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The prevalence of sessile serrated lesion in the 
colorectum and its relationship to synchronous 
colorectal advanced neoplasia: a systemic review 
and meta-analysis
Sz-Iuan Shiua,b,c, Hiroshi Kashidad and Yoriaki Komedad   

Introduction

Colorectal cancer (CRC) is the third and the second most 
common malignancy in men and women respectively world-
wide, resulting in the third highest cancer-related deaths in 
the world [1]. Although primary screening through a colo-
noscopy decreases the incidence and mortality of CRC [2], 
the incidence of interval CRC has been reported to be from 
6 to 7.2% in two large population-based cohort studies 

[3,4]. In 2010, the WHO classification system [5] divided 
serrated lesions in the colorectum into three major types: 
hyperplastic polyp (HP), traditional serrated polyp (TSP), 
and sessile serrated adenoma/polyp (SSA/P), which was 
recommended to be paraphrased as sessile serrated lesion 
(SSL) in 2019 [6]. At least some interval CRC cases are 
considered to have developed from SSLs via the so-called 
serrated pathway [7,8]. However, the true prevalence of 
SSL and its characteristics are still unknown due to detec-
tion difficulty, as well as poor discrimination by endosco-
pists and pathologists in daily practice.

In previous meta-analyses, it was confirmed that ser-
rated polyps were associated with an increased risk of 
synchronous advanced neoplasia in the colorectum [9], 
and that in proximal and large serrated polyps the risk 
was higher. However, the direct relationship between SSLs 
and synchronous advanced neoplasia was not made clear, 
and thus the application of this datum in clinical practice 
may be of limited value. The aim of this systematic review 
and meta-analysis was to evaluate the prevalence and 
characteristics of SSL and its relationship to synchronous 
colorectal advanced neoplasia.

Methods

Search strategy and selection criteria

This systematic review was conducted according to prior 
established statements of preferred reporting items for 
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Background The aim of this systemic review and meta-analysis was to evaluate the prevalence of sessile serrated lesion 
(SSL) and its relationship to synchronous colorectal advanced neoplasia.
Materials and methods Comprehensive, computerized research was performed on PubMed and published from 1 January 
2010 to 6 July 2018 which searched relevant articles without any language limitations. Clinical trials were included in the 
narrative systemic review if they matched the following inclusion criteria: (1) published as a case-controlled study, cohort 
study or cross-sectional study; (2) defined objectively for diagnosis of SSL within the studies; (3) addressed the prevalence 
and characteristics of SSL. Within these trials, if they met additional criteria involving the reported outcome of risk regarding 
advanced neoplasia in relation to SSL, they were enrolled into meta-analysis.
Results Forty-one trials were enrolled for the systematic review, with a total of eight analyzed for the meta-analysis. The 
prevalence of all SSL ranged from 0.038 to 20.23% and the prevalence by pooled analysis was 2.7%. In a subgroup analysis, 
the overall prevalence of SSL during the periods of 2010–2014 and 2015–2018 was shown to be 2.7 and 2.8%, respectively. 
We calculated the pooled data on the cancer risk of SSL and the risk of synchronous advanced neoplasia in patients with 
SSL made available from the eight trials, which resulted in a pooled odds ratio of 3.53 (95% confidence interval 2.39–5.20, I2 
= 4%, P = 0.40).
Conclusion In this systemic review, SSL was found to be associated with an increased risk of synchronous advanced 
neoplasia in the colorectum. Eur J Gastroenterol Hepatol 33: 1495–1504
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systematic reviews and meta-analyses (PRISMA) [10] and 
meta-analyses Of observational studies in epidemiology 
[11]. Additionally, we followed the guidelines for report-
ing systematic reviews and meta-analyses as well as those 
for observational studies. Comprehensive, computerized 
research was performed on PubMed (National Library of 
Medicine, Bethesda, Maryland, USA) and later published 
during the period 1 January 2010 to 6 July 2018. The 
keywords (sessile OR serrated), (adenoma[s] OR polyp[s] 
OR polypoid), (cecum OR cecal OR colon OR colonic 
OR rectum OR rectal OR colorectal) along with (tumor 
OR carcinoma OR adenocarcinoma OR malignancy OR 
malignant OR neoplasm OR neoplastic) were inputted to 
search for relevant articles without any language limita-
tions. As the standardization for nomenclature and diag-
nostic criteria was first established in 2010 by the consensus 
conference of the Working Group of Gastroenterological 
Pathology of the German Society of Pathology [12], we 
restricted our search for articles to those only published 
after 1 January 2010. Additional studies were manually 

identified from bibliographies of the original articles or 
any relevant reviews. Both the titles and abstracts were 
reviewed, and initial screening was undertaken by two 
independent reviewers after removal of any duplicated 
articles. Potentially relevant articles were obtained in 
full-text and reviewed independently in accordance with 
the pre-defined criteria. We also contacted the authors if 
necessary, and any disagreements were settled by a third 
reviewer.

Clinical trials were included in the systematic review 
if they matched the following inclusion criteria: (1) pub-
lished as a case-controlled study, cohort study or cross-sec-
tional study; (2) SSL (SSA, SSP, or SSA/P) being defined 
objectively within the study; (3) addressed the prevalence 
and characteristics of SSL. The studies which met the addi-
tional inclusion criteria involving risk of advanced neopla-
sia in relation to SSL were enrolled into the meta-analysis. 
The exclusion criteria were unrelated topics; exclusive 
specific populations such as children, as well as patients 
diagnosed with inflammatory bowel disease and polyposis 

Fig. 1. PRISMA flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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syndrome; study design including animal study, review 
articles, or diagnostic methods for adenoma detection. 
A detailed PRISMA flowchart is outlined in Fig.  1. We 
defined a large SSL as one with a diameter of ≥10 mm, 
and proximal SSL as being located proximal to the splenic 
flexure. Advanced adenoma was defined as one with a 
size ≥10  mm, having villous or tubulovillous architec-
ture, high-grade dysplasia, or intramucosal carcinoma. 
Advanced neoplasia was defined to include advanced ade-
noma and invasive cancer.

Data extraction and quality assessment

The following variables were extracted independently by 
two investigators: the first author, year of publication, 
country of study, study design, sample size, participants’ 
characteristics, exclusion criteria, risk of bias in enrolled 
studies, demography of population with SSL, adenoma 
detection rate, size and percentage of dysplastic change 
in SSL, prevalence of SSL in different situations (study 
population, all polyps, or only serrated polyps), and 
percentage of large SSLs and proximal SSLs within all 
the SSLs. We also calculated outcome measurements, 
including the odds ratio (OR) and 95% confidence  
interval (CI).

Two authors evaluated the risk of bias in all studies 
independently, based upon the Newcastle–Ottawa Scale 
(NOS) assessment tool [13]. In addition, assessment of 
methodological qualities regarding enrolled trials was also 
performed independently in order to discriminate factors 
from three aspects: bowel preparation, experience of the 
endoscopist, and quality of the pathologist. Disagreements 
were discussed until a consensus was reached. A third 
investigator was consulted whenever necessary.

Data synthesis and statistical analysis

The results were analyzed using Comprehensive Meta-
analysis 2.0 software (Biostat, Englewood, New Jersey, 
USA) and Review Manager V.5.3 software (Nordic 
Cochrane Centre, Copenhagen, Denmark). An OR with 
a 95% CI was used to present the risk of synchronous 
colorectal advanced neoplasia in patients with SSL. These 
were totally produced using a random effect model to 
allow for the expected heterogeneity amongst the enrolled 
studies.

Heterogeneity of the outcome measures was examined 
using the Cochrane I2 statistic. We regarded an I2 less than 
25% as mild heterogeneity, 25–50% as moderate hetero-
geneity, and higher than 50% as severe heterogeneity. If 
the χ2 test showed P > 0.05 it was not considered signifi-
cant in the heterogeneity test of the research. We checked 
for publication bias by carrying out visual inspection of 
the funnel plot.

Results

Literature search and eligible studies

The detailed searching strategy is summarized in Fig. 1. 
Initially, we identified 1024 abstracts and reviewed 125 
articles with full-text articles independently after the 
exclusion of 899 studies which were not relevant to our 
topic. This resulted in 41 enrolled trials for the systematic 
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review (summarized in Table 1), with eight of the trials 
being analyzed for meta-analysis.

Characteristics and clinical parameters of included 
studies

The characteristics of SSL extracted from the enrolled 
trials are shown in Table  2. The mean age of subjects 
ranged between 57.8 and 66 years, with the proportion 
of male subjects more than 50% in 17 out of 28 tri-
als. The mean size of SSL ranged from 5 to 10  mm in 
13 trials, was larger than 10 mm in four trials and was 
less than 5 mm in only one trial. The event rate of SSL 
with dysplasia was varied, ranging from 1.0 to 98.6%. 
The prevalence of all SSL ranged from 0.038 to 20.23%, 
with the overall prevalence by pooled analysis being 2.7% 
(95% CI 1.9–3.9%, Fig.  2). In subgroup analysis the 
overall prevalence of SSL during the periods 2010–2014 
and 2015–2018 showed 2.7% (95% CI 1.2–6.0%) and 
2.8% (95% CI 1.9–4.1%), respectively (Supplementary 
Figures 1 and 2, Supplemental digital content 1, http://
links.lww.com/EJGH/A654). Regarding geography, the 
overall prevalence by pooled analysis was 0.4% (95% 

CI 0.2–0.9%) in Eastern countries and 4.3% (95% CI 
3.0–6.1%) in Western countries (Supplementary Figures 
3 and 4, Supplemental digital content 1, http://links.lww.
com/EJGH/A654). The percentage of SSL in all polyps 
ranged from 0.12 to 19.15%, while in serrated polyps 
(including HP, TSP, and SSL) the proportions were from 
3.2 to 42.52%. The percentage of large SSLs amongst all 
the SSLs was 3.6–61.4%, while proximal SSLs within all 
the SSLs ranged from 29 to 94%.

In Fig. 3, we have calculated the pooled data on the risk 
of synchronous advanced neoplasia in patients with SSL 
made available from the 8 trials, and revealed an overall 
OR of 3.53 (95% CI 2.39–5.20, I2 = 4%, P = 0.40) with-
out detection in the heterogeneity test. This result indi-
cates that individuals with SSL may be more vulnerable 
to developing synchronous advanced neoplasia. However, 
in Fig. 4, the shape of the funnel plot of the enrolled trials 
appears to be asymmetrical by inspection, indicating the 
potential existence of publication bias.

We evaluated eight trials and conducted a meta-anal-
ysis using the NOS assessment tool to detect any risk of 
bias for the cross-sectional study (Table 3). The scores in 
all the trials were less than seven points, which suggests 

Table 2. Characteristics of sessile serrated polyps from enrolled trials

Author
Mean age 

(years)
Male 
(%)

ADR 
(%)

Size 
(mm) Dysplasia (%)

Prevalence 
of SSL (%)

Prevalence of 
SSL in all 

polyps (%)

Prevalence of 
SSL in serrated 
polyps (HP, TSP, 

SSL) (%)

Prevalence of 
large SSL in 

SSL (%) 
(≥10 mm)

Prevalence of 
proximal SSL 

in SSL (%)

Liu et al. 57.8 57 NA NA 98.6 (dysplasia) 0.18 NA 23.4 NA NA
Turner et al. NA NA NA NA 3.71 (HGD, CIS) NA 4.69 14.58 33.57 NA
Davenport et al. 57.8 64 NA NA NA 3.34 8.38 27.65 NA NA
Maratt et al. 61.4 61 31.4 NA NA 7.86 16.18 NA NA 61.2
Ferreira et al. NA NA 36 NA NA 1 2.78 NA NA NA
Sonnenberg et al. NA 45 NA NA NA 8.3 NA 24.73 NA NA
Wong et al. NA NA 34.6 8.78 NA 3.15 9.23 31.7 NA NA
Bettington et al. 58.3 52.4 48 7.61 1.85 (dysplasia) 20.23 19.15 42.52 NA 65.56
Chang et al. NA NA 27.1 10.1 NA 1.44 NA NA 49.44 NA
IJspeert et al. NA NA 43.08 NA 12.18 (Dysplasia) 2.98 NA NA NA NA
Cao et al. 60.3 63.6 31.7 NA 90.9 (dysplasia) 0.038 0.12 7.2 9.1 54.5
Laird-Fick et al. NA 48.4 NA NA NA NA 4.5 NA NA NA
IJspeert et al. NA NA 38.5 5 18.5 (Dysplasia) 8.2 9.4 28.91 NA 75.6
Saiki et al. 65.7 68.6 NA 8.8 4 (dysplasia) NA 3 33.05 NA 61.7
Pereyra et al. 59 45 NA 9.9 6.9 (HGD) 4.07 NA NA 61.4 75.3
Kawasaki et al. 65 50.9 NA 12.9 13 (HGD, CIS) NA 0.86 23.84 NA 83.1
Chino et al. 62 64.7 NA 8 1 (HGD, CIS) NA 2.1 23.14 31 60
Wallace et al. NA NA 37 NA NA 4.48 NA 11.63 NA NA
Kharlova et al. 62.3 33.3 NA 6 25 (dysplasia) NA 5.45 19.8 NA 29
Rotondano et al. NA NA 23 NA 6.06 (HGD, CIS) NA 3.72 19.1 NA 54.5
Yang et al. 61 46.3 NA NA 5.02 (LGD, HGD, CIS) NA NA NA NA 80
Zhu et al. 63.4 63.8 NA NA NA NA NA 16 NA 30
Ross et al. NA 58.65 41 NA NA 8.2 NA NA NA NA
Ng et al. NA NA 31.9 NA NA 1.2 3.78 21.51 NA NA
Abdeljawad et al. NA NA NA 7.13 5.8 (dysplasia) 8.1 5.9 38.93 22.67 86.2
Sanaka et al. NA 50 25.2 NA NA 1.8 NA NA NA NA
Pereyra et al. NA NA NA 10.3 14 (LGD) 7.7 8 18.68 NA 94
Kim et al. NA 60.1 27.4 NA NA 0.5 1.38 3.32 NA NA
Bouwens et al. 63.1 47.9 28.5 NA 9.5 (HGD) 1.88 2.85 9.58 NA 64.7
Bettington et al. 59 44.5 NA 8.48 3.52 (dysplasia) 16.8 12.1 25.49 NA 80.1
Hazewinkel et al. 60 51.5 29.4 5 26.1 4.8 7.3 14.92 16.36 59.5
Buda et al. NA NA 14.8 5.8 18 2.3 10.85 27.4 3.6 63.6
Salaria et al. 63 53.8 NA 4.6 NA NA NA NA NA 92.47
Teriaky et al. 66 32 NA 11 3 NA NA NA 35 70
Freedman et al. 60.9 38.5 66.5 NA NA 7.86 6.94 21.74 4 95
Wang et al. NA NA NA NA NA NA 0.49 10.1 NA NA
Hetzel et al. 58 50 42.9 NA NA 0.64 1.35 4.49 NA NA
Gurudu et al. 65.9 53 NA 8.1 NA 2.9 NA NA 31 67
Lu et al. 63 56.5 NA 6 NA NA 1.5 4.41 13.6 53.1
Lash et al. 62 45.7 NA NA 15.1 (dysplasia) 1.19 1.16 3.2 NA 81.2
Pai et al. 62.6 48.3 NA NA NA NA 4.3 NA NA 54

ADR, adenoma detection rate; CIS, carcinoma in situ; HGD, high-grade dysplasia; HP, hyperplastic polyp; LGD, low-grade dysplasia; NA, not available; SSL, 
sessile serrated lesion; TSP, traditional serrated polyp.

http://links.lww.com/EJGH/A654
http://links.lww.com/EJGH/A654
http://links.lww.com/EJGH/A654
http://links.lww.com/EJGH/A654
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a low quality. In methodological assessment (Table  4), 
adequate bowel preparation was available in three of the 
eight trials. The purpose of a colonoscopy; screening, diag-
nostic or therapeutic, and the quality of the colonoscopy, 
whether or not performed by experienced endoscopists 
were mentioned in only one study but not in the others. 
An appropriate number of pathologists or a blind reeval-
uation by an experienced pathologist was achieved in all 
studies, however, the pathological diagnoses were not 
reviewed centrally because all trials were conducted by a 
single center.

Discussion

In this meta-analysis, we comprehensively evaluated the 
prevalence and characteristics of SSL and its relationship 
to synchronous colorectal advanced neoplasia. The preva-
lence of SSL was 2.7% (95% CI 1.9–3.9%) and was not dis-
tinct between the periods of 2010–2014 and 2015–2018. 

The OR regarding the relationship between SSL and 
the risk of synchronous colorectal advanced neoplasia 
was 3.53 (95% CI 2.39–5.20), with low heterogeneity  
(P = 0.40).

The prevalence of SSL has been reported quite differ-
ently in previous literature [14–19]. In the first place, there 
can be a large gap between the true prevalence of SSL 
and the reported SSL detection rates, the detection rates 
have been varied amongst medical centers [17–20]. It is 
obvious that all SSLs are not detected during a colonos-
copy due to their obscure appearance and the endosco-
pist’s lack of knowledge [20]. Even if an SSL is detected, it 
may not be recognized as such and its histology may not 
be confirmed by either resection or biopsy. Additionally, 
the histological specimen may not be diagnosed as SSL 
due to the pathologist’s lack of knowledge and because 
the pathological criteria have not necessarily been clear 
enough [21–25]. Significant interobserver variations in 
both identifying and classifying serrated lesions amongst 

Fig. 2. Pooled prevalence of sessile serrated lesion in screening population.

Fig. 3. Forest plot of pooled ORs on the risk of sessile serrated lesion and synchronous advanced neoplasia. OR, odds ratio.
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pathologists have been reported [26]. Thus, SSL detection 
rates are both endoscopist-dependent and pathologist-de-
pendent. More and more articles concerning SSL are now 
being published, although this does not, of course, imply 
that the prevalence of SSL is becoming higher. Reasons for 
this phenomenon are attributed mainly to two reasons. 
One is the increasing use of high-definition endoscopes 
and image-enhanced endoscopy. The other and the more 
important reason is that there is an increased awareness 
by endoscopists and pathologists concerning SSL. Some 
reports have described that the SSL detection rate has been 
recently increasing [27,28], although this phenomenon 
was not confirmed in the present study. This may mean 
that the detection rate has become rather stable after the 
WHO classification and from when the diagnostic criteria 
were published in 2010. On the other hand, it is possible 
that the prevalence of SSL may still be underestimated.

The prevalence of SSL was different between the East 
and the West in the present review. However, this differ-
ence may be attributed to lack of knowledge, difficulty 
in detection and unestablished diagnostic criteria in some 
countries. The true prevalence of SSL is important to clar-
ify because screening a rare premalignant precursor would 
not be reasonable during a routine colonoscopy. Regarding 
the true prevalence of SSL, there has been debate until now 
[29]. Crockett and Nagtegaal [30] reported that the detec-
tion rate of SSL was 2–8% in average-risk populations 

receiving a colonoscopy, which was even higher than that 
involving experienced endoscopists and centers. Many fac-
tors are important to assure there is no missed diagnosis 
of SSL, including excellent bowel preparation [31], appro-
priate screening [32], and good discrimination by endos-
copists and pathologists during daily practice [32,33]. 
An inadequate quality of bowel preparation is relevant 
to decreased adenoma detection rates [34]. Once a good 
quality of bowel preparation has been achieved after com-
plete cleansing maneuvers have been performed, endos-
copists could then conduct an appropriate screening and 
determine a surveillance interval for each patient. When a 
lesion suspected to be SSL is observed through white-light 
imaging, endoscopists could then zoom in and investigate 
with image-enhanced endoscopy techniques. Although the 
gold standard of endoscopic diagnostic criteria of SSL has 
not yet been well established, some specific features have 
been reviewed thoroughly [35,36]. Even after successful 
endoscopic resection, both endoscopists and patholo-
gists should suspect the lesion to be SSL when a serrated 
lesion larger than 5 mm in the right colon is found. One 
meta-analysis [37] showed that the OR for changing the 
pathological diagnosis from HP to SSL for proximal loca-
tion and a size ≥5 mm was 4.40 (95% CI 2.78–6.96%) 
and 8.336 (95% CI 4.96–15.57), respectively. In our study, 
the overall prevalence by pooled analysis was 2.7% (95% 
CI 1.9–3.9%), and in subgroup analysis, the overall prev-
alence of SSL was not significantly different between the 
periods of 2010–2014 and 2015–2018. This is true as well 
regarding the geography between Eastern and Western 
countries, which indicates that the true prevalence of SSL 
may still be underestimated in the real world. Because the 
detection rate of SSL has not improved since 2010, opti-
mizing detection, accurate diagnosis, and resection of SSL 
must be encouraged and warranted in the future.

The demography of a population and the characteristics 
of SSL are also controversial among studies. The major-
ity of patients enrolled in our articles were older than 60 
years with a male predominance, with the average size 

Fig. 4. Funnel plot of enrolled trials evaluating the risk of sessile serrated lesion and synchronous advanced neoplasia.

Table 3. Assessment of risk of bias in cross-sectional trials by New-
castle-Ottawa Scale tool

Author Year Selection Comparability Outcome Score

Cao et al. 2016 3 0 2 5
Kawasaki et al. 2016 2 0 2 4
Chino et al. 2016 2 0 2 4
Saiki et al. 2016 2 0 2 4
Zhu et al. 2015 3 0 3 6
Kharlova et al. 2015 2 0 2 4
Ng et al. 2015 3 0 2 5
Bouwens et al. 2014 3 0 3 6
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of the lesions being larger than 5 mm. The event rate of 
SSL with dysplasia, as well as the percentage of large SSL 
or proximal SSL, varied widely. It is difficult to draw any 
conclusions related to lifestyle factors from our review due 
to insufficient information. Current evidence has revealed 
that older age and gender are not storing risk factors for 
SSL, while white race, family history of CRC, and a per-
sonal history of premalignant serrated polyps are consist-
ent risk factors for SSL in studies conducted by Western 
countries [30,38]. Compared to the demographic features, 
several lifestyle factors, particularly smoking and alcohol 
intake, may be associated with SSL [39]. When compared 
with conventional adenoma, smoking, BMI, and alcohol 
intake were more strongly associated with serrated polyps 
[40]. The percentage of SSL with an advanced histology 
are also varying among studies, ranging from 0.9 to 15% 
[41]. Additionally, SSL patients with an advanced histol-
ogy tended to be of an older age and female, with diagno-
sis at a proximal location [42].

There is consistent evidence showing that individu-
als with SSL have an increased risk of synchronous and 
metachronous advanced neoplasia when compared to 
those without polyps [9,29,37,43]. Erichsen et al. per-
formed a large population-based study in Denmark to 
evaluate the risk of metachronous CRC relevant to SSL, 
and reported that patients with SSL were at an increased 
risk for developing CRC with an adjusted OR from 2.75 
to 4.76 based upon different background polyps. There is 
no systematic review available which has clarified the rela-
tionship between SSL and synchronous advanced neopla-
sia [9,30]. Although we have shown that SSL is associated 
with an increased risk of synchronous colorectal advanced 
neoplasia, there is no direct pathological evidence to 
demonstrate that synchronous colorectal advanced neo-
plasm has ever originated from an SSL or a conventional 
adenoma. Thus, further investigation is warranted.

There are several limitations to this meta-analysis. 
First, it is challenging to estimate the actual prevalence of 
SSL when selection bias exists due to inconsistent termi-
nology, changing pathological diagnostic criteria, and lack 
of adequate endoscopy facilities and experienced endos-
copists. And as the endoscopic and pathological images 
of sessile polyps were read in each hospital and not cen-
trally reviewed in any trial, interobserver bias may have 
occurred. Second, there is the potential existence of publi-
cation bias and methodological bias. Because the present 
data are limited, further multi-center prospective studies 
would be needed. Third, we did not analyze the relation-
ship between synchronous colorectal advanced neoplasia 
and any potential confounding factors, such as smoking, 

alcohol consumption, BMI, or the event rate of SSL with 
dysplasia, due to the insufficient data obtained from the 
enrolled studies.

In summary, we reviewed the prevalence and character-
istics of SSL and demonstrated that SSL is associated with 
an increased risk of synchronous advanced neoplasia in 
the colorectum.
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