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Abstract  

Colorectal cancer (CRC) is a common health problem with a high incidence and mortality rate, but it is 

also highly preventable. The development of most CRC is a multistep process that includes a series of 

histological, morphological, and genetic changes. screening for CRC can be of great help in reducing its 

incidence. Here, we review the history of CRC development, risk factors, characteristics of various screening 

modalities, and quality indicators of colonoscopy. In addition, we discuss the use of artificial intelligence in 

CRC screening and interventions to improve screening adherence. However there are many patients eligible 

for screening who still do not receive screening. Therefore, it is important for primary care physicians to 

understand the characteristics of various screening modalities to recommend appropriate screening strategies 

for patients to maximize patient participation, adherence, and quality of screening with the aim of reducing 

CRC morbidity and mortality. 

 

Key words: Colorectal Cancer; Screening; Colonoscopy; Fecal Occult Blood Test; Fecal Immunochemical 

Test.  

1. Introduction  

Colorectal cancer (CRC) is a global health 

burden, the third most common cancer, and the 

second leading cause of death after lung cancer 

(1). Global colorectal cancer incidence and 

mortality rates are significantly higher in men 

than in women. By 2030, the global burden of 

CRC is expected to increase by 60% to more than 

2.2 million new cases and 1.1 million deaths (2). 

Most CRC occurs through the 

adenoma-carcinoma sequence (3), and its slow 

progression from precancerous lesions to cancer 

gives the opportunity to reduce the burden of 

disease through early screening. The significance 

of screening is to reduce the morbidity and 

mortality of CRC as well as to save the cost of 

CRC treatment (4). However, the effectiveness of 

screening is influenced by a number of factors, 

which may be related to various factors such as 
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limitations in test performance and low patient 

compliance (5). As a result, this has led to 

significant differences in global CRC morbidity 

and mortality (6). This article will focus on 

discussing the advantages, disadvantages of 

various screening modalities including emerging 

screening modalities such as blood-based tests, 

urine-based metabolomic tests and stool-based 

microbiological tests to provide background and 

guidance for primary care physicians. 

 

2. History of colorectal cancer 

CRC is a general term for malignant 

neoplasms associated with various histology of 

the colon and rectum, and more than 90% of 

colorectal cancers are adenocarcinomas 

originating in the mucosal epithelium of the large 

intestine (7). Colorectal cancer is a multistep 

developmental process from normal epithelium to 

precancerous lesions (so-called adenomas), to 

malignant lesions (cancer), to invasion of 

surrounding tissues and eventually can spread 

systemically (metastasis) (8)( Figure 1). As a 

pathogenesis of CRC, adenoma-carcinoma 

sequence has been widely studied.  

Most colorectal neoplasms originate from 

precancerous polyps, and there are two main types 

of polyps with malignant potential: adenomatous 

polyps and sessile serrated polyps (SSPs), each of 

which is associated with a different risk of 

developing CRC (9). Precancerous polyps usually 

have distinctive features and can be identified by 

colonoscopy. Adenomatous polyps are usually 

well-defined with an elevated appearance and may 

have a stalk or a tip, whereas sessile serrated 

polyps are flat (no tip) and usually have a "mucus 

cap" with faint polyp margins (10). These 

different polyp subtypes lead to the development 

of cancer through different tumor pathways. The 

adenoma-carcinoma pathway accounts for 

60-70% of all CRCs, whereas the serrated tumor 

pathway accounts for 15-30% of CRCs (11, 12). 

The adenoma-carcinoma sequence describes 

the evolution of histological changes from 

adenoma to carcinoma due to various mutations 

(13). Adenomas occur when the normal 

mechanisms regulating DNA repair and cell 

proliferation are altered (14). Many adenomas 

start as small polyps that enlarge and become 

dysplastic and eventually cancerous (15). The 

adenoma-carcinoma pathway occurs through 

alterations in the APC and RAS genes (4), firstly 

inactivating mutations in the APC gene are 

thought to be the initiating step in the 

adenoma-carcinoma sequence, which affects 

chromosome segregation during cytokinesis. 

Subsequently, mutations in the KRAS oncogene 

occur, with downstream effects on cell growth, 

differentiation, motility and survival. Over time, 

these mutations may lead to loss of function of the 

P53 gene, a major regulator of transcription and 

apoptosis, thereby affecting a wide range of 

cellular functions and eventually leading to 

carcinogenesis (16, 17). 

Adenomas have different histologic 

classifications and have different malignant 

potential. Adenomas may be further characterized 

as tubular or villous adenomas according to the 

criteria established by the World Health 

Organization. Tubular and villous adenomas, 

especially those exhibiting villous histology (i.e., 

at least 25% villous), or those exhibiting highly 

atypical hyperplasia are referred to as 'progressive 

colon tumors' or 'progressive pathological 

adenomas' and they carry the greatest risk of 

malignancy (18). The risk of adenoma developing 

into colorectal cancer increases with the increase 

of polyp size (19, 20). If polyps were larger than 

1cm at initial examination, the relative risk of 

metachronous tumors was 2.7 times the expected 

risk. Adenomas smaller than 1cm have about a 

1% risk of developing cancer. For adenomas of 

1-2cm, the risk is about 10%, and for those over 

2cm, the risk is 50% (21). 

 

2. Influence factors 
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A variety of modifiable and non-modifiable 

risk factors are known to influence the 

progression of CRC, and mitigation of these risk 

 

Figure 1. Histological and genetic changes during colon cancer carcinogenesis. 

 

factors plays an integral role in colorectal cancer 

prevention (22). And protective factors can reduce 

the risk of colorectal cancer (Table 1). Age, race, 

history of inflammatory bowel disease, potential 

susceptibility mutations, and family history of 

advanced colorectal polyps or cancer are 

unmodifiable risk factors (10). For most people, 

age is the most important risk factor for 

developing colorectal cancer (13). Because cancer 

is an age-related disease, the development and 

mortality of colorectal cancer increases rapidly 

after the age of 50 years, with an estimated 90% 

of cases and deaths worldwide occurring after this 

age (23). Inflammatory bowel disease has been 

shown to increase the risk of colorectal cancer. 

This is most evident in ulcerative colitis (UC) (13). 

A meta-analysis of 81 studies yielded a colorectal 

cancer incidence rate of 1.58/1000 person-years in 

patients with UC (24). Among the common 

malignancies, colorectal cancer (CRC) accounts 

for the largest proportion of familial cases. 

Approximately 30% of colorectal cancer cases are 

hereditary (25, 26). Hereditary colorectal 

syndromes include many specific genetic 

disorders associated with the development of 

colorectal cancer; hereditary nonpolyposis 

colorectal cancer (HNPCC), also known as Lynch 

syndrome and familial adenomatous polyposis 

(FAP) are the most common familial syndromes 

associated with the development of colorectal 

cancer and have been reported in only 2%-5% of 

colorectal cancer cases (27, 28). Patients with a 

personal history of colorectal cancer or adenoma 

have a higher risk of colorectal cancer (29). 

Individuals with two first-degree relatives with 

colorectal cancer have an increased risk of 

developing advanced tumors compared to the 

average risk of colorectal cancer (30). According 

to a meta-analysis of 17 studies including 924,932 

men and women, men had a higher risk of 

developing advanced colorectal neoplasms than 

women (31). 
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Epidemiological studies have shown that 

lifestyle and dietary habits are the most common 

environmental factors for colorectal adenoma and 

colorectal cancer (32). These modifiable risk 

factors can be reduced by modest changes in 

dietary and physical activity habits. A sedentary 

lifestyle increases the risk of colorectal cancer 

(33). A large case-control study noted that high 

physical activity was associated with a reduced 

risk of colon cancer and that promoting physical 

activity, especially outdoor activity, may be a 

promising strategy for colon cancer prevention 

(34). In addition, smoking and alcohol 

consumption have been shown to increase the risk 

of colorectal cancer (35, 36). A meta-analysis of 

prospective studies indicated that high intake of 

red meat and processed meat significantly 

increased the risk of colorectal cancer (37). 

Modifiable risk factors should be discussed at the 

time of colorectal cancer screening to further 

reduce the risk of colorectal cancer. 

In a cross-sectional study involving 2548 

patients, Eileen Shaw et al. found that increased 

dietary fiber intake and the use of nonsteroidal 

anti-inflammatory drugs (NSAIDS) were 

generally associated with a reduced risk of 

colorectal cancer (38). Enrico et al. studied the 

effects of aspirin in two large randomized trials 

with more than 20 years of post-trial follow-up 

and found that regular use of aspirin or NSAIDS 

was associated with a reduced risk of colorectal 

cancer, especially after 10 or more years of use 

(39). Other studies have shown that taking aspirin 

for 5 years or longer can reduce the risk of 

proximal colon cancer by about 70%, and also 

reduce the risk of rectal cancer (40). Folic acid 

supplementation is believed to reduce the 

incidence of colorectal cancer, but more effective 

evidence is needed for verification (41, 42). 

Table 1. Risk factors and protective factors for colorectal cancer 

                    Risk factors         Protective factors 

 

Sports activities 

dietary fiber  

vitamin 

aspirin 

Modifiable 

Sedentary 

Smoking 

Drinking 

Red meat or processed meat 

Unmodifiable 

Age 

Race 

IBD                          

Susceptibility gene mutation 

 Late polyps of the colonic 

Family history of cancer 

         folic acid 

4. Screening method 

Various screening modalities have been 

studied to reduce colorectal cancer morbidity and 

mortality in average-risk individuals. There are 

several different screening modalities for CRC, 

each with advantages and limitations（Table 2） 

.  

4.1 Fecal occult blood test 

The fecal occult blood test (FOBT) for 

clinical diagnosis of CRC and as a screening tool 

for CRC is based on the fact that CRC releases 

tiny, invisible traces of blood (occult blood) into 

the intestinal lumen. FOBT is designed to detect 

hemoglobin in the stool (43). Currently, there are 

two main types of FOBT screening modalities: 

guaiac-based tests (gFOBT) and immunochemical 

tests (iFOBT). 

The gFOBT is an early form of FOBT 

currently available, which is a simple test with 

proven benefits (44). And gFOBt is inexpensive 

and a non-invasive screening modality. gFOBt 

primarily detects the presence of heme 

(hemoglobin in blood) in stool samples, which 

chemically reacts with a developer (hydrogen 

peroxide) to oxidize guaiacol and turn blue (45). 

However, to obtain a significant color change, a 

moderate amount of heme is required and 

therefore the sensitivity of gFOBt is relatively low 
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(46). gFOBT relies on a pure oxidation reaction 

and therefore peroxidase in food can influence the 

assay results. Hemoglobin is present in red meat 

and peroxidase is present in fresh fruits and 

vegetables. Therefore, these foods have the 

potential to produce false positive results (47). In 

contrast, the administration of antioxidants such 

as vitamin C can lead to false negatives (48). 

There are other drawbacks, such as the lack of 

automated tools that make the results 

unquantifiable and the significant variation in the 

assessment of gFOBT results by laboratory staff 

(49). In addition, this test is unable to detect 

polyps and has a relatively low sensitivity for 

advanced adenomas (50). 

The fecal immunochemical test (FIT) 

identifies hemoglobin in stool specimens by 

detecting the formation of monoclonal antibodies 

or polyclonal antibody-hemoglobin complexes 

(51). Therefore, FIT is independent of food and 

operator and requires a smaller volume of stool 

specimens. In addition, the sensitivity and 

specificity of FIT for cancer and adenoma has 

been shown to be superior to gFOBt (47, 52). One 

comparative study found that FIT had a similar 

positive predictive value for cancer (5.9% vs. 

5.2%) and a higher positive predictive value for 

advanced adenomas (27.2% vs. 17.5%) as gFOBt. 

A large controlled trial found significantly higher 

detection rates of advanced adenomas and cancers 

with FIT (53). A cohort study found that 

participation in a FIT screening program reduced 

colorectal cancer incidence by 33% in men, 21% 

in women, and 65% and 54%, respectively, in 

colorectal cancer mortality (54). An 

intention-to-screen study from Italy demonstrated 

a causal relationship between the introduction of 

FIT screening and a steady 28% reduction in the 

annual incidence of CRC after 8 years (55). 

Therefore, the main choice of non-invasive 

screening is currently FIT, which has the 

advantage of reduced invasiveness and 

significantly lower costs (56).In conclusion, stool 

tests are a non-invasive and inexpensive method 

that can detect occult bleeding. However, they 

cannot detect polyps, as the latter usually do not 

bleed, and they are less sensitive to adenomas (50, 

57). In addition, annual examinations are required 

to improve sensitivity. 

Table 2. advantages and disadvantages of CRC screening 

Methods Advantages Disadvantages 

gFOBT ⬧ the operation is simple 

⬧ the cost is low 

⬧ non-invasive 

⬧ It's influenced by food, 

what you eat 

⬧ Low sensitivity 

⬧ Failure to detect polyps 

FIT 

 

 

 

Fecal DNA testing 

 

 

CTC 

 

 

 

 

 

⬧ non-invasive 

⬧ Not affected by food, operator 

⬧ High sensitivity and specificity 

⬧ Mortality benefits 

 

⬧ High sensitivity 

⬧ It can improve the detection 

rate of CRC 

⬧ Once every three years 

⬧ No need to calm down 

⬧ Lower risk of complications 

⬧ Assessable extraintestinal 

lesions 

⬧ It is less sensitive to 

adenoma 

⬧ Failure to detect polyps 

⬧ A positive result 

requires a colonoscopy 

⬧ The high cost 

⬧ Low specificity 

⬧ Positive results require 

colonoscopy 

⬧ Contrast agent allergy 

⬧ Radiation exposure 

⬧ Positive results require 

colonoscopy 
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Flexible 

Sigmoidoscopy 

 

 

Colonoscopy 

 

 

 

 

 

 

Colon capsule 

endoscopy 

 

Blood Screening 

Test 

 

 

 

Urine-based tests 

 

 

 

Stool-based 

Microbiome tests 

 

 

 

 

⬧ Little or no sedation is 

required 

⬧ Can prevent distal CRC death 

 

 

 

⬧ Visualize the entire colon 

⬧ Biopsy or resection of lesions 

⬧ Incidence rate and mortality 

benefits of CRC 

 

 

 

 

 

⬧ The patient has good tolerance 

⬧ No need to calm down 

⬧ Less invasive 

 

 

⬧ Noninvasive 

⬧ High participation and 

compliance 

⬧ Convenient inspection 

 

⬧ Specimens are easy to collect 

⬧ Abundant metabolites 

⬧ Noninvasive 

⬧ Adenomatous polyps can be 

diagnosed 

⬧ Combined with tumor markers 

can improve the diagnostic rate 

⬧ Noninvasive 

⬧ The combination of tumor 

markers can improve the 

diagnostic rate 

⬧ Intestinal preparation is 

required 

⬧ No data suggest 

mortality benefit 

⬧ Missed proximal colon 

lesions 

⬧ Complications such as 

intestinal perforation 

and bleeding 

⬧ Change diet and clear 

intestines 

⬧ Bleeding, perforation, 

abdominal pain and 

other complications 

⬧ Need sedation or 

anesthesia 

⬧ Invasive examination 

⬧ Higher cost 

⬧ Intestinal cleaning 

⬧ Easy to miss diagnosis 

⬧ Higher cost 

⬧ No biopsy and no 

treatment 

⬧ There is no evidence 

for first-line screening 

⬧ Abnormal results 

require colonoscopy 

 

⬧ Abnormal results 

require colonoscopy 

⬧ FDA not approved for 

CRC screening 

 

⬧ Abnormal results 

require colonoscopy 

⬧ FDA not approved for 

CRC screening 

 

Abbreviations: FIT: fecal immunochemical test; CTC: Computed tomographic colonography;  

FDA: Food and Drug Administration 

 

4.2 Fecal DNA testing 
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Stool DNA testing is a screening method that 

utilizes the molecular properties of cancer. Based 

on the fact that cancerous tissues and larger 

polyps shed cells containing altered DNA into the 

colon, it is these molecular fragments that are 

targeted by stool DNA testing (58), such as 

mutated KRAS and β-actin, and these genetic 

mutations can be detected in stool specimens 

analyzed by DNA testing (59, 60). Compared to 

colonoscopy, fecal DNA testing for CRC has a 

sensitivity of 92%, much higher than the 74% 

sensitivity of another non-invasive screening 

method, fecal immunochemical testing (FIT). 

Stool DNA testing has a higher detection rate for 

advanced adenomas and non-tipped serrated 

polyps than FIT (42% vs. 24% and 42% vs. 5%, 

respectively) (61). Thus, fecal DNA testing is 

more accurate than FIT testing. And the high 

sensitivity of fecal DNA testing can improve the 

detection rate of colorectal cancer (62). However, 

it is costly, has relatively low specificity and still 

requires colonoscopy. However one study using a 

Markov cohort simulation model to compare the 

effectiveness of FIT and multi-target fecal DNA 

testing (Mt-sDNA) for screening CRC found that 

annual FIT appeared to be more effective as a first 

non-invasive screening test for CRC compared to 

triennial Mt-sDNA (63). 

 

4.3 Computed tomographic colonography 

CTC (Computed tomographic colonography) 

is a rapid non-invasive imaging of the colon 

structure that uses CT and special software to 

create 3D images of the colon to identify colon 

lesions, also known as "virtual colonoscopy". It 

does not require sedation and has a lower risk of 

complications compared to colonoscopy (64-66). 

In addition, it allows the assessment of 

extracolonic lesions (67-69). However, CTC also 

has many disadvantages compared to colonoscopy, 

such as contrast allergy in some patients, risk of 

perforation, potential radiation exposure, and the 

need for further colonoscopy if lesions are 

detected, thus requiring a second bowel 

preparation (70, 71). In addition, this test requires 

an adequate bowel preparation, which is 

performed without sedation and requires the 

injection of air and contrast agents, which may 

cause discomfort in many patients. A 

meta-analysis of 33 studies involving 6393 

patients showed that CTC had a sensitivity of 

70% and specificity of 93% for polyps between 6 

and 9 mm in diameter and a sensitivity of 85% 

and specificity of 97% for polyps larger than 9 

mm in diameter (72). In the overall detection of 

colorectal cancer, the sensitivity of CTC 

examination (96%) was not statistically 

significant compared to colonoscopy (91%) (73). 

However, in terms of participation alone, two 

tissue screening studies conducted in Europe have 

shown that CTC has a better participation rate 

than colonoscopy (74, 75). Of note, no studies 

have evaluated CTC as a reduction in colorectal 

cancer incidence or associated mortality. 

 

4.4 Flexible sigmoidoscopy 

Flexible sigmoidoscopy is a screening 

modality that involves endoscopic examination of 

the distal colon, including endoscopy of the 

rectum, sigmoid colon, and descending colon, and 

therefore tends to miss proximal colon lesions, so 

this modality has been largely replaced by 

colonoscopy (76). Bowel preparation is primarily 

a cleansing enema and usually requires little or no 

sedation (77). 

 However, there is evidence from 

randomized controlled trials and observational 

studies that sigmoidoscopic screening prevents 

most distal colorectal cancer deaths as well as 

colonoscopy screening (78). A randomized 

controlled trial evaluating the difference in 

mortality and CRC incidence between a flexible 

sigmoidoscopic screening group and a control 

group (no sigmoidoscopic screening specified) 

found a 22% reduction in overall CRC incidence 

and a 31% reduction in distal CRC incidence; 

overall CRC mortality was reduced by 28% and 

distal CRC mortality was reduced by 43% (79). It 
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was also found that the benefits of sigmoidoscopic 

screening were different in men and women and 

in different age groups. A meta-analysis showed 

that sigmoidoscopic screening reduced the 

incidence of CRC in men and women, with no 

difference in the effect of screening in different 

age groups of men, but no significant reduction in 

CRC incidence in women aged 60 years or older 

(80).Therefore this screening modality may be 

more beneficial for men. Potential complications 

of sigmoidoscopy include colitis, bowel 

perforation, bleeding, and infection.  

 

4.5 Colonoscopy 

Compared with other types of screening, 

such as fecal occult blood test, sigmoidoscopy, 

and CTC, colonoscopy is considered the gold 

standard for colorectal cancer screening because 

of its high sensitivity and specificity for detecting 

precancerous lesions and cancers (81-83) and is 

the primary modality for CRC screening (84). 

Adequate and effective bowel cleansing prior to 

colonoscopy is a necessity as it requires dietary 

changes and laxative preparations prior to 

colonoscopy. Moreover, most people need to be 

sedated for the examination (85, 86). 

Colonoscopy has several advantages; first, 

this examination allows visualization of the entire 

rectum, colon, and terminal small intestine (87) It 

is not only diagnostic, identifying lesions and 

biopsies, but also therapeutic, removing polyps 

and early cancers and treating bleeding in a single 

examination (88, 89). In addition it has been 

demonstrated that colonoscopy can detect 

cancerous and precancerous lesions by direct 

visualization (90). Secondly colonoscopy can be 

effective in preventing the development of CRC. 

Several retrospective cohort studies and network 

meta-analyses have examined the effect of 

colonoscopy on CRC morbidity and mortality. 

Studies have shown that patients who underwent 

colonoscopy screening had 61% to 88% lower 

cancer mortality than those who did not undergo 

screening; the relative reduction in CRC incidence 

was 48%. Network meta-analyses have shown 

that colonoscopy is the most effective screening 

modality to prevent CRC deaths(91-93). 

Colonoscopy significantly reduces CRC mortality, 

but its clinical benefit varies by cancer site. One 

study showed a 29% reduction in overall CRC 

mortality and a 47% reduction in distal CRC 

mortality, but no reduction in proximal CRC 

mortality (84, 94, 95). In addition, although it is 

an expensive test, the procedure is usually 

performed under sedation, thus maximizing 

patient comfort, satisfaction, and acceptance of 

colonoscopy (96, 97). 

Of course, there are disadvantages to 

colonoscopy. For example, there is a risk of 

perforation, bleeding, and death. One study 

showed a pooled prevalence of 0.5/1,000, 

2.6/1,000, and 2.9/100,000 for perforation, 

bleeding after colonoscopy, and death, 

respectively (98). Of these, bleeding was a more 

common adverse event than perforation (99, 100). 

Other adverse events include dehydration or 

electrolyte disturbances due to bowel preparation, 

respiratory distress due to sedation, or 

cardiovascular events (101). To ensure careful and 

accurate examination of the intestinal mucosa, air 

needs to be injected into the intestinal lumen in 

order to adequately dilate it, and this has been 

associated with adverse effects such as abdominal 

pain and bloating after colonoscopy (102). A 

meta-analysis has shown that the injection of 

carbon dioxide during colonoscopy resulted in 

less postoperative abdominal pain and bloating 

compared to the injection of air, and there was no 

difference in the rate of cecum intubation or 

examination time (103, 104). Poor bowel 

cleansing may be the cause of incomplete 

colonoscopy, prolonged examination time or even 

failed examinations. Some studies have shown 

that the rate of missed adenoma detection is about 

20% to 49% when there is no adequate bowel 

cleansing (105, 106). Despite adequate bowel 

preparation, some lesions can be missed even by 

experienced endoscopists. Miss rates of 16.8%, 
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17%, and 5.4% have been reported for polyps, 

adenomas, and advanced adenomas, respectively 

(107). The rate of missed adenomas can be 

reduced with adequate observation time during 

the examination. 

 

4.6 Colon capsule endoscopy 

Colon capsule endoscopy (CCE) is a 

gelatinous pill-shaped device with a camera 

function that, when swallowed, allows it to take 

pictures of the intestinal mucosa as it passes 

through the gastrointestinal tract (108, 109).The 

second generation of CCE, introduced in 2009, 

has been approved by the FDA and is increasingly 

recognized for its role in colonoscopy and is 

rapidly becoming a suitable alternative to 

conventional colonoscopy in specific patient 

populations (110). Prospective, multicenter pilot 

studies have found that CCE-2 has a sensitivity of 

84% and 88% and a specificity of 64% and 95% 

for ≥6 mm and ≥10 mm polyps, respectively (111). 

CCE appears to assess colon disease activity in 

inflammatory bowel disease (IBD) As well as for 

the assessment of suspected lower gastrointestinal 

bleeding and the detection of neoplastic lesions in 

the colon. It can also be used in patients who have 

failed colonoscopy, or who do not wish to 

undergo colonoscopy, and in cases where 

colonoscopy is contraindicated (112, 113). As 

with colonoscopy, bowel preparation is performed 

prior to CCE. Moreover, some colorectal polyps 

are missed during CCE, with a 31% polyp miss 

rate, as evidenced by a retrospective multicenter 

study (114). Unfortunately, it is an expensive test, 

and no tissue can be taken for examination and 

endoscopic treatment after lesions are found (115, 

116). However, CCE does not require sedation 

and is well tolerated by most patients (117). 

 

4.7 Blood screening test 

Blood-based cancer testing, also known as 

"liquid biopsy", is an emerging non-invasive CRC 

screening method that is more convenient than 

other methods (118) and can detect both left-and 

right-sided CRC (119). But whether it can be used 

for first-line screening in individuals with average 

risk has yet to be approved. Studies have shown 

that those who refuse a colonoscopy 

overwhelmingly opt for a blood test. This 

suggests that this testing method will improve 

patient engagement and compliance (120, 121). 

Some studies have shown that the sensitivity 

and specificity of serum protein biomarkers for 

the detection of early colorectal cancer exceed 

85% and the positive predictive value exceeds 

0.72% (122). Some of the major serum protein 

markers include DNA methylation markers (e.g., 

SEPT9, SFRP2, and ALX4), circulating 

micrornas (e.g., micrNA21), SNPS in 

microRNA-binding sites (e.g., Rs4596 located in 

the predicted target regions of Mir-518a-5p and 

Mir-527), protein markers (such as 

carcinoembryonic antigen and 

N-methyltransferase), etc. (123). The Septin 9 

DNA plasma assay ((M)SEPT9) is an 

FDA-approved blood-based screening test for 

CRC (124). A multi-center study compared the 

performance of Septin9 DNA methylation based 

blood test and FIT in CRC screening, and found 

that the sensitivity of Septin9 and FIT for CRC 

detection were 73.3% and 68.0%, and the 

specificity was 81.5% and 97.4%, respectively 

(125). 

 

4.8 Other screening methods 

Both urine-based metabolomic diagnostic 

tests and fecal-based microbiome tests are 

emerging fields of CRC screening. The former is 

characterized by easy collection of specimens, 

abundant metabolites, and non-invasive detection 

methods (126). Studies involving 1000 subjects 

have proposed that a urine-based metabolomic 

diagnostic test can be used to detect adenomatous 

polyps with higher sensitivity than a fecal-based 

test (127). Liquid chromatography (LC) -mass 

spectrometry (MS) is the most used and 

informative analytical tool in urine metabolomics. 

In addition, in addition to LC-MS, other 
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MS-based techniques, such as direct injection 

(infusion) mass spectrometry, capillary 

electrophoresis mass spectrometry and gas 

chromatography mass spectrometry, have also 

been used in urine metabolomics (128). The 

accurate analysis of intestinal microbiota is 

helpful to assess the risk and prognosis of CRC, 

and the combination of bacterial markers and 

conventional tumor markers can improve the 

diagnostic efficiency of non-invasive diagnosis of 

CRC (129). However, both tests rely on further 

colonoscopy, and neither test has yet been 

approved or formally recommended by the FDA 

for CRC screening. 

 

5. Quality of colonoscopy 

Accurate detection and removal of 

precancerous lesions relies on high-quality 

colonoscopy screening, and there are multiple 

quality indicators to assess the effectiveness of 

colonoscopy screening. Adenoma detection rate 

(ADR) is now considered one of the most 

important quality indicators of colonoscopy. 

Adenoma detection rate (ADR) is now considered 

one of the most important evidence-based quality 

indicators of colonoscopy. ADR is defined as the 

proportion of endoscopists performing 

colonoscopy screening who detect at least one 

histologically confirmed colorectal adenoma or 

adenocarcinoma (130). For intestinal mucosa, 

observation is primarily performed when the 

colonoscope is retracted from the cecum to the 

rectum, and the ADR can be improved if the 

duration of detection is 6 minutes or longer (131). 

Most guidelines recommend a minimum of 20% 

to 25% ADR at screening colonoscopy. each 1% 

increase in ADR is associated with a 5% 

reduction in the risk of interstitial colorectal 

cancer (132, 133).  

Interstitial cancers are colorectal cancers that 

are not detected at screening but are diagnosed 

before the next recommended test (134). 

Interstitial carcinomas originate from sessile 

serrated polyps, which usually occur in the 

proximal colon, and the detection of adenomas 

and sessile serrated polyps by localization can 

improve the outcome of colonoscopy (135). A 

recent population-based study found that the 

proximal serrated polyp detection rate (PSPDR) 

was negatively associated with intermittent 

colorectal cancer; therefore, PSPDR can also be 

used as a quality indicator for colonoscopy, and 

monitoring PSPDR can optimize colorectal cancer 

prevention (136).  

The polyp detection rate is a simpler 

indicator to assess the quality of colonoscopy 

compared to ADR. An observational study found 

that endoscopists with a lower PDR had a 

significantly higher incidence of colorectal cancer 

after performing colonoscopy (137). The clarity of 

colonoscopy can also affect the detection rate of 

adenoma. A comparative study observed the 

differences in PDR and ADR before and after 

colonoscopy, and found that colonoscopy 

screening with HD technology significantly 

improved PDR and ADR (138). 

A complete and accurate colonoscopy must 

test all the colon including the cecum. The rate of 

cecum intubation is one of the indicators to assess 

the quality of colonoscopy, and the high rate of 

intubation affects the outcome of CRC screening 

(139). A low cecum intubation rate is associated 

with a high incidence of proximal cancer after 

colonoscopy (140, 141). Effective endoscopists 

should achieve a cecum insertion rate of at least 

90% (142, 143). Therefore, endoscopists should 

be aware of cecum markers such as ileocecal flap 

and appendiceal opening during colonoscopy.  

Other quality measures, such as adequate 

bowel preparation and bowel scoring system 

records, are also described. Adequate bowel 

preparation was defined as bowel preparation 

sufficient to identify polyps larger than 5 mm. 

Good bowel preparation is an important part of 

high-quality colonoscopy. Unsatisfactory bowel 

cleaning will not only prolong the examination 

time, reduce the rate of cecal intubation, and 

increase the related costs, but also increase the 
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risk of missing polyps or adenomas (144). A 

prospective study found that inadequate Boston 

Bowel Preparation Scale (BBPS) scores were 

associated with a higher incidence of polyps 

during subsequent colonoscopy within a short 

period of time, as well as an increased risk of 

missed polyps diagnosis (145). 

The effectiveness of endoscopic resection of 

adenomas is an emerging area for assessing the 

quality of colorectal cancer screening. Incomplete 

excision of polyps can lead to the development of 

interstitial carcinoma, and this may diminish the 

effectiveness of screening (146). A meta-analysis 

found that for polyps of 1-20 mm there would be 

incomplete resection, with a greater risk of 

incomplete resection for polyps of 10 mm or 

larger (147). Of course the discomfort and the 

occurrence of complications associated with the 

patient after colonoscopy are also important in 

assessing the quality of colonoscopy screening. 

 

6. Artificial intelligence 

Artificial intelligence is a hot topic at present, 

and its application in the field of medicine has 

been widely concerned, especially in the field of 

computer-aided diagnosis of colonoscopy (148). 

The integration of artificial intelligence with 

endoscopy to improve polyp and adenoma 

detection rates is being explored (149-151). A 

prospective randomized controlled trial that 

included 659 patients and compared adenoma 

detection rates in the automated quality control 

system (AQCS) and control groups found that 

AQCS significantly improved polyp and adenoma 

detection rates and improved endoscopist 

outcomes (152). A study using convolutional 

neural networks (CNN; a deep learning model for 

image analysis) to test the ability of 

computer-aided image analysis noted that CNN 

detected polyps with an accuracy of 96.4% (153). 

Artificial intelligence can increase the detection 

rate of colorectal tumors by improving lesion 

recognition, and reduce the pathological cost by 

improving optical diagnosis (154), so as to 

improve the screening effect of colonoscopy. 

Artificial intelligence assists endoscopists to 

improve ADR and reduce interstage colorectal 

cancer, but its application in practice needs to be 

validated by more prospective studies (155). 

 

7. Interventions to improve screening 

compliance 

Screening can reduce CRC morbidity and 

mortality. However, the effectiveness of screening 

depends not only on accurate detection, but also 

on patient compliance, quality of screening and 

analysis of results. Although various screening 

modalities for colorectal cancer are available, they 

are not fully utilized by all (156, 157). There are 

various reasons for the low screening rate, such as 

low awareness of the importance and benefits of 

screening, cost issues, lack of health awareness, 

inadequate promotion in hospitals and medical 

screening centers, and fear or resistance to the test 

itself (5, 158). There are several ways to improve 

CRC screening adherence, such as enhancing 

patient education and disease surveillance 

awareness by distributing brochures or videos 

(159). 

 The testing of screening items, 

interpretation of results, and follow-up of positive 

results should be done by a medical professional 

(160, 161). One study suggests that 10% of 

positive patients after colorectal cancer screening 

do not comply with screening recommendations 

for follow-up. Providing individualized 

counseling for this group of patients may improve 

compliance rates (162). Patient decision aids 

coupled with patient coaching may also improve 

CRC screening completion rates (163). Some 

studies have found that telephone or text message 

reminders and mailing of free FIT kits can 

improve CRC screening rates (164, 165). In a 

randomized controlled trial conducted in the 

Netherlands, van et al. compared the difference in 

adherence to colorectal cancer screening between 

two different invitations: sending an advance 

notification letter significantly increased 
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adherence relative to the usual standard invitation 

(166).  

Removing structural barriers, such as 

simplifying access to stool test cards and 

extending or increasing the length of non-standard 

clinic visits, is effective in increasing CRC 

screening rates (167, 168). Also physician-patient 

communication increases screening rates, as a 

randomized controlled trial showed that patients 

who received physician counseling participated in 

CRC screening at a significantly higher rate than 

those who only received information leaflets on 

CRC screening (169). It is crucial that health 

systems need to develop policies that encourage 

colorectal cancer screening.  

 

8. Conclusion 

CRC remains a major burden of health 

problems worldwide, and there are currently 

multiple modalities available for CRC screening, 

and several screening strategies have been shown 

to reduce CRC mortality. However, the use of 

screening methods is low, which is mainly related 

to low patient engagement and compliance and 

socioeconomic level. Primary care doctors should 

know the characteristics of all kinds of screening 

methods, such as the advantages and limitations 

of each screening options, but also to learn how to 

the risk stratification of patients, give patients 

reasonable screening recommendations, in short 

in all kinds of ways to improve patients 

compliance, and increase the rate of screening, 

and ultimately to reduce colorectal cancer 

incidence and mortality, the purpose of improving 

people's health. 

 

Declarations 

 

1) Consent to publication  

We declare that all authors agreed to publish the 

manuscript at this journal based on the signed 

Copyright Transfer Agreement and followed 

publication ethics. 

2) Funding 

No relevant funding was received for this study. 

3) Acknowledgement 

Not applicable. 

4) Authors' contributions 

FYD, ZQY, and XPT contributed to this review 

with the design. FYD, ZQY and JL reviewed the 

references. FYD and ZQY wrote the manuscript. 

FYD, ZQY and MHA designed and produced the 

tables and figures. All authors read and approved 

the manuscript for publication. 

5)  Competing interests 

The authors declare that they have no competing 

interests. 

6)  Authors’ biography 

None. 

 

References 

1. Sung, H.; Ferlay, J.; Siegel, R. L.; 

Laversanne, M.; Soerjomataram, I.; Jemal, A.; 

Bray, F. Global Cancer Statistics 2020: 

GLOBOCAN Estimates of Incidence and 

Mortality Worldwide for 36 Cancers in 185 

Countries. CA: a Cancer Journal For 

Clinicians 2021, 71, 209-249. 

https://doi.org/10.3322/caac.21660. 

2. Arnold, M.; Sierra, M. S.; Laversanne, M.; 

Soerjomataram, I.; Jemal, A.; Bray, F. Global 

patterns and trends in colorectal cancer 

incidence and mortality. Gut 2017, 66, 

683-691. 

https://doi.org/10.1136/gutjnl-2015-310912. 

3. Leslie, A.; Carey, F. A.; Pratt, N. R.; Steele, 

R. J. C. The colorectal adenoma-carcinoma 

sequence. Br J Surg 2002, 89, 845-860 

4. Li, J. N.; Yuan, S. Y. Fecal occult blood test 

in colorectal cancer screening. J Dig Dis 

2019, 20, 62-64. 

https://doi.org/10.1111/1751-2980.12712. 

5. Bridou, M.; Aguerre, C.; Gimenes, G.; 

Kubiszewski, V.; Le Gall, A.; Potard, C.; 

Sorel, O.; Reveillere, C. Psychological 

Barriers and Facilitators of Colorectal Cancer 

Screening: A French Qualitative Study. 



13 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

Health Psychol Res 2013, 1, e22. 

https://doi.org/10.4081/hpr.2013.e22. 

6. Torre, L. A.; Bray, F.; Siegel, R. L.; Ferlay, J.; 

Lortet-Tieulent, J.; Jemal, A. Global cancer 

statistics, 2012. CA: a Cancer Journal For 

Clinicians 2015, 65. 

https://doi.org/10.3322/caac.21262. 

7. Brenner, H.; Kloor, M.; Pox, C. P. Colorectal 

cancer. Lancet 2014, 383, 1490-1502. 

https://doi.org/10.1016/S0140-6736(13)6164

9-9. 

8. Carvalho, B.; Sillars-Hardebol, A. H.; 

Postma, C.; Mongera, S.; Terhaar Sive 

Droste, J.; Obulkasim, A.; van de Wiel, M.; 

van Criekinge, W.; Ylstra, B.; Fijneman, R. J. 

A.; Meijer, G. A. Colorectal adenoma to 

carcinoma progression is accompanied by 

changes in gene expression associated with 

ageing, chromosomal instability, and fatty 

acid metabolism. Cell Oncol (Dordr) 2012, 

35, 53-63. 

https://doi.org/10.1007/s13402-011-0065-1. 

9. Conteduca, V.; Sansonno, D.; Russi, S.; 

Dammacco, F. Precancerous colorectal 

lesions (Review). Int J Oncol 2013, 43, 

973-984. 

https://doi.org/10.3892/ijo.2013.2041. 

10. Kanth, P.; Inadomi, J. M. Screening and 

prevention of colorectal cancer. BMJ 2021, 

374, n1855. 

https://doi.org/10.1136/bmj.n1855. 

11. Greuter, M. J.; Lew, J. B.; Berkhof, J.; 

Canfell, K.; Dekker, E.; Meijer, G. A.; Coupe, 

V. M. Long-Term Impact of the Dutch 

Colorectal Cancer Screening Programme on 

Cancer Incidence: Exploration of the Serrated 

Pathway. Value Health 2014, 17, A323. 

https://doi.org/10.1016/j.jval.2014.08.565. 

12. O'Brien, M. J.; Zhao, Q.; Yang, S. Colorectal 

serrated pathway cancers and precursors. 

Histopathology 2015, 66, 49-65. 

https://doi.org/10.1111/his.12564. 

13. Moore, J. S.; Aulet, T. H. Colorectal Cancer 

Screening. Surg Clin North Am 2017, 97, 

487-502. 

https://doi.org/10.1016/j.suc.2017.01.001. 

14. Nguyen, L. H.; Goel, A.; Chung, D. C. 

Pathways of Colorectal Carcinogenesis. 

Gastroenterology 2020, 158, 291-302. 

https://doi.org/10.1053/j.gastro.2019.08.059. 

15. Hadjipetrou, A.; Anyfantakis, D.; Galanakis, 

C. G.; Kastanakis, M.; Kastanakis, S. 

Colorectal cancer, screening and primary 

care: A mini literature review. World J 

Gastroenterol 2017, 23, 6049-6058. 

https://doi.org/10.3748/wjg.v23.i33.6049. 

16. Simon, K. Colorectal cancer development 

and advances in screening. Clin Interv Aging 

2016, 11, 967-976. 

https://doi.org/10.2147/CIA.S109285. 

17. Vacante, M.; Ciuni, R.; Basile, F.; Biondi, A. 

Gut Microbiota and Colorectal Cancer 

Development: A Closer Look to the 

Adenoma-Carcinoma Sequence. 

Biomedicines 2020, 8. 

https://doi.org/10.3390/biomedicines8110489

. 

18. Schulmann, K.; Reiser, M.; Schmiegel, W. 

Colonic cancer and polyps. Best Pract Res 

Clin Gastroenterol 2002, 16. 

19. Kaneko, M. On pedunculated adenomatous 

polyps of colon and rectum with particular 

reference to their malignant potential. Mt 

Sinai J Med 1972, 39, 103-111. 

20. Muto, T.; Bussey, H. J.; Morson, B. C. The 

evolution of cancer of the colon and rectum. 

Cancer 1975, 36, 2251-2270. 

21. Peiser, J.; Smith, A.; Bapat, B.; Stern, H. 

Colorectal tumourigenesis. Surg Oncol 1994, 

3, 195-201. 

22. Montminy, E. M.; Jang, A.; Conner, M.; 

Karlitz, J. J. Screening for Colorectal Cancer. 

Med Clin North Am 2020, 104, 1023-1036. 

https://doi.org/10.1016/j.mcna.2020.08.004. 

23. Keum, N.; Giovannucci, E. Global burden of 

colorectal cancer: emerging trends, risk 

factors and prevention strategies. Nat Rev 



14 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

Gastroenterol Hepatol 2019, 16, 713-732. 

https://doi.org/10.1038/s41575-019-0189-8. 

24. Castaño-Milla, C.; Chaparro, M.; Gisbert, J. 

P. Systematic review with meta-analysis: the 

declining risk of colorectal cancer in 

ulcerative colitis. Aliment Pharmacol Ther 

2014, 39, 645-659. 

25. Lichtenstein, P.; Holm, N. V.; Verkasalo, P. 

K.; Iliadou, A.; Kaprio, J.; Koskenvuo, M.; 

Pukkala, E.; Skytthe, A.; Hemminki, K. 

Environmental and heritable factors in the 

causation of cancer--analyses of cohorts of 

twins from Sweden, Denmark, and Finland. 

N Engl J Med 2000, 343, 78-85. 

26. Grady, W. M. Genetic testing for high-risk 

colon cancer patients. Gastroenterology 2003, 

124, 1574-1594. 

27. Johns, L. E.; Houlston, R. S. A systematic 

review and meta-analysis of familial 

colorectal cancer risk. Am J Gastroenterol 

2001, 96, 2992-3003. 

28. Samowitz, W. S.; Curtin, K.; Lin, H. H.; 

Robertson, M. A.; Schaffer, D.; Nichols, M.; 

Gruenthal, K.; Leppert, M. F.; Slattery, M. L. 

The colon cancer burden of genetically 

defined hereditary nonpolyposis colon cancer. 

Gastroenterology 2001, 121, 830-838. 

29. Tuohy, T. M. F.; Rowe, K. G.; Mineau, G. P.; 

Pimentel, R.; Burt, R. W.; Samadder, N. J. 

Risk of colorectal cancer and adenomas in 

the families of patients with adenomas: a 

population-based study in Utah. Cancer 2014, 

120, 35-42. 

https://doi.org/10.1002/cncr.28227. 

30. Quintero, E.; Carrillo, M.; Leoz, M.-L.; 

Cubiella, J.; Gargallo, C.; Lanas, A.; Bujanda, 

L.; Gimeno-García, A. Z.; Hernández-Guerra, 

M.; Nicolás-Pérez, D.; Alonso-Abreu, I.; 

Morillas, J. D.; Balaguer, F.; Muriel, A. Risk 

of Advanced Neoplasia in First-Degree 

Relatives with Colorectal Cancer: A Large 

Multicenter Cross-Sectional Study. PLoS 

Med 2016, 13, e1002008. 

https://doi.org/10.1371/journal.pmed.100200

8. 

31. Nguyen, S. P.; Bent, S.; Chen, Y.-H.; 

Terdiman, J. P. Gender as a risk factor for 

advanced neoplasia and colorectal cancer: a 

systematic review and meta-analysis. Clin 

Gastroenterol Hepatol 2009, 7. 

https://doi.org/10.1016/j.cgh.2009.01.008. 

32. Baena, R.; Salinas, P. Diet and colorectal 

cancer. Maturitas 2015, 80, 258-264. 

https://doi.org/10.1016/j.maturitas.2014.12.0

17. 

33. Alazzeh, A. Y.; Azzeh, F. S. Active lifestyle 

patterns reduce the risk of colorectal cancer 

in the Mecca region, Saudi Arabia: a 

case-control study. Eur J Cancer Prev 2018, 

27, 438-442. 

https://doi.org/10.1097/CEJ.0000000000000

361. 

34. Aleksandrova, K.; Jenab, M.; Leitzmann, M.; 

Bueno-de-Mesquita, B.; Kaaks, R.; 

Trichopoulou, A.; Bamia, C.; Lagiou, P.; 

Rinaldi, S.; Freisling, H.; Carayol, M.; 

Pischon, T.; Drogan, D.; Weiderpass, E.; 

Jakszyn, P.; Overvad, K.; Dahm, C. C.; 

Tjønneland, A.; Bouton-Ruault, M.-C.; Kühn, 

T.; Peppa, E.; Valanou, E.; La Vecchia, C.; 

Palli, D.; Panico, S.; Sacerdote, C.; Agnoli, 

C.; Tumino, R.; May, A.; van Vulpen, J.; 

Benjaminsen Borch, K.; Oluwafemi Oyeyemi, 

S.; Quirós, J. R.; Bonet, C.; Sánchez, M.-J.; 

Dorronsoro, M.; Navarro, C.; Barricarte, A.; 

van Guelpen, B.; Wennberg, P.; Key, T. J.; 

Khaw, K.-T.; Wareham, N.; Assi, N.; Ward, 

H. A.; Aune, D.; Riboli, E.; Boeing, H. 

Physical activity, mediating factors and risk 

of colon cancer: insights into adiposity and 

circulating biomarkers from the EPIC cohort. 

Int J Epidemiol 2017, 46, 1823-1835. 

https://doi.org/10.1093/ije/dyx174. 

35. Liang, P. S.; Chen, T.-Y.; Giovannucci, E. 

Cigarette smoking and colorectal cancer 

incidence and mortality: systematic review 



15 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

and meta-analysis. Int J Cancer 2009, 124, 

2406-2415. https://doi.org/10.1002/ijc.24191. 

36. Boffetta, P.; Hashibe, M. Alcohol and cancer. 

Lancet Oncol 2006, 7, 149-156. 

37. Chan, D. S. M.; Lau, R.; Aune, D.; Vieira, R.; 

Greenwood, D. C.; Kampman, E.; Norat, T. 

Red and processed meat and colorectal 

cancer incidence: meta-analysis of 

prospective studies. PLoS One 2011, 6, 

e20456. 

https://doi.org/10.1371/journal.pone.0020456

. 

38. Shaw, E.; Warkentin, M. T.; McGregor, S. E.; 

Town, S.; Hilsden, R. J.; Brenner, D. R. 

Intake of dietary fibre and lifetime 

non-steroidal anti-inflammatory drug 

(NSAID) use and the incidence of colorectal 

polyps in a population screened for colorectal 

cancer. J Epidemiol Community Health 2017, 

71, 961-969. 

https://doi.org/10.1136/jech-2016-208606. 

39. Flossmann, E.; Rothwell, P. M. Effect of 

aspirin on long-term risk of colorectal cancer: 

consistent evidence from randomised and 

observational studies. Lancet 2007, 369, 

1603-1613. 

40. Rothwell, P. M.; Wilson, M.; Elwin, C.-E.; 

Norrving, B.; Algra, A.; Warlow, C. P.; 

Meade, T. W. Long-term effect of aspirin on 

colorectal cancer incidence and mortality: 

20-year follow-up of five randomised trials. 

Lancet 2010, 376, 1741-1750. 

https://doi.org/10.1016/S0140-6736(10)6154

3-7. 

41. Gao, Q.-Y.; Chen, H.-M.; Chen, Y.-X.; Wang, 

Y.-C.; Wang, Z.-H.; Tang, J.-T.; Ge, Z.-Z.; 

Chen, X.-Y.; Sheng, J.-Q.; Fang, D.-C.; Yu, 

C.-G.; Zheng, P.; Fang, J.-Y. Folic acid 

prevents the initial occurrence of sporadic 

colorectal adenoma in Chinese older than 50 

years of age: a randomized clinical trial. 

Cancer Prev Res (Phila) 2013, 6, 744-752. 

https://doi.org/10.1158/1940-6207.CAPR-13-

0013. 

42. Kherbek, H.; Daoud, R.; Soueycatt, T.; 

Soueycatt, Y.; Ali, Z.; Ehsan, J.; Alshehabi, 

Z.; Georgeos, M. The relationship between 

folic acid and colorectal cancer; a literature 

review. Ann Med Surg (Lond) 2022, 80, 

104170. 

https://doi.org/10.1016/j.amsu.2022.104170. 

43. Levin, B.; Lieberman, D. A.; McFarland, B.; 

Andrews, K. S.; Brooks, D.; Bond, J.; Dash, 

C.; Giardiello, F. M.; Glick, S.; Johnson, D.; 

Johnson, C. D.; Levin, T. R.; Pickhardt, P. J.; 

Rex, D. K.; Smith, R. A.; Thorson, A.; 

Winawer, S. J.; American Cancer Society 

Colorectal Cancer Advisory, G.; Force, U. S. 

M.-S. T.; American College of Radiology 

Colon Cancer, C. Screening and surveillance 

for the early detection of colorectal cancer 

and adenomatous polyps, 2008: a joint 

guideline from the American Cancer Society, 

the US Multi-Society Task Force on 

Colorectal Cancer, and the American College 

of Radiology. Gastroenterology 2008, 134, 

1570-1595. 

https://doi.org/10.1053/j.gastro.2008.02.002. 

44. Shaukat, A.; Mongin, S. J.; Geisser, M. S.; 

Lederle, F. A.; Bond, J. H.; Mandel, J. S.; 

Church, T. R. Long-term mortality after 

screening for colorectal cancer. N Engl J Med 

2013, 369, 1106-1114. 

https://doi.org/10.1056/NEJMoa1300720. 

45. Young, G. P.; Cole, S. New stool screening 

tests for colorectal cancer. Digestion 2007, 

76, 26-33. 

46. Carroll, M. R. R.; Seaman, H. E.; Halloran, S. 

P. Tests and investigations for colorectal 

cancer screening. Clin Biochem 2014, 47, 

921-939. 

https://doi.org/10.1016/j.clinbiochem.2014.0

4.019. 

47. Allison, J. E.; Sakoda, L. C.; Levin, T. R.; 

Tucker, J. P.; Tekawa, I. S.; Cuff, T.; Pauly, 

M. P.; Shlager, L.; Palitz, A. M.; Zhao, W. K.; 

Schwartz, J. S.; Ransohoff, D. F.; Selby, J. V. 

Screening for colorectal neoplasms with new 



16 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

fecal occult blood tests: update on 

performance characteristics. J Natl Cancer 

Inst 2007, 99, 1462-1470. 

48. Nagengast, F. M. Vitamin C and guaiac 

occult blood tests. Lancet 1981, 1, 614. 

49. Schreuders, E. H.; Ruco, A.; Rabeneck, L.; 

Schoen, R. E.; Sung, J. J. Y.; Young, G. P.; 

Kuipers, E. J. Colorectal cancer screening: a 

global overview of existing programmes. Gut 

2015, 64, 1637-1649. 

https://doi.org/10.1136/gutjnl-2014-309086. 

50. Scholefield, J. H.; Moss, S. M.; Mangham, C. 

M.; Whynes, D. K.; Hardcastle, J. D. 

Nottingham trial of faecal occult blood 

testing for colorectal cancer: a 20-year 

follow-up. Gut 2012, 61, 1036-1040. 

https://doi.org/10.1136/gutjnl-2011-300774. 

51. Allison, J. E.; Fraser, C. G.; Halloran, S. P.; 

Young, G. P. Population screening for 

colorectal cancer means getting FIT: the past, 

present, and future of colorectal cancer 

screening using the fecal immunochemical 

test for hemoglobin (FIT). Gut Liver 2014, 8, 

117-130. 

https://doi.org/10.5009/gnl.2014.8.2.117. 

52. van Rossum, L. G.; van Rijn, A. F.; Laheij, R. 

J.; van Oijen, M. G.; Fockens, P.; van 

Krieken, H. H.; Verbeek, A. L.; Jansen, J. B.; 

Dekker, E. Random comparison of guaiac 

and immunochemical fecal occult blood tests 

for colorectal cancer in a screening 

population. Gastroenterology 2008, 135, 

82-90. 

https://doi.org/10.1053/j.gastro.2008.03.040. 

53. Dancourt, V.; Lejeune, C.; Lepage, C.; 

Gailliard, M. C.; Meny, B.; Faivre, J. 

Immunochemical faecal occult blood tests are 

superior to guaiac-based tests for the 

detection of colorectal neoplasms. Eur J 

Cancer 2008, 44, 2254-2258. 

https://doi.org/10.1016/j.ejca.2008.06.041. 

54. Baldacchini, F.; Bucchi, L.; Giuliani, O.; 

Mancini, S.; Ravaioli, A.; Vattiato, R.; 

Zamagni, F.; Giorgi Rossi, P.; Mangone, L.; 

Campari, C.; Sassatelli, R.; Trande, P.; 

Esposito, P.; Rossi, F.; Carrozzi, G.; Triossi, 

O.; Fabbri, C.; Strocchi, E.; Giovanardi, M.; 

Canuti, D.; Sassoli de Bianchi, P.; Ferretti, S.; 

Falcini, F. Effects of Attendance to an 

Organized Fecal Immunochemical Test 

Screening Program on the Risk of Colorectal 

Cancer: An Observational Cohort Study. Clin 

Gastroenterol Hepatol 2022. 

https://doi.org/10.1016/j.cgh.2022.01.053. 

55. Bucchi, L.; Mancini, S.; Baldacchini, F.; 

Ravaioli, A.; Giuliani, O.; Vattiato, R.; 

Zamagni, F.; Giorgi Rossi, P.; Campari, C.; 

Canuti, D.; Di Felice, E.; Sassoli de Bianchi, 

P.; Ferretti, S.; Bertozzi, N.; Biggeri, A.; 

Falcini, F. How a faecal immunochemical 

test screening programme changes annual 

colorectal cancer incidence rates: an Italian 

intention-to-screen study. Br J Cancer 2022. 

https://doi.org/10.1038/s41416-022-01813-7. 

56. Rex, D. K.; Boland, C. R.; Dominitz, J. A.; 

Giardiello, F. M.; Johnson, D. A.; Kaltenbach, 

T.; Levin, T. R.; Lieberman, D.; Robertson, 

D. J. Colorectal Cancer Screening: 

Recommendations for Physicians and 

Patients From the U.S. Multi-Society Task 

Force on Colorectal Cancer. 

Gastroenterology 2017, 153, 307-323. 

https://doi.org/10.1053/j.gastro.2017.05.013. 

57. Lieberman, D. A. Clinical practice. Screening 

for colorectal cancer. N Engl J Med 2009, 

361, 1179-1187. 

https://doi.org/10.1056/NEJMcp0902176. 

58. Binefa, G.; Rodríguez-Moranta, F.; Teule, A.; 

Medina-Hayas, M. Colorectal cancer: from 

prevention to personalized medicine. World J 

Gastroenterol 2014, 20, 6786-6808. 

https://doi.org/10.3748/wjg.v20.i22.6786. 

59. Imperiale, T. F.; Ransohoff, D. F.; Itzkowitz, 

S. H.; Levin, T. R.; Lavin, P.; Lidgard, G. P.; 

Ahlquist, D. A.; Berger, B. M. Multitarget 

stool DNA testing for colorectal-cancer 

screening. N Engl J Med 2014, 370, 



17 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

1287-1297. 

https://doi.org/10.1056/NEJMoa1311194. 

60. Bosch, L. J. W.; Melotte, V.; Mongera, S.; 

Daenen, K. L. J.; Coupé, V. M. H.; van 

Turenhout, S. T.; Stoop, E. M.; de 

Wijkerslooth, T. R.; Mulder, C. J. J.; Rausch, 

C.; Kuipers, E. J.; Dekker, E.; Domanico, M. 

J.; Lidgard, G. P.; Berger, B. M.; van 

Engeland, M.; Carvalho, B.; Meijer, G. A. 

Multitarget Stool DNA Test Performance in 

an Average-Risk Colorectal Cancer 

Screening Population. Am J Gastroenterol 

2019, 114, 1909-1918. 

https://doi.org/10.14309/ajg.0000000000000

445. 

61. Carethers, J. M. Fecal DNA Testing for 

Colorectal Cancer Screening. Annu Rev Med 

2020, 71, 59-69. 

https://doi.org/10.1146/annurev-med-103018

-123125. 

62. Patman, G. Colorectal cancer. Advances in 

stool DNA testing lead to improved 

colorectal cancer detection rates. Nat Rev 

Gastroenterol Hepatol 2014, 11, 269. 

https://doi.org/10.1038/nrgastro.2014.52. 

63.  (63) Sharma, T. Analysis of the 

effectiveness of two noninvasive fecal tests 

used to screen for colorectal cancer in 

average-risk adults. Public Health 2020, 182, 

70-76. 

https://doi.org/10.1016/j.puhe.2020.01.021 

64. Lin, O. S.; Kozarek, R. A.; Gluck, M.; 

Jiranek, G. C.; Koch, J.; Kowdley, K. V.; 

Irani, S.; Nguyen, M.; Dominitz, J. A. 

Preference for colonoscopy versus 

computerized tomographic colonography: a 

systematic review and meta-analysis of 

observational studies. J Gen Intern Med 2012, 

27, 1349-1360. 

65. Khan, J. S.; Moran, B. J. Iatrogenic 

perforation at colonic imaging. Colorectal 

Dis 2011, 13, 481-493. 

https://doi.org/10.1111/j.1463-1318.2009.021

47.x. 

66. Rex, D. K.; Imperiale, T. F. CT colonography 

versus colonoscopy for the detection of 

advanced neoplasia. N Engl J Med 2008, 358, 

88; author reply 90. 

https://doi.org/10.1056/NEJMc073084. 

67. Pickhardt, P. J.; Hassan, C.; Laghi, A.; Kim, 

D. H. CT colonography to screen for 

colorectal cancer and aortic aneurysm in the 

Medicare population: cost-effectiveness 

analysis. AJR Am J Roentgenol 2009, 192, 

1332-1340. 

https://doi.org/10.2214/AJR.09.2646. 

68. Ziemlewicz, T. J.; Binkley, N.; Pickhardt, P. 

J. Opportunistic Osteoporosis Screening: 

Addition of Quantitative CT Bone Mineral 

Density Evaluation to CT Colonography. J 

Am Coll Radiol 2015, 12, 1036-1041. 

https://doi.org/10.1016/j.jacr.2015.04.018. 

69. Yee, J.; Sadda, S.; Aslam, R.; Yeh, B. 

Extracolonic findings at CT colonography. 

Gastrointest Endosc Clin N Am 2010, 20, 

305-322. 

https://doi.org/10.1016/j.giec.2010.02.013. 

70. de Haan, M. C.; Pickhardt, P. J.; Stoker, J. 

CT colonography: accuracy, acceptance, 

safety and position in organised population 

screening. Gut 2015, 64, 342-350. 

https://doi.org/10.1136/gutjnl-2014-308696. 

71. Lin, O. S.-T. Computed tomographic 

colonography: hope or hype? World J 

Gastroenterol 2010, 16, 915-920. 

72. Mulhall, B. P.; Veerappan, G. R.; Jackson, J. 

L. Meta-analysis: computed tomographic 

colonography. Ann Intern Med 2005, 142, 

635-650. 

73. Martín-López, J. E.; Beltrán-Calvo, C.; 

Rodríguez-López, R.; Molina-López, T. 

Comparison of the accuracy of CT 

colonography and colonoscopy in the 

diagnosis of colorectal cancer. Colorectal Dis 

2014, 16, O82-O89. 

https://doi.org/10.1111/codi.12506. 

74. Pickhardt, P. J. Strong evidence in support of 

CT colonography screening. Lancet Oncol 



18 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

2012, 13, 6-7. 

https://doi.org/10.1016/S1470-2045(11)7029

7-2. 

75. Stoop, E. M.; de Haan, M. C.; de 

Wijkerslooth, T. R.; Bossuyt, P. M.; van 

Ballegooijen, M.; Nio, C. Y.; van de Vijver, 

M. J.; Biermann, K.; Thomeer, M.; van 

Leerdam, M. E.; Fockens, P.; Stoker, J.; 

Kuipers, E. J.; Dekker, E. Participation and 

yield of colonoscopy versus non-cathartic CT 

colonography in population-based screening 

for colorectal cancer: a randomised 

controlled trial. Lancet Oncol 2012, 13, 

55-64. 

https://doi.org/10.1016/S1470-2045(11)7028

3-2. 

76. Rex, D. K.; Boland, C. R.; Dominitz, J. A.; 

Giardiello, F. M.; Johnson, D. A.; Kaltenbach, 

T.; Levin, T. R.; Lieberman, D.; Robertson, 

D. J. Colorectal Cancer Screening: 

Recommendations for Physicians and 

Patients from the U.S. Multi-Society Task 

Force on Colorectal Cancer. Am J 

Gastroenterol 2017, 112, 1016-1030. 

https://doi.org/10.1038/ajg.2017.174. 

77. Levin, B.; Lieberman, D. A.; McFarland, B.; 

Smith, R. A.; Brooks, D.; Andrews, K. S.; 

Dash, C.; Giardiello, F. M.; Glick, S.; Levin, 

T. R.; Pickhardt, P.; Rex, D. K.; Thorson, A.; 

Winawer, S. J. Screening and surveillance for 

the early detection of colorectal cancer and 

adenomatous polyps, 2008: a joint guideline 

from the American Cancer Society, the US 

Multi-Society Task Force on Colorectal 

Cancer, and the American College of 

Radiology. CA: a Cancer Journal For 

Clinicians 2008, 58, 130-160. 

https://doi.org/10.3322/CA.2007.0018. 

78. Brenner, H.; Stock, C.; Hoffmeister, M. 

Effect of screening sigmoidoscopy and 

screening colonoscopy on colorectal cancer 

incidence and mortality: systematic review 

and meta-analysis of randomised controlled 

trials and observational studies. BMJ 2014, 

348, g2467. 

https://doi.org/10.1136/bmj.g2467. 

79. Shroff, J.; Thosani, N.; Batra, S.; Singh, H.; 

Guha, S. Reduced incidence and mortality 

from colorectal cancer with 

flexible-sigmoidoscopy screening: a 

meta-analysis. World J Gastroenterol 2014, 

20, 18466-18476. 

https://doi.org/10.3748/wjg.v20.i48.18466. 

80. Holme, Ø.; Schoen, R. E.; Senore, C.; 

Segnan, N.; Hoff, G.; Løberg, M.; Bretthauer, 

M.; Adami, H.-O.; Kalager, M. Effectiveness 

of flexible sigmoidoscopy screening in men 

and women and different age groups: pooled 

analysis of randomised trials. BMJ 2017, 356, 

i6673. https://doi.org/10.1136/bmj.i6673. 

81. Millien, V. O.; Mansour, N. M. Bowel 

Preparation for Colonoscopy in 2020: A 

Look at the Past, Present, and Future. Curr 

Gastroenterol Rep 2020, 22, 28. 

https://doi.org/10.1007/s11894-020-00764-4. 

82. Corte, C. J.; Leong, R. W. Improving the 

utility of colonoscopy: Recent advances in 

practice. J Gastroenterol Hepatol 2016, 31, 

32-44. https://doi.org/10.1111/jgh.13056. 

83. Gómez, V.; Wallace, M. B. Advances in 

diagnostic and therapeutic colonoscopy. Curr 

Opin Gastroenterol 2014, 30, 63-68. 

https://doi.org/10.1097/MOG.000000000000

0026. 

84. Samadder, N. J.; Curtin, K.; Pappas, L.; 

Boucher, K.; Mineau, G. P.; Smith, K.; 

Fraser, A.; Wan, Y.; Provenzale, D.; Kinney, 

A. Y.; Ulrich, C.; Burt, R. W. Risk of 

Incident Colorectal Cancer and Death After 

Colonoscopy: A Population-based Study in 

Utah. Clin Gastroenterol Hepatol 2016, 14. 

https://doi.org/10.1016/j.cgh.2015.08.033. 

85. Wexner, S. D.; Beck, D. E.; Baron, T. H.; 

Fanelli, R. D.; Hyman, N.; Shen, B.; Wasco, 

K. E. A consensus document on bowel 

preparation before colonoscopy: prepared by 

a Task Force from the American Society of 

Colon and Rectal Surgeons (ASCRS), the 



19 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

American Society for Gastrointestinal 

Endoscopy (ASGE), and the Society of 

American Gastrointestinal and Endoscopic 

Surgeons (SAGES). Surg Endosc 2006, 20, 

1161. 

86. Rex, D. K. Barium studies/virtual 

colonoscopy: the gastroenterologist's 

perspective. Gastrointest Endosc 2002, 55. 

87. Lee, S.-H.; Park, Y.-K.; Lee, D.-J.; Kim, 

K.-M. Colonoscopy procedural skills and 

training for new beginners. World J 

Gastroenterol 2014, 20, 16984-16995. 

https://doi.org/10.3748/wjg.v20.i45.16984. 

88. Zauber, A. G.; Lansdorp-Vogelaar, I.; 

Knudsen, A. B.; Wilschut, J.; van 

Ballegooijen, M.; Kuntz, K. M. Evaluating 

test strategies for colorectal cancer screening: 

a decision analysis for the U.S. Preventive 

Services Task Force. Ann Intern Med 2008, 

149, 659-669. 

89. de Haan, M. C.; van Gelder, R. E.; Graser, A.; 

Bipat, S.; Stoker, J. Diagnostic value of 

CT-colonography as compared to 

colonoscopy in an asymptomatic screening 

population: a meta-analysis. Eur Radiol 2011, 

21, 1747-1763. 

https://doi.org/10.1007/s00330-011-2104-8. 

90. Rex, D. K.; Johnson, D. A.; Anderson, J. C.; 

Schoenfeld, P. S.; Burke, C. A.; Inadomi, J. 

M. American College of Gastroenterology 

guidelines for colorectal cancer screening 

2009 [corrected]. Am J Gastroenterol 2009, 

104, 739-750. 

https://doi.org/10.1038/ajg.2009.104. 

91. Zhang, J.; Cheng, Z.; Ma, Y.; He, C.; Lu, Y.; 

Zhao, Y.; Chang, X.; Zhang, Y.; Bai, Y.; 

Cheng, N. Effectiveness of Screening 

Modalities in Colorectal Cancer: A Network 

Meta-Analysis. Clin Colorectal Cancer 2017, 

16, 252-263. 

https://doi.org/10.1016/j.clcc.2017.03.018. 

92. Jacob, B. J.; Moineddin, R.; Sutradhar, R.; 

Baxter, N. N.; Urbach, D. R. Effect of 

colonoscopy on colorectal cancer incidence 

and mortality: an instrumental variable 

analysis. Gastrointest Endosc 2012, 76. 

https://doi.org/10.1016/j.gie.2012.03.247. 

93. Pan, J.; Xin, L.; Ma, Y.-F.; Hu, L.-H.; Li, 

Z.-S. Colonoscopy Reduces Colorectal 

Cancer Incidence and Mortality in Patients 

With Non-Malignant Findings: A 

Meta-Analysis. Am J Gastroenterol 2016, 

111, 355-365. 

https://doi.org/10.1038/ajg.2015.418. 

94. Singh, H.; Nugent, Z.; Demers, A. A.; 

Kliewer, E. V.; Mahmud, S. M.; Bernstein, C. 

N. The reduction in colorectal cancer 

mortality after colonoscopy varies by site of 

the cancer. Gastroenterology 2010, 139, 

1128-1137. 

https://doi.org/10.1053/j.gastro.2010.06.052. 

95. Baxter, N. N.; Goldwasser, M. A.; Paszat, L. 

F.; Saskin, R.; Urbach, D. R.; Rabeneck, L. 

Association of colonoscopy and death from 

colorectal cancer. Ann Intern Med 2009, 150, 

1-8. 

96. Kim, L. S.; Koch, J.; Yee, J.; Halvorsen, R.; 

Cello, J. P.; Rockey, D. C. Comparison of 

patients' experiences during imaging tests of 

the colon. Gastrointest Endosc 2001, 54, 

67-74. 

97. Chartier, L.; Arthurs, E.; Sewitch, M. J. 

Patient satisfaction with colonoscopy: a 

literature review and pilot study. Can J 

Gastroenterol 2009, 23, 203-209. 

98. Reumkens, A.; Rondagh, E. J. A.; Bakker, C. 

M.; Winkens, B.; Masclee, A. A. M.; 

Sanduleanu, S. Post-Colonoscopy 

Complications: A Systematic Review, Time 

Trends, and Meta-Analysis of 

Population-Based Studies. Am J 

Gastroenterol 2016, 111, 1092-1101. 

https://doi.org/10.1038/ajg.2016.234. 

99. Kim, S. Y.; Kim, H.-S.; Park, H. J. Adverse 

events related to colonoscopy: Global trends 

and future challenges. World J Gastroenterol 

2019, 25, 190-204. 

https://doi.org/10.3748/wjg.v25.i2.190. 



20 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

100. Tomaszewski, M.; Sanders, D.; Enns, R.; 

Gentile, L.; Cowie, S.; Nash, C.; Petrunia, D.; 

Mullins, P.; Hamm, J.; Azari-Razm, N.; 

Bykov, D.; Telford, J. Risks associated with 

colonoscopy in a population-based colon 

screening program: an observational cohort 

study. CMAJ Open 2021, 9, E940-E947. 

https://doi.org/10.9778/cmajo.20200192. 

101. Rex, D. K.; Petrini, J. L.; Baron, T. H.; Chak, 

A.; Cohen, J.; Deal, S. E.; Hoffman, B.; 

Jacobson, B. C.; Mergener, K.; Petersen, B. 

T.; Safdi, M. A.; Faigel, D. O.; Pike, I. M. 

Quality indicators for colonoscopy. 

Gastrointest Endosc 2006, 63, S16-S28. 

102. Lo, S. K.; Fujii-Lau, L. L.; Enestvedt, B. K.; 

Hwang, J. H.; Konda, V.; Manfredi, M. A.; 

Maple, J. T.; Murad, F. M.; Pannala, R.; 

Woods, K. L.; Banerjee, S. The use of carbon 

dioxide in gastrointestinal endoscopy. 

Gastrointest Endosc 2016, 83, 857-865. 

https://doi.org/10.1016/j.gie.2016.01.046. 

103. Wang, W. L.; Wu, Z. H.; Sun, Q.; Wei, J. F.; 

Chen, X. F.; Zhou, D. K.; Zhou, L.; Xie, H. 

Y.; Zheng, S. S. Meta-analysis: the use of 

carbon dioxide insufflation vs. room air 

insufflation for gastrointestinal endoscopy. 

Aliment Pharmacol Ther 2012, 35, 

1145-1154. 

https://doi.org/10.1111/j.1365-2036.2012.050

78.x. 

104. Memon, M. A.; Memon, B.; Yunus, R. M.; 

Khan, S. Carbon Dioxide Versus Air 

Insufflation for Elective Colonoscopy: A 

Meta-Analysis and Systematic Review of 

Randomized Controlled Trials. Surg 

Laparosc Endosc Percutan Tech 2016, 26, 

102-116. 

https://doi.org/10.1097/SLE.0000000000000

243. 

105. Chokshi, R. V.; Hovis, C. E.; Hollander, T.; 

Early, D. S.; Wang, J. S. Prevalence of 

missed adenomas in patients with inadequate 

bowel preparation on screening colonoscopy. 

Gastrointest Endosc 2012, 75, 1197-1203. 

https://doi.org/10.1016/j.gie.2012.01.005. 

106. Sagi, S. V.; Guturu, P.; Gottumukkala, R. S. 

Missed adenomas in patients with inadequate 

bowel preparation. Gastrointest Endosc 2012, 

76, 705. 

https://doi.org/10.1016/j.gie.2012.04.462. 

107. Ahn, S. B.; Han, D. S.; Bae, J. H.; Byun, T. J.; 

Kim, J. P.; Eun, C. S. The Miss Rate for 

Colorectal Adenoma Determined by 

Quality-Adjusted, Back-to-Back 

Colonoscopies. Gut Liver 2012, 6, 64-70. 

https://doi.org/10.5009/gnl.2012.6.1.64. 

108. Ismail, M. S.; Murphy, G.; Semenov, S.; 

McNamara, D. Comparing Colon Capsule 

Endoscopy to colonoscopy; a symptomatic 

patient's perspective. BMC Gastroenterol 

2022, 22, 31. 

https://doi.org/10.1186/s12876-021-02081-0. 

109. Vuik, F. E. R.; Nieuwenburg, S. A. V.; Moen, 

S.; Spada, C.; Senore, C.; Hassan, C.; 

Pennazio, M.; Rondonotti, E.; Pecere, S.; 

Kuipers, E. J.; Spaander, M. C. W. Colon 

capsule endoscopy in colorectal cancer 

screening: a systematic review. Endoscopy 

2021, 53, 815-824. 

https://doi.org/10.1055/a-1308-1297. 

110. Tabone, T.; Koulaouzidis, A.; Ellul, P. 

Scoring Systems for Clinical Colon Capsule 

Endoscopy-All You Need to Know. Journal 

of Clinical Medicine 2021, 10. 

https://doi.org/10.3390/jcm10112372. 

111. Spada, C.; Hassan, C.; Munoz-Navas, M.; 

Neuhaus, H.; Deviere, J.; Fockens, P.; Coron, 

E.; Gay, G.; Toth, E.; Riccioni, M. E.; 

Carretero, C.; Charton, J. P.; Van Gossum, A.; 

Wientjes, C. A.; Sacher-Huvelin, S.; Delvaux, 

M.; Nemeth, A.; Petruzziello, L.; de Frias, C. 

P.; Mayershofer, R.; Amininejad, L.; 

Aminejab, L.; Dekker, E.; Galmiche, J.-P.; 

Frederic, M.; Johansson, G. W.; Cesaro, P.; 

Costamagna, G. Second-generation colon 

capsule endoscopy compared with 



21 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

colonoscopy. Gastrointest Endosc 2011, 74. 

https://doi.org/10.1016/j.gie.2011.03.1125. 

112. Pasha, S. F. Applications of Colon Capsule 

Endoscopy. Curr Gastroenterol Rep 2018, 20, 

22. 

https://doi.org/10.1007/s11894-018-0628-7. 

113. Milluzzo, S. M.; Bizzotto, A.; Cesaro, P.; 

Spada, C. Colon capsule endoscopy and its 

effectiveness in the diagnosis and 

management of colorectal neoplastic lesions. 

Expert Rev Anticancer Ther 2019, 19, 71-80. 

https://doi.org/10.1080/14737140.2019.1538

798. 

114. Yamada, K.; Nakamura, M.; Yamamura, T.; 

Maeda, K.; Sawada, T.; Mizutani, Y.; 

Ishikawa, T.; Furukawa, K.; Ohno, E.; 

Miyahara, R.; Kawashima, H.; Hotta, N.; 

Hirooka, Y. Clinical Factors Associated with 

Missing Colorectal Polyp on Colon Capsule 

Endoscopy. Digestion 2020, 101, 316-322. 

https://doi.org/10.1159/000498942. 

115. Nakamura, T.; Terano, A. Capsule endoscopy: 

past, present, and future. J Gastroenterol 

2008, 43, 93-99. 

https://doi.org/10.1007/s00535-007-2153-6. 

116. Singeap, A.-M.; Stanciu, C.; Trifan, A. 

Capsule endoscopy: The road ahead. World J 

Gastroenterol 2016, 22, 369-378. 

https://doi.org/10.3748/wjg.v22.i1.369. 

117. Li, F.; Leighton, J. A.; Sharma, V. K. 

Capsule endoscopy: a comprehensive review. 

Minerva Gastroenterol Dietol 2007, 53, 

257-272. 

118. Bresalier, R. S.; Kopetz, S.; Brenner, D. E. 

Blood-based tests for colorectal cancer 

screening: do they threaten the survival of the 

FIT test? Dig Dis Sci 2015, 60, 664-671. 

https://doi.org/10.1007/s10620-015-3575-2. 

119. Tóth, K.; Sipos, F.; Kalmár, A.; Patai, A. V.; 

Wichmann, B.; Stoehr, R.; Golcher, H.; 

Schellerer, V.; Tulassay, Z.; Molnár, B. 

Detection of methylated SEPT9 in plasma is 

a reliable screening method for both left- and 

right-sided colon cancers. PLoS One 2012, 7, 

e46000. 

https://doi.org/10.1371/journal.pone.0046000

. 

120. Lamb, Y. N.; Dhillon, S. Epi proColon 2.0 

CE: A Blood-Based Screening Test for 

Colorectal Cancer. Mol Diagn Ther 2017, 21, 

225-232. 

https://doi.org/10.1007/s40291-017-0259-y. 

121. Adler, A.; Geiger, S.; Keil, A.; Bias, H.; 

Schatz, P.; deVos, T.; Dhein, J.; 

Zimmermann, M.; Tauber, R.; Wiedenmann, 

B. Improving compliance to colorectal cancer 

screening using blood and stool based tests in 

patients refusing screening colonoscopy in 

Germany. BMC Gastroenterol 2014, 14, 183. 

https://doi.org/10.1186/1471-230X-14-183. 

122. Shah, R.; Jones, E.; Vidart, V.; Kuppen, P. J. 

K.; Conti, J. A.; Francis, N. K. Biomarkers 

for early detection of colorectal cancer and 

polyps: systematic review. Cancer Epidemiol 

Biomarkers Prev 2014, 23, 1712-1728. 

https://doi.org/10.1158/1055-9965.EPI-14-04

12. 

123. Vatandoost, N.; Ghanbari, J.; Mojaver, M.; 

Avan, A.; Ghayour-Mobarhan, M.; Nedaeinia, 

R.; Salehi, R. Early detection of colorectal 

cancer: from conventional methods to novel 

biomarkers. J Cancer Res Clin Oncol 2016, 

142, 341-351. 

https://doi.org/10.1007/s00432-015-1928-z. 

124. Ladabaum, U.; Allen, J.; Wandell, M.; 

Ramsey, S. Colorectal cancer screening with 

blood-based biomarkers: cost-effectiveness 

of methylated septin 9 DNA versus current 

strategies. Cancer Epidemiol Biomarkers 

Prev 2013, 22, 1567-1576. 

https://doi.org/10.1158/1055-9965.EPI-13-02

04. 

125. Johnson, D. A.; Barclay, R. L.; Mergener, K.; 

Weiss, G.; König, T.; Beck, J.; Potter, N. T. 

Plasma Septin9 versus fecal 

immunochemical testing for colorectal cancer 

screening: a prospective multicenter study. 

PLoS One 2014, 9, e98238. 



22 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

https://doi.org/10.1371/journal.pone.0098238

. 

126. Feng, B.; Yue, F.; Zheng, M.-H. Urinary 

markers in colorectal cancer. Adv Clin Chem 

2009, 47, 45-57. 

127. Deng, L.; Fang, H.; Tso, V. K.; Sun, Y.; 

Foshaug, R. R.; Krahn, S. C.; Zhang, F.; Yan, 

Y.; Xu, H.; Chang, D.; Zhang, Y.; Fedorak, R. 

N. Clinical validation of a novel urine-based 

metabolomic test for the detection of colonic 

polyps on Chinese population. Int J 

Colorectal Dis 2017, 32, 741-743. 

https://doi.org/10.1007/s00384-016-2729-9. 

128. Khamis, M. M.; Adamko, D. J.; El-Aneed, A. 

Mass spectrometric based approaches in 

urine metabolomics and biomarker discovery. 

Mass Spectrom Rev 2017, 36, 115-134. 

https://doi.org/10.1002/mas.21455. 

129. Liu, K.; Yang, X.; Zeng, M.; Yuan, Y.; Sun, 

J.; He, P.; Sun, J.; Xie, Q.; Chang, X.; Zhang, 

S.; Chen, X.; Cai, L.; Xie, Y.; Jiao, X. The 

Role of Fecal and as Early Diagnostic 

Markers of Colorectal Cancer. Dis Markers 

2021, 2021, 1171239. 

https://doi.org/10.1155/2021/1171239. 

130. Tjaden, J. M.; Hause, J. A.; Berger, D.; 

Duveneck, S. K.; Jakate, S. M.; Orkin, B. A.; 

Hubbard, E. L.; Melson, J. E. Adenoma 

detection rate metrics in colorectal cancer 

surveillance colonoscopy. Surg Endosc 2018, 

32, 3108-3113. 

https://doi.org/10.1007/s00464-018-6025-3. 

131. Barclay, R. L.; Vicari, J. J.; Doughty, A. S.; 

Johanson, J. F.; Greenlaw, R. L. 

Colonoscopic withdrawal times and adenoma 

detection during screening colonoscopy. N 

Engl J Med 2006, 355, 2533-2541. 

132. Tahan, G.; Tahan, V. "Actions speak louder 

than words": adenoma detection rates 

inversely associated with colorectal cancer 

and mortality. Turk J Gastroenterol 2014, 25, 

602. https://doi.org/10.5152/tjg.2014.0050. 

133. Dawwas, M. F. Adenoma detection rate and 

risk of colorectal cancer and death. N Engl J 

Med 2014, 370, 2539-2540. 

https://doi.org/10.1056/NEJMc1405329. 

134. Rutter, M. D.; Beintaris, I.; Valori, R.; Chiu, 

H. M.; Corley, D. A.; Cuatrecasas, M.; 

Dekker, E.; Forsberg, A.; Gore-Booth, J.; 

Haug, U.; Kaminski, M. F.; Matsuda, T.; 

Meijer, G. A.; Morris, E.; Plumb, A. A.; 

Rabeneck, L.; Robertson, D. J.; Schoen, R. E.; 

Singh, H.; Tinmouth, J.; Young, G. P.; 

Sanduleanu, S. World Endoscopy 

Organization Consensus Statements on 

Post-Colonoscopy and Post-Imaging 

Colorectal Cancer. Gastroenterology 2018, 

155. 

https://doi.org/10.1053/j.gastro.2018.05.038. 

135. Sanaka, M. R.; Gohel, T.; Podugu, A.; Kiran, 

R. P.; Thota, P. N.; Lopez, R.; Church, J. M.; 

Burke, C. A. Adenoma and sessile serrated 

polyp detection rates: variation by patient sex 

and colonic segment but not specialty of the 

endoscopist. Dis Colon Rectum 2014, 57, 

1113-1119. 

https://doi.org/10.1097/DCR.0000000000000

183. 

136. van Toledo, D. E. F. W. M.; Ijspeert, J. E. G.; 

Bossuyt, P. M. M.; Bleijenberg, A. G. C.; van 

Leerdam, M. E.; van der Vlugt, M.; 

Lansdorp-Vogelaar, I.; Spaander, M. C. W.; 

Dekker, E. Serrated polyp detection and risk 

of interval post-colonoscopy colorectal 

cancer: a population-based study. Lancet 

Gastroenterol Hepatol 2022, 7, 747-754. 

https://doi.org/10.1016/S2468-1253(22)0009

0-5. 

137. Sastre Lozano, V. M.; Morán Sánchez, S.; 

García Solano, J.; Conesa Zamora, P.; Ruiz 

Merino, G. Relationship between the polyp 

detection rate and the post-colonoscopy 

colorectal cancer rate. Rev Esp Enferm Dig 

2019, 111, 598-602. 

https://doi.org/10.17235/reed.2019.5889/201

8. 

138. Jrebi, N. Y.; Hefty, M.; Jalouta, T.; Ogilvie, 

J.; Davis, A. T.; Asgeirsson, T.; Luchtefeld, 



23 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

M. High-definition colonoscopy increases 

adenoma detection rate. Surg Endosc 2017, 

31, 78-84. 

https://doi.org/10.1007/s00464-016-4986-7. 

139. Vemulapalli, K. C.; Wilder, S. W.; Kahi, C. 

J.; Rex, D. K. Long-Term Assessment of the 

Cecal Intubation Rates in High-Performing 

Colonoscopists: Time for Review. Clin 

Transl Gastroenterol 2020, 11, e00153. 

https://doi.org/10.14309/ctg.0000000000000

153. 

140. Murthy, S. K.; Benchimol, E. I.; Tinmouth, J.; 

James, P. D.; Ducharme, R.; Rostom, A.; 

Dubé, C. Temporal trends in 

postcolonoscopy colorectal cancer rates 

in 50- to 74-year-old persons: a 

population-based study. Gastrointest Endosc 

2018, 87. 

https://doi.org/10.1016/j.gie.2017.12.027. 

141. Baxter, N. N.; Sutradhar, R.; Forbes, S. S.; 

Paszat, L. F.; Saskin, R.; Rabeneck, L. 

Analysis of administrative data finds 

endoscopist quality measures associated with 

postcolonoscopy colorectal cancer. 

Gastroenterology 2011, 140, 65-72. 

https://doi.org/10.1053/j.gastro.2010.09.006. 

142. Kaminski, M. F.; Thomas-Gibson, S.; 

Bugajski, M.; Bretthauer, M.; Rees, C. J.; 

Dekker, E.; Hoff, G.; Jover, R.; Suchanek, S.; 

Ferlitsch, M.; Anderson, J.; Roesch, T.; 

Hultcranz, R.; Racz, I.; Kuipers, E. J.; 

Garborg, K.; East, J. E.; Rupinski, M.; Seip, 

B.; Bennett, C.; Senore, C.; Minozzi, S.; 

Bisschops, R.; Domagk, D.; Valori, R.; 

Spada, C.; Hassan, C.; Dinis-Ribeiro, M.; 

Rutter, M. D. Performance measures for 

lower gastrointestinal endoscopy: a European 

Society of Gastrointestinal Endoscopy 

(ESGE) quality improvement initiative. 

United European Gastroenterol J 2017, 5, 

309-334. 

https://doi.org/10.1177/2050640617700014. 

143. Jover, R.; Herráiz, M.; Alarcón, O.; Brullet, 

E.; Bujanda, L.; Bustamante, M.; Campo, R.; 

Carreño, R.; Castells, A.; Cubiella, J.; 

García-Iglesias, P.; Hervás, A. J.; Menchén, 

P.; Ono, A.; Panadés, A.; Parra-Blanco, A.; 

Pellisé, M.; Ponce, M.; Quintero, E.; Reñé, J. 

M.; Sánchez del Río, A.; Seoane, A.; 

Serradesanferm, A.; Soriano Izquierdo, A.; 

Vázquez Sequeiros, E. Clinical practice 

guidelines: quality of colonoscopy in 

colorectal cancer screening. Endoscopy 2012, 

44, 444-451. 

https://doi.org/10.1055/s-0032-1306690. 

144. Jang, J. Y.; Chun, H. J. Bowel preparations 

as quality indicators for colonoscopy. World 

J Gastroenterol 2014, 20, 2746-2750. 

https://doi.org/10.3748/wjg.v20.i11.2746. 

145. Kluge, M. A.; Williams, J. L.; Wu, C. K.; 

Jacobson, B. C.; Schroy, P. C.; Lieberman, D. 

A.; Calderwood, A. H. Inadequate Boston 

Bowel Preparation Scale scores predict 

the risk of missed neoplasia on the next 

colonoscopy. Gastrointest Endosc 2018, 87, 

744-751. 

https://doi.org/10.1016/j.gie.2017.06.012. 

146. Pedersen, I. B.; Bretthauer, M.; Kalager, M.; 

Løberg, M.; Hoff, G.; Matapour, S.; Hugin, 

S.; Frigstad, S. O.; Seip, B.; Kleist, B. A.; 

Løvdal, L.; Botteri, E.; Holme, Ø. Incomplete 

endoscopic resection of colorectal polyps: a 

prospective quality assurance study. 

Endoscopy 2021, 53, 383-391. 

https://doi.org/10.1055/a-1243-0379. 

147. Djinbachian, R.; Iratni, R.; Durand, M.; 

Marques, P.; von Renteln, D. Rates of 

Incomplete Resection of 1- to 20-mm 

Colorectal Polyps: A Systematic Review and 

Meta-Analysis. Gastroenterology 2020, 159. 

https://doi.org/10.1053/j.gastro.2020.05.018. 

148. Byrne, M. F.; Chapados, N.; Soudan, F.; 

Oertel, C.; Linares Pérez, M.; Kelly, R.; Iqbal, 

N.; Chandelier, F.; Rex, D. K. Real-time 

differentiation of adenomatous and 

hyperplastic diminutive colorectal polyps 

during analysis of unaltered videos of 

standard colonoscopy using a deep learning 



24 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

model. Gut 2019, 68. 

https://doi.org/10.1136/gutjnl-2017-314547. 

149. Spadaccini, M.; Iannone, A.; Maselli, R.; 

Badalamenti, M.; Desai, M.; Chandrasekar, 

V. T.; Patel, H. K.; Fugazza, A.; Pellegatta, 

G.; Galtieri, P. A.; Lollo, G.; Carrara, S.; 

Anderloni, A.; Rex, D. K.; Savevski, V.; 

Wallace, M. B.; Bhandari, P.; Roesch, T.; 

Gralnek, I. M.; Sharma, P.; Hassan, C.; 

Repici, A. Computer-aided detection versus 

advanced imaging for detection of colorectal 

neoplasia: a systematic review and network 

meta-analysis. Lancet Gastroenterol Hepatol 

2021, 6, 793-802. 

https://doi.org/10.1016/S2468-1253(21)0021

5-6. 

150. Hassan, C.; Spadaccini, M.; Iannone, A.; 

Maselli, R.; Jovani, M.; Chandrasekar, V. T.; 

Antonelli, G.; Yu, H.; Areia, M.; 

Dinis-Ribeiro, M.; Bhandari, P.; Sharma, P.; 

Rex, D. K.; Rösch, T.; Wallace, M.; Repici, 

A. Performance of artificial intelligence in 

colonoscopy for adenoma and polyp 

detection: a systematic review and 

meta-analysis. Gastrointest Endosc 2021, 93. 

https://doi.org/10.1016/j.gie.2020.06.059. 

151. Parsa, N.; Rex, D. K.; Byrne, M. F. 

Colorectal polyp characterization with 

standard endoscopy: Will Artificial 

Intelligence succeed where human eyes failed? 

Best Pract Res Clin Gastroenterol 2021, 

52-53, 101736. 

https://doi.org/10.1016/j.bpg.2021.101736. 

152. Su, J.-R.; Li, Z.; Shao, X.-J.; Ji, C.-R.; Ji, R.; 

Zhou, R.-C.; Li, G.-C.; Liu, G.-Q.; He, Y.-S.; 

Zuo, X.-L.; Li, Y.-Q. Impact of a real-time 

automatic quality control system on 

colorectal polyp and adenoma detection: a 

prospective randomized controlled study 

(with videos). Gastrointest Endosc 2020, 91. 

https://doi.org/10.1016/j.gie.2019.08.026. 

153. Urban, G.; Tripathi, P.; Alkayali, T.; Mittal, 

M.; Jalali, F.; Karnes, W.; Baldi, P. Deep 

Learning Localizes and Identifies Polyps in 

Real Time With 96% Accuracy in Screening 

Colonoscopy. Gastroenterology 2018, 155. 

https://doi.org/10.1053/j.gastro.2018.06.037. 

154. Weigt, J.; Repici, A.; Antonelli, G.; Afifi, A.; 

Kliegis, L.; Correale, L.; Hassan, C.; 

Neumann, H. Performance of a new 

integrated computer-assisted system 

(CADe/CADx) for detection and 

characterization of colorectal neoplasia. 

Endoscopy 2022, 54, 180-184. 

https://doi.org/10.1055/a-1372-0419. 

155. Kim, K. O.; Kim, E. Y. Application of 

Artificial Intelligence in the Detection and 

Characterization of Colorectal Neoplasm. 

Gut Liver 2021, 15, 346-353. 

https://doi.org/10.5009/gnl20186. 

156. Cole, S. R.; Smith, A.; Wilson, C.; Turnbull, 

D.; Esterman, A.; Young, G. P. An advance 

notification letter increases participation in 

colorectal cancer screening. J Med Screen 

2007, 14, 73-75. 

157. Barthe, J.; Perrodeau, E.; Gilberg, S.; Ravaud, 

P.; Ghasarossian, C.; Marchand-Buttin, F.; 

Deyra, J.; Falcoff, H. Impact of a Doctor's 

Invitation on Participation in Colorectal 

Cancer Screening: A Cluster Randomized 

Trial. Am J Med 2015, 128, 

1024.e1021-1024.e1027. 

https://doi.org/10.1016/j.amjmed.2015.03.02

6. 

158. Unger-Saldaña, K.; Saldaña-Tellez, M.; 

Potter, M. B.; Van Loon, K.; Allen-Leigh, B.; 

Lajous, M. Barriers and facilitators for 

colorectal cancer screening in a low-income 

urban community in Mexico City. Implement 

Sci Commun 2020, 1, 64. 

https://doi.org/10.1186/s43058-020-00055-z. 

159. Singal, A. G.; Gupta, S.; Skinner, C. S.; Ahn, 

C.; Santini, N. O.; Agrawal, D.; Mayorga, C. 

A.; Murphy, C.; Tiro, J. A.; McCallister, K.; 

Sanders, J. M.; Bishop, W. P.; Loewen, A. C.; 

Halm, E. A. Effect of Colonoscopy Outreach 

vs Fecal Immunochemical Test Outreach on 

Colorectal Cancer Screening Completion: A 



25 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

Randomized Clinical Trial. JAMA 2017, 318, 

806-815. 

https://doi.org/10.1001/jama.2017.11389. 

160. Fenton, J. J.; Jerant, A. F.; von 

Friederichs-Fitzwater, M. M.; Tancredi, D. J.; 

Franks, P. Physician counseling for colorectal 

cancer screening: impact on patient attitudes, 

beliefs, and behavior. J Am Board Fam Med 

2011, 24, 673-681. 

https://doi.org/10.3122/jabfm.2011.06.11000

1. 

161. Nápoles, A. M.; Santoyo-Olsson, J.; Stewart, 

A. L.; Olmstead, J.; Gregorich, S. E.; Farren, 

G.; Cabral, R.; Freudman, A.; Pérez-Stable, E. 

J. Physician counseling on colorectal cancer 

screening and receipt of screening among 

Latino patients. J Gen Intern Med 2015, 30, 

483-489. 

https://doi.org/10.1007/s11606-014-3126-0. 

162. Bertels, L.; Lucassen, P.; van Asselt, K.; 

Dekker, E.; van Weert, H.; Knottnerus, B. 

Motives for non-adherence to colonoscopy 

advice after a positive colorectal cancer 

screening test result: a qualitative study. 

Scand J Prim Health Care 2020, 38, 487-498. 

https://doi.org/10.1080/02813432.2020.1844

391. 

163. Reuland, D. S.; Brenner, A. T.; Hoffman, R.; 

McWilliams, A.; Rhyne, R. L.; Getrich, C.; 

Tapp, H.; Weaver, M. A.; Callan, D.; 

Cubillos, L.; Urquieta de Hernandez, B.; 

Pignone, M. P. Effect of Combined Patient 

Decision Aid and Patient Navigation vs 

Usual Care for Colorectal Cancer Screening 

in a Vulnerable Patient Population: A 

Randomized Clinical Trial. JAMA Intern 

Med 2017, 177, 967-974. 

https://doi.org/10.1001/jamainternmed.2017.

1294. 

164. Baker, D. W.; Brown, T.; Goldman, S. N.; 

Liss, D. T.; Kollar, S.; Balsley, K.; Lee, J. Y.; 

Buchanan, D. R. Two-year follow-up of the 

effectiveness of a multifaceted intervention to 

improve adherence to annual colorectal 

cancer screening in community health centers. 

Cancer Causes Control 2015, 26, 1685-1690. 

https://doi.org/10.1007/s10552-015-0650-0. 

165. Baker, D. W.; Brown, T.; Buchanan, D. R.; 

Weil, J.; Balsley, K.; Ranalli, L.; Lee, J. Y.; 

Cameron, K. A.; Ferreira, M. R.; Stephens, 

Q.; Goldman, S. N.; Rademaker, A.; Wolf, M. 

S. Comparative effectiveness of a 

multifaceted intervention to improve 

adherence to annual colorectal cancer 

screening in community health centers: a 

randomized clinical trial. JAMA Intern Med 

2014, 174, 1235-1241. 

https://doi.org/10.1001/jamainternmed.2014.

2352. 

166. van Roon, A. H. C.; Hol, L.; Wilschut, J. A.; 

Reijerink, J. C. I. Y.; van Vuuren, A. J.; van 

Ballegooijen, M.; Habbema, J. D. F.; van 

Leerdam, M. E.; Kuipers, E. J. Advance 

notification letters increase adherence in 

colorectal cancer screening: a 

population-based randomized trial. Prev Med 

2011, 52, 448-451. 

https://doi.org/10.1016/j.ypmed.2011.01.032. 

167. Davidson, K. W.; Barry, M. J.; Mangione, C. 

M.; Cabana, M.; Caughey, A. B.; Davis, E. 

M.; Donahue, K. E.; Doubeni, C. A.; Krist, A. 

H.; Kubik, M.; Li, L.; Ogedegbe, G.; Owens, 

D. K.; Pbert, L.; Silverstein, M.; Stevermer, 

J.; Tseng, C.-W.; Wong, J. B. Screening for 

Colorectal Cancer: US Preventive Services 

Task Force Recommendation Statement. 

JAMA 2021, 325, 1965-1977. 

https://doi.org/10.1001/jama.2021.6238. 

168. Holden, D. J.; Jonas, D. E.; Porterfield, D. S.; 

Reuland, D.; Harris, R. Systematic review: 

enhancing the use and quality of colorectal 

cancer screening. Ann Intern Med 2010, 152, 

668-676. 

https://doi.org/10.7326/0003-4819-152-10-20

1005180-00239. 

169. Boguradzka, A.; Wiszniewski, M.; Kaminski, 

M. F.; Kraszewska, E.; Mazurczak-Pluta, T.; 

Rzewuska, D.; Ptasinski, A.; Regula, J. The 



26 

Global Journal of Medicine                                Nov. 13, 2022, Vol 3, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

effect of primary care physician counseling 

on participation rate and use of sedation in 

colonoscopy-based colorectal cancer 

screening program--a randomized controlled 

study. Scand J Gastroenterol 2014, 49, 

878-884. 

https://doi.org/10.3109/00365521.2014.9131

91. 

 


