Clinical Gastroenterology and Hepatology 2023;21:630-643

Risk Factors for Metachronous Colorectal Cancer or )
Advanced Adenomas After Endoscopic Resection of High- et
risk Adenomas

Sandra Baile-Maxia," Carolina Mangas-Sanjuan,’ Uri Ladabaum,?
Cesare Hassan,>* Matthew D. Rutter,>® Michael Bretthauer,”®
Lucia Medina-Prado,’ Noelia Sala-Miquel," Oscar Murcia Pomares,’
Pedro Zapater,” and Rodrigo Jover’

"Servicio de Medicina Digestiva, Hospital General Universitario Dr Balmis, Instituto de Investigacion Biomédica ISABIAL,
Universidad Miguel Hernandez, Al/cante Spain; 2Division of Gastroenterology and Hepatology, Stanford Un/verSIty School of
Medicine, Stanford, California; Department of Biomedical Sciences, Humanitas University, Milan, Italy; 4IRCCS Humanitas
Research Hospital, Milan, Italy; °North Tees and Hartlepool NHS Foundation Trust, Stockton-On-Tees, Cleveland, Yorkshire,
United Kingdom; 6Popu/at/on Health Sciences Institute, Newcastle University, Newcastle upon Tyne, United Kingdom; 7C//mcal
Effectiveness Research Group, Institute of Health and Society, Un/verSIty of Oslo, Oslo, Norway; 8Depar1‘ment of
Transplantation Medicine, Oslo University Hospital, Oslo, Norway; and °Clinical Pharmacology Department, Hospital General
Universitario Dr Balmis, Instituto de Investigacion Biomédica ISABIAL, CIBERehd, Alicante, Spain

35
iy for CRCri
o ’ KRiSk category e :Zlilr(n ared with\‘
225 Compared with NAA o
- normal colonoscopy
g 2 HRA 2.56 [2.21-2.96] 2.92[2.293.73]
§ 15 ——> | Size>20mm 3.81 [2.19-6.63]
£ 1 Size 2 10mm 1.66 [1.30-2.13] 2.61 [2.06-3.32]
& 05 HGD 2.89 [1.88-4.44] 6.62 [4.60-9.52]
o o . [ | Villous component 1.75 [1.33-2.31] 3.58 [2.24-5.73]
> 5 adenomas 1.36 [0.54-3.46]
& & & & L L=
ﬁ 7/& S O&QOQ 6@“ ,bb@°° N \OQOQ:OO ¥3 adenomas 1.24 [0.84-1.83] 2.03 [1.40-2.94
\o"%o P o
N\ . g
Risk categories  <° Clinical Gastroenterology
and Hepatology
BACKGROUND & AIMS: Among the characteristics of high-risk adenomas (HRAs), some may predict a higher risk of

metachronous advanced lesions. Our aim was to assess which HRA characteristics are associ-
ated with high risk of metachronous colorectal cancer (CRC) or advanced adenomas (AAs).

METHODS: We systematically searched Pubmed, EMBASE, and Cochrane for cohort studies and clinical
trials of CRC or AA incidence at surveillance stratified by baseline lesion size, histology, and
multiplicity. We calculated pooled relative risks (RRs) using a random-effects model. Hetero-
geneity was assessed with the I? statistic.

RESULTS: Fifty-five studies were included, with 936,540 patients with mean follow-up 5.4 + 2.9 years. CRC
incidence per 1000 person-years was 2.6 (2.1-3.0) for adenomas 220 mm, 2.7 (2.2-3.2) for high-
grade dysplasia (HGD), 2.0 (1.8-2.3) for villous component, 0.8 (0.1-1.4) for =5 adenomas, 1.0
(0.7-1.2) for 23 adenomas. Metachronous CRC risk was higher in adenomas =20 mm vs 10 to 19 mm
(RR, 2.08; 95% confidence interval [CI], 1.20-3.61), HGD vs low-grade dysplasia (RR, 2.89; 95% CI,
1.88-4.44), villous vs tubular (RR, 1.75; 95% CI, 1.33-2.31). No significant differences in CRC risk were

Abbreviations used in this paper: AA, advanced adenoma; ARD, absolute ‘i Most current article
risk difference; Cl, confidence interval; CRC, colorectal cancer; HGD,

high-grade dysplasia; HRA, high-risk adenoma; LGD, low-grade dysplasia; © 2023 by the AGA Institute
LRA, low-risk adenoma; NAA, non-advanced adenoma; NNS, number 1542-3565/$36.00
needed to scope; RR, relative risk. https://doi.org/10.1016/j.cgh.2022.12.005
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found in 23 adenomas vs 1 to 2 (RR, 1.24; 95% (I, 0.84-1.83), nor in 25 adenomas vs 3 to 4 (RR, 0.79;
95% CI, 0.30-2.11). Compared with normal colonoscopy, RR for CRC risk was 2.61 (95% CI, 2.06-3.32)
for 210mm, 6.62 (95% (I, 4.60-9.52) for HGD, 3.58 (95% (I, 2.24-5.73) for villous component, and
2.03 (95% (I, 1.40-2.94) for 23 adenomas. Similar trends were seen for metachronous AAs.

CONCLUSION:

Metachronous CRC risk is highest in patients with baseline adenomas with 220 mm or HGD.

Multiplicity does not seem to be associated with substantially higher CRC risk in the near term.

Keywords: Adenomas; Colonoscopy; Colorectal Cancer; Colorectal Neoplasms.

ue to the increasingly widespread use of diag-
Dnostic colonoscopy and colorectal cancer (CRC)
screening programs, more people are being diagnosed
with colonic adenomas and serrated lesions."* Some of
these individuals are considered at high risk of devel-
oping future CRC or advanced adenoma (AA), and,
therefore, may need to be monitored with periodic sur-
veillance colonoscopies.” especially those with risk fac-
tors related to size, histology, and number of adenomas
detected at index colonoscopy.” Several major societies
have established recommendations for surveillance, with
some degree of concordance, but also with discrepancies
in the recommended surveillance intervals.”*?
Post-polypectomy surveillance is one of the main in-
dications for colonoscopy, accounting for around 20% to
25% of colonoscopies performed at 50 years of age or
older in Western countries,“’15 with a consequent
burden on endoscopy units. Until recently, the evidence
informing recommendations for surveillance after polyp
removal has been of low or moderate quality. It is
possible that longer intervals than those currently used
in practice may provide the same level of protection
against CRC with better cost effectiveness.'®*®
The ultimate goals of surveillance colonoscopy are
the prevention and early detection of CRC.'® Thus, it is
imperative to establish which individuals are at highest
risk and might benefit most from surveillance. We per-
formed a systematic review and meta-analysis with the
aim of assessing which specific characteristics of high-
risk adenoma (HRA) (size, histology, multiplicity) are
associated with a higher risk of metachronous CRC or AA.

Methods

This systematic review and meta-analysis were per-
formed in accordance with the Preferred Reporting
Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines (Supplementary Table 1).*° The
protocol was registered prospectively at PROSPERO
(CRD42020186548).

Search Strategy

To identify issues of greatest importance for the liter-
ature revision, we developed patient, intervention, com-
parison, and outcome (PICO) questions (Supplementary

Table 2). In consultation with a certified medical
librarian, a comprehensive search of the available elec-
tronic literature was performed to find studies describing
CRC or AA incidence at surveillance stratified according to
baseline adenoma characteristics. We searched the
Pubmed, EMBASE, and Cochrane databases from incep-
tion to February 2022. The search strategy is shown in
Supplementary Appendix 1. Language was restricted to
English, French, or Spanish. No publication date or status
restrictions were imposed. References cited in related
articles and meta-analyses were searched for additional
eligible studies, referred to as cross-references.

Study Selection and Data Extraction

Two reviewers (S.B.-M. and C.M.-S.) independently
screened all titles and abstracts, and after selection of
articles fulfilling the eligibility criteria, data extraction
was carried out. Disagreement among reviewers was
solved through discussion with a third reviewer (R.J.). In
those studies that had multiple reports on detection
rates in different moments of follow-up, we extracted the
data from the overall follow-up period.

Study Type

Cohort studies and clinical trials were included. Studies
were excluded if subjects were <18 years of age, had any
high-risk condition for CRC (inflammatory bowel disease,
hereditary CRC syndromes), or a personal history of CRC.
Additionally, studies were excluded if surveillance was
performed within 6 months of baseline colonoscopy or using
methods other than colonoscopy, if results were presented
in terms of advanced colorectal neoplasia without displaying
AA and CRC separately, or if data regarding follow-up was
not provided. Patients with nonadenomatous lesions (ie,
serrated polyps) were not included in the analysis, and pa-
tients with synchronous serrated and adenomatous lesions
were included according to the risk features of the adeno-
matous polyp. When multiple studies reported outcomes
retrieved from the same population, only 1 study was
selected, either the most applicable to our research question
or the study reporting the most recent data. Prevention trials
were eligible if there was no statistically significant differ-
ence in the recurrence of adenomas between the interven-
tion and the control group.
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Definitions and Outcomes

Non-advanced adenoma (NAA) was defined as 1 to 2
tubular adenomas <10 mm with low-grade dysplasia
(LGD). AA was defined as an adenoma >10 mm, contain-
ing >25% villous component, or high-grade dysplasia
(HGD). Low-risk adenoma (LRA) was defined as 1 to 2
NAA, whereas HRA was defined as any AA or >3 NAA.'°
CRC was defined as invasion of malignant cells through
the muscularis mucosa. Normal colonoscopy referred to
those colonoscopies where no neoplasia was found.

The primary outcomes were: (1) The incidence of
metachronous CRC per 1000 person-years by HRA
characteristic; (2) The comparison of incidence of
metachronous CRC between the HRA groups and the LRA
or normal colonoscopy groups. The secondary outcomes
were: (1) Absolute risk difference (ARD) per 1000
person-years and number needed to scope (NNS) to
detect an additional case of CRC between the different
HRA groups vs LRA and normal colonoscopy groups; (2)
The comparison of incidence of metachronous AA be-
tween the different HRA groups and the LRA or normal
colonoscopy groups; (3) The comparison of CRC mor-
tality between the different HRA groups and the LRA or
normal colonoscopy groups. Not all these prespecified
outcomes could be assessed for some HRA groups,
especially CRC mortality or comparisons with normal
colonoscopy, given the scarcity of studies reporting
relevant results.

Risk of Bias Assessment

The risk of bias was assessed independently by 2
reviewers (S.B.-M. and C.M.-S.) using the Quality in
Prognosis Studies tool.”’ Quality was analyzed based on
6 domains: study participation; study attrition; prog-
nostic factor measurement; outcome measurement;
study confounding; and statistical analysis and reporting.
Studies were classified as either low, moderate, or high
risk of bias.

Sensitivity Analysis

To explore heterogeneity among studies, 3 sensitivity
analyses were conducted. First, a sensitivity analysis was
performed for the outcome of CRC incidence for those
studies that included a colonoscopy quality assessment,
excluding those procedures where inadequate bowel
preparation was found or cecal intubation was not
reached. Second, a sensitivity analysis was performed
including only those studies with a follow-up time longer
than 5 years, to explore the risk of metachronous CRC in
the intermediate long term. Finally, a third sensitivity
analysis was performed for studies in which most of the
patient enrolment was from 2005 onwards, the period in
which an increasing number of publications addressed
the quality of colonoscopy and its role in the adenoma
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What You Need To Know

Background

Some of the characteristics of high-risk adenomas
(size, histology, multiplicity) may be associated with
a higher risk of metachronous advanced lesions than
others, and therefore, not all of these features may
warrant close endoscopic surveillance.

Findings

Metachronous colorectal cancer risk is highest in
patients with baseline adenomas with size >20 mm
or high-grade dysplasia and also significantly high
for adenomas of >10 mm or with a villous compo-
nent. Multiplicity does not seem to be associated
with a substantially higher colorectal cancer risk in
the near term.

Implications for patient care

Patients with baseline adenomas with size >10 mm,
high-grade dysplasia, or villous component have a
clear indication for surveillance, whereas persons
with multiple adenomas without these features may
not benefit from near-term endoscopic surveillance.

detection rate. This included studies in which recruit-
ment began in 2005 or later,24'26‘41'43'53'59'60‘63'66 but also
some studies in which recruitment began before
2005 18,45,61,65

Statistical Analysis

Unadjusted relative risks (RRs) and corresponding
95% confidence intervals (CIs) were calculated from
extracted data. When crude numbers were not available,
the study was excluded. Incidence of CRC and AA per
1000 person-years of follow-up was calculated using the
number of events in each risk category and the duration
of follow-up. The ARD for CRC was estimated as the
difference in CRC incidence between each HRA group
and patients with NAA or normal colonoscopy. The NNS
was calculated as the inverse of ARD. Because data were
assumed to be heterogeneous, a random-effects meta-
analysis using the generic inverse variance weighting
method was used. Statistical heterogeneity among
studies was assessed using the [-statistic, with an 1%
>50% indicating high heterogeneity. The possibility of
publication bias was assessed by inspection of funnel
plots. The meta-analysis was performed using Review
Manager 5.3 (The Nordic-Cochrane Center, The Cochrane
Collaboration, Copenhagen, Denmark).

Results

The initial literature search yielded 5187 studies, of
which 4840 remained after removal of duplicates. After
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applying the selection criteria and addition of cross-
references, 201 studies were selected and reviewed in
detail, and 55 studies”'”"*®?2773 were included in the
final analysis (Figure 1). Of those, 53 were cohort
studies,”' 7182236387173 and 2 were clinical  tri-
als.>””?There was a total of 936,540 patients (mean age,
609 £ 9.9 years; 60% males) included. The mean
duration of follow-up was 5.4 + 2.9 years (median, 4.2
years; range, 12.3 years). Supplementary Table 3 pro-
vides an overview of the individual studies with their
demographic data.

Supplementary Figure 1 and Supplementary Tables 4
and 5 show the risk of bias assessment. Supplementary
Figure 2 shows funnel plots, which are quite symmetri-
cal around the x-axis, suggesting the absence of publi-
cation bias.

CRC Incidence per 1000 Person-years

The CRC incidence per 1000 person-years was 1.46
(95% CI, 1.32-1.60) in patients with HRA. By HRA
characteristic, the incidence rates were 2.58 (95% CI,
2.14-3.02) in patients with adenomas >20 mm, 1.52
(95% CI, 1.21-1.91) in adenomas >10 mm, 2.68 (95%
Cl, 2.18-3.20) in adenomas with HGD, 2.03 (95% CI,
1.80-2.26) in adenomas with villous component, 0.76
(95% CI, 0.08-1.44) in >5 adenomas, and 0.95 (95% CI,
0.68-1.22) in >3 adenomas. In contrast, the incidence
rates were 0.53 (95% CI, 0.47-0.59) in patients with

Pubmed
(n=2788)
[
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NAA and 0.34 (95% CI, 0.32-0.36) in normal colonos-
copy (Figure 2, A).

AA Incidence per 1000 Person-years

The AA incidence per 1000 person-years was 27.73
(95% CI, 26.77-28.68) in patients with HRA. By HRA
characteristic, the incidence rates were 90.88 (95% CI,
80.76-101.01) in patients with adenomas >20 mm,
4412 (95% CI, 39.51-34.92) in adenomas >10 mm,
46.64 (95% CI, 40.57-52.71) in adenomas with HGD,
40.16 (95% CI, 38.45-41.88) in adenomas with villous
component, 51.02 (95% CI, 48.85-53.18) in >5 ade-
nomas, and 30.17 (95% CI, 27.01-33.34) in >3 ade-
nomas. In contrast, the incidence rates were 10.82 (95%
CI, 10.52-11.38) in patients with NAA and 5.31 (95% CI,
5.08-5.54) in normal colonoscopy (Figure 2, B).

NNS and ARD Estimation

NNS with their 95% CI for CRC and AA incidence for
each HRA characteristic compared with NAA or normal
colonoscopy are shown in Figures 2, C-D and
Supplementary Table 6. The characteristics with the
lowest NNS compared with NAA were adenoma size >20
mm (NNS, 480), and HGD (NNS, 531), and the character-
istic with the highest NNS was multiplicity (>5 adenomas,
4726; >3 adenomas, 9720). ARD per 1000 person-years
estimates are shown in Supplementary Table 7.
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Figure 1. Flow diagram of
study selection.
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Figure 2. CRC (A) and AA (B) incidence per 1000 person-years in each high-risk category and in the population with NAA and
normal colonoscopy. NNS to detect one additional CRC (C) or AA (D) for each HRA characteristic compared with NAA.

HRA as Risk Factor for Metachronous CRC and
AA and CRC Mortality

Studies18,22,24,26,28,30,33,34,3 7,44-46,48,50,51,56,
reported the risk of metachronous CRC or
AA incidence, and 4 studies'®3%*>71 reported the risk of CRC
mortality in patients with HRA at baseline colonoscopy. The
pooled RR for CRC incidence was 2.56 (95% CI, 2.21-2.96;
I = 0%) compared with patients with NAA, and 2.92 (95%
ClI, 2.29-3.73; I? = 61%) compared with normal colonos-
copy (Figure 3). The pooled RR for AA incidence was 2.35
(95% CI, 2.0-2.76; I* = 83%) compared with NAA and 4.51
(95% CI, 3.56-5.71; I* = 73%) compared with normal co-
lonoscopy. The pooled RR for CRC mortality was 1.94 (95%
Cl, 1.23-3.07; ? = 32%) compared with NAA and 2.41
(95% CI, 1.83-3.19; I = 0%) compared with normal co-
lonoscopy (Supplementary Figure 3).

Twenty-seven
57-59,60,61-63,68,70,72,73

Size of Adenomas as Risk Factor for
Metachronous CRC and AA

Sixteen studies stratified the risk of metachronous
CRC or AA according to adenoma size in baseline

17,18,23,25,27,29,30,38,39,43,47,49,51,54,64,73
colonoscopy.” =722 The

risk for metachronous CRC was higher in patients with
adenoma size of >20 mm at index colonoscopy vs ad-
enomas <20 mm (RR, 2.98; 95% CI, 1.43-6.19; 1 =
88%), in those with adenoma size of 10 to 19 mm vs
<10 mm (RR, 1.73; 95% CI, 1.31-2.29; I* = 0%) and in
adenoma >10 mm vs <10 mm (RR, 1.66; 95% CI,
1.30-2.13; 1> = 0%) or vs normal colonoscopy (RR,
2.61; 95% CI, 2.06-3.32; 1> = 0%) (Figure 4). The risk
for metachronous AA is shown in Supplementary
Figure 4.

Histological Features as Risk Factors for
Metachronous CRC and AA

Thirteen studies stratified the risk of metachronous
CRC or AA according to the grade of dysplasia of baseline
adenomas.!7-18232527,29,35,36,38,4447,51,52 Tha RR for CRC
incidence for patients with HGD at index colonoscopy
was 2.89 (95% CI,1.88-4.44; 1> = 60%) compared with
LGD, and 6.62 (95% CI, 4.60-9.52; 1?2 = 0%) compared
with normal colonoscopy (Figure 5). The RR for AA
incidence is shown in Supplementary Figure 5.
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Figure 3. RR for CRC incidence in 1000 person-years in the HRA group compared with the NAA group (A) and the normal

colonoscopy group (B).

Seventeen studies stratified the risk of meta
chronous CRC or AA according to the histology
(tubular, tubulo-villous, or villous) of baseline
adenomas.17,18,23,25,27,29,31,36—39,43,44—,47,4—9,51,64— The RR for
CRC incidence for patients with villous or tubulo-villous
adenomas at index colonoscopy was 1.75 (95% CI,
1.33-2.31; I> = 42%) compared with tubular adenomas,
and 3.58 (95% CI, 2.24-5.73; I* = 53%) compared with
normal colonoscopy (Figure 5). The RR for AA incidence
is shown in Supplementary Figure 5.

Multiplicity of Adenomas as Risk Factor for
Metachronous CRC and AA

Twenty-five studies stratified the risk of metachro-
nous CRC or AA according to the number of
adenomas in baseline colonoscopy.'’*%273436,38-42,44,47-
49,51,53,55,65,67:69.73 The risk for metachronous CRC was
not significantly higher in patients with >5 adenomas at
index colonoscopy compared with those with <5 ade-
nomas (RR, 1.22; 95% CI, 0.49-3.06; 2 = 0%); nor in
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Figure 4. RR for CRC incidence in 1000 person-years comparing adenomas >20 mm with <20 mm (A); >20 mm with 10-19
mm (B); >20 mm with <10 mm (C); 10-19 mm with <10 mm (D); >10 mm with <10 mm (E); and >10 mm with normal co-
lonoscopy (F).
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Figure 5. RR for CRC incidence in 1000 person-years in patients with adenomas with HGD compared with adenomas with
LGD (A) and normal colonoscopy (B). RR for CRC incidence in 1000 person-years in patients with villous/tubulo-villous ad-
enomas compared with tubular adenomas (C) and normal colonoscopy (D).
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Figure 6. RR for CRC incidence in 1000 person-years comparing >5 adenomas with <5 adenomas (A); >5 adenomas with 3-4
adenomas (B); >5 adenomas with <3 adenomas (C); 3-4 adenomas with <3 adenomas (D); >3 adenomas with <3 adenomas
(E); >3 adenomas with normal colonoscopy (F).
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patients with >3 adenomas with respect to <3 ade-
nomas (RR, 1.24; 95% CI, 0.84-1.83; 1? = 22%); How-
ever we did find a significant increase in CRC risk when
comparing patients with >3 adenomas vs normal colo-
noscopy (RR, 2.03; 95% CI, 1.40-2.94) (Figure 6). The
risk for metachronous AA was higher in patients with >5
adenomas compared with <5 adenomas (RR, 2.89; 95%
Cl, 1.44-5.77; 1> = 0%), and in >3 adenomas compared
with 1 to 2 adenomas (RR, 2.26; 95% CI, 1.70-3.02; IZ =
75%) (Supplementary Figure 6).

Sensitivity Analysis

In studies that included a colonoscopy quality
assessment (Supplementary Figures 7-10) and in studies
with a follow-up time longer than 5 years (mean follow-
up time, 8.5 £ 2.1 years) (Supplementary Figures 11-14)
patients with HRA, adenomas >10 mm, HGD, or villous
component continued having significantly higher CRC
risk compared with patients with NAA, whereas multi-
plicity only increased the risk when comparing >3 ade-
nomas vs normal colonoscopy.

Finally, in studies with patient enrolment from 2005
onwards, patients with HRA or adenomas >10 mm had a
significantly higher CRC risk compared with patients
with NAA. However, villous component did not seem to
significantly increase CRC risk compared with tubular
adenomas (RR, 1.44; 95% CI, 0.98-2.11; I* = 0%).
(Supplementary Figures 15-18).

Discussion

This systematic review and meta-analysis synthesizes
all the available evidence on which high-risk adenoma
characteristics at baseline colonoscopy best predict the
risk of metachronous CRC or AA, in an attempt to provide
evidence to help standardize post-polypectomy surveil-
lance. Our results suggest that patients with baseline
adenomas >20 mm or HGD have the highest risk of
metachronous CRC or AA, whereas patients with ade-
nomas >10 mm or villous component have also a sig-
nificant increase of CRC risk. However, according to our
results, multiplicity is not convincingly associated with a
higher CRC risk over a mean follow-up period of 5.4
years.

Recent individual studies have highlighted specific
risk features of adenomas for the development of CRC,
such as size >20 mm or HGD.'”'® Our pooled results
suggest that these features confer the highest risk for
CRC incidence (approximately 3-fold risk when
compared with NAA). Adenoma size of 10 to 19 mm vs
<10 mm was associated with a 1.7-fold higher risk of
subsequent CRC. Although the evidence is growing that a
larger adenoma size is a powerful predictor of meta-
chronous CRC risk, polyp size is not measured precisely
by endoscopists,”* and size at pathology may not reflect
in vivo size. Therefore, more studies are needed to
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address what adenoma size cutoff identifies high enough
risk of metachronous CRC to warrant surveillance.

Our results suggest that villous histology confers an
increased risk of CRC. The level of risk associated with a
villous component has been controversial, with studies
supporting villous component as a risk factor,”””’” but
large recent publications reporting opposing evi-
dence'”''8; the latter forming the basis for the new rec-
ommendations of the European Society of
Gastrointestinal Endoscopy guidelines.'” Because villous
histology has a high inter-observer variability, un-
certainties remain. Consequently, more studies are
needed to assess the independent risk of CRC conferred
by villous histology in small adenomas without HGD.

With the arrival of high-definition colonoscopy,
detection of multiple polyps is increasingly common, and
it may become even more common with the incorpora-
tion of artificial intelligence detection systems. Three
new large studies have addressed the role of adenoma
multiplicity on post-polypectomy CRC risk, showing that
the number of NAA was not associated with a higher risk
of CRC incidence or mortality compared with patients
with normal colonoscopy”’ or with the general popula-
tion.' 718 Also, a recent systematic review and meta-
analysis shows that patients with 3 to 4 NAA or >3
NAA have a significatively higher risk of metachronous
advanced neoplasia than patients with 1 to 2 NAA,
without finding statistically significant differences in
metachronous CRC risk.”® Similarly, our pooled estimates
reflect a significantly elevated risk of metachronous AA
but not a convincingly increased risk of CRC after
removal of multiple adenomas. The role of surveillance is
to reduce CRC incidence and mortality,’” not only to
detect AA. Therefore, the associations between the
number of small adenomas and varying risks of future
CRC and AA should inform indications for surveillance.
However, given that some of our analysis may be un-
derpowered with a low number of events, RR for CRC
were above 1 for multiple categories, mean follow-up in
the pooled studies was only 5.4 years, and the significant
association between multiplicity and metachronous AA
risk, it remains possible that adenoma multiplicity may
be associated with a substantially higher metachronous
CRC risk in the intermediate long term (eg, 5-10 years).

Our meta-analysis highlights that even with adenoma
removal in a high-quality colonoscopy setting and sub-
sequent endoscopic surveillance, patients with high-risk
adenomas remain at increased risk for metachronous
CRC and CRC mortality. These results are in line with a
recent meta-analysis by Duvvuri et al,”? who reported an
almost 3-fold increase in risk for CRC and CRC mortality
in patients with baseline HRA compared with those with
normal colonoscopy. Does this represent a failure to
reduce CRC risk in this high-risk population? Or would
the risk have been substantially higher without inter-
vention? Previous retrospective studies'”*"* have sug-
gested that surveillance significantly reduces the risk of
CRC in this population, even achieving risk levels
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comparable to those of the general population in specific
subgroups. However, their observational design, with a
possible selection bias in who underwent surveillance,
prevents us from proving a causal association between
surveillance and CRC incidence reduction. Our estimates
reflect a relatively high NNS to detect 1 additional CRC
when compared with people with normal colonoscopy or
NAA at baseline. However, NNS for detecting additional
AA are substantially lower. These results are relevant to
establish the true yield and benefit of surveillance, with
the best scenario in terms of CRC prevention being a
program resulting in low CRC incidence, combined with
high AA detection and removal."” Our results on inci-
dence of CRC, RR, and NNS can inform the role of sur-
veillance for specific baseline adenoma characteristics.

Our meta-analysis has several strengths. We focused
on specific high-risk characteristics to establish which
ones substantially increase metachronous CRC incidence,
expanding on the results of a recently published meta-
analysis’’ by analyzing the risk added by each specific
adenoma risk attribute. Our data and nomenclature are
in line with recent recommendations for studies about
surveillance.' Our expansive search aimed to cover all
available evidence, resulting in pooled data from more
than 900,000 patients with a mean follow-up of 5.4
years. We focused on clinically relevant outcomes,
including CRC incidence or CRC mortality. We extracted
raw data from each study, used person-years of follow-
up for our analysis, and assured comparable adenoma
nomenclature and study groups. Finally, we have
included risk analysis of metachronous CRC and AA,
showing the bidirectionality of both endpoints for some
risk factors.

Our study has limitations. First, most available
studies are observational studies, with the inherent risk
of bias (especially attrition bias). Second, high hetero-
geneity was observed among studies, with differences in
design, population size, follow-up time, and colonoscopy
indications. In most studies, only total follow-up time
was provided, without specifying the actual interval of
surveillance, preventing us from addressing the appro-
priate intervals of surveillance. This is particularly
important in adenomas >20 mm, where incomplete
resection and local recurrence is known to be more
frequent, and therefore. it would have been interesting to
know if post-polypectomy surveillance was adequately
performed. For some analyses, especially those
addressing CRC mortality or comparing with normal
colonoscopy, there were few available studies. Also, we
were unable to account for correlation between different
risk factors, to assess the isolated effect of each feature
independently of the others, or to quantify the impact in
risk of having multiple risk characteristics. Although the
primary studies performed a variety of multivariate
analysis, the fact that each one of them controlled for
different variables precluded a quantitative synthesis of
these or the extraction of adjusted data. Finally, we did
not consider clinical characteristics of the patient such as
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age or obesity that have proven to be risk factors for
metachronous lesions,”’ nor emerging factors that might
inform surveillance recommendations in the future,
including quality indicators of the endoscopists®* or
molecular markers as predictors of risk.”?

In summary, our results show that metachronous
CRC risk is the highest in patients with baseline ade-
nomas of size >20 mm or HGD and also significantly
high for adenomas of >10 mm or with a villous
component. This supports an indication for surveillance
in these patients. On the other hand, multiplicity does
not seem to be associated with a substantially elevated
CRC risk over the next 5 years, making it possible that
patients with multiple NAA may not benefit from near-
term endoscopic surveillance. More studies are required
to evaluate the optimal cutoff in adenoma size requiring
surveillance (eg, 10 vs 20 mm threshold), the isolated
effect of each risk feature independently of the others
(for instance, the independent risk conferred by a
villous component in small adenomas), the optimal
management of patients with a large number of NAA,
and whether surveillance intervals should differ by
specific high-risk feature. Our results can inform
guidelines and clinical decisions on which baseline ad-
enoma characteristics are associated with elevated risks
of metachronous CRC and AA, thus warranting
surveillance.
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