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Abstract: No specific recommendations are available for the surveillance of young patients aged
<50 years undergoing polypectomy. We aimed to compare the risk of metachronous advanced
colorectal neoplasia (ACRN) between patients aged >50 years and those aged <50 years who
underwent polypectomy. Studies published between January 1980 and June 2020 that examined the
risk of metachronous ACRN were searched. We performed a meta-analysis for the metachronous
ACRN risk in patients with sporadic colorectal adenomas according to the age groups (>50 vs.
<50 years). Eight individual studies were included in the meta-analysis. The risk of metachronous
ACRN was higher in patients aged >50 years than in those aged <50 years without significant
heterogeneity (odds ratio (OR) (95% CI): 1.62 (1.34-1.96), I? = 14%). The impact of the age group
on the risk of metachronous ACRN was identified in both the low-risk (LRA) and high-risk (HRA)
adenoma groups (>50 vs. <50 years: LRA, OR 1.88 (95% CI 1.30-2.70); HRA, OR 1.50 [95% CI
1.13-2.00]). In conclusion, patients aged <50 years had a lower risk of metachronous ACRN than
older patients. Young patients with sporadic adenomas do not require more intensive surveillance;
rather, the surveillance interval may be extended in these patients.

Keywords: age; polypectomy; surveillance colonoscopy; metachronous advanced colorectal neoplasia

1. Introduction

Colorectal cancer (CRC) is the second most common cause of cancer mortality world-
wide [1]. CRC screening is recommended to start at the age of 50 years in adults with
an average risk of CRC; accordingly, the CRC incidence has decreased in adults aged
>50 years over the past few decades [2]. However, this trend has reversed in young adults.
The incidence of CRC rises among young adults aged <50 years [2—4]. In keeping with
these recent findings, the American Cancer Society guidelines updated in 2018 recommend
that adults aged >45 years with an average risk of CRC undergo regular screening, either
a stool-based test or a colonoscopy [5]. This is a qualified recommendation, because the
simulation modeling and analysis confirmed that starting screening at age 45 years is an
efficient strategy for the general population [5].

In this situation, young-onset colorectal adenoma is becoming a growing concern,
and its prevalence has been reported to be increasing. In a recent meta-analysis, the overall
prevalence of adenoma in young adults aged <50 years was 14.6%, based on 24 studies
(n = 87,502) [6]. Two large-scale studies also showed that the prevalence of colorectal
neoplasia (CRN) in adults aged 20-39 and those aged 40—49 years was 9.1% and 18.0%,
respectively [7,8]. As the utilization of colonoscopy increases, the detection of sporadic
adenoma among young adults is becoming more common. Patients who undergo ade-
noma removal have a higher incidence of subsequent adenoma than those without ade-
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noma [9,10]. Therefore, these patients need surveillance colonoscopy after adenoma re-
moval [9,10]. The surveillance interval is determined based on the probability of developing
metachronous advanced CRN (ACRN). Metachronous lesions are lesions found on subse-
quent colonoscopy after polypectomy. ACRN is defined as CRC or advanced adenoma.
The current guidelines regarding post-polypectomy surveillance focus on patients
aged >50 years and do not provide clear recommendation for the surveillance of young
patients aged <50 years with adenomas [9,10]. There is marked variability in clinicians’
surveillance recommendations for young patients with sporadic adenomas [11]. Given
the absence of specific recommendations for the surveillance of young-onset adenoma,
these variations are not surprising. Recently, several studies have assessed the risk of
metachronous ACRN in patients with young-onset adenoma. At this time, summarizing
the results of these studies will help to guide clinicians in the management of young patients
who underwent polypectomy. Hence, we performed a systematic review and meta-analysis
for the risk of metachronous ACRN after polypectomy in patients aged <50 vs. those aged
>50 years to secure background data that will be the basis for future guidelines on the
appropriate surveillance intervals for young patients with sporadic adenomas.

2. Methods
2.1. Search Strategy

We performed a literature search for all relevant articles published between January
1980 and June 2020 that evaluated the risk of metachronous ACRN in individuals aged >50
and those aged <50 years using the MEDLINE, EMBASE, and Cochrane Library databases.
We used the following keywords: colorectal, colorectum, colon, colonic, rectal, rectum,
colonoscopy, colonoscopic, neoplasia, neoplasm, neoplasms, neoplastic, adenoma, adeno-
mas, adenomatous, polyp, polyps, polypectomy, cancer, cancers, carcinoma, carcinomas,
metachronous, index, age, and 50. The detailed search strategies are shown in Appendix A.

2.2. Inclusion/Exclusion Criteria

The inclusion criteria were as follows: (a) population: patients who underwent en-
doscopic removal of one or more sporadic adenomas, (b) intervention: aged <50 years,
(c) comparator: aged >50 years, and (d) outcome: risk of metachronous ACRN detected
during surveillance colonoscopies. Nonoriginal articles, nonhuman studies, conference
abstracts, and non-English studies were excluded.

2.3. Study Selection

We retrieved the title and abstracts of individual studies. After removing duplicates
from multiple search engines, irrelevant studies were excluded by title and abstract review.
After that, we screened the full text of all remaining studies. The study selection was
independently performed by two investigators (Y.S.]. and C.H.P.). Any disagreements were
resolved through discussion and consensus. If agreement could not be reached, a third
investigator (J.H.P) determined the final eligibility.

2.4. Assessment of Study Quality

Two investigators (Y.S.]. and C.H.P.) independently conducted a study quality assess-
ment. For the observational studies, the Newcastle-Ottawa Scale was used [12]. It consists
of three categories: selection (four points), comparability of the study groups (two points),
and ascertainment of exposure or outcome (three points). Studies with a score of >7 points
were considered to be of high quality. For randomized controlled trials, the Cochrane Risk
of Bias assessment tool was used.

2.5. Data Extraction

Using a data extraction form, two investigators (Y.S.]. and C.H.P.) independently
extracted the following information: first author, publication year, study design, country,
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study period, publication language, exclusion criteria of individual studies, and the risk of
metachronous ACRN.

2.6. Study Endpoint

The primary endpoint of this meta-analysis was the comparative risk of metachronous
ACRN between individuals with sporadic adenomas aged >50 years and those aged
<50 years. The secondary endpoint was the pooled proportion of patients with metachronous
ACRN according to the age group (>50 vs. <50 years). We further performed meta-analyses
according to the subpopulations based on the index colonoscopy findings (patients with
low-risk adenoma (LRA) and those with high-risk adenoma (HRA)). Index colonoscopy
was defined as an initial colonoscopy for screening. LRAs were defined as 1 to 2 tubular
adenomas measuring <10mm in size, and HRAs were defined as >3 adenomas or advanced
adenomas [9]. Advanced adenomas were defined as adenomas with size >10 mm, villous
histology, or high-grade dysplasia [9]. ACRN included advanced adenoma and cancer [9].

2.7. Statistical Analysis

The meta-analysis was performed to calculate the pooled proportion of patients
with metachronous ACRN according to the age group (>50 and <50 years). For meta-
analyses of comparative outcomes, the pooled odds ratios (ORs) with 95% confidence
intervals (ClIs) were calculated. A random-effects model was used in the meta-analyses.
The heterogeneity was assessed using Cochran’s Q test, wherein p-values of <0.1 were
considered statistically significant for heterogeneity, and I? statistics, wherein values of
>50% were suggestive of significant heterogeneity [13]. To confirm the robustness of our
meta-analyses, we conducted sensitivity analyses after excluding the study that limited the
upper age limit of the study participants. Funnel plot asymmetry was not evaluated when
fewer than ten studies were included in the meta-analysis [14].

All P-values were two-tailed, and p < 0.05 was considered to be significant in all
tests, except for heterogeneity. Analysis and reporting were performed in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines [15].
All statistical procedures were conducted using the statistical software Review Manager 5.4
(version 5.4.0; Cochrane Collaboration, Copenhagen, Denmark), R (version 4.0.2; R Foun-
dation for Statistical Computing, Vienna, Austria), and Comprehensive Meta Analysis
(version 2.2.064; Biostat Inc., Englewood, NJ, USA).

3. Results
3.1. Study Selection and Characteristics

Our study included eight relevant studies (Figure 1). Table 1 shows the baseline
characteristics of the included studies. These studies had all been published between
2009 and 2020, with study periods ranging from 1980 to 2017 [16-23]. There were five
retrospective cohort studies [17,19,20,22,23] and one case-control study [21]. The remaining
two studies were a pooled analysis using patient-level data from the previous randomized
controlled trials and cohort studies [16,18]. Although the study population was overlapped
between these two studies, both were eligible in our study, because one reported the risk of
metachronous ACRN in patients who underwent endoscopic resection of any adenomas
(Martinez et al. [16]), and the other reported the risk in patients who underwent endoscopic
resection of LRAs (Gupta et al. [18]). These two studies were not included together in one
meta-analysis.
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Figure 1. Study flow diagram. ACRN, advanced colorectal neoplasia.

Among the eight studies, four were conducted in the USA [16,18,21,22], three were
performed in Korea [17,19,20], and one was conducted in Israel [23]. All studies excluded
patients with high-risk factors such as hereditary CRC syndrome, inflammatory bowel
disease, or a history of CRC. Although the definition of metachronous ACRN slightly
differed across the studies, the following definition was commonly used in most studies:
“high-grade dysplasia, villous adenoma, adenoma >10 mm, or cancer”. In all studies
except one, the >50 years group had no upper age limit. However, in the study by Kim,
H.G,, et al. [19], the >50 years group consisted of patients aged 50-54 years.

The quality assessment of individual studies is shown in Table 1 and Table S1. In all
studies, the quality of the study was high.
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Table 1. Baseline characteristics of the included studies and risk of metachronous lesions according to age group.
Publication Numb Foll U Quality Assessment Metachronous ACRN
umber ollow-Up N .

Year, Study Design Study Period Country  Exclusion Criteria of Pa- Mo‘jle’ Duration, (Newcastlge(l)et:-awa Scale: Definition of Event and
FIRST tients ° Years tion/C bilitv/Out ) Metachronous Number
Author ion/Comparability/Outcome ACRN of Patients

Pooled ténatl}lrms 1 Most individual High-grade
009,  datafrom7 1980-1999 studies excluded the All individual studies were dysplasia, <0 years:
! ate from o high-risk population Median 47.2 . ) villous 57/958
Martinez randomized (enrollment USA 9167 71.2 assessed as having a high .
. . for CRC such as (IQR 6.1-91.4) - adenoma, >50 years:
ME [16] controlled trials period) hereditary CRC quality or adenoma 9678209
and 1 cohort syndrome * > 10 mm
study
<50 years:
. mean 4.1 (SD High-grade
Polyposis syndrome, 14) d}%spigasia
20042006 a history of CRC, 50-70 years: villous <00 years:
2016, Park Retrospective, surgical resection of years: 18/233
. (enrollment Korea . . 1479 73.8 mean 4.0 (SD 4/1/3 adenoma,
SK [17] multicenter cohort riod) the intestine, IBD, 14) adenoma >50 years:
pe incomplete ) 172/1246
d >70 years: > 10 mm,
procedures mean 4.0 (SD or cancer
1.5)
Ppoled ?natl){sm | Most individual High-grade
2017 USIg g’cpaf1 om s 1984-1999 studies excluded the All individual studies were dysplasia, <30 years:
! aaa ror.n SIx 3 high-risk population . . villous 7/243
Gupta S randomized (enrollment USA for CRC. such as 2477 73.7 N/A assessed as having a high adenoma >50 years:
. . , - , > :
[18] controlled trials period) hereditary CRC quality or adenoma 181,/2234
and one cohort svnd . > 10
yndrome > 10 mm

study
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Table 1. Cont.
Publication Number Follow-Up Quality Assessment Metachronous ACRN
Year, Study Design Study Period Country  Exclusion Criteria of Pa- Moale, Duration, (Newcastlg—?tt-awa Scale: Definition of Event and
FIRST tients Yo Years tion/C ebe'i't /Out ) Metachronous Number
Author ion/Comparability/Outcome ACRN of Patients
A strong family
history of CRC, .
genetic syndromes, ng?_ig;;:e 20-49
multiple (>16) Z/illljous ! years:
2018, Kim Retrospective, adenomas at index 52/686
HG [19] multicenter cohort 2006-2015 Korea colonoscopy, IBD, 2709 59.2 N/A 4/1/3 23222?\2’ 50-54
CRC, any malignancy, > 10 mm years:
incomplete or cancer’ 22/277
procedures, previous
colorectal surgery
High-grade
A history of CRC or dz?ﬁ)::ls;a' ;’2;2
2018, Kim Retrospective 2010-2017 Korea colorectal surgery, 10014 829 Mean 3.4 (SD 4/2/3 adenoma, 174/6315
NH [20] cohort IBD, poor bowel 1.4)
reparation adenoma >50 years:
pPrep >10 mm, 68/1837
or cancer
SSP with
A personal or family ) dysplasia, TSA,
history of hereditary <50 years: high-grade
median 2.8 . <50 years:
2018, CRC syndromes, (IQR 1.3-3.9) dysplasia, 9/128
Nagpal SJS Case-control 1984-2012 USA Incomplete 251 47.4 =50 };earé' 4/2/3 villous >50 years:
[21] colonoscopy, previous . ) adenoma, - '
colon surgery, history (Ir(r;{d;a;_éé. ;) adenoma 15/123
of CRC, IBD o > 10 mm,

or cancer
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Table 1. Cont.
Publication Quality Assessment Metachronous ACRN
Year, Number Male Follow-Up (Newcastle-Ottawa Scale: e ere
4 Study Design Study Period Country  Exclusion Criteria of Pa- ’ Duration, Definition of Event and
FIRST . % Selec-
tients Years tion/C bilitv/Out ) Metachronous Number
Author ion/Comparability/Outcome ACRN of Patients
<40 years:
mean 4.0 (SD
2.4) .
40-49 years: };lg:l_lgar Sai<aie
Familial syndromes, mean 4.6 (SD y°p ’ <50 years:
2020, Retrospective IBD, incomplete 2.3) villous 41/1329
Anderson P N/A USA ’ P 12380  54.8 <) 4/2/3 adenoma, .
JC [22] cohort colonoscopy, poor 50-59 years: adenoma >50 years:
bowel preparation mean 4.8 (SD 660/11051
2.2) > 10 mm,
>60 years: or cancer
mean 4.3 (SD
1.9)
A strong family
history of CRC,
hereditary syndrome,
multiple ( 2.10) Low risk ngh-gralde
adenomas at index dysplasia,
. adenoma .
colonoscopy, previous . medi villous 50 )
. . colonoscopies with group: median adenoma, <o years:
2020, Laish Retrospective 2005-2015 Israel removal of polyps, 496 494 5.0 4/1/3 adenoma 107116
I[23] cohort . Advanced >50 years:
IBD, history of CRC, > 10 mm, SSP
. adenoma 45/379
previous bowel roup: median > 10 mm, SSP
resection, incomplete & pé 0 with dysplasia,
procedures, ’ or cancer

>3 non-advanced
adenomas at index
colonoscopy

* Detailed exclusion criteria and study quality assessment are demonstrated in Table S1. ACRN, advanced colorectal neoplasia; CRC, colorectal cancer; IBD, inflammatory bowel syndrome; SSP, sessile serrated
polyp; TSA, traditional serrated adenoma; SD, standard deviation; IQR, interquartile range; N/A, not available.



J. Pers. Med. 2021, 11, 120

8 of 13

3.2. The Proportion of Patients with Metachronous ACRN According to Age Group

As shown in Figure 2, the pooled proportion of patients with metachronous ACRN
was 8.1% (95% CI 5.4%-12.1%) and 5.0% (95% CI 2.8%—-8.6%) in the >50 years and <50 years
groups, respectively. The pooled proportion of patients with metachronous ACRN also
varied according to the index colonoscopy finding (Table S2). Among patients with LRA,
the pooled proportion of those with metachronous ACRN was 5.4% (95% CI 3.2%-8.8%)
and 4.6% (95% CI 2.0%-10.3%) in the >50 years and <50 years groups, respectively, and
among patients with HRA, the proportions were 10.6% (95% CI 8.5%-13.1%) and 7.3%
(95% CI 5.3%-10.0%), respectively.

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper

rate limit  limit Z-Value
2009, Martinez ME [16] 0.118 0.111 0.125 -58.808 0
2018, Kim HG [19] 0.079 0.053 0.118 -11.027 i
2018, Kim NH [20] 0.037 0.029 0.047 -26.370 o
2018, Nagpal SJS [21] 0.122 0075 0.192 -7.164 =
2020, Anderson JC [22] 0.060 0.055 0.064 -68.667 O
2020, Laish | [23] 0.119 0.090 0.155 -12.623 i

0.081 0.054 0.121 -10.773 >

0.00 0.25 0.50
Study name Statistics for each study Event rate and 95% ClI
Event Lower Upper

rate limit  limit Z-Value
2009, Martinez ME [16] 0.059 0.046 0.076 -20.211 O
2018, Kim HG [19] 0.076 0.058 0.098 -17.337 ]
2018, Kim NH [20] 0.020 0.016 0.023 -43.117 ]
2018, Nagpal SJS [21] 0.070 0.037 0.130 -7.468 L=
2020, Anderson JC [22] 0.031 0.023 0.042 -21.730 O
2020, Laish | [23] 0.086 0.047 0.153 -7.137 i

0.050 0.028 0.086 -9.866 >

0.00 0.25 0.50

Figure 2. Pooled proportion of patients with metachronous ACRN according to age group. ACRN, advanced colorectal

neoplasia; CI, confidence interval [16,19-23].

3.3. Comparative Risk of Metachronous ACRN According to Age Group

The comparative risk of metachronous ACRN between the >50 years and <50 years
groups is shown in Figure 3. The >50 years group had a higher risk of metachronous
ACRN than the <50 years group (OR (95% CI): 1.62 (1.34-1.96)). No heterogeneity was
identified (df =5, p = 0.32, I? = 14%).
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1.1.1 Metachronous ACRN after resection of any adenoma

2009, Martinez ME [16]
2018, Kim HG [19]
2018, Kim NH [20]*
2018, Nagpal SJS [21]
2020, Anderson JC [22]
2020, Laish | [23]
Subtotal (95% Cl)

Heterogeneity: Tau?=0.01; Chi?= 5.83, df =5 (P = 0.32); I? = 14%
Test for overall effect: Z = 4.97 (P < 0.00001)

1.1.2 Metachronous ACRN after resection of LRA

2017, Gupta S [18]
2018, Kim HG [19]
2018, Kim NH [20]*
2020, Anderson JC [22]
2020, Laish | [23]
Subtotal (95% Cl)

Heterogeneity: Tau? = 0.07; Chi?=7.03,df =4 (P =0.13); 2 =43%

Test for overall effect: Z = 3.39 (P = 0.0007)

1.1.3 Metachronous ACRN after resection of HRA

2016, Park SK [17]
2018, Kim HG [19]
2018, Kim NH [20]*
2020, Anderson JC [22]
2020, Laish | [23]
Subtotal (95% Cl)

Heterogeneity: Tau® = 0.00; Chi* = 3.00, df = 4 (P = 0.56); I* = 0%

Test for overall effect: Z = 2.80 (P = 0.005)

=50 years <50 years Odds Ratio Odds Ratio
jol SE Total Total Weight IV, Random,95% Cl IV, Random, 95% C|

0.80736833 0.19719933 8209 958  20.0% 2.24[1.52, 3.30] e —
0.05069311 0.26486555 277 686  12.0% 1.05 [0.63, 1.77] S —
05463858 0.17233526 1837 6315 24.9% 1.73[1.23, 2.42] —
0.33647224 0.44012792 123 128 4.7% 1.40 [0.59, 3.32]
0.43825493  0.146368 11051 1329 31.8% 1.55 [1.16, 2.07] —
0.35627486 0.36686654 379 16 6.6% 1.43 [0.70, 2.93] B —

21876 9532 100.0% 1.62[1.34, 1.96] -
1.24559448 0.30881704 2234 243 20.5% 3.47 [1.90, 6.37] . —
0.1007499 0.31594867 198 565 20.0% 1.11 [0.60, 2.05] S e —
0.55445966  0.2116112 1486 5734 29.4% 1.74 [1.15, 2.64] —
070012279  0.3132238 4300 416 20.2% 2.01[1.09,3.72] S —
048980626 0.52694246 145 56 9.8% 1.63 [0.58, 4 58]

8343 7014 100.0% 1,88 [1.30, 2.70] i
064861547 02587504 1246 233 317% 1.91[1.15, 3.18] —
-0.21319322 0.49318931 79 121 B.7% 0.81[0.31,2.12]
053649337 0.29842843 371 581 239% 1.71 [0.95, 3.07] T
0.2561914 0.27752763 2417 186 27.6% 1.29 [0.75, 2.23) R
0.27459683 0.51260002 234 60  B8.1% 1.32[0.48, 3.59]

4347 1181 100.0% 1.50 [1.13, 2.00] -

0.1 02 05 1 2 5 10

Higher risk in patients <50 years  Higher risk in patients =50 years

Figure 3. Comparative risk of metachronous ACRN between age groups according to the index colonoscopy finding groups.

* Values in this study were provided by the corresponding author. ACRN, advanced colorectal neoplasia; LRA, low-risk

adenoma; HRA, high-risk adenoma; SE, standard error; IV, inverse variance; CI, confidence interval [16-23].

Among patients with LRA, the risk of metachronous ACRN was higher in the
>50 years group than in the <50 years group without significant heterogeneity (OR
(95% CI): 1.88 (1.30-2.70); df = 4, p = 0.13, I> = 43%). Similarly, the risk was higher in
the >50 years group than in the <50 years group, even among patients with HRA (OR
(95% CI): 1.50 (1.13-2.00); df =4, p = 0.56, I?> = 0%).

3.4. Sensitivity Analysis

Forest plots after excluding the study by Kim, H.G,, et al. [19], in which the >50 years
group consisted of patients aged 50-54 years, are shown in Figure S1. Overall, the results
of sensitivity analyses were similar to the main outcomes. Patients aged >50 years had a
higher risk of metachronous ACRN than those aged <50 years without significant hetero-
geneity (OR (95% CI): 1.71 (1.43-2.05); df =4, p = 0.59, I? = 0%). The impact of age on the
metachronous ACRN was also identified in both patients with LRA and HRA.

4. Discussion

In the present meta-analysis, we evaluated the comparative risk of metachronous
ACRN after polypectomy between patients aged <50 years and >50 years. Patients aged
<50 years had a lower risk of metachronous ACRN than those aged >50 years. These results
were the same even if patients with LRA and those with HRA were analyzed separately.

The detection of adenoma in young individuals may lead to the diagnosis of hereditary
CRC syndrome. However, the need for detecting such hereditary syndromes is extremely
low among young individuals with only adenomas, although this is not uncommon
in young patients with CRC (up to 16%) [24]. One study showed that of 208 young
patients with adenomas, only 1 had an adenoma with mismatch repair deficiency [25].
Another study reported that, among 40 adenomas in 34 young patients, none demonstrated
microsatellite instability (MSI) [26]. Even in young patients with advanced adenomas,
the prevalence of MSI has been reported to be very low (5.8%, n = 3/52) [27]. In summary,
most young-onset adenomas are sporadic rather than part of a hereditary syndrome. In all
studies included in our meta-analysis, except for one (Anderson et al. [22]), patients with a
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history of CRC were excluded. Moreover, most studies excluded patients with a hereditary
CRC syndrome or a strong family history of CRC (Table 1). Therefore, our results can be
regarded as those for patients with sporadic adenomas.

There are no specific guidelines for the surveillance interval after polypectomy of
sporadic adenomas in young patients aged <50 years. Recommendations for follow-
up after polypectomy from the US Multi-Society Task Force on CRC are intended for
patients aged >50 years [9]. It is unclear whether these recommendations are applicable
for young patients aged <50 years with incidentally detected adenoma. Meanwhile, the UK
guideline provides post-polypectomy surveillance recommendations according to age [10].
For high-risk patients (those with >2 premalignant polyps, including >1 advanced polyp
or >5 premalignant polyps), the same 3-year surveillance interval is recommended for both
young and old patients, whereas for low-risk patients (those with premalignant polyps
but no high-risk finding), more intensive surveillance is recommended for young patients.
This may be due to the concern that subsequent adenomas may develop and progress more
rapidly in patients with young-onset adenomas. However, this is a weak recommendation
with low-quality evidence and does not specify an absolute age standard [10].

Our meta-analysis results eliminate the concern that sporadic adenomas that develop
at a younger age are more dangerous. Because the baseline adenoma characteristics (HRA
vs. LRA) are strong risk factors for metachronous ACRN, we performed subgroup analysis
in patients with LRA and HRA. Similar to the results of any adenoma, in both the LRA
and HRA groups, patients aged <50 years had a lower risk of metachronous ACRN than
those aged >50 years. These findings indicate that patients aged <50 years do not require
closer follow-up than those aged >50 years, regardless of whether they have LRAs or
HRAs; rather, it may be possible to extend the surveillance interval in young patients aged
<50 years. However, the prerequisite here is that it is necessary to obtain a detailed family
history from young patients with adenomas to confirm whether it is truly sporadic.

Given that increasing age is a strong risk factor for CRC [28], it is not surprising that
younger age is associated with a lower risk of metachronous ACRN. Moreover, several
studies involving patients aged <50 years have reported that older age is a risk factor for
metachronous ACRN after polypectomy, although they were not included in our meta-
analysis because the data in those studies were inappropriate to our meta-analysis [29-33].
For example, the previous two studies revealed that patients aged >60 years had a higher
risk of metachronous ACRN than those aged <60 years [32,33]. These studies, which were
not included in our meta-analysis, also support our results. Therefore, these studies and
our study provide strong evidence that young patients are at a lower risk of metachronous
ACRN than older patients.

We found that the pooled rates of metachronous ACRN in patients aged <50 years
with any adenoma, LRA, and HRA were 5.0%, 4.6%, and 7.3%, respectively. A recent
systematic review demonstrated that the pooled overall prevalence of advanced adenoma
in adults aged >50 years was 5.2%, based on 37 studies composed of 342,121 individuals [6].
In this systematic review, the pooled rate of advanced adenoma in adults aged >50 years
was similar to the pooled rate of metachronous ACRN in those aged <50 years in our study
(5.2% vs. 5.0%). Therefore, the post-polypectomy surveillance should not be neglected
in patients aged <50 years. However, it seems that there is no need to perform stronger
surveillance than what is recommended by current guidelines.

This study will help to guide the surveillance interval in young patients with spo-
radic adenomas as the first meta-analysis comparing the risk of metachronous ACRN
in patients aged >50 years vs. <50 years. Nevertheless, it has several limitations. First,
our meta-analysis was performed based on the observational studies. Therefore, we could
not determine an optimal surveillance interval in a younger population, although the
comparative risk was shown between the age groups. Second, most included studies
in the meta-analysis were conducted in the USA or Korea; thus, our results may not be
generalized worldwide. Third, although most studies excluded patients with incomplete
colonoscopy or poor bowel preparation, the adenoma detection rate (ADR), which is an
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important colonoscopy quality indicator, was not completely considered. Only three stud-
ies reported that the ADR met recommended thresholds [19,20,23], and only one study
adjusted the ADR in multivariable analysis [22].

Despite these limitations, our meta-analysis demonstrated the risk of metachronous
ACRN in young patients with sporadic adenomas. Patients with adenomas aged <50 years
had a lower risk of metachronous ACRN than those aged >50 years. The low risk of
metachronous ACRN in patients aged <50 years was also identified even after stratifying
by index colonoscopy finding (low-risk vs. high-risk adenomas). These findings sug-
gest that there is no need for young patients to have more intensive surveillance than
what is recommended by current guidelines. Rather, it may be possible to extend the
surveillance interval in young patients. However, these suggestions should be strictly
applied only to patients with sporadic adenomas after thoroughly excluding patients with
hereditary syndrome. In the future, long-term prospective studies and cost-effectiveness
analyses are warranted to determine the appropriate surveillance interval for young patients
with adenoma.

Supplementary Materials: The following are available online at https://www.mdpi.com/2075-4
426/11/2/120/s1, Figure S1. Sensitivity analysis after excluding the study with upper age limit.
*Values in this study were provided by the corresponding author. ACRN, advanced colorectal
neoplasia; LRA, low-risk adenoma; HRA, high-risk adenoma; SE, standard error; IV, inverse variance;
CI, confidence interval. Table S1. Detailed exclusion criteria and quality assessment for individual
studies in the two pooled analysis studies [16,18]. Table S2. Pooled proportion of patients with
metachronous ACRN according to the index colonoscopy finding and age group.
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Appendix A. Detailed Search Strategy

MEDLINE (Pubmed)

(colorectal[tw] OR colorectum[tw] OR colon[tw] OR colonic[tw] OR rectal[tw] OR rec-
tum[tw] OR colonoscopy[tw] OR colonoscopic[tw]) AND (neoplasia[tw] OR neoplasm[tw]
OR neoplasms[tw] OR neoplastic[tw] OR adenoma[tw] OR adenomas[tw] OR adenoma-
tous[tw] OR polyp[tw] OR polyps[tw] OR polypectomy[tw] OR cancer[tw] OR cancers[tw]
OR carcinomal[tw] OR carcinomas[tw]) AND (metachronous[tw] OR (index colonoscopy[tw])
AND (age[tw] OR 50[title/abstract])) AND (“1980/01/01”[Date-Publication]: “3000”[Date-
Publication]) NOT review[Publication Type] NOT meta-analysis[Publication Type]

EMBASE (Ovid)

1: ((colorectal or colorectum or colon or colonic or rectal or rectum or colonoscopy
or colonoscopic) and (neoplasia or neoplasm or neoplasms or neoplastic or adenoma or
adenomas or adenomatous or polyp or polyps or polypectomy or cancer or cancers or
carcinoma or carcinomas) and (metachronous or ‘index colonoscopy’) and (age or 50)).ab,ti.

2: Limit 1 to (english language and embase and yr =“1980 -Current” and (article or
article in press))

Cochrane library


https://www.mdpi.com/2075-4426/11/2/120/s1
https://www.mdpi.com/2075-4426/11/2/120/s1
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#1: colorectal or colorectum or colon or colonic or rectal or rectum or colonoscopy or
colonoscopic

#2: neoplasia or neoplasm or neoplasms or neoplastic or adenoma or adenomas or
adenomatous or polyp or polyps or polypectomy or cancer or cancers or carcinoma or
carcinomas

#3: metachronous or ‘index colonoscopy’

#4: age or 50

#5: #1 and #2 and #3 and #4 (with Cochrane Library publication date from January
1980 to 2020, in Trials).
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