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Abstract
AIM
To review the evidence on the association between 
specific colon adenoma features and the risk of future 
colonic neoplasia [adenomas and colorectal cancer 
(CRC)]. 

METHODS 
We performed a literature search using the National 
Library of Medicine through PubMed from 1/1/2003 to 
5/30/2015. Specific Medical Subject Headings terms 
(colon, colon polyps, adenomatous polyps, epidemiology, 
natural history, growth, cancer screening, colonoscopy, 
CRC) were used in conjunction with subject headings/key 
words (surveillance, adenoma surveillance, polypectomy 
surveillance, and serrated adenoma). We defined non-
advanced adenomas as 1-2 adenomas each < 10 mm 
in size and advanced adenomas as any adenoma ≥ 10 
mm size or with > 25% villous histology or high-grade 
dysplasia. A combined endpoint of advanced neoplasia 
included advanced adenomas and invasive CRC.

RESULTS
Our search strategy identified 592 candidate articles 
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of which 8 met inclusion criteria and were relevant 
for assessment of histology (low grade vs  high grade 
dysplasia, villous features) and adenoma size. Six 
of these studies met the accepted quality indicator 
threshold for overall adenoma detection rate > 25% 
among study patients. We found 254 articles of which 
7 met inclusion criteria for the evaluation of multiple 
adenomas. Lastly, our search revealed 222 candidate 
articles of which 6 met inclusion criteria for evaluation of 
serrated polyps. Our review found that villous features, 
high grade dysplasia, larger adenoma size, and having 
≥ 3 adenomas at baseline are associated with an 
increased risk of future colonic neoplasia in some but 
not all studies. Serrated polyps in the proximal colon 
are associated with an increased risk of future colonic 
neoplasia, comparable to having a baseline advanced 
adenoma.

CONCLUSION
Data on adenoma features and risk of future adenomas 
and CRC are compelling yet modest in absolute effect 
size. Future research should refine this risk stratification.

Key words: colon adenoma; colorectal cancer screen
ing; surveillance; colonoscopy

© The Author(s) 2016. Published by Baishideng Publishing 
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Core tip: The data on adenoma size, adenoma multi
plicity and serrated polyps in terms of risk for future 
adenomas and colorectal cancer are compelling, 
however, the absolute effect size is relatively modest. 
Current guideline recommendations to perform colono
scopy surveillance at 3-5 years after baseline adenomas 
and serrated polyps appear appropriately tailored to the 
risk of future neoplasia.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
cancer and the second leading cause of cancer death 
among men and women in the United States[1]. The 
lifetime probability of developing CRC is approximately 
5%, with 90 percent of cases occurring after age 50. In 
2016, an estimated 134500 people will be diagnosed 
with CRC and 49200 will die of the disease[1]. 

The vast majority of CRCs arise from a histologically-
specific type of colon polyp, the adenoma, which forms 
as a result of sporadic mutation in the adenomatous 
polyposis coli pathway or DNA mismatch repair and 
by definition contains low-grade dysplasia. Over many 

years, a minority of adenomas may grow in size and 
progress from low-grade dysplasia to high-grade 
dysplasia, to carcinoma-in-situ to invasive carcinoma. 
More recently, serrated adenomas (named for the 
“sawtooth” pattern in the crypts) have been identified 
as accounting for approximately 20%-30% of CRCs. In 
this review, we will use the term “adenoma” to describe 
adenomatous and serrated colon polyps and “serrated 
polyps” to specify polyps with serrated histology.

Colonoscopy is the most widely used modality for 
CRC screening[2,3]. Advantages of colonoscopy include 
the ability of endoscopists both to identify and remove 
adenomas, which decreases the risk of subsequent 
CRC[4]. By definition, “screening colonoscopy” occurs in 
patients without a history of adenomas and “surveillance 
colonoscopy” occurs at set intervals (usually 3-5 years) 
in patients with a history of adenomas to survey for new 
adenomas[5]. It is important to understand the existing 
evidence upon which surveillance colonoscopy recom
mendations are made to help inform shared decision 
making with patients who have co-morbid conditions 
or limited life expectancy[6]. This review will focus on 
the association between specific adenoma features and 
future colonic neoplasia.

MATERIALS AND METHODS
We searched the National Library of Medicine through 
PubMed for articles from 1/1/2003 to 5/30/2015. We 
did not search prior to 2003 because of technological 
advances in colonoscopy optics in 2002, which drama
tically improved the diagnostic accuracy of colonoscopy; 
data prior to 2003 were not considered relevant to the 
current risk estimates of CRC after colonoscopy. We 
used the following filters: English language, human, age 
> 18, clinical trial, multicenter, prospective observational, 
meta-analysis. Specific MESH terms were used: Colon, 
colon polyps, adenomatous polyps, epidemiology, natural 
history, growth, cancer screening, colonoscopy, colorectal 
cancer. The MESH terms were used in conjunction with 
subject headings/key words: Surveillance, adenoma 
surveillance, polypectomy surveillance, and serrated 
adenoma. We excluded reviews, guidelines, editorials, 
case-control, cross-sectional and case series or reports.

We excluded studies of patients with inflammatory 
bowel disease, personal history of CRC, or family history 
of genetic CRC syndromes. We reviewed all abstracts 
for relevance. Full articles of the relevant abstracts 
were then reviewed with the quality of evidence 
graded by all three authors using the American Heart 
Association Evidence-Based Scoring System for Level 
of Evidence as follows: A: Data derived from multiple 
randomized clinical trials (RCTs); B: Data derived from 
a single randomized trial or nonrandomized studies; 
C: Consensus opinion of experts. The bibliographies of 
all included articles were also evaluated for additional 
articles by a single author [histology and size (AHC), 
multiple adenomas and serrated polyps (HKR)] then 
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reviewed by all three authors for consensus.
We defined non-advanced adenomas as 1-2 adeno

mas each less than 10 mm in size[5]. We defined 
advanced adenomas as any adenoma ≥ 10 mm size or 
with > 25% villous histology or high-grade dysplasia[5]. 
A combined endpoint of advanced neoplasia included 
advanced adenomas and invasive CRC.

Results
Histology (low grade vs high grade dysplasia, villous 
features)
Our search strategy identified 592 candidate articles 
(Figure 1), of which 64 were relevant. We excluded 56 
based on study design or absence of relevant primary 
outcome or predictors, leaving 8 studies (Table 1). Six 
of these studies met the accepted quality indicator 
threshold for overall adenoma detection rate (ADR) 
> 25% among study patients[7], including one study 
that explicitly described that ADR was > 25% for each 
individual endoscopist in study[8]. ADR was only 22% 
in the study by Bonithon-Kopp et al[9] and the meta 
analysis by Saini et al[10] did not present information on 
ADR. 

A small to moderate association between adenoma 
histology and risk of future advanced adenomas and 
CRC with variable significance was found among the 8 
studies. Four studies[11-14], including a pooling project of 
8 prospective RCTs (evidence level A), found that villous 
histology was a significant risk factor for future advanced 
neoplasia (adjusted OR = 1.3; 95%CI: 1.1-1.5)[14]. Of 
note, the relative risk (RR) in Lieberman’s study (6.1; 
95%CI: 2.5-14.7) is higher compared to the other 
studies because the comparator was subjects without 
any neoplasia, in contrast to subjects with adenomas 
without villous histology used in the other studies. In 
addition, Lieberman studied a Veteran’s Affairs (VA) 
population who are known to have higher rate of base
line adenomas compared to non-VA patients[12]. A 

prospective cohort study of 1086 patients with a median 
of 10.5 years of follow-up found that villous histology 
within an adenoma increased the relative risk of any 
future adenoma (1.8; 95%CI: 1.2-2.6) (evidence level 
B)[15]. A primary RCT[9], a meta analysis of 5 studies[10], 
and a prospective cohort study[8] found no association of 
villous histology with future neoplasia (evidence level B). 

Similarly, histological findings of high-grade dys
plasia had a small and variable association with risk 
of advanced neoplasia. The meta-analysis by Saini et 
al[10] found an increased RR of 1.8 (95%CI: 1.1-3.2)[10], 
whereas the primary RCT[9], pooling project[14], and 
prospective registry study[13] found no association 
(evidence level A). A prospective cohort study found that 
compared to an external control population, patients 
with high-grade dysplasia at baseline had an elevated 
SIR for CRC of 2.8 (95%CI: 0.3-10.2) compared to 
the reference group without high grade dysplasia (SIR 
0.52; 95%CI: 0.3-0.95)[15]. In Lieberman’s prospective 
study of 1193 VA patients, he found a RR of advanced 
neoplasia of 6.8 (95%CI: 2.6-18.1) compared to those 
with no neoplasia at baseline[12].

In summary, villous histology within an adenoma 
may have a small association with future advanced 
neoplasia, however this was not seen uniformly across all 
studies. Compared to having no adenomas at baseline, 
adenomas with high-grade dysplasia are associated with 
an increased risk of future advanced neoplasia; however, 
compared to having adenomas that do not contain high-
grade dysplasia, the association with future advanced 
neoplasia is small and variable depending on the study.

Size
We used the same search strategy for histology to 
evaluate the impact of adenoma size on risk of future 
colonic neoplasia, finding the same 8 studies (Table 
2)[8-15]. Larger adenoma size at baseline increased the 
risk of future advanced neoplasia. In Martinez’s pooling 
project of 8 prospective RCTs, the risk of advanced 
neoplasia increased for each increase in size category 
(evidence level A). When adenomas < 5 mm were 
considered the reference group, those with adenomas 
10-19 mm and adenomas ≥ 20 mm had a RR of 
2.3 (95%CI: 1.8-2.8) and 3.0 (95%CI: 2.2-4.0), 
respectively[14]. Similarly, four other prospective studies 
found that adenomas ≥ 10 mm imparted an increased 
RR of future advanced neoplasia ranging from 1.7 
(95%CI: 1.2-2.3) to 3.0 (95%CI: 1.8-5.1) and 6.4 
(95%CI: 2.7-14.9) (level of evidence B)[8,12,13]. On the 
other hand, Saini’s meta-analysis of 5 studies and a 
primary RCT, the European Fiber-Calcium Intervention 
trial (in which 552 patients with resected adenomas 
randomized to calcium and soluble fiber underwent 
surveillance colonoscopy at 3 years) failed to show any 
association between adenoma size and future advanced 
neoplasia (evidence level B)[9,10]. A prospective study by 
Bertario of 1086 patients did not show an association 
between polyp size ≥ 10 mm and SIR of advanced 

Histology/size               Multiplicity           Serrated polyps

Candidate
articles

Relevant

Met inclusion 
criteria

Additional

Total

592 254 222

64 8 14

8 7 6

0 0 0

8 7 6

Figure 1  Results of the literature search. Literature search results evaluating 
the impact of histology and size of adenomas, number of adenomas, and 
serrated polyps on the risk of future advanced adenomas and colorectal cancer.
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neoplasia (evidence level B)[15].
In summary, adenoma size ≥ 10 mm appears to 

be associated with future advanced neoplasia and the 
magnitude of risk increases for larger adenomas ≥ 20 
mm in size.

Multiple adenomas
Our search strategy revealed 254 articles of which 7 
met inclusion criteria (Figure 1). Van Heijningen et al[13] 
noted that among 2990 consecutive colonoscopies 
in the Netherlands, there was an increased risk of 

  Ref. Sample size Median 
follow-up, yr

Predictor Primary outcome Absolute risk of outcome (%) RR1 [95%CI]

  RCT
     Laiyemo et al[11] 1905 4 Villous ACN 9 (7-11) vs 5 (4-6) 2.3 [1.5-3.4]
     Bonithon-Kopp et al[9]   552 3 HGD ACN 9.8 vs 5.5 1.9 [1.0-3.6]

Villous 10.3 vs. 6.8 1.7 [0.8-3.7]
  Pooled analysis
     Martínez et al[14] 8 studies    3.9 HGD ACN 16.0 (13.2-18.7) vs 10.6 (9.8-11.3) 1.1 [0.8-1.4]

9167 Villous 16.8 (15.1-18.5) vs 9.7 (9.0-10.4) 1.3 [1.1-1.5]
  Meta-analysis
     Saini et al[10] 5 studies 3 HGD ACN 4% risk difference (0-8) 1.8 [1.1-3.2]

Villous 2% risk difference (-1 to 4) 1.3 [1.0-1.7]
  Prospective
     Bertario et al[15] 1086  10.5 HGD CRC 2.8 SIR

(0.3-10.2)
vs 0.52

Not available

Tubulovillous 
Villous

Any adenoma Not available 1.3 [1.0-1.6]
1.8 [1.2-2.6]

     2Lieberman et al[12] 1193    5.5 No adenomas ACN 2.4 Ref
HGD 17 6.8 [2.6-18.1]

Villous 16 6.1 [2.5-14.7]
     Chung et al[8] 3808    4.5 Villous ACN Not available 1.5 [0.7- 3.0]
  Registry
    Van Heijningen et al[13] 2990 2 HGD AA 13 1.2 [0.8-1.8]

Villous 8 2.0 [1.2-3.2]
HGD ACN 11 Not available

Villous 17

Table 1  Articles summarizing the risk of neoplasia based on the histology of polyps seen at baseline colonoscopy

1Relative risk compared to patients adenomas without the predictor characteristics. Adenomas with villous compared to those without adenomas with 
villous features (as opposed to those without any adenomas). 2Relative risk compared to those with no neoplasia. ACN: Advanced colonic neoplasia (includes 
advanced adenomas and colorectal cancer); AA: Advanced adenomas; CRC: Colorectal cancer; HGD: High grade dysplasia; RCT: Randomized control trial.

  Ref. Sample size Median 
follow-up, yr

Predictor Primary 
outcome

Absolute risk of outcome 
(%)

RR [95%CI]

  RCT
     Laiyemo et al[11] 1905 4 ≥ 10 mm ACN 9 (7-11) vs 5 (4-6) 0.9 [0.6-1.4]
     Bonithon-Kopp et al[9] 552 3 ≥ 10 mm ACN 7.1 vs 7.8 1.1 [0.5-2.1]
  Pooled analysis
     Martínez et al[14] 8 studies   3.9 < 5 mm ACN 8.7 (7.7-9.7) Ref

9167 10-19 mm 15.9 (14.5-17.4) 2.3 [1.8-2.8]
≥ 20 mm 19.3 (16.4-22.3) 3.0 [2.2-4.0]

  Meta-analysis
     Saini I et al[10] 5 studies 3 ≥ 10 mm ACN 2% risk difference (-2 to 6) 1.4 [0.9-2.3]
  Prospective
     Bertario et al[15] 1086  10.5 ≥ 20 mm Any adenoma Not available 1.5 [1.1-2.1]

CRC SIR Not available
Baseline 0.52 [0.3-0.9]
< 10 mm 0.33 [0.1-0.9]
≥ 10 mm 0.82 [0.3-1.8]

     Lieberman et al[12] 1193    5.5 ≥ 10 mm ACN 15.5 vs 2.4 6.4 [2.7-14.9]
     Chung et al[8] 3808    4.5 ≥ 10 mm ACN Not available 3.0 [1.8-5.1]
  Registry
     Van Heijningen et al[13] 2990 2 ≥ 10 mm AA 8 vs 4 1.7 [1.2-2.3]

Table 2  Articles summarizing the risk of future colonic neoplasia based on the size of polyps seen at baseline colonoscopy

ACN: Advanced colonic neoplasia (includes advanced adenomas and colorectal cancer); AA: Advanced adenomas; CRC: Colorectal cancer; RCT: 
Randomized control trial; SIR: Standard incidence ratio.
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advanced adenomas on surveillance exams depending 
on number of adenomas at initial screening colonoscopy 
(Table 3)[13]. Using participants with one adenoma 
as the reference group, those with 2, 3, 4 and ≥ 5 
adenomas at baseline colonoscopy had 1.6 (95%CI: 
1.1-2.4), 2.1 (95%CI: 1.3-3.4), 2.0 (95%CI: 0.9-4.6) 
and 3.3 (95%CI: 1.7-6.6) times the relative risk of 
future advanced adenomas, respectively (evidence 
level B)[13]. Lieberman et al[12] evaluated 1193 Veterans 
undergoing surveillance colonoscopy 5 years after 
baseline colonoscopy. Compared to those who were 
neoplasia-free at baseline, patients with 1-2 small 
adenomas and ≥ 3 adenomas had a RR of advanced 
adenoma at follow-up of 1.9 (95%CI: 0.83-4.4) and 
5.0 (95%CI: 2.1-12.0), respectively, the latter of which 
was comparable to the risk of having a single advanced 
adenoma at baseline (evidence level A). 

Bonithon-Kopp et al[9] found that in the European 
Fiber-Calcium Intervention trial, patients with ≥ 
3 adenomas had a HR of 5.5 (95%CI: 2.4-12.6) 
of developing advanced adenomas at three year 
colonoscopy but only if one of the adenomas was 
proximal - if all the adenomas were distal, there was 
no increase in risk of advanced adenomas (0.83; 
95%CI: 0.18-3.9) (evidence level A)[9]. Analysis of 
4 year surveillance colonoscopy data from the Polyp 
Prevention Trial (n = 1905) found that compared to 
having one non-advanced adenoma, individuals with 2 
or ≥ 3 adenomas had a RR for advanced neoplasia of 
1.38 (95%CI: 0.92-2.1) and 1.84 (95%CI: 1.2-2.8), 
respectively[11]. Finally, a meta-analysis of older 
literature found that those with ≥ 3 adenomas at 
index colonoscopy were more likely to have recurrent 
advanced adenomas than were patients with 1 to 2 
adenomas (RR = 2.5; 95%CI: 1.1-6.0) (evidence 

level B)[10]. In summary, these data suggest that 
adenoma number may confer a risk of future neoplasia 
comparable to adenoma size and as discussed below 
may be further influenced by the quality of the 
performance of colonoscopy.

Serrated polyps
Our search revealed 222 candidate articles of which 
6 met inclusion criteria (Figure 1). Four were mainly 
cross-sectional studies, which evaluated the presence of 
concurrent adenomas and two evaluated the correlation 
with future neoplasia (Table 4). In a study of 10199 
subjects, having a large serrated polyp ≥ 1 cm (LSP) 
was associated with an increased odds of concurrent 
advanced neoplasia (adjusted OR = 4.0; 95%CI: 
2.8-5.7) and CRC (adjusted OR = 3.3; 95%CI: 2.2-5.0) 
compared to those who were neoplasia-free (evidence 
level B)[16]. Álvarez et al[17] reported that in 5059 pati
ents randomized to undergo screening colonoscopy 
vs stool test, LSPs were associated with concurrent 
proximal (OR = 4.2; 95%CI: 1.7-10.2) and distal (OR 
= 2.6; 95%CI: 1.5-4.6) advanced neoplasia. Several 
other studies corroborate the relationship between 
proximal LSPs and concurrent advanced adenomas[18,19].

With regard to future lesions, a secondary analysis 
of a large randomized flexible sigmoidoscopy study from 
Norway that included a median follow-up of 10.9 years 
provides some insights (evidence level A)[20]. Having a 
LSP was associated with an increased risk of future CRC 
(adjusted OR = 3.3; 95%CI: 1.3-8.6), comparable to 
having a baseline advanced adenoma. Interestingly, 
none of the other serrated polyps left in situ developed 
CRC in that tumor, suggesting the serrated polyps 
might be a marker of field carcinogenesis rather than 
a precursor lesion[20]. Schreiner et al[21] found that 

  Ref. Sample size Median follow-up, yr Predictor Primary outcome Absolute risk of outcome (%) RR [95%CI]

  RCT
     Laiyemo et al[11] 1905 4 ≥ 3 adenomas ACN 10 (7-14) vs 6 (5-7) 1.5 [1.0-2.2]
     Bonithon-Kopp et al[9] 552 3 ≥ 3 adenomas ACN 18.1 vs 5.0 2.7 [1.2-6.4]
  Meta-analysis
     Saini I et al[10] 5 studies 3 ≥ 3 adenomas ACN 5% risk difference (1-10) 2.5 [1.1-6.0]
  Prospective
     1Lieberman et al[12] 1193    5.5 1-2 ACN 4.6 1.9 [0.8-4.4]

≥ 3 11.9 5.0 [2.1-12.0]
     Chung et al[8] 3808    4.5 ≥ 3 adenomas ACN Not available 3.1 [1.5-6.6]
  Registry
     Van Heijningen et al[13] 2990 2 1 AA 4 Ref

2 7 1.6 [1.1-2.4]
3 8 2.1 [1.3-3.4]
4 12 2.0 [0.9-4.6]

      ≥ 5 18 3.3 [1.7-6.6]
     Ng et al[18] 4989 2 AA Not available Adjusted OR

1 3.6 [2.6-5.0]
2 7.1 [4.9-10.4]
3 13.7 [0.9-4]

Table 3  Articles summarizing the risk of colonic neoplasia based on the number of polyps seen at baseline colonoscopy

1Relative risk compared to those with no neoplasia. ACN: Advanced colonic neoplasia (includes advanced adenomas and colorectal cancer); AA: Advanced 
adenomas; OR: Odds ratio; RCT: Randomized control trial.
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patients with proximal non-dysplastic serrated polyps 
followed for median of 5.5 years had an increased odds 
for future adenomas of 3.1 (95%CI: 1.6-6.2) compared 
to those who were polyp free at baseline (evidence 
level B). Thus, while it is clear that certain serrated 
polyps can progress to CRC, those that are right sided 
and/or ≥ 1 cm are associated with future neoplasia 
and are a marker for concurrent adenomas and need 
to be considered as equivalent to an adenoma from a 
surveillance perspective.

Discussion
Our review found that specific histologic features 
of adenomas (i.e., high grade dysplasia and villous 
features) are associated with a small risk of future 
advanced adenomas though data was inconsistent 
across studies (level B evidence). In particular, villous 
features did not confer a consistent or significant 
association, suggesting it may not be an important risk 
factor for future advanced adenomas. Data was even 
more inconsistent for adenoma size, although the linear 
association between size and risk is compelling (level 
B evidence). Size itself is challenging to determine 
reliably because of the lack of a standardized method 
for estimating adenoma size and the inter-observer 
variability among size estimation endoscopically as well 

as differences in estimations between endoscopic and 
pathology measurements[22,23]. Use of an open biopsy 
forceps as a reference standard for measurement 
during colonoscopy was accurate to the millimeter only 
37% of the time[24]. The variability in estimating size of 
adenomas is concerning given that a 1 mm difference in 
size can change surveillance by 2 years. In a prospective 
study using size on pathology as gold standard, endos
copists mis-sized polyps 63% of the time, leading 
to inappropriate surveillance intervals 35% of the 
time[25]. Relying on pathology reports for size estimates 
is challenging, given that polyps are often removed 
piecemeal and can be fragmented during retrieval. 
Thus, the accuracy of size estimates for determining 
surveillance intervals should be viewed cautiously. 

Having ≥ 3 adenomas at baseline is associated 
with an increased risk of future colonic neoplasia (level 
B evidence), particularly if at least one adenoma is 
located in the proximal colon, although more supporting 
data is needed. The findings of our study echo those 
of the seminal prospective randomized National Polyp 
Study[26], in which multiple adenomas (≥ 3; OR = 6.9; 
95%CI: 2.6-18.3) and large adenomas (OR = 2.2; 
95%CI: 0.6-7.8) were associated with future advanced 
adenomas at surveillance. In that study, however only 
multiplicity was a significant risk factor (p < 0.001). The 
risk conferred by villous features or high grade dysplasia 

  Ref. Sample size Median 
follow-up, yr

Predictor Primary 
outcome

Absolute risk Risk [95%CI]

  RCT
     Holme et al[20] 100210 10.9 ≥ 10 mm serrated polyp Future

CRC
3.4 vs 1.4 cases/1000 patient years HR 3.3 [1.3-8.6]

  Registry
     Álvarez et al[17] 5059 None Proximal l ≥ 10 mm ACN Not available 4.2 [1.7-10.2]

Distal l ≥ 10 mm 2.6 [1.5-4.6]
Proximal HP 1.6 [1.3-2.3]

     Hiraoka et al[16] 10199 None ≥ 10 mm serrated polyps ACN 4.0 [2.8-5.7]
CRC Not available 3.3 [2.2-5.0]

Proximal CRC 4.8 [2.5-8.4]
     Hazewinkel et al[19] 1426 None Proximal SP ACN Not available 2.4 [1.6-3.8]

Proximal HP 2.0 [1.1-3.4]
Prox SSA/P 3.0 [1.5-6.2]

≥ 10 SP 4.0 [1.9-8.6]
≥ 10 mm HP 3.2 [1.1-9.1]

≥ 10 mm SSA/P 5.0 [1.7-14.9]
     Ng et al[18] 4989 None SSA ACN Not available 4.5 [2.4-8.5]

Proximal SP 2.2 [1.4-3.6]
≥ 10 mmSP 59.3 [18.9-186.2]

≥ 3 SP 4.9 [1.2-19.2]
≥ 3 non-advanced adenomas 3.6 [2.6-5.0]

     Schreiner et al[21] 3121 None Proximal SP AA 17.3 vs 10.0 1.9 [1.3-2.7]
≥ 1 cm SP 27.3 vs 10.3 3.4 [1.7-6.7]

1371 5.5 Proximal SP Future
without adenomas AA 5.1 vs 2.7 3.1 [1.6-6.2]

Proximal SP 7.9 vs 6.3 1.2 [0.5-3.8]
with nonadvanced adenoma 28.9 vs 14.7 2.3 [1.0-5.0]

Proximal SP
with advanced adenoma

Table 4  Risk of concurrent and future advanced adenomas and colon cancer based on serrated polyps

AA: Advanced adenomas; ACN: Advanced colonic neoplasia (includes advanced adenomas and cancer); HP: Hyperplastic polyp; HR: Hazard ratio; RCT: 
Randomized control trial; SP: Serrated polyp; SSA: Sessile serrated adenoma.
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at baseline was not included. 
Current United States and European guidelines 

recommend repeat colonoscopy in 3 years for patients 
with ≥ 3 adenomas or any adenoma ≥ 10 mm size or 
with high grade dysplasia or villous features compared 
to 5-10 years for those with 1-2 small adenomas (Table 
5)[5,27]. The British guidelines do not take into account 
advanced histology and recommend earlier follow-
up at 1 year for those with at least 5 small adenomas 
or 3 adenomas if one is ≥ 10 mm in size[28]. Current 
level B evidence demonstrates a higher risk of future 
colonic neoplasia based on having a large serrated 
polyp (OR ranging from 3.3-4.2) and supports earlier 
surveillance at 3 years as recommended by guidelines 
in this group[5,28]. The recommendations for surveillance 
of serrated polyps are identical to adenomas[5]. While 
surveillance guidelines may be based primarily on 
adenoma features and risk of future neoplasia, they 
may also be influenced by national economics and 
local culture around population-based screening and 
surveillance, which can vary by country and continent.

The way in which very small differences in adenoma 
size and number (e.g., 2 vs 3 adenomas) can affect 
timing of recommended surveillance (from 3 to 5 
years) emphasizes the importance of the quality of 
the colonoscopy performed. Adenoma detection rate 
(ADR) is considered the most important quality metric 

in the performance of colonoscopy because it is a close 
surrogate measure for interval CRC rates and can be 
measured feasibly[7,29]. Other important quality metrics 
include cecal intubation rates and bowel preparation 
quality, both of which impact ADR[7]. A recent simulation 
study demonstrated that ADR correlates with a lower 
lifetime risk of CRC without an increase in cost, thus 
further underscoring the importance of colonoscopy 
quality[30]. As ADR improves overall whether from 
improved endoscope optics or adjunctive techniques 
(e.g., narrow band imaging, caps, rings)[31], the associa
tion between baseline colonic neoplasia findings and 
risk of future neoplasia may need to be reassessed.

Our review has certain limitations. We do not add
ress the impact of other factors besides adenoma 
features on risk for CRC, which are beyond the 
scope of this article. However, since CRC involves 
the interactions of genes and the environment, other 
factors such as family history, age, smoking, diabetes, 
and obesity have the potential to impact the risk of 
recurrent neoplasia. Indeed, the NIH risk score looks 
at a variety of these factors, although its predictive 
ability has been modest[32]. We also did not consider the 
location (proximal vs distal) of adenomas in this review. 
Location may impart a differential neoplastic risk, with 
proximal lesions portending a higher risk for recurrence, 
and merits further clarification in terms of biological 
underpinnings and clinical strategies. The duration of 
follow-up for most of the studies ranged from 2 to 5.5 
years, which does not allow for the assessment of long-
term outcomes. However, this time frame is in line 
with current surveillance guideline recommendations 
and provides an adequate follow-up period for the 
evaluation of the risk of recurrent neoplasia. Lastly, the 
existing data do not explicitly compare the risk of future 
advanced adenomas at surveillance based on having 
multiple different risk factors simultaneously, likely due 
to limitations of sample size and loss of power with 
subgroup comparisons. However, if multiple independent 
risk factors were identified (e.g., multiplicity and size), 
then having those simultaneously would increase the 
individual’s overall risk of future advanced adenomas.

Future research should continue to evaluate the 
risk of CRC based on multiple factors incorporating 
serial colonoscopy information. A few studies have 
attempted to predict the risk of future neoplasia 
based on 2 or more examinations[11,33]. In addition, 
other biomarkers of the risk of CRC are needed. Since 
colorectal carcinogenesis involves both genetic and 
exogenous risk factors of which approximately half are 
modifiable (i.e., obesity and smoking)[34], assessment 
of risk at the level of the colonic mucosa where the 
interaction between genetics and environment plays out 
locally may provide a novel approach. While there are a 
plethora of candidate biomarkers of field carcinogenesis 
(e.g., molecular alterations such as methylation, gene 
expression, microRNA in the normal rectal epithelium), 
the adenoma is currently the only predictor of risk 
that is robust enough and practical for use in clinical 

  Organization and year 
  of guidelines

Recommendations for surveillance of adenomas
Baseline finding Timing of next 

exam, yr

  USMSTF on CRC[5], 2012 1-2 small adenomas 5-10
Adenoma with villous 

histology
3

Adenoma with high grade 
dysplasia

3

Adenoma ≥ 10 mm 3
3-10 adenomas 3

Serrated polyps:
< 10 mm no dysplasia 5

≥ 10 mm 3
Dysplasia 3

Traditional serrated adenoma 3
  British Society of 
  Gastroenterology[28], 
  2010

1-2 small adenomas 5-10
3-4 small adenomas 3
Adenoma ≥ 10 mm 3
≥ 5 small adenomas 1

≥ 3 at least one ≥ 10 mm 1
  European Society 
  of Gastrointestinal 
  Endoscopy[27], 2010

High risk adenomas: 3
Adenoma ≥ 10 mm

Adenomas with high grade 
dysplasia

Villous component
≥ 3 adenomas

Serrated polyp ≥ 10 mm
Serrated polyps with dysplasia

Not high risk adenomas 10

Table 5  Current guideline recommendations for surveillance 
based on from United States Multi-society Task Force on 
colorectal cancer, British Society of Gastroenterology, and 
European Society of Gastrointestinal Endoscopy[5,27,28]

CRC: Colorectal cancer; USMSTF: United States Multi-society Task Force.
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practice. Future research should also explore the impact 
of life expectancy on surveillance colonoscopy to guide 
clinicians who must weigh the risks and benefits for 
individual patients. 

In conclusion, current United States Multi-Society 
Task Force on CRC recommendations to perform colono
scopy surveillance at 3-5 years after baseline adenomas 
and serrated polyps appear appropriately tailored to 
the risk of future neoplasia. The data on adenoma size, 
adenoma multiplicity and serrated polyps in terms 
of risk for future adenomas and CRC are compelling, 
however, the absolute effect size is relatively modest. 
Future research should identify methods of stratifying 
a patient’s risk for CRC based on serial colonoscopy 
exams and could include composite risk scores and 
biomarkers.
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