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Abstract
Colorectal cancer (CRC) is a significant cause of 
morbidity and mortality worldwide. However, colon 

cancer incidence and mortality is declining over the 
past decade owing to adoption of effective screening 
programs. Nevertheless, in some parts of the world, 
CRC incidence and mortality remain on the rise, likely 
due to factors including “westernized” diet, lifestyle, 
and lack of health-care infrastructure and resources. 
Participation and adherence to different national 
screening programs remain obstacles limiting the 
achievement of screening goals. Different modalities 
are available ranging from stool based tests to radiology 
and endoscopy with varying sensitivity and specificity. 
However, the availability of these tests is limited to 
areas with high economic resources. Recently, FDA 
approved a blood-based test (Epi procolon®) for CRC 
screening. This blood based test may serve to increase 
the participation and adherence rates. Hence, leading 
to increase in colon cancer detection and prevention. 
This article will discuss various CRC screening tests 
with a particular focus on the data regarding the 
new approved blood test. Finally, we will propose an 
algorithm for a simple cost-effective CRC screening 
program. 
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Core tip: Multiple societies have published screening 
guidelines concerning colorectal cancer (CRC) screening. 
Despite that, global participation can be challenging due 
to wide variability in the availability of screening tools, 
especially the newer resources. Additionally, patient 
friendly approach, improving patient uptake, adherence, 
and compliance to attain national CRC screening goals 
are still lacking. Regardless of the screening approaches 
utilized, it is necessary to demonstrate high sensitivity 
for detection of advanced neoplasia and CRC, as well 
as high specificity for costeffectiveness. Furthermore, 
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they must have broad acceptability to the general 
population, healthcare providers, and third-party 
payers. Hence, achieving most of the screening value 
that is derived from cancer prevention over cancer 
detection. Recently, a very appealing blood test was 
FDA approved for screening, this modality certainly 
carries significant appeal, but how does it fare when we 
compare to the rest of tests? This is the question we 
aim to answer through this review. 
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
cancer in men and the second most common cancer in 
women worldwide[1] with 1.36 million people affected 
globally, accounting for nearly 10% of cancers[2]. It 
remains the second leading cause of cancer in the 
United States and worldwide[1,3]. Due to its slow 
progression from detectable precancerous lesions and 
to the much better prognosis of patients diagnosed 
at early stages, the potential for reducing the burden 
of the disease by early detection is significant. While 
screening has noticeably been shown to reduce the 
risk of CRC associated mortality[4], its effectiveness 
is jeopardized by a multitude of factors including the 
limitations of test performance, lack of accessibility, 
and suboptimal screening compliance. Consequently, 
resulting in a marked variation in CRC incidence and 
mortality globally[1,5]. The newly approved blood 
screening test overcomes most of the above mentioned 
factors, this may lead to better participation rates. 
This article will discuss various CRC screening tests 
particularly the new blood based test. Moreover, we 
will debate the different CRC risk assessment scores, 
and screening programs participation and adherence 
rates, as well as the issue of total cost. Furthermore, 
we will propose a potential screening algorithm that 
might attain a high rate of population participation and 
adherence, especially in lower income countries. 

SCREENING TESTS 
The ideal screening study should be efficient with high 
sensitivity and specificity, safe, available, convenient, 
and cheap. Current CRC screening methods are divided 
into invasive and non-invasive tests. 

The non-invasive tests include stool and blood-
based tests and radiologic tests. The stool-based tests 
currently available are the guaiac-based fecal occult 
blood test (gFOBT), fecal immunochemical test (FIT), 
and the newer fecal DNA testing (Multitarget stool 

DNA, MT-sDNA, Cologuard®). Those tests are based on 
the concept of detecting blood or shredded cell debris 
by vascularized polyps, adenomas and cancers[6]. 
The radiologic examinations include double contrast 
barium enema, capsule endoscopy and Computed 
tomographic colonography (CTC). Their role revolves 
around radiographic visualization and identification 
of an advanced colonic polyp or cancer in addition to 
the possibility of detection of extra-colonic findings (by 
CTC). The newly emerged blood test (Epi procolon®) is a 
qualitative in vitro diagnostic polymerase chain reaction 
(PCR) test for the detection of mutated methylated 
septin9 DNA in EDTA plasma derived from patient 
whole blood specimens. Methylated SEPT9 has been 
associated with the occurrence of CRC[7]. 

Invasive tests include the flexible sigmoidoscopy 
(FS) and colonoscopy which offer direct visualization 
and detection of a colonic polyp or advanced neoplasia 
with the advantage of getting a pathology specimen. 
In real life, colonoscopy has been introduced as a 
primary screening tool in a number of countries in 
recent years including United States, Germany, Poland, 
Austria, and parts of Italy. gFOBT is still being used in 
France, Finland, and the United Kingdom. Netherlands 
and many other European countries have shifted from 
gFOBT to FIT. Sigmoidoscopy remains a screening 
option in the United Kingdom. In United States all the 
available screening methods are still being offered. 

SCREENING GUIDELINES 
In the United States, the two main principle guidelines 
for CRC screening are: (1) joint guidelines from 
the American Cancer Society, the United States 
MultiSociety Task Force on Colorectal Cancer, and the 
American College of Radiology[8]; and (2) the United 
States Preventive Services Task Force guidelines which 
have been updated recently[9]. Other organizations 
have issued their own guidelines as well, such as 
the American College of Gastroenterology[10], the 
American College of Physicians[11], and the National 
Comprehensive Cancer Network[12]. Table 1 summarizes 
the latest recommendations from these different sets of 
guidelines for average-risk individuals. It is noteworthy 
that almost all the guidelines are coherent in terms of 
their recommendations, with the exception of barium 
enema being dropped for reasons of low sensitivity of 
only 48%[13]. Additionally, the frequency of stool DNA 
analysis is controversial, as such a test is rather new. 
Nonetheless, all the remaining screening options are 
well endorsed by all the societies as potential screening 
methods. 

CRC SCREENING HISTORY, INCIDENCE, 
AND MORTALITY 
In the 1980’s and 1990’s, most screening methods put 
in use were FOBT and sigmoidoscopy. However, since 
the year 2000, most CRC screening in the United States 
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shifted towards colonoscopy, even though its effects on 
reducing CRC incidence and mortality has never been 
proven in a solid randomized controlled trail. Therefore, 
the evident question would be: has it been effective? 

Data from a recent study examining the incidence 
of CRC in males and females established a drop in 
both incidence and mortality from CRC in both genders 
concomitant with the beginning of the screening 
programs[3]. In addition to that, over a 20-year period 
(SEER data 1991-2011), the United States colorectal 
cancer incidence (all races and genders confounded) 
has declined from 59.5 cases to 39.3 cases per 100000 
(35% reduction) with a corresponding mortality 
reduction over the same time period from 24.0 to 15.1 
deaths per 100000 (37% reduction)[14]. Moreover, in 
the National Polyp Study (NPS), CRC was prevented 
by colonoscopic removal of adenomatous polyps. They 
evaluated the long-term effect of polypectomy in a 
study on mortality from CRC. Among 2602 patients 
who had adenomas removed during participation, 
after a median of 15.8 years, 1246 patients had died 
from any cause and 12 had died from CRC. Given 
an estimated 25.4 expected deaths from CRC in the 
general population (SEER cohort), the standardized 
incidence-based mortality ratio was 0.47 (95%CI: 
0.26-0.80) with colonoscopic polypectomy, suggesting 
a 53% reduction in mortality[15]. Although the NPS 
does not address the effectiveness of screening 
colonoscopy in the general population, their findings 
provide an indirect estimate of the effect of removing 
adenomas, which is the primary interventional measure 
in screening colonoscopy. These findings support the 
hypothesis that colonoscopic removal of adenomatous 
polyps prevents death from CRC.

SCREENING OPTIONS
FS and colonoscopy 
Colonoscopy is considered to be the gold standard 
tool of screening with a high sensitivity and specificity. 
This test affords the opportunity to detect and resect 
neoplasia and precancerous lesions across the entire 
large bowel and is the definitive examination when 
other screening tests are positive. It is relatively 
safe with recent data suggesting a less than 1/1000 
perforation rate most often due to a polypectomy rather 
than the act itself. On the other hand, colonoscopy 

requires full bowel preparation and sedation[16-20]. 
Moreover, despite it being readily available, it is not 
considered cheap or easily affordable to the general 
population, hence rendering its application difficult 
on mass screening basis[21-24]. Multiple case-control 
and prospective cohort studies have estimated cancer 
mortality to be 68% to 88% lower among persons who 
undergo screening colonoscopy than among those who 
do not[18,24-26]. A meta-analysis of observational studies 
showed that despite a 68% lower overall mortality, 
limited benefit from colonoscopy was seen with respect 
to cancer in the proximal colon[17]. Another study 
showed that there was a 29% reduction in overall CRC 
mortality, a 47% reduction in mortality from distal CRC, 
and no reduction in mortality from proximal CRC. This 
study concluded that colonoscopy significantly reduces 
mortality from CRC, but the benefit is not uniform 
across different areas of the colon[22]. This discrepancy 
may be due to several factors affecting the quality 
of the act itself[27-31] (i.e., incomplete colonoscopy, 
training level and experience of the gastroenterologist, 
inadequate bowel preparation, or technical difficulties 
with polyp removal in the proximal colon) or possibly 
differences in the biologic characteristics of proximal 
and distal colorectal cancers[32]. To address these issues 
thoroughly, data from large controlled randomized 
trails are still lacking but are currently under way. 
The Colonoscopy vs Fecal Immunochemical Test in 
Reducing Mortality from Colorectal Cancer (CONFIRM) 
trial (ClinicalTrials.gov number, NCT01239082) is a 
randomized comparison of one-time colonoscopy 
with annual FIT plus colonoscopy as follow-up to a 
positive test, to examine CRC incidence and mortality 
over 10 years. A similar trial comparing colonoscopy 
with FIT is being conducted in Spain (COLONPREV) 
trail (ClinicalTrials.gov number, NCT00906997)[33]. 
Two additional European studies are comparing 
screening colonoscopy with no screening [the Nordic-
European Initiative on Colorectal Cancer (NordICC)] 
trial (ClinicalTrials.gov number, NCT00883792)[34,35] or 
with FIT or no screening [Screening of Swedish Colons 
(SCREESCO), NCT02078804] with respect to mortality 
from CRC. 

Sigmoidoscopy offers limited bowel preparation 
compared to colonoscopy. In addition, several rando
mized controlled trials have shown that screening with 
FS, followed by colonoscopy if precancerous polyps 
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Table 1  Updated guidelines of the various societies regarding colorectal cancer screening

ACG (2009) ACP (2015) NCCN (2015) USPSTF (2016) ACS (2016)

Sigmoidoscopy (yr) Q 5-10 Q 5 Q 5 Q 5 or Q 10 + stl Q 5 
Colonoscopy (yr) Q 10 Q 10 Q 10 Q 10 Q 10 
CT colonography (yr) Q 5 N/A N/A Q 5 Q 5 
Ba enema (yr) N/A N/A Q 5 N/A Q 5 
Stool eFOBT (yr) Q 1 Q 1 Q 1 Q 1 Q 1 
Stool FIT (yr) Q 1 Q 1 Q 1 Q 1 Q 1 
Stool MT-sDNA (yr) N/A N/A N/A Q 1-3 Q 3 

FIT: Fecal immunochemical test; CT: Computed tomography.
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gastrointestinal globin is degraded readily by digestive 
proteolytic enzymes. The FIT sampling technique is 
simple and easy to collect with fewer fecal samples 
required compared to FOBT. Trials have shown that 
FIT has a greater sensitivity for detecting advanced 
adenomas and CRC than both standard and sensitive 
gFOBT[53-57]. More recent systematic review and meta-
analysis including 19 qualified studies showed an 
overall accuracy of FIT for detection of CRC of 95% 
with a cumulative respective 79% sensitivity and 94% 
specificity[58]. Moreover, data for its protective effect 
can already be extrapolated from several screening 
programs. For instance, an organized biennial single 
FIT screening program in Florence where 6961 were 
screened with an average follow-up period of 11 years 
have shown a 22% reduction in CRC incidence[59]. 
One of the disadvantages of FIT is its low sensitivity 
for detecting colon polyps[57]. Additionally, many types 
of tests are available, the measures of accuracy vary 
greatly between tests within a technology as well as 
between technologies and according to how the test 
is applied (e.g., sample number) and the various 
confusing cutoff levels[60-62].

CTC
CTC or virtual colonoscopy is a rapid radiographic non-
invasive imaging test that requires no sedation with 
lower procedural risks compared to colonoscopy[63-65]. 
In addition to that, it carries the advantage of extra 
colonic evaluation[66-69]. In a recent comparative meta-
analysis the estimated pooled sensitivity and specificity 
per patient for polyps detection in asymptomatic 
screened patients were 66.8% and 80.3% respectively 
for CT colonography, and 92.5% and 73.2% res
pectively for colonoscopy. Analysis according to size 
showed that both studies have similar sensitivity 
for large polyps but evident lower CTC sensitivity 
for polyps < 8 mm. Regarding overall detection 
of CRC, the pooled sensitivity of CT colonography 
(96%) was not statistically significant from that of 
colonoscopy (91%)[70]. However, CTC is not a very 
pleasant study since the patient must take the same 
preparation as for colonoscopy in addition to the same 
discomfort during procedure insufflation. Moreover, 
contrast allergy, radiation exposure, and the need 
for colonoscopy if positive findings are considered 
additional disadvantages of CTC[71]. Perforation risk 
is an existing drawback, although to a lesser degree 
than colonoscopy[72]. To note that, published data 
from randomized studies evaluating the impact of 
CT colonography on CRC incidence and mortality are 
lacking.

Stool DNA testing
In August 2014, Cologuard® became the first multi-
target stool DNA approved by the FDA for general CRC 
screening[73]. Stool DNA test targets molecular debris in 
stool including abnormal DNA present in malignancies 
such as mutant KRA, actin, FIT, aberrantly methylated 

are detected, reduces CRC mortality[36,37]. Analysis 
from several large, randomized, controlled trials 
have confirmed the efficacy of one-time and periodic 
(every 3 to 5 years) sigmoidoscopy, with a 26% to 
31% lower mortality from CRC among patients who 
underwent FS screening than among those who 
underwent no screening[17,38-41]. However, the benefit 
of sigmoidoscopy is limited to cancer in the distal colon 
(rectum, sigmoid, and descending colon), for which 
the reduction in mortality was reported to be 46%[17]. 
Many programs have abandoned this strategy in favor 
of colonoscopy for better prevention results. 

gFOBT
gFOBT detects the presence of blood in feces through 
a chemical reaction dependent upon the peroxidase 
activity of heme. It is an inexpensive, simple, and 
widely available test. A landmark study that eva
luated the fecal occultblood test randomized 46551 
participants 50 to 80 years of age to screening for CRC 
on once a year basis, every two years, or to a control 
group. They concluded that annual fecal occult-blood 
testing with rehydration of the samples decreased the 
13-year cumulative mortality from CRC by 33%[42]. 
Another randomized study compared mortality rates 
after FOB tests every 2 years during a 10-year period 
with those of unscreened similar controls. They found 
that after 10 years of follow-up, screening by FOB 
every 2 years (Hemoccult-II without rehydration) 
led to a reduction of 18% in CRC mortality. This was 
independent of sex and age, in individuals aged 45-75 
years[43,44]. In the Minnesota Colon Cancer Control 
Study a 30-year follow-up of patients randomly 
assigned to annual/or biennial gFOBT vs usual care 
showed a 32% decrease in CRC mortality. Incidentally 
mortality reduction was more pronounced in men 
compared to women[45]. Several other randomized, 
controlled trials have shown lower mortality from CRC 
with this strategy compared to no screening[46-49]. 
However, this test requires a moderate quantity of 
heme to effect a visible change in color and thus is not 
analytically very sensitive to the presence of blood[6]. 
Once-only test sensitivity for cancer may approximate 
50%[50] although many other studies indicate it is 
lower[51]. The method relies on simple oxidation, and 
therefore, any dietary peroxidases, such as heme from 
myoglobin in red meat, peroxidase in plants, etc., or 
any antioxidant, such as vitamin C, have the potential 
to confound the result. The gFOBT is therefore an 
inherently non-specific test with a very low PPV of 
3%-10%[8,52]. Consequently, a test showing higher 
statistical results was urgently needed. 

FIT
FIT is considered to be a newer version of the guaiac 
based FOBT. It is an antibody to human globin that 
does not cross react with dietary meats. Therefore, 
no need to avoid foods with peroxidase activity. FIT 
carefully measures the colonic blood since upper 
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BMP3, and NDRG4 promoter regions. One multicenter 
study on nearly 10000 patients comparing Cologuard® 
to FIT using colonoscopy as the gold standard showed 
that the fecal DNA test had a higher sensitivity than 
FIT for detecting CRC (92% vs 74%). Unfortunately, 
Cologuard® detected fewer than half of all large 
advanced adenomas (42%), limiting its preventive 
role. Fecal DNA test had lower specificity at 87%-90% 
compared to FIT (95%-96%)[74]. Moreover, a new 
elegant study from Stanford university used a Markov 
model of average-risk CRC screening to compare 
the effectiveness and cost effectiveness of screening 
with the MT-sDNA test vs FIT or colonoscopy. They 
found FIT and colonoscopy to be more effective and 
less costly than the MT-sDNA test when participation 
rates were equal for all strategies. For the MT-sDNA 
test to be cost effective, the patient support program 
included in its cost would need to achieve substantially 
higher participation rates than those for FIT, whether 
in organized programs or under the opportunistic 
screening setting that is more common in the United 
States[75]. Additionally, the screening interval differs 
between FIT and MT-sDNA, which makes a comparison 
of the effectiveness of any programed screening 
difficult.

Methylated SEPT9 
Septins are a group of scaffolding proteins that 
provide structural support during cell division[76]. 
Individual septins exist in stable six-to eight-subunit 
core heteromers, and the octamer contains two 
molecules of each of SEPT2, SEPT6, SEPT7, and SEPT9 
subunits[77]. It was suggested that SEPT9 occupies 
a terminal position in the complex and plays a key 
role in subunit polymerization and the whole octamer 
stabilization[78]. It is also critical for the final separation 
of daughter cells during cytokinesis[79]. Therefore, 
cytokinesis may be seriously affected if abnormal 
SEPT9 or no SEPT9 is expressed, and this could be a 
key factor in CRC carcinogenesis when the promoter 
region of the SEPT9 gene is hypermethylated and the 
transcription is compromised[80]. Hypermethylated 
Septin9 DNA can be found in the tumor DNA that has 
been shed into the bloodstream from all intestinal 
anatomical sites[81]. Epi proColon® (also referred to as 
the mSEPT9 assay) became FDA approved for CRC 
screening in April 2016, it is the first blood test used 
for this goal. The mSEPT9 assay relies on qualitative 
detection by Real-Time PCR of the methylated Septin 9 
gene that is present in increased levels in patients with 
colon cancer[82,83] (figure 1). In initial retrospective 
case-control studies, the mSEPT9 test showed a 
great promise, with a sensitivity of about 70% and 
specificity of 90% for CRC detection[81,82]. A subsequent 
prospective trial in an asymptomatic screening cohort 
reported lower rates of sensitivity (48%) and specificity 
(92%) for CRC. However, this sensitivity decreased to 
35% for stage I CRC and 11% for advanced adenomas 
almost totally eliminating its preventive role[84]. In a 

prospective multi-center study, compared with FIT, 
Sept9 testing showed similar sensitivity (68% vs 
73%) but markedly decreased specificity (97% vs 
81%). While the overall sensitivity for CRC detection 
of Septin9 may be superior to gFOBT, it is non-inferior 
to that of FIT[85]. However, relative to Cologuard®, the 
Epi proColon® test appears to be less sensitive for both 
CRC and advanced adenomas in actual practice, but 
with a higher specificity for cancer[86].

Nonetheless, evidence suggests that some patients 
who are reluctant to undergo the usual screening would 
be receptive to a blood test. An observational study 
showed that 97% of subjects refusing colonoscopy 
accepted a non-invasive screening test, of these 83% 
chose a blood test. This demonstrates that offering 
non-invasive test options might significantly increase 
compliance and screening participation[87]. A cost-utility 
analysis comparing SEPT9, FOBT, FIT, sigmoidoscopy, 
and colonoscopy suggested that while the use of 
SEPT9 appeared cost-effective for screening compared 
to no screening, to be cost-effective relative to other 
established methods SEPT9 or any other blood-based 
biomarker with similar test performance characteristics 
would need to achieve substantially higher uptake and 
adherence rates than the alternatives[88].

Moreover, SEPT9 blood testing raises concerns 
for potential abuse leading to inadequate screening, 
a similar drawback is seen with the prostate specific 
antigen for prostate cancer. Lastly, much like the other 
non-invasive tests a second intervention is needed if 
the test was positive[89].

CRC SCREENING PROGRAM ATTRIBUTES 
Stratifying the population by colon cancer risk offers 
the potential to improve the efficiency of screening 
and helps establishing a screening program. A quick 
review of the literature reveals more than 50 proposed 
risk scores for colon cancer that have the potential to 
identify individuals at high risk. A recent systematic 
review that examined all the available risk scores, 
showed that the discrimination of the models, compare 
favorably with risk models used for other cancers, 
and several include only variables recorded in routine 
medical records. Grouping risk models according to 
type and number of variables included also showed 
that there is no clear improvement in discrimination 
as increasing numbers of variables are added from 
self-completed questionnaires to routine data. A 
small number of risk models developed from case-
control studies of genetic biomarkers showed serious 
promise but still require further external validation in 
population-based samples. This review also showed 
that risk models exist, with the potential to stratify 
the general population into risk categories, and allow 
screening and preventive strategies to be targeted at 
those most likely to benefit, while leaving those at low 
risk of disease unexposed to direct and indirect side 
effects of screening programs. This might improve the 
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cost-effectiveness of CRC screening and would address 
concerns about demand and capacity for colonoscopy. 
The use of risk prediction models would also potentially 
increase acceptance of screening and provide an 
opportunity to give information to encourage lifestyle 
modification[90]. The two most commonly used and 
validated scores are the Cleveland Clinic test and the 
NCI test; which are both self-completed questionnaire 
and can provide a suggested 10-year risk assessment. 
A prospective examination of the relationship between 
predicted 10-year CRC risk and the prevalence of 
advanced neoplasia (AN), defined as advanced or 
multiple (≥ 3 adenomatous, ≥ 5 serrated) adenomas 
or sessile serrated polyps, in individuals undergoing 
screening colonoscopy was studied in 509 screeners. 
AN was found in 11%. The prevalence of AN increased 
progressively from 6% in the lowest risk-score quintile 
to 17% in the highest risk-score quintile (P = 0.002). 
The discriminatory accuracy of the tool was modest, 
with AUC of 0.61 overall (95%CI: 0.54-0.69)[91].

Despite the various modalities offered for CRC 
screening, it is still underused by populations. 
Screening rates have not increased appreciably since 
2010 and remain at approximately 60%[92]. Several 
complex factors play a role in affecting the patients 
participation and sustained adherence. Barriers 
to screening include elevated cost, lack of proper 
education regarding CRC, under appreciation of the 
benefit of screening, a sense of fatalism, or simply fear 
of the screening tests[93,94]. Several interventions used 
in randomized, controlled trials have been shown to 
increase patient participation rates; such interventions 
include sending patients invitations from their primary 
care provider, sending reminder letters, making 
telephone calls, and mailing fecal occult blood test kits 
to patients’ homes. 

Ladabaum et al[88] suggested through an elaborate 
markov model reproduction that at comparable 
screening participation rates among different strategies, 
FIT or screening colonoscopy are likely to be more 
effective and less costly than MT-sDNA. They concluded 
that in comparison to an organized screening program 
of yearly FIT, a program of MT-sDNA testing every 
3 years could be cost-effective if this program could 
accomplish a steady participation rate of approximately 
66%[82]. Several National screening programs that 
examined patterns of CRC screening using gFOBT and 
FIT concluded that there is 20%-29% rate of non-
responders and after 3 or 4 cycles there is an additional 
drop out of up to 30%[95-98]. For instance in an annual 
FIT screening program in California there was a 48% 
initial participation with a 75% adherence after 4 
cycles[99]. Analysis from those programs also indicate 
a strong sex and socioeconomic inequalities in CRC 
screening uptake. Repeated invitations to screening 
successfully engage previous non-responders. Many 
respond to at least one screening invitation over 
multiple rounds with a considerably smaller number 
of persons responding consistently to all invitations. 
Therefore, efforts to increase (continued) engage
ment among these “at-risk” groups are essential to 
optimize the long-term benefit of organized screening 
programs[95].

Total patient support, which can include navigation, 
has emerged as an important component of many 
CRC screening efforts. The most successful programs 
use patient navigators to reduce logistic barriers, 
address cultural issues, and encourage participants to 
undergo screening. Moreover, patient support costs in 
the CDC and Prevention’s Colorectal Cancer Screening 
Demonstration Program averaged $153 per person 
over approximately 1 year[100]. The use of patient 

Figure 1  SEPT9 gene. Septins: Multifunctional “scaffolding” proteins that provide structural support during cytokinesis. SEPT9 gene produces septin-9 that appears 
to act as a tumor suppressor which is active in cells throughout body. In CRC cells: SEPT9 gene is hypermethylated and the DNA is released into peripheral blood. 
Methylated SEPT9 DNA can be detected by PCR 34.
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navigators is especially important in underserved 
populations[101,102]. It is estimated to be likely cost-
effective and increase people’s adherence[103-106]. 

The National Colorectal Cancer Round table has 
established a goal of 80% adherence to CRC screening 
programs by the year 2018. Kaiser Permanente has 
implemented a comprehensive strategy focused on FIT 
screening, with colonoscopy performed as follow-up 
to a positive test. They have reached and maintained 
the goal of 80% adherence rate through four rounds 
of screening[99]. Adherence to screening tests varies 
among strategies, and preference of strategy varies 
by race and ethnic group; data have shown that white 
participants more commonly prefer colonoscopy, and 
non-white participants tend to prefer fecal testing[93,107]. 
To achieve the highest level of adherence to CRC 
screening, it may be best to provide participants a 
choice, because the “best” strategy is the one that 
they will adhere to consistently. 

Maximizing the benefit of CRC screening requires 
a programmatic approach to implementing screening 
strategies. The quality of a screening program should 
be measured by its ability to identify patients who 
are due for screening, provide access to screening, 
assess adherence to the screening test and to a follow-
up colonoscopy if a non-invasive screening test is 
positive. It also needs to document test outcomes and 
disseminate accurate follow-up recommendations, 
identify patients with a negative test to follow them 
up for repeat screening at the appropriate intervals, 
and provide timely surgery for cancers. The rate 
of adenoma detection (the percentage of patients 
in whom precancerous polyps are detected during 
screening colonoscopy) differs substantially among 
endoscopists and may be used as a measure of the 
ability of screening to prevent CRC[108]. A retrospective 
study showed that for every 1% increase in the rate 
of adenoma detection, there is a 3% decrease in the 
rate of cancer developing after a colonoscopy[109]. One 
important factor to increase the adenoma detection 
rate is the adequate bowel cleansing. Therefore, bowel 

preparation is considered a crucial step in any CRC 
screening program. Patient compliance with various 
bowel preparation procedures remains one of the 
most difficult tasks to achieve before a colonoscopy. 
Failure to complete the preparation has several draw
backs in terms of decreased cecal intubation rates, 
increased rates of missing important lesions, and 
prolonged colonoscopy duration further increasing 
patient discomfort[27-30]. Tepeš et al[110] evaluated the 
effectiveness of bowel cleansing with magnesium 
sulphate and low-volume polyethylene glycol with 
electrolytes in addition to the effect of timing of the 
colonoscopy. They found excellent bowel cleansing 
in 82.61% participants and in more participants 
with young age with colonoscopy performed in the 
afternoon[110].

One of the National CRC screening programs was 
conducted in Slovenia with promising results. They 
used the FIT test with a positive result being followed 
by colonoscopy. Assessment of the first round showed 
an adherence rate of 56.9%. The overall adenoma 
detection rate was 51.3%. CRC was found in 6.2% of 
participants who underwent colonoscopy. A localized 
clinical stage was found in 70.2% of cases. Cancer 
was cured in 22.8% of CRC patients with endoscopic 
resection only[111].

Figure 2 illustrates a proposed cost-effective 
algorithm for a screening program for low-resources 
countries using the NCT CRC screening risk score. 

CONCLUSION
A multitude of options currently exist for CRC screening. 
A quick review reveals wide variability between 
programs all over the world. Additionally, one should 
not forget that most screening, especially in low income 
countries, is still performed on opportunistic basis with 
no solid structure. CRC screening must be optimized 
to reach the golden target of reducing incidence of the 
disease and eventually mortality. Most importantly 
we need to achieve high rates of participation and 
adherence in different screening programs by seeking 
correction of all the confounding factors. Benefiting 
from all the available screening tools in the correct 
settings of each population will increase the compliance 
of different populations. Consistent with this goal, 
adoption of cost-effective non-invasive methodologies 
designed to reduce complications, reduce anxiety over 
CRC screening, and improve overall acceptance of the 
screening process would be highly desirable. 

Despite the current limitations and caveats, blood 
based markers may have a solid future. Screening 
with a relatively inexpensive serum or plasma marker 
(or marker panel) could increase screening compliance 
and be cost-saving if participation and performance 
were both elevated. Such a marker has the potential 
to replace more cumbersome stool based test in 
programs that employ a 2-stage paradigm. All the 
initial enthusiasm raised by the new blood marker 

Patients > 50 yr

NCI risk assessment

Adenoma risk < 10% Adenoma risk > 10%

Non-invasive test Invasive test

Stool test (FIT) ColonoscopyPositive

Figure 2  Proposed algorithm for a cost-effective screening program. FIT: 
Fecal immunochemical test.
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have now faded as the rather disappointing results 
from the prospective trials were published. At this 
point due to the significant variability in sensitivity and 
specificity between various trials, it is very difficult 
to recommend it for mass screening. Other potential 
options include the noninvasive stool tests and in that 
regard the FIT seems to still be the most appropriate 
due to the present prohibitive cost of the multi-strain 
stool DNA test and the lack of significant difference 
in their performance. Colonoscopy is still the most 
appropriate test in high risk individuals or as second 
procedure following a positive first test. 

Future studies should not only focus on the sta
tistical performance of different tests but also on the 
characterization of complete screening programs, 
from the invitation to screening to the completion of 
colonoscopy for patients with a positive test.
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