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Abstract
Esophageal, gastric, and colorectal cancers are deadly diseases that continue to plague our world today. The value of screening endoscopy in evaluating these types of cancers is a critical area of discussion due to a potential reduction in morbidity and mortality. This article describes how to identify a good screening test and explains what are important criteria in the field of screening endoscopy. Furthermore, the current status and progress of screening endoscopy for esophageal, gastric, and colorectal cancer will be evaluated and discussed. Mass screening programs have not been implemented for esophageal and gastric carcinomas in those with average or low risk populations. However, studies of high-risk populations have found value and a cost-benefit in conducting screening endoscopy. Colorectal cancer, on the other hand, has had mass screening programs in place for many years due to the clear evidence of improved outcomes. As the role of endoscopy as a screening tool has continued to develop, newer technology and techniques have emerged to improve its utility. Many new image enhancement techniques and computer processing programs have shown promise and may have a significant role in the future of endoscopic screening. These developments are paving the way for improving the diagnostic and therapeutic capability of endoscopy in the field of gastroenterology. 
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Core tip: The value of screening endoscopy in evaluating esophageal, gastric, and colon cancers is a critical area of discussion due to a potential reduction in morbidity and mortality. Studies have found value and cost-benefit in conducting screening endoscopy in esophageal and gastric cancer in high-risk populations. Colorectal cancer has had mass screening programs implemented for many years due to the clear evidence of improved outcomes. New innovations in technology have emerged and shown promise in playing a significant role in the future of endoscopic screening. These developments are paving the way for improving the diagnostic capability of endoscopy in the field of gastroenterology.

INTRODUCTION
Screening tests are important tools for health maintenance that have been around for the past half-century. Since its development, the number of screening tests has increased exponentially and it has sparked the creation of many innovative technologies. The purpose of screening is to catch early stages of disease and to delay or prevent further development of the disease course. In contrast to diagnostic tests, screening tests evaluate individuals that have a low pretest probability of a particular disease. These individuals are either asymptomatic or are at preclinical stages of their disease[1]. 

While evaluating the utility of a screening tool, several aspects need to be examined in order to support its validity and practical use. For a screening test to be effective, there needs to be a change in patient outcome with early detection of a disease. Standard measures of patient outcome include mor​bidity, mortality, and quality of life. Once a value for the test is established, a risk-benefit analysis is typically assessed, and then accuracy of the test is evaluated. Screening test accuracy is measured by sensitivity, specificity, and predictive value. Sensitivity is the ability of a test to detect positive results in patients with disease, while specificity is the ability of a test to detect negative results in patients without disease, and predictive value is the probability of a condition given by the result of a test. A good screening test will have high percentages in these categories. Cost analysis is one of the last measures to determine practicality and implementation on a larger scale. Implementation of a screening program must find a balance between the reduction in cancer mortality and the costs associated with screening and subsequent diagnostic evaluations due to false-positive results[2]. While there are many screening modalities used today, we will be discussing the efficacy of the screening endoscopy. 

In 1853, the French surgeon Desormeaux, coined the term “endoscope” to describe the instrument he created to inspect cavities of the body. Through this illumination device, Kusmaul performed the first esophagoscopies in 1867-1868[3]. Hollow tubes and spatulas connected to illumination sources were the main way esophagoscopies were first performed. Years later the light source was incorporated into the endoscopes, which was followed by the creation of the semi-flexible gastroscope by Wolf and Schindler in 1930. Due to the development of very transparent optical quality glass, Basil Hirschowitz and Larry Curtiss were able to build the flexible fiber optic endoscope in 1958[4]. The flexible endoscope depends on delivering light and transmitting the image along bundles of chemically treated glass fibers. Initially, the endoscopist viewed the image through an eyepiece on the instrument, but eventually a video system was incorporated into the scope, which led to the videoscopes used today[5]. While the basic structure has remained the same, there have been advances in technology that have led to the development of new endoscopic techniques. These developments are paving the way for improving the diagnostic and therapeutic capability of endoscopes in the field of gastroenterology. We will be discussing the value of screening endoscopies in the evaluation of esophageal, gastric, and colon carcinomas. 

ESOPHAGEAL CANCER ENDOSCOPIC SCREENING

Epidemiology

In 2012, there was an estimated 455800 new cases of esophageal carcinoma and 400200 deaths worldwide[6]. Esophageal carcinoma is the eighth most common cancer and sixth leading cause of cancer related deaths[7]. While other types of cancer are expected to decrease in incidence over the next 10 years, the prevalence of esophageal cancer is expected to increase by 140% by the year 2025[7]. The predominant esophageal cancer in North America and Europe is esophageal adenocarcinoma (EA), while esophageal squamous-cell carcinoma (ESCC) is the predominant type in Asia, Africa, and South America[8]. The highest risk area is referred to as the “esophageal cancer belt” and runs from Northern Iran to North-Central China[6].

Risk factors

Obesity and gastroesophageal reflux disease are the key risk factors for EA, with Barrett’s esophagus as the precursor lesion in the majority of cases. Alcohol and tobacco are the leading risk factors for ESCC in Western countries, with esophageal squamous dysplasia as the precursor lesion. The risk factors in high-risk areas of Iran and China are not fully established, but are associated with poor nutritional status, low intake of fruits and vegetables, and drinking beverages at high temperatures[6]. There is a higher risk of both types of esophageal cancer with high intake of fats, red meats, and processed foods. Adenocarcinoma is three to four times more common in men, and the incidence of both types of esophageal carcinoma increases with age[8].

Current screening methods

Early detection of esophageal carcinoma through cytological and endoscopic screening methods has been primarily concentrated in countries where there is a high incidence[9]. Endoscopy is the gold standard for diagnosing esophageal cancer and precancerous lesions. The standard esophagogastroduodenoscopy (EGD) uses a small chip camera and a non-coaxial optic fiber system to carry white light down the oropharynx to examine different levels of the gastrointestinal mucosa. Other screening methods such as cytological examination and molecular markers have been studied, but endoscopy with biopsy and iodine staining remains as the diagnostic choice to detect esophageal squamous dysplasia[10]. Endoscopy with iodine staining (Lugol’s solution) is known as chromoendoscopy. The normal squamous epithelium of the esophagus contains abundant glycogen, which the iodine stains brown. Abnormal mucosal lesions such as squamous dysplasia and carcinoma in situ remain unstained due to the low glycogen content[10]. Lao-Sirieix et al[11] discuss the accuracy of endoscopic modalities in esophageal carcinoma, which reveal the efficacy of endoscopic screening (Table 1).

Utility of endoscopic screening 

Chromoendoscopy has been studied in various countries with high-risk populations. In a high-risk population of ESCC in Linxian, China, standard white light imaging (WLI) was used to detect severe dysplasia or cancer with a sensitivity of 62% and specificity of 79%, while chromoendoscopy had a sensitivity of 96% and specificity of 63%[12]. In Japan, a study stratified Japanese men into high risk and low risk groups based on diet, drinking, and smoking. Chromoendoscopy resulted in a diagnosis of esophageal carcinoma in 0.86% of the subjects. The detection rate was 4.27% in the high-risk group, as opposed to 0.67% in the lower risk groups[13]. A study of a high-risk population in the Henan Province of China detected precancerous lesions in 46.6% of the subjects through chromoendoscopy, and 2.42% were cancerous. Among those diagnosed with cancer, 84.5% were in the early stage[14]. These studies convey that in high-risk populations for esophageal carcinoma, there is value in implementing endoscopic screening for early detection and treatment of esophageal carcinoma. The effect of screening endoscopy on morbidity and mortality in esophageal carcinoma is an area that needs to be further studied. 

Cost analysis

Evaluating the cost effectiveness of screening en​doscopy is difficult due to the variability in costs and services in different countries. There is not enough evidence to implement a mass-screening program in the United States due to the low incidence of disease. However, in areas with high-risk populations, there may be value in implementing such screening measures. Yang et al[15] found that screening in high risk areas of China, and subsequent early diagnosis and treatment, provide great cost savings due to the much lower cost of screening compared to the cost of multimodality treatment of invasive esophageal carcinoma with endoscopic mucosal resection, esophagectomy, radiotherapy, or chemotherapy. In another study in high-risk areas of China, chromoendoscopy screening resulted in substantial net price values and high benefit-cost ratios[16]. Other factors must still be considered, such as the frequency of screening, the invasive nature of endoscopy with its accompanying complications, and health resource status. 

Novel techniques and technology

Early diagnosis of esophageal cancers are difficult to make due to minimal morphological changes noted on visualization. Therefore, targeted biopsies for precise histological diagnosis requires better endoscopic sensitivity rates. Novel techniques and technology in this field have shown significant potential to improve screening utility for esophageal cancers[17]. 

Narrow band imaging

Narrow-band imaging (NBI) is an endoscopic imaging technique that displays microstructures and capillaries in the superficial mucosal layer by using optical filters that narrow the respective red-green-blue bands, while simultaneously increasing the relative intensity of the blue band. In theory, this allows the physician to distinguish tissue surfaces much easier and optimizes the ability to diagnose a cancerous lesion[18]. Kara et al[19] found that the sensitivity for detecting high-grade dysplasia or early cancerous lesions was 93% and 86% for indigo carmine chromoendoscopy and narrow band imaging, respectively. Muto et al[20] compared NBI with conventional WLI to detect superficial ESCC lesions in patients with head and neck cancer. They found that NBI detected cancer more frequently than WLI (97% vs 55%, P < 0.001, respectively) with a sensitivity of 97.2%, specificity of 42.1%, and accuracy of 88.9% compared to 55.2%, 63.2%, and 56.5% with WLI, respectively. Yokoyama et al[21] found that the sensitivity of NBI was superior to WLI and equivocal to chromoendoscopy (92% vs 42%, P < 0.05, 92% vs 100%, NS) and specificity of NBI was equivalent to WLI (89% vs 94%, NS). Images adapted from Muto et al[20], above, illustrate the differences in WLI from NBI (Figure 1). 

Video capsule endoscopy

The videocapsule endoscopy system includes a wire​less capsule that contains a video camera, a sensing system, and a personal computer workstation. Studies have shown that the Pillcam esophageal video cap​sule has good sensitivity and specificity in detecting abnormalities in the esophagus, including Barrett’s esophagus[22]. Domingos et al[23] assessed the use of esophageal capsule endoscopy (ECE) with methylene blue chromoendoscopy and found that the sensitivity, negative predictive value, and accuracy were 100%, 100%, and 79%, respectively for detecting esophageal lesions suspicious of cancer. ECE is still not as widely used as the standard chromoendoscopy with biopsy, but it is an acceptable and sensitive method to detect esophageal abnormalities.

Autofluorescence endoscopy

This method provides real-time fluorescent images provided by adding a fluorescent agent to the standard endoscope using an image-processing module. This provides cellular and histological details of the tissue, aiding in detection of mucosal lesion[24]. Uedo et al[17] studied the use of videoendoscopy system with autofluorescence and reflectance imaging, which had a 100% detection rate of superficial esophageal cancers. The autofluorescence imaging (AFI) revealed flat or isochromatic extensions that were not detected by WLI. Lopes and Fagundes[25] discussed how AFI had a higher sensitivity than WLI in detecting superficial esophageal lesions (79% vs 51%, respectively), but its accuracy was worse than chromoendoscopy or NBI. 

Ultrathin transnasal endoscopy

Another advance in technology is the use of transnasal endoscopy (TNE), which has the advantages of a small caliber device, ability for insufflation and biopsy, no need for sedation, and use with NBI and chromoendoscopy. Wang et al[26] compared the different screening modalities (Table 2) and found that unsedated TNE is a safe and reasonable option for esophageal screening. They found that TNE had a detection rate of ESCC and high-grade intraepithelial neoplasms of 10.1% and 7.3%, respectively, with mean procedure duration of 14.6 min. Arantes et al[27] studied the feasibility and tolerance of TNE in Brazilian patients undergoing esophageal screening. TNE was feasible in 99.1%, with an ESCC detection rate of 12.7%, and 92% of patients rated the discomfort as absent or minimal. They found no difference between WLI (sensitivity 92.3%, specificity 98.9%, accuracy 98.1%, area under curve 0.995) and digital chromoendoscopy [flexible spectral imaging color enhancement (FICE)] (sensitivity 100%, specificity 98.9%, accuracy 99%, area under curve 0.956) for detection of esophageal neoplasms. The ability to avoid sedation could be a significant advantage of TNE by decreasing complications.

GASTRIC CANCER ENDOSCOPIC SCREENING

Epidemiology

With the aging population, the burden of cancer con​tinues to grow and remains one of the most difficult disease groups to cure. Gastric cancer is the third leading cause of cancer death worldwide, following lung and liver cancer. There was an estimated 951600 new gastric cancer cases and 723100 deaths that occurred in 2012[6]. However, gastric cancer rates have substantially declined in recent years. Studies have shown that this decline is due to refrigeration, less processed foods, and the availability of fresh produce[28]. In addition, the dramatic reduction of Helicobacter Pylori infections and the implementation of endoscopic screening in high-risk populations have also played a critical role in this decline[29]. 

Risk factors

Gastric cancer has distinct geographical and soci​oeconomic differences in distribution. Much of these differences are due to specific ethnic diets that result in continuous inflammation of the gastric lining. Diets high in salt, processed foods, nitroso compounds, and low in fruits, vegetables, and fiber are at increased risk of epithelial cell damage and pre-cancerous lesions[30-32]. Another major contributor to gastric cancer is H. pylori infections. They are the most common cause of gastritis and evidence suggests an approximate six-fold increase in the risk of gastric adenocarcinomas[33]. Other major risk factors include atrophic gastritis, gastric surgery, obesity, smoking, and genetic predisposition[34].

Current screening methods 

The implementation of endoscopic gastric cancer screening has been limited to high-risk populations. Several countries including Venezuela, Chile, and East Asian countries such as China and Japan have implemented a variety of screening programs. In 2001 the Korean Gastric Cancer Association and National Cancer Center established nationwide endoscopic screening guidelines to the general populous in the Republic of Korea. The guidelines recommended biennial endoscopy or upper gastrointestinal series (UGIS) in men and women aged 40 years or older[35]. Several other screening methods for the early de​tection of gastric cancer include serum pepsinogen, serum gastrin-17, and Helicobacter pylori antibody testing. Endoscopic studies have shown the highest detection rates amongst the screening tests and have universally been used as the gold standard for diagnosis. Upper GI series has continuously been analyzed as a rivaling modality for cancer detection but has not shown clear benefits over endoscopy[36].

UTILITY OF ENDOSCOPIC SCREENING

Mortality rate evaluation

There has been considerable evidence that those with early gastric cancer who undergo surgical treatment have an excellent prognosis[37,38]. However, there is a dramatic drop off in prognosis with the advanced stages of gastric cancer[39]. In Table 3[40], the 5-year survival rates, by stage, for stomach cancer treated with surgery are provided by the National Cancer Institute’s SEER database.

A large cohort study done at the Korean National Cancer Center in Goyang, Korea discussed the relation​ship of gastric cancer stage and endoscopic screening intervals. Based on their findings, a significant benefit was observed in all screened subjects compared to those who were never screened, and they found that it was optimal to screen at intervals of 2 or 3 years. From Figure 2, it is evident that the diagnosis of stage IV gastric cancer increased substantially when the screening intervals extended beyond 3 years[41].

There are very few studies on the mortality re​duction rates with the use of endoscopic screening programs. However, Hamashima et al[42] conducted a case-control study evaluating mortality rates of those screened and not screened for gastric cancer. Case subjects were defined as those who had died of gastric cancer in a certain time period. Control subjects were required to be disease-free at the time when the corresponding case subjects were diagnosed with gastric cancer. Compared with those who had never been screened before the date of diagnosis of gastric cancer in the case subjects, the odds ratios within 36 mo from the date of diagnosis were 0.695 for endoscopic screening. Although the study admits bias limitations, the results suggested a 30% reduction in gastric cancer mortality by endoscopic screening compared to no screening at all.

Test accuracy

Esophagogastroduodenscopy (EGD) and UGIS have been the main screening tools for gastric cancer. However, there has historically been some debate as to which test is more effective. Two newer studies by Hamashima et al[42] and Choi et al[43] show a comparison of sensitivity, specificity, and positive predictive value (PPV) of these two modalities. Although there were some differences in sensitivity and specificity between the two studies, the conclusions were similar. The studies suggest that endoscopy is the better test for gastric cancer screening due to its superior performance and high detection rate. Table 4 displays the comparative values[35,43-45]. 

Cost analysis 

Again, the analysis of cost effectiveness is a difficult evaluation to make due to the lack of consistency and prices in different world markets. However, in most high-risk populations, such as Singapore, Japan, and Korea, endoscopy was found to be the most cost-effective screening method using incremental cost-effective ratio (ICER) analysis[35]. Additionally, in several other Korean studies, screening endoscopy was also found to be more cost-effective than no screening done at all[35]. In low-incidence rate populations, such as the United States, there is not convincing evidence for a nationwide screening program. Gupta et al[46] concluded that ICER remains high for upper GI screening and would not be a cost effective program in the United States. A separate study by Yeh et al[47] also concluded that endoscopic surveillance would not be cost-effective. However, the study suggested that immigrants from high-risk countries for gastric cancer might have a cost benefit. Although ethnic implications are not included, Table 5 constructed by Chan et al[48] displays recommendations of endoscopic screening according to different risk factors.

Novel techniques and technology

In recent years there have been new techniques and technology that have showed significant promise in improving early gastric cancer diagnosis. Autofluorescence endoscopy and narrow-band imaging are some of the leading areas of technological development. 

Autofluorescence endoscopy

Much like its use in esophageal cancer screening, autofluorescence imaging (AFI) is a newer concept that uses the natural tissue fluorescence emitted by endogenous molecules (fluorophores) after excitation by light to produce real-time images. Therefore, using the differences of fluorophore concentration, metabolic state, and spatial distribution allows the physician to identify irregular lesions[49]. A pilot study from Japan compared the results of detecting gastric cancer lesions with AFI vs conventional EGD in experienced and less experienced endoscopists. While there wasn’t significant change in efficacy for the experienced endoscopists, for the less experienced endoscopists AFI substantially improved sensitivity of detecting neoplastic lesions. However, there was insignificant improvement in specificity and accuracy. A major reason for a lack of specificity was because the AFI was unable to distinguish cancerous lesions from inflammatory and hyperplastic changes. Nonetheless, the study argues that the primary objective in early gastric cancer screening should be higher sensitivity rather than diagnostic accuracy. Though there hasn’t been definitive evidence of significant benefit, especially in experienced endoscopists, high-risk populations that already follow screening guidelines might consider implementing AFI over white light endoscopy to improve sensitivities[50]. Images adapted by the pilot study from Tada et al[50], demonstrate AFI’s limited role in certain lesions and benefit in others (Figure 3).

Ultrathin transnasal endoscopy with narrow-band imaging

Ultrathin transnasal endoscopy, as the name implies, is a much thinner scope that has fallen into favor over the conventional white-light imaging EGD due to decreased procedural discomfort and minimal effects on the circulatory system. However, since the endoscope is much thinner, there has historically been a sacrifice to the optical resolution, resulting in decreased detection rates. The development of a new ultrathin non-magnifying transnasal endoscope, the GIF-XP290N (Olympus Medical System, Tokyo, Japan), has been documented to provide better details and improved diagnostic utility. Many studies have determined that the use of narrow band imaging with this scope has demonstrated significant diagnostic usefulness. However, it has not shown reliability in predicting depth of invasion[51]. Therefore, the use of these scopes have been considered limited in its role for gastric cancer T staging. The Kawai et al[52] study showed that NBI examination using the new ultrathin endoscope yielded a sensitivity of 87.5%, specificity of 93.2%, and accuracy of 92.3%. Whereas WLI examination yielded a sensitivity of 50.0%, specificity of 63.6%, and accuracy 61.5%. Although it may have poor staging utility, the benefits of ultrathin transnasal endoscopy with narrow-band imaging are improving and can soon become the standard technique for diagnosing gastric cancer.

COLORECTAL CANCER ENDOSCOPIC SCREENING

Epidemiology

Colorectal cancer (CRC) is the third leading cause of cancer death in the United States and is a prevalent disease that accounted for an estimated 1.4 million cases and 693900 deaths worldwide in 2012. The most recent cancer data suggests that the mortality rates for colorectal cancer are trending down and are likely due to colorectal cancer screening, diminished risk factors, and improved treatment options[6,53]. 

Risk factors

Environmental influences and hereditary conditions are the primary risk factors for CRC. Inflammation of the large bowel result in the most substantial increases in risk for CRC and many of these diseases are inherited. To name a few, familial adenomatous polyposis, lynch syndrome (hereditary nonpolyposis colorectal cancer), or a family history of these diseases have shown to have very high risk of CRC[54]. Other conditions that also increase risk include ulcerative colitis, Crohn’s disease, diabetes, and patients who received abdominal radiation in the past. After inflammatory bowel conditions, there has been substantial evidence that sedentary lifestyles and poor food choices have led to increased risk. Many describe these attributes as the “western lifestyle”, and have studied its detrimental effects in the body. Studies show that an active lifestyle with a diet high in nutrients, fruits, and vegetables are protective to the large bowel mucosa[55,56]. 

Current screening methods

The 1970s to 1990s marked an era of some of the greatest advancements in GI endoscopy. In those 20 years, the medical world saw the first utilizations of ERCP, endoscopic sphincterotomy, endoscopic ultrasound, and colonoscopies[57]. Eventually, researches began to observe the benefits of colonoscopy as a screening tool and started to seriously consider implementation of its use globally. In the United States, the American College of Gastroenterology was the first organization to recommend colonoscopy as the preferred standard for CRC screening, which was subsequently endorsed by the American Society for Gastrointestinal Endoscopy and the National Comprehensive Cancer Network. These recom​mendations were quickly followed by the American Cancer Society in 1997 and the US Multi-Society Task Force in 2003 with a “menu of options” approach. This approach offered several options for screening and left it to the patients and physicians discretion to choose which method was preferred[58]. 

Today, screening for colorectal cancer is still offered in a “menu of options” approach and is largely influenced by two major United States guidelines: the Multi-Society Task Force and the US Preventative Services Task Force (USPSTF). The latest guidelines were released in 2008 and the two organizations have agreeing recommendations. These guidelines recommend the following options as acceptable choices for endoscopic colorectal cancer screening in average-risk adults between the age of 50 to 75: colonoscopy every 10 years, flexible sigmoidoscopy every 5 years, annual fecal occult blood test, computed tomography colonography every 5 years, annual fecal immunochemical test, and stool DNA testing (cologuard). Other than colonoscopy the remaining screening modalities will not be further discussed in this review article. Table 6 provides the colorectal cancer screening guidelines for the United States[59,60].

Utility of endoscopic screening

Since most colorectal cancers develop from pre​cancerous polyps, it is important to detect these polyps early with colonoscopy. With early detection and removal of these polyps, it reduces the risk of developing colorectal cancer by up to 90 percent. In addition, early detection of cancer that is already present in the colon or rectum lead to better treatment outcomes and reduced chance of metastasis. There are several risks involved with the procedure, including severe bleeding or a tear in the intestinal wall. However, these risks are minimal and are usually avo​ided by sound clinical judgment[58,61,62].

Novel techniques and technology

Early detection and management is crucial for good prognosis in colorectal cancer. Unfortunately, several studies have shown close to 20% of adenomas are missed during colonoscopies[63,64]. In order to improve visualization and increase the adenoma detection rates, there have been many advancements in endoscopic techniques and technology. Like all other endoscopy screens, the results of these new techniques are operator-dependent and vary according to the skills and experience of the physician performing the endoscopy.

High definition colonoscopy

One of many attempts to improve functionality was to have better quality images with high definition (HD) colonoscopy. This was a simple enhancement of resolution with refined images displayed by the scope. There has been mixed results with the use of HD colonoscopies. However, a meta-analysis of HD colonoscopy compared to standard colonoscopy showed a slight increase of 3.5% (95%CI: 0.9%-6.1%) for adenomatous polyp detection[65]. Therefore the use of HD endoscopies combined with other image enhancement techniques have been in favor compared to HD enhancements alone.

Wide angle colonoscopies

In addition to quality images, another idea to improve detection rates was to widen the view of the camera in order to reduce blind spots. Wide angle and full spectrum colonoscopy are several techniques that were developed to accomplish this. The standard colonoscope allows 140 degrees of viewing angle. In comparison, the wide angle (WA) colonoscope reveals 170 degrees of forward viewing angle and the newer full spectrum endoscopy (FUSE; EndoChoice, Alpharetta, GA, United States) uses 3 different cameras to expose 330 degrees of viewing. Based on several studies, the WA colonoscopy showed no benefits for polyp detection rates but had marginally reduced withdrawal times (4.9 min vs 5.4 min, P = 0.0001). The FUSE technology, on the other hand, has a more promising outlook based on recent studies. In a 185 participant prospective, non-randomized study, there was significant decrease in adenoma miss rates compared to the standard forward-viewing colonoscope. Based on per-lesion analysis, the adenoma miss rate was 7% for the FUSE colonoscope and 41% for forward-viewing colonoscope (P < 0.0001). However, there was a median withdrawal time delay of about 30 s compared to the traditional method[66]. This, we believe, is not too much of a delay for the benefit it may provide.

Third-Eye retroscope

Another new development of extended angle colon​oscopes is the Third-Eye Retroscope (TER; Avantis Medical Systems, Sunnyval, CA, United States, Figure 4). This disposable device is an add-on instrument that is passed through the channel of a standard colonoscope that will allow the physician to have an accessory retrograde view that complements the forward view of the colonoscope. Several studies have shown evidence of significant increases in polyp and adenoma detection rates. Polyps are defined as projections of tissue from the inner lining of the colon into the lumen of the colon. An adenoma is a type of polyp that has a different growth pattern, only distinguished by pathology, which usually has higher risk for cancer. Initial pilot studies showed that there was an 11.8% increased diagnostic yield for these lesions with TER. Furthermore, DeMarco et al[67] used a prospective, multicenter study to show a polyp detection rate (PDR) increase of about 14.8% (P < 0.001) and adenoma detection rate (ADR) increase by 16% (P < 0.001) compared to the traditional forward-facing scope. There was no evidence of significant increase in procedure time or complications. The most recent TERRACE study also concluded that the TER increases adenoma detection rate by visualizing areas behind folds[68] (Figure 4[69]). Thus far, the data suggests this instrument may be a safe and effective addition to screening endoscopies (Figure 5). 

Colon capsule endoscopy

Colon Capsule Endoscopy (CCE, PillCam; Given Imaging; Yoqneam, Israel) is a ingestible double-sided camera to access nearly 360 degrees of viewing that was first used for large bowel imaging in 2006. There seemed to be a significant draw to the technology early in its development because it didn’t require sedation or gas insufflation. Unfortunately, the CCE lost favor and had many negative opinions due to high procedural costs, the need for extensive bowel cleansing, and poor accuracy. Since then, CCE technology has been constantly refined as new indications and new capsule functions have been developed in order to improve the diagnostic and possible therapeutic utility[22]. The second generation of CCE (CCE-2) was developed to improve effectiveness and proved to be an accurate tool to detect colonic neoplastic lesions when used in average-risk individuals[70]. However, many studies have concluded that CCE is not a first-line screening device due to the inability to take tissue samples and no significant improvement of accuracy compared to conventional colonoscopy. Current recommendations state that patients who have contraindications or do not wish to perform conventional colonoscopy, the CCE-2 remains a good second option for screening[71] (Figure 6).

Image-enhanced endoscopy

A recent area of much interest is the use of image-enhanced endoscopies (IEEs). These are imaging techniques that may use topical dyes, optical filtering, or ultramagnification that allows more contrast and tissue differentiation during the endoscopic procedure. Chromoendoscopy with indigo carmine (IC), for example, has been a relatively classic procedure for diagnosis of colorectal cancer and remains one of the most effective techniques for evaluating lesions[72]. The newer equipment-based IEEs include NBI, the Fujinon spectral estimation technology, and the Pentax surface enhancement endoscopy. Table 7 further explains each IEE and how they differ.

Narrow band imaging

Narrow band imaging trials have shown minimal benefits in decreasing lesion miss rates for colorectal cancer. According to a study by Pasha et al[73], HD-NBI compared with HD-WLI, did not increase the yield of colon polyps, adenomas, or flat adenomas, nor does it decrease the miss rate of colon polyps or adenomas for colorectal cancer screening or surveillance. 

Fujinon spectral estimation technology

The Fujinon intelligent chromoendoscopy (FICE) uses different filters to visualize the mucosal tissue and reconstructs the image to display what the mucosa would look like if illuminated using certain wavelengths. The FICE allows a total of 10 different digital filters and does not need any dye spraying techniques, which gives its name “virtual chromoendoscopy”. Based on a recent Spanish study, indigo carmine dye (the classic chromoendoscopy) was better than any FICE filter setting. However, IC and FICE filter 4 were both found to be better than WLI alone. Therefore, FICE filter 4 was suggested a feasible option over the traditional WLI[74]. 

Pentax surface enhancement technology

The Pentax technology uses a similar image refining process to enhance the display of endoscopy. There has been mixed reports on the benefit of the Pentax HiLine colonscopy (PHL). One study concluded that PHL compared to NBI-White Light Endoscopy, which they refer to as Olympus Lucera (OL), showed no significant difference. According to the results the polyp detection rates were 58% in OL and 67% in PHL, with the adenoma detection rates of 49% in OL and 56% in PHL. The study concluded there was no advantage of using the PHL over NBI endoscopy[75]. Image processing improvements with the Fujinon and Pentax still remain to show clear benefit and more investigation may be required to demonstrate utility in a theoretically promising field of technology. 

CONCLUSION

Esophageal, gastric, and colorectal cancers are deadly diseases that continue to plague our world today. The value of screening endoscopy in evaluating these types of cancers is a critical area of discussion due to a potential reduction in morbidity and mortality. Esophageal and gastric cancers have yet to have mass screening programs in average-risk populations. However, in high-risk populations screening endoscopy has shown significant benefit and a decrease in mortality. Many researchers agree that cost analysis and risk-benefit show no practical implementation of esophageal and gastric endoscopic screening in average or low-risk populations. On the contrary, however, colorectal cancer screening programs have been implemented for many years. The use of colonoscopy has shown drastic improvements in morbidity and mortality, and is the reason it is recommended as the primary screening tool in colon cancer screening guidelines. As the role of endoscopy as a screening tool has continued to develop, newer technology and techniques have emerged to improve its utility. Many new image enhancement techniques and computer processing programs have shown promise and may have a significant role in the future of endoscopic screening.
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Figure Legends
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Figure 1  Differences in white light imaging from narrow-band imaging. A: White light imaging (WLI) displays an erythematous area in the posterior wall of the hypopharynx (white arrow); B: Magnifying WLI reveals a minimally erythematous patch with tiny microdots (white arrow): C: Narrow-band imaging (NBI) locates a distinct brown lesion in the posterior wall of the hypopharynx (white arrow); D: Magnifying NBI also demonstrates a distinct brown lesion with microdots that can be distinguished from the healthy mucosa surrounding it (white arrow)[20].
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Figure 2  Diagnosis of stage Ⅳ gastric cancer increased substantially when the screening intervals extended beyond 3 yr. Adapted from Nam et al[41]. EGD: Esophagogastroduodenscopy.
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Figure 3  Autofluorescence imaging’s limited role in certain lesions and benefit in others. A: White light imaging (WLI) displays a red lesion with a slightly depressed area on the bottom right corner (white arrow); B: Autofluorescence imaging (AFI) does not demonstrate a distinct lesion that can be ruled neoplastic; C: WLI made it difficult for the endoscopists to identify the isochromatic flat lesion: D: AFI displays a well-marked lesion with slightly raised borders (white arrows)[50].
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Figure 4  Third Eye Retroscope® attachment, extends out in its retroflexed position[69].
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Figure 5  Advantage of retrograde visibility. The retrograde view (right) clearly sights a polyp (arrow) that the forward view (left) would not have spotted[67].
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Figure 6  First and second generation Colon Capsule Endoscopy by Given Imaging[71].
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Table 4  Endoscopy used in cancer screening 


Ref.


�
Number of Subjects


�
Sensitivity


�
Specificity


�
PPV


�
�
Hamashima et al[44], 2013 


�
EGD: 7388


�
88.60%


�
85.10%


�
5.50%


�
�
�
�
(69.8-97.6)1


�
(84.3-85.9)1


�
(4.3-7.0)1


�
�
�
Upper GI series: 5410


�
83.10%


�
85.60%


�
4.30%


�
�
�
�
(58.6-96.4)1


�
(84.6-86.5)1


�
(3.4-5.2)1


�
�
Choi 


et al[43,45], 2011�
EGD: 924822


�
66.90%


�
96.20%


�
5.30%


�
�
�
�
(59.8-74.0)1


�
(95.7-96.7)1


�
(4.8-5.9)1


�
�
�
Upper GI series: 1765909


�
27.30%


�
96.60%


�
1.30%


�
�
�
�
(22.6-32.0)1


�
(96.3-97.0)1


�
(1.1-1.6)1


�
�
1The 95% confidential intervals are given in parentheses[35]. Adapted from Choi et al[43].





Table 3  Five-year survival rates by stage for stomach cancer treated with surgery 


Stage


�
5-year observed survival rate


�
�
Stage ⅠA


�
71%


�
�
Stage ⅠB


�
57%


�
�
Stage ⅡA


�
46%


�
�
Stage ⅡB


�
33%


�
�
Stage ⅢA


�
20%


�
�
Stage ⅢB


�
14%


�
�
Stage ⅢC


�
  9%


�
�
Stage Ⅳ


�
  4%


�
�
Adapted from National Cancer Institute’s SEER database[40].





Table 2  Different screening modalities


Modality


�
Sensitivity (95%CI)


�
Specificity (95%CI)


�
PPV (95%CI)


�
NPV (95%CI)


�
Accuracy (95%CI)


�
�
WL


�
47.3%


�
97.4%


�
79.4%


�
89.8%


�
88.7%


�
�
NBI


�
84.2%


�
95.6%


�
80.0%


�
96.6%


�
93.6%


�
�
Lugol1


�
93.0%


�
90.7%


�
67.9%


�
98.4%


�
91.1%


�
�
NBI or Lugol


�
94.7%


�
90.4%


�
67.5%


�
98.8%


�
91.1%


�
�
NBI or Lugol


�
82.6%


�
95.9%


�
81.0%


�
93.6%


�
93.6%


�
�
1Lugol is iodine staining solution used in chromoendoscopy. Adapted from Wang et al[26].








Table 1  Accuracy of endoscopic modalities in esophageal carcinoma, which reveal the efficacy of endoscopic screening


Type of study


�
BE/ESCC


�
Patient group


�
Disease prevalence (%)


�
Accuracy of screen (%)


�
�
Endoscopic screening


�
�
   Prospective


�
ESCC


�
Asymptomatic; Linxian, China


�
ESCC: 9.5


�
Relative risk of ESCC: 2.9/9.8/28.3 (mild/moderate/sever dysplasia); 34.4 (carcinoma in situ)


�
�
   Prospective


�
ESCC


�
Asymptomatic; Linxian, China


�
Not determined


�
Sensitivity/specificity for high-grade dysplasia or ESCC: 62/79 (visible lesions); 96/63 (unstained lesions)


�
�
Ultrathin endoscopes


�
�
   Randomized 


   crossover�
BE


�
GERD; United States


�
Not determined


�
Sensitivity: 26/30 (standard/small caliber endoscopy)


�
�
   Randomized 


   crossover�
BE


�
BE and controls; United Kingdom


�
Not determined


�
Sensitivity/specificity small vs standard caliber: 100/100


�
�
Capsule endoscopy


�
�
   Prospective 


   single screen�
BE


�
GERD and under surveillance BE; United States


�
Not determined


�
Sensitivity/specificity for BE: 67/84


�
�
   Prospective 


   single screen�
BE


�
GERD; United States


�
Not determined


�
Sensitivity/specificity for BE: 60/100


�
�
   Prospective 


   single screen�
BE


�
GERD; United States


�
Not determined


�
Sensitivity/specificity for BE: 78/82 (visual lesions); 93/78 (biopsy)


�
�
Adapted from Lao-Sirieix et al[11]. BE: Barrett’s esophagus; ESCC: Esophageal squamous cell cancer; GERD: Gastro-esophageal reflux disease. 





Table 5  Risk factors and proposed screening recommendations for gastric cancer 


Risk factors


�
Risk for developing gastric cancer


�
Recommendation


�
First author


�
�
Helicobacter pylori infection


�
Odds ratio (OR): 2.3


�
High risk area - mass screening possible benefit


�
Huang, 1998


�
�
�
�
Low risk area - mass screening not cost-effective


�
�
�
Pernicious anemia


�
Standardized incidence ratio: 5


�
Screening by upper endoscopy (UE) recommended


�
Kokkola, 1998


�
�
Partial gastrectomy


�
15-24 yr, RR = 9.4


�
Screening by UE recommended


�
Lundegardh, 1988


�
�
�
25-46 yr, RR = 55.6


�
�
Tersmette, 1991


�
�
Familial adenomatous polyposis


�
Not available


�
Screening by UE recommended


�
Alexander, 1989


�
�
Hereditary nonpolyposis colorectal cancer


�
Not available


�
Screening by UE recommended


�
Aarnio, 1997


�
�
Positive family history of gastric cancer


�
OR: 2.5-5.1


�
HP eradication +/- UE screening


�
Yatsuya, 2004


�
�
�
�
�
Chen, 2004


�
�
Adapted from Chan et al[48].








Table 6  Colorectal cancer screening guidelines for the United States


Guidelines for screening for the early detection of colorectal cancer and adenomas for average-risk women and men aged 50 yr and older


�
�
Test


�
Interval


�
�
Tests that detect adenomatous polyps and cancer


�
�
   FSIG with insertion up to 40 cm from anal 


   verge or to splenic flexure�
Every 5 yr


�
�
   Colonoscopy


�
Every 10 yr


�
�
   DCBE


�
Every 5 yr


�
�
   CTC


�
Every 5 yr


�
�
Tests that primarily detect cancer


�
�
   gFOBT 


�
Annual


�
�
   FIT 


�
Annual


�
�
   sDNA 


�
Interval uncertain


�
�
Adapted from Levin et al[59]. FSIG: Flexible sigmoidoscopy; DCBE: Double-contrast barium enema; CTC: Computed tomography colonography; gFOBT: Guaiac-based fecal occult blood test; FIT: Fecal immunochemical test; sDNA: Stool DNA test.








Table 7  Different image-enhanced endoscopy


Type


�
Mode 


(solution/instrument)�
Mechanism of contrast


�
�
Dye-based IEE (chromoscopy)


�
�
   Dye enhancement


�
�
      Contrast dye 


      indigo 


      carmine�
0.1%-0.4% solution


�
Dye pools in mucosal crevices; no cellular staining


�
�
�
For 0.2% dilution, mix 5 mL 0.8% solution) with 15 mL sterile water


�
�
�
Equipment-based IEE


�
�
   Optical enhancement


�
�
      Narrow band 


      imaging �
Olympus


�
Modification of light source with narrowed wavelengths to enhance capillary patterns


�
�
   Electronic enhancement


�
�
      Spectral 


      estimation 


      technology�
Fujinon


�
Processing of image to enhance capillary patterns


�
�
      Surface 


      enhancement�
Pentax


�
Processing of image to enhance color pattern or structure (I-Scan Technology)


�
�
Adapted from Ko[72]. IEE: Image-enhanced endoscopy.











