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Abstract

Colorectal cancer is not only a significant 
health issue in industrialized and developed 
countries; its incidence rate is also increasing 
in developing countries, making it the most 
prevalent cancer on a global scale. Given the 
limited effect of risk factor modification for 
primary prevention, secondary prevention—in 
the form of screening and early detection—is 
currently the most effective approach to reduc-
ing deaths from colorectal cancer through the 
use of colonoscopy. Nonetheless, colonoscopy 
itself is time-consuming, labor-intensive, and 
not without risk; also, the resource constraint 
of the limited number of endoscopists makes 
it not practical to serve as the primary screen-
ing tool in many countries. To enable better 

resource allocation, a two-stage approach is 
increasingly popular: first, a noninvasive 
screening test, then a confirmatory examina-
tion such as colonoscopy. Such an approach 
has two advantages: a higher participation rate 
when most of the target population is asymp-
tomatic and better resource allocation when 
the screening test is highly accurate in identi-
fying subjects with colorectal neoplasms. 
Several types of screening tests are available, 
including stool-based tests, such as the guaiac- 
based fecal occult blood test, the fecal immu-
nochemical test, and the stool DNA test, and 
blood-based tests, such as the plasmic methyl-
ated septin-9 test. Even for the image-based 
tests, there are noninvasive tests, such as the 
computed tomographic colonography and 
colon capsule endoscopy, in addition to the 
invasive studies of flexible sigmoidoscopy and 
colonoscopy. Here, we present a precis of the 
performance and clinical application of these 
tests for mass screening.
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3.1  Introduction

Given the rapid increase in the incidence rate due 
to the Westernization of lifestyle, colorectal can-
cer (CRC) poses a significant threat to global 
health as the second and third most common 
cause of cancer-related death in men and women, 
respectively (Siegel et al. 2017; Bishehsari et al. 
2014). Although international guidelines and 
expert consensus have recommended CRC 
screening for asymptomatic individuals aged 
50 years or more (Benard et al. 2018), an increas-
ing trend of CRC risk is generally observed 
recently in younger generations (Lee et  al. 
2019a). Given the foreseeable increase in disease 
burden, an effective strategy to eliminate the 
threat from CRC is urgently needed (Inra and 
Syngal 2015; Chiu et al. 2015).

Cancer stage at diagnosis is the most crucial 
determinant of the survival rate. To reach the 
goal of early diagnosis, colonoscopy can iden-
tify superficial cancerous foci to reduce the rate 
of CRC-related death, and also offers an oppor-
tunity to remove the precancerous lesions (ade-
nomatous polyps) to reduce the number of newly 
developed cases. However, it still represents a 
challenge as a primary screening tool due to the 

limited number of certified endoscopists in most 
countries (Rex and Lieberman 2001). Therefore, 
risk stratification is needed for the asymptomatic 
populations in order to better allocate endoscopy 
resources (Chiu et  al. 2016). In the first stage, 
noninvasive test with good sensitivity and speci-
ficity to detect CRC or advanced adenomas will 
increase the uptake or adherence rate of asymp-
tomatic populations to screening. In the subse-
quent second stage for those with positive 
results, it would increase the colonoscopic yield 
rate in the discovery of early-stage neoplasms, 
and potentially make the screening program 
more cost-effective. Nowadays, the noninvasive 
triage screening tests that commercially avail-
able for screening can be categorized into the 
stool-based tests and the blood-based tests 
(Fig. 3.1). The former includes the guaiac fecal 
occult blood test (gFOBT), the fecal immuno-
chemical test (FIT), and the stool DNA test, 
while the latter include the plasmic methylated 
septin-9 test (SEPT9). In addition, we will also 
introduce the direct visualizing screening or 
diagnostic modalities, including computed 
tomographic colonography (CTC), colon cap-
sule endoscopy (CCE), flexible sigmoidoscopy, 
and colonoscopy (Fig. 3.1). In this chapter, we 

Fig. 3.1 Option of colorectal cancer screening modali-
ties. Stool-based tests include guaiac fecal occult blood 
test, fecal immunochemical test, and stool DNA test. 
Blood-based test is a plasmic methylated septin-9 test. 

Direct visualization examinations include computed 
tomographic colonography, colon capsule endoscopy, 
flexible sigmoidoscopy, and colonoscopy
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will address the performance of these tests and 
compare their merits and drawbacks in the con-
text of mass screening. We will also discuss the 
emerging roles of measuring the hemoglobin 
concentration in the stool sample for precise risk 
stratification and the possibility of quantifying 
the gut microbiota dysbiosis, for both the pri-
mary and the secondary prevention of CRC.

3.2  Stool-Based Tests 
for Screening

3.2.1  The Fecal Occult Blood Test

When a colorectal tumor increases in size and 
invasiveness, it starts to shed measurable blood 
into the feces. The guaiac-based method of 
detecting occult blood in the feces is the most tra-
ditional approach for CRC screening. It involves 
placing stool samples on the guaiac paper to 
detect the hemoglobin in feces through the chem-
ical reaction between the heme and the guaiac. 
Using the gFOBT (for example, the Hemoccult 
SENSA), previous researchers have demon-
strated sensitivity of 79.4% (95% confidence 
interval [CI]: 64.3–94.5%) and specificity of 
86.7% (95% CI: 85.9–87.4%) to detect CRC 
(Allison et  al. 1996). One drawback of this 
approach is the need for dietary restriction to 
avoid false-positive results from iron supple-
ments, red meat containing non-human hemoglo-
bin, and certain vegetables containing chemicals 
with peroxidase properties (Rockey 1999). 
Another drawback is related to the limited ability 
of this test to differentiate between the blood 
spilled from the upper gastrointestinal tract and 
that from the lower gastrointestinal tract (Chiang 
et al. 2011). Furthermore, the judgment of posi-
tivity is rather subjective, and the need for trained 
personnel to visually interpret the test results also 
constrains its application for mass screening.

By contrast, the FIT is specific for human glo-
bin (Carroll et al. 2014). A study using an asymp-
tomatic cohort of 2796 subjects who received 
same-day upper and lower endoscopic examina-
tions demonstrated that FIT was specific for pre-
dicting lesions in the lower gastrointestinal tract 

but unable to detect lesions in the upper gastroin-
testinal tract (Chiang et  al. 2011). Besides, the 
prevalence rate of lesions in the upper gastroin-
testinal tract did not differ significantly between 
subjects with positive and negative FIT results. 
Another significant advantage of FIT is its ability 
to provide both qualitative and quantitative mea-
sures of the hemoglobin concentration. The for-
mer, the qualitative FIT, uses the lateral flow 
immune-chromatographic method so it can, simi-
lar to the guaiac-based test, rapidly provide a 
visualized result when the concentration of 
hemoglobin in feces is higher than the cutoff 
value defined by the manufacturer (Hundt et al. 
2009). The quantitative FIT uses the immune- 
turbidimetric method to measure the hemoglobin 
concentration in the stool sample. Even though 
both approaches are based on the same mecha-
nism of an antibody–antigen reaction, the quanti-
tative FIT additionally provides a numerical 
measure so that the cutoff value for a positive 
result can be adjusted according to the tradeoff 
between the number of colonoscopies needed 
and the colonoscopy yield rate of neoplasms.

In terms of test performance, the simultaneous 
uses of colonoscopy and qualitative FIT 
(OC-Light (V-PC50 and V-PH80); Eiken 
Chemical Co. Ltd., Tokyo, Japan) in a hospital- 
based study showed a sensitivity of 78.6% (95% 
CI: 58.5–91.0%) and specificity of 92.8% (95% 
CI: 92.5–93.2%), for the detection of CRC with 
the cutoff value of 10 μg Hb/g feces (Chiu et al. 
2013). Similarly, one pooled analysis that 
included nine studies from different ethnic popu-
lations found a sensitivity of 89% (95% CI: 
80–95%) and specificity of 91% (95% CI: 
89–93%) in detecting CRC with a cutoff value of 
20 μg Hb/g feces (Lee et al. 2014). Although no 
randomized controlled trials have yet demon-
strated that FIT is superior to gFOBT in terms of 
the final endpoint of CRC mortality rate, one 
meta-analysis of 14 randomized controlled trials 
did compare the performance of FIT with that of 
gFOBT, finding that FIT could detect more than 
twice as many CRCs (2.28-fold; 95% CI: 1.68–
3.10) and advanced adenomas than gFOBT 
(Hassan et al. 2012). In addition to its better test 
performance, FIT also has the advantage of using 
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a rapid, mass throughput system to cope with a 
large number of returned samples, making it 
increasingly popular in clinical practice and 
especially widely used for large-scale population 
screening programs (Zhu et al. 2010; Tinmouth 
et al. 2015).

One potential problem of the quantitative FIT 
is the difficulty of comparing numerical test 
results between different products. Since the anti-
bodies used to detect hemoglobin, the buffer, and 
the sampling device may vary, different brands of 
quantitative FIT, even those which claim the 
same cutoff value, can still differ in terms of test 
performance. In a nationwide study in Taiwan, 
two quantitative FITs (OC-Sensor and HM-Jack) 
with the same cutoff concentration of 20 μg Hb/g 
feces demonstrated different performance, espe-
cially in the ability to detect proximally located 
CRCs (Chiang et al. 2014). In a randomized trial 
from the Netherlands, two quantitative FITs 
(OC-Sensor and FOB-Gold) with the same cutoff 
concentration of 10 μg Hb/g feces also showed 
different positivity rates and led to different diag-
nostic yields (Grobbee et al. 2017).

Most of the quantitative FITs give the cutoff 
concentration as ng Hb/mL buffer. Because dif-
ferent brands of FIT have different devices in the 
sampling stick and different volumes of buffer, it 
is difficult to compare the results from different 
brands of FIT. To solve this problem, a standard-
ized system of FIT results has been proposed, 
with a unified measure of μg Hb/g feces. With 
this unified unit, it makes the results from differ-
ent quantitative FITs more comparable (Chiang 
et al. 2014).

3.2.2  The Role of Fecal Hemoglobin 
Concentration

Recently, researches indicated that the quantita-
tive measure of fecal hemoglobin concentration 
(FHbC) is a useful indicator for both the risk 
stratification for CRC and the priority setting of 
colonoscopy. One population-based study from 
Taiwan has shown that a baseline FIT concentra-
tion even lower than the cutoff value considered 
a positive result (i.e., 20  μg Hb/g feces) was 

associated with a subsequent risk of colorectal 
neoplasia during the longitudinal follow-up 
(Chen et al. 2011). Besides, in those with a posi-
tive FIT result (higher than the cutoff value of 
20 μg Hb/g feces) who did not receive a diagnos-
tic colonoscopy, a higher FHbC at baseline was 
associated with an increased risk of death from 
CRC. A gradient relationship was seen: the risk 
of death was 1.31- fold (95% CI: 1.04–1.71), 
2.21-fold (95% CI: 1.55–3.34), and 2.53-fold 
(95% CI: 1.95–3.43), respectively, for subjects 
with FHbC of 20–49, 50–99, and >100 μg Hb/g 
feces, respectively, who did not receive colono-
scopic follow-up, as compared with similar sub-
jects with colonoscopic follow-up (Lee et  al. 
2017). The wait time for a colonoscopy after a 
positive result of FIT was also associated with 
increased risk. A significantly gradient relation-
ship was seen between the quantitative value of 
FIT at baseline and the subsequent risk of any 
CRC and advanced-stage disease (Lee et  al. 
2019b). Using patients with a fecal hemoglobin 
concentration of 20–49  μg Hb/g feces as the 
baseline, each increase of10 μg Hb/g feces was 
associated with a 9.9% greater risk of CRC (95% 
CI: 9.4–10.5%) and a 12.7% greater risk of 
advanced-stage disease (95% CI: 11.5–13.9%) 
(Lee et al. 2019b).

3.2.3  Stool DNA Test

The development of CRC is associated with the 
progression and accumulation of genetic and epi-
genetic damage, resulting in the inactivation of 
tumor suppressor genes and activation of the 
oncogene. Therefore, the direct detection of 
abnormal DNAs or epigenetic markers shed from 
colorectal neoplasms into the feces becomes a 
valuable approach. The commercially available 
stool DNA test mainly detects DNA mutations, 
microsatellite instability, impaired DNA mis-
match repair, and abnormal DNA methylation. A 
pilot study of such testing with a panel of 15 point 
mutations of K-RAS, p-53, APC, and BAT- 26 (a 
microsatellite instability marker) showed a sensi-
tivity of 91% for CRC and 82% for adenomas 
≥1 cm, with a specificity of 93% (Ahlquist et al. 
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2000). In an US large-scale study, 9899 asymp-
tomatic individuals aged 50–84 years underwent 
testing with the multitarget stool DNA panel, 
including K-RAS point mutations, aberrantly 
methylated NDRG4 and BMP3, the β-actin gene 
(to serve as a control indicator of DNA quantity), 
with FIT as the reference standard. The results 
showed that the stool DNA panel had a higher 
sensitivity of 92.3% for CRC, compared to 73.8% 
for FIT, and a higher sensitivity of 42.4% for 
advanced precancerous lesions (advanced ade-
noma or sessile serrated polyp ≥1 cm), compared 
to 23.8% for FIT; nonetheless, specificity for stool 
DNA testing was lower at 86.6% (Imperiale et al. 
2014). The multitarget stool DNA panel combines 
various detecting technologies to detect CRC and 
early colorectal lesions with higher sensitivity; 
the weakness, however, in terms of the wide 
application of this panel, is its very higher cost 
and lower specificity.

3.2.4  Fecal Microbiota as a Potential 
Biomarker for CRC Screening

Although the role of the gut microbiota in CRC 
is currently under enthusiastic exploration, there 
is limited information on the real-world applica-
tion for CRC screening. One study found that 
increased CRC risk was associated with 
decreased bacterial diversity in feces, depletion 
of Gram- positive, fiber-fermenting Clostridia, 
and increased presence of the Gram-negative, 
pro- inflammatory genera Fusobacterium and 
Porphyromonas (Ahn et  al. 2013). One retro-
spective case-control study, which evaluated the 
performance of FIT combined with microbial 
markers to screen for CRC and advanced ade-
noma, showed that combining FIT with quantita-
tive fecal Fusobacterium nucleatum significantly 
increased the detection rates for CRC, with a 
sensitivity of 92.3% and specificity of 93.0%; for 
advanced adenoma, the results were 38.6% and 
89.0%, respectively, providing additional infor-
mation for a FIT-based screening program 
(Wong et al. 2017). Although longitudinal stud-
ies are required to further assess the predictive 
value of microbiota as a biomarker, the topic 

represents a novel and promising approach 
(Gagniere et al. 2016).

3.3  Blood-Based Tests 
for Screening

3.3.1  Plasmic Methylated Septin-9

Carcinoembryonic antigen is the common serum- 
based glycoprotein CRC marker used in monitor-
ing disease recurrence or the response to therapy 
and in predicting prognosis; however, it is not rec-
ommended for CRC screening due to low sensitiv-
ity and the lack of CRC specificity, especially for 
early-stage CRC (Locker et al. 2006). Instead, the 
methylation of the SEPT9 gene, a tumor suppres-
sor gene, has been identified by comparing multi-
ple candidate markers in normal colonic epithelium 
and CRC tissue samples (Lofton-Day et al. 2008). 
The blood-based SEPT9 gene methylation assay 
thus aims to detect the aberrant methylation at the 
promoter region of the SEPT9 gene DNA released 
from CRC cells into the peripheral blood (Lofton-
Day et al. 2008). Reports on the SEPT9 assay used 
the 1/3, 2/3, 1/2, or 1/1 algorithm to define a posi-
tive test, depending on the number of PCR assays 
(the denominator) performed and the number of 
positive PCR reactions (the numerator) (Song 
et al. 2017). In one multicenter study using colo-
noscopy as a reference standard, the researchers 
investigated the application of this blood test to 
detect asymptomatic CRC in an average-risk pop-
ulation; the results showed a sensitivity of 48.2% 
and 63.9% and a specificity of 91.5% and 88.4% 
using an 1/2 or 1/3 algorithm, respectively; how-
ever, the sensitivity for advanced adenoma was 
low at 11.2% (Church et al. 2014). According to 
the pooled data in the meta- analysis, the SEPT9 
assay had higher sensitivity than the FIT test 
(75.6% vs. 67.1%) while the specificity was simi-
lar (90.4% vs. 92.0%) in a symptomatic popula-
tion; in contrast, the SEPT9 assay exhibited lower 
sensitivity (68.0% vs. 79.0%) and lower specific-
ity (80.0% vs. 94.0%) than the FIT test in an 
asymptomatic population (Song et al. 2017). The 
results may indicate different capabilities in detect-
ing early-stage neoplasms, which may require fur-
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ther evaluation. Owing to its insufficient sensitivity 
to detect early-stage CRC or advanced adenoma, 
though being approved by the US FDA, such test 
is recommended to be used for screening only if 
the screening subjects were not compliant to cur-
rently recommended screening test like FIT, 
gFOBT, endoscopic (colonoscopy or flexible sig-
moidoscopy), or CTC screening (Rex et al. 2017).

Though there are several blood biomarkers 
developed for detecting CRC, only a few had 
tested their performance in the real screening 
population regarding screening uptake, neoplasm 
detection, and effectiveness (Elshimali et  al. 
2013; Gezer et  al. 2015). Further studies in a 
screening setting are required before their use as 
the frontline CRC screening tests.

3.4  Estimation of CRC Risk Based 
on Screening Test Results

The performance of clinically available screening 
modalities using colonoscopy as the reference stan-
dard for CRC and advanced colorectal neoplasms 
are summarized in Tables 3.1 and 3.2, respectively. 
As demonstrated in Fig. 3.2, the posttest probabil-
ity of disease can be estimated by using the base-

line risk of an individual and the result of a 
screening test. For example, in subjects at average 
risk of CRC, one may expect a prevalence rate of 
0.1% for CRC; given a positive FIT result, the post-
test probability can be increased to 1% (0.1% × pos-
itive likelihood ratio of 10). Therefore, colonoscopic 
follow-up is recommended. By contrast, the post-
test probability can be lowered as far as to 0.01% 
(0.1%  ×  negative likelihood ratio of 0.1) with a 
negative result of a stool DNA test, which suggests 
that such subjects do not need a colonoscopy. 
Therefore, in clinical practice, different tests may 
have different advantages in ruling in or ruling out 
subjects by CRC risk.

3.5  Direct Visualizing 
Examinations for CRC 
Screening

3.5.1  Double-Contrast Barium 
Enema

In double-contrast barium enema (DCBE), the 
colon is studied through X-rays obtained after 
coating the mucosa with barium and distending 
the colon with air via transrectal insertion. In a 

Table 3.1 Performance of available clinical screening modalities for colorectal cancer using colonoscopy as a refer-
ence standard

Screening modality
Sensitivity, % 
(95% CI)

Specificity, % 
(95% CI)

Positive likelihood 
ratio (95% CI)

Negative likelihood 
ratio (95% CI)

Fecal-based test
gFOBT (Allison et al. 1996) 79.4 (64.3–94.5) 86.7 

(85.9–87.4)
5.98 (4.27–8.37) 0.24 (0.17–0.33)

FIT (Chiu et al. 2013) 78.6 (58.5–91.0) 92.8 
(92.5–93.2)

10.97 (7.58–15.90) 0.23 (0.16–0.33)

Multitarget stool DNA test 
(Imperiale et al. 2014)

92.3 (83.0–97.5) 86.6 
(85.9–87.2)

5.90 (4.63–7.53) 0.09 (0.07–0.12)

Blood-based test
Plasmic methylated septin-9 
(Church et al. 2014)

48.2 (32.4–63.6) 91.5 
(89.7–93.1)

5.89 (4.48–7.75) 0.54 (0.41–0.71)

Direct visualization examination
Computed tomographic 
colonography (Johnson et al. 
2008)

90 (84–96) 86 (81–90) 6.4 (5.7–7.2) 0.12 (0.07–0.20)

Colon capsule endoscopy (Van 
Gossum et al. 2009)

74 (52–88) 74 (72–75) 2.8 0.35

Flexible sigmoidoscopy 
(Niedermaier et al. 2018)a

79.3 – – –

CI confidence interval, gFOBT guaiac fecal occult blood test, FIT fecal immunochemical test
aFlexible sigmoidoscopy identified 169 distal colorectal cancers and missed 44 proximal colorectal cancers
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Table 3.2 Performance of available clinical screening modalities for advanced colorectal neoplasms using colonos-
copy as a reference standard

Screening modality
Sensitivity, % 
(95% CI)

Specificity, % 
(95% CI)

Positive likelihood 
ratio (95% CI)

Negative likelihood 
ratio (95% CI)

Fecal-based test
gFOBT (Zhu et al. 2010) 54 (48–60) 80 (78–82) 2.7 0.58
FIT (Zhu et al. 2010) 67 (61–73) 85 (83–87) 4.5 0.39
Multitarget stool DNA test 
(Imperiale et al. 2014)

42.4 
(38.9–46.0)

86.6 
(85.9–87.3)

3.16 (2.93–3.40) 0.67 (0.72–0.62)

Blood-based test
Plasmic methylated septin-9 
(Church et al. 2014)

11.2 
(7.2–15.7)

91.6 
(89.9–93.1)

1.14 (1.00–1.29) 0.99 (0.87–1.12)

Direct visualization exam
Computed tomographic 
colonography (Johnson et al. 
2008)

90 (84–96) 86 (81–90) 6.4 (5.7–7.2) 0.12 (0.07–0.20)

Colon capsule endoscopy (Rex 
et al. 2015)

92 (82–97) 95 (93–97) 18.4 0.08

Flexible sigmoidoscopy 
(Khalid-de Bakker et al. 2011)a

73.7 
(56.9–86.6)

89.3 
(85.2–92.7)

6.9 0.29

CI confidence interval, gFOBT guaiac fecal occult blood test, FIT fecal immunochemical test
aThe findings of flexible sigmoidoscopy were conducted from colonoscopy reports and defined as an examination of the 
distal colon

Fig. 3.2 Calculation of the posttest probability of an out-
come by multiplying the baseline risk of an individual 
with the likelihood ratio of a positive or negative screen-
ing test result. We assume that the positive/negative likeli-

hood ratios of guaiac fecal occult blood test (gFOBT), 
fecal immunochemical test (FIT), multitarget stool DNA 
test (stool DNA), and plasmic methylated septin-9 
(SEPT9) are 6/0.2, 10/0.2, 5/0.1, and 5/0.5, respectively
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comparison study, DCBE followed 7–14  days 
later by CTC and colonoscopy on the same day, 
the sensitivities of DCBE for lesions ≥10  mm 
and 6–9  mm were 48% and 35%, respectively 
(Rockey et al. 2005). Because of its low sensitiv-
ity, DCBE is not recommended as a first-line 
option for CRC screening (Sung et al. 2008).

3.5.2  Computed Tomographic 
Colonography

CTC uses advanced visualization technology and 
provides 2- or 3-dimensional endoluminal images 
of the colon upon reconstructing of computed 
tomography of the cleansed and air-distended 
colon (Kay and Evangelou 1996). It has several 
potential advantages over other screening tests 
for CRC, including relatively noninvasive tech-
nique, rapid imaging of the entire colon, no need 
for sedation, a low risk of procedure-related com-
plications, and enabling review of extra-colonic 
organs in addition to the colonic mucosa 
(Pickhardt 2006). In one tandem study (a com-
parison study in which the same person was 
screened sequentially with same-day CTC and 
colonoscopy), the detection rates of advanced 
neoplasia (advanced adenoma or cancer) were 
similar with both screening methods; the sensi-
tivity/specificity of CTC for the detection of ade-
nomas or cancers were 65%/89% for lesions 
≥5  mm and 90%/86% for lesions ≥10  mm 
(Johnson et  al. 2008). In a randomized trial, 
detection rates with CTC, as compared with colo-
noscopy, were similar for CRC (0.5% vs. 0.5%) 
but were lower for all advanced adenomas (5.6% 
vs. 8.2%) and for advanced adenomas ≥10 mm 
(5.4% vs. 6.3%); besides, participation in this 
population-based screening program with CTC 
was significantly better than with colonoscopy 
(34% vs. 22%) (Stoop et al. 2012). Potential dis-
advantages associated with CTC include radia-
tion exposure and requiring follow-up 
colonoscopy after positive results. Besides, CTC 
involves specially trained and qualified radiolo-
gists, which may not be comparable to most prac-
tice settings where few radiologists have access 
to similar training or technology. Generalizability 
of the findings to a community setting is limited 

because participating centers were large, aca-
demic institutions. Currently, there is limited evi-
dence that a single screening with CTC reduces 
CRC incidence or mortality.

3.5.3  Colon Capsule Endoscopy

The first-generation colon capsule endoscopy 
(CCE-1) method for CRC screening was initially 
introduced in 2006, and consists of swallowing a 
pill-shaped device which is capable of photo-
graphing the gastrointestinal tract as it passes 
through it; however, low sensitivity but high 
specificity for detecting large polyps and 
advanced adenomas was demonstrated, and accu-
racy for detecting CRC was limited (Van Gossum 
et al. 2009). With the introduction of the second- 
generation CCE (CCE-2) in 2009 and the imple-
mentation of more standardized bowel cleansing 
protocols, the detection of colonic lesions has 
significantly increased diagnostic accuracy 
(Eliakim et al. 2009). In a prospective study for 
asymptomatic subjects who underwent CCE-2 
followed by colonoscopy, the sensitivity and 
specificity of CCE-2 for detecting adenoma 
≥6  mm was 88% (95% CI: 82–93%) and 82% 
(95% CI: 80–83%), respectively, and for detect-
ing adenoma ≥10  mm were 92% (95% CI: 
82–97%) and 95% (95% CI: 94–95%), respec-
tively (Rex et al. 2015). Although CCE has shown 
to be a feasible and exceptionally safe procedure 
for the visualization of the entire colon, the over-
all accuracy of CCE largely depends on bowel 
cleanliness and still needs a referral to colonos-
copy for clarification of detected lesion. Its high 
cost, requiring even more amount of bowel 
cleansing agent before capsule ingestion, and not 
being able to perform polypectomy are some of 
the constraints of this modality to be used as the 
primary screening modality.

3.5.4  Flexible Sigmoidoscopy

The flexible sigmoidoscopy provides visualiza-
tion of the distal part of the large bowel up to the 
splenic flexure by using a flexible, 60-cm long 
endoscope. It requires only minimal bowel prep-
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aration and no sedation. It also provides the abil-
ity to excise or biopsy detected lesions during the 
same procedure. In a prospective study concern-
ing the detection of advanced adenomas for an 
average-risk screening population who under-
went sigmoidoscopy with colonoscopy as a refer-
ence standard, the sensitivity and specificity were 
73.7% (95% CI: 56.9–86.6%) and 89.3% (95% 
CI: 85.2–92.7%), respectively (Khalid-de Bakker 
et al. 2011). One updated meta-analysis of ran-
domized controlled trials estimated relative risks 
after screening with flexible sigmoidoscopy on 
CRC incidence and mortality were 0.82 (95% CI: 
0.75–0.89) and 0.72 (95% CI: 0.65–0.80), respec-
tively (Brenner et al. 2014). Its effectiveness is, 
however, only confined to distal colon and rec-
tum, and the potential to detect proximal neo-
plasms depends on colonoscopy referral 
(Niedermaier et al. 2018).

3.5.5  Colonoscopy

The traditional method of colonoscopy provides 
visualization of the entire large bowel and the 
distal part of the small bowel by using a flexible, 
130-cm to a 160-cm long endoscope. It is con-
sidered as the “gold standard” examination for 
CRC screening, mainly because of its high sen-
sitivity and specificity for detecting not only 
cancerous but also precancerous lesions. It also 
provides the ability to excise or biopsy detected 
lesions during the same procedure. In the 
National Polyp Study, after 15 years follow-up, 
the standardized incidence- based mortality ratio 
was 0.47 (95% CI: 0.26–0.80) with colonoscopic 
polypectomy, suggesting a 53% reduction in 
mortality (Zauber et  al. 2012). Although colo-
noscopy screening is recommended for the pre-
vention of CRC in several European countries 
and the United States, no randomized trials so 
far have quantified its possible benefit. With 
colonoscopy as compared with no colonoscopy, 
one long-term observational study showed that 
hazard ratios for CRC were 0.57 (95% CI: 0.45–
0.72) after polypectomy and 0.44 (95% CI: 
0.38–0.52) after negative colonoscopy (Nishihara 
et al. 2013). One updated meta-analysis of obser-
vational studies estimated relative risks after 

screening colonoscopy on CRC incidence and 
mortality were 0.31 (95% CI: 0.12–0.77) and 
0.32 (95% CI: 0.23–0.43), respectively (Brenner 
et al. 2014). Although evidence shows that CRC 
screening with colonoscopy has the potential to 
prevent colorectal cancer of the entire large 
bowel, it is also associated with higher costs, 
complication rates, colonoscopist capacities, and 
not without risk.

3.6  Options for CRC Screening 
in Primary Care Setting

The advantages, disadvantages, and recom-
mended interval of clinically available screening 
modalities for CRC are summarized in Table 3.3. 
There are significant differences in the adher-
ence rates and participant preferences between 
colonoscopy and FIT according to the education, 
marital status, household income, and self- 
perceived risk of CRC (Wong et al. 2012). One 
American study has found that that primary 
colonoscopic screening might result in a lower 
completion rate as compared with the fecal 
occult blood testing; moreover, they also noted 
that there were differences in the racial/ethnic 
groups in the completion of fecal occult blood 
testing and colonoscopy (Inadomi et  al. 2012). 
One Asian study showed that patients who were 
offered an informed choice (yearly FIT for up to 
3  years or one-time colonoscopy) had higher 
adherence rates than patients who were not 
offered a choice, suggesting that providing a 
screening test option is of benefit (Wong et  al. 
2014). Although no trials have reported long- 
term findings of direct comparisons of the vari-
ous screening modalities, the simulation studies 
have provided a way to extrapolate available evi-
dence (Knudsen et al. 2016). In one simulation 
modeling study, assuming 100% adherence, the 
strategies of colonoscopy every 10 years, annual 
FIT, sigmoidoscopy every 10 years with annual 
FIT, and CTC every 5  years performed from 
ages 50 through 75 years can yield similar life-
years gained, which indicate different individu-
als may consider different strategies for 
screening, in order to maximize the benefit 
(Knudsen et al. 2016).

3 Options of Colorectal Cancer Screening: An Overview



38

3.7  Summary

CRC, historically a cancer typical of industrial-
ized countries, is now a very common cancer and 
cause of cancer death globally. Evidence sug-
gests that the disease is significantly increased in 
most developing countries, heralding an even 
greater disease burden in the near future. 
Colonoscopy remains the golden standard in 
diagnosis while a noninvasive test, using either 
fecal- or blood-based samples, or less invasive 
imaging tests, could be more suitable for popula-
tion screening and provide guidance for individu-
alized risk assessment prior to the invasive test of 
colonoscopy. The majority of guidelines recom-
mend screening average-risk individuals aged 
50–75  years using the fecal occult blood test 

(mainly the FIT, annually or biennially), with 
quantitative FHbC of FIT serving as the popula-
tion stratification tool for CRC risk prediction. 
The sensitivity of the stool DNA panel test is 
higher due to its combination of multiple detec-
tion points in feces. However, the high cost and 
lower specificity may need improvement before 
it can be widely used for population screening, 
particularly in developing countries. The molecu-
lar mechanisms mediating the effect of the envi-
ronment on CRC pathogenesis provide a new 
platform for the development of novel targets for 
screening. Animal experiments and larger studies 
in humans are still needed to elucidate the inter-
play of microbiota, the innate immune system, 
genetic factors, diet, and CRC before active inter-
vention through the manipulation of gut micro-

Table 3.3 Summary of screening modalities in advantages, disadvantages, and recommended screening intervals

Screening modality Advantages Disadvantages
Recommended 
screening intervals

Fecal-based test
Guaiac fecal occult 
blood test

No direct risk to colon; no 
bowel preparation; sampling at 
home; cheap

Miss polyps/cancer; false-positive 
result; colonoscopy needed if 
positive result; diet/medication 
restriction

Annual

Fecal 
immunochemical test

No direct risk to colon; no 
bowel preparation; sampling at 
home; no diet/medication 
restriction; cheap

Miss polyps/cancer; false-positive 
result; colonoscopy needed if 
positive result

Annual or 
biennial

Multitarget stool 
DNA test

No direct risk to colon; no 
bowel preparation; sampling at 
home; no diet/medication 
restriction

Miss polyps/cancer; false-positive 
result; colonoscopy needed if 
positive result; expensive

Every 3 years

Blood-based test
Plasmic methylated 
septin-9 test

No direct risk to colon; no 
bowel preparation; no diet/
medication restriction

Miss polyps/cancer; colonoscopy 
needed if positive result; expensive

Limited evidence

Direct visualization exam
Computed 
tomographic 
colonography

No direct risk to colon; 
examine entire colon via virtual 
image

Bowel preparation; radiation 
exposure; false-positive result; 
colonoscopy needed if positive 
result; expensive

Every 5 years

Colon capsule 
endoscopy

No direct risk to colon; 
examine entire colon

Bowel preparation; colonoscopy 
needed if positive result; expensive

Every 5 years

Flexible 
sigmoidoscopy

Minimal bowel preparation; 
direct polyps/cancer sampling 
or resection; no conscious 
sedation; cheap

Examine distal colon; miss polyps/
cancer; risk of bowel perforation 
and bleeding; colonoscopy needed if 
positive result

Every 5 years

Colonoscopy Exam entire colon; direct 
polyps/cancer sampling or 
resection

Bowel preparation; risk of bowel 
perforation and bleeding; need 
conscious sedation; expensive

Every 10 years
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biota can occur. Noninvasive blood tests, such as 
the measure of plasmic methylated septin-9, have 
potential as screening tools for CRC, due to the 
possibility of improving population compliance 
to CRC screening compared to the collection of 
stool samples but insufficient performance 
remains a concern. The high population risk of 
CRC worldwide ensures the need for continued 
development in this area to reduce the associated 
morbidity and mortality.
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