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Introduction
!

Removal of colorectal adenomas during colonos-
copy reduces the incidence of colorectal carcino-
ma (CRC) and CRC-related mortality [1–4]. De-
spite surveillance of patients after resection of
adenomas [5] the risk of developing CRC remains
higher than in the general population [6]. More-
over, it is known that CRC can be detected in the
interval between scheduled surveillance colonos-
copies [7].
One of the important causes for interval carcino-
mas is incomplete removal of the original adeno-
ma [8–10]. As residual adenomatous tissue has
been shown to be capable of rapid regeneration
[11,12], incomplete resection may result in local
recurrence [13]. Several studies have indicated
that incomplete removal contributes to a higher
subsequent incidence of CRC [5,9,14–16].

Concerns regarding local recurrence exist mostly
for lesions with nonpedunculated morphology,
which are often removed by endoscopic mucosal
resection (EMR) with submucosal fluid injection.
The issue of residual tissue seems to be more pro-
nounced after piecemeal resection, which is at
least in part due to the difficult histologic evalua-
tion of resection margins when lesions are resect-
ed in pieces.
To reduce the risk of interval carcinomas second-
ary to local recurrence after EMR, international
guidelines recommend that follow-up colonosco-
py is performed 2–12 months after endoscopic
resection of flat and sessile lesions [5,17]. The re-
commended time interval for the first follow-up
colonoscopy varies within and between guide-
lines, depending on size, morphology, and resec-
tion method used. Currently, there is no strong
evidence pointing to specific risk factors for local
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Background and study aims: Local recurrence has
been observed after endoscopic mucosal resec-
tion (EMR) of nonpedunculated colorectal lesions.
The indications for follow-up colonoscopy and the
optimal time interval are currently unclear. The
aims of this systematic review were to assess the
frequency of local recurrence after EMR, to identi-
fy risk factors for recurrence, and to provide fol-
low-up recommendations.
Methods: A literature search was performed in
PubMed, EMBASE, and the Cochrane Library.
EMR was defined as endoscopic snare resection
after submucosal fluid injection for removal of
nonpedunculated adenomas and early carcino-
mas. Local recurrence was subdivided into early
recurrence (detected at the first follow-up colo-
noscopy) and late recurrence (detected after≥1
previous normal colonoscopy). A random effects
meta-analysis was performed to calculate the
pooled estimate of risk of recurrence.

Results: A total of 33 studies were included. The
mean recurrence risk after EMR was 15% (95%
confidence interval [CI] 12%–19%). Recurrence
risk was higher after piecemeal resection (20%;
95%CI 16%–25%) than after en bloc resection
(3%; 95%CI 2%–5%; P<0.0001). In 15 studies that
differentiated between early and late recurrences,
152/173 recurrences (88%) occurred early. In four
studies with follow-up at 3, 6, and ≥12 months,
19/25 (76%) recurrences were detected at 3
months, increasing to 24 (96%) at 6 months. In
multivariable analysis, only piecemeal resection
was associated with recurrence (3 of 3 studies).
Conclusion: Local recurrence after EMR of nonpe-
dunculated colorectal lesions occurs in 3% of en
bloc resections and 20% of piecemeal resections.
Piecemeal resection was the only independent
risk factor for recurrence. As more than 90% of re-
currences are detected at 6 months after EMR, we
propose that 6 months is the optimal initial fol-
low-up interval. D
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recurrence, nor is advice for appropriate intervals of follow-up
available.
By performing a systematic review and meta-analysis we aimed
to assess the magnitude of the problem of local recurrence after
EMR of flat and sessile adenomas and minimally invasive carci-
nomas. Secondary aims were to identify risk factors for local re-
currence and to determine the optimal timing for the first follow-
up endoscopy after EMR, in order to individualize recommenda-
tions for surveillance.

Methods
!

This systematic review was conducted and reported according to
the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement [18].

Eligibility criteria and definitions
Studies were eligible for inclusion if theywere prognostic or ther-
apeutic follow-up studies that reported on local recurrence after
EMR of nonpedunculated colorectal lesions. Study designs in-
cluded both prospective and retrospective cohort studies, case–
control studies, and therapeutic clinical trials. Feasibility studies
for new removal techniques were only included if the technique
resembled conventional EMR. Conventional EMR was defined as
snare resection after submucosal fluid injection for nonpeduncu-
lated lesions. Resected lesions included adenomas with low
grade dysplasia (LGD) or high grade dysplasia (HGD) or minimal-
ly invasive mucosal or submucosal carcinomas, particularly Sm1
(invasion of submucosa<1mm). As in situ carcinoma of the color-
ectum is not always considered a distinct entity, no distinction
was made between HGD and in situ carcinoma.
Local recurrence as an outcome implies that patients were fol-
lowed up by undergoing at least one colonoscopy after the index
procedure. Local recurrence was defined by the criteria of Higaki
et al. [19]: lesions reappearing at the site that was previously
treated endoscopically, lesions with convergent folds, and lesions
with no convergent folds but with a clear polypectomy ulcer scar
nearby were regarded as locally recurrent tumors. Local recur-
rence was divided into early recurrence (found at first follow-up
colonoscopy) and late recurrence (found after at least one pre-
vious normal colonoscopy). Successful treatment was defined as
complete clearance of all adenomatous or carcinomatous tissue,
allowing for an unlimited number of endoscopic treatments but
not surgery.

Information sources and search strategy
The electronic databases of PubMed, EMBASE, and Cochrane
were searched for articles published in the English language be-
tween January 2000 and September 2012.The search term com-
prised synonyms for “colonoscopic resection of colorectal le-
sions” as domain and “local recurrence” as outcome (see Appen-
dix e1, available online).

Study selection
After removing duplicate studies, titles and abstracts were
screened for study design and domain. If full texts were available,
articles were subsequently assessed in more detail for descrip-
tions of domain and outcome (●" Fig.1).
Selected full text articles were critically appraised for relevance
and validity. In order for articles to be considered relevant, at
least 80% of the reported procedures had to be EMRs performed

using submucosal fluid injection, or resections without submu-
cosal fluid injection had to be reported separately. Furthermore,
studies were only deemed relevant if separate recurrence rates
were given or derivable for nonpedunculated vs. pedunculated
lesions, adenomas and minimally invasive carcinomas vs. deep
submucosal carcinomas (≥Sm2), and en bloc vs. piecemeal resec-
tions (see Table e1, available online). For the latter, it was also
sufficient for the ratio of en bloc and piecemeal resected lesions
in follow-up to be reported. If outcomes were not reported or
were unclear, authors were contacted by email. If no additional
information was provided, studies were excluded from the re-
view and meta-analysis.
Studies were scored for validity based on potential biases, ac-
cording to the criteria adapted from Hayden et al. (see Table e2,
available online) [20]. As this review comprised both prognostic
and therapeutic studies, the focus was on study participation,
study attrition, and outcome reporting.

Data extraction and statistical analyses
The risk of recurrence of nonpedunculated colorectal adenomas
or minimally invasive carcinomas was extracted from the select-
ed articles.
A meta-analysis for the risk of recurrence was performed using a
random effects model. Cochran’s Q test was performed to test for
heterogeneity between studies and between recurrence rates
after en bloc and piecemeal resections. A P value of<0.05 was
considered significant. All statistical analyses were conducted
using R version 2.15.2 (The R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results
!

Study selection
After screening titles, abstracts, and full text articles, 45 eligible
studies were identified (●" Fig.1) [19, 21–24] and assessed for
relevance (see Table e1, available online). Of these studies, a total
of 12 were excluded, either because no separate assessment of
recurrences was made for nonpedunculated vs. pedunculated le-
sions [21–25], deep submucosal lesions vs. non- or minimally in-
vasive lesions [24–27] or en bloc vs. piecemeal resections [21–
31], or because submucosal fluid injection was not reported to
be used for more than 80% of resections [27,31,32]. One study
reported no separate recurrence rates for en bloc and piecemeal
resections but instead provided the ratio of en bloc and piece-
meal lesions at follow-up [33].

Risk of bias in each study
A total of 33 relevant studies were critically appraised for poten-
tial bias in relation to the outcome of interest (see Table e2, avail-
able online). For six studies, the risk of bias was found to be very
small. The risk of bias was considered small in 11 studies and
moderate in 16 studies. As there were no relevant studies with a
high risk of bias, none of these studies were excluded based on
validity.

Study characteristics
The 33 included studies comprised 28 cohort studies and case se-
ries (8 prospective [19,40,41,43,45,46,48,50] and 20 retrospec-
tive [34–38,42,44,47,49,51,52,54–56,58–60,62–64]), 3 ret-
rospective case–control studies [53,57,61], and 2 therapeutic
trials [33,39]. The retrospective cohort studies included six stud-
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ies for which it was not clear whether these were prospective or
retrospective. Relevant sample sizes for this review are not the
baseline populations but the numbers of patients and lesions at
follow-up.These samples varied between 19 and 419 lesions.
Seven studies were considered to be small (<50 lesions), thirteen
moderate (50–100 lesions), seven moderate to large (100–150
lesions), and six large (>150 lesions).
Two studies included rectal lesions only, whereas all other stud-
ies included all colorectal locations. Inclusion criteria were lesion
size above 40mm (1 study) or 30mm (1 study), 20mm (15 stud-
ies), 15mm (3 studies), or 10mm (8 studies). Five studies did not
report inclusion criteria regarding the size of the lesions. Seven
studies included only sessile lesions and eight studies included
only flat lesions. A total of 11 studies included both sessile and
flat lesions and 7 studies did not report inclusion criteria regard-
ing the type of lesion. All studies included adenomatous lesions,
with or without HGD. A total of 22 studies also included mucosal
or submucosal invasive lesions, which formed a minority of the
lesions in all but one study [46].
A total of 22 studies reported separate results for en bloc and pie-
cemeal resections, and 10 studies focussed on piecemeal resec-

tion. One study reported combined results, but provided the ratio
of en bloc and piecemeal resected lesions at follow-up.Additional
use of argon plasma coagulation (APC) to complete EMR was re-
ported in 17 studies.
As histologic assessment of resection margins after piecemeal re-
section is practically infeasible if not impossible, information on
resection margins was generally not given for piecemeal resected
lesions. Of the 23 studies taking into account both en bloc and
piecemeal resections, 9 reported on the resection margins, of
which only 5 reported this specifically for lesions at follow-up.Al-
most all en bloc resections appeared to have been radical (●" Ta-
ble3).

Follow-up
In most studies the initial follow-up interval was 3–6 months. A
total of 10 studies allowed the first follow-up colonoscopy to be
performed at a later stage. In 23 studies providing a mean and/
or a median follow-up, the overall mean was 23 months.

PubMed results
1637

Combined results
2005

Results (titles)
1833

EMBASE results
309

Final results
45

Related articles and references
0

Cochrane results
59

Removing duplicates

Screening title: exclusion:
▪animal studies
▪not clinical study1

▪not endoscopic removal of lesions
▪not colon and/or rectum

Results (abstracts)
180 Screening abstract: exclusion:

▪not clinical study
▪feasibility study2

▪not EMR3

▪not adenoma and/or T1 cancer4

▪no follow-up endoscopy
▪no free full text5

Results (full texts)
87

Results
45

Screening full text: exclusion:
▪not EMR
▪not exclusively colon and/or rectum6

▪not adenoma and/or T1 cancer
▪EMR for invasive cancer7

▪not local recurrence as outcome

This search was performed 
on 7 September 2012

1 Clinical studies comprised cohort studies, case-control studies or therapeutic studies. Case reports, reviews, 
 meta-analyses or other publication types were excluded. As this could not always be deduced from the title, abstracts
 were also used to select articles.
2 A feasibility study was defined as a study in which a novel therapeutic technique (not similar to conventional EMR) 
 was used.
3 As this could not always be deduced from the abstract, full texts were also used to select articles.
4 Studies had to include adenomas and optionally T1 carcinomas. As this could not always be deduced from the abstract,
 full texts were also used to select articles.
5 Studies were excluded if full texts were not freely available through institutional access.
6 Studies were excluded if several gastrointestinal locations were taken into account, not specifically looking at
 considerable samples of lesions in colon and/or rectum
7 Studies focussing on resectability of invasive carcinomas and/or predicting invasiveness or lymph node metastasis were
 excluded.

Fig.1 Flow chart of the selection of studies
eligible for data extraction and analysis.
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Study Recurrences Lesions Proportion 95%-CI
En-Bloc Resection
Bergmann (2003) 0 33 0.00 [0.00; 0.11]
Bories (2006) 2 14 0.14 [0.02; 0.43]
Dos Santos (2011) 1 109 0.01 [0.00; 0.05]
Ferrara (2010) 6 77 0.08 [0.03; 0.16]
Higaki (2003) 0 5 0.00 [0.00; 0.52]
Huang (2009) 1 31 0.03 [0.00; 0.17]
Hurlstone (2005) 0 5 0.00 [0.00; 0.52]
Hurlstone (2004) 2 22 0.09 [0.01; 0.29]
Iishi (2000) 0 14 0.00 [0.00; 0.23]
Jin (2009) 1 81 0.01 [0.00; 0.07]
Kaltenbach (2007) 0 28 0.00 [0.00; 0.12]
Katsinelos (2006) 0 5 0.00 [0.00; 0.52]
Katsinelos (2006) 4 22 0.18 [0.05; 0.40]
Kobayashi (2012) 1 21 0.05 [0.00; 0.24]
Lee (2012) 3 39 0.08 [0.02; 0.21]
Luigiano (2009) 2 62 0.03 [0.00; 0.11]
Mannath (2011) 2 54 0.04 [0.00; 0.13]
Saito (2010) 2 74 0.03 [0.00; 0.09]
Tajika (2011) 1 50 0.02 [0.00; 0.11]
Tanaka (2001) 2 40 0.05 [0.01; 0.17]
Terasaki (2012) 1 68 0.01 [0.00: 0.08]
Woodward (2012) 9 185 0.05 [0.02; 0.09]
Pooled RE Estimate   0.03 [0.02; 0.05]
I-squared = 38.2 %, Q = 34, df = 21, p = 0.0363

Piecemeal Resection
Ah Soune (2010) 3 24 0.12 [0.03: 0.32]
Arebi (2007) 56 145 0.39 [0.31; 0.47}
Barendse (2012) 18 58 0.31 [0.20; 0.45]
Bergmann (2003) 2 32 0.06 [0.01; 0.21]
Bories (2006) 3 19 0.16 [0.03; 0.40]
Brooker (2002) 14 34 0.41 [0.25; 0.59]
Conio (2010) 8 216 0.04 [0.02; 0.07]
Conio (2004) 21 96 0.22 [0.14; 0.31]
Dos Santos (2011) 4 13 0.31 [0.09; 0.61]
Ferrara (2010) 6 92 0.07 [0.02; 0.14]
Higaki (2003) 4 18 0.22 [0.06; 0.48]
Huang (2009) 10 46 0.22 [0.06; 0.36]
Hurlstone (2005) 5 57 0.09 [0.03; 0.19]
Hurlstone (2004) 8 36 0.22 [0.10: 0.39]
Iishi (2000) 22 41 0.54 [0.37; 0.69]
Jin (2009) 2 13 0.15 [0.02; 0.45]
Kaltenbach (2007) 8 49 0.16 [0.07; 0.30]
Katsinelos (2006) 4 14 0.29 [0.08; 0.58]
Katsinelos (2006) 16 30 0.53 [0.34; 0.72]
Khashab (2009) 24 135 0.18 [0.12; 0.25]
Kobayashi (2012) 11 35 0.31 [0.17; 0.49]
Lee (2012) 26 74 0.35 [0.24; 0.47]
Luigiano (2009) 4 80 0.05 [0.01; 0.12]
Mannath (2011) 12 67 0.18 [0.10; 0.29]
Saito (2012) 31 154 0.20 [0.14; 0.27]
Sakamoto (2012) 42 222 0.19 [0.14; 0.25]
Seo (2010) 5 44 0.11 [0.04; 0.25]
Stergiou (2003) 12 37 0.32 [0.18; 0.50]
Tajika (2011) 15 54 0.28 [0.16; 0.42]
Tanaka (2001) 4 38 0.11 [0.03; 0.25]
Terasaki (2012) 13 105 0.12 [0.07; 0.20]
Woodward 40 234 0.17 [0.13; 0.23]
Pooled RE Estimate   0.20 [0.16; 0.25]
I-squared = 85.1 %, Q = 207.4, df = 31, p<0.0001  

0 0.25 0.5 0.75

Fig.2 R-plot showing the individual and pooled
estimates of the proportion of lesions with recur-
rence among 22 studies in which en bloc resection
was performed and 32 studies in which piecemeal
resection was performed. The study performed by
Moss et al. [33] is not included in this figure, as it
was not clear how many of the recurrences were
found after en bloc vs. piecemeal resection.
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Risk of recurrence and treatment success
Overall, the mean risk of recurrence after EMR in the 33 studies
was 15% (95% confidence interval [CI] 12%–19%). In these stud-
ies, 31% of lesions had been resected en bloc. The pooled esti-
mate of recurrence risk was significantly higher for piecemeal re-
sections (20%; 95%CI 16%–25%) than for en bloc resections (3%;
95%CI 2%–5%; Cochran’s Q test P<0.0001) (●" Fig.2).

Of the 351 recurrences that were reported to be re-treated at fol-
low-up endoscopy, 75 (21%) recurred again. Modalities used for
retreatment were APC and/or EMR. After a mean of 1.2 endo-
scopic re-treatments, successful eradication was achieved in
91.4% of recurrences. Overall, endoscopic treatment was success-
ful for 99% of all lesions for which EMR was initially considered
adequate, meaning that for 1% of these lesions surgical resection
was eventually necessary. The mean number of endoscopic treat-
ments needed to eradicate index lesions was also 1.2.

Early and late recurrence and optimal follow-up interval
In 15 studies that differentiated between early and late recurren-
ces [34,36,42,45,46,48,49,52–55,59,61–63], 152/173 recur-
rences (88%) were found during the first follow-up colonoscopy
and 21 (12%) after at least one previous normal colonoscopy.
In only four studies did all patients undergo follow-up at 3, 6,
and≥12 months. A total of 19 of 25 recurrences (76%) were de-
tected at 3 months, increasing to 24 (96%) at 6 months. In six
studies, including the abovementioned four, follow-up was per-
formed before or at 6 months, at 12 months, and after 12 months.
Cumulative recurrences were 43 (91%) at 6 months, 46 (98%) at
12 months, and 47 after 12 months (●" Fig.3).

Recurrence in relation to pathology grade
Risk of recurrence for LGD (two studies, 57 lesions [45,51]), HGD
(three studies, 53 lesions [38,45,51]), mucosal carcinomas (three
studies, 70 lesions [42,53,61]), and Sm1 carcinomas (five studies,
25 lesions [45,48,53,61,62]) were 7.0%, 18.9%, 15.7%, and 12.0%,
respectively (Fisher’s exact test P=0.28). Only two studies [45,51]
reported recurrence risks for both LGD (57 lesions) and HGD (20
lesions), which differed significantly (7.5% vs. 25.0%, Fisher’s ex-
act test: P=0.046). In nine studies reporting recurrences for both
adenomas and carcinomas [37,42,45,48,53,58,61–63], the rates
were 8.2% (53/648) and 17.9% (55/307), respectively (Fisher’s ex-
act test: P<0.001). These risks were not adjusted for size and re-
section technique.

Risk factor analysis
In studies performing univariable analysis, size, piecemeal resec-
tion, and non-R0 resections were reported to be associated with
local recurrence in 10 of 12 studies, 6 of 9 studies, and 2 of 2 stud-
ies, respectively (●" Table4;●" Fig.4). Of the 12 studies that uni-
variably assessed the association between size and recurrence,
three used a continuous variable and nine used varying categor-
ies with thresholds between 20 and 40mm. Three studies
showed that an increasing number of resected fragments per le-
sion correlatedwith the risk of recurrence in univariable analysis.
Two studies reported that in case of free resections margins, the
risk of recurrence was indeed very small.
Apart from size, lesion characteristics were not found to affect
the recurrence risk. Location was not associated with recurrence
in any of the studies. Four studies showed that recurrence was
not found more often after resection of flat lesions compared
with sessile lesions. For laterally spreading tumors (LSTs), the
granular form was associated with recurrence in two of four
studies in univariable analysis. Classification of lesions at histolo-
gy was not uniformly tested in different studies and was rarely
associated with recurrence.
APC had a protective effect in one study when applied routinely
after endoscopically complete EMR [39]. Additional APC treat-
ment for macroscopic residual tissue was not a risk factor for re-
currence in five studies.

Recurrences from
studies with follow-up
at 3, 6 and 12 months

Recurrences from
studies with follow-up
at 6, 12 and >12 months

0 25 50 75 100
% of recurrences detected

Detected at 3 months

Detected at 6 months

Detected at 12 months

Detected >12 months

Fig.3 Cumulative detection of recurrences.

Size

Location

Flat vs. sessile

Granular vs. nongranular

Piecemeal vs. en bloc

Number of pieces

Argon plasma coagulation

Non-R0 margin

Grade of dysplasia

Carcinoma vs. adenoma

Number of studiesAssociation

No association

0 2 4 6 8 10 12

Fig.4 Number of studies performing univariable analysis for different
possible risk factors and the proportion of studies finding an association
with recurrence. For further specification of risk factors, see●" Table4.

Size

Location

Flat vs. sessile

Granular vs. nongranular

Piecemeal vs. en bloc

Number of pieces

Argon plasma coagulation

Non-R0 margin

Grade of dysplasia

Carcinoma vs. adenoma

Number of studiesAssociation

No association

0 2 4 6 8 10 12

Fig.5 Number of studies performing multivariable analysis for different
possible risk factors and the proportion of studies finding an association
with recurrence. For further specification of risk factors, see●" Table4.
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In multivariable analysis, only piecemeal resection was found to
be associated with recurrence (in 3 of 3 studies) (●" Fig.5). Size
remained a risk factor in only one of four studies that reported a
multivariate analysis. One of two studies reported that flat mor-
phology was associated with recurrence.

Discussion
!

The results of this systematic review and meta-analysis show
that recurrence after piecemeal EMR occurs in 20% of lesions
compared with only 3% after en bloc EMR. Most recurrences
were found during the first follow-up colonoscopy, irrespective
of timing. In the few studies performing follow-up colonoscopy
at regular intervals, three-quarters of recurrences were found at
3 months, increasing to more than 90% at 6 months. Piecemeal
resection was the only risk factor that was associated with recur-
rence in multivariable analysis.
A difference in recurrence rates between en bloc and piecemeal
resections was anticipated. The decision by the endoscopist to
perform the resection in piecemeal fashion is dependent on the
difficulty of the resection. Reasons for performing piecemeal
EMR instead of en bloc EMR are size above 20–30mm, location
near colonic folds, or a lesion covering a large part of the lumen
circumference. The outcome of this meta-analysis therefore

must not be interpreted as a comparison between the two tech-
niques, but as an indication that en bloc and piecemeal resected
lesions are indeed different with regard to recurrence risk and
therefore require different follow-up strategies.
As there is an intrinsic association between larger size and piece-
meal resection, an attempt was made to determine the extent to
which lesion size might have influenced the high recurrence rate
after piecemeal resection. Ideally, raw datawould have been used
to see whether both size above 20mm and resection in multiple
fragments are independent risk factors for recurrence. However,
this was not possible, so instead a meta-analysis was performed
on lesions larger than 20mm (●" Fig.6), and this showed that the
recurrence rate for piecemeal resections (22%) was still higher
than for en bloc resections (3%; Cochran’s Q test P<0.001). It
seems that piecemeal resection is a more useful clinical predictor
for recurrence than size>20mm.
When analyzing three different categories of mean or median
lesion size (10–20mm, 20–30mm, and>30mm) with regard to
recurrence after piecemeal resection, no significant differences
were found (18%, 19%, and 19%, respectively; Cochran’s Q test
P=0.88). Studies with inclusion of lesions >20mm had no signif-
icantly higher risk of recurrence compared with studies that also
included smaller lesions (22% vs. 18%; Cochran’s Q test P=0.37).
Results in the en bloc group were heterogeneous. However, the
only studies finding recurrence risks above 10% were considered

Study Recurrences Lesions Proportion 95%-CI
En-Bloc Resection
Higaki (2003) 0 5 0.00 [0.00; 0.52]
Iishi (2000) 0 14 0.00 [0.00; 0.23]
Katsinelos (2006) 4 22 0.18 [0.05; 0.40]
Lee (2012) 3 39 0.08 [0.02; 0.21]
Luigiano (2009) 2 62 0.03 [0.00; 0.11]
Saito (2010) 2 74 0.03 [0.00; 0.09]
Tajika (2011) 1 50 0.02 [0.00; 0.11]
Tanaka (2001) 2 40 0.05 [0.01; 0.17]
Terasaki (2012) 1 68 0.01 [0.00: 0.08]
Pooled RE Estimate   0.03 [0.01; 0.06]
I-squared = 31.2 %, Q = 11, df = 8, p = 0.1685

Piecemeal Resection
Ah Soune (2010) 3 24 0.12 [0.03; 0.32]
Arebi (2007) 56 145 0.39 [0.31; 0.47]
Barendse (2012) 18 58 0.31 [0.20; 0.45]
Conio (2010) 8 216 0.04 [0.02; 0.07]
Higaki (2003) 4 18 0.22 [0.06; 0.48]
Iishi (2000) 22 41 0.54 [0.37; 0.69]
Katsinelos (2006) 16 30 0.53 [0.34; 0.72]
Khashab (2009) 24 135 0.18 [0.12; 0.25]
Lee (2012) 26 74 0.35 [0.24; 0.47]
Luigiano (2009) 4 80 0.05 [0.01; 0.12]
Saito (2010) 31 154 0.20 [0.14; 0.27]
Seo (2010) 5 44 0.11 [0.04; 0.25]
Stergiou (2003) 12 37 0.32 [0.18; 0.50]
Tajika (2011) 15 54 0.28 [0.16; 0.42]
Tanaka (2001) 4 38 0.11 [0.03; 0.25]
Terasaki (2012) 13 105 0.12 [0.07: 0.20]
Pooled RE Estimate   0.22 [0.15; 0.31]
I-squared = 91.2 %, Q = 169,5, df = 15, p = 0.0001

0 0.25 0.5 0.75

Fig.6 Meta-analysis of recurrence, subdivided
into en bloc and piecemeal resections of lesions
>20mm.
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to be small [38, 50]. Bories et al. [38] included only lesions with
HGD at follow-up, which may partly explain the high proportion
of residual lesions. It is not possible to clarify reasons for the high
recurrence risk in the study by Katsinelos et al. [50], other than
chance. The overall risk of recurrence after en bloc EMR was
very low, and when the Katsinelos study [50] was excluded, the
results within the en bloc group were indeed homogeneous.
Results within the piecemeal group were also clearly heteroge-
neous. A multivariable Poisson regression analysis was per-
formed to identify which study- and population-related factors
might explain this heterogeneity. This analysis showed a signifi-
cant trend towards a decrease in recurrence rates over time, as
indicated by the year of the studies. Prospective studies showed
lower recurrence rates than retrospective studies. These findings
provide a partial explanation for the variation in recurrence rates
after piecemeal resection and may indicate an improvement of
the endoscopic piecemeal resection technique over time and a
lower recurrence rate when performed with a predetermined fo-
cus on complete removal.
One other systematic review has reported on early and late recur-
rence after piecemeal EMR for colorectal lesions [65]. Barendse et
al. found an early recurrence rate of 11.2%, which is comparable
to our overall recurrence of 15%. In a recent study by Pohl et al.,
biopsies taken from the resection margins after macroscopically
complete hot snare resection showed residual tissue in 10% of
cases [66]. Although the intervention and outcome measure in
that study were not completely the same as in the current meta-
analysis, the results indicate a comparable risk of residual tissue
after endoscopic resection.
The high percentage of lesions successfully eradicated by per-
forming an unlimited number of additional endoscopic proce-
dures proves that most recurrences do not require surgical treat-
ment. However, this treatment success was calculated for lesions
for which attempted endoscopic treatment was considered suffi-
cient for eradication in the first place. Therefore, the outcome is
highly dependent on the endoscopist making the decision to per-
form only follow-up colonoscopy or additional surgical treat-
ment after the first endoscopic treatment.
Data on the earliest possible detection of recurrence are scarce
and therefore strong recommendations regarding timing of fol-
low-up colonoscopy cannot be made. However, it is clear from
the current results that recurrences are not always detected at
the first follow-up colonoscopy. Anecdotal evidence shows that
it is not unusual for recurrences to be found after a normal fol-
low-up colonoscopy at 3 months. Therefore, we recommend not
to solemnly rely on the outcome of a colonoscopy at 3 months,
but to perform follow-up colonoscopy at 6 and/or 12 months in
all cases.
Risk factors were only assessed in a descriptive way because a
complete set of raw datawas not available. A convincingmajority
of studies showed that size was associated with recurrence in
univariable analysis. However, the previously discussed associa-
tion between size and piecemeal resection has probably resulted
in confounding. This is supported by the fact that only one of four
studies found size to be associatedwith risk of recurrence in mul-
tivariable analysis. On the other hand, the study byWoodward et
al. [64] showed that within categories of en bloc and piecemeal
resected lesions, size was still a risk factor. Conversely, piecemeal
resection was a risk factor in all three size categories in that
study. In addition, Longcroft-Wheaton et al. [67] recently report-
ed that lesion size above 60mm was a risk factor for recurrence
after piecemeal resections.

There is no indication that flat lesions recur more often than ses-
sile lesions, but this may be true for granular vs. nongranular
LSTs. The two studies finding no association between granular
morphology and recurrence were small compared with the two
larger studies that did report an association. However, none of
the studies performed multivariable analyses.
Piecemeal resection was the only risk factor that was clearly
associated with recurrence in multivariable analysis. The risk for
recurrence after en bloc resected lesions is indeed small, espe-
cially if the pathologist confirms complete resection. As use of
APC– in the case of an endoscopically incomplete resection–was
no risk factor for recurrence in the current study, additional APC
treatment seems to reduce the risk of recurrence so that it is
comparable to that after a resection that was endoscopically
complete without APC. Two previous studies have shown that
APC is an effective additional treatment in case of macroscopic
residual tissue after polypectomy [68, 69]. However, in amore re-
cent study byMoss et al. [30], which included 328 EMRs with fol-
low-up, APC was identified as an independent risk factor for re-
currence. We should therefore be careful not to rely too much on
APC for complete eradication of neoplastic tissue.
In conclusion, this systematic review and meta-analysis confirms
that the risk of local recurrence after piecemeal EMR is signifi-
cantly higher than after en bloc EMR. A recurrence rate of 20%
justifies performing a follow-up colonoscopy after piecemeal re-
sections, especially because complete clearance can still be
achieved in>90% of local recurrences after only one endoscopic
re-treatment. The optimal timing of the first follow-up colonos-
copy remains to be determined in well-scheduled prospective
studies, but based on the current data an initial interval of 6
months seems to be more adequate for recurrence detection
than an interval of 3 months. Thus far, no risk factors other than
piecemeal resection have been identified that can be used to
guide a personalized follow-up schedule.
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Table e2 Critical appraisal of validity of relevant studies.

Study

First author, year

Participation Loss to follow-up, n/N (%) Attrition Outcome Total

Ah Soune, 2010 ++ 2/26 (7.7) + + + ++

Arebi, 2007 + 12/157 (7.6) + ± ±

Barendse, 2012 ++ 15/73 (20.5) - ± ±

Bergmann, 2003 + 0/65 (0.0) ± ± ±

Bories, 2006 ++ 10/43 (20.9) – ± ±

Brooker, 2002 ++ 0/34 (0.0) + + + ++

Conio, 2010 ++ 16/232 (6.9) ± + +

Conio, 2004 ++ 26/122 (21.3) ± ± ±

Dos Santos, 2011 + 44/166 (26.5) – ++ ±

Ferrara, 2010 ++ 0/172 (0.0) + + +

Higaki, 2003 ++ 1/24 (4.2) + + + + ++

Huang, 2009 + 20/99 (20.2) – + ±

Hurlstone, 2004 + 0/58 (0.0) + + + ++

Hurlstone, 2005 ++ 0/62 (0.0) + + + ++

Iishi, 2000 ++ 18/73 (13.7)1 – ± ±

Jin, 2009 ++ 0/94 (0.0) + ± +

Kaltenbach, 2007 ++ 18/95 (18.9) ± + +

Katsinelos, 2006 ++ 0/52 (0.0) + ± +

Katsinelos, 2006 + 0 /19 (0.0) + + +

Khashab, 2009 ++ 77/209 (36.8)2 ± + +

Kobayashi, 2012 ± 155/373 (41.6)3 ± + ±

Lee, 2012 ++ 16/129 (12.4) – + ±

Luigiano, 2009 ++ 26/174 (14.9)4 + + + ++

Mannath, 2011 ++ 32/137 (23.4)5 – + ±

Moss, 2010 ++ 0/71 (0.0) + ± +

Saito, 2010 + 151/379 (39.8)6 ± ± ±

Sakamoto, 2012 ++ 71/293 (24.2)7 – ± ±

Seo, 2010 ++ 2/46 (4.7) ± + + +

Stergiou, 2003 + 0/40 (0.0) + – ±

Tajika, 2011 + 26/130 (20.0)8 – + ±

Tanaka, 2001 ± 0/78 (0.0) + + ±

Terasaki, 2012 ++ 0/176 (0.0) + ± +

Woodward, 2012 + 0/423 (0.0) + + ± +

N/A, not applicable.
Potential bias was scored as follows:++very small risk;+small risk; ± moderate risk;–high risk.
Studies were scored for potential bias from three sources.
Study participation: adequate description of:
– recruitment, including setting and period
– inclusion and exclusion criteria
– baseline characteristics of patients and lesions.
Study attrition:
– numbers and percentages lost to follow-up
– adequate description of reasons for loss to follow-up
– adequate description of population lost to follow-up and comparison with population in follow-up.
Outcome measurement and data reporting:
– clear definition of outcome measure
– adequate reporting of length of follow-up
– use of a fixed follow-up schedule for all patients
– adequate reporting of outcome.
1 18 patients without follow-up were excluded from the study.
2 77 patients without follow-up were excluded from the study.
3 Of 373 consecutive lesions between 2000 and 2009, 155 were lost to follow-up.Of 218 remaining cases, 56 were selected.
4 24 patients were excluded from the study, because they were hospitalized in other institutions.
5 32 patients (34 lesions) without follow-up were excluded from the study.
6 151 lesions without follow-up were excluded from the study.
7 54 patients (71 lesions) without follow-up were excluded from the study.
8 26 lesions without follow-up were excluded from the study.
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Appendix e1
Search strategy for PubMed, EMBASE, and the
Cochrane Library
!

PubMed
(((colon [MESH] OR colon [tiab] OR rectum [MESH] OR rectum
[tiab] OR colorectum [tiab] OR colonic [tiab] OR rectal [tiab] OR
colorectal [tiab]) AND (adenoma [MESH] OR adenoma [tiab] OR
adenomas [tiab] OR adenomatous [tiab] OR adenomata [tiab] OR
adenomatous polyps [MESH] OR polyps [tiab] OR polyp [tiab] OR
lesion [tiab] OR lesions [tiab] OR tumor [tiab] OR tumors [tiab] OR
tumour [tiab] OR tumours [tiab] OR neoplasm [tiab] OR neo-
plasms [tiab])) OR (colonic polyps [MESH] OR colorectal neo-
plasms [MESH])) AND (Remov* [tiab] OR resect* [tiab] OR poly-
pectomy [tiab] OR polypectomies [tiab] OR EMR [tiab] OR exci-
sion [tiab] OR excisions [tiab]) AND (colonoscopy [MESH] OR co-
lonoscopy [tiab] OR colonoscopic [tiab] OR endoscopy [MESH] OR
endoscopy [tiab] OR endoscopic [tiab]) AND (recurrence [MESH]
OR neoplasm recurrence, local [MESH] OR recur* [tiab] OR reoc-
cur* [tiab] OR incomplete [tiab] OR incompleteness [tiab] OR
complete [tiab] OR completeness [tiab] OR clear* [tiab]) AND
English[Language]
Filter: Publication date from 2000/01/01

EMBASE
((('colon'/exp OR colon:ab,ti OR 'rectum'/exp OR rectum:ab,ti OR
colorectum:ab,ti OR colonic:ab,ti OR rectal:ab,ti OR colorectal:ab,
ti) AND ('adenoma'/exp OR adenoma:ab,ti OR adenomas:ab,ti OR
adenomatous:ab,ti OR adenomata:ab,ti OR 'adenomatous polyp'/
exp OR polyps:ab,ti OR polyp:ab,ti OR lesion:ab,ti OR lesions:ab,ti
OR tumor:ab,ti OR tumors:ab,ti OR tumour:ab,ti OR tumours:ab,
ti OR neoplasm:ab,ti OR neoplasms:ab,ti)) OR ('colon tumor’/exp
OR ‘rectal tumor'/exp)) AND (remov*:ab,ti OR resect*:ab,ti OR
polypectomy:ab,ti OR polypectomies:ab,ti OR emr:ab,ti OR exci-
sion:ab,ti OR excisions:ab,ti) AND ('colonoscopy'/exp OR colonos-
copy:ab,ti OR colonoscopic:ab,ti OR 'endoscopy'/exp OR endos-
copy:ab,ti OR endoscopic:ab,ti) AND (‘recurrent disease'/exp OR
'tumor recurrence'/exp OR recur*:ab,ti OR reoccur*:ab,ti OR resi-
dual:ab,ti OR incomplete:ab,ti OR incompleteness:ab,ti OR com-
plete:ab,ti OR completeness:ab,ti OR clear*:ab,ti)
AND [english]/lim AND [embase]/lim NOT [medline]/lim AND [1-
1-2000]/sd NOT [1-1-3000]/sd AND ('article'/it OR 'article in
press'/it OR 'review'/it)

The Cochrane Library
(((colon OR rectum OR colorectum OR colonic OR rectal OR colo-
rectal) AND (adenoma OR adenomas OR adenomatous OR adeno-
mata OR polyps OR polyp OR lesion OR lesions OR tumor OR tu-
mors OR tumour OR tumours OR neoplasm OR neoplasms OR
“adenomatous polyps”)) OR (“colonic polyps” OR “colorectal neo-
plasms”)) AND (remov* OR resect* OR polypectomy OR polypec-
tomies OR EMROR excision OR excisions):ti,ab,kw AND (colonos-
copy OR colonoscopic OR endoscopy OR endoscopic):ti,ab,kw
AND (Recur* OR reoccur* OR residual OR incomplete OR incom-
pleteness OR complete OR completeness OR clear* OR “neoplasm
recurrence, local”):ti,ab,kw from 2000–2012 in Trials
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