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Abstract

Background: After colorectal polypectomy, 20–50 per cent of patients develop metachronous polyps and some have increased 
colorectal cancer risk. British Society of Gastroenterology (BSG) 2020 guidelines recommend surveillance colonoscopy for high-risk 
patients based on index pathology. The aim of this study was to evaluate metachronous lesion outcome using BSG 2020 criteria.

Methods: A retrospective, multicentred study was conducted including patients who had polypectomy during screening colonoscopy 
(2009–2016) followed by surveillance. Demographics, index pathology, and BSG 2020 risk criteria were compared with regard to 
metachronous lesion pathology (non-advanced versus advanced lesions) and timing of detection (early versus late). Advanced 
lesions were defined as adenomas/serrated polyps greater than or equal to 10 mm, high-grade dysplasia, serrated polyps with 
dysplasia, or colorectal cancer, and late lesions those detected greater than 2 years after the index procedure.

Results: Of 3090 eligible patients, 2643 were included. Among these, retrospective BSG 2020 application would have excluded 51.5 per 
cent from surveillance. After a median of 36 months, the advanced polyp/colorectal cancer rate in BSG 2020 high-risk patients was 16.3 
versus 13.0 per cent in low-risk patients. Older age (P = 0.008) correlated with advanced metachronous lesions. Male sex, greater than 
five polyps, and BSG 2020 high-risk criteria correlated with non-advanced and advanced lesions (P < 0.001). Older age (P < 0.001), villous 
features (P = 0.006), advanced index polyp (P = 0.020), and greater than five polyps (P < 0.001) correlated with early metachronous 
lesions. Male sex and BSG 2020 high-risk criteria correlated with early and late lesions (P < 0.001). On multivariable regression, 
increased polyp number (odds ratio (OR) 1.15 (95 per cent c.i. 1.07 to 1.25); P < 0.001) and villous features (OR 1.49 (95 per cent c.i. 
1.05 to 2.10); P = 0.025) independently correlated with early advanced lesions. The rate of non-advanced and advanced 
metachronous polyps was higher in BSG 2020 high- versus low-risk patients (44.4 versus 35.4 per cent for non-advanced and 15.7 
versus 11.8 per cent for advanced; P < 0.001), but the colorectal cancer rate was similar (0.6 versus 1.2 per cent). However, when 
examining only lesions detected greater than 2 years after the index colonoscopy in high- versus low-risk patients, no significant 
differences were observed (P = 0.140).

Conclusion: BSG 2020 criteria correlated with metachronous polyps, but did not differentiate advanced and non-advanced lesions and 
were not predictive of late lesions.
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Introduction
Colorectal cancer (CRC) is the fourth most common cancer in the 
UK, with approximately 43 000 new cases and 16 500 deaths each 
year1. CRC develops from precursor, benign colorectal polyps 
(both adenomas and serrated polyps)2–5. Such premalignant 
polyps are common and, as malignant transformation takes 7– 
15 years, represent excellent targets for cancer prevention by 
polypectomy; by excising benign, dysplastic polyps endoscopically 

prior to malignant transformation, CRC incidence can be 
reduced6,7. In addition to early cancer detection, the Bowel Cancer 
Screening Programme aims to identify benign, dysplastic polyps 
and remove them before malignant transformation. However, 
after polypectomy, it is estimated that 20–50 per cent of patients 
will develop further, metachronous polyps8 and a proportion are 
at higher long-term risk of developing CRC9. Therefore, a subset 
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of patients are invited to return for a surveillance colonoscopy5,7. It 
is unsustainable to offer surveillance colonoscopy to all. 
Additionally, patients found to have very low-risk lesions at the 
index colonoscopy are unlikely to benefit from undergoing a 
further invasive colonoscopy. Instead, patients are stratified for 
risk based on polyp histology, grade of dysplasia, size, and 
number, according to the latest British Society of 
Gastroenterology (BSG)/Association of Coloproctology of Great 
Britain and Ireland/Public Health England post-polypectomy 
surveillance 2020 guidelines5. On this basis, patients are divided 
into high- and low-risk groups; high-risk patients are invited to a 
surveillance colonoscopy at 3 years and low-risk patients are 
discharged to the screening programme5. Although the number of 
patients qualifying for surveillance with these conventional risk 
measures is limited, surveillance colonoscopy still accounts for 
100 000 of the 700 000 colonoscopies performed in England each 
year10. A more accurate risk stratification would allow for more 
efficient NHS resource allocation.

The Integrated Technologies for Improved Polyp Surveillance 
(INCISE) project is a large, retrospective, multi-partner 
collaborative study that aims to use patient characteristics, 
digital pathology, immunohistochemistry (IHC), and genomic 
and transcriptomic features of index polyp tissue to predict 
future polyp risk and refine current surveillance protocols11. 
The aim of this study was to retrospectively apply the BSG 
2020 guidelines to the INCISE cohort and compare 
metachronous polyp/CRC rate using BSG 2020 high- and 
low-risk features.

Methods
Study design
A retrospective, multicentred observational cohort study was 
performed. The formation of the INCISE cohort has previously 
been described12. Briefly, a prospectively maintained cohort of 
all patients participating in the first round of the Scottish 
Bowel Screening Programme in NHS Greater Glasgow & Clyde 
(GG&C) was reviewed. Patients who underwent polypectomy 
at a screening colonoscopy in NHS GG&C between May 2009 
and December 2016 were considered for inclusion. During the 
study interval, the Scottish Bowel Screening Programme was 
based on a biannual guaiac faecal occult blood test (gFOBT), 
followed by invitation to a colonoscopy for those with a 
positive stool test13. Patients were only included if they had a 
histologically confirmed premalignant polyp (adenoma or 
serrated polyp, excluding diminutive rectal hyperplastic 
polyps less than 5 mm) at their index screening colonoscopy. 
Patients must have undergone a further colonoscopy 6 
months to 6 years after their index endoscopy, to allow 
identification of those patients who went on to develop 
metachronous polyps or CRC. Patients were excluded if they 
were found to have CRC at their index screening colonoscopy, 
had a previous histological diagnosis of CRC, had a diagnosis 
of inflammatory bowel disease, had a known inherited 
polyposis or CRC syndrome, or did not have a surveillance 
colonoscopy within the above date ranges. Each patient was 
assigned a unique INCISE number and the entire, anonymized 
database was stored on the NHS Safe Haven platform (Safe 
Haven, NHS Scotland) to ensure compliance with data 
protection and patient confidentiality. Ethics approval was 
obtained for the INCISE project (GSH/20/CO/002), which was 
reported according to STROBE guidelines14.

Variables and data sources
Patient demographics, co-morbidities, and medications were 
extracted by searching local electronic case notes with the 
unique Scottish community health index (CHI) number used as 
the linkage variable. Demographics collected included age, sex, 
and deprivation. Deprivation was quantified using the Scottish 
Index of Multiple Deprivation (SIMD) score, which is a measure 
of an area’s deprivation according to income, employment, 
education, health, access to services, crime, and housing15. 
Co-morbidities were recorded individually and used to 
calculate the Charlson co-morbidity index16. The local 
pathology database was used to determine the number of 
index polypectomy specimens and the histological subtype 
(adenoma versus serrated polyp), location (rectum, 
left-sided colonic, and right-sided colonic), size, morphology 
(presence or absence of villous architecture), and degree of 
dysplasia (high- or low-grade) of the most advanced index 
polyp. The latest version of the BSG 2020 guidelines5 was used 
to define those patients with a non-advanced index polyp 
(adenoma less than 10 mm and not containing high-grade 
dysplasia (HGD) or serrated polyp less than 10 mm and not 
containing dysplasia), those with an advanced index polyp 
(adenoma greater than or equal to 10 mm or containing HGD 
or a serrated polyp greater than or equal to 10 mm or 
containing any grade of dysplasia), and those deemed at high 
risk of developing metachronous polyps (Fig. 1). To define 
outcomes for each patient, the electronic endoscopy reporting 
software (Unisoft Medical Systems GI Reporting Software) and 
electronic pathology database (TelePath) were used to 
determine the presence or absence of metachronous lesions at 
surveillance colonoscopy.

Outcomes of interest
The primary study outcome was the detection of metachronous 
lesions (no metachronous lesions versus non-advanced lesions 
versus advanced lesions detected at surveillance colonoscopy). 
Non-advanced lesions were defined as non-advanced polyps and 
advanced lesions were defined as advanced polyps (as defined 
above) or CRC. The secondary study outcome was the detection 
of metachronous lesions by timing (no metachronous lesions 
versus early metachronous lesion detection versus late 
metachronous lesion detection). Early metachronous lesions 
were defined as those detected less than or equal to 2 years 
after the index polypectomy and late metachronous lesions 
were defined as those detected greater than 2 years after the 
index polypectomy.

Statistics
Demographics including age, sex, screening cycle, deprivation, 
co-morbidities, medications, and index polyp characteristics 
and location including BSG 2020 risk categories were 
compared for the primary and secondary outcomes of 
interest using cross-tabulation and the χ2 test for categorical 
variables and Kruskal–Wallis one-way ANOVA for 
continuous data. A value of P < 0.050 was considered 
statistically significant. Multivariate polynomial regression 
was used to identify independent factors that correlated 
with advanced metachronous lesion development both less 
than or equal to 2 years and greater than 2 years from index 
colonoscopy.
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Results
Study population
Figure 2 shows the INCISE cohort patient selection. Of 6684 
patients who underwent polypectomy at a screening 
colonoscopy during the study interval, 3090 underwent 
surveillance colonoscopy (6 months to 6 years after the index 
colonoscopy) and 2643 patients were included in the final 
analysis. All patients in this study underwent surveillance 
colonoscopy, based on the guidance in use at the time17,18. 
However, applying the most recent BSG 2020 guidelines5 to this 
cohort of patients, 1360 (51.5 per cent) patients would be low 
risk and would no longer qualify for surveillance. The median 
age was 63 (range 50–83) years, with a male : female ratio of 2.2 :  
1. Overall, 32.8 per cent had a single index polyp, 54.5 per cent 
had 2–4 polyps, and 12.6 per cent had greater than or equal to 
five polyps. Furthermore, 1730 (65.5 per cent) patients had a 
polyp greater than or equal to 10 mm found at index 
colonoscopy, 285 (10.8 per cent) had a polyp containing HGD, 
and 1038 (39.3 per cent) had a polyp with villous morphology. In 
total, 1757 (66.5 per cent) patients had an advanced polyp found 
at the index colonoscopy, of which 1693 (96.4 per cent) had an 
advanced adenoma and 64 (3.6 per cent) had an advanced 
sessile polyp.

Outcomes of surveillance
The median time to surveillance colonoscopy was 36 (range 6–83) 
months. At surveillance colonoscopy, 1205 (45.6 per cent) patients 
had no metachronous lesion found, whereas 1438 (54.4 per cent) 
were found to have a metachronous lesion. A total of 1051 (39.8 
per cent) patients had non-advanced polyps, 363 (13.7 per cent) 
had advanced polyps, and 24 (0.9 per cent) patients were found 
to have CRC. Of these 1438 patients, 655 (45.5 per cent) had their 
lesions identified early (within 2 years of the index colonoscopy), 
and 783 (54.5 per cent) patients had their lesions identified late 
(after 2 years).

Variables associated with metachronous lesion 
risk
Table 1 shows a comparison of patient demographics and index 
pathology characteristics between those found to have no 
metachronous lesions, those found to have non-advanced 
metachronous polyps, and those found to have advanced polyps 
or CRC (primary study outcome). Patients with advanced lesions 
at follow-up were older (no metachronous lesion versus 
non-advanced lesion versus advanced lesion: median age of 63, 
63, and 65 years respectively; P = 0.008). Patients with either a 
non-advanced or advanced metachronous lesion were more 

High-risk findings?

³2 premalignant polyps including ³1 advanced polyp,
defined as:

Serrated polyp ³10 mm or containing any grade
of dysplasia
Adenoma ³10 mm or containing high-grade dysplasia

Discharge to
bowel screening programme

Surveillance colonoscopy
at 3 years

Screening colonoscopy

No

Yes
³ 5 premalignant polyps

Fig. 1 British Society of Gastroenterology and Association of Coloproctology of Great Britain and Ireland post-polypectomy surveillance guidelines

All patients who underwent polypectomy at
screening colonoscopy

(NHS GG&C, July 2009 – December 2016)
n = 6684

Patients who underwent surveillance colonoscopy
(6 months – 6 years) n = 3090

Excluded:
No surveillance colonoscopy (6 months – 6 years)
n = 3594

Excluded:
Insufficient archival index pathology tissue
for IHC, genomic, and transcriptomic analysis
planned for main INCISE study
n = 447

Sufficient archival index pathology tissue for
IHC, genomic, and transcriptomic analysis

planned for main INCISE study
n = 2643

Fig. 2 Flow chart showing formation of the Integrated Technologies for Improved Polyp Surveillance cohort 

NHS, National Health Service; GG&C, Greater Glasgow & Clyde; IHC, immunohistochemistry; INCISE; Integrated Technologies for Improved Polyp Surveillance.
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likely to be male (no metachronous lesion versus non-advanced 
lesion versus advanced lesion: male 63.9, 73.8, and 71.8 per cent 
respectively; P < 0.001), to have undergone their index screening 
colonoscopy in the later years of the study (P = 0.037), to have 
congestive heart failure (P = 0.037), and to take aspirin (P = 0.035) 

or a statin (P = 0.004). Having an increased number of index 
polyps was associated with a higher risk of either non-advanced 
or advanced metachronous lesions (no metachronous lesion 
versus non-advanced lesion versus advanced lesion (greater than 
or equal to five polyps): 7.1, 16.7, and 18.9 per cent respectively; 

Table 1 Factors associated with metachronous polyps or colorectal cancer after polypectomy at the index screening colonoscopy, 
grouped by advancement

Variable All (n = 2643) Follow-up results P

No lesions  
(n = 1205)

Non-advanced  
polyps (n = 1051)

Advanced polyps  
or CRC (n = 387)

Demographics (n = 2643)
Age (years) Median (i.q.r.) 63 (57–69) 63 (57–69) 63 (59–69) 65 (59–69) 0.008
Sex Male 1824 (69.0) 770 (63.9) 776 (73.8) 278 (71.8) <0.001
Screening cycle 2009–2011 824 (31.2) 406 (33.7) 305 (29.0) 113 (29.2) 0.037

2011–2013 848 (32.1) 398 (33.0) 328 (31.2) 122 (31.5)
2013–2015 628 (23.8) 267 (22.2) 265 (25.2) 96 (24.8)
2015–2017 343 (13.0) 134 (11.1) 153 (14.6) 56 (14.5)

SIMD quintile 2009 (n = 2375) 1 785 (33.1) 352 (32.7) 322 (33.9) 111 (31.6) 0.288
2 417 (17.6) 177 (16.5) 176 (18.4) 65 (18.5)
3 390 (16.4) 180 (16.7) 156 (16.4) 54 (15.4)
4 328 (13.8) 137 (12.7) 133 (14.0) 58 (16.5)
5 455 (19.2) 229 (21.3) 163 (17.2) 63 (17.9)

Co-morbidity (n = 2643)
Myocardial infarction Yes 143 (5.4) 59 (4.9) 69 (6.6) 15 (3.9) 0.076
Congestive cardiac failure Yes 50 (1.9) 16 (1.3) 21 (2.0) 13 (3.4) 0.037
Peripheral vascular disease Yes 61 (2.3) 24 (2.0) 26 (2.5) 11 (2.8) 0.562
Cerebrovascular accident Yes 83 (3.1) 36 (3.0) 30 (2.9) 17 (4.4) 0.306
Dementia Yes 1 (0.04) 0 (0) 1 (0.1) 0 (0) 0.469
COPD Yes 183 (6.9) 83 (6.9) 76 (7.2) 24 (6.2) 0.791
Rheumatic disease Yes 34 (1.3) 18 (1.5) 13 (1.2) 3 (0.8) 0.542
Peptic ulcer disease Yes 86 (3.3) 43 (3.6) 32 (3.0) 11 (2.8) 0.693
Mild liver disease Yes 42 (1.6) 21 (1.7) 16 (1.5) 5 (1.3) 0.806
Moderate/severe liver disease Yes 18 (0.7) 9 (0.7) 6 (0.6) 3 (0.8) 0.854
Diabetes mellitus uncomplicated Yes 126 (4.8) 56 (4.6) 47 (4.5) 23 (5.9) 0.492
Diabetes mellitus complicated Yes 10 (0.4) 4 (0.3) 5 (0.5) 1 (0.3) 0.786
Hemi/paraplegia Yes 10 (0.4) 4 (0.3) 4 (0.4) 2 (1) 0.876
Renal disease Yes 33 (1.2) 14 (1.2) 12 (1.1) 7 (2) 0.561
Any malignancy Yes 177 (6.7) 70 (5.8) 82 (7.8) 25 (6) 0.165
Metastatic malignancy Yes 8 (0.3) 2 (0.2) 5 (0.5) 1 (0.3) 0.404
HIV/AIDS Yes 0 (0) 0 (0) 0 (0) 0 (0) –
Charlson co-morbidity index (0–33) Median (i.q.r.) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0.237

Medication (n = 2472)
ACE-I Yes 673 (27.2) 293 (25.9) 284 (29.0) 96 (26.7) 0.283
ARB Yes 276 (11.2) 115 (10.2) 112 (11.4) 49 (13.6) 0.186
Aspirin Yes 795 (32.2) 334 (29.5) 335 (34.1) 126 (35.0) 0.035
Statin Yes 1120 (45.3) 472 (41.7) 470 (47.9) 178 (49.4) 0.004
Steroid Yes 331 (13.4) 157 (13.9) 127 (12.9) 47 (13.1) 0.804
NSAIDs Yes 1037 (41.9) 485 (42.9) 419 (42.7) 133 (36.9) 0.114
Immunosuppressants Yes 62 (2.5) 34 (3.0) 17 (1.7) 11 (3.1) 0.135
Metformin Yes 218 (8.8) 91 (8.0) 88 (9.0) 39 (10.8) 0.274

Pathology (n = 2643)
Index polyp advanced* Yes 1757 (67.5) 809 (67.1) 683 (65.0) 265 (68.5) 0.372
Index polyp number 1 868 (32.8) 482 (40.0) 273 (26.0) 113 (29.2) <0.001

2–4 1441 (54.5) 638 (52.9) 602 (57.3) 201 (51.9)
≥5 334 (12.6) 85 (7.1) 176 (16.7) 73 (18.9)

Index polyp villous* Yes 1038 (39.3) 485 (40.2) 388 (36.9) 165 (40.6) 0.092
Index polyp type* Adenoma 2503 (94.7) 1142 (94.8) 993 (94.5) 368 (95.1) 0.891

Serrated polyp 140 (5.3) 63 (5.2) 58 (5.5) 19 (4.9)
Index polyp HGD* Yes 285 (10.8) 124 (10.3) 114 (10.8) 47 (12.1) 0.590
Index polyp size* (mm) <10 913 (34.5) 408 (33.9) 375 (35.7) 130 (33.6) 0.605

≥10 1730 (65.5) 797 (66.1) 676 (64.3) 257 (66.4)
Index polyp location* 
(n = 2639)

Rectum 345 (13.1) 158 (13.1) 129 (12.3) 58 (15.0) 0.001
Left colon 1595 (60.3) 769 (63.8) 618 (58.8) 208 (53.7)

Right colon 697 (26.4) 275 (22.8) 302 (28.7) 120 (31.0)
BSG 2020 risk index procedure Low 1360 (51.5) 702 (58.3) 481 (45.8) 177 (45.7) <0.001

High 1283 (48.5) 503 (41.7) 570 (54.2) 210 (54.3)

Values are n (%) unless otherwise indicated. CRC, colorectal cancer; SIMD, Scottish Index of Multiple Deprivation; COPD, chronic obstructive pulmonary disease; 
ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAIDs, non-steroidal anti-inflammatory drugs; HGD, high-grade dysplasia; BSG, 
British Society of Gastroenterology. *Applies to the most advanced polyp if multiple polyps removed during the index procedure.
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P < 0.001). As compared with having an index polyp in the rectum, 
right-sided colonic index polyps were associated with a higher 
rate of metachronous lesions and left-sided index polyps were 
associated with a lower risk (P = 0.001). The BSG 2020 guideline 
risk stratification of the index colonoscopy was significantly 

associated with metachronous lesion likelihood, but did not 
differentiate those with metachronous non-advanced and 
advanced lesions (no metachronous lesion versus non-advanced 
lesion versus advanced lesion: BSG 2020 high risk 41.7, 54.2, and 
54.3 per cent respectively; P < 0.001).

Table 2 Factors associated with metachronous polyps or colorectal cancer after polypectomy at the index screening colonoscopy, 
grouped by time of detection

Variable All (n = 2643) Follow-up results P

No lesions  
(n = 1205)

Early lesions  
(n = 655)

Late lesions  
(n = 783)

Demographics (n = 2643)
Age (years) Median (i.q.r.) 63 (57–69) 63 (57–69) 65 (59–71) 63 (58–69) <0.001
Sex Male 1824 (69.0) 770 (63.9) 486 (74.2) 568 (72.5) <0.001
Screening cycle 2009–2011 824 (31.2) 406 (33.7) 198 (30.2) 220 (28.1) <0.001

2011–2013 848 (32.1) 398 (33.0) 168 (25.6) 282 (36.0)
2013–2015 628 (23.8) 267 (22.2) 163 (24.9) 198 (25.3)
2015–2017 343 (13.0) 134 (11.1) 126 (19.2) 83 (10.6)

SIMD quintile 2009 (n = 2375) 1 785 (33.1) 352 (32.7) 200 (34.3) 233 (32.5) 0.185
2 417 (17.6) 177 (16.5) 105 (18.0) 135 (18.8)
3 390 (16.4) 180 (16.7) 101 (17.3) 109 (15.2)
4 328 (13.8) 137 (12.7) 87 (14.9) 104 (14.5)
5 455 (19.2) 229 (21.3) 90 (15.4) 136 (19.0)

Co-morbidity (n = 2643)
Myocardial infarction Yes 143 (5.4) 59 (4.9) 46 (7.0) 38 (4.9) 0.109
Congestive cardiac failure Yes 50 (1.9) 16 (1.3) 21 (3.2) 13 (1.7) 0.015
Peripheral vascular disease Yes 61 (2.3) 24 (2.0) 16 (2.4) 21 (2.7) 0.585
Cerebrovascular accident Yes 83 (3.1) 36 (3.0) 24 (3.7) 23 (2.9) 0.674
Dementia Yes 1 (0.04) 0 (0) 0 (0) 1 (0.1) 0.305
COPD Yes 183 (6.9) 83 (6.9) 50 (7.6) 50 (6.4) 0.648
Rheumatic disease Yes 34 (1.3) 18 (1.5) 9 (1.4) 7 (0.9) 0.497
Peptic ulcer disease Yes 86 (3.3) 43 (3.6) 22 (3.4) 21 (2.7) 0.545
Mild liver disease Yes 42 (1.6) 21 (1.7) 6 (0.9) 15 (1.9) 0.271
Moderate/severe liver disease Yes 18 (1.6) 9 (0.7) 5 (0.8) 4 (0.5) 0.787
Diabetes mellitus uncomplicated Yes 126 (4.8) 56 (4.6) 37 (5.6) 33 (4.2) 0.430
Diabetes mellitus complicated Yes 10 (0.4) 4 (0.3) 3 (1) 3 (0.4) 0.914
Hemi/paraplegia Yes 10 (0.4) 4 (0.3) 2 (0.3) 4 (0.5) 0.769
Renal disease Yes 33 (1.2) 14 (1.2) 9 (1.4) 10 (1.3) 0.922
Any malignancy Yes 177 (6.7) 70 (5.8) 51 (7.8) 56 (7.2) 0.221
Metastatic malignancy Yes 8 (0.3) 2 (0.2) 4 (0.6) 2 (0.3) 0.239
HIV/AIDS Yes 0 (0) 0 (0) 0 (0) 0 (0) –
Charlson co-morbidity index (0–33) Median (i.q.r.) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0.079

Medication (n = 2472)
ACE-I Yes 673 (27.2) 293 (25.9) 169 (28.0) 211 (28.6) 0.387
ARB Yes 276 (11.2) 115 (10.2) 93 (15.4) 68 (9.2) 0.001
Aspirin Yes 795 (32.2) 334 (29.5) 216 (35.8) 245 (33.2) 0.023
Statin Yes 1120 (45.3) 472 (41.7) 303 (50.2) 345 (46.8) 0.002
Steroid Yes 331 (13.4) 157 (13.9) 80 (13.2) 94 (12.8) 0.778
NSAIDs Yes 1037 (41.9) 485 (42.9) 233 (38.6) 319 (43.3) 0.152
Immunosuppressants Yes 62 (2.5) 34 (3.0) 11 (1.8) 17 (2.3) 0.296
Metformin Yes 218 (8.8) 91 (8.0) 68 (11.3) 59 (8.0) 0.052

Pathology (n = 2643)
Index polyp advanced* Yes 1757 (67.5) 809 (67.1) 456 (69.6) 492 (62.8) 0.020
Index polyp number 1 868 (32.8) 482 (40.0) 129 (19.7) 257 (32.8) <0.001

2–4 1441 (54.5) 638 (52.9) 361 (55.1) 442 (56.4)
≥5 334 (12.6) 85 (7.1) 165 (25.2) 84 (10.7)

Index polyp villous* Yes 1038 (39.3) 485 (40.2) 280 (42.7) 273 (34.9) 0.006
Index polyp type* Adenoma 2503 (94.7) 1142 (94.8) 627 (95.7) 734 (93.7) 0.244

Serrated polyp 140 (5.3) 63 (5.2) 28 (4.3) 49 (6.3)
Index polyp HGD* Yes 285 (10.8) 124 (10.3) 84 (12.8) 77 (9.8) 0.144
Index polyp size* (mm) <10 913 (34.5) 408 (33.9) 210 (32.1) 295 (37.7) 0.066

≥10 1730 (65.5) 797 (66.1) 445 (67.9) 488 (62.3)
Index polyp location* (n  =  2639) Rectum 345 (13.1) 158 (13.1) 93 (14.2) 94 (12.0) <0.001

Left colon 1595 (60.3) 769 (63.8) 346 (52.8) 480 (61.3)
Right colon 697 (26.4) 275 (22.8) 214 (32.7) 208 (26.6)

BSG 2020 risk index procedure Low 1360 (51.5) 702 (58.3) 235 (35.9) 423 (54.0) <0.001
High 1283 (48.5) 503 (41.7) 420 (64.1) 360 (46.0)

Values are n (%) unless otherwise indicated. SIMD, Scottish Index of Multiple Deprivation; COPD, chronic obstructive pulmonary disease; PUD, peptic ulcer disease; 
ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; NSAIDs, non-steroidal anti-inflammatory drugs; HGD, high-grade dysplasia; BSG, 
British Society of Gastroenterology. *Applies to the most advanced polyp if multiple polyps removed during the index procedure.
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Next, the same comparison of demographics and index 
pathology characteristics was made between those found to have 
no metachronous lesion, an early metachronous lesion (less than 
or equal to 2 years after the index colonoscopy), and a late 
metachronous lesion (greater than 2 years after the index 
colonoscopy) (Table 2). Patients who developed early 
metachronous lesions were significantly older (no metachronous 
lesion versus early lesion versus late lesion: median age 63, 65, and 
63 years respectively; P < 0.001) and were more likely to be taking 
angiotensin receptor blockers (P = 0.001), aspirin (P = 0.023), or a 
statin (P = 0.002). Patients with either an early or late 
metachronous lesion were more likely to be male (no 
metachronous lesion versus early lesion versus late lesion: male 
63.9, 74.2, and 72.5 per cent respectively; P < 0.001) and to have 
congestive heart failure (P = 0.015). Having an index advanced 
polyp was associated with a higher risk of early, but not late, 
metachronous lesions (no metachronous lesion versus early lesion 
versus late lesion: advanced index polyp 67.1, 69.6, and 62.8 per 
cent respectively; P = 0.020). Having an increased number of 
index polyps was associated with early or late metachronous 
lesions (no metachronous lesion versus early lesion versus late 
lesion (greater than or equal to five polyps):7.1, 25.2, and 10.7 
per cent respectively; P < 0.001). Index villous lesions were 
associated with early, but not late, metachronous lesions 
(P = 0.006). Right-sided index lesions were associated with a 
higher risk of both early and late metachronous lesions (P <  
0.001). BSG 2020 high-risk features were associated with a 

higher rate of both early and late metachronous lesions, but 
there was a stronger association with early lesions (no 
metachronous lesion versus early lesion versus late lesion: BSG 
2020 high-risk groups 41.7, 64.1, and 46.0 per cent respectively; 
P < 0.001).

Multivariate polynomial regression
Based on the initial univariable comparisons, the following 
variables were taken forward to multivariate polynomial 
regression analysis: age, sex, aspirin, statin, index advanced 
polyp, polyp number, polyp location, villous features, and BSG 
2020 risk score. Index polyp number (OR 1.15 (95 per cent c.i. 
1.07 to 1.25); P < 0.001) and index villous features (OR 1.49 (95 
per cent c.i. 1.05 to 2.10); P = 0.025) were independently 
associated with the detection of advanced metachronous lesions 
within 2 years of the index polypectomy. No variable was 
independently associated with advanced lesions after 2 years 
(Table 3).

British Society of Gastroenterology 2020  
high- versus low-risk patients
Finally, a comparison was made regarding outcome between 
patients who would be deemed low risk (1360 patients) and high 
risk (1283 patients) based on their index screening colonoscopy 
findings, according to the current BSG 2020 guidelines5 (Table 4). 
There was a higher rate of both non-advanced metachronous 
polyps (44.4 versus 35.4 per cent) and advanced metachronous 

Table 3 Multivariate multinomial logistic regression of factors relating to metachronous lesion advancement and time after the index 
polypectomy

Advanced polyp or CRC ≤2 years 
after the index polypectomy

Advanced polyp or CRC >2 years 
after the index polypectomy

OR (95% c.i.) P OR (95% c.i.) P

Age Years 1.01 (0.99,1.04) 0.369 1.01 (0.99,1.03) 0.551
Sex Female 0.90 (0.63,1.30) 0.587 0.85 (0.61,1.19) 0.344
Aspirin Yes 1.13 (0.76,1.69) 0.543 0.99 (0.67,1.46) 0.948
Statin Yes 1.38 (0.94,2.03) 0.105 0.93 (0.64,1.33) 0.671
Index advanced Yes 1.21 (0.75,1.97) 0.433 1.03 (0.68,1.56) 0.900
Index polyp number Number 1.15 (1.07,1.25) <0.001 1.02 (0.93,1.13) 0.676
Index location Rectum 1.0 1.0

Left colon 0.76 (0.46,1.26) 0.290 0.88 (0.57,1.37) 0.577
Right colon 1.61 (0.95,2.73) 0.079 0.91 (0.55,1.51) 0.718

Index villous features Yes 1.49 (1.05,2.10) 0.025 1.03 (0.75,1.42) 0.847
Index BSG 2020 High 1.43 (0.88,2.33) 0.153 0.86 (0.55,1.34) 0.498

CRC, colorectal cancer; OR, odds ratio; BSG, British Society of Gastroenterology.

Table 4 Factors associated with index BSG 2020 risk category

Index BSG 2020 risk group

Low (total = 1360) High (total = 1283) P

No metachronous lesion 702 (51.6) 503 (39.2)
Metachronous polyp/CRC All Non-advanced polyp 481 (35.4) 570 (44.4) <0.001

Advanced polyp 161 (11.8) 202 (15.7)
CRC 16 (1.2) 8 (0.6)

Early (≤2 years) Non-advanced polyp 172 (12.6) 306 (23.9) <0.001
Advanced polyp 59 (4.3) 111 (8.7)

CRC 4 (0.3) 3 (0.2)
Late (>2 years) Non-advanced polyp 309 (22.7) 264 (20.6) 0.140

Advanced 102 (7.5) 91 (7.1)
CRC 12 (0.9) 5 (0.4)

Values are n (%). BSG, British Society of Gastroenterology; CRC, colorectal cancer.
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polyps (15.7 versus 11.8 per cent) amongst the BSG 2020 high-risk 
patients as compared with the low-risk patients (P < 0.001), but a 
similar rate of CRC (0.6 versus 1.2 per cent). The group who 
would be high risk per BSG 2020 criteria contained 503 (39.2 per 
cent) patients with no metachronous lesions, whereas the 
proportion with advanced polyps or CRC in the group who 
would be low risk was 13.0 per cent (177 patients). Comparable 
differences were observed when examining early metachronous 
lesions only (detected less than or equal to 2 years after the 
index colonoscopy): non-advanced polyps (23.9 versus 12.6 per 
cent for the high-risk group and the low-risk group respectively), 
advanced metachronous polyps (8.7 versus 4.3 per cent for the 
high-risk group and the low-risk group respectively), and CRC 
(0.2 versus 0.3 per cent for the high-risk group and the low-risk 
group respectively) (P < 0.001). However, when examining only 
those lesions detected greater than 2 years after the index 
colonoscopy, no significant differences were observed: 
non-advanced polyps (20.6 versus 22.7 per cent for the high-risk 
group and the low-risk group respectively), advanced 
metachronous polyps (7.1 versus 7.5 per cent for the high-risk 
group and the low-risk group respectively), and CRC (0.4 versus 
0.9 per cent for the high-risk group and the low-risk group 
respectively) (P = 0.140).

Discussion
This study examined the impact of applying the current BSG 2020 
surveillance guidelines to a large retrospective cohort of patients 
whose surveillance strategy after screening polypectomy was 
determined by previous guidance17,18. It was observed that the 
overall rate of metachronous advanced polyps or CRC was 
relatively low (14.6 per cent) and nearly half had no 
metachronous lesion. When patients who would still be 
recommended surveillance based on current BSG guidance were 
selected, the rate of advanced metachronous polyps or CRC 
remained low (16.3 per cent) and the rate of no metachronous 
lesion remained high (39.2 per cent). The rate of advanced 
metachronous polyps or CRC in the low-risk BSG 2020 patients 
was only marginally lower (13.0 per cent) and perhaps suggests 
that current protocols would benefit from refinement. 
Furthermore, while BSG 2020 risk stratification group was 
associated with a significant difference in overall metachronous 
lesion rate, it did not differentiate advanced and non-advanced 
metachronous lesions and was not significantly associated with 
late metachronous lesions detected after 2 years from the index 
polypectomy.

The BSG 2020 guidelines include a comprehensive literature 
review on which their recommendations are based5. Evidence is 
presented of a heightened risk of advanced adenoma/neoplasia 
at surveillance colonoscopy, with index findings of HGD19–25, 
increased polyp number19,20,22,23,26–30, and larger index polyps 
(predominantly greater than or equal to 20 mm)19,20,22–26,29,31. 
However, other studies that failed to find significant 
associations between metachronous advanced adenoma/ 
neoplasia and index HGD26,28,29,31–33, polyp number33–37, or 
index polyp size at a lower threshold of greater than or equal to 
10 mm are also highlighted23. In the current study, the presence 
of HGD or index polyp size greater than or equal to 10 mm did 
not correlate with advanced or non-advanced metachronous 
lesions. Increased index polyp number correlated with both 
advanced and non-advanced lesions and with the development 
of any metachronous lesion less than or equal to 2 years after 
the index colonoscopy. Additionally, index polyp number was an 

independent factor of early advanced metachronous lesions on 
multivariate polynomial regression. This may reflect a strong 
patient propensity to develop multiple colorectal polyps and/or 
incomplete polyp clearance at the index colonoscopy. A further 
factor found to independently correlate with early advanced 
metachronous lesions was villous index morphology. While BSG 
2020 highlighted numerous studies associating villous 
morphology with metachronous advanced lesion 
risk19,20,22,23,26,28,29,31,33,34,38, it has historically not been included 
in UK-based risk stratification due to concerns over 
heterogeneity in pathological reporting and the additional 
surveillance workload that inclusion may produce5. However, 
this study suggests it may be a more useful basic pathological 
variable than others currently in use.

Other studies have examined the efficacy of BSG 2020 risk. In a 
retrospective study of more than 21 000 patients who underwent 
polypectomy, CRC incidence in BSG 2020 low-risk patients was 
significantly lower than in the general population without 
surveillance, suggesting that benefit from polyp clearance has 
already been derived and no further surveillance is required. 
CRC incidence in BSG 2020 high-risk patients was significantly 
higher than in the general population without surveillance and 
there was no significant difference with surveillance, perhaps 
suggesting benefit39. In contrast, this smaller, but more recent, 
study suggests that many BSG 2020 high-risk patients do not 
develop metachronous lesions and the rate of advanced 
metachronous lesions is only marginally higher than for 
low-risk patients. Additionally, although BSG 2020 high risk was 
associated with metachronous advanced lesions, when 
adjusting for potential confounders with multivariate analysis, 
it was not correlated with metachronous advanced lesions 
detected less than or equal to 2 years or greater than 2 
years after index colonoscopy.

The current study suggests that risk stratification may benefit 
from refinement. The INCISE collaborative intends to evaluate 
the addition of a panel of novel risk factors for metachronous 
lesion development to the BSG 2020 risk score. Factors such as 
patient characteristics, protein expression, and genomic and 
transcriptomic features of index polyp tissue will be used, with 
the hope of increasing the positive yield of surveillance 
colonoscopy and reducing unnecessary invasive investigation 
for those at lower risk. A systematic review published by INCISE 
identified 49 gene mutations, single nucleotide polymorphisms, 
or haplotypes in 23 different genes/chromosomal regions 
(including KRAS, APC, EGFR, and COX1/2) that predicted 
metachronous adenoma or advanced adenoma development. 
Additionally, the expression of six proteins was found to be 
associated with metachronous adenoma (p53, β-catenin, COX2, 
Adnab-9, and ALDH1A1) or sessile serrated polyp (ANXA10) 
risk40. Most of the studies included in this review were relatively 
small and focused on a single biomarker. The INCISE project 
aims to integrate a wide range of novel risk factors using 
machine learning and produce a risk stratification tool to be 
delivered to clinicians.

The current study has a number of strengths. It is large and 
multicentred in nature. As patients were identified by 
interrogating both endoscopy- and pathology-based reporting 
software, a very low number of missed eligible patients would 
be anticipated during the study interval. A broad range of 
demographics, co-morbidities, medications, and index 
pathological characteristics were screened for impact on 
metachronous lesion risk. The majority of significant factors 
were carried forward to multivariate analysis to account for 
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confounding and there was a sufficiently long follow-up. There 
are, however, limitations. It is retrospective and observational 
in nature and hence there was variability in the patient 
surveillance interval. While every effort was made to ensure 
follow-up colonoscopies were appropriate in each case, for 
example excluding those performed for polypectomy site 
checks, the exact indication was not always recorded and a 
proportion may have been performed due to further screening 
positivity or for symptomatic reasons, rather than representing 
true surveillance colonoscopies. Only those patients who 
participated in bowel screening, had a positive screening test, 
and proceeded to colonoscopy could be included. The mean 
screening uptake rate in NHS GG&C during the study interval 
was 51.7 per cent, the test positivity rate was 2.7 per cent, and 
the rate of patients with a positive screening test proceeding to 
colonoscopy was 76.2 per cent41. There is potential for 
selection bias at each stage in this process, whereby those who 
do not proceed are not represented. To date those patients who 
underwent polypectomy, but were not invited/did not return 
for surveillance were not included; however, a linked study 
examining such patients is underway. The surveillance 
protocols that were applied to the patients of this study are 
now historical and in general terms less conservative than 
current BSG 2020 guidance. Therefore, it may be anticipated 
that the burden of surveillance colonoscopy and rate of 
negative investigations has decreased. However, by using this 
patient group we were able to create a cohort of BSG 2020 high- 
and low-risk patients, who all underwent surveillance 
colonoscopy to allow for outcome analysis. Finally, in terms of 
CRC there was a low number of events (24). It has been 
highlighted previously that the finding of advanced 
metachronous polyps is only a surrogate marker for CRC risk42

and it is difficult to make firm conclusions about risk 
stratification of CRC.

In this study, BSG 2020 high-risk features were associated with 
metachronous lesion detection, particularly those detected less 
than or equal to 2 years after the index screening polypectomy. 
However, BSG 2020 risk grouping did not differentiate 
metachronous advanced and non-advanced lesions and was less 
discriminatory in lesions detected beyond 2 years. Additionally, 
the proportion of patients with no metachronous lesions in the 
BSG 2020 high-risk group (39.2 per cent) and the proportion with 
advanced polyps or CRC in the BSG 2020 low-risk group (13.0 per 
cent) were relatively high. This suggests that post-polypectomy 
surveillance may benefit from refinement and the INCISE 
project aims to do this by applying novel techniques to index 
pathology tissue and integrating relevant outputs to produce a 
valuable risk stratification tool than can be delivered to 
clinicians and patients.
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