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Abstract
Background  Serrated polyposis syndrome, the most prevalent colonic polyposis, confers an increased colorectal cancer 
risk. Guidelines recommend close colonoscopy surveillance, but recent data suggest low neoplasia rates, supporting longer 
colonoscopy intervals.
Aims  Compare advanced neoplasia incidence between two- and three-year surveillance.
Methods  A multicentre, randomized non-inferiority trial was conducted (May 2021–November 2024) in six Spanish hospi-
tals. Patients fulfilling the 2019 WHO criteria for serrated polyposis syndrome, including newly diagnosed individuals and 
those already under surveillance, with no advanced neoplasia and fewer than five relevant polyps at their previous colonos-
copy, were randomized to surveillance at 2 or 3 years. The primary endpoint was advanced neoplasia incidence.
Results  A total of 131 patients with serrated polyposis syndrome were included (47.3% women; mean age 66.1). Seventy-
two were assigned to 2-year and 59 to 3-year colonoscopy. Among 771 resected lesions, 2.4% were advanced adenomas 
or advanced serrated polyps; no colorectal cancer was detected. The proportion of patients with advanced neoplasia in the 
surveillance colonoscopy was 6.9% (2-year) vs 13.6% (3-year), with no statistical difference (p = 0.208) but with a risk dif-
ference of + 6.7% (95% CI –4.1 to 17.5%) exceeding the pre-specified non-inferiority margin of + 10%. Time since serrated 
polyposis syndrome diagnosis ≤ 3 years was associated with advanced neoplasia (OR 4.4; 95% CI 1.56–14.71; p = 0.024).
Conclusions  In patients with serrated polyposis syndrome, extending colonoscopy surveillance to a three-year compared 
with a two-year interval yielded inconclusive evidence regarding non-inferiority for advanced neoplasia incidence. The early 
years following serrated polyposis syndrome diagnosis were identified as a risk factor for advanced neoplasia.
Trial Registration  Clinical Trial Registry ClinicalTrials.gov (NCT04906343). Date: 5–10-2021.
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Abbreviations
AA	� Advanced adenoma
AN	� Advanced neoplasia
CI	� Confidence interval
CRC​	� Colorectal cancer
HD	� High definition
HP	� Hyperplastic polyps
OR	� Odds ratio
SPS	� Serrated polyposis syndrome
SP	� Serrated polyps
SSL	� Sessile serrated lesions
TSA	� Traditional serrated adenomas
WHO	� World Health Organization

Background

Serrated polyposis syndrome (SPS) is the most prevalent 
colorectal polyposis syndrome, ranging from 0.31 to 0.80% 
in faecal occult blood test or faecal immunochemical test-
based screening programs and from 0.1 to 0.4% in colonos-
copy-based programs [1] [2] [3] [4]. SPS is characterized 
by the presence of multiple colonic serrated polyps (SP), 
including hyperplastic polyps (HP), sessile serrated lesions 
(SSL) and traditional serrated adenomas (TSA). Diagnosis 
is based on clinical criteria established by the World Health 
Organization (WHO). The fifth edition of the WHO Clas-
sification of Tumours of the Digestive System, published in 
July 2019, defines SPS by either of the following criteria: 
Criterion I, ≥ 5 SP proximal to the rectum, all ≥ 5 mm in size, 
with at least 2 being ≥ 10 mm; or Criterion II, > 20 SP of any 
size distributed throughout the large bowel, with at least 5 
located proximal to the rectum [5] [6].

SPS is associated with an increased risk of colorectal 
cancer (CRC) compared to the general population. Two 
large cohort studies have estimated a wide range of CRC 
incidence, from 15 to 29% [7] [8]. A 2022 meta-analysis 
reported an overall CRC risk of 19% (95% CI, 15.3 –24.5%), 
with higher rates at the time of or prior to SPS diagnosis 
(14.7 [95% CI, 11.4 –18.8%] and 7% [95% CI, 4.5 –10.7%], 
respectively) [9]. However, the CRC incidence during sur-
veillance appears lower than initially described, with a 
reported rate of 2.8% (95% CI, 1.8 –4.4%)[9] [10].

Once SPS is diagnosed, all polyps ≥ 5 mm or with dys-
plastic appearance (adenoma, SSL or TSA) must be resected. 
Ideally, this should be achieved via polypectomy, although 
surgical resection may be required if the polyp burden can-
not be managed endoscopically. After this clearing phase, 
close endoscopic surveillance is required. Long-term studies 
report a 5-year cumulative incidence of advanced neoplasia 
(AN)—CRC, advanced adenomas (AA), or advanced SP—
of 21.6–44% during surveillance and after the clearing phase 
[11] [12] [13] [14]. In a prospective cohort of 142 patients 

with a 10-year follow-up and regular colonoscopy (1–2 years), 
only one CRC case was detected. In this study, the incidence 
of AN at different surveillance rounds remained below 16% 
[14]. Risk factors identified for CRC or AN include smoking, 
proximal SSL, SP with dysplasia, AA, advanced SP, and SPS 
2010 WHO criterion I [13]. These data had led to the proposal 
of personalized surveillance based on individual risk.

Due to limited evidence, surveillance recommendations 
differ across countries and scientific societies. The U.S. 
Multi-Society Task Force in 2012 advised annual colo-
noscopy [15], the American College of Gastroenterology 
in 2015 suggested 1–3 years [16], the Spanish Society of 
Gastroenterology in 2018 proposed 1–3 years [17] and the 
British Society of Gastroenterology in 2020 recommended 
1–2 years surveillance [18], based on histology and the size 
of lesions detected during last colonoscopy.

The 2019 European Society of Gastrointestinal Endos-
copy (ESGE) guideline on endoscopic management of poly-
posis syndromes, recommends surveillance intervals based 
on the findings of the most recent colonoscopy: 1 year after 
resection of ≥ 1 advanced adenoma or advanced SP or ≥ 5 
relevant polyps (adenomas, SSL, TSA or HP ≥ 5 mm), and 
2 years otherwise (strong recommendation and low quality 
of evidence) [19]. A prospective multicentre study of 271 
patients with SPS (median follow-up 3.6 years) supported 
these recommendations, showing AN incidence of 15.6% 
with biennial vs 24.4% with annual surveillance (OR 0.57, 
95% CI, 0.31–1.07; p = 0.08). Only two CRC cases occurred, 
yielding 5-year incidence of 1.3%, while the 5-year cumula-
tive AN incidence was 44% (95% CI, 37 –52%). SPS WHO 
criterion I conferred higher AN risk than criterion III (2010 
WHO criteria), whereas other factors were not significant. 
Notably, patients who had undergone prior surveillance 
colonoscopy before enrolment had lower risk of AN (HR 
0.64, 95% CI, 0.41–0.99; p = 0.047) [20].

Since biennial surveillance is not associated with 
increased AN, extending intervals beyond 2 years may be 
safe, effective and could alleviate the burden on endoscopy 
units. We therefore designed a non-inferiority randomized 
controlled trial to evaluate extended surveillance intervals 
in patients with SPS, specifically in individuals without AN 
or with fewer than five relevant polyps in their last colonos-
copy. Patients were randomized to undergo colonoscopy at 
either two years or three years, and the primary outcome was 
the incidence of AN in each group.

Methods

Study Design

This multicentre randomized controlled trial (1:1) was 
conducted from May 2021 to November 2024 in six 
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Spanish hospitals, five with high-risk digestive cancer clin-
ics. Patients fulfilling 2019 SPS WHO criteria and under sur-
veillance were randomized to colonoscopy at 2 years (group 
A) or 3 years (group B). Randomization was performed and 
data were collected for all centres via the online database 
REDCap (Research Electronic Data Capture), an electronic 
data capture tool hosted by the Spanish Society of Digestive 
Endoscopy (SEED; www.​wseed.​es) [21] The study complied 
with the Declaration of Helsinki, was approved by ethics 
committees (Comité ético de investigación del Hospital 
Universitario de Móstoles. ID: 2021/005) and registered at 
ClinicalTrials.gov (NCT04906343). Written informed con-
sent was obtained from all individual participants included 
in the study. All authors had access to the study data and 
approved the final manuscript. This research was supported 
by a grant from the Spanish Society of Digestive Endoscopy 
Foundation (FSEED) in November 2021.

Inclusion and Exclusion Criteria

Eligible patients were aged ≥ 18 years with 2019 SPS WHO 
criteria I, II or both, having completed the clearing phase, 
and with < 5 relevant polyps and no AN at last colonoscopy. 
Thus, all patients had a recommended two-year surveillance 
interval according to ESGE guidelines before randomization 
[19]. Adequate bowel preparation (Boston Bowel Prepara-
tion Scale (BBPS) ≥ 2 in all segments [22] and cecal intuba-
tion in prior colonoscopy were required.

Exclusion criteria were patients with inflammatory bowel 
disease, other hereditary CRC syndromes (e.g., familial ade-
nomatous polyposis, Lynch syndrome, Peutz-Jeghers syn-
drome, Cowden syndrome, juvenile polyposis syndrome), 
total colectomy, a piecemeal-resected lesion or invasive 
cancer at previous colonoscopy, and colonoscopy outside 
the scheduled window (± 3 months).

Definitions:

•	 AN: AA or advanced SP.
•	 Relevant polyps: SSL or adenomas (any size), TSA or 

HP ≥ 5 mm.
•	 Clearing phase: resection of polyps ≥ 5 mm or with dys-

plasia (adenomas, TSA, SSL) [19].
•	 Time since SPS diagnosis: defined as the interval 

between the initial clinical diagnosis of SPS and study 
inclusion.

Clinical and Demographic Characteristics

Collected variables were age, sex, smoking history, SPS 
criteria, personal CRC history, prior surgery, history of AA 
or advanced SP, and number of surveillance colonoscopies 
after clearing phase.

Colonoscopy Procedures

High-definition (HD) endoscopes were used in all proce-
dures, with chromoendoscopy, virtual chromoendoscopy 
or white light at endoscopist discretion. Bowel preparation 
protocols followed each centre’s standard practice and an 
adequate bowel preparation was defined as BBPS ≥ 2 in all 
segments [22]. Sedation was administered at the discre-
tion of the endoscopist or anaesthesiologist. Polyps were 
classified according to the Paris morphology classifica-
tion [23]. Location, size, and resection technique were 
recorded. Complications, including bleeding, perforation, 
or cardiorespiratory events occurring during the proce-
dure or within the first month afterward, were documented. 
Only events requiring endoscopic intervention, hospitali-
zation, or surgery were recorded.

Histopathology

Tissue specimens were processed by gastrointestinal 
pathologists using the Vienna classification for gastro-
intestinal epithelial neoplasia [24]. Invasive cancer was 
defined as neoplastic extension into the submucosa or 
beyond. Polyp classification was based on WHO criteria 
[25]:

•	 SP: HP, SSL (with or without dysplasia) and TSA.
•	 AA: Adenomas ≥ 10 mm, villous component and/or with 

high-grade dysplasia.
•	 Advanced SP: SP > 10 mm and/or with dysplasia.
•	 AN: Includes AA, Advanced SP and CRC.

Study Outcomes

Primary: compare AN incidence between 2- and 3-year 
groups with a non-inferiority analysis.

Secondary: compare relevant polyps incidence, identify 
risk factors for AN and changes in surveillance recommen-
dations based on ESGE guidelines.

Sample Size Calculation

Based on a Dutch study by Bleijenberg et al., reporting a 
15.6% AN incidence at two-year colonoscopy in low risk 
patients [20], the non-inferiority margin between the 2 years 
interval and the 3 years strategy was set to + 10%. A total of 
136 patients (68 per group) were required to achieve 80% 
power (β = 0.2) to demonstrate non-inferiority, with a one-
sided 0.025 contrast (type I error) and a 5% significance 
level, accounting for 10% expected losses.

http://www.wseed.es
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Statistical Analysis

Statistical analyses were performed using the Statistical Package 
for the Social Sciences (SPSS), version 25.0 for Windows (IBM 
Corp., 2012. NY: IBM Corp., USA). Quantitative variables were 
expressed in mean and standard deviation (± SD) and qualitative 
variables were expressed in frequency (%). In the non-inferiority 
analysis a 1-sided confidence interval approach was used, with a 
preestated margin of non-inferiority (Δ) of + 10%.

Two-stage analyses were performed using Fisher's test, 
χ2 test, and multiple logistic regression analysis to identify 
the variables that predicted AN. Factors reaching p < 0.20 
in univariate analysis were analysed using a multivariate 
logistic regression test. Univariate analysis and multivari-
ate logistic regression results were summarized as the odds 
ratio (OR) with 95% confidence interval (CI) for the OR. A 
p-value < 0.05 was considered statistically significant.

Results

Patient Characteristics

A total of 145 patients were enrolled in the study, 74 rand-
omized to 2-year follow-up colonoscopy (Group A) and 71 to 

3-year follow-up (Group B). The study flow-chart following 
the Consolidated Standards of Reporting Trials (CONSORT) 
guidelines is presented in Fig.  1. Fourteen patients were 
excluded after randomization: 4 due to inadequate bowel prep-
aration and 10 because they were lost in follow-up or under-
went colonoscopy outside surveillance window (4% in the 
2-year and 16.9% in the 3-year group). This left 131 patients 
for the data analysis, 72 in Group A and 59 in Group B.

Mean age was 66.1 years (range 33.4–79.6), and 47.3% 
were women. At inclusion, 20 patients (15.3%) met WHO 
criterion I, 88 (67.2%) criterion II, and 23 (17.5%) both. Ten 
patients (7.6%) had a prior history of CRC.

SPS diagnosis was established a mean of 4.9 years before 
inclusion (range 1–11). Patients had a median of 6.5 colo-
noscopies (range 2–22) before enrolment, and 2.9 surveil-
lance procedures after the clearing phase (range 0–7). Only 
7 patients (5.3%) were randomized immediately after the 
clearing phase, while 105 (80.2%) had ≥ 2 surveillance colo-
noscopies before randomization. Baseline characteristics of 
patients by group are detailed in Table 1.

Procedures and Adverse Events

All procedures used HD technology. Virtual chromoendos-
copy was applied in 30 cases (23.8%), chromoendoscopy 

Fig. 1   Patients’ flowchart
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with indigo carmine in 69 (53.1%), and white light alone in 
30 (23.1%). No adverse events as bleeding, perforation or 
cardiopulmonary complications were reported. Procedure 
duration and withdrawal time were similar between groups 
(Table 2).

Lesions and Outcomes

Across 124 patients, 771 polyps were resected, and 7 
patients had no lesion. Twelve polyps lacked histology, and 
140 (18.3%) were normal tissue, leaving 619 lesions for 
analysis. The morphological and histological characteris-
tics of polyps are shown in Table 2. Among these, 15 (2.4%) 
polyps were AN—6 in group A (1.7%) and 9 in group B 
(3.4%), p = 0.177. Fourteen were advanced SP and one was 
an AA; no CRC was detected.

Relevant polyps (SSL, adenomas, TSA or HP ≥ 5 mm) 
accounted for 289 (46.7%): 170 (48.2%) in group A and 
119 (44.7%) in group B, p = 0.398. Mean polyp size 
was similar between the two groups: 3.74 mm (95% CI 
3.52–3.94) vs 3.77 mm (95% CI 3.57–3.96), p = 0.819; as 
the mean number of polyps per colonoscopy 5.9 (95% CI 
5.1–6.8) vs 5.3 (95% CI 4.4–6.3), p = 0.336, group A and 
group B respectively.

Table 3 presents the distribution of lesions detected per 
patient in each surveillance group, including AN and rel-
evant polyps.

The overall incidence of patients with at least one AN 
was 9.9% (95% CI, 4.8–15.1%), with 5/72 patients (6.9%) 
in group A and 8/59 (13.6%) in group B, p = 0.208. The 
risk difference was + 6.7% (95% CI, –4.1 to 17.5; p = 0.27). 
Since the upper bound of the confidence interval exceeds 
the pre-specified non-inferiority margin of + 10%, non-
inferiority of the 3-year strategy could not be established. 
Therefore, results regarding non-inferiority analysis are 
inconclusive [26] Figure 2.

Patients with ≥ 5 relevant polyps were 18.1% in group 
A vs 15.3% in group B, with no statistical difference (OR 
0.81, 95% CI, 0.32–2.07; p = 0.670).

According to ESGE polyposis guideline recommenda-
tions, 30/131 patients (22.9%) should return to a 1-year 
surveillance interval, due to the detection of at least one 
AN or ≥ 5 relevant polyps, with no difference between 
groups (22.2% in group A vs 23.7% in group B, p = 0.838); 
Fig. 3.

A post hoc power analysis yielded a statistical power 
of 33.8%.

Association Between Advanced Neoplasia 
and Patient Characteristics

Table 4 shows associations between patient variables and 
AN. In univariate analysis, shorter time since SPS diag-
nosis and fewer number of colonoscopies after the clear-
ing phase significantly predicted AN. Patients diagnosed 
from SPS ≤ 3 years had a 7.1-fold higher risk (95% CI, 

Table 1   Baseline patient 
characteristics by surveillance 
group

SPS serrated polyposis syndrome, WHO world health organization, CRC​ colorectal cancer, AA advanced 
adenoma, SP serrated polyps

Group A (2 years) Group B 
(3 years)

SPS WHO criteria (%):
 II 63.9 71.2
 I 15.3 15.3
 I + II 20.8 13.6

Women (%) 55.6 37.3
Age (years) 67.1 64.9
Smoking history (%)
 Never 15.3 18.5
 Current 36.1 39.0
 Former 48.8 42.5

Personal history of CRC (%) 8.3 6.8
Partial colectomy (%) 9.7 6.8
Median number of colonoscopies before randomization 6.5 6.4
Median number of colonoscopies after the clearing phase 2.8 2.9
Patients with previous AA (%) 36.6 43.1
Patients with previous advanced SP (%) 59.2 55.2
Years after diagnosis of SPS (median) 4.7 5.2
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Table 2   Polyp characteristics 
in all colonoscopies by 
surveillance group and time of 
procedures.

CRC​ colorectal cancer, HGD high-grade dysplasia, HP hyperplastic polyp, LGD low-grade dysplasia, SSL 
sessile serrated lesion, SP serrated polyp, SD standard deviation

Group A (2 years) Group B (3 years) p (sig < 0.05)

Histology
 Total polyps 412 347 0.002
 Normal tissue 59 (14.2%) 81 (23.1%)
 HP 205 (49.3%) 171 (48.9%)
 SSL without dysplasia 44 (10.6%) 26 (7.4%)
 SSL with dysplasia 0 (0%) 4 (1.1%)
 Adenoma LGD 104 (25.0%) 65 (18.6%)
 Adenoma HGD 0 (0%) 0 (0%)
 CRC​ 0 (0%) 0 (0%)

Total polyps with histology 353 266
Advanced adenomas 0 (0%) 1 (0.4%) 0.249
Advanced SP 6 (1.7%) 8 (3.0%) 0.279
Advanced neoplasia 6 (1.7%) 9 (3.4%) 0.177
Relevant polyps 170 (48.2%) 119 (44.7%) 0.398
Location
Total polyps with histology 353 266 0.011
Ascending colon 79 (22.4%) 42 (15.8%)
Transverse colon 89 (25.2%) 73 (27.4%)
Descending colon 64 (18.1%) 38 (14.3%)
Sigmoid colon 88 (24.9%) 66 (24.8%)
Rectum 33 (9.3%) 47 (17.7%)
Morphology (Paris classification)
 Total polyps with histology 353 266 0.020
 0-Is 24 (6.8%) 27 (10.2%)
 0-Ip 0 (0%) 0 (0%)
 0-IIa 278 (78.8%) 218 (78.8%)
 0-IIb 51 (14.4%) 21 (7.9%)
 0-IIc 0 (0%) 0 (0%)
 0-III 0 (0%) 0 (0%)

Mean size (SD) mm 3.7 (1.9) 3.8 (1.6) 0.819
Number of polyps per colonoscopy (mean) 5.9 5.3 0.336
Total time of colonoscopy (minutes) 28.2 26.3 0.297
Withdrawal time during colonoscopy (minutes) 22.5 20.6 0.267

Table 3   Distribution of lesions 
per patient by surveillance 
group

SSL sessile serrated lesion, SP serrated polyp

Group A
(2 years)

Group B
(3 years)

risk difference p (sig < 0.05)

Patients with at least one: 5 (6.9%) 8 (13.6%)  + 6.7%
(95% CI, −4.1 to 17.5)

0.208
 Advanced neoplasia 13 (18.1%) 9 (15.3%) 0.670
 Relevant polyp SSL without 

dysplasia
16 (22.2%) 7 (11.9%) 0.121

 SSL with dysplasia 0 (0%) 2 (3.4%) 0.115
 Advanced adenoma 0 (0%) 1 (1.7%) 0.267
 Advanced SP 5 (6.9%) 7 (11.9%) 0.331

Total patients 72 59
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Fig. 2   Non-inferiority analysis. Risk difference of advanced neoplasia

Fig. 3   Colonoscopy recommen-
dation based on lesions detected

Table 4   Predictors of advanced 
neoplasia and relevant polyps 
using univariate analysis

WHO World Health Organization, SPS serrated polyposis syndrome, CRC​ colorectal cancer, SP serrated 
polyps

Advanced neoplasia Relevant polyps

OR (95% CI) p value OR (95% CI) p value

Gender (male) 1.05 (0.33–3.32) 0.929 1.72 (0.67–4.43) 0.259
Age (> 65 years) 0.75 (0.24–2.36) 0.636 1.51 (0.57–3.99) 0.408
Smoking (former or current) 1.54 (0.39–6.21) 0.523 2.15 (0.74–6.40) 0.149
WHO criterion at study inclusion (I or I + II) 1.88 (0.59–5.97) 0.281 0.40 (0.13–1.26) 0.109
SPS diagnosis (≤ 3 years) 7.05 (2.03–24.12)  < 0.001 2.11 (1.02–4.48) 0.048
Colonoscopies after clearing phase (< 2) 3.11 (1.05–9.58) 0.036 1.66 (0.77–3.56) 0.191
Previous colonoscopy (> 5) 0.57 (0.18–1.79) 0.330 1.28 (0.50–3.30) 0.617
Personal history of CRC (yes) 0.89 (0.70–1.44) 0.275 0.53 (0.06–4.40) 0.550
Previous advanced adenoma (yes) 1.60 (0.49–5.27) 0.436 1.87 (0.73–4.79) 0.188
Previous advanced SP (yes) 4.14 (0.87–19.73) 0.056 2.08 (0.75–5.76) 0.154
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2.03–24.12; p < 0.001), and those with < 2 colonoscopies 
after clearing phase had a 3.1-fold higher risk (95% CI, 
1.05–9.58; p = 0.036). A history of advanced SP also sug-
gested increased risk of AN (OR 4.1, 95%CI, 0.87–19.73; 
p = 0.056), but not reaching statistical significance.

In multivariate analysis (Table  5), only time since 
SPS diagnosis remained an independent predictor of 
AN: patients diagnosed from SPS (≤ 3 years had 4.4-fold 
greater risk (95% CI, 1.56–14.71; p = 0.024).

Association Between Relevant Polyps and Patient 
Characteristics

The statistical analyses of predictors for relevant polyps are 
presented in Table 4. In univariate analysis, time since SPS 
diagnosis was a significant predictor of relevant polyps: 
patients diagnosed (≤ 3 years had 2.11-fold higher risk (95% 
CI, 1.02–4.48; p = 0.048).

In multivariate analysis (Table 5), time since SPS diag-
nosis remained a significant predictor for relevant polyps: 
patients diagnosed ≤ 3 years had 2.04-fold greater risk (95% 
CI, 1.18–3.93; p = 0.033).

Discussion

In this randomized multicentre trial, non-inferiority of the 
3-year follow-up strategy could not be established as the 
upper bound of the risk difference CI exceeded the pre-
specified non-inferiority margin of + 10%, the study was 
significantly underpowered, likely due to the high drop-
out rate in the 3-year group. The incidences of AN in the 
surveillance colonoscopy (6.9% in 2-year group vs 13.6% 

in 3-year group) were lower than expected based on pre-
vious literature. It is important to highlight that, in our 
study, patients did not present AN on the previous colo-
noscopy; therefore, they could be considered a low-risk 
group for AN. Bleijenberg et al., in a single-centre cohort 
of patients with SPS with a prospective 10-year follow-up 
and surveillance intervals of either 1 or 2 years, reported 
a relatively stable incidence of AN ranging from 8.7 to 
24.2% [14]. Another single-centre cohort from Spain 
reported a 3-year cumulative AN incidence at 12.1% in 
109 monitored patients, which aligns with our cohort [13]. 
The largest prospective study, involving 271 patients with 
SPS with a median follow-up of 3.6 years, described a 
cumulative AN incidence of 44% at five years [20]. This 
study suggested that AN incidence declines after surveil-
lance, with lower risk in patients who had at least one prior 
colonoscopy (HR 0.64, 95% CI 0.41 to 0.99, p = 0.047). In 
that cohort, 31% of patients had prior follow-up, whereas 
69% underwent their first surveillance colonoscopy after 
inclusion. In our study, only 7 patients (5.3%) had their 
first surveillance colonoscopy after inclusion—consider-
ably lower than in the Bleijenberg study. Even more, 105 
of 131 patients (80.2%) had undergone at least two surveil-
lance colonoscopies after the clearing phase. In univariate 
analysis, patients with fewer than two colonoscopies after 
the clearing phase had over threefold higher AN risk, even 
though this association was not confirmed in multivariable 
analysis. Moreover, in our study, time since SPS diagno-
sis was also associated with AN detection at surveillance 
colonoscopy. Our findings suggest that patients with 
longer follow-up, longer interval since SPS diagnosis and 
more colonoscopies after the clearing phase have a lower 
risk of developing AN. Given that most participants were 
already under prolonged surveillance before enrolment and 

Table 5   Multivariate logistic regression for advanced neoplasia and relevant polyps

WHO World Health Organization, SPS serrated polyposis syndrome, CRC​ colorectal cancer, SP serrated polyps

Variable for advanced neoplasia Univariate analysis Multivariate analysis

OR (95%CI) p value OR (95%CI) p value

SPS diagnosis (≤ 3 years) 7.05 (2.03–24.12)  < 0.001 4.35 (1.56–14.71) 0.024
Colonoscopy after clearing phase (< 2) 3.11 (1.05–9.58) 0.036 1.91 (0.28–13.26) 0.513
Previous advanced SP (yes) 4.14 (0.87–19.73) 0.056 2.64 (0.52–13.43) 0.242

Variable for relevant polyps Univariate analysis Multivariate analysis

OR (95%CI) p value OR (95%CI) p value

Smoking (former or current) 2.15 (0.74–6.41) 0.149 1.79 (0.65–4.43) 0.196
WHO criterion at study inclusion (I or I + II)) 0.40 (0.13–1.26) 0.109 0.88 (0.17–2.33) 0.463
SPS diagnosis (≤ 3 years) 2.11 (1.02–4.48) 0.048 2.04 (1.18–3.93) 0.033
Colonoscopy after clearing phase (< 2) 1.66 (0.77–3.56) 0.191 1.22 (0.30–3.15) 0.784
Previous advanced adenoma (yes) 1.87 (0.73–4.79) 0.188 1.75 (0.69–5.25) 0.263
Previous advanced SP (yes) 2.076 (0.75–5.76) 0.154 1.87 (0.71–4.21) 0.206



4085Digestive Diseases and Sciences (2026) 71:4077–4087	

had no AA or advanced SP in their last colonoscopy, these 
two factors may explain the slightly lower incidence of AN 
observed in our cohort.

Several risk factors have been linked to CRC and AN 
incidence in retrospective studies, including the presence 
of SP with dysplasia, previous AA or advanced SP, and ful-
filling both SPS WHO criteria I and III (2019 criteria II) 
[7] [8] [12]. Although these retrospective studies included 
a large number of patients, their findings were not corrobo-
rated in a subsequent prospective study [14]. Our results did 
not establish a relationship between these risk factors and 
AN occurrence. Gender, smoking status, age, prior AN, and 
SPS WHO criteria were not associated with AN detection. 
However, patients with prior advanced SP had a higher pro-
portion of AN compared to those without (13.5% vs 3.6%), 
a difference approaching statistical significance [OR: 4.14 
(95%IC: 0.87–19.73), p = 0.056]. While our sample size was 
relatively large, it may not have been sufficiently powered to 
detect associations between risk factors and AN.

Meeting 2019 SPS criteria I or I + II in our study was 
linked to nearly double the AN risk (14 vs 8%), but with-
out statistical significance [OR: 1.88, (95% CI 0.59–5.97), 
p = 0.28]. These data are comparable with larger retrospec-
tive and prospective cohorts that found significant higher 
AN incidence in patients meeting criteria I or I + III (2019 
criteria II) [13] [20]. However, those studies were mainly ret-
rospective and focused on 5-year cumulative AN incidence, 
while ours assessed 2- and 3-year intervals. Our cohort also 
included more patients meeting only SPS criteria II (67.2%) 
compared to other studies (36.5–45.3%) [7] [20]. Perhaps 
with a larger cohort including more SPS criteria I patients, 
differences might reach significance, potentially confirm-
ing a higher AN risk in these individuals. Notably, the only 
meta-analysis on CRC risk in SPS found no differences 
across WHO criteria [9].

In our cohort, 10 of 131 patients (7.6%) had a history of 
CRC, lower than reported in the literature. A meta-analysis 
by Müller et al. estimated a 14.7% CRC risk prior to SPS 
diagnosis and 2.8% during surveillance [9]. No cases of 
CRC were detected at either the 2- or 3-year follow-up 
in our study, consistent with previous findings from two 
retrospective series: one including 60 patients (mean fol-
low-up, 2.1 years) and another with 96 patients (median, 
3.6 years), as well as a single-centre prospective study of 
41 patients followed for 3.1 years, all of which reported 
no incident CRC cases [11] [27] [28]. In a Dutch prospec-
tive cohort (> 10 years), only one CRC occurred, yielding 
a 5-year incidence of 1.0% (95% CI, 0–2.9%) [14]. These 
findings support the low risk of CRC during surveillance 
in patients with SPS, particularly with the use of HD-
endoscopy and specialized endoscopist care.

In recent years, greater awareness of SPS has enhanced 
early detection in screening programs and routine 

colonoscopies, allowing diagnosis as soon as WHO cri-
teria are met and potentially preventing the development 
of AN. All participating centres in our study were sec-
ondary hospitals that do not receive patients from other 
institutions. This differs from specialized referral centres, 
where selection bias may lead to a higher proportion of 
aggressive SPS phenotypes and, consequently, increased 
AN incidence.

A total of 771 polyps were resected across 131 colonos-
copies, with a mean of 5.9 polyps per procedure. In com-
parison, another long-term follow-up study [14] reported 
1308 polypectomies across 447 colonoscopies, with a 
mean of 2.9 polyps per procedure. Most resected polyps in 
our study were small, distributed throughout the colon and 
with highest frequence in the transverse colon (28%). On 
the other hand, 18.3% of resected polyps were histologi-
cally normal tissue, data often not reported. This suggests 
that the high number of small polyps may have led to the 
resection of lesions that lacked histological abnormalities. 
Given that 67.2% of our patients met only SPS WHO crite-
ria II and they typically present with numerous small pol-
yps, this could have contributed to the high rate of small 
and normal-tissue resections. Importantly, no carcinoma 
or high-grade dysplasia was detected in any colonoscopy.

An additional finding was the significantly higher pro-
portion of resected lesions with normal histology in the 
3-year surveillance group compared with the 2-year group. 
This difference may reflect a more cautious endoscopic 
approach in patients undergoing longer surveillance inter-
vals, resulting in a lower threshold for resection of sub-
tle lesions. Such behavior could partly explain both the 
increased resection of non-neoplastic tissue and the higher 
detection of AN observed in the 3-year group.

The absence of adverse events was likely due to the 
study’s sample size, which may not have been sufficient 
to capture such occurrences, and also to the high number 
of diminutive lesions resected. The estimated incidence of 
post-polypectomy bleeding in different series is approxi-
mately 0.6–1.8% [29], while perforation rates following 
colonic endoscopic mucosal resection range from 0.08 to 
0.11% [30, 31]. However, this does not negate the risks 
and inconveniences associated with colonoscopy surveil-
lance, including the potential impact on patients' daily 
activities [31].

Withdrawal time was consistently high across procedures, 
with a mean ≥ 20 min in both groups. Chromoendoscopy—
either virtual or with indigo carmine—was employed in over 
75% of colonoscopies, and all procedures were performed 
using HD technology. This underscores the high quality and 
reliability of surveillance colonoscopies in our study, in line 
with quality guidelines.

Our findings indicate that time since SPS diagnosis may 
be relevant for risk stratification during surveillance. The 



4086	 Digestive Diseases and Sciences (2026) 71:4077–4087

independent association between a shorter time since SPS 
diagnosis (≤ 3 years) and AN suggests that the early sur-
veillance period may require closer follow-up. In contrast, 
in patients without AN after an initial stable surveillance 
period of at least three years, a cautious consideration of 
extended surveillance intervals may be reasonable. Never-
theless, this approach should be interpreted conservatively 
and requires validation in further prospective studies.

Strengths and Limitations

Our study has several strengths. It was a randomized, con-
trolled, multicentre trial conducted in regional hospitals, 
most with dedicated high-risk digestive cancer clinics. All 
patients met the updated 2019 SPS WHO criteria I or II, 
making this the first prospective study to apply these defini-
tions, and underwent high-quality endoscopic procedures, 
ensuring reliable results.

Nonetheless, there are limitations. The study was con-
ducted only in Spain, with a higher proportion of patients 
fulfilling SPS criteria II than in previous cohorts. Follow-up 
was restricted to a single surveillance round of 2 or 3 years, 
limiting conclusions on long-term AN incidence. Moreover, 
the post hoc power analysis yielded a statistical power of 
only 33.8%, well below the commonly accepted 80% thresh-
old, indicating a low probability of detecting true effects in 
this sample, largely due to patient loss in the 3-year group 
and reflecting an underestimated sample size.

Conclusion

In conclusion, extending endoscopic surveillance to three 
years in patients with SPS could not be demonstrated as non-
inferior to the standard two-year strategy for AN detection, 
the study was significantly underpowered. Although some 
authors suggest longer intervals for selected patients, our 
results could not currently support this approach. Patients 
with SPS continue to carry an elevated risk of AN or CRC 
during follow-up, although lower than previously reported. 
This risk is greatest in the initial years after SPS diagnosis, 
and our findings indicate it may decrease beyond the third 
year. Such a trend could support a de-intensified surveillance 
strategy for selected subgroups, especially in these low-risk 
patients without advanced neoplasia and with fewer than 5 
relevant lesions in the last colonoscopy. However, additional 
long-term studies and adequately powered randomize con-
trolled trials, with multiple surveillance rounds, are neces-
sary to more accurately define the cumulative risk under the 
revised 2019 SPS WHO criteria.
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