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Abstract
Background: Colorectal cancer (CRC) is a common and important disease. There are different tests for diagnosis,
one of which is computed tomographic colonography (CTC). No test is perfect, and patients with normal CTC may
subsequently develop CRC (either because it was overlooked originally, or because it has developed in the interim).
This is termed post-investigation colorectal cancer (PICRC) or “interval cancer”. How frequently this occurs after CTC
is not known. The purpose of this systematic review and meta-analysis is to use the primary literature to estimate
the PICRC rate after CTC, and explore associated factors.
Methods: Primary studies reporting post-investigation colorectal cancer (PICRC) rates after CTC will be identified
from PubMed, Embase and Cochrane Register of Controlled Trials databases. Peer-reviewed studies published after
1994 (the year CTC was introduced) will be included and the rate of PICRC within 36 months of CTC recorded. Data
will be extracted from selected studies for a random effects meta-analysis. Heterogeneity, risk of bias and
publication bias will be assessed, and exploratory analysis will examine factors associated with higher PICRC rates in
the literature.
Conclusion: PICRC rates are the ultimate benchmark of diagnostic quality for colonic investigations. This systematic
review and meta-analysis will identify and synthesise evidence to determine PICRC rates after CTC and explore
factors that may contribute to higher rates.
Systematic review registration: PROSPERO (registration number CRD42016042437).
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Background
Rationale

Colorectal cancer (CRC) is a common disease with high
morbidity, mortality and healthcare costs, affecting over
half a million people each year globally [1], ultimately
proving fatal in approximately 50% of cases. Early disease has an excellent prognosis, whereas diagnosis at a
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late stage carries much higher mortality [2], indicating
the importance of having rapid, easily accessible and
highly sensitive diagnostic tests that are acceptable to
patients. Diagnosis of CRC at an early, readily-treatable
stage (for example, by population screening) has been
proven by meta-analysis of several randomised trials to
reduce disease-specific mortality [3]. However, this is
not the only benefit of CRC screening. The prevailing
hypothesis of colorectal carcinogenesis postulates that
most CRC develop from potentially premalignant precursor polyps; either adenomas (the so-called adenoma-
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carcinoma hypothesis [4]) or serrated lesions (the “serrated pathway” [5]). In support, removal of adenomas
via endoscopic polypectomy reduces the incidence of
subsequent CRC [6], proving beyond reasonable doubt
that a proportion of adenomas are destined to transform
into malignant CRC. Therefore, timely investigation of
the colon improves CRC outcomes in two broad ways—firstly, early detection of established CRC improves
disease-specific mortality [3]; and secondly, identification
and removal of CRC precursors reduces disease incidence [6].
The most common tests for investigation of the whole
colon (as opposed to just the more distal portion) are
optical colonoscopy (OC) and computed tomographic
colonography (CTC). OC uses a small video camera
mounted on a flexible tube that can be navigated around
the entire colon to identify abnormalities, including CRC
and polyps [7]. Furthermore, OC permits simultaneous
polyp removal (polypectomy) using instruments that can
be delivered down the colonoscope channel. CTC relies
on rapid, high-resolution CT scanning of the prepared,
gas-distended colon. Polyps and cancers are depicted by
their disruption of the normal smooth wall of the colon
or by ancillary features such as wall thickening [8].
The diagnostic accuracy of CTC has been studied extensively, with meta-analysis suggesting that diagnostic
sensitivity for established CRC is equal to that of OC [9].
However, CTC is less sensitive than OC for small (6–
9 mm) and diminutive (0–5 mm) polyps, with one metaanalysis suggesting approximately 70% sensitivity for 6–
9 mm lesions [10]. In the majority of cases, this is of no
clinical consequence because the large majority of small
and diminutive polyps rarely harbour high-risk premalignant features or invasive CRC [11]. However, the precise
risk is unknown for any given individual. Therefore, it is
possible that the rates of post-investigation CRC
(PICRC) after CTC are greater than after colonoscopy
because of the small but non-zero risk of a small or diminutive polyp transitioning to invasive CRC. Although
PICRC rates after colonoscopy have been reported
widely [12–16], and been the subject of systematic review [17], this is not true for CTC. This hampers physicians’ and policy-makers’ ability to provide evidencebased recommendations regarding suitable follow-up intervals after a negative CTC examination.
Here, we report the protocol for a systematic review (SR) and meta-analysis of PICRC rates after
negative CTC.
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uncertainty surrounding this estimate and explore potential explanatory factors associated with higher PICRC
rates. Since PICRC may occur at variable times after an
index text, we will examine several time horizons, ranging from 1 to 5 years after CTC. We will also assess
and document the quality of the available literature, and,
if necessary, make recommendations for future research
and study reporting. This protocol is registered with
PROSPERO (CRD42016042437) and has been reported
in accordance with the PRISMA-P guidelines (see Additional file 1—PRISMA-P checklist) [18].

Methods
Eligibility criteria

Studies will be selected according to the criteria below.
Study design and participants

We will include randomised controlled trials (RCTs), cohort, cross-sectional and case-control studies reporting
original data for in vivo research in adult human participants, and reporting a PICRC rate (or sufficient data for
such a rate to be calculated, see definitions below). Studies will be grouped together to calculate the PICRC rather than treating them separately. We will restrict our
search to peer-reviewed, full-research reports. Studies in
which the CTC examination was conducted immediately
following colonoscopic diagnosis of CRC (e.g. to
complete colonic imaging upstream of a stenosing colonic tumour, “completion CTC”) will be excluded, unless these patients constituted less than 50% of the
imaged population or were presented as a separately
identifiable subset that can be excluded during data extraction. We will examine the effect of including studies
with such high rates of completion CTC on the estimated PICRC rate by conducting a sensitivity analysis,
in which we will re-calculate this rate after excluding
studies with prevalences of completion CTC from 0 to
50% in 10% increments.
CTC test methods

We will define CTC as CT scanning of the prepared,
gas-distended colon. Only studies in which CTC was
conducted with at least dual patient positioning, gas distension and either bowel cleansing or faecal tagging will
be included. We will not stipulate a particular mode of
interpretation of CTC (e.g. two-dimensional vs threedimensional) since both are used in clinical practice.

Objectives

Definition and identification of CTC-detected cancers and
PICRC

The present study will systematically review and, if possible, meta-analyse the available literature reporting
PICRC rate following CTC. We wish to estimate the
prevalence of PICRC in patients undergoing CTC, the

We will define a CTC-detected cancer as having occurred if either (1) direct inspection of radiology reports
permitted the study authors to determine that CTC diagnosed a CRC or (2) CRC was diagnosed within
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6 months of CTC occurring, and the CTC report was
not available for review (in common with the OC literature, in which CRC diagnosed within 6 months of an
index OC are assumed to have been detected by that test
[12–16]), whereas diagnoses after that period are assumed to be PICRC. We will record which of these possibilities applies to each included study and report
outcomes for these two groups of studies separately. We
anticipate that studies from group (1) will be RCTs or
smaller observational series, in which CTC reports are
freely available to investigators, and studies from group
(2) will be larger-scale population-based studies using
database linkage methods in which full CTC reports
may not be available.
A PICRC will be defined as diagnosis of CRC within
5 years of CTC that did not detect a cancer (i.e. did not
meet either criterion 1 or 2 above). Recurrent CRC after
a positive initial CTC will therefore not be regarded as
PICRC. We will require studies to report a minimum
period of 12 months follow-up after CTC, since shorter
follow-up periods are likely to miss a substantial proportion of PICRC (which may not reach medical attention
until beyond this time period). PICRC must be identified
by reference to a cancer registry or intelligence network
that is at least regional in scope (i.e. encompassing multiple hospitals from beyond a single municipal area), or
with each individual’s true disease status determined at
follow-up by a dedicated whole-colon examination (either colonoscopy, repeat CTC or colon capsule). If patients do not undergo a definitive follow-up
examination, identification of PICRC solely by searching
local cancer databases, registries or multidisciplinary
team meeting records will not be acceptable, as PICRC
could be detected at institutions remote from those conducting the index CTC. We will record the nature and
scope of the registry by which PICRC cases are identified
for each individual research study.
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Search strategy

The search strategy has been devised in conjunction between the study investigators, an information scientist
and other experts in the field of CTC and imaging research. We will use a combination of medical subject
headings (MeSH) and free-text terms relating to CTC
and colorectal cancer. For CTC, the MeSH terms will
be: “Colonography, Computed Tomographic”, which has
replaced the previous terms “CT Colonography”; “Colonography, CT”; “Colonoscopy, Virtual”; “Computed
Tomographic Colonography”; and “Virtual Colonoscopy”. A preliminary search has revealed no incremental
benefit from including the older MeSH terms. The freetext terms will be ((CT or (comput* and tomogra*) and
colonogra*) or (virtua* and colonosc*)). These will be
combined using the “OR” operator, to return articles relating to CTC. Subsequently, we will search for articles
regarding colorectal cancer by using the MeSH term
“Colorectal Neoplasms”, combined with the free-text
terms “colorectal” and “cancer” using the “OR” operator.
Finally, we will combine the two searches (i.e. colorectal
cancer and CTC) as below:
1. ((CT or (comput* and tomogra*)) and colonogra*).af
2. (virtua* and colono*).af
3. 1 or 2
4. colonography, computed tomographic.sh
5. 3 or 4
6. 5 and Journal Article.pt
7. ((colon or colorect*) and (cancer or carcinoma)).af
8. colorectal neoplasms.sh
9. 7 or 8
10.9 and Journal Article.pt
11.6 and 10
We will use the Ovid SP interface “Filters” options to
restrict to articles reporting human research published
after 1994.

Setting and language

There will be no restriction by study setting. We will include reports in English, French, Spanish and German,
arranging for translation where necessary. We will provide a list of potentially eligible articles from other languages in an appendix.
Information sources

We will use the Ovid SP interface to search MEDLINE
and Embase, and the Wiley interface to search the
Cochrane Register of Controlled Trials, from 1994 onwards (the year that CTC was first described [19, 20]).
We will also scan the reference list of included studies
and any relevant narrative reviews identified by the
search. Finally, we will compare the list generated by the
search with studies already known to the investigators.

Selection process

Two independent review authors will screen all titles
and abstracts of the articles identified by the search described above against the eligibility criteria. We will obtain the full text article for all reports that then appear
to meet our criteria, or where there is uncertainty. If
there is persistent uncertainty after reviewing the full
text reports, we will attempt to contact the corresponding author of the study in question. Disagreement will
be resolved by discussion between co-authors, and we
will record the reasons for excluding each individual
study identified by the search string. The number of articles included and excluded at each stage of the selection
process will be summarised using a flowchart. We will
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report the level of inter-rater agreement between the authors performing such selection.
Data management and extraction process

The results of the search above will be retrieved to an
Endnote ×7 (Thomson Reuters, Toronto, ON, Canada)
database that will be shared between the reviewers using
the online interface. Subsequently, each reviewer will export potentially eligible abstracts to a new Endnote library. These will be combined and full text articles
retrieved, thereby facilitating subsequent full text article
screening. We will use the de-duplication functions of
Ovid SP at the search stage and of Endnote ×7 at the
article screening stage.
Once the final set of eligible articles has been identified, we will extract relevant data (detailed below) from
each article into a Microsoft Excel 2016 spreadsheet designed specifically for the review (see Additional file
2—Extraction sheet). All articles will be extracted by two
authors working independently and after extracting data
from 10 articles, the agreement between the two authors
will assessed. If agreement is lower than 80%, we will retain dual independent extraction. All differences will be
resolved by discussion between the disagreeing parties,
with a third senior author arbitrating where necessary.
We will contact corresponding authors for articles in
which data items necessary to inform the primary outcome are not available from the full text reports. Duplicate reports of the same patient data set (i.e. duplicate,
overlapping or companion studies) will be combined
and extracted as a single study. If there are logical inconsistencies between these duplicate reports, or if overlapping data cannot be separated into extractable
constituents, we will contact the corresponding author(s)
of the article in question for clarification and exclude
the article if no response is received within 30 days.
Data items

We will extract the following: (a) study characteristics—primary author, year of publication, period of patient
recruitment/inclusion, geographical location of the
population studied, study design and number of centres
involved, length of follow-up to permit post-CTC cancers to be identified; (b) patient characteristics—number
of patients included, reason for undergoing CTC, gender
distribution and age distribution; (c) CTC test characteristics—number of CTC examinations conducted, number completed successfully, number analysed, mode of
bowel preparation, use of faecal tagging, CT scanner
type (multi- vs single-row detector row), exposure factors of kVp and mAs, reconstruction interval and use of
intravenous contrast; (d) radiologist/reader characteristics—predominant mode of interpretation (i.e. primary
two-dimensional, primary three-dimensional or mixed)
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and reader training and experience; (e) tumour characteristics—number of patients with CRC detected by
CTC (see definition above for detected CRC), number of
patients with CRC not detected by CTC (i.e. PICRC, see
definition above), location (proximal vs distal) of detected and missed cancers, temporal interval between
the index CTC and the diagnosis of PICRC, and whether
or not the PICRC was visible in retrospect on the CTC
images.
Outcomes

The primary outcome will be the prevalence of PICRC
at 36 months follow-up after CTC, since this is the time
horizon most commonly reported in the OC literature
[12–16]. This will be expressed as the proportion of
PICRC from the total of cancers detected (i.e. using the
number of CRC as the denominator) and, secondarily, as
the proportion of CTC examinations leading to a PICRC
(i.e. using number of CTC examinations as the denominator). The latter figure is subject to variation as a result of lesion prevalence but may be more representative
of what may be expected in routine clinical practice. By
analogy with sensitivity for a diagnostic test, the total
number of CRC will include those detected by both the
index test and by subsequent follow-up (i.e. “disease
positive”). If studies do not report data for 36 months
follow-up, we will nonetheless extract the date for the
closest timepoint to 36 months that is reported. Secondary outcomes will be the prevalence of PICRC at
5 years (60 months) follow-up (i.e. the current recommended screening interval for CTC [21]); incidence of
PICRC per 1000 person-years of follow-up; the anatomical distribution (i.e. proximal vs distal colon) of
detected CRC and PICRC; CTC scan technique, radiologist and patient characteristics associated with
higher rates of PICRC; the proportion of PICRC that
were visible on the images in retrospect (and potential reasons for these being missed initially) and literature quality (see subsequent section).
Quality assessment and risk of bias of individual studies

We will assess the quality of included studies using a
pre-specified quality assessment tool (), adapted from
the Newcastle-Ottawa Scale (NOS) for non-randomised
studies (see Additional file 3—Modified NOS) [22]. We
do not anticipate assigning studies an overall quality
score by pooling individual elements, as this may be unreliable [18]. We will report the overall components of
the quality assessment for each study graphically using
the “star rating” system of the NOS. Studies with no
stars for any of the individual components of the NOS
(selection, comparability and outcome assessment) will
not be included in the quantitative synthesis.
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Data synthesis

If the studies are sufficiently homogenous in their design, outcome assessment and follow-up, we will conduct meta-analyses using a random effects model
(DerSimonian and Laird [23]) using the current version
of R (R Foundation for statistical computing, Vienna,
Austria) [24]. We will use the relatively more conservative random effects model as we expect studies to have
included a variety of patient participants (e.g. screening
and symptomatic populations) and use radiologists of
varying expertise. We will combine the percentage of patients with PICRC in each individual study to estimate a
pooled prevalence, along with a 95% confidence interval
(CI). If studies report variable lengths of follow-up preventing meta-analysis of prevalence at a 36-month time
point, we will attempt to estimate a survival curve for
PICRC from the individual study estimates using random effects survival meta-analysis [25]. If available, we
will compare the prevalence of proximal and distal
PICRC using an odds ratio (OR) with 95%CI. We will
assess heterogeneity between study-specific estimates
using the inconsistency index (I2 statistic [26]). If heterogeneity is considerable (I2 > 75%) and the p value <0.1,
we will not perform quantitative data synthesis [18]. We
will investigate between-study sources of heterogeneity
using subgroup analyses by stratifying original estimates
according to study characteristics, CTC technique and
radiologist factors as described in the data extraction
section above. We plan to investigate for small study effects (and possible publication bias) both qualitatively,
by inspecting funnel plots [27], and quantitatively, using
the test proposed by Harbord [28], although we will
defer a decision regarding the suitability of these
methods until the number of included studies and
between-study heterogeneity is known. If there is evidence of possible publication bias and heterogeneity is
sufficiently low (I2 < 25%) [26], we will estimate PICRC
rates using the trim and fill method [29] to gain an approximation of the “missing” study rates and overall
summary estimate and will present this as an estimate of
the potential impact of missing studies.
Confidence in cumulative estimate

The strength of the overall weight of evidence for the
primary outcome will be judged using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) working group methodology [30]. This
will encompass the key domains of risk of bias,
consistency, directness, precision and publication bias,
and will incorporate the quality assessments of individual studies and estimates of publication bias described
above (see above). We will consider all articles that are
selected for the systematic review, even if they are excluded from the quantitative meta-analysis. The overall
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research literature quality will be summarised as high
(we are very confident that the true PICRC rate lies close
to the estimate presented), moderate (we are moderately
confident in the PICRC rate presented), low (we have
limited confidence in the estimated PICRC rate) or very
low (we have very little confidence in the calculated
PICRC rate, i.e. the true PICRC rate is likely to be substantially different), in accordance with GRADE
recommendations.

Discussion
CTC is a widely available and commonly-used diagnostic test, with over 80,000 examinations performed
each year in England alone [31] (predicted to rise to
150,000 per year by 2020 [32]). Although diagnostic
accuracy has been estimated by prior meta-analysis
[9, 10, 33–35], the longer-term effect of the test’s
relatively lower sensitivity for small colorectal polyps
(vs. the main competing technology, colonoscopy) is
not known. It is plausible that this translates to
higher rates of PICRC than colonoscopy. Conversely,
the opposite is also possible—for example, if incomplete colonic evaluation was commoner at colonoscopy than CTC, then this might translate to higher
PICRC rates. The technical failure rate of CTC is extremely low in routine clinical practice (at around
0.7–2.0% [36, 37]), meaning this scenario is at least
possible. For example, in a randomised study comparing CTC and colonoscopy in symptomatic patients,
the rate of clinical uncertainty/inadequate examinations
after CTC was half that of colonoscopy [38]. This systematic review will permit an estimate of the prevalence of
PICRC and explore factors that may contribute to missed
lesions. Predetermined measures of study quality and publication bias will be used to describe the confidence in the
published literature. Possible limitations to the execution of this systematic review include limited primary
literature with incomplete reporting, precluding ability
to extract the necessary data. However, we anticipate
that the review will be of value in planning quality
markers for CTC and in designing rationalised followup and repeat imaging schedules for patients with a
negative initial CTC examination.
Additional files
Additional file 1: PRISMA-P 2015 checklist. Description: Completed
PRISMA-P checklist document. (DOCX 32 kb)
Additional file 2: Extraction Sheet for PICRC systematic review.
Description: Extraction sheet to be used by two independent authors to
collate data from eligible studies. (XLSX 10 kb)
Additional file 3: Newcastle-Ottawa Scale modified for CT Colonography.
Description: Modified Newcastle-Ottawa Scale for CT colonography to assess
quality of studies eligible for this systematic review. (XLSX 11 kb)

Plumb et al. Systematic Reviews (2017) 6:36

Page 6 of 7

Abbreviations
CI: Confidence interval; CRC: Colorectal cancer; CT: Computed tomography;
CTC: Computed tomographic Colonography; GRADE: Grading of
Recommendations Assessment, Development and Evaluation;
I2: Inconsistency Index; MeSH: Medical subject headings; NOS: NewcastleOttawa Scale; OC: Optical colonoscopy; OR: Odds ratio; p: Probability value;
PICRC: Post-investigation colorectal cancer; PRISMA: Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; PROSPERO: Prospective
Register of Systematic Reviews; RCT: Randomised controlled trial;
SR: Systematic review

2.

Acknowledgements
The review authors acknowledge the generous financial support of the St.
Mark’s Hospital Foundation, 40tude, the Edith Murphy Foundation and Public
Health England. Part of this study was conducted at University College
London, which receives a proportion of funding from the National Institute
for Health Research (NIHR) Biomedical Research Centre scheme. SH is a NIHR
Senior Investigator. The views presented in this protocol are those of the
authors and not necessarily those of the NIHR, Department of Health, St.
Mark’s Hospital Foundation, 40tude, the Edith Murphy Foundation or Public
Health England.

6.

Funding
This study received funding from St. Mark’s Hospital Foundation, Public
Health England, 40tude and the Edith Murphy Foundation.

10.

3.

4.
5.

7.
8.
9.

11.
Availability of data and materials
The datasets during and/or analysed during the current study will be made
available from the corresponding author on reasonable request.
Authors’ contributions
AAP conceived of the study, drafted the manuscript and participated in the
pilot extraction. AO participated in the development of the search design,
pilot extraction and edited the manuscript. TF provided statistical advice and
participated in the data synthesis design. UST participated in the search
design and pilot extraction. RB-C, SH and DB participated in the design of
the study. All authors read and approved the final manuscript.

12.

13.

14.

15.

Competing interests
SH provides non-remunerated research and development advice for iCAD
Inc. The other authors declare that they have no competing interests.
Consent for publication
Not applicable

16.

17.
Ethics approval and consent to participate
Not applicable
18.
Sponsor
St. Mark’s Hospital, Harrow, UK
None of the St. Mark’s Hospital Foundation, Public Health England, 40tude,
the Edith Murphy Foundation or St. Mark’s Hospital Research and
Development department have been involved in the protocol design or
development. They will not participate in data collection or analysis,
manuscript writing or editing or in the decision to submit for publication.

19.
20.

21.
Author details
1
Centre for Medical Imaging, University College London, 3rd Floor East, 250
Euston Rd, London, NW NW1 2PG, UK. 2St. Mark’s Academic Institute, St.
Mark’s Hospital, Harrow, UK. 3Nuffield Department of Primary Care Health
Sciences, Oxford University, Oxford, UK. 4Department of Radiology, Federal
University of Sao Paulo, Sao Paulo, Brazil.

22.

Received: 13 October 2016 Accepted: 13 February 2017
23.
References
1. Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin DM. Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer. 2010;
127(12):2893–917.

24.
25.

National Cancer Intelligence Network. Colorectal cancer survival by stage NCIN data briefing. London: National Cancer Intelligence Network; 2009.
http://www.ncin.org.uk/publications/data_briefings/colorectal_cancer_
survival_by_stage.aspx.
Hewitson P, Glasziou P, Irwig L, Towler B, Watson E. Screening for colorectal
cancer using the faecal occult blood test, Hemoccult. Cochrane Database
Syst Rev. 2007;24(1):CD001216.
Muto T, Bussey HJ, Morson BC. The evolution of cancer of the colon and
rectum. Cancer. 1975;36(6):2251–70.
Leggett B, Whitehall V. Role of the serrated pathway in colorectal cancer
pathogenesis. Gastroenterology. 2010;138(6):2088–100.
Brenner H, Stock C, Hoffmeister M. Effect of screening sigmoidoscopy and
screening colonoscopy on colorectal cancer incidence and mortality:
systematic review and meta-analysis of randomised controlled trials and
observational studies. BMJ. 2014;348:g2467. doi:10.1136/bmj.g2467.
Wolff WI. Colonoscopy: history and development. Am J Gastroenterol. 1989;
84(9):1017–25.
Pickhardt PJ, Kim DH. CT colonography: pitfalls in interpretation. Radiol Clin
North Am. 2013;51(1):69–88.
Pickhardt PJ, Hassan C, Halligan S, Marmo R. Colorectal cancer: CT
colonography and colonoscopy for detection—systematic review and
meta-analysis. Radiology. 2011;259(2):393–405.
de Haan MC, van Gelder RE, Graser A, Bipat S, Stoker J. Diagnostic value of
CT-colonography as compared to colonoscopy in an asymptomatic
screening population: a meta-analysis. Eur Radiol. 2011;21(8):1747–63.
Hassan C, Pickhardt PJ, Kim DH, Di Giulio E, Zullo A, Laghi A, et al.
Systematic review: distribution of advanced neoplasia according to polyp
size at screening colonoscopy. Aliment Pharmacol Ther. 2010;31(2):210–7.
Singh H, Nugent Z, Demers AA, Bernstein CN. Rate and predictors of early/
missed colorectal cancers after colonoscopy in Manitoba: a populationbased study. Am J Gastroenterol. 2010;105(12):2588–96.
Bressler B, Paszat LF, Chen Z, Rothwell DM, Vinden C, Rabeneck L. Rates of
new or missed colorectal cancers after colonoscopy and their risk factors: a
population-based analysis. Gastroenterology. 2007;132(1):96–102.
le Clercq CM, Bouwens MW, Rondagh EJ, Bakker CM, Keulen ET, de Ridder
RJ, et al. Postcolonoscopy colorectal cancers are preventable: a populationbased study. Gut. 2014;63(6):957–63.
Morris EJ, Rutter MD, Finan PJ, Thomas JD, Valori R. Post-colonoscopy
colorectal cancer (PCCRC) rates vary considerably depending on the
method used to calculate them: a retrospective observational populationbased study of PCCRC in the English National Health Service. Gut. 2015;
64(8):1248–56.
Cooper GS, Xu F, Barnholtz Sloan JS, Schluchter MD, Koroukian SM.
Prevalence and predictors of interval colorectal cancers in Medicare
beneficiaries. Cancer. 2012;118(12):3044–52.
Singh S, Singh PP, Murad MH, Singh H, Samadder NJ. Prevalence, risk
factors, and outcomes of interval colorectal cancers: a systematic review
and meta-analysis. Am J Gastroenterol. 2014;109(9):1375–89.
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:g7647.
Vining DJ. Virtual endoscopy: is it reality? Radiology. 1996;200(1):30–1.
Vining DJ, Gelfland DW. Non-invasive colonoscopy using helical CT
scanning, 3D reconstruction and virtual reality. 23rd Meeting and
Postgraduate Course of the Society of Gastrointestinal Radiologists. Maui;
1994.
Levin B, Lieberman DA, McFarland B, Smith RA, Brooks D, Andrews KS, et al.
Screening and surveillance for the early detection of colorectal cancer and
adenomatous polyps, 2008: a joint guideline from the American Cancer
Society, the US Multi-Society Task Force on Colorectal Cancer, and the
American College of Radiology. CA Cancer J Clin. 2008;58(3):130–60.
Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. 2016. [cited 2016 June 2016]. Available from:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177–88.
R, Core, Team. R: a language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2015.
Arends LR, Hunink MG, Stijnen T. Meta-analysis of summary survival curve
data. Stat Med. 2008;27(22):4381–96.

Plumb et al. Systematic Reviews (2017) 6:36

Page 7 of 7

26. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327(7414):557–60.
27. Easterbrook PJ, Berlin JA, Gopalan R, Matthews DR. Publication bias in
clinical research. Lancet. 1991;337(8746):867–72.
28. Harbord RM, Egger M, Sterne JA. A modified test for small-study effects in
meta-analyses of controlled trials with binary endpoints. Stat Med. 2006;
25(20):3443–57.
29. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of
testing and adjusting for publication bias in meta-analysis. Biometrics. 2000;
56(2):455–63.
30. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE: an emerging consensus on rating quality of evidence and strength
of recommendations. BMJ. 2008;336(7650):924–6.
31. Diagnostic Imaging Dataset. Health and Social Care Information Centre.
https://did.hscic.gov.uk/. Accessed Sept 2016.
32. Brown H, Wyatt S, Croft S, Gale N, Turner A, Mulla A. Scoping the future: an
evaluation of the endoscopy capacity across the NHS in England 2015.
2016. [cited 2016 June 2016]. Available from: https://www.cancerresearchuk.
org/sites/default/files/scoping_the_future_-_final.pdf.
33. Halligan S, Altman DG, Taylor SA, Mallett S, Deeks JJ, Bartram CI, et al. CT
colonography in the detection of colorectal polyps and cancer: systematic
review, meta-analysis, and proposed minimum data set for study level
reporting. Radiology. 2005;237(3):893–904.
34. Mulhall BP, Veerappan GR, Jackson JL. Meta-analysis: computed
tomographic colonography. Ann Intern Med. 2005;142(8):635–50.
35. Chaparro M, Gisbert JP, Del Campo L, Cantero J, Maté J. Accuracy of
computed tomographic colonography for the detection of polyps and
colorectal tumors: a systematic review and meta-analysis. Digestion. 2009;
80(1):1–17.
36. Pooler BD, Kim DH, Lam VP, Burnside ES, Pickhardt PJ. CT Colonography
Reporting and Data System (C-RADS): benchmark values from a clinical
screening program. AJR Am J Roentgenol. 2014;202(6):1232–7.
37. Lung PF, Burling D, Kallarackel L, Muckian J, Ilangovan R, Gupta A, et al.
Implementation of a new CT colonography service: 5 year experience. Clin
Radiol. 2014;69(6):597–605.
38. Atkin W, Dadswell E, Wooldrage K, Kralj-Hans I, von Wagner C, Edwards R, et
al. Computed tomographic colonography versus colonoscopy for
investigation of patients with symptoms suggestive of colorectal cancer
(SIGGAR): a multicentre randomised trial. Lancet. 2013;381(9873):1194–202.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

