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Abstract

Colorectal cancer (CRC) is the 2nd most common cancer in women and 3rd most common cancer in men world​wide. Most CRCs develop from adenomatous polyps arising from glandular epithelium. Tumor growth is initiated by mutation of the tumor suppressor gene APC and involves other genetic mutations in a stepwise process over years. Both hereditary and environmental factors contribute to the development of CRC. Screening has been proven to reduce the incidence of CRC. Screen​​ing has also contributed to the decrease in CRC mortality in the United States. However, CRC incidence and/or mortality remain on the rise in some parts of the world (Eastern Europe, Asia, and South America), likely due to factors including westernized diet, lifestyle, and lack of healthcare infrastructure. Multiple screening options are available, ranging from direct radiologic or endoscopic visualization tests that primarily detect premalignant or malignant lesions such as flexible sigmoidoscopy, optical colonoscopy, colon capsule endoscopy, computed tomographic colonography, and double contrast barium enema - to stool based tests which primarily detect cancers, including fecal DNA, fecal immunochemical test, and fecal occult blood test. The availability of some of these tests is limited to areas with high economic resources. This article will discuss CRC epidemiology, pathogenesis, risk factors, and screening modalities with a particular focus on new technologies. 
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El Zoghbi M, Cummings LC. New era of colorectal cancer screening. World J Gastrointest Endosc 2016; 8(5): 252-258  Available from: URL: http://www.wjgnet.com/1948-5190/full/v8/i5/252.htm  DOI: http://dx.doi.org/10.4253/wjge.v8.i5.252

INTRODUCTION

Colorectal cancer (CRC) is the second most common cancer in women and third most common cancer in men worldwide[1]. Globally, there is marked variation in CRC incidence and mortality[1,2]. Some countries in Eastern Europe and Asia have demonstrated increasing incidence rates (Slovakia, Czech Republic, Singapore, and Japan) which have been attributed to behavioral risk factors related to westernization of diet and lifestyle[3]. In addition, some countries (Brazil, Mexico, and Romania) have experienced increasing CRC mortality rates from CRC purportedly due to limited healthcare resources[4]. In the United States, CRC is the third leading cause of cancer death and accounts for approximately 7% and 9% of overall cancer deaths in females and males, res​pectively[5]. CRC incidence and mortality rates have been declining in the United States secondary to increased screening mainly via colonoscopy, which enables primary prevention and early detection[6,7]. In recent years, technological advances have led to the development of new, less invasive screening modalities including fecal immunochemical testing, computed tomographic colonography (CTC), stool DNA testing, and colon capsule endoscopy. This article will discuss CRC pathogenesis, risk factors, and screening with a particular focus on new screening methods.

PATHOGENESIS

Most colorectal carcinomas develop from adenomatous polyp arising from the glandular epithelium of the intes​tine[8]. Adenomas are initiated by somatic mutation of the tumor suppressor gene APC[9]. Additional genetic alterations of oncogenes and tumor suppressor genes are involved in a stepwise growth process that occurs over years[10-12]. The accumulation of genetic mutations in accordance with chromosomal instability, shifts the normal intestinal lining to an adenomatous polyp, then high-grade adenoma and finally to a carcinoma[13,14]. CRC can also arise from nonpolypoid and depressed lesions. Although these lesions are less common than that of the polypoid adenoma, they manifest more aggressive behavior and more rapid growth, and they are more difficult to diagnose[15,16].

SCREENING TESTS

Available tests for CRC screening are divided into 2 major types, stool-based tests or endoscopic and radiologic tests. The stool-based tests include the guaiac-based fecal occult blood test (gFOBT), fecal immunochemical test (FIT), and fecal DNA testing.  These tests detect cell debris and blood shed by vas​cularized polyps, adenomas and cancers[17]. The endoscopic and radiologic examinations include optical colonoscopy, flexible sigmoidoscopy (FS or FSIG), double-contrast barium enema (DCBE), capsule endos​copy, and CTC and are based on direct or radiographic visualization of the polyp or cancer.

STOOL-BASED TESTS

gFOBT

gFOBT detects the presence of blood in feces through a chemical reaction dependent upon the peroxidase activity of heme. It is an inexpensive test that can be mailed to patients. Annual or biennial gFOBT have shown to decrease CRC mortality rates by 15%-33%[18-20]. In the Minnesota Colon Cancer Control Study, a 30-year follow-up of patients randomly assigned to annual/or biennial gFOBT vs usual care showed a 32% decrease in CRC mortality. Furthermore, mortality reduction was more pronounced in men compared to women[21].

A disadvantage of gFOBT is the requirement for 3 different stool samples[22]. This makes collection more cumbersome to the patient, which results in lowered adherence and thus decreases its effectiveness as a screening test[23,24]. gFOBT endorses a risk of false-positive results if patients ingest animal products or vegetables prior to testing, or if the patient is on anticoagulants or antiplatelet agents[25]. On the other hand, a risk of false negative test arises if patient is on ascorbic acid or any other form of antioxidants[26]. 

FIT

FIT is an antibody-based test that detects and binds to the globin component of hemoglobin. The FIT sampling technique is simpler and easier to collect compared to that of gFOBT. Only one or two fecal samples are required and no dietary or medication restrictions are needed prior to the test. The overall accuracy of FIT for detection of CRC was 95% with 79% sensitivity and 94% specificity as been shown in systematic review and meta-analysis including 19 qualified studied performed by Lee et al[27]. FIT has been shown to have a greater sensitivity in detecting advanced adenomas and CRC than gFOBT[28-31].

A disadvantage of FIT is its more expensive cost compared to FOBT. Although FIT is easier to collect, its sensitivity decreases with any delay in mailing or processing of the sample. Furthermore, similar to other non-invasive tests, if the test is positive, a follow-up colonoscopy would be needed.

Fecal DNA testing

Fecal DNA testing, or Cologuard (Exact Sciences), is a non-invasive, easy to perform test based on a single stool sample, and does not require dietary or medication restriction. It is a composite test that includes an immu​nochemical assay similar to the one used in FIT, methylated markers and molecular mutations markers associated with CRC. In 2014, this test was approved by the United States Food and Drug Administration as a screening test for CRC.

One multicenter study on 9989 patients comparing fecal DNA test to FIT using colonoscopy as the gold standard showed that the fecal DNA test had a higher sensitivity than FIT for detecting CRC, (92% vs 74%), adenomas with high-grade dysplasia (69% vs 46%), and serrated sessile polyps (42% vs 5%). However, specificity was lower with fecal DNA test at 87%-90% compared to FIT at 95%-96%[32].

In a large multicenter case-control study, auto​mated fecal DNA testing accurately detected CRC regard​less of the site or the stage of the lesion with an overall sensitivity of more than 98%. Sensitivity for precancerous lesions increased in proportion to lesion size from 57% for lesions > 1 cm to 83% for those > 3 cm[33].

Disadvantages of fecal DNA testing include its expensive cost; the inconvenience stool sampling and shipment to the lab; and the need for colonoscopy if the test is positive.

ENDOSCOPIC AND RADIOLOGIC TESTS

DCBE

DCBE is a non-invasive radiological test, which provides a complete evaluation of the large intestine. The sen​sitivity and specificity of barium enema for polyps of any size is 38% and 86%, respectively[34]. One study comparing barium enema to CT colonography and colonoscopy showed that DCBE has the lowest sensitivity and specificity with sensitivity of 41% for lesions ≥ 6 mm and sensitivity and specificity of 48% and 90% respectively for lesions ≥ 10 mm[35]. These results are consistent with a meta-analysis comparing the performance of barium enema to that of CTC showing CTC is more sensitive and more specific than barium enema for large polyps (≥ 10 mm) and small polyps (6-9 mm) in average-risk and high-risk popu​lations[36]. In the United States, CT colonography has largely replaced DCBE as a radiographic option for CRC screening. A disadvantage of DCBE is that the test must be followed by colonoscopy if abnormalities are found. 

Colonoscopy

Optical colonoscopy entails direct visualization of the colonic mucosa from the cecum to the rectum with a flexible endoscope. Insufflation, irrigation, and suction facilitate careful inspection of the mucosa. Colonoscopy allows both detection and removal of polyps, which can be submitted for histopathological examination. Colonoscopy is routinely performed in some countries with sedation, whereas in others sedation is rarely used. Colonoscopy requires a bowel preparation with a laxative and clear liquid diet prior to the procedure. Split-dose protocols, in which patients ingest half the bowel preparation the day of the procedure, may encourage compliance and are now recommended for optimal bowel cleansing[37]. Procedural risks include cardiopulmonary complications due to sedation, the possibility of missed lesions, bleeding, and a 0.08% rate of perforation, which is typically related to polypectomy[38]. Although traditionally colonoscopy has been considered to be the gold standard for CRC screening, the miss rate for adenomas ≥ 1 cm was 6% in a tandem colonoscopy study[39]. Moreover, colonoscopy is less effective at reducing proximal compared with distal CRCs[40-43]. This finding may result from a combination of factors including inadequate bowel preparation, which is more likely to affect the right colon; incomplete colonoscopy; and a higher prevalence in the proximal colon of non-polypoid colorectal neoplasms, which are often more difficult to detect than traditional polypoid neoplasms[44]. Based on pooled data from several large North American studies, 0.6% of patients with adenomas developed CRC within an average of 4 years after clearing colono​scopy[45]. Fifty-two percent of these cancers were felt to be missed lesions, 19% were thought to be potentially incompletely resected lesions, and 24% were thought to be new lesions. These statistics reflect the fact that colonoscopy is operator dependent. Indeed, the development of interval cancers within 3 years after colonoscopy has been associated with performance of colonoscopy by non-gastroenterologists[46].
FS

FS is used to visualize the left-sided or descending colon and the rectum where approximately 60% of all CRCs develop.  Compared to colonoscopy, FS is safer, faster, and more easily tolerated procedure. Sedation is not required, and self-administered enemas are usually used in bowel preparation[47,48].

Screening with FS decreases the incidence and overall mortality of CRC[48,49]. A large randomized control trial involving 34272 participants between the ages of 55 and 64 years with a median follow-up of around 11 years showed a 31% decrease in the incidence of CRC and a 38% decrease in CRC mortality after one-time screening with FS, compared with no screening[49]. 

A disadvantage of FS is that follow-up colonoscopy is required given that about 3%-5% of patients with CRC in the distal colon will have lesions in the proximal colon[50]. In the United States, colonoscopy has largely replaced FS for CRC screening.

Colon capsule endoscopy 

With capsule endoscopy (Pillcam COLON, Given Imag​ing Ltd, Yoqneam, Israel) the patient swallows a capsule which records digital images on 2 camera heads at a rate ranging from 4 to 35 frames per second for appro​ximately 10 h. These images are then transmitted wirelessly to a recording device carried by the patient. The data are transferred from the device to a computer that uses a software (RAPID) to compile the video to be analyzed then by an experienced gastroenterologist[51]. Indications for colon capsule endoscopy have not been standardized; the use of CE is recommended in cases of colonoscopy contraindication, colonoscopy failure, or in patients unwilling to perform colonoscopy. In the United States, the Food and Drug Administration has approved Pillcam COLON 2 (second generation) for patients who have had an incomplete colonoscopy.  

A recent prospective study conducted by Doug Rex on 884 patients comparing accuracy of PillCam COLON 2 to that of optical colonoscopy demonstrated 88% sensitivity and 82% specificity in detecting adenoma ≥ 6 mm in average risk screening population[52].

An advantage of capsule endoscopy compared to other non-invasive methods is the lack of radiation exposure. Disadvantages of capsule endoscopy include the need for a complex bowel preparation regimen and the risk, albeit low, of capsule retention, which may necessitate surgical removal.  

CTC 

CTC, or virtual colonoscopy, is a radiographic imaging test in which two-dimensional or three-dimensional images of the colon and rectum are generated using specialized computer software and abdominal computed tomography scanning. It is offered to the patient if colonoscopy is incomplete or in the event of patients’ refusal or has additional risk factors. CT colonography every 5 years is a screening option according to some CRC screening guidelines (see below). Multiple steps are involved in completing CTC. The first step is the bowel preparation, which includes a fiber-free diet and ingestion of a laxative and contrast medium prior to the test. The second step is colonic insufflation, which is done by insufflation of CO2 via a rectal catheter and bulb in a gradual manner with a controlled pressure to prevent perforation. The third step is acquisition of the radiographic images. An adjusted scout-view is obtained so that the entire colon is covered. Images are obtained in 2 positions, supine and prone; decubitus lateral positions are performed if patient is overweight.

The final step is interpretation of images; two dimen​sional interpretation identifies any lesion that is larger than a centimeter. The infracentimetric lesions are identified via three dimensional interpretation. After identification of a polyp-like lesion, its density should be determined. The lipoma or an inverted tumor is fatty, fecal residue is dense, and tumor tissue’s density is similar to that of the colonic wall. Each lesion is then classified by C-RAD, which specifies the site, the shape, type of density, and the largest diameter of the head of the polyp. A colonoscopy is indicated for lesions that are ≥ 10 mm or more than 3 lesions > 5 mm[53]. Figure 1 displays a polyp visualized on CT colonography and subsequent colonoscopy.

A multicenter trial enrolling 845 patients who underwent screening with CTC followed by colonoscopy showed 69% sensitivity and 91% specificity in detecting polyps > 6 mm[54]. CTC was found to accurately detect 90% of lesions > 10 mm in diameter[55]. The detection rate for advanced neoplasm was found to be similar for patients undergoing CTC compared to colonoscopy, while the rate of polypectomies and complications was considerably smaller in the CTC group compared to that of colonoscopy[56]. Radiation exposure is one of disadvantage of CTC[57]. In addition, perforation is still a risk, although it is less than that with colonoscopy[36].

SCREENING GUIDELINES

In the United States, the two major guidelines for CRC screening are: (1) joint guidelines from the Ameri​can Cancer Society, the US Multi-Society Task Force on Colorectal Cancer, and the American College of Radiology; and (2) the US Preventive Services Task Force (USPSTF) guidelines. Other organizations have issued their own guidelines as well, such as the Ameri​can College of Gastroenterology and the American College of Physicians. Table 1 summarizes the varying recommendations from these different sets of guidelines for average risk individuals. USPSTF guidelines were issued in 2008 and are in the process of being updated. On a global level, CRC screening can be challenging to implement due to wide variability in healthcare infrastructure and resources in different countries. The World Gastroenterology Organization practice guidelines on CRC screening provide differing recommendations for average risk screening depending upon the availability of endoscopic resources[58]. In areas with the lowest access to FS and colonoscopy, for example, biennial gFOBT or FIT is recommended, while colonoscopy every 10 years is recommended in areas with greater healthcare and endoscopic resources. 

CONCLUSION

CRC screening is associated with decreased CRC incidence and mortality. CRC screening modalities include radiographic or endoscopic methods (colonoscopy, FS, CT colonography, double contrast barium enema, colon capsule endoscopy) and stool-based tests (fecal DNA test, gFOBT, and FIT). Options for screening also depend upon the healthcare infrastructure of the country including the availability of endoscopic resources. In offering CRC screening, the physician should discuss with the patient the advantages and disadvantages of each test and ascertain the patient’s preferences for better adherence.
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Figure Legends
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Figure 1  Visualization of a colonic polyp by computed tomographic colonography and optical colonoscopy. A: Three dimensional view of a splenic flexure colonic polyp on computed tomographic colonography; B: View of the same polyp on optical colonoscopy.
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Table 1  Summary of colorectal cancer screening guidelines from various organizations in the United States


�
Joint guidelines


�
USPSTF


�
ACG


�
ACP


�
�
  Flexible 


  sigmoidoscopy�
Every 5 yr


�
Every 5 yr, with high sensitivity


FOBT every


3 yr�
Every 5-10 yr


�
Every 5 yr


�
�
  Colonoscopy


�
Every 10 yr


�
Every 10 yr


�
Every 10 yr


�
Every 10 yr


�
�
  Barium enema


�
Every 5 yr


�
Not recommended


�
Not recommended


�
Every 5 yr


�
�
  CT 


  colonography�
Every 5 yr


�
Insufficient evidence to


recommend�
Every 5 yr


�
Every 5 yr


�
�
  gFOBT


�
Annual


�
Annual


�
Annual


�
Annual


�
�
  FIT


�
Annual


�
Every year


�
Annual


�
Annual


�
�
  sDNA


�
Uncertain


�
Insufficient evidence to


recommend�
Every 3 yr


�
Uncertain


�
�
USPSTF: United States Preventive Services Task Force; ACG: American College of Gastroenterology; ACP: American College of Physicians; FOBT: Fecal occult blood testing; CT: Computed tomographic; gFOBT: Guaiac-based fecal occult blood testing; FIT: Fecal immunochemical test; sDNA: Stool deoxyribonucleic acid.
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