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Abstract Computed tomographic colonography (CTC) is
a minimally invasive imaging examination for the colon,
and is safe, well tolerated and accurate for the detection of
colorectal cancer (CRC) and advanced adenoma. While the
role of CTC as a primary test for population screening of
CRC is under investigation, the fecal occult blood test
(FOBT) has been recommended for population screening
of CRC in Europe. Subjects with positive FOBT are invited
to undergo total colonoscopy, which has some critical
issues, such as suboptimal compliance, contraindications
and the possibility of an incomplete exploration of the
colon. Based on available data, the integration of CTC in
FOBT-based population screening programs for CRC may
fall into three scenarios. First, CTC is recommended in
FOBT-positive subjects when colonoscopy is refused,
incomplete or contraindicated. For these indications CTC
should replace double-contrast barium enema. Second,
conversely, CTC is not currently recommended as a sec-
ond-level examination prior to colonoscopy in all FOBT-
positive subjects, as this strategy is most probably not cost-
effective. Finally, CTC may be considered instead of
colonoscopy for surveillance after adenoma removal, but
specific studies are needed.
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Introduction

Colorectal cancer (CRC) is the second most frequent
malignant neoplasia and the second most common cause of
death from cancer in Europe [1]. In 2012, the number of
estimated new cases of CRC in both sexes was ~ 447,000,
whereas the estimated deaths from CRC were nearly
215,000 [1].

When CRC is detected at an early stage, the disease can
be successfully treated in the majority of cases. Data from
the EUROCARE High Resolution study indicated that the
3-year relative survival rate was 93% for patients with
Dukes’ stage A cancers, whereas it dropped to 48—66% for
patients with Dukes’ stage C cancers [2]. More impor-
tantly, CRC can be prevented by removing its precursor
lesion (adenoma). In the majority of cases, cancer devel-
opment is the result of a multistep process called the ade-
noma—carcinoma sequence, which takes years and possibly
decades and consists of the transformation of the normal
colonic mucosa into an adenomatous polyp and finally into
an invasive cancer [3]. Advanced adenoma, defined as any
adenoma larger than 9 mm, and/or with a villous compo-
nent greater than 20%, and/or with high-grade dysplasia,
has an increased likelihood of malignant transformation
and has to be considered the main target for CRC screening
[3].

The Council of the European Union recommended the
fecal occult blood test (FOBT) for mass screening of CRC
[4], as it has been demonstrated to reduce mortality from
CRC by 15-33% in randomized clinical trials (RCT) [5-7].
FOBT is a simple, cheap and safe laboratory test which
relies on the assumption that asymptomatic CRC and large
adenomas may bleed. There are two types of FOBT: gua-
iac-based (gFOBT) or immunochemical tests (FIT).
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GFOBTs investigate the presence of any blood in stool
specimens, whereas FITs are specific for human blood.

All randomized studies which demonstrated a reduction
in CRC mortality were based on gFOBT [5-7]. Despite its
efficacy in reducing CRC mortality, gFOBT has some
drawbacks. It is not specific for human blood, and hence it
can be affected by false-positive results caused by the
presence in feces of non-human hemoglobin (i.e. red meat
residues) or substances with peroxidase-like activity (i.e.
some vegetables such as broccoli and cauliflower), and by
false-negative results due to drug consumption (e.g. vita-
min C). For this reason dietary restrictions are required
prior to testing.

FIT uses specific antibodies to identify human blood
components, such as hemoglobin. Unlike gFOBT, FIT does
not require pre-test diet restrictions and test reading is
automated. Another advantage of FIT over gFOBT is that it
requires only one stool sample as opposed to three for
FOBT. At the moment, there are no RCTs demonstrating a
reduction in CRC incidence and mortality using FIT.
However, some case—control studies, such as that by Saito
et al. [8], demonstrated that screening with FIT reduces
CRC mortality, and two retrospective studies suggested
that FIT-based screening decreases the incidence of CRC
[9, 10]. Most importantly, studies that compared the per-
formance of FIT versus gFOBT showed that FIT is more
accepted and efficient than the guaiac test in population
screening [11, 12].

Notably, the RCTs that proved the efficacy of FOBT
screening showed that a reduction in mortality from CRC is
achieved by multiple rounds of fecal tests [5-7]. As a
matter of fact, in FOBT-based screening programs, target
subjects, usually aged between 50 and 70 years, are invited
to undergo the test every one or two years. In population
screening programs the positivity rate of FOBT at first
round ranges between 1.6% for gFOBT and 5.6% for FIT,
whereas the positivity rate at subsequent rounds is 1.8% for
gFOBT and 4.2% for FIT [13, 14]. Subjects who test
negative are invited to the subsequent FOBT round. Sub-
jects with a positive FOBT are referred to colonoscopy,
which is the definitive examination for ascertainment of
colonic lesions, since it allows exploration of the entire
colon, removal of polyps and histological diagnosis.

The use of colonoscopy as second-level examination in
FOBT-positive subjects presents some critical issues, as
colonoscopy can be incomplete, contraindicated or refused
by screenees [4]. Colonoscopy is also the recommended
examination for surveillance after removal of adenomas
detected by screening. Surveillance colonoscopy consumes
considerable endoscopic resources and may be refused by
some patients [4]. In all these situations an alternative test
to colonoscopy may be proposed to accomplish a complete
colonic examination.

Computed tomographic colonography (CTC) is a mini-
mally invasive pancolonic examination, which has proved
to be safe, well tolerated and accurate for detection of
cancer and advanced adenoma. The average sensitivity of
CTC for CRC is 96%, similar to that of colonoscopy (95%)
[15]. Moreover, CTC has a sensitivity of 83-93% for large
(=10 mm) polyps and of 60-86% for intermediate
(6-9 mm) polyps [16-20]. CTC is also very specific for
lesions greater than 9 mm (95-97%) [16, 18, 20]. Finally, a
RCT showed that CTC performs better than double-con-
trast barium enema (DCBE), both for the detection of
colonic lesions and for patient experience [21, 22].

CTC can be performed with a reduced bowel preparation
[23], which is the most uncomfortable part of the imaging or
endoscopic examinations of the colon [24]. CTC generally
causes little discomfort to the patient [24] and it is a very
safe examination, its complications, mainly colonic perfo-
ration, being exceedingly rare (0.02-0.04%) [25].

The role of CTC as a primary screening test for popu-
lation screening of CRC has been evaluated by three RCTs
carried out in Europe [26-28]. While the available results
from these studies are promising for considering the
potential implementation of CTC as a primary test for
CRC, CTC can already be considered a valuable second-
level test alternative to colonoscopy in the context of
FOBT-based screening programs.

Herein we shall discuss available data on the role of
CTC as a complementary examination in FOBT-based
population screening programs for CRC. Although some
uncertainties are still present and admittedly studies on
some specific issues are few, from an operational point of
view three scenarios can be already identified: (1) those in
which CTC is recommended, (2) those in which CTC is not
recommended and (3) those in which CTC is of uncertain
recommendation and specific studies are needed.

CTC recommended
FOBT-positive subjects who refuse colonoscopy

The European Guidelines for Quality Assurance in
Colorectal Cancer Screening and Diagnosis recommended
that in FOBT-positive subjects “high rates of compliance
with follow-up colonoscopy should be achieved (85% is
acceptable, >90% is desirable)” [4]. As a matter of fact, in
all FOBT-based screening programs for CRC, attendance
to work-up colonoscopy is incomplete, ranging between
73% and 92% [4, 29-32].

Factors affecting compliance to colonoscopy of FOBT-
positive subjects are various and were investigated both in
primary care and mass-screening settings. In the primary
care setting it was found that general practitioners do not
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always conform to expert recommendations for appropriate
follow-up of FOBT-positive subjects, resulting in a
reduced attendance to colonoscopy [33]. General practi-
tioners’ lack of adequate specific competence in screening
with FOBT can partially account for this phenomenon [33].

In the setting of an organized screening program for
CRC, reasons for non-compliance to colonoscopy were
investigated by two studies [34, 35]. In one study exploring
psychological characteristics of subjects who refused work-
up colonoscopy, refusal of colonoscopy was higher in
subjects with low attention to their personal health status,
in subjects with “casual personality” and in those who had
insufficient information about the test [34]. In the other
study, a cohort of subjects screened by FOBT was inter-
viewed about their intention to undergo colonoscopy in the
case of a positive test [35]. Reasons for refusal of colo-
noscopy included fear of an embarrassing and painful
procedure, and concerns about bowel preparation [35].

The incomplete compliance to work-up colonoscopy
represents a critical issue of FOBT-based screening pro-
grams of CRC. In fact, considering that FIT has a positive
predictive value (PPV) for CRC and advanced adenoma
ranging from 32.5 to 51.8% [12, 13], and assuming that
FOBT-positive subjects who refuse colonoscopy have the
same frequency of advanced neoplasia as FOBT-positive
subjects attending colonoscopy, at least one-third of
FOBT-positive subjects refusing colonoscopy could be
affected by a CRC or an advanced adenoma.

CTC is generally considered a reasonable alternative
examination of the colon in patients unwilling to undergo
colonoscopy. However, only one study by Sali et al.
investigated attendance to CTC in FOBT-positive subjects
who refused colonoscopy in the context of an organized
screening program [36]. This study showed that in FOBT-
positive subjects refusing first referral to colonoscopy,
attendance to CTC (62.5%) was significantly higher than
that to re-invitation to colonoscopy (25.6%) [36]. Thus
CTC has the potential to recapture more than a half of
subjects with positive FOBT who refuse first invitation to
colonoscopy. The study was not intended to evaluate sen-
sitivity and specificity of CTC in this setting because only
patients with positive CTC underwent the reference test
(i.e. colonoscopy).

FOBT-positive subjects with incomplete
colonoscopy

Cecal intubation is one of the quality control measurements
of colonoscopy. According to the European Guidelines for
Quality Assurance in Colorectal Cancer Screening, the
completion rate of work-up colonoscopy in FOBT-positive
subjects should be greater than 90% (“>95% is desirable”)
[4]. In Europe and in the US, the rates of cecal intubation in
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studies carried out in various clinical settings range
between 76 and 98% [37, 38]. In FOBT-based population
screening programs the colonoscopy completion rate varies
between 72 and 95% [4]. Causes of an incomplete colo-
noscopy include colon redundancy/angulation, inadequate
bowel preparation, presence of obstructive lesions, and
subject’s discomfort [38]. Incomplete colonoscopies are
more frequent in elderly people, women and subjects with
a history of previous abdominal surgery [39]. Advanced
neoplasia can be missed in up to 4.3% of incomplete
colonoscopies [40]. Thus, in these cases further colonic
evaluation is required. This fact is even more significant in
FOBT-positive subjects who have a high prevalence of
advanced adenoma and CRC.

In order to complete the colon evaluation, DCBE has
traditionally been used. Since DCBE has a low accuracy in
detecting colonic neoplasms, as shown by a meta-analysis
and a RCT [21, 41], it should not be used any longer for the
evaluation of FOBT-positive subjects with an incomplete
colonoscopy.

One study conducted in a small series of patients in the
setting of a FOBT-based screening program showed that
65% of FOBT-positive subjects with incomplete colono-
scopy accepted to undergo CTC and 50% of CTCs were
positive for at least one polyp greater than 6 mm [42]. In
that study, CTC proved to have a high PPV (87.5%) for
colonic masses and polyps greater than 9 mm [42].

Given the high diagnostic accuracy of CTC for cancer
[15], patients with colonic masses detected at CTC fol-
lowing an incomplete colonoscopy should be directly
referred to the surgeon. If large polyps (=10 mm) are
detected at CTC in a colonic segment not explored during
the incomplete colonoscopy, a repeat colonoscopy under
sedation could be attempted, whereas a follow-up with
CTC could be considered in patients with small to medium
polyps (6-9 mm) [26].

FOBT-positive subjects with contraindications
to colonoscopy

Work-up colonoscopy is often performed under sedation.
FOBT-positive subjects who have an increased anesthesia
risk due to their medical conditions (e.g. cardiovascular,
pulmonary or renal impairment) may be precluded from
work-up colonoscopy. In these subjects CTC can be
advantageously utilized for colonic assessment. In fact,
CTC is a very safe examination [25], can be performed
with a limited bowel preparation [23] and is well tolerated,
even by patients with contraindications to colonoscopy
[43]. Moreover, CTC does not require temporary warfarin
cessation in subjects receiving anticoagulation therapy and
may be considered as an alternative to colonoscopy in these
subjects.
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CTC not recommended
Triage test in FOBT-positive subjects

Subjects with a positive FOBT are usually examined by
a total colonoscopy that represents the gold standard for
the diagnosis of colonic lesions and allows biopsy and
removal of polyps. This approach presents two critical
issues. Besides the incomplete attendance to colono-
scopy discussed in the previous paragraph [4, 29-32], a
major drawback is that the PPV of FOBT for cancer
and advanced adenoma is quite low, typically in the
32.5-51.8% range [12, 13]. Hence, up to half of the
fecal tests can be false-positive, leading to unnecessary
colonoscopies in asymptomatic subjects, with the risk
of producing anxiety and complications from the inva-
sive procedure (e.g. rectal bleeding, colonic perfora-
tion) [44].

In principle, the use of CTC as a triage test prior to
colonoscopy in the work-up of FOBT-positive subjects
could reduce the number of negative colonoscopy after a
positive test. Attendance to primary CTC screening is
higher than that to primary colonoscopy screening [26, 27]
and the examination is perceived as less burdensome than
endoscopy [45]. When considering CTC as a triage test for
FOBT-positive subjects, both a high sensitivity/negative
predictive value (NPV) and a high specificity/PPV for
advanced neoplasia should be achieved. Four studies
investigated diagnostic performance of CTC in FOBT-
positive subjects using segmental unblinded colonoscopy
as reference standard (Table 1) [46-49]. Two studies
enrolled consecutive FOBT-positive subjects from orga-
nized screening programs [46, 48], whereas the other two
enrolled FOBT-positive subjects as a subgroup of high-risk
patients, not necessarily participating in a screening pro-
gram [47, 49]. All studies reported a high prevalence of
significant colonic lesions (i.e. cancer and polyps >6 mm)

in this cohort of patients, ranging between 36 and 77%.
Plumb et al. performed a meta-analysis of the sensitivity
and specificity of CTC in FOBT-positive subjects based on
these four studies [50]. CTC had a high average per-patient
sensitivity (88.8%) for CRC and adenomas >6 mm,
whereas average specificity was lower (75.4%) and
heterogeneous between studies [50]. As a matter of fact, in
two studies the PPV of CTC was quite low [47, 48]. Some
authors observed that the expected high prevalence of
colonic lesions in FOBT-positive subjects could predispose
the radiologist towards false-positive reporting [47, 48].
Data from the English Bowel Cancer Screening Program
showed that in 2731 FOBT-positive subjects who under-
went CTC, the positivity rate of CTC was quite high
(37.6%), whereas the PPV for CRC and polyps (including
those <5 mm) was relatively low (72.1%) [51]. Thus,
considering the high prevalence of CRC and polyps, with
consequently a high referral rate to colonoscopy, and the
relatively high number of false-positive results, the use of
CTC as a triage examination in FOBT-positive subjects is
most probably not cost-effective.

Other factors to consider in a screening context are
exposure to ionizing radiation and discovery of extra-
colonic findings at CTC that could increment the cost of
screening due to the additional examinations and treat-
ments required to manage these findings [52].

Uncertain recommendation for CTC
Surveillance after adenoma removal

FOBT-positive subjects diagnosed with adenoma at work-
up colonoscopy are at risk of harboring other colonic
lesions. In fact, a large meta-analysis showed that indi-
viduals who underwent endoscopic removal of adenomas
would be diagnosed with further advanced adenomas in

Table 1 Studies on CTC as a triage test in subjects with a positive FOBT

NPV for lesions >6 mm PPV for lesions >6 mm

77% (95% CI: 69-85%)
85% (95% CI: 76-91%)"

87% (95% CI: 80-93%)
79% (95% CI. 70-85%)"
93% (95% CI: 68-100%)" 62% (95% CI: 44-78%)"

94% (95% CI: 80-99%) 82% (95% CI: 57-96%)

Author (year) Total Subjects with Subjects with
subjects cancer (%) polyps >6 mm (%)

Liedenbaum [46] (2009) 302 22 (7) 211 (70)

Regge [47] 221 32 (14) 90 (41)

(2009)

Sali [48] 49 2(4) 20 (41)

(2010)

Heresbach [49] 50 24 16 (32)

(2011)

NPV negative predictive value, PPV positive predictive value, CI confidence interval

# Calculated for advanced neoplasia (i.e. cancer and advanced adenoma)

® Calculated for adenoma and cancer
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11.2% of the cases within an average follow-up period of
4 years from baseline colonoscopy and with a CRC in
0.6% of the cases within the same follow-up period [53].
The adenomas found at surveillance colonoscopy could be
either new lesions or missed lesions at baseline colono-
scopy [54]. The risk of developing new colonic lesions
largely depends on the number and characteristics of ade-
nomas detected at baseline colonoscopy. In the US
National Polyp Study, 9% of patients with 3 or more
adenomas and 5% of those with a large (>10 mm) ade-
noma removed at baseline colonoscopy developed an
advanced adenoma by their first follow-up examination,
compared with only 1% of those with a single adenoma
[55]. The risk of harboring an advanced adenoma is higher
among patients with 5 or more adenomas at baseline

colonoscopy (24.1%) and in those with an adenoma of
20 mm or greater (19.3%) [53].

One of the primary purposes of surveillance is to prevent
development of CRC by removing new or missed adeno-
mas before they have had the chance to progress to
malignancy. In screening programs, surveillance after
adenoma removal is currently performed by colonoscopy.
Surveillance intervals are based on the number and size of
adenomas found at baseline. The European Guidelines
have defined three risk groups: low risk (1-2 adenomas
<10 mm), intermediate risk (3—4 adenomas <10 mm or at
least one >10 mm/<20 mm) and high risk (>5 adenomas
<10 mm or at least one >20 mm) [4]. Patients at low risk
are returned to the FOBT screening program. Patients at
intermediate risk are invited to surveillance colonoscopy

FOBT/FIT
Negative FOBT/FIT Positive FOBT/FIT
— Repeat(2 yrs) [~ Colonoscopy referral
Complete Incomplete Refuse or
Colonoscopy Colonoscopy Contraindications
Negative Positive CT colonography
Polypectomy Negative Positive?
or surgery l
Colonoscopy
FOBT/FIT after 5 yrs

Fig. 1 Work-up for FOBT/FIT-positive subjects incorporating CT
colonography. FOBT fecal occult blood test, FIT fecal immunochem-
ical test. A re-screening interval of 5 years after a negative CTC is
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after 3 years, whereas patients at high risk are invited to
surveillance colonoscopy within 1 year [4].

Compliance to surveillance colonoscopy is not com-
plete, ranging between 52 and 83% in different studies
[55, 56]. Colonoscopy is an invasive procedure with a very
low but not zero risk of severe complications [44]. More-
over, surveillance colonoscopy consumes considerable
endoscopic resources [57] and may ultimately prolong
waiting times for endoscopic services, with a negative
effect especially for FOBT-positive subjects. For these
reasons CTC could theoretically have a role in surveillance
after adenoma removal. In fact CTC could both enhance
attendance to surveillance, due to its less invasive approach
and better subject’s acceptance, shorten waiting times and
especially reduce the number of colonoscopies in the
intermediate risk group where the prevalence of adenomas
at subsequent colonoscopy is low (5-9%) [55]. However,
to date no study has investigated the use of CTC for
surveillance in comparison to colonoscopy. Thus, at pre-
sent CTC could be only proposed to subjects under
surveillance refusing colonoscopy.

Medical and economic effects of CTC introduction
in FOBT-based screening programs

The recommended use of CTC in subjects with positive
FOBT who refuse or have contraindications to colonoscopy
and in those with incomplete colonoscopy may allow the
diagnosis of cancers and adenomas that would otherwise be
missed. This may ultimately improve the detection rate of
FOBT. Subjects who are diagnosed at CTC with a colonic
mass can be directly referred to surgery, whereas subjects
who are diagnosed with polyps can be referred to colono-
scopy. If intermediate (6-9 mm) polyps are detected, a
follow-up with CTC can be proposed as an alternative to
colonoscopy [26, 58]. CTC follow-up for intermediate
polyps could be especially advantageous in frail or elderly
subjects, and in those in whom a complete colonoscopy
may be unfeasible or harmful (e.g. patients with advanced
diverticular disease).

Unlike colonoscopy, CTC allows the exploration of
extracolonic abdominal organs. This could be beneficial for
the screening subject as significant abdominal pathology
(e.g. aortic aneurysms, renal solid nodules) can be dis-
covered. However, this implies additional work-up exam-
inations for extracolonic findings, also for those with low
clinical significance, thus raising costs for the screening
program.

From an economic perspective, screening CTC is esti-
mated to be less expensive than screening colonoscopy in
Europe (EUR 152 vs. 209) [59]. Costs for work-up of

extracolonic findings of CTC was evaluated in a study in
the USA and ranged between USD 31 and 68 [52].

Conclusions

CTC can advantageously be integrated as a complementary
examination in FOBT-based population-screening pro-
grams for CRC. In this context CTC is recommended in
FOBT-positive subjects who refuse or have contraindica-
tions to colonoscopy and in those with incomplete colo-
noscopy (Fig. 1). For these purposes CTC should replace
DCBE. These recommendations have been included among
the indications for CTC in a recent position paper by the
European Society of Gastrointestinal and Abdominal
Radiology (ESGAR) and the European Society of Gas-
trointestinal Endoscopy (ESGE) [60]. CTC is currently not
recommended as a triage examination prior to colonoscopy
in all FOBT-positive subjects, as this strategy is most
probably not cost-effective. Use of CTC for surveillance
after adenoma removal is of uncertain recommendation, as
it has not yet been investigated.
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