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Abstract

Purpose To retrospectively evaluate the effectiveness of

computed tomography-guided percutaneous microwave

ablation (MWA) and cementoplasty in patients with pain-

ful bone metastases at high risk of fracture.

Materials and Methods Thirty-five patients with 37

metastatic bone lesions underwent computed tomography-

guided MWA combined with cementoplasty (polymethyl-

methacrylate injection). Vertebrae, femur, and acetabulum

were the intervention sites and the primary end point was

pain relief. Pain severity was estimated by visual analog

scale (VAS) before treatment; 1 week post-treatment; and

1, 6, and 12 months post-treatment. Functional outcome

was assessed by improved patient walking ability. Radio-

logical evaluation was performed at baseline and 3 and

12 months post-procedure.

Results In all patients, pain reduction occurred from the

first week after treatment. The mean reduction in the VAS

score was 84, 90, 90 % at week 1, month 1, and month 6,

respectively. Improved walking ability occurred in 100 and

98 % of cases at the 1- and 6-month functional outcome

evaluations, respectively. At the 1-year evaluation, 25

patients were alive, and 10 patients (28 %) had died

because of widespread disease. The mean reduction in the

VAS score and improvement in surviving patients’ walking

ability were 90 and 100 %, respectively. No patients

showed evidence of local tumor recurrence or progression

and pathological fracture in the treated sites.

Conclusion Our results suggest that MWA combined

with osteoplasty is safe and effective when treating painful

bone metastases at high risk of fracture. The number of

surviving patients at the 1-year evaluation confirms the

need for an effective and long-lasting treatment.

Keywords Bone metastases � Microwave ablation �
Percutaneous therapies � Interventional Radiology

Introduction

Painful bone metastases are a common cause of morbidity

in patients with metastatic cancer and they indicate wide-

spread disease. Therefore, the treatment goals are to pal-

liate pain and prevent complications by reducing the length

of hospital stay and improving performance status. Stan-

dard treatments include localized (radiation and surgery)

and systemic therapies (chemotherapy, hormones, bispho-

sphonates, and analgesics) [1]. Radiation therapy is another

therapeutic strategy, but 20–30 % of patients do not

respond [2–6]. Because of the short life expectancy and

poor quality of life in these patients, a minimally invasive
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approach is desirable and new therapeutic strategies that

offer a curative option have recently become available.

These techniques are based on image guidance to direct

devices into metastatic tissue to ablate lesions without

causing damage to healthy tissue, along with other proce-

dures and agents such as alcohol, [7, 8] interstitial laser [9,

10], methylmethacrylate [11–14], cryoablation [15–17],

radiofrequency [18, 19], and microwaves [20].

Our aim was to evaluate the technical effectiveness of

percutaneous microwave ablation (MWA) combined with

cementoplasty to treat painful bone metastases refractory to

conventional approaches and at high risk of fracture.

Materials and Methods

Informed consent was obtained from all individual partic-

ipants included in the study. Thirty-five patients with 37

skeletal metastatic lesions (16 men and 19 women; mean

age, 64 ± 11 years) underwent computed tomography

(CT)-guided percutaneous MWA and cementoplasty of

symptomatic bone metastases. All patients had previously

undergone standard treatments: 10 received radiotherapy, 8

received radiotherapy in combination with chemotherapy,

and 17 received chemotherapy alone.

The presence of pain refractory to conventional

approaches was documented in all cases and all were

receiving analgesic therapy [opioids or a combination of

opioids and nonsteroidal anti-inflammatory drugs

(NSAIDs)]. Before the ablation treatment, pain severity

was evaluated using a validated pain assessment tool, the

visual analog scale (VAS), which rates pain on a continu-

ous scale from 0–10 to indicate the intensity of the pain

[21]. The use of analgesics was also recorded. Inclusion

criteria were VAS score C4; lesions not responding to

chemotherapy and/or radiation therapy at least 3 weeks

before the ablation session; chemotherapy-associated

complications that required discontinuation of this treat-

ment; lesions adjacent to structures sensitive to irradiation;

life expectancy greater than 2 months; and ineligibility for

surgical treatment. All patients received pre-procedural

contrast-enhanced CT scans to assess the location, size, and

radiological aspects of the lesions. In 8 patients, there was a

solitary lesion, while the remaining 27 patients had two or

more lesions. The topographic distribution of the skeletal

metastasis and histology of the primary malignancies are

summarized in Table 1. In patients with two or more bone

metastatic lesions, only those who were symptomatic were

treated. Treated lesion diameter ranged from 2.0–12.0 cm

(4.0 ± 2.0 cm). Lesions located in bones subjected to load

(vertebrae, femoral head and neck, and acetabulum),

lesions which disrupted cortical bone with tumor tissue

arising from the bone, and very large osteolytic lesions

were considered at high risk of fracture. In our series, all

treated lesions were osteolytic, with bone destruction

accompanied or not by a soft tissue mass, and at high risk

of fracture. Physical examination was performed by the

oncologist collaborating with the radiologist performing

the ablation treatment. Analgesic use and pain symptoms

(assessed by VAS score) were monitored at 1 week, 3 and

6 months after treatment, and yearly, thereafter. Drug

therapy (NSAIDs and opioids) was discontinued 1 week

after treatment and resumed in cases of persistence or

exacerbation of painful symptoms. Functional outcome

was evaluated using a qualitative scale for the assessment

of patients’ walking ability that rates this ability as worse,

unchanged, or improved. Radiological follow-up consisted

of contrast-enhanced CT scans acquired 3 and 12 months

after the procedure. Radiological imaging 3 months after

treatment was performed to identify residual disease or

local tumor progression.

Treatment Technique

Percutaneous MWA was performed using a 2.45 GHz

microwave generator (AMICA-GEN, HS Hospital Service,

Aprilia, Italy) delivering energy via a 14- or 11-gauge, mini-

choked, water-cooled, interstitial antenna (AMICA-GEN).

Tumors smaller than 3.5 cm maximum diameter were

treated with a single 14-gauge antenna that completely

destroyed the tumor. Tumors with maximum diameter larger

than 3.5 cm were treated using two antennae operated

simultaneously. In some patients, the bone cortex was

pierced with a 10-gauge bone marrow biopsy needle

(Stryker� Instruments, Kalamazoo, MI, USA), serving as a

coaxial introducer for the antenna, to comfortably reach the

osteolytic lesion. To protect heat-sensitive anatomical

structures such as the spinal cord or nerve roots, one or more

thermocouples were positioned before beginning the abla-

tive treatment. Once the antenna was inserted into the tumor,

the introducer was retracted to avoid interfering with

microwave emissions by the active tip of the probe to avoid

overheating the cannula during ablation, and energy deliv-

ery was then begun. We used a 20-cm-long microwave

antenna to allow for sufficient retraction of the cannula from

the ablation area. Once ablation was complete, the antenna

was withdrawn and the introducer was left in situ and sub-

sequently used for the osteoplastic procedure. In cases of

cortical bone erosion or interruption by the tumor tissue, an

11-gauge antenna was directly inserted into the target

lesions without using a coaxial introducer.

Microwave Ablation Procedure

In all patients, MWA was performed under CT-guidance,

with 5-mm collimation at 80–140 mA (CT system:
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SOMATOM Sensation, Siemens, AG, Forchheim, Ger-

many). Dual guidance with CT and fluoroscopy was used

to allow: precise needle placement, increased operator

comfort, reduced rate of complications, and to avoid

leakage during cement injection. A board-certified inter-

ventional radiologist performed all treatments. Through-

out the procedure, patients were under conscious sedation

with continuous intravenous infusion of fentanyl citrate

(0.1 mg/2 mL diluted 1:10 with saline solution) and

received local anesthesia comprising subcutaneous

injection of 2 % lidocaine hydrochloride. The probe

choice was at the discretion of the interventional radi-

ologist and was based on several factors, including, but

not limited to tumor size, morphology, location, adjacent

structures, and access route. In 35 ablation sessions, a

single antenna was used in 94 % of sessions (n = 33)

and two antennae were used in 6 % (n = 2). Ablation

treatment was combined with cementoplasty, achieved by

Table 1 Patients’ baseline characteristics, histology of the primary malignancies, and topographic distribution of the tumors

No Age Sex Primitive site Site Number of lesions treated

in the same session

Treated lesions

diameter

1 82 M Prostate L4 1 2.0

2 68 F Multiple myeloma Rigth sacral ala 1 3.5

3 79 M NSCLC Left acetabulum 1 5.5

4 49 F Breast Left acetabulum 1 5.0

5 63 M Penis Right acetabulum 1 12.0

6 60 F Breast Right ilium-rigth ischium 2 2.7–4.0

7 75 M Breast (in man) Left ilium 1 6.0

8 53 F Breast L2 1 2.2

9 63 F Breast Left acetabulum 1 3.0

10 68 F Thyroid D5 1 2.6

11 57 M NSCLC D2 1 2.2

12 80 M NSCLC Right acetabulum 1 4.0

13 63 F Breast Left ischium 1 3.0

14 76 M NSCLC Right femur 1 6.0

15 73 F Breast D3 1 2.0

16 48 F Breast Left femur (head) 1 3.8

17 66 M NSCLC Left sacral ala 1 3.0

18 58 F Breast D12 1 2.0

19 64 M NSCLC Right femur 1 3.5

20 76 M Colon Left acetabulum 1 6.0

21 63 M Unknown origin L1 1 3.4

22 56 F Breast Right ilium 1 4.2

23 49 F Breast Left femur (neck) 1 4.0

24 85 F Breast Left ilium 1 4.0

25 62 F Breast Right femur 1 3.3

26 63 F Breast Right femur 1 3.5

27 49 F Breast L4 1 2.0

28 57 F Breast Left acetabulum 1 5.0

29 59 F Breast Left ilium 1 7.0

30 66 M Colon Right femur (neck) 1 4.0

31 65 M NSCLC Right acetabulum-right ischium 2 7.0–4.0

32 74 M Thyroid (hurtle) Right femur (neck) 1 4.8

33 48 M Pancreas Right femur (neck) 1 3.0

34 55 F Breast Left sacral ala 1 3.2

35 80 M NSCLC D4 1 2.1
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PMMA injection (mean volume, 7.5 mL; range

3–13 mL) (Fig. 1). Plain CT was performed after the

procedure and patients were immediately transferred to

the recovery room for observation. All patients were

discharged 24 h after treatment in stable condition and

without complications.

Statistical Analysis

Continuous variables are shown as mean ± standard

deviation (SD). Differences between the average VAS

score at baseline and at month 1, 3, 6, and 12 post-

procedure were evaluated using the two-tailed Student’s

Fig. 1 A Axial CT scan

showing extensive osteolysis of

the right femoral neck with

large tumor invasion of the

cortical profile (arrow) in a

48-year-old man (patient 33 in

Table 1). B Axial CT scan

acquired after positioning the

MW antenna before starting the

ablation procedure.

C Fluoroscopic image acquired

during the combined MWA-

cementoplasty: a MW antenna

(white arrow) and a bone

marrow biopsy needle (black

arrow) were positioned within

the tumor lesion and in the

cortical bone, respectively, for

the thermal ablation.

D Fluoroscopic image showing

the injection of PMMA into the

bone lesion. E Axial and

F coronal CT scans of the right

femur demonstrating cement

filling the ablation cavity. CT

computed tomography, MW

microwave, MWA microwave

ablation, PMMA

polymethylmethacrylate
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t test for paired data, as appropriate. p\ 0.05 was con-

sidered statistically significant. All statistical analysis was

performed using an OpenStat software.

Results

Technical success, defined as the ability to achieve com-

plete ablation at the interface between the soft tissue and

bone followed by osteoplasty with PMMA injection, was

obtained in 100 % of cases. In all cases, a post-procedural

plain CT scan was performed immediately after the pro-

cedure to identify complications such as hemorrhage.

PMMA leakage occurred in 7 (20 %) of 37 patients.

Contrast-enhanced CT scans were performed 3 months

after treatment to identify local tumor progression and

compared with the post-procedural CT. On the day of the

procedure, the mean VAS score was 6.8 ± 1.4 (range

4.0–9.0). Only 4 (11 %) of 35 patients reported an increase

in pain during the first 24 h post-treatment. Clinical eval-

uation showed that pain symptoms were reduced as early as

1 week post-treatment with a mean VAS score of

1.1 ± 1.6 and a mean reduction of 84 % (6.8 ± 1.4 vs.

1.1 ± 1.6; p\ 0.000). One month after treatment and

3 weeks after stopping patients’ usual pain therapies, the

mean VAS score was 0.7 ± 1.4. Twenty-nine of 35

patients (83 %) were pain-free, while the remaining 6

(17 %) reported an average reduction of 45 % in the VAS

score. These patients resumed pain treatment with NSAIDs

because their symptoms were mild. Six months after the

procedure, the mean VAS score was 0.6 ± 1.6, with a

mean reduction of 90 %. Twenty-three of 30 patients

(77 %) were symptom-free and did not resume any ther-

apy. Six of 30 patients (20 %) were symptomatic, although

the mean reduction in VAS score was 53 %. Only 1 patient

(3 %) had recurrence of symptoms; this patient underwent

cordotomy and died 1 month after this procedure because

of disease progression in the brain. One year after MWA

and cementoplasty, 25 patients were still alive and 10

patients (28 %) had died because of widespread disease.

The mean VAS score in surviving patients was 0.2 ± 0.6

and 22 of 25 patients (88 %) were symptom-free; 3 patients

(12 %) were symptomatic and had a mean VAS score of

2.0 (Fig. 2). During follow-up, no patients had pathological

fractures even though the lesions were subjected to load

and radiological local tumor progression was detected in

only 1 patient. Evaluation of walking ability showed that

1 month after treatment, this was improved in all cases. Six

months after treatment, walking ability was improved in 34

patients (98 %) and worse in 1 (2 %). At the 1-year follow-

up, walking ability was improved in all 25 surviving

patients compared with baseline.

Discussion

Bone metastases occur in approximately 20 % of cancer

patients [22]. Complications from skeletal metastases

include intractable pain, fracture, and decreased mobility,

reducingmobility, and quality of life. In patients with cancer,

pain originating frombonemetastases can be difficult to treat

because it is often intolerable or unresponsive to standard

treatments such as radiation, surgery, and systemic therapies

(chemotherapy, hormonal therapy, bisphosphonates, and

Fig. 2 VAS score as a function

of time
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analgesics) [1]. A limited number of reports using MWA to

treat patients with painful metastases have demonstrated

promising results [23, 24]. Our results suggest that com-

bining MWA and cementoplasty is a safe and effective

treatment for painfulmetastatic bone lesions. Comparing our

results with other studies evaluating the efficacy of different

ablation techniques (radiofrequency and cryoablation)

combined with cementoplasty [25], MWA combined with

cementoplasty appears to be more effective. Six months

post-treatment, Masala et al. [25] reported a 79 % mean

reduction in VAS score in patients treated with radiofre-

quency and osteoplasty and 71 % in patients treated with

cryoablation and cementoplasty.

Osteolytic metastases can lead to pathological fracture

and impending fracture should be treated before fracture

occurs [26]. Cementoplasty is an interventional radiology

technique that is most often performed alone but can also

be performed with percutaneous thermal ablation tech-

niques. Cementoplasty is performed with a palliative intent

and does not stop tumor progression; it treats pain and

allows fast consolidation of weight-bearing bones. Tumor

tissue ablation may be complemented by cement injection

with optimal results, as reported in previous studies [27–

29]. The advantages of combined MWA-cementoplasty

result from optimal cement distribution into the ablated

tissue and bone stabilization in a single session. Cavitation

after ablation of the osteolytic lesion promotes cement

distribution, especially in infiltrative tumors that have

extended to nearby tissues, by engulfing the extraosseous

extension itself and enhancing the efficacy of the ablative

technique. Our results demonstrate that combined MWA-

cementoplasty is effective not only as a palliative treatment

for intractable pain but, by bone stabilization, is also

effective in preventing pathologic fractures caused by bone

lesions subjected to load.

Regarding functional evaluation, Clarençon et al. [29]

treated metastatic bone lesions with a maximum diameter

of 1.1–10 cm with radiofrequency ablation with or without

cementoplasty and reported functional improvement in

74 % of cases. In our study, 98 % of patients with larger

lesions obtained an overall functional improvement

6 months post-procedure. Only 1 patient experienced

worsened functional outcome. At the 1-year evaluation, 22

of 25 patients (88 %) were asymptomatic and all surviving

patients obtained functional improvement compared with

baseline. Our results show better functional outcomes than

those obtained by Clarençon et al. [29] likely because of

the different ablation techniques used (MWA vs.

radiofrequency ablation) and the fact that cementoplasty

was performed in all of our patients.

As limitations, our study was retrospective and non-

randomized, and the sample size was small.

Conclusions

Our number of surviving patients at 1 year confirms the

need for an effective and durable treatment for patients

with painful bone metastases at high risk of fracture with

the aim of avoiding further complications, such as patho-

logical fractures. Given the promising results of MWA

combined with cementoplasty demonstrated in the present

study, larger investigations are indicated.
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