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                        Colorectal cancer

Colorectal cancer (CRC), also called colon cancer or large bowel cancer, includes cancerous growths in the colon, rectum and appendix. It is the third most common form of cancer and the second leading cause of cancer-related death in the Western world. Colorectal cancer causes 655,000 deaths worldwide per year. Many colorectal cancers are thought to arise from adenomatous polyps in the colon. These mushroom-like growths are usually benign, but some may develop into cancer over time. The majority of the time, the diagnosis of localized colon cancer is through colonoscopy. Therapy is usually through surgery, which in many cases is followed by chemotherapy.

Introduction

Colon cancer is cancer of the large intestine (colon), the lower part of our digestive system. Rectal cancer is cancer of the last 6 inches of the colon. Together, they're often referred to as colorectal cancers. About 112,000 people are diagnosed with colon cancer annually, and about 41,000 new cases of rectal cancer are diagnosed each year, according to the American Cancer Society. Most cases of colon cancer begin as small, noncancerous (benign) clumps of cells called adenomatous polyps. Over time some of these polyps become colon cancers. 

Causes

In general, cancer occurs when healthy cells become altered. Healthy cells grow and divide in an orderly way to keep our body functioning normally. But sometimes this growth gets out of control — cells continue dividing even when new cells aren't needed. In the colon and rectum, this exaggerated growth may cause precancerous polyps (adenomas, or adenomatous polyps) to form in the lining of our intestine. Over a long period of time — spanning up to several years — some of these polyps may become cancerous. In later stages of the disease, colon cancer may penetrate the colon walls and spread (metastasize) to nearby lymph nodes or other organs.

Polyps can occur anywhere in our large intestine, the muscular tube that forms the last part of our gastrointestinal tract. The colon comprises the upper 4 to 5 feet of our large intestine, and the rectum makes up the lower 6 inches. Our colon absorbs water, salt and other minerals from food and stores waste until it's eliminated from our body. 

Polyps are either mushroom-shaped or flat and may be large or small. There are also several different types of colon polyps. Among the most common are: 

· Adenomas. These polyps have the potential to become cancerous and are usually removed during screening tests such as flexible sigmoidoscopy or colonoscopy. 

· Hyperplastic polyps. These polyps are rarely, if ever, a risk factor for colorectal cancer. 

· Inflammatory polyps. These polyps may follow a bout of ulcerative colitis. Some inflammatory polyps may become cancerous, so having ulcerative colitis increases our overall risk of colon cancer.
Pathogenesis
Colorectal cancer is a disease originating from the epithelial cells lining the gastrointestinal tract. Hereditary or somatic mutations in specific DNA sequences, among which are included DNA replication or DNA repair genes, and also the APC, K-Ras, NOD2 and p53 genes, lead to unrestricted cell division. The exact reason why (and whether) a diet high in fiber might prevent colorectal cancer remains uncertain. Chronic inflammation, as in inflammatory bowel disease, may predispose patients to malignancy. 
The vast majority of colorectal cancers are adenocarcinomas, which arise from preexisting adenomatous polyps that develop in the normal colonic mucosa. This adenoma-carcinoma sequence is a well-characterized clinical and histopathologic series of events with which discrete molecular genetic alterations have been associated.

Pioneering work by Bert Vogelstein and colleagues over the last 20 years has identified a number of critically important genetic alterations that contribute, through their multiplicity over many years, to the eventual development of colorectal cancer. The earliest event appears to involve the APC (adenomatous polyposis coli) gene, which is mutated in individuals affected by familial adenomatous polyposis (FAP). The protein encoded by the APC gene targets the degradation of beta-catenin, a protein component of a transcriptional complex that activates growth-promoting oncogenes, such as cyclin D1 or c-myc. APC mutations are very common in sporadic colorectal cancer, and beta-catenin mutations have also been identified.

DNA methylation changes are a relatively early event and have been detected at the polyp stage. Colorectal cancers and polyps have an imbalance in genomic DNA methylation, with global hypomethylation and regional hypermethylation. Hypomethylation can lead to oncogene activation, whereas hypermethylation can lead to silencing of tumor suppressor genes. ras gene mutations are observed commonly in larger polyps but not smaller polyps, suggesting a role for this oncogene in polyp growth.

Chromosome arm 18q deletions are a later event associated with cancer development. These deletions likely involve the targets DPC4 (a gene deleted in pancreatic cancer and involved in the transforming growth factor [TGF]-beta growth-inhibitory signaling pathway) and DCC (a gene frequently deleted in colon cancer). Chromosome arm 17p losses and tumor suppressor p53 mutations are common late events in colon cancer. Bcl2 overexpression leading to inhibition of cell death signaling has been observed as a relatively early event in colorectal cancer development. 18q deletions detected in Dukes stage B colon cancers have been associated with an increased risk of recurrence following surgery, and studies are in progress to determine whether patients with 18q deletions might benefit from more aggressive adjuvant chemotherapy.

Another predisposing condition is hereditary nonpolyposis colon cancer, in which affected individuals inherit a mutation in one of several genes involved in DNA mismatch repair, including MSH2, MLH1, and PMS2. ras gene mutations have been detected in the stool of patients with colorectal cancer and may in the future be useful in early diagnosis.

Although the use of nonsteroidal anti-inflammatory agents, such as sulindac, have been shown to affect the number of polyps, this has not translated to a clinical impact on cancer prevention.
Risk factors
Certain factors increase a person's risk of developing the disease. These include:

· Age. The risk of developing colorectal cancer increases with age. Most cases occur in the 60s and 70s, while cases before age 50 are uncommon unless a family history of early colon cancer is present. 

· Polyps of the colon, particularly adenomatous polyps, are a risk factor for colon cancer. The removal of colon polyps at the time of colonoscopy reduces the subsequent risk of colon cancer. 

· History of cancer. Individuals who have previously been diagnosed and treated for colon cancer are at risk for developing colon cancer in the future. Women who have had cancer of the ovary, uterus, or breast are at higher risk of developing colorectal cancer. 

· Heredity: 

· Family history of colon cancer, especially in a close relative before the age of 55 or multiple relatives 

· Familial adenomatous polyposis (FAP) carries a near 100% risk of developing colorectal cancer by the age of 40 if untreated 

· Hereditary nonpolyposis colorectal cancer (HNPCC) or Lynch syndrome 

· Long-standing ulcerative colitis or Crohn's disease of the colon, approximately 30% after 25 years if the entire colon is involved 

· Smoking. Smokers are more likely to die of colorectal cancer than non-smokers. An American Cancer Society study found that "Women who smoked were more than 40% more likely to die from colorectal cancer than women who never had smoked. Male smokers had more than a 30% increase in risk of dying from the disease compared to men who never had smoked." 

· Diet. Studies show that a diet high in red meat and low in fresh fruit, vegetables, poultry and fish increases the risk of colorectal cancer. In June 2005, a study by the European Prospective Investigation into Cancer and Nutrition suggested that diets high in red and processed meat, as well as those low in fiber, are associated with an increased risk of colorectal cancer. Individuals who frequently ate fish showed a decreased risk. However, other studies have cast doubt on the claim that diets high in fiber decrease the risk of colorectal cancer; rather, low-fiber diet was associated with other risk factors, leading to confounding. The nature of the relationship between dietary fiber and risk of colorectal cancer remains controversial. 

· Physical inactivity. People who are physically active are at lower risk of developing colorectal cancer. 

· Virus. Exposure to some viruses (such as particular strains of human papilloma virus) may be associated with colorectal cancer. 

· Alcohol. On its colorectal cancer page, the National Cancer Institute (US) does not list alcohol as a risk factor: however, on another page it states, "Heavy alcohol use may also increase the risk of colorectal cancer". 

· Primary sclerosing cholangitis offers a risk independent to ulcerative colitis 

· Low selenium. 

· Inflammatory Bowel Disease.  About one percent of colorectal cancer patients have a history of chronic ulcerative colitis. The risk of developing colorectal cancer varies inversely with the age of onset of the colitis and directly with the extent of colonic involvement and the duration of active disease. Patients with colorectal Crohn's disease have a more than average risk of colorectal cancer, but less than that of patients with ulcerative colitis.  

· Environmental Factors.  Industrialized countries are at a relatively increased risk compared to less developed countries or countries that traditionally had high-fiber/low-fat diets. Studies of migrant populations have revealed a role for environmental factors, particularly dietary, in the ethiology of colorectal cancers. Genetic factors and inflammatory bowel disease also place certain individuals at increased risk.  

· Exogenous Hormones. The differences in the time trends in colorectal cancer in males and females could be explained by cohort effects in exposure to some sex-specific risk factor; one possibility that has been suggested is exposure to estrogens . There is, however, little evidence of an influence of endogenous hormones on the risk of colorectal cancer. In contrast, there is evidence that exogenous estrogens such as hormone replacement therapy (HRT), tamoxifen, or oral contraceptives might be associated with colorectal tumors. 
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Symptoms

Variability in the signs and symptoms of CRC poses a significant challenge to the physician. CRC may be asymptomatic, with the diagnosis being made by a CRC screening examination or serendipitously while evaluating the patient for an unrelated illness. For symptomatic CRC the signs and symptoms vary depending on the location of the lesion. Right-sided tumors present most commonly with anemia, abdominal pain, weight loss, or a change in bowel habits. If the lesion is left-sided, the most common presenting findings are change in bowel habits, rectal blood loss, and abdominal pain. 

Right-sided colon tumors rarely produce changes in bowel habits but are more likely to be the source of chronic occult bleeding that can lead to symptoms consistent with iron deficiency anemia (fatigue, dizziness, palpitations). When a postmenopausal woman or adult man develops such symptoms in the absence of an obvious cause, CRC should be suspected. Pain in the lower abdomen is an occasional symptom of tumors located in the transverse or left colon. These patients are more likely to notice a change in bowel habits, as either diarrhea or constipation can occur owing to a constricting lumen. The stool may be dark or maroon-colored, and passage may be associated with bloody mucus. Weight loss and fever are occasionally reported as well but seldom as the sole presenting symptom. The first signs of colon cancer may be produced by metastatic disease. Colon cancer metastasizes to the liver and lung, whereas rectal cancer metastasizes primarily to the lung and bone. An otherwise asymptomatic patient may have pruritus and jaundice due to liver involvement. Ascites, enlarged ovaries, and scattered deposits in the lungs may also result from the otherwise undetected presence of CRC. 

Obstruction and perforation are the conditions most often associated with the acute presentation of CRC. Obstruction of the large bowel is highly suggestive of cancer, particularly in older patients. Complete obstruction occurs in up to half of patients, depending on the location of the tumor. Long-term survival rates are poorer for patients who have obstruction at the time of diagnosis. Perforation is a surgical emergency and may precipitate complications such as peritonitis and abscess formation. 
Colon cancer often causes no symptoms until it has reached a relatively advanced stage. Thus, many organizations recommend periodic screening for the disease with fecal occult blood testing and colonoscopy. When symptoms do occur, they depend on the site of the lesion. Generally speaking, the nearer the lesion is to the anus, the more bowel symptoms there will be, such as:

· Change in bowel habits 

· change in frequency (constipation and/or diarrhea), 

· change in the quality of stools 

· change in consistency of stools 

· Bloody stools or rectal bleeding 

· Stools with mucus 

· Tarry stools (melena) (more likely related to upper gastrointestinal e.g. stomach or duodenal disease) 

· Feeling of incomplete defecation (tenesmus) (usually associated with rectal cancer) 

· Reduction in diameter of feces 

· Bowel obstruction (rare) 

Constitutional symptoms
Especially in the cases of cancer in the ascending colon, sometimes only the less specific constitutional symptoms will be found:

· Anemia, with symptoms such as dizziness, malaise and palpitations. Clinically there will be pallor and a complete blood picture will confirm the low hemoglobin level. 

· Anorexia 

· Asthenia, weakness 

· Unexplained weight loss. 

Metastatic symptoms
There may also be symptoms attributed to distant metastasis:

· Shortness of breath as in lung metastasis 

· Epigastric or right upper quadrant pain, as in liver metastasis. Rarely there can be jaundice if the outflow of bile is blocked. Clinically there might be liver enlargement. 

Diagnosis, screening and monitoring
Colorectal cancer can take many years to develop and early detection of colorectal cancer greatly improves the chances of a cure. Therefore, screening for the disease is recommended in individuals who are at increased risk. There are several different tests available for this purpose.

· Digital rectal exam (DRE): The doctor inserts a lubricated, gloved finger into the rectum to feel for abnormal areas. It only detects tumors large enough to be felt in the distal part of the rectum but is useful as an initial screening test. 

· Fecal occult blood test (FOBT): a test for blood in the stool. 

· Endoscopy: 

· Sigmoidoscopy: A lighted probe (sigmoidoscope) is inserted into the rectum and lower colon to check for polyps and other abnormalities. 

· Colonoscopy: A lighted probe called a colonoscope is inserted into the rectum and the entire colon to look for polyps and other abnormalities that may be caused by cancer. A colonoscopy has the advantage that if polyps are found during the procedure they can be immediately removed. Tissue can also be taken for biopsy. 

In the United States, colonoscopy or FOBT plus sigmoidoscopy are the preferred screening options.

As per current guidelines under National Comprehensive Cancer Network, in average risk individuals with negative family history of colon cancer and personal history negative for adenomas or Inflammatory Bowel diseases, flexible sigmoidoscopy every 5 years with fecal occult blood testing annually or double contrast barium enema are other options acceptable for screening rather than colonoscopy every 10 years (which is currently the Gold-Standard of care).

Other screening methods
· Double contrast barium enema (DCBE): First, an overnight preparation is taken to cleanse the colon. An enema containing barium sulfate is administered, then air is insufflated into the colon, distending it. The result is a thin layer of barium over the inner lining of the colon which is visible on X-ray films. A cancer or a precancerous polyp can be detected this way. This technique can miss the (less common) flat polyp. 

· Virtual colonoscopy replaces X-ray films in the double contrast barium enema (above) with a special computed tomography scan and requires special workstation software in order for the radiologist to interpret. This technique is approaching colonoscopy in sensitivity for polyps. However, any polyps found must still be removed by standard colonoscopy. 

· Standard computed axial tomography is an x-ray method that can be used to determine the degree of spread of cancer, but is not sensitive enough to use for screening. Some cancers are found in CAT scans performed for other reasons. 

· Blood tests: Measurement of the patient's blood for elevated levels of certain proteins can give an indication of tumor load. In particular, high levels of carcinoembryonic antigen (CEA) in the blood can indicate metastasis of adenocarcinoma. These tests are frequently false positive or false negative, and are not recommended for screening, it can be useful to assess disease recurrence. 

· Genetic counseling and genetic testing for families who may have a hereditary form of colon cancer, such as hereditary nonpolyposis colorectal cancer (HNPCC) or familial adenomatous polyposis (FAP). 

· Positron emission tomography (PET) is a 3-dimensional scanning technology where a radioactive sugar is injected into the patient, the sugar collects in tissues with high metabolic activity, and an image is formed by measuring the emission of radiation from the sugar. Because cancer cells often have very high metabolic rate, this can be used to differentiate benign and malignant tumors. PET is not used for screening and does not yet have a place in routine workup of colorectal cancer cases. 

· Whole-Body PET imaging is the most accurate diagnostic test for detection of recurrent colorectal cancer, and is a cost-effective way to differentiate resectable from non-resectable disease. A PET scan is indicated whenever a major management decision depends upon accurate evaluation of tumour presence and extent. 

· Stool DNA testing is an emerging technology in screening for colorectal cancer. Pre-malignant adenomas and cancers shed DNA markers from their cells which are not degraded during the digestive process and remain stable in the stool. Capture, followed by Polymerase Chain Reaction amplifies the DNA to detectable levels for assay. Clinical studies have shown a cancer detection sensitivity of 71%-91%.   
For the rectal cancer diagnosing of great impotence are:

Digital rectal exam (DRE):
Rigid proctosigmoidoscopy 

· Rigid proctosigmoidoscopy can be performed without an anesthetic, allows direct visualization of the lesion, and provides an estimation of the size of the lesion and degree of obstruction. 

· This procedure is used to obtain biopsies of the lesion, assess ulceration, and determine the degree of fixation. In addition, it gives an accurate measurement of the distance of the lesion from the dentate line; the latter is critical in deciding which operation is appropriate.

      Endorectal ultrasound 

· Endorectal ultrasound (ERUS) is an invaluable tool in assessing depth of invasion of rectal cancers; it is 72-94% accurate. 

· The accuracy of detection of lymph node involvement ranges from 73-86%. Most of these nodes are larger than 1 cm. Smaller nodes can be detected, but the accuracy of determining tumor involvement is substantially lower. 

· Overestimation of staging and nodal involvement occurs more often than understaging. This probably is due to the inflammatory process caused by the tumor. 

· ERUS visualizes the rectal wall as alternating hyperechoic and hypoechoic layers of tissue. The first layer is the hyperechoic water-filled balloon or mucosal interface, which is bounded by the hypoechoic mucosa and muscularis mucosa, the hyperechoic submucosa, the hypoechoic muscularis propria, and, finally, the hyperechoic muscularis mucosa or perirectal fat interface. Depth of penetration is determined by identifying which of these layers is disrupted by the tumor. 

· ERUS is also useful in determining invasion of surrounding structures and the presence of local recurrence when used after surgery.

Endorectal surface-coil MRI: An alternative to ERUS, this technique is touted as equally or more accurate than ERUS in lymph node staging. 

Lab Studies
· Carcinoembryonic antigen 

· Obtaining a preoperative carcinoembryonic antigen (CEA) level can be helpful in the clinical management of colorectal cancer. CEA is much less likely to be elevated in poorly differentiated colon or rectal carcinomas. 

· If CEA level is elevated preoperatively, it can be monitored for evidence of recurrence. Remember the following 2 things: (1) CEA may be elevated for reasons other than colon cancer, such as pancreatic or hepatobiliary disease, and elevation does not always reflect cancer or disease recurrence; (2) recurrence remains a possibility when CEA is not elevated, even if CEA was elevated preoperatively. Findings of other tests, such as CT scans and colonoscopy, must be incorporated in detection of recurrence. 

· If the CEA is elevated in recurrent or metastatic colorectal cancer, the CEA level may be helpful to monitor response. A rising CEA would not be expected if the tumor were responding to therapy, and a falling CEA would not be expected if the tumor were not responding to therapy. The real value of monitoring CEA after initial resection is that it can allow early identification of patients who may benefit from additional surgery with curative intent.

· Cancer antigen 19-9: Other tumor markers, such as cancer antigen 19-9 (CA 19-9) may also be helpful, if initially elevated. Some studies have suggested that the expression of multiple tissue cancer antigens is associated with a greater incidence of recurrence and shorter disease-free survival rates. 

· Other blood lab tests include standard complete blood cell counts and electrolyte and chemistry panels. Liver function testing should be performed, but results can be normal despite the presence of metastatic disease. 

· Urinalysis
Pathology
The pathology of the tumor is usually reported from the analysis of tissue taken from a biopsy or surgery. A pathology report will usually contain a description of cell type and grade. The most common colon cancer cell type is adenocarcinoma which accounts for 95% of cases. Other, rarer types include lymphoma and squamous cell carcinoma.

Cancers on the right side (ascending colon and cecum) tend to be exophytic, that is, the tumour grows outwards from one location in the bowel wall. This very rarely causes obstruction of feces, and presents with symptoms such as anemia. Left-sided tumours tend to be circumferential, and can obstruct the bowel much like a napkin ring.

Histopathology: Adenocarcinoma is a malignant epithelial tumor, originating from glandular epithelium of the colorectal mucosa. It invades the wall, infiltrating the muscularis mucosae, the submucosa and thence the muscularis propria. Tumor cells describe irregular tubular structures, harboring pluristratification, multiple lumens, reduced stroma ("back to back" aspect). Sometimes, tumor cells are discohesive and secrete mucus, which invades the interstitium producing large pools of mucus/colloid (optically "empty" spaces) - mucinous (colloid) adenocarcinoma, poorly differentiated. If the mucus remains inside the tumor cell, it pushes the nucleus at the periphery - "signet-ring cell." Depending on glandular architecture, cellular pleomorphism, and mucosecretion of the predominant pattern, adenocarcinoma may present three degrees of differentiation: well, moderately, and poorly differentiated. 

Staging
Colon cancer staging is an estimate of the amount of penetration of a particular cancer. It is performed for diagnostic and research purposes, and to determine the best method of treatment. The systems for staging colorectal cancers largely depend on the extent of local invasion, the degree of lymph node involvement and whether there is distant metastasis.

Definitive staging can only be done after surgery has been performed and pathology reports reviewed. An exception to this principle would be after a colonoscopic polypectomy of a malignant pedunculated polyp with minimal invasion. Preoperative staging of rectal cancers may be done with endoscopic ultrasound. Adjuncts to staging of metastasis include Abdominal Ultrasound, CT, PET Scanning, and other imaging studies.

Dukes' system
Dukes' classification, first proposed by Dr Cuthbert E. Dukes in 1932, identifies the stages as:

· A - Tumour confined to the intestinal wall 

· B - Tumour invading through the intestinal wall 

· C - With lymph node(s) involvement 

· D - With distant metastasis 

TNM system
The most common current staging system is the TNM (for tumors/nodes/metastases) system, though many doctors still use the older Dukes system. The TNM system assigns a number:

· T - The degree of invasion of the intestinal wall 

· T0 - no evidence of tumor 

· Tis- cancer in situ (tumor present, but no invasion) 

· T1 - invasion through submucosa into lamina propria (basement membrane invaded) 

· T2 - invasion into the muscularis propria (i.e. proper muscle of the bowel wall) 

· T3 - invasion through the subserosa 

· T4 - invasion of surrounding structures (e.g. bladder) or with tumour cells on the free external surface of the bowel 

· N - the degree of lymphatic node involvement 

· N0 - no lymph nodes involved 

· N1 - one to three nodes involved 

· N2 - four or more nodes involved 

· M - the degree of metastasis 

· M0 - no metastasis 

· M1 - metastasis present 

AJCC stage groupings
The stage of a cancer is usually quoted as a number I, II, III, IV derived from the TNM value grouped by prognosis; a higher number indicates a more advanced cancer and likely a worse outcome.

Table 1. TNM Staging System for Colon Cancer

	Stage
	Primary Tumor (T)
	Regional Lymph Node (N)
	Remote Metastasis (M)

	Stage 0
	Carcinoma in situ
	N0
	M0

	Stage I
	Tumor may invade submucosa (T1) or muscularis (T2).
	N0
	M0

	Stage II
	Tumor invades muscularis (T3) or perirectal tissues (T4).
	N0
	M0

	Stage IIIA
	T1-4
	N1
	M0

	Stage IIIB
	T1-4
	N2-3
	M0

	Stage IV
	T1-4
	N1-3
	M1


Table 2. Dukes Classification

	Stage
	Characteristics

	Dukes stage A
	Carcinoma in situ limited to mucosa or submucosa (T1, N0, M0)

	Dukes stage B
	Cancer that extends into the muscularis (B1), into or through the serosa (B2)

	Dukes stage C
	Cancer that extends to regional lymph nodes (T1-4, N1, M0)

	Dukes stage D
	Modified classification; cancer that has metastasized to distant sites (T1-4, N1-3, M1)


Treatment
The treatment depends on the staging of the cancer. When colorectal cancer is caught at early stages (with little spread) it can be curable. However when it is detected at later stages (when distant metastases are present) it is less likely to be curable.Surgery remains the primary treatment while chemotherapy and/or radiotherapy may be recommended depending on the individual patient's staging and other medical factors.
Surgery
Surgeries can be categorised into curative, palliative, bypass, fecal diversion, or open-and-close.

Curative Surgical treatment can be offered if the tumor is localized.

· Very early cancer that develops within a polyp can often be cured by removing the polyp (i.e., polypectomy) at the time of colonoscopy. In colon cancer, a more advanced tumor typically requires surgical removal of the section of colon containing the tumor with sufficient margins, and radical en-bloc resection of mesentery and lymph nodes to reduce local recurrence (i.e., colectomy). The classic surgical procedure for colon cancer is the resection that involves a "no touch" isolation technique. The abdomen is explored to determine whether the tumor is resectable, and resection is performed segmentally (eg, right or left hemicolectomy) with end-to-end anastomosis. A resection margin of 10 cm of grossly normal bowel on both sides of the tumor along with associated lymph nodes is recommended. Total colonic resection is performed for patients with familial polyposis and multiple colonic polyps.The role of lymphatic mapping (LM) and sentinel lymphadenectomy (SL) is undergoing investigation, although preliminary results appear conflicting. However, identification of micrometastatic nodal disease resulted in upstaging of disease in 5-50% of patients. If possible, the remaining parts of colon are anastomosed together to create a functioning colon. In cases when anastomosis is not possible, a stoma (artificial orifice) is created. 

Laparoscopic colon resection: The technology exists to use laparoscopic techniques to achieve colon resection. A recent study reported favorable results with 5 years of follow-up. Laparoscopic-assisted colectomy is a minimally-invasive technique that can reduce the size of the incision, minimize the risk of infection, and reduce post-operative pain.Cleveland Clinic colorectal surgeons developed the “no touch” technique to prevent the spread of cancer cells during colorectal surgery.
· Curative surgery on rectal cancer includes total mesorectal excision (lower anterior resection) or abdominoperineal excision. 
· The transanal excision method of local excision of rectal cancer is reserved for only the most superficial lesions. Patients with stage 0 or stage I cancer with a T1 lesion are candidates for this procedure. The lesion is excised with full thickness of the rectal wall, leaving a 1-cm margin of normal tissue. The defect is usually closed, although some surgeons leave it open. 

· Low anterior resection (LAR) is generally performed for lesions in the middle and upper third of the rectum and, occasionally, for lesions in the lower third. The operation entails full mobilization of the rectum, sigmoid colon, and, usually, the splenic flexure. Mobilization of the rectum requires a technique called total mesorectal excision (TME). The distal resection margin varies depending on the site of the lesion. A 2-cm margin distal to the lesion must be achieved.
· Abdominal perineal resection (APR) is performed in patients with lower-third rectal cancers who cannot undergo a sphincter-sparing procedure. This includes patients with complex involvement of the sphincters, preexisting significant sphincter dysfunction, or pelvic fixation, and sometimes is a matter of patient preference. A 2-team approach is often used, with the patient in modified lithotomy position. The abdominal team  mobilizes the colon and rectum, transects the colon proximally, and creates an end-sigmoid colostomy. The perineal team begins by closing the anus with a purse-string suture and making a generous elliptical incision. ). The specimen is removed through the perineum, and the wound is irrigated copiously. A closed-suction drain is left in place, and the perineal wound is closed in layers by using absorbable sutures.
In case of multiple metastases, palliative (non curative) resection of the primary tumor is still offered in order to reduce further morbidity caused by tumor bleeding, invasion, and its catabolic effect. Surgical removal of isolated liver metastases is, however, common and may be curative in selected patients; improved chemotherapy has increased the number of patients who are offered surgical removal of isolated liver metastases.

If the tumor invaded into adjacent vital structures which makes excision technically difficult, the surgeons may prefer to bypass the tumor (ileotransverse bypass) or to do a proximal fecal diversion through a stoma.

The worst case would be an open-and-close surgery, when surgeons find the tumor unresectable and the small bowel involved; any more procedures would do more harm than good to the patient. This is uncommon with the advent of laparoscopy and better radiological imaging. Most of these cases formerly subjected to "open and close" procedures are now diagnosed in advance and surgery avoided.

As with any surgical procedure, colorectal surgery may result in complications including:
· wound infection, Dehiscence (bursting of wound) or hernia 

· anastomosis breakdown, leading to abscess or fistula formation, and/or peritonitis 

· bleeding with or without hematoma formation 

· adhesions resulting in bowel obstruction (especially small bowel) 

· blind loop syndrome as in bypass surgery. 

· adjacent organ injury; most commonly to the small intestine, ureters, spleen, or bladder 

· Cardiorespiratory complications such as myocardial infarction, pneumonia, arrythmia, pulmonary embolism etc.
Chemotherapy
Chemotherapy is used to reduce the likelihood of metastasis developing, shrink tumor size, or slow tumor growth. Chemotherapy is often applied after surgery (adjuvant), before surgery (neo-adjuvant), or as the primary therapy if surgery is not indicated (palliative). The treatments listed here have been shown in clinical trials to improve survival and/or reduce mortality rate and have been approved for use by the US Food and Drug Administration.

· Adjuvant (after surgery) chemotherapy. One regimen involves the combination of infusional 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX) 

· 5-fluorouracil (5-FU) or Capecitabine (Xeloda) 

· Leucovorin (LV, Folinic Acid) 

· Oxaliplatin (Eloxatin) 

· Chemotherapy for metastatic disease. Commonly used first line chemotherapy regimens involve the combination of infusional 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX) with bevacizumab or infusional 5-fluorouracil, leucovorin, and irinotecan (FOLFIRI) with bevacizumab 

· 5-fluorouracil (5-FU) or Capecitabine 

· Leucovorin (LV, Folinic Acid) 

· Irinotecan (Camptosar) 

· Oxaliplatin (Eloxatin) 

· Bevacizumab (Avastin) 

· Cetuximab (Erbitux) 

· Panitumumab (Vectibix) 

· In clinical trials for treated/untreated metastatic disease. [2] 

· Bortezomib (Velcade®) 

· Oblimersen (Genasense®, G3139) 

· Gefitinib and Erlotinib (Tarceva®) 

· Topotecan (Hycamtin®) 

Radiation therapy
Radiotherapy is not used routinely in colon cancer, as it could lead to radiation enteritis, and it is difficult to target specific portions of the colon. It is more common for radiation to be used in rectal cancer, since the rectum does not move as much as the colon and is thus easier to target. Indications include:

· Colon cancer 

· pain relief and palliation - targeted at metastatic tumor deposits if they compress vital structures and/or cause pain 

· Rectal cancer 

· neoadjuvant - given before surgery in patients with tumors that extend outside the rectum or have spread to regional lymph nodes, in order to decrease the risk of recurrence following surgery or to allow for less invasive surgical approaches (such as a low anterior resection instead of an abdomino-perineal resection) 

· adjuvant - where a tumor perforates the rectum or involves regional lymph nodes (AJCC T3 or T4 tumors or Duke's B or C tumors) 

· palliative - to decrease the tumor burden in order to relieve or prevent symptoms 

Sometimes chemotherapy agents are used to increase the effectiveness of radiation by sensitizing tumor cells if present.

Immunotherapy
Bacillus Calmette-Guérin (BCG) is being investigated as an adjuvant mixed with autologous tumor cells in immunotherapy for colorectal cancer.[31]
Vaccine
In November 2006, it was announced that a vaccine had been developed and tested with very promising results.[32] The new vaccine, called TroVax, works in a totally different way to existing treatments by harnessing the patient's own immune system to fight the disease. Experts say this suggests that gene therapy vaccines could prove an effective treatment for a whole range of cancers. Oxford BioMedica is a British spin-out from Oxford University specialising in the development of gene-based treatments. Phase III trials are underway for renal cancers and planned for colon cancers.

Treatment of colorectal cancer metastasis to the liver
According to the American Cancer Society statistics in 2006greater than 20% of patients present with metastatic (stage IV) colorectal cancer at the time of diagnosis, and up to 25% of this group will have isolated liver metastasis that is potentially resectable. Lesions which undergo curative resection have demonstrated 5-year survival outcomes now exceeding 50%.

Resectability of a liver met is determined using preoperative imaging studies (CT or MRI), intraoperative ultrasound, and by direct palpation and visualization during resection. Lesions confined to the right lobe are amenable to en bloc removal with a right hepatectomy (liver resection) surgery. Smaller lesions of the central or left liver lobe may sometimes be resected in anatomic "segments", while large lesions of left hepatic lobe are resected by a procedure called hepatic trisegmentectomy. Treatment of lesions by smaller, non-anatomic "wedge" resections is associated with higher recurrence rates. Some lesions which are not initially amenable to surgical resection may become candidates if they have significant responses to preoperative chemotherapy or immunotherapy regimines. Lesions which are not amenable to surgical resection for cure can be treated with modalities including radio-frequency ablation (RFA), cryoablation, and chemoembolization.

Patients with colon cancer and metastatic disease to the liver may be treated in either a single surgery or in staged surgeries (with the colon tumor traditionally removed first) depending upon the fitness of the patient for prolonged surgery, the difficulty expected with the procedure with either the colon or liver resection, and the comfort of the surgery performing potentially complex hepatic surgery.

Poor prognostic factors of patients with liver metastasis include

· Synchronous (diagnosed simultaneously) liver and primary colorectal tumors 

· A short time between detecting the primary cancer and subsequent development of liver mets 

· Multiple metastatic lesions 

· High blood levels of the tumor marker, carcino-embryonic antigen (CEA), in the patient prior to resection 

· Larger size metastatic lesions 

Prognosis
Survival is directly related to detection and the type of cancer involved. Survival rates for early stage detection is about 5 times that of late stage cancers. CEA level is also directly related to the prognosis of disease, since its level correlates with the bulk of tumor tissue.
Follow-up
Follow-up aims at diagnosing metachronous lesion(s) or distant metastasis in the early stage. History taking and physical examination every 3 to 6 months for three years after surgery. CEA every 2 to 3 months for two or more years in patients who have had resection of liver metastasis. Colonoscopy looking for synchronise lesion(s) should be done shortly after surgery if preoperatively the scope cannot pass through the tumor; otherwise it should be done every 3 to 5 years. ASCO recommends against other routine follow-up tests such as Chest X-Ray, Ultrasound, CT, etc.

Prevention
Most colorectal cancers should be preventable, through increased surveillance, improved lifestyle, and, probably, the use of dietary chemopreventative agents.

Surveillance
Most colorectal cancer arise from adenomatous polyps. These lesions can be detected and removed during colonoscopy. Studies show this procedure would decrease by > 80% the risk of cancer death, provided it is started by the age of 50, and repeated every 5 or 10 years.
Lifestyle
The comparison of colorectal cancer incidence in various countries strongly suggests that sedentarity, overeating (i.e., high caloric intake), and perhaps a diet high in meat (red or processed) could increase the risk of colorectal cancer. In contrast, physical exercise, and eating plenty of fruits and vegetables would decrease cancer risk, probably because they contain protective phytochemicals. Accordingly, lifestyle changes could decrease the risk of colorectal cancer as much as 60-80%.

Chemoprevention
More than 200 agents, including the above cited phytochemicals, and other food components like calcium or folic acid (a B vitamin), and NSAIDs like aspirin, are able to decrease carcinogenesis in preclinical models. Calcium, aspirin and celecoxib supplements, given for 3 to 5 years after the removal of a polyp, decreased the recurrence of polyps in volunteers (by 15-40%). The "chemoprevention database" shows the results of all published scientific studies of chemopreventive agents, in people and in animals.
Aspirin chemoprophylaxis
Aspirin should not be taken routinely to prevent colorectal cancer, even in people with a family history of the disease, because the risk of bleeding and kidney failure from high dose aspirin (300mg or more) outweigh the possible benefits.

Calcium
A meta-analysis by the Cochrane Collaboration of randomized controlled trials published through 2002 concluded "Although the evidence from two RCTs suggests that calcium supplementation might contribute to a moderate degree to the prevention of colorectal adenomatous polyps, this does not constitute sufficient evidence to recommend the general use of calcium supplements to prevent colorectal cancer.
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Gross appearance of a colectomy specimen containing two adenomatous polyps (the brownish oval tumors above the labels, attached to the normal beige lining by a stalk) and one invasive colorectal carcinoma (the crater-like, reddish, irregularly-shaped tumor located above the label).





Endoscopic image of colon cancer identified in sigmoid colon on screening colonoscopy in the setting of Crohn's disease.





Histopathologic image of colonic carcinoid stained by hematoxylin and eosin.

