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Abstract
[bookmark: _gjdgxs]Incidence of colorectal cancer (CRC) is on rise. While approximately 70% of all CRC cases are sporadic in nature, 20%-25% have familial aggregation and only < 5% is hereditary in origin. Identification of individuals with hereditary predilection for CRC is critical, as it has an impact on their overall surgical management including surgical timing, approach & technique and determines the role of prophylactic surgery and outcome. This review highlights the concept of hereditary CRC, provides insight into its molecular basis, possibility of its application into clinical practice and emphasizes the current treatment strategies with surgical management, based on the available international guidelines.
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Core Tip: Hereditary colorectal cancer, although contributes to only a small number of cases compared to sporadic cases, is significant due to its potential of carriage and also due to complexity in its management, considering possible involvement of cancers of other organs. We aim to look at the available evidence-based guidelines across the globe and attempt to summarize them together for readers to apply with simplicity.


INTRODUCTION
Colorectal cancer (CRC) with a hereditary predisposition includes the most common form Lynch syndrome (LS) or hereditary non-polyposis colorectal cancer (HNPCC) and familial adenomatous polyposis (FAP) with its two phenotypes (classic & attenuated)[1]. For each cancer case in the family, information on age at diagnosis, type of primary cancer, results of any cancer predisposition testing in any relative and family history should be updated periodically[2].
The diagnosis and accurate treatment of individuals with a hereditary component of CRC warrants a detailed knowledge of the primary syndrome and tumor genetics[2]. Immunohistochemistry (IHC) provides more information regarding the disease. The key concept of bowel cancer resection has to be obeyed in all CRC cases, irrespective of the type of mutation. Prime focus is on the oncological and functional outcome. The decision regarding the extended surgery should be based on the mutational status, gene, gender and the estimated individual risk. Minimal invasive surgery is the preferred surgical approach and post-operative quality of life should be the primary surgical outcome[3].
Guidelines from Association of Coloproctology of Great Britain & Ireland (ACPGBI) (2019), European Society for Medical Oncology (ESMO) along with the American Society of Clinical Oncology (ASCO) (2015) & Japanese Society for Cancer of the Colon and Rectum (JSCCR) (2020) for surveillance and management of both LS and FAP are complementary to each other[4-6] and elaborated further in this review.

HEREDITARY NON-POLYPOSIS CRC/LS
LS is characterized by autosomal dominant clustering of CRC and other extra-colonic cancers. It accounts for approximately 3%-5% of all CRC’s and in the general population, approximately 1 out of 279 individuals has a pathogenetic mismatch repair (MMR) gene mutation[7].
HNPCC is also the most common predisposing hereditary cause of uterine cancer and is associated with the cancer of the stomach, ovaries and urinary tract (ureter, renal pelvis). The risk of development of LS associated tumors depends on multiple factors such as causative gene, type of mutation, environmental factors etc.[6]. HNPCC represents the clinical colorectal manifestation following the familial pattern of inheritance and LS is due to a germline mutation in one of the DNA genes MMR - mutL homolog 1 (MLH1), mutS homolog (MSH)2, MSH6 & PMS2. A change in one of these genes causes an accumulation of multiple errors in DNA repetitive sequences (microsatellites) along the genome[3]. This finding is known as microsatellite instability (MSI), and is frequent but not exclusive in LS. LS is usually associated with a high level of microsatellite instability, which carry a 50% risk of inheritance[8].
In order to identify LS patient, a detailed family history is necessary to confirm the fulfilment of the Amsterdam II and/or the revised Bethesda criteria[9]. Subsequent testing using IHC for MMR proteins, BRAF testing (a gene that encodes a cytoplasmic serine/threonine-protein kinase B-raf) for MLH1 loss of expression and MSI, is used to detect tumors lacking DNA MMR and plan comprehensive sequential testing[4]. Genetic counselling and genetic testing in a DNA sample in a normal tissue is crucial in every individual with a background of considerable family history and/or in those lacking MMR in the tumor specimen obtained during colonoscopy; and must be performed following consent[3].

Colon cancer in LS
Surgical management of LS patients should be individualized. Various factors play an important role when considering a surgical procedure; such as age at diagnosis, pre-existing co-morbidities, stage of the tumor, risks of metachronous colon cancer (MCC), surgical expertise, functional consequences of surgery and patient’s wishes. LS patients have a considerable risk for development of metachronous CRC in any residual colorectum left behind, unlike patients with sporadic CRC. In some studies, the risk of metachronous CRC during follow-up is as high as 16% at 10 years[9]. Thus, expert opinion recommends extended resection - total abdominal colectomy (TAC) with ileo-rectal anastomosis (IRA). Life expectancy is increased by 2.3 years, when the procedure is performed in early years of life (before the age of 47), according to de Vos tot Nederveen Cappel et al[10]. Following an extended colectomy, decrease in the metachronous cancer risk must be balanced against the bowel functional expectations[11].
For LS patients, CRC risk varies according to the underlying genetic etiology. The lifetime risk is 30%-74% for MLH1, MSH2, and PMS2 mutation carriers, as compared to 10%-22% in MSH6 carriers[12]. In addition, from oncological point of view, there is insufficient evidence for LS patients with MSH6 or PMS2 mutations for advantage of extended colectomy over segmental resection[4]. On the other hand, despite yearly coloscopies, LS patients having MLH1 & MSH2 have a pronounced likelihood for developing metachronous CRC. Hence, in such cases a more extended surgery should be considered at the time of diagnosis.
Retrospective studies have shown the risk of developing a MCC after partial colectomy ranging from 11% to 45% over 8 to 13 years[13-15]. However, no prospective trials have been conducted to demonstrate a true survival benefit of TAC vs segmental resection[16]. Total abdominal hysterectomy and bilateral salpingo-oophorectomy is recommended at the same time in LS patients, who have completed childbearing or are postmenopausal, to prevent the occurrence of endometrial/ovarian cancer[6].
A systematic review and meta-analysis by Malik et al[17] evaluated the risk of MCC and mortality in LS following segmental vs extensive colectomy. In this study, 1119 patients underwent segmental colectomies with an absolute risk of MCC in this group of 22.4% at the end of follow-up and 270 patients who had extensive colectomies had a MCC absolute risk of 4.7%. Segmental colectomy was significantly associated with an increased relative risk (RR) of MCC. RR after a segmental colectomy was 8.56 [95% confidence interval (CI): 3.37-21.73], as compared to 3.04 (95%CI: 1.46-6.34) in an extended colectomy in patients with a confirmed LS germline mutation and patients with LS diagnosis using the Amsterdam criteria. This study concluded five times greater risk of MCC after a segmental colectomy vs extensive colectomy in LS.

Rectal cancer in LS
Roughly 20% to 30% of LS patients will develop rectal cancer, with 15% to 24% of those with rectal cancer as their first presentation. Surgical options include a low anterior resection or abdomino-perineal resection, depending on sphincter involvement; or an extended resection with removal of all at-risk colorectum, via either a total proctocolectomy with an end ileostomy (TPC-EI) or more commonly a restorative ileal pouch-anal anastomosis (IPAA)[18,19].
The surgeon must consider various risk factors including possibility of metachronous colon cancer, bowel function, quality of life and co-morbidities of an individual, when determining the extent of bowel resection. A multidisciplinary team discussion including colorectal surgeons, gastroenterologists and pathologists is warranted to decide the best management plan for the patient, at the time of diagnosis of a colorectal primary[20].

[bookmark: _30j0zll]International surveillance guidelines for LS
International surveillance guidelines for LS by ACPGBI United Kingdom[4], ESMO with ASCO[5], JSCCR[6] are summarized into pre-operative and post-operative as below.

Pre-operative: Starting age for surveillance colonoscopy should be based on the LS-associated gene[4].
Colonoscopic surveillance is recommended at a 2-yearly interval for all LS patients, starting from 25 years of age for MLH1 & MSH2 mutation carriers and 35 years for MSH6 & PMS2 mutation carriers[4].
Full germline genetic testing for LS should include DNA sequencing and large rearrangement analysis. Analysis of BRAF V600E mutation/ methylation of the MLH1 promoter should be carried out first to rule out a sporadic case, if loss of MLH1/PMS2 protein expression is observed in the tumor[5].
Germline mutation testing is indicated if tumor is MMR deficient and somatic BRAF mutation is not detected or MLH1 promoter methylation is not identified[5].
LS possibility should be individually evaluated in patients with suspicion of LS who have not yet diagnosed by genetic testing[6].
Surveillance of LS-associated tumors (in particular gynaecological, urological & gastrointestinal cancers) should be organized depending on the clinical and biochemical results (MSI/IHC). In LS patients with CRC, screening is suggested prior to elective colectomy[6].
Follow-up recommendations in mutation carriers include gynaecological examination on a yearly basis, in addition to the colonoscopy, starting from 30-35 years of age with 6 mo to 1 year interval. Surveillance methods include endometrial cytology & biopsy, CA 125 level and transvaginal ultrasonography[5,6].
In female LS carriers, risk reducing surgery with prophylactic hysterectomy and bilateral salpingo-oophorectomy can be considered as options, who have completed their childbearing for primary prevention of gynecologic cancer from age 35 onwards[5,6].
Upper gastrointestinal and urinary tract surveillance (urinalysis & cytology) should start at 30-35 years of age, at every 1-2 yearly interval.

Post-operative: Following surgery in LS patients with CRC, life-long surveillance with regular colonoscopy is recommended, due to the risk of possible development of MCC in the remaining colorectum[4,6].
Surveillance for recurrence of CRC following resection should be managed in a similar fashion to sporadic CRC[6].
Colorectal adenomas, when detected should be removed early, as they may progress to CRC in future[6].

Prophylaxis & chemoprevention: Prophylactic colectomy in LS patients (those with MMR mutation, but not developed CRC) is not currently recommended, partly due to the incomplete penetrance of the disease phenotype; as not all patients with a known gene mutation develop CRC[15]. Engel et al[21] stated that affected individuals have a 30% to 60% lifetime risk for developing CRC, depending on the underlying gene defect. Møller et al[22] conducted a multicentre study in patients with LS associated mutations affecting MLH1, MSH2, MSH6 or PMS2, which showed that collectively incidence of any cancer at 70 years is greater for all MMR gene mutation carriers, with a female predominance at 75% vs males at 58%. In MLH1 & MSH2 mutation carriers, malignancy was found from age 25 onwards as compared to age 40 in MSH6 & PMS2 carriers. CRC cumulative incidence was high in MLH1 & MSH2 mutation carriers at 46% and 35% respectively; and lower in MSH6 & PMS2 mutation carriers at 20% and 10% respectively.
Indigo-carmine chromoendoscopy (CE) is recommended for the screening of LS patients, as compared to the white light endoscopy (WLE) by using optimal preparation, complete examination, and use of CE to reduce the cancer incidence. Various studies by Perrod et al[23], Lecomte et al[24], Hüneburg et al[25] and Hurlstone et al[26] reported a WLE adenoma miss-rate ranging between 52%-74%, thus demonstrating superiority of CE over WLE. Patient adherence to endoscopic follow-up programs can be improved by conducting dedicated educational workshops and creating support groups for LS to build motivation to join the program[27].
Recently conducted randomized trials did not characterize any protective effect of aspirin on CRC in a specific population. The CAPP2 trial did not show any aspirin protective effect on colorectal adenoma or cancer incidence after a mean of 29 mo, but a significant reduction in cancer incidence was observed at a mean of 56 mo[28]. Soualy et al[29] designed the AAS-Lynch trial to investigate whether the daily use of aspirin, at a dose of 100 or 300 mg, in LS patients under 75 years of age, would decrease the occurrence or recurrence of colorectal adenomas, compared with placebo. This is a prospective, multicentric, double-blind, placebo-controlled, randomized clinical trial and is estimated to be completed by year 2025.

FAP
The main characteristic feature of FAP is the development of hundreds to thousands of adenomas in the colorectum during second decade of life[30,31]. It is an autosomal dominant disease and accounts for less than 1% of all CRCs. It is caused by germline mutations in the tumor suppressor gene - defect in adenomatous polyposis coli (APC) on chromosome 22q21-22[32]. The expression of the disease may vary according to genotype and differ even within patients who share the same mutation due to modifying factors, such as gender[33].
Polyposis syndromes should typically be considered in patients with greater than 20 lifetime adenomas, patients with a personal history of desmoid tumor or other extra-colonic manifestations of FAP, or family members of individuals with known FAP, attenuated FAP (aFAP), or MYH-associated polyposis. Surgical management of FAP is complex and requires both accurate clinical judgment and technical skills. Treatment should include detailed counselling about the nature of the syndrome, its natural history, extra-colonic manifestations and the need for compliance with recommendations for management and surveillance[34].
The cornerstone of the management in FAP is prophylactic colorectal surgery due to 100% risk of CRC by 40 years of age if not treated early. Surgical decision-making, with regards to the timing of prophylactic surgery, extent of bowel resection and types of reconstruction, is influenced by both patient factors and disease characteristics[35].
The three main surgical options for FAP patients include subtotal colectomy with IRA, total proctocolectomy with/without mucosectomy & IPAA and TPC-EI. Table 1 describes indications, benefits and pitfalls of each of the surgical procedure. High ligation of the main blood supply to the bowel with removal of its mesentery form the principal basis of an oncologic bowel resection technique[31,36,37].
The follow-up strategy depends on the surgical procedure performed. Endoscopy should be done every 2-5 years when a pouch is constructed; whereas the interval should be 6 mo with total colectomy. In cases of pouch, a temporary diverting ileostomy may be fashioned to prevent anastomotic leakage[38,39]. Severity of polyposis determines the surgical decision of IRA vs IPAA - the more severe the polyposis, the greater the risk of metachronous rectal polyposis and/or rectal neoplasm.

aFAP: It represents a subset of patients who have germline APC mutation, with a diminished or “attenuated” colorectal phenotype. They possess < 100 synchronous colorectal adenomas and are not associated with complete penetrance of CRC. It is characterized by a later onset of colonic polyposis and later development of CRC (after 10-20 years) as compared to classical FAP. Most aFAP patients often undergo colectomy and IRA[42,43].
Minimal invasive surgical approach should be preferred for both forms of FAP. Currently, the standard surgical techniques for treatment of FAP include laparoscopic colectomy and proctocolectomy.

[bookmark: _1fob9te][bookmark: _GoBack]International surveillance guidelines for FAP
International surveillance guidelines for FAP by ACPGBI United Kingdom[4], ESMO with ASCO[5], JSCCR[6] are summarized into pre-operative and post-operative as below.

Pre-operative: Colonoscopic surveillance should usually start from 12-14 years of age in individuals genetically confirmed with a diagnosis of FAP. It is especially in at-risk individuals who have a first-degree relative with a clinical FAP, but absent APC mutation; which should be continued for 5 years, until a clinical diagnosis is reached and they are treated as FAP, or they can enrol in national bowel cancer screening programme when they reach the age[4].
Surveillance colonoscopy intervals may be individualized based on the colonic phenotype every 1-3 years[4]. An interval of 1-2 years is strongly recommended for patients with typical FAP and 2-3 years for patients with aFAP[6].
Germline genetic testing of APC and/or MUTYH should be considered for individuals with multiple colorectal adenomas (> 10). Full germline genetic testing of APC should include DNA sequencing and large rearrangement analysis[5].
The decision on the type of colorectal surgery in FAP patients depends on various factors including severity of rectal polyposis, risk of developing desmoids, mutation site in the APC gene and patient’s age & wishes[5].
Search for extracolonic manifestations (gastroduodenal polyposis, thyroid cancer, desmoid tumors) in both variants (FAP and aFAP) is recommended, when colorectal polyposis is diagnosed or at the age of 25-30 years, whichever comes first[5].
Upper GI tract examination and monitoring should start at 25 years of age, every 6 mo to 5 years depending on the polyp burden[4].
Annual neck examination with ultrasound assessment for thyroid gland may be considered, starting at 25-30 years of age[5,6].
Counselling about the risk of formation of post-operative desmoid disease should be done for all FAP patients[4].
Annual abdominal examination and abdominal & pelvic computed tomography or magnetic resonance imaging every 3 yearly is recommended for patients with a family history of desmoid tumors[6].
Ophthalmology opinion and referral is needed in patients with a diagnosis of congenital hypertrophy retinal pigmentation epithelium (CHRPE). FAP screening, genetic testing and colonoscopy is advised in individuals with bilateral and multiple CHRPE lesions[4].
Colonoscopy should be carried out at every 2 yearly intervals, in families with aFAP, starting at the age of 18 to 20 years and continued lifelong in mutation carriers[5].

Post-operative: The cardinal factors influencing the timing of prophylactic proctocolectomy in candidates with FAP are as follows: (1) Total prevalence of colorectal malignancy; (2) Size, morphology & density of the adenomas; (3) Age at cancer occurence & death and presence/absence of desmoid tumors in family members; (4) Germline variant site in the APC gene; (5) Professional factors (educational, work & other environments of the patient); (6) Personal factors (fertility and presence/absence of male sexual dysfunction after IPAA); (7) Presence/absence of gastrointestinal symptoms; and (8) Histopathology of the tumor[6].
The definitive treatment of colorectal adenomas is proctocolectomy (prophylactic proctocolectomy) prior to the development of CRC[6].
Surveillance of the rectum should be carried out every 6 to 12 mo in cases with residual rectum and every 6 mo to 5 years in cases with ileo-anal pouch, depending on the polyp burden[5].
In FAP patients with locally advanced CRC, routine treatment for locally advanced CRC should be performed. The surgical procedure should be selected according to the condition of the FAP patients, if curative resection is possible[6].
Chemotherapy for CRC associated with FAP is similar to that used in sporadic cases[6].
In metastatic disease, treatment similar to that for metastases from sporadic CRC should be used, for curative resection group[6].
In FAP patients undergoing surgery for CRC, post-operative surveillance similar to that in sporadic CRC patients should be planned/performed[6].

Prophylaxis & chemoprevention: The most effective way of cancer prevention is to remove the colon and thus, the timing of prophylactic surgery should be considered, once the diagnosis is established. Severity of the polyposis decides the timing of surgery for patients diagnosed in their teenage years. Correct choice of the surgical procedure is the fundamental factor in reducing cancer risk, overall complications and sustaining a reasonable quality of life.
FAP patients undergoing prophylactic restorative proctocolectomy with IPAA are usually young and active. The frequency of bowel movements and faecal continence is of utmost importance, to have better quality of life. The continent function depends on the stool consistency, quality of sphincter muscles and pelvic nerves[3]. Transanal Total Mesorectal Excision is now a well-recognised surgical procedure in the treatment of mid and low rectal cancer, which involves a “bottom-top dissection” with improved visualization of the pelvic nerves and a rendezvous-approach[44].
Sulindac, a nonsteroidal anti-inflammatory agent, which inhibits cyclooxygenase enzyme (COX)-1 & 2, is the most tested drug in chemoprevention[45]. Lastly, care of FAP patients and their families is best given by centres of experience and excellence[46].

CONCLUSION
5%-10% of CRC cases are due to germline mutations, most of which are autosomal dominant with high penetrance. With accurate treatment, affected patients can benefit greatly when detected early in life. Thorough knowledge of the at-risk genetic mutations forms the cornerstone in formulating a precise treatment plan for patients with hereditary CRC. Syndromes with a 100% penetrance will require prophylactic surgery. In the treatment of every CRC, the basic concept of oncologic surgical procedure needs to be followed. Patient should be actively involved in the surgical decision-making. Lifelong follow-up is the predominant feature of the surgical treatment plan and every patient should be informed of the same well in advance. Improved patient adherence to the screening program is pivotal in surveillance.
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Table 1 Comparing the three main surgical options in familial adenomatosis polyposis[6,30,39-41]
	Surgical procedure
	Indications
	Benefits
	Pitfalls

	Ileo-rectal anastomosis
	< 20 rectal, adenomas; < 1000 colonic, adenomas
	Controls colonic polyposis. Better bowel function & good quality of life. Reduced risk of desmoid disease. Avoids stoma. Quicker recovery, especially useful in active teenagers
	Risk of rectal cancer. Annual surveillance with proctoscopy & flexible sigmoidoscopy is required

	Ileal pouch-anal anastomosis
	< 20 rectal, adenomas; < 1000 colonic, adenomas
	Removes nearly all polyps in colon & rectum. No need of permanent ileostomy. Quality of life is satisfactory
	Increased complications. Unpredictable bowel function. Unpredictable quality of life. Possible need for ileostomy. Pouch complications: (1) Risk of pouch polyposis; and (2) Risk of cancer in anal transition zone. Surveillance is difficult

	Proctocolectomy & end ileostomy
	Low rectal cancer. When Ileal pouch-anal anastomosis is not indicated. Poor anal sphincter. Function
	Complete removal of cancer risk in lower gastrointestinal tract
	Permanent ileostomy. Sexual and fertility consequences such as dyspareunia, decrease in fertility, vaginal discharge in females and reduced libido, sexual satisfaction in males
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