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ASbTRACT

background
Carcinogenesis in Lynch syndrome involves fast progression of adenomas to colorectal 
cancer (CRC) due to microsatellite instability. The role of sessile serrated lesions (SSLs) and 
the serrated neoplasia pathway in these patients is unknown. The aim of this matched case-
control study was to compare endoscopic detection rates and distribution of SSLs in Lynch 
syndrome patients to a matched control population.

Methods
We collected data of Lynch syndrome patients with a proven germline mutation who 
underwent colonoscopy between January 2011 and April 2016 in two tertiary referral 
hospitals. Controls undergoing elective colonoscopy from 2011 and onwards for symptoms 
or surveillance were selected from a prospectively collected database. Patients were 
matched 1:1 stratified for age, gender and index versus surveillance colonoscopy. An expert 
pathology review of serrated polyps was performed. The primary outcomes included 
the detection rates and distribution of SSLs.

Findings
We identified 321 patients with Lynch syndrome who underwent at least one colonoscopy. 
Of these, 223 Lynch patients (mean age 49.3, female 59%, index colonoscopy 56%) were 
matched to 223 controls. SSLs were detected in 7.6% (CI 4.8–11.9) of colonoscopies performed 
in Lynch patients and in 6.7% (CI 4.1–10.8) of controls (p=0.86). None of the detected SSLs in 
Lynch patients contained dysplasia. 

Interpretation
The detection rate of SSLs in Lynch patients undergoing colonoscopy is comparable with 
a matched population. These findings suggest that the role of the serrated neoplasia 
pathway in CRC development in Lynch syndrome seems to be comparable with that reported 
in the general population.  
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INTRODUCTION 

Colorectal cancer (CRC) is one of the most common types of cancer. Annually, approximately 
1.4 million patients are diagnosed with CRC worldwide.1 Lynch syndrome accounts for 2% 
to 3% of all newly diagnosed cases of CRC.2, 3 Lynch is an autosomal dominant disorder 
that is caused by a germline mutation in one of the DNA mismatch repair (MMR) genes. 
Mutations in these genes induce a malfunctioning MMR-system resulting in microsatellite 
instable polyps, which may further develop into CRC. The generally accepted carcinogenesis 
in Lynch syndrome patients involves adenomas. The adenoma to carcinoma dwell time in 
Lynch syndrome is estimated to take less than 5 years compared with the approximately 10 
to 15 years in sporadic cancers.4 

To timely detect and remove polyps and to reduce CRC-related mortality in patients 
with Lynch syndrome, surveillance colonoscopies are advised every 1 to 2 years.5, 6 In those 
patients, adenomas detected during colonoscopy are more often located in the proximal 
colon and more often contain high-grade dysplasia and exhibit villous histology compared 
with adenomas detected in the average-risk, non-Lynch population.7 In addition, proximal 
adenomas are more likely to contain high-grade dysplasia than distal adenomas, suggesting 
that proximal adenomas have a higher malignant potential.8 

In the past decade, evidence has surmounted that CRCs may arise not only from 
adenomas, but also from serrated polyps via the so-called serrated neoplasia pathway.9 
The serrated neoplasia pathway is characterized by mutation in the BRAF oncogene, CpG 
island methylation (CIMP), and epigenetic silencing of DNA mismatch repair genes. Sessile 
serrated lesions (SSLs) and the rare traditional serrated adenomas (TSAs) are considered to 
have a carcinogenic potential and are presumed to be precursor lesions of approximately 10 
to 20% of CRCs.9 Common diminutive hyperplastic polyps (HPs) located in the rectum and 
sigmoid are considered benign.9 SSLs are mostly located in the proximal colon and difficult 
to detect because of their subtle pale flat or sessile endoscopic appearance.10, 11 

However, in Lynch syndrome, CRC might also develop from serrated polyps and up to 
date, the colonoscopy detection rates of SSLs in Lynch patients have not yet been assessed. 
Increased detection rates of SSLs with or without dysplasia, would suggest that the serrated 
neoplasia pathway, alongside the adenoma-carcinoma sequence, may play an additional 
role in the fast colorectal cancer development in Lynch syndrome patients. The aim of our 
case-control study was to determine the detection rates and distribution of SSLs in Lynch 
syndrome patients and to compare this to an age and gender matched control population.

METHODS
Study design and population
For this matched case-control study, patients were selected from Lynch registries of two 
tertiary referral hospitals (Academic Medical Center and Dutch Cancer Institute, Amsterdam, 
the Netherlands). Only patients diagnosed with Lynch by a proven germline mutation in 
one of the 4 mismatch repair genes (MLH1, MSH2, MSH6 or PMS2), and who underwent at 
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least one colonoscopy between January 2011 and April 2016 were included in this study. 
Patients with EPCAM mutations that lead to methylation of the adjacent MSH2 promoter 
were included as MSH2 mutations. Patients diagnosed with concomitant serrated polyposis 
syndrome or inflammatory bowel disease, those who underwent total proctocolectomy, or 
aged <18 years at the time of first colonoscopy were not included in the Lynch cohort. 

The controls were selected from prospectively collected data from 2011 and onwards 
in a single outpatient colonoscopy center. In this ambulatory endoscopy center most 
colonoscopies were performed for symptoms and surveillance for earlier detected polyps. 
This is a dedicated colonoscopy center, where colonoscopies are performed by endoscopists 
from the Academic Medical Center. This cohort has been described in detail in previous 
studies.10, 12 No endoscopies were performed in patients with previously diagnosed Lynch 
or polyposis syndrome, or inflammatory bowel disease. From this database, we selected 
patients that underwent colonoscopy because of symptoms and those undergoing 
colonoscopy surveillance for earlier detected lesions. We excluded patients that underwent 
colonoscopy because of a positive fecal immunochemical test (FIT) and those with a family 
history positive of CRC.

Patients with Lynch syndrome were matched 1:1 for age and gender. Furthermore, Lynch 
patients undergoing their first colonoscopy were matched with control patients undergoing 
their first colonoscopy for symptoms and Lynch patients undergoing surveillance 
colonoscopy were matched with controls undergoing surveillance colonoscopy. Patients 
with incomplete colonoscopies were excluded from matching.   

The local Institutional Review Boards of both hospitals declared that this study did not 
require any formal approval as data were collected during standard care. This study was 
reported in accordance with the STROBE statement.13

Data collection
Medical history information including colonoscopy and histopathology reports was 
retrieved. Patient demographics including age and gender, previous CRC and surgery 
were recorded. In all three both tertiary referral centers and the outpatient colonoscopy 
center, colonoscopies were performed by experienced consultant endoscopists or senior 
residents under direct supervision of consultant endoscopists. In all centers, split dose 
bowel preparation with PEG was routinely used from 2011 onwards. The majority of 
colonoscopies were performed with conscious sedation using midazolam and/or fentanyl.  
Nearly all colonoscopies were performed with standard white light endoscopy; in a minority 
of Lynch colonoscopies chromoendoscopy was used as part of a clinical trial not related to 
our study.14 Colonoscopy was considered complete if the cecum was reached and certified 
by identification of ileocecal valve or appendicular orifice, intubation of the (neo-) terminal 
ileum or visualization of the anastomosis. Routinely, all detected polyps during colonoscopy 
were removed. Per polyp, colonic location, endoscopic size, method of resection and 
the histopathology outcome as reported by the pathologist was recorded. The proximal 
colon was defined as proximal to the sigmoid colon.    
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Pathology review 
Initial histopathological diagnosis by gastrointestinal pathologists of both centers was 

based on hematoxylin and eosin staining of slides of FFPE materials and based on the 2010 

WHO classification.15 HPs ≤5 mm located in the rectum and sigmoid were not reviewed, since 

these polyps tend to be innocuous. Serrated polyps proximal to the sigmoid, all serrated 

polyps > 5 mm and all SSL and all TSAs were reviewed by two experienced gastrointestinal 

pathologists (LK and JB). During the pathology revision, pathologists were blinded to 

the initial diagnosis, the anatomic location and the endoscopic size of the polyp. In 

agreement with the 2010 WHO classification system, serrated polyps were categorized into 

HPs, SSLs either with or without dysplasia, and TSAs.15 For SSL, this includes the presence of 

deep serration accompanied by basilar dilatation, resulting in boot, L- or inverted T-shape 

of the colonic gland, in at least 2 crypts. If during review only one crypt with features of 

SSL was seen in the polyp, or if the polyp was poorly orientated such that the crypt base 

was not well visualized, deeper levels were obtained for re-assessment. Serrated polyps 

finally showing only 1 distorted crypt with features of SSL were classified as HPs. In case 

of disagreement between the two pathologists during the pathology revision, joint review 

and discussion led to the final diagnosis. For the control population, a blinded revision of 

a random sample of 10% of serrated polyps was already performed by LK (kappa 0.67) for two  

previous studies.10, 16

Study outcomes, statistical analysis and sample size calculation
Primary outcomes of this study was the endoscopic detection rate of SSLs. Detection rate 

per colonoscopy was calculated as the proportion of colonoscopies with at least one SSL 

divided by the total number of performed colonoscopies. Secondary outcome measures 

were the detection of high-risk SSLs (defined as SSLs sized ≥10mm or with dysplasia) and 

distribution of detected SSLs. For the entire cohort of included Lynch patients (including 

unmatched patients), we explored associations between patient and endoscopy 

characteristics with the presence of SSLs and determined associations between SSLs and 

synchronous or metachronous advanced neoplasia. Advanced neoplasia was defined as 

a CRC or an advanced adenoma (adenoma sized ≥10 mm, ≥25% villous component or with 

high-grade dysplasia).  

For all outcomes on detection, 95% confidence intervals (CI) were calculated. Descriptive 

statistics were used to describe patient, colonoscopy and polyp characteristics. For 

comparison of SSL detection rates between Lynch syndrome patients and matched controls 

we used the Mantel-Haenszel test. Logistic regression analyses were performed to identify any 

associations between Lynch syndrome patients’ age and gender, performing endoscopist (at 

least 40 colonoscopies) and the detection of SSLs. Multivariate logistic regression analyses 

were performed to identify associations between SSLs and synchronous advanced neoplasia 

in Lynch patients. Time-to-event analyses in Lynch syndrome patients with multiple 

surveillance colonoscopies were performed with multivariate Cox regression analysis to 
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assess whether adenomas, SSLs or HPs at colonoscopy had a higher risk of developing 
metachronous advanced neoplasia. Findings were categorized hierarchical in the following 
order: 1) adenoma, 2) SSL, 3) HP or 4) no lesion. TSAs and high-risk SSLs were excluded from 
this analysis because of their low prevalence. For each outcome, follow-up time was defined 
as time from index lesion to either occurrence of event (presence of advanced neoplasia) or 
last follow-up available if no event had occurred. Outcomes of Mantel-Haenszel test, logistic 
and Cox regression analyses were presented as odds ratio (OR) and corresponding CI. Kappa 
statistics were used to compare initial and revised pathology diagnosis and agreement 
between the two expert pathologists. The kappa statistics were interpreted according to 
Landis and Koch.17 Statistical analyses were performed using the statistical software SPSS 
version 24.0 (SPSS Statistics for Windows; IBM, Armonk, New York, USA). Two-sided P values 
of less than 0.05 were considered to be statistically significant.  

RESULTS

A total of 321 Lynch patients with a proven germline MMR mutation who underwent 1 or 
more colonoscopies were included (flowchart 1). Between January 2011 and April 2016, 
these 321 Lynch patients underwent 828 complete colonoscopies with a median of 3  
(IQR 2 – 3) colonoscopies per patient. The median colonoscopy interval was 1.8 years (IQR 
1.1 – 2.1) and the mean age at first colonoscopy 44.1 (+/- 12.6) years. The overall mean age at 
colonoscopy was 51.5 (SD +/- 12.4). The median time of follow-up between the first and last 
colonoscopy per individual patient was 3.3 years (IQR 2.1 – 4.1). 

Endoscopic detection rates in the matched cohort
In total, 223 Lynch patients were exactly matched to 223 controls (flowchart 1) and baseline 
characteristics of matched patients are shown in table 1. At least one SSL was detected 
in 7.6% (CI 4.8-11.9) of colonoscopies in Lynch patients compared with 6.7% (CI 4.1-10.8, 
p=0.86) of colonoscopies in the matched control population (table 2).. High-risk SSLs were 
detected in 1.8% of Lynch colonoscopies and in 0.9% of colonoscopies from the matched 
cohort (p=0.68).

In a sub-analysis comparing the first surveillance procedure in 105 Lynch patients 
without a history of CRC or previous surgery to matched controls coming in for their first 
procedure, no differences in SSL (8.6% vs 4.8%, p=0.41) and high-risk SSL (2.9% vs 1.9%, 
p=1.00) detection rates were found.   

During colonoscopies in Lynch patients, 9 CRCs were detected compared with 2 in 
the matched population (p=0.07). In the Lynch population, six of these (66.6%) were located 
in the proximal colon. There were no differences in detection rates for adenomas and 
advanced adenomas between Lynch patients and the matched control population. 
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Patients identified 
from lists 
N = 407

Colonoscopies 
included 
N = 828

Patients identified 
from lists 
N = 407

Lynch patients 
included

N = 321 that 
underwent at least 

1 colonoscopy 
(N = 921)

Excluded:
No colonoscopy within study period N = 39
No proven germline mutation N = 20
Proctocolectomy N = 15
Synchronous IBD N = 6
Synchronous SPS or FAP N = 6

Lynch patient 
colonoscopies 

included 
N = 828

Excluded:
Incomplete colonoscopy N = 83

Database outpatient 
clinic 

N = 3,743

Average-risk 
patients included

N = 2,730

Excluded:
Positive FIT N = 491
Positive family history N = 453

Average-risk 
colonoscopies 

included 
N = 2,643

Excluded:
Incomplete colonoscopy N = 83

Excluded:
Incomplete colonoscopy N = 116

Matched cohort 
N = 223

FLOwCHART 1. Flowchart of patients included in the case-control study.
N = number, IBD = inflammatory bowel disease, SPS = serrated polyposis syndrome, FAP = familial 
adenomatous polyposis, FIT = Fecal immunochemical test.

TAbLE 1. Baseline characteristics of Lynch syndrome patients.

Cases (N=223) Controls (N=223) p-value

Age, mean (SD) 49.3 (+/-13.2) 49.3 (+/-13.2) 1.00
Female gender, n (%) 132 (59%) 132 (59%) 1.00
Colonoscopy indication
 Index 125 (56%) 125 (56%) 1.00
 Surveillance 98 (44%) 98 (44%)
MMR mutation
 MLH1 42 (20%)
 MSH2 67 (30%)
 MSH6 74 (33%)
 PMS2 38 (17%)
Previous CRC, n (%) 49 (22%) NA NA
Previous surgery*, n (%) 52 (23%) NA NA
BBPS, median (IQR) 8 (8-9) 8 (7-9) 0.26
CRC, % (CI) 4.0% (2.1-7.5) 0.9% (0.3-3.2) 0.07

*3 patients underwent surgery twice. SD = standard deviation, n = number, MMR = mismatch repair,  
CRC = colorectal cancer, NA = not available, BBPS = Boston Bowel Preparation Scale, IQR = interquartile range,  
CI = confidence interval.
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Characteristics of detected polyps in the matched cohort
In total, 386 polyps were removed in both cohorts (table 3). SSLs accounted for 9.4% of all 
polyps in the Lynch cohort compared with 16.3% in the matched cohort (p=0.06). Of all 
SSLs in Lynch patients, none were dysplastic and 4 (21.1%) were ≥10mm in size and were 
thus classified as high-risk SSLs. The majority of SSLs was located in the proximal colon 
(95%). The median size of SSLs was 5mm (IQR 4–7) and did not differ from SSLs found in 
the matched control population. Of Lynch associated SSLs, morphology was described in 
47% as flat-elevated.

Factors associated with detection of SSLs and risk of synchronous and future 
neoplasia in the total Lynch cohort
The following outcomes were derived from the total Lynch cohort of 321 patients. 
In multivariate logistic regression analysis, increasing age was associated with an 
increased risk of detecting SSLs at index colonoscopy (adjusted OR 1.07, CI 1.01-1.12, 
p=0.01) (table 4). Female sex was not significantly associated with an increased risk for 
the detection of SSLs per colonoscopy. Detecting SSLs was associated with the performing 
endoscopist as the individual SSL detection rates of 7 endoscopists performing at least 40 
colonoscopies ranged between 1.8% and 12.6% (adjusted OR for highest detector, 8.79,  
CI 1.88 – 41.16, p<0.01). 

If a SSL was detected at index colonoscopy, the risk for detecting synchronous adenomas 
at index colonoscopy was increased (OR 4.02, CI 1.03 – 15.78, p=0.046). No significant 
associations were found for the risk of synchronous advanced neoplasia when at least one 
SSL was detected at index or surveillance colonoscopy (OR 1.48, CI 0.27 – 8.62, and OR 1.08, 
CI 0.25 – 4.67, respectively). The detection of metachronous advanced neoplasia was not 
associated with a previous detected SSL (table 5). 

TAbLE 2. Endoscopic detection rates of polyps.

Lynch (N=223) Controls (N=223) ORMH* p-value

Serrated polyps
 ≥1 SSL, % (CI) 7.6% (4.8-11.9) 6.7% (4.1-10.8) 1.14 (0.56-2.35) 0.86
 ≥1 high-risk SSL, % (CI) 1.8% (0.7-4.5) 0.9% (0.3-3.2) 2.02 (0.37-11.13) 0.68
 ≥1 HP, % (CI) 13.9% (10.0-19.1) 16.6% (12.3-22.0) 0.81 (0.48-1.36) 0.51
 ≥1 TSA, % (CI) 0 0 NA
Adenomas
 ≥1 Adenoma, % (CI) 24.4% (19.1-30.3) 27.8% (22.2-34.0) 0.83 (0.54-1.27) 0.45
 ≥1 Advanced adenoma, % (CI) 8.1% (5.2-12.4) 5.8% (3.4-9.7) 1.42 (0.68-2.97) 0.46

*ORMH: Mantel-Haenszel odds ratio, SSL = sessile serrated lesion, CI = confidence interval, HP = hyperplastic polyp, 
TSA = traditional serrated adenoma, NA = not available.
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TAbLE 3. Clinicopathologic features of detected polyps.

Lynch Controls p-value

SSLs 19 30
Proximal location, n (%) 18 (95%) 23 (77%) 0.10
Size in mm, mean (SD) 3.2 (+/-3.0) 2.9 (+/-0.9) 0.34
Flat (elevated) morphology, n (%) 9 (47%) 10 (35%) 0.29
High-risk SSL, n (%) 4 (21%) 2 (7%) 0.30

Adenomas 92 99
Proximal location, n (%) 65 (71%) 75 (76%) 0.50
Size, mean (SD) 6.0 (+/-4.3) 4.7 (+/-3.0) 0.09
Flat (elevated) morphology, n (%) 12 (15%) 15 (15%) 0.74
Advanced adenoma 25 (27%) 17 (17%) 0.10
HGD 7 (8%) 0 0.01
Villosity 17 (19%) 13 (13%) 0.31
≥10mm 18 (20%) 11 (11%) 0.10

HPs and other non-neoplastic polyps 91 55
Proximal location, n (%) 35 (40%) 14 (26%) 0.08
Size, mean (SD) 3.2 (+/-3.0) 2.9 (+/-0.9) 0.46
Flat (elevated) morphology, n (%) 32 (48%) 14 (26%) 0.04

SSL = sessile serrated lesion, n = number, mm = millimeter, SD = standard deviation, HGD = high-grade dysplasia, 
HP = hyperplastic polyp.

TAbLE 4. Adjusted odds ratios* for detecting SSLs per colonoscopy in Lynch syndrome patients.

Index colonoscopy 
N = 136

Surveillance colonoscopy 
N = 692

Adjusted OR p-value Adjusted OR p-value

Age 1.07 (1.01 – 1.12) 0.01 1.02 (0.99 – 1.23) 0.18
Sex, male reference 1.54 (0.43 – 5.50) 0.51 1.59 (0.81 – 3.12) 0.16
Hospital colonoscopy performed

Center 1 Reference category Reference category
Center 2 1.26 (0.33 – 4.75) 0.74 1.31 (0.71 – 2.40) 0.39

Risk of synchronous adenomas if 
SSL is present

4.02 (1.03 – 15.78) 0.046 0.95 (0.47 – 1.95) 0.90

Risk of synchronous advanced 
neoplasia if SSL is present

1.48 (0.27 – 8.62) 0.86 1.08 (0.25 – 4.67) 0.93

Risk of synchronous advanced 
neoplasia if high-risk SSL is present

4.82 (0.50 – 46.16) 0.17 NA NA

*Odds ratios were calculated using logistic regression analysis corrected for age and sex. OR = odds ratio, SSL = 
sessile serrated lesion.
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Pathology review
A total of 136 serrated polyps were reviewed. For 31 of 136 serrated polyps, deeper levels 
were obtained because poor quality of the slide, poor orientation of the polyp or the presence 
of 1 single crypt with features of SSL. For 3 serrated polyps, no diagnosis could be made 
due to poor quality of the slides. In total, 22 of 73 (30%) initial HPs were reclassified as SSLs 
and 11 of 63 (17%) initial SSLs as HPs. Two lesions initially classified as serrated polyps were 
reclassified as TSAs and one as tubular adenoma. Thirteen polyps exhibited one distorted 
crypt with features of SSL but did not fulfill the criterium of at least 2 distorted crypts, and 
were finally classified as HPs. The overall agreement between initial and expert review 
diagnosis was fair (kappa 0.37; agreement in 85 of 136 revised polyps). The agreement 
between the two pathologists during revision was substantial (kappa 0.67; initial agreement 
in 105 of 136 revised polyps). SSL detection rates in Lynch patients increased from 4.9% 
before histopathology review to 7.6% after expert pathology reassessment.

DISCUSSION

In this matched case-control study with expert pathology review, SSLs were detected in 
7.6% (CI 4.8–11.9) of colonoscopies in Lynch patients with a proven germline mutation 
compared with 6.7% (CI 4.1-10.8) of colonoscopies in a matched control population. There 
was also no difference in detection of high-risk SSLs and none of the detected SSLs in Lynch 
patients contained dysplasia. SSLs in Lynch syndrome patients were predominantly located 
in the proximal colon and were typically 5mm (IQR 4-7) in size. In multivariate logistic 
regression analysis, detecting SSLs at index colonoscopy of Lynch patients was associated 
with increasing age of the patient and with the performing endoscopist. Detecting SSLs was 
not associated with synchronous or metachronous advanced neoplasia in Lynch patients. 

Our study is the first assessing the detection rates of SSLs in a large population of Lynch 
patients with a confirmed pathogenic germline mutation in one of the MMR genes. In 
this study, the endoscopic detection rate of SSLs and high-risk SSLs was similar compared 
with the matched population. Furthermore, none of the SSLs contained dysplasia making 

TAbLE 5. Adjusted odds ratios* for detecting metachronous advanced neoplasia in Lynch  
syndrome patients.

Advanced neoplasia p-value

Findings previous surveillance colonoscopy
No polyp Reference category
Previous adenoma 1.45 (0.78 – 2.67) 0.24
Previous SSL 1.85 (0.25 – 14.29) 0.55
Previous HP 0.29 (0.04 – 2.13) 0.22

*Odds ratios were calculated using multivariable Cox regression analysis corrected for age and sex. SSL = sessile 
serrated lesion, HP = hyperplastic polyp. 
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an association between Lynch syndrome and the serrated neoplasia pathway unlikely. In 

non-Lynch syndrome patients, MSI is a late event in the serrated neoplasia pathway and 

the result of MLH1 hypermethylation.18 In our study, we did not evaluate MSI in SSLs. 

Previously, Rijcken et al. evaluated the MLH1, MSH2 and MLH6 protein expression in 90 

serrated polyps of which 25 were polyps from known MMR-mutation carriers.8 None of 

the 86 HPs and 4 SSLs showed loss of MMR protein expression. Of note, 79% of the HPs 

were located in the rectum and sigmoid. In another study with only proven MMR mutation 

carriers, no loss of MMR expression was seen in 2 SSLs and 21 HPs, whereas one of the 2 SSLs 

did display MSI.19 Possibly, loss or silencing of the second MMR gene is also a late event also 

in serrated polyps of Lynch syndrome patients and explains the absence of any dysplastic 

SSLs in our cohort.  

Because of the short adenoma-carcinoma dwell times in Lynch syndrome patients, 

colonoscopy inspection should be meticulous to minimize the risk of post-colonoscopy 

CRC. In the average-risk population, colonoscopy detection of SSLs ranged between 

1.2% and 8.2%, which is comparable to the 6.7% we report in our matched control  

cohort.10, 11, 20-26 Interestingly, the age- and sex-adjusted detection rate of SSLs for 7 

endoscopists performing at least 40 colonoscopies ranged significantly between 1.3% and 

12.6% (p<0.01). Previous studies have already shown that SSL detection rates in the average-

risk population vary widely between endoscopists.10, 27, 28 This variability has not yet been 

shown in Lynch syndrome patients. Possibly, the true SSL detection rate is more close to that 

of the highest detector.  

Besides variability in endoscopic detection, there is also considerable interobserver 

variability in the histopathological diagnosis of SSLs.30 The latter may be the result of changing 

pathology criteria over time, as well as increasing awareness of SSLs and the serrated 

neoplasia pathway. Studies reporting on SSL detection rates before the publication of 

the 2010 WHO pathology guideline reported an underestimated prevalence compared 

with those published after.25, 26 However, also amongst these more recent studies, detection 

rates ranged from 2.0% to 8.2%.10, 11, 20-24 Abdeljahwad et al. showed in recent study 

that by expert review of all serrated polyps removed between 2005 and 2012, the SSL 

detection rate of average risk individuals aged above 50 increased from 1.5% to 8.1%. 24 

To account for this variability in histological grading of SSLs, we performed a blinded 

expert review according to the 2010 WHO guideline with two experienced gastrointestinal  

pathologists.15, 27 The substantial agreement between the expert pathologists can be 

explained by their strict adherence to the WHO guidelines. The SSL detection rates reported 

in our study are therefore likely to reflect true histological SSL prevalence. 

Several studies have investigated the association between patient characteristics and 

lifestyle factors and detection of SSLs.29 Tobacco smoking, alcohol intake and body mass 

index are associated with increased SSL risk. In this retrospective study, we were not able 

to collect these lifestyle factors. However, we believe that these risk factors also apply to 

Lynch syndrome patients as SSL detection rates were also similar. We did demonstrate that 
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detection of SSLs increased at index colonoscopy with age (adjusted OR 1.03, CI 1.01 – 1.05, 
P=0.01). Earlier reports found conflicting evidence for age as risk factor for development of 
SSLs in the average-risk population.10, 11, 21, 22 In contrast to studies performed in the average-
risk population, we found no significant association between the presence of SSLs or 
high-risk SSLs and synchronous or metachronous advanced neoplasia.10, 11, 22, 23, 30 This could 
be explained by our limited sample of patients and the strict annual or biennial surveillance 
to minimize the risk of development of advanced neoplasia. To further investigate this, larger 
studies with long-term follow-up are needed to establish a relation between the presence of 
SSLs (or adenomas) and the risk of metachronous advanced neoplasia, ultimately leading to 
tailored individual surveillance intervals.       

Several limitations are worth mentioning. First, our matched cohort was relatively small 
resulting in detection rates with rather wide CIs. Lynch patients undergo colonoscopy at 
a relatively young age hindering a higher number of age and gender matched controls 
to increase precision and statistical power. However, the reported SSL detection rates are 
comparable to that in our matched control population and that reported in the average-
risk population. Furthermore, small HPs may progress to SSLs and by timely removing 
these lesions during intensive colonoscopy surveillance, SSL development may be halted 
resulting in underestimation of detected SSLs. On the other hand, SSLs maybe easily missed 
during colonoscopy and detected at subsequent surveillance, resulting in overestimation. 
In addition, surveillance in Lynch is meticulous, possibly also leading to overestimation. 
To adjust for this, patients were matched on index versus surveillance colonoscopy. 
However, the patients selected to serve as controls were patients that underwent an 
index colonoscopy for abdominal symptoms. These patients may not truly represent index 
screening colonoscopies in Lynch patients possibly affecting the results. However, SSLs do 
not seem to be associated with abdominal symptoms. Last, a large proportion of Lynch 
patients (22%) had previous CRC or surgery, possibly lowering SSL detection rates with fewer 
colonic surface to be examined. Nevertheless, in our sub-analysis including patients with 
an index colonoscopy only, and excluding patients with previous CRC or surgery, similar 
detection rates were found. 

This is the first study to determine the detection rate of SSLs in Lynch syndrome patients 
with a proven germline mutation. SSL detection rates were comparable to that in a matched 
population. We believe that our findings suggest that the role of the serrated neoplasia 
pathway in CRC development in Lynch syndrome patients is at most comparable with that 
in the general population. Hence, in daily practice, SSL detection rates in Lynch syndrome 
patients should be equal to those reported in average-risk populations.  



ENDOSCOPIC DETECTION RATE OF SESSILE SERRATED LESIONS IN COLONOSCOPY OF LYNCH SYNDROME

257

13

REFERENCES

1. Torre LA, et al. Global cancer statistics, 2012. 
CA Cancer J Clin 2015;65:87-108.

2. Aaltonen LA, et al. Incidence of hereditary 
nonpolyposis colorectal cancer and 
the feasibility of molecular screening for 
the disease. N Engl J Med 1998;338:1481-7.

3. Salovaara R, et al. Population-based molecular 
detection of hereditary nonpolyposis colorectal 
cancer. J Clin Oncol 2000;18:2193-200.

4. Jass JR, et al. Evolution of hereditary non-
polyposis colorectal cancer. Gut 1992;33:783-6.

5. Rubenstein JH, et al. American 
Gastroenterological Association 
Institute Guideline on the Diagnosis 
and Management of Lynch Syndrome. 
Gastroenterology 2015;149:777-82.

6. Stoffel EM, et al. Hereditary colorectal 
cancer syndromes: American Society of 
Clinical Oncology Clinical Practice Guideline 
endorsement of the familial risk-colorectal 
cancer: European Society for Medical 
Oncology Clinical Practice Guidelines. J Clin 
Oncol 2015;33:209-17.

7. Rondagh EJ, et al. Nonpolypoid colorectal 
neoplasms: a challenge in endoscopic 
surveillance of patients with Lynch 
syndrome. Endoscopy 2013;45:257-64.

8. Rijcken FEM, et al. Proximal adenomas 
in hereditary non-polyposis colorectal 
cancer are prone to rapid malignant 
transformation. Gut 2002;50:382-386.

9. Rex DK, et al. Serrated lesions 
of the colorectum: review and 
recommendations from an expert panel. 
Am J Gastroenterol 2012;107:1315-29.

10. IJspeert JE, et al. Prevalence, distribution and 
risk of sessile serrated adenomas/polyps at 
a center with a high adenoma detection 
rate and experienced pathologists.  
Endoscopy 2016 Aug;48(8):740-6.

11. Hazewinkel Y, et al. Prevalence of serrated 
polyps and association with synchronous 
advanced neoplasia in screening 
colonoscopy. Endoscopy 2014;46:219-24.

12. IJspeert JE, et al. The proximal serrated 
polyp detection rate is an easy-to-measure 
proxy for the detection rate of clinically 
relevant serrated polyps. Gastrointest 
Endosc 2015;82:870-7.

13. von Elm E, et al. The Strengthening 
the Reporting of Observational Studies 
in Epidemiology (STROBE) statement: 
guidelines for reporting observational 
studies. Epidemiology 2007;18:800-4.

14. Chromoendoscopy to Decrease the Risk of 
Colorectal Neoplasia in Lynch Syndrome 
(ChromoLynch), available at https://
clinicaltrials.gov/ct2/show/NCT00905710 
(Accessed July 18, 2017)

15. Snover DC, et al. Serrated polyps of the colon 
and rectum and serrated polyposis. In: Bosman 
FT, Carneiro F, Hruban RH, et al, editors. WHO 
classification of tumours of the digestive 
system. Lyon, France: IARC; 2010. p. 160–225.

16. Vleugels JL, et al. Optical Diagnosis of 
Sessile Serrated Polyps: Bottleneck for 
the Optical Diagnosis Paradigm? J Clin  
Gastroenterol. 2016 May/June;51(5):426-432.

17. Landis JR, et al. The measurement of 
observer agreement for categorical data. 
Biometrics 1977;33:159-74.

18. O’Brien MJ, et al. Hyperplastic (serrated) 
polyps of the colorectum: relationship of 
CpG island methylator phenotype and 
K-ras mutation to location and histologic 
subtype. Am J Surg Pathol 2004;28:423-34.

19. Yurgelun MB, et al. Microsatellite instability 
and DNA mismatch repair protein deficiency 
in Lynch syndrome colorectal polyps. 
Cancer Prev Res (Phila) 2012;5:574-82.

20. Chang LC, et al. Fecal Immunochemical Test 
Detects Sessile Serrated Adenomas and 
Polyps With a Low Level of Sensitivity. Clin 
Gastroenterol Hepatol 2017 Jun;15(6):872-879

21. IJspeert JE, et al. Detection rate of 
serrated polyps and serrated polyposis 
syndrome in colorectal cancer screening 
cohorts: a European overview. Gut 2017 
Jul;66(7):1225-1232.



ENDOSCOPIC DETECTION RATE OF SESSILE SERRATED LESIONS IN COLONOSCOPY OF LYNCH SYNDROME

258

13

22. Zorzi M, et al. Detection rate and predictive 
factors of sessile serrated polyps in an 
organised colorectal cancer screening 
programme with immunochemical 
faecal occult blood test: the EQuIPE 
study (Evaluating Quality Indicators of 
the Performance of Endoscopy). Gut 2017 
Jul;66(7):1233-1240.

23. Ng SC, et al. Association between serrated 
polyps and the risk of synchronous 
advanced colorectal neoplasia in average-
risk individuals. Aliment Pharmacol  
Ther 2015;41:108-15.

24. Abdeljawad K, et al. Sessile serrated polyp 
prevalence determined by a colonoscopist 
with a high lesion detection rate and an 
experienced pathologist. Gastrointest 
Endosc 2015;81:517-24.

25. Buda A, et al. Prevalence of different subtypes 
of serrated polyps and risk of synchronous 
advanced colorectal neoplasia in average-
risk population undergoing first-time 

colonoscopy. Clin Transl Gastroenterol. 2012 
Jan 5;3:e6. doi: 10.1038/ctg.2011.5.

26. Lash RH, et al. Sessile serrated adenomas: 
prevalence of dysplasia and carcinoma in 
2139 patients. J Clin Pathol 2010;63:681-6.

27. Payne SR, et al. Endoscopic detection of 
proximal serrated lesions and pathologic 
identification of sessile serrated adenomas/
polyps vary on the basis of center. Clin 
Gastroenterol Hepatol 2014;12:1119-26.

28. Abdeljawad K, et al. Sessile serrated polyp 
prevalence determined by a colonoscopist 
with a high lesion detection rate and an 
experienced pathologist. Gastrointest 
Endosc 2015 Mar;81(3):517-24.

29. Bailie L, et al. Lifestyle Risk Factors for Serrated 
Colorectal Polyps: A Systematic Review and Meta-
analysis. Gastroenterology 2017;152:92-104.

30. Erichsen R, et al. Increased Risk of Colorectal 
Cancer Development Among Patients With 
Serrated Polyps. Gastroenterology. 2016 
Apr;150(4):895-902


