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Nearly 5% of colorectal cancers are related to constitutional genetic abnormalities. In Lynch Syndrome (LS), the abnormality is a mutation of the deoxyribonucleic acid (DNA) repair system. The goal of this update is to update indications and surgical strategies for patients with LS.

Different spectra of disease are associated with LS. The narrow spectrum includes cancers with a high relative risk: colorectal cancer (CRC), endometrial cancer, urinary tract cancers and small intestinal cancer. The broader spectrum includes ovarian tumors, glioblastoma, cutaneous tumors (keratoacanthomas and sebaceous tumors), biliary duct tumors, and gastric tumors. The clinical diagnosis of LS was initially based on the Amsterdam I and II Criteria published in the 1990s and subsequently on the revised Bethesda Criteria, which expanded the criteria and identified patients who should be screened for LS. For patients with LS, learned societies recommend early and regular endoscopic screening because of the high incidence of CRC, i.e., every one to two years from the age of 25 and then annually from the age of 40 or starting 10 years before the age of appearance of the youngest case of CRC in the family.

Professional recommendations on prophylactic surgery to prevent cancers in patients with genetic predisposition were published in 2009 under the auspices of the National Cancer Institute and are still current. There is no formal indication for prophylactic colectomy in LS. Numerous advances have been made in the understanding of LS, allowing a better knowledge of the prevalence of CRCs and associated cancers, with better endoscopic monitoring and a decrease in the prevalence and mortality of CRC.

Introduction

While colorectal cancer (CRC) remains a public health problem, many advances have been made over the past two decades, to better appreciate and understand the carcinogenesis pathways of both hereditary and sporadic forms of Lynch Syndrome (LS) (chromosomal instability, microsatellite instability and, more recently, the hypermethylation of CpG islands). CRC represents the 2nd most common indication for oncogenetic consultation after breast cancer. In fact, nearly 5% of CRCs are linked to constitutional genetic abnormalities, including mutation of the APC (adenomatous polyposis coli) gene in familial adenomatous polyposis (FAP) or a mutation involving the DNA repair system (MMR: mismatch repair) in LS) [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF].

The purpose of this update is to update the indications and surgical strategies in patients with LS.

Lynch syndrome

Definition

Lynch Syndrome (LS) is linked to a constitutional mutation in one of the genes of the MMR system involved in the repair of DNA replication errors: MLH1, MSH2, MSH6, PMS2 or an 3' deletion of the EPCAM gene leading to the inactivation of MSH2 [START_REF] Chintalacheruvu | Major hereditary gastrointestinal cancer syndromes: a narrative review[END_REF]. The loss of function of one of the four proteins composing the MMR system leads to genomic instability in the tumor cells. These DNA replication errors are particularly represented in genome sequences called microsatellites.

The observation of sequence abnormalities of tumor microsatellites is called microsatellite instability (MSI). This constitutional mutation is transmitted in an autosomal dominant mode with a strong penetrance ranging from 80 to 85%.

The prevalence of alterations of these genes is estimated between 1/2000 and 1/1000. Such a mutation is identified in 80% of patients with LS. In terms of distribution, 80 to 90% of mutations affect MLH1 and MSH2, while 10 to 20% affect MSH6 and PMS2; and about 3% of Lynch syndromes are linked to a deletion of the 3' end of the EPCAM gene [START_REF] Chintalacheruvu | Major hereditary gastrointestinal cancer syndromes: a narrative review[END_REF]. Deletions of the 3' end of the EPCAM gene are detected by Multiplex Ligation-dependent Probe Amplification (MLPA). From a classification standpoint, the two terms LS and HNPCC (Hereditary Non-Polyposis Colorectal Cancer) were formerly used synonymously but currently identify two distinct entities. LS is defined molecularly by the finding of an authenticated genetic mutation. HNPCC syndrome is defined clinically as patients who present clinically with Amsterdam II or I criteria without a genetic mutation that has been identified to date. Finally, the term "LS-like" corresponds to the families of patients with a MMR system abnormality without mutation identified to date [START_REF] Chintalacheruvu | Major hereditary gastrointestinal cancer syndromes: a narrative review[END_REF].

Clinical expression

LS is the most common form of hereditary CRC (3%) [START_REF] Lynch | Review of the Lynch syndrome: history, molecular genetics, screening, differential diagnosis, and medicolegal ramifications[END_REF], with a prevalence of 1/440 in the general population [START_REF] Ladabaum | American Gastroenterological Association Technical Review on the Diagnosis and Management of Lynch Syndrome[END_REF]. It represents the second most common hereditary cancer-predisposing syndrome after breast/ovarian syndrome [START_REF] Moreira | Identification of Lynch syndrome among patients with colorectal cancer[END_REF].

There are different spectra associated with LS, depending on the relative risk (RR) of appearance of a type of cancer. The narrow spectrum includes cancers with a high RR: CRC, endometrial cancer, urinary tract cancer (ureter and bladder) and small bowel cancers. The broad spectrum includes tumors with a lower RR: ovarian tumors, glioblastoma, cutaneous tumors (keratoacanthomas and sebaceous tumors), tumors of the bile ducts and stomach [START_REF] Yurgelun | Next-generation strategies for hereditary colorectal cancer risk assessment[END_REF][START_REF] Bats | Lynch syndrome and endometrial cancer[END_REF][START_REF] Joost | Urinary Tract Cancer in Lynch Syndrome; Increased Risk in Carriers of MSH2 Mutations[END_REF][START_REF] Koornstra | Small-bowel cancer in Lynch syndrome: is it time for surveillance?[END_REF][START_REF] Therkildsen | Glioblastomas, astrocytomas and oligodendrogliomas linked to Lynch syndrome[END_REF][START_REF] Adan | Cumulative risk of skin tumours in patients with Lynch syndrome[END_REF][START_REF] Cloyd | Clinical and Genetic Implications of DNA Mismatch Repair Deficiency in Biliary Tract Cancers Associated with Lynch Syndrome[END_REF][START_REF] Park | Risk of gastric cancer in hereditary nonpolyposis colorectal cancer in Korea[END_REF] (Table 1 patients with MMR mutation. Patients with a mutation in the MMR system were at increased risk of developing pancreatic cancer [START_REF] Win | Colorectal and other cancer risks for carriers and noncarriers from families with a DNA mismatch repair gene mutation: a prospective cohort study[END_REF]. Moreover, in the context of the LS, tumor associations between CRC and other tumors have been described. The Turcot syndrome associates CRC and brain tumors (glioblastoma or medulloblastoma) and the Muir-Torre syndrome associates CRC and skin tumors (adenomas or sebaceous carcinomas, basal cell carcinomas, keratoacanthomas). RR and cumulative risk (CR) over the course of life are determined for each type of cancer. Whereas RR is an aid for diagnosis, CR helps define surveillance strategies. In addition, the risk of cancer varies according to the mutation found. The CR of cancer by age 70 related to LS is between 15 and 20% with a PMS2 mutation, between 30 and 69% with an MSH6 mutation, and between 40 and 80% for carriers of an MLH1 or MSH2 mutation [START_REF] Ladabaum | American Gastroenterological Association Technical Review on the Diagnosis and Management of Lynch Syndrome[END_REF]. In addition, the risk of cancer is higher in men (40-70%) than in women (20-50%).

In whom should one suspect Lynch Syndrome?

The clinical diagnosis of LS was initially based on clinical criteria (Amsterdam I and II criteria) published in the 1990s [START_REF] Vasen | The International Collaborative Group on Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC)[END_REF][START_REF] Park | Suspected hereditary nonpolyposis colorectal cancer: International Collaborative Group on Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC) criteria and results of genetic diagnosis[END_REF]. The Amsterdam criteria are the presence of CRC (Amsterdam 1) or narrow spectrum (Amsterdam 2) in three first-degree relatives over two generations, including at least one case occurring before 50 years of age. These criteria lacked sensitivity despite good specificity, leading to their revision as the Bethesda Criteria, which broadened the criteria and identified patients who should be screened for LS (Table 2) [START_REF] Ladabaum | American Gastroenterological Association Technical Review on the Diagnosis and Management of Lynch Syndrome[END_REF]. However, these criteria are insufficient since nearly one in three patients with LS would remain undiagnosed [START_REF] Chintalacheruvu | Major hereditary gastrointestinal cancer syndromes: a narrative review[END_REF]. Thus, among the patients carrying a mutation of the MMR system, only 40% present with these Amsterdam criteria. Conversely, only 50 to 60% of patients with Amsterdam criteria will carry a mutation. Current recommendations by the American Gastroenterological Association (AGA) [START_REF] Rubenstein | American Gastroenterological Association Institute Guideline on the Diagnosis and Management of Lynch Syndrome[END_REF] argue for seeking to diagnose LS in any patient with CRC regardless of age while others recommend LS screening for patients with CRC before the age of 70 [START_REF] Moreira | Identification of Lynch syndrome among patients with colorectal cancer[END_REF], and only in case of Bethesda criteria for patients older than 70. While predictive scores have been published, they are little used in France [START_REF] Giardiello | Guidelines on genetic evaluation and management of Lynch syndrome: a consensus statement by the US Multi-Society Task Force on Colorectal Cancer[END_REF][START_REF] Kastrinos | Inherited colorectal cancer syndromes[END_REF].

How to diagnose Lynch Syndrome

The diagnosis of LS is based on the detection of the deficiency of the MMR system in CRC tumor tissue, expressed either by the MSI phenotype, by molecular biology, or by the loss of expression of one of the four proteins of the MMR system by immunohistochemical study. This MMR immuno-phenotyping makes it possible to orient the molecular diagnosis towards a specific gene. However, the MSI phenotype is not specific to LS. Indeed, in CRC, the MSI phenotype is linked to a bi-allelic hypermethylation of the MLH1 gene in 75 to 85% of the cases and to an inherited mutation of one of the MMR genes in only 15 to 25% of the cases. Therefore, in case of MLH1 mutation more or less associated with the PMS2 gene, the search for a BRAF mutation (V600E) in the tumor DNA is an aid to the distinction of a sporadic case that may have a V600E BRAF mutation and a LS that does not have this mutation.

Recommendations [START_REF] Fishel | The mechanism of mismatch repair and the functional analysis of mismatch repair defects in Lynch syndrome[END_REF] are to use a single method when suspicion is low but to do both immunohistochemistry and molecular biology techniques when there is strong suspicion. If both techniques are normal, LS is virtually eliminated. On the other hand, the AGA does not recommend one technique more than another because of their respective sensitivity and specificity. Indeed, the sensitivities and specificities of the MSI test are 0.93 (0.87-0.96) and 0.79 (0.70-0.86) and those of the immunohistochemical study are 0.91 (0.85-0.95) and 0.83 (0.77-0.88), respectively.

Lynch Syndrome and colorectal cancer

Incidence

In patients with LS, the CR of developing a CRC by age 70 is between 27% and 45% [START_REF] Jenkins | Risk of colorectal cancer in monoallelic and biallelic carriers of MYH mutations: a population-based case-family study[END_REF][START_REF] Vasen | Revised guidelines for the clinical management of Lynch syndrome (HNPCC): recommendations by a group of European experts[END_REF]. In the ERISCAM cohort study from 40 French centers [START_REF] Bonadona | Cancer risks associated with germline mutations in MLH1, MSH2, and MSH6 genes in Lynch syndrome[END_REF], this risk was 38% in men and 31% in women. It was 41%, 48% and 12%, respectively, in case of MLH1, MSH2 and MSH6 mutations. The "MALLORCA" international group recent performed an observational study of 1942 patients who carried a LS mutation during a monitoring program; the study identified 314 patients with a first cancer, including 151 CRCs (131 colon and 20 rectum) [START_REF] Moller | Cancer incidence and survival in Lynch syndrome patients receiving colonoscopic and gynaecological surveillance: first report from the prospective Lynch syndrome database[END_REF]. The diagnosis of CRC was made at a mean interval of 31.8 months after the last colonoscopy, 58% within 2.5 years and 79% 3.5 years. At age 70, the CR of all-sex CRC ranged from 20% for MSH6 mutation to 46% for MLH1 mutation. The overall survival was 94% and 91% respectively at 5 and 10 years. This same group also identified the risk of second primary cancer from a cohort of 1273 LS patients following a first cancer [START_REF] Moller | Incidence of and survival after subsequent cancers in carriers of pathogenic MMR variants with previous cancer: a report from the prospective Lynch syndrome database[END_REF]. Of these 1273 patients who initially developed 1835 cancers (including 1161 CRC), 318 (25.7%) developed a second primary cancer, with CRC (n = 147) being the most frequent. The 70-year CR of CRC after first cancer ranged from 23% to 48% with MSH6 and MSH2 mutations, respectively.

In contrast, the CR was comparable whether the first cancer was colorectal or not (36% versus 39%).

Characteristics

Microsatellite instability leads to the activation of oncogenes and the inactivation of tumor suppressor genes and results in accelerated carcinogenesis.

Compared with sporadic CRC, LS-associated CRC is characterized by: early age (20 years younger on average); a localization in the right colon; a stage with less locally-advanced stage at diagnosis (25% stage I and 40% stage II); less distant metastasis (5%); more favorable histological features (poorly-differentiated, mucinous component, strong T-cell infiltration, "Crohn-like" type); better survival after surgical resection; but poorer sensitivity to 5-FU [START_REF] Ribic | Tumor microsatellite-instability status as a predictor of benefit from fluorouracil-based adjuvant chemotherapy for colon cancer[END_REF]). The decreased sensitivity to 5-FU seems to be canceled by the addition of oxaliplatin, particularly in stages III [START_REF] Tougeron | Efficacy of Adjuvant Chemotherapy in Colon Cancer With Microsatellite Instability: A Large Multicenter AGEO Study[END_REF].

Role of endoscopy

In consideration of the high incidence of CRC in LS patients, learned societies recommend early and regular endoscopic screening, i.e., every one to two years from the age of 25 onward and then annually from age 40, or starting 10 years before the age of appearance of CRC in the youngest patient in the family (AGA). Compared with no surveillance, a program of endoscopic screening increases the detection of adenoma (Odds Ratio (OR) = 3.81) while decreasing the prevalence of CRC (OR = 0.23), of metastatic CRC synchronous (OR = 0.28) and of CRC-related mortality (OR = 0.06) [START_REF] Ladabaum | American Gastroenterological Association Technical Review on the Diagnosis and Management of Lynch Syndrome[END_REF][START_REF] Mecklin | Surveillance in Lynch syndrome[END_REF]; thus, without increasing the cost, it allows a gain of seven years in life expectancy [START_REF] Rubenstein | American Gastroenterological Association Institute Guideline on the Diagnosis and Management of Lynch Syndrome[END_REF]. At present, no randomized study has been published concerning the appropriate interval between two endoscopies, even though the majority of authors agree on a two-year interval [START_REF] Jarvinen | Ten years after mutation testing for Lynch syndrome: cancer incidence and outcome in mutation-positive and mutation-negative family members[END_REF]. Despite adequate surveillance, an interval CRC can develop within the two-year time span [START_REF] Vasen | When should endoscopic screening in familial adenomatous polyposis be started?[END_REF][START_REF] Haanstra | Quality colonoscopy and risk of interval cancer in Lynch syndrome[END_REF]; according to the Dutch registry, the identified risk factors are the MLH1 or MSH2 mutation, a personal history of CRC, incomplete previous colonoscopy, or incomplete polypectomy [START_REF] Haanstra | Quality colonoscopy and risk of interval cancer in Lynch syndrome[END_REF]. The majority of the interval CRCs reported [START_REF] Mecklin | Development of colorectal tumors in colonoscopic surveillance in Lynch syndrome[END_REF][START_REF] Engel | Efficacy of annual colonoscopic surveillance in individuals with hereditary nonpolyposis colorectal cancer[END_REF][START_REF] Vasen | One to 2-year surveillance intervals reduce risk of colorectal cancer in families with Lynch syndrome[END_REF][START_REF] Stuckless | Impact of colonoscopic screening in male and female Lynch syndrome carriers with an MSH2 mutation[END_REF] are stage I-II (78-95% of cases) and located in the right colon (57-62% of cases). These interval CRCs are explained not only by accelerated carcinogenesis but also by the difficulty of identifying pre-cancerous lesions [START_REF] Rondagh | Nonpolypoid colorectal neoplasms: a challenge in endoscopic surveillance of patients with Lynch syndrome[END_REF]. More than 10 years ago, Jong et al. [START_REF] Jong | The role of mismatch repair gene defects in the development of adenomas in patients with HNPCC[END_REF] reported that adenomas in LS patients were significantly more often flat, small, villous and had severe dysplasia. These endoscopic findings and these interval CRCs call for very good-quality endoscopy [START_REF] Niv | Quality of colonoscopy in Lynch syndrome[END_REF]. The performance of chromoendoscopy with indigo carmine makes it possible to highlight the relief of the mucosa and to better visualize flat villous lesions, the principal colonic lesions of LS [START_REF] Rahmi | Impact of chromoscopy on adenoma detection in patients with Lynch syndrome: a prospective, multicenter, blinded, tandem colonoscopy study[END_REF] and thus to double the rate of detection of these adenomas [START_REF] Brown | Chromoscopy versus conventional endoscopy for the detection of polyps in the colon and rectum[END_REF].

According to a French multi-center study, chromo-endoscopy using indigocarmine staining significantly improves diagnostic performance. Thus, in a blinded study, chromo-endoscopy doubled the percentage of diagnosed adenomas: 32/78 (41%) versus 18/78 (23%), p <0.001 [START_REF] Rahmi | Impact of chromoscopy on adenoma detection in patients with Lynch syndrome: a prospective, multicenter, blinded, tandem colonoscopy study[END_REF]. Finally, the timing of initial endoscopy and frequency of future surveillance should be adapted according to the location of the mutation; the risk of CRC being lower and later in case of MSH6 mutation [START_REF] Ryan | Association of Mismatch Repair Mutation With Age at Cancer Onset in Lynch Syndrome: Implications for Stratified Surveillance Strategies[END_REF].

Upper endoscopic surveillance of the esophagus, stomach and duodenum is also proposed because of the risk of gastric cancer (wide spectrum). Recent ASCO/ESMO recommendations support testing for and eradication of Helicobacter pylori. In populations with high incidence of gastric cancer, endoscopic monitoring is recommended every one to three years [START_REF] Stoffel | Hereditary colorectal cancer syndromes: American Society of Clinical Oncology Clinical Practice Guideline endorsement of the familial riskcolorectal cancer: European Society for Medical Oncology Clinical Practice Guidelines[END_REF]. In France, endoscopic gastric surveillance is recommended to start at age 20 and every four years thereafter. In patients at risk of developing gastric cancer (atrophic gastritis, intestinal metaplasia, adenoma), follow-up upper endoscopy is recommended every two years. Upper endoscopy should include careful examination of the distal duodenum and the ampulla of Vater.

Place of prophylactic surgical treatment in Lynch Syndrome

In 2009, the National Cancer Institute (NCI) published professional recommendations on the prophylactic cancer preventing surgery in patients with a genetic predisposition, which are still current [START_REF]Recommandations professionnelles: chirurgie prophylactique des cancers à prédispostion génétique[END_REF]. In theory, there are three types of prophylactic surgery for LS.

Primary prophylactic surgery

There are no formal indications for prophylactic colorectal surgery in LS. Indeed, this corresponds to the excision of an organ that is cancer-free organ albeit at high risk of cancerization. Prophylactic colorectal surgery is not recommended when the patient is free from colonic lesions because endoscopic management reduces the risk of death by 70% [START_REF] Jarvinen | Ten years after mutation testing for Lynch syndrome: cancer incidence and outcome in mutation-positive and mutation-negative family members[END_REF]. Thus, according to an old statistical model, [START_REF] Syngal | Benefits of colonoscopic surveillance and prophylactic colectomy in patients with hereditary nonpolyposis colorectal cancer mutations[END_REF], the benefit of a total carcinological colectomy at the age of 25 would increase survival by 1.8 years compared with endoscopic surveillance. This primary prophylactic surgery could nevertheless be considered in some families with LS, with high penetrance and an early age of CRC.

Primary prophylactic colon surgery can be proposed for LS patients with endometrial cancer (EC) requiring a hysterectomy without preservation of adnexae. Indeed, in females with LS, EC is often referred to as "sentinel event" because it is first manifestation of LS in more than one in two women [START_REF] Rossi | Clinicopathologic Characteristics of Endometrial Cancer in Lynch Syndrome: A French Multicenter Study[END_REF], with an earlier age of onset than in sporadic EC [START_REF] Rossi | Clinicopathologic Characteristics of Endometrial Cancer in Lynch Syndrome: A French Multicenter Study[END_REF]. In LS, EC occurs significantly more commonly in patients with early menarche, nulliparity, short-term or no oral contraception (1 year) [START_REF] Dashti | Female Hormonal Factors and the Risk of Endometrial Cancer in Lynch Syndrome[END_REF]. These women with LS who develop EC have an increased risk of developing a CRC. Thus, according to a previous study based on the Amsterdam criteria, Aarnio et al. found that the CR of CRC at 26 years after the development of an EC, ranged from 40 to 75% [START_REF] Aarnio | Life-time risk of different cancers in hereditary non-polyposis colorectal cancer (HNPCC) syndrome[END_REF]. According to a recent registry study that included 127 LS patients with EC, 55% of patients (n = 70) developed a second cancer, more than half (n = 40) of which were CRC.

Compared with the general population, LS women with EC have a 40-fold increased risk of developing CRC [START_REF] Win | Risks of colorectal and other cancers after endometrial cancer for women with Lynch syndrome[END_REF], which can be the basis for discussion of prophylactic colectomy at the time of total hysterectomy. There is however very little data on this specific point and on the extent of the colonic resection. The professional recommendations for prophylactic surgery of cancers with genetic predisposition published in 2009 simply recall the risk of developing a rectovaginal fistula and the need to interpose the omentum in case of colectomy and associated hysterectomy.

Moreover, in view of the risk of EC (narrow spectrum) and ovarian cancer (wide spectrum), gynecologic examination and pelvic ultrasound with measurement of the endometrial thickness are recommended every year after age 35 or starting five years before the first case of endometrial cancer in the family. Prophylactic surgery (total hysterectomy with bilateral salpingo-oophorectomy) should be discussed starting at age 45 or five years before the first endometrial cancer in the family.

Secondary prophylactic surgery

The majority of surgical indications for LS are therefore based on the treatment of either a CRC or of an endoscopically-unresectable dysplasia or adenoma. Either segmental or total colectomy can be proposed depending on the location of the lesion. For rectal lesions, a proctectomy with or without sphincter preservation or a total coloproctectomy can be discussed. In addition to location, the choice of the technique must take into account patient factors (age, co-morbidities, personal choice), the morbidity of the gesture, the functional sequelae engendered, the impact on the quality of life, and, finally, the risk of developing a metachronous lesion. These considerations are necessary in order to provide patients with the most complete enlightened information. This decision can be difficult to make because the certainty of the diagnosis of LS is not always known at the time of surgery.

Tertiary prophylactic surgery

This concerns patients who have undergone segmental colonic or rectal resection with the diagnosis of LS made post-operatively. The prophylactic strategy is based either on endoscopic surveillance or on the extension of surgical resection.

What type of surgical resection?

To simplify the presentation, we consider in this work successively the management of rectal cancer and then of colon cancer in patients with the LS.

Lynch Syndrome with Rectal Cancer (RC)

About 20-30% of patients with LS will develop RC, including 15% as an initial presentation. The American Society of Colon and Rectal Surgeons (ASCRS) recommends treatment of the rectal lesion alone, in the absence of other synchronous colon cancer localizations (level of recommendation: grade 2C) [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF].

This strategy is all the more justified if a neo-adjuvant treatment is indicated. In the literature, the CR to develop a metachronous colon cancer after proctectomy ranges from 18 to 54% depending on the length of follow-up [START_REF] Lee | Rectal cancer in hereditary nonpolyposis colorectal cancer[END_REF][START_REF] Molsein | Rectal carcinomas in HNPCC][END_REF][START_REF] Kalady | Defining phenotypes and cancer risk in hyperplastic polyposis syndrome[END_REF]. These variations can be explained by the fact that not all patients in whom LS was suspected on the basis of the Amsterdam Criteria proved to have LS [START_REF] Kalady | Risk of colonic neoplasia after proctectomy for rectal cancer in hereditary nonpolyposis colorectal cancer[END_REF]. In the series of Win et al. compiled from several registers, 21 patients (27%) among 79 patients who underwent resection of a RC complicating LS eventually developed a metachronous cancer of the colon with a median follow-up of nine years [START_REF] Win | Risks of colorectal and other cancers after endometrial cancer for women with Lynch syndrome[END_REF].

In 75% of cases, the colon cancer was located on the right and diagnosed at an early stage (I-II). At 10, 20 and 30 years, the cumulative risk of CC was respectively 19%, 47% and 69%.

Lynch syndrome with colon cancer (CC)

The recent recommendations of the ASCRS call for a total colectomy (TC) (evidence grade 1B) because of the higher risk of metachronous CC [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF].

However, the ASCRS also recognizes a role for the segmental colectomy (SC) disease in view of the sequelae of TC (evidence grade 2C). The situation is complex and necessitates adaptation on a case-by-case basis.

According to a Markov statistical model, performance of TC versus SC at the age of 27 would increase life expectancy by 2.3 years for all stages and by 3.4 years for Dukes A stage. The benefit of subtotal colectomy compared to SC decreases with age. At age 47, the advantage is 1 year and it is only 0.3 years at age 67.

Thus the youngest patients are the most likely to benefit from extensive colectomy [START_REF] De Vos Tot Nederveen | Decision analysis in the surgical treatment of colorectal cancer due to a mismatch repair gene defect[END_REF]. The main criticism is that it is difficult to predict the TNM stage pre-operatively. However, no prospective randomized study has been published to date, comparing SC to TC for LS patients with colon cancer.

Risk of metachronous cancer: segmental colectomy (SC) or total colectomy (TC)?

To date three meta-analyses are available [55-57 with similar results, namely that TC is significantly associated with a decrease in the risk of metachronous CC.

The most recent study by Malik et al. is the most complete and the most interesting because it differentiated the patients according to whether the LS was proved by a mutation of the MMR system or suspected based on clinical criteria [START_REF] Malik | Metachronous colorectal cancer following segmental or extended colectomy in Lynch syndrome: a systematic review and meta-analysis[END_REF]. This meta-analysis included ten studies with 1389 patients and a 100month follow-up; SC was performed in 1119 patients and TC in 270 patients.

The risk of metachronous colon cancer at the end of follow-up was respectively 28.2 and 4.7%, (OR: 5.12, 95% CI 2.88-9.11). The relative risk of developing a metachronous lesion after SC compared to TC was 8.56, (95% CI 3.37-21.73) in patients with proven LS (MMR mutation) and 3.04, (95% CI 1.46-6.34) in patients who met the Amsterdam criteria but did not have proven MMR mutation. In summary, this study suggests that for LS patients, SC carries five times the risk of developing metachronous CRC compared to TC. However, the study has little information on the frequency of endoscopic screening or the quality of the endoscopic examination [START_REF] Church | Controversies in the surgery of patients with familial adenomatous polyposis and Lynch syndrome[END_REF].

However, none of these three meta-analyses, showed SC to have a statistically significant association with decreased survival, even though all three studies suggested a survival benefit for TC [START_REF] Stupart | Surgery for colonic cancer in HNPCC: total vs segmental colectomy[END_REF][START_REF] Natarajan | Comparison of extended colectomy and limited resection in patients with Lynch syndrome[END_REF][START_REF] Parry | Metachronous colorectal cancer risk for mismatch repair gene mutation carriers: the advantage of more extensive colon surgery[END_REF]. Moreover, no data were available on the morbidity and mortality of SC vs. TC nor on the functional sequelae generated by each procedure. Finally, the specific mutation probably has an effect since the majority of patients who developed metachronous cancer had an MLH1 or MSH2 mutation. In the future, recommendations for extensive surgery may be based on the type of mutation.

Morbidity and mortality: segmental colectomy or total colectomy? Few recent data from comparative series are available for morbidity and mortality following TC vs. SC. A Mayo Clinic study of 522 CRC patients who underwent SC (n = 321) or total colectomy (n = 201) showed that morbidity-mortality was comparable between the two groups, even after classification according to Dindo-Clavien. Only post-operative ileus was significantly more common after extensive colectomy (26.4-38.5% versus 10.9%), leading to a significant prolongation of hospital stay (8-9 versus 7 days). In contrast, the anastomotic leak rate (0.9-3.3% versus 1.9%) and the re-intervention rate (2.7-3.3% versus 3.7%) were comparable. Anastomotic disruption remains the most feared surgical complication as it increases morbidity and post-operative mortality. One of the most recent series of the literature, which included 17,518 colic resections, reported an anastomotic leak rate of 3.9% [START_REF] Parthasarathy | Risk factors for anastomotic leakage after colorectal resection: a retrospective analysis of 17 518 patients[END_REF]. Some risk factors are now well known such as smoking history, diabetes, hypoalbuminemia and emergency surgery. These factors must be taken into account during the surgical decision.

These complications and especially their risk factors are all the more important since they have a demonstrated impact on the oncological results. Two recent studies report that these complications had a negative impact on overall survival, CRC-specific survival, and recurrence [START_REF] Duraes | The Relationship Between Clavien-Dindo Morbidity Classification and Oncologic Outcomes After Colorectal Cancer Resection[END_REF][START_REF] Aoyama | Impact of postoperative complications on the colorectal cancer survival and recurrence: analyses of pooled individual patients' data from three large phase III randomized trials[END_REF].

Functional sequelae and quality of life: SC or total colectomy? In terms of functional results and quality of life, only one study specific to LS is available, from the Dutch register [START_REF] Haanstra | Quality of life after surgery for colon cancer in patients with Lynch syndrome: partial versus subtotal colectomy[END_REF]. A total of 104 patients who responded to the questionnaires were analyzed (51 with SC and 53 with TC). The follow-up was significantly longer in the SC group (12.7 vs. 9.2 years, p <0.01). If the Quality of life (QOL) scores were comparable between the two interventions according to EORTC SF36 and / or QLQ-CR38 scores, TC was significantly associated with stool frequency and its social impact compared to SC. The authors suggested that preservation of a part of the distal sigmoid and rectosigmoid below the pelvic brim would serve oncological imperatives while improving functional outcomes. Several other authors have also observed similar results. In the Cleveland Clinic series [START_REF] You | Segmental vs. extended colectomy: measurable differences in morbidity, function, and quality of life[END_REF], TC was significantly correlated with daytime (4 vs. 1) and nocturnal (1 vs. 0) stool frequency, and with the need for medications to slow transit (19.6 vs. 0%) episodes of diurnal incontinence and perineal excoriation (18.5% vs. 6.9%). After adjusting for age, sex, procedure, and the interval to evaluation of functional outcome, stool frequency was related to the extensiveness of colectomy, to young age and to a short interval of the clinical evaluation. Patients whose anastomosis was within 20 cm of the anal margin had the poorest functional outcome. Two French teams have -reported similar results [START_REF] Manceau | Elective subtotal colectomy with ileosigmoid anastomosis for colon cancer preserves bowel function and quality of life[END_REF][START_REF] Duclos | Immediate outcome, long-term function and quality of life after extended colectomy with ileorectal or ileosigmoid anastomosis[END_REF]. In summary, extended colectomy alters the functional result in terms of the number of stools per 24 hours, the use of medication to retard transit, and even diet. Unless carcinologic reasons make extended colectomy imperative, performance of an ileo-sigmoid anastomosis to a rectosigmoid stump of 20 to 25 cm length would be preferable to performing an ileorectal anastomosis.

In conclusion, unless the LS shows significant penetration in the family as evidenced by many CRCs, by a young age of first CRC, or unless the patient is unlikely to comply with a programmed endoscopic surveillance, and if there is no other indication for extended colectomy, the decision to perform a SC vs. TC should be made on a case-by-case basis, having fully informed the patient of the operative and functional risks as well as the risk of developing a metachronous lesion. If an extensive colectomy is performed, the preservation of 20 to 25 cm of rectosigmoid improves the functional results. Whatever the resection performed, an annual post-operative colorectal endoscopic monitoring is imperative, as well as gynecological surveillance according to the recommendations [START_REF] Bats | Lynch syndrome and endometrial cancer[END_REF]. The latest European recommendations for gynecological screening for LS are a clinical examination, a pelvic ultrasound, an endometrial biopsy ± a hysteroscopy annually from the age of 35 years [START_REF] Colombo | ESMO-ESGO-ESTRO Consensus Conference on Endometrial Cancer: Diagnosis, Treatment and Follow-up[END_REF]. Only one study [START_REF] Schmeler | Prophylactic surgery to reduce the risk of gynecologic cancers in the Lynch syndrome[END_REF] has shown that prophylactic surgery eliminates any risk of EC and ovarian cancer. This surgery can be offered to any LS patient with proven mutations or high risk, once desired childbearing years are past, at 40 -45 years. This decision must be validated in a multi-specialty consultation; the patient must be informed that this will result in menopause and possible hormone replacement therapy.

CONCLUSION

In conclusion, much progress has been made in the understanding of Lynch Syndrome, allowing precise identification of LS patients (thanks to the search for the MSI phenotype and/or the mutation of one of the genes of the MMR system), a better knowledge of the prevalence of CRCs and associated cancers, in particular gynecological cancers, better endoscopic monitoring of these patients, and ultimately, a decrease in the prevalence of CRC and secondary mortality due to CRC [START_REF] Barrow | Systematic review of the impact of registration and screening on colorectal cancer incidence and mortality in familial adenomatous polyposis and Lynch syndrome[END_REF]. Nevertheless, LS is still relatively underappreciated among surgeons as evidenced by the low percentage (<33%) of patients who present with CRC before the age of 50 in whom testing for LS is carried out [START_REF] Warrier | Managing young colorectal cancer: a UK and Irish perspective[END_REF][START_REF] Karlitz | Invited comment on Warrier et al: hereditary colorectal cancer screening and management practices by colorectal surgeons[END_REF].

Given the implications for the patient and his descendants, progress is still to be made in educating surgeons with respect to Lynch Syndrome. 

( 60 -

 60 all the criteria should be present) Bethesda Criteria (at least one criterion) -At least three family members with cancers of the HNPCC narrow spectrum -At least one of these three should be a firstdegree relative -Involvement of at least two generations -At least one cancer before the age of 50 -No history of familial adenomatosis coli -Colorectal cancer before age 50 -Second synchronous colorectal cancer or a metachronous colorectal cancer (regardless of age) -Second cancer from the broad spectrum of HNPCC (regardless of age) -Pathologic findings showing Microsatellite Instability at age < Colorectal cancer with at least one firstdegree relative presenting with a cancer from the broad spectrum of HNPCC before the age of 50 -Colorectal cancer with at least two firstdegree relatives presenting with a cancer from the broad spectrum of HNPCC (independent of age)

  ). Within the broad-spectrum, pancreatic tumor remains debated but two recent studies suggest an increased risk of developing pancreatic cancer in patients with Lynch Syndrome. In 2009, Kastrinos et al. reported the results of a study of 6342 individuals from 147 families with Lynch Syndrome. The risk of developing pancreatic cancer in this population was multiplied by a factor of 8.6 [14]. In 2012, Win et al. compared data from 1029 patients without MMR mutation to 446

Table 2 . Amsterdam II Criteria: (good specificity but poor sensitivity) and Bethesda Criteria (poor specificity but good sensitivity) Amsterdam II Criteria

 2 

Endometrial cancer 50 years [START_REF] Bats | Lynch syndrome and endometrial cancer[END_REF] Urinary tract cancer 62 years [START_REF] Joost | Urinary Tract Cancer in Lynch Syndrome; Increased Risk in Carriers of MSH2 Mutations[END_REF] Small intestinal cancer 45 years [START_REF] Koornstra | Small-bowel cancer in Lynch syndrome: is it time for surveillance?[END_REF] Ovarian Cancer 50 years [START_REF] Bats | Lynch syndrome and endometrial cancer[END_REF] Glioblastoma 41.5 years [START_REF] Therkildsen | Glioblastomas, astrocytomas and oligodendrogliomas linked to Lynch syndrome[END_REF] Skin cancer 53 years [START_REF] Adan | Cumulative risk of skin tumours in patients with Lynch syndrome[END_REF] Biliary tract cancer 57 years [START_REF] Cloyd | Clinical and Genetic Implications of DNA Mismatch Repair Deficiency in Biliary Tract Cancers Associated with Lynch Syndrome[END_REF] Gastric cancer