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Abstract

Purpose A prospective multicenter phase I/II trial was

performed to evaluate the clinical safety and efficacy of

radiofrequency ablation (RFA) for metastatic bone tumors.

Materials and Methods Thirty-three patients (27 men, 6

women, mean age 61 years) with metastatic bone tumors

were enrolled. In phase I, nine patients were enrolled, and

the safety of RFA was evaluated. In phase II, 23 patients

were included, and an intent-to-treat analysis was per-

formed. The primary endpoint was to evaluate the treat-

ment’s safety. The secondary endpoint was to evaluate the

efficacy of pain relief at 1 week after RFA.

Results RFA was performed in 32 of 33 enrolled patients.

No serious complications were observed during the phase I,

so phase II was performed. Four patients exhibited adverse

events, including one case each of Grade 3 pain and, Grade

2 hypotension, and one patient developed Grade 1 burns at

the grounding pad and puncture site. One patient died of

liver failure on day 7 after RFA due to the progression of

the primary lesion. The efficacy was excellent (no increase

in analgesic dosage, post-RFA VAS score of 0–2 or

decreased by not less than 5 compared to before RFA) in

20 patients (60.6%), good (no increase in analgesic dosage,

post-RFA VAS score decreased by not less than 2 but by

\ 5 compared to before RFA) in 3 (9.1%), and poor in 10

patients (30.3%). Thus, the response rate was 69.7%.

Conclusion RFA is a safe and effective method for treating

painful metastatic bone tumors.
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Introduction

Radiofrequency ablation (RFA) is a treatment method in

which a needle electrode is percutaneously inserted into a

target tissue, and heat generated by dielectric heating at the

needle tip causes coagulation necrosis of the target tissue.

RFA can be performed at any site into which the needle

electrode can be percutaneously inserted, but is character-

ized by variability in the local temperature distribution and

the scope of cauterization as a function of the tissue

environment surrounding the target site. The clinical

application of RFA to liver tumors has already been

explored, and good therapeutic results have been reported

[1–5].

The primary treatment for painful bone metastases of

cancer is currently radiotherapy; however, although partial

improvement in pain is observed in 90% of patients, the

rate of complete pain remission is only 54%. In addition,

30% of patients experience recurrence of pain within

12 weeks, and the response rate of patients with recurrent

disease to radiotherapy is poor [6, 7]. Some patients

receiving radiotherapy alone experienced uncontrollable

clinical symptoms. The application of RFA to those

patients in combination with radiotherapy might have

therapeutic significance [8]. Studies have also been per-

formed on the application of RFA to organs other than the

liver, and some reports have described efficacy. However,

most of these studies have been case-controlled studies

[9–12], and there have been only few prospective and

randomized studies for RFA application outside the liver

[13–16]. Thus, the present study was designed as a multi-

center phase I/II trial to evaluate the clinical safety and

efficacy of RFA for the treatment of metastatic bone

tumors.

Materials and Methods

Patient Selection

Patients were selected and enrolled in this study based on

all the inclusion and exclusion criteria described below.

The inclusion criteria were as follows: (1) metastatic bone

tumors with clinical symptoms, of which pain is the chief

complaint; (2) conventional local therapeutic methods,

such as external irradiation or, injection of local anesthesia

not indicated; (3) either pain that can only be controlled

with the dose escalation of analgesics or pain uncontrolled

by medication; (4) target lesions confirmed as malignant

based on histopathologic findings or diagnostic imaging;

(5) target lesions that are evaluable by computed tomog-

raphy (CT) or magnetic resonance imaging (MRI); (6)

adequate function of the principle organs (i.e., bone mar-

row, heart, liver, lungs, kidneys), specifically, white blood

cell count C 3000/mm3; platelet count C 50,000/mm3;

prothrombin time - international ratio C 1.5; creatinine

levels B 3.0 mg/dl; and a normal electrocardiogram

(although arrhythmias and ischemic changes that do not

represent a clinical problem were permitted); (7) Eastern

Cooperative Oncology Group performance status of 0, 1, 2,

or 3; (8) life expectancy C 4 weeks.

The exclusion criteria were as follows: (1) tumors in the

vertebral body, skull, or bones of the hands or fingers; (2)

use of a cardiac pacemaker; (3) imaging techniques

demonstrating the clear presence of an artery or nerve in

the needle insertion pathway; (4) pregnancy or possible

pregnancy; (5) mild pain that can be self-controlled without

any special treatment or a preoperative visual analogue

scale (VAS) score B 2; and (6) determination that the

patient is unsuitable for inclusion in the study by the

treating physician.

Both the ethics committee of the Japanese Society of

Interventional Radiology and the Institutional Review

Board from each participating hospital approved the study

protocol prior to patient entry. All patients provided written

informed consent.

Study Design and Statistical Analysis

This was a multi-institutional, single-arm, non-comparative

phase I/II trial. During the phase I trial and through phase

II, the study was designed to detect adverse events (AEs)

with an incidence of at least 10%, a power of 80%, a

predicted rate of 10%, and an unacceptable rate of 30%.

We anticipated a protocol dropout rate of 10%, so the

target number of patients for accrual was calculated to be

33. The study design of the phase I trial incorporated the

Japan Interventional Radiology in Oncology Study Group

(JIVROSG) 3 9 3 method, as previously described [17].

Namely, this study was a step-by-step safety evaluation in

nine patients, in which a cohort of three patients was

treated with RFA. If no severe AEs occurred during the

4-week observation period, the next cohort of three patients

was treated followed by an observation period, and finally

the third cohort of three patients was treated. An additional

24 patients were enrolled in the phase II trial. To determine

the study outcomes, all the enrolled patients were included

in the intention-to-treat analysis.

Interventional Procedure for RFA

The RFA procedure was performed under conscious

sedation. The grounding pad was attached to the thigh.

Then, the target tumor lesion was confirmed by CT images,

and local anesthesia was administered to the skin and
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subcutaneous tissue around the planned puncture point.

Next, the RF needle electrode was inserted into the target

tumor lesion. The RF needle used was a 17-gauge Cool-tip

electrode (Valleylab, Boulder, CO, USA) or a 14-gauge

LeVeen electrode (Boston Scientific, Natick, MA, USA).

After confirming the position of the RF needle electrode in

the target tumor lesion, the RF application was performed

using a generator (Cool-tip RF, Valleylab; or RF3000,

Boston Scientific).

With the Cool-tip system, when the tumor diameter was

less than 3 cm, it started at 20–30 W output and was

increased at a rate of 5–10 W/min. When the tumor

diameter was 3 cm or more, the system started at 30–60 W

output and was increased at a rate of 10 W/min. The

endpoint of RFA was automatic output stop due to the

impedance rise. The ablation for 12 min was taken as one

course. If the temperature inside the tumor did not reach

60 �C in 12 min, the ablation with the final output power

continued until the tumor temperature reached 60 �C or

until automatic output stop due to the rise in impedance.

With the LeVeen needle, output was started at 30 W for

a development diameter of 2 cm, 40 W for a development

diameter of 3 cm, and 50 W for a development diameter of

3.5 cm, and the output was raised at 10 W/min. The pro-

cedure stopped at the time of output stop due to the rise in

impedance. If automatic output stop due to the impedance

rise did not occur in 12 min, the LeVeen needle was set at

approximately 1/2–3/4 of the final expansion, and ener-

gization was performed again.

If the tumor was large and full cauterization could not be

achieved in a single ablation, the puncture needle was

placed at another location based on the shape of the lesion,

so that as much of the lesion as possible could be coagu-

lated. However, when coagulating the entire tumor was

difficult despite multiple punctures, coagulation was

focused on the interface between bone and soft tissue. The

needle was withdrawn after treatment completion.

Combined and Supportive Therapies

The administration of analgesics including a narcotic was

recommended to alleviate the pain during the RFA proce-

dure. When deemed necessary for the patient, the use of

general anesthesia, epidural anesthesia, and narcotics was

also permitted. Except for cases requiring emergency

treatment for AEs and poor responders (i.e., bone pain was

unchanged or worsened after 1 week), other treatment

procedures for the treated metastatic bone lesions such as

another puncture therapy, local therapy, or surgical treat-

ment were not permitted. Antiplatelet medication was

stopped 3–14 days before the day of the procedure.

Evaluation Methods and Observation Items

Patients were continuously monitored for the manifestation

of AEs from the time of treatment initiation to 4 weeks after

the end of treatment. AEs were evaluated using the National

Cancer Institute-Common Toxicity Criteria, version 2.0

[18]. The following parameters were recorded as procedural

results: rate of completion of the treatment protocol, proce-

dure time from the start of local anesthesia until removal of

the inserted electrode needle, number of RFAs, the duration

of current delivery, and the maximum power output. Pain

was evaluated using a VAS on the day after RFA and at

3 days, within 1 week, and 4 weeks after RFA. Clinical

efficacy was rated using the three categories defined below

based on the pain 1 week after completion of RFA. That is,

using VAS scores, scores before treatment and at 1 week

after completion of treatment were compared and evaluated

using the following three criteria: excellent: no increase in

analgesic dosage, post-RFA VAS score of 0–2 or decreased

by C 5 compared to before RFA; good: no increase in

analgesic dosage, post-RFAVAS score decreased byC 2but

by\ 5 compared to before RFA; and poor: all cases other

than those mentioned above. Moreover, pain was evaluated

continuously for 1 year after treatment in the cases in which

follow-up for more than 4 months was possible.

The change in the amount of analgesia used within

1 month was investigated. For imaging evaluation of target

lesions, contrast-enhanced CT or contrast-enhanced MRI

of the target lesions was performed within 4 weeks of

RFA, and 1 and 4 weeks after RFA, and the images were

inspected for changes.

Results

A total of 33 patients were enrolled in this study at 11

participating institutions (Table 1). Patient characteristics

are presented in Table 2. No serious complications occur-

red during the phase I study, so the phase II study was

performed. Four patients exhibited adverse events,

including one case each of Grade 3 pain and, Grade 2

hypotension, and two Grade 1 burns at the grounding pad

and puncture site. The one remaining patient died of liver

failure on day 7 after RFA, but the cause was liver failure

due to progression of hepatocellular carcinoma, which was

the primary lesion.

Procedural results revealed that 29 patients completed

the treatment protocol. One patient deviated from the

protocol by being treated for two lesions on the same day.

Another two patients were able to begin RFA, but could not

complete the treatment protocol due to pain experienced

during the procedure. RFA could not be performed in the

final patient because of the worsening overall physical
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condition due to hepatocellular carcinoma, which was the

primary lesion. RFA treatment was performed in 32

patients with a mean procedure time of 61.3 ± 29.6 min

(range, 15–120 min), a mean total number of RFAs of

2.8 ± 1.7 (range, 1–7), a mean duration of current delivery

of 30.9 ± 20.4 min (range, 4.8–85.4 min), and a mean

maximum power output of 117.6 ± 43.4 W (range,

40–200 W). Figure 1 presents (#19) the changes in VAS

scores until 4 weeks. Pain relief from the therapy was (#15)

obtained by the first day, with a slow decrease, in the VAS

values also subsequently observed. The long-term results

are presented in Fig. 2. The treatment effect of RFA

remained stable.

The results of the efficacy evaluation were excellent in 20

patients (60.6%), good in 3 (9.1%), and poor in 10 patients

(30.3%). Thus, the response ratewas 69.7% (95%confidence

interval: 51.3–84.4%). Analgesics were administered prior

to RFA in 29 patients (87.5%): analgesics including nar-

cotics were administered in 7, non-narcotic analgesics were

administered in 7, and a combination of both were given to

15. The dose of analgesics was reduced within 4 weeks in 13

patients, but had to be increased in 2 patients. Diagnostic

imaging prior to RFA revealed osteolytic lesions in 28

patients (84.9%), osteoblastic lesions in 3 (9.1%), andmixed

lesions in 2 patients (6.1%). Destruction of the bone cortex

around the lesion was observed in 32 patients (97%). An

intratumoral contrast enhancement was observed in 29

patients (87.9%): an enhancement for the entire tumor was

observed in 18 patients (54.6%) and a partial enhancement

was observed in 11 (33.3%). Contrast-enhanced CT or MRI

performed 1 week after RFA revealed decreased enhanced

area in 26 patients (78.8%). This change remained the same

even on diagnostic imaging performed 4 weeks later. The

mean tumor diameter was 6.1 ± 3.1 cm prior to RFA,

6.26 ± 3.2 cm 1 week after RFA, and 6.0 ± 2.9 cm

4 weeks after RFA. Thus, there were no significant differ-

ences in tumor size prior to RFA and the size 1 week after

RFA (p = 0.906), or in the size prior to RFA and 4 weeks

after RFA (p = 0.618).

Discussion

In this study, one patient exhibited a Grade 5 AE. This

patient died of liver failure on day 7 after RFA, but the

cause of death was determined to be liver failure caused by

Table 1 Collaborative

institutions
Kansai Medical University

Mie University

Shizuoka Cancer Center

Aichi Cancer Center

National Cancer Center

Okayama University

Kanazawa University

Gunma University

Teine Keijinkai Hospital

Nara Medical University

Hyogo Cancer Center

Table 2 Patient characteristics (n = 33)

Age (years) range 61 (26–84)

Sex

Male 27

Female 6

Primary disease

Hepatocellular carcinoma 9 (27.3)

Renal cancer 5 (15.2)

Lung cancer 5 (15.2)

Colorectal cancer 6 (18.2)

Cholangiocellular carcinoma 3 (9.1)

Uterine cervical cancer 1 (3.0)

Tongue cancer 1 (3.0)

Breast cancer 1 (3.0)

Bladder cancer 1 (3.0)

Unknown 1 (3.0)

Performance status

0 6

1 16

2 6

3 3

Target lesion

Ilium 9 (92.3)

Rib 8 (24,2)

Sacrum 6 (18.2)

Scapula 3 (9.1)

Sternum 2 (6.1)

Ischium 2 (6.1)

Pelvis 1 (3.0)

Humerus 1 (3.0)

Pubis 1 (3.0)

Size of target lesion

Long diameter (cm), mean ± SD 6.1 ± 3.1

Short diameter (cm), mean ± SD 2.8 ± 1.7

Appearance of lesion

Osteolytic 28 (84.9)

Osteoblastic 3 (9.1)

Mixed 2 (6.1)

Enhancement of the tumor

? 29 (87.9)

Whole 18 (54.6)

Partial 11 (33.3)

- 2 (6.1)

Unknown 2 (6.1)

Values in parentheses represent percentages
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the progression of hepatocellular carcinoma, which was the

primary lesion. There may have been a problem in the

indication of RFA for bone metastasis in this case. Four

other patients exhibited AEs that included Grade 3 pain,

Grade 2 hypotension, Grade 1 burns at the grounding pad,

and Grade 1 burns at the puncture site. Skin burns at the

grounding pad site were also observed in other reports [16].

No severe adverse events of RFA for metastatic bone

tumor were reported [16, 19]. Therefore, RFA can be

deemed a safe procedure for the treatment of metastatic

bone lesions.

After enrollment in the study, four patients did not

complete the procedure. Specifically, one patient was

unable to undergo the procedure due to a worsening overall

condition, two others were unable to complete the treat-

ment protocol due to pain experienced during the proce-

dure, and another patient deviated from the treatment

protocol by being treated for two lesions on the same day.

These situations occurred because this study was a

prospective investigation. In a prospective study by Call-

strom et al. [19], 5 of the 60 candidates were unable to

undergo the procedure or the procedure was terminated

midway through.

The clinical efficacy was evaluated by intention-to-treat

analysis and was found to be 69.7%. Although this efficacy

rate is lower than that reported in previous retrospective

studies [20–22], it is acceptable for the present study as this

was a prospective investigation. In addition, the changes in

VAS score demonstrate that the analgesic effects were both

immediate and lasting.

Most patients in our study had osteolytic lesions, and

destruction of the bone cortex around the lesion as well as

intratumoral contrast enhancement was observed in most of

the lesions. These results are consistent with data from a

previous study that also examined osteolytic lesions [23]. It

is worth noting that similar analgesic effects were observed

in patients with osteoblastic bone metastasis and in those

with osteolytic lesions.

Contrast-enhanced CT or MRI performed after RFA

revealed a decrease in the enhancement effect, possibly due

to the necrotic changes with radiofrequency ablation. No

statistically significant changes in tumor size were

observed at 1 or 4 weeks after RFA. Although not statis-

tically significant, tumor size increased slightly 1 week

after RFA. This increase may have been due to reactive

edema or intratumoral hemorrhage caused by the heat.

Vertebral tumors were excluded from the present clini-

cal study, because percutaneous vertebroplasty already

exists as an effective treatment [17]. However, although a

combination of RFA and cementoplasty is sometimes used

to treat vertebral tumors, it is difficult to determine whether

the analgesic effects are due to RFA or cementoplasty in

those cases.

There were some limitations in this study. The sample

size was small, and the design was a single-arm, non-

controlled randomized study. Due to the small sample size

and short follow-up period, it is possible that AEs were not

adequately identified. In addition, the long time period

required to enroll patients may also be considered a limi-

tation of the present study. A randomized controlled study

is needed to determine whether this treatment method

should be the first choice for painful bone metastases. In

conclusion, the results of this study demonstrate that RFA

Fig. 1 Changes in visual analog scale score before and 4 weeks after

procedure. The changes in the VAS values at various observation time

points are listed. The curve indicates the changes in mean values and

the vertical line indicates the standard deviation

Fig. 2 Changes in visual analog scale score before and 1 year after

procedure. Values are presented as the mean and standard deviation.

The changes in the VAS values at various observation time points are

listed. The curve indicates the changes in mean values, and the

vertical line indicates the standard deviation. The treatment effect of

RFA remains stable
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is a safe and effective method for treating painful meta-

static bone tumors.
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