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Abstract
Background Colon cancer is the second most common cause of cancer-related death and an important cause of morbidity. The
natural history of carcinogenesis, via the adenoma-carcinoma sequence, permits screening, which reduces the relative risk of
mortality by up to 16%. The efficacy of a screening programme is limited by the growth of interval colorectal cancers between
screening examinations. Quantifying the rate of interval cancers and delineating contributing endoscopic factors are crucial to
maximise the benefit of a screening program.
Methods A systematic review was performed in accordance with PRISMA principles. Electronic databases were interrogated
with a considered search strategy, and reference lists of retrieved papers were surveyed. For inclusion, studies included the rate of
interval cancer (stated or calculated) and reported at least one of a predefined list of endoscopy characteristics. The primary
outcome was to establish the rate of interval cancers. The secondary outcome was to determine the association between
endoscopy quality measures and interval cancers.
Results The search yielded 2067 papers. Seventy-six full text papers were reviewed. Fifteen papers met the inclusion criteria. In
total, there were 117,793 colon cancers, 7281 of which were interval lesions, giving an overall rate of 6.2%. The adenoma
detection rate (ADR) of the endoscopist performing the index operation was the most consistent endoscopy factor associated with
development of interval cancers. The impact of setting, volume and bowel preparation varied between papers.
Conclusion Interval cancers reduce the efficacy of colorectal screening programmes. Ensuring the quality of the endoscopy
process, specifically by increasing the ADR of practitioners, is crucial to the reduction of the rate of interval cancers.
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Introduction

Colon cancer is an important cause of mortality and mor-
bidity with a lifetime risk in the UK of 1 in 14 for men and 1
in 19 for women [1]. The accepted natural history of carci-
nogenesis in this condition, via the adenoma-carcinoma se-
quence in colonic polyps, provides a rationale for the pro-
vision of a screening programme. Screening focuses upon
early detection of a disease process where intervention can
have a lasting, curative effect. Screening for colorectal can-
cer improves mortality [2] through the early identification,
and hence treatment, of established disease, and also re-
duces the incidence of colorectal cancer by facilitating the
removal of precancerous lesions [3]. A Cochrane Review of
screening for colorectal cancer found that screening reduces
the relative risk of mortality by up to 16% [4].
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One significant limitation of screening is the development of
an interval (IC) or post-colonoscopy colorectal cancer (PCCRC).
The ExpertWorkingGroup on Interval Cancers of the Colorectal
Cancer Screening Committee, World Endoscopy Organisation,
defines an interval colorectal cancer as one ‘diagnosed after a
colorectal screening examination or test in which no cancer is
detected, and before the date of the next recommended exam’
[5]. A variety of time points are used as a cut off in the literature
when defining ICs with previous papers using 3 years, 5 years,
recommended screening intervals and 10 years. The prevalence
of ICs ranges from 1.8 to 9.0% [5]. Patients with interval cancers
are older than those with primary screen-detected cancers and
have more comorbidities [6].

Interval cancers arise due to a number of factors, either in
isolation or in combination. They may be related to a failure in
endoscopy (missed or incompletely excised established or
precursor lesions) or rapid polyp progression due to aggres-
sive tumour biology. Adler et al. attributes 50–60% of IC to
missed lesions, 20% to incomplete resection and 25% to new
lesions [7]. The frequency with which lesions are missed is
demonstrated in tandem colonoscopy studies: A systematic
review of such studies demonstrated a missed rate of polyps
of any size of 22% [8]. Rex showed that 6% of adenomas >
1 cm were missed [9]. The CARE study, which quantified the
rate of incomplete polyp resection by-taking biopsies from the
bases of macroscopically excised polyps, showed that 10.1%
(95% confidence interval (CI) 6.9–13.3%) were incompletely
excised. This increased with the size of the polyp and varied
between endoscopists [10].

Population-based studies have demonstrated a higher likeli-
hood of stage IV disease and higher risk of emergency presen-
tation with IC, resulting in lower resectability rates and poorer
oncological outcomes when compared to primary detected can-
cers [11]. Thus, a high IC rate has significant implications for
efficacy of organised screening programmes in reducing colo-
rectal cancer mortality. Both the British Society of
Gastroenterology [12] and the U.S. Multi-Society Task Force
on Colorectal Cancer [13] have issued guidelines and quality
assurance standards to improve the quality of colonoscopy de-
livery and hence to reduce IC. Examining the exact relationship
between these key performance indicators and IC can inform
specific quality improvement projects to address any deficien-
cies and ensure optimum detection rates for the patient.

PICO

& Population: Patients diagnosed with an interval cancer
within 3 or 5 years of a negative colonoscopy

& Intervention: The endoscopy process (specific endoscopy
quality measures defined below).

& Comparison: Patients who had cancer diagnosed on index
colonoscopy either as reported with each paper or with
norms established in the literature.

& Outcome: The primary outcome is to quantify the rate of
interval cancer. The secondary outcome is to synthesise
the characteristics of the endoscopy process associated
with interval cancers.

Methods

A systematic review of the literature was performed in accor-
dance with the PRISMA principles [14].

Inclusion Primary studies, both prospective and retrospective
(population-based/multicentre/cohort or case-control studies),
reporting the rate of interval cancers were considered for inclu-
sion. For the purposes of this study, two definitions of interval
cancers were applied (from 6 to 36 months or 6 to 60 months
following a negative colonoscopy). Both definitions are
employed in the literature and were considered in this review
in order to maximise the insights gained into endoscopy pro-
cesses associatedwith IC.Cancers diagnosed less than 6months
after colonoscopy were included as detected cancers. The rate
of interval cancer was expressed as a percentage of the total
number of cancers diagnosed for that specific period. Papers
which contained the necessary data to calculate the IC in this
way were also considered for inclusion. Only studies reporting
at least (≥) one of the following characteristics of the endoscopy
process were included for analysis.

& The adenoma detection rate (ADR), defined as the propor-
tion of colonoscopies that detect ≥ 1 histologically con-
firmed adenoma

& The polypectomy rate of the endoscopist as a proxy mea-
sure for ADR

& Procedure volume as quantified in the primary study
& Speciality of the endoscopist: gastroenterology, surgery,

other; including trainee status
& Type of endoscopy centre: examples include hospital (ac-

ademic or community), out-patient and ambulatory centre
& Withdrawal times as recorded in the primary studies
& Quality of preparation using scoring systems adopted by

the primary studies
& Caecal intubation rates documented in the primary studies

Patients were included irrespective of age or indication for
colonoscopy (diagnostic, screening or surveillance).

Exclusion Papers that did not report the rate of interval cancers
(or did not include the data required to calculate as outlined
above) or did not report at least one of the endoscopy processes
specified above were excluded. Further exclusion criteria in-
cluded an entirely selected patient population (e.g. inflammato-
ry bowel disease, Lynch syndrome), or initial colonic
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assessment via a combination of colonoscopy/sigmoidoscopy
and radiology (e.g. barium study or computerised tomography
colonography).

Information sources and search strategies

In collaboration with an expert librarian, a considered search
strategy using a combination of MESH terms and keywords
was developed, trialled and refined. A full search strategy is
included as Appendix Table 5 of this manuscript. Three elec-
tronic databases (Ovid MEDLINE, Ovid EMBASE,
Cochrane) were interrogated according to this strategy on
August 11, 2017. Automated searches were augmented by
manual review of the reference lists of included articles to
search for additional studies. Retrieved studies were imported
and merged in an Endnote library (Endnote X7.7.1, Thomson
Reuters Scientific LLC). Duplicate references were discarded.

Study selection

Two reviewers (D.N., A.WB.) screened the titles of retrieved
articles. The abstracts and full texts of potentially relevant arti-
cles were reviewed independently to determine eligibility for
inclusion based on the predefined conditions outlined above.
All ambiguities were discussed and decided by agreement.

Data extraction processes and data items

A data collection spreadsheet was devised in Microsoft Excel
(Version 14, Microsoft Office Professional Plus 2010) to cap-
ture the variables of interest. This was piloted on two studies
and modified as required. The studies used to pilot the data
collection tool were included in the final analysis. Data points
from supplementary appendices to individual papers were in-
cluded. Studies that included IC diagnosed within 3 or 5 years
of the index colonoscopy were extracted for analysis. A list of
the variables retrieved from each study is provided as
Appendix Table 6. Data extraction was performed indepen-
dently by two investigators. Any discrepancies were resolved
by consensus or by adjudication by the senior author.

Quality assessment

A quality appraisal of included studies was performed using
the Nottingham Ottawa Scale (NOS) for assessing the qual-
ity of nonrandomised studies [15]. This previously validat-
ed tool consists of eight items, addressing selection, com-
parability and, for cohort studies, ascertainment of outcome.
Each study is awarded a maximum of one star for each
numbered item within the Selection and Exposure catego-
ries. Amaximum of two stars can be given for comparability
giving a maximum of nine stars.

Summary measures and synthesis of results

& Primary outcome: To determine the overall rate, the three-
year and five-year rates of interval cancer and describe the
clinical features of these cancers.

& Secondary outcome: To appraise and evaluate how the
endoscopy quality measures, specified above, contribute
to the development of interval cancer.

Statistical analysis

The rate of interval cancer was expressed as a percentage
of the total number of cancers. The proportion of patients
with interval cancer in all studies was combined and the
pooled prevalence of interval CRCs was estimated for all
studies, along with the standard deviation (SD) and a 95%
confidence interval (CI). We also calculated separately the
pooled prevalence of interval cancers at 3 and 5 years,
along with SD and 95% CI. The pooled prevalence was
reported both in terms of the number of patients and the
rate of interval cancer. We compared this with the pooled
prevalence of detected cancer—both the rates and the
number of patients, calculated separately at 3 and 5 years,
as well as the overall variance, and the SD and 95% CI
reported. A probability level of < 0.05 was considered as
statistically significant. All statistical calculations were
performed using Excel (Version 14, Microsoft Office
Professional Plus 2010).

Results

Search results and quality assessment

A PRISMA flowchart demonstrating the search and study
selection process is provided in Fig. 1.

A quality assessment for included studies is tabulated ac-
cording to the NOS in Appendix Table 7.

Characteristics of included studies

Fifteen studies met the criteria for inclusion in this review.
The characteristics and patient cohorts of these studies are
outlined in Table 1. Nine papers originated from the USA
[17, 18, 21, 23–27, 30], 3 were Canadian [19, 20, 22] and
there was one each from Taiwan [16], the Netherlands [28]
and Poland [29]. The studies included in this review
spanned the period from 1988 to 2014.

The demographic and clinical features of interval and de-
tected cancers are compared in Table 2.
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Primary outcome: rate of interval cancer

The number of patients included in each study, the definition of
interval cancer used and the rate of interval cancer reported in
each study are given in Table 3 and illustrated in Fig. 2. The 15
studies included a total of 117,793 patients with 110,512 de-
tected cancers and 7281 interval cancers which give an overall
rate of 6.2% of total cancers detected (median (%): 4.6; inter-
quartile range (IQR) 3.1–7.9%).

Eight papers [16–23] adopted a 6–36-month definition for
interval cancers. These papers included 100,761 cancers, of
which 6553 were interval cancers which gives a 3-year interval
cancer rate of 6.5%. Seven papers [24–30] employed a 6–60-
month definition for interval cancer. These studies reported
17,032 cancers of which 728 were interval cancers—an interval
cancer rate of 4.3% (median percentage 5.4%; IQR 3.1–9.2%).

The pooled variance of the 3-year interval cancer rate was
6.3%, with a SD of 2.5% (95% CI = 2.9–7.1%). The 5-year
pooled variance rate was 7.3%, with a SD of 2.7% (95% CI =
3.5–9.4%). The overall pooled variance for interval cancer

rate across all studies (3 and 5 years combined) was 6.8%with
a SD of 2.6% (95% CI = 3.9–6.9%).

Where reported, the mean age of patients with interval can-
cer was 69.4 years (Of note, one paper provided the median age
of all patients, not specifically those with IC [20]); two papers
reported the median age of IC patients, not appropriate to in-
clude in our mean calculation [18, 30]. The overall mean age of
patients with detected cancer calculated among the studies that
reported the mean age (8 studies) was 68.8. Among IC cancer
patients, the mean prevalence (reported by 13 of the 15 studies)
among male patients was 56.4% relative to a mean prevalence
of 47.2% among females, suggesting an overall higher IC prev-
alence among male patients. The detected cancer rate (only
reported by 10 studies), with the mean prevalence among male
patients, was 61.7% and 38.3% for females.

Nine studies reported the stage of IC at diagnosis.
Overall, 61% of IC patients had early (stages I and II)
disease; 38.9% had late disease (stage III or stage IV).
Seven studies reported the stage of detected cancers:
56.1% of patients had early and 43.9% of patients had

Fig. 1 PRISMA flowchart of the
search and study selection process
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late stage disease. Grade of differentiation was reported
by 5 studies. Overall, 80.7% of interval cancers were well
or moderately differentiated and 19.3% were poor or un-
differentiated. In the detected cancers group, 82.6% were
well or moderately differentiated and 17.3% were poor or

undifferentiated. The mean rates of proximal (caecum to
transverse colon) and distal (splenic flexure to rectum) IC
cancer, where reported, were 56.1% and 44.2% respec-
tively. The mean rates of proximal and distal detected
cancers were 43.5% and 56.5%.

Table 3 Primary outcome-definitions and rates of interval cancer

Paper Definition Total number
of CRC

Number
of detected

Number of
interval cancers

Rate of
interval cancer

Tsai
[16]

3 years 670 648 22 3.3

Gotfried
[17]

3 years 1147 1102 45 3.9

Corley
[18]

3 years 8730 8541 189 2.2

Bressler
[19]

3 years 12,487 12,057 430 3.4

Singh
[20]

3 years 4883 4495 388 7.9

Cooper
[21]

3 years 57,839 53,647 4192 7.2

Baxter
[22]

3 years 14,064 12,804 1260 9

Haseman
[23]

3 years 941 914 27 2.9

Samadder [24] 5 years 2659 2500 159 6
Farrar
[25]

5 years 830 785 45 5.4

Nayor
[26]

5 years 5345 5100 245 4.6

Richter
[27]

5 years 2509 2432 77 3.1

le Clercq [28] 5 years 5107 4960 147 2.9
Kaminiski [29] 5 years 458 416 42 9.2
Shergill
[30]

5 years 124 111 13 10.5

TOTALS 117,793 110,512 7281 6.2

Fig. 2 Interval cancer rate per
study referenced to the overall
interval cancer rate. The overall
rate across all studies (6.2%) is
represented by the red line. IC =
interval cancer
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Secondary outcome: endoscopy quality measures

The endoscopy quality measures examined by each paper and
their findings are presented in Table 4.

Adenoma detection rate (ADR)

Two studies, Kaminski [29] and Corley [18], examined
the association between ADR and interval cancers. The
crude ADR of each endoscopist in both programmes
was determined. Kaminski used predefined cut-offs to de-
lineate ADR categories (<11.0%, 11.0 to 14.9%, 15.0 to
19.9%, or ≥ 20.0%). Corley considered ADR both as a
continuous variable and categorised into quintiles (7.35–
19.05%, 19.06–23.85%, 23.86–28.40%, 28.41–33.50%,
33.51–52.51%). Both studies demonstrated an inverse re-
lationship between ADR and the incidence of IC which is
illustrated in Fig. 3: Kaminski showed that, compared to a
reference ADR > 20%, an ADR < 11% led to a cumulative
hazard ratio (HR) of IC of 12.5 (95% confidence interval
(CI) 1.51–103.43; p = 0.008) when adjusted for age.
Corley found that for patients undergoing colonoscopy
by physicians with ADR in the highest quintile (33.5–
52.5%), as compared to physicians with ADR in the low-
est quintile (ADR 7.35–19.05%), the hazard ratio for re-
ceiving a diagnosis of an interval cancer was 0.4 (95% CI
0.23–0.68). This hazard ratio is adjusted for age, Charlson
comorbidity score, sex and indication for colonoscopy.

Polypectomy rate

Baxter defined the polyp detection rate as the proportion of
colonoscopies (irrespective of completion) associated with a
code indicating removal of a polyp > 3 mm over a 2-year
period [22]. Proximal cancers were located between the cae-
cum and the transverse colon; distal cancers were located be-
tween the splenic flexure and the rectum based on ICD 9
codes. She found a correlation between the polypectomy rate
and proximal IC only: patients undergoing colonoscopy per-
formed by an endoscopist with a polypectomy rate > 30%
were less likely to develop an IC compared to those undergo-
ing colonoscopy performed by an endoscopist with a < 10%
polypectomy rate (odds ratio (OR) 0.61; 95% CI 0.42–0.89
p = 0.001). The OR for polypectomy rates and distal IC were
not statistically significant (p = 0.39) [22].

Cooper obtained the polypectomy rate from the ratio of
colonoscopy with polypectomy divided by the total number
of colonoscopies by that provider in the SEER database. The
adjusted OR for IC, where the endoscopist was in the highest
quartile (> 43%) polypectomy rate compared to the lowest
quartile (<24%), was 0.7 (95% CI 0.63–0.78; p < 0.001).

Speciality/trainee

The association between endoscopists’ speciality and IC was
inconsistent between the studies reporting this outcome: Three
studies [26, 28, 29] found that the speciality of the endoscopist
did not influence the rate of interval cancers. However, Baxter
found that non-gastroenterologists/non-surgeons had higher
OR of IC: OR 1.87 (95% CI 1.34–2.60 p = 0.006) for proxi-
mal IC; 1.67 (95% CI 1.13–2.46 p = 0.001) for distal IC [22].
In Cooper’s study, the OR for IC between gastroenterologists
and colorectal surgeons was not statistically significant but,
relative to gastroenterologists, general surgeons, family prac-
titioners and internists, were at greater risk of IC: general
surgery OR 1.38 (95% CI 1.17–1.63); family practice OR
4.15 (95% CI 1.16–1.83) and internal medicine OR 1.42
(95% CI 1.24–1.62) [21]. In Singh’s multivariate logistic re-
gression analysis, full colonoscopy by family practitioners
was associated with IC: OR 1.59 (95% CI 1.01–2.47) [20].
Bressler found that procedures performed by family practice
and internal medicine doctors were associated with IC in uni-
andmultivariate analysis ((crude OR 1.71 (95%CI 1.13–2.63)
adjusted OR 1.77 (95% CI 1.14–2.74)) in male patients (sim-
ilar figures for female patients) [19]. Haseman found a higher
risk of ‘failed detection’ in scopes performed by non-
gastroenterologists (OR 5.36 95% CI 2.94–9.77) [23].

In Tsai’s study, the level of experience of the endoscopist (fel-
low/attending) was not significantly different between interval and
detected cancer groups; HR 1.05 (95% CI 0.44–2.4 p= 0.921)
[16]. Similarly, In the Farrar paper, there was no association be-
tween interval cancers and trainee participation (p= 0.06) [25].

Type of centre

The relative importance of the type of endoscopy centre was
inconsistent: Baxter found that colonoscopy in a non-hospital
setting was associated with proximal and distal IC (proximal
IC OR 1.88 95% CI 1.2–2.92; distal IC OR 1.67(95% CI
1.13–2.46) [22]. Bressler also found an increased risk of IC
in a non-hospital setting OR 2.32 (95%CI 1.57–3.44 p < 0.01)
[19]. Cooper found that the risk of IC in outpatient, ambula-
tory surgical centre or other facilities was higher than in the
inpatient setting: OR 1.43 (95% CI 1.32–1.56); OR 1.58
(1.34–1.86) and OR 1.64 (1.33–2.01) respectively [21].
Conversely, Le Clercq found no difference between university
and non-university hospitals (p = 0.67) [28] and Singh found
the site of index colonoscopy (rural/ambulatory/hospital) to be
non-significant (p = 0.59) [20].

Endoscopy volume

Three studies examined the relationship between procedure
volume and IC. Baxter calculated procedure volume for each
endoscopist from billing data from the 2 years before each
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colonoscopy associated with a cancer diagnosis. Procedure
volume was non-significant in continuous, log transformed
and categorical statistical models (p value not reported) [22].
Singh categorised the volume of colonoscopies performed by
the endoscopist in the 6months prior to the index colonoscopy
into quartiles. This variable was not significantly different in
the IC group (p = 0.43) [20].

Cooper showed a higher risk of IC with increasing volume:
The colonoscopy volume per physician from a non-cancer
control group was extracted from the SEER database and di-
vided into quartiles. Compared to the lowest quartile of pro-
cedure volume (1–48 scopes), the highest quartile (> 141
scopes) was associated with a higher risk of IC (OR 1.27;
95% CI, 1.13–1.43; p < 0.001) [21].

Of note, some studies stipulated a minimum number of ex-
aminations to be performed by each endoscopist in order to be
included. For example, in the Corley study, endoscopists were
required to complete 300 or more total colonoscopies and 75 or
more screening examinations during the study period [18]; a
minimum of 30 screening exams was required per endoscopist
to be included into the data analysis by Kaminski [29].

Withdrawal times

Tsai determined withdrawal time based on timed photographs
at the caecum, hepatic flexure, splenic flexure, sigmoid-
descending junction, recto-sigmoid junction and anus. There
was no statistically significant difference in total withdrawal
time (univariate hazard ratio (HR) 0.992 (95% CI 0.935–
1.052 0.789)) but uni- and multivariate analysis found that a
shorter ascending colon withdrawal time (defined as time
from caecum to hepatic flexure) increased the risk of IC (HR
0.556 (95 CI 0.356–0.870) p = 0.02) [16].

Bowel preparation

The selection criteria of the primary studies vary with re-
spect to quality of preparation required for inclusion. In the
study by Kaminski et al., only subjects with adequate prep-
aration were included [29].

Three studies found that the quality of bowel preparation
was not significantly associated with an increased risk of IC
[16, 25, 27]. Le Clerq determined the aetiology of the interval
cancers diagnosed during the study period and ascribed 5% to
poor preparation [28]. Samadder performed a manual chart
review of interval cancers identified and found that prepara-
tion was inadequate in 5.4% of cases [24] In Shergill’s study,
14% failed due to poor bowel preparation. Gotfried divided IC
into ‘true IC’ and ‘administrative failure IC’ groups and found
that 43% of those with poor or inadequate preparation failed to
attend for a follow-up colonoscopy or barium study [17]. In
contrast, Nayor found that 25% of those diagnosed with IC
had inadequate bowel preparation but that this was an inde-
pendent, protective factor against the development of IC be-
fore the next scheduled examination as per guidelines. The
explanation offered was that this group of patients was offered
expedited appointments and more frequent examinations [26].

Caecal intubation rate

Baxter found that patients undergoing colonoscopy performed
by an endoscopist with a completion rate of > 95% were al-
most a third less likely to develop IC compared to patients
who received a colonoscopy from a practitioner with a <
80% completion rate (OR for proximal cancers 0.72; 95%
CI 0.53–0.97; OR for distal cancers 0.73; 95% CI 0.54–
0.97) [22]. Richter found significantly lower caecal intubation

Fig. 3 Relationship between
ADR and IC. The reference ADR
category for Corley is 7.35–
19.05% with HR 1. The reference
ADR category for Kaminski is >
20% with HR 1. HR= hazard
ratio
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rates in IC groups (p = 0.016) [27] and Le Clercq attributed
9.5% of IC to incomplete examination. Kaminski, however,
found that the rate of caecal intubation was not significantly
associated with risk of IC (p = 0.50) although this rate was
adjusted for incomplete examinations owing to poor bowel
preparation or a stricture caused by a tumour impeding the
passage of the endoscope. Samadder and Nayor provide de-
scriptive statistics only for this variable and did not attempt to
correlate with ICs: The caecal intubation rate was 91.7% in IC
cases in the former study and 93% in the latter.

Discussion

Effective screening for colorectal cancer depends on the iden-
tification of early and precursor lesions. Colonoscopy remains
the gold standard investigation [31]. However, this systematic
review demonstrates that, even with colonoscopy, there is an
overall interval cancer rate of 6.2%.

Garborg considers the IC rate the ultimate measure of
colonoscopy quality and thus a priority quality assurance
metric. Monitoring the IC rate is challenging due to the
relative rarity of an IC event, the inherent time delay
involved and the need for national registries to ensure
accurate data capture [32]. The ‘UK Key Performance
Ind ica tor s & Qual i ty Assurance Standards fo r
Colonoscopy’ guidelines, issued by the British Society
of Gastroenterology (BSG), include IC as a quality indi-
cator and recommends that all units have a policy for
capturing IC data. An IC diagnosed within 3 years of a
colonoscopy is considered an adverse outcome. Previous
papers have used 3 years, 5 years, recommended screen-
ing intervals and 10 years as cut-offs. The Expert Working
Group on interval cancers asserts that inconsistent defini-
tions hamper comparisons between results and yet they,
themselves, fail to prescribe a specific cut-off or time
interval [5].

The heterogeneity in IC definition is compounded by
variation in calculations used to determine the IR rate:
Morris applied four different formulae to a single dataset
(National Cancer Data Repository (NCDR) 2001–2010)
and found that the IC rate ranged from 2.5 to 7.8% de-
pending on the formula used [33]. For meaningful com-
parisons, a standardised approach is required or
adjustments/exclusions applied and detailed clearly.
Morris argues in favour of citing the IC as a ratio of the
number of colonoscopies performed, not the number of
cancers diagnosed. Adler estimates this risk as one case
per 1000 average risk patients undergoing a screening
colonoscopy [7].

Adenoma detection rate, polyp detection rates and sessile
serrated adenoma (SSA) detection are markers of the neo-
plasia yield of a colonoscopy. This review demonstrates an

association between ADR and polyp detection rates and IC.
There was a consistent inverse relationship between adeno-
ma detection rate (ADR) or polypectomy rate and IC rates.
The ADR is a key quality indicator recognised by profes-
sional organisations including the US Multi-Society Task
Force on Colorectal Cancer [13], who describe it as ‘the
most important and highly variable measure of the quality
of mucosal inspection during colonoscopy.’ ADR varies by
age, gender, geographical location, indication for diagnostic
colonoscopy and criteria for index screening colonoscopy.
However, based on 10,034 examinations performed by ex-
perienced gastroenterologists in a single-centre study, Chen
demonstrated that the endoscopist is the most important
predictor of adenoma detection at colonoscopy [34]. This
operator dependence of colonoscopy examination has im-
plications for screening since it contributes to interval can-
cers. A prospective study by Kaminski within the Polish
Colon Cancer Screening Programme demonstrated the as-
sociation between the ADR and the incidence and mortality
of interval cancers. Furthermore, this group showed that the
ADR can be improved with annual feedback and quality
benchmark indicators: 74.5% of endoscopists improved
their baseline ADR quintile category (or maintained the
highest category). This improvement was associated with
a significantly reduced risk of interval colorectal cancer
(adjusted hazard ratio 0.63; 95% CI 0.45–0.88; p < 0.006)
and colorectal cancer death (adjusted hazard ratio 0.50; 95%
CI, 0.27–0.95; p < 0.035) [35].

There are some limitations to ADR as a quality indica-
tor. Wieszczy suggests that the optimal ADR and upper
cut-off limit are unclear and that the association between
ADR and ideal surveillance intervals is not determined
[36]. A singular focus on the ADR can be misleading
and give an incomplete indication of quality: The ADR
equates identification of a single adenoma per scope with
the detection and removal of multiple adenomas if pres-
ent. This can foster ‘a one and done’ attitude to cynically
maintain a satisfactory ADR rate. An alternative, more
discriminating measurement, the mean number of adeno-
mas per colonoscopy (MNA), has been proposed [37].
The variation between practitioners in the number of ad-
enomas per colonoscopy is greater than ADR variation.

Calculating the ADR is laborious as it requires histology
results and, hence, a delayed compilation of communicating
databases [38]. The polyp detection/ polypectomy rate may be
more feasible and practicable and has been shown to correlate
with ADR [38]. In this review, studies by Baxter [22] and
Cooper [21] demonstrated reduced rates of IC as the
polypectomy rate increased. This is consistent with a study
by Fedewa based on 2735 Medicare patients: The risk of in-
terval cancer was highest in patients who received their test by
an endoscopist in the lowest polypectomy quartile when com-
pared to those who underwent a colonoscopy by an
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endoscopist in the highest quartile (HR 1.95 (95% CI 1.74–
2.20)) [39].

This review suggests that the rate of IC is lowest when
colonoscopy is performed by gastroenterologists and colorec-
tal surgeons. Interval cancers have previously been shown to
be 2.4 times more prevalent in the proximal colon [6]. There is
an increasing appreciation of the alternative serrated
adenoma-neoplasia pathway to carcinogenesis, particularly
in right-sided colon cancers [40]. Given this increased fre-
quency of both SSA and IC on the right side of the colon, it
is noted that gastroenterologists had higher detection rates of
proximal sessile serrated adenomas (PSSA) when compared
to non-gastroenterologists (p = 0.001, based on 4151 screen-
ing colonoscopies in which 140 PSSA were detected) [41].
Given the operator dependence demonstrated in ADR and
polyp detection rates (including SSA), education and training
is required to improve performance, reduce variability be-
tween endoscopists and hence minimise interval cancers.

Other key performance indicators including withdrawal
time, bowel preparation and caecal intubation are process
measures. It is likely that they contribute to IC if they influ-
ence adequate inspection of the mucosa and hence the adeno-
ma detection rate. In this review, only Tsai examined the rela-
tionship between withdrawal times and IC and found no dif-
ference in the total withdrawal time between interval and de-
tected cancer groups [16]. This finding conflicts with a study
by Shaukat et al. (excluded from this review, due to alternative
definitions used) [42], who found that physicians’ mean an-
nual withdrawal times were inversely associated with IC:
when compared to a withdrawal time ≥ 6 min, colonoscopies
with withdrawal times < 6 min had an incident rate ratio of
interval cancer of 2.3 (95% CI 1.5–3.4; p < 0.0001). Longer
mean withdrawal times were associated with higher ADR
(3.6% per minute; 95%CI 2.4–4.8%, p < 0.0001). The authors
advocate for focused interventions to increase withdrawal
times. However, Rex argues that quality improvement chang-
es focused on time alone are insufficient and misplaced and
argues that emphasis on lesion recognition and withdrawal
technique will naturally extend average withdrawal times in
a more efficacious way [43]. In a separate study, he demon-
strated that technique is associated with adenoma detection
rates: Four experts scored endoscopy videos on four criteria
(examining the proximal sides of flexures, folds and valves,
cleaning and suctioning, adequacy of distention, and adequa-
cy of time spent). The endoscopist with the previously
established highest adenoma detection rate scored highest on
each of the four criteria (p < 0.001 for each measure) [44].

The higher rate of IC in the proximal colon reinforces the
importance of high caecal intubation rates, adequate prepara-
tion to examine the proximal colon and appropriate follow-up
in cases of incomplete colonoscopy. The BSG guidelines rec-
ommend a minimum unadjusted caecal intubation rate of 90%
and an aspirational level of 95%. Bowel preparation should be

of a sufficient standard not to warrant a repeat or alternative
test for at least 90% of patients. Of note, however, assessment
of bowel preparation is a subjective variable which limits its
use as a quality measure.

Not all IC are due to technical factors. Despite high-quality
colonoscopy which meets recommended standards, some pa-
tients still develop IC: Gotfried asserts that 53% of the IC
diagnosed were due to administrative errors [17], which must
be addressed at the organisational level. Furthermore,
unfavourable biology, with abnormalities in underlying mo-
lecular pathways, can contribute to the rapid progression of a
new polyp into invasive cancer between screening intervals.
Interval cancers demonstrate greater microsatellite instability
[40], CIMP (CpG island methylator phenotype) [45] and
KRAS mutation [46] than sporadic cancers.

There are numerous limitations to the current study. The
quality of all systematic reviews is contingent on that of the
primary research available for inclusion. The studies included
in this review are heterogeneous with respect to study design,
definitions of IC adopted, patient cohorts (including age and
indication for colonoscopy) and statistical analysis performed.
This limits comparisons and precludes full meta-analysis.
Further research, with standardised methods and definitions,
is required to gain reliable data and hence fully examine and
quantify the important relationships between endoscopy qual-
ity and IC. However, assimilating studies addressing screen-
ing, surveillance and diagnostic endoscopy gives pragmatic
insights into common processes which may contribute to IC
and increases the generalisability of results.

Conclusion

This review provides convincing evidence that lesion (adeno-
ma/ polyp) detection and removal reduce the rate of IC.
Adherence to professional guidelines and quality improve-
ment projects which promote and facilitate meticulous atten-
tion to mucosal inspection will increase the rates of adenoma
removal and hence enhance the efficacy of colonoscopy and
reduce interval cancers. This in turnwill maximise the benefits
of colorectal cancer screening thereby optimising patient
outcomes.
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Appendix

Table 5 Search strategy

OVID MEDLINE 11 August 1108

1. exp Colorectal Neoplasms/

2. (colorectal adj (cancer* or neoplasm* or tumor* or tumour* or carcinoma*)).mp.

3. 1 or 2

4. colonoscop*.mp. or exp Colonoscopy/ or polypectomy.mp.

5. exp Endoscopy, Gastrointestinal/ or exp Endoscopy, Digestive System/

6. 4 or 5

7. ((early or missed or interval or postcolonoscop*) adj2 (cancer* or neoplasm* or tumor*
or tumour* or carcinoma*)).mp.

8. 3 and 6 and 7

EMBASE 11 August 1421

#4 AND #8 AND #9 1421

#9 ((early OR missed OR interval OR postcolonoscop*) NEAR/2 (cancer* OR neoplasm*
OR tumor* OR tumour* OR carcinoma*)):ti,ab

50,428

#8 #5 OR #6 OR #7 182,983

#7 ‘digestive tract endoscopy’/exp 175,934

#6 ‘gastrointestinal endoscopy’/exp 122,890

#5 ‘colonoscopy’/exp. OR colonoscopy:ti,ab,de OR polypectomy:ti,ab 70,080

#4 #2 OR #3 178,648

#3 colorectal NEAR/1 (cancer* OR neoplasm* OR tumor* OR tumour*) 178,648

#2 ‘colorectal carcinoma’/exp OR ‘colorectal carcinoma’ 28,507

#1 ‘colorectal cancer’/de 111,650

COCHRANE 11 August 122

#1 colorectal near/1 (cancer* or neoplasm* or tumor* or tumour* or carcinoma*) 9604

#2 MeSH descriptor: [Colorectal Neoplasms] explode all trees 6428

#3 #1 or #2 1144

#4 MeSH descriptor: [Colonoscopy] explode all trees 1961

#5 MeSH descriptor: [Endoscopy, Digestive System] explode all trees 5524

#6 MeSH descriptor: [Endoscopy, Gastrointestinal] explode all trees 4604

#7 colonoscopy:ti,ab 2845

#8 #4 or #5 or #6 or #7 7011

#9 (early or missed or interval or postcolonoscop*) near/2 (cancer* or neoplasm* or tumor* or tumour* or
carcinoma*)

4011

#10 #3 and #8 and #9 122
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Table 6 Variables retrieved from
each study Study details Author

Year
Title
Location
Number of sites
Time period
Study design

Interval cancer definition and rate Definition of interval cancer
Total number of patients
Number of patients
Rate of interval cancer

Patient demographics Age
% Male
Body mass index (BMI)
Comorbidities
Indication for colonoscopy (screening/surveillance/symptomatic)
% of patients with family history
Previous polypectomy

Endoscopy processes Setting (academic/community/other)
Adenoma detection rate
Polypectomy rate
Withdrawal time
Prep (excellent or good/fair/poor/failed due to poor prep/not recorded)
Caecal intubation rates
Procedure volume
Endoscopy specialty and experience (gastroenterology/surgery/other/trainee

Oncological features of cancers Stage
Pathology grade
Location of cancers (individual segments and proximal/distal)

Table 7 Assessment of quality of included studies using the Nottingham-Ottawa Scale

Paper Selection
(max 4*)

Comparability
(max 2*)

Outcome
(max 3*)

Total

Tsai
[16]

**** ** 6*

Gotfried
[17]

**** ** 6*

Corley
[18]

**** ** *** 9*

Bressler
[19]

**** *** 7*

Singh
[20]

**** * *** 8*

Cooper
[21]

**** * *** 8*

Baxter
[22]

**** * *** 8*

Haseman
[23]

*** ** 5*

Samadder
[24]

**** * *** 8*

Farrar
[25]

*** * *** 7*

Nayor
[26]

**** * *** 8*

Richter
[27]

**** *** 7*

le Clercq
[28]

**** * *** 8*

Kaminiski
[29]

**** ** *** 9*

Shergill
[30]

*** * *** 7*
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