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ABSTRACT

CT colonography (CTC) is a minimally invasive radiological investigation of the colon. Robust evidence indicates that CTC
is safe, well tolerated and highly accurate for the detection of colorectal cancer (CRC) and large polyps, which are the
targets of screening. Randomized controlled trials were carried out in Europe to evaluate CTC as the primary test for
population screening of CRC in comparison with faecal immunochemical test (FIT), sigmoidoscopy and colonoscopy.
Main outcomes were participation rate and detection rate. Participation rate for screening CTC was in the range of
25-34%, whereas the detection rate of CTC for CRC and advanced adenoma was in the range of 5.1-6.1%. Participation for
CTC screening was lower than that for FIT, similar to that for sigmoidoscopy and higher than that for colonoscopy. The
detection rate of CTC was higher than that of one FIT round, similar to that of sigmoidoscopy and lower than that of
colonoscopy. However, owing to the higher participation rate in CTC screening with respect to colonoscopy screening,
the detection rates per invitee of CTC and colonoscopy would be comparable. These results justify consideration of CTC
in organized screening programmes for CRC. However, assessment of other factors such as polyp size threshold for
colonoscopy referral, management of extracolonic findings and, most importantly, the forthcoming results of cost-

effectiveness analyses are crucial to define the role of CTC in primary screening.

INTRODUCTION

Colorectal cancer (CRC) is a significant social health issue,
with 1.4 million new cases every year worldwide.! In
Europe, CRC is the most frequent tumour in both sexes,
accounting for >400,000 cases per year, and the second
cancer-related cause of death, determining >200,000 ca-
sualties per year.” Incidence of CRC is higher in males than
in females.'

Over the past decades, mortality from CRC substantially
decreased in Western countries; in the USA, a 45% re-
duction was observed between 1975 and 2010.>* This is
most likely due to adoption of screening interventions and
to the availability of more effective treatment options.”
Costs for treatment of CRC are escalating, in particular for
advanced cases, while screening for CRC is most probably
cost-effective, regardless of the test employed.”®

CRC fulfils many criteria as a suitable disease for screening.
Specifically, most CRCs develop from a detectable, treatable
precancerous lesion (adenoma) over a long time interval,
through the accumulation of multiple subsequent gene

mutations, in the so-called adenoma—carcinoma sequence.’
Malignant transformation may take about 10 years, leaving an
adequate time window to detect cancer at an early stage,
which can be cured, or to identify adenomatous polyps,
which can be removed by colonoscopy.®’ Several tests, such
as faecal occult blood test (FOBT), faecal immunochemical
test (FIT), sigmoidoscopy and colonoscopy, have been shown
to have a role in detecting malignancy and its precursors.

Since 2003, CT colonography (CTC) has been proposed as
a less invasive, viable alternative to colonoscopy.'® CTC has
been validated in two large multicentre trials, one in
Europe on a high-risk population and the other in the USA
on an asymptomatic population.'"'* The sensitivity and
specificity of CTC for CRC or advanced adenomas =6 mm
were 78 and 88%, respectively, in the former, and 85 and
88%, respectively, in the latter.'>'* In a randomized UK
trial, the overall accuracy of CTC in detecting cancer and
large polyps (=10 mm) in patients who were symptomatic
was found to be comparable with that of colonoscopy.'” In
a meta-analysis, the estimated sensitivity of CTC for large
polyps in asymptomatic subjects was 83-88%."*
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In order to evaluate the performance and costs of CTC as
a primary screening test for CRC, three randomized trials were
conducted in Europe between 2009 and 2014.">77

We reviewed established screening tests for CRC and perfor-
mance of CTC as a primary and second-level screening test with
a special focus on the results of the three above-mentioned
European randomized trials.

ESTABLISHED SCREENING TESTS FOR
COLORECTAL CANCER

Screening tests for CRC can be divided into indirect (i.e. FOBT
or FIT) and direct or endoscopic tests (i.e. sigmoidoscopy and
colonoscopy). Direct tests may reduce both the incidence and
mortality of CRC, as they can identify CRC precursors at an
early stage, while indirect tests predominantly detect cancer
rather than adenomas. With respect to this classification, CTC
can be considered a direct test.

FOBT is aimed to identify microscopic blood traces in faeces,
relying on the assumption that cancer and large polyps may
bleed. Subjects tested positive are invited to undergo total
colonoscopy. As bleeding from colorectal lesions can be in-
termittent, FOBT has to be repeated every 1 or 2 years to be an
effective screening tool.

There are two types of FOBT, guaiac-based FOBT and FIT.

Guaiac faecal occult blood test

* Guaiac FOBT is based on a natural phenolic compound that
reacts with haemoglobin. It requires diet restrictions, as
certain foods can determine false-positive (e.g. meat) or
false-negative results (e.g. C vitamin), and three stool
samples.

¢ Randomized trials demonstrated that screening with Guaiac
FOBT reduces mortality from CRC.'®

Faecal immunochemical test

e FIT quantitatively detects human haemoglobin through an

immunochemical method. It usually requires a single stool

sample and its cut-off level can be adjusted, optimizing the
sensitivity and specificity of the test."”

No randomized trials have been performed to demonstrate

a reduction in mortality by FIT screening.

* Comparative studies showed that FIT has higher uptake and
sensitivity for CRC and adenomas than guaiac test in
population screening.”>*' Thus, FIT is the test reccommended
by the European Commission for population screening in
Europe.22

Sigmoidoscopy

¢ Sigmoidoscopy consists in an endoscopic examination of the
distal colon performed after a cleansing enema.

e If polyps are found at sigmoidoscopy, the subject is referred to
total colonoscopy.

¢ Randomized trials demonstrated that screening with sigmoid-
oscopy reduces incidence of CRC.*>**

¢ In general, sigmoidoscopy has lower participation but higher
detection rate than guaiac FOBT and FIT.*
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Colonoscopy

¢ Colonoscopy is considered the gold standard examination for
the diagnosis of colorectal lesions and it has the ability to
prevent cancer by directly removing adenomatous polyps.”

e To date, there is no evidence from randomized trials
demonstrating its capacity to reduce incidence and mortality
for CRC.

® The use of colonoscopy for population screening is limited by
its invasiveness and costs and, especially, by the low attendance
observed in screening studies.”>*”

Two different approaches are possible for CRC screening: (1)
organized or population-based screening and (2) opportunistic
screening. Organized screening is offered by health authorities at
a national or regional level in the form of a screening pro-
gramme targeted at subjects at average risk for CRC, usually in
the age range of 50-70 years. In this approach, individuals are
invited to perform a screening test and are followed up in case of
a positive finding. Organized screening programmes are
implemented in many European countries, Canada and Aus-
tralia, and they are based on FOBT, FIT, sigmoidoscopy or
colonoscopy.*>*’

In opportunistic screening, eligible subjects undergo a screening
test after referral by their general practitioner or as a self-
prompted request. This screening modality is in use in the USA,
Germany and some Eastern European countries.””

EUROPEAN TRIALS EVALUATING CT
COLONOGRAPHY SCREENING

In Europe, three randomized screening trials were performed or
are still ongoing to evaluate population screening with CTC, one
in the Netherlands comparing CTC vs colonoscopy (COCOS
study)*® and two in Italy: the SAVE study (Tuscany region)
comparing reduced preparation and full-preparation CTC, FIT
and colonoscopy”” and the PROTEUS study (Piedmont region)
comparing CTC vs sigmoidoscopy.”® Study designs and pop-
ulations are shown in Table 1, whereas the main results are
summarized in Table 2.

PARTICIPATION IN CT

COLONOGRAPHY SCREENING

Participation is crucial for the effectiveness of a population-
based screening programme. Ideally, a screening programme
should guarantee full coverage of the target population. How-
ever, participation in CRC screening programmes is influenced
by organizational (e.g modality of invitation and test delivery,
involvement of general practitioners) or individual factors (e.g.
gender, socioeconomic status, subject attitude towards screen-
ing), which may limit uptake.’'* Participation in FIT, which is
the most employed test in organized screening programmes, is
in the range of 48-62%.7’

In the European randomized trials, participation rates in CTC
screening were quite similar to each other, in the range of
25-34%.°%*" Participation was higher in the COCOS trial
(34%) with respect to Italian trials (25-30%). This difference in
participation between the two countries was typically observed
for FIT screening also.”>*
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Table 1. European randomized trials evaluating screening CT colonography (CTC): study design and population
Polyp size
Authors Study Study Sample Population Comparator Main for OC
(years) acronym type size Age range (years) P outcomes referral
(mm)
Stoop et al . Never screened . Participation rate
C M 8844 C N =10
(2012)% COCOs € 50-75 0 Detection rate
Sali et al Never screened FIT (3 rounds)” Participation rate
SAVE sC 16,087 ., : =6
(2015)% 54-65 ocC Detection rate
Never screened S
PROTEUS1 MC 1984 ES Participation rate =6
Regge et al 58-60
(2016)*
PROTEUS2 MC 40,945 \Slghggtee“’ never screened | pg Detection rate =6

FIT, faecal immunochemical test; FS, flexible sigmoidoscopy; MC, multicentre; OC, optical colonoscopy; SC, single centre.
?In the SAVE trial, subjects were randomized into four groups: (1) FIT, (2) reduced preparation CTC, (3) full-preparation CTC and (4) OC.

Modalities of invitation to screening CTC in the three trials are
reported in Table 3. In the PROTEUS trial, subjects were offered
a pre-fixed appointment for the examination, a strategy that is
known to improve participation in CRC screening.”® This in-
vitation modality could represent a more feasible option for a CTC
screening programme, as it requires less resources than a strategy
based on a face-to-face consultation. Moreover, the involvement of
general practitioners, who signed the invitation letter in PROTEUS
trial, could help further enhance participation.***’

Bowel preparation is perceived as one of the most burdensome
aspects of screening CTC.*' As a matter of fact, in the European
trials, screening CTC was offered with a reduced or laxative-free
bowel preparation, with the exception of the SAVE trial, in
which subjects were randomized to be invited to full cathartic
preparation CTC or reduced cathartic preparation CTC
(Table 3). In the SAVE study, participation was higher for reduced
preparation CTC (28%) with respect to full-preparation CTC
(25%), demonstrating that a reduced preparation improves par-
ticipation in CTC screening, as was previously speculated.*>*’

In comparison with other screening tests, participation rate for CTC
(25-34%) was higher than that for colonoscopy (15-22%),%%%7
similar to that for sigmoidoscopy (27%) and lower than that for
one FIT round (50%).>” These data confirm that screening CTC
is perceived as less burdensome than screening colonoscopy.**
However, participation rate for CTC is still much below than that
for FIT, which remains the most attended screening test. A feasible
strategy to increase the overall participation in CRC screening by
CTC is the offer of FIT to non-attendees for CTC.*

Interestingly, in the Italian trials, participation in CTC screening
was higher in males than in females, 31 vs 26%, respectively, for
reduced preparation CTC in the SAVE study and 34 vs 27% in
the PROTEUS study.””*” This gender-based difference in par-
ticipation was observed for other screening tests.**° Typically,
endoscopic tests are favoured by males,*® whereas FIT screening
is usually preferred by females.’>*” This feature of CTC may be
of importance for the efficacy of a screening programme, as the
incidence of CRC and adenomas is higher in males.

POSITIVITY RATE AND COLONOSCOPY
REFERRAL OF SCREENING CT COLONOGRAPHY
CTC screening subjects with positive findings are invited to
undergo colonoscopy. The best size threshold of colorectal
lesions that are referred to colonoscopy is still under debate. The
European Society of Gastrointestinal and Abdominal Radiology
(ESGAR) and the American College of Radiologists guidelines
suggest referral to colonoscopy of subjects with at least one
polyp =6 mm.***° In fact, the likelihood of malignancy or ad-
vanced histology in smaller polyps (<6 mm) is very low, namely
1.4% according to a recent systematic review,” and given the
low specificity of CTC for these lesions, their reporting should
be avoided, at least in a screening setting.

The Italian trials adopted a size threshold of 6 mm for colonoscopy
referral, whereas the COCOS trial used a cut-off of 10mm and
followed up subjects with 6-9-mm polyps with CTC. The positivity
rate of CTC was similar in the three studies (range 9-109)%273°
and significantly lower than previously speculated in asymptomatic
subjects.”’ This may be important in CTC screening, where avail-
ability and costs of subsequent tests might be prohibitive.

In the COCOS trial, the positivity rate of CTC would have been
17% if polyps of 6-9 mm had been referred to colonoscopy.*
However, findings from the follow-up study indicated that the
majority of 6-9-mm polyps (65%) did not progress within
3 years.”” Similar results were observed in a longitudinal study
performed in the USA, where only 22% of 6-9-mm polyps
progressed after a 2—3-year follow-up.” These data suggest that
further investigations are needed to establish the optimal polyp
size threshold for colonoscopy referral for CTC screening, es-
pecially in the 6-9-mm range.

Colonoscopy compliance in subjects with a positive CTC
study was 98-100% compared with sigmoidoscopy (87%) or
FIT (84%).>*”° This is a convincing point in favour of CTC
screening.

In the three trials, CTC was non-diagnostic in 1.6-4% of the

26,27, . . . . . .
cases,”>*”** owing to inadequate distension, insufficient faecal
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ECF, extracolonic findings; FIT, faecal immunochemical test; FS, flexible sigmoidoscopy; OC, optical colonoscopy.

21t would have been 17% if polyps of 6-9 mm had been referred to OC.

PReduced preparation CTC group.
“Full-preparation CTC group.
9Data refer to first FIT round.
Data from PROTEUST study.
"Data from PROTEUS2 studly.
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tagging or both. These figures were comparable with those of
colonoscopy (3%) and sigmoidoscopy screening (2.4%).”%>°

SCREENING CT COLONOGRAPHY

DETECTION RATE

The aim of a screening test for CRC is to identify advanced
neoplasia, i.e. cancer or advanced adenoma. In the three Euro-
pean trials, the detection rates of CTC for advanced neoplasia
were similar, ranging from 5.1 to 6.1%.°%*”*°

The detection rate of CTC was lower than that of colonoscopy,
both in the COCOS trial (6.1 vs 8.7%) and in the SAVE trial
(5.2 vs 7.2%).”**” However, considering the detection rate per
subject invited to screening, no differences between CTC and
colonoscopy were observed in the COCOS (2.1 vs 1.9%) and
SAVE (1.4 vs 1.1%) trials, because the higher participation rate for
CTC counterbalanced its lower detection rate.”®*” Previously,
a large non-randomized US trial found no significant difference
in detection rate between CTC and colonoscopy in an asymp-
tomatic population.” A potential disadvantage of CTC over
colonoscopy could be its lower detection rate for high-risk sessile
serrated polyps, as suggested by data of the COCOS trial.”

In the PROTEUS trial, the detection rates of CTC and sig-
moidoscopy were similar (5.1 vs 4.8%), but CTC had lower
detection rate than sigmoidoscopy in the distal colon (2.9 vs
3.9%).”° This apparent lower capability of CTC to detect polyps
in the distal colon was also observed in the SAVE trial and
deserves further investigation.””

In the SAVE trial, the detection rate of CTC (5.2%) was three-
fold that of one FIT round (1.7%). However, FIT has a cumu-
lative sensitivity for CRC and advanced adenoma and has to be
repeated in multiple annual or biennial rounds to be effective.
Thus, for the overall assessment of the performance CTC vs FIT,
we have to await the results of the two subsequent rounds of FIT
of the SAVE trial that are accruing.

Interestingly, in the SAVE trial, the detection rate for advanced
neoplasia was not significantly different between reduced prep-
aration (5.5%) and full-preparation CTC (4.9%). This is in line
with previous studies on the performance of CTC with limited
bowel preparations.”®>® Data indicate that reduced bowel
preparation should be adopted for screening CTC as it enhances
participation without detriment in the diagnostic yield.

CT COLONOGRAPHY READER EXPERIENCE AND
COMPUTER-AIDED DETECTION

Sensitivity of CTC is proportional to reader experience.
The number of CTC examinations that should be read to obtain
an adequate competence is still under debate. A study by
Liedenbaum et al®" showed that even training with 175 CTC
cases might not suffice to reach proficiency in polyp detection.
An analysis on the use of CTC in the English Bowel Screening
Programme showed that the detection rate and positive-
predictive value of CTC were significantly higher for radiol-
ogists who had read >1000 CTC overall and >175 cases per
year.®” Selection criteria for CTC readers in the three studies are
shown in Table 4.

59,60
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Table 3. Modalities of invitation and bowel preparation for screening CT colonography (CTC) in the European randomized trials

Pre-examination . .
Authors o Appointment Diet Bowel Faecal
(years) Invitation face-to-face for CTC restrictions reparation taggin,

Y consultation prep §8INg
Stoop et al . Fixed at . I0CM
(2012)% Mail Yes consultation Yes No cathartics (100 + 50 ml)
Sali et al Mail Ves Fixed at Yes Low-dose PEG” I0OCM
(2015)% ) consultation i PEG? (70 ml)
Regge et al . ) IOCM
(2016)% Mail No Pre-fixed Yes Low-dose PEG (70 ml)

IOCM, iodinated oral contrast media; PEG, polyetilenglycole.
?Reduced preparation CTC group.
PEull-preparation CTC group.

Computer-aided detection (CAD) can be particularly useful in
a screening setting where the workload for the radiologist is often
huge and fatiguing. CAD as “second reader” can be helpful as it
improves the sensitivity for 6-9-mm polyps.®> Studies demonstrated
that CAD as “first reader” reduces reading time and its performance
in terms of sensitivity and specificity is not significantly different
with respect to a “second reader” CAD.***> CAD was used in all
the European trials (Table 4). In particular, in the Italian trials, a
“first reader” CAD was adopted for the first time in screening CTC.
In these studies, the radiologist first examined CAD polyp candi-
dates and then performed a two-dimensional evaluation of the
colon in order to find lesions that could have been missed by CAD.

SAFETY OF CT COLONOGRAPHY SCREENING
Patient safety is an essential requisite for a population-based
screening programme. CTC has two potential safety issues: (1)
the risk of colonic perforation due to pneumocolon and (2) the
exposure to ionizing radiations.

Colonic perforation after CTC is an extremely rare event.®® A
recent meta-analysis showed that the estimated rate of perfo-
ration due to colonic insufflation is very low (0.04%), especially
in asymptomatic subjects (0.02%—about 1 in 5000), which can
be representative of a screening population.”” In the meta-
analysis, 44% of perforations were asymptomatic and only 32%
required surgery, with no deaths.®’

Perforation rates observed for FOBT and sigmoidoscopy
population-based screening programmes are comparable or
higher than that estimated for CTC screening. Data from the
English Bowel Cancer Screening Programme showed that the

perforation rate of colonoscopy in the context of organized
screening with FOBT was 0.06%,® whereas perforation rate after
flexible sigmoidoscopy was reported to be 0.09%.” Opposite to
CTC, colonoscopic perforations have been reported as requiring
surgery in 78% of cases in one large analysis.”’

Noteworthy, in the European trials, no perforations were
observed after CTC or the subsequent colonoscopy in the CTC-
positive subjects.”**”*® Only minor complications such as va-
sovagal reactions, cutaneous rashes after iodinated oral contrast
media administration and post-polypectomy bleeding were
reported.”**”>° Taking into account the complications that oc-
curred after follow-up colonoscopy in CTC-positive subjects, the
complication rates of CTC and colonoscopy screening in the
COCOS trial were comparable.*®

CTC exposes subjects to ionizing radiation. An international
survey showed that the average effective dose for a screening
CTC is 4.4 mSv using low-dose scanning protocols.”" Even lower
doses can be obtained using iterative reconstructions.”” Al-
though controversies still exist on the carcinogenic risk of such
small doses of ionizing radiation, models suggest that the
number of radiation-induced cancers will be significantly out-
numbered by the number of CRC prevented by screening.”

EXTRACOLONIC FINDINGS IN CT
COLONOGRAPHY SCREENING

Unlike colonoscopy, CTC can detect extracolonic abnormalities,
although with limitations when low-dose protocols are employed.
The identification of significant extracolonic findings (ECF) could
be beneficial for the screening subjects but may require additional

Table 4. Selection criteria for CT colonography (CTC) readers and use of computer-aided detection (CAD) in the European

randomized trials

Reader Prelimina Proficien Readin
Authors (years) . rnary clency 8 CAD use
experience training examination approach
. S d
Stoop et al (2012)% =800 CTCs No No Primary 2D ccon
reader
Sali et al (2015)% =300 CTCs Yes Yes Primary 2D First reader
Regge et al (2016)*° =300 CTCs Yes Yes Primary 2D First reader

2D, two dimensional.
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diagnostic work-up, with rising costs for the screening pro-
gramme and potential harms and anxiety for the patient.

ECF can be identified in up to half of the asymptomatic
subjects undergoing CTC.”*’® However, the proportion of
clinically relevant ECF is substantially lower, namely 2—-3%, as
shown in two large opportunistic CTC screening series in
the USA.””7®

In the European trials, only potentially important ECF according to
the CT Colonography Reporting and Data System (C-RADS) clas-
sification (E3—E4) were reported in CTC screening;”® for example,
aortic aneurysms, solid or complex cystic renal lesions, pancreatic
masses, adnexal masses and non-calcified lung nodules >10 mm. In
the three trials, the prevalence of ECF ranged from 1 to 11%.°**%
In the Italian trials, the radiologist did not perform a specific search
for extracolonic pathology, but annotated only the ECF seen during
colonic evaluation. This could partially justify the lower prevalence
of ECF in the Italian trials with respect to the COCOS trial.

In the PROTEUS trial, ECF were reviewed by two radiologists
who separated those that needed additional examinations from
those that were unlikely to be clinically relevant. With this ap-
proach, the prevalence of ECF deserving further work-up was
only 1.2%.”° This can be a rational approach to the management
of ECF within a CTC screening programme that could limit the
number of second-level examinations and interventions to the
strictly necessary and also reduce overall costs of the pro-
gramme.”® Notably, the issue of ECF could be especially im-
portant in the first CTC screening round, as in the next
screening rounds, most of them would be already known.

COST-EFFECTIVENESS OF CT

COLONOGRAPHY SCREENING

Whether CTC is cost-effective for population screening of CRC
with respect to other screening modalities is still under debate,
as most existing studies are based on theoretical models.*

A systematic review on cost-effectiveness analyses of CTC
screening including 16 studies showed heterogeneous results,
owing to differences in assumptions and reported unit costs.*
Screening CTC is cost-effective in comparison with no
screening.®' CTC is cost-effective compared with faecal tests
and sigmoidoscopy in some studies.** Cost-effectiveness of
CTC in comparison with colonoscopy depends on various
factors, such as screening uptake, polyp size threshold for re-
ferral and CTC costs.®° In this regard, data from unit costs of
CTC screening from the COCOS trial are encouraging, as the
average cost per participant was about 170 euros, significantly
less than previously reported.®

An analysis based on data of the COCOS trial indicated that
CTC screening could be cost-effective in comparison with
colonoscopy screening but not with FIT screening.®> Cost-
effectiveness analyses from the SAVE and PROTEUS trials are
not yet available.

Reporting and following up ECF is probably a crucial factor for
the cost-effectiveness of CTC screening.**® Although the

Sali and Regge

published average costs related to the follow-up of ECF are
relatively low (31-68 USD), it is still debated whether the report
of ECF could be ultimately cost saving or cost generating.”®

CT COLONOGRAPHY SCREENING: POSITION OF
SCIENTIFIC SOCIETIES

At present, available guidelines do not recommend CTC for
population screening of CRC. CTC is not recommended as
primary test for population screening by the ESGAR and the
European Society of Gastrointestinal Endoscopy (ESGE), mainly
because of the lack of robust evidence about its cost-effective-
ness.* The European Guidelines for Quality Assurance in Co-
lorectal Cancer Screening, which recommend FIT for organized
screening of CRC, consider CTC as a new screening technology
under evaluation.”

Positions about the role of CTC for opportunistic screening of
CRC are heterogeneous. Since 2008, CTC has been recom-
mended by the American Cancer Society for screening of CRC
in asymptomatic subjects older than 50 years.®® The same rec-
ommendation has been made by the American College of
Radiologists.*” ESGAR and ESGE guidelines suggest that CTC
“may be proposed as a CRC screening test on an individual basis
providing the screenee is adequately informed about test char-
acteristics, benefits, and risks”*® A recent position statement of
the US Preventive Service Task Force includes CTC among
recommended tests for CRC screening, owing to its high di-
agnostic accuracy for CRC and large polyps and its safety profile,
although concerns still remain about the management of ECE.*’

ROLE OF CT COLONOGRAPHY IN FAECAL
OCCULT BLOOD TEST-BASED SCREENING
PROGRAMMES

FOBT and FIT are the most adopted tests in European organized
programmes for CRC screening. CTC may have a complemen-
tary role in FOBT-based screening. According to the ESGAR and
ESGE guidelines, CTC is recommended in FOBT-positive sub-
jects who refuse or have contraindications to colonoscopy work-
up (1) and in those with incomplete colonoscopy (2), whereas
CTC is not recommended as a triage test in all FOBT-positive
subjects before colonoscopy (3).**

(1) FOBT-positive subjects who refuse or have contraindications
to colonoscopy

e In Italian screening programmes, average compliance
to colonoscopy work-up among FOBT-positive subjects
was 81%.°® This implies that about one-fifth of subjects
at risk of harbouring significant colonic lesions are
precluded from endoscopic assessment and treatment.
An Italian study showed that in FOBT-positive subjects
refusing first referral to colonoscopy, attendance to CTC
(63%) was significantly higher than that to reinvitation
to colonoscopy (26%).*® Thus, CTC has the potential to
recapture more than a half of subjects with positive
FOBT who refuse first invitation to colonoscopy.

(2) FOBT-positive subjects with incomplete colonoscopy
e In FOBT-based population screening programmes,
the colonoscopy completion rate varies between 72
and 95%.>
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¢ A study showed that advanced neoplasia could be missed
in up to 4.3% of patients with incomplete colonoscopy,
suggesting that further colonic evaluation is mandatory in
these cases.®”

e A large proportion of FOBT-positive subjects with
incomplete colonoscopy accept to undergo CTC, which
proved to have a high positive-predictive value (88%)
for colonic masses and large polyps (=10 mm) in these
subjects.”

(3) CTC as a triage test in FOBT-positive subjects

e The positive-predictive value of FOBT or FIT for advanced
neoplasia is relatively low and typically in the 33-52%
range.”®*' Hence, up to half of the faecal tests can be false
positive, leading to unnecessary colonoscopies in asymp-
tomatic subjects.

e CTC has been advocated as a triage test in these
subjects. However, a meta-analysis by Plumb et al”'
on four studies showed that in FOBT-positive subjects,
CTC has a high average per-patient sensitivity (89%) for
CRC and adenomas =6 mm, but a fairly low average
specificity (75%).

¢ Considering the high prevalence of CRC and polyps
in FOBT-positive subjects, with consequently a
high referral rate to colonoscopy, and the relatively

BUR

high number of false-positive results in this specific
population, the use of CTC as a triage examination
prior to colonoscopy is most probably not cost-
effective.”>”’

CONCLUSION

After two decades since its introduction, robust evidence has
been accumulated to endorse CTC as an accurate, safe and well-
tolerated investigation of the colon. Recently, the results of three
European trials evaluating CTC within population-based
screening of CRC have been published. The results in terms of
participation rate, positivity rate and detection rate of CTC were
quite homogeneous among the three studies. Participation rate
for screening CTC was higher than that for primary screening
colonoscopy, with slightly lower detection rate, but with com-
parable yield per invitee. Participation rate for screening CTC
was much lower than that for FIT, but its detection rate was
threefold that of one FIT round. CTC and sigmoidoscopy
showed similar participation and detection rate. These results
are encouraging to consider a potential implementation of CTC
in organized screening programmes for CRC. However, assess-
ment of other factors such as polyp size threshold for colono-
scopy referral, management of ECF and, most importantly, the
forthcoming results of cost-effectiveness analyses are crucial to
define the role of CTC in primary screening.

evolution of cancer of the colon and rectum.

https://doi.org/10.1001/jama.2009.832

REFERENCES
Torre LA, Bray F, Siegel RL, Ferlay J, Cancer 1975; 36: 2251-70. doi: https://doi. 12. Johnson CD, Chen MH, Toledano AY,
Lortet-Tieulent J, Jemal A. Global cancer 0rg/10.1002/cncr.2820360944 Heiken JP, Dachman A, Kuo MD, et al.
statistics, 2012. CA Cancer ] Clin 2015; 8. Labianca R, Nordlinger B, Beretta GD, Accuracy of CT colonography for detection
65: 87-108. Brouquet A, Cervantes A. Primary colon of large adenomas and cancers. N Engl ] Med
Ferlay J, Steliarova-Foucher E, Lortet-Tieulent cancer: ESMO Clinical Practice Guidelines 2008; 359: 1207-17. doi: https://doi.org/
J, Rosso S, Coebergh JW, Comber H, et al. for diagnosis, adjuvant treatment and follow- 10.1056/NEJM0a0800996
Cancer incidence and mortality patterns in up. Ann Oncol 2010; 21: 70-7. doi: https:// 13. Atkin W, Dadswell E, Wooldrage K, Kralj-
Europe: estimates for 40 countries in 2012. doi.org/10.1093/annonc/mdq168 Hans I, von Wagner C, Edwards R, et al.
Eur J Cancer 2013; 49: 1374-403. doi: https:// 9. Winawer SJ, Zauber AG, Ho MN, O’Brien Computed tomographic colonography versus
doi.org/10.1016/j.ejca.2012.12.027 M]J, Gottlieb LS, Sternberg SS, et al. Pre- colonoscopy for investigation of patients with
Esserman LJ, Thompson IM Jr, Reid B. vention of colorectal cancer by colonoscopic symptoms suggestive of colorectal cancer
Overdiagnosis and overtreatment in cancer: polypectomy. The National Polyp Study (SIGGAR): a multicentre randomised trial.
an opportunity for improvement. JAMA Workgroup. N Engl ] Med 1993; 329: Lancet 2013; 381: 1194-202. doi: https://doi.
2013; 310: 797-8. doi: https://doi.org/ 1977-81. doi: https://doi.org/10.1056/ org/10.1016/S0140-6736(12)62186-2
10.1001/jama.2013.108415 NEJM199312303292701 14. de Haan MC, van Gelder RE, Graser A, Bipat
Hashim D, Boffetta P, La Vecchia C, Rota M, 10. Pickhardt PJ, Choi JR, Hwang I, Butler JA, S, Stoker J. Diagnostic value of CT-
Bertuccio P, Malvezzi M, et al. The global Puckett ML, Hildebrandt HA, et al. Com- colonography as compared to colonoscopy in
decrease in cancer mortality: trends and puted tomographic virtual colonoscopy to an asymptomatic screening population:
disparities. Ann Oncol 2016; 27: 926-33. doi: screen for colorectal neoplasia in asymp- a meta-analysis. Eur Radiol 2011; 21:
https://doi.org/10.1093/annonc/mdw027 tomatic adults. N Engl ] Med 2003; 349: 1747-63. doi: https://doi.org/10.1007/
Fojo T, Grady C. How much is life worth: 2191-200. doi: https://doi.org/10.1056/ $00330-011-2104-8
cetuximab, non-small cell lung cancer, and NEJMo0a031618 15. de Wijkerslooth TR, de Haan MC, Stoop EM,
the $440 billion question. J Natl Cancer Inst 11. Regge D, Laudi C, Galatola G, Della Deutekom M, Fockens P, Bossuyt PM, et al.
2009; 101: 1044-8. doi: https://doi.org/ Monica P, Bonelli L, Angelelli G, et al. Study protocol: population screening for
10.1093/jnci/djp177 Diagnostic accuracy of computed colorectal cancer by colonoscopy or CT
Patel SS, Kilgore ML. Cost effectiveness of tomographic colonography for the colonography: a randomized controlled trial.
colorectal cancer screening strategies. Cancer detection of advanced neoplasia in indi- BMC Gastroenterol 2010; 10: 47. doi: https://
Control 2015; 22: 248-58. viduals at increased risk of colorectal doi.org/10.1186/1471-230X-10-47
Muto T, Bussey HJ, Morson BC. The cancer. JAMA 2009; 301: 2453-61. doi: 16. Sali L, Grazzini G, Carozzi F, Castiglione G,

Falchini M, Mallardi B, et al. Screening for

7 of 10 birpublications.org/bjr

Br J Radiol;89:20160517


https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1001/jama.2013.108415
https://doi.org/10.1001/jama.2013.108415
https://doi.org/10.1093/annonc/mdw027
https://doi.org/10.1093/jnci/djp177
https://doi.org/10.1093/jnci/djp177
https://doi.org/10.1002/cncr.2820360944
https://doi.org/10.1002/cncr.2820360944
https://doi.org/10.1093/annonc/mdq168
https://doi.org/10.1093/annonc/mdq168
https://doi.org/10.1056/NEJM199312303292701
https://doi.org/10.1056/NEJM199312303292701
https://doi.org/10.1056/NEJMoa031618
https://doi.org/10.1056/NEJMoa031618
https://doi.org/10.1001/jama.2009.832
https://doi.org/10.1056/NEJMoa0800996
https://doi.org/10.1056/NEJMoa0800996
https://doi.org/10.1016/S0140-6736(12)62186-2
https://doi.org/10.1016/S0140-6736(12)62186-2
https://doi.org/10.1007/s00330-011-2104-8
https://doi.org/10.1007/s00330-011-2104-8
https://doi.org/10.1186/1471-230X-10-47
https://doi.org/10.1186/1471-230X-10-47
http://birpublications.org/bjr

BJR

17.

18.

19.

20.

21.

22.

23.

24.

25.

colorectal cancer with FOBT, virtual colo-
noscopy and optical colonoscopy: study
protocol for a randomized controlled trial in
the Florence district (SAVE study). Trials
2013; 14: 74. doi: https://doi.org/10.1186/
1745-6215-14-74

Regge D, Iussich G, Senore C, Correale L,
Hassan C, Bert A, et al. Population screening
for colorectal cancer by flexible sigmoidos-
copy or CT colonography: study protocol for
a multicenter randomized trial. Trials 2014;
15: 97. doi: https://doi.org/10.1186/1745-
6215-15-97

Hewitson P, Glasziou P, Irwig L, Towler B,
Watson E. Screening for colorectal cancer
using the faecal occult blood test, Hemoccult.
Cochrane Database Syst Rev 2007; 1:
CD001216.

Grazzini G, Visioli CB, Zorzi M, Ciatto S,
Banovich F, Bonanomi AG, et al. Immuno-
chemical faecal occult blood test: number of
samples and positivity cutoff. What is the
best strategy for colorectal cancer screening?
Br ] Cancer 2009; 100: 259—65. doi: https://
doi.org/10.1038/sj.bjc.6604864

Castiglione G, Zappa M, Grazzini G,
Mazzotta A, Biagini M, Salvadori P, et al.
Immunochemical vs guaiac faecal occult
blood tests in a population-based screening
programme for colorectal cancer. Br J Cancer
1996; 74: 141—4. doi: https://doi.org/10.1038/
bjc.1996.329

van Rossum LG, van Rijn AF, Laheij RJ, van
Oijen MG, Fockens P, van Krieken HH, et al.
Random comparison of guaiac and immu-
nochemical fecal occult blood tests for
colorectal cancer in a screening population.
Gastroenterology 2008; 135: 82-90. doi:
https://doi.org/10.1053/j.gastro.2008.03.040
Segnan N, Patnik J, von Karsa L, eds.
European guidelines for quality assurance in
colorectal cancer screening and diagnosis. 1st
edn. Luxembourg: Publications Office of the
European Union; 2010.

Atkin WS, Edwards R, Kralj-Hans 1,
Wooldrage K, Hart AR, Northover JM, et al.
Once-only flexible sigmoidoscopy screening
in prevention of colorectal cancer: a multi-
centre randomised controlled trial. Lancet
20105 375: 1624-33. doi: https://doi.org/
10.1016/S0140-6736(10)60551-X

Segnan N, Armaroli P, Bonelli L, Risio M,
Sciallero S, Zappa M, et al. Once-only
sigmoidoscopy in colorectal cancer screening:
follow-up findings of the Italian randomized
controlled trial—SCORE. J Natl Cancer Inst
2011; 103: 1310-22. doi: https://doi.org/
10.1093/jnci/djr284

Hassan C, Giorgi Rossi P, Camilloni L, Rex
DK, Jimenez-Cendales B, Ferroni E, et al.
Meta-analysis: adherence to colorectal cancer

26.

27.

28.

29.

30.

31.

32.

33.

34,

screening and the detection rate for advanced
neoplasia, according to the type of screening
test. Aliment Pharmacol Ther 2012; 36:
929—40. doi: https://doi.org/10.1111/
apt.12071

Stoop EM, de Haan MC, de Wijkerslooth TR,
Bossuyt PM, van Ballegooijen M, Nio CY,

et al. Participation and yield of colonoscopy
versus non-cathartic CT colonography in
population-based screening for colorectal
cancer: a randomised controlled trial. Lancet
Oncol 2012; 13: 55-64. doi: https://doi.org/
10.1016/S1470-2045(11)70283-2

Sali L, Mascalchi M, Falchini M, Ventura L,
Carozzi F, Castiglione G, et al; SAVE study
investigators. Reduced and full-preparation
CT colonography, fecal immunochemical
test, and colonoscopy for population
screening of colorectal cancer: a randomized
trial. J Natl Cancer Inst 2015; 108: 319. doi:
https://doi.org/10.1093/jnci/djv319

Zavoral M, Suchanek S, Zavada E, Dusek L,
Muzik J, Seifert B, et al. Colorectal cancer
screening in Europe. World ] Gastroenterol
2009; 15: 5907-15. doi: https://doi.org/
10.3748/wjg.15.5907

Schreuders EH, Ruco A, Rabeneck L, Schoen
RE, Sung JJ, Young GP, et al. Colorectal
cancer screening: a global overview of exist-
ing programmes. Gut 2015; 64: 1637-49. doi:
https://doi.org/10.1136/gutjnl-2014-309086
Regge D, Iussich G, Segnan N, Correale L,
Hassan C, Arrigoni A, et al. Comparing CT
colonography and flexible sigmoidoscopy:

a randomised trial within a population-based
screening programme. Gut 2016. 12 doi:
https://doi.org/10.1136/gutjnl-2015-311278
Senore C, Inadomi J, Segnan N, Bellisario C,
Hassan C. Optimising colorectal cancer
screening acceptance: a review. Gut 2015; 64:
1158-77. doi: https://doi.org/10.1136/gutjnl-
2014-308081

von Wagner C, Baio G, Raine R, Snowball J,
Morris S, Atkin W, et al. Inequalities in
participation in an organized national co-
lorectal cancer screening programme: results
from the first 2.6 million invitations in
England. Int J Epidemiol 2011; 40: 712-18.
doi: https://doi.org/10.1093/ije/dyr008
Honein-AbouHaidar GN, Rabeneck L, Paszat
LE, Sutradhar R, Tinmouth J, Baxter NN.
Evaluating the impact of public health
initiatives on trends in fecal occult blood test
participation in Ontario. BMC Cancer 2014;
14: 537. doi: https://doi.org/10.1186/1471-
2407-14-537

Camilloni L, Ferroni E, Cendales BJ,
Pezzarossi A, Furnari G, Borgia P, et al.
Methods to increase participation in
organised screening programs: a systematic
review. BMC Public Health 2013; 13: 464.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Sali and Regge

doi: https://doi.org/10.1186/1471-2458-
13-464

Kapidzic A, Grobbee EJ, Hol L, van Roon
AH, van Vuuren AJ, Spijker W, et al.
Attendance and yield over three rounds of
population-based fecal immunochemical test
screening. Am | Gastroenterol 2014; 109:
1257-64. doi: https://doi.org/10.1038/
2jg.2014.168

Zorzi M, Fedato C, Grazzini G, Sassoli de’
Bianchi P, Naldoni C, Pendenza M, et al.
Screening for colorectal cancer in Italy, 2010
survey. [In Italian.] Epidemiol Prev 2012;

36: 55-77.

Steele R], McDonald PJ, Digby ], Brownlee L,
Strachan JA, Libby G, et al. Clinical outcomes
using a faecal immunochemical test for
haemoglobin as a first-line test in a national
programme constrained by colonoscopy ca-
pacity. United European Gastroenterol ] 2013;
1: 198-205. doi: https://doi.org/10.1177/
2050640613489281

Jepson R, Clegg A, Forbes C, Lewis R,
Sowden A, Kleijnen J. The determinants of
screening uptake and interventions for in-
creasing uptake: a systematic review. Health
Technol Assess 2000; 4: 1-133.

Senore C, Segnan N, Rossini FP, Ferraris R,
Cavallero M, Coppola F et al. Screening for
colorectal cancer by once only sigmoidos-
copy: a feasibility study in Turin, Italy. ] Med
Screen 1996; 3: 72-8.

Federici A, Giorgi Rossi P, Borgia P,
Bartolozzi F, Farchi S, Guasticchi G.

The immunochemical faecal occult blood test
leads to higher compliance than the guaiac
for colorectal cancer screening programmes:
a cluster randomized controlled trial. ] Med
Screen 2005; 12: 83-8. doi: https://doi.org/
10.1258/0969141053908357

de Wijkerslooth TR, de Haan MC, Stoop EM,
Bossuyt PM, Thomeer M, Essink-Bot ML,
et al. Burden of colonoscopy compared to
non-cathartic CT-colonography in a colorec-
tal cancer screening programme: randomised
controlled trial. Gut 2012; 61: 1552-9. doi:
https://doi.org/10.1136/gutjnl-2011-301308
Ghanouni A, Halligan S, Plumb A, Boone D,
Wardle J, von Wagner C. Non- or full-
laxative CT colonography vs endoscopic tests
for colorectal cancer screening: a randomised
survey comparing public perceptions and
intentions to undergo testing. Eur Radiol
2014; 24: 1477-86. doi: https://doi.org/
10.1007/s00330-014-3187-9

Ghanouni A, Halligan S, Taylor SA, Boone
D, Plumb A, Stoffel S, et al. Quantifying
public preferences for different bowel
preparation options prior to screening CT
colonography: a discrete choice experi-
ment. BMJ Open 2014; 4: e004327. doi:

8 of 10 birpublications.org/bjr

Br J Radiol;89:20160517


https://doi.org/10.1186/1745-6215-14-74
https://doi.org/10.1186/1745-6215-14-74
https://doi.org/10.1186/1745-6215-15-97
https://doi.org/10.1186/1745-6215-15-97
https://doi.org/10.1038/sj.bjc.6604864
https://doi.org/10.1038/sj.bjc.6604864
https://doi.org/10.1038/bjc.1996.329
https://doi.org/10.1038/bjc.1996.329
https://doi.org/10.1053/j.gastro.2008.03.040
https://doi.org/10.1016/S0140-6736(10)60551-X
https://doi.org/10.1016/S0140-6736(10)60551-X
https://doi.org/10.1093/jnci/djr284
https://doi.org/10.1093/jnci/djr284
https://doi.org/10.1111/apt.12071
https://doi.org/10.1111/apt.12071
https://doi.org/10.1016/S1470-2045(11)70283-2
https://doi.org/10.1016/S1470-2045(11)70283-2
https://doi.org/10.1093/jnci/djv319
https://doi.org/10.3748/wjg.15.5907
https://doi.org/10.3748/wjg.15.5907
https://doi.org/10.1136/gutjnl-2014-309086
https://doi.org/10.1136/gutjnl-2015-311278
https://doi.org/10.1136/gutjnl-2014-308081
https://doi.org/10.1136/gutjnl-2014-308081
https://doi.org/10.1093/ije/dyr008
https://doi.org/10.1186/1471-2407-14-537
https://doi.org/10.1186/1471-2407-14-537
https://doi.org/10.1186/1471-2458-13-464
https://doi.org/10.1186/1471-2458-13-464
https://doi.org/10.1038/ajg.2014.168
https://doi.org/10.1038/ajg.2014.168
https://doi.org/10.1177/2050640613489281
https://doi.org/10.1177/2050640613489281
https://doi.org/10.1258/0969141053908357
https://doi.org/10.1258/0969141053908357
https://doi.org/10.1136/gutjnl-2011-301308
https://doi.org/10.1007/s00330-014-3187-9
https://doi.org/10.1007/s00330-014-3187-9
http://birpublications.org/bjr

Review article: CT colonography for colorectal cancer screening

44,

45.

46.

47.

48.

49.

50.

51.

52.

https://doi.org/10.1136/bmjopen-
2013-004327

Lin OS, Kozarek RA, Gluck M, Jiranek GC,
Koch J, Kowdley KV, et al. Preference for
colonoscopy versus computerized tomo-
graphic colonography: a systematic review
and meta-analysis of observational studies. J
Gen Intern Med 2012; 27: 1349-60. doi:
https://doi.org/10.1007/s11606-012-2115-4
Sali L, Ventura L, Mascalchi M, Falchini M,
Mantellini P, Delsanto S, et al. Faecal
immunochemical test in subjects not at-
tending screening computed tomography
colonography and colonoscopy in a random-
ized trial. Eur ] Cancer Prev 2016. July 15
[Epub ahead of print].

Segnan N, Senore C, Andreoni B, Azzoni A,
Bisanti L, Cardelli A, et al. Comparing
attendance and detection rate of colonoscopy
with sigmoidoscopy and FIT for colorectal
cancer screening. Gastroenterology 2007; 132:
2304-12. doi: https://doi.org/10.1053/j.
gastro.2007.03.030

Blom J, Kilpeldinen S, Hultcrantz R,
Térnberg S. Five-year experience of organized
colorectal cancer screening in a Swedish
population—increased compliance with age,
female gender, and subsequent screening
round. | Med Screen 2014; 21: 144-50. doi:
https://doi.org/10.1177/0969141314545555
Spada C, Stoker J, Alarcon O, Barbaro F,
Bellini D, Bretthauer M, et al. Clinical
indications for computed tomographic colo-
nography: European Society of Gastrointes-
tinal Endoscopy (ESGE) and European
Society of Gastrointestinal and Abdominal
Radiology (ESGAR) Guideline. Eur Radiol
2015; 25: 331-45. doi: https://doi.org/
10.1007/s00330-014-3435-z

ACR. Reston, VA: American College of
Radiology. [updated 2014; cited 2016

May 28]. Available from: http://www.acr.org/
~/media/ ACR/Documents/PGTS/guidelines/
CT_Colonography.pdf

Rex DK, Kahi C, O’Brien M, Levin TR, Pohl
H, Rastogi A, et al. The American society for
gastrointestinal endoscopy PIVI (preserva-
tion and incorporation of valuable endo-
scopic innovations) on real-time endoscopic
assessment of the histology of diminutive
colorectal polyps. Gastrointest Endosc 2011;
73: 419-22. doi: https://doi.org/10.1016/j.
gie.2011.01.023

Pox CP, Schmiegel W. Role of CT colonog-
raphy in colorectal cancer screening: risks
and benefits. Gut 2010; 59: 692-700. doi:
https://doi.org/10.1136/gut.2009.183046
Tutein Nolthenius CJ, Boellaard TN, de Haan
MC, Nio CY, Thomeer MG, Bipat S, et al.
Evolution of screen-detected small (6-9 mm)
polyps after a 3-year surveillance interval:

53.

54.

55.

56.

57.

58.

59.

60.

61.

assessment of growth with CT colonography
compared with histopathology. Am J Gastro-
enterol 2015; 110: 1682-90. doi: https://doi.
org/10.1038/ajg.2015.340

Pickhardt PJ, Kim DH, Pooler BD, Hinshaw
JL, Barlow D, Jensen D, et al. Assessment of
volumetric growth rates of small colorectal
polyps with CT colonography: a longitudinal
study of natural history. Lancet Oncol 2013;
14: 711-20. doi: https://doi.org/10.1016/
S1470-2045(13)70216-X

Kim DH, Pickhardt PJ, Taylor AJ, Leung WK,
Winter TC, Hinshaw JL, et al. CT colonog-
raphy versus colonoscopy for the detection of
advanced neoplasia. N Engl ] Med 2007; 357:
1403-12. doi: https://doi.org/10.1056/
NEJMo0a070543

IJspeert JE, Tutein Nolthenius CJ, Kuipers EJ,
van Leerdam ME, Nio CY, Thomeer MG,

et al. CT-colonography vs colonoscopy for
detection of high-risk sessile serrated polyps.
Am ] Gastroenterol 2016; 111: 516-22. doi:
https://doi.org/10.1038/ajg.2016.58

Zalis ME, Blake MA, Cai W, Hahn PE
Halpern EF, Hazam IG, et al. Diagnostic
accuracy of laxative-free computed tomo-
graphic colonography for detection of ade-
nomatous polyps in asymptomatic adults:

a prospective evaluation. Ann Intern Med
2012; 156: 692-702. doi: https://doi.org/
10.7326/0003-4819-156-10-
201205150-00005

Liedenbaum MH, de Vries AH, van Rijn AF,
Dekker HM, Willemssen FE, van Leerdam
ME, et al. CT colonography with limited
bowel preparation for the detection of co-
lorectal neoplasia in an FOBT positive
screening population. Abdom Imaging 2010;
35: 661-8. doi: https://doi.org/10.1007/
500261-009-9586-8

Iannaccone R, Laghi A, Catalano C,
Mangiapane F, Lamazza A, Schillaci A, et al.
Computed tomographic colonography with-
out cathartic preparation for the detection of
colorectal polyps. Gastroenterology 2004; 127:
1300-11. doi: https://doi.org/10.1053/].
gastro.2004.08.025

Gluecker T, Meuwly JY, Pescatore P, Schnyder
P, Delarive J, Jornod P, et al. Effect of
investigator experience in CT colonography.
Eur Radiol 2002; 12: 1405-9. doi: https://doi.
0rg/10.1007/s00330-001-1280-3

Taylor SA, Halligan S, Burling D, Morley S,
Bassett P, Atkin W, et al. CT colonography:
effect of experience and training on reader
performance. Eur Radiol 2004; 14: 1025-33.
doi: https://doi.org/10.1007/s00330-004-
2262-z

Liedenbaum MH, Bipat S, Bossuyt PM,
Dwarkasing RS, de Haan MC, Jansen R]J,
et al. Evaluation of a standardized CT

62.

63.

64.

65.

66.

67.

69.

70.

BUR

colonography training program for
novice readers. Radiology 2011; 258:
477-87. doi: https://doi.org/10.1148/
radiol.10100019

Plumb AA, Halligan S, Nickerson C, Bassett
P, Goddard AF, Taylor SA, et al. Use of CT
colonography in the English bowel cancer
screening programme. Gut 2014; 63: 964-73.
doi: https://doi.org/10.1136/gutjnl-
2013-304697

Regge D, Della Monica P, Galatola G, Laudi
C, Zambon A, Correale L, et al. Efficacy of
computer-aided detection as a second reader
for 6-9-mm lesions at CT colonography:
multicenter prospective trial. Radiology 2013;
266: 168-76. doi: https://doi.org/10.1148/
radiol.12120376

Iussich G, Correale L, Senore C, Segnan N,
Laghi A, Iafrate F, et al. CT colonography:
preliminary assessment of a double-read
paradigm that uses computer-aided detection
as the first-reader. Radiology 2013; 268:
743-51. doi: https://doi.org/10.1148/

radiol. 13121192

Tussich G, Correale L, Senore C, Hassan C,
Segnan N, Campanella D, et al.
Computer-aided detection for computed
tomographic colonography screening: a
prospective comparison of a double-
reading paradigm with first-reader
computer-aided detection against second-
reader computer-aided detection. Invest
Radiol 2014; 49: 173-82. doi: https://doi.
org/10.1097/RLI.0000000000000009
Pendséa DA, Taylor SA. Complications of CT
colonography: a review. Eur ] Radiol 2013;
82: 1159-65.

Bellini D, Rengo M, De Cecco CN, Iafrate F,
Hassan C, Laghi A. Perforation rate in CT
colonography: a systematic review of the
literature and meta-analysis. Eur Radiol 2014;
24: 1487-96. doi: https://doi.org/10.1007/
$00330-014-3190-1

. Rutter MD, Nickerson C, Rees CJ, Patnick J,

Blanks RG. Risk factors for adverse events
related to polypectomy in the English bowel
cancer screening programme. Endoscopy
2014; 46: 90-7. doi: https://doi.org/10.1055/
s-0033-1344987

Gatto NM, Frucht H, Sundararajan V,
Jacobson JS, Grann VR, Neugut Al Risk of
perforation after colonoscopy and sigmoid-
oscopy: a population-based study. J Natl
Cancer Inst 2003; 95: 230—6. doi: https://doi.
org/10.1093/jnci/95.3.230

Hamdani U, Naeem R, Haider F, Bansal P,
Komar M, Diehl DL, et al. Risk factors for
colonoscopic perforation: a population-based
study of 80118 cases. World ] Gastroenterol
2013; 19: 3596-601. doi: https://doi.org/
10.3748/wjg.v19.i23.3596

9 of 10 birpublications.org/bjr

Br J Radiol;89:20160517


https://doi.org/10.1136/bmjopen-2013-004327
https://doi.org/10.1136/bmjopen-2013-004327
https://doi.org/10.1007/s11606-012-2115-4
https://doi.org/10.1053/j.gastro.2007.03.030
https://doi.org/10.1053/j.gastro.2007.03.030
https://doi.org/10.1177/0969141314545555
https://doi.org/10.1007/s00330-014-3435-z
https://doi.org/10.1007/s00330-014-3435-z
http://www.acr.org/</media/ACR/Documents/PGTS/guidelines/CT_Colonography.pdf
http://www.acr.org/</media/ACR/Documents/PGTS/guidelines/CT_Colonography.pdf
http://www.acr.org/</media/ACR/Documents/PGTS/guidelines/CT_Colonography.pdf
https://doi.org/10.1016/j.gie.2011.01.023
https://doi.org/10.1016/j.gie.2011.01.023
https://doi.org/10.1136/gut.2009.183046
https://doi.org/10.1038/ajg.2015.340
https://doi.org/10.1038/ajg.2015.340
https://doi.org/10.1016/S1470-2045(13)70216-X
https://doi.org/10.1016/S1470-2045(13)70216-X
https://doi.org/10.1056/NEJMoa070543
https://doi.org/10.1056/NEJMoa070543
https://doi.org/10.1038/ajg.2016.58
https://doi.org/10.7326/0003-4819-156-10-201205150-00005
https://doi.org/10.7326/0003-4819-156-10-201205150-00005
https://doi.org/10.7326/0003-4819-156-10-201205150-00005
https://doi.org/10.1007/s00261-009-9586-8
https://doi.org/10.1007/s00261-009-9586-8
https://doi.org/10.1053/j.gastro.2004.08.025
https://doi.org/10.1053/j.gastro.2004.08.025
https://doi.org/10.1007/s00330-001-1280-3
https://doi.org/10.1007/s00330-001-1280-3
https://doi.org/10.1007/s00330-004-2262-z
https://doi.org/10.1007/s00330-004-2262-z
https://doi.org/10.1148/radiol.10100019
https://doi.org/10.1148/radiol.10100019
https://doi.org/10.1136/gutjnl-2013-304697
https://doi.org/10.1136/gutjnl-2013-304697
https://doi.org/10.1148/radiol.12120376
https://doi.org/10.1148/radiol.12120376
https://doi.org/10.1148/radiol.13121192
https://doi.org/10.1148/radiol.13121192
https://doi.org/10.1097/RLI.0000000000000009
https://doi.org/10.1097/RLI.0000000000000009
https://doi.org/10.1007/s00330-014-3190-1
https://doi.org/10.1007/s00330-014-3190-1
https://doi.org/10.1055/s-0033-1344987
https://doi.org/10.1055/s-0033-1344987
https://doi.org/10.1093/jnci/95.3.230
https://doi.org/10.1093/jnci/95.3.230
https://doi.org/10.3748/wjg.v19.i23.3596
https://doi.org/10.3748/wjg.v19.i23.3596
http://birpublications.org/bjr

BJR

71.

72.

73.

74.

75.

76.

77.

78.

Boellaard TN, Venema HW, Streekstra GJ,
Stoker J. Effective radiation dose in CT
colonography: is there a downward trend?
Acad Radiol 2012; 19: 1127-33. doi: https://
doi.org/10.1016/j.acra.2012.04.013

Nagata K, Fujiwara M, Kanazawa H, Mogi T,
Iida N, Mitsushima T, et al. Evaluation of
dose reduction and image quality in CT
colonography: comparison of low-dose CT
with iterative reconstruction and routine-
dose CT with filtered back projection. Eur
Radiol 2015; 25: 221-9. doi: https://doi.org/
10.1007/500330-014-3350-3

Berrington de Gonzélez A, Kim KP, Knudsen
AB, Lansdorp-Vogelaar I, Rutter CM, Smith-
Bindman R, et al. Radiation-related cancer
risks from CT colonography screening:

a risk-benefit analysis. AJR Am ] Roentgenol
2011; 196: 816-23.

Chin M, Mendelson R, Edwards J, Foster N,
Forbes G. Computed tomographic colonog-
raphy: prevalence, nature, and clinical sig-
nificance of extracolonic findings in

a community screening program. Am |
Gastroenterol 2005; 100: 2771-6. doi: https://
doi.org/10.1111/j.1572-0241.2005.00337.x
Veerappan GR, Ally MR, Choi JH, Pak JS,
Maydonovitch C, Wong RK. Extracolonic
findings on CT colonography increases yield
of colorectal cancer screening. AJR Am J
Roentgenol 2010; 195: 677-86. doi: https://
doi.org/10.2214/AJR.09.3779

Kim YS, Kim N, Kim SY, Cho KS, Park M]J,
Choi SH, et al. Extracolonic findings in an
asymptomatic screening population under-
going intravenous contrast-enhanced com-
puted tomography colonography. J
Gastroenterol Hepatol 2008; 23: e49-57. doi:
https://doi.org/10.1111/j.1440-
1746.2007.05060.x

Pickhardt PJ, Kim DH, Meiners R], Wyatt KS,
Hanson ME, Barlow DS, et al. Colorectal and
extracolonic cancers detected at screening CT
colonography in 10,286 asymptomatic adults.
Radiology 2010; 255: 83-8. doi: https://doi.
org/10.1148/radiol.09090939

Pickhardt PJ, Hanson ME, Vanness DJ, Lo JY,
Kim DH, Taylor AJ, et al. Unsuspected
extracolonic findings at screening CT colo-
nography: clinical and economic impact.

79.

80.

81.

82.

83.

84.

85.

86.

Radiology 2008; 249: 151-9. doi: https://doi.
org/10.1148/radiol.2491072148

Zalis ME, Barish MA, Choi JR, Dachman
AH, Fenlon HM, Ferrucci JT, et al. CT
colonography reporting and data system:

a consensus proposal. Radiology 2005; 236:
3-9. doi: https://doi.org/10.1148/
radiol.2361041926

Hanly P, Skally M, Fenlon H, Sharp L. Cost-
effectiveness of computed tomography colo-
nography in colorectal cancer screening:

a systematic review. Int ] Technol Assess
Health Care 2012; 28: 415-23. doi: https://
doi.org/10.1017/50266462312000542

Hassan C, Pickhardt PJ. Cost-effectiveness of
CT colonography. Radiol Clin North Am
2013; 51: 89-97. doi: https://doi.org/10.1016/
j.rcl.2012.09.006

de Haan MC, Thomeer M, Stoker J, Dekker
E, Kuipers EJ, van Ballegooijen M. Unit costs
in population-based colorectal cancer
screening using CT colonography performed
in University Hospitals in Netherlands. Eur
Radiol 2013; 23: 897-907. doi: https://doi.
org/10.1007/s00330-012-2689-6

Greuter MJ, Berkhof J, Fijneman RJ, Demirel
E, Lew JB, Meijer GA, et al. The potential of
imaging techniques as a screening tool for
colorectal cancer: a cost-effectiveness analy-
sis. Br J Radiol 2016; 89: 20150910. doi:
https://doi.org/10.1259/bjr.20150910

Hassan C, Pickhardt PJ, Laghi A, Zullo A,
Kim DH, Iafrate F, et al. Impact of the whole-
body CT screening on the cost-effectiveness
of CT colonography. Radiology 2009; 251:
156—65. doi: https://doi.org/10.1148/
radiol.2511080590

Hassan C, Zullo A, Laghi A, Reitano I, Taggi
E Cerro P, et al. Colon cancer prevention in
Italy: cost-effectiveness analysis with CT
colonography and endoscopy. Dig Liver Dis
2007; 39: 242-50. doi: https://doi.org/
10.1016/j.d1d.2006.09.016

Levin B, Lieberman DA, McFarland B,
Andrews KS, Brooks D, Bond J, et al.
Screening and surveillance for the early
detection of colorectal cancer and adenoma-
tous polyps, 2008: a joint guideline from the
American Cancer Society, the US multi-
society task force on colorectal cancer, and

87.

88.

89.

90.

91.

92.

93.

Sali and Regge

the American College of Radiology. Gastro-
enterology 2008; 134: 1570-95. doi: https://
doi.org/10.1053/j.gastro.2008.02.002

US Preventive Services Task Force; Bibbins-
Domingo K, Grossman DC, Curry SJ,
Davidson KW, Epling JW Jr. Screening for
colorectal cancer: US preventive services task
force recommendation statement. JAMA
2016; 315: 2564-75. doi: https://doi.org/
10.1001/jama.2016.5989

Sali L, Grazzini G, Ventura L, Falchini M,
Borgheresi A, Castiglione G, et al. Computed
tomographic colonography in subjects with
positive faecal occult blood test refusing
optical colonoscopy. Dig Liver Dis 2013; 45:
285-9. doi: https://doi.org/10.1016/j.
dld.2012.11.008

Neerincx M, Terhaar sive Droste ]S, Mulder
CJ, Rikers M, Bartelsman JE Loffeld RJ, et al.
Colonic work-up after incomplete colono-
scopy: significant new findings during
follow-up. Endoscopy 2010; 42: 730-5. doi:
https://doi.org/10.1055/5-0030-1255523

Sali L, Falchini M, Bonanomi AG, Castiglione
G, Ciatto S, Mantellini P, et al. CT colonog-
raphy after incomplete colonoscopy in sub-
jects with positive faecal occult blood test.
World J Gastroenterol 2008; 14: 4499—-504.
doi: https://doi.org/10.3748/wjg.14.4499
Plumb AA, Halligan S, Pendsé DA, Taylor SA,
Mallett S. Sensitivity and specificity of CT
colonography for the detection of colonic
neoplasia after positive faecal occult blood
testing: systematic review and meta-analysis.
Eur Radiol 2014; 24: 1049-58. doi: https://
doi.org/10.1007/s00330-014-3106-0
Liedenbaum MH, van Rijn AF, de Vries AH,
Dekker HM, Thomeer M, van Marrewijk CJ,
et al. Using CT colonography as a triage
technique after a positive faecal occult blood
test in colorectal cancer screening. Gut 2009;
58: 1242-9. doi: https://doi.org/10.1136/
gut.2009.176867

Sali L, Falchini M, Della Monica P, Regge D,
Bonanomi AG, Castiglione G, et al. CT
colonography before colonoscopy in subjects
with positive faecal occult blood test. Pre-
liminary experience. Radiol Med 2010; 115:
1267-78. doi: https://doi.org/10.1007/
s11547-010-0569-1

10 of 10 birpublications.org/bjr

Br J Radiol;89:20160517


https://doi.org/10.1016/j.acra.2012.04.013
https://doi.org/10.1016/j.acra.2012.04.013
https://doi.org/10.1007/s00330-014-3350-3
https://doi.org/10.1007/s00330-014-3350-3
https://doi.org/10.1111/j.1572-0241.2005.00337.x
https://doi.org/10.1111/j.1572-0241.2005.00337.x
https://doi.org/10.2214/AJR.09.3779
https://doi.org/10.2214/AJR.09.3779
https://doi.org/10.1111/j.1440-1746.2007.05060.x
https://doi.org/10.1111/j.1440-1746.2007.05060.x
https://doi.org/10.1148/radiol.09090939
https://doi.org/10.1148/radiol.09090939
https://doi.org/10.1148/radiol.2491072148
https://doi.org/10.1148/radiol.2491072148
https://doi.org/10.1148/radiol.2361041926
https://doi.org/10.1148/radiol.2361041926
https://doi.org/10.1017/S0266462312000542
https://doi.org/10.1017/S0266462312000542
https://doi.org/10.1016/j.rcl.2012.09.006
https://doi.org/10.1016/j.rcl.2012.09.006
https://doi.org/10.1007/s00330-012-2689-6
https://doi.org/10.1007/s00330-012-2689-6
https://doi.org/10.1259/bjr.20150910
https://doi.org/10.1148/radiol.2511080590
https://doi.org/10.1148/radiol.2511080590
https://doi.org/10.1016/j.dld.2006.09.016
https://doi.org/10.1016/j.dld.2006.09.016
https://doi.org/10.1053/j.gastro.2008.02.002
https://doi.org/10.1053/j.gastro.2008.02.002
https://doi.org/10.1001/jama.2016.5989
https://doi.org/10.1001/jama.2016.5989
https://doi.org/10.1016/j.dld.2012.11.008
https://doi.org/10.1016/j.dld.2012.11.008
https://doi.org/10.1055/s-0030-1255523
https://doi.org/10.3748/wjg.14.4499
https://doi.org/10.1007/s00330-014-3106-0
https://doi.org/10.1007/s00330-014-3106-0
https://doi.org/10.1136/gut.2009.176867
https://doi.org/10.1136/gut.2009.176867
https://doi.org/10.1007/s11547-010-0569-1
https://doi.org/10.1007/s11547-010-0569-1
http://birpublications.org/bjr

