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Introduction

Radiofrequency ablation (RFA) of liver tumors has been established for the treatment of irresectable liver tumors with limited size [START_REF] Curley | Radiofrequency ablation of malignant liver tumors[END_REF][START_REF] Sutherland | Radiofrequency ablation of liver tumors: a systematic review[END_REF][START_REF] Lam | Impact of radiofrequency ablation on the management of patients with hepatocellular carcinoma in a specialized centre[END_REF]. The approach of RFA may be percutaneous, laparoscopic, or via laparotomy. The decision for a specific approach is based among others on tumor site, number of nodules and general health condition. The percutaneous and laparoscopic approaches are minimally invasive and are used successfully under certain conditions. [START_REF] Kettenbach | Percutaneous radiofrequency ablation of liver cell carcinoma: a current overview[END_REF][START_REF] Yokoyama | Percutaneous and laparoscopic approaches of radiofrequency ablation treatment for liver cancer[END_REF][START_REF] Lencioni | Percutaneous radiofrequency ablation of hepatic colorectal metastases: technique, indications, results, and new promises[END_REF][START_REF] Lencioni | Percutaneous ablation of hepatocellular carcinoma: state-ofthe-art[END_REF]. RFA via laparotomy offers many advantages compared to the percutaneous and laparoscopic approach. The placement of the RFA electrode is more accurate and safer than using percutaneous or laparoscopic approaches, which may be the reason for improved tumor control in case of open surgical approach [START_REF] Kuvshinoff | Radiofrequency ablation of liver tumors: influence of technique and tumor size[END_REF]. Intraoperative staging is made possible by the use of intraoperative ultrasound. Furthermore, RFA may extend the feasibility of surgery in case of multiple tumors [START_REF] Hanna | Radiofrequency ablation of primary and metastatic hepatic malignancies[END_REF][START_REF] Poon | Recent advances in techniques of liver resection[END_REF]. With a multimodal approach including hepatic resection, RFA and chemotherapy, a median survival of 36 months could be achieved in technically unresectable patients with colorectal liver metastases [START_REF] Elias | Hepatectomy plus intraoperative radiofrequency ablation and chemotherapy to treat technically unresectable multiple colorectal liver metastases[END_REF].

These results double the survival rate compared to other treatment modalities in this group of patients. In patients with bilobar metastases or advanced cirrhosis, major liver resections are impossible because of the postoperative liver failure. We show here an extension of resectability of otherwise irresectable tumors using the combination of liver resection and RFA.
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Patients and Methods

Indication for liver resection, RFA and the combination of both, was made individually. Criteria for the decision were extent of tumor, number of tumor nodules, presence and degree of cirrhosis, and expected loss of functional liver parenchyma.

RFA was performed instead of resection to prevent loss of functional liver parenchyma, which could lead to fatal liver failure. Whether to treat an individual tumor nodule by resection or RFA was usually not determined until the procedure; the decision was only made intraoperatively. In cirrhotic livers, RFA of technically resectable HCC nodules was occasionally preferred rather than loss of large parenchymal masses due to anatomic resection, e.g. in case of advanced cirrhotic impairment of functional capabilities, whereas in metastatic disease, RFA was performed in case of bilobar disease after resection of one liver lobe and residual tumor deep in the parenchyma of the remaining; superficial lesions were rather resected.

Technical features

Pretherapeutic diagnostic work-up included cross-sectional imaging as well as blood values reflecting liver function. All ablations were performed under intraoperative ultrasound guidance. Cool-tip single needles and a 200 W generator (Radionics, Burlington, MA) were used in 12 procedures, and the RITA medical device Starburst XL 15 cm and the model 1500 generator (RITA medical Ltd., Mountain View, CA) in [START_REF] Poon | Recent advances in techniques of liver resection[END_REF]. In general, it was intended to treat one tumor with a single ablation. Overlapping ablation areas were considered in tumor sizes exceeding 4.0 cm (n=2). Immediate postoperative cross-sectional imaging was performed only in selected cases (n=3), if intraoperative ultrasound was not conclusive in confirming complete ablation of the tumor. Indication for a surgical treatment was confirmed by a multi-disciplinary tumor board. Informed consent was obtained prior to RFA in all procedures.

Follow-up

Follow-up was performed every three months during the first year, every six months during the second year and thereafter annually. As is usual in oncological practice, the screening method of choice was transabdominal ultrasound supplemented in case of suspicious ultrasound findings by computed tomograms or magnetic resonance imaging, usually enhanced by contrast media, besides basic clinical
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examinations and assessment of laboratory parameters (e.g. tumor markers). If suspicious findings remained, the patients received further treatment; histopathological confirmation of tumor recurrence was not compulsory.

Presentation of the data

Continuous data were expressed as median with ranges or mean +/-standard deviation and compared using the Mann-Whitney U test after exclusion of a Gaussian distribution by Kolmogorov-Smirnov testing. Categorical data were compared using the Chi square test or Fisher's exact test where appropriate. The statistical analyses were performed using commercially available SPSS 14.0 statistical software (SPSS Company, Chicago, Illinois, U.S.A.). Differences were considered to be statistically significant if the p value was less than 0.05. Survival data were counted regardless of the censored cases; cumulative analysis of overall and disease-free survivals for different groups were however calculated by the Kaplan-Meier method, and statistical comparisons were based on the log-rank test.

M A N U S C R I P T A C C E P T E D ARTICLE IN PRESS

Results

Indications

From 2001 to 2005, 22 liver resections, combined with RFA, were performed. None of the procedures were combined with extrahepatic surgery. Age of the patients was 61 +/-12 years. 15 patients were male, seven female. The patients suffered from hepatocellular carcinoma (HCC) (n=10), cholangiocellular carcinoma (CCC) (n=2), or metastases (n=10), which derived from colorectal cancer (n=8), malignant melanoma 
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Survival and outcome

Outcome and survival is shown on a patient-by-patient basis in table 1. Tumor recurrence was observed in 20 patients. Truly local recurrence after RFA was seen in seven patients (32% on a per-patient-, 27% on a per-tumor-basis). Tumor recurrence with new tumor nodules in other parts of the liver was present in 12 patients. After a follow up of 31 months, eight patients are still alive, two without tumor burden and six with tumor recurrence. Four of the latter patients received further treatment comprising of a liver transplantation in one case and repeated resection in the other three patients. Seven patients were treated with chemotherapy due to systemic tumor progression. An explicit analysis of the success rates was not performed for the heterogeneity of the patient population and the different chemotherapeutic regimens applied. Kaplan-Meier estimations of survival and disease free survival are displayed separately for metastases and primary liver tumors in figure 1. No statistically significant difference in survival was found in the log-rank comparison of the results of both entities (p=0.815 and p=0.841 for overall and disease free survival, respectively).
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Discussion

The presented series shows a successful extension of the feasibilty of surgical treatment of liver tumors using the combination of liver resection and RFA. These findings resemble some results reported in the literature [START_REF] Elias | Hepatectomy plus intraoperative radiofrequency ablation and chemotherapy to treat technically unresectable multiple colorectal liver metastases[END_REF][START_REF] Elias | Usefulness of intraoperative radiofrequency thermoablation of liver tumours associated or not with hepatectomy[END_REF][START_REF] Oshowo | Radiofrequency ablation extends the scope of surgery in colorectal liver metastases[END_REF][START_REF] Pawlik | Combined resection and radiofrequency ablation for advanced hepatic malignancies: results in 172 patients[END_REF][START_REF] Evrard | Surgical treatment of liver metastases by radiofrequency ablation, resection, or in combination[END_REF][START_REF] Tepel | Intraoperative radiofrequency ablation (RFA) for irresectable liver malignancies[END_REF][START_REF] Abdalla | Recurrence and outcomes following hepatic resection, radiofrequency ablation, and combined resection/ablation for colorectal liver metastases[END_REF][START_REF] Mateo | Optimal cytoreduction after combined resection and radiofrequency ablation of hepatic metastases from recurrent malignant ovartian tumors[END_REF][START_REF] Raut | Significant long-term survival after radiofrequency ablation of unresectable hepatocellular carcinoma in patients with cirrhosis[END_REF][START_REF] Fioole | Combining partial liver resection and local ablation of liver tumours: a preliminary Dutch experience[END_REF][START_REF] Hildebrand | Radiofrequency-ablation of unresectable primary and secondary liver tumors: results in 88 patients[END_REF][START_REF] Choi | Combined hepatectomy and radiofrequency ablation for multifocal hepatocellular carcinomas: long-term follow-up results and prognostic factors[END_REF][START_REF] Kornprat | Role of intraoperative thermoablation combined with resection in the treatment of hepatic metastasis from colorectal cancer[END_REF] on the feasibility of this treatment approach with limited complications and increased survival. Table 2 provides an overview of reports on such a combined treatment. The total population encompassed accounts for 631 patients. Approximately one third of the publications consist of case reports; only two reports on larger series (> 100 patients) are available. The patient population in ten of the 15 reports included patients with predominantly metastastic, mostly colorectal liver disease with an assumed normal liver function. In contrary, our patient groups included not only metastatic liver tumors with normal liver function, but also primary liver tumors (HCC and CCC). Seven out of a total of ten patients with HCC presented with liver cirrhosis. Two of these patients had an advanced liver disease (stage B according to the Child-Pugh-classification).

Only limited resections were performed in this group of patients. However, in two of the five patients with Child A cirrhosis, a left sided hemihepatectomy was performed in combination with RFA for a tumor in the remaining right liver lobe. Resection of tumors in cirrhotic livers is an established approach [START_REF] Yanaga | Current status of hepatic resection for hepatocellular carcinoma[END_REF]. RFA in cirrhotic livers has also been described by several authors [START_REF] Santambrogio | Radiofrequency of hepatocellular carcinoma in patients with liver cirrhosis: a critical appraisal of the laparoscopic approach[END_REF]. The combination of both resection and RFA for HCC in cirrhotic livers may have an increased risk of postoperative liver failure. However, there was no such postoperative deterioration of liver function in the presented series. In contrary, even the postoperative hospital stay seems to be shorter or at least comparable to non-cirrhotic patients in this subgroup of patients. A present report on a single center experience with simultaneous resection and RFA for HCC by Kim et al. [START_REF] Kim | Intraoperative radiofrequency ablation for hepatocellular carcinoma: longterm results in a large series[END_REF] confirms data provided by Choi et al. [START_REF] Choi | Combined hepatectomy and radiofrequency ablation for multifocal hepatocellular carcinomas: long-term follow-up results and prognostic factors[END_REF], who found a 3 and 5 year-survival of 73% and 47%, respectively, compared to a similar rate of complications and a slightly better survival (80% for 3 years and 55% for 5 years) [START_REF] Kim | Intraoperative radiofrequency ablation for hepatocellular carcinoma: longterm results in a large series[END_REF]. In contrast, Raut et al. [START_REF] Raut | Significant long-term survival after radiofrequency ablation of unresectable hepatocellular carcinoma in patients with cirrhosis[END_REF] report on inferior survival rates (45% for 3 and 5 years) and more complications compared to the Korean experience [START_REF] Choi | Combined hepatectomy and radiofrequency ablation for multifocal hepatocellular carcinomas: long-term follow-up results and prognostic factors[END_REF]. Our own data approach those figures (survival 50% after 3 years for HCC patients only, see fig. 1). However, liver transplantation (LTX) for HCC reveals a better long-term survival of up to 71% after 5 years [START_REF] Jonas | Vascular invasion and histopathologic grading determine outcome after liver transplantation for hepatocellular carcinoma in cirrhosis[END_REF], if appropriate selection criteria are adopted.

CCC is generally not a good indication for LTX, however, there is a highly selective group in which LTX may be superior to other therapies [START_REF] Pascher | Intrahepatic cholangiocarcinoma: indication for transplantation[END_REF]. In conclusion, after 

Complications

Similar to reports in the literature [START_REF] Elias | Hepatectomy plus intraoperative radiofrequency ablation and chemotherapy to treat technically unresectable multiple colorectal liver metastases[END_REF][START_REF] Elias | Usefulness of intraoperative radiofrequency thermoablation of liver tumours associated or not with hepatectomy[END_REF][START_REF] Oshowo | Radiofrequency ablation extends the scope of surgery in colorectal liver metastases[END_REF][START_REF] Pawlik | Combined resection and radiofrequency ablation for advanced hepatic malignancies: results in 172 patients[END_REF][START_REF] Evrard | Surgical treatment of liver metastases by radiofrequency ablation, resection, or in combination[END_REF][START_REF] Tepel | Intraoperative radiofrequency ablation (RFA) for irresectable liver malignancies[END_REF][START_REF] Abdalla | Recurrence and outcomes following hepatic resection, radiofrequency ablation, and combined resection/ablation for colorectal liver metastases[END_REF][START_REF] Raut | Significant long-term survival after radiofrequency ablation of unresectable hepatocellular carcinoma in patients with cirrhosis[END_REF][START_REF] Fioole | Combining partial liver resection and local ablation of liver tumours: a preliminary Dutch experience[END_REF][START_REF] Choi | Combined hepatectomy and radiofrequency ablation for multifocal hepatocellular carcinomas: long-term follow-up results and prognostic factors[END_REF][START_REF] Kim | Intraoperative radiofrequency ablation for hepatocellular carcinoma: longterm results in a large series[END_REF], a considerable rate of complications ranging from 10 to 33% was observed in our experience. However, no postoperative liver failure was observed. Notably, neither heat injury of adjacent organs nor intrahepatic abscess formation, or biliary duct damage, occurred in the presented series, which indicates, that intraoperative RFA can be performed safely and without adding intolerable risk to the patient. Frequent complications were biliary leakages inherent in hepatic resection. Most of them could be managed by endoscopic interventions, and were eventually treated successfully. No death occurred.

Liver metastases

Liver resection for colorectal metastases seems to provide a five-year survival of 25 to 40%. Neoadjuvant chemotherapy may even improve resectability. Thirteen to sixteen percent of unresectable patients could be rendered resectable. The most important factor is to achieve a tumor-free status after resection. Liver resection of metastases from other primary tumors such as breast, stomach, pancreas, melanoma, or others has to be decided individually, if extrahepatic tumor is disclosed. The effectiveness of RFA versus liver resection for colorectal liver metastases has been previously shown already [START_REF] Abdalla | Recurrence and outcomes following hepatic resection, radiofrequency ablation, and combined resection/ablation for colorectal liver metastases[END_REF]. Compared to RFA, liver resection appears to lead to prolonged overall survival. Thus, open surgery and subsequent liver resection should be performed whenever possible, which can then be combined with RFA during the same procedure if necessary. In such a setting RFA can be performed safely and efficiently without loss of large parts of functional liver parenchyma. Moreover, RFA during laparotomy causes significantly better longterm tumor control than laparoscopic or percutaneous RFA, because of a more precise placement of the RFA electrode [START_REF] Eisele | Open surgical is superior to percutaneous access for radiofrequency ablation of hepatic metastases[END_REF]. The result is an expected better local tumor control [START_REF] Eisele | Open surgical is superior to percutaneous access for radiofrequency ablation of hepatic metastases[END_REF]. The comparably high local recurrence rate of 27% on a per-tumor basis in the presented series is partly explained by the presence of large nodules (≥ 3 cm, n = 7 [approximately one third of all RF-ablated nodules]) treated with RFA.

Tumor size exceeding 3 cm is known to be a significant risk factor for increased local
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recurrence rates [START_REF] Kuvshinoff | Radiofrequency ablation of liver tumors: influence of technique and tumor size[END_REF]. Furthermore, propensity score methods applied by Gleisner et al. demonstrated, that a poor survival following combined resection and RFA may be the result of different tumor biologic profiles rather than inappropriate treatment strategies including RFA [START_REF] Gleisner | Colorectal liver metastasesrecurrence and survival following hepatic resection, radiofrequency ablation, and combined resection-radiofrequency ablation[END_REF]. With a multimodal approach including (major and minor) hepatic resection, RFA and chemotherapy, a median survival of 36 months could be achieved in technically irresectable patients with colorectal liver metastases [START_REF] Elias | Hepatectomy plus intraoperative radiofrequency ablation and chemotherapy to treat technically unresectable multiple colorectal liver metastases[END_REF]. This figure doubles the survival of any other treatment modality in this group of patients. Our results confirm these data regarding the low rate of complications; median overall survival was slightly inferior with 26 months in a mixed population with various indications. However, in selected cases, intraoperatively found irresectability can be converted into an operable condition using RFA additionally to hepatic resections.
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  (n=1) or neuroendocrine disorders (n=1). All patients presented with bifocal (n=6) or multilocular tumor disease (n=16). While patients with metastases and CCC had no liver cirrhosis, seven out of ten patients with HCC suffered from Child A (n=5) or Child B (n=2) cirrhosis. Three patients with HCC had no cirrhosis. Four patients had received chemotherapy prior to the combined surgical procedure. Procedures The largest resection was a hemihepatectomy in eight patients. No extended resection was performed in combination with RFA. Other resections included left lateral bisegmentectomies (n=6) or atypical resections (n=18, sum beyond 22 due to procedures including various types of resections [n=5]). RFA was performed to ablate one (n=18) or two (n=4) nodules. Tumor size of ablated nodules ranged from 1.0 to 4.2 cm in diameter. Seven RF-ablated tumors had a diameter of 3 cm or were larger. Complications According to the classification of Clavien, the majority of the complications were classified as grade I. Four patients underwent endoscopic treatment of biliary leakage as a grade III complication with uneventful further clinical course. Two grade IV complications occurred: One patient needed temporary hemodialysis for acute renal failure due to formation of ascites, and the other spent 142 days in the hospital, among them 81 in the intensive care unit, for septic complications. No grade V complication, i.e. death of the patient, occurred. Patients were dismissed after an average hospital stay of 23 days. Patients with liver cirrhosis did not stay significantly longer than the average; in contrary, their hospital stay tended towards a shorter duration (15 days, p=0.581 [Mann-Whitney-U-test]).

  thorough patient selection and correct preoperative staging, an individual decision for this approach may lead to the indication for a combined treatment.
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