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Abstract 
Colon cancer is the third most common among cancer deaths in the US for 
both men and women. The incidence of colonoscopy has been soaring in 
younger patients, which led to changes in recent United States Preventive Ser-
vices Task Force (USPSTF) guidelines to reduce the age for screening from 50 
years to 45 years. Demand for colonoscopy services is surging due to increased 
incidences of colorectal cancer (CRC) in the both aging and younger popula-
tion. Increased referrals have led to an insufficient workforce in hospitals 
and long waiting lists. Further, results from colonoscopy reveal a low percen-
tage of CRC or another severe bowel disease (SBD). Therefore, colon cancer 
screening is a growing concern, particularly in patients who otherwise have a 
very long-life expectancy, and who are most likely to benefit from screening. 
Another reason to boost CRC screening is to minimize the load on hospitals 
by reducing the patients that undergo colonoscopy unnecessarily because on-
ly a low percentage of CRC occurrence is observed in individuals undergoing 
colonoscopy. In recent years, there are a variety of screening options available 
for CRC. Noninvasive alternatives include fecal immunochemical test (FIT), 
multitarget stool DNA testing (MT-sDNA, available under the brand name 
Cologuard), computed tomography (CT) colonography (previously called 
virtual colonoscopy), guaiac-based fecal occult blood testing (gFOBT), and 
capsule colonoscopy (CC). These tests have varied the degree of evidence 
supporting their use. This study focuses on the most recent survey and effi-
cacy of noninvasive methods to prevent and detect colorectal cancer (CRC). 
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1. Introduction 

The mortality from cancer has steadily decreased by about 30% from its peak 
spanning the period from 1991 through 2018. This gain in lifespan is due to in-
creased cessation in smoking and advances in early detection and therapy [1]. It 
is about three million fewer deaths compared to the peak year. Such valuable 
population-based surveillance data is made possible by the National Cancer In-
stitute’s (NCI’s) Surveillance, Epidemiology, and End Results (SEER) program, 
and by the Centers for Disease Control and Prevention’s (CDC’s) National Pro-
gram of Cancer Registries (NPCR) [1]. The data indicate that CRC incidences 
declined rapidly during the 2000s owing to wide-spread colonoscopy uptake. 
Based on the statistical analyses it is estimated that about 50,000 colon and 
rectal cancer deaths would occur this year in the US. There are limitations on 
predicted numbers for mortality resulting from modelling studies, however, re-
liable metrics for tracking cancer incidences and mortality are obtained from the 
databases such as SEER and National Center for Health Statistics (NCHS). 

In general risks for developing CRC depends on a combination of environmental 
factors, genetic factors, diets, lifestyle, and morbidity. CRC is curative when diag-
nosed at an early stage and more importantly, it is preventable cancer. Palliative 
treatment options such as endoscopy, oncologic, and surgical treatments are availa-
ble to treat advanced stages in cancer [2]. American Cancer Society (ACS) recom-
mends screening colonoscopy for all individuals at the age of 45 years. Table 1 
lists the screening recommendations by multi-society task force (MSTF) in 2017 
and updated recently [3] [4]. Regarding CRC screening for average-risk indi-
viduals, MSTF weakly recommends for individuals ages 45 to 49 years, strongly 
recommends for individuals 50 years, and above, and weakly recommends stopping 
at age 75 years [4]. iFOBT, gFOBT, and FIT-DNA are essentially in-house tests  
 
Table 1. CRC screening recommendations by MSTF in 2017 and recent update*. 

Moderate-risk individuals History of CRC 

First-tier option: High-qualitya colonoscopy at 
10-year intervals or FIT every year. 

For persons with two close relatives 
diagnosed with CRC and with  
advanced adenomas. 

Second-tier option: CT colonography at 5-year  
intervals or FIT-fecal DNA test at 3-year intervals  
or flexible sigmoidoscopy at 5- or 10-year intervals. 

For individuals with one close  
relative diagnosed with CRC and 
detection of advanced adenomas. 

Third-tier option: Capsule colonography at 5-year 
intervals. 

For individuals with symptoms 
and/or age 50 years. 

CRC: Colorectal cancer; MSTF: Multi-society task force; FIT: Fecal immunochemical test; 
CT: Computed tomography. aComplete colonoscopy to cecum with photo documenta-
tion. *From multi-society task force publications [3] [4]. Multi-society task force is com-
prised of American college of gastroenterology, the American gastroenterological associa-
tion, and the American society for gastrointestinal endoscopy. The update focuses on the 
starting age (45 years) and stopping age (75 years) for CRC screening in average-risk in-
dividuals. 
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because the stool specimens are collected using a kit and sent to laboratories for 
analysis. If any of these tests or sigmoidoscopy or CT colonography is positive, 
colonoscopy is indicated. The left-sided (distal) colon has a better detection rate 
compared to the right-sided (proximal) colon. Risks of developing cancer are more 
associated with the right-sided colon due to poor detection of polyps in this area. 
Methods are being developed to increase the sensitivity in the detection [2]. 

While colonoscopy is the paradigm screening test with dual benefit of being 
both diagnostic and therapeutic, not all patients are candidates for colonoscopy, 
due to varied reasons, including anatomic reasons, inability to tolerate sedation, 
and intolerance of colonoscopy without sedation. Moreover, many patients do 
not wish to undergo screening, so the question remains as to what the optimal 
screening choice is for these patients. Colonoscopy is effective for both detecting 
and removing pre-cancerous lesions. However, individuals have inhibitions 
to this procedure perhaps due to colon cleansing protocol, pain and complica-
tions associated with the procedure, and cost. Colon cleansing regimen has two 
types—low-volume split-dose and high-volume split-dose regimens. Thorough 
cleaning is necessary for accurate detection of colon polyps. The cleanliness is 
estimated by the Boston bowel preparation scale (BBPS). If the colon is not clean 
repetition of colonoscopy is necessary at regular intervals. High-risk individuals 
with family histories need surveillance periodically [2]. 

CRC has high mortality when detected at an advanced stage, however, it is 
largely preventable with proper and routine care. Therefore, screening is of pa-
ramount importance in public health management to decrease CRC risk [5]. 
CRC is the most treatable cancer if diagnosed in the early stages. Stages I and II 
CRC is treated by surgical removal of the tumor. Stage III CRC treatment in-
volves surgical resection of the tumor combined with adjuvant chemotherapy. 
Stage IV CRC treatment includes chemotherapy, biologically targeted therapy, 
radiotherapy, and others. Several clinical studies are underway for early detec-
tion, prevention, and therapy of CRC at the NCI. At the molecular level muta-
tions on multiple genes are implicated in the development of CRC. It is neces-
sary that CRC should be managed by a team comprised of primary care physi-
cians, gastroenterologists, oncologists, radiologists, surgeons, paramedical team, 
and educators [2]. 

There is a need to fulfill the educational needs of primary care doctors, on-
cologists, pharmacists, and other healthcare professionals who manage patients 
fighting cancer [6]. CRC is the fourth most diagnosed cancer in the United States. 
Patients with localized CRC have a 90% relative 5-year survival rate, whereas 
those with regional and distant disease have a rate of 71% and 14%, respectively. 
CRC is potentially preventable by detecting its manifestations early on via screen-
ing. Regular physical activity, intake of Aspirin, and proper diet could contribute 
toward decreased colon and/or rectal cancer risk. Smoking and alcohol con-
sumption increases the risk for CRC [6].  

Most CRCs are known to develop through the adenoma-carcinoma sequence, 
so removing it precursor lesions offers an opportunity to prevent cancer. Screen-
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ing efforts use this strategy to remove and detect early-stage CRC. Table 2 shows 
the various screening strategies and their efficacies [7]. Screening methods are 
not free from errors, deficiencies, and harms—false positive and false negative 
results, and complications from colonoscopy—thus proper judgement, skilled 
and astute doctors, and multiple tests including colonoscopy may be needed at 
regular intervals. There are established methods in screening modalities and 
major developments in new strategies would provide a boost in preventing CRC 
[5]. Data from epidemiology studies show an increase in CRC incidences in pa-
tients younger than 50 years is alarming [8] [9] [10] [11]. 

The highest number of CRC incidences are documented in developed coun-
tries while the lowest rates are found in Africa and south-central Asia. This demo-
graphic difference may point toward the diets, environmental, and lifestyle as-
pects [12]. There exist multiple levels of prevention strategy. Primary prevention 
through healthy diet and lifestyle, and chemoprevention. Secondary prevention  
 

Table 2. Summary of evaluation of CRC screening tests*. 

Methods Performance Advantages Drawbacks 

Stool/blood-based tests    

FITa (stool) 
79% sensitivity 
94% specificity 

Noninvasive; Nocomplications; 
Home-based test. 

Positive results require colonoscopy; 
test repeated annually; low sensitivity 
for advanced adenomas; insensitive 
to serrated lesions. 

MT-sDNA (stool) 
92% sensitivity 
87% specificity 

Noninvasive with no complications; 
Home-based test; better sensitivity for 
late-stage adenomas and lesions than 
FIT alone. 

Positive results need colonoscopy; 
repeat every 3 years; more expensive 
than FIT alone. Concerns for false 
positive. 

Septin-9 (blood) 
48% sensitivity 
91% specificity 

Minimally invasive; no complications; 
test can be added to usual blood draw. 

Low sensitivity for CRC. Requires 
colonoscopy for positive results. 

Visual tests    

Colonoscopy 100% detection 
Both diagnostic and therapeutic; can 
detect cancers and precursor polyps. 

Depends on the skill of operator; bowel 
preparation and sedation necessary; 
Risk of complications < 0.1%. 

Flexible sigmoidoscopy 
90% - 100% sensitivity  
for distal CRC 

Less invasive than colonoscopy; low 
risk of complications. 

Colonoscopy needed for positive  
results; Need to repeat every 5 - 10 
years; enema preparation is a 
pre-requisite. 

CT colonography 

90% - 100% for CRC;  
variable sensitivity for  
polyps and poor  
sensitivity for lesions. 

Less invasive than colonoscopy;  
sedation not required; lower risk of 
complications than colonoscopy. 

Colonoscopy for positive results;  
bowel preparation is necessary; 
trained radiologists are inadequate 
across USA. 

Colon capsule 
81% sensitivity 
93% specificity  
for polyps ≥ 6 mm 

Minimally invasive. Does not require 
sedation; newer generation tests are 
home-based. 

Colonoscopy needed for positive  
results; Requires bowel preparation. 

CRC: Colorectal cancer; FIT: Fecal immunochemical test; aAt FIT cutoff of 20 mg/g of stool. *Source is Shaukat et al. [7]. 
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through CRC screening via detecting and removing precursor lesions. Tertiary 
prevention by CRC surveillance by screening at regular intervals [12].  

All screening modalities are cheaper compared to dearer costs incurred be-
cause of no screening. The costs for CRC treatment for later stage CRC and 
management are huge with minimal prospects for survival [5]. Prevention is 
better than cure is a famous adage that gains significance in many ways. Thus, 
there is an invaluable advantage in screening owing to potential saving of lives, 
avoiding huge medical bills, and stress on hospital infrastructure. 

In the United States, lung cancer registers the highest cancer mortality. CRC is 
the second leading cause of cancer deaths and is the third most occurring cancer. 
The reduction in incidences began in 1980s and has declined steeply beginning 
21st century. This trend is attributed to early CRC screening, resection of ade-
nomatous or precancerous polyps with colonoscopy, advances in surgical and 
treatment approaches [2] [7]. FIT-DNA test combines FIT with DNA markers 
enabling better detection for both advanced adenomas and CRC as opposed to 
FIT test only [13]. This provides an example of improvement of the existing 
methods.  

Primary care physicians are pivotal in both prevention and early detection of 
CRC. When patients present with symptoms, they need to appropriately direct 
the patients for secondary care [14]. Colonoscopy is a gold standard investiga-
tion for diagnosing CRC with histological proof of diagnosis through biopsy. 
According to American college of gastroenterology (AUG) guidelines, screening 
for average-risk patients is recommended at 50 years by NCCN. Lowering the 
age could overwhelm the infrastructure and increased liability on insurance 
companies [6] [7]. 

1.1. Search Strategy and Selection Criteria 

Original and most recent review articles related to noninvasive CRC screening 
were obtained using PubMed and other national library resources such as NCBI. 
PubMed is a no-cost program that retrieves references and abstracts on life 
sciences and biomedical subjects. The phrases used in this search were CRC 
screening, non-invasive methods for CRC screening, preventive methods used 
for CRC screening, and others. Review articles published in 2020 and 2021 were 
generally used. Older articles were used if that specific topic was not reviewed in 
recent years. 

1.2. Screening Options 

CRC screening is vital to reduce mortality rate. Colonoscopy has proved to be 
highly successful in detecting early on and removal of benign and precancerous 
lesions. This procedure is invasive, costly, and requires elaborate resource [15]. 
Hence, there is an urgent need to have CRC screening modalities that are non-
invasive, effective, and economical that can be used in conjunction with colo-
noscopy as the second level of protection. Such complementary strategies may 
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cater to the diverse population around the world. Noninvasive screening proce-
dures for CRC are a viable alternative to colonoscopy in certain patient popula-
tions [15]. Noninvasive CRC screening modalities include stool-based FIT and 
MT-sDNA tests, blood-based Septin-9 test, and image-based colon capsule and 
computed tomography (CT) colonography tests [15]. These strategies are largely 
underutilized in CRC screening. It is important to recognize that the described 
noninvasive CRC screening strategies are not a replacement, but a potent com-
plementary and synergistic strategy to conventional colonoscopy. Screening and 
surveillance remain to be an integral part of CRC patient care [15]. Demand for 
colonoscopy services is high due to aging and some younger population, leading 
to inadequate medical personnel to meet the needs of long waiting lists. Never-
theless, results from colonoscopy reveal a low percentage of CRC or other SBD 
[16]. This finding further reinforces that screening is very important to avoid 
expensive invasive colonoscopy. 

1.3. Outreach 

Strategies to popularize and enlist patients with risk or symptoms for CRC 
screening are important. Communication with the Medicaid population via mailed 
reminders about colorectal cancer (CRC) screening by fecal immunochemical 
testing (FIT) has been shown to be impressive [17]. In this study, FIT values > 
100 ng of hemoglobin per milliliter of buffer were considered positive [18]. Rural 
populations have more CRC incidences compared to urbanites in USA [19]. 
There exists a correlation among rurality, screening rates, and mortality. Edu-
cating rural residents about the availability of kits, mailing screening kits and in-
struction to individuals may increase screening rates [20]. A study involving a 
large cohort of 35,000 unscreened Medicaid enrollees ages 52 to 64 years showed 
that health departments and Medicaid programs could benefit from low costs by 
mailing FIT kits to Medicaid population. Such increased CRC screening can 
prevent mortality and huge medical bills [17]. Public initiatives to boost CRC 
screening could aid in saving lives from CRC [7]. 

1.4. Ongoing Developments 

Genetic, immune, and oncologic researches are underway for early detection and 
improved management of CRC [2]. Emerging screening tests involving detection 
of circulating tumor DNA (ctDNA) are promising and can indicate the overall 
tumor burden [5] [21]. Immune-based therapies such as checkpoint inhibitors 
are considered to play a vital role in cancer control. An immune-based assay 
named the “immunoscore” was defined and included as part of the guidelines 
for the classification of cancer [22]. Developments in artificial intelligence tech-
nologies are used to detect polyps [23]. Screening for CRC remains low despite 
benefits of detecting curable-stage cancerous cells. The U.S. preventive services 
task force provides no preferential screening test, but options are available to 
improve uptake of screening. 
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2. Discussion 
2.1. Screening Methods 

This review aims to analyze and compare the various methods/modalities used 
in CRC screening. The comparative study seeks to identify strengths and weak-
nesses of the methods. The literature available in the public domain was used to 
assess the factors influencing the reduction of the mortality rate. Table 2 broadly 
classifies the available screening methods based on the procedures used to eva-
luate CRC. Salient features of each of the methods are described below. Figure 1 
shows a schematic diagram of the colon. 

2.2. Stool-Based Tests 

Guaiac-based Fecal Occult Blood Test (gFOBT) 
This is a stool-based test and uses the pseudoperoxidase activity of heme to 

detect the presence of blood in the feces. It is inexpensive, easy to perform, and 
is popular for several decades. However, this suffered from false-positive and 
false-negative results due to patients’ diets. This method is replaced by FIT (see 
below) because an antibody is used to detect the presence of hemoglobin and is 
independent of the diet [24] [25]. 

Fecal Immunochemical Test (FIT) 
Quantitative Fecal Immunochemical Tests measure fecal hemoglobin (f-Hb) 

to detect risk of bowel disease. Patients with f-Hb ≥ 400 µg Hb/g feces are pre-
dicted to have >50% risk of the significant bowel disease [26]. FIT kits with in-
structions for patients were used to collect FIT specimen by the general practi-
tioner. Hb content was measured by an instrument that can detect as low as 2 
µg/g to 400 µg/g of feces. If a patient’s f-Hb < 10 µg/g of feces and has no iron  
 

 
Figure 1. Anatomy of the colon. Different segments and the right and left portions are 
labelled. The CRC in the right-sided colon is known to be severe and difficult to detect le-
sions compared to CRC in the left-sided portion. 
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deficiency, anemia, or a rectal mass, then CRC is very unlikely. Such tests are 
routinely available at the primary care level in Scotland for all ages. Such a sys-
tem ensures diagnosing bowel disease at a very early stage. 

An interesting study was conducted to explore if cancer screening procedures 
(FIT-positive patients receiving diagnostic colonoscopy) result in serious harms. 
It is important to minimize these harms. A study by Dutch group on this theme 
concluded that benefits outweigh the diagnostic colonoscopy-related mortality 
in a cohort of FIT-positive patients [16]. 

Measurement of fecal hemoglobin with FIT in patients with rectal bleeding 
can suggest who requires urgent referral for colonoscopy. Patients presenting to 
primary care about rectal bleeding is an alarm symptom for CRC although it 
could be for other reasons. To be safe it needs to be considered as a possibility 
for CRC and should be either detected or ruled out. f-Hb ≥ 10 mg Hb/g of feces 
were characterized as positive and recommended for colonoscopy. If f-Hb < 10 
mg Hb/g of feces sigmoidoscopy alone was suggested for further investigation. 
FIT can be used as a rational and practical approach to analyze the bleeding 
symptoms. Such information is valuable because there is no need for endoscopy 
or full colonoscopy and eases the demand and strain on the hospital units [27]. 

CRC screening programs are cost-effective compared to those of breast and 
cervix cancers. Two-step screening strategy is used, first step is noninvasive 
screening, if positive, the second step is investigation through colonoscopy. FIT 
is a step 1 screening method used commonly. It suffers from false-positive re-
sults to a certain degree, so in search of tools with higher specificity, recently es-
timation of fecal gut microbiota is suggested to be included with FIT for CRC 
screening. This added test complements FIT and increases the specificity [12]. 

Multitarget stool DNA Test (MT-sDNA) 
CRC cells spill into the stool and their DNA modifications can be detected. 

This method is noninvasive, involves molecular-level probes, and displays higher 
sensitivity for the detection of cancer and advanced precancerous lesions. DNA 
test includes tests for KRAS mutations, aberrant NDRG4 and BMP3 methyla-
tions, and b-actin a reference gene for human DNA quantity. Immunochemical 
assay for human hemoglobin was also performed to compare the MT-sDNA test 
with FIT. Combined results with a value of 183 or more were considered as posi-
tive. Studies showed that sensitivity for detecting CRC was 92.3% with DNA 
testing compared to 73.8% with FIT. FIT values of more than 100 ng of Hb per 
ml of buffer were characterized as positive. Although this method detected sig-
nificantly more cancer cases than did FIT but suffered from larger false positive 
results. The advantage in this combined modality is that both altered human 
DNA test and fecal Hb test were conducted with one sample. Stool was collected 
prior to colonoscopy screening with no dietary restrictions. All stool specimens 
were distributed to different laboratories in a blinded fashion. Table 3 shows the 
efficacy of DNA test over FIT. The data in this table shows that colonoscopy re-
mains to be the ultimate method to detect the lesions at different stages [18]. 
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Table 3. Comparative data for MT-stool DNA (MT-sDNA) test, fecal immunochemical 
test (FIT) and colonoscopy exam*. 

Advanced stage of CRC 
 

Colonoscopy 
(N = 9989) 

MT-sDNA 
(N = 9989) 

FIT 
(N = 9989) 

 
 

no. 
positive 

no. 
sensitivity 

% 
positive 

no. 
sensitivity 

% 

Colorectal cancer      

Any 65 60 92 48 74 

Stage I to III 60 56 93 44 73 

CRC/high-grade dysplasia 104 87 84 66 64 

Advanced precancerous lesions 757 321 42 180 24 

Nonadvanced adenoma 2893 498 17 220 8 

  specificity specificity 

All nonadvanced adenomas 9167 1231 87 472 95 

Negative results on colonoscopy 4457 455 90 162 96 

N represents the total number of evaluated participants. Some definitions: sensitivity: 
percentage of persons with disease who tested positive; specificity: proportion of persons 
without disease who tested negative; false negative rate: proportion of persons with dis-
ease who tested negative; false positive rate: proportion of persons without disease who 
tested positive. *Data from the work of Imperiale et al. [18]. 

 
The development of CRC is through a multipronged process that involves ge-

netic and epigenetic alterations of the cellular genome. Among epigenetic mod-
ifications, DNA methylation is common and is easily detectable [28]. Cologuard 
is approved by FDA for multi-target stool DNA test that detects KRAS mutation, 
NDRG4 and BMP3 methylations, b-actin, and includes hemoglobin immunoas-
say. Epi procolon is blood-based test that examines SEPT9 methylation. DNA 
methylation serves as clinically useful biomarkers to detect various stages of the 
CRC as well as precursors of CRC. This test can stratify CRC by assessing 
stool-based DNA methylation. This approach is promising and is currently be-
ing optimized to validate in large populations [29] [30]. Changes in DNA me-
thylation can affect gene expression. Such altered genes contribute to tumor 
progression and thus serve as epigenetic markers. An assay to detect changes in 
methylation at the Septin9 gene in plasma samples is used in CRC screening. 
Recently some volatile organic compounds that can be detected in altered stool 
smell from patients are used as biomarkers for CRC detection [5]. 

2.3. Direct Visualization 

Computed Tomography Colonography (CTC) 
Computed tomography also known as virtual colonoscopy is used as a diag-

nostic tool for the detection of colorectal neoplasia. The three-dimensional ra-
diographic images provide accurate detection of polyps—both benign and ma-
lignant. It is shown to be helpful in cohorts of patients with several polyps as 
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well as in asymptomatic population. The detection sensitivity compares well 
with optical colonoscopy in identifying adenomatous polyps ranging between 6 
to 10 mm in diameter [31]. CRC is known to develop from benign adenomatous 
polyps that transform gradually over several years. Therefore, detection and re-
moval of adenomas reduce both the incidence of cancer and mortality. 

A small bendable rectal catheter is slipped into the colon and the image of 
air-filled colon is acquired while the patient is in supine and prone positions us-
ing a four-channel or eight-channel CT scanner. Polyps are measured with elec-
tronic calipers in the three-dimensional image. Checks for false positive or false 
negative results in the CT scan and the optical colonoscopy were assessed by ra-
diologists and gastroenterologists. Polyp-matching algorithm was used to detect 
the polyps with certainty. Statistical analysis was performed on these results 
from virtual and optical colonoscopy images. Tests of significance include McNe-
mar’s test, chi-square tests, or paired t-tests [31]. Advances in CT virtual colo-
noscopy have the potential to be a powerful screening modality for CRC [32]. A 
large cohort of about 1200 asymptomatic average-risk adults (mean age 58) was 
screened by CTC. The conclusion from this study was that CT virtual colonos-
copy was very helpful for the detection of CRC in asymptomatic adults [32]. 

Double contrast barium enema (DCBE) and flexible sigmoidoscopy are used 
in conjunction as complementary diagnostic tests for colorectal neoplasia. Sig-
moidoscopy provides a view of the distal portion (left side of the colon) of the 
colorectum and access to biopsy and/or remove polyps [5]. CT colonography 
has replaced DCBE for colorectal evaluation. Studies support that CT colono-
graphy is more sensitive than flexible sigmoidoscopy. CTC is a preferred screening 
method that is economical and minimally invasive with high sensitivity to detect 
polyps in colon [33]. 

Colon Capsule endoscopy 
Colon capsule endoscopy involves ingestion of a large pill-sized camera (video 

capsule), which then transmits images of the whole colon and rectum during its 
transit. The quality and completeness of colonoscopies could be limited by subop-
timal visualization or the scopes’ limitation to reach the ascending column, so it is 
terminated necessitating further evaluation of the colon. CTC is a well-established 
diagnostic tool often used after such incomplete colonoscopy. The meta-analysis 
of CRC and CCE indicates CCE is a viable alternative to be introduced for clini-
cal use in conjunction or as an alternative to CTC due to its high diagnostic yield 
especially in detecting small polyps < 5 mm [34]. Colon Capsule endoscopy is 
suggested to be used as a filter test in CRC screening. This may eliminate the 
need for surveillance colonoscopies in many patients and thus reduce pressure 
on the hospitals and costs [35]. CTC and CCE are both non-endoscopic me-
thods. 

Colonoscopy 
It is a one-step screening. Colonoscopy is the procedure recommended after 

other non-invasive or less-invasive tests are positive. It is also used for primary 
screening. It requires bowel preparation and sedation is required in most cases. 
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Patients require assistance to transport them after the procedure. Colonoscopy is 
normally considered as an ultimate procedure to detect CRC although it can 
miss lesions as well. The procedure confers long-term protection from CRC in-
cidence and mortality [5] [7]. This is the ultimate pathway of all CRC screening 
tests and most effective single-application method for preventing CRC. Physi-
cians performing colonoscopy must bear the responsibility of endoscopists to 
perform colonoscopies with skill and adept. Clearly, there exists synergy and 
complementarity in screening methods. 

3. Current and Future Developments 

CRC is essentially an age-related process. This paper reviews non-invasive me-
thods available to date for colon cancer screening. CRC screening includes both 
non-invasive and invasive methods. As the incidences occur in all populations 
relatively young and old, it is necessary to initiate screening at an early age about 
45 to 50 years. Since colonoscopy is an invasive method and is performed in the 
hospital, it requires adequate infrastructure, is expensive, and is not available in 
many communities around the world. Therefore, prior screening of high-risk or 
moderate-risk individuals would benefit healthcare units. Non-invasive methods 
should be popularized in rural areas and outreach efforts should be encouraged 
to avoid unnecessary mortality, medical expenses, and liability on the govern-
ment health agencies. 

Treatment of advanced stage CRC is expensive and survival rate is slim. In 
line with the adage “prevention is better than cure” priority should be given to 
prevention and that is possible through non-invasive, easy-to-use, and inexpen-
sive methods. Although there are disadvantages wherein false negative or false 
positive results are obtained in the screening tests but can be detected by per-
forming regular and multiple tests that are complementary. These tests could be 
included along with other routinely conducted hosts of tests such as monitoring 
cholesterol, glucose, and A1C levels. The key to prevent the dreadful disease is to 
avail all options both invasive and non-invasive. The optimum strategy is to 
customize and hybridize the available options to individual patients depending 
on their likes, dislikes, access to insurance, affordability, availability of medical 
technology and expertise. This entails primary care physicians and health edu-
cators in the community to be proactive to convince the patients to undergo 
suitable screening tests. This review emphasizes the availability of a spectrum of 
non-invasive methods. It may be noted that although colonoscopy is robust in 
its therapeutic value to CRC, it is dependent on the skills of the surgeon and 
complete colonoscopy, that is, the colonoscope reaching to cecum which is dif-
ficult. Therefore, there is a possibility of missing the cancerous polyps so com-
bining with other non-invasive methods would be highly beneficial and com-
plementary. Thus, non-invasive methods have virtues as standalone tools as well 
as in combination with other related techniques.  

Statistical analysis and meta-analysis indicate that non-invasive methods are 
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beneficial to patients to prevent CRC. In general, cancer is described as the king 
of all maladies owing to its indomitable nature and rapid proliferation. So, pre-
vention or at least detection early on is the wisest and best strategy as the treat-
ments are not vigorous to add several life-years to patients. This study empha-
sizes the role of noninvasive CRC screening has in alleviating suffering and 
mortality. Population-based surveillance data indicates that breakthroughs and 
developments in screening and treatment have reduced the mortality rate signif-
icantly compared to the past. 

Emerging research findings from a wide range of disciplines including basic 
science, clinical science, biomedical engineering, population surveillance, and 
others shall improve prevention strategy and curative methods for CRC. A better 
understanding of molecular and cellular mechanisms involved in carcinogenesis 
shall help to develop enhanced specific and sensitive methods to detect the pre-
cursors of lesions at the onset. Rapid advances in nanomedicine may hold 
promise to detect and site-specific treatment of CRC seamlessly. Progress in 
immune-system-based surveillance and therapy would be breakthroughs in the 
future. Research outcomes on the impact of environmental factors, diet, life-
styles, and genetics to CRC would be invaluable to prevent the disease in the first 
place. A vigorous three-pronged approach with a focus on prevention, detection, 
and treatment of CRC will help alleviate or perhaps eliminate the anguish.  
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