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Debulking surgery for colorectal liver metastases: foolish or chance?
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Even with the recent advances of surgical techniques and systemic therapies, we are often facing patients with multinodular bilateral disease for whom neither R0 nor R1 resection appears possible to perform. For such extensive cases, the tumor debulking approaches might provide a survival benefit, provided that an objective tumor response is obtained with chemotherapy. Here, we review all the arguments which may defend this strategy and propose some recommendations.

INTRODUCTION

The curative resection is the best treatment of colorectal liver metastases (CRLM) as the only one able to provide a long term survival and a possibility of cure [START_REF] Stangl | Factors influencing the natural history of colorectal liver metastases[END_REF][START_REF] Adam | Patients with initially unresectable colorectal liver metastases: is there a possibility of cure?[END_REF] . During the last decades, the indications for liver surgery have dramatically enlarged, owing to the progress of liver surgery, to the emergence of new techniques able to increase the future liver remnant (e.g., portal vein embolization, two-stage hepatectomy [TSH], and associating liver partition and portal vein ligation for staged hepatectomy [ALPPS]...), to the increased efficacy of chemotherapy, and to the decreased mortality and morbidity of liver surgery [START_REF] Makuuchi | Preoperative portal embolization to increase safety of major hepatectomy for hilar bile duct carcinoma: a preliminary report[END_REF][START_REF] Adam | Two-stage hepatectomy: A planned strategy to treat irresectable liver tumors[END_REF][START_REF] Schnitzbauer | Right portal vein ligation combined with in situ splitting induces rapid left lateral liver lobe hypertrophy enabling 2-staged extended right hepatic resection in small-for-size settings[END_REF] . Accordingly, the selection criteria for resection of CRLM have significantly changed, becoming less stringent for the number and size of metastases, for the presence of extrahepatic disease (EHD), for the limits of patient age, and for the resection margins [START_REF] Adam | The oncosurgery approach to managing liver metastases from colorectal cancer: a multidisciplinary international consensus[END_REF][START_REF] Adam | Multidisciplinary approach of liver metastases from colorectal cancer[END_REF] . This latter criterion is illustrative of this evolution, showing that from the rule of « R0 resection or nothing » we have come to a growing acceptance of R1 resection first by necessity [START_REF] De Haas | R1 resection by necessity for colorectal liver metastases: is it still a contraindication to surgery?[END_REF] , then for patients responding well to chemotherapy [START_REF] Andreou | Margin status remains an important determinant of survival after surgical resection of colorectal liver metastases in the era of modern chemotherapy[END_REF] , and finally for R1 vascular [START_REF] Vigano | Is Tumor Detachment from Vascular Structures Equivalent to R0 Resection in Surgery for Colorectal Liver Metastases? An Observational Cohort[END_REF] . The explanation of this evolution probably relies on the fact that removal of metastases is the best way to delay the progression of the metastatic disease although liver surgery, whichever its modality continues to be faced with a high rate of recurrence.

Pushing forward the reassignment of the role of surgery in the current era of very efficient chemotherapy, we may question the role of resection even in the case of patients with multinodular bilateral disease for whom not only R0 resection appears impossible to perform, but R1 resection if any, would be unable to remove the totality of the initial tumor load. This is especially the case for patients with ≥ 15-20 metastases involving all the segments, for whom no technique of liver surgery enables them to ensure complete resection. In such patients, liver transplantation is becoming now a promising treatment possibility although still under scrutiny [START_REF] Muhlbacher | Is orthotopic liver transplantation a feasible treatment for secondary cancer of the liver?[END_REF][START_REF] Foss | Liver transplantation for colorectal liver metastases: revisiting the concept[END_REF][START_REF] Moris | Liver transplantation for unresectable colorectal liver metastases: A systematic review[END_REF] . However, for those patients unable to be transplanted (e.g., age ≥ 65 years, limited EHD, LT not available...) but responding very well to chemotherapy, the debulking surgery merits to be explored.

In this paper, we review all the arguments which may defend such a strategy and propose some recommendations.

Results of Debulking-like liver surgery

The concept of potentially curative surgery means that all the tumors might be resected with as much as possible, a resection margin. However, despite the efforts of hepatic surgeons to follow these recommendations, the risk of recurrence still remains relatively high, around 60-70% as an average [START_REF] Adam | Patients with initially unresectable colorectal liver metastases: is there a possibility of cure?[END_REF][START_REF] Jones | Repeat hepatectomy for metastatic colorectal cancer is safe but marginally effective[END_REF][START_REF] Adam | Rescue surgery for unresectable colorectal liver metastases downstaged by chemotherapy: a model to predict long-term survival[END_REF] . Accordingly, what is defined as curative surgery, unfortunately, often leads to a « palliative » result, even if a new strategy of repeat hepatectomy with or without effective chemotherapy could be attempted again, to reach the objective of « curability ».

In addition, the eligibility criteria to propose surgery have been significantly enlarged mainly in relation to the number of metastases, and one of our recent reports concerning the resection of patients with ten metastases or more are closer to "debulking" rather than to "curative" surgery. Although resecting all the visible metastases in those patients, one could assume that other smaller undetectable lesions could exist. Nevertheless, a 5-year survival of 30% could be obtained [START_REF] Allard | Long-term outcomes of patients with 10 or more colorectal liver metastases[END_REF] . In line with these results, the CLOCC randomized trial on patients with up to 10 metastases, comparing chemotherapy combined with radiofrequency to chemotherapy alone, has been able to show a significant gain in survival (35.9% vs.

8.9% at 8 years) [START_REF] Ruers | Radiofrequency ablation combined with systemic treatment versus systemic treatment alone in patients with nonresectable colorectal liver metastases: a randomized EORTC Intergroup phase II study (EORTC 40004)[END_REF] . Li et al. also showed that the addition of radiofrequency to systemic chemotherapy plus hepatic artery infusion of floxuridine improves the survival of patients with both unresectable hepatic and pulmonary metastases from colorectal cancer (CRC) (37% vs. 19% at 5 years) [START_REF] Li | Debulking treatment with CT-guided percutaneous radiofrequency ablation and hepatic artery infusion of floxuridine improves survival of patients with unresectable pulmonary and hepatic metastases of colorectal cancer[END_REF] . These studies suggested that even in a « palliative » setting, a local treatment like radiofrequency could be useful to prolonge the patient survival. As well, the 5-year survival of patients for whom the surgical team recognized to have performed R2 resection in the collective cohort of LiverMetSurvey was 22%, a result which compares favorably with the traditional rates obtained with chemotherapy alone. Therefore, in the present era of effective chemotherapy, local treatment of metastases by surgery or radiofrequency may be useful to prolong patient survival even in the context of multinodular disease.

Arguments

Resection of ≥ 10 CRLM provides up to 30% 5-year survival

The addition of radiofrequency to chemotherapy gives a better outcome than chemotherapy alone in patients with unresectable metastases Survival after incomplete Resection (R2) is not nil (22% at 5 years)

The outcome of « unexpected » hepatectomies

Over the last few decades, thanks to the advents of more effective chemotherapy, a number of patients with initially unresectable CRLM can get tumor downsizing by using various chemotherapy regimens and can become resectable. It has been shown that patients switched to resectability by chemotherapy have a 33% 5-year survival and a 23% 10-year survival rate after surgery, which is a little bit lower than that of patients with resectable CRLM, but significantly higher than patients without surgery [START_REF] Adam | Rescue surgery for unresectable colorectal liver metastases downstaged by chemotherapy: a model to predict long-term survival[END_REF] . The LiverMetSurvey has confirmed that the 5-year survival rate was 32% for around 4000 patients initially unresectable switched to resectability, thanks to an effective chemotherapy [START_REF] Livermetsurvey | .livermetsurvey-arcad[END_REF] . In addition, some patients with "definitively unresectable" CRLM like bilobar multinodular or massive metastases also could convert to resectable by a dramatic response to chemotherapy; these cases are called "unexpected hepatectomies". Although in the past, such patients were considered as a definitive contraindication for surgery, selected patients received surgical treatment with good outcomes. And, such "unexpected hepatectomies" are increasingly performed, sharing the concept of so-called cytoreductive surgery. This dramatic enlargement of the indications for liver surgery against extensive CRLM through effective chemotherapy may be able to justify the use of debulking surgery combined with systemic chemotherapy.

Argument

Resection of "definitively unresectable" CRLM after a huge response to chemotherapy is increasingly performed, and is close to so-called cytoreductive surgery.

Resection of CRLM in the presence of unresectable extrahepatic secondaries

In the past, the presence of concomitant EHD was considered as a contraindication to hepatic resection for CRLM because large series published before 1990 showed very unfavorable results [START_REF]Resection of the liver for colorectal carcinoma metastases: a multi-institutional study of indications for resection. Registry of Hepatic Metastases[END_REF][START_REF] Ekberg | Determinants of survival in liver resection for colorectal secondaries[END_REF] . However, over the last 20 years, many series have reported interesting results of long-term survival after resection of liver metastases and concurrent EHD. Patients with CRLM, who have only lung metastases as a site of EHD, have a particularly good outcome after complete metastasectomy of both liver and lung disease, and their 5-year survival rates have ranged from 22% to 50% [START_REF] Adam | Accomplishments in 2008 in the management of curable metastatic colorectal cancer[END_REF][START_REF] Pfannschmidt | Surgical resection of pulmonary metastases from colorectal cancer: a systematic review of published series[END_REF] . After reasonable success of multimodality treatment for isolated liver and lung metastases, EHD with concurrent liver metastases can be resected to yield good survival outcomes in well selected patients [START_REF] Elias | Hepatic and extrahepatic colorectal metastases: when resectable, their localization does not matter, but their total number has a prognostic effect[END_REF][START_REF] De Haas | Resection of colorectal liver metastases with extrahepatic disease[END_REF][START_REF] Carpizo | Liver resection for metastatic colorectal cancer in patients with concurrent extrahepatic disease: results in 127 patients treated at a single center[END_REF][START_REF] Hwang | Systematic review of outcomes of patients undergoing resection for colorectal liver metastases in the setting of extra hepatic disease[END_REF][START_REF] Imai | Potential of a cure in patients with colorectal liver metastases and concomitant extrahepatic disease[END_REF][START_REF] Leung | Colorectal Cancer Liver Metastases and Concurrent Extrahepatic Disease Treated With Resection[END_REF] . Thus, the presence of concomitant EHD should no longer be considered a definitive contraindication to surgical resection when resectable.

On the other hand, some patients with concomitant EHD could not undergo surgical resection of EHD because of the extent or multinodularity of metastases. This is particularly true for lung metastases. Mise et al. showed that the complete resection of CRLM without resection of synchronous lung metastases was associated with an intermediate survival between that of patients treated with wholly palliative and those with wholly curative intent. The 5-year survival OS rates of patients with CRLM resection only, were better than those of patients treated with chemotherapy alone (13.1% vs. 1.6 %; p<0.01), and of course worse than those of patients with resection of both liver and lung metastases (56.9 %; p<0.01) [START_REF] Mise | Is complete liver resection without resection of synchronous lung metastases justified?[END_REF] . As well, the 5-year survival of patients with complete resection of CRLM without resection of synchronous lung metastases in the collective cohort of LiverMetSurvey was also 14.3% [START_REF] Andres | Surgical management of patients with colorectal cancer and simultaneous liver and lung metastases[END_REF] . Furthermore, in the same cohort, the wholly curative surgery for CRLM was better than the non-wholly curative surgery, but 5-year and 10-year survival rates could achieve 25% and 12%, respectively. Therefore, in the context of a non-wholly curative surgical strategy, liver resection could be performed, allowing more favorable outcomes than no liver resection, provided that the metastatic disease is well controlled by chemotherapy.

Arguments

Resection of CLM in the presence of unresected lung metastases is associated with a better outcome than no liver resection Liver resection could be performed even in the context of a non-wholly curative surgical strategy, provided that the metastatic disease is well controlled by chemotherapy

The lessons of the relationship between response to chemotherapy and patient survival

The improvement of systemic chemotherapy and the addition of targeted therapy in recent years has dramatically improved the prognosis of patients with metastatic CRC. Buyse et al. showed that tumor response has a major prognostic effect on the survival of patients with advanced CRC (Median survival; Complete response vs. Partial response vs. Stable disease vs. Progression = 29 vs. 18 vs. 14 vs. 7 months, P<0.0001) [START_REF] Buyse | Relation between tumour response to first-line chemotherapy and survival in advanced colorectal cancer: a meta-analysis[END_REF] . Furthermore, in the CRYSTAL, OPUS, and TRIBE trials, the early tumor shrinkage and the depth of response were significantly associated with better prognosis in patients treated by systemic chemotherapy plus targeted therapy [START_REF] Cremolini | Early tumor shrinkage and depth of response predict long-term outcome in metastatic colorectal cancer patients treated with first-line chemotherapy plus bevacizumab: results from phase III TRIBE trial by the Gruppo Oncologico del Nord Ovest[END_REF][START_REF] Piessevaux | use of early tumor shrinkage to predict long-term outcome in metastatic colorectal cancer treated with cetuximab[END_REF] .

From these previous studies concerning patients with unresectable CRLM, although the best achievement to improve the prognosis was a complete response, the cytoreduction or partial response with systemic therapy could also provide a substantial survival benefit to these patients. Therefore, we hypothesize that, within the concept of cytoreduction, debulking surgery could mimic a strong partial response or even a complete response to systemic therapy, a situation known to be associated with improved survival in several studies.

Argument

The debulking surgery could mimic a strong partial response or even a complete response to systemic therapy, a situation known to be associated with improved survival in several studies

The other tumoral models for which debulking surgery is validated

At present, the most common indication of debulking surgery may be advanced ovarian carcinoma (OC). In 1935, Meigs et al. first proposed the concept of the debulking surgery, in which as many tumors as possible should be removed to enhance the effect of postoperative radiation therapy [START_REF] Meigs | Tumors of the female pelvic organs[END_REF] . In 1975, Griffiths et al.

published a landmark study that first demonstrated conclusively an inverse relationship between the maximal residual tumor diameter and patient survival [START_REF] Griffiths | Surgical resection of tumor bulk in the primary treatment of ovarian carcinoma[END_REF] .

And then, from more than four decades, primary debulking surgery combined with systemic chemotherapies has been a principal component in the treatment of advanced OC [START_REF] Hacker | Primary cytoreductive surgery for epithelial ovarian cancer[END_REF] . Many reports showed that survival rates were strongly correlated with lower residual disease, although no residual tumor could provide the longest survival [START_REF] Aletti | Aggressive surgical effort and improved survival in advanced-stage ovarian cancer[END_REF][START_REF] Wallace | Efforts at maximal cytoreduction improve survival in ovarian cancer patients, even when complete gross resection is not feasible[END_REF] . It was argued that these good results of debulking surgery for advanced OC could be achieved owing to the high sensitivity of this cancer to systemic chemotherapy [START_REF] Gurung | Molecular abnormalities in ovarian carcinoma: clinical, morphological and therapeutic correlates[END_REF] .

In line with this, debulking surgery among patients with neuroendocrine liver metastases (NELM) has also been widely accepted. A previous study compared the results of debulking surgery to that of hepatic artery embolization, which induced ischemic injury in tumor cells and palliated symptoms in as many as 90% of patients.

The debulking surgery for NELM resulted in better overall survival than embolization therapy (Mean: 32±18.9 vs. 24±15.8 months, P<0.001) [START_REF] Osborne | Improved outcome with cytoreduction versus embolization for symptomatic hepatic metastases of carcinoid and neuroendocrine tumors[END_REF] . Another study showed that nearly two-thirds of patients achieved 70% cytoreduction, and 84% had concurrent resection of their primary. If patients achieved 70% cytoreduction of NELM, they could enjoy improved progression-free survival and overall survival (5-year survival > 70%) [START_REF] Maxwell | Liver-directed surgery of neuroendocrine metastases: What is the optimal strategy?[END_REF] . Actually, as many as 60% of patients with neuroendocrine tumors will present with disseminated disease [START_REF] Chambers | The palliative benefit of aggressive surgical intervention for both hepatic and mesenteric metastases from neuroendocrine tumors[END_REF] . These tumors metastasize commonly to the liver, and the most common cause of death in these patients is liver failure secondary to replacement by tumor [START_REF] Boudreaux | The NANETS consensus guideline for the diagnosis and management of neuroendocrine tumors: welldifferentiated neuroendocrine tumors of the Jejunum, Ileum, Appendix, and Cecum[END_REF] . Most of the neuroendocrine tumors are usually slow growing and not as aggressive as another type of gastrointestinal cancers [START_REF] Kondo | Practical management and treatment of pancreatic neuroendocrine tumors[END_REF] .

Therefore, the debulking surgery for NELM obtained a reasonable endpoint in which both symptoms and survival could be improved.

As well, the CRC has now very high sensitivity to systemic chemotherapy, the liver is the most common site of metastases, and around 80% of patients with CRLM are found to be unresectable at the time of diagnosis [START_REF] Adam | Rescue surgery for unresectable colorectal liver metastases downstaged by chemotherapy: a model to predict long-term survival[END_REF] . Despite the substantial advances in the systemic treatment of CRLM, many patients are still unresectable or not expected to achieve curative resection. However, some patients well responding to chemotherapy might benefit from the debulking surgery because the increased efficacy of systemic treatment of CRLM is rendering it closer to OC or NELM.

Arguments

The debulking surgery is already validated for OC and NELM Their survival rates after debulking surgery are strongly correlated with lower residual disease

The increased efficacy of systemic treatment of CRLM is rendering it closer to OC or NELM

Debulking surgery for CRLM: first experiences and practical proposals

To the best of our knowledge, there is no study showing the efficacy of the debulking surgery for CRLM. However, Tanaka et al. hypothesized that early liver recurrence after surgery (within 3 or 4 months), especially if detected at the time of the first follow-up imaging, frequently concerned metastases left behind during liver resection. Accordingly, they defined these cases as patients who had undergone a debulking hepatectomy (22/77 cases, 29%), and later recurrence as de novo recurrence (55/77 cases, 71%). The overall survival rate did not differ between the early-and the later-recurrence groups for patients with bilobar and at least four metastases (5-year survival rates; 39.0% vs. 42.3%, P=0.129). They concluded that the assumed debulking surgery for multiple bilobar CRLM might represent a treatment strategy with a potential survival benefit, especially when initial metastases respond well to preoperative chemotherapy [START_REF] Tanaka | Maximal debulking liver resection as a beneficial treatment strategy for advanced and aggressive colorectal liver metastases[END_REF] .

How will we apply the concept of the debulking surgery for CRLM to clinical practice? First, the suitable cohort undergoing this kind of treatment would be patients with multinodular CRLM who 1) have responded well to chemotherapy, 2) are unresectable by one-stage surgery, and 3) are not suitable for TSH or ALPPS.

Second, the optimal debulking target rate for CRLM is unclear because previous literature is extremely limited. Even for NELM, although each study had used different debulking target rates (70 -99%), recently, the use of a 70% debulking target could obtain favorable long-term outcomes [START_REF] Maxwell | Liver-directed surgery of neuroendocrine metastases: What is the optimal strategy?[END_REF][START_REF] Chambers | The palliative benefit of aggressive surgical intervention for both hepatic and mesenteric metastases from neuroendocrine tumors[END_REF][START_REF] Graff-Baker | Expanded criteria for carcinoid liver debulking: Maintaining survival and increasing the number of eligible patients[END_REF] . In the context of liver debulking surgery for CRLM, at least 90% debulking target would be needed in our view to improve patients' prognosis. Third, in terms of the surgical procedure of debulking surgery, parenchymal-sparing debulking (PSD) procedures, including ablation, enucleation, and wedge resections, are recommended. Because the hepatic cytoreduction is primarily palliative, the adoption of PSD procedures accepts the inevitability of recurrence but benefits the patient by minimizing the amount of healthy liver tissue removed or damaged during the operation. The previous series about the debulking surgery with PSD procedures for NELM showed the acceptable morbidity and mortality rates (13% and 0%, respectively), in which there were no bile duct injuries or hepatic abscesses [START_REF] Maxwell | Liver-directed surgery of neuroendocrine metastases: What is the optimal strategy?[END_REF][START_REF] Chambers | The palliative benefit of aggressive surgical intervention for both hepatic and mesenteric metastases from neuroendocrine tumors[END_REF][START_REF] Graff-Baker | Expanded criteria for carcinoid liver debulking: Maintaining survival and increasing the number of eligible patients[END_REF] .

Arguments

The optimal patients with CRLM undergoing the debulking surgery are those who 1) responded well to chemotherapy, 2) are unresectable by one-stage surgery, and 3) are not suitable for TSH or ALPPS A proposal for an optimal debulking target rate for CRLM might be at least 90% of the tumor load to improve patients' prognosis The optimal technique for liver debulking surgery might be parenchymal-sparing hepatectomy, optionally combined with ablative procedures CONCLUSION At present, there is no evidence documenting the efficacy and the definitions (e.g., optimal patients and optimal debulking target rate) of debulking surgery for CRLM, since previous literature about this procedure is extremely limited. However, converging data suggest a potential benefit of a tumor debulking approach for patients with unresectable multinodular CRLM. The most crucial aspects of the decision for debulking surgery in patients with CRLM are the case-by-case evaluation by a multidisciplinary expert team to well select suitable patients, and the concomitant use of an efficient systemic perioperative chemotherapy. The results of ongoing trials are likely to provide substantial evidence of the debulking surgery for CRLM, and this approach should be a new therapeutic option for patients with unresectable multinodular CRLM to improve not only their prognosis but also their quality-of-life.