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Introduction
Colorectal cancer (CRC) is a significant public health 
burden, with over 200,000 deaths in Europe in 2012.1 
However, it can be prevented,2 a fact that underpins the 
concept of CRC screening. Most colorectal cancers arise 
from benign precursors via one of two main pathways; the 
adenoma-carcinoma sequence or the serrated neoplasia 
pathway. In each case, benign polyps slowly transform into 
cancer as they accumulate genetic mutations, Figure  1.3,4 
Even after malignant transformation, most early CRC is 
curable, but 5-year survival decreases with higher tumour 
stage.5 The long dwell-time of benign (pre-malignant) 
precursor lesions enables a large window of opportunity in 
which their removal can prevent cancer from ever occur-
ring (i.e. reducing disease incidence).6 Furthermore, detec-
tion of established cancers at an early stage facilitates their 
cure (i.e. reducing disease-specific mortality).7,8

The term “CRC screening” is generally reserved for 
population-based programmes (as recommended by 
the EU Commission)9 with “opportunistic screening” or 

“asymptomatic assessment” used for individuals outside 
organised call-recall programmes, as performed in parts 
of the USA, Europe and the UK private sector.9,10 In 
population-based CRC screening programmes, health 
authorities systematically target a specific age range of the 
population, usually between 50 and 74 years. Screening 
tests may directly visualise polyps or cancers [e.g. flexible 
sigmoidoscopy (FS), colonoscopy or computed tomo-
graphic colonography (CTC)]; or detect their sequelae [e.g. 
bleeding detected by faecal occult blood testing (FOBt)]. 
Internationally, most population-based CRC screening 
programmes use stool tests (FOBt or its immunochemical 
equivalent, FIT)11 as they are cheap, readily available, safe 
and can be delivered via post on a population scale. More-
over, there is level 1 evidence that stool test-based screening 
reduces CRC mortality; by 16% in one meta-analysis, rising 
to 25% for those who actually participated in screening.8 FS 
is also used for population screening, and has been shown 
to reduce both CRC incidence (by 18%) and mortality (by 
26%).12–15 Although colonoscopy is often advocated for 
CRC screening, the authors are not aware of any national- 

Received: 
28 March 2018

Accepted: 
18 June 2018

Revised: 
08 June 2018

© 2018 The Authors. Published by the British Institute of Radiology

Abstract

Colorectal cancer (CRC) incidence and mortality can be significantly reduced by population screening. Several different 
screening methods are currently in use, and this review focuses specifically on the imaging technique computed tomo-
graphic colonography (CTC). The challenges and logistics of CTC screening, as well as the importance of test accuracy, 
uptake, quality assurance and cost-effectiveness will be discussed. With comparable advanced adenoma detection 
rates to colonoscopy (the most commonly used whole-colon investigation), CTC is a less-invasive alternative, requiring 
less laxative, and with the potential benefit that it permits assessment of extra colonic structures. Three large-scale 
European trials have contributed valuable evidence supporting the use of CTC in population screening, and high-
light the importance of selecting appropriate clinical management pathways based on initial CTC findings. Future 
research into CTC-screening will likely focus on radiologist training and CTC quality assurance, with identification of 
evidence-based key performance indicators that are associated with clinically-relevant outcomes such as the incidence 
of post-test interval cancers (CRC occurring after a presumed negative CTC). In comparison to other CRC screening 
techniques, CTC offers a safe and accurate option that is particularly useful when colonoscopy is contraindicated. 
Forthcoming cost-effectiveness analyses which evaluate referral thresholds, the impact of extra-colonic findings and 
real-world uptake will provide useful information regarding the feasibility of future CTC population screening.
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scale organised screening programme using colonoscopy on a 
call-recall basis as the primary test, although this is in setup in 
Poland.16 More commonly, it is used after positive FOBt/FIT to 
confirm neoplasia and resect polyps,17 or where FS has detected 
larger or multiple polyps in the distal colon.12

A more detailed discussion of the various CRC screening tests 
and their attributes, is beyond the scope of this review and can be 
found elsewhere,18,19 instead, here we review the current imaging 
techniques in use for CRC screening with emphasis on CTC.

Logistics of Imaging-based screening
CT colonography
CTC was first described in 1994 as a diagnostic test for both 
colorectal cancer and polyps.20 Its use has increased mark-
edly, with approximately 100,000 performed each year in the 
UK.21CTC comprises reconstructed 2- and 3-dimensional (2D, 
3D) X-ray images of the cleansed, gas-distended bowel, and 
requires no sedation or analgesia. CTC is less invasive than colo-
noscopy, and enables review of the appendix and extra colonic 
organs in addition to the colonic mucosa (Figure  2). Despite 
these advantages, use of CTC for CRC population screening 
in Europe has been hampered by several factors. Lack of long-
term randomised control trial (RCT) evidence demonstrating 
an impact of CTC screening on CRC mortality (or incidence) 
is perhaps the most important. While similar evidence is also 
absent from the colonoscopy literature, use of colonoscopy as 

a screening investigation is extrapolated from robust evidence 
demonstrating the positive outcome of screening with FS.12–14,22

Are we testing early enough?
CRC is the prime cancer killer in many Western countries among 
people who do not smoke, affecting 1 in 14 males and 1 in 19 
females.23 Accordingly, most screening programmes target males 
and females equally. While current CRC screening recommen-
dations advise targeting individuals between the ages of 50 and 
74,10,24 it is possible that lowering the starting age to 45 years may 
be beneficial.25 In contrast to older populations, CRC incidence 
is increasing in patients aged <50 years.26 A prospective single-
centre study showed a significant increase in adenoma detec-
tion rate in people aged 45–49 years vs those 40–44 years (26 vs 
13% respectively); a trend that persisted even after exclusion of 
personal and familial history of polyps or CRC.27 Historically, 
adenoma (and advanced adenoma) detection rates were viewed 
as low in such age groups,28 but these data were derived from 
a largely Caucasian, affluent population and using older endo-
scopic technology with limited quality assurance, suggesting true 
adenoma prevalence may have been underestimated. Ignoring 
cost concerns, CRC screening may therefore be beneficial at age 
45. Further research is required to evaluate the potential role of 
CTC in this population.

Diagnostic accuracy and the screening target
Considerable evidence exists to suggest that CTC is as accurate 
as colonoscopy for detection of established CRC, including two 

Figure 1. Two main pathways contribute to the development of colorectal cancer (CRC), with most sporadic cancers occurring via 
the adenomatous pathway. Accumulation of genetic mutations leads to the development of cancer from benign, precancerous 
polyps; if removed, this can prevent CRC from occurring (i.e. reduce incidence). Detection and treatment of early cancer during 
its asymptomatic phase can improve survival rates (i.e. reduce mortality). Image constructed from elements available from www.
somersault1824.com.

http://birpublications.org/bjr
http://www.somersault1824.com
http://www.somersault1824.com


3 of 11 birpublications.org/bjr Br J Radiol;91:20180307

BJRReview article: Colon cancer screening: CT colonography—logistics, cost, progress

separate meta-analyses.29,30 CTC also has excellent sensitivity for 
large polyps, confirmed by meta-analyses of cohort studies31,32 
and a multicentre pragmatic randomised trial of symptom-
atic patients.33 These results are achievable in a multicentre 
setting—for example, in the American College of Radiology 
Imaging Network (ACRIN) 6664 study of average-risk scree-
nees, diagnostic sensitivity for adenomas measuring 10 mm or 
greater was 90%.34 Although diagnostic sensitivity is lower for 
smaller lesions (estimated at 76% for 6–9 mm adenomas in one 
meta-analysis of studies recruiting asymptomatic screenees,32 
this must be balanced against their low biological risk.

Specific consideration must also be given to sessile serrated 
adenomas (SSAs), which account for approximately 15% of CRC, 
disproportionately contribute to interval CRCs and are located 
more frequently in the right colon.4 In a Dutch randomised trial, 
CTC had significantly lower sensitivity than colonoscopy for flat 
high-risk dysplastic SSAs.35 Previous research has also shown 
right-sided flat colonic polyps are more difficult to detect by both 
colonoscopy and CTC.36,37 However, these studies are largely 
derived from an era in which techniques to identify SSAs at CTC 
were largely unknown; more recent data suggest that optimised 
CTC permits their detection.38,39 Fortunately for radiologists 
and patients, these polyps are typically indolent, with a mean 
dwell time of up to 17 years before development of dysplasia 
which may then progress to carcinoma.4 Furthermore, improved 

radiologist training with superior recognition of subtle, proxi-
mally located polyps will likely improve their detection.40,41

Test acceptability and uptake
Successful population screening requires good uptake (atten-
dance and completion rates), since this affects the popula-
tion-level diagnostic yield, and therefore the overall effectiveness 
of the programme. A test with 100% sensitivity that is declined 
by most patients will be substantially outperformed by a 50% 
sensitive test with universal uptake.

Participation in both population-based and opportunistic CRC 
screening programmes in Europe, falls well below the 65% 
recommended by the European Commission.9,42 In fact, only 
33% of the 50- to 74-year-old European population were invited 
for CRC screening in 2013/14, with only 14% ultimately being 
tested.9 This contrasts with figures observed in the USA, where 
participation among the target population is estimated at 59%.43 
It is critical that we have wide access to well-tolerated, sensitive 
tests to improve these figures.

In randomised clinical trials involving CTC, highest uptake is 
for FIT (50%), followed by CTC (25 to 34%), FS (27%) and then 
colonoscopy (15 to 22%).44–46 In general, screening with CTC 
is perceived as less onerous than colonoscopy, contributing to 
increased uptake.46 For example, in a multicentre patient survey 

Figure 2. (a) Two-dimensional (2D) axial CTC image depicts a 4 cm saddle-shaped caecal lesion (arrow). (b) Three-dimensional 
(3D) endoluminal image shows the morphology of the tumour. (c) Corresponding colonoscopy image. The patient underwent 
right hemicolectomy, with final pathological diagnosis of a moderately differentiated adenocarcinoma, pT3 N0 V0 R0, Duke’s B 
(TNM 5th edition).

http://birpublications.org/bjr
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of 1417 individuals, 68% chose CTC screening due to the less-in-
vasive nature of the investigation and 47% because it avoided 
colonoscopy risks.47 There are relatively little data regarding 
intentions to attend repeated screening rounds after initial CTC, 
but one Dutch study found 93% of patients stated they were likely 
to re-attend at their next screening round after initial CTC.48

Reasons for lack of participation in screening by CTC include 
perceptions and beliefs relating to both CRC screening in 
general and CTC in particular. For example, in one trial, CTC 
non-attenders cited lack of symptoms and unpleasantness of the 
procedure as the underlying reasons.49 Laxative bowel prepara-
tion is frequently identified as the most unpleasant factor48,50 
and reducing discomfort from bowel preparation increases test 
acceptability.50 In support, reduced laxative CTC (softener plus 
tagging agent) significantly increased uptake compared to stan-
dard laxative CTC (plus tagging)45 in one randomised trial (28.1 
vs 25.2%, p = 0.047), with no reduction in neoplasia detection.45

Diagnostic yield
The diagnostic yield of a screening test is essentially a function 
of its sensitivity and its uptake. Three recent RCTs provide diag-
nostic yield data of CTC when used for prevalent (first) round 
population screening, compared to either FIT or colonoscopy 
(SAVE trial, Italy),45 FS (PROTEUS trial(s), Italy),44 or colonos-
copy (COCOS trial, Netherlands)46 (Table  1). Taken together, 
the diagnostic yield for advanced neoplasia ranged from 5 to 6 
neoplasms per 100 participants, with CTC superior to flexible 
sigmoidoscopy (diagnostic yield, 4.7%) and one round of FIT 
(1.7%); (Table 1). These results are encouraging since advanced 
neoplasia is the primary target of CRC screening and there is 
now RCT evidence to support its inclusion as a test option.

However, the possibility of lower detection of distal neoplasia 
by CTC warrants further consideration. In the PROTEUS study, 
the detection rate of advanced neoplasia in the distal colon was 
lower for CTC than FS (2.9 vs 3.9%).44 One possible explanation 
is that this study employed a computer-assisted detection (CAD) 
program as the primary reader for the CTC scans. Increased 
reliance on CAD may have compromised detection of distal 
adenomas. However, detection of proximal advanced neoplasia 
by CTC (vs FS) is a significant benefit; in the PROTEUS study, 
approximately 80% of individuals with proximal advanced 
neoplasia had no distal lesion, and so would have been missed 
with FS screening.44 While CTC substantially outperformed a 
single round of FIT screening, FIT is designed to be repeated 
frequently, thereby increasing advanced adenoma yield over 
time. The result of subsequent FIT rounds are awaited from the 
SAVE trial, which will inevitably increase yield above 1.7%.45 
Irrespective, current data strongly suggest that CTC is a viable 
alternative to both FS and FIT.

Data comparing CTC to colonoscopy are more nuanced. When 
considered on a per-attendee basis (i.e. patients attending their 
randomised procedure), the two most relevant trials showed 
neoplasia detection rates were lower for CTC than colonos-
copy (6.1 vs 8.7% in the COCOS trial and 5.2 vs 7.2% in the 
SAVE trial).45,46 However, participation was higher for those Ta
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randomised to CTC, offsetting the lower detection rate. This 
results in slightly superior per-invitee detection rates for CTC, 
albeit not statistically significant (2.1% for CTC vs 1.9% for colo-
noscopy in the COCOS trial, and 1.4% for CTC vs 1.1% for colo-
noscopy in the SAVE trial).45,46 In the COCOS study (radiologist 
as first-reader and secondary read with CAD) patients with polyps 
measuring 6–9 mm detected by CTC were not referred for polyp-
ectomy but instead enrolled in a CTC follow-up programme.46,51 
When polyps were subsequently resected from these individuals, 
the advanced neoplasia detection rate of CTC mirrored that of 
colonoscopy per-attendee (8.6% vs 8.7%), and was superior per- 
invitee (2.9% vs 1.9%).51 This radiologist reader approach is 
how a CTC-based screening programme is likely be deployed in 
clinical practice. These data replicate existing non-randomised 
cohorts, in which advanced neoplasia detection rates were equiv-
alent between CTC and colonoscopy.52 Overall, the current data 
strongly suggest CTC is a viable alternative screening strategy to 
colonoscopy, with potentially superior uptake and similar sensi-
tivity for advanced neoplasia.

Referral thresholds and diminutive polyps
It is currently unclear what number or diameter of polyps found 
at CTC should trigger referral for assessment by colonoscopy for 
consideration of biopsy or excision. Many radiologists recom-
mend referral of all polyps with maximal diameter 10 mm or 
greater to colonoscopy, with CTC follow-up or colonoscopy for 
polyps 6–9 mm, and return to normal screening for patients 
with diminutive polyps (≤5 mm).53 In contrast, endoscopists 
typically perform routine polypectomy, removing all polyps they 
see. However, diminutive polyps have very low risk of high grade 
dysplasia or malignancy, each less than 0.5%,54 supporting Japa-
nese national guidance which permits endoscopists to ignore 
diminutive polyps unless flat or depressed.55 Consequently, 
referral for colonoscopy without any size threshold appears 
counterintuitive, since it necessitates considerable use of precious 
resource for no gain.56,57 A decision analysis model suggested 
that the 10-year CRC risk for unresected diminutive polyps was 
0.08%, equating to over 2000 polypectomies to prevent a single 
CRC, which in any case would be prevented by detection of a 
progressing polyp at scheduled 5-year repeat screening CTC.56

Small polyps (6–9 mm maximal diameter) can be reassessed by 
interval CTC or referred for consideration of polypectomy.24,58,59 
CTC follow-up for 6–9 mm diameter polyps appears safe; two 
studies60,61 showed no patients (of 259 enrolled) developed inva-
sive cancer during 24–36 months of follow-up. Indeed, small 
polyps can regress over time; in one series 50% of polyps were 
unchanged, 28% regressed (decrease in diameter) and only 22% 
increased in size over a three period.60 However, such follow-up 
requires excellent recall systems; in one series,60 a patient with 
an enlarging polyp was lost to follow-up, and re-presented over 
5 years later with established cancer. This has clear implications 
for service design and patient care; risk management systems 
must be incorporated.

Ultimately, the most important quality indicator of CTC manage-
ment is the rate of interval cancer after negative CTC. A recent 
systematic review has shown this rate to be 4.4% in the published 

literature,62 which compares favourably with colonoscopy 
(published rates 3–9%).63 These data translate to a low interval 
cancer incidence of 0.6 per 1000 person-years of follow-up, 
particularly encouraging given that only 7% of the interval 
cancers retrospectively reviewed in this study were truly occult.62 
These data support current CTC management strategies of not 
reporting diminutive polyps and the option of CTC follow-up 
for small polyps. Since most missed cancers at CTC were visible 
in retrospect, formal training and accreditation is warranted to 
ensure consistent high-quality practice (inter)nationally.

Safety and radiation dose
CTC is minimally invasive and extremely safe, with no reported 
deaths and very few severe complications since its inception.64 
Luminal perforation is very uncommon at CTC (approximately 
1 in 3,500 patients overall, and under 1 in 5,000 at screening)65 
and most perforations are asymptomatic, as CT is exquisitely 
accurate for detection of extra luminal gas.66 Furthermore, most 
patients with CTC-associated perforation require no surgical 
intervention (fewer than 1 in 12,500 require it overall).65 It is 
impossible to know the true number of perforations after colo-
noscopy, as patients do not undergo imaging routinely, even 
when there is abdominal discomfort. Therefore, known colo-
noscopy-associated perforation rates of approximately 1 in 1000 
procedures significantly underestimates the total, but is still 20 
times more frequent than the ‘symptomatic perforation rate’ for 
CTC.67 CTC is also associated with fewer serious complications 
than colonoscopy such as cardiovascular events.68,69

The other commonly-cited concern regarding CTC screening 
is radiation dose. Many radiation scientists acknowledge there 
is no conclusive evidence that radiation from medical imaging 
causes harm to adults.70 However, given the lack of certainty, 
radiologists adhere to the principle of minimising radiation dose 
as much as possible under the linear no threshold (LNT) model 
of dose-response used to determine risk. This assumes poten-
tial harm from all radiation, with a linear relationship between 
magnitude of dose and risk of inducing cancer (starting at zero 
for both).71 However, these theoretical harms must be balanced 
against the known benefits of cancer prevention. Under LNT 
assumptions, one risk projection model estimated that for every 
radiation-induced cancer, 24 to 35 CRCs are prevented by 5 
yearly CTC-screening between the ages of 50 and 80 years.72 
This estimate was based on mean effective doses of 8 mSv for 
females and 7 mSv for males, far higher than current estimates of 
4 mSv,73 implying the benefit-risk ratio is even more favourable. 
Use of low dose scanning protocols and iterative reconstruction 
techniques are likely to reduce the effective dose of CTC even 
further, without compromising image quality.74,75

Extra-colonic findings
People who choose CTC for primary screening anecdotally 
describe extra colonic organ review (including appendix) as an 
important factor influencing this choice over competing tests. 
Indeed, many will recall a close relative or friend who suffered 
with cancer of an extra colonic organ and so they seek reas-
surance from a normal CTC. One study of patient preference 
supports this anecdote and found 43% of people would prefer 

http://birpublications.org/bjr
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CTC to colonoscopy for screening because of its ability to detect 
abnormalities outside the colon.47 Importantly, in a screening 
setting, CTC detects extracolonic cancer as frequently as it finds 
CRC.76 The majority of these extracolonic cancers (54%) were 
detected at an early stage, implying better prognosis for many.76 
CTC also detects important non-malignant conditions such as 
aortic aneurysm and osteoporosis. The potential negative impact 
from additional tests and related patient anxiety following detec-
tion of extra colonic findings should be balanced against the 
reassurance patients feel after a normal CTC with no significant 
abnormality; indeed, most patients would trade many false-pos-
itive extra colonic diagnoses at CTC for the benefit of finding a 
single cancer.77 It is very important that patients are given the 
opportunity to be counselled about the accuracy, limitations and 
potential risks of CTC for visualising extra colonic organs. It is 
also very important that radiologists reporting screening CTC 
are experienced in detection and management of extra colonic 
abnormalities with specific strategies tailored to the asymptom-
atic context in which they have been found.

Quality assurance
CTC quality assurance (QA) is critical to achieving high stan-
dards of examination quality and reporting accuracy. Radiologists 
reporting CTC in both primary and secondary screening settings 
must be highly experienced and consciously competent to detect 
and characterise subtle advanced colonic neoplasia and avoid 
unnecessary referral of healthy asymptomatic people for addi-
tional investigation which will in turn increase anxiety, potential 
for harm and financial cost for no benefit. To help achieve this, 
screening CTC radiologists must follow their screening colonos-
copy colleagues; for example, regularly reporting both symp-
tomatic and screening CTC in routine practice; demonstrate a 
subspecialty interest in colorectal cancer imaging; attend multi-
disciplinary colorectal cancer and/or polyp meetings; and audit 
their practice including management recommendations.

However, quality of screening CTC has not been subject to 
the same degree of scrutiny as colonoscopy and pathology. A 
national survey of CTC in the English Bowel Cancer Screening 
Programme (BCSP), found 10% of radiographers performing 

CTC examinations had received no formal training and 
one-third of radiologists interpreting the images were inex-
perienced.78 Perhaps unsurprisingly, when investigating CTC 
performance in the BCSP, CTC was found to have a 50% lower 
detection rate for CRC and high-risk polyps compared to colo-
noscopy, although whether due to lower sensitivity or selection 
bias is uncertain.79 Perhaps analogous, a pre-BCSP review of UK 
colonoscopy practice revealed poor performance and wide vari-
ation in practice, with adjusted caecal intubation rates (CIR) of 
only 57% (and inadequate training).80 This finding led to a multi-
million pound training programme for colonoscopy and subse-
quent formal QA programmes. Developing and monitoring key 
performance indicators (KPIs) for colonoscopy, supported by a 
robust training and accreditation process, has transformed the 
quality of colonoscopy. Consequently, colonoscopists in both 
screening and symptomatic practice are now monitored via 
numerous evidence-based metrics including adenoma detection 
rate (ADR), CIR, withdrawal time and adverse event rate. Poor 
performance in these markers (ADR and CIR) is associated with 
higher post-colonoscopy cancer rates.81–83 There is no analogous 
training or accreditation programme for CTC, either in the UK 
or internationally, and no universally-agreed KPIs. This lack 
of evidence-based performance indicators hampers the devel-
opment of the robust QA required for implementation of CTC 
screening programmes (Table 2).

Improved recording of CTC data, use of standardised reports 
(C-RADS or the adapted version employed by the UK BCSP) and 
follow up of objective endpoints such as post-test CRC rates are 
imperative to successful implementation of screening CTC. This 
process will help identify which metrics best permit monitoring 
and improvement of services and practitioners. The National 
Co-ordinating Group for Radiology in the BCSP introduced 
and have since updated guidelines for practice and standards 
for reporting CTC findings.84 Radiologists have accompanied 
BCSP peer review visits, but the evidence base and impact of 
these initiatives has not been formally evaluated. To address this 
gap, the authors and collaborators have initiated PERFECTS, a 
national study to evaluate a training and testing programme for 
CTC; this cluster-randomised trial will determine the impact 

Table 2. Logistical factors that would be necessary to implement CT colonography population screening

Test characteristics Patient management considerations
Access and availability
•	 Local and national CTC screening infrastructures
•	 Appropriate local colonoscopy services

Information systems to (a) send out invitations for initial screening with 
integrated reminders to ensure participation and (b) recall individuals for 
repeat screening

High diagnostic accuracy and sensitivity Consensus population age for CTC-screening

Acceptability
•	 Perceived—optimised to boost initial uptake
•	 Absolute—to ensure re-attendance at subsequent screening rounds

Management and treatment pathways for colonic findings
•	 Consensus polyp size referral threshold
•	 Follow-up pathway for unresected polyps

Consensus quality assurance and training for reporting radiologists, 
including evidence-based KPIs

Integration with other screening programmes

•	 E.g. abdominal aortic aneurysm screening / follow-up; thoracic CT for 
lung cancer

Safety monitoring system to identify and manage adverse events Management pathways for extracolonic findings

Cost-effective in comparison to alternative screening modalities

CTC, computed tomographic colonography; KPI, key performance indicators.
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widely.
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