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Colorectal cancer (CRC) is the most frequent cancer in 
Europe, with more than 400 000 new cases per year, and is 
the second cancer-related cause of death, with more than 200 
000 deaths per year [1].

The prognosis of CRC can be radically improved if it is 
detected at an early stage and progression can be prevented 
by endoscopic removal of the precursor of CRC, the adeno-
matous polyps [2]. These characteristics make CRC suitable 
for the application of population-wide screening approaches. 
Population screening for CRC has been implemented in 
many European countries, but the optimal strategy is still 
under debate. Several tests and procedures are available for 
the identification of CRC and adenomas, such as fecal occult 
blood test (FOBT), fecal immunochemical test (FIT), flexible 
sigmoidoscopy and colonoscopy. Each method has its own 
advantages and disadvantages. 

FOBT has been shown to reduce mortality from CRC 
in randomized trials and is currently the most widely used 
strategy for population screening in Europe [3]. 
FOBT is a cheap, easy test and is well accepted by the people 
being screened, with a participation rate ranging between 
48% and 62% [4, 5]. However, FOBT may produce false 
negative results, since CRC and polyps do not always bleed. 

On the other hand, false positive results are also possible, for 
example due to hemorrhoids. 
Colonoscopy is regarded as the gold standard examination 
method for the diagnosis of CRC and adenomas, but it is 
invasive, costly and suffers from low participation in screen-
ing programs [6].
Since 2003, CT colonography (CTC) has been proposed as 
a less invasive screening test alternative to colonoscopy [7]. 
The technique has been validated in large multicentric trials 
in Europe and in the US [8, 9], in which the accuracy of CTC 
in detecting cancer and large polyps (≥10 mm) was found to 
be comparable to that of colonoscopy.
In Italy, a randomized trial (SAVE study) was designed and 
is currently underway to compare the performance of CTC 
against FIT and colonoscopy as a primary screening test for 
CRC.
The primary aim of the trial was to compare participation 
rate, detection rate and costs of the three screening strategies. 
Results after the first FIT round were recently reported [10].

STUDy DESIGN AND cTc ScrEENING ProcEDUrES
The SAVE study is a single-centre, randomized trial with 
four parallel groups that is currently on-going in the city of 
Florence, Italy. The trial involves 16087 subjects, aged 54-65 
years, who had never been screened before by the regional 
programme for CRC. The participants were randomized into 
four groups who were then invited by mail to participate in 
one of four interventional procedures: 
1) biennial FIT for three rounds,
2) single reduced preparation CTC, 
3) single full preparation CTC, 
4) colonoscopy. 
Each single round of CTC or colonoscopy was compared to 
three rounds of FIT, because it has been shown that the latter 
has to be repeated in multiple rounds every one or two years 
to be effective.
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Subjects invited to participate in the FIT 
group were asked to collect the test in 
any pharmacy of their choice in the city, 
whereas those assigned to the CTC or 
colonoscopy groups were requested to 
contact the screening centre to make an 
appointment for their examination.
The “reduced” preparation for CTC con-
sisted of a low-fibre diet and a small 
dose of light cathartic agent (MOVI-
COL, Norgine, Milano, Italy) adminis-
tered at the main meals for 3 days before 
the examination, whereas the “full” 
preparation comprised a three-day low 
fiber diet and a 2-liter cathartic solution 
the day before the exam (MOVIPRE, 
Norgine, Milano, Italy).
CTCs were performed with 64- and 
128-slice CT scanners (Somatom Sensa-
tion 64 and Definition AS 128, Siemens, 
Erlangen, Germany) using a low dose 
protocol (120 kVp, 50 mAs effective), 
which yielded an effective dose of 3.4 – 
4.2 mSv. Colonic distension was obtained 
using an automatic carbon-dioxide insuf-
flator (PROTOCO2L, Bracco, EZEM, 

Lake Success, NY, USA) after intravenous 
administration of 20 mg. of scopolamine 
butylbromide (BUSCOPAN, Boehringer 
Ingelheim Italia, Milan, Italy).
Participants in the CTC groups had 
the possibility of having the examina-
tion carried out in the hospital closest 
to their home. The images were then 
transferred by teleradiology to a central-
ized reading centre, where one of two 
experienced radiologists interpreted 
them using computer aided detection 
(CAD) with a “first reader” approach 
(CAD-COLON, Im3D, Turin, Italy). 
The radiologist first examined candidate 
polyps prompted by CAD, after which 
a quick scroll of axial CT images was 
carried out in order to locate any lesions 
missed by CAD [Figure 1]. 
The radiologist did not perform a spe-
cific search for extra-colonic findings, 
reporting only those that were seen 
during colonic evaluation and judged as 
being potentially important, e.g. solid or 
complex cystic renal lesions, other solid 
abdominal masses, aortic aneurysms or 

non-calcified lung nodules > 10 mm. 
Subjects with at least one polyp ≥ 6 mm at 
CTC and those with a positive test in the 
FIT group were referred to colonoscopy. 
The main outcome parameters of the  
trial were 

1) participation rate, i.e. the number of 
invited subjects who actually underwent 
the screening test as a proportion of the 
total number of invitees. 

2) detection rate, i.e. the number of sub-
jects with screening-detected advanced 
neoplasia (cancer or advanced adenoma) 
as a proportion of the total number of 
participants.

PArTIcIPATIoN IN ScrEENING
It was found that the participation rate 
for CTC, whether in the reduced prep-
aration group (28%) or the full prepa-
ration group(25%), was higher than 
that for colonoscopy (15%) but lower 
than that for FIT (50%) (p<0.001) 
[Table 1]. 

FIGUrE 1. Large sessile polyp identified in the rectum by “first reader” CAD in a screening CTC.
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Thus, interestingly, the participation 
rate in CTC screening was almost 
double that in colonoscopy screening, 
suggesting that colonoscopy is still 
perceived as a burdensome examina-
tion by subjects. However, CTC failed 
to reach the high participation rate of 
FIT, probably because FIT is the easi-
est test but perhaps also because of a 
relative lack of public awareness about 
screening CTC, which is a relatively 
new test. 
The SAVE study thus finally dem-
onstrated that the offer of a reduced 
bowel preparation increases partici-
pation in screening (28% for reduced 
preparation vs. 25% for full prepa-
ration CTC, p=0.047), an issue that 
had previously only been specu-
lated upon. It is also interesting to 
note that the participation rate in 
reduced preparation CTC was higher 
in men (31%) than in women (26%) 
(p=0.01), whereas FIT was preferred 
by women (53%) rather than men 
(47%) (p<0.001). This preference by 
men for CTC could be advantageous 
in screening since the incidence of 
CRC is higher in men. 

DETEcTIoN rATE
About 10% of subjects screened by 
CTC had a positive result and were 
referred to colonoscopy. This percent-
age was lower than previously expected 
and is an important finding because a 
high referral rate to colonoscopy leads 
to elevated endoscopic workload and 
raises overall costs of CTC screening.
The detection rate for advanced neopla-
sia of CTC (5.2%) was threefold higher 
than that of one FIT round (1.7%) 
(p<0.001). However, it has to be borne 
in mind that the sensitivity of FIT for 
CRC and adenomas is cumulative and 
can increase round by round. Thus, for a 
definitive evaluation of the performance 

of FIT it is necessary to wait for the 
results of the two subsequent FIT rounds 
that are currently on-going.
The SAVE trial confirmed that the use of  
a limited bowel preparation for CTC did 
not negatively affect the rate of detection 
of advanced neoplasia; the detection rate 
in the reduced preparation CTC group 
(5.5%) was similar to that in the full 
preparation CTC group (4.9%) (p=0.65).

Important extracolonic findings were 
found in 5% of subjects screened with 
CTC. This is not a negligible percentage, 
and is important as extracolonic findings 
often require further diagnostic work-up 
with consequent cost increases  for the 
screening programme and potential harm 
for the patient. Moreover, the clinical ben-
efit of diagnosing asymptomatic extraco-
lonic pathology is still under debate.

coNclUSIoNS
The SAVE study is the first randomized 
trial to compare CTC, FIT and colonos-
copy for population screening of CRC. The 
results of screening CTC were encourag-
ing. Participation rate in CTC screening 
was lower than that in FIT screening, but 
CTC detected more advanced colorectal 
lesions.
In order to further evaluate the possible 
role of CTC as a primary screening test 
for CRC, other factors should be inves-
tigated by future research, such as the 
management of extracolonic findings, the 
optimal polyp size threshold for colonos-
copy referral, and, most importantly, the 
cost-effectiveness.
Currently, it appears that CTC can play 
a role as a complementary second level 
examination in screening programmes 
for CRC based on FOBT or FIT. In this 
context CTC is recommended in FOBT-
positive subjects who decline colonos-
copy and in those with incomplete colo-
noscopy [11].
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TABlE 1. Main results of the SAVE trial.
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