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Abstract
BACKGROUND 
Colorectal cancer is the third most common cancer in men and the second most common in women worldwide. Almost a third of the patients has or will develop liver metastases. Neoadjuvant chemotherapy (NAC) has recently become nearly systematic prior to surgery of colorectal livers metastases (CRLMs). The response to NAC is evaluated by radiological imaging according to morphological criteria. More recently, the response to NAC has been evaluated based on histological criteria of the resected specimen. The most often used score is the tumor regression grade (TRG), which considers the necrosis, the fibrosis, and the number of viable tumor cells. 
AIM
To analyze the predictive factors of the histological response, according to the TRG, on CRLMs surgery performed after NAC. 
METHODS
From January 2006 to December 2013, 150 patients who had undergone surgery for CRLMs after NAC were included. The patients were separated in two groups based on their histological response according to Rubbia-Brandt TRG. Based on their TRG, each patient was either assigned to the responder (R) group (TRG 1, 2, and 3) or to the non-responder (NR) group (TRG 4 and 5). All of the histology slides were re-evaluated in a blind manner by the same specialized pathologist. Univariate and multivariate analysis were performed.
RESULTS
74 patients were classified as responders and 76 as non-responders. The postoperative mortality was 0.7%, with a complication rate of 38%. The multivariate analysis identified five predictive factors of histological response. Three were predictive of non-response (NR): More than 7 NAC sessions, the absence of a radiological response after NAC, and a repeat hepatectomy (P < 0.005). Two were predictive of a good response (R): A rectal origin of the primary tumor and a liver-first strategy (P < 0.005). The overall survival was 57% at 3 yr and 36% at 5 yr. The disease-free survivals (DFS) were 14% at 3 yr and 11% at 5 yr. The factors contributing to a poor prognosis for the DFS were: No histological response after NAC, largest metastasis > 3 cm, more than 3 preoperative metastases, R1 resection, and the use of a targeted therapy with the NAC (P < 0.005).
CONCLUSION 
A non-radiological response and a number of sessions of NAC > 7 are the two most pertinent predictive factors of non-histological response (TRG 4 or 5).
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Core tip: In this study we analyzed the histological response of colorectal liver metastasis of 74 responders and 76 non-responders after neoadjuvant chemotherapy and identified that the absence of a radiological response and extended neoadjuvant chemotherapy, comprising more than seven treatment sessions, are the two most pertinent predictive factors of non-histological response. This study has also confirmed that the histological response of colorectal liver metastases after neoadjuvant chemotherapy has an influence on survival and hence warrants being considered. However, this influence on overall survival was lacking in cases of particularly aggressive disease with microscopic vascular invasion on the histological analysis.
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INTRODUCTION
Colorectal cancer is the third most common cancer in men and the second most common in women worldwide[1-6]. Almost a third of the patients have or will develop colorectal liver metastases (CRLMs)[2,7,8] ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"IYjUkQ7P","properties":{"formattedCitation":"\\super [2,7,8]\\nosupersub{}","plainCitation":"","noteIndex":0},"citationItems":[{"id":"jK7A4ffc/ISwsI0wG","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/B84N6GA7"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/B84N6GA7"],"itemData":{"id":71,"type":"article-journal","title":"Treatment of colorectal liver metastases","container-title":"World Journal of Surgical Oncology","page":"154","volume":"9","source":"PubMed","abstract":"Colorectal cancer (CRC) is the third most common cancer in the word. Liver metastasis is the most common site of colorectal metastases. The prognosis of resectable colorectal liver metastases (CRLM) was improved in the recent years with the consideration of chemotherapy and surgical resection as part of the multidisciplinary management of the disease; the current 5-year survival rates after resection of liver metastases are 25% to 40%. Resectable synchronous or metachronous liver metastases should be treated with perioperative chemotherapy based on three months of FOLFOX4 (5-fluorouracil [5FU], folinic acid [LV], and oxaliplatin) chemotherapy before surgery and three months after surgery. In the case of primary surgery, pseudo-adjuvant chemotherapy for 6 months, based on 5FU/LV, FOLFOX4, XELOX (capecitabine and oxaliplatin) or FOLFIRI (5FU/LV and irinotecan), should be indicated. In potentially resectable disease, primary chemotherapy based on more intensive regimens such as FOLFIRINOX (5FU/LV, irinotecan and oxaliplatin) should be considered to enhance the chance of cure. The palliative chemotherapy based on FOLFIRI, or FOLFOX4/XELOX with or without targeted therapies, is the mainstay treatment of unresectable disease. This review would provide additional insight into the problem of optimal integration of chemotherapy and surgery in the management of CRLM.","DOI":"10.1186/1477-7819-9-154","ISSN":"1477-7819","note":"PMID: 22115124\nPMCID: PMC3251538","journalAbbreviation":"World J Surg Oncol","language":"eng","author":[{"family":"Ismaili","given":"Nabil"}],"issued":{"date-parts":[["2011",11,24]]}},"label":"page"},{"id":"jK7A4ffc/jxh4lxtK","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/EV52B5ZN"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/EV52B5ZN"],"itemData":{"id":100,"type":"article-journal","title":"Epidemiology and management of liver metastases from colorectal cancer","container-title":"Annals of Surgery","page":"254-259","volume":"244","issue":"2","source":"PubMed","abstract":"OBJECTIVE/BACKGROUND: Little is known about the epidemiology and the management of liver metastases from colorectal cancer at a population level. The aim of this population-based study was to report on the incidence, treatment, and prognosis of synchronous and metachronous liver metastases.\nMETHODS: Data were obtained from the population-based cancer registry of Burgundy (France).\nRESULTS: The proportion of patients with synchronous liver metastases was 14.5%. Age-standardized incidence rates were 7.6 per 100,000 in males, 3.7 per 100,000 in females. The 5-year cumulative metachronous liver metastasis rate was 14.5%. It was 3.7% for TNM stage I tumors, 13.3% for stage II, and 30.4% for stage III (P < 0.001). The risk of liver metastasis was also associated to gross features. Resection for cure was performed in 6.3% of synchronous liver metastases and 16.9% of metachronous liver metastases. Age, presence of another site of recurrence, and period of diagnosis were independent factors associated with the performance of a resection for cure. The 1- and 5-year survival rates were 34.8% and 3.3% for synchronous liver metastases. Their corresponding rates were, respectively, 37.6% and 6.1% for metachronous liver metastases.\nCONCLUSION: Liver metastases from colorectal cancer remain a substantial problem. More effective treatments and mass screening represent promising approaches to decrease this problem.","DOI":"10.1097/01.sla.0000217629.94941.cf","ISSN":"0003-4932","note":"PMID: 16858188\nPMCID: PMC1602156","journalAbbreviation":"Ann. Surg.","language":"eng","author":[{"family":"Manfredi","given":"Sylvain"},{"family":"Lepage","given":"Côme"},{"family":"Hatem","given":"Cyril"},{"family":"Coatmeur","given":"Olivier"},{"family":"Faivre","given":"Jean"},{"family":"Bouvier","given":"Anne-Marie"}],"issued":{"date-parts":[["2006",8]]}},"label":"page"},{"id":"jK7A4ffc/inGP5OBE","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/UFVNTX6C"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/UFVNTX6C"],"itemData":{"id":313,"type":"article-journal","title":"A population-based study of the incidence, management and prognosis of hepatic metastases from colorectal cancer","container-title":"The British Journal of Surgery","page":"465-474","volume":"93","issue":"4","source":"PubMed","abstract":"BACKGROUND: The aim of this population-based study was to evaluate the incidence, management and prognosis of patients with hepatic metastases related to colorectal cancer using data from the Digestive Cancer Registry of Calvados, France.\nMETHODS: Of 1325 patients with colorectal cancer registered between January 1994 and December 1999, 358 developed hepatic metastases. Logistic regression was used to analyse prognostic factors. Survival analysis was carried out with Cox's proportional hazards model.\nRESULTS: Some 18.8 per cent of patients had synchronous metastases, while 29.3 per cent developed metastases at 3 years. Of patients with hepatic metastases, 17.3 per cent had a surgical resection, 40.2 per cent were treated with palliative chemotherapy and 42.5 per cent had symptomatic treatment. Factors associated with receiving symptomatic treatment only were age over 75 years and more than one metastasis, but not place of treatment. Median survival after a diagnosis of hepatic metastases was 10.7 (range 4.6-23.1) months. Significant adverse prognostic factors were: age over 75 years (P = 0.001), lymph node invasion of primary tumour (P = 0.024), bilateral distribution of metastases (P = 0.001), other metastases (P = 0.004) and symptomatic treatment only (P = 0.041).\nCONCLUSION: Despite improvement in treatment for hepatic metastases, age and extent of disease remain limiting factors for surgical resection and palliative chemotherapy.","DOI":"10.1002/bjs.5278","ISSN":"0007-1323","note":"PMID: 16523446","journalAbbreviation":"Br J Surg","language":"eng","author":[{"family":"Leporrier","given":"J."},{"family":"Maurel","given":"J."},{"family":"Chiche","given":"L."},{"family":"Bara","given":"S."},{"family":"Segol","given":"P."},{"family":"Launoy","given":"G."}],"issued":{"date-parts":[["2006",4]]}},"label":"page"}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"} . Only 20% of these patients are amenable to curative treatment by liver resection and/or thermo-ablation[7,9,10] ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"5wdvQKkb","properties":{"formattedCitation":"\\super [7,9,10]\\nosupersub{}","plainCitation":"","noteIndex":0},"citationItems":[{"id":"jK7A4ffc/ISwsI0wG","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/B84N6GA7"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/B84N6GA7"],"itemData":{"id":71,"type":"article-journal","title":"Treatment of colorectal liver metastases","container-title":"World Journal of Surgical Oncology","page":"154","volume":"9","source":"PubMed","abstract":"Colorectal cancer (CRC) is the third most common cancer in the word. Liver metastasis is the most common site of colorectal metastases. The prognosis of resectable colorectal liver metastases (CRLM) was improved in the recent years with the consideration of chemotherapy and surgical resection as part of the multidisciplinary management of the disease; the current 5-year survival rates after resection of liver metastases are 25% to 40%. Resectable synchronous or metachronous liver metastases should be treated with perioperative chemotherapy based on three months of FOLFOX4 (5-fluorouracil [5FU], folinic acid [LV], and oxaliplatin) chemotherapy before surgery and three months after surgery. In the case of primary surgery, pseudo-adjuvant chemotherapy for 6 months, based on 5FU/LV, FOLFOX4, XELOX (capecitabine and oxaliplatin) or FOLFIRI (5FU/LV and irinotecan), should be indicated. In potentially resectable disease, primary chemotherapy based on more intensive regimens such as FOLFIRINOX (5FU/LV, irinotecan and oxaliplatin) should be considered to enhance the chance of cure. The palliative chemotherapy based on FOLFIRI, or FOLFOX4/XELOX with or without targeted therapies, is the mainstay treatment of unresectable disease. This review would provide additional insight into the problem of optimal integration of chemotherapy and surgery in the management of CRLM.","DOI":"10.1186/1477-7819-9-154","ISSN":"1477-7819","note":"PMID: 22115124\nPMCID: PMC3251538","journalAbbreviation":"World J Surg Oncol","language":"eng","author":[{"family":"Ismaili","given":"Nabil"}],"issued":{"date-parts":[["2011",11,24]]}},"label":"page"},{"id":"jK7A4ffc/F3CqhqfU","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/96SVWF49"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/96SVWF49"],"itemData":{"id":136,"type":"article-journal","title":"Synchronous colorectal liver metastasis: a network meta-analysis review comparing classical, combined, and liver-first surgical strategies","container-title":"Journal of Surgical Oncology","page":"341-351","volume":"111","issue":"3","source":"PubMed","abstract":"BACKGROUND: In recent years, the management of synchronous colorectal liver metastasis has changed significantly. Alternative surgical strategies to the classical colorectal-first approach have been proposed. These include the liver-first and combined resections approaches. The objectives of this review were to compare the short- and long-term outcomes for all three approaches.\nMETHODS: A systematic review of comparative studies was performed. Evaluated endpoints included surgical outcomes (5-year overall survival, 30-day mortality, and post-operative complications). Pair-wise and network meta-analysis (NMA) were performed to compare survival outcomes.\nRESULTS: Eighteen studies were included in this review, reporting on 3,605 patients. NMA and pair-wise meta-analysis of the 5-year overall survival did not show significant difference between the three surgical approaches: combined versus colorectal-first, mean odds ratio (OR) 1.02 (95% CI 0.8-1.28, P = 0.93); liver-first versus colorectal-first, mean OR 0.81 (95% CI 0.53-1.26, P = 0.37); liver-first versus combined, mean OR 0.80 (95% CI 0.52-1.24, P = 0.41). In addition NMA of the 30-day mortality among the three approaches also did not observe statistical difference. Analysis of variance showed that mean post-operative complications of all approaches were comparable (P = 0.51).\nCONCLUSION: There are considerable differences in the peri-operative management of synchronous CLM patients. This meta-analysis demonstrated no clear statistical surgical outcome or survival advantage towards any of the three approaches.","DOI":"10.1002/jso.23819","ISSN":"1096-9098","note":"PMID: 25363294","shortTitle":"Synchronous colorectal liver metastasis","journalAbbreviation":"J Surg Oncol","language":"eng","author":[{"family":"Kelly","given":"M. E."},{"family":"Spolverato","given":"G."},{"family":"Lê","given":"G. N."},{"family":"Mavros","given":"M. N."},{"family":"Doyle","given":"F."},{"family":"Pawlik","given":"T. M."},{"family":"Winter","given":"D. C."}],"issued":{"date-parts":[["2015",3]]}},"label":"page"},{"id":"jK7A4ffc/gWLCUQWt","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/AUJDK8NM"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/AUJDK8NM"],"itemData":{"id":42,"type":"article-journal","title":"Adjuvant chemotherapy after potentially curative resection of metastases from colorectal cancer: a pooled analysis of two randomized trials","container-title":"Journal of Clinical Oncology: Official Journal of the American Society of Clinical Oncology","page":"4906-4911","volume":"26","issue":"30","source":"PubMed","abstract":"PURPOSE: Adjuvant systemic chemotherapy administered after surgical resection of colorectal cancer metastases may reduce the risk of recurrence and improve survival, but its benefit has never been demonstrated. Two phase III trials (Fédération Francophone de Cancérologie Digestive [FFCD] Trial 9002 and the European Organisation for Research and Treatment of Cancer/National Cancer Institute of Canada Clinical Trials Group/Gruppo Italiano di Valutazione Interventi in Oncologia [ENG] trial) used a similar design and showed a trend favoring adjuvant chemotherapy, but both had to close prematurely because of slow accrual, thus lacking the statistical power to demonstrate the predefined difference in survival. We report here a pooled analysis based on individual data from these two trials.\nPATIENTS AND METHODS: After complete resection of colorectal liver or lung metastases, patients were randomly assigned to chemotherapy (CT arm; fluorouracil [FU] 400 mg/m(2) administered intravenously [IV] once daily plus dl-leucovorin 200 mg/m(2) [FFCD] x 5 days or FU 370 mg/m(2) plus l-leucovorin 100 mg/m(2) IV x 5 days [ENG] for six cycles at 28-day intervals) or to surgery alone (S arm).\nRESULTS: A total of 278 patients (CT, n = 138; S, n = 140) were included in the pooled analysis. Median progression-free survival was 27.9 months in the CT arm as compared with 18.8 months in the S arm (hazard ratio = 1.32; 95% CI, 1.00 to 1.76; P = .058). Median overall survival was 62.2 months in the CT arm compared with 47.3 months in the S arm (hazard ratio = 1.32; 95% CI, 0.95 to 1.82; P = .095). Adjuvant chemotherapy was independently associated with both progression-free survival and overall survival in multivariable analysis.\nCONCLUSION: This pooled analysis shows a marginal statistical significance in favor of adjuvant chemotherapy with an FU bolus-based regimen after complete resection of colorectal cancer metastases.","DOI":"10.1200/JCO.2008.17.3781","ISSN":"1527-7755","note":"PMID: 18794541","shortTitle":"Adjuvant chemotherapy after potentially curative resection of metastases from colorectal cancer","journalAbbreviation":"J. Clin. Oncol.","language":"eng","author":[{"family":"Mitry","given":"Emmanuel"},{"family":"Fields","given":"Anthony L. A."},{"family":"Bleiberg","given":"Harry"},{"family":"Labianca","given":"Roberto"},{"family":"Portier","given":"Guillaume"},{"family":"Tu","given":"Dongsheng"},{"family":"Nitti","given":"Donato"},{"family":"Torri","given":"Valter"},{"family":"Elias","given":"Dominique"},{"family":"O'Callaghan","given":"Chris"},{"family":"Langer","given":"Bernard"},{"family":"Martignoni","given":"Giancarlo"},{"family":"Bouché","given":"Olivier"},{"family":"Lazorthes","given":"Franck"},{"family":"Van Cutsem","given":"Eric"},{"family":"Bedenne","given":"Laurent"},{"family":"Moore","given":"Malcolm J."},{"family":"Rougier","given":"Philippe"}],"issued":{"date-parts":[["2008",10,20]]}},"label":"page"}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"} . According to the most recent series, when combined with chemotherapy, this can result in a 5-year survival rate of up to 60%[6,11-13] ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"a17e70tu0e0","properties":{"formattedCitation":"\\super [6,11\\uc0\\u8211{}13]\\nosupersub{}","plainCitation":"","noteIndex":0},"citationItems":[{"id":"jK7A4ffc/MkIN3vwA","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/UXAQE49K"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/UXAQE49K"],"itemData":{"id":34,"type":"article-journal","title":"Trends in long-term survival following liver resection for hepatic colorectal metastases","container-title":"Annals of Surgery","page":"759-766","volume":"235","issue":"6","source":"PubMed","abstract":"OBJECTIVE: To examine trends in outcomes of patients undergoing resection at a single tertiary care referral center over a 16-year period.\nSUMMARY BACKGROUND DATA: Hepatic resection is considered the treatment of choice in selected patients with colorectal metastasis confined to the liver. Although a variety of retrospective studies have demonstrated improvements in short-term outcomes in recent years, changes in long-term survival over time are less well-established.\nMETHODS: Data from 226 consecutive patients undergoing potentially curative liver resection for colorectal metastases between 1984 and 1999 were analyzed. Actuarial survival rates related to prognostic determinants were analyzed using the log-rank test.\nRESULTS: The median survival for the entire cohort was 46 months, with 5- and 10-year survival rates of 40% and 26% respectively. Ninety-three patients operated on between 1984 and 1992 were found to have an overall survival of 31% at 5 years, compared to 58% for the 133 patients operated on during the more recent period (1993-1999). Both overall and disease-free survival were significantly better in the recent time period compared with the earlier period on both univariate and multivariate analyses. Other independent factors associated with improved survival included number of metastatic tumors < or = 3, negative resection margin, and CEA < 100. Comparisons were made between time periods for a variety of patient, tumor and treatment-related factors. Among all parameters studied, only resection type (anatomical versus nonanatomical), use of intraoperative ultrasonography, and perioperative chemotherapy administration differed between the early and recent time periods.\nCONCLUSIONS: Long-term survival following liver resection for colorectal metastases has improved significantly in recent years at our institution. Although the reasons for this survival trend are not clear, contributing factors may include the use of newer preoperative and intraoperative imaging, increased use of chemotherapy, and salvage surgical therapy.","ISSN":"0003-4932","note":"PMID: 12035031\nPMCID: PMC1422504","journalAbbreviation":"Ann. Surg.","language":"eng","author":[{"family":"Choti","given":"Michael A."},{"family":"Sitzmann","given":"James V."},{"family":"Tiburi","given":"Marcelo F."},{"family":"Sumetchotimetha","given":"Wuthi"},{"family":"Rangsin","given":"Ram"},{"family":"Schulick","given":"Richard D."},{"family":"Lillemoe","given":"Keith D."},{"family":"Yeo","given":"Charles J."},{"family":"Cameron","given":"John L."}],"issued":{"date-parts":[["2002",6]]}},"label":"page"},{"id":"jK7A4ffc/J7eQbLX0","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/4ERPKPVV"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/4ERPKPVV"],"itemData":{"id":138,"type":"article-journal","title":"Short term and long term results of patients with colorectal liver metastases undergoing surgery with or without radiofrequency ablation","container-title":"European Journal of Surgical Oncology: The Journal of the European Society of Surgical Oncology and the British Association of Surgical Oncology","page":"523-530","volume":"42","issue":"4","source":"PubMed","abstract":"PURPOSE: The combination of resection and radiofrequency ablation (RFA) may provide an alternative treatment for patients with unresectable colorectal liver metastases (CRLM). Although the results in literature look promising, uncertainty exists with regard to complication risks and survival for this therapy.\nMETHODS: From January 2000 to May 2013, patients were included in a prospective multicenter database when treated for CRLM. Exclusion criteria were: two-staged treatment, synchronous resection of liver metastases and primary tumor, loss to follow-up or extrahepatic metastases. Patients were divided in a resection-only group (ROG) and combination group (CG). Outcome variables were retrospectively analyzed.\nRESULTS: In CG, 98 patients were included versus 534 patients in ROG. There were no differences in general patient characteristics. Patients in CG had a higher Fong clinical risk score (CRS; P = 0.001), better ASA classification (P = 0.04) and received more neoadjuvant chemotherapy (P = 0.001). There was no difference in postoperative morbidity or 90-day mortality. The 5-year disease-free survival (DFS) for CG and ROG was 25% and 36.1% (P = 0.03), respectively. For the 5-year overall survival (OS) this was respectively 42% and 62.2% (P = 0.001). On multivariate analysis, Fong CRS was a significant predictor for DFS. For OS, Fong CRS, ASA class IV and the combination therapy were significant predictors.\nCONCLUSION: The combination of hepatic resection and intraoperative RFA is a safe procedure, without increase in postoperative morbidity or mortality. Combining RFA and resection in one session is a valid treatment option for patients who would otherwise be inoperable.","DOI":"10.1016/j.ejso.2016.01.013","ISSN":"1532-2157","note":"PMID: 26856957","journalAbbreviation":"Eur J Surg Oncol","language":"eng","author":[{"family":"Amerongen","given":"M. J.","non-dropping-particle":"van"},{"family":"Stok","given":"E. P.","non-dropping-particle":"van der"},{"family":"Fütterer","given":"J. J."},{"family":"Jenniskens","given":"S. F. M."},{"family":"Moelker","given":"A."},{"family":"Grünhagen","given":"D. J."},{"family":"Verhoef","given":"C."},{"family":"Wilt","given":"J. H. W.","non-dropping-particle":"de"}],"issued":{"date-parts":[["2016",4]]}},"label":"page"},{"id":"jK7A4ffc/5gdkHt5Q","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/7Q2PP35Z"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/7Q2PP35Z"],"itemData":{"id":6,"type":"article-journal","title":"Liver resection for colorectal metastases after chemotherapy: impact of chemotherapy-related liver injuries, pathological tumor response, and micrometastases on long-term survival","container-title":"Annals of Surgery","page":"731-740; discussion 741-742","volume":"258","issue":"5","source":"PubMed","abstract":"OBJECTIVES: We analyzed the impact of chemotherapy-related liver injuries (CALI), pathological tumor regression grade (TRG), and micrometastases on long-term prognosis in patients undergoing liver resection for colorectal metastases after preoperative chemotherapy.\nBACKGROUND: CALI worsen the short-term outcomes of liver resection, but their impact on long-term prognosis is unknown. Recently, a prognostic role of TRG has been suggested. Micrometastases (microscopic vascular or biliary invasion) are reduced by preoperative chemotherapy, but their impact on survival is unclear.\nMETHODS: Patients undergoing liver resection for colorectal metastases between 1998 and 2011 and treated with oxaliplatin and/or irinotecan-based preoperative chemotherapy were eligible for the study. Patients with operative mortality or incomplete resection (R2) were excluded. All specimens were reviewed to assess CALI, TRG, and micrometastases.\nRESULTS: A total of 323 patients were included. Grade 2-3 sinusoidal obstruction syndrome (SOS) was present in 124 patients (38.4%), grade 2-3 steatosis in 73 (22.6%), and steatohepatitis in 30 (9.3%). Among all patients, 22.9% had TRG 1-2 (major response), whereas 55.7% had TRG 4-5 (no response). Microvascular invasion was detected in 37.8% of patients and microscopic biliary infiltration in 5.6%.The higher the SOS grade the lower the pathological response: TRG 1-2 occurred in 16.9% of patients with grade 2-3 SOS versus 26.6% of patients with grade 0-1 SOS (P = 0.032).After a median follow-up of 36.9 months, 5-year survival was 38.6%. CALI did not negatively impact survival. Multivariate analysis showed that grade 2-3 steatosis was associated with better survival than grade 0-1 steatosis (5-year survival rate of 52.5% vs 35.2%, P = 0.002). TRG better than the percentage of viable cells stratified patient prognosis: 5-year survival rate of 60.4% in TRG 1-2, 40.2% in TRG 3, and 29.8% in TRG 4-5 (P = 0.0001). Microscopic vascular and biliary invasion negatively impacted outcome (5-year survival rate of 23.3% vs 45.7% if absent, P = 0.017; 0% vs 42.3%, P = 0.032, respectively).\nCONCLUSIONS: TRG was confirmed to be a crucial prognostic determinant. CALI do not negatively impact long-term prognosis, but the tumor response is reduced in patients with grade 2-3 SOS. Steatosis was found to have a protective effect on survival. Micrometastases significantly impacted prognosis assessment.","DOI":"10.1097/SLA.0b013e3182a6183e","ISSN":"1528-1140","note":"PMID: 24045448","shortTitle":"Liver resection for colorectal metastases after chemotherapy","journalAbbreviation":"Ann. Surg.","language":"eng","author":[{"family":"Viganò","given":"Luca"},{"family":"Capussotti","given":"Lorenzo"},{"family":"De Rosa","given":"Giovanni"},{"family":"De Saussure","given":"Wassila Oulhaci"},{"family":"Mentha","given":"Gilles"},{"family":"Rubbia-Brandt","given":"Laura"}],"issued":{"date-parts":[["2013",11]]}},"label":"page"},{"id":"jK7A4ffc/kLHmCcca","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/KQKFETJQ"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/KQKFETJQ"],"itemData":{"id":311,"type":"article-journal","title":"Survival of solid cancer patients in France, 1989-2013: a population-based study","container-title":"European journal of cancer prevention: the official journal of the European Cancer Prevention Organisation (ECP)","source":"PubMed","abstract":"This study provides updates of net survival (NS) estimates at 5, 10, and 15 years as well as survival trends for 35 solid cancers in France using data from 19 population-based cancer registries. The study considered all cases of solid cancer diagnosed between 1989 and 2010 in patients older than 15 years of age who were actively followed up until 30 June 2013. NS was estimated using the Pohar-Perme method. The age-standardized NS used the international cancer survival standard weights. The 5-year age-standardized NSs ranged from 4% (pleural mesothelioma) to 93% (prostate) in men and from 10% (pancreas) to 97% (thyroid) in women. The 10-year age-standardized NSs ranged from 2% (pleural mesothelioma) in both sexes to 95% (testis) in men and 91% (thyroid) in women. The most frequent cancers (namely, breast and prostate cancers) had the highest NSs: 87 and 93% at 5 years and 78 and 84% at 10 years, respectively. Several cancers (especially lung, pancreas, and liver cancer) had very poor prognoses (5-year NSs under 20%). Fifteen-year NSs remained high for testis cancer. In most cancers, 5- and 10-year age-standardized NSs increased between 1989 and 2010. Advanced age was associated with a poor prognosis and little improvement in survival. The increases in cancer survival are probably related to earlier diagnosis and therapeutic advances over the last decade. However, poor prognoses are still found in some alcohol-related and tobacco-related cancers and in elderly patients, highlighting the need for more prevention, diagnosis, and treatment efforts.","ISSN":"1473-5709","note":"PMID: 28598889","shortTitle":"Survival of solid cancer patients in France, 1989-2013","journalAbbreviation":"Eur. J. Cancer Prev.","language":"eng","author":[{"family":"Cowppli-Bony","given":"Anne"},{"family":"Uhry","given":"Zoé"},{"family":"Remontet","given":"Laurent"},{"family":"Voirin","given":"Nicolas"},{"family":"Guizard","given":"Anne-Valérie"},{"family":"Trétarre","given":"Brigitte"},{"family":"Bouvier","given":"Anne-Marie"},{"family":"Colonna","given":"Marc"},{"family":"Bossard","given":"Nadine"},{"family":"Woronoff","given":"Anne-Sophie"},{"family":"Grosclaude","given":"Pascale"},{"literal":"French Network of Cancer Registries (FRANCIM)"}],"issued":{"date-parts":[["2017",6,8]]}},"label":"page"}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"} . 
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Our research aimed to analyze the HR, according to the Rubbia-Brandt TRG, on CRLMs surgery performed after NAC. It also sought to identify independent predictive factors of a good response and to analyze the influence of this response on overall and DFS.
MATERIALS AND METHODS
Patients inclusion
From January 2006 to December 2013, patients who had undergone surgery for CRLMs after NAC in our department were included. They were retrospectively analyzed with regard to their pre-treatment characteristics. Patients for whom the primary tumor was resected or who had chemotherapy at another center were also included. 
Patient groups
The patients were separated in two groups based on their HR according to Rubbia-Brandt TRG. Based on their TRG, each patient was either assigned to the responder (R) group (TRG 1, 2, and 3) or to the non-responder (NR) group (TRG 4 and 5).
Data collected 
For each patient, the following parameters were included prospectively. Thus, the preoperative parameters included: Age, body mass index, American Society of Anesthesiologists’ score, history of liver surgery or a liver procedure (e.g., portal vein embolization or drainage), date when the metastases were discovered, the existence of extra-hepatic metastases, NAC (e.g., the number of treatment sessions and the types of chemotherapy), associated targeted therapy and type, radiological evaluation (e.g., the morphological criteria of the response to NAC according to RECIST, mRECIST or CHOI criteria[22-28]), two-stage hepatectomy, the surgical strategy proposed by the multidisciplinary team meeting, the location of the primary, the treatment date, and the lymphatic status of the primary tumor. The perioperative parameters included: the types of procedures and the number of segments resected. The postoperative parameters included: the length of the hospitalization, the occurrence of a severe or mild (according to the Clavien-Dindo classification) medical or surgical complication, mortality at 30 d, repeat procedures, initiation of postoperative chemotherapy, and the type of chemotherapy. The histological data comprised: the TRG, the number of lesions on the resected specimens, the resection margins (a resection was considered to be R0 when the smallest microscopic margin was more than or equal to 1 mm), the presence of emboli, the tumor differentiation grade, and the size of the largest metastasis. The follow-up data comprised: the most recent update and status, the date of death (if applicable), the date of recurrence (if any) and its location.
Multidisciplinary team meeting
The patients’ records were assessed at a multidisciplinary team meeting that included at least one radiologist, one liver surgeon, one digestive oncologist, and one pathologist. 
Surgical treatment
The minimal time period between the end of the NAC and the surgery was 4 to 6 wk. Surgical resections were anatomical or non-anatomical (atypical resections), combined or not combined with perioperative radiofrequency ablation (RFA) according to the rules regarding size and localization for this method. Surgical resections were performed in one or two steps irrespective of the strategy chosen (i.e., conventional, liver-first, or combined). Surgical resections were most often performed by laparotomy, and occasionally by laparoscopy if the anatomical and oncological conditions suited this approach. A perioperative ultrasound scan was systematically carried out to explore the liver disease, and it was used to guide the identification of the hepatectomy cuts in order to obtain an adequate margin. In case of RFA, this was done perioperatively by two of our hospital's experienced radiologists. Ultrasound with a contrast agent (SonoVue) was sometimes used in case of difficulty viewing the anatomical area.
Histological analysis
All of the histology slides were re-evaluated in a blind manner by the same specialized pathologist. The slides had already been fixed, embedded in paraffin, cut, spread, and colored according to standard pathology methods. These slides were microscopically analyzed according to the Rubbia-Brandt TRG score. For the resected specimens that had several tumors, and in case of a dissociated response, the worst TRG was taken into account. The following criteria were also analyzed: The existence of a “dangerous halo”, the thickness of the invasive front, the ablation margin, the degree of tumor differentiation, and the presence of vascular emboli.
Ethics statement
Patients were not required to give informed consent to the study because the analysis used anonymous clinical data that were obtained after each patient agreed to treatment by written consent.
Statistical analysis
The search for factors predictive of the response rate was based on percentage comparison tests (chi-squared or Fisher’s exact tests according to the theoretical sizes) for the qualitative variables, and on comparison of means (Student’s t-test, in case of normalcy and equality of the variances) or distribution tests (the Mann-Whitney non-parametric test) for the quantitative variables. The predictive factors associated with the response at a threshold of 20% in the univariate analysis were introduced in this logistic regression model. The final model including the variables that were significantly and independently associated with the response rate was obtained by stepwise regression. The intermediate nested models were compared using the likelihood ratio test. The interactions between the independent variables of the final model were identified (they were all non-significant). The adequacy of the model for the data was tested. The degree of significance was set as P < 0.05. Firstly, the analysis of the impact of the TRG on overall survival (OS) was based on a bivariate comparison of the Kaplan-Meier survival curves using the log-rank test. The survival curves were described with the use of the survival median (and the interquartile range) and the hazard ratio (and the confidence interval at 95%) based on a Cox model. Secondly, the analysis of the independent influence of the TRG on OS was based on a Cox model adjusted according to the other predictive factors. The predictive factors (excluding recurrence) associated with OS at the threshold of 20% in the univariate analysis were jointly introduced with the TRG in this Cox model. The final model, including the variables that were significantly and independently associated with OS, was obtained by the stepwise regression method. The intermediate nested models were compared using the likelihood ratio test. The interactions between the TRG and the independent variables of the final model were identified (in particular, the interaction between the TRG and postoperative chemotherapy was identified and, if necessary, this was done during the stepwise regression procedure). The level of significance was set at 5% (P < 0.05). The conditions for application (log-linearity and proportional risks) of the Cox model were verified. The quantitative variables were dichotomized by the median.
RESULTS

Between January 2006 and December 2013, 521 liver resections for CLRM were carried out in our department. During this period, 150 patients underwent a liver resection for synchronous colon or rectal cancer liver metastases after NAC. Of these 150 patients, 74 (49%) were responders (R) and 76 (51%) were non-responders (NR) based on the resected specimen.
Preoperative characteristics
As shown in Table 1, seventy five percent of the patients had synchronous liver metastases. Sixty-three percent of the patients had a bilobar distribution of the lesions, with an average of 4 ± 3 lesions. The location of the primary tumor had a significant influence on the HR, which was better for the tumors of rectal origin: 47.3% vs 25%. The presence of a radiological response to NAC was significantly associated with a good HR. In 94% of the cases, the NAC included 5-fluorouracil, in 72% it included irinotecan, and for 43% of the patients it included oxaliplatin. In the majority of cases (69%), chemotherapy was combined with a targeted therapy, without this having any statistically significant effect on the HR. However, when the type of targeted therapy was examined, it was noted that the use of bevacizumab led to a greater HR: 58% vs 43%. The number of NAC treatment sessions was significantly related to the HR, and the patients who were classified as R had a median number of 6 treatment sessions, which is fewer than for the NR patients. The patients for whom the treatment strategy comprised a liver-first procedure (i.e., the liver resected first in case of synchronous liver metastases with the primary tumor left in place) had a significantly better HR rate. However, the patients who underwent repeat liver resections were more often histologically non-responsive.
Pathological characteristics 
The median number of lesions found on the resected specimens was 3 (1.0–4.0). The rate of resection with healthy margins (R0) was 78%. There were multiple lesions in 72% of the cases. In the group of patients classified as R, there were significantly more homogeneous HR, fewer R1 resections, and fewer vascular neoplastic microemboli (VNME) (Table 2).
Postoperative characteristics 
The postoperative mortality was 0.7% (one patient died of hepatocellular insufficiency), with a complication rate of 38% (Table 3). The average length of the hospital stay was 12.5 ± 7 d. Postoperative chemotherapy was administered to 55% of the patients, and in 83% of these cases the chemotherapy protocol was similar to the one administered preoperatively. There was no significant difference between the R group and the NR group in terms of the choice of chemotherapy type. Regardless of the location, the tumor recurred in 89% of the cases. NR patients had significantly more recurrences on the liver. 
Predictive factors of the histological response 
The multivariate analysis identified five predictive factors of HR. Three were predictive of non-response (NR): More than 7 NAC sessions, the absence of a radiological response after NAC, and a repeat hepatectomy. Two were predictive of a good response (R): A rectal origin of the primary tumor and a liver-first strategy (Table 4).
Survival and prognostic factors
The median survival of the patients was 6 yrs (ranging from 4–7.5 yrs).
Overall survival
The OS rates at 3 yr and at 5 yr were 57% and 36%, respectively. These OS rates were significantly better for the patients with a HR (the R group): 65% and 45%, respectively, vs 47% and 26%, respectively, for the NR group (Figure 1). The identification of independent prognostic factors of OS (Table 5) revealed that the effect of the HR was dependent on the presence or absence of VNME. In patients without VNME, the HR was an independent prognostic factor of OS, while this was no longer the case in presence of VNME on the analysis of the ablated specimen. The other factors that were prognostic of poor OS were: Male gender, preoperative targeted therapy, a two-stage hepatectomy protocol, and a N+ status of the primary tumor.
Disease-free survival
The DFS rates at 3 yr and at 5 yr were 14% and 11%, respectively. These DFS survival rates were significantly better for the patients with a HR (the R group): 19% and 11%, respectively, vs 9% and 5%, respectively, for the NR patients (Figure 2). The search for independent prognostic factors of DFS identified one good prognostic factor, which was the presence of a HR with NAC (the R group, P = 0.013), and 4 poor prognostic factors: NAC with targeted therapy (P = 0.004), more than 3 preoperative metastases (P = 0.001), R1 resection (P = 0.022), and a size greater than 3 cm for the largest metastasis (P = 0.011). 
DISCUSSION
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DFS was significantly influenced by the HR, with 17% survival at 5 yr for the responders compared to 5% for the non-responders. A similar difference in DFS was found in the study by Rubbia-Brandt et al[31]

 ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"YbuN5tbr","properties":{"formattedCitation":"\\super [31]\\nosupersub{}","plainCitation":"","noteIndex":0},"citationItems":[{"id":"jK7A4ffc/s2yWneGp","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/CGIF8WQK"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/CGIF8WQK"],"itemData":{"id":46,"type":"article-journal","title":"Importance of histological tumor response assessment in predicting the outcome in patients with colorectal liver metastases treated with neo-adjuvant chemotherapy followed by liver surgery","container-title":"Annals of Oncology: Official Journal of the European Society for Medical Oncology","page":"299-304","volume":"18","issue":"2","source":"PubMed","abstract":"BACKGROUND: The purpose of the study was to characterize histological response to chemotherapy of hepatic colorectal metastases (HCRM), evaluate efficacy of different chemotherapies on histological response, and determine whether tumor regression grading (TRG) of HCRM predicts clinical outcome.\nPATIENTS AND METHODS: TRG was evaluated on 525 HCRM surgically resected from 181 patients, 112 pretreated with chemotherapy. Disease-free survival (DFS) and overall survival (OS) were correlated to TRG.\nRESULTS: Tumor regression was characterized by fibrosis overgrowing on tumor cells, decreased necrosis, and tumor glands (if present) at the periphery of HCRM. With irinotecan/5-fluorouracil (5-FU), major (MjHR), partial (PHR), and no (NHR) histological tumor regression were observed in 17%, 13%, and 70% of patients, respectively. With oxaliplatin/5-FU, MjHR, PHR, and NHR were observed in 37%, 45%, and 18% of patients, respectively. Five patients, treated with oxaliplatin, had complete response in all their metastases. MjHR was associated with an improved 3-year DFS compared with PHR or NHR. MjHR and PHR were associated with an improved 5-year OS compared with NHR.\nCONCLUSION: Histological tumor regression of HCRM to chemotherapy corresponds to fibrosis overgrowth and not to increase of necrosis. TRG should be considered when evaluating efficacy of chemotherapy for HCRM. Histological tumor regression was most common among oxaliplatin-treated patients and associated with better clinical outcome.","DOI":"10.1093/annonc/mdl386","ISSN":"0923-7534","note":"PMID: 17060484","journalAbbreviation":"Ann. Oncol.","language":"eng","author":[{"family":"Rubbia-Brandt","given":"L."},{"family":"Giostra","given":"E."},{"family":"Brezault","given":"C."},{"family":"Roth","given":"A. D."},{"family":"Andres","given":"A."},{"family":"Audard","given":"V."},{"family":"Sartoretti","given":"P."},{"family":"Dousset","given":"B."},{"family":"Majno","given":"P. E."},{"family":"Soubrane","given":"O."},{"family":"Chaussade","given":"S."},{"family":"Mentha","given":"G."},{"family":"Terris","given":"B."}],"issued":{"date-parts":[["2007",2]]}}}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"}  with a three-fold better survival for the responders compared to the non-responders. Four independent factors of poor prognosis were identified: the use of neoadjuvant targeted therapy, more than three preoperative lesions, a metastasis with a size greater than 3 cm, and R1 resection. The number and the size of metastases[13,35,36,38,58,74], and R1 resection[35,36,38,75-77] are the typical factors of poor prognosis found in the literature. 
In conclusion, this study has confirmed that the HR of CRLMs after NAC has an influence on survival and hence warrants being taken into account. We found, however, that this influence on OS was lacking in cases of particularly aggressive disease with microscopic vascular invasion on the histological analysis. Two simple criteria enable the prediction of a HR after NAC: More than 7 treatment sessions and the absence of a radiological response.
ARTICLE HIGHLIGHTS

Research background 

Colorectal cancer is the third most common cancer in men and the second most common in women worldwide. Almost a third of the patients has or will develop liver metastases. Neoadjuvant chemotherapy (NAC) has recently become nearly systematic prior to surgery of colorectal livers metastases (CRLMs). The response to NAC is evaluated by radiological imaging according to morphological criteria. More recently, the response to NAC has been evaluated based on histological criteria of the resected specimen. The most often used score is the tumor regression grade (TRG), which considers the necrosis, the fibrosis, and the number of viable tumor cells. 

Research motivation
Few studies to date have documented the influence of the TRG on patient survival, and they were mostly published by the authors of the scoring systems. This explains why the histological regression score of CRLMs specimens is rarely used in current practice[15,32] ADDIN ZOTERO_ITEM CSL_CITATION {"citationID":"giXHRvpN","properties":{"formattedCitation":"\\super [15,32]\\nosupersub{}","plainCitation":"","noteIndex":0},"citationItems":[{"id":"jK7A4ffc/Wxt62eLS","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/8PGCPB5V"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/8PGCPB5V"],"itemData":{"id":283,"type":"article-journal","title":"Histopathological evaluation of resected colorectal cancer liver metastases: what should be done?","container-title":"Histopathology","page":"149-156","volume":"63","issue":"2","source":"PubMed","abstract":"Histological reporting of hepatic resections of colorectal liver metastases (CRLMs) is limited to confirmation of diagnosis and evaluation of resection margins. More exhaustive diagnostic reporting might be warranted. Here, we critically and systematically review the potentially important histological prognostic factors in CRLM. Histological features such as intrahepatic spread, resection margins, and tumour response to neoadjuvant chemotherapy have been defined. Intrahepatic spread (venous, lymphatic, bile duct and perineural invasion) was evaluated in a number of studies. Meta-analysis demonstrated a clear correlation between 5-year overall survival and both portal vein invasion (RR 1.8, 95% CI 1.3-2.5) and lymphatic invasion (RR 1.7, 95% CI 1.4-2.0). The impact of hepatic vein invasion and bile duct invasion on outcome is not clear. Perineural invasion was linked to survival in one study. Resection margin is an important prognostic factor; however, the significance of the width of negative margins remains controversial. Various studies have evaluated tumour response to neoadjuvant chemotherapy, but different grading systems were used, and definite recommendations cannot be made. In conclusion, with the high incidence of CRLM and the increase in the number of hepatic resections, we need well-defined prognostic factors, studied in homogeneous patient populations, to optimize diagnostic work-up. This review identifies several of these factors.","DOI":"10.1111/his.12124","ISSN":"1365-2559","note":"PMID: 23763641","shortTitle":"Histopathological evaluation of resected colorectal cancer liver metastases","journalAbbreviation":"Histopathology","language":"eng","author":[{"family":"Knijn","given":"Nikki"},{"family":"Ridder","given":"Jannemarie A. M.","non-dropping-particle":"de"},{"family":"Punt","given":"Cornelis J. A."},{"family":"Wilt","given":"Johannes H. W.","non-dropping-particle":"de"},{"family":"Nagtegaal","given":"Iris D."}],"issued":{"date-parts":[["2013",8]]}},"label":"page"},{"id":"jK7A4ffc/oO5ff83K","uris":["http://zotero.org/users/local/CKZ8Mlfw/items/5KIBJTTH"],"uri":["http://zotero.org/users/local/CKZ8Mlfw/items/5KIBJTTH"],"itemData":{"id":120,"type":"article-journal","title":"ESMO consensus guidelines for the management of patients with metastatic colorectal cancer","container-title":"Annals of Oncology: Official Journal of the European Society for Medical Oncology","page":"1386-1422","volume":"27","issue":"8","source":"PubMed","abstract":"Colorectal cancer (CRC) is one of the most common malignancies in Western countries. Over the last 20 years, and the last decade in particular, the clinical outcome for patients with metastatic CRC (mCRC) has improved greatly due not only to an increase in the number of patients being referred for and undergoing surgical resection of their localised metastatic disease but also to a more strategic approach to the delivery of systemic therapy and an expansion in the use of ablative techniques. This reflects the increase in the number of patients that are being managed within a multidisciplinary team environment and specialist cancer centres, and the emergence over the same time period not only of improved imaging techniques but also prognostic and predictive molecular markers. Treatment decisions for patients with mCRC must be evidence-based. Thus, these ESMO consensus guidelines have been developed based on the current available evidence to provide a series of evidence-based recommendations to assist in the treatment and management of patients with mCRC in this rapidly evolving treatment setting.","DOI":"10.1093/annonc/mdw235","ISSN":"1569-8041","note":"PMID: 27380959","journalAbbreviation":"Ann. Oncol.","language":"eng","author":[{"family":"Van Cutsem","given":"E."},{"family":"Cervantes","given":"A."},{"family":"Adam","given":"R."},{"family":"Sobrero","given":"A."},{"family":"Van Krieken","given":"J. H."},{"family":"Aderka","given":"D."},{"family":"Aranda Aguilar","given":"E."},{"family":"Bardelli","given":"A."},{"family":"Benson","given":"A."},{"family":"Bodoky","given":"G."},{"family":"Ciardiello","given":"F."},{"family":"D'Hoore","given":"A."},{"family":"Diaz-Rubio","given":"E."},{"family":"Douillard","given":"J.-Y."},{"family":"Ducreux","given":"M."},{"family":"Falcone","given":"A."},{"family":"Grothey","given":"A."},{"family":"Gruenberger","given":"T."},{"family":"Haustermans","given":"K."},{"family":"Heinemann","given":"V."},{"family":"Hoff","given":"P."},{"family":"Köhne","given":"C.-H."},{"family":"Labianca","given":"R."},{"family":"Laurent-Puig","given":"P."},{"family":"Ma","given":"B."},{"family":"Maughan","given":"T."},{"family":"Muro","given":"K."},{"family":"Normanno","given":"N."},{"family":"Österlund","given":"P."},{"family":"Oyen","given":"W. J. G."},{"family":"Papamichael","given":"D."},{"family":"Pentheroudakis","given":"G."},{"family":"Pfeiffer","given":"P."},{"family":"Price","given":"T. J."},{"family":"Punt","given":"C."},{"family":"Ricke","given":"J."},{"family":"Roth","given":"A."},{"family":"Salazar","given":"R."},{"family":"Scheithauer","given":"W."},{"family":"Schmoll","given":"H. J."},{"family":"Tabernero","given":"J."},{"family":"Taïeb","given":"J."},{"family":"Tejpar","given":"S."},{"family":"Wasan","given":"H."},{"family":"Yoshino","given":"T."},{"family":"Zaanan","given":"A."},{"family":"Arnold","given":"D."}],"issued":{"date-parts":[["2016",8]]}},"label":"page"}],"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"} . Therefore, at present, analysis of the histological response by the TRG has no influence on whether or not adjuvant chemotherapy is administered. To our knowledge, no study has attempted to identify the predictive factors of histological response after NAC.
Research objectives
Our research aimed to analyze the histological response, according to the Rubbia-Brandt TRG, on CRLMs surgery performed after NAC. It also sought to identify independent predictive factors of a good response and to analyze the influence of this response on overall and disease-free survival.
Research methods
From January 2006 to December 2013, 150 patients who had undergone surgery for CRLMs after NAC were included. The patients were separated in two groups based on their histological response according to Rubbia-Brandt TRG. Based on their TRG, each patient was either assigned to the responder (R) group (TRG 1, 2, and 3) or to the non-responder (NR) group (TRG 4 and 5). All of the histology slides were re-evaluated in a blind manner by the same specialized pathologist. Univariate and multivariate analysis were performed.
Research results
74 patients were classified as responders and 76 as non-responders. The postoperative mortality was 0.7%, with a complication rate of 38%. The multivariate analysis identified five predictive factors of histological response. Three were predictive of non-response (NR): More than 7 NAC sessions, the absence of a radiological response after NAC, and a repeat hepatectomy (P < 0.005). Two were predictive of a good response (R): A rectal origin of the primary tumor and a liver-first strategy (P < 0.005). The overall survival was 57% at 3 yr and 36% at 5 yr. The disease-free survivals were 14% at 3 yr and 11% at 5 yr. The factors contributing to a poor prognosis for the DFS were: No histological response after NAC, largest metastasis > 3 cm, more than 3 preoperative metastases, R1 resection, and the use of a targeted therapy with the NAC (P < 0.005).

Research conclusions
The histological response of CRLMs after NAC has an influence on survival, and hence warrants being considered. We found, however, that this influence on overall survival was lacking in cases of particularly aggressive disease with microscopic vascular invasion on the histological analysis. 
Research perspectives
Two simple criteria enable the prediction of a histological response after NAC: More than 7 treatment sessions and the absence of a radiological response.
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Figure 1 Influence of the histological response on overall survival. TRG: Tumor regression grade; R: Responders; NR: Non-responders.
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Figure 2 Influence of the histological response on disease-free survival. TRG: Tumor regression grade; R: Responders; NR: Non-responders.
Table 1 Preoperative criteria

	
	NR
N = 76 (%)
	R
N = 74 (%)
	P-value
	Total
N = 150 (%)

	Gender
F
M
	33 (43.4)

43 (56.6)
	38 (51.4)

36 (48.6)
	0.33
	71 (47.3)

79 (52.7)

	Age (years)
Median
	631
	641
	0.91
	63.31

	ASA
1
2
3
	3 (3.9)

70 (92.1)

3 (3.9)
	4 (5.4)

70 (94.6)

0 (0)
	0.33


	7 (4.7)

140 (93.3)

3 (2)

	Number of lesions before treatment
Median
	31
	31
	0.35
	31

	Bilobar lesions
No
Yes
	26 (34.2)

50 (65.8)
	30 (40.5)

44 (59.5)
	0.42
	56 (37.3)

94 (62.7)

	Synchronous liver metastases
No
Yes
	21 (27.6)

55 (72.4)
	17 (23)

57 (77)
	0.51
	38 (25.3)

112 (74.7)

	Metachronous livers metastases
No
Yes
	55 (72.4)

21 (27.6)
	57 (77)

17 (23)
	0.51
	112 (74.7)

38 (25.3)

	Time period if metachronous (months)
Median
	141
	151
	0.96
	141

	Extra-hepatic metastases
No
Yes
	56 (73.7)

20 (26.3)
	57 (77)

17 (23)
	0.63
	113 (75.3)

37 (24.7)

	Primary cancer
Colon
Rectum
	57 (75.0)

19 (25.0
	39 (52.7)

35 (47.3)
	0.004
	96 (64)

54 (36)

	N+ status primary tumor
No
Yes
	20 (28.2)

51 (71.8)
	27 (37)

46 (63)
	0.26
	47 (32.6)

97 (67.4)

	Cytotoxic chemotherapy
5-FU
Oxaliplatin
Irinotecan
Capecitabine
Raltitrexed
	72 (94.7)

33 (43.4)

54 (71.1)

1 (1.3)

0 (0.0)
	69 (93.2)

31 (41.9)

54 (73)

1 (1.4)

1 (1.4)
	0.74

0.85

0.79

1

0.49
	141 (94)

64 (42.7)

108 (72)

2 (1.3)

1 (0.7)

	Targeted preoperative therapy
No
Yes
	24 (31.6)

52 (68.4)
	23 (31.1)

51 (68.9)
	0.95
	47 (31.3)

103 (68.7)

	Type of targeted therapy
None
Bevacizumab
Cetuximab
Panitumumab
Aflibercept
	24 (31.6)

33 (43.4)

17 (22.4)

1 (1.3)

1 (1.3)
	23 (31.1)

43 (58.1)

6 (8.1)

2 (2.7)

0 (0)
	0.056
	47 (31.3)

76 (50.7)

23 (15.3)

3 (2)

1 (0.7)

	Number of preoperative treatment sessions
Median
	8*
	6*
	0.038
	7.5*

	Response to preoperative chemotherapy
No
Yes
	25 (32.9)

51 (67.1)
	13 (17.6)

61 (82.4)
	0.031
	38 (25.3)

112 (74.7)

	Liver-first strategy
No
Yes
	74 (97.4)

2 (2.6)
	61 (82.4)

13 (17.6)
	0.002
	135 (90)

15 (10)

	Combined surgery
No
Yes
	72 (94.7)

4 (5.3)
	68 (91.9)

6 (8.1)
	0.53
	140 (93.3)

10 (6.7)

	Two-stage procedure
No
Yes
	54 (71.1)

22 (28.9)
	60 (81.1)

14 (18.9)
	0.15
	114 (76)

36 (24)

	Repeat hepatectomy
No
Yes
	63 (82.9)

13 (17.1)
	69 (93.2)

5 (6.8)
	0.051
	132 (88)

18 (12)

	Hepatectomy
Minor
Major
	39 (51.3)

37 (48.7)
	33 (44.6)

41 (55.4)
	0.41
	72 (48)

78 (52)


NR: Non-responders; R: responders; F: Female; M: Male; ASA: American Society of Anesthesiologists’ score; 5-FU: 5-fluorouracil; 1Median.
Table 2 Pathological criteria
	
	NR
N = 76 (%)
	R
N = 74 (%)
	P-value
	Total
N = 150 (%)

	Dissociated histological response
No
Yes
	33 (43.4) 

43 (56.6)
	55 (74.3)   

19 (25.7)                  
	0.0001      
	88 (58.7)

62 (41.3)

	Number of lesions on specimen  

Median       
	31            
	21          
	0.07     
	31

	Lesions on specimen
Single  
Multiple
	18 (23.7)      

58 (76.3)      
	24 (32.4)

50 (67.6)                             
	0.23       
	42 (28)

108 (72)

	Lesions on specimen
≤ 3 
> 3                                                    
	46 (60.5)      

30 (39.5)      
	53 (71.6)

21 (28.4)                              
	0.15       
	99 (66)

51 (34)

	Resection
R0
R1
	52 (68.4)     

24 (31.6)       
	65 (87.8) 

9 (12.2)                              
	0.004       
	117 (78)

33 (22)

	Emboli
No
Yes
	60 (78.9)      

16 (21.1)       
	68 (91.9)               

6 (8.1)                 
	0.025       
	128 (85.3)

22 (14.7)

	Size of the largest metastasis
Median       
	2.91  
	31 
	0.43    
	31

	Differentiation
Unclassifiable
Undifferentiated/barely differentiated 
Moderately differentiated  
Well-differentiated                        
	2 (2.6) 

5 (6.6)                

30 (39.5) 

39 (51.3)           
	5 (6.8)                  

3 (4.1)                  

34 (45.9)                

32 (43.2)                
	0.45       
	7 (4.7)

8 (5.3)

64 (42.7)

71 (47.3)


1Median; NR: Non-responders; R: responders.
Table 3 Postoperative criteria
	
	NR
N = 76 (%)
	R
N = 74 (%)
	P-value
	Total
N = 150 (%)

	Complication
No
Yes
	45 (59.2) 

31 (40.8)           
	48 (64.9)                

26 (35.1)                
	0.48       
	93 (62)

57 (38)

	Medical complication
No
Yes
	53 (69.7)  

23 (30.3)          
	54 (73)  

20 (27)                        
	0.66       
	107 (71.3)

43 (28.7)

	Surgical complication
No
Yes
	57 (75)      

19 (25)      
	61 (82.4)               

13 (17.6)                
	0.27       
	118 (78.7)

32 (21.3)

	Length of the hospitalization
Median    
	111
	111 
	0.36    
	111

	Postoperative chemotherapy
Absent  
Similar
Different
	36 (47.4)      

31 (40.8)      

9 (11.8)       
	31 (41.9)                

38 (51.4)                

5 (6.8)                 
	0.33       
	67 (44.7)

69 (46)

14 (9.3)

	Recurrence
No
Yes
	5 (6.6)       

71 (93.4)      
	12 (16.2)                62 (83.8)               
	0.06      
	17 (11.3)

133 (88.7)

	Recurrence 
Hepatic
Extra-hepatic
Multiple sites
	59 (77.6)   

51 (67.1)   

43 (56.6)                
	39 (52.7)    

46 (62.2) 

33 (44.6)                                                        
	0.001 

0.53

0.14              
	98 (65.3)

97 (64.7)

76 (50.7)


1Median; NR: Non-responders; R: responders.

Table 4 Predictive factors of the histological response
	
	Odds Ratio
	95% CI
	P-value

	Number of preoperative treatment sessions

≤ 7

> 7
	1
0.47
	-

[0.23;0.98]
	-

0.044

	Radiological response to preoperative chemotherapy

Yes

No
	1

0.33
	-
[0.14;0.79]           
	-

0.013

	Liver-first strategy

No

Yes
	1

5.11       
	-

[1.06;24.73]         
	-

0.042

	Repeat hepatectomy

No

Yes
	1

0.30
	-

[0.09;0.97]           
	-

0.045

	Primary cancer

Colon

Rectal
	1

2.81       
	-

[1.28;6.14]          
	-

0.010


Table 5 Prognostic factors of overall survival 
	No vascular neoplastic microemboli on histology

	
	Hazard Ratio
	95% CI
	P-value

	Responder
NR
R
	1

0.55
	[0.35;0.86]
	0.010

	Gender
F
M
	1

1.70
	[1.11;2.58]
	0.014

	Targeted preoperative therapy
No
Yes
	1

2.25                 
	[1.40;3.62]
	0.001                  

	Two-stage procedure 
No
Yes
	1

1.90                  
	[1.18;3.06]
	0.008                  

	N+ status of the primary tumor
No
Yes
	1

1.77                   
	[1.10;2.84]
	0.018                 

	Presence of vascular neoplastic microemboli on histology

	
	Hazard Ratio
	95% CI
	P-value

	Gender
F
M
	1

1.70                      
	[1.11;2.58]
	0.014                 

	Targeted preoperative therapy
No
Yes
	1

2.25                     
	[1.40;3.62]
	0.001                  

	Two-stage procedure 
No
Yes
	1

1.90                    
	[1.18;3.06]
	0.008                   

	N+ status of the primary tumor
No
Yes
	1

1.77                    
	[1.10;2.84]
	0.018                    


NR: Non-responders; R: responders; F: Female; M: Male.
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