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Abstract
Computed tomography colonography (CTC) in colorectal 
cancer (CRC) screening has two roles: one present and 
the other potential. The present role is, without any fur-
ther discussion, the integration into established screen-
ing programs as a replacement for barium enema in the 
case of incomplete colonoscopy. The potential role is 
the use of CTC as a first-line screening method together 
with Fecal Occult Blood Test, sigmoidoscopy and colo-
noscopy. However, despite the fact that CTC has been 
officially endorsed for CRC screening of average-risk 
individuals by different scientific societies including the 
American Cancer Society, the American College of Radi-
ology, and the US Multisociety Task Force on Colorectal 
Cancer, other entities, such as the US Preventive Servic-
es Task Force, have considered the evidence insufficient 
to justify its use as a mass screening method. Medicare 
has also recently denied reimbursement for CTC as a 
screening test. Nevertheless, multiple advantages ex-
ist for using CTC as a CRC screening test: high accu-
racy, full evaluation of the colon in virtually all patients, 
non-invasiveness, safety, patient comfort, detection of 

extracolonic findings and cost-effectiveness. The main 
potential drawback of a CTC screening is the exposure 
to ionizing radiation. However, this is not a major issue, 
since low-dose protocols are now routinely implement-
ed, delivering a dose comparable or slightly superior to 
the annual radiation exposure of any individual. Indirect 
evidence exists that such a radiation exposure does not 
induce additional cancers.
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INTRODUCTION
It is now 16 years since Vining et al[1] presented the first 
virtual images of  the colon at the 1994 meeting of  the 
Society of  Gastrointestinal Radiologists. This marked the 
birth of  “virtual colonoscopy” (VC), an intriguing name 
useful for marketing to patients, providers and the public, 
or “CT colonography” (CTC), the name most radiolo-
gists prefer. 

When discussing the role of  CTC in colorectal can-
cer (CRC) screening, it is necessary to separate the pres-
ent and existent role from the potential one. 
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The present role is, without any further discussion, 
the integration into established screening programs as a 
replacement for barium enema (BE) in the case of  incom-
plete colonoscopy (CC). In fact, since 2006 the American 
Gastroenterological Association (AGA) Clinical Practice 
and Economics Committee has endorsed CTC as the 
method of  choice for colon investigation in cases of  in-
complete colonoscopy[2] and numerous evidence exists 
in the literature showing a clear superiority of  CTC over 
BE in the detection of  CRC and polyps[3-5]. It is also clear 
that performing CTC in patients with a positive Fecal Oc-
cult Blood Test (FOBT) would not be an efficient triage 
technique in terms of  cost-effectiveness, due to the high 
prevalence of  clinically relevant colonic lesions[6,7].

The potential role of  CTC is to act as a first-line CRC 
screening modality. In this regard, it was in March 2008 
that CTC obtained its major success: the American 
Cancer Society (ACS), the US Multi-Society Task Force 
on Colorectal Cancer and the American College of  Ra-
diology (ACR) released consensus guidelines on CRC 
screening for average-risk individuals. These guidelines 
distinguished diagnostic tests into two groups: those able 
to detect CRC, thus potentially reducing mortality (FOBT; 
Fecal Immunochemical stool Testing, FIT; and stool 
DNA testing), and those able to detect both polyps and 
cancer, thus potentially reducing both the incidence of  
and the mortality from CRC. This latter group of  tests 
includes CC, sigmoidoscopy, BE and - for the first time - 
also CTC, with the recommendation that it be performed 
every 5 years starting at 50 years of  age[8]. Unfortunately, 
this position did not remain unequivocal: in fact, the US 
Preventive Services Task Force (USPSTF) considered the 
evidence insufficient because of  the unknown impact 
of  both extra-colonic findings and radiation exposure, 
the poor data on cost and cost-effectiveness, and the still 
unsolved problem of  ideal bowel preparation[9]. Other 
associations, such as the Asia Pacific Working Group on 
Colorectal Cancer[10] and the American College of  Gas-
troenterology[11], consider CTC a second-line screening 
test for those unwilling or unable to undergo CC and 
for those in whom CC was incomplete. Furthermore, in 
2008 in the USA, the Centers for Medicare and Medicaid 
Services denied the reimbursement of  screening exams 
done with CTC[12]. 

These facts mean on one hand that CTC is considered 
useful by clinicians, but, on the other hand, that radiolo-
gists have much to do until this imaging method is imple-
mented for screening, as testified by a survey conducted 
among US primary care physicians (PCP)[13]. When asked 
which diagnostic tests they perceive as being very effective 
in reducing CRC mortality, 22% answered CTC vs 95% 
CC; and when asked which test they would recommend 
for CRC screening, most respondents indicated CC (95%) 
and FOBT (80%), but only about 5% answered CTC.

Keeping in mind these facts, the potential role of  CTC 
in CRC screening will be discussed in the next paragraphs, 
taking into consideration that an ideal screening test is not 
yet available and that any screening test is a compromise 

among four major variables: efficacy, compliance, safety 
and cost.

EFFICACY
The issue of  diagnostic accuracy of  CTC for CRC and 
polyps has been debated for a long time, because of  the 
conflicting results in some of  the papers published in 
the literature[14-16]. This has been recently confirmed by 
a meta-analysis showing that “CTC is highly specific for 
the detection of  colorectal polyps and tumors” and that 
“some studies reported high sensitivities, but the results 
of  the studies were highly heterogeneous, while the stud-
ied variables explained only part of  this discrepancy”[17].

These results led researchers to design three important 
studies: two large, multicenter trials testing the perfor-
mance of  CTC in comparison with CC in respectively as-
ymptomatic subjects at average risk, i.e. a typical screening 
population [the American College of  Radiology Imaging 
Network (ACRIN) trial performed in the USA][18] and in a 
mixed population of  asymptomatic subjects at risk higher-
than-average and in patients referred for a positive FOBT 
[Italian Multicenter Polyps Accuracy CTC study (IMPACT) 
trial][19]; and one multicenter trial [Special Interest Group 
in Gastrointestinal and Abdominal Radiology (SIGGAR) 
trial run in the UK] conducted on symptomatic patients 
with the aim to detect CRC[20]. In particular, the ACRIN 
trial tried to minimize the variables possibly affecting CTC 
performance. For this reason only ≥ 16-row MDCT scan-
ners were used, patients were administered oral contrast 
agent for stool tagging together with cathartic agent and 
training of  the radiologists observing the images was an 
important component of  the study. In particular, CTC 
readers were obligated to have read at least 500 cases, or to 
have attended a 1.5-d training course, and all had to pass a 
certified exam in which they detected at least 90% of  ad-
enomas 1 cm or larger in 50 cases. More than half  of  the 
readers had to undergo additional training in order to pass 
the certified exam initially and, with additional training, all 
the readers eventually passed. 

Results from ACRIN and IMPACT have been recently 
published[18,19], whereas those from SIGGAR[20] are still 
under data analysis. Both the ACRIN and IMPACT tri-
als reported per-patient sensitivity of  90% for polyps 
> 10 mm and 78%-84% for polyps larger than 6 mm; 
per-patient specificity was extremely high as well, over 
85% independently of  lesion size (Table 1). The major 
drawback of  ACRIN was represented by the poor posi-
tive predictive value (PPV) (23% for polyps ≤ 10 mm),  
which might negatively affect a screening program, leading 
to useless CC, with patient discomfort, embarrassment of  
radiologists, potential risk of  complications and increased 
costs. Unfortunately there is no explanation for these data, 
unless one would claim a psychological attitude to over-
call in order to reach the threshold of  90% for clinically 
significant polyps despite a loss in specificity. A definitely 
better PPV was documented in the IMPACT trial (62% 
for lesions larger than 6 mm) as well as in studies obtained 
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in high-experience centers, the University of  Wisconsin 
(PPV, 91.5%) and a group of  Korean hospitals (PPV, 69% 
for lesions > 6 mm and 92% for those > 10 mm)[21,22].

However, the negative predictive values in both the 
ACRIN and the IMPACT trials was rather high, approach-
ing 100%; this is extremely important in order to reassure 
negative patients about the significance of  the examina-
tion.

Excellent results were also obtained in the Munich 
Colorectal Cancer Prevention Trial[23], a single-center study 
where around 300 asymptomatic subjects underwent low-
dose CTC in comparison with other screening tests (CC, 
sigmoidoscopy and FOBT).

It is noteworthy to mention that in a screening project 
offered by the University of  Wisconsin[24], after 2 years 
of  recruitment over 3000 subjects of  two different, non-
randomized groups underwent CTC and CC. The detec-
tion rate for advanced adenomas was 3.2% for CTC and 
3.4% for CC (difference not statistically significant), with 
the advantage of  a large reduction in the number of  pol-
ypectomies in the CTC group without any complication 
as opposed to seven perforations which occurred in the 
CC group.

Despite the good results there are still some open is-
sues under debate within the radiological as well as the 
gastroenterological communities. These are the signifi-
cance of  diminutive (< 6 mm) polyps, the management of  
intermediate (6-9 mm) lesions, the detection rate for non-
polypoid, flat lesions and the impact of  the extra-colonic 
findings.

According to a very recent systematic review[25] of  
published studies reporting the distribution of  advanced 
adenomas in asymptomatic screening cohorts, diminutive 
polyps have a minimal clinical impact. In fact, the frequen-
cy of  advanced lesions among patients whose largest pol-
yp was ≤ 5 mm, 6-9 mm, < 10 mm, and > 10 mm in size 
was 0.9%, 4.9%, 1.7%, and 73.5%, respectively (Figure 1).  
As a consequence, a 6-mm polyp size threshold for pol-

ypectomy referral would identify over 95% of  subjects 
with advanced adenomas, whereas a 10-mm threshold 
would identify 88% of  cases. From a cost-effectiveness 
point of  view, detection and removal of  all polyps includ-
ing those smaller than 5 mm, would be very inefficient, 
with a cost per year of  life gained > $460 000[26], absolute-
ly unacceptable in terms of  cost-effectiveness. It is also 
true that this approach, not removing diminutive polyps, 
necessitates an extensive education of  patients and PCP. 
In fact, according to a recently published survey[27], the 
majority of  patients, PCP and gastroenterologists would 
not choose to follow up small polyps identified by CTC 
with CC because of  the fear of  missing precancerous  
lesions.

The management of  intermediate (6 to 9 mm) lesions 
is also under debate, despite the fact that today any polyp 
6 mm or larger should be preferably referred for CC 
and polypectomy, also according to ACS CRC screening 
guidelines[2]. However, evidence does exist from cost-ef-
fectiveness[28] as well as follow-up[29] studies indicating that, 
for the future, polyp follow-up might be an alternative to 
referral for CC and polypectomy. These data have been 
recently reinforced by studies conducted with CC and 
subsequent polypectomy, where the rate of  advanced ad-
enoma in 6-9 mm polyps was demonstrated to be 6.6%[30]. 

A potential disadvantage of  CTC would be the pos-
sible impaired ability to detect non-polypoid, flat lesions 
(Figure 2). This issue deserves some consideration. First 
of  all, flat lesions represent a subset of  sessile polyps, and 
according to a recent publication[31] the overall prevalence 
in a screening population is around 5.8% (if  flat lesions 
are defined as those with a height not exceeding 0.5 of  
the diameter[32]). However, within this definition, slightly 
elevated lesions are also included, which, in some cases, 
may be classified as sessile. For this reason, an elevation 
not higher than 3 mm is often used, especially for small 
lesions not larger than 2-3 cm. The other important re-
marks are that “completely flat lesions are exceedingly 
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Table 1  Results from major trials on a per-patient basis: sensitivity, specificity, positive and negative predictive values

Multicenter trials All polyp size Polyps (≥ 5 mm) Polyps (≥ 6 mm) Polyps (≥ 7 mm) Polyps (≥ 8 mm) Polyps (≥ 9 mm) Polyps (≥ 10 mm)

Per patient sensitivity
ACRIN N/A 65% 78% 84% 87% 90% 90%
IMPACT N/A N/A 85% 86% 88% 91% 91%
Munich 84% 91% N/A N/A N/A N/A 92%

Per patient specificity
ACRIN N/A 89% 88% 87% 87% 86% 86%
IMPACT N/A N/A 88% 87% 86% 85% 85%
Munich 47% 93% N/A N/A N/A N/A 98%

Per patient PPV
ACRIN N/A 45% 40% 35% 31% 25% 23%
IMPACT N/A N/A 62% N/A N/A N/A N/A
Munich 48% N/A 70% N/A N/A N/A 79%

Per patient NPV
ACRIN N/A 95% 98% 99% 99% 99% 99%
IMPACT N/A N/A 96% N/A N/A N/A N/A
Munich 84% N/A 98% N/A N/A N/A 99%

Results are categorized according to polyp size. PPV: Positive predictive value; NPV: Negative predictive value; N/A: Not assessable.
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rare” and that depressed lesions are less than 1% of  all 
colorectal lesions and only a quarter of  those are observed 
in a screening population. This means that the majority of  
non-polypoid lesions are at least slightly elevated and this 
works in favor of  the possible detection with CTC. Un-
fortunately, at the moment only few and conflicting data 
about the sensitivity of  CTC for flat lesions are available. 
At the beginning disappointing results were published[33,34], 
because of  technical limitations as well as readers’ experi-
ence. More recently, better results were reported, with 
sensitivity in the range of  80%-90% for flat adenocarcino-
mas[32,35]. These results seem to be confirmed by a recent 
retrospective analysis of  the data from the ACRIN trial 
showing a sensitivity of  89% for flat adenomas ≤ 6 mm 
(at the prospective analysis, sensitivity was 68%) (Fidler J, 
presented at ACRIN meeting, October 1, 2009).

The impact of  extra-colonic findings will be discussed 
in the paragraph concerning costs.

COMPLIANCE (ADHESION TO A 
SCREENING PROGRAM)
Compliance means adhesion of  healthy individuals to 
a screening program. This is a very complex issue, long 
debated in the literature and presently without a solution, 

since virtually in any Western country a high proportion 
of  adults 50 years of  age or older have not undergone 
any CRC screening test[36]. Colonoscopy, considered to 
be the most effective screening method, suffers from a 
very low participation rate. Very recent data from Italy[37] 
underline the difficulties and barriers in implementing a 
CC population screening, at least through primary care. 
Reported participation in a CC screening arm was ex-
tremely low in Southern Italy (2.8%), and higher, but still 
disappointing, in North-Central Italy (12.4%). 

To increase screening uptake is extremely important, 
since the adhesion rate of  the invited population di-
rectly affect the efficiency of  the program. For example, 
if  we consider that the efficacy of  CC in reducing the 
incidence of  CRC is around 76%[38], the efficiency with 
regard to CRC prevention rate, considering an adhesion 
rate of  20%, drops to 15% (76% × 20% = 15%).

The question is whether CTC would be able to in-
crease screening uptake. The three most common deter-
rents that patients expressed about receiving CC were 
bowel preparation, embarrassment and fear of  discom-
fort[39,40]. The advantage of  CTC is the use of  a gentler 
preparation or unprepped (laxative-free) examination[41]. 
Furthermore, the pain related to colon distension by air 
may be minimized by the use of  carbon dioxide delivered 
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Figure 1  Sessile polyp: adenoma with low-grade dysplasia. A: Coronal reformatted image showing a polypoid lesion (arrow), partly surrounded by tagged fluid 
(asterisks); B: The same lesion as shown on 3D endoluminal view (arrow); C: Conventional colonoscopy.

*

*

A B C

Figure 2  Non-polypoid (flat) lesion: advanced adenoma. A: On 2D axial computed tomography image an irregularly thickened fold (arrow) is detected; B: On 3D 
endoluminal image the lesion is better appreciated (black arrow), in particular if compared with the normal adjacent colonic folds (white arrows); C: The same lesion at 
colonoscopy before removal.

A B C
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by an electronic pump. The use of  carbon dioxide is also 
associated with a faster absorption, making the patient 
more comfortable immediately after the examination[42]. 

Unfortunately, only few data are available regarding 
adhesion rate and CTC. In a study conducted in West-
ern Australia[43], 2000 people were invited and 28.4% 
accepted to undergo CTC for screening, with 62% of  
them preferring CTC over optical colonoscopy. The fact 
remains that we need data resulting from real screening 
experiences.

SAFETY
CTC is a safe test, definitely safer than colonoscopy. The 
results of  different surveys show a perforation rate asso-
ciated with CTC ranging between 0.06% and 0.08%[44,45], 
even lower in screening[46], compared with 0.1%-0.2% for 
diagnostic colonoscopy[47]. It should also be noted that 
the comparison between CTC and CC is very difficult, 
with the risk of  overestimating the clinically significant 
perforations at CTC, because of  the much higher sensi-
tivity of  CT in the detection of  even tiny air bubbles. In 
fact, most of  the perforations reported in a UK survey[44] 
were treated conservatively, without surgical interven-
tion. CTC complications in most of  the cases are due to 
technical factors, such as the use of  a rigid catheter for 
bowel distension (now replaced by thin rubber devices), 
manual distension with air (now minimized by the use of  
an electronic pump delivering carbon dioxide and able 
to control pressure and volume), inexpert personnel and 
incorrect patient selection. 

Other complications occasionally reported have been 
vasovagal reactions due to colonic overdistention[48].

The main potential drawback of  screening with CTC 
is the exposure to ionizing radiation[49] and the conse-
quent theoretical risk of  inducing cancer. The risk is 
theoretical because there are still many uncertainties with 
regard to the true effects of  ionizing radiation at low 
doses, such as those used in diagnostic radiology[50,51]. 
According to the Health Physics Society[52], “below 5-10 
rem (50-100 mSv) (which includes occupational and 
environmental exposures), risks of  health effects are 
either too small to be observed or are nonexistent”; and 
the French Academy report[53] stated that the linear no-
threshold (LNT) hypothesis for assessing the risk associ-
ated with low doses is not based on scientific evidence. 
However, in contrast, the International Commission 
on Radiological Protection (ICRP)[54] and the Biologi-
cal Effects of  Ionizing Radiation (BEIR) Ⅶ report[55] 
considered LNT as the best method to assess low dose 
exposures, in order to be more conservative and more 
protective towards patients because of  the multiple un-
certainties. Unfortunately even if  this hypothesis may be 
true it cannot be proved since we have little direct evi-
dence of  harm below 100 mSv.

Even if  the LNT hypothesis is considered the most 
accurate, the problem of  radiation exposure of  patients 
undergoing CTC seems to be minimal. In fact, the mean 
exposure in the case of  a screening examination has been 

calculated in a recent survey[56] to be around 5-6 mSv, 
which is twice the normal background radiation exposure 
in the US (2.5-3.0 mSv per year)[57]. In addition we have 
to consider, in a screening scenario, that CTC should be 
repeated every 5 years, not earlier. For a radiation dose of  
around 5-8 mSv at age 50 years, the lifetime risk of  death 
from cancer varies between 0.02% and 0.03%[58]. If  we 
think about cost/benefit of  the examination, this minor 
risk should be compared with the theoretical risk of  CRC 
in average risk individuals, which is around 5%[59]. 

A more precise idea about the amount of  radiation 
exposure comes from a comparison with other categories 
of  workers continuously exposed to low dose radiation, 
such as, for example, airline crews and nuclear workers. 
As an example, the value of  5-6 mSv, to be received in 
a screening scenario every 5 years, should be compared 
with radiation exposure of  airline crews, who are submit-
ted to an average of  5 mSv per year every single year of  
their activity, with a long life exposure close to 80 mSv. A 
recent survey of  airline pilots from eight different Euro-
pean countries has shown no increase in mortality from 
radiation-induced cancers over a 30-year period of  time[60]. 
Similar data were observed in nuclear workers in two re-
cently published experiences[61,62].

COSTS
Cost analysis is a very difficult task, especially in the ab-
sence of  real data and based only on mathematical mod-
els. Among the studies published in the literature[63-69] 5 
out of  7 are in favor of  CC and only two were able to 
demonstrate a better cost-effectiveness of  CTC. A recent 
review of  the literature[70] has pointed out the profound 
differences among the models as well as the weakness 
of  such an approach, where a minimal variation of  a 
single input may completely alter the final results. As an 
example, if  the cost ratio between CTC and CC is ≤ 0.7, 
the model is usually in favor of  CTC, but if  the cost of  
CTC is higher than 80% of  the cost of  CC, it will be CC 
which is the most cost effective method. Another very 
important issue, adhesion rate, is never taken into account 
in the models, where it is considered to be equal among 
the different screening tests, although this is probably not 
the case. In addition, differences in healthcare systems, 
reimbursement, cost of  the equipment and personnel are 
other important variables affecting the final outcome.

When considering cost, the issue of  extra-colonic find-
ings should be taken into account. The detection of  extra-
colonic findings can be considered a potential advantage 
of  CTC, since previously unknown life-threatening dis-
eases, which are not insignificant[71], can be diagnosed and 
treated, with a clear impact on patients’ life expectancy. 
However, the major problem is the extra time necessary 
for reporting these findings and the cost induced by un-
necessary investigation of  common benign abnormalities, 
especially because of  their high prevalence[72,73]. In a recent 
publication[74], the mean cost per patient was $31.02 for 
nonsurgical and $67.54 for surgical work-up procedures. 
Although extra-colonic findings have been traditionally 
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regarded as an additional cost, they have been recently 
considered as a potential benefit (i.e. detection of  unsus-
pected abdominal aortic aneurysm or renal cancer), able 
to improve CTC cost-effectiveness[75].

CONCLUSION
In conclusion, CTC has a present role in CRC screening 
programs, i.e. the replacement of  BE in the case of  in-
complete colonoscopy. The potential role is the proposal 
of  CTC as a first-line CRC screening modality. In this 
setting, CTC has clear advantages, such as accuracy, safety 
and subject acceptance. Further research should be war-
ranted to clarify, in particular, two aspects: the uptake rate 
of  the general population and the real cost and benefits 
derived from a CTC screening program.
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