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Radiofrequency ablation is a feasible therapeutic option in the multi modality management of bone and soft tissue sarcoma

Keywords: Radio frequency ablation, sarcoma, response, progression, toxicity

The role of radiofrequency ablation (RFA) in metastatic sarcoma is not well defined. The aim of this study was to evaluate the efficacy and safety of RFA in a series of sarcoma patients. A retrospective search of a prospectively maintained database identified 13 gastrointestinal stromal tumour (GIST) patients and 12 with other histological subtypes treated with RFA. All the GIST patients received RFA for metastatic disease in the liver:

12 of these responded to the first RFA procedure and one achieved stable disease. Two GIST patients received RFA on two occasions to separate lesions within the liver and both responded to the second RFA procedure. Of the other subtypes: 7 underwent RFA to liver lesions, 5 of these responded to RFA, one progressed and 1 was not assessable for response at the time of analysis. All 5 patients with lung metastases achieved a response following their first RFA procedure. RFA was effective and well tolerated in this series of sarcoma patients. RFA may have a role in patients with GIST who have progression in a single metastasis but stable disease elsewhere. Further larger studies are required to better define the role of this technique in this patient population.

Introduction

Soft tissue sarcomas are rare cancers arising from mesodermal tissues. [START_REF] Clark | Soft-tissue sarcomas in adults[END_REF] Surgical resection is the mainstay of management for localized disease, but despite adequate excision approximately half of patients will develop metastaic disease. [START_REF] Clark | Soft-tissue sarcomas in adults[END_REF] Sarcomas comprise over 50 different histological subtypes, each with different biological characteristics, prognosis and response to therapy. The number of effective treatment strategies available to treat metastatic disease is limited. [START_REF] Clark | Soft-tissue sarcomas in adults[END_REF] Radiofrequency ablation (RFA) has emerged as an effective local therapy in the treatment of hepatocellular carcinoma and liver metastases secondary to colorectal cancer as well as other malignancies. [START_REF] Liapi | Transcatheter and ablative therapeutic approaches for solid malignancies[END_REF] This technique produces coagulative necrosis via an alternating high-frequency electric current in the radiofrequency range. This results in the movement of ions within the targeted lesion, and consequently frictional heat is created by the ions following the alternating current. [START_REF] Liapi | Transcatheter and ablative therapeutic approaches for solid malignancies[END_REF] Local intra lesional temperatures approach or exceed 100 0 C. RFA can achieve improved objective responses in a small number of treatment sessions, and the technique is usually regarded as most effective against small lesions (<3.5cm). Minor side effects include pain and discomfort. Other potential disadvantages include severe adverse events (including pain, cutaneous burns and fever) and death (reported as approximately 0.5%). [START_REF] Liapi | Transcatheter and ablative therapeutic approaches for solid malignancies[END_REF] To our knowledge there is little published data on the use of RFA specifically in the management of patients with sarcoma. [START_REF] Pawlik | Results of a single-center experience with resection and ablation for sarcoma metastatic to the liver[END_REF][START_REF] Amersi | Long-term survival after radiofrequency ablation of complex unresectable liver tumors[END_REF][START_REF] Hildebrand | Radiofrequency-ablation of unresectable primary and secondary liver tumors: results in 88 patients[END_REF][START_REF] Yasui | Thoracic tumors treated with CT-guided radiofrequency ablation: initial experience[END_REF][START_REF] Suh | Unresectable pulmonary malignancies: CT-guided percutaneous radiofrequency ablationpreliminary results[END_REF][START_REF] Strauss | Radiofrequency Ablation (RFA) of pulmonary metastases is safe and feasible in patients with relapsed bone and soft tissue sarcoma[END_REF] The aim of this study was to evaluate the efficacy of RFA to both lung and liver metastases in a series of sarcoma patients. A further aim was to document the complication rate associated with this technique in these patients.
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Materials and methods

Prior to commencing the study approval was obtained from the Royal Marsden Hospital Audit Committee. A retrospective search of a prospectively maintained database was made to identify sarcoma patients treated with RFA between October 2003 and April 2009. Patients who received their systemic therapy and were treated with RFA whilst receiving systemic therapy at the Royal Marsden were included in the analysis. Patients who had received RFA at other institutions and were referred to the Royal Marsden for further therapy or for a second opinion were excluded from the analysis. Patient demographics, histological subtype, treatment and survival data were obtained from the database. The time from diagnosis to ablation was also obtained from the database as well as systemic and other local therapies administered. Toxicity was retrospectively ascertained from the Royal Marsden electronic patient record. The number and size of lesions ablated was reviewed and the time to progression at ablated sites.

As per Royal Marsden Sarcoma Unit protocol, the histological diagnosis was confirmed by a sarcoma pathologist on referral (KT, CF).

RFA

RFA was performed by two experienced interventional radiologists (JM, AA). A baseline CT was performed prior to the procedure. Response was assessed by CT scan approximately 3 months post procedure unless otherwise indicated. The date of progression at the ablated site and systemic progression were recorded. Complications
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were documented following the procedure on the Royal Marsden electronic patient record system. Selection of GIST (gastro intestinal stromal tumour) patients for hepatic RFA was based on the appearance of progression at one site on the background of otherwise stable metastatic disease.

Selection of other sarcoma patients for RFA was based on the uncertainty of obtaining systemic disease control and the need for treating specific hepatic or pulmonary lesions, in order to obtain local control without subjecting a patient to surgery.

Statistical analysis

Follow-up data was available up to 20 th April 2009.

The GIST patients represented a homogenous group and therefore they were analysed separately from the patients with other sarcomas. Survival was determined by the Kaplan-Meier method and measured from the date of RFA until death from any cause and censored at last follow-up. Time to progression at the RFA site was measured from the start of RFA until a documented progression at the treated site. RFA episodes without progression were omitted from the analysis of progression. Differences between GIST and other histological subgroups were assessed by the logrank test.

Results

A total of 38 patients were identified of whom 13 had undergone RFA prior to referral to the Royal Marsden Hospital. Therefore, twenty-five patients treated with RFA were 

GIST patients

Thirteen GIST patients with liver metastases were treated with RFA. The median age of these patients was 59 years (range 37-75): there were 12 males and 1 female. Eleven patients had surgical resection of the primary tumour at diagnosis and two presented with metastatic disease. Of these 13, one underwent a liver resection prior to hepatic RFA. The GIST patients received a median of 2 lines of systemic therapy (range 1-6). At the time of analysis 2 of these patients had died and 11 were still alive with a median follow-up of 26 months.

Response and toxicity in GIST patients

Of the 13 GIST patients treated with RFA, 12 achieved a response at the RFA site and one stable disease following the first RFA procedure. One patient had two liver lesions ablated during the same procedure, all the others underwent RFA to one lesion. The site and number of liver lesions ablated at first RFA, along with the response and complications are illustrated in Table 1.

Two patients received RFA on two occasions to separate lesions within the liver and both responded to the second RFA procedure.

All of these patients were treated with systemic therapy, 12 GIST patients underwent RFA whilst receiving first-line systemic therapy in the form of imatinib. The other patient underwent RFA whilst receiving re-challenge with imatinib 400 mg per day.
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7 Two patients developed infections post procedure (one at the RFA site) and one developed atrial fibrillation with a rapid ventricular response. All three patients were treated with appropriate medical therapy and made a prompt recovery. One of the patients treated with two separate RFA procedures developed sepsis post second RFA.

Time to progression and overall survival in GIST patients

The median time to progression from date of ablation to progression at RFA site was 28 months, see Figure 1.

The median time to progression at other sites from date of RFA was 26 months (95%CI, 1-51). At the time of analysis, 7 patients were on first-line imatinib and a further 6 patients continued on first-line therapy for a median of 11 months (range 3-28) following RFA.

The 2-year overall survival from start of RFA was 77% (95%CI 35-94%), see Figure 2.

Median survival for this group of patients has not been reached.

Other sarcomas

Twelve patients with other sarcomas (i.e. not GIST) were treated with RFA, 7 to the liver and 5 to the lung. The median age of these patients was 50 years (range 33-71), there were 5 males and 7 females. The most common histological subtype was leiomyosarcoma (n=5) followed by chondrosarcoma (n=2) and fibrosarcoma (n=2).

Eleven of these patients underwent surgical resection of the primary tumour and one received radical radiotherapy to a primary malignant fibrous histiocytoma in the left popliteal fossa. Two patients underwent one further surgical resection for recurrent or
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8 metastatic disease, one patient underwent two such procedures and 5 patients had a total of 3 separate operations for recurrent or metastatic disease. Two of these patients had not received systemic therapy at the time of analysis. Of the 12 sarcoma patients, five received one line of systemic therapy, two received 2 lines and three received 3 lines of therapy. At the time of analysis, 6 patients had died and 6 were alive.

Response and toxicity in other sarcoma patients

Of the 7 patients with liver metastases, 5 of these patients responded to RFA and one patient displayed progression at the RFA site on the post procedure scan. One patient was not assessable for response at the time of analysis (Table 2). Two of these patients displayed progression elsewhere on the 3 month post procedure CT scan.

One patient received 3 separate RFA treatments and responded on all 3 occasions. One patient received 4 separate RFA procedures and another 12 separate procedures. No toxicity was recorded following these multiple procedures.

All patients with lung metastases achieved a response following their first RFA procedure, and 2 displayed progression at other sites between 3-5 months post procedure.

Two of the patients with lung metastases were treated twice with RFA to separate lesions within the lung, one of whom displayed progression at the ablated site post procedure.

One patient underwent 1 thoracotomy and 3 underwent 2 separate thoracotomies prior to RFA. In addition, 3 patients underwent one thoracotomy, each, following RFA.

One patient developed a small pneumothorax post first RFA procedure, which did not require any medical intervention. Another patient had a pneumothorax following the 

Time to progression and overall survival in other sarcoma patients

The median follow-up was 11 (range 2-54) months.

The median time to progression at RFA site (following first ablation) for patients with the other soft tissue tumours was 9 months (95%CI, 8-10 months), see Figure 1.

The median time to progression at other sites from date of RFA was 8 months (95%CI, 4-11).

The 2 year overall survival from RFA in this cohort 40% (95%CI, 10-70%), and the median overall survival from RFA was 19 months (95%CI, 12-26 months), see Figure 2.

GIST patients had significantly longer time to progression at RFA site (median time to progression 28 months, 95% CI undefined) compared to the combined group of patients with other sarcomas (9 months, 95% CI, 8-10 months). No significant difference in time to progression at other sites following RFA was observed between the GIST and the non-GIST group (p=0.2). However, GIST patients had significantly longer overall survival from RFA compared to the other group (p=0.01).

Discussion

Our study of a small series of sarcoma patients treated with RFA to the liver and lung indicates that this treatment modality may have a role in these conditions. Patients with GIST who have stable systemic disease on a tyrosine kinase inhibitor but have In other sarcomas the role of RFA is less clear, but it could be of value in a subgroup of patients deemed potentially resectable but not operable due to concurrent medical conditions. Of the 11 non-GIST patients assessable for response one progressed at the RFA on the post procedure scan. A further 4 achieved disease control at ablated sites but displayed progression elsewhere 3-5 months post procedure. This technique could potentially be offered to sarcoma patients who are symptomatic due to a solitary localized area of disease.

Our small exploratory study was retrospective and therefore any results must be interpreted with caution. We observed that GIST patients had significantly longer time to progression at ablation site compared to patients with other sarcomas. Furthermore, GIST patients had significantly longer overall survival from RFA compared to the group of other sarcoma subtypes. This is possibly explained by the heterogeneous nature of the non-GIST group who had received mutli modality therapy consisting of surgery, chemotherapy and radiotherapy for metastatic disease. Additionally, this group consisted of patients who had received RFA for lung and liver metastases. 

RFA studies including sarcoma patients

A number of other retrospective studies have included sarcoma patients treated with RFA to the liver [START_REF] Pawlik | Results of a single-center experience with resection and ablation for sarcoma metastatic to the liver[END_REF][START_REF] Amersi | Long-term survival after radiofrequency ablation of complex unresectable liver tumors[END_REF][START_REF] Hildebrand | Radiofrequency-ablation of unresectable primary and secondary liver tumors: results in 88 patients[END_REF] and lung, [START_REF] Yasui | Thoracic tumors treated with CT-guided radiofrequency ablation: initial experience[END_REF][START_REF] Suh | Unresectable pulmonary malignancies: CT-guided percutaneous radiofrequency ablationpreliminary results[END_REF][START_REF] Strauss | Radiofrequency Ablation (RFA) of pulmonary metastases is safe and feasible in patients with relapsed bone and soft tissue sarcoma[END_REF][START_REF] Nakamura | Lung radiofrequency ablation in patients with pulmonary metastases from musculoskeletal sarcomas: an initial experience (R#2)[END_REF] but few have specifically analysed the value of this technique in sarcoma.

A study by Pawlik et al examined the role of hepatic resection and/ or RFA in a cohort of 66 sarcoma patients with metastatic disease in the liver. [START_REF] Pawlik | Results of a single-center experience with resection and ablation for sarcoma metastatic to the liver[END_REF] RFA alone was performed in 13 patients (19.7%) who had metastases in unresectable locations and in combination with surgery in 18 patients (27.3%). In their retrospective study, these authors found that patients treated with RFA alone or in combination had significantly worse disease-free survival (7.4 months) compared to those treated with surgical resection alone (18.6 months). However, they found no significant difference in overall survival between the cohort treated with RFA and surgical resection alone.

A retrospective study by Berber and colleagues assessed the value of laparoscopic RFA in 53 patients with non colorectal or hepatocellular cancers. [START_REF] Berber | Laparoscopic radiofrequency thermal ablation for unusual hepatic tumors: operative indications and outcomes[END_REF] Eighteen sarcoma patients were included in this study with liver only metastatic disease. The median survival of sarcoma patients following hepatic RFA in the study by Berber et al was 25 months.

Most of these patients had GIST all though the exact breakdown by histological subtype was not published.
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Other ablative techniques

A number of other image-guided catheter-based therapies are available for the treatment of hepatic metastases, which include transcatheter arterial chemoembolisation (TACE), transcatheter arterial embolisation (TAE) and TAE with drug eluting beads. [START_REF] Liapi | Transcatheter and ablative therapeutic approaches for solid malignancies[END_REF] Hepatic artery embolisation/ chemoembolisation were originally developed as therapy for unresectable hepatocellular carcinoma. [START_REF] Yamada | Hepatic artery embolization in 120 patients with unresectable hepatoma[END_REF] The liver receives dual blood supply from the portal vein and hepatic artery, whereas hepatocellular carcinomas are supplied only by the hepatic artery. Consequently, embolisation of the hepatic artery produces selective ischaemic necrosis of the tumour while sparing the surrounding normal liver parenchyma.

Furthermore, the effect of a relatively small dose of a conventional chemotherapeutic agent, administered to the region, followed by embolisation may increase the efficacy of chemotherapy. Mavligit and colleagues reported, in 1995, on the use of hepatic chemoembolisation in a series of 14 patients with hepatic metastases secondary to gastrointestinal leiomyosarcoma (which would now be classified as gastrointestinal stromal tumours). [START_REF] Mavligit | Gastrointestinalleiomyosarcoma metastatic to the liver. Durable tumor regression by hepatic chemoembolization infusion with cisplatin and vinblastine[END_REF] Ten (70%) of these patients experienced a major regression (>50%), which were maintained for a median of 12 months, following an average of two hepatic chemoembolisation procedures. Shima et al treated 4 GIST patients with liver metastases with hepatic artery chemoembolisation. [START_REF] Shima | Aggressive surgery for liver metastases from gastrointestinal stromal tumors[END_REF] Three of these patients died of disease 17, 23 and 28 months following chemoembolisation and one was still alive 7 months after the procedure. There have also been reports of arterial chemoembolisation in localized osteosarcoma [START_REF] Chu | Clinicopathologic features and results of transcatheter arterial chemoembolization for osteosarcoma[END_REF] and hepatic angiosarcoma. [START_REF] Stambo | Hepatic angiosarcoma presenting as an acute intraabdominal hemorrhage treated with transarterial chemoembolization[END_REF][START_REF] Park | Primary hepatic angiosarcoma: imaging findings and palliative treatment with transcatheter arterial chemoembolization or embolization[END_REF] Percutaneous ethanol injection involves introducing single or multiple fine needles into the metastatic lesion and injecting ethanol (90-100%), thus causing cell death mainly by [START_REF] Evans | Ablative and catheter-delivered therapies for colorectal liver metastases (CRLM)[END_REF] A randomized trial of 232 patients with small hepatocellular carcinomas demonstrated those treated with radiofrequency ablation to have significantly longer survival compared to those treated with percutaneous ethanol injection. [START_REF] Shiina | A randomized controlled trial of radiofrequency ablation with ethanol injection for small hepatocellular carcinoma[END_REF] In addition, there are a number of alternative percutaneous thermal ablation techniques to treat patients with primary liver tumours and/ or metastases. Laser-induced thermotherapy uses optical fibres to deliver high energy laser radiation to the target region. [START_REF] Vogl | Malignant liver tumors treated with MR imaging-guided laser-induced thermotherapy: experience with complications in 899 patients (2,520 lesions)[END_REF] Microwave coagulation therapy involves the introduction of a thin microwave antenna directly into the tumour. [START_REF] Seki | Ultrasonically guided percutaneous microwave coagulation therapy for small hepatocellular carcinoma[END_REF] With the use of a microwave generator an electromagnetic wave is emitted through the exposed, non-insulated part of the antenna. This agitates water molecules in the surrounding tissue, which produces friction and heat and subsequently cell death by coagulative necrosis. In another technique, cryotherapy, the lesion is frozen by the introduction of liquid nitrogen or argon. 17

Conclusion

Our study has shown that RFA is feasible, tolerable and effective in the multimodality management of patients with metastatic sarcoma if the goal of therapy is local disease control. This technique has shown particular promise in GIST, and further prospective evaluation is required to confirm our preliminary findings. RFA is also a feasible therapeutic option in patients with other sarcoma subtypes with localised disease, in whom local disease control can be achieved without surgery. However, the exact role of RFA in such conditions remains to be defined, as systemic disease control often proves difficult, and further assessment in a larger cohort of patients is warranted. 

  males and 8 females). The median age of these patients was 54 years (range 33-75) and the median follow-up was 21 months (range 2-60).

  a lung metastasis and this again did not require the insertion of a chest drain.

  metastatic site (presumably due to a resistant clone) seem particularly suitable for RFA. Consequently, RFA can delay a change in systemic therapy by achieving local control at the site of solitary disease progression in such patients.

  RFA was well tolerated in our series of patients treated by experienced interventional radiologists. All toxicities were easily manageable. Of the 20 patients who underwent RFA to the liver, two developed infections and one atrial fibrillation. Both patients who developed infections were treated appropriately with no long-term complications. Of the M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 11 pneumothorax was observed in two patients and neither required insertion of a chest drain.

Figure 1 .Figure 2 .

 12 Abbreviations: PD -progressive disease. LMS -leiomyosarcoma. SFT -solitary fibrous tumour. CS-chondrosarcoma.

Table 1 . Response, complications, size and number of liver metastases treated with RFA in GIST patients.

 1 

	Patient	Site	Number of	Size (mm) Response	Complication
	number		lesions			
			ablated			
	1	Posterior	One	<10	Response	Sepsis
		right lobe				
	2	Segment 2	One	25	Response	None
	3	Segment 7	Two	25 + 6	Response	None
		+ 5				
	4	Segment 6	One	40	Response	None
	5	Segment 5/	One	35	Response	None
		8				
	6	Segment 6	One	42	Response	Atrial
						fibrillation
	7	Left lobe	One	32	Response	None
	8	Segment 8	One	39	Response	None
	9	Segment 4a One	11	Response	None
	10	Segment 4a One	21	Response	None
	11	Segment 7/	One	30	Response	Infection
		8				RFA cavity
	12	Segment 5	One	20	Response	None
	13	Segment 8	One	15	Response	None

Table 2 . Location, number, size, response and complications in other sarcoma patients treated with radio frequency ablation.

 2