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Screening has a central role in colorectal cancer (CRC) control. Different screening tests
are effective in reducing CRC-specific mortality. Influence on cancer incidence depends on
test sensitivity for pre-malignant lesions, ranging from almost no influence for guaiac-based
fecal occult blood testing (gFOBT) to an estimated reduction of 66-90% for colonoscopy.
Screening tests detect lesions indirectly in the stool [gFOBT, fecal immunochemical testing
(FIT), and fecal DNA] or directly by colonic inspection [flexible sigmoidoscopy, colonoscopy,
CT colonography (CTC), and capsule endoscopy]. CRC screening is cost-effective compared
to no screening but no screening strategy is clearly better than the others. Stool tests are
the most widely used in worldwide screening interventions. FIT will soon replace gFOBT.
The use of colonoscopy as a screening test is increasing and this strategy has superseded
all alternatives in the US and Germany. Despite its undisputed importance, CRC screen-
ing is underused and participation rarely reaches 70% of target population. Strategies to
increase participation include ensuring recommendation by physicians, introducing orga-
nized screening and developing new, more acceptable tests. Available evidence for DNA
fecal testing, CTC, and capsule endoscopy is reviewed.
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ROLE OF SECONDARY PREVENTION IN COLORECTAL CANCER
CONTROL

Screening has a central role in colorectal cancer (CRC) control.
Even if incidence studies show that the majority of large bowel can-
cers are sporadic, few protective and risk factors for the disease have
been consistently identified so far (e.g., alcohol, red and processed
meat intake, obesity, smoking, physical activity, and aspirin use)
(1). Modifiable factors are associated with slightly elevated risks of
developing CRC, in most cases between 1.2 and 2.0. Some estab-
lished risk factors are widely diffused in the general population
so that they are responsible for a substantial share of disease bur-
den and, thus, are potential targets for preventive interventions
(2). However, changing dietary habits and physical activity lev-
els is difficult. Typically, the Western lifestyle is associated with
an unfavorable pattern of risk factors and with high CRC inci-
dence rates (3, 4) and these, together with mortality trends, are
also reported in developing countries (5, 6). CRC prognosis has
slowly been improving (7). Progress has been made in the treat-
ment of the disease, particularly for rectal cancer (8). However,
both advanced age and stage at diagnosis limit the opportunity for
curative treatment in many cases (9). Diagnosis at earlier stages in
disease development has led to a dramatic change in prognosis and
to more conservative treatment (10). Thus, screening is presently
the key intervention for CRC control.

DISEASE IS SUITABLE FOR SCREENING

Colorectal cancer is an ideal target for screening interventions (11).

Colorectal cancer is an important health burden. With 746,000
cases in males (10.0% of total cancer cases) and 614,000 cases
in women (9.2% of total), large bowel cancer is estimated to be
the third (following lung and breast cancer) most frequent can-
cer worldwide in both sexes combined (12). In western countries,
CRC is the most frequent cancer in both sexes (13). CRC is also a
leading cause of cancer death, ranking fourth after lung, liver, and
stomach cancer (12).

In the majority of cases, the disease develops over many years
through the so-called adenoma—carcinoma sequence (14). Detec-
tion and removal of pre-malignant lesions can prevent progression
to cancer and decrease incidence (15—18). CRC, as with many other
cancers, is curable in most cases if detected at an early stage (10).

COLORECTAL CANCER SCREENING TESTS
Screening tests are available to detect pre-malignant lesions and
cancer at early stages. Screening tests are classified in two groups:
(1) indirect tests looking for the presence of markers of colorec-
tal neoplasm in the stool; (ii) tests based on direct visualization of
neoplasm in the large bowel. Currently, both stool-based [i.e., fecal
occult blood test (FOBT) and fecal immunochemical test (FIT)]
and endoscopy-based tests [i.e., flexible sigmoidoscopy (FS) and
total colonoscopy (TC)] are almost exclusively used in ongoing
opportunistic and organized CRC screening worldwide.

There is evidence from randomized controlled trials (RCT)
and meta-analyses that guaiac-based [guaiac-based fecal occult
blood testing (gFOBT)] and FS screening decrease CRC-specific
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mortality (15, 19). FIT shares the same indirect target for the pres-
ence of colorectal neoplasm with gFOBT; that is, the presence of
blood in the stool. There is sufficient evidence that FIT outper-
forms gFOBT in terms of sensitivity (20, 21) and compliance with
invitation (22). There is no available evidence from RCTs support-
ing the efficacy of colonoscopy as a CRC screening test and results
from the ongoing RCTs will take decades to appear (23-25). How-
ever, TC is considered an effective screening test for CRC based
on the following arguments: (i) evidence available for FS applies
to TC as well since both tests are based on direct visualization of
intestinal lumen; (ii) mortality reduction achieved with FOBT tests
depends on colonoscopy as the confirmatory test; and (iii) avail-
able observational studies confirm that TC is highly effective in
reducing CRC mortality and incidence (26). CRC screening is also
cost-effective if compared to no screening (27, 28). Screening tests
currently in use have recently been reviewed in detail (15, 21, 29).

GUAIAC-BASED FECAL OCCULT BLOOD TEST

Four large RCTs (30-33) showed that a screening program based
on a gFOBT repeated every 1 or 2years reduces CRC-specific
mortality by 16% (up to 23% according to the per-protocol
analysis) (34).

Some characteristics of gFOBT may limit compliance: they
must be collected from three consecutive stools and they are
sensitive to diet intake of hemoglobin (35). This led to the indi-
cation of dietetic restrictions at the price of loss in compliance;
diet indications were subsequently dropped because of limited
clinical significance (36—39). gFOBT is also sensitive to bleeding
of the upper gastro intestinal (GI) tract (40). A further limita-
tion of gFOBT is its low sensitivity for CRC (25-38%) and for
advanced adenomas (AA) (16-31%) (20), the latter probably being
the reason for the lack of incidence reduction among screened
populations (34). Test sensitivity may be increased by rehydrating
the test windows before development (41), but this significantly
affects specificity (39, 42). Since the reading of the test is not auto-
mated, an inter-operator as well as a batch-to-batch variability has
been reported (39). gFOBT is more stable than FIT if exposed to
high temperature (43).

FECAL IMMUNOCHEMICAL TEST

No RTC on the impact of FIT-based screening on CRC mortal-
ity has been carried out. A recent ecological study showed a 22%
reduction in CRC-specific mortality in areas where FIT screen-
ing programs were active compared to controls (44). The impact
of screening with FIT on incidence rates has also been reported
(18). Further evidence of FIT test efficacy is indirect, based on a
large number of trials comparing performance of different FIT
tests with gFOBT (45-54). These studies are difficult to compare
because they used different positivity cut-offs and different sam-
ple numbers (51-53, 55). Overall sensitivity of FIT is higher than
gFOBT both for CRC (61-91%) and for AA (27-67%) and the
test has a comparable specificity (ranging from 91 to 98% versus
98-99%) (40).

Fecal immunochemical tests are specific for human blood and
insensitive to upper GI bleeding (21). There are qualitative FIT
tests that produce a binary result (positive or negative), whose
positivity cut-off may not be adjusted and whose reading is not

automated. Their performance showed a large variability among
manufacturers (56). Quantitative FIT produce a quantitative result
of the fecal hemoglobin concentration, generally as nanograms
of hemoglobin per milliliter buffer added and whose positivity
cut-off may be adjusted.

The best number of samples and the positivity cut-off have not
yet been defined and this uncertainty reflects on recommenda-
tions published in different countries (45, 50, 57-60). However,
complicated stool handling may negatively affect screening com-
pliance; according to two studies, 60-62% with 1-sample FIT
versus 47-50% with three-samples gFBOT (50, 52). In addition,
recent findings show that increasing the number of FIT samples
does not affect the main performance indicators of FITs for CRC
(61). It is thus reasonable to use a single sampling and to act on
the cut-off to adjust the desired sensitivity (22, 62). Some trials
have identified a protocol based on a single sample with a positiv-
ity cut-off of 75 ng/ml as a good trade-off between sensitivity and
specificity (49, 63—65). Storage conditions (e.g., excessive tempera-
ture) may increase false-negative rates (64) and require technology
solutions by the manufacturers. According to some recent studies,
FIT is the most cost-effective tool for CRC screening (66—68) with
a sensitivity (76%) and a specificity (95%) comparable to TC (24).

The European Guidelines recommend FIT for programs adopt-
ing a strategy based on fecal occult blood test (21).

FLEXIBLE SIGMOIDOSCOPY

Randomized controlled trials showed that screening with FS
reduces CRC mortality by 22-31% and incidence by 18-23%
through visual inspection of colic mucosa, biopsy taking and
polyp removal in the distal tract of colon (69-71). A population-
based trial showed similar results after a median follow up of
10.9 years (72).

The impact of screening with FS on incidence and mortal-
ity rates is limited to the distal colon, while RCTs showed no
significant differences as regards the distal tract. A combined strat-
egy using FS and gFOBT/FIT did not seem to solve the problem
(72, 73) while it would increase endoscopic workload and reduce
participation (72, 74, 75).

Overall, FS is a safe test: very low complication rates (mainly
perforations and bleeding requiring transfusion) have been
reported (76).

TOTAL COLONOSCOPY

Total colonoscopy allows direct visualization of the colonic
mucosa, biopsy of lesions, and polyp removal over the whole colon.
Sensitivity and specificity for CRC and AA are very high, even if a
miss-rate of CRC of between 0.2 and 5.0% was reported (77-82).
TC is the confirmatory test used in case of a positive test for all the
above screening strategies (21, 42, 83).

Evidence of efficacy derives from observational studies, show-
ing a relevant impact on incidence (reduced by 66-90% compared
to the general population) and mortality (31-65%) (16, 84-87).

Total colonoscopy as a CRC screening test is not free from
limits. A high inter-operator variability in the adenoma detection
rate has been reported and this feature has been associated with
the subsequent risk of CRC (88). Moreover, retrospective analy-
ses questioned the capability of reducing incidence and mortality
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from proximal CRC in community settings (89, 90). Thus, proper
training programs for endoscopists are necessary, as well as con-
tinuous quality assurance (91). Collateral effects of TC are rare but
more frequent than with FS (20).

Many characteristics negatively affect the acceptability of TC
as a first-line screening test: it is an invasive examination, which
requires an even more invasive bowel cleansing and it is time-
consuming, expensive, and painful. Even if in the US the uptake
of TC is increasing (92), in the EU countries compliance has been
very low (93).

GEOGRAPHIC DISTRIBUTION OF CRC SCREENING

Diffusion of CRC screening shows a marked geographic variation
(94). Screening is more frequently available in high incidence, high
resources western countries. CRC screening practices in Europe
have recently been reviewed by Altobelli et al. (13). Stool-based
tests are more used than endoscopy. gFOBT is the recommended
test in many countries like UK, France, and Finland. FIT is the test
of choice in Spain, the Netherlands, and in most Italian programs.
Screening is mainly national and programed in European coun-
tries and includes the 50-74 age group as the target population.
Opportunistic screening is diffused in Austria and Germany, and,
outside Europe, in Japan, Australia, and Canada (95). Germany,
Poland, and the US adopt TC as CRC screening test, alone or as
an alternative to other possible test choices. The US has a long-
standing history of CRC screening dating back to the 80s. CRC
screening in the US is not diffused in the form of organized pro-
grams but different test choices are equally recommended [i.e.,
(1) annual high-sensitivity gFOBT or FIT, following the manu-
facturer’s recommendations for specimen collection; (2) FS every
5years; (3) TC every 10 years; (4) double-contrast barium enema
every 5years; or (5) CT colonography (CTC) every 5 years] (96).
However, TC has progressively become the most widely used test
in the US and is increasingly considered the gold standard test for
CRC screening because of the claimed effectiveness in detecting
cancer and advanced pre-malignant lesions in comparison with
stool-based tests that primarily detect cancer at early stages (97—
99). The preference of TC as a CRC screening test in the US
is largely attributable to the classification of stool-based tests as
aimed primarily at detecting cancer and as a test based on struc-
tural examination of large bowel as aimed at detecting both cancer
and advanced pre-malignant lesions (96).

SCREENING STRATEGIES
Studies agree that at present there is no clear evidence of the supe-
riority of one screening test and strategy over the others (28, 99).

High variability of screening interventions worldwide reflects
this situation. Determinants of the adoption of screening strate-
gies include: (i) test performance and, in particular, ability to
detect pre-malignant lesions and decrease incidence of invasive
cancer; (ii) acceptability of tests and screening participation; and
(iii) resource needs associated with different strategies.

Fecal immunochemical test is increasingly considered a better
test than gFOBT because of better accuracy, compliance, and cost-
effectiveness (100). Moreover, FIT showed better sensitivity than
gFOBT for advanced neoplasia and this feature should also result
in a larger decrease of CRC incidence (18, 19, 101).

Among tests based on large bowel structural examination,
TC is the preferred test, despite high costs and invasiveness. In
particular, in the US, TC has progressively gained the widest dif-
fusion over the other available tests, including FS (97). Endoscopy
tests showed better sensitivity than FIT for the diagnosis of pre-
malignant polyps and, particularly, advanced neoplasia. Thus,
endoscopy tests are likely to confer better individual protection
and have a stronger influence on cancer incidence if compared
to FIT (17, 102). However, FIT is a better accepted screening test
than FS and TC. Thus higher participation in screening using
FIT may, to some extent, balance lower sensitivity than endoscopy
tests (103—105).

Recent studies comparing FIT to endoscopy tests in a single
screening round confirmed that FIT is associated with the highest
participation (23, 101). Higher participation rates achieved by FIT
reduce, but do not eliminate the gap in detection rate of cancer and
AA compared to endoscopy tests. However, screening strategies
using FIT have typically shorter intervals between subsequent test
repetition that should further reduce or even reverse the difference
in detection rates with respect to FS and TC (101). Results of stud-
ies comparing endoscopy tests with repeated rounds using FIT will
depend on both test sensitivity and compliance with subsequent
invitation in the FIT group (106, 107).

The diagnosis of pre-malignant lesions and consequent
decrease of incident cancers is a much desirable feature of CRC
screening. The concept of over-diagnosis apparently does not
apply to CRC screening since a steeply increasing incidence does
not follow screening introduction and, on the contrary, a decreas-
ing incidence trend is reported in the US, after decades of CRC
screening progressive diffusion (97). However, the concept of
over-diagnosis in CRC should also be tested against incidence of
pre-malignant lesions. In particular, the rate of colectomies should
be monitored and compared among different screening tests and
to non-screened groups or populations.

In conclusion, FIT testing is increasingly the most used CRC
screening strategy. In a few countries, including US and Germany,
TC is recommended and is the most used test. Cost and availability
of endoscopy resources may be the limiting factors in the adoption
of TC screening strategy.

IMPROVING OUTCOMES IN CRC SCREENING

Improvement of CRC screening is a much desirable aim that is
actively pursued through research to improve performance of tests
and strategies to increase screening participation.

Despite its central role in CRC control and the availability of a
range of effective tests, CRC screening is typically under-used. In
the US participation in CRC screening has been increasing since
its introduction in the 80s but was still below 70% in 2010 (97). In
European countries, screening started much more recently than in
the US and participation rates are generally lower than in US (13).

Strategies to improve participation in screening interventions
were reviewed by Jepson et al. (108) and, more recently, by Camil-
loni et al. (109). The implementation of organized interventions
may improve participation and reduce inequalities in screening
uptake if compared to opportunistic screening (11). This strat-
egy has been adopted in many European countries and is actively
considered in Germany and US (13, 110, 111).
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Physician recommendation influences participation (112).
Sequential offering of available screening tests may contribute to
maximize participation (113, 114). Research on screening tests
with improved features including better acceptability is ongoing
and serum markers represent a possible example of acceptable
screening tests (115).

Better diagnostic performance is another way to improve
CRC screening outcomes. Performance could be improved
through: (i) strategies based on the combination of existing tests
or (ii) improvement of screening tests that can be achieved with:
(1) improvement of existing tests, (2) introduction of new diag-
nostic tests. CRC screening strategies currently in use consist
either in opportunistic screening allowing individual selection
of a test among many recommended alternatives or in orga-
nized screening based on the administration of a single type
of test. The combination of tests with different features may
be investigated to improve performance. Combination of FIT
and FS has been discussed above. A simulation model showed
that FIT at younger age combined with colonoscopy at older
ages may represent a cost-effective alternative to single test
strategies (116).

Research is continuously being done to improve existing tests
or develop new ones. FIT can be considered an improvement of
the older stool-based test gFOBT (100). As an example of inno-
vation of existing tests, full-spectrum TC has recently been shown
to have higher sensitivity for colorectal adenomas than traditional
TC (117). Many new tests are currently in development. We briefly
review tests that have been used or are ready for field use.

FECAL DNA TESTING

Fecal sample testing using molecular diagnostic tests is emerging
as a potentially important new approach. There is a strong biologic
rationale to pursue this technology, given that adenoma and can-
cer cells that contain altered DNA are continuously shed into the
large bowel lumen. DNA is stable in the feces and it can therefore
be extracted for analysis. Due to the heterogeneity of cancer, no
single molecular marker has shown an optimal sensitivity, while
panels of different markers in early studies have allowed a higher
detection rate for both CCR and AA.

However, observations on larger size population studies
appeared less encouraging, showing only fair sensitivity for the
detection of CRC and low sensitivity for the detection of AA (118,
119). Significant technical improvements have been carried out
in recent years, which have raised sensitivity of these tests for the
detection of colonic lesions.

A very recent study by Imperiale (120) compared a multi-
target stool DNA test with a commercial FIT among a large series
of subjects at average-risk for CRC. The sensitivity of the DNA
test for the detection of both CRC (92.3%) and advanced pre-
cancerous lesions (42.4%) was very impressive, being superior to
that of FIT by a difference of about 20% points, even if FIT was
more specific for CRC and advanced precancerous lesions (120).
A higher rate of non-adequate samples respect to FIT (6.3 ver-
sus 0.3%) was also registered. DNA fecal testing is an addition
to the stool-based tests for CRC screening but further studies are
needed to understand whether stool DNA testing has any role in
CRC organized screening, taking into account other key factors

yet to be assessed, such as the screening interval, adherence, and
costs.

Clinical proteomics is an emerging issue in cancer research.
Potentially, blood proteomics tests in the near future will be
able to detect patterns of proteins associated with cancer or
low molecular-weight compounds related to an abnormal cell
growth. In the words of Liotta and Petricoin (121) “the low-
molecular-weight region of the blood proteome is a treasure trove
of diagnostic information ready to be harvested by nanotechnol-
ogy.” Unfortunately, no clinical applications are available at the
moment and large multicenter studies in average-risk populations
are needed in order to fully understand the true potential of this
new biomolecular technology.

CT COLONOGRAPHY

CT colonography, or virtual colonoscopy, is a poorly invasive
radiological technique for imaging the large bowel. It provides
two-dimensional and three-dimensional images. A bowel insuffla-
tion with carbon dioxide is needed. If polyps or CRC are detected
on CTC, patients are referred to TC. CTC is well tolerated by
patients (122, 123) and it can be performed even with limited
bowel preparation. Several studies have demonstrated that CTC
has a high-sensitivity for the detection of colonic lesions that was
equal to 83-93% for polyps larger than 10 mm and to 60—-86% for
intermediate polyps with a 6-9 mm in size (124—129). Specificity
of CTC resulted also very high for lesions >9 mm (95-97%) (125,
126, 128).

The risk of complications is extremely low, with no perfora-
tions or other serious complications in a large CTC screening
cohort (130).

CT colonography reading may be time-consuming for the
radiologist and this aspect is particularly interesting in a screen-
ing setting. Systems for helping radiologists in detecting colonic
lesions at CTC have been developed [Computer aided diagnosis
(CAD)]. Few data (131) suggest that this strategy has a sensitivity
for polyps similar to that with unassisted reading and allows for a
reduction in the reading time (132).

For these features, CTC could be a good alternative as primary
test in a screening setting.

A RCT conducted in the Netherlands (133) compared partici-
pation in a CRC screening setting with CTC or with TC, showing
that adherence of invited subjects was significantly better with
CTC than with TC. On the other hand, TC identified significantly
more advanced neoplasia per 100 participants than did CTC, even
if the diagnostic yield for advanced neoplasia per 100 invitees was
similar for both strategies.

In the perspective of including CTC as a screening test, some
considerations about potential disadvantages are needed:

+ CTC-based screening may produce a high referral rate to
colonoscopy, with an increase of costs.

Detection of extracolonic lesions: CTC displays the abdomi-
nal organs, thus the prevalence of extracolonic diseases that
require further investigation may be substantial (6% in asymp-
tomatic average-risk populations). Risks and costs associated
with false-positive results and unnecessary diagnosis should be
considered (134).
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+ Exposure of individuals to ionizing radiation; the probability of
radiation-induced malignancy is very low, especially with low
dose protocols.

Two randomized clinical trials are underway in Italy comparing
CTC as primary test versus biennial FIT and versus TC (135) or
versus FS (136). Both these trials will provide reliable information
concerning participation/acceptability, diagnostic yield, and costs
of screening with CTC in comparison with FIT or FS. The trials
will also evaluate the role of CAD in a screening setting.

Pending the results of these studies, we currently have no avail-
able data about the effectiveness of CTC as primary test in CRC
screening.

However, organized screening programs have already intro-
duced CTC as a current complementary assessment for FIT pos-
itive patients with incomplete colonoscopy or with contraindica-
tions to colonoscopy (137).

The potential role of CTC as a first-line CRC screening strategy
is very attractive. In this setting, CTC may offer clear advantages,
such as accuracy, safety, and subject acceptance. Future research
will tell us whether this strategy might be a good option in terms of
participation, costs, and benefit/risks ratio for the CRC screening
programs.

COLON CAPSULE ENDOSCOPY

Colon capsule endoscopy, also called video or wireless capsule
endoscopy, is a relatively new technique to visualize the colon,
developed by Given Imaging Ltd. for small bowel imaging. In
2006, a first generation of capsule, dedicated to colon investiga-
tion [PillCam Colon capsule endoscopy (CCE)] was developed.
Images are transmitted to a computer workstation for the visual-
ization. In case of abnormalities detected by CCE, a colonoscopy
is needed to allow removal of polyps and subsequent pathologic
diagnosis. Patients have to undergo bowel cleansing before the
CCE. Bowel preparation is specifically designed not only to clean
the colon, but also to allow colonic distension and propel the cap-
sule through the colon. Even small amounts of residual stool may
influence visualization of the colonic mucosa (138).

One study evaluated the diagnostic accuracy of CCE in a
prospective setting with high-risk patients (139). Sensitivity and
specificity for detecting polyps >6 mm was 64 and 84%, respec-
tively, whereas sensitivity and specificity for advanced adenoma
detection was 73 and 79%, respectively. Recently, a second-
generation colon capsule (CCE-2) has been made available. The
new CCE measures 11.6 mm x 31.5mm, with a widened angle
of view, thus allowing for nearly 360° coverage of the colon.
The device can adapt the image acquisition rate depending on
the speed of progression of the capsule along the colon. To
further save battery energy, CCE-2 can “choose” to work at a
low rate of 14 images per minute until small bowel images are
detected.

CCE-2 is provided with a new data recorder (DR3) endowed
with an artificial intelligence software. DR3 can communicate with
the capsule that listens to the “thinking” Data Recorder 3 and car-
ries out the orders received by it. Moreover, the DR3 guides the
medical staff and the patient through the procedure, buzzing, and
displaying instructions on its liquid crystal screen.

Two studies conducted in Israel (140) and in Italy (141)
have evaluated CCE-2 diagnostic accuracy for polyps. In the
first one, CCE-2 was prospectively compared with conventional
colonoscopy as the gold standard in a cohort of 98 patients with
known or suspected colonic disease. Per-patient CCE-2 sensitiv-
ity for polyps at least 6 mm in size was 89%, and at least 10 mm
in size was 88%, with specificities of 76 and 89%, respectively. In
the European trial, 109 patients were considered for analysis. Per-
patient CCE-2 sensitivity for polyps at least 6 mm in size was 84%
(95% CI 74-95%), and at least 10 mm in size was 88% (95% CI 76—
99%) with a specificity of 64 and 95%, respectively. Data regarding
diagnostic accuracy of the CCE-2 are encouraging, but evidence
concerning the diagnostic performance of this new technology is
in any case limited and based only on a few studies with a small
number of subjects recruited. Moreover, studies in an average-risk
screening population are still lacking. For this reason, a multicen-
ter prospective study is underway in Italy with the aim of assessing
the accuracy of PillCam colon 2 in a screening setting.

Colonic preparation for a colon capsule represents another
challenge. Recent studies evaluated a new protocol with a split-
dose PEG and a low dose of NaP, reporting good results (142).

In conclusion, the possible role of CCE as the primary test
in CRC screening represents a fascinating perspective, but fur-
ther studies are needed to understand the real impact of this new
technique in the non-invasive diagnosis of CCR and its precursors.
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