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Abstract
Objective To retrospectively evaluate the efficacy and safety
of microwave ablation (MWA) combined with osteoplasty in
lung cancer patients with painful extraspinal bone metastases.
Materials and methods From January 2011 to July 2014, 26
lung cancer patients with 33 painful extraspinal bone metas-
tases underwent percutaneous MWA combined with osteo-
plasty. Effectiveness was evaluated by visual analog scale
(VAS) and daily morphine dose with a follow-up of 6-months.
Complications were also recorded.
Results Mean VAS score and morphine dose pre-procedure
were 7.4±1.6 (range, 5–10) and 47.7±30.1 mg (range, 20–

120 mg), respectively. Technical success and pain relief were
achieved in all patients. Mean VAS scores and daily morphine
doses post-procedure were as follows: 48 h, 1.7±1.2
(p<0.001) and 29.6±16.1 mg (p=0.003); 7 days, 1.9±1.7
(p<0.001) and 16.1±12.0 mg (p<0.001); 1 month, 1.5±0.9
(p<0.001) and 10.8±10.9 (p<0.001); 3 months, 0.9±0.7
(p<0.001) and 8.4±9.2 mg (p<0.001); and 6 months, 1.2±
0.8 (p<0.001) and 9.2±12.3 mg (p<0.001). Complications
were observed in eight patients (28 %); among these, major
complications were reported in two (7.7 %) patients, one with
local infection and the other with a bone fracture. The minor
complication rate was 23.1 % (6/26).
Conclusion MWA combination with osteoplasty appeared to
be an effective and safe treatment for lung cancer patients with
painful extraspinal bone metastases.
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Introduction

Bone metastases occur in 20–80 % of cases during the evolu-
tion of malignant tumors [1, 2]. The most common primary
sources are the lung, breast and prostate [3]. Among patients
with bone metastases, the main symptom is intractable pain,
which results in a significantly decreased quality of life [4, 5].
As a result of the short life expectancy and high systemic
tumor burdens, treatments for these patients are palliative
[6]. The traditional treatments for painful bone metastases
include analgesic drugs, chemotherapy, radiotherapy, and sur-
gery [5, 7–9]. Recently, minimally invasive treatments such as
radiofrequency ablation, microwave ablation, cryoablation,
high-intensity focused ultrasound, 125I seed implantation
and osteoplasty [10–19] have been developed to treat patients
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with bone metastases who have obtained limited benefit from
conventional treatment management. However, few studies
have focused on the combination of minimally invasive treat-
ments [20–23]. Consequently, we conducted this retrospective
study aimed at assessing the efficacy and safety of MWA
combined with osteoplasty in lung cancer patients with pain-
ful extraspinal bone metastases.

Materials and methods

Lung cancer patients who met the following criteria were en-
rolled: (1) intractable pain that was resistant to conventional
treatments; (2) focal pain localized to one or two regions with
imaging confirmation of the presence of bone tumor involve-
ment; (3) a life expectancy of ≥3 months and a tumor size no
larger than 6 cm. Exclusion criteria included: (1) uncontrolled
infection around the lesions or systemic infections; (2) coag-
ulation disorder, especially in patients with a platelet count of
<50×109/L who had received continuous anti-coagulation
therapy; (3) severely deficient hepatical, renal and cardiopul-
monary function unfit for MWA; (4) Eastern Cooperative
Oncology Group performance status was >3.

From January 2011 to July 2014, 26 lung cancer patients
with extraspinal bone metastases, including 15 men and 11
women with a mean age of 69.4 (range, 56–82) years,
underwent computed tomography (CT)-guided percutaneous
MWA combined with osteoplasty. Among these 26 patients,
21 (80.8 %) had one lesion, 3 (11.5 %) had two lesions and 2
(7.7%) had three lesions. The total 33 bonemetastases includ-
ed 11 iliums, 9 acetabulums, 8 ischiums, 2 femurs, 1 clavicle,
1 sacrum and 1 tibia. All patients had a histological diagnosis
and underwent imaging scans before the procedure. Baseline
characteristics are listed in details in Table 1. All patients were
evaluated by an interdisciplinary group consisting of a radiol-
ogist, pain physician, surgeon, and medical oncologist. Ethics
approval was obtained from the Institutional Review Board of
Shandong Provincial Hospital Affiliated to Shandong
University and Teng Zhou Central People’s Hospital
Affiliated to Jining Medical College. All patients provided
written informed consent pre-procedure.

CT-guided MWA combined with osteoplasty

The MTC-3C microwave ablation system (Qi Ya Research
Institute of Microwave Electronic, Nanjing, China.
Registration standard: YZB/country 1408–2003. No: SFDA
(III) 20073251059), or the ECO-2450B microwave ablation
system (ECOMicrowave Electronic Institute, Nanjing, China.
Registration standard: YZB/country 1475–2013. No: SFDA
(III) 20112251456) were used for MWA. A 13-gauge bone
needle (Cook Inc., Bloomington, IN, USA) and polymethyl
methacrylate (Simplex P; Howmedica Osteonics, Kalamazoo,

Michigan, USA) were applied for the ablation and bone ce-
ment injection. Local anesthesia (lidocaine and bupivacaine)
and preemptive analgesia (morphine) were used. Generally,
the selected power of ablation was 60–70 W and the ablative
duration ranged from 3 to 12 min. The ablation procedure has
been reported in previous studies [24, 25]. When lesions were
>3.5 cm (11 instances), two or more overlapping energy ap-
plications were done by repositioning the microwave antenna.
Immediately after the MWA procedure, mixed bone cement
was injected into the ablative lesion by means of a Bworking
channel^ (the channel of bone-cement syringe). The amount
of the bone cement injection delivered under the guidance of
CT was determined by the tumor size and the location of the
injection. The mean volume of bone cement injected per le-
sion was 8.0±2.9 (range, 4–16) ml. Once the cement had
solidified, the bone needle was immediately extracted. A CT
scan was conducted post-procedure to observe the size and
shape of the bone cement injection, the correlation with

Table 1 Baseline characteristics of 26 lung cancer patients with 33
bone metastatic lesions

Number Percent

Age 69.4 (56–82)

Sex

Male 15 57.7

Female 11 42.3

Pathology

Adenocarcinoma 14 53.8

Squamous cell carcinoma 8 30.8

Othersa 4 15.4

Location

Ilium 11 33.3

Acetabulum 9 27.3

Ischium 8 24.2

Othersb 5 19.2

Size 3.4 (2.4–5.4)

>3.5 cm 11 33.3

≤3.5 cm 22 66.7

MWA

60 W 17 65.4

70 W 9 34.6

MWA

Median (min) 5 (3–12)

Amount of bone cement injection (ml)

Mean±SD 8.0±2.9 (4–16)

Follow-up time (months)

Median 8.5 (5–16)

a Others include two small-cell lung cancers, one large-cell lung cancer,
and one carcinoid
bOthers include two femurs, one clavicle, one tibia, and one sacrum

MWA microwave ablation; SD standard deviation
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nearby organs, and to determine if there were any signs of
bleeding or leakage of bone cement (Figs. 1, 2, and 3).

Outcome assessment

A 10-point score was used for VAS evaluation [21]. VAS
scores were assessed by physicians before (baseline) and at
48 h, 1 week, 1, 3, and 6 months after the procedure. The dose
of daily morphine was also recorded.

Assessment of complications

Complications were assessed according to the standards
drafted by the International Working Group on Imagine-
Guided Tumor Ablation in 2005 [26]. Major complications
were defined as clinical symptoms during or after ablation that
may be life threatening, resulting in substantial damage and
dysfunction and requiring hospitalization or prolonged hospi-
talization. Minor complications were defined as follows: self-
limiting complications without sequelae and requiring only a
short hospital stay for observation or treatment. Side effects
referred to pain, post-ablation syndrome, and asymptomatic
minor bleeding or fluid accumulation on CT. Post-ablation
syndrome is induced by the absorption of the necrotic material

and the release of inflammatory factors. The main symptoms
are fever, fatigue, malaise, nausea, vomiting, which usually
lasts 3–5 days.

Statistical analysis

SPSS 17.0 (SPSS Inc., Chicago, IL,USA)was used for statistical
analysis. Continuous variables were expressed as mean±stan-
dard deviation. The paired Student’s t test was applied to evaluate
the visual analog scale (VAS) score and the dose of morphine
before and after the procedure. The test was two-sided and a p
value of <0.05 was considered as statistically significant.

Results

Pain control

MWA combined with osteoplasty was performed on 33 bone
lesions in 26 lung cancer patients with painful extraspinal
bone metastases. The procedures were technically successful
in all bone lesions. The pre-procedure mean VAS score was
7.4±1.6 (range, 5–10). The post-procedure VAS scores were
as follows: 48 h, 1.7±1.2 (p<0.001); 7 days, 1.9±1.7

Fig. 1 The procedure ofMWA plus osteoplasty for a 51-year-old male of
metastatic adenocarcinoma of the lung with bone metastasis. aMetastatic
lesion (arrow) in the right ilium. b A 13-gauge bone needle (arrow) was
inserted to establish a Bworking channel^. c The microwave antenna
(arrow) was inserted through the Bworking channel^ into the lesion. d

Mixed bone cement (arrow) was injected into the lesion through the
Bworking channel^. e A small amount of cement (<0.5 ml; arrow)
leaked into the surrounding soft tissue. f Bone cement uniformly
distributed to the metastatic lesion (arrow)
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(p<0.001); 1 month, 1.5±0.9 (p<0.001); 3 months, 0.9±0.7
(p<0.001); and 6 months, 1.2±0.8 (p<0.001) (Fig. 4).
Localized infection occurred in one patient with clavicle me-
tastasis at 8 days post-procedure and the pain worsened,
whereas two patients had developed new bone metastases by
5 months post-procedure and the pain had worsened. These
two patients received repeat MWA combination with osteo-
plasty and achieved pain relief.

Morphine dose

Before the procedures were carried out, all patients had
taken morphine. The pre-procedure mean daily mor-
phine dose was 47.7±30.1 mg (range, 20–120 mg).
The mean daily morphine doses post-procedure were
as follows: 48 h, 29.6±16.1 mg (p=0 .003); 7 days,
16.1 ± 12.0 mg (p < 0.001); 1 month, 10.8 ± 10.9

Fig. 2 The procedure of MWA
plus osteoplasty for a 60-year-old
female of metastatic squamous
cell carcinoma of the lung with
bone metastasis. a Metastatic
lesion (arrow) in the right
ischium. b The microwave
antenna (arrow) was inserted
along the Bworking channel^ into
the lesion. c Mixed bone cement
(arrow) was injected into the
lesion through the Bworking
channel^. d Bone cement evenly
distributed (arrow) to the ablative
lesion

Fig. 3 The procedure of MWA
plus osteoplasty for a 57-year-old
male of metastatic
adenocarcinoma of the lung with
bone metastasis. a–b Metastatic
lesion (arrow) in the right tibia
(x-ray; CT scan). c A microwave
antenna (arrow) was inserted into
the lesion. d Mixed bone cement
(arrow) was injected into the
lesion. e, f Bone cement
uniformly distributed (arrow) to
the lesion
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(p<0.001); 3 months, 8.4±9.2 mg (p<0.001); 6 months,
9.2±12.3 mg (p<0.001) (Fig. 5).

Side effects and complications

Side effects

Pain was the most common side effect during the procedures
and procedure was completed after the pain. Patients experi-
enced moderate pain in 26 sessions and severe pain in 6 ses-
sions. When severe pain occurred, the procedure was stopped
and patients were treated with morphine injection and mid-
azolam. Other side effects mainly involved post-ablation syn-
dromes, which were exhibited in 11 patients.

Complications

No peri-procedural death was observed. Major complications
were observed in two patients (7.7 %); one patient experi-
enced left clavicle purulent infection at 8 days after the proce-
dure, and the other had a bone fracture at 20 days after the
procedure. Surgical incision and drainage were conducted;
meanwhile, antibiotics were also administrated for the patient
with infection. One month post-procedure, the infection was
controlled. The bone fracture occurred in the left ilium;

however, no surgery was conducted due to the fact that the
fracture was an incomplete fracture, which had no effect on
the bone stability and the patient did not suffer pain. With a
follow up of 4 months, the fracture healed. Six patients
(23.1 %) had minor complications—small amounts of bone
cement (<0.5 ml) leaked into the surrounding soft tissue in
these patients, resulting in no associated symptoms.

Discussion

For lung cancer patients with bone metastases, the most com-
mon symptom is intractable pain. The physiopathological
mechanisms involving pain include the release of chemical
agents or cytokines, which result in stimulation of sensory
nerves, activation of osteoclast activity, periosteal stretching,
pathological fractures, as well as infiltration and compression
of nerves and surrounding tissues [27–29]. In general, patients
with bone metastases have a short life expectancy and poor
quality of life. Palliation and improvement of quality of life is
the aim of treatment for those patients. Thermal ablation has
been applied for the therapy of pulmonary bone metastases.
The possible mechanisms of pain relief after ablation are as
follows: destruction of the sensory fibers; shrinkage of the
tumor leading to reduced stimulation of the nerve plexus;
inhibition of osteoclastic activity; and reduction in certain cy-
tokines secondary to central sensitization and pain upregula-
tion [22]. Although thermal ablation could relieve pain, it can
not improve the stability of the bonemetastases, andmay even
cause fractures [30, 31]; however, osteoplasty can stabilize
bones by means of the exothermic polymerization of the ce-
ment [22]. In theory, thermal ablation combined with osteo-
plasty could decrease tumor cell spread either mechanically
through the formation of an ablation-shell barrier or through
embolization of necrotic tumor cells; in addition, it could im-
prove the stability of the bone.

To date, few studies have focused on the combination of
thermal ablation and osteoplasty in the treatment of bone me-
tastases and verified the efficacy of combination [23, 32, 33]. In
our study, 26 patients had intractable pain and had taken mor-
phine; pre-procedure VAS scores and the dose of morphine
were decreased significantly post-procedure. These results sug-
gested that lung cancer patients with painful bone metastases
could quickly benefit from treatment with MWA plus osteo-
plasty, which was in accordance with previous reports [23,
32, 33]. Because of the occurrence of additional bone metasta-
ses, two patients experienced pain aggravation at 5 months after
the procedure. These two patients received repeat MWA com-
bination with osteoplasty and achieved pain relief.

Regarding the safety of this combination treatment, no
peri-procedural death was observed. The common complica-
tions in the present study were pain and post-ablation

Fig. 4 VAS score before and after microwave ablation

Fig. 5 Daily dose of morphine before and after the microwave ablation
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syndrome. Major and minor complications were observed in
7.7 and 23.1 % patients, respectively.

In conclusion, our study showed that MWA combination
with osteoplasty could be an efficacious and safe treatment for
pulmonary, primary extraspinal bone metastases. However,
the small sample size limited statistical confidence. Further
large-scale studies are needed to verify our conclusion.
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