked immedi-
ate pain relief that lasted 1 to 6 months in all patients.19 
A more recent case series of 21 patients with meta-
static RCC treated with embolization reported a > 50% 
decrease in narcotic use after treatment at 36 of 39 
sites with a mean duration of 5.5 months.20 In another 
study, embolization of 41 vascular thyroid metastases 
improved clinical symptoms in 59% (24/41) of treated 
lesions for at least 1 month without tumor progres-
sion.21 To the author’s knowledge, the largest retro-
spective review examined 309 embolization procedures 
in 243 cancer patients with painful bone metastases 
from renal, thyroid, breast, and lung cancer, report-
ing a > 50% reduction in Visual Analog Scale (VAS) 
and decreased analgesic use in 97% of procedures for 
a mean duration of 8.1 months.22 Onset of pain relief 
occurred within 2 weeks of embolization for all studies. 

Limitations and challenges exist in the current IO 
literature. The type of embolic agent employed is highly 
variable, as are the tumor types and subtypes. Subtle 
embolization outcome may be affected by the degree 
of vascularity, the amount of collateral circulation, 
or presence of intratumoral arteriovenous shunting. 
Furthermore, the location and size of osseous metas-
tases may present confounding variables when assess-
ing palliative outcome. For example, large lytic tumors 
located in weight-bearing bone may continue to cause 
pain due to structural instability from bone erosion. 
Lastly, the use of other treatments such as radiation 
therapy or chemotherapy combined with emboliza-
tion is not uniformly reported. The combination of 
embolization and concomitant external therapy may 

have synergistic effects. For example, Eustatia-Rutten et al 
noted an increased mean duration of pain palliation from 
6 to 15.5 months in patients with thyroid cancer who 
underwent embolization combined with either radioio-
dine or external irradiation therapy.21 A similar finding 
was seen in a smaller cohort of five patients with meta-
static thyroid carcinoma treated with embolization and 
concomitant radioiodine treatment.23 

Future embolization studies may benefit from a pro-
spective design with a larger patient cohort, considering 
the aforementioned limitations and challenges in study 
design. In addition, the value of chemoembolization has 
not been thoroughly evaluated for osseous metastases. 
Koike et al evaluated the palliative treatment effect of 
either chemoembolization or bland embolization for 24 
bone metastases from multiple different primary tumor 
types in 18 patients, although no direct comparison was 
offered.24 Recent successes in the treatment of multiple 
cancer types with systemic or intratumoral injection of 
immunotherapy raise the question of whether concomi-
tant treatment with embolization or endovascular injec-
tion plus embolization might augment local treatment 
or initiate an abscopal effect.

THERMAL ABLATION 
Thermal ablation encompasses a variety of percutane-

ous technologies that deliver energy within a defined 
ablation zone to achieve irreversible tumor cellular 
death.25 The main thermal energy sources for abla-
tion are radiofrequency, microwave, and cryotherapy 
(Figure 2). Thermal ablation can be used for pain pallia-
tion regardless of tumor size, although ablation of the 
interface between tumor and bone is usually sufficient to 
engender some symptomatic relief. The mechanism of 
pain relief is thought to occur through the destruction 
of sensory fibers supplying the periosteum, decompres-
sion of tumor volume, eradication of cytokine-producing 
tumor cells, and inhibition of osteoclast activity.26 In 
addition, thermal ablation may provide an effective 
means for local control.27,28 The selection of ablation 
modality depends on physician experience, patient 
comorbidities, and tumor location and size.13

Prospective trials have evaluated the effect of radio-
frequency ablation and cryoablation on pain pallia-
tion of metastatic osseous disease. In a multicenter 
clinical trial for treatment of painful bone metastases, 
percutaneous radiofrequency ablation was found to 
decrease the worst pain score from 7.9 to 1.4 out of 
10 at 24-week follow-up.29 A subsequent single-arm 
prospective trial in 55 patients with a single painful 
bone metastasis demonstrated significant decrease in 
pain intensity and improved mood at 1- and 3-month 
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follow-up.30 Evaluation of percutaneous cryoabla-
tion for the treatment of 69 painful bone metastases 
from multiple different primary cancers performed 
in a multicenter observational clinical trial reported 
significant pain relief in 75% of patients, with overall 
mean worst pain score decreasing from 7.1 to 5.1 out 
of 10 at 1 week and to 1.4 out of 10 at 6 months.31 No 
significant difference was found when comparing pal-
liative response in patients who underwent radiation 
prior to ablation. Across the majority of retrospective 
and prospective reports, patients can expect to have a 
lasting 2- to 3-point reduction in worst VAS pain score 
within the first week following ablation, regardless of 
the modality. 

In comparison, the majority of studies that have evalu-
ated the application of percutaneous thermal ablation 
for the local control of bone metastases are retrospec-
tive with small patient cohorts. Cryoablation of meta-
static RCC to the bone in seven patients with 13 bone 
lesions (mean tumor size, 4.8 cm) demonstrated local 
control in 12 of 13 lesions with a median follow-up of 
16 months.32 A more recent retrospective cryoablation 
study in 40 patients with 50 RCC metastases (mean 
tumor size, 3.4 cm) reported an overall local control 
rate of 82% (41/50 lesions) with a median follow-up of 
35 months.33 A single-institute retrospective study of 
cryoablation of 40 patients with 52 tumors from mul-
tiple primary cancer types with a median size of 2 cm 
(range, 0.6–7.5 cm) reported local control in 87% (45/52 
lesions) at a median follow-up of 21 months and with a 
median disease-free survival of 7 months.34 The largest 
retrospective cohort evaluated 89 patients treated for 

122 metastatic lesions of mul-
tiple primary cancer types with 
either radiofrequency ablation 
(74 lesions) or cryoablation (48 
lesions), reporting a 1-year local 
control rate of 67% after a median 
follow-up of 22.8 months.35

Future studies of thermal abla-
tion should include further evalu-
ation of local control across dif-
ferent tumor types. The effects of 
ablation on sclerotic metastases 
by ablation modality should be 
assessed, as sclerotic lesions may 
be more responsive to cryoabla-
tion. In addition, the role of ther-
mal ablation in oligometastases 
should be examined, as should 
the potentiation of palliative 
effects with radiation therapy,36 

locoregional control in patients with recurrence after 
radiation therapy, and potential use as an adjunct to 
immunotherapies. Furthermore, the application for 
treatment in pediatric patients with metastatic disease 
may convey particular benefits in obviating the need 
for more invasive surgeries.37 

Recent advances in imaging can be further explored 
to improve procedural safety and efficacy. Ablation 
margins may be difficult to accurately identify using CT, 
regardless of the modality employed, because of the 
high density of osseous structures. Advanced CT capa-
bilities, such as metal artifact reduction algorithms and 
dual-energy CT, may help delineate the ablation mar-
gins or provide a means to facilitate computer-assisted 
detection. Further development of MRI-compatible 
bone needles may expand the potential for MRI-guided 
cryoablation.38-40 

CONSOLIDATIVE TECHNIQUES
Consolidative techniques for pain palliation include 

vertebral augmentation, cementoplasty, and percutane-
ous screw fixation. Vertebral augmentation and cemen-
toplasty reinforce structurally weakened or fractured 
bones with the injection of bone cement through a 
percutaneously placed needle. The physical properties 
of bone cement (typically poly[methyl methacrylate] 
[PMMA]) provides resistance to the axial compressive 
forces experienced during weight-bearing activities. 
Vertebral augmentation encompasses the treatments 
of vertebroplasty and kyphoplasty,41 while cemen-
toplasty or osteoplasty applies the same techniques 
outside of the spine.42 Percutaneous screw fixation 

Figure 2.  A 32-year-old man with metastatic RCC to the right sacrum and iliac bone 

(arrows) (A, B). Cryoablation was performed for pain control (C, D).
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describes the minimally invasive placement of metal-
lic screws across a bone lesion to stabilize or prevent a 
pathologic fracture.43-45 The addition of metallic screws 
improves resistance to torque and tension stresses and 
provides a complement to the compression resistance 
of PMMA. Although the basic principles of internal 
fixation have been developed in surgical subspecialities, 
advanced IO imaging capabilities and expertise have 
driven a paradigm shift to extend this valuable pallia-
tive treatment option to nonsurgical candidates.

Vertebral Augmentation
Vertebral augmentation has been extensively sup-

ported for the treatment of metastatic disease. The 
selection of vertebroplasty versus kyphoplasty is at the 
preference and discretion of the physician operator 
and based on operator experience, degree of vertebral 
body compression, and presence of tumor extension 
through the posterior vertebral body into the epidural 
space. In evaluating vertebroplasty results in 868 patients 
treated for vertebral body compression fractures of 
both metastatic and osteopenic etiology, patients with 
metastatic disease reported satisfactory pain results and 
decreased opiate analgesic dose requirements (83% vs 
78%).46 A multicenter randomized controlled trial of 
134 patients with malignant vertebral compression 
fractures that compared kyphoplasty versus nonsurgi-
cal management reported a significant decrease in 
pain score in the treated group, without any signifi-
cant change in the nontreated 
group.47 In a meta-analysis of 111 
studies including 4,235 patients 
and comparing vertebroplasty 
and kyphoplasty to treat patho-
logic compression fractures, the 
mean VAS pain score improved 
from ≥ 7.0 to < 4.0, with a cor-
responding reduction in analgesic 
use and improvement in pain-
related disability scores.48 

Future directions to improve 
the effects of vertebral aug-
mentation include evaluation 
of combination treatment with 
thermal ablation to potentiate 
pain palliative effects.49 Current 
small cohort reports remain 
inconclusive. A recent study has 
suggested that combination 
treatment improves safety by 
decreasing complications from 
cement leakage.50

Cementoplasty 
Cementoplasty has shown a sustained palliative 

effect in patients with extraspinal metastatic bone 
disease (Figure 3). A retrospective review of the use of 
cementoplasty for 65 lesions in the pelvis or extremities 
demonstrated a significant decrease in VAS pain score 
from 8.19 to 3.02 at 3-month follow-up.51 In a retro-
spective review of cementoplasty for 140 painful meta-
static bone lesions outside of the spine in 105 patients, 
a significant pain reduction was seen in 91% of patients 
with a mean VAS pain score improvement from 8.7 to 
1.9 after a median follow-up of 9 months.52 

Future directions to improve the effects of extraspi-
nal cementoplasty also include broader evaluation of 
the combination of a locoregional control method and 
cementoplasty. Several small case series have evaluated 
the feasibility of combination ablation and extraspinal 
cementoplasty, although to the author’s knowledge, no 
direct comparison has been performed to evaluate pain 
palliative outcomes between combination treatment 
and cementoplasty alone.53

Percutaneous Screw Fixation
Percutaneous screw fixation is predominantly per-

formed for pain palliation or prevention of pathologic 
fractures in the pelvic ring or femoral neck (Figure 1). 
A recent retrospective review reported significant 
pain relief in the treatment of 20 pathologic fractures 
with mean VAS pain score improvement from 8 to 

Figure 3.  A 50-year-old man with lung adenocarcinoma. A metastatic lytic lesion to the 

right acetabular roof resulted in mechanical pain with weight bearing (arrows) (A, B). 

Consolidative treatment with percutaneous cementoplasty was performed (C, D).
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2.5 out of 10.43 In addition, the same study supported 
the application for the prevention of impending patho-
logical fracture with the treatment of 45 locations in 
the pelvis and femoral neck.43 Similar results have been 
confirmed in other small retrospective reviews.44-46,54 

Future studies should continue to collect data on 
longer-term outcomes. In addition, the role for preven-
tive treatment of potential impending pathologic frac-
tures outside of the femoral bones may prove beneficial 
for patients with large painful metastases that have yet 
to result in fracture. Lastly, combination treatments 
that include locoregional therapies such as thermal 
ablation or embolization may synergistically extend the 
duration of pain relief. 

CONCLUSION
Multiple valuable IO techniques have been advanced for 

the treatment of osseous metastases. Clinical success often 
relies on a tailored approach to address the challenges 
posed by the wide variability in metastatic tumor biology, 
location, size, and vascularity. The treatments can provide 
either locoregional control or pain palliation and may be 
combined for synergistic effect. Future research to cement 
the role of IO in bone relies on the continued collection of 
prospective large-cohort data.  n
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