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Abstract

Background: The 2020 postpolypectomy surveillance guideline update of European

Society for Gastrointestinal Endoscopy defines a more restrictive group of in-

dividuals in need for surveillance 3 years after colonoscopy.

Aim: The aim of this cohort study was to validate the new guideline

recommendation.

Methods: Based on a national quality assurance program, we compared the 2020

risk group definition with the previous 2013 recommendations for their strength of

association with (1) colorectal cancer death, and (2) all‐cause death.

Results: A total of 265,608 screening colonoscopies were included in the study.

Mean age was 61.1 years (SD ±9.0), and 50.6% were women. During a mean follow‐
up of 59.3 months (SD ±35.0), 170 CRC deaths and 7723 deaths of any cause were

identified. 62.4% of colonoscopies were negative and 4.9% were assigned to sur-

veillance after 3 years according to the 2020 guidelines versus 10.4% following the

2013 guidelines, which corresponds to a relative reduction in colonoscopies by 47%.

The strength of association with CRC mortality was markedly higher with the 2020

surveillance group as compared to the 2013 guidelines (HR 2.56, 95% CI 1.62–4.03

vs. HR 1.73, 95% CI 1.13–2.62), while the magnitude of association with CRC

mortality for low risk individuals was lower (HR 1.17, 95% CI 0.83–1.63 vs. 1.25,

95% CI 0.88–1.76).

Conclusions: Adherence to the updated guidelines reduces the burden of surveil-

lance colonoscopies by 47% while preserving the efficacy of surveillance in pre-

venting CRC mortality.
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Key summary

Summarize the established knowledge on this subject

� Individuals who had colorectal polyps removed are advised to undergo surveillance; in-

tervals are based on the number, size, and histopathological features of the resected lesions.

� In 2020, the European Society for Gastrointestinal Endoscopy (ESGE) updated their post-

polypectomy surveillance guideline.

What are the significant and/or new findings of this study?

� The risk stratification introduced in the new guideline leads to a substantial reduction (by

47%) in the number of individuals in need for surveillance while preserving the efficacy of

surveillance in preventing colorectal cancer mortality.

INTRODUCTION

Colorectal cancer (CRC) is the third most common malignant tumor

and second leading cause of cancer deaths worldwide.1 Screening

colonoscopy aims to reduce CRC mortality through resection of

early stage CRC or its precursor lesions polyps and adenomas.2

Because of their increased risk for metachronous CRC lesions, in-

dividuals who had polyps or adenomas removed are advised to

undergo surveillance.3–6 The recommended time intervals are based

on the number, size, and histopathological features of the resected

lesions.7,8 Due to increasing evidence on long‐term risk of CRC

incidence and mortality after resection of premalignant lesions, the

European Society for Gastrointestinal Endoscopy (ESGE) recently

updated their postpolypectomy surveillance guidelines.9 These rec-

ommendations are based on data suggesting that the criteria for

individuals who are recommended surveillance after 3 years might

have been too broadly defined and question the need of surveil-

lance after 10 years.3,4,10–12 However, data from randomized trials

are still lacking and findings of ongoing trials are not anticipated

before the mid‐2020.13,14

Adequate surveillance strategies after polypectomy are crucial

since shorter intervals increase both the burden of healthcare re-

sources and the risk of serious complications for the screenees. If the

surveillance interval is set too long, adenomas might have already

progressed to invasive cancers, worsening the prognosis.

The aim of this study was to compare the performance of the

2020 to the 2013 postpolypectomy surveillance guideline. For vali-

dation of the new risk groups' stratification, we took advantage of an

external screening colonoscopy data cohort, with well‐defined his-

topathological characterization of resected lesions and mortality data

from the national death registry in all participants.

METHODS

This is a longtime follow‐up study of individuals who had undergone

screening colonoscopy. Data derive from the Austrian quality

assurance program of CRC screening. Details of the program have

been described previously.15,16 In brief, Austria implemented a

colonoscopy‐based CRC screening program for average risk in-

dividuals starting by the age of 50 years in 2005. Because of the lack

of obligatory quality control, a quality assurance program was

implemented in 2007. Approximately half of all endoscopic centers,

both hospitals and outpatient clinics, participate in this program.

Screening colonoscopies and colonoscopies with screening character

(individuals 30–49 years with family history of CRC or those who

report fear of cancer) are included. Provided written informed con-

sent by the patient, a standardized colonoscopy report form including

patient demographics (age, sex) and details colonoscopy findings

(bowel preparation quality, cecal intubation, number, size, localiza-

tion and count of detected lesions, details on histology of the most

advanced lesion) are transferred to the database of the quality

assurance program.

Eligibility criteria

All colonoscopies performed within the quality assurance program

between January 2007 and June 2018 were included in the study. In

total, 265,608 of 287,649 colonoscopies were included in the anal-

ysis. Figure 1 depicts the study cohort flow‐chart.

Postpolypectomy surveillance

The definition of surveillance groups and surveillance intervals ac-

cording to the 20137 and 20209 guidelines are summarized in Table 1.

The histology of resected adenomas or polyps was classified

according to the World Health Organization (WHO) classification.17

Restrictive surveillance groups for systems with
limited resources

The 2020 guideline update suggests considering surveillance only for

adenomas ≥20 mm or with high‐grade dysplasia in context of a
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health system with limited capacity.9 This recommendation is based

on one single study10 and the importance of future research on the

impact of adenomas size is highlighted. We performed separate an-

alyses for CRC mortality and overall mortality stratified by the

restricted surveillance cohort for systems with limited resources to

evaluate feasibility of this approach.

Ascertainment of CRC mortality and overall mortality

To identify deaths and causes of deaths, we used the national death

registry (Statistics Austria), an institution with public rights estab-

lished to provide federal statistics. All deaths, including cause of

death based on the International Classification of Diseases (ICD),

were recorded until end of December 2018. CRC deaths were

defined as ICD‐10 codes C18‐21.

Statistical analysis

Demographic characteristics and colonoscopy findings are pre-

sented as mean and standard deviation (SD) as well as total

numbers and percentage, as appropriate. Individuals were followed

starting three month after colonoscopy, which corresponds to the

time of the clinical work‐up. The primary endpoint was defined as

CRC death, the secondary endpoint as all‐cause death. Adminis-

trative follow‐up was available until end of December 2018 in all

participants.

CRC mortality and all‐cause mortality rates stratified by risk

group according to the guidelines7,9 were described by Kaplan–Meier

estimators. We performed Cox regression analyses, adjusted for sex

and age, to assess the association of the 2020 and the 2013 risk

stratification with (1) CRC death and (2) all‐cause death. Risk strat-

ification in both guidelines distinguishes negative colonoscopy from

low‐risk and high‐risk groups. Adjusted hazard ratios (HR) and 95%

confidence intervals (CI) are displayed with negative colonoscopy as

being the reference group.

To compare the overall performance of both risk stratifica-

tion groups (2020 and 2013 guidelines), we calculated and

compared the area under the curve (ROC) to predict (1) CRC

death and (2) all‐cause death. The level of significance was set

to p < 0.05. All analyses were performed using dedicated

software (StataCorp. 2017. Stata Statistical Software: Release

15: StataCorp LLC).

Quality assurance program for
screening colonoscopy in Austria

Colonoscopies performed between
01/2007 and 12/2018

n=287,649

Merging with national death registry
(Statistics Austria)

Mortality data including cause of death
until12/2018

Excluded
• Individuals < 30 years old (n=1,033)
• Individuals > 100 years old (n=3)
• Individuals with missing data (n=2,670)

Excluded
• Incomplete colonoscopy (n=9,438)
• Colorectal cancer detected at colonoscopy (n=2,175)
• Inadequate bowel preparation (n=6,392)
• Individuals who died within 3 months after
   colonoscopy (n=330)

Colonoscopy data merged with mortality data
(colorectal cancer death [ICD codes C18-21], and

all-cause mortality)
n=283,943

Final study cohort
n=265,608

F I GUR E 1 Patient flow

TAB L E 1 Stratification of postpolypectomy surveillance based on the Guidelines of 2020 and 2013

Risk stratification after
polypectomy Cspy findings Procedure

2020 Guideline Surveillance At least one adenoma ≥10 mm or with high‐grade
dysplasia, or ≥5 adenomas, or any serrated polyp

≥10 mm or with dysplasia

Surveillance cspy after 3 years

No surveillance 1–4 adenomas <10 mm with low‐grade dysplasia, or any

serrated polyp <10 mm without dysplasia

No endoscopic surveillance, return to

screeninga

2013 Guideline High‐risk At least one adenoma ≥10 mm, or high‐grade dysplasia, or

tubulovillous or villous histology, or serrated lesions

≥10 mm or with dysplasia

Surveillance cspy after 3 years

Low‐risk 1–2 tubular adenomas <10 mm and low‐grade dysplasia,

or serrated lesions <10 mm without dysplasia

Surveillance cspy after 10 years

Abbreviation: Cspy, colonoscopy.
aIf organized screening is not available, repeat colonoscopy 10 years after the index procedure is recommended.
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RESULTS

Cohort characteristics

A total of 265,608 individuals were included in the final cohort. Mean

age was 61.1 years (SD ±9.0), and 50.6% were women (Table 2).

Mean follow‐up time was 59.3 months (SD ±35.0) with a maximum

follow‐up of 146 months.

A total of 170 CRC deaths (61 women, 109 men), and 7723

deaths of any cause (2812 women, 4011 men) were identified. The

cumulative CRC mortality and all‐cause mortality rates were 0.06%

(0.05% of all women and 0.08% of all men) and 2.91% (2.1% of all

women, 3.7% of all men), respectively.

CRC mortality stratified by risk group

A total of 62.4% colonoscopies were negative. Following the 2020

guidelines, 4.9% of the screening population was assigned to surveil-

lance after three years (surveillance group, 2020 guideline), versus

10.4% following the 2013 guidelines (high‐risk group, 2013 guideline).

The strength of association with CRC mortality was markedly

higher for the surveillance group (2020 guideline) as compared to the

high‐risk group (2013 guidelines) (HR 2.56, 95% CI 1.62–4.03 vs. HR

1.73, 95%CI 1.13–2.62). In contrast, themagnitude of associationwith

CRC mortality was lower for the no‐surveillance group (2020 guide-

lines) compared to the low‐risk group (2013Guidelines) (HR 1.17, 95%

CI 0.83–1.63 and HR 1.25, 95% CI 0.88–1.76) (Figure 2), indicating

improved risk stratification in the 2020 guidelines for both high‐risk
and low‐risk individuals.

Findings were consistent across all age groups with smaller

impact in individuals of age 80 years and older (Figure 3).

All‐cause mortality

Similar to CRC death findings, the surveillance group (2020 guideline)

showed a stronger association with all‐cause mortality as compared

to the high‐risk group (2013 guideline) (HR 1.43, 95% CI 1.32–1.55

vs. HR 1.29, 95% CI 1.20–1.38). The association for the no‐
surveillance group (2020 guideline) was almost identical to the low‐
risk group (2013 guideline) (HR 1.06, 95% CI 1.01–1.11 vs. HR

1.05, 95% CI 0.99–1.10).

Restrictive surveillance group for systems with
limited resources

Restricting the definition of the surveillance group to colonoscopies

with an adenoma or any serrated polyp ≥20 mm or with high‐grade

TAB L E 2 Baseline characteristics

All individuals 265,608 (100%)

Female, n (%) 134,412 (50.6%)

Age—years, mean ± SD 61.1 ± 9.0

<50 years, n (%) 9296 (3.5%)

59–59 years, n (%) 124,836 (47.0%)

60–69 years, n (%) 82,119 (30.9%)

70–79 years, n (%) 43,443 (16.4%)

≥80 years, n (%) 5914 (2.2%)

2020 Guideline

No adenoma, n (%) 165,788 (62.4%)

No surveillance, n (%) 86,866 (32.7%)

Surveillance, n (%) 12,954 (4.9%)

2013 Guideline

No adenoma, n (%) 165,788 (62.4%)

Low‐risk, n (%) 72,113 (27.2%)

High‐risk, n (%) 27,707 (10.4%)

0.5%

2020 Guideline2013 Guideline

2013 Guideline
No adenoma 165,788 (62.4%)

72,113 (27.2%)Low-risk

27,707 (10.4%)High-risk

2020 Guideline
No adenoma 165,788 (62.4%)

86,866 (32.7%)No surveillance

12,954 (4.9%)surveillance

0.25%

Co
lo

re
ct

al
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an
ce

r m
or

ta
lit

y 
(%

)

0%
24 48

Months
9672 120 144

F I GUR E 2 Colorectal cancer mortality after colonoscopy

stratified by surveillance groups according to the 2020 Guidelines9

compared to the 2013 Guidelines.7 No adenoma: individuals with
negative colonoscopy (no conventional adenoma or serrated polyp).
Surveillance: individuals with at least one adenoma ≥10 mm or with

high‐grade dysplasia, or ≥5 adenomas, or any serrated polyp
≥10 mm or with dysplasia. No surveillance: individuals with 1–4
adenomas <10 mm with low‐grade dysplasia, or any serrated polyp

<10 mm without dysplasia. High‐risk: individuals with at least one
adenoma ≥10 mm, or high‐grade dysplasia, or tubulovillous or
villous histology, or serrated lesions ≥10 mm or with dysplasia.

Low‐risk: individuals with 1–2 tubular adenomas <10 mm and low‐
grade dysplasia, or serrated lesions <10 mm without dysplasia
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dysplasia, 1.3% of all colonoscopies would be assigned to the surveil-

lance group as compared to 4.9% in the conventional 2020 guideline

definition. The association of this restrictive surveillance group with

CRC mortality was stronger as compared to the conventional 2020

surveillance group (HR 4.15, 95% CI 2.15–8.02 vs. 2.56, 95% CI 1.62–

4.03) while the difference in the low‐risk group was small (HR 1.27,

95% CI 0.93–1.74 vs. 1.17, 95% CI 0.84–1.63, Figure 4). Similar trends

were observedwith all‐causemortality (HR 1.65, 95%CI 1.43–1.90 vs.

HR 1.43, 95% CI 1.32–1.55 and 1.09, 95% CI 1.04–1.45 vs. HR 1.06,

95% CI 1.01–1.11, respectively).

Receiver operating characteristics

The area under the curve (AUC) for prediction of CRC mortality was

0.780 for the 2020 and 0.775 for the 2013 guidelines (p = 0.056). For

all‐cause mortality, the AUC was 0.766 for the 2020 guidelines and

0.765 for the 2013 guidelines (p < 0.001). The prediction model of a

surveillance group in systemswith limited resources the areaunder the

curve was 0.776 for CRC mortality and 0.765 for all‐cause mortality

(p = 0.281 and p < 0.001 when compared with the conventional 2020

recommendations) (Figure S1a–d).

DISCUSSION

In this study, we provide the first external validation of the 2020

postpolypectomy guideline update of the ESGE.9 Our findings show

that the new recommendations lead to a substantial reduction in the

burden of surveillance colonoscopies with an equally adequate se-

lection of patients for surveillance in terms of CRC mortality. The

number of patients in need of surveillance was reduced by 5.5% from

10.4% to 4.9%, which corresponds to a relive reduction in colonos-

copies by 47%. The more restrictive surveillance group for systems

with limited resources reduced the burden of surveillance colonos-

copy by 9.1% to 1.3%.

The discovery that CRC does not arise de novo but from pre-

existing lesions and the growing knowledge on the pathophysio-

logical background on polyps and adenomas opened door for the

idea of early detection and screening.18 Large randomized

controlled trials showed a significant reduction in mortality, first for

stool‐based screening and, as technology evolved, for endoscopic

screening.19–23 The subsequential implementation of large‐scale
CRC screening programs came at the costs of the increasing need

of surveillance, resulting in a major burden for healthcare systems.

In the United States, surveillance after polyp or adenoma removal is

All individuals

Age 50-59

2020 guideline 2013 guideline

Neg. colonoscopy Neg. colonoscopy 1 (ref.) 1 (ref.)

No surveillance Low-risk 1.25 (0.88, 1.76)1.17 (0.83, 1.63)

Surveillance High-risk

No surveillance Low-risk

Surveillance High-risk

Age 60-69

No surveillance Low-risk

Surveillance High-risk

Age 70-79

No surveillance Low-risk

Surveillance High-risk

Age ≥80 years

No surveillance Low-risk

Surveillance High-risk

0.5
Adj. HR

1 2 4 8 16

2.56 (1.62, 4.03)

2.09 (0.84, 5.16) 2.34 (0.95, 5.79)

1.01 (0.52, 1.97) 1.10 (0.56, 2.18)

2.32 (0.94, 5.74) 1.51 (0.64, 3.55)

0.94 (0.57, 1.57) 1.04 (0.62, 1.75)

2.19 (1.12, 4.27) 1.39 (0.74, 2.61)

1.73 (0.74, 4.02) 1.53 (0.60, 3.91)

2.47 (0.69, 8.80) 2.46 (0.92, 6.59)

6.50 (2.02, 20.86) 3.70 (1.15, 11.90)

1.73 (1.13, 2.62)

F I GUR E 3 Hazard ratio for colorectal cancer mortality stratified by surveillance groups according to the 2020 Guidelines9 compared
to the 2013 Guidelines.7 Age and sex adjusted for all individuals, and sex adjusted according to age group. Surveillance: individuals with

at least one adenoma ≥10 mm or with high‐grade dysplasia, or ≥5 adenomas, or any serrated polyp ≥10 mm or with dysplasia. No
surveillance: individuals with 1–4 adenomas <10 mm with low‐grade dysplasia, or any serrated polyp <10 mm without dysplasia. High‐
risk: individuals with at least one adenoma ≥10 mm, or high‐grade dysplasia, or tubulovillous or villous histology, or serrated lesions ≥10

mm or with dysplasia. Low‐risk: individuals with 1–2 tubular adenomas <10 mm and low‐grade dysplasia, or serrated lesions <10 mm
without dysplasia
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the most common indication for colonoscopy for individuals aged

more than 74 years.24 Whether patients truly benefit from this high

amount of surveillance effort or whether we are doing too much is

controversial. In contrast to the basic concept of CRC screening,

surveillance intervals are based on retrospective studies and expert

opinions,7,8 whereas randomized trials are still ongoing.13,14

Nevertheless, there is growing evidence to question the need of

intensive surveillance as currently performed. Recent large retro-

spective studies provide data on long‐term risk of CRC and death

after adenoma removal, which affirm the assumption of a very low

malignant potential of low‐risk adenomas or serrated polyps.25,26 It

was considered feasible to extend the surveillance interval to

17 years after a negative colonoscopy if the colonoscopy was

performed with high quality.27 Moreover, data suggest that fewer

individuals benefit from an intensive surveillance of 3 years as

currently assumed.3,4,10,11

Based on this recent evidence, the group of individuals in need of

surveillance after 3 years was restricted to those with adenomas

≥10 mm, adenomas with high‐grade dysplasia, ≥5 adenomas, or any

serrated polyp ≥10 mm or with dysplasia in the new 2020 guidelines.

According to the present study, this more restrictive definition of the

group of patients in need for surveillance after three years led to a

significant reduction in the burden of surveillance colonoscopies.

While following the 2013 guidelines, 10.4% of the 265,608 screened

individuals would be recommended surveillance after 3 years, this

volume was reduced to 4.9%, which corresponds to a reduction of

14,753 colonoscopies in the present cohort. Importantly, this sub-

stantial reduction in costs and saving of resources is not at the expense

of CRCmortality and overall mortality. Moreover, the 2020 guidelines

provide efficient considerations for health care systems with limited

resources.However, theproposedhigh‐risk group limited to adenomas

≥20 mm or with high‐grade dysplasia10 has not been adopted as gen-

eral recommendation because of limited evidence. Importantly, our

study now confirms the benefit of this restrictive high‐risk group in

terms of identifying individuals at highest risk, at the cost of a small

increase of CRC and all‐cause death risk in the groupwhowould not be

assigned to surveillance. This approach reduces the percentage of

colonoscopies further to 1.3%.

Strengths of the present study include a well‐defined primary

screening colonoscopy cohort. In contrast to flexible sigmoidos-

copy, which is limited to inspection of the left‐sided colon, colo-

noscopy investigates also the right‐sided colon, the predominate

location of serrated lesions.3,4,6,12,28 Another strength is the

availability of outcome data of CRC mortality and all‐cause mor-

tality rather than advanced adenomas or CRC since the goal of

screening is ultimately the reduction of mortality rates. Moreover,

the study design avoided potential bias of pre‐selected or unbal-

anced patient cohorts.26 Finally, the large study cohort provides

details on colonoscopy findings and assessment of quality param-

eters (e.g., bowel preparation quality, cecal intubation). The validity

of data deriving from colonoscopies of the 1980s or 1990s might

be limited due to the lack of awareness of the importance of a

high quality baseline colonoscopy,29 which might result in

misleading colonoscopy findings, particularly for small and flat or

serrated lesions.5,26

Study limitations result from updates in colonoscopy report

forms during the study period. Bowel preparation quality was not

assessed before 2012, however since its implementation, preparation

quality was adequate in more than 90% of colonoscopes. At the

beginning of study period, polyp count was assessed categorically as

“1,” “2–4,” and “>4.” Colonoscopies with “2–4” polyps detected were

assigned to the low‐risk group (2013 guideline) because after

implementation of the exact polyp size the majority of the of this

group was procedures with two lesions. However, recent studies

considered multiplicity adenomas relevant only for colonoscopies ≥5

adenomas.3,4,10,30 Finally, we did not assess life style risk factors for

CRC that is smoking or alcohol intake. However, risk‐based screening

concepts, with the exception of demographic data, for which the

results are adjusted for, are not implemented in current screening

recommendations.

2020 Guideline

2020 Guideline

No adenoma (ref.)
No surveillance
Surveilliance

No adenoma (ref.)
No surveillance
Surveilliance

133712
67083
10708

133712
75095

2696

96757
46212

7960

96757
52328

1844

61255
28325

4746

61255
32266

805

33348
14692

2399

33348
16712

379

9442
4202

704

9442
4790

116

15
2
0

15
2
0

Number at risk

Number at risk

Limited resources

2020 Guideline
limited resources

0.5%

0.25%

Co
lo

re
ct

al
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an
ce

r m
or

ta
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y 
(%

)

0%
24 48

Months after colonoscopy
9672 120 144

F I GUR E 4 Colorectal cancer mortality after colonoscopy
stratified by risk group according to the 2020 Guideline9 compared
to the proposed limited surveillance group for countries with limited

resources. No adenoma: individuals with negative colonoscopy (no
conventional adenoma or serrated polyp). Surveillance: individuals
with at least one adenoma ≥10 mm or with high‐grade dysplasia, or

≥5 adenomas, or any serrated polyp ≥10 mm or with dysplasia. No
surveillance: individuals with 1–4 adenomas <10mmwith low‐grade
dysplasia, or any serrated polyp <10 mm without dysplasia. High‐
risk: individuals with at least one adenoma ≥10 mm, or high‐grade
dysplasia, or tubulovillous or villous histology, or serrated lesions
≥10 mm or with dysplasia. Low‐risk: individuals with 1–2 tubular
adenomas <10 mm and low‐grade dysplasia, or serrated lesions <10

mm without dysplasia
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In conclusion, the new 2020 postpolypectomy guideline leads to a

substantial reduction in the number of individuals in need for surveil-

lance saving costs and resources. The burden of surveillance colonos-

copies decreased by 47% while the efficacy of surveillance in

preventing CRC mortality was preserved.
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