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ABSTRACT

OBJECTIVE

To review and summarise the evidence on the
prevalence of colorectal adenomas and cancers at
a follow-up screening colonoscopy after negative
index colonoscopy, stratified by interval between
examinations and by sex.

DESIGN
Systematic review and meta-analysis of all available
studies.

DATA SOURCES

PubMed, Web of Science, and Embase. Two
investigators independently extracted characteristics
and results of identified studies and performed
standardised quality ratings.

ELIGIBILITY CRITERIA

Studies assessing the outcome of a follow-up
colonoscopy among participants at average risk
for colorectal cancer with a negative previous
colonoscopy (no adenomas).

RESULTS

28 studies were identified, including 22 cohort
studies, five cross sectional studies, and one
case-control study. Findings for an interval between
colonoscopies of one to five, five to 10, and more than
10 years were reported by 17, 16, and three studies,
respectively. Summary estimates of prevalences of
any neoplasm were 20.7% (95% confidence interval
15.8% t0 25.5%), 23.0% (18.0% to 28.0%), and
21.9% (14.9% to 29.0%) for one to five, five to 10,
and more than 10 years between colonoscopies.
Corresponding summary estimates of prevalences of
any advanced neoplasm were 2.8% (2.0% to 3.7%),
3.2% (2.20/0 to 4.10/0), and 7.0% (5.30/0 to 8.70/0).
Seven studies also reported findings stratified by sex.

WHAT IS ALREADY KNOWN ON THIS TOPIC

For people at average risk without precursors of colorectal cancer at screening
colonoscopy, major American and European guidelines recommend a next
screening colonoscopy after a 10 year interval

The evidence supporting this interval is limited, and guidelines mostly rely on
administrative claims data or linkage to cancer registries

The actual outcomes of a follow-up screening colonoscopy are rarely referred to
as the basis of screening recommendations

WHAT THIS STUDY ADDS

Although neoplasms were detected in more than 20% of participants even within
one to five years of a negative screening colonoscopy, detection of advanced
neoplasms within 10 years was rare

Recommendations of 10 year intervals for colonoscopy screening may be
adequate, and repeated screening within the first 10 years after a negative
colonoscopy has little additional benefit
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Summary estimates stratified by interval and sex were
consistently higher for men than for women.

CONCLUSIONS

Although detection of any neoplasms was observed
in more than 20% of participants within five years
of a negative screening colonoscopy, detection of
advanced neoplasms within 10 years was rare. Our
findings suggest that 10 year intervals for colonoscopy
screening after a negative colonoscopy, as currently
recommended, may be adequate, but more studies
are needed to strengthen the empirical basis for
pertinent recommendations and to investigate even
longer intervals.

STUDY REGISTRATION
Prospero CRD42019127842.

Introduction
Colonoscopy is considered a powerful tool for reducing
the incidence of and mortality from colorectal cancer
and is recommended as a primary screening test by
major medical authorities worldwide.! For the general
population at average risk—that is, people with no
personal history of colorectal cancer, adenomas, or
inflammatory bowel disease, no hereditary colorectal
cancer syndrome, and no family history of colorectal
cancer—major American and European guidelines
recommend colonoscopic screening at 10 year intervals.
However, this interval is mostly justified either by the
assumed natural history of progression of adenomas
into carcinomas or by anecdotal evidence relying
on administrative claims data or linkage to cancer
incidence registries. The actual outcomes of a follow-
up screening colonoscopy, which should be paramount
in defining a re-screening interval, are rarely referred
to as a basis for screening recommendations. For
instance, the recommendation of the US Preventive
Services Task Force guidelines is based solely on
a study with mortality as the endpoint, reporting
incident cancers and deaths from colorectal cancer.’
The German Guideline Program in Oncology cites one
small repeat colonoscopy study from 1996 with a mean
interval between examinations of 5.5 years,’ as well as
further indirect evidence from case-control studies, in
which cases were composed of only participants with
colorectal cancer.” > Moreover, despite these guideline
recommendations, several studies have suggested
considerable overuse of repeat screening colonoscopy
before the end of the recommended interval.®*°
Comprehensive, high quality evidence on the pre-
valence of findings at repeat screening colonoscopies
is needed to substantiate and possibly refine guideline
recommendations, as well as to strengthen the
efficiency of screening practice by decreasing overuse.
We reviewed and summarised the available evidence
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from studies on the prevalence of findings at follow-
up colonoscopies conducted at various time intervals
after negative colonoscopy in people at average risk for
colorectal cancer.

Methods

We carried out a systematic literature review and meta-
analysis according to a predefined protocol (PRO-
SPERO register: CRD42019127842). Reporting follows
the PRISMA and MOOSE statements.! '?

Data sources and searches

We searched the electronic databases of PubMed,
Web of Science, and Embase for eligible studies from
inception to 14 June 2019. Search terms and their
combinations used in the search strategy included
colon, neoplasm, adenoma, polyp, follow-up,
repeat, colonoscopy, and endoscopic examination.
The search strategy is detailed in supplementary
appendix 1. We searched the reference lists of
identified publications for additional relevant studies
and also scanned reference lists of related articles
and guidelines.

Study selection

Published studies were eligible for inclusion if they
assessed the outcome of a follow-up colonoscopy in
participants at average risk for colorectal cancer with
a negative previous colonoscopy (no adenomas).
The target population consisted of people who were
asymptomatic at presentation for the follow-up
colonoscopy with “screening” as the only indication.
However, mixed populations, including people with
family history or an indication for colonoscopy due to
symptoms at the time of the follow-up colonoscopy,
were also eligible. Studies assessing tandem, back-to-
back, or early repeat colonoscopies were not eligible.
The review was restricted to original articles published
in the English language. The first author screened
full text articles for eligibility, and ambiguities were
resolved by discussion among all authors.

Data extraction and quality assessment

Two reviewers (TH and LP) independently used a
standardised form to extract the following data: first
author, year of publication, country/region, study type
and setting, number and age of participants, interval
between index and follow-up colonoscopies, and the
proportion of participants with a family history, white
ethnicity, and male sex. In addition, we extracted
statements on the indication for colonoscopy to
qualitatively assess the proportion of participants
at average risk with screening as the indication for
colonoscopy.

We extracted the prevalences of the most advanced
findings at follow-up colonoscopy as far as reported.
The main outcome parameters were the prevalence
of any neoplasm and the prevalence of any advanced
neoplasm. The former included any neoplasms
(adenomas and cancers), and the latter included
advanced adenomas and carcinomas. We defined an
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advanced adenoma as at least one polyp with any of
the following characteristics: greater than 9 mm in
size, villous or tubulovillous histology, or high grade
dysplasia.'® 1* If studies differed from these definitions
in their classification, we used appropriate surrogates
to ensure comparability (supplementary table A).

We did a quality assessment of included studies for
descriptive purposes. We used a modified version of
the Newcastle-Ottawa Scale for cohort studies.’® We
modified the scale in a way that allowed us to evaluate
a comprehensive set of qualitative aspects relevant
to answering the research question. For instance, we
dropped the pre-specified question on the selection
of non-exposed individuals (not applicable for our
study) and instead included a question assessing the
representativeness of the study population regarding
the proportion of participants with screening as the
single indication for follow-up colonoscopy. Two
reviewers (TH, LP) independently assessed study
quality and resolved disagreements by further review
and discussion.

Data synthesis and analysis
We combined the studies in a narrative synthesis,
focusing on differences in prevalences of any
neoplasm and of any advanced neoplasm according
to different intervals between the colonoscopies and
the proportion of participants with screening as the
indication for colonoscopy, as well as by sex. We
categorised the time interval between index and follow-
up colonoscopies as one to five years, five to 10 years,
and more than 10 years. Wherever possible, we used
the reported interval range; otherwise, we categorised
the studies according to the mean interval. For studies
reporting subgroups stratified for interval between
colonoscopies, we included only the subgroups, and
not the overall study population, in the quantitative
and qualitative synthesis to avoid double counting.
We assessed heterogeneity in prevalence estimates
by using I?, v°, and Cochran’s Q statistic,'® and we
calculated summary prevalence estimates for the
prevalence of any neoplasm and the prevalence of any
advanced neoplasm together with 95% confidence
intervals, stratified by interval between procedures,
proportion of participants with screening colonoscopy
indication, and sex. If no heterogeneity was present
(P>0.05), we calculated summary prevalence estimates
by using fixed effects models. In the case of significant
heterogeneity (P<0.05), we used random effects
models.!” We assessed publication bias with funnel
plots.’® We used the “metafor” package in R version
3.5.0 to do meta-analyses.*’

Patient and public involvement

Patients and the public were not involved in the design
and conduct of this systematic review, which focuses
on published literature. Patients were not invited to
contribute to the writing or editing of this document
for readability or accuracy. Research at the German
Cancer Research Center (DKFZ) is generally informed
by a Patient Advisory Committee.

doi: 10.1136/bmj.16109 | BMJ 2019;367:16109 | thebmj
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Results

Study selection

Figure 1 shows a flowchart of the study selection
process. The search in PubMed, Web of Science, and
Embase resulted in 10811 records. After exclusion of
duplicates (n=4420) and removal of records not suitable
for inclusion after screening of the title (n=5452)
or abstract (n=821), 118 articles were eligible for
further assessment. For one study, the full text was not
available in English. At full text review, we excluded 34
studies that assessed an ineligible study population;
most of these included participants with a history of
adenoma. We excluded another 17 studies because
they assessed follow-up sigmoidoscopies rather than
colonoscopies. Furthermore, we excluded 34 studies
that did not assess the outcome of interest, such as
the incidence of carcinomas or the use of or adherence
to follow-up colonoscopies only. Finally, we excluded
five papers because they were guidelines, reviews, or
editorials. In total, we included 28 articles, 8 2°** one
of which we found via cross referencing.>®

Study characteristics

Overall study description

Supplementary table B gives an overview of design
aspects of the included studies, all of which assessed
the prevalence of findings at a follow-up colonoscopy
after a negative colonoscopy. Fifteen studies were from
the Western hemisphere,’820212325293032333539 354 13
were from the Eastern hemisphere, 2224 26-28313440-4244.45
Twenty two studies were cohort
studies,> 8 20 22 24 25 2732 34 3745 apd five were cross
sectional studies.”* > 2¢ 3> 3¢ One study was a case-
control study in which the control group was
prospectively followed up.*?

The number of participants ranged from 29 in the
(to our knowledge) first study to be published on this
topicin 1994 to 15 719 in a large retrospective analysis
using the US. National Endoscopic Database published
in 2014.” 3 The assessed time period across all
studies, where reported, covers more than 30 years,
ranging from 1986 to 2017.3 %

The mean age at follow-up colonoscopy ranged from
40 to 68 years,?*?* and the proportion of men ranged
from 42% to close to 100% in three Veteran Affairs
Medical Centre studies.”® 2! 32337 A fourth study
exclusively in Veteran Affairs data can be assumed to
be likewise mainly composed of men.>° The shortest
mean interval length between examinations of the
included studies was 2.1 years, and the longest was
11.9 years.?!3*

Quality criteria ratings are shown in supplementary
table C. All but two studies reported adequately that
follow-up colonoscopy outcomes were ascertained
on the basis of medical records.>® *® Most studies
(20/28) were rated as including representative
participants for the general population at average
risk. The proportion of participants with index and
follow-up colonoscopies, compared with participants
with only a first colonoscopy, was generally low. Only
in seven studies did more than 50% of participants

thebmj | BMJ2019;367:16109 | doi: 10.1136/bm].16109
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with negative index colonoscopic examination also
attend a follow-up colonoscopy. Apart from this, lack
of representativeness for a population with screening
as the indication for follow-up colonoscopy was the
most commonly identified qualitative limitation. Only
16 studies fulfilled this criterion.

Subgroup analyses

From 14 of the 28 identified studies, data from
subgroup analyses were available. Seven articles
reported findings stratified according to different
intervals between the procedures,?! 26 27 293236 40 gpd

another seven articles reported findings stratified by
sex.3 252633353642

Findings

Interval between negative index and follow-up
colonoscopy

Figure 2 shows a forest plot of the prevalences of any
neoplasm, prevalences of any advanced neoplasm,
and meta-analysis summary estimates of all included
studies. Findings for an interval between colonoscopies
of one to five, five to 10, and more than 10 years were
reported by 17, 16, and three studies, respectively.

One to five years—The prevalences of any neoplasm
varied substantially across the studies, ranging from
4.9% to 40.4%; 50% of the observations were between
15.6% and 24.5%, with a median prevalence of 21.4%.
The reported prevalences of any advanced neoplasm
wereless heterogeneous and ranged from 0.7%to 7.0%,
with 50% of the values being below 2.8% (interquartile
range 2.1-4.3%). For 13 of the studies, the prevalences
of cancers could be derived, which were consistently
low. In six studies, no cases with cancer were found,
and another six studies reported prevalences below
0.8%. The highest reported prevalence was 1.1%>>
(supplementary table D). The summary estimates were
20.7% (95% confidence interval 15.8% to 25.5%) for
the prevalence of any neoplasm and 2.8% (2.0% to
3.7%) for the prevalence of any advanced neoplasm,
suggesting a low risk of advanced findings within five
years of a negative index colonoscopy. Estimates were
slightly lower when we limited the analyses to studies
in which most participants had a screening indication
(fig 3).

Five to 10 years—Reported prevalences of any
neoplasm ranged from 7.4% to 41.4%, with a median of
22.4% (interquartile range 20.4-27.2%). Prevalences
of any neoplasm ranged from 0.6% to 9.4%, with a
median of 3.6% (1.6-5.0%). Reported prevalences of
cancers were generally low. In 10 studies, no cancers
were found, and in three studies prevalences up to 0.5%
were reported. The study by Matsuda and colleagues
reported an exceptionally high cancer prevalence of
2.2%.3! With 23.0% (95% confidence interval 18.0%
to 28.0%) and 3.2% (2.2% to 4.1%) for the prevalence
of any neoplasm and prevalence of any advanced
neoplasm, respectively, the summary estimates and
95% confidence intervals were comparable to those
for participants who had a follow-up colonoscopy
after one to five years. The summary estimate for the
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Fig 1 | Flowchart of literature

search process

prevalence of any neoplasm was again slightly lower
when we restricted the analyses to studies in which
most participants had a screening indication at repeat
colonoscopy.

More than 10 years—Only three studies reported
results for more than 10 vyears after negative
colonoscopy.”! #” 3¢ Prevalences of any neoplasm
were 15.8%, 27.8%, and 22.2%; corresponding
prevalences of any advanced neoplasms were 7.5%,
8.0%, and 5.6%. In the study by Laish et al,?” cancer
was detected in 2.4% of patients. No cancers were
found in the other two studies. The summary estimate
for the prevalence of any neoplasm, at 21.9% (95%
confidence interval 14.9% to 29.0%), was comparable
to those for participants with shorter intervals between
colonoscopies. In contrast, at 7.0% (5.3% to 8.7%), the
summary estimate for the prevalence of any advanced
neoplasm was approximately twice as high as the
summary estimates after one to five years (2.8%) and
five to 10 years (3.2%). Limiting the analyses to study
populations with a screening indication at follow-up
colonoscopy for most participants did not particularly
affect the summary estimates.

Sex specific analyses

Seven studies reported prevalences stratified by sex.
In all but one study, the prevalence of any neoplasm
was higher for men than for women. None of the
individual studies suggested a statistically significant
difference between the sexes in terms of detected
advanced neoplasms.

For the meta-analyses, we included four studies in
Veteran Affairs centres that were almost exclusively
conducted in men. Summary estimates of the
prevalence of any neoplasm and the prevalence of
any advanced neoplasm stratified by interval and sex
were consistently higher for men than for women (fig
4), suggesting a tendency towards more (advanced)
neoplasms in men. However, owing to the limited
number of studies, the calculated estimates for women
were highly uncertain, limiting the potential for testing
for statistical significance and for comparing the
magnitude of differences between the prevalences.

Heterogeneity between studies and risk of bias

High levels of heterogeneity between the studies were
evident in the interval groups of one to five and five to 10
years (supplementary table E1). On visual inspection
of the funnel plots, prevalences of any advanced
neoplasm seem markedly less heterogeneous and more
evenly distributed than prevalences of any neoplasm
(supplementary figures A and B). Taking into account
that prevalences below 0% are not possible, the funnel
plots did not suggest relevant reporting bias.

We did sensitivity analyses for ethnicity to assess
whether and to what extent the heterogeneity could
be removed (supplementary tables E2 and E3). Even
though high levels of heterogeneity generally persisted,
the summary estimates were robust.

For the analyses by sex, heterogeneity between the
studies was moderate to high for both any neoplasms
and any advanced neoplasms and was slightly less pro-
nounced for male than for female subgroups. Funnel
plots showed several outliers but overall did not suggest
the presence of reporting bias (supplementary figure C).

Discussion

This systematic review and meta-analysis underpins
the existing guideline recommendations to repeat
screening no earlier than 10 years after a negative
colonoscopy in people at average risk for colorectal
cancer. Of the identified studies, the meta-analysis
summary estimates for the prevalences of any
neoplasm were on a comparable level (21% to 23%)
for the three pre-defined time intervals. Whereas
summary estimates of the prevalences of any advanced
neoplasm (which were almost exclusively advanced
adenomas) were 2.8% and 3.2% for intervals from one
to five and five to 10 years after index colonoscopy,
respectively, the estimate for the interval beyond
10 years was more than twice as high (7.0%).
Heterogeneity between the studies was substantial
(I>>85% in five out of six meta-analyses); however, for
all time intervals, extracted median values were in line
with the summary estimates.

doi: 10.1136/bmj.16109 | BMJ 2019;367:16109 | thebmj
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Study ADN and ANN Weight ADN Weight ANN
(% (95% CI) (%) (% (95% CD) (%) (% (95% CI)
Interval 1 to S years —a—
Park 2015 = 8.4 4.53.6t05.4) 6.5 40.4(38.3t042.6)
de Jong 2005 3 - Not available 6.4 4.9(1.6t08.3)
Avidan 2002 § - Not available 6.3 19.2(15.3t023.1)
Kim 2014 * "‘ 7.0 3.1(1.5t0 4.6) - Not available
Suh 2014 i —- 5.0 6.7(4.1t09.2) 6.2 33.6(28.7t038.5)
Neugut 1995 § - Not available 55 242(15.8t032.7)
Yamaiji 2004 t a 92  0.7(05t01.0) 6.5 20.8(19.5t022.0)
Sekiguchi 2019 d 8.9 1.3(0.7t0 1.9) 6.5 8.4(7.0t09.9)
Chung 2011 d 8.6 20(1.2t02.8) 6.5 28.7(26.2t031.3)
Stock 2013 h 8.5 4.3(3.4t05.1) 6.5 17.8(16.2t019.4)
Lieberman 2007 -i- 6.7 2.3(0.6t04.1) 6.2 24.8(19.9t029.7)
Chiu 2015 -1 9.1 1.0(0.6t0 1.4 6.5 153(13.9t016.7)
Jin 2019 ﬂ" 7.1 2.6 (1.1to4.1) 6.3 23.8(19.7t027.8)
Xu 2016 * 7.3 2.2(0.8t0 3.6) 6.3 22.1(18.0t026.1)
Brenner 2010 * —;-— 3.3 4.3(0.6t08.1) 59 15.7(9.0t022.3)
Lieberman 2014 * a 91  33(Q29t037) 66 80(74t087)
Miller 2010 * -;—'— 1.9 7.0(1.6t012.4) 54 24.4(153t033.5
Total ¢ 28(2.0t03.7) 20.7(15.8t0 25.5)
Test for heterogeneity 12=94%, t*=0.00, P<0.01 12=99%, t?=0.01, P<0.01
Interval 5 to 10 years
Leung 2009 -] 8.3 1.5(0.3t02.7) 8.2 24.4(20.2t028.6)
Huang 2012 Ii 7.9 1.7(0.2t0 3.1) 8 27.2(22.2t032.3)
Matsuda 2009 B 91  45(38t05.1) - Not available
Strock 2011 =§ 8.7 1.6(0.6t0 2.5 8.6 74(5.4t09.4)
Imperiale 2008 Hi 9.2 1.3(0.7t0 1.9) 8.6 16.0(14.0t018.0)
Laish 2015 i —— 4.6 9.4(6.2t012.6) 8.2 20.4(16.0t024.9)
Rex 1996 m 82  0.6(0.0t01.9) 74 26.6(19.6 t0 33.6)
Squillace 1994 § - Not available 41  41.4(23.5t059.3)
Kruse 2015 . 61  67(43t09.1) 82 323(27.9t036.7)
Suh 2014 *t -liv 7.5 1.7(0.0t0 3.3) - Not available
Kim 2014 * 3 1.3 9.4(1.6t017.3) - Not available
Ponugoti 2017 -*- 71 3.4(1.6t05.3) 8.0 38.1(33.2t043.0)
Brenner 2010 * + 5.2 3.6(0.8t06.5) 7.6 223(16.0t028.6)
Lieberman 2014 * -] 94  38(B4t042) 87 9.8(9.1t010.4)
Miller 2010 * + 4.3 3.6(0.1t07.1) 72 21.6(14.0t029.3)
Rex 2018 * —;—-— 3.2 5.6 (1.2t0 10.0) 7.2 224(14.5t030.3)
Total 4 3222t04.1) 23.0(18.0t0 28.0)
Test for heterogeneity 12=89%, t?=0.00, P<0.01 12=97%, t*=0.01, P<0.01
Interval >10 years
Laish 2015 * - 27.2 7.5(4.3t010.8) 339 15.8(11.3t020.3)
Rex 2018 * -— 36.9 8.0(5.2t010.8) 33.6 27.8(23.2t032.4)
Brenner 2010 * —‘— 35.9 5.6(2.7t08.4) 325 222(17.1t027.4)
Total - 7.0(5.3t08.7) 21.9(14.9t0 29.0)
Test for heterogeneity 12=0%, t2=0.00, P=0.45 12=85%, t?=0.00, P<0.01

0 10 20 30 40 50
Prevalence (%)

Fig 2 | Findings at follow-up colonoscopy, stratified by interval since negative colonoscopy. ADN=prevalence of any
advanced neoplasm; ANN=prevalence of any neoplasm. *Interval subgroup. tPatients with two previously negative
colonoscopies. P values are based on Cochran’s Q statistic

Findings in context colonoscopy, this seems unexpectedly high. With
The summary estimates and the median values of estimated annual rates of adenoma development
the prevalence of any neoplasm in our study are of approximately 2%,* a large proportion of these
generally comparable to reported prevalences for adenomas may have been developed de novo since
first time screening.*®“® Given that study populations the index colonoscopy. Interestingly, however, our
were pre-selected as being free of neoplasms at index analyses did not suggest a pronounced time trend of
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ADN and ANN
(% (95% CI))

Study

Interval 1 to S years
de Jong 2005
Avidan 2002
Yamaji 2004 t
Sekiguchi 2019
Chung 2011
Lieberman 2007
Chiu 2015
Brenner 2010 *
Lieberman 2014 *

Total

Test for heterogeneity

*1rTll+1rnllww

Interval 5 to 10 years
Leung 2009
Huang 2012
Imperiale 2008
Rex 1996
Squillace 1994
Kruse 2015
Ponugoti 2017
Brenner 2010 *
Lieberman 2014 *
Rex 2018 *

Total

Test for heterogeneity

«+.+.*nllllll

Interval >10 years
Rex 2018 *
Brenner 2010 *

Total

Test for heterogeneity

L
b
-

10 20 30 40 50
Prevalence (%)
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Weight ADN Weight ANN
%) (% (95% CD) (%) (% (95% CI)
—

- Not available 12.6 49(1.6t08.3)

- Not available 123 19.2(15.3t023.1)
234 0.7(0.5t0 1.0 13.2 20.8(19.5t022.0)
18.0 1.3(0.7t0 1.9) 131 8.4(7.0t09.9)
15.0 20(1.2t02.8) 129 287(26.2t031.3)

5.9 2.3(0.6 to 4.1) 11.9 24.8(19.9t029.7)
21.3 1.0(0.6to 1.4) 13.1 15.3(13.9t0 16.7)
1.5 4.3(0.6t08.1) 109 15709.0t022.3)
14.9 1.901.1t02.7) - Not available
1.4(0.9t01.9 17.2(12.0t0 22.4)
12=72%, t*=0.00, P<0.01 12=98%, t?=0.01, P<0.01
13.4 1.50.3t02.7) 122 24.4(20.2t028.6)
12.4 1.7(0.2t0 3.1) 11.9 27.2(22.2t032.3)
15.3 1.3(0.7t0 1.9) 128 16.0(14.0t0 18.0)
131 0.6 (0.0t01.9) 11.0 26.6(19.6t0 33.6)
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Fig 3 | Findings at follow-up colonoscopy for studies in which most participants had screening as indication for
follow-up colonoscopy, stratified by interval since negative colonoscopy. ADN=prevalence of any advanced neoplasm;
ANN=prevalence of any neoplasm. *Interval subgroup. tPatients with two previously negative colonoscopies. P values

are based on Cochran’s Q statistic

longer intervals expected to be associated with higher
prevalences of any neoplasm.

Both findings—the seemingly high prevalence of any
neoplasm at short intervals between colonoscopies
and the limited increase in prevalence with longer
intervals—may partly be explained by miss rates
of any neoplasm. For example, assuming a true
prevalence of any neoplasm of 30% and a 25% miss
rate at index colonoscopy,’® one would expect that
the 77.5% apparently neoplasm-free participants at
index colonoscopy includes 70% truly neoplasm-
free people and 7.5% (25% x 30%) people with
neoplasms misclassified as being neoplasm-free. At
follow-up colonoscopies, when the missed adenomas
are likely to have grown and thus become more easily
detectable, one would expect to detect a prevalence of
any neoplasm of approximately 10% (7.5%/77.5%)
even in the absence of any newly developed adenomas,
regardless of the timing of the follow-up colonoscopy.
This might explain a large proportion of the high

prevalence of any neoplasm already seen one to five
years after the index colonoscopy.

Furthermore, people with poorer bowel preparation
at index colonoscopy, who are expected to have higher
miss rates, may be more likely to be recommended to
undergo follow-up colonoscopies after shorter time
intervals than people with better bowel preparation.
The same may apply to people deemed to be at higher
risk of developing colorectal neoplasms for other
reasons, such as lifestyle related risk factors.”! The
potential over-representation of such people at higher
risk in the short interval group compared with the
longer interval groups may also contribute to both the
high prevalence of any neoplasm in the interval group
of one to five years and the apparently modest increase
in prevalence with increasing length of intervals
between colonoscopies. Nevertheless, despite these
likely selection processes, the increase in prevalence of
any neoplasm from 17.2% to 27.1% between the one
to five year and the five to 10 year interval groups in
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Fig 4 | Findings at follow-up colonoscopy among men and women, stratified by interval since negative colonoscopy.
ADN=prevalence of any advanced neoplasm; ANN=prevalence of any neoplasm. *Interval sub-cohort. tCohort with two
previously negative colonoscopies. ¥Cohort of male Veteran Affairs. P values are based on Cochran’s Q statistic

the studies in which most participants had screening
as an indication are compatible with the assumed 2%
incidence per year.

The estimated yield of approximately 3% of advanced
neoplasms and the very low prevalences of cancer over
the first 10 years constitute evidence encouraging
people without symptoms who are at average risk,
as well as their physicians, to adhere to the full
recommended 10 years between the colonoscopies.
Moreover, the annual transition rate from non-
advanced to advanced adenomas was previously
estimated to be around 4%,°? which suggests that
most of the advanced lesions detected at follow-up
did not develop de novo but were probably missed at

thebmj | BMJ2019;367:16109 | doi: 10.1136/bm].16109

index colonoscopies. Some of the advanced neoplasms
detected may also be related to biological factors
leading to rapid progression.’® Incomplete removal
or accelerated polyp formation may also contribute to
explaining the substantial increase in the prevalence
of advanced neoplasms beyond 10 years. However,
given that the summary estimate (and median value)
for prevalence of any advanced neoplasm was more
than doubled, thereby reaching a prevalence similar to
first time screening,*®*® it is plausible to assume that a
part of these findings truly represents new lesions that
developed via the adenomatous polyps pathway.>*
Importantly, the evidence should not be over-
interpreted by inferring a fixed threshold of 10

"yBuAdos Aq paloalold 1sanb Aq 0Z0z Arenuer 7 UO oo g Mmmy/:dny woly papeojumoqd "6T0Z JoqWSaAON €T U0 60T9| TWa/oeTT 0T Se paysiand 1siy NG


http://www.bmj.com/

years after which a higher prevalence of advanced
neoplasms immanently manifests. Firstly, the evidence
beyond 10 years was limited to only three studies, and,
secondly, two of these also included participants with
an interval beyond 15 years. Therefore, uncertainty
remains as to whether and for how long the interval
between procedures can be safely extended beyond 10
years. Beyond 10 years, cancers were found only in the
study by Laish and colleagues.?” The generalisability
of these findings should be interpreted with caution,
however, given the study’s low quality rating. More
high quality studies with intervals of at least 10 years
between examinations are needed to substantiate and
refine our findings.

Finally, the proportions of adenomas missed under
standardised conditions in study settings, which may
in particular apply to the prospective studies included
in our review,’ 2224 283033374244 41d be substantially
lower than in routine practice in the community
setting.”®>°°® In line with that, another study published
in the BMJ found a significantly lower incidence of
post-colonoscopy colorectal cancer (rate of cancers
detected within six to 36 months after a negative index
colonoscopy divided by all cancers detected within 36
months) in screening centres where colonoscopists
underwent an accreditation process involving strict,
standardised performance targets (caecal intubation
rate >92% and adenoma detection rate >40%).°’
Although our review supports full adherence to the
recommended 10 year interval, the fact that a high
procedural quality of the index colonoscopy remains a
paramount prerequisite should be kept in mind.

As we expected the body of evidence to be limited,
we chose an approach that also allowed mixed study
populations including participants with indications
other than screening. We deemed this the best strategy
to increase the power and robustness of the main
analyses, as the symptoms and signs of adenomas
and cancer are non-specific.’® Only between about
a fifth and a third of participants with symptoms
referred for colonoscopy actually have significant
colorectal disease, and even fewer will have colorectal
neoplasms.”® In addition, the 10 year interval is
generally recommended after a negative colonoscopy
for people at average risk, regardless of the indication
for the index colonoscopy.' Thus, it is not surprising
that when we restricted the analyses to the subset in
which most participants had a screening indication at
follow-up colonoscopy, the summary estimates were
overall in accordance with the estimates for all studies.

Our review suggests higher prevalences of any
neoplasm and of any advanced neoplasms in men
than in women. This is in agreement with prevalences
reported from first time screening studies,**“® as well
as the evidence on the higher risk of colorectal cancer
in men, leading to an elevated incidence of colorectal
cancer in men.®® Unfortunately, the limited evidence,
in particular for women, prohibits the drawing of
conclusions regarding the magnitude of differences
in findings. More studies with larger sample sizes and
sex specific analyses are needed to allow judgment of

RESEARCH

potential use and relevance of recommendations for
sex specific screening interval.

Comparison with other studies

To our knowledge, ours is the first systematic
review and meta-analysis on findings at a follow-
up colonoscopy after a negative colonoscopy. The
closest comparative data would be from studies of
cancer incidence in people without findings at first
time screening colonoscopy. The trend to a low risk
for advanced neoplasms within the first 10 years seen
in our review, and even beyond 10 years in terms of
cancers, is consistent with what has been reported
for several cohort and case-control studies assessing
cancer incidence.” °¥'% Notably, several of these
studies found that the low risk of cancer was sustained
for periods exceeding 10 years by far, suggesting that it
might even last for 15 or 20 years.

Limitations of this review
Our review and meta-analysis has several limitations.
Firstly, it is entirely based on observational studies,
which may be affected by confounding factors
associated with use of colonoscopy. In addition, the
proportion of participants with index and follow-up
colonoscopies, compared with those with only a first
colonoscopy, was generally low. This suggests potential
for selection bias, as participants with repeated
examinations either might be more health conscious or
may have had a diagnostic reason to return. However,
willingness to undergo screening is unlikely to be a
predictor of neoplastic findings,** and the summary
estimates including mixed study populations deviated
only slightly from those for participants at average risk.
Secondly, a considerable proportion of studies in
our review also included participants with a family
history of colorectal cancer, for whom some guidelines
recommend shorter intervals as they might still be
at higher risk for colorectal cancer.” However, their
inclusion suggests that the true prevalences for
participants at average risk might even be lower.
Thirdly, considerable heterogeneity existed in
the design of the included studies. As a result, the
statistical heterogeneity in the meta-analyses was
substantial and could not be significantly reduced in
sensitivity analyses. Even if categorised per interval,
a variety of factors will contribute to intra-group
heterogeneity, including population characteristics
and factors outside the scope of this study, such as the
skills of individual endoscopists.

Implications for colorectal cancer screening

Although any neoplasms were detected in more than
20% of participants even at colonoscopies conducted
within five years of a negative colonoscopy, detection
of advanced neoplasms within 10 years was rare. This
finding suggests that recommendations of 10 year
intervals for colonoscopy screening in this low risk
group may be adequate. As the large majority of non-
advanced lesions are commonly thought to have a very
low potential for transition to cancer, the high median
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values for detection of any neoplasms should not be
regarded as a rationale to repeat screening earlier than
after 10 years.

As previously noted,?! the long lasting lower risk
of advanced colorectal neoplasia after a negative
colonoscopy is not to be interpreted as a protective
effect of colonoscopy because no polyps were removed.
Rather, our study corroborates the notion that partici-
pants who were found to be free of polyps at an index
colonoscopy at screening age have an inherently lower
riSk.2 2136

Conclusion

Even though this systematic review and meta-analysis
was solely based on observational studies, as, to our
knowledge, no randomised controlled trials on this
topic exist,®® it provides the highest level of evidence
currently possible on outcomes of a follow-up
screening colonoscopy in people at average risk after a
negative index colonoscopy.

Our study showed that detection of advanced
neoplasms within 10 years is rare. This suggests that
recommendations of 10 year intervals for colonoscopy
screening may be adequate and indicates little
additional benefit of repeated screening within the first
10 years of a negative index colonoscopy.

Uncertainty remains about a potential expansion
of the 10 year period and the magnitude of potential
differences between men and women. Future studies
should strengthen the empirical basis for pertinent
recommendations, focus on ranges exceeding 10 years
between examinations, and report findings stratified
by sex.
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