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Nearly 5% of colorectal cancers are hereditary colorectal cancers, including adenomatous polyposis. The aim of this review was to highlight the current management of adenomatous polyposis. The two main genetic conditions responsible for adenomatous polyposis are familial adenomatous polyposis (FAP) (caused by an autosomal dominant mutation of the APC gene) and MUTYHassociated polyposis (MAP) (caused by bi-allelic recessive mutations of the MUTYH (MutY human homolog) gene). FAP is characterized by the presence of >1000 polyps and a young age at diagnosis (mean age of 10). In the absence of screening, the risk of colorectal cancer at age 40 is 100%. It is recommended to start screening at the age of 10-12 years. For patients with FAP and MAP, it is also recommended to screen the upper gastrointestinal tract (stomach and duodenum). In FAP, prophylactic surgery aims to reduce the risk of death without impairment of patient quality of life. The best age for prophylactic surgery is not well-defined; in Europe, prophylactic surgery is usually performed at age 20 as the risk of cancer increases sharply during the third decade. There are three main surgical procedures employed: total colectomy with an ileorectal anastomosis, restorative coloproctectomy with a J pouch anastomosis and coloproctectomy with a stoma. Restorative coloproctectomy with J pouch anastomosis is the reference procedure; however, disease can vary in severity from one patient to another and this must be taken into account to decide which procedure should be performed. In conclusion, the management of adenomatous polyposis is complex but is well-defined by guidelines, particularly in France.

Introduction

While colorectal cancer (CRC) still remains a public health problem, much progress has been accomplished during the last two decades. Colorectal cancer represents the second most frequent indication for consultation in oncogenetics, after breast cancer. Indeed, nearly 5% of CRC are related to constitutional genetic abnormalities such as the APC (adenomatous polyposis coli) gene or MUTYH (MutY human homolog) gene in adenomatous polyposis or the mutation of deoxyribonucleic acid (DNA) with defective repair (MMR : mismatch repair) found in the Lynch syndrome [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF]. Adenomatous polyposis combines several syndromes that correspond to different histologic types and associated extra-intestinal manifestations. Each entity implies a different carcinogenetic mechanism. Two genes are responsible for adenomatous polyposis coli: the APC gene, transmitted in an autosomal dominant pattern, and the MUTYH gene that is transmitted according to an autosomal recessive manner.

Colonic polyposis can be associated to other manifestations and in particular, polyps in the duodenum, Vater's ampulla and desmoid tumors. This update will not treat the specific management of upper gastro-intestinal desmoid tumors. The goal of this update is to identify the various forms of adenomatous polyposis coli and review the indications for surgery, surveillance and to define the surgical strategies for patients with adenomatous polyposis coli.

Forms of familial adenomatous polyposis (FAP)

Two types of disease can be distinguished based on their genotype or phenotype : the classic (profuse) and the attenuated forms.

Classic form related to the APC gene This is the most frequent inherited adenomatous polyposis disease in humans (one out of every 10,000 individuals). The disease is related to an inactivation germline mutation of the APC gene. More than 600 germline mutations of the APC gene have been identified in FAP, one third of which are located between codons 1061 and 1309. The classic phenotype occurs more frequently when the mutation is located at codon 1309 or between 1250 and 1550 of the exon 15 [START_REF] Ficari | APC gene mutations and colorectal adenomatosis in familial adenomatous polyposis[END_REF]. FAP is characterized by the presence of more than 1000 polyps and a young age at onset of disease (mean 10 years old). Fifteen to 20% of parents of patients with FAP do not have the disease or the genetic mutation. These are de novo APC mutations [START_REF] Aretz | Frequency and parental origin of de novo APC mutations in familial adenomatous polyposis[END_REF]. The transmission of FAP is autosomal dominant and the penetrance is high (nearly 100%) [START_REF] Galiatsatos | Familial adenomatous polyposis[END_REF].

Attenuated form related to the APC gene

The attenuated form of FAP, named AFAP for « attenuated familial adenomatous polyposis » is secondary to a mutation of the APC gene at a different locus with regard to the classic form. The mutation occurs either in the 5' half of codon 168 or the 3' part of codon 1580 of the gene. AFAP represent approximately 8% of individuals who are carriers of APC gene mutation located on exons 1-3, 9 or the end of exon 15 (beyond codon 1,550) of the APC gene [START_REF] Al-Tassan | Inherited variants of MYH associated with somatic G:C-->T:A mutations in colorectal tumors[END_REF].

MAP (MUTYH-Associated polyposis)

This form is secondary to a biallelic mutation (homozygote) of the MUTYH gene, identified in 2002 and responsible for an attenuated form of polyposis. The MUTYH gene is an DNA repair gene belonging to the base excision repair system implicated in oxidative lesions of DNA. The transmission of the MAP syndrome is autosomal recessive: both alleles have to be involved to express the disease. Consequently, the MAP syndrome can affect only one individual of a family (falsely called « sporadic ») or involve only siblings of the same family (« horizontal » transmission) [START_REF] Grover | Prevalence and phenotypes of APC and MUTYH mutations in patients with multiple colorectal adenomas[END_REF]. The mono-allelic mutation of the MUTYH gene occurs in 2% while the bi-allelic mutation involves between one and two of 10000 persons in the overall population. The prevalence of bi-allelic mutations of the MUTYH gene is approximately 14% in patients with non-APC related adenomatous polyposis [START_REF] Grover | Prevalence and phenotypes of APC and MUTYH mutations in patients with multiple colorectal adenomas[END_REF]. Nonetheless, the prevalence of the bi-allelic mutation varies according to the severity of the disease.

MAP can be associated with a microsatellite instability (MSI) phenotype by somatic inactivation of MLH1 (MutL homolog 1) by transversion [START_REF] Lefevre | MYH biallelic mutation can inactivate the two genetic pathways of colorectal cancer by APC or MLH1 transversions[END_REF].

Whether the disease is related to the APC or the MUTYH gene, the prevalence of the mutation has been found to be proportional to the number of colorectal polyps. Thus, among a cohort of 8903 patients, a (APC or MUTYH) mutation was found in 82% of patients when the number of polyps was greater than 1000, in 63% when the number was between 100 and 999, in 17% when the number was between 20 and 99 and in 9% when the number of polyps was between 10 and 19 [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF][START_REF] Grover | Prevalence and phenotypes of APC and MUTYH mutations in patients with multiple colorectal adenomas[END_REF].

Recently, cases of adenomatous polyposis associated with mutations in the sub-units of DNA, polymerase delta 1 (POLD1) and epsilon (POLE) have been identified; these forms of polyposis are associated with the proofreading polymerase (PAPP)) [START_REF] Bellido | POLE and POLD1 mutations in 529 kindred with familial colorectal cancer and/or polyposis: review of reported cases and recommendations for genetic testing and surveillance[END_REF].

What are the clinical presentations of familial adenomatous polyposis?

The classic familial polyadenomatous form In its classic variety, patients with FAP can have several hundreds or even thousands of colorectal polyps, present starting during their adolescence and leading to an inevitable risk of colorectal cancer before the age of 40. These patients can also present duodenal adenomas with a 300-fold increased risk of developing duodenal adenocarcinoma in comparison to the overall population [START_REF] Bulow | Duodenal adenomatosis in familial adenomatous polyposis[END_REF]. The severity of duodenal adenomas is currently evaluated with the Spiegelman classification. In 2017, Sourrouille et al. evaluated the Spiegelman duodenal surveillance score and in particular, with respect to high grade dysplasia. Multivariable analysis found that age at the first endoscopy and modifications of the papilla (size and gross aspect) were independent risk factors associated with high grade dysplasia [START_REF] Sourrouille | Surveillance of Duodenal Polyposis in Familial Adenomatous Polyposis: Should the Spigelman Score Be Modified?[END_REF]. It is therefore necessary to evaluate the gross aspect of the papilla to appreciate the risk of duodenal dysplasia. Moreover, desmoid tumors occur in 10-15 % of cases, at a median age of 30 years. These desmoid tumors constitute the leading cause of mortality in patients with FAP after prophylactic colorectal surgery [START_REF] Church | A desmoid tumor-staging system separates patients with intra-abdominal, familial adenomatous polyposis-associated desmoid disease by behavior and prognosis[END_REF]. Desmoids are mesenchymal tumors, occurring preferentially within the abdomen, benign (no risk of metastasis), but are life-threatening because of their potential for locoregional complications. The other types of tumors are rare (1-2 % of patients) and include hepatoblastoma (in boys between 6 months and three years of age), cerebral tumors in children or adolescents (mainly medulloblastoma; formerly known as the Turcot syndrome), papillary cancer of the thyroid and pancreatic cancer. Other possible lesions are glandular-cystic gastric polyps, occurring frequently, benign, or even gastric adenomas and extra-digestive benign lesions, less frequent, but heralding the occurrence of colorectal adenomatous polyps, dental anomalies (supernumerary or sunken teeth, maxillary osteoma), asymptomatic hypertrophy of the retinal pigmented epithelium, and skin lesions (epidermoid cysts, lipoma).

Attenuated familial polyadenomatosis

In the attenuated form related to the APC gene (AFAP), the number of adenomatous polyps is < 100, the age of onset is later (between 30 and 40 years old) and the rectum is often spared. The importance of this attenuated form must be put in perspective, in particular, since the discovery of MAP. The genotype/phenotype difference is not always obvious, and MAP could in reality be the attenuated form [START_REF] Lefevre | APC, MYH, and the correlation genotype-phenotype in colorectal polyposis[END_REF].

MUTYH-associated polyposis (MAP)

This form of polyposis is also an attenuated type. Most patients have bi-allelic mutations and between 15 and 100 polyps. The symptoms of MAP are similar to those of FAP, because of the APC gene involvement in both types. The diagnosis is usually made in adults between 45 and 48 years of age, and there does not seem to be any preferential localization of the polyps in the colon. Associated scalloped tumors (hyperplastic and/or scalloped sessile polyps) are possible and should not dismiss the diagnosis. Moreover, inter-and intra-familial heterogeneity exists with respect to the severity of MAP. The prevalence of degenerated colonic polyps at the time of diagnosis is high, around 50%. This situation can be explained by: i) the frequent absence of suggestive family history; ii) the autosomic recessive pattern of the transmission; iii) absence of routine endoscopic surveillance programs and iv) symptomatic character of the index cases. Consequently, the relative risk of CRC compared to the overall population is between 30 to 50. In contrast to the Lynch syndrome, CRC in patients with MAP is not associated with any particular morphologic or histologic characteristics.

Extra-colorectal manifestations can be observed, such as duodenal adenomatous polyps, associated with an increased risk of duodenal adenocarcinoma and skin lesions developed in sebaceous glands that present as yellow papules usually located on the patient's face. Histologically, these can be sebaceous adenomas or carcinoma. This explains the necessity of a complete dermatologic examination in case of MAP [START_REF] Winship | Lessons from the skin--cutaneous features of familial cancer[END_REF]. Of note, desmoid tumors are never found in association with MAP.

Place of colorectal endoscopic surveillance

In the absence of endoscopic screening and prophylactic surgery, CRC occurs in nearly 100% of patients before the age of 40 in the classic form of FAP linked to the APC gene [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF][START_REF] Bulow | Results of national registration of familial adenomatous polyposis[END_REF]. There are no randomized or even prospective comparative studies that have evaluated the different strategies of endoscopic surveillance. Conversely, the setup of surveillance programs and registries has contributed to lower the incidence of and the mortality related 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].

According to the recommendations published in 2009 and revised in 2017 [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF], endoscopic screening is recommended starting at age 10-12. Effectively, according to the literature, the risk of developing CRC is 0.2% before the age of 15 and 1.3% before the age of 20 [START_REF] Church | Teenagers with familial adenomatous polyposis: what is their risk for colorectal cancer?[END_REF]. Endoscopic surveillance should include rectosigmoidoscopy at puberty, and in the absence of any identifiable lesion, total colonoscopy at age 16. Conversely, total colonoscopy is recommended if any adenomatous lesion or symptoms appear before the age of 16.

For polyposis linked to the MUTYH gene, recto-sigmoidoscopy is not recommended because rectal involvement is rare ; recommendations indicate that surveillance should start at the age of 20 since the youngest patient with CRC was 24 years old at the time of diagnosis [START_REF] Burt | Genetic testing and phenotype in a large kindred with attenuated familial adenomatous polyposis[END_REF]. Compared to the overall population, there is a 28-fold increased risk of CRC in MAP. The penetrance increases with age: 19% at age 50, 43% at age 60 and 80% at the age of 80 [START_REF] Lubbe | Clinical implications of the colorectal cancer risk associated with MUTYH mutation[END_REF]. Total colonoscopy should be combined with indigo-carmine chromo-endoscopy in order to detect all the polyps. The first colonoscopy should be performed at age 20 and, if normal, repeated at ages 25 and 30, and then every two years. The possible existence of an increased risk of CRC in relatives justifies routine endoscopic screening similar to the modalities recommended for patients with first degree relationship to those with sporadic CRC.

Colonoscopy should be performed as early as age 45 and repeated every five years.

Identification and removal of at least one advanced adenomatous polyp (≥ 10mm

and/or tubulo-villous or exclusive villous architecture and/or high-grade dysplasia) or multiple (≥ 3) adenomatous polyps found during colonoscopy should lead to shorten the interval between ulterior investigations to 3 years.

Irrespective of whether it is FAP or MAP, upper gastro-intestinal surveillance (stomach and duodenum) is recommended. Gastro-duodenal surveillance should include esophagogastroduodenal fibro-endoscopy and duodenoscopy associated with chromo-duodenoscopy, especially in the absence of visualization of the papilla with axial vision. In MAP, the first investigation should be performed at age 25, repeated at age 30 if all is normal, then repeated every two years. The rhythm of surveillance should be adapted to the degree of duodenal polyposis according to the modified Spiegelman score [START_REF] Sourrouille | Surveillance of Duodenal Polyposis in Familial Adenomatous Polyposis: Should the Spigelman Score Be Modified?[END_REF][START_REF] Spigelman | Upper gastrointestinal cancer in patients with familial adenomatous polyposis[END_REF].

Place of prophylactic surgery

In FAP, the goal of prophylactic surgical treatment is to prevent death related to CRC without affecting quality of life. Of note, one out of every four patients will have CRC at the time of operation, and one out of three will develop rectal cancer during the post-operative surveillance period [START_REF] Smith | Adenocarcinomas After Prophylactic Surgery For Familial Adenomatous Polyposis[END_REF]. Currently there are no standardized guidelines or consensus as to when to operate or which procedure to perform [START_REF] Vasen | Guidelines for the clinical management of familial adenomatous polyposis (FAP)[END_REF] but in 2009, the French National Institution of Cancer (INCA) published professional recommendations for prophylactic surgery in patients with genetic predisposition [START_REF]Cancer colorectal : modalite ́s de de ́pistage et de pre ́vention chez les sujets a ̀ risque e ́leve ́ et tre ̀s e ́leve[END_REF] and in 2017, the French High Health Authority published recommendations with respect to screening and prevention in high and very high-risk patients [23]. In these recommendations, age, but also the size, the number and the histology of polyps should intervene in the indication for prophylactic surgery. In the absence of polyps greater than 5mm and/or with a villous component and/or high-grade dysplasia, surgery can be differed. Endoscopic surveillance is therefore fundamental [START_REF]Cancer colorectal : modalite ́s de de ́pistage et de pre ́vention chez les sujets a ̀ risque e ́leve ́ et tre ̀s e ́leve[END_REF]23].

At what age should surgery be proposed?

The risk of CRC increases with age. Notwithstanding, there is no consensus today as to the precise age when preventive surgery should be proposed [START_REF] Vasen | Guidelines for the clinical management of familial adenomatous polyposis (FAP)[END_REF]. While such surgery is proposed in the 3rd decade of life in English-speaking countries, it is proposed as early as age 20 in Europe because the risk increases sharply after the 3rd decade of life. According to a recent Japanese study [START_REF] Kobayashi | Association between the age and the development of colorectal cancer in patients with familial adenomatous polyposis: a multi-institutional study[END_REF], the risk of CRC in classic FAP is 10% at the age of 28 and 25% at the age of 32. The authors recommend colorectal surgery before the age of 27. Conversely, in attenuated FAP, the peak of CRC occurs later : 10% at the age of 31 and 25% at the age of 35; this is why the authors suggest to perform prophylactic surgery before the age of 31.

In certain cases, surgery can be deferred because of the increased risk of desmoid tumors compared to the risk of colorectal degeneration. According to a recent metaanalysis [START_REF] Sinha | Risk factors predicting desmoid occurrence in patients with familial adenomatous polyposis: a meta-analysis[END_REF], including some 4625 patients, multivariable analysis found that age under 40, family history, 3' mutation until codon 1399, antecedent laparotomy and female gender were independent risk factors for developing a desmoid tumor (n=559, i.e. 12%). The authors suggested to defer prophylactic colorectal surgery to limit the risk of onset of desmoid tumors, in particular in women with attenuated FAP characterized by 3' mutation until codon 1399.

What type of resection?

There are three types of operations: total colectomy with ileorectal anastomosis (TC+IRA) ; restorative coloproctectomy with ileo-anal anastomosis (CP+IAA) and coloproctectomy with definitive ileostomy (CP+I). In theory, CP should eliminate the risk of CRC. While CP is the reference operation in classic FAP, severity of disease is not the same in all patients. For this reason, the functional outcome, the impact on quality of life, the wish of pregnancy in women, the necessity of strict compliance to endoscopic surveillance as well as the risk of developing desmoid tumors should be discussed with these young patients. TC+IRA TC + ICA is indicated in attenuated forms or classic forms of FAP, as long as there is no CRC and, in the latter, fewer than 1000 polyps in the colon and fewer than five in the rectum. TC+ICA must be discussed case by case for patients who have between five and 19 polyps in the rectum [START_REF] Vasen | Guidelines for the clinical management of familial adenomatous polyposis (FAP)[END_REF].

Less morbidity and better gastro-intestinal function

The advantages and disadvantages of IAA and IRA are well described in the meta-analysis by Aziz et al. [START_REF] Aziz | Metaanalysis of observational studies of ileorectal versus ileal pouch-anal anastomosis for familial adenomatous polyposis[END_REF], including a total of 1002 patients in 12 studies (53.4% IAA and 46.6% IRA). In this study, there was no statistically significant difference in short-term overall morbidity in terms of prevalence of ileus, bleeding, intra-abdominal abscess, and surgical site infection. IAA, however, was statistically significantly associated with more re-operations at 30 days (23.4% vs. 11.6%, OR : 2.11; 95% CI [1.21-3.70]) (Table 1).

In the long-term, the rate of perineal irritation (62.7% vs. 57.4%) and anastomotic stricture (8.1% vs. 2%) were statistically significantly higher after IAA compared to IRA. Notwithstanding, IRA was associated with a statistically significantly higher risk of repeat surgery (27.7% vs. 3.1%), related essentially to the risk of cancer in the residual rectum, observed in 5.5% of cases [START_REF] Aziz | Metaanalysis of observational studies of ileorectal versus ileal pouch-anal anastomosis for familial adenomatous polyposis[END_REF].

In terms of functional outcome, IRA was associated with a statistically significant 

Risk of rectal cancer

One of the risks after IRA is the onset of cancer on the remaining rectum. In the meta-analysis cited above, the risk of cancer was nil after CP+IAA compared to 5.5% after TC+IRA (OR: 0.13; 95% IC [0.03-0.61]) [START_REF] Aziz | Metaanalysis of observational studies of ileorectal versus ileal pouch-anal anastomosis for familial adenomatous polyposis[END_REF]. The prevalence of rectal cancer increases with time, ranging from 4% at 5 years after surgery to 25%, 20 years after surgery [START_REF] Aziz | Metaanalysis of observational studies of ileorectal versus ileal pouch-anal anastomosis for familial adenomatous polyposis[END_REF]; this rate is influenced by the number of polyps in the colon, (> or < 1000, in the series of Debinski et al. [START_REF] Debinski | Colorectal polyp counts and cancer risk in familial adenomatous polyposis[END_REF]), the number of polyps in the rectum (< or > 20), the presence of colonic cancer at the time of TC and the duration of follow-up.

The prevalence of rectal cancer in the literature ranges from 13% to 59% at 25 years [START_REF] Aziz | Metaanalysis of observational studies of ileorectal versus ileal pouch-anal anastomosis for familial adenomatous polyposis[END_REF]. Nonetheless, this risk is probably over-estimated because this series was published before the development of CP+IAA.

Two years later, in 2008, based on a series of 776 patients originating from four European registries of polyposis, Bulow et al. [START_REF] Bulow | Colectomy and ileorectal anastomosis is still an option for selected patients with familial adenomatous polyposis[END_REF], reported a 5-fold decreased cumulative risk of developing rectal cancer after the advent of CP+IAA (2% vs. 10%), the number of TC+IRA dropping from 576 to 200, attesting to a better selection of patients for this operation.

A recent Finnish study [START_REF] Koskenvuo | Comparison of proctocolectomy and ileal pouch-anal anastomosis to colectomy and ileorectal anastomosis in familial adenomatous polyposis[END_REF] reported similar results when they compared the outcomes of IRA (n=140) to IAA (n=88). This study did not find any statistically significant difference in overall morbidity between IRA (performed between 1963 and 2012,) and IAA (performed between 1992 and 2012), (21% vs. 30%). The cumulative risk of developing rectal cancer was 4%, 11%, 24% and 37% at 10, 20, 30 and 40 years after surgery, respectively. The cumulative risk of mortality related to rectal cancer after TC+IRA was 2%, 3%, 8% and 9% at 5, 10, 20, and 30 years, respectively. Secondary proctectomy for rectal cancer was necessary in 40 patients (28%), but most of these patients underwent operation before the advent of CP+IAA.

Impact on the prevalence of desmoid tumors

Even though there is a risk of developing rectal cancer after TC+IRA, this operation, less extensive, is associated with a lower risk of developing desmoid tumors. The prevalence of desmoid tumors in FAP ranges from 9 to 26% in the literature [START_REF] Lefevre | Risk factors for development of desmoid tumours in familial adenomatous polyposis[END_REF].

Currently this represents the leading cause of mortality after prophylactic colorectal surgery. The risk factors for developing desmoid tumors reported in the literature include a family history of desmoid tumors, the site of mutation (3' in codons 1399 or 1444), female gender and antecedent laparotomy [START_REF] Lefevre | Risk factors for development of desmoid tumours in familial adenomatous polyposis[END_REF][START_REF] Desurmont | Desmoid tumour in familial adenomatous polyposis patients: responses to treatments[END_REF][START_REF] Nieuwenhuis | Family history, surgery, and APC mutation are risk factors for desmoid tumors in familial adenomatous polyposis: an international cohort study[END_REF]. A monocenter 2014 Italian study including 672 patients of which 70 underwent laparoscopy, suggested that there was a decreased risk of desmoid tumor when patients underwent operation via laparoscopy compared to open surgery (13% vs. 4%, p=0.04) [START_REF] Vitellaro | Risk of desmoid tumours after open and laparoscopic colectomy in patients with familial adenomatous polyposis[END_REF].

Two recent studies, one Japanese [START_REF] Saito | Risk Factors for the Development of Desmoid Tumor After Colectomy in Patients with Familial Adenomatous Polyposis: Multicenter Retrospective Cohort Study in Japan[END_REF], the other French [START_REF] Walter | Management of desmoid tumours: A large national database of familial adenomatous patients shows a link to colectomy modalities and low efficacy of medical treatments[END_REF], suggested that the risk of developing a desmoid tumor was related to the extent of colorectal surgery. In these two studies, the risk of developing a desmoid tumor was multiplied by two after CP compared to TC (25% vs. 12%, p=0.027).

Quality of life, genito-urinary sequels and fertility

In theory, the absence of mesorectal excision should protect against genito-urinary sequels [START_REF] Abdelli | Genito-urinary sequelae after carcinological rectal resection: What to tell patients in 2017[END_REF], the prevalence of which is far from negligible. There seems to be no statistically significant difference in quality of life between the two procedures, measured either by the SF36 or QLQ-CR38 (EORTC) scores [START_REF] Hassan | Quality of life after ileal pouch-anal anastomosis and ileorectal anastomosis in patients with familial adenomatous polyposis[END_REF]. As of today, there are no randomized studies that have compared the outcomes of IRA to those of IAA in terms of fertility [START_REF] Gorgun | Fertility is reduced after restorative proctocolectomy with ileal pouch anal anastomosis: a study of 300 patients[END_REF]. Of note, however, Olsen et al. evaluated fertility in 230 women with FAP before and after prophylactic surgery [START_REF] Olsen | Female fecundity before and after operation for familial adenomatous polyposis[END_REF]. While the fertility of these women was greater than that of the overall population before surgery, it differed postoperatively according to the type of surgery performed : the change in fertility was not statistically significantly different after TC+IRA whereas it was after CP+IAA (0.46 versus 1, p=0.001). According to a recent Dutch registry, the post-operative decrease in fertility was not related to the type of operation but rather to the young age at the time of surgery; in this study the mean age of patients undergoing IAA was 24, compared to 27 in those undergoing IRA [START_REF] Nieuwenhuis | Female fertility after colorectal surgery for familial adenomatous polyposis: a nationwide cross-sectional study[END_REF].

IAA after IRA

Conversion of IRA to IAA is indicated in case of rectal cancer or in patients where rectal polyposis is uncontrollable. The prevalence of secondary IAA can be as high as 25%. [START_REF] Von Roon | Comparison of outcomes of ileal pouch-anal anastomosis for familial adenomatous polyposis with and without previous ileorectal anastomosis[END_REF]. The results of early studies have shown that operative and functional outcome was similar to those obtained after first-line IAA [START_REF] Bjork | Outcome of primary and secondary ileal pouch-anal anastomosis and ileorectal anastomosis in patients with familial adenomatous polyposis[END_REF]. In the comparative study by von Roon et al. [START_REF] Von Roon | Comparison of outcomes of ileal pouch-anal anastomosis for familial adenomatous polyposis with and without previous ileorectal anastomosis[END_REF], patients undergoing IAA were statistically significantly older than those undergoing initial IAA (36 years vs. 29 years). In this study it was impossible to perform an IAA three times more often in case of secondary IAA (6/78) compared to primary IAA (2/107), but this difference was not statistically significant.

In the group of secondary IAA, 5/6 patients had a desmoid tumor. In terms of postoperative complications, only the rate of surgical site infection differed statistically significantly between the two (9% vs. 0.9%, p=0.012) for secondary vs. primary IAA, respectively. Of 104 patients followed for 10 years, there was no statistically significant difference in functional outcome between the two groups.

In sum, TC+IRA is an alternative to CP+IAA in classic FAP as long as there are fewer than 1000 polyps in the colon and fewer than five in the rectum. The American Society of Colorectal Surgeon (ASCRS) recommends this operation (grade 1C) when the rectal polyps are smaller than 5 mm (so that they can be removed by endoscopic polypectomy) [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF]. After this operation, yearly surveillance is necessary [START_REF] Saurin | Endoscopic management of patients with familial adenomatous polyposis (FAP) following a colectomy[END_REF]. Of note, the initial endoscopy and surveillance are pivotal factors as outlined recently by the French High Health Authority [23]. In contrast to CP+IAA, TC+IRA confers a better functional result, with less morbidity, and preserves fertility without any genito-urinary sequels. In case of secondary conversion of IRA to IAA, morbidity and functional outcome do not seem to be different. Finally, the laparoscopic approach should be privileged.

For all these reasons and considering the phenotype, in the absence of rectal cancer, TC+IRA represent the reference procedure in patients with attenuated polyposis, irrespective of whether the disease is linked to the APC (AFAP) or the MUTYH gene (MAP) mutations.

Place of CP+IAA

According to the ASCRS recommendations, CP+IAA is the reference in classic FAP (grade 1B) [START_REF] Herzig | Clinical Practice Guidelines for the Surgical Treatment of Patients With Lynch Syndrome[END_REF]. Nonetheless, when the patient refuses the operation, when the sphincter is incompetent, and/or in case of lower rectal cancer that does not allow for sphincter preservation, the alternative is to perform CP+I. This complex operation has evolved over the last 20 years, and has become a safe and reproducible procedure, performed essentially for FAP but also for ulcerative colitis (UC) [START_REF] Remzi | Restorative proctocolectomy: an example of how surgery evolves in response to paradigm shifts in care[END_REF]. In most of the series evaluating the short and long-term functional results, the indications were not the same; therefore, it is difficult to individualize the outcomes that are specific to FAP. Notwithstanding, before envisioning CP+IAA for FAP, the following should be discussed

• the surgical approach: laparoscopy or laparotomy

• the value of lymph node dissection and total mesorectal excision

• the type of IAA, stapled or hand-sewn, with mucosectomy • performance or not of a protective ileostomy.

Laparotomy or laparoscopy

At the present time, two randomized trials comparing laparoscopy to laparotomy for CP+IAA have been published [START_REF] Maartense | Hand-assisted laparoscopic versus open restorative proctocolectomy with ileal pouch anal anastomosis: a randomized trial[END_REF][START_REF] Schiessling | Laparoscopic versus conventional ileoanal pouch procedure in patients undergoing elective restorative proctocolectomy (LapConPouch Trial)-a randomized controlled trial[END_REF], the latter stopped prematurely because of insufficient patients accrual. The post-operative outcomes of these studies did not differ. Two literature reviews [START_REF] Tilney | Comparison of short-term outcomes of laparoscopic vs open approaches to ileal pouch surgery[END_REF][START_REF] Ali | Open versus laparoscopic (assisted) ileo pouch anal anastomosis for ulcerative colitis and familial adenomatous polyposis[END_REF] including 329 and 607 patients, respectively, have reported operative results that did not differ statistically significantly in terms of mortality, morbidity, reoperation, or rehospitalization, but the cosmetic result was better after laparoscopy [START_REF] Ali | Open versus laparoscopic (assisted) ileo pouch anal anastomosis for ulcerative colitis and familial adenomatous polyposis[END_REF]. Of note, both indications, FAP and UC, were included.

One Brazilian comparative study, including 63 patients with FAP, reported that operative time was longer after laparoscopy, but the overall results did not differ in terms of morbidity or duration of hospital stay [START_REF] Campos | Laparoscopic Versus Open Restorative Proctocolectomy for Familial Adenomatous Polyposis[END_REF]. In the long term, morbidity after IAA did not differ between the two approaches in terms of incisional hernia (8.4 vs.

5.9%

) or intestinal obstruction (8.4 vs. 11.8%) [START_REF] Benlice | Laparoscopic IPAA is not associated with decreased rates of incisional hernia and small-bowel obstruction when compared with open technique: long-term follow-up of a case-matched study[END_REF].

Aside from the cosmetic advantage, laparoscopy has been lauded to decrease pelvic adhesions [START_REF] Hull | Adhesions after laparoscopic and open ileal pouch-anal anastomosis surgery for ulcerative colitis[END_REF] and to maintain a fertility rate comparable to what is observed after laparoscopic appendectomy [START_REF] Beyer-Berjot | A total laparoscopic approach reduces the infertility rate after ileal pouch-anal anastomosis: a 2-center study[END_REF]. In the multicenter Dutch and Belgian experience, the laparoscopic approach was associated with better fertility after IAA compared to laparotomy. Nonetheless, there were only 50 patients in this study, and only 12 had FAP. These results need to be validated by other studies. The laparoscopic approach seems to decrease the risk of desmoid tumor [START_REF] Vitellaro | Risk of desmoid tumours after open and laparoscopic colectomy in patients with familial adenomatous polyposis[END_REF] but this is still controversial [START_REF] Saito | Risk Factors for the Development of Desmoid Tumor After Colectomy in Patients with Familial Adenomatous Polyposis: Multicenter Retrospective Cohort Study in Japan[END_REF].

Lymph node dissection, total mesorectal excision?

Colonic or rectal lymph node dissection is recommended in case of frank or strongly suspected CRC (severe dysplasia, polyp > 3 cm, or age > 30 years). Preservation of Drummond's arcade, especially on the right side, is important so that the mesentery can descend to the perineum without any tension. In the event of rectal cancer, extrafascial excision is recommended [START_REF] Lakkis | Management of rectal cancer: the 2016 French guidelines[END_REF], as for any other patient with rectal cancer.

Other than this situation, preservation of the mesorectum should avoid genito-urinary sequels by preservation of the autonomous nervous system [START_REF] Abdelli | Genito-urinary sequelae after carcinological rectal resection: What to tell patients in 2017[END_REF].

Stapled or hand-sewn IAA?

In theory, stapled IAA should allow to gain extra-length while preserving the transitional zone and therefore avoid any problem related to descent of the reservoir, whether for right colonic lymph node dissection or in the obese. Conversely, by preserving the transitional zone, the risk is adenomatous recurrence, or even degeneration [START_REF] Reilly | Randomized prospective trial comparing ileal pouch-anal anastomosis performed by excising the anal mucosa to ileal pouch-anal anastomosis performed by preserving the anal mucosa[END_REF]. The other theoretical advantage of stapled IAA is that there is less trauma to the anal canal when IAA is performed and therefore, there is less risk of post-operative continence disorders while preserving discrimination between gas and stools. Nonetheless, mucosectomy associated with hand-sewn IAA is recommended in patients with low rectal cancer who require a low anastomosis or who have an adenoma in the transitional zone.

Two meta-analyses were published in 2006 [START_REF] Lovegrove | A comparison of hand-sewn versus stapled ileal pouch anal anastomosis (IPAA) following proctocolectomy: a meta-analysis of 4183 patients[END_REF][START_REF] Schluender | Can a meta-analysis answer the question: is mucosectomy and handsewn or double-stapled anastomosis better in ileal pouch-anal anastomosis?[END_REF]. The first included only randomized trials (86 patients undergoing hand-sewn IAA and 98 with stapled IAA) [START_REF] Schluender | Can a meta-analysis answer the question: is mucosectomy and handsewn or double-stapled anastomosis better in ileal pouch-anal anastomosis?[END_REF]. No statistically significant difference was found between the two groups in terms of clinical functional or manometric results. The second included 4183 patients [START_REF] Lovegrove | A comparison of hand-sewn versus stapled ileal pouch anal anastomosis (IPAA) following proctocolectomy: a meta-analysis of 4183 patients[END_REF].

Stapled IAA was associated with better functional outcome: night-time soiling (OR : 2.78) and need for protection (OR : 4.12) were statistically significantly more frequently observed after hand-sewn IAA. Although the difference was not statistically significant, the risk of dysplasia in the transitional zone was greater after stapled IAA.

Of note, however, the authors included both FAP and UC in their study. Recently the Cleveland Clinic reported their results in a series of 3109 patients, most of whom had UC, including 2635 stapled and 474 hand-sewn anastomoses [START_REF] Kirat | Comparison of outcomes after hand-sewn versus stapled ileal pouch-anal anastomosis in 3,109 patients[END_REF]. Stapled IAA was associated with a statistically significant decrease in post-operative complications including pelvic sepsis, anastomotic stenosis, intestinal obstruction, and ileal pouch failure. A statistically significant advantage of stapled IAA was found in functional outcome (episodes of incontinence, soiling, need for protection or specific diet) leading to improved quality of life measured by a « local » score.

Conversely, stapled IAA seems to be associated with persistence of rectal mucosa in 84% of cases, compared to 42% for hand-sewn IAA. In five European registries, the risk of developing a dysplastic adenoma was increased three-fold after stapled IAA compared to hand-sewn IAA (31% vs. 10%, p=0.03) among the 97 patients followed for 7 years [START_REF] Van Duijvendijk | Functional outcome after colectomy and ileorectal anastomosis compared with proctocolectomy and ileal pouch-anal anastomosis in familial adenomatous polyposis[END_REF]. In this series, the cumulative risk of adenoma was 8% at 3.5 years, and 18% at 7 years. In the largest series published to date, including 206 patients with a median follow-up of 10.3 months [START_REF] Von Roon | Comparison of outcomes of ileal pouch-anal anastomosis for familial adenomatous polyposis with and without previous ileorectal anastomosis[END_REF], the risk of adenoma in the anorectal zone was increased two-fold after stapled IAA (51% vs. 22%, p<0.001) and the interval before appearance was statistically significantly earlier (6.5 vs. 10.1 years, p<0.001). These results were similar to those in the recent Cleveland Clinic publication [START_REF] Ozdemir | Anal transitional zone neoplasia in patients with familial adenomatous polyposis after restorative proctocolectomy and IPAA: incidence, management, and oncologic and functional outcomes[END_REF] that found adenoma recurrence was statistically significantly more frequent after stapled anastomosis (33.9%, vs. 20.9%; p=0.03), with a cumulative risk of 20.7% and 29.9% at 5 and 10 years, respectively, compared to 2.3% and 11.6% for hand-sewn IAA, respectively. Of note, only four patients developed adenocarcinoma, probably related to the use of diagnostic and therapeutic endoscopy. There was no statistically significant difference found between the two techniques (1.2% vs. 1.7%). While the prevalence of recurrent adenoma is statistically significantly increased after stapled IAA [START_REF] Ganschow | Residual rectal mucosa after stapled vs. handsewn ileal J-pouch-anal anastomosis in patients with familial adenomatous polyposis coli (FAP)--a critical issue[END_REF], with a 3-fold larger number of adenoma removed, the median delay to recurrence was shorter (7 vs. 40 months) [START_REF] Ganschow | Residual rectal mucosa after stapled vs. handsewn ileal J-pouch-anal anastomosis in patients with familial adenomatous polyposis coli (FAP)--a critical issue[END_REF]. This is why several authors recommend to perform a hand-sewn IAA while others prefer the stapled anastomosis, arguing that surveillance of the transitional mucosa is easier than in the case of incomplete mucosectomy, observed in one patient out of five. Summing up, in the absence of a formal indication (low rectal cancer, adenoma in the transitional zone), stapled IAA seems to reduce the number of long-term complications (stricture, ileal pouch failure) and results in better functional outcome.

Early detection of recurrence requires strict endoscopic surveillance. If a hand-sewn IAA is performed, mucosectomy should be complete to avoid recurrence of adenoma.

With or without protective ileostomy?

Several teams have reported that morbidity was not increased when IAA was performed without an ileostomy [START_REF] Remzi | The outcome after restorative proctocolectomy with or without defunctioning ileostomy[END_REF][START_REF] Gk | Comparison of outcomes after restorative proctocolectomy with or without defunctioning ileostomy[END_REF]. According to a 2008 meta-analysis [START_REF] Araki | The effect on morbidity of mesentery lengthening techniques and the use of a covering stoma after ileoanal pouch surgery[END_REF], including 1486 patients, 721 with, 765 without a stoma, anastomotic leakage occurred more often when there was no stoma (OR : 2.37, p=0.002) but stricture occurred less often (OR : 0.31, p=0.045). The prevalence of intestinal obstruction was higher when a stoma was performed, but this difference was not statistically significant. According to the literature that covers more than just FAP and UC, there is certainly a place for colectomy without a stoma in selected patients : absence of malnutrition, no steroid therapy or immunosuppressors, and optimal intra-operative conditions (no bleeding, ileal pouch without tension). Based on this selection, the team from St Antoine hospital in Paris has shown that postoperative courses were similar with or without a protective stoma [START_REF] Hor | Feasibility of laparoscopic restorative proctocolectomy without diverting stoma[END_REF]. In a more recent study [START_REF] Ambe | Routine Virtual Ileostomy Following Restorative Proctocolectomy for Familial Adenomatous Polyposis[END_REF], 90% of patients with FAP did not have a stoma ; overall morbidity was 23%, pelvic sepsis was observed in 14% and anastomotic leakage in 8%. One alternative, as suggested by Ambe et al., would be to perform a virtual ileostomy [START_REF] Chapman | Ileal pouch-anal anastomosis: does age at the time of surgery affect outcome?[END_REF].

Is there an age limit?

According to a Mayo Clinic study [START_REF] Ramage | Functional outcomes following ileal pouch-anal anastomosis (IPAA) in older patients: a systematic review[END_REF] including 2000 IAA performed before the age of 45 (n=1688), between 46 and 55 (n=249), and over 55 (n=65), the operative results (pouchitis, strictures, pelvic sepsis and intestinal obstruction) as well as the functional results were comparable between the three age groups. Nonetheless, the rate of night-time and daytime incontinence was higher in patients over 55 but the quality of life did not differ between the three groups. In a review of the literature in 2016 [START_REF] Tajika | Risk of ileal pouch neoplasms in patients with familial adenomatous polyposis[END_REF], comparing the results of IAA in "young" (n= 4327) and "old" (n=513) patients, the cut off age being 50±5 years and based on the analysis of six studies, the only statistically significant difference found between the two age groups with regard to morbidity was the prevalence of intestinal obstruction (more often in the younger age group). Of note, this review included both FAP and UC. At one year (4 studies), mean weighted bowel frequency and night-time and day-time incontinence were statistically significantly higher in the older age group; continence was considered perfect or nearly perfect by 55% and 74% of the older and younger patients, respectively. The functional outcome worsened over time in both groups but in those followed up to 10 years, the difference was no longer statistically significant. Dehydration and electrolyte imbalance were observed more frequently in patients over the age of 65. Nonetheless, it is extremely difficult to conclude because of the heterogeneity of the included patients. Effectively, of 4840 patients overall, 500 (10.3%) had FAP of which 10% were over 50 years old.

In summary, according to these results, IAA can be proposed to patients with FAP over the age of 50. In case of doubt with regard to sphincter function on digital examination, anorectal manometry is recommended to objectively evaluate sphincter function.

Endoscopic surveillance after IAA

Irrespective of the type of IAA, annual endoscopic surveillance of the anastomosis and pouch are recommended (Table 2) [START_REF] Saurin | Endoscopic management of patients with familial adenomatous polyposis (FAP) following a colectomy[END_REF]. In effect, the risk of adenoma in the pouch increases over time : 7-16% at 5 years, 35-42% at 10 years, up to 75% at 15 years [START_REF] Banasiewicz | The prognosis of clinical course and the analysis of the frequency of the inflammation and dysplasia in the intestinal J-pouch at the patients after restorative proctocolectomy due to FAP[END_REF]. Most of these adenomas are small (<5mm), tubular and associated with low-grade dysplasia [START_REF] Parc | Long-term outcome of familial adenomatous polyposis patients after restorative coloproctectomy[END_REF]. Risk factors for pouch adenoma described in the literature include classic FAP, young age at the time of IAA and duration of follow-up [START_REF] Pommaret | Prevalence and risk factors for adenomas in the ileal pouch and the afferent loop after restorative proctocolectomy for patients with familial adenomatous polyposis[END_REF]. The St Antoine team showed that the prevalence and severity of duodenal polyposis were predictive factors for developing adenoma in the pouch [72]. Thus, 15 years after IAA, in case of advanced duodenal adenoma according to the Spiegelman classification, the prevalence of adenoma in the ileal pouch was 48%.

Lastly, in a 2013 literature review [START_REF] Smith | Adenocarcinomas After Prophylactic Surgery For Familial Adenomatous Polyposis[END_REF], collecting 92 cases of adenocarcinoma occurring in pouches after IAA for FAP, one fourth occurred in the pouch, while 75% were on the transitional mucosa. Risk factors included stapled IAA and age over 40 at the time of surgery.

According to the risk of recurrence, annual endoscopic and chromo-endoscopic (indigo-carmine) surveillance are recommended [START_REF] Saurin | Endoscopic management of patients with familial adenomatous polyposis (FAP) following a colectomy[END_REF].

In conclusion, management of patients with FAP is complex but follows guidelines, in particular in France. Knowledge of the different phenotypes is fundamental to best determine management. Prophylactic colorectal surgery with or without preservation of the rectum combined with lower and, also, upper gastrointestinal endoscopic surveillance, are the mainstay of treatment.

Strong points

1. Two genes are responsible for colonic adenomatous polyposis: the APC (adenomatous polyposis coli) gene transmitted in an autosomal dominant pattern and MUTYH (MutY human homolog) transmitted in an autosomal recessive pattern.

2. In its classic form, familial adenomatous polyposis (FAP) presents as wide-spread colorectal (hundreds, if not thousands) adenoma, starting during adolescence and inevitably leading to colorectal cancer before the age of 40. 

  reduction in multiple exonerations (OR: 1.62, [95% IC, (1.05-2.20)], night-time bowel movements (OR: 6.64, [95% IC, (2.99-14.94)], and the need for protection (OR : 2.72, [95% IC, (1.02-3.70)], but increased urgencies (OR : 0.57, [95% IC, (0.07-077)].

3 .

 3 MUTYH leads to the attenuated form. Most carriers have bi-allelic mutations and the number of colorectal polyps is between 15 and 100.4. Desmoid tumors never occur in the MUTYH attenuated form.5. Total colectomy with ileorectal anastomosis is indicated in the attenuated form in the absence of colorectal cancer and in the classic form in the absence of cancer and when there are fewer than 1000 polyps in the colon and five in the rectum. This procedure is debatable when the number of polyps in the rectum is between 5 and 19.

Table 2 .

 2 Endoscopic surveillance modalities according to the form of familial adenomatous polyposis[START_REF]Cancer colorectal : modalite ́s de de ́pistage et de pre ́vention chez les sujets a ̀ risque e ́leve ́ et tre ̀s e ́leve[END_REF] 23] Form linked to APC gene Form linked to MUTYH gene

	Colonoscopy	Surveillance should start at	Endoscopic surveillance
		age 10-12 with annual	should start at age 20-25
		colonoscopy every 1-2 years	with chromo-endoscopy
		until the patient undergoes	every 1 to 2 years
		surgery	
	Esophago-gastro-duodenal	Every 3 years starting at age	Every 3 years starting at age
	fibroscopy	20	20
	After ileo-anal anastomosis	Annual surveillance of the	Annual surveillance of the
		pouch	pouch
	After ileo-rectal	Annual surveillance then	
	anastomosis	every two years in the	
		absence of polyps	

Table 1 .

 1 Comparison of results after ileorectal and ileo-anal anastomoses. = : no difference, + : in favor of the technique, -: against the technique

	Total colectomy with	Total coloproctectomy
	ileorectal	with ileo-anal
	anastomosis	anastomosis