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The influence of the surveillance time interval on 
the risk of advanced neoplasia after non- advanced 
adenoma removal
Zaki Hamarneh1 , Charles Cock1, Graeme P Young AM2, Peter A Bampton3, Robert Fraser1,4, Fang LI Ang5,  
Feruza Kholmurodova6, Erin L Symonds1,2

Australia has one of the highest rates of colorectal cancer 
in the world.1 Early detection by population screening —  
using colonoscopy, flexible sigmoidoscopy, or faecal occult 

blood tests, together with surveillance colonoscopy for people at 
higher risk2,3 —  can reduce the risk of death.4

Detecting and removing precursor lesions (adenomatous 
and sessile serrated lesions) halt their development, avert-
ing the potential sequelae of colorectal cancer.5,6 National 
guidelines therefore recommend regular colonoscopy as a 
preventive strategy for people with these precursor lesions.7 
Recommendations for surveillance following polyp removal 
are based on lesion characteristics predictive of future col-
orectal cancer. Based on observational studies, adenomas are 
classified as non- advanced/low risk (one or two lesions, small 
[<  10  mm], low grade dysplasia) or as advanced/high risk 
(three or more lesions, large [≥ 10 mm], high grade dysplasia or 
villous change).8,9

Until recently, the Australian guidelines recommended 
surveillance colonoscopy five years after a finding of non- 
advanced adenoma,10 but follow- up at ten years is now rec-
ommended for most patients.7 While this is similar to the 
United States Multi- Society Task Force guidelines11 and more 
conservative than the European Society of Gastrointestinal 
Endoscopy guidelines,12 the evidence supporting the change 
in timing is limited.

The recommended time interval between colonoscopies is re-
lated to the acceptable risk level of advanced neoplasia (colorec-
tal cancer or advanced adenoma). A meta- analysis found that 
the risk of advanced neoplasia at surveillance five years after 
removal of a non- advanced adenoma was 4.9%, but the authors’ 
definition of advanced neoplasia did not include colorectal can-
cer.13 Others have suggested that advanced neoplasia yields of 
10%14 and 15%15 would justify surveillance. Despite recognition 

of the importance of setting a surveillance threshold, a guide-
lines consensus has not been reached.

Given the potential consequences of delaying surveillance recall 
until ten years after detection of a non- advanced adenoma, we 
investigated the incidence of advanced neoplasia in Australians 
undergoing surveillance after such findings. We also examined 
factors associated with the development of advanced neoplasia, 
including the timing of the surveillance colonoscopy.

Methods

We undertook a retrospective review of surveillance  colonoscopy 
outcomes for patients in whom non- advanced/low risk ade-
noma had previously been identified. We extracted data from 
the  clinical database associated with the Southern Cooperative 
Program for the Prevention of Colorectal Cancer, an Adelaide 
program that coordinates surveillance colonoscopies for  people 
at elevated risk of colorectal cancer at the Flinders Medical 
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Abstract
Objectives: To investigate the incidence of advanced neoplasia 
(colorectal cancer or advanced adenoma) at surveillance 
colonoscopy following removal of non- advanced adenoma; 
to determine whether the time interval before surveillance 
colonoscopy influences the likelihood of advanced neoplasia.
Design: Retrospective cohort study.
Setting, participants: Patients enrolled in a South Australian 
surveillance colonoscopy program with findings of non- advanced 
adenoma during 1999– 2016 who subsequently underwent 
surveillance colonoscopy.
Main outcome measures: Incidence of advanced neoplasia at 
follow- up surveillance colonoscopy.
Results: Advanced neoplasia was detected in 169 of 965 eligible 
surveillance colonoscopies (18%) for 904 unique patients (median 
age, 62.0 years; interquartile range [IQR], 54.0– 69.0 years), of 
whom 570 were men (59.1%). The median interval between the 
initial and surveillance procedures was 5.2 years (IQR, 4.4– 6.0 
years; range, 2.0– 14 years). Factors associated with increased risk 
of advanced neoplasia at follow- up included age (per year: odds 
ratio [OR], 1.03; 95% CI, 1.01– 1.05), prior history of adenoma (OR, 
1.48; 95% CI, 1.01– 2.15), two non- advanced adenomas identified at 
baseline procedure (v one: OR, 1.74; 95% CI, 1.18– 2.57), and time to 
surveillance colonoscopy (OR, 1.21; 95% CI, 1.08– 1.37). The estimated 
incidence of advanced neoplasia was 19% five years after non- 
advanced adenoma removal, and 30% at ten years.
Conclusions: Increasing the surveillance colonoscopy interval 
beyond five years after removal of non- advanced adenoma 
increases the risk of detection of advanced neoplasia at follow- up 
colonoscopy.

The known: People with colorectal adenomas are at increased 
risk of cancer development, but the optimal surveillance interval 
after removing non- advanced adenomas is not clear. Australian 
guidelines now recommend surveillance at ten rather than five 
years, but evidence for this change is limited.
The new: The estimated incidence of advanced neoplasia at the 
follow- up colonoscopy was 19% at five years and 30% ten years 
after removal of a non- advanced adenoma.
The implications: A longer surveillance interval after non- 
advanced adenoma removal may entail an unacceptable level of 
risk of advanced neoplasia, particularly in older patients and those 
with a prior history of adenoma.
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Centre, the Repatriation General Hospital, and Noarlunga 
Hospital.16

We extracted outcomes data for people who underwent colo-
noscopy during January 1999 –  November 2016, including the 
quality of procedure and pathology. If non- advanced adenoma 
was identified, we reviewed subsequent colonoscopies for 
findings of advanced neoplasia. Exclusion criteria included 
incomplete colonoscopy (caecum not reached or incomplete 
polyp resection), poor bowel preparation, a family history of 
colorectal cancer (conferring increased or high risk status, ac-
cording to Australian guidelines17), prior resection of colorec-
tal cancer, or a history of inflammatory bowel disease. Any 
subsequent colonoscopy performed earlier than scheduled 
(within 4.5 years of the preceding colonoscopy) because of gas-
trointestinal symptoms or positive faecal occult blood test re-
sults was also excluded, as the first procedure may have been 
inadequate in these cases.

We determined the influence of pathology, demographic 
characteristics, and surveillance interval length on detection 
of advanced neoplasia at the subsequent colonoscopy. Patient 
demographic characteristics (age, sex) were collected for the 
baseline procedure, as were the location and number of ad-
enomas identified (one or two), largest size of non- advanced  
adenoma (<  5  mm or 5– 9  mm), number of previous colono-
scopies, and time until subsequent surveillance colonoscopy.

To reflect Australian guidelines current during most of our 
study, advanced neoplasia was defined as colorectal cancer, 
advanced adenoma (at least one of: conventional adenoma 
≥  10  mm, villous change, high grade dysplasia, or three or 
more lesions), or advanced serrated polyps (traditional ser-
rated adenomas of any size, sessile serrated lesions ≥ 10 mm, 
dysplasia, or three or more lesions).10 The diagnosis of sessile 

serrated lesions followed the 2010 World Health Organization 
guidelines;18 that is, diagnostic histologic features were pres-
ent in at least three crypts or in two adjacent crypts. To con-
form with overseas classifications of advanced neoplasia, we 
also undertook a second analysis, excluding cases in which 
classification as advanced neoplasia was based on multiple 
small conventional adenomas or multiple small sessile ser-
rated lesions without dysplasia.

Statistical analysis

D’Agostino– Pearson omnibus normality testing indicated 
that our continuous data were not normally distributed, and 
they are therefore summarised as medians with interquartile 
ranges (IQRs) or frequencies. Baseline comparisons between 
groups (with or without advanced neoplasia) were undertaken 
in Mann– Whitney U tests or �2 tests. Risk factors for advanced 
neoplasia after non- advanced adenoma were determined in 
multivariable logistic regression analyses adjusted for age, sex, 
history of adenoma, number of adenomas detected at baseline 
event, and time until surveillance colonoscopy. Model fit was 
evaluated with the Pearson goodness- of- fit statistic. Results are 
reported as odds ratios (ORs) with 95% confidence intervals  
(CIs). Data were graphed to model the relationship between the 
incidence of advanced neoplasia and time until surveillance colo-
noscopy. As it has been suggested that an advanced neoplasia 
yield of 10%14 or 15%15 justifies surveillance, we also estimated 
times until these thresholds were reached. P < 0.05 was deemed 
statistically significant. Analyses were undertaken in Stata 16.0.

Ethics approval

Our study was approved by the Southern Adelaide Clinical 
Human Research Ethics Committee (reference, 93.19).

Results

Non- advanced adenoma was the most significant 
finding in 3557 colonoscopies, including 2025 fol-
lowed by surveillance colonoscopies; after exclusions, 
we included 965 index procedures in our analysis 
(Box 1). There were 904 unique patients (median age, 
62.0 years; IQR, 54.0– 69.0 years), of whom 570 were 
men (59.1%). The median interval between the ini-
tial and surveillance procedures was 5.2 years (IQR, 
4.4– 6.0 years; range, 2.0– 14 years); 165 surveillance 
procedures were undertaken 2.0– 3.9 years after the 
polypectomy (17.1%), 553 after 4.0– 5.9 years (57.3%), 
222 after 6.0– 7.9 years (23.0%), and 25 after eight or 
more years (2.6%). Advanced neoplasia was identified 
in 169 surveillance colonoscopies, including one can-
cer (Box 2).

Risk factors associated with advanced neoplasia 
at surveillance colonoscopy

The median age at baseline was higher for patients 
with advanced neoplasia at the surveillance colo-
noscopy (64.0 years; IQR, 56.5– 72.0 years) than for 
patients without advanced neoplasia (61.0 years; IQR, 
53.0– 68.0 years). The proportions by sex and the num-
bers of previous procedures were similar for the two 
groups (Box 2).

Neither the location nor the size of non- advanced ad-
enoma influenced the incidence of future advanced 

1 Selection of procedures for inclusion in our analysis
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2 Patient characteristics at baseline colonoscopy (non- advanced adenoma found and removed), by detection of advanced neoplasia at 
surveillance colonoscopy

Characteristic All procedures
No advanced  

neoplasia found
Advanced neoplasia 

found* P

Number of procedures 965 796 169

Sex 0.05

Men 570 [59.1%] 459 (80.5%) 111 (20%)

Women 395 [40.9%] 337 (85.3%) 58 (15%)

Age (years), median (IQR) 62.0 [54.0– 69.0] 61.0 (53.0– 68.0) 64.0 (56.5– 72.0) < 0.001

History of adenoma 0.010

No 700 [72.5%] 591 (84.4%) 109 (16%)

Yes 265 [27.5%] 205 (77.4%) 60 (23%)

Type of previous adenoma 0.84

Advanced adenoma 156 [58.9%] 120 (76.9%) 36 (23%)

Non- advanced adenoma 109 [41.1%] 85 (78%) 24 (22%)

Colonoscopy number when non- advanced 
adenoma diagnosed

0.67

1 613 [63.5%] 511 (83.4%) 102 (17%)

2 197 [20.4%] 162 (82.2%) 35 (18%)

3 94 [9.7%] 74 (79%) 20 (21%)

4 35 [3.6%] 28 (80%) 7 (20%)

5 12 [1.2%] 10 (83%) 2 (17%)

6 8 [0.8%] 5 (62%) 3 (38%)

7 4 [0.4%] 4 (100%) 0

8 2 [0.2%] 2 (100%) 0

Non- advanced adenoma: location 0.10

Proximal 395 [41.7%] 325 (82.3%) 70 (18%)

Distal 362 [38.2%] 304 (84.0% 58 (16%)

Rectum 118 [12.5%] 100 (84.8%) 18 (16%)

More than one site 72 [7.6%] 52 (72%) 20 (28%)

Missing data 18 15 3

Non- advanced adenoma: largest size 0.68

< 5 mm 508 [53.2%] 422 (83.1%) 86 (17%)

5– 9 mm 446 [46.8%] 366 (82.1%) 80 (18%)

Missing data 11 8 3

Number of adenomas detected at baseline event 0.001

1 775 [80.3%] 655 (84.5%) 120 (16%)

2 190 [19.7%] 141 (74.2%) 49 (26%)

Time until subsequent colonoscopy (years), 
median (IQR)

5.2 [4.4‒ 6.0] 5.1 (4.4‒ 6.0) 5.2 (4.5‒ 6.2) 0.05

Time until subsequent colonoscopy (years) 0.047

2.0– 3.9 165 [17.1%] 144 (87.3%) 21 (13%)

4.0– 5.9 553 [57.3%] 459 (83.0%) 94 (17%)

6.0– 7.9 222 [23.0%] 176 (79.3%) 46 (21%)

8.0 or more 25 [2.6%] 17 (68%) 8 (32%)

IQR = interquartile range. * Colorectal cancer, adenomas with high grade dysplasia or villous change, adenomas or sessile serrated lesions with size ≥ 10 mm, sessile serrated lesions with 
dysplasia, or traditional serrated adenomas, or three or more adenomas or sessile serrated lesions. ◆
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neoplasia. However, advanced neoplasia was more frequently 
identified at surveillance following initial colonoscopies in 
which two adenomas rather than one were found (26% v 16%). 
Advanced neoplasia was more frequently identified if adenoma 
had also been found during earlier colonoscopies (23% v 16%), 
regardless of type (Box 2).

Influence of surveillance interval on incidence of advanced 
neoplasia

The incidence of advanced neoplasia increased with time be-
tween adenoma removal and the surveillance colonoscopy, from 
13% (2.0– 3.9 years after polypectomy) to 32% (eight or more 
years) (Box 2). In our regression analysis, the incidence of ad-
vanced neoplasia reached 10% at 2.2 years, 15% at 3.3 years, and 
19% at 5.0 years; the projected incidence at ten years was 30%. 
The estimated incidence was 8.5% one year after non- advanced 
adenoma removal, 9.5% after two years, and 13.4% after three 
years (Box 3). One cancer was diagnosed in a patient with symp-
toms, 9.8 years after non- advanced adenoma removal.

In our multivariable analysis, time between the initial and 
subsequent colonoscopy was positively associated with the in-
cidence of advanced neoplasia (per year: OR, 1.21; 95% CI, 1.08– 
1.37), as were age at time of non- advanced adenoma removal (per 
year: OR, 1.03; 95% CI, 1.01– 1.05), two non- advanced adenomas 
(v one: OR, 1.74; 95% CI, 1.18– 2.57), and prior history of adenoma 
(OR, 1.48; 95% CI, 1.01– 2.15). Sex did not influence the likelihood 
of advanced neoplasia (online Supporting Information, table 
1). The model- predicted values were not significantly different 
from the observed values (Pearson goodness- of- fit: P = 0.35). No 
significant interactions between variables were evident.

To assist interpretation of our data in countries in which the 
definition of advanced neoplasia does not include finding three 
or four small tubular adenomas or sessile serrated lesions, we 
performed an analysis in which these cases were not classified 
as advanced neoplasia. Age, prior adenoma, and time interval 
between colonoscopies were independently associated with ad-
vanced neoplasia at the surveillance colonoscopy, but not the 
number of adenomas at the time of non- advanced adenoma 

diagnosis (Supporting Information, table 2). The estimated inci-
dence of advanced neoplasia with this restricted definition was 
10.4% at 5 years and 23.1% at 10 years; the estimated incidence 
was 4.5% one year after non- advanced adenoma removal, 5.8% 
after two years, and 8.3% after three years. The incidence of ad-
vanced neoplasia reached 10% at 4.4 years, and 15% at 5.4 years 
(Supporting Information, figure).

Discussion

We estimated that the incidence of advanced neoplasia follow-
ing removal of non- advanced adenoma was 19% at five years 
and 30% at ten years; applying the more restricted definition of 
advanced neoplasia used outside Australia, the estimated in-
cidence was 10% at five years and 23% ten years after removal 
of non- advanced adenoma. Increasing the colonoscopy surveil-
lance interval from five to ten years would therefore increase 
the incidence of advanced neoplasia at surveillance by 60% 
(Australian definition) or 130% (overseas definition).

Setting the appropriate surveillance interval according to 
an agreed level of risk is difficult. Endoscopy resources are 
limited in many countries, and evidence- based determina-
tion is needed to optimise their use. Surveillance five years 
after finding a non- advanced adenoma at an index procedure 
is supported by published evidence, with earlier  colonoscopy 
providing no benefit.19,20 Although it has been proposed that 
extending the surveillance interval for people with non- 
advanced adenoma beyond five years is safe,21 few studies 
have specifically investigated the associated risk. A recent in-
vestigation found a low risk of advanced neoplasia in the ten 
years following removal of non- advanced adenoma (6.3%),22 
but its predominantly male veteran sample may limit the gen-
eralisability of its results.

A surveillance time frame of 5– 10 years is therefore largely based 
on expert consensus. The sample in our study more closely re-
flected real world practice because it included a broader range of 
patients than many studies. Our finding of increasing risk over 
time indicates that more studies are needed to confidently deter-
mine the degree to which the interval can be extended.

The 2020 European guidelines note that the safety 
of a longer interval is being investigated.14 The ac-
ceptable risk of advanced neoplasia at surveillance 
colonoscopy is generally regarded as 10– 15%.14,15 Our 
findings suggest that extending the surveillance in-
terval beyond five years markedly increases the risk 
of advanced neoplasia to levels higher than currently 
regarded as safe, regardless of the definition of ad-
vanced neoplasia applied. Surveillance intervals 
should reflect clinical practice guidelines based on 
risk– benefit analyses. Increasing the surveillance 
interval to ten years after non- advanced adenoma 
removal may significantly increase the incidence of 
advanced neoplasia at follow- up.

Advanced neoplasia is a heterogeneous pathology 
group, and the risk of colorectal cancer is unlikely 
to be the same for all categories. For instance, it is 
unlikely that three 2 mm tubular adenomas would 
be associated with the same risk of malignancy as 
large adenomas with villous features or high grade 
dysplasia. Two recent evaluations of the risk of ad-
vanced neoplasia after non- advanced adenoma re-
moval found that the risk of advanced neoplasia at 
follow- up was greater for patients with small polyps 

3 Proportions of procedures with advanced neoplasia at surveillance 
colonoscopy after non- advanced adenoma removal, by time to 
 surveillance colonoscopy: regression analysis

The circles represent mean proportions at each time point; the size of the circle indicates the number of 
procedures at that time point. The shaded envelope indicates the 95% confidence intervals. ◆
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(6– 9 mm) than for those with diminutive polyps (1– 5 mm), sug-
gesting that further risk stratification may be appropriate.23,24 
Although the size of the non- advanced adenoma was not a sig-
nificant risk factor in our study, patients who had two tubular 
adenomas at their initial procedure more frequently had ad-
vanced neoplasia on follow- up than those with one tubular ade-
noma, providing further evidence that the risk profile for people 
with non- advanced adenoma is not uniform.

Including multiple adenomas and sessile serrated lesions in the 
definition of advanced neoplasia was consistent with Australian 
guidelines for risk assessment when the colonoscopies in our 
study were performed. However, to make our findings relevant 
to overseas guidelines, we also analysed the data after excluding 
these cases from the definition of advanced neoplasia. Applying 
this more stringent definition reduced the influence of number 
of non- advanced adenomas at baseline colonoscopy on risk of 
advanced neoplasia, but not that of age, prior history of ade-
noma, and colonoscopy surveillance interval. The interval is the 
only modifiable factor in this list, and care should be taken when 
increasing it beyond five years.

Strengths and limitations

Our analysis included large numbers of procedures with long 
follow- up periods, and was one of the first studies to specifically 
examine advanced neoplasia risk after non- advanced adenoma 
over a period of more than five years. Further, we have estimated 
incidence at different time points on the basis of practice data 
from a long running surveillance colonoscopy program.

As our study was observational and retrospective in nature, it 
was difficult to exclude the possibility of selection bias. Further, 
we had no information about reasons for delayed colonoscopy 
in some patients. We did not examine metabolic syndrome as 

a variable, another potential factor for risk stratification.25 In 
addition, it is possible that incomplete adenoma resection may 
have increased the risk of advanced neoplasia; as we limited 
our analysis to good quality colonoscopies, the influence of this 
factor would have been low. Finally, the incidence of advanced 
neoplasia could also be influenced by variations in adenoma de-
tection rates, which were not available for the analysed dataset. 
However, our observations reflect real- world clinical practice, 
reflecting the range of skills required for adenoma detection at 
colonoscopy.

Conclusion

Increasing the surveillance colonoscopy interval after detec-
tion of non- advanced adenoma beyond five years is associ-
ated with increased subsequent risk of advanced neoplasia. As 
stated in the most recent Australian surveillance guidelines,7 
one needs to consider the quality of the initial colonoscopy, pa-
tient risk factors, and the results of other tests, such as interval 
faecal immunochemical tests, before lengthening the interval 
between colonoscopies. It is also important to balance the risks 
of colonoscopy against the benefits of reducing the risk of ad-
vanced neoplasia. Finally, more evidence about the safety of 
different surveillance intervals in clinical practice is needed 
to guide clinical care for people at elevated risk of colorectal 
cancer.
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