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SUMMARY 

Background: CT colonography (CTC) is highly sensitive for colorectal cancer, but “interval” or post-

imaging colorectal cancer (PICRC) rates (diagnosis of cancer after initial negative CTC) are unknown, 

as are their underlying causes. 

Methods: We conducted a systematic review and meta-analysis of post-CTC PICRC rates and causes 

by searching MEDLINE, EMBASE and the Cochrane Register. We included randomised, cohort, 

cross-sectional or case-control studies published Jan 1994-Feb 2017, using CTC performed 

according to international consensus standards with aim of detecting cancer or polyps, and reporting 

PICRC rates or sufficient data to allow their calculation. Two independent reviewers extracted data 

from the study reports. We used random-effects meta-analysis to estimate pooled PICRC rates, 

expressed using (a) total number of cancers and (b) total number of CTC scans as denominators, and 

(c) per 1000 person-years. Primary study authors provided details of retrospective CTC image review 

and causes for each PICRC. The study is registered (PROSPERO:CRD42016046838).   

Findings: 2977 articles were screened and 12 analysed. These reported 19,867 patients (18-96 years; 

of 11,590 with sex data available, 6532 (56·4%) female) from March 2002-May 2015. At mean 34 

months’ follow-up (range: 3 to 128·4 months), CTC detected 643 cancers and 29 PICRCs were 

diagnosed. The pooled PICRC rate was 4·42 PICRCs/100 cancers detected; 95%CI 3·03-6·42, 

corresponding to 1·61 PICRCs/1000 CTCs (95%CI 1·11-2·33) or 0·64 PICRCs/1000 person-years 

(95%CI 0·44-0·92). Heterogeneity was low (I2=0%). Over half (17/28, 61%) of PICRCs were due to 

perceptual error and visible in retrospect. 

Interpretation: The 3-year PICRC rate post-CTC is 4·4%, or 0·64 per 1000 person-years, towards the 

lower end of range reported for colonoscopy. Most arise from perceptual errors. Radiologist training 

and quality assurance may help reduce PICRC rates. 



3 

 

Funding: St Mark’s Hospital Foundation and the UCL/UCLH Biomedical Research Centre. 

RESEARCH IN CONTEXT  

Evidence before this study: 

Prior meta-analysis has shown that CT colonography (CTC) has similar diagnostic sensitivity to 

colonoscopy for established colorectal cancer (CRC) and approximately 90% sensitivity for large 

(≥10mm) polyps, since confirmed by a multicentre randomised trial (SIGGAR). However, meta-

analyses have also shown that CTC is less sensitive than colonoscopy for small (6-9mm) and 

diminutive (≤5mm) polyps, and a Dutch randomised trial (COCOS) of CRC screening showed that 

CTC had significantly poorer detection of high-risk serrated adenomas, which can progress rapidly to 

CRC. Previous studies of colonoscopy have shown that lower adenoma detection rates are strongly 

associated with higher rates of subsequent colorectal cancer. This raises the possibility that “interval 

cancer” or “post-imaging CRC” (PICRC) rates may be correspondingly higher after CTC than 

colonoscopy, due to these missed lesions. We searched Pubmed for systematic reviews (article type) 

CT colonography (MeSH term) and found none which dealt with this topic specifically for CTC.  

Since CTC is often compared to colonoscopy, to establish a benchmark post-colonoscopy CRC 

(PCCRC) rate, we also searched Pubmed for “(interval cancer) or (post colonoscopy cancer)” and 

“colonoscop*), considering articles published in English. We found several large series and a meta-

analysis, which reported PCCRC rates ranging from to 2·9 to 8·6% at 36 months of follow-up. 

 

Added value of this study:  

We identified 12 studies that reported relevant data, and estimated the pooled PICRC rate 3 years 

after negative CTC to be 4·4%, comparable to those published for colonoscopy (2·9 to 8·6%). 

Heterogeneity was low, implying that the literature is consistent. The quality of study reporting was 

variable, with many studies failing to provide age and sex distribution of the included participants, or 

details of CTC technique, radiologist expertise and interpretation strategy. PICRC rates were similar 

at both 3 and 5 years after initial CTC (albeit with limited data for the longer time-point), and they were 

significantly more likely to be located in the right colon. On review of the underlying causes for 
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PICRCs, the most common aetiology was perceptual error, with most PICRCs visible in retrospect as 

either a polyp or mass on the index CTC examination. 

 

Implications of all the available evidence:  

Although most radiologists routinely do not report diminutive (≤5mm) polyps at CTC, and it has a 

lower detection rates of 6-9mm polyps, this does not lead to an excess of post-test cancers relative to 

colonoscopy within 3-5 years. The low 5-year PICRC rate by meta-analysis confirms that the currently 

recommended CTC screening interval of 5 years is safe. Since most PICRCs are due to perceptual 

errors in CTC interpretation, improved radiologist training and quality assurance may help reduce 

PICRC rates. There is a need for large-scale epidemiological series linking national imaging 

databases to colorectal cancer registries. Due to the excess in proximal colonic PICRCs, this should 

particularly focus on detection of right-sided lesions. 
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INTRODUCTION  

Worldwide, over 1·4 million colorectal cancers (CRC) are diagnosed annually1. Survival is strongly 

influenced by disease stage at diagnosis; patients with tumours confined to the bowel wall have over 

90% 5-year survival2. Most cases of CRC arise from precursor adenomatous polyps3 or serrated 

lesions4, the removal of which reduces future CRC incidence5. Therefore, whether precipitated by 

colorectal symptoms or in a screening programme, colonic investigations can both detect and prevent 

CRC.  

 

Colonoscopy and computed tomographic colonography (CTC) are commonly-employed whole-colon 

investigations. CTC comprises high-resolution CT imaging of the gas-distended colon, following 

cathartics and oral contrast medium to label (“tag”) any residual stool6. The test has disseminated 

rapidly, with approximately 100,000 examinations per annum in England alone7. Although both 

colonoscopy and CTC are highly sensitive for CRC and polyps, neither provides absolute protection 

against subsequent CRC. These post-test CRCs are termed “interval cancer” in the context of call-

recall screening programmes8, or “post-colonoscopy colorectal cancer (PCCRC)” where no routine 

interval exists, for example in symptomatic practice9-13. The analogous term “post-imaging colorectal 

cancer” (PICRC) can be applied to CTC. 

 

Missed neoplasia at initial testing likely accounts for over 50% of post-test CRCs14; colonoscopists 

with low adenoma detection rates (ADR), a proxy for examination quality, have correspondingly 

higher PCCRC rates15,16. Although meta-analysis shows CTC and colonoscopy are equally sensitive 

for detection of established CRC17, CTC has lower sensitivity for small (6-9mm) and diminutive 

(≤5mm) polyps; 74% for 6-9mm polyps in one meta-analysis18. Furthermore, a recent randomised trial 

showed that CTC had a significantly lower detection rate than colonoscopy for high-risk serrated 

lesions19; although many serrated lesions are indolent, a subset can progress rapidly to CRC20. The 

impact of such CTC false-negatives on longer-term PICRC incidence is largely unknown presently. 

Moreover, little is known regarding the time to development of PICRCs, nor their stage, anatomical 

location, or predisposing factors when they occur. Consequently, clinicians and policy-makers are 
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unable to provide evidence-based recommendations regarding future testing following apparently 

negative CTC. These data are important, since CTC accounts for over 15% of all whole-colon testing 

in the UK7, a figure predicted to rise to nearly 20% by 202021. 

 

To address this, we performed a systematic review and meta-analysis to establish the prevalence of 

PICRC in patients following CTC, in screening and symptomatic settings. We examined the clinical 

characteristics of PICRCs, and explored factors associated with their occurrence. 
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METHODS 

This report adheres to the Preferred Reporting Items for Systematic Reviews and Meta-analysis 

(PRISMA) guidelines22. The review is registered (PROSPERO:CRD42016042437) and the protocol 

publicly-available23 (https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-017-

0432-8). 

 

Search strategy and selection criteria: 

We defined CTC as CT scanning of the prepared, gas-distended colon6. We defined CTC-detected 

cancers in component primary studies as those in which authors had inspected radiology reports or 

used trial case report forms (CRFs) and confirmed that such cancers had been prospectively 

identified by the original reporting radiologist. We defined PICRCs as diagnoses of CRC occurring 

after a CTC that did not detect cancer, either on radiology reports or study CRFs.  Our review 

protocol23 also allowed for the situation in which CTC reports were not available; in which case CTC-

detected cancers were defined as those diagnosed within 6 months of the date of CTC, and PICRCs 

defined as cancers diagnosed more than 6 months after initial CTC, by analogy with colonoscopy 

literature9-13. However, no articles included in this review required these criteria; all primary 

component study authors accessed CTC reports or study CRFs. We required that included studies 

had identified PICRCs via cancer registries, regional databases or cancer intelligence networks23; or 

where the true disease status of each patient at follow-up was determined by a dedicated whole-colon 

test.  

 

Inclusion criteria were: (i) randomised controlled trials, cohort studies, cross-sectional or case-control 

studies reporting original research data from adult humans; (ii) published between January 1994 (the 

year CTC was conceived24) and February 2017; (iii) reported a PICRC rate or data sufficient for this to 

be calculated; (iv) minimum average per-patient follow-up of 12 months; (v) written in English, French, 

German or Spanish. We excluded studies with any of the following biases: (i) all CTCs performed due 

to incomplete colonoscopy (e.g. in the presence of stenosing cancer); (ii) CTC performed in 
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knowledge of colonoscopy findings; (iii) CTC technique deviating from international consensus 

guidelines6,25.  

 

The study co-ordinator and an information scientist searched the MEDLINE and EMBASE databases 

and the Cochrane Register of Controlled Trials. We used medical subject headings (MeSH) and free-

text terms relating to CTC and colorectal cancer in combination (Appendix, page 1), and examined 

reference lists of relevant articles and reviews for additional studies. 

Search results were retrieved to an Endnote X7 (Thomson Reuters, Toronto, Canada) database, and 

duplicates removed. Two review authors screened abstracts independently using the predetermined 

eligibility criteria, excluding articles deemed ineligible by both authors. Full text versions of remaining 

articles were reviewed independently by the same two authors, who excluded ineligible studies and 

recorded the reason. Discrepancies regarding eligibility were resolved by consensus, arbitrated by a 

third investigator.   

 

Data analysis 

For each primary study, two investigators independently extracted data into a specifically-designed 

spreadsheet (Excel 2016, Microsoft, Redmond, USA). We recorded agreement between extractors 

and resolved discrepancies in consensus with a third author. We extracted: (a) study characteristics: 

author, publication year, recruitment period, number of centres, study design and follow-up duration; 

(b) patient characteristics: sex, age, numbers included and lost to follow-up, and reason for CTC; (c) 

CTC test characteristics: number of CTC examinations conducted, cathartic vs. non-cathartic bowel 

preparation, use of faecal tagging, intravenous contrast and spasmolytics, and CT scan 

reconstruction interval; (d) radiologist characteristics: number of study radiologists and experience, 

mode of interpretation (two-dimensional, three-dimensional or mixed) and use of computer-assisted 

detection; (e) tumour characteristics: the number of patients with CRC detected by CTC, the number 

of patients with PICRC, and, for each PICRC, the time delay before PICRC diagnosis, their colonic 

location, morphology and histology, their mode of ultimate identification, and the reason for initial non-

detection. This final category was divided into (i) perceptual error (polyp or mass visible at initial CTC 
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in retrospect), (ii) technical error in CTC acquisition, (iii) management error (e.g. incomplete or non-

removal of CTC-detected lesion), and (iv) occult lesion (adequate quality CTC judged normal, even in 

retrospect)23. We contacted authors of component studies for additional data where necessary. 

The quality of each study was rated by each extractor using an adapted Newcastle Ottawa Scale for 

non-randomised studies26; studies scoring zero for individual components (selection, comparability, or 

outcome assessment) were excluded from the quantitative analysis.  

 

Our a priori pre-specified primary outcome was the prevalence of PICRC 36 months after CTC, 

expressed as the proportion of PICRC to the total number of cancers detected (i.e. number of CRCs 

as the denominator). 36 months was emphasised to align with colonoscopic literature9-13. However, 

since no individual component study reported data for this time-point, we chose to present a pooled 

PICRC rate using the maximum follow-up reported by each component study (mean = 34 months). 

We also expressed the PICRC rate relative to the total number of CTC examinations conducted (i.e. 

number of CTC examinations as the denominator). The latter approach is influenced by CRC 

prevalence (if no CTC examinations harbour a cancer, it is impossible to have a PICRC), but provides 

a rate indicative of clinical practice12. 

 

Secondary outcomes included the 60-month PICRC rate, corresponding to the typical CTC screening 

interval27, and PICRC rates per 1000 person-years of follow-up, as recommended by others8. Since 

individual patient data were not available, the number of person-years of follow-up per study was 

estimated as the average follow-up per person, multiplied by the number of individuals in the study, 

discounting those lost to follow-up. The average follow-up per person was taken from component 

study reports by using (in decreasing order of priority) the mean, median, 0.5*(maximum – minimum) 

or maximum/2. These were used on five, one, five and one occasions respectively. Additional 

secondary outcomes were the colonic segmental location of detected CRC and PICRC; aetiological 

factors contributing to PICRCs; and literature quality. 
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Meta-analysis was conducted using a random-effects model, using the “meta” package for version 

3·2·4 of R (R Foundation for statistical computing, Vienna, Austria)28 to pool the PICRC rate across 

studies with corresponding 95% confidence intervals (CI). Between-study heterogeneity was 

assessed using the I2 statistic and we investigated sources of heterogeneity using meta-regression 

according to use of faecal tagging, study population (symptomatic, screening or mixed), patient sex, 

and number of radiologists in the study. The anatomical distribution of both CTC-detected cancers 

and PICRCs were also combined to provide a pooled estimate, presented as the proportion located in 

the proximal colon (caecum to transverse colon inclusive). We assessed for publication bias and 

small study effects using funnel plots29. The strength of the overall weight of evidence was rated using 

GRADE methodology30.  

 

Role of the funding source: 

The funders had no role in study design, data collection, analysis, interpretation, or writing of the 

report. The corresponding author had full access to all study data, and had final responsibility for the 

decision to submit for publication. 

 

RESULTS 

Initial searching identified 2977 studies. After removal of 967 duplicates, 2010 studies underwent 

abstract screening, of which 1947 were excluded, leaving 63 articles for full-text review. Ultimately, 12 

studies were eligible for inclusion (figure 1). Two of these studies31,32 were parallel randomised trials, 

for which some additional data were extracted from a combined, more detailed study monograph 

published separately33. Two further studies34,35 that derived from the same research group included 

partly overlapping patient cohorts; we received additional data from this group, permitting separate 

analysis of the two patient cohorts to avoid patient duplication. 

 

Characteristics of included studies31,32,34-43 are shown in table 1. Most were retrospective (nine 

studies34,36-43) and conducted at a single centre (nine studies34,36-41,43). Overall, 19,867 patients 
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underwent 19,570 CTCs between March 2002 and May 2015 inclusive, with a mean overall follow-up 

of 34 months (range 13.5 to 68·3 months). The number of patients exceeds the number of CTCs 

because in one study39, all patients with post-test CRC were included, rather than just those having 

CTC. The sex and age range of included patients was only reported in seven31,32,36,37,39-41 of 12 

studies (58·3%); 6532 of 11,590 patients with data available (56·4%) were female, ranging from 18 to 

99 years of age. Studies frequently included a mixed screening and symptomatic population (five36-

39,41 of 12 studies, 41·7%), accounting for 10,276 of 19,867 patients (51·7%). Studies including 

patients with colorectal symptoms alone (five31,32,40,42,43 of 12 studies, 41·7%) contributed 

7,519/19,867 (37·8%) of all patients reviewed, and in two34,35 of 12 component studies (16·7%), all 

patients included were asymptomatic screenees (2,111/19,867; 10·6%).  

 

CTC technique was reported incompletely (Table 1). A single study39 did not report whether or not 

cathartic bowel preparation was used; all others used cathartics. Faecal tagging was used routinely in 

five of the 12 studies34,35,37,38,41 (41·7%), used variably (either over time or by recruitment site) in four 

of 12 studies31,32,36,42 (33·3%), not used at all in two of 12 studies40,43 (16·7%) and its use was not 

reported by one study39. Seven of 12 studies, (58·3%) did not report radiologist experience, four of 12 

studies (33·3%) used radiologists with varying levels of experience, and in one study38 of 12, the 

radiologists had prior experience of <100 cases. Interpretation method was via two-dimensional 

display with three-dimensional images as necessary in eight of 12 (66·7%) studies31,32,34-36,38,40,41, two-

dimensional review alone in one of 12 studies43, and was unreported in three of 12 (25·0%) 

studies37,39,42. Use of computer aided detection (CAD) was not stated in seven of 12 studies 

(58·3%)34,35,37,39,40,42,43; two of 12 (16·7%) studies38,41 employed it routinely, and in three of 12 (25·0%) 

studies31,32,36 it was optional. Five of 12 (41·7%) studies34,35,37,38,41 used the C-RADS reporting scheme 

(6mm polyp reporting threshold), one study36 used a modified C-RADS scheme (also with a 6mm 

threshold), two of 12 (16·7%) studies used a 10mm threshold40,42, two of 12 (16·7%) studies31,32 

allowed radiologists to follow their routine clinical practice and two of 12 (16·7%) studies39,43 did not 

detail which reporting threshold was used.  
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All studies met the quality threshold for inclusion in the quantitative synthesis (quality scores in 

Appendix, page 2). Two of 12 (16·7%) studies34,35, reporting a total of three PICRCs, used negative 

initial CTC as an inclusion criterion, and were therefore excluded from the analysis of PICRC rate per 

100 cancers detected, as, by definition, these studies had a zero denominator. A further article39 

reported only the number of detected cancers and PICRCs, and not the number of negative CTC 

examinations, and was therefore excluded from calculations of PICRC rates per 1000 CTCs. 

 

Across all 12 studies, 643 cancers were detected by CTC, with 29 PICRCs diagnosed subsequently. 

After exclusion of the two studies with negative CTC as an inclusion criterion, the pooled PICRC rate 

per 100 cancers detected was 4·42% (95%CI 3·03 to 6·42; figure 2a). When considering PICRCs as 

a proportion of the total number of CTC examinations, the pooled estimate was 1·61 PICRCs per 

1000 CTCs (95%CI 1·11 to 2·33; figure 2b). This was unaffected by exclusion of the two studies using 

negative initial CTC as an inclusion criterion (1·64 PICRCs per 1000 CTCs, 95% CI 1·11 to 2·42). 

When presented as incidence per 1000 person-years of follow-up, there were 0·64 PICRCs per 1000 

person-years (95%CI 0·44 to 0·92; figure 2c). In all analyses, heterogeneity was low (I2=0). 

 

Meta-regression found no statistically-significant variation in the primary outcome according to use of 

faecal tagging (p=0·88, Appendix, page 3), screening vs. symptomatic patient population (p=0·65), 

proportion of females (p=0·74) or the number of radiologists used (p=0·48). Only two of 12 studies 

(16·7%) had follow-up sufficient to permit estimation of 5-year PICRC rates34,35. These two studies 

reported 2072 patients (1094 female, 52·8%), all with complete follow-up (pooled estimate: 61 

months’ average follow-up). A total of three PICRCs were diagnosed during this period, 

corresponding to a pooled PICRC rate of 1·45 PICRCs per 1000 CTCs (95%CI 0·47 to 4·48, Figure 

3), similar to that of the unrestricted analysis.  

 

The colonic segmental location of detected CRC was only reported in five of 12 (41·7%) 

studies31,32,36,40,41; 160 of 353 (45%) detected CRCs were proximal, corresponding to a pooled 

estimate of 0·43 (95%CI 0·32 to 0·55; figure 4a) being proximal. In contrast, 20 of 29 (69%) PICRCs 
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were located proximally, with the pooled estimate of this proportion being 0·66 (95%CI 0·47 to 0·81, 

I2=0; figure 4b). Therefore, PICRCs were significantly more likely than detected CRCs to be located 

proximally (odds ratio 2·68, 95%CI 1·19 to 6·05, p=0·018). 

 

Clinical and imaging characteristics of PICRCs were reported incompletely (table 2), particularly 

regarding the tumour stage of PICRCs at diagnosis. However, after additional data were provided by 

component study authors32,36,41,42, information regarding aetiology was available for 28 of 29 PICRCs. 

In 5 cases, more than one aetiological factor was deemed contributory. The majority of PICRCs were 

missed because of perceptual errors (17 of 28, 60·7%). Technical error accounted for 8 of 28 PICRCs 

(28·6%) and management errors were associated with 6 PICRCs (6 of 28, 21·4%). Two of the 28 

PICRCs were not visible even in retrospect (7·1%).  

 

Funnel plots showed no clear indication of small study effects, including publication bias, whether 

presented as a percentage of CRC detected, or as a proportion of CTC examinations conducted 

(Appendix, page 4). According to the GRADE working group methodology30, the confidence in the 

result of the quantitative synthesis is summarised as high. 
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DISCUSSION 

CRC is highly preventable because most cancers arise from precursors that can be detected and 

removed. Both colonoscopy and CTC are highly sensitive for large (≥10mm) polyps and CRC, but 

colonoscopy better detects small (6-9mm) and diminutive (≤5mm) adenomas; and serrated lesions, 

which are most commonly indolent4, but a subset is associated with rapid carcinogenesis20. This 

might lead to the a priori expectation that PICRC rates will be higher for CTC than colonoscopy. This 

systematic review of 19,867 patients demonstrates this is unlikely, at least within a 3-year time 

horizon: We calculated a PICRC rate of 4·4%, at the lower end of the range estimated for 

colonoscopy (2·9 to 8·6%)13 at similar follow-up (34 vs. 36 months). The incidence of 0·64 PICRCs 

per 1000 person-years of follow-up is also at the lower end of the range reported for colonoscopy 

(0·78 to 2·9 cases per 1000 person-years in one review)8. Importantly, although data were derived 

from various settings and study designs, heterogeneity was low (I2=0%), meaning that our estimates 

are consistent across the published literature. The low PICRC rate we found here is consistent with 

prior observational series showing similar detection rates of advanced neoplasia between CTC and 

colonoscopy44,45. CTC also detected as many advanced neoplasms as colonoscopy in a Dutch 

randomised screening trial46 once all 6-9mm polyps scheduled for CTC follow-up had been resected 

and undergone histological analysis47. This high diagnostic performance clearly translates to excellent 

longer-term patient outcomes.  

 

The optimum interval between CTC screening examinations is unknown currently, but 60 months is 

recommended in the USA48. Although fewer data were available for this time threshold (only two 

studies, both derived from the same research group), we found PICRC rates remained low, similar to 

the rate at 3 years, meaning that the current approach is likely safe. Given the fact that we found 

PICRC rates after CTC to be similar to those for colonoscopy, the 60 month interval may even be 

over-conservative. Therefore, the original C-RADS recommendation of a 5-10 year interval27 remains 

a viable strategy. Nonetheless, despite potentially improving patient acceptance and reducing 

healthcare costs with a longer screening interval, the impact of non-detection of small polyps may be 

greater during this time window, since it takes many years for most adenomas to transition to CRC49. 

We found a paucity of published data at even a 60 month follow-up period, implying a clear need for 
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additional research examining PICRC rates both at 60 month and at 60-120 month intervals before 

definitive recommendations for routine CTC screening intervals can be made.  

 

The aetiology of PICRCs is multifactorial, but in most cases (61%) the culprit lesion was visible in 

retrospect and potentially detectable. This is similar to colonoscopy; for example, Robertson et al14 

identified 30 of 58 (52%) post-colonoscopy CRCs as potentially avoidable, similar to our data for CTC. 

We found that errors of CTC technique or patient management were less common, and genuinely 

CTC-occult lesions were rare; just two of 28 cases. These findings highlight the need for radiologist 

training, robust patient management pathways and quality assurance processes to avoid these 

preventable cancers from accumulating. Although, in many countries, colonoscopists are subjected to 

routine accreditation and performance monitoring using metrics such as caecal intubation rate (CIR) 

and adenoma detection rate (ADR)50,51 this is not the case for radiologists interpreting CTC. 

Colonoscopists with higher ADRs have lower PCCRC rates15,16, implying that, by extension, 

monitoring and improvement of radiologists’ polyp detection rates (PDR) may be valuable, particularly 

as relevant benchmarking data emerge52,53. Computer-aided detection (CAD) improves radiologist 

performance for detecting polyps54-56 and so may be of benefit. With optimised CTC, our data suggest 

that a 36-month PICRC rate of 1% is an achievable target. Such a low residual rate would likely make 

repeat CTC a poor use of healthcare resources under most circumstances; specific economic 

evaluation would be needed to answer this question with greater certainty.   

 

PICRCs were considerably more likely to be proximal than initially-detected cancers. We believe the 

reason for this right-sided preponderance (which has also been reported for colonoscopy12) is 

multifactorial. In several instances, CTC did not employ faecal tagging, now universally recognised as 

a pre-requisite for good practice. We were unable to confirm that failure to use faecal tagging was 

associated with a higher PICRC rate, but this may be due to underpowering for this subgroup 

comparison. Furthermore, right-sided tumours are more commonly associated with microsatellite 

instability and the serrated carcinogenesis pathway. Although sessile serrated lesions can be 

diagnosed by optimised CTC57, historically they are considered harder to detect. In one randomised 

trial, CTC detected significantly fewer high-risk (large or dysplastic) serrated neoplasms than 
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colonoscopy19, the specific subset that can progress rapidly to carcinoma58. As radiologists learn how 

best to detect these lesions at CTC (e.g. surface coating by oral contrast tagging59), it is plausible that 

this excess of right-sided PICRCs will reduce. 

 

Strengths of our study include adherence to methodological and reporting recommendations, robust 

data extraction and quality assessment, and comprehensive review of PICRC aetiology, including 

obtaining unpublished data from component study authors. The work also has limitations. Component 

studies rarely reported PICRC morphology, location and time to diagnosis. Follow-up duration varied 

between different studies, and few included data beyond 36 months. Studies rarely reported more 

than one of mean, median or maximum and minimum follow-up, meaning we were unable to conduct 

a sensitivity analysis to explore whether such inconsistent reporting has affected our summary 

estimates of PICRC incidence. Individual patient data were not available, meaning it was not possible 

to link patient-level or radiologist-level factors (such as radiologist experience, or use of CAD) to 

PICRC rates. Although we aimed to explore the influence of patient, CTC technique, radiologist and 

institutional factors associated with higher PICRC rates, this was frequently impossible due to 

incomplete reporting and relative underpowering for such comparisons, meaning it is possible that 

important drivers of PICRCs have been undetected. Such missing data may also bias these 

comparisons, although since none of our factors chosen for meta-regression were statistically 

significant, this will have limited clinical impact. Finally, this meta-analysis represents a synthesis of 

data from clinical trials and observational studies, which are likely generated by CTC enthusiasts; 

whether similarly low rates would be replicated in large-scale epidemiological series is unknown. It is 

surprising that, to date, there are no published data linking national imaging databases to cancer 

registries; this is an important avenue for future research. 

 

In summary, the estimated rate of post-imaging colorectal cancer (PICRC) 34 months after negative 

CT colonography is approximately 4·4%, or 0·64 per 1000 person-years of follow-up, at the lower end 

of the range reported for colonoscopy. PICRCs following CTC are more common in the right colon 

and most are due to perceptual errors. Improved radiologist training and quality assurance of imaging 

will likely reduce PICRC rates, as most are potentially avoidable. 



17 

 

 

CONTRIBUTORS 

AAP conceived the study and wrote the protocol with AEO, UST, TRF, SH and DB. AEO and AAP 

performed the literature search. AEO and UST performed data extraction and collection. TRF 

designed the statistical analysis plan and performed the analysis. AEO and AAP drafted the 

manuscript. All co-authors edited, revised and contributed to the intellectual content of the manuscript. 

 

DECLARATION OF INTERESTS 

Dr. Plumb reports grants from St Mark's Hospital Foundation, non-financial support from 

UCL/UCLH Biomedical Research Centre, during the conduct of the study; and has received 

honoraria for educational lectures delivered at events arranged by Acelity, Actavis, Dr Falk, 

Janssen-Cilag and Takeda on the subject of inflammatory bowel disease.  Dr. Obaro reports 

grants from St Mark's Hospital Foundation, during the conduct of the study. Dr. Fanshawe has 

nothing to disclose. Dr. Torres has nothing to disclose. Mrs. Baldwin-Cleland has nothing to 

disclose. Dr. Taylor reports grants and non-financial support from UCL/UCLH Biomedical 

Research Centre, during the conduct of the study; personal fees from Robarts, outside the 

submitted work. Dr. Halligan reports grants and non-financial support from UCL/UCLH 

Biomedical Research Centre, grants from St Mark's Hospital Foundation, during the conduct of 

the study; non-financial support from iCAD, outside the submitted work. Dr. Burling reports 

grants from St Mark's Hospital Foundation, during the conduct of the study; grants from Bracco 

UK, outside the submitted work. 

 

ACKNOWLEDGEMENTS 

The authors would like to thank component study authors for providing additional data. This study was 

funded by St Mark’s Hospital Foundation and the National Institute for Healthcare Research (NIHR) 

via the UCL/UCLH Biomedical Research Centre scheme (AAP, SAT and SH). The views expressed in 

this publication are those of the authors and not necessarily those of the National Health Service 

(NHS), the NIHR or the Department of Health. The funding source had no role in the study design, 



18 

 

data collection, data analysis, or writing of the report. The corresponding author had full access to all 

study data, and had final responsibility for the decision to submit for publication. 

Institutional review board approval was not required for this systematic review. 



1
9

 

 Table 1. 

S
tudy 

Year 
P

eriod 
(m

m
 / 

yy) 

R
egion 

N
o. 

of 
sites 

D
esign 

P
opul-

ation 
N

o. of 
patient
s 

A
ge 

range 
Fem

-
ales 
(%

) 

N
o. of 

radio-
logists 

P
ositivity 

threshold 
N

o. of 
C

TC
s 

R
econ-

struction 
interval 

Follow
-up 

in m
onths 

M
eans of 

P
IC

R
C

 
identification 

P
urg-

ation 
Faecal 
tagging 

IV
 

contrast 
A

nti-spasm
odic 

A
tkin et al 

2013 
03/04 -
12/07 

U
K

 
21 

prosp 
sym

pto 
538 

55 to 
85 

293 
(54.5) 

41 
V

ariable 
503 

V
ariable 

36  
(0) 

N
ational 

registry 
Y

es 
V

ariable 
V

ariable 
V

ariable 

B
adiani et 

al 
2011 

03/02 -
12/07 

U
K

 
1 

retro 
sym

pto 
1177 

27 to 
96 

714 
(60.7) 

8 
10m

m
 

1177 
N

R
 

34.5  
(18 to 
84) 

R
egional 

registry 
Y

es 
N

o 
Y

es 
B

uscopan or 
glucagon if C

I 

H
alligan et 

al 
2013 

03/04 -
12/07 

U
K

 
21 

prosp 
sym

pto 
1285 

55 to 
85 

787 
(61.2) 

39 
V

ariable 
1206 

V
ariable 

36  
(0) 

N
ational 

registry 
Y

es 
V

ariable 
V

ariable 
V

ariable 

H
ock et al 

2015 
06/03 – 
08/10 

B
elgium

 
1 

retro 
m

ixed 
1890 

18 to 
96 

N
R

 
N

R
 

6m
m

 
1890 

0.625m
m

 
6 to 60 

R
egional 

registry 
Y

es 
Y

es 
N

R
 

B
uscopan 

K
im

 et al 
2012 

04/04 -
05/05 

U
S

A
 

1 
retro 

screen 
643 

N
R

 
358 

(55.7) 
N

R
 

6m
m

 
643 

1m
m

 
54.2 
(NR) 

R
egional 

registry 
Y

es 
Y

es 
N

R
 

N
R

 

Lung et al 
2014 

01/07 -
12/11 

U
K

 
1 

retro 
m

ixed 
4355 

23 to 
99 

2503 
(57.5) 

4 
6m

m
 

4349 
N

R
 

26.4 
(NR) 

R
egional 

registry 
Y

es 
V

ariable 
V

ariable 
B

uscopan 

M
oore et 

al 
2013 

01/04 -
07/09 

N
ew

 
Zealand 

1 
retro 

m
ixed 

2026 
19 to 
87 

1066 
(52.6) 

6 
6m

m
 

2026 
N

R
 

3 to 24 
N

ational 
registry 

Y
es 

Y
es 

N
R

 
N

R
 

P
ickhardt 

et al 
2017 

01/04 -
05/15 

U
S

A
 

1 
prosp 

screen 
1429 

N
R

 
736 

(51.5) 
12 

6m
m

 
1429 

1m
m

 
68.4 

(10.8) 
R

epeat 
w

hole-
colon test 

Y
es 

Y
es 

N
R

 
N

R
 

S
abanli et 

al 
2010 

01/04 -
09/08 

N
ew

 
Zealand 

3 
retro 

sym
pto 

3888 
N

R
 

N
R

 
N

R
 

10m
m

 
3888 

V
ariable 

3 to 59 
N

ational 
registry 

Y
es 

V
ariable 

N
R

 
N

R
 

S
im

ons et 
al 

2013 
01/07 -
01/11 

N
ether-

lands 
1 

retro 
m

ixed 
1855 

N
R

 
N

R
 

4 
6m

m
 

1855 
N

R
 

6 to 24 
N

ational 
registry 

Y
es 

Y
es 

N
o 

B
uscopan or 

glucagon if C
I 

Than et al 
2015 

08/10 -
07/11 

U
K

 
1 

retro 
m

ixed 
150 

32 to 
90 

75 
(50.0) 

N
R

 
N

R
 

N
R

 
N

R
 

N
R

 to 
36* 

N
ew

 C
R

C
 

cases* 
N

R
 

N
R

 
N

R
 

N
R

 

Thom
as et 

al 
2009 

01/03 -
12/05 

U
K

 
1 

retro 
sym

pto 
631 

N
R

 
N

R
 

3 
N

R
 

604 
1.5m

m
 

24 to 60 
R

egional 
registry 

Y
es 

N
o 

Y
es 

B
uscopan or 

glucagon if C
I 



2
0

 

 Table 2. 

S
tudy 

N
o. of 

P
IC

R
C

s 
D

etails of PIC
R

C
 occurrence 

A
etiological factors contributing to 

P
IC

R
C

 
H

istology/C
haracteristics of PIC

R
C

 at 
detection 

Tim
epoint of 

detection 
(m

onths) 

A
tkin et al 2013 

1 
1. Initial C

TC
 negative (poor distension, no follow

-up im
aging) 

1. Technical error + m
anagem

ent error 
1. R

ectosigm
oid tum

our 
1. 15m

  

B
adiani et al 2011 

3 
1. Initial C

TC
 negative (lesion visible in retrospect) 

2. Initial C
TC

 negative (lesion visible in retrospect)   
3. Initial C

TC
 negative (lesion visible in retrospect) 

1. P
erceptual error 

2. P
erceptual error 

3. P
erceptual error 

1. P
olypoid sigm

oid lesion 
2. S

essile ascending colon lesion 
3. Flat caecal lesion  

1. 5m
 

2. 11m
 

3. 10m
  

H
alligan et al 

2013 
3 

1. 6m
m

 caecal polyp not rem
oved 

2. Initial C
TC

 negative 
3. C

TC
 interpreted as diverticulitis 

1. M
anagem

ent error 
2. P

erceptual error 
3. P

erceptual error 

1. 12m
m

 caecal adenocarcinom
a 

2. Ascending colon cancer, D
ukes D

  
3. T4 N

0 M
0, D

ukes B  

1. 28m
 

2. 7m
 

3. 10m
 

H
ock et al 2015 

3 
1. Initial C

TC
 negative (flat lesion visible in retrospect) 

2. N
on-diagnostic initial C

TC
 (patient declined second view

) 
3. Initial C

TC
 negative (lesion visible in retrospect) 

1. P
erceptual error 

2. Technical error 
3. P

erceptual error 

1. A
denocarcinom

a  
2. A

denocarcinom
a  

3. A
denocarcinom

a 

1. N
R

                      
2. N

R
                                   

3. N
R

 
K

im
 et al 2012 

1 
1. Initial C

TC
 negative (lesion just visible in retrospect) 

1. P
erceptual error 

1. T3 N
0 M

0  
1. 35m

 

Lung et al 2014 
2 

1. O
nly one of tw

o lesions present identified 
2. Initial C

TC
 negative (lesion visible in retrospect) 

1. P
erceptual error 

2. P
erceptual error 

1. T3 N
0 M

0, D
ukes B 

2. T3 N
1 M

0, D
ukes C

1 
1. 4m

                  
2. 42m

 
M

oore et al 2013 
2 

1. Local recurrence at ileocolic anastom
osis (poor distension, very m

inor 
sm

ooth w
all thickening)  

2. O
nly one of tw

o lesions present identified  

1. Technical error + P
erceptual error 

 2. P
erceptual error 

1. 35m
m

 'plaque-like' anatom
ic 

recurrence 
2. 10m

m
 caecal polyp cancer 

1. 4m
                                 

P
ickhardt et al 

2017 
2 

1. Initial C
TC

 negative (flat lesion visible in retrospect) 
2. Initial C

TC
 negative (lesion not visible in retrospect - occult lesion)  

1. P
erceptual error 

2. O
ccult lesion 

1. T3 N
1b M

0                                 
2. T2 N

0 M
0 

1. 60m
                        

2. 120m
 

S
abanli et al 2010 

7 
1. N

on-diagnostic initial C
TC

 (poor faecal tagging, no follow
-up im

aging)  
2. N

on-diagnostic initial C
TC

 (poor distension, no follow
-up im

aging)  
3. N

on-diagnostic initial C
TC

 (poor quality scan on single detector C
T)  

4. N
on-diagnostic C

TC
 (m

otion artefact, poor distension, no follow
-up 

im
aging)  

5. Initial C
TC

 negative (lesion not visible in retrospect - occult lesion)  
6. Lesion m

isinterpreted as thickened fold (lesion visible in retrospect) 
7. Initial C

TC
 negative (lesion visible in retrospect) 

1. Technical error + M
anagem

ent error 
2. Technical error + M

anagem
ent error 

3. Technical error 
4. Technical error + M

anagem
ent error 

 5. O
ccult lesion 

6. P
erceptual error  

7. P
erceptual error 

1. C
aecal carcinom

a 
2. C

aecal carcinom
a 

3. C
aecal carcinom

a 
4. R

ectosigm
oid carcinom

a 
 5. N

R
 

6. C
aecal carcinom

a 
7. N

R
 

1. N
R

                      
2. N

R
                                   

3. N
R

                        
4. N

R
                            

 5. N
R

                                  
6. N

R
                                 

7. N
R

 
S

im
ons et al 2013 

3 
1. N

on-diagnostic initial C
TC

 (poor distension)  
2. Initial C

TC
 negative (flat lesion visible in retrospect) 

3. Initial C
TC

 negative (lesion visible in retrospect, obscured by rectal 
balloon) 

1. Technical error 
2. P

erceptual error 
3. P

erceptual error  

1. C
aecal carcinom

a  
2. Flat advanced adenom

a in 
ascending colon  
3. D

istal rectal m
alignancy 

1. 9m
                  

2. 14m
                        

 3. 5m
 

Than et al 2015 
1 

1. N
R

     
1. N

R
 

1. TN
M

 stage II D
ukes B 

1. 4m
 

Thom
as et al 

2009 
1 

1. 9m
m

 sigm
oid colon polyp not rem

oved 
1. M

anagem
ent error 

1. Invasive adenocarcinom
a 

1. 31m
 



21 

 

Figure 1. Study flowchart. Of the 63 full texts reviewed for eligibility, 16 were identified by both 

abstract screeners and 47 were identified by one screener alone. Of the 51 articles excluded at the 

full text review stage, 42 were identified by both independent reviewers as clearly ineligible and the 

other 9 were excluded after consensus discussion with arbitration by a third author. 

 

Figure 2. Pooled estimate of PICRC rate. (a) presented as the number of PICRCs per 100 cancers 

detected. Two studies34,35 that used negative initial CTCs as inclusion criteria were excluded from this 

analysis, as the number of detected cancers in these cases was zero. (b) presented as the number of 

PICRCs per 1000 CTCs. One study39 that reported only the number of cancers and not the number of 

negative CTCs was excluded. (c) Presented as incidence of PICRC per 1000 person-years follow-up. 

The study39 reporting only the number of cancers detected, rather than the number of negative CTCs, 

was excluded. 

 

Figure 3. Pooled estimate of PICRC rate, restricted to the studies with an average of 5 years follow-

up, presented as the pooled PICRC estimate per 1000 CTCs. 

 

Figure 4. Anatomical distribution (distal vs. proximal) of CRC. (a) for detected cancers. (b) for 

PICRCs. 
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Table 1. Characteristics of studies reporting post-CTC PICRC rates and meeting inclusion criteria. 

The number of included patients may differ from published reports, because we have extracted data 

solely for the patients in whom we have data regarding their PICRC rate. Follow-up was reported 

variably, and is presented, in order of preference, as mean (standard deviation), median (range), or 

range alone. For studies with standard deviation of zero, all patients were followed up for the same 

length of time. “Positivity threshold” refers to the size of polyp at which a CTC examination was 

regarded as positive for disease. NR – not recorded, CI – contra-indicated, prosp = prospective study, 

retro = retrospective study, mm = millimetre. *Than et al39 included patients with a new CRC diagnosis 

and identified those with CTC in the 3 years prior.  

 

Table 2. Characteristics of PICRCs reported in component primary studies. Some PICRCs were 

associated with more than one type of aetiological factor. NR – not recorded 
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A
ppendix 
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atabase search term
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 1. 
((C

T or (com
put* and tom

ogra*)) and colonogra*).af 

2. 
(virtua* and colono*).af 

3. 
1 or 2 

4. 
colonography, com

puted tom
ographic.sh 

5. 
3 or 4 

6. 
5 and Journal A

rticle.pt 

7. 
((colon or colorect*) and (cancer or carcinom

a)).af 

8. 
colorectal neoplasm

s.sh 

9. 
7 or 8 

10. 
9 and Journal A

rticle.pt 

11. 
6 and 10 
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 Studies w
ere evaluated using a m
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ttow

a Scale (scoring sheet available w
ith protocol supplem
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content.springer.com

/esm
/art%

3A
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.xlsx). The separate com
ponents (selection, 

com
parability and outcom

e) w
ere assigned stars by considering separate sub-questions w

ithin each com
ponent. Selection consisted of sub-questions relating to population 

representativeness (1 star), ascertainm
ent of C

TC
 result (1 star) and know

ledge of disease status prior to study entry (1 star). C
om

parability consisted of C
TC

 blinding (1 star) 
and standardisation of C

TC
 technique (1 star). O

utcom
e consisted of m

ethod to identify PIC
R

C
s (1 star), length of follow

-up (1 star) and rate of loss to follow
-up (1 star).   

R
aters agreed initially on 63·9%

 of scores (23 of 36), w
ith the greatest variability evident w

ithin the com
parability category, in w

hich rater 2 consistently provided low
er 

scores than rater 1. Follow
ing discussion, consensus agreem

ent w
as reached in the rem

aining 36·1%
 (13 of 36) of scores. 
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Effect of faecal tagging 

Forest plot for the primary outcome, presented as the number of PICRCs detected divided by the total number of 
cancers detected, split by use of faecal tagging. Studies in which all patients received faecal tagging are labelled 
tagging.all=1; studies in which tagging was used variably, not used at all, or its use was not reported, are 
labelled tagging.all=0. We also found no significant difference when comparing the number of PICRCs divided 
by the number of CTCs conducted; or when considering use of faecal tagging as three categories (i.e. used for 
all patients, used variably, not used at all; data not shown). 
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Small study effects and publication bias 

Funnel plots for the primary outcomes of (a) Number of PICRCs / Total cancers detected; and (b) Number of 
PICRCs / Number of CTCs 

 

 


