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Novelty and Impact (79 words)? 
In faecal occult blood test (FOBT) screening for colorectal cancer, approximately half of 
FOBT positive persons will have one or more adenomas. Adenoma surveillance is 
recommended to detect and remove new advanced adenomas and CRC, but evidence of 
surveillance effectiveness on CRC incidence is scarce. We found that persons with 
screen detected high-risk adenomas after a positive FOBT have twice the long-term risk 
of CRC compared to the general population, but this risk can be controlled by adenoma 
surveillance. 
 
 
Word count:   3885
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ABSTRACT : 
Faecal occult blood test (FOBT) screening for colorectal cancer (CRC) is implemented in 

several countries. Approximately half of all FOBT positive persons have screen detected 

adenomas. Despite removal of these, patients with large/multiple adenomas have increased 

risk of later developing new advanced adenomas and CRC. International guidelines exist for 

colonoscopic surveillance following adenoma removal. These divide patients in to low-, 

intermediate and high-risk groups. We followed 711 FOBT positive patients with screening 

adenoma identified during population based CRC screening in two Danish counties in 2005-

2006. As reference population, we included 1,240,348 persons in the same age group from the 

rest of Denmark not included in the screening. We estimated the long-term CRC risk stratified 

by adenoma findings during screening and compared with the reference group. After 12 years 

follow-up, the CRC incidence among all adenoma patients was 322 cases per 100,000 person-

years (95% CI: 212-489) ranging from 251 (95% CI: 94-671) to 542 (95% CI: 300-978) cases 

per 100,000 person-years in the low-risk and high-risk groups, respectively. In the reference 

population, the CRC incidence was 244 (95% CI: 242-247) per 100,000. Patients with screen 

detected high-risk adenomas after a positive FOBT had an almost doubled risk of CRC 

compared to the reference population (aHR 1.95, 95% CI: 1.08-3.51), and the incidence in 

those with no follow-up visits was over 3.6 (aHR 3.64 ,95% CI: 1.82-7.29) times the incidence 

in the reference population. The increased CRC risk could be controlled if high-risk patients 

underwent follow-up colonoscopy (aHR 0.87, 95% CI: 0.28-2.69). 
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INTRODUCTION 

In Denmark, colorectal cancer (CRC) is the second most frequent cancer for men and third 
most frequent cancer for women aged 50-74 years with age-standardised (Nordic Standard 

Population) incidences of 179 and 133 cases per 100,000 (Danish Population, 2007-2016)1. 

Randomised trials have shown that repeated guaiac faecal occult blood test (gFOBT) 
screening can detect early stages of the disease and reduce CRC mortality 2-5. About 2.4% to 

2.8% of participants in gFOBT screening will have a positive faecal test for occult blood 6, 7, 

and between 37% and 60% of gFOBT positive persons will have screening adenomas 4, 6, 8. In a 
Danish CRC screening feasibility study, 2.4% had a positive FOBT and 38% with positive 

FOBT had one or more adenomas 9. Removal of these cancer precursor lesions may prevent 

cancers and reduce mortality in this group 10. Despite adenoma removal, patients with large 
and/or multiple colorectal adenomas have a higher risk of later developing new advanced 

adenomas and CRC compared to patients without adenomas 11-13. 

The European guidelines for quality assurance in colorectal cancer screening and diagnosis 
(EU guidelines) from 2010 provide guidance for colonoscopic surveillance following adenoma 

removal. The EU guidelines provide a basic algorithm to divide adenoma patients into low, 

intermediate and high-risk groups of developing advanced adenomas and cancer based on the 
size and number of adenomas detected at index colonoscopy 14. High risk patients are 

recommended an extra colonoscopy within 12 months to check for missed synchronous 

lesions, followed by 3-yearly surveillance. Patients with intermediate risk should be offered 
surveillance at 3-yearly intervals, while low-risk patients return to the screening 

programme14. In addition, the guidelines propose optional criteria to classify small adenomas 

(<10 mm) as intermediate risk if they present high grade neoplasia or villous characteristics 
(optional EU guidelines). In 2013, the European Society of Gastrointestinal Endoscopy (ESGE) 

developed guidelines for post-polypectomy colonoscopy surveillance15. These guidelines 

recommend surveillance colonoscopy 3 years after the index colonoscopy in persons with 
high risk adenoma while persons with low risk adenoma are re-invited to screening 10 years 

This article is protected by copyright. All rights reserved.
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after the index colonoscopy15.  Like the optional EU guideline, the ESGE guidelines are based 
on size, number and histological/morphological characteristics. 

The unique Danish population and health registers allowed us to assess the long-term 

incidence of CRC in patients with screen detected adenomas during a single round gFOBT 
screening feasibility study in two Danish counties in 2005-2006. After a follow-up of 12-years 

we examine whether FOBT positive persons with high risk adenomas according to the EU or 

ESGE guidelines have increased long-term risk of CRC compared to other Danes and whether 
adenoma surveillance is associated with a decreased risk. 

MATERIAL AND METHODS 

Study design and study population 

This population-based cohort-study was based on data from 183,238 persons from two 
Danish counties invited to participate in a single-round gFOBT screening feasibility study 

between August 2005 and August 2006. The purpose of the feasibility study was to assess 

participation level before a possible national scale-up. The feasibility study population was 
deliberately drawn from two parts of Denmark, to make the results representative for the 

total population. Among the persons invited, a total of 80,563 persons participated in 

screening. Of these, 1,924 persons had a positive gFOBT and were included in the study. For 
half of the study population (those from Vejle County) all colonoscopies were performed in a 

hospital, and this was also the case for the majority of coloscopies from the other half (those 

from Copenhagen County). Remaining coloscopies were undertaken by private specialists in 
gastroenterology. Nationwide roll out of FOBT screening started in Denmark in April 2014. 

As reference population, we included 1,240,348 persons in the same age group on 2 August 

2005 from the rest of Denmark not included in the screening feasibility study. We used the 
invitation scheme from the feasibility study to assign pseudo-invitation dates to persons in 

the reference group.  

This article is protected by copyright. All rights reserved.
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Based on the unique Danish personal identification, we linked each person with the Danish 
Population Register to obtain dates of death and emigration; with the Danish Cancer Register 

to obtain information about history of CRC; with the National Patient Register for diagnoses of 

colorectal disease and hospital colonoscopies, polypectomies and surgical interventions; with 
the Health Service Register for private sector colonoscopies and polypectomies; with the 

Pathology Register for incident CRC, advanced adenomas and pathology reports of colorectal 

specimens; and with the screening pilot database for invitation date, participation status, 
gFOBT result and date for screening colonoscopy. For each person, data were collected from 

the (pseudo-)invitation date to date of CRC, death, emigration or December 31st, 2017, 

whichever came first.  

We excluded persons who died, emigrated or were diagnosed with inflammatory bowel 

disease (ICD8: 563.01/563.02/563.09/563.19 and ICD10: K50/K51) prior to invitation. We 

excluded persons with colorectal cancer (ICD10: C18/C19/C20/C21) diagnosed before date of 
invitation. Furthermore, we excluded persons who underwent colonoscopy, sigmoidoscopy or 

any invasive colon or anorectal procedure in the period from 2 years before the feasibility 

study started, i.e. 2nd August 2003, until the invitation date. Data linkage identified a number 
of persons from the two screening counties, who were excluded from the feasibility study for 

unknown reasons. This last group was excluded from the screening group in our analyses 

since we had no information related to screening participation. 

Screening participants with a positive gFOBT were linked to the Pathology Register to search 

for reports on colorectal polyps using the Systematized Nomenclature of Medicine (SNOMED) 

and exclude patients with screening CRC (see supl. annex for SNOMED codes). An experienced 
pathologist (author JL) manually searched the Pathology Register and all polyps were 

evaluated for grade of dysplasia, number, size of largest removed polyp, and polyp 

characteristics (villous, tubular, serrated). Patients with serrated polyps without dysplasia 
were excluded. Only patients having dysplastic polyp(s) removed during index colonoscopy 

were included as screening adenoma patients. 

This article is protected by copyright. All rights reserved.
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We used information about the number, size and adenoma characteristics (dysplasia and 
villous components) from the index colonoscopy to categorize patients according to the EU 

guidelines and the ESGE guidelines (Table 1). 

The National Patient Register and Health Service Register were searched for follow-up visits 
(using the procedure codes for colonoscopy, sigmoidoscopy and endoscopic polypectomy) 

and the findings were matched with corresponding pathology records. We did not classify an 

endoscopy as a follow-up visit if CRC was diagnosed, as the procedure did not offer any 
protection against CRC.  

Since patients may undergo several colonoscopies in succession, we grouped colonoscopies 

with the preceding investigation(s) if they were performed within a period of 1 year. 
Consequently, colorectal cancer or adenomas diagnosed within 1 year of the screening 

colonoscopy were assumed to be screen detected cancers and adenomas, respectively. The 

first colonoscopy performed more than 12 months after the screening colonoscopy was 
considered as the first follow-up visit and any colonoscopies within the following year were 

included as part of this visit. This was repeated for all subsequent colonoscopies until all were 

grouped into follow-up visits. The adenoma risk stratification for screening and follow-up 
visits was based on the cumulated number of adenomas for the grouped procedures, the size 

of the largest adenoma removed, the highest grade of dysplasia and detection of villous 

features. Pathology reports were reviewed for possible multi session polyp removal. In case 
the reports held information that an adenoma was removed in a multi session procedure, the 

date of the initial biopsy was recorded as the date of diagnosis, and the size, type and degree 

of dysplasia of the adenoma was recorded based on the combined samples. 

CRC incidence 

For patients with screen detected adenoma, the time at risk started 1 year after the index 

colonoscopy. Likewise, for the reference population, time at risk started 1 year after the 
pseudo-invitation date. We searched the Pathology Register for relevant SNOMED codes to 

identify incident CRC cases (Supl. annex for SNOMED codes).   

This article is protected by copyright. All rights reserved.
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Statistical analysis 

Summary statistics were used to describe mean distribution of sex, age and number of 

endoscopies in the group of adenoma patients and the reference population as well as median 

time to first follow-up visit for adenoma patients. Differences in variables were tested using 

the t-test, Wilcoxon rank-sum test and chi-square test to compare means, medians and 

proportions as appropriate. We calculated the incidence of CRC per 100,000 person-years 

along with 95% confidence intervals, assuming Poisson distribution and used log-rank to test 

for inequality across adenoma risk groups. We used Cox regression with time at risk, as 

defined above, as the underlying time scale to calculate hazard ratios for CRC in screening 

adenoma patients from the different risk groups, with or without follow-up visits, relative to 

the reference population. We treated follow-up visits as a time varying covariate in the 

incidence and Cox regression analyses. The hazard ratios were adjusted for sex and age (aHR). 

We used Kaplan–Meier survival statistics to display differences in CRC incidence between 

patients with and without a follow-up visit compared and the reference population. All 

statistical analyses were conducted with Stata version 15.1. 

Ethics 

The Danish Data Protection Agency approved the linkage between the registers in this study 

(J.-no. 2015-41-4012). The study was not subject to approval by the Ethics Committee since 

data collection did not involve patient contact or access to patients’ medical records.  

Data Availability 

The data that support the findings of this study are available on request from the 

corresponding author. The data are not publicly available due to privacy or ethical 
restrictions. 

RESULTS 

Among 1,924 screening participants with a positive gFOBT, we identified 711 patients with 

one or more screening adenoma in the Pathology Register. A total of 897 had no pathological 

This article is protected by copyright. All rights reserved.
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findings, 170 were diagnosed with screening CRC, and 146 patients had other pathology 
(including patients with serrated polyps without dysplasia). Among the 711 adenoma 

patients, 7 were censored within 1 years after screening colonoscopy due to other reasons 

than CRC. As reference population we identified 1,341,021 persons aged 50-74 years on 2nd 
August 2005 and living in the Danish counties that did not take part in the screening 

feasibility study. A total of 110,673 persons were excluded from the reference population 

based on the predefined criteria, and another 18,629 persons were censored within the grace 
period of 1 year from the date of pseudo invitation. Consequently, this follow-up analysis 

included 1,222,430 persons divided into the screening adenoma group of 704 persons, and a 

reference group of 1,221,726 persons.  

In the group of screening adenoma patients, there was an overrepresentation of men 

compared to the reference population (66% vs. 49%; p < 0.001), the adenoma patients were 

older on the invitation date (mean age 63.4 years vs. 61.2 years; p < 0.001) and had more 
endoscopies in the follow up period (2.6 vs. 1.6; p < 0.001) compared to the reference 

population. The mean age at time of screening was 63.4 years for patients without follow-up 

visits and 63.1 years to those with follow-up. Two thirds (307/468, 66%) of male adenoma 
patients and 62% (147/236) of female adenoma patients went for a follow-up visit. Since 

follow-up visits were treated as a time varying covariate, the same person would first 

contribute time to the non-follow-up group (time until first follow-up) and then to the follow-
up group (time after first follow-up until end of study period). The distribution of person 

years between the sexes were 66% male for adenoma patients without follow-up and 67% 

male for patients with one or more follow-up visits. 

Adenoma risk groups 

Based on the EU guidelines, about half (47%) of adenoma patients belonged to the 

intermediate group, while 23% belonged to the low-risk group and 30% to the high-risk 
group. The optional EU guidelines, that also take histological and morphological 

characteristics into account, resulted in reclassification of 24 patients from the low-risk group 

to the intermediate group due to either high-grade dysplasia or villous characteristics. The 

This article is protected by copyright. All rights reserved.
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ESGE guidelines’ low-risk group is similar to the optional EU guidelines resulting in 20% of 
adenoma patients belonging to this group, and the remaining 80% belonging to the high-risk 

group (Table 2). 

Risk of CRC after screen detected adenoma 

The median follow-up period was 10.7 years for the adenoma patients in the EU low-risk and 
intermediate risk groups, 10.6 years for adenoma patients in the EU high-risk group, and 10.8 

years for the reference population. A total of 22 cases of CRC were detected among the 704 

adenoma patients during the follow-up period of 6,836 person years. Table 2 shows the 
distribution of CRC cases between the adenoma risk groups, as well as the percentage of 

adenoma patients who went for follow-up visit, the number of follow-up visits and median 

time to first follow-up.  

The CRC incidence among all adenoma patients was 322 cases per 100,000 person-years 

(95% CI: 212-489). The CRC incidence was 251 (95% CI: 94-671), 218 (95% CI: 104-456) and 

542 (95% CI: 300-978) cases per 100,000 person-years for patients in the EU low-risk, 
intermediate risk and high-risk groups, respectively. The CRC incidence among patients in the 

optional EU and the ESGE low-risk groups was 220 (95% CI: 71-681), while the CRC incidence 

for high-risk adenoma patients was 542 (95% CI: 300-978) and 347 (95% CI: 222-545) for 
the optional EU guidelines and the ESGE guidelines, respectively (Table 3).  

We used the reference population as basis to calculate adjusted Hazard Ratios (aHR) for 

incident CRC for each of the adenoma sub-groups (Table 3). In the reference population, the 

CRC incidence was 244 (95% CI: 242-247) per 100,000, which was not significantly different 

from the overall group of adenoma patients (aHR 1.32, 95% CI: 0.87-2.01).  

The aHR for incident CRC was significantly higher for the high-risk groups defined by both 

versions of the EU guidelines at 1.80 (95% CI: 1.00-3.26) compared to the reference 

population. For the ESGE high-risk group, the incidence of CRC was slightly higher than the 

reference population, however insignificantly (aHR 1.15, 95% CI: 0.74-1.81).  

This article is protected by copyright. All rights reserved.
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Follow-up colonoscopy 

We found no significant association between the proportion of patients who went for a 

follow-up visit in the low risk compared to the high-risk adenoma groups (EU guidelines p = 

0.072, optional EU guideline p = 0.069 and ESGE guidelines p = 0.851). Patients belonging to 
the optional EU guidelines’ high-risk group had shorter median time to first follow-up visit 

compared to patients in the low risk group (Low vs. High risk, p = 0.049), but the association 

was insignificant for the basic EU guidelines (p = 0.052) and the ESGE guidelines (p = 0.23). 

Adenoma patients with one or more follow-up visits had significantly lower CRC incidence 

than adenoma patients with no follow-up visits (aHR 0.33, 95% CI: 0.12-0.88). The effect of 

follow-up visits was no longer significant when the analysis was performed separately for 

each adenoma risk group.  

Compared to the reference population, adenoma patients, who did not undergo any follow-up 

visit, had significantly higher long-term risk of CRC with an aHR of 1.65 [95% CI: 1.01-2.69] 

(Table 3 and Figure 1). The risk further increased for adenoma patients belonging to any of 

the guidelines’ high-risk groups (aHR 3.34, 95% CI: 1.67-6.69 for EU and optional EU 

guidelines, aHR 1.80, 95% CI: 1.07-3.04 for ESGE guidelines). For patients with one or more 

follow-up visits, the long-term risk of CRC did not significantly differ from the reference 

population, regardless of the adenoma risk group. 

This article is protected by copyright. All rights reserved.
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DISCUSSION 

To our knowledge this is the first long-term follow-up study that assess CRC incidence of 

persons diagnosed with adenomas after testing positive in a population-based FOBT 
screening programme. In total, 183,238 persons invited to screening; 80,563 persons 

participated; 1,924 (2.4%) had positive FOBT; and of those 711 (37%) had adenomas 

detected. The gFOBT positivity rate and distribution between low risk adenomas and 
medium/high risk adenomas (advanced adenomas) in our adenoma population fell within 

distribution reported by others 6, 16. Patients with screen detected high-risk adenomas after a 

positive FOBT had an almost doubled risk of CRC compared to the general population, and the 
incidence in those with no follow-up visits was over 3.3 times the incidence in the general 

population. Of the adenoma patients, 64% went for one or more follow-up visits, where 

new/previously overlooked adenomas could be removed. Our data showed that the increased 
CRC risk could be controlled if the patients underwent follow-up colonoscopy, as the CRC 

incidence in patients followed up was in line with that of the general population. In this study, 

we applied three different guidelines for stratifying adenoma patients into risk groups.  The 
European guidelines for quality assurance in colorectal cancer screening and diagnosis (EU 

guidelines) base risk stratification on the count of adenomas and the size of the largest 

adenoma 14. The optional EU guidelines and the guidelines developed by European Society of 
Gastrointestinal Endoscopy (ESGE guidelines) take histologic features into account in addition 

to count and size 14, 15. We found that the categorization of adenoma patients into high-risk 

groups in both versions of the EU and the ESGE guidelines effectively identified those with a 
long-term increased risk of CRC based on adenoma findings at baseline during screening; 

when not followed up these excess risks amounted to 3.3 and 1.8 times, respectively, of the 

incidence in the general population. The CRC incidence in adenoma patients categorized into 
the low- or intermediate risk groups was the same as in the general population even among 

those not followed up. 

From clinical data sets and from primary colonoscopy screening, it is well established that 
most cases of CRC develop from adenomatous polyps 7, and that removal of these cancer 
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precursor lesions prevent cancers and reduce mortality 10, 17, 18. The strength of our study was 
that we selectively included adenoma patients identified through FOBT screening and 

subsequent colonoscopy. Adenoma patients identified through FOBT screening constitute a 

selected group whose risk profile may differ from adenoma patients found by primary 
colonoscopy screening or symptom triggered colonoscopy. Therefore, the adenoma patients 

in our study will be comparable with adenoma patients identified in screening programmes 

with similar design. Since many countries are implementing CRC screening using FOBT, 
evidence gathered under these conditions could prove useful.  

In the Pathology Register, part of the information is provided in free text and codes, that may 

not always have been used consistently. Therefore, to ensure consistent classification for all 
adenoma patients, the same pathologist (JL) manually checked their records after the 

screening colonoscopy in the Pathology Register. We believe this reduced the risk of 

classification bias compared to automatic register searches based on algorithms. 
Nevertheless, our results relied on health service register data submitted by Danish health 

providers. While the quality of Danish register data is considered to be high19, we found some 

discrepancies between registers, especially with respect to date of CRC diagnosis, date of 
colonoscopy, and date of pathological record, which could introduce some classification bias. 

The risk of CRC and new advanced adenomas has been shown to depend on findings during 

baseline colonoscopy 9, 11-13, 18, 20 as well as the completeness of the colonoscopy and removal 

of metachronous lesions. In our study, the colonoscopies were performed in the routine 

health care setting and we did not have access to data on the quality of the colonoscopic 

examination, preparation, completeness or withdrawal time. Since the time when the 

colonoscopies in our study were performed, there has been increasing attention to the quality 

of the colonoscopic procedure and to the development of quality standards 21, 22, and our 

findings may therefore not fully reflect the quality of colonoscopies in today’s screening 

programme.  

As CRC is a gradually developing disease, lead time can cause earlier detection of CRC in the 

population undergoing colonoscopy surveillance than in the reference population. This should 
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be taken into consideration when comparing the observed CRC incidence in the follow-up 

group with that of the non-follow-up group. The fact that our data showed that adenoma 

patients with follow-up had a lower CRC incidence, HR 0.56 [0.25-1.25], than the general 

population therefore indicate a truly protective effect of follow-up. 

Since patients in the screening cohort all underwent systematic colonoscopy before entry in 

this study, it is reasonable to assume that all were free of CRC at study entry. The observed 

CRC incidence in the study population therefore represents incidence of new CRC. In the 

reference population, the observed incidence represents cases that became symptomatic after 

study entry. We find it reasonable to assume that the incidence of symptomatic disease in the 

screen-naïve population, and incidence of new CRC among adenoma patients reflect the same 

underlying CRC incidence (provided other factors being equal). 

Others have shown that healthy lifestyle factors reduce the risk of CRC 23-25 and participation 

in CRC screening is greater among those engaging in more healthy behaviours 26, 27. It would 

be reasonable to assume that adherence to adenoma surveillance is also greater among 

persons with healthy lifestyle. Adenoma patients with high risk behaviour for CRC may 

therefore be less prone to undergo follow-up colonoscopy than healthier and more health-

conscious patients. The observed excess risk of CRC among adenoma patients without follow-

up visits may therefore be affected by a more unhealthy lifestyle in this group than in those 

followed up. The observed effect of follow-up visits on CRC incidence may be prone to this 

bias. Meanwhile, all adenoma patients in this study constitute a population that previously 

opted in for screening and opted in for colonoscopy following their positive gFOBT. 

At the time of the feasibility study, there was no national guidelines for adenoma surveillance, 
and post-polypectomy surveillance was performed in accordance with the local clinical 

practice.  Since the implementation of the Danish nationwide FOBT screening program in 

2014, the EU guidelines for follow-up of adenoma patients have been used. According to these 
guidelines, high risk patients are recommended an extra examination within 12 months 

followed by 3-yearly surveillance; patients with intermediate risk are offered 3-yearly 

This article is protected by copyright. All rights reserved.



 15 

surveillance; while low-risk patients are returned to screening 14. Previously, Atkin et al found 
that patients in the intermediate risk group may benefit from further division into a higher-

risk subgroup that benefit from surveillance and a lower-risk subgroup for whom additional 

surveillance may not be necessary 28. It is noteworthy that our study found that the patients 
from the intermediate group without follow-up have the same CRC risk as the general 

population. If this observation is confirmed in other settings, the guidelines for follow-up 

colonoscopy of the intermediate groups may require revision.  

We used the Danish population from the areas not included in the feasibility study as 

reference population. Since the feasibility study, Denmark underwent an administration 

reform where several counties were merged into larger regions. In the South and Capital 
Regions, where the feasibility study took place, the age-standardized (Nordic Standard 

Population) CRC incidence rate for persons aged 50-74 years was 171.2 and 177.1 per 

100,000 person years for men, respectively, and 133.8 and 125.0 for women in the period 
from 2007 to 20161. This is comparable to the national average incidence for Denmark of 

179.1 for men and 133.0 for women. On this basis we do not expect regional difference in 

background CRC incidence to have distorted the results. 

In conclusion, our study showed that patients identified with high-risk adenomas after a 

positive FOBT during screening were at increased risk of later developing CRC. This risk could 

be reduced to a risk similar to that of the general population, if the high-risk adenoma 

patients were identified as outlined in the EU guidelines and followed up with colonoscopic 

surveillance.  

The authors declare no conflict of interest. 
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About half of individuals who have a positive fecal occult blood test (FOBT) will have one or more 
adenomas, potentially increasing their risk of later developing colorectal cancer (CRC). While 
surveillance is recommended to detect and remove these precursor lesions, evidence of surveillance 
effectiveness on CRC incidence is scarce. This study shows that in persons with high-risk adenomas 
detected following positive FOBT screening, long-term risk of CRC is nearly doubled, relative to the 
general population. This risk could be controlled, however, if high-risk patients were identified via 
European guidelines for CRC screening and diagnosis and underwent follow-up colonoscopic 
surveillance. 
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 Adenoma characteristics 
EU Guidelines  
 Low risk ≤ 2 small adenomas (< 10mm) 
 Intermediate risk 3-4 small adenomas  OR 1 adenoma (≥10mm < 20mm) 
 High risk ≥5 adenomas OR 1 large adenoma (≥ 20mm) 
Optional EU guidelines  
 Low risk ≤ 2 small, tubular adenomas (< 10mm) with low grade neoplasia 
 Intermediate risk 3-4 small adenomas OR 1 adenoma (≥10mm < 20mm) OR villous 

OR high-grade neoplasia 
 High risk ≥5 adenomas OR 1 large adenoma (≥ 20mm) 
ESGE guidelines  
 Low risk ≤ 2 small, tubular adenomas (< 10mm) with low grade neoplasia 
 High risk 3-4 small adenomas OR 1 adenoma (≥10mm < 20mm) OR villous 

OR high-grade neoplasia 

Table 1: Risk stratification by EU guidelines, optional EU guidelines and ESGE 
guidelines. 
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    Risk group after index colonoscopy   

    EU Guidelines  Optional EU Guidelines  ESGE Guidelines  Total 

    Low (%) Interm. (%) High (%)  Low (%) Interm. (%) High (%)  Low (%) High (%)  n (%) 

Adenoma patients after index colonoscopy†   163 (23) 337 (47) 211 (30)  139 (20) 361 (51) 211 (30)  139 (20) 572 (80)  711 (100) 

 At least 1 follow-up colonoscopy‡  104 (64) 198 (59) 153 (73)  88 (63) 214 (59) 153 (73)  88 (63) 367 (64)  455 (64) 

  1 follow-up colonoscopy  64 (39) 107 (32) 68 (32)  54 (39) 117 (32) 68 (32)  54 (39) 185 (32)  239 (34) 

  2 follow-up colonoscopies  31 (19) 59 (18) 50 (24)  26 (19) 64 (18) 50 (24)  26 (19) 114 (20)  140 (20) 

  3 follow-up colonoscopies  7 (4.3) 25 (7.4) 26 (12)  6 (4.3) 26 (7.2) 26 (12)  6 (4.3) 52 (9.1)  58 (8.1) 

  ≥4 follow-up colonoscopies  2 (1.2) 7 (2.1) 9 (4.3)  2 (1.4) 7 (1.9) 9 (4.3)  2 (1.4) 16 (3.8)  18 (2.5) 

  Median time to first follow-up colonoscopy (years)  3.7 3.7 3.2  3.8 3.6 3.2  3.8 3.5  3.6 

 No follow-up colonoscopy‡  59 (36) 139 (41) 58 (27)  51 (37) 147 (41) 58 (27)  51 (37) 205 (36)  256 (36) 

 CRC‡  4 (2.4) 7 (2.1) 11 (5.2)  3 (2.2) 8 (2.2) 11 (5.2)  3 (2.2) 19 (3.3)  22 (3.1) 

  1 or more follow-up colonoscopies  1 (0.6) 2 (0.6) 3 (1.4)  1 (0.7) 2 (0.6) 3 (1.4)  1 (0.7) 5 (0.9)  6 (0.8) 

  No follow-up colonoscopy  3 (1.8) 5 (1.5) 8 (3.8)  2 (1.4) 6 (1.7) 8 (3.8)  2 (1.4) 14 (2.4)  16 (2.3) 

Table 2: CRC by index risk group. † (%) Percentage of all adenoma patients. ‡ (%) Percentage of adenoma patients in given risk group. 
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  EU Guidelines  Optional EU Guidelines  ESGE Guidelines  Total 
  Low Intermediate High  Low Intermediate High  Low High   
Incidence of CRC† 251 

[94-671] 
218  

[104-456] 
542  

[300-978] 
 220 

[71-681] 
233 

[116-465] 
542  

[300-978] 
 220 

[71-681] 
347 

[222-545] 
 322 

[212-489] 
 Follow-up 134 

[19-951] 
141 

[35-562] 
267 

[86-828] 
 161 

[23-1,141] 
129 

[32-517] 
267 

[86-828] 
 161 

[23-1,141] 
187 

[78-450] 
 182 

[82-406] 
 No follow-up  356 

[115-1,104] 
279 

[116-669] 
882 

[441-1,763] 
 269 

[67-1,076] 
317 

[142-705] 
882 

[441-1,763] 
 269 

[67-1,076] 
500 

[296-844] 
 451 

[277-737] 

Adjusted HR for CRC‡ 0.88 
[0.33-2.35] 

0.72 
[0.34-1.51] 

1.80 
[1.00-3.26] 

 0.77 
[0.25-2.39] 

0.77 
[0.39-1.54] 

1.80 
[1.00-3.26] 

 0.77 
[0.25-2.39] 

1.15 
[0.74-1.81] 

 1.08 
[0.71-1.64] 

. Follow-up 0.43 
[0.06-3.07] 

0.43 
[0.11-1.73] 

0.81 
[0.26-2.51] 

 0.52 
[0.07-3.68] 

0.40 
[0.10-1.60] 

0.81 
[0.26-2.51] 

 0.52 
[0.07-3.68] 

0.57 
[0.24-1.38] 

 0.56 
[0.25-1.25] 

 No follow-up  1.35 
[0.44-4.19] 

0.98 
[0.41-2.35] 

3.34 
[1.67-6.69] 

 1.02 
[0.26-4.08] 

1.12 
[0.50-2.48] 

3.34 
[1.67-6.69] 

 1.02 
[0.26-4.08] 

1.80 
[1.07-3.04] 

 1.65 
[1.01-2.69] 

Table 3: Incident CRC by index risk group. † Incidence per 100,000 person-years. ‡ Hazard Ratios adjusted for sex and age, reference population as 

controls. 
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