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Colorectal cancer (CRC) is a leading
cause of cancer-related mortality in the

Western world, with an estimated lifetime
risk of 6%, an incidence of over 1,000,000
new cases per year worldwide, and a long-
term survival rate of about 50%.1–3

Approximately two thirds of cases involve
average-risk men and women, with a sharp
increase of incidence beginning in the fifth
decade of life.3 The disease is highly pre-
ventable and can also be successfully
treated in early stages. CRC has a natural
history of transition from normal mucosa
to a premalignant precursor lesion (ie,
adenoma) and then to malignancy. The
entire process may span 15 to 20 years,
with the transition from adenoma to adeno-
carcinoma taking up to 10 years. These
intervals provide a window of opportunity
for screening, effective intervention, and pre-
vention of CRC.4–8 Indeed, a reduction of up
to 90% in the occurrence of CRC has been
demonstrated in individuals who under-
went colonoscopy with polyp removal.6,7

As for early detection, survival is
directly related to stage of disease at the
time of diagnosis. If metastasis to distant
sites has occurred, the 5-year survival rate
is close to zero. However, when the cancer
is found early at a localized preinvasive
stage, 5-year survival rate is approximately
95%.1–3 These characteristics of CRC make
it highly suitable for routine screening pro-
grams. Several screening techniques are
available and in common use. However,
improvements in screening techniques
could both increase preventive yield and
reduce the costs associated with screening.

The optimal screening approach in
individuals should be determined by risk
stratification based on a detailed personal
and family history. It is important to em-
phasize that patients with any symptoms or
signs that may be related to CRC should
undergo a complete diagnostic evaluation
and not just routine screening tests.
Asymptomatic individuals with a personal
and/or family history of CRC or adenoma

are classified as at moderate risk, while
those with familial neoplastic syndromes or
inflammatory bowel are considered at high
risk for developing CRC. Persons at high
risk require specific screening and surveil-
lance programs that include frequent
colonoscopies (usually once a year),
beginning at a young age. For moderate-
risk patients, colonoscopy is usually
performed every 5 years or at shorter inter-
vals according to endoscopic results.
Screening for average-risk men and
women is widely recommended beginning
at 50 years of age, though a consensus on
the optimal approach for average-risk
screening does not exist.

Current primary screening modalities
in the average-risk population include fecal
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ABSTRACT

Colorectal cancer (CRC) is associated with considerable morbidity and
mortality, with more than 1,000,000 new cases and 500,000 deaths
occurring annually. CRC has a natural history of transition from normal
mucosa through adenoma to malignant lesion that spans, on average,
15 to 20 years, providing a window of opportunity for effective preven-
tion and intervention through routine screening. The optimal screening
strategy for the average-risk population aged > 50 years remains the
subject of debate, however. Endoscopic screening is undoubtedly the
most effective screening method, and is also therapeutic since it permits
polyp removal. The simplest and best-evaluated available screening
method is the fecal occult blood test, which is relatively inexpensive and
noninvasive, but less accurate than colonoscopy. This method detects
cancer at an early stage but, since precancerous polyps rarely bleed, it
is not suitable for disease prevention. Compliance with current screening
methods is a major barrier to optimal prevention. Several new screening
modalities, such as self-navigating colonoscopes, prepless virtual
colonoscopy, and stool genetic testing, may improve compliance. Until
these technologies are available or shown to be appropriate for routine
screening, however, conventional colonoscopy remains the most efficient
method for CRC screening and prevention.
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occult blood test (FOBT), sigmoidoscopy,
and colonoscopy. The value of computed
tomographic (CT) colonography (virtual
colonoscopy) and fecal DNA testing for
primary screening is still under evaluation.
Navigating colonoscopy and endomi-
croscopy are two new and promising
modalities. This review presents the
current strategies and potential future
modalities for the prevention and early
detection of CRC in the average-risk
population.

CURRENT SCREENING
TECHNIQUES

Fecal Occult Blood Test
Fecal occult blood testing is a low-cost,
noninvasive periodic procedure that
detects fecal hemoglobin. The test does
not require cathartic bowel preparation
and the findings may reflect the full length
of the aerodigestive tracts. Current FOBT
technology employs a guaiac or immuno-
chemical analysis. Several factors affect
the accuracy of FOBT, including stool re-
hydration (increases sensitivity, decreases
specificity), heme degradation (reduces
sensitivity), medications such as non-
steroidal anti-inflammatory drugs (NSAIDs),
and interfering dietary substances such as
peroxidases and meat heme.

Proof of concept for reducing the mor-
tality from CRC by FOBT testing was pro-
vided in the 1980s. Three large prospec-
tive randomized trials have demonstrated
that an annual FOBT can decrease CRC
mortality by 15% to 33% when positive
results are followed by colonoscopy (for
review, see Ref. 3).9–12 A meta-analysis
pooling these three studies with data from
a Swedish trial estimated a 16% to 23%
reduction in CRC mortality,13 while the
Minnesota trial with an 18-year follow-up
found that biennial FOBT decreases CRC-
related death by 21%.10

The estimated FOBT sensitivity for
cancer ranges widely, between 30% and
90% (for review, see Ref. 3).9–12 In a study
using comparative screening with guaiac
and immunochemical tests, the best
results for cancer detection were achieved
by a combination of the two methods with
a sensitivity and specificity of 66% and
97%, respectively (for review, see Ref. 3).

A Japanese trial using FOBT in a set of five
different immunochemical tests reported a
sensitivity of 48% and specificity of 96%
for detection of large adenomas.14 A 75%
sensitivity for CRC or advanced adenoma
was found for both FOBT methods in a
mixed cohort that included individuals at
above-average risk.15 The specificity and
positive predictive value of the immuno-
chemical test (94% and 60%, respectively)
were higher than those with the guaiac test
(34% and 12%, respectively).15

Limitations
The limitations of FOBT include its being
an indirect screening test; patients with
positive results are referred for
colonoscopy to confirm the presence of
polyps or cancer. Thus, much of the
efficacy of screening in the Minnesota trial,
for example, may reflect the fact that
colonoscopy was performed in a large
segment of screenees (38%), including
those with false-positive results. Indeed, at
least 6% to 11% of the reported reduction
of mortality was attributed to incidental
detection of lesions by colonoscopy.3,9–12

Another consideration is that other
sources of occult bleeding (including the
upper gastrointestinal tract) or false-
positive results due to medications
(NSAIDs) or dietary ingredients may lead
to unnecessary colonoscopies. In a study
by Lieberman et al16,17 in which 3,121
asymptomatic persons underwent colon-
oscopy, positive FOBT results 3 successive
days before bowel preparation identified
only 23.9% cases of advanced cancer;
thus, FOBT alone failed to detect 76.1%
cases of advanced neoplasia.

Adequate follow-up after FOBT can be
erratic. A recent study in patients with
positive FOBT findings during screening
tests showed that approximately three
quarters of these patients were referred to
a gastroenterologist, and only 44% under-
went a complete colon examination within
12 months.18 The main reasons identified
for failure to complete evaluations were
lack of referral for further testing and
patient noncompliance.

Fecal occult blood testing essentially
permits detection of cancer at an earlier
stage rather than allowing true prevention
of CRC. Since some carcinomas and most

adenomas do not bleed, FOBT will not
detect them. Although FOBT is unarguably
superior to no screening at all, it has
relatively low sensitivity and provides only a
moderate decrease in CRC mortality
compared to other available screening
options. Thus, annual FOBT alone is insuf-
ficient for effective CRC prevention and
should at least be combined with sigmoi-
doscopy when used for screening.

Sigmoidoscopy
Sigmoidoscopy is a direct endoscopic
examination of the distal part of the colon
during which diagnostic biopsies can be
obtained. Sigmoidoscopy is considered
less invasive than colonoscopy and it is
performed after a short bowel preparation
that requires only two enemas. The proce-
dure usually does not require sedation and
it can be performed by trained nurses. If a
neoplastic lesion is found during sigmoi-
doscopy, the entire large bowel should be
evaluated by colonoscopy.

The current published data on
reducing CRC mortality using screening
sigmoidoscopy are drawn from non-
prospective, case-control studies. These
studies indicate that screening sigmoi-
doscopy can reduce the incidence and
death rates of distal CRC by 59% to
80%19–22 (for review, see Ref. 3) and lower
overall CRC mortality by up to 40% to 50%
(for review, see Ref. 3).19–21,23,24 The recom-
mendation for a 5-year interval between
examinations is based on evidence
indicating that the protective benefit of
sigmoidoscopy appears to last about 6 to
10 years, and that a 5-year interval for re-
examination after colonoscopy is sufficient
for preventive purposes.6,7,25,26

Limitations
The main drawback of sigmoidoscopy is
the limited extent of the colon that can be
examined. The desired extent of screening
sigmoidoscopy is about 60 cm, including
the rectum, sigmoid colon, and descend-
ing colon up to the splenic flexure.
Unfortunately, the actual range that can be
achieved is often shorter. Jensen et al27

showed that in the hands of expert
endoscopists, the sigmoidoscope is ad-
vanced only to the sigmoid-descending
colon junction in more than 50% of cases.
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A considerable proportion of proximal
advanced lesions occur in the absence of
distal lesions and, therefore, will not be
detected by sigmoidoscopy.

Lieberman et al16,17 demonstrated that
52% of patients with proximal advanced
lesions (ie, advanced adenoma or carci-
noma) had no lesions in the distal colon;
thus, more than half of the advanced
neoplastic lesions would have been missed
by sigmoidoscopy. The absence of distal
adenomas was also reported in 65% of
proximal cancer cases in a prospective study
on colonoscopy in average-risk persons.28

In our recently published study,29 21% to
43% of cases with neoplasia had proximal
lesions beyond the reach of sigmoi-
doscopy. A proximal shift of neoplasia in
older ages was suggested, since the preva-
lence of proximal findings in the absence
of distal lesions was significantly higher in
patients aged 65 to 75 years compared to
those aged 50 to 64 years.

Combined FOBT and
Sigmoidoscopy
The combined use sigmoidoscopy at 5-
year intervals and an annual FOBT would
appear to be a rational approach to
screening, but there are limited prospec-
tive data to support the strategy thus far.
One Danish FOBT trial reported a 28%
reduction in proximal CRC mortality but
only an 8% reduction in distal CRC,
leading the authors to conclude that
sigmoidoscopy should be complementary
to FOBT.30 Winawer et al31 reported that the
combined approach gained about a 20%
advantage over sigmoidoscopy alone for
early detection of CRC and resulted in
longer survival. Lieberman and Weiss17

estimated that the addition of FOBT to
sigmoidoscopy would increase the yield of
sigmoidoscopy from 70% to 76%. Al-
together, it seems very likely that this
combination improves the relative efficacy
of each test alone, and it has been offered
as an alternative option to screening
colonoscopy.32

Colonoscopy
There is no doubt that colonoscopy is the
gold standard to identify colorectal
cancer.3,33,34 It provides a direct diagnostic
examination of the entire length of the
large bowel combined with polyp removal

and tumor sampling. The examination is
performed by skilled gastroenterologists
after a cathartic bowel preparation. Using
back-to-back colonoscopies, Rex et al35

found that the sensitivity of a single
colonoscopy is about 90% to 95% for
cancers and large adenomas, and 75% for
polyps < 1 cm. In a recent systematic
review, the detection rates for adenomas
> 10 mm, adenomas 5 mm to 10 mm, and
adenomas 1 mm to 5 mm were 98%,
87%, and 74%, respectively.36 Colon-
oscopy miss rates are related to the skills of
the endoscopist and to the withdrawal
technique.37 Improvement of these factors
may reduce the miss rate for small lesions.

Although there are no published
prospective studies on direct reduction of
CRC mortality by primary screening
colonoscopy, a large body of evidence
supports this effect. Much of the reduction
of CRC mortality by screening in the FOBT
trials was attributed to the use of colon-
oscopy in a large segment of the study
cohort and to incidental detection of lesions
by colonoscopy.3,9-12,15 In light of the proven
reduction in CRC-related death by screen-
ing sigmoidoscopy,3,19-21 colonoscopy should
be even more effective in reducing mor-
tality since it enables an examination of the
entire colon along with the opportunity to
perform polypectomy. The National Polyp
Study has demonstrated a 76% to 90%
decrease in the incidence of CRC at 6
years after colonoscopy and polypectomy,
compared to appropriately selected
controls.6,7 Two additional cohort studies have
demonstrated a decrease in the incidence
of CRC after colonoscopy and polypectomy
compared to historic controls.22,38 In sub-
jects who underwent colonoscopy with polyp
removal, a prospective 13-year follow-up
demonstrated a relative risk of 0.2 for CRC
compared to the control group.22

The use of colonoscopy in asympto-
matic subjects between 50 and 75 years of
age was assessed in several large-scale
trials. In a study by Imperiale et al,39 17.7%
of 1,994 screenees had adenoma. The
prevalence of advanced neoplasia (defined
as villous adenoma, adenoma with high-
grade dysplasia, or carcinoma) was 3.1% in
the distal colon and 2.5% in the proximal
colon. Lieberman et al16 examined 3,121
asymptomatic subjects and reported point
prevalence rates of 1%, 10.5%, and

36.5% for CRC, advanced neoplasia, and
overall adenomas, respectively. FOBT and
sigmoidoscopy would have failed to detect
76.1% and 52% of cases of advanced
neoplasia, respectively, in the same
cohort.17

We recently reported the results of a
primary screening colonoscopy program in
1,177 asymptomatic men and women
aged 40 to 80 years at average risk for
CRC.29 The prevalence rates of overall
colorectal neoplasia, advanced lesions,
and cancer were 20.9%, 6.3%, and 1.1%,
respectively. In the main age group of 50 to
75 years, overall adenoma, advanced
neoplasia, and cancer prevalence rates
were 21.3%, 6.7%, and 1.2%, respec-
tively.29 Among the neoplasia cases, 21%
to 43% harbored proximal neoplasia
beyond the reach of sigmoidoscopy,
without distal lesions. The prevalence of
proximal neoplasia without distal lesions
was significantly higher (up to 60%) in the
subgroup of patients aged 65 to 75 years
compared to those 50 to 64 years of age
(43%). These findings suggest a possible
proximal shift of neoplasia in older ages
and support the use of colonoscopy rather
than sigmoidoscopy for screening in this
age group. Our report was the first on
screening colonoscopy in healthy persons
aged 76 to 80 years at average risk for
CRC. Neoplasia was detected in a high
percentage (28.6%) of this age group. The

COLORECTAL CANCER
SCREENING TECHNIQUES

Current Techniques
• Fecal occult blood test (FOBT)

• Sigmoidoscopy

• FOBT + sigmoidoscopy

• Colonoscopy

Emerging Modalities
• Fecal DNA test

• Magnification and high-resolution
endoscopy

• Chromoendoscopy

• Computed tomographic colonography
(virtual colonoscopy)

Technologies on the Horizon
• Assisted colonoscopy (eg, ColonoSight®)

• Self-propelling, self-navigating colonoscope
(eg, Aer-O-Scope™)

• Videocapsule endoscopy
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prevalence rates of advanced neoplasia
and CRC (14.3% and 2.6%, respectively)
were more than twice as high as the rates
in the 50- to 75-year-old age group. Since
life expectancy at 70 years of age for a
person with no functional limitations is
about 14.3 years,40 these high rates should
encourage the inclusion of healthy elderly
patients in future studies on screening
programs.

Limitations
The bowel preparation required prior to
colonoscopy entails some inconvenience,
though it has become easier with the appli-
cation of monobasic and dibasic sodium
phosphate instead of polyethylene glycol
as the cleansing agent. Perceptions that
colonoscopy is a painful procedure may be
largely unwarranted, since the examination
is performed under conscious sedation
and discomfort is rarely reported. Indeed,
patients who underwent both procedures
reported that nonsedated sigmoidoscopy
was associated with a significantly higher
level of discomfort than conscious-sedated
colonoscopy.41 Colonoscopy is, neverthe-
less, considered a relatively invasive
procedure. Compared with older series
that estimated the overall risks of
colonoscopy, including in-hospital and
emergency procedures, recent studies in
the setting of ambulatory screening exami-
nations have shown considerably lower
risk, with morbidity rates of 0.1% to 0.3%
and absence of perforations or procedure-
related deaths.29,42 In a study that assessed
116,000 colonoscopies in the community,
perforations were rare (0.03%) and no
procedure-related mortality occurred.43

Colonoscopy costs more than FOBT or
sigmoidoscopy. However, a fuller apprecia-
tioon of true cost comes from cost-
effectiveness analyses that define costs
and benefits in terms of life-years saved by
screening with the different techniques. A
detailed comparison of the cost-effective-
ness of screening modalities is presented
in the summary section below.

EMERGING DIAGNOSTIC
MODALITIES
Although several newly developed screen-
ing tests for CRC show substantial
promise, none is sufficiently developed yet
to be offered as a screening modality.

Fecal DNA Test
The fecal DNA test is a stool-based molec-
ular analysis of DNA markers in exfoliated
colonocytes that are regularly shed into the
stool. This test has several important ad-
vantages over other currently available CRC
screening modalities: (1) it is noninvasive;
(2) it requires no unpleasant cathartic
bowel preparation; (3) there is no need for
a formal health care visit; (4) there is no
loss of time away from routine activities;
and (5) testing can be performed on
mailed-in specimens, so geographic
access to stool screening is essentially
unimpeded. The rationale for this tech-
nique is that normal colonocytes are
sparse and apoptotic (eg, contain short
DNA fragments), while neoplastic colono-
cytes are abundant and harbor high
molecular weight DNA (long DNA).

The first report of using stool for the
detection of CRC came from Sidransky and
colleagues,44 who detected CRC based on
analysis of ras mutations in stool samples.
Subsequently, panels of genetic markers
have been applied in clinical studies to
assess sensitivity and specificity of stool
DNA testing, with these panels differing in
type and number of point mutations used.
Ahlquist et al45 reported a sensitivity of
91% and 82% for CRC and large
adenomas, respectively, with their panel.
Several other studies found sensitivity rates
of 52% to 63.5% for CRC and 41% to 57%
for advanced adenomas.45–48 The overall
specificity of the test for any neoplastic
lesion has ben reported at 93% to
96%.45,46,48 DNA amplification was the most
frequent neoplastic marker in the stool.
The most prevalent genetic alternations
were mutations in K-ras and p53 genes,
followed by microsatellite instability and
adenomatous polyposis coli gene
mutations.47

Limitations
Fecal DNA testing is a promising tech-
nology that appears to have higher
sensitivity and specificity rates than FOBT,
but it has not yet been assessed as a
screening strategy in large-scale prospec-
tive trials. At present, the high cost of the
test is another drawback, particularly since
its effectiveness in screening has not been
established. Song et al49 used the Markov
model for a decision analysis that com-

pared stool DNA testing with conventional
CRC screening strategies. Relative to no
screening, fecal DNA testing at intervals of
5 years was estimated to reduce the
incidence and mortality of CRC by 35%
and 54%, respectively. The test was found
to gain fewer life-years and to cost more
than conventional screening methods.
Altogether, the cost-effectiveness of fecal
DNA was inferior to other tests, such as
FOBT and colonoscopy.

Magnification and High-Resolution
Endoscopy
Since the development of the first flexible
fiber endoscope in 1961, ongoing develop-
ment has taken place in the arena of
endoscopy design. The new electronic
videoendoscopes are equipped with
charged couple device chips of 100K to
300K pixels. The recent generation of
videoendoscopes were introduced with
850K-pixel density and referred to as high-
resolution endoscopes. In addition, some
endoscopes, including high-resolution
endoscopes, are equipped with an optical
zoom facility that can provide a magnified
image. The combination of both high
resolution and magnification may become
an important additive tool in CRC
screening. High resolution can increase
the detection rate of small and flat lesions
while magnification can enhance details in
the suspected lesions, thereby making
endoscopic diagnosis more accurate.

Chromoendoscopy
Chromoendoscopy consists of staining the
mucosal surface of the gastrointestinal
tract in order to enhance the diagnostic
yield of endoscopy. The main purpose is to
screen for neoplastic or preneoplastic
lesions (in particular flat or depressed
lesions) and to direct endoscopic biopsies.
Indigo carmine is a contrast vital stain that
accumulates in pits and valleys between
cells, highlighting the mucosal architecture
that becomes even more apparent with the
use of magnification and/or high-resolution
endoscopy.50 The technique requires only a
special spraying catheter; therefore, using
this modality while performing regular
colonoscopy is inexpensive and rather
simple. The only disadvantage of the
technique is that it prolongs the overall
procedural time. Currently, chromoen-
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doscopy is reserved for high-risk patients
(ie, persons with a history of neoplasia, in-
flammatory bowel disease, or familial
neoplastic syndromes). Two recent large-
scale studies evaluating the use of
chromoendoscopy in average-risk patients
undergoing colonoscopy showed that the
technique improved the detection rate of
flat and depressed neoplasia.51,52

Computed Tomographic
Colonography (Virtual
Colonoscopy)
Virtual colonoscopy uses a spiral CT scan
for the generation of two-dimensional (2D)
or three-dimensional (3D) images of the
entire colon. Similar to colonoscopy, the
examination requires cathartic bowel
preparation and air insufflations for intes-
tinal distention. It is considered a
minimally invasive procedure and patients
are not sedated. In cases of suspected
CR lesions, the examination should be
followed by a conventional colonoscopy.
Virtual colonoscopy offers the additional
advantages of an abdominal CT scan,
including information on the extent of
tumor invasion, lymph node involvement,
metastasis, and other abdominal findings
(including incidental ones).

Several studies have assessed the
accuracy of this procedure for the detec-
tion of colorectal neoplasia relative to
optical colonoscopy, with the lowest
reported detection rates ranging from 32%
to 78% for lesions > 1 cm.53–58 Use of dif-
ferent techniques (ie, CT protocols and the
use of 2D vs. 3D), interoperator variation,
and the learning curve with this new
modality may have contributed to the
decreased accuracy in these reports. The
sensitivity for findings > 10 mm was higher
in later studies, ranging from 81% to
94%.59-65 The detection rate of polyps > 6
mm was 39% to 94%.54,58,59,61,65 In a meta-
analysis of 14 trials, the sensitivity for
lesions 6 mm to 9 mm and for lesions < 5
mm was 62% to 84% and 43% to 65%,
respectively.64 Specificity rates for detection
of polyps > 10 mm and polyps 6 mm to 9
mm were 94% to 98% and 79% to 92%,
respectively.54,58,59,61,65

The performance of virtual colon-
oscopy without bowel preparation (using
fecal tags to distinguish stool from true
lesions) is under evaluation. This option

seems appealing, especially in terms of
patient compliance, but further information
on the sensitivity and specificity of the
procedure is needed before any conclu-
sions can be drawn about its value. It
should be noted that the promising results
noted above were obtained in the context
of clinical studies in referral centers. Such
results are not likely to be obtainable in a
community setting. Currently, the use of
virtual colonoscopies is most widely accepted
following an incomplete colonoscopy.

Virtual colonoscopy has been under
development for more than a decade, but
only in recent years, following several
technologic advances, has it become
practical to consider its use for CRC
screening in the community. The techno-
logic improvements include the advent of
multislice CT scan, and in particular, the
use of thin-slice CT scan, which has
improved the efficacy of detecting small
lesions (< 3 mm). In addition, advances in
computer software have reduced the time
required for the reconstruction of 3D
images and the time required for radiolo-
gist interpretation. Moreover, data suggest
that the addition of oral contrast for tagging
residual colonic fluid and stool may further
increase the sensitivity and specificity of
CT colonography. In this case, it may
become the ideal screening modality, as
the need for colonic preparation is recog-
nized as a major drawback of colonoscopy.
The prototype of this “prepless” virtual
colonoscopy technology is already being
evaluated in clinical trials.66,67

Limitations
There are no published data on the pre-
vention or reduction of the incidence and
mortality of CRC by virtual colonoscopy.
The accuracy of the test for lesions > 10
mm is acceptable but its sensitivity for
smaller polyps is relatively low, while data
on the detection of flat and depressed
adenomas are not available. The risk of
missing adenomas < 10 mm and, in partic-
ular, adenomas 6 mm to 9 mm is of concern,
raising the general issue of the importance
of establishing the limits of what should be
considered clinically significant lesions.
Another major drawback is the possibility of
high miss rates for flat and depressed ade-
nomas, which have been reported to
account for 22% to 30% of all adenomas.68,69

Distention of the bowel by air insuffla-
tions may cause discomfort to the patients
as well as pose risk of perforation.70 The mor-
bidity rate of virtual colonoscopy should be
further assessed in large-scale studies. Up
to 40% of the screenees will also be re-
ferred for conventional colonoscopy on the
basis of false- and true-positive findings.
The inconvenience of repeating the bowel
preparation and performing both proce-
dures may be reduced by the option of
performing back-to-back virtual and endo-
scopic colonoscopy in multidisciplinary
centers. The cost-effectiveness of the exam-
ination has not been well established, and
any cost analysis should include the price
of unnecessary optical colonoscopies that
follow false-positive tests. Two studies
accounting for such factors have estimated
that virtual colonoscopy is less cost-effec-
tive than standard colonoscopy.71,72

In summary, prior to implementing virtual
colonoscopy as a routine screening test,
several questions would need to be answered
regarding risks (including perforation and
the potential hazardous effects of radiation
exposure), cost-effectiveness, and the
optimal interval between examinations.
Until then, virtual colonoscopy may be
reserved for patients who pose technical or
other difficulties (including psychologic) in
performing a conventional colonoscopy.

TECHNOLOGIES ON THE
HORIZON
As noted, conventional colonoscopy is as-
sociated with a number of drawbacks,
including requiring the services of a skilled
gastroenterologist for each procedure and
being associated with suboptimal patient
compliance. Technologies are being devel-
oped to address some of these drawbacks,
including skill-independent, anesthesia-
free, self-propelling, and self-navigating
miniaturized endoscopic devices.73

Assisted Colonoscopy
The ColonoSight® device (Sightline Tech-
nologies Ltd., Haifa, Israel), recently
approved by the US Food and Drug
Administration (FDA), is ergonomically
similar to existing colonoscopes. The major
differences between the ColonoSight® and
existing colonoscopes are as follows:
(1) The device is covered by a disposable
sleeve, allowing the physician’s hands to
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remain clean. (2) All channels within the
device (insufflation, irrigation, suction/
working) are completely disposable. (3) No
fiber-optics are necessary due to an incor-
porated LED light source. (4) Air used for
sleeve deployment adds a small amount of
additional forward force just below the
scope tip, which enhances device naviga-
tion and forward motion. Pilot studies in
Israel, Italy, and the United States were
reported during the annual meeting of the
American Gastroenterology Association in
2004.74 In these studies, 63 procedures
were performed in a hospital, and 9 in an
office setting. Mean examination time was
12.4 ± 10.8 minutes with an insertion
length of 117 ± 26 cm.

Self-Propelling, Self-Navigating,
Skill-Independent Colonoscope
Attempts to develop a self-propelling, self-
navigating miniaturized colonoscopic
device have been ongoing for more than
2 decades. One such device is the Aer-
O-Scope™ (G.I. View Ltd., Ramat Gan,
Israel) — a skill-independent, anesthesia-
free, self-propelling, self-navigating minia-
turized endoscopic device that moves
along the entire length of the colon trans-
mitting video pictures of the colonic
mucosa via digital camera. The disposable
device is supplied with electricity, air,
water, and suction via a thin supply cable,
which is pulled behind the device. The
optical system consists of a conic lens and
a mirror allowing for simultaneous 20º for-
ward, 360º circumferential, and 30º retro
vision without the need for retroflexion.

Proof of concept was reported in 2006;
the cecum was reached by the device in
10 of 12 subjects (83%), with the hepatic
flexure being reached in 2.75 The time to
complete advancement to the cecum
averaged 14.0 ± 7 minutes and the driving
pressures averaged 34 ± 2.3 mbar. Two
subjects requested analgesics during the
procedures (in both cases the cecum was
reached); four subjects experienced
sweating and a bloating sensation that re-
solved spontaneously. All subjects received
follow-up for up to 48 hours and then for
30 days postprocedure, and no complica-
tions were observed. Thus far, studies in
humans have included more than 50
subjects, with no complications being ob-
served. The procedure has been performed

without sedation in the majority of cases,
and the device has passed the hepatic
flexure in the last 40 patients studied.

There are numerous advantages to
such a device, including freeing the gastro-
enterologist from performing colonoscopy
in all patients. The device could be
operated by nurse technicians, with the
gastroenterologist reading the recorded
results and performing a biopsy in those
patients in whom it is necessary (eg, in the
estimated 1 in 4 low-risk patients in whom
biopsy is required on the basis of colon-
oscopy screening). Such a scenario may
allow more individuals to be screened and
actively treated, which would constitute a
considerable public health benefit.

Videocapsule Endoscopy
Videocapsule endoscopy (VCE) was
approved for clinical use several years
ago.76 This technology provided a major
breakthrough in the diagnosis of diseases
involving primarily the small intestine
mucosa, but it has the potential of exam-
ining other parts of the gastrointestinal
tract. VCE contains a miniature video
camera, a light source, batteries, and a
radio transmitter. Video images are trans-
mitted by means of radio telemetry to the
sensor array attached to the body, allowing
images to be captured from the entire
gastrointestinal tract. Images from a
recording time of up to 8 hours are stored
in a portable recorder.

The American Cancer Society position
statement on CRC screening modalities77

indicates that there is no evidence to sup-
port the use of VCE for detecting colorectal
polyps or cancers. The colon is poorly
visualized with VCE in its conventional form
for a number of reasons: (1) Stool ob-
scures visualization of the colonic mucosa.
(2) The slower transit time in the colon and
its larger diameter, compared to the small
bowel, make visualization of the entire
colonic mucosa practically impossible.
(3) Colonic peristalsis is antegrade as well
as retrograde; thus, it is possible for the
camera to miss areas of the colon simply
because the camera is pointed in the wrong
direction. (4) The current batteries for the
capsule last only 6 to 8 hours, while it takes
the capsule up to 72 hours to be excreted.

Attempts to modify VCE for potential
use as a CRC screening modality are under

way. A colonic capsule has been devel-
oped that has longer battery life with
delayed onset, and it contains two lenses
on both sides of the capsule — features
that might be able to overcome the above-
mentioned obstacles. An international
multicenter study investigating VCE with
the new capsule and standard colon-
oscopy, performed back-to-back, in more
than 100 patients was recently completed,
and reporting of results is awaited.

DISCUSSION
Determining the optimal screening strategy
for CRC in the average-risk population
should take into account efficacy and
safety of the tests, cost-effectiveness, and
likelihood of patient compliance.

Colonoscopy is the undisputed gold
standard in terms of efficacy, having the
highest sensitivity and specificity and
offering the capacity to carry out thera-
peutic intervention during the procedure
(ie, polypectomy). Reduction of CRC
mortality with FOBT alone was 15% to
33% when positive FOBT results resulted
in colonoscopy (for review, see Ref. 3).9,11,12

A screening sigmoidoscopy can reduce the
incidence and death rates of distal CRC by
59% to 80%19-22 (for review, see Ref. 3)
and overall CRC mortality by up to 40% to
50% (for review, see Ref. 3).19–21,23,24

In the National Polyp Study, colon-
oscopy with polypectomy reduced the
incidence of CRC by 76% to 90% at 6 years,
compared with appropriately selected
controls.6,7 Two additional cohort studies
demonstrated a decrease in the incidence
of CRC after colonoscopy with polypectomy
compared to historic controls.22,38 A pro-
spective 13-year follow-up demonstrated a
relative risk of 0.2 for CRC for these
patients compared with a control group.22

Colonoscopy is the most invasive of
currently available screening modalities. In
the ambulatory setting, the procedure-
related morbidity rate of colonoscopy is
0.1% to 0.3%,29,42 with a 0.03% perforation
rate and no mortality.43 Sigmoidoscopy is
considered less invasive, and has been
associated with lower rates of serious
adverse events (bleeding and perforation).
In one population-based study, the perfo-
ration rate was about 0.09% in 35,300
sigmoidoscopies, compared with a rate of
0.2% with colonoscopy.78
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Screening the entire population aged
> 50 years is an expensive proposition.
However, the costs of missing a curable
malignancy or failing to prevent cancer by
resecting a premalignant lesion (polyp)
may be significantly greater.79 Calculations
of costs per life-year saved vary around the
world, mostly depending on the cost of
colonoscopy.3 Several studies reported an
average cost of $7,100 to $7,800 per one
case of CRC detected by FOBT.80,81 Using
data from the Minnesota FOBT trial, health
economists from the National Cancer
Institute and the US Office of Technology
Assessment estimated that the cost of
FOBT screening was less than $15,000
per quality-adjusted life-year gained.82 On
the other hand, the relatively low specificity
and low predictive value of FOBT carries
with it the burden of further endoscopies.
According to this calculation, a cost of
$25,000 per life-year saved is accepted in
the developed world.3

Several studies have shown that sigmoid-
oscopy is also a cost-effective screening
modality for CRC, with the cost of sig-
moidoscopy per life-year saved being com-
parable to that with colonoscopy and con-
siderably lower than that with FOBT.83–85

Lieberman et al8 assessed the cost-effec-
tiveness of several CRC screening pro-
grams. In a realistic model of a < 50%
compliance rate, the estimated cost per
death prevented was similar for FOBT and
endoscopic screening modalities. If
colonoscopy costs were below $750, a sin-
gle colonoscopy performed once in a life-
time was found to be more cost-effective
than any other screening modality at every
level of compliance. Calculations using the
Markov model showed reasonable costs
per life-year saved of $10,983 and $2,981
with colonoscopy performed once in 10
years or once in a lifetime, respectively.85

The cost-effectiveness of virtual colon-
oscopy remains to be established, and the
cost analysis should include the price of
unnecessary conventional colonoscopies
that follow false-positive tests. Two studies
suggest that virtual colonoscopy is less
cost-effective than conventional colon-
oscopy.71,72

In a comparison of fecal DNA testing
with conventional CRC screening strate-
gies,49 testing stool DNA at intervals of 5
years was estimated to reduce the in-

cidence and mortalilty of CRC by 35% and
54%, respectively, compared with no
screening. However, the test was found to
gain fewer life-years and to cost more than
conventional screening methods, with
cost-effectiveness inferior to that with
FOBT and colonoscopy.

Compliance rates are largely related to
the perception of the nature of the test by
the general population. There are no
published data on the compliance rate for
colonoscopy, but it is estimated that the
long interval between colonoscopic exami-
nations should enhance compliance
relative to that for other tests that need to
be performed with greater frequency. The
easier bowel preparation and the use of
sedation should also markedly improve
compliance. As noted, one study showed
that patients graded sigmoidoscopy as
more painful than sedated colonoscopy.41

The low compliance rate associated
with FOBT (15%–40%) further declines
with time, and not all persons screened
receive or respond to referrals for further
diagnostic work-up (for review, see Ref. 3).
Poor rates of appropriate evaluation of
patients with positive FOBT are of concern
and constitute a factor that should be
taken into consideration when evaluating
and comparing screening modalities.

In spite of the proven ability to prevent
CRC cases and the acceptable cost-effec-
tiveness of screening, many Western
countries do not have routine population-
based programs for appropriate CRC
screening or do not actively promote such
programs. CRC screening makes eco-
nomic sense and reduces suffering. Today,
the options include a 10-year colonoscopy
or an annual FOBT combined with a 5-year
sigmoidoscopy. In the near future, such
emerging techniques as fecal DNA testing,
prepless virtual colonoscopy, or self-
navigating colonoscopy may become
preferred diagnostic screening tests, and
conventional colonoscopy may be reserved
mainly for therapeutic procedures. The
suitability of these promising new modali-
ties for routine CRC screening awaits
demonstration in further studies.
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