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ABSTRACT

Background and study aims

Patients with serrated polyposis syndrome (SPS) are advised to undergo endoscopic 
surveillance for early detection of polyps and prevention of colorectal cancer (CRC). The 
optimal surveillance and treatment regimen is unknown. We performed a prospective 
study to evaluate a standardized endoscopic treatment protocol in a large cohort of 
patients with SPS.

Methods

We followed a cohort of patients with SPS who received annual endoscopic surveillance 
at the Academic Medical Center in Amsterdam, the Netherlands from January 2007 
through December 2012. All patients underwent clearing colonoscopy with removal of 
all polyps ≥3 mm. After clearance, subsequent follow-up colonoscopies were scheduled 
annually. The primary outcome measure was the incidence of CRC and polyps. Second-
ary outcomes were the incidence of complications and the rate of preventive surgery.

Results

Successful endoscopic clearance of all polyps ≥ 3 mm was achieved in 41/50 (82%) 
patients. During subsequent annual surveillance with a median follow-up time of 3.1 
y (inter-quartile range, 1.5-4.3 y), CRC was not detected. The cumulative risks of detect-
ing CRC, advanced adenomas, or large (≥ 10 mm) serrated polyps after 3 surveillance 
colonoscopies were 0%, 9%, 34%, respectively. Twelve patients (24%) were referred for 
preventive surgery; 9 at initial colonoscopy and 3 during surveillance. Perforations or 
severe bleedings did not occur.

Conclusions

Annual surveillance with complete removal of all polyps ≥3 mm with timely referral of 
selected high-risk patients for prophylactic surgery prevents the development of CRC 
in SPS patients without significant morbidity. Considering the substantial risk of polyp 
recurrence, close endoscopic surveillance in SPS seems warranted. www.trialregister.nl 
NTR2757
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INTRODuCTION

Colorectal cancer (CRC) is one of the most common cancers in the western world.1 Until 
recently, the traditional adenoma-carcinoma sequence was considered to be the single 
pathway responsible for the development of CRC. During the last decade, however, 
an alternative pathway of colorectal carcinogenesis has been recognised, that is, the 
serrated neoplasia pathway.2-8 This pathway involves the malignant transformation of 
serrated polyps into CRC, which, in turn, is associated with a poor prognosis.8 Alongside 
the adenoma-carcinoma sequence, this serrated pathway also plays a significant role in 
patients with serrated polyposis syndrome (SPS).9,10

SPS is characterized by the presence of multiple serrated polyps spread throughout 
the colon and rectum and has been defined by the World Health Organization (WHO) as 
the presence of at least five serrated polyps proximal to the sigmoid colon, of which two 
measuring at least 10 mm in diameter (WHO criterion-1), any number of serrated polyps 
occurring proximal to the sigmoid colon in an individual who has a first-degree relative 
with SPS (WHO criterion-2) and/or more than 20 serrated polyps spread throughout 
the colon (WHO-criterion-3).11 The prevalence of SPS was recently estimated to be in 
between 1:151 and 1:294 among patients undergoing screening colonoscopy based 
on faecal immunochemical testing (FIT).12,13 Another estimation of the prevalence of 
SPS (1:3000) was based on data in an average risk screening population undergoing 
flexible sigmoidoscopy.14 This makes the condition rather common and more frequent 
in occurrence than other polyposis syndromes such as familial adenomatous polyposis 
(prevalence 1:13.000).15

SPS is associated with an increased personal and familial CRC risk. Previous published 
case series and cohort studies report CRC at first clinical presentation in up to 50% of SPS 
patients.16-24 In addition, several retrospective studies showed that these patients can 
develop CRC under endoscopic surveillance (interval cancers).16,19,20 Close endoscopic 
surveillance to prevent malignant progression of polyps has therefore been advised by 
several expert groups.4,6,16,19,25 Also the US Multi-Society Task Force on Colorectal Cancer 
and the European Society of Gastrointestinal Endoscopy recently recommended a 
1-year surveillance interval for these patients.26,27

However, due to a lack of prospective data, the optimal treatment approach with 
regard to surveillance intervals and polypectomy protocol is still largely unknown. As 
a consequence, patients with SPS might still be inadequately treated and consequently 
be at risk for developing CRC under surveillance. Conversely, over-treatment with un-
necessary short surveillance intervals and removal of possible harmless lesions, which 
may result in complications, should also be avoided.

The aim of the present study was to prospectively evaluate a standardized endo-
scopic surveillance and polypectomy protocol in a consecutive cohort of SPS patients. 



Ch
ap

te
r 4

58

Part II | Serrated polyposis syndrome

Primary outcome was the incidence of CRC and polyps and secondary outcomes the 
complication rate and the percentage of patients referred for preventive colorectal 
surgery.

METhODS

Patients and study design

Consecutive patients, aged ≥ 18 years, fulfilling SPS WHO criteria 1 or 3, who presented 
at the Academic Medical Centre (AMC), Amsterdam, the Netherlands, between January 
2007 and December 2012 were enrolled. WHO criteria for SPS are: ≥ 5 histologically di-
agnosed serrated polyps proximal to the sigmoid colon, of which 2 measuring ≥ 10mm 
in diameter (WHO criterion 1), and/or ≥ 20 serrated polyps spread throughout the colon 
(WHO criterion 3).28 The diagnosis of SPS was based upon all previously removed polyps 
at colonoscopies and/or surgery and those that were removed at clearing colonoscopy. 
As defined by the WHO, only histologically confirmed serrated polyps were counted 
for the diagnosis. Patients with a known germline mutation in the MutYH (biallelic) or 
APC gene, as well as patients with Lynch syndrome, inflammatory bowel disease (IBD) 
or a total proctocolectomy were excluded. Additionally, patients were excluded when 
they were not treated according to study protocol. Protocol violations were defined as 
surveillance interval longer than 2 years between 2 consecutive colonoscopies or the 
absence of an experienced colonoscopist (ED, KT and BB) during clearing colonoscopy.

The study had a prospective cohort design. This study was exempt from IRB review. 
Our IRB decided that the study did not apply to the requirements of the Medical Re-
search Involving Human Subjects Act (WMO), as data were collected during routine 
care and no additional patient interventions were undertaken. Patients were verbally 
informed about the surveillance protocol. Considering that the study was exempt for 
IRB approval, written informed consent was not obtained. All authors had access to the 
study data and reviewed and approved the final manuscript. The study was registered 
on a publicly accessible website (Dutch Trial Register: NTR2757 www.trialregister.nl).

Endoscopic surveillance and treatment protocol

All SPS patients satisfying the WHO-criteria underwent initial clearing colonoscopy with 
complete removal of all polyps ≥ 3mm. When this was not possible during one proce-
dure, an additional clearing colonoscopy was performed, preferably within 6 months. 
After clearance, subsequent follow-up colonoscopies were scheduled annually, again 
with complete removal of all polyps ≥ 3mm. Criteria for referring patients for preven-
tive surgery were based on the multiplicity, size, type, and shape of lesions seen during 
colonoscopy.
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Demographic data of patients concerning age, sex, personal history of CRC and family 
history of CRC were ascertained. Family history of patients was obtained by examin-
ing data from the department of Clinical Genetics or by examining general medical 
records. These records were based on self-reported information. During procedures, 
polyp variables were noted by an investigator or research nurse by using a case record 
form. When there was no nurse or research fellow present, variables were recorded in 
the digital colonoscopy report by one of study colonoscopists. Subsequently these data 
were linked with the pathology report and entered in a database. The following polyp 
parameters were documented; size, location, morphology and polypectomy technique. 
Complications were defined as perforations or post-procedure bleedings resulting in a 
hospital admission or repeat colonoscopy for haemostasis within 30 days after colonos-
copy.

All clearing colonoscopies were performed by 3 endoscopists (ED, KT and BB) special-
ized in polyposis syndromes and with an experience of more than 1000 colonoscopies. 
Procedures were performed using standard or high-resolution white light endoscopy 
(HR-WLE) at a dedicated endoscopy program. A subset of consecutive patients under-
went a tandem colonoscopy with HR-WLE and narrow-band imaging (NBI) as part of 
different studies comparing polyp miss rates of both imaging modalities.29 Apart from 
these procedures, advanced imaging techniques for the detection of polyps (i.e. chro-
moendoscopy) were not used.

Patients were prepared with a standard bowel preparation, including a 4 L polyeth-
ylene glycol (PEG) solution or a 2 L hypertonic PEG solution with an additional 2-4 L 
of transparent fluids and a low fibre diet. Procedures were performed under conscious 
sedation with midazolam and/or fentanyl or under propofol when indicated. Cecal 
intubation was confirmed by documentation of the cecal landmarks (cecal valve, ap-
pendix orifice or intubation of the ileum). The proximal colon was defined as proximal to 
sigmoid (descending, transverse, ascending colon and cecum).

Outcomes

Primary outcome was the incidence of CRC and polyps during annual colonoscopic sur-
veillance. Secondary outcomes were the complication rate and percentage of patients 
referred for preventive surgical resection.

Histopathological evaluation

Tissue specimens were routinely processed and reviewed by an expert gastrointestinal 
pathologist according to the Vienna criteria.30 Serrated polyps were classified as hyper-
plastic polyp, sessile serrated adenoma/polyp with or without cytological dysplasia 
or traditional serrated adenoma based on histological criteria initially proposed by 
Torlakovic et al. which are now incorporated into the WHO classification for serrated 
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polyps.11 A sessile serrated adenoma/polyp was defined by predominantly disorganized 
and distorted crypts, including dilation or branching of the basal portion of the crypt 
that often appears as a “boot” or “L” shape. Traditional serrated adenomas were defined 
by a protuberant or pedunculated growth pattern with distorted villiform configura-
tions with columnar cells having abundant eosinophilic cytoplasm or centrally located 
elongated nuclei. When it was impossible to differentiate between the different serrated 
subtypes e.g. due to poor orientation or severe cauterisation artefacts, the lesion was 
classified as hyperplastic polyp. Advanced adenomas were adenomas ≥ 10 mm, with 
villous structure or with high-grade dysplasia.

Statistical analysis

Normal distributed variables are presented as means (±standard deviation), variables 
with skewed distribution are presented as median (interquartile range). Categori-
cal variables are presented as frequencies (%). The cumulative probability of events 
(CRC, advanced adenomas and serrated polyps ≥ 10mm) during the study period was 
estimated with the Kaplan-Meier method, according to the surveillance colonoscopy 
number. Individuals where were censored at their last surveillance colonoscopy. Statisti-
cal analysis was performed using SPSS 20.0 (IBM Corporation, Somers, NY, United States).

RESuLTS

Study flow

Figure 1 details the flow of patients throughout the study period (January 2007-Decem-
ber 2012). A total of 78 consecutive patients with SPS presented at our centre. Fourteen 
patients were excluded because of protocol violations (n=9), concomitant IBD (n=3) or 
Lynch syndrome (n=2). Protocol violations included the following: 1) absence of trained 
endoscopist at clearing colonoscopy (n=7) and 2) surveillance interval longer than 2 
years between two consecutive colonoscopies (n=2). Another 14 (18%) patients were 
diagnosed with CRC at the time of initial presentation during the study period. The 
remaining 50 patients underwent clearing colonoscopy with the intention to remove 
all polyps ≥ 3mm. This was achieved in 41 patients (82%), whereas the other 9 (18%) 
patients were referred for prophylactic surgery because of an endoscopically untreat-
able number of polyps.

Endoscopic treatment and surveillance

The 41 patients who were successfully cleared from all polyps ≥ 3mm entered the annual 
endoscopic surveillance programme. These 41 patients belong to 39 families, including 
two sisters and a sister and a brother. Baseline demographics and colonoscopy details 
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are displayed in table 1. The mean age at start of the surveillance program was 57 years 
(± SD 10) and 24 (59%) were male. Colonic resection prior to the first clearing colonos-
copy was performed in 15 patients (37%) because of previous CRC (n=13) or extensive 
polyposis (n=2). Consequently, 26 patients underwent clearing of an intact colon, 6 pa-
tients of the remaining colon proximal to the rectosigmoid, 8 patients of the remaining 
distal colon and 1 patient of the remaining colon after a proximal segmental resection. 
A research nurse/investigator was present during 126/203 (62%) of all colonoscopies to 
record polyp variables. During the remaining procedures, variables were noted in the 
digital endoscopy report by one of study endoscopists.

2007-2012
78 pts with SPS

SURGERY (14)
CRC at first presentation (14)

ENDOSCOPIC TREATMENT (50)

1st surveillance CNS (37)        

3rd surveillance CNS (26)

2nd surveillance CNS (31)

SURGERY (1)
At least HGD (depth of invasion could 

not be reliable assessed)

SURGERY (1)
Extensive recurrent polyposis

4th surveillance CNS (15)SURGERY (1)
Extensive recurrent polyposis

5th surveillance CNS (2)

Successful clearing (41)
Included in surveillance program

Did not yet reach   
1st CNS (4)

Excluded (14)
Protocol violation (9)

IBD (3)
Lynch (2)

Did not yet reach  
2nd CNS (5)

Did not yet reach   
4th CNS (11)

Did not yet reach   
3rd CNS (4)

Did not yet reach   
5th CNS (12)

Clearing colonoscopy (50)
SURGERY (9)

Extensive polyposis (8)
Large flat polyp (1)
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Figure 1. Flow of patients throughout the study period. 78 patients with SPS were identified. 14 patients 
were excluded because of protocol violations, IBD or Lynch syndrome. Another 14 (18%) patients were 
diagnosed with CRC at the time of initial presentation. The remaining 50 patient underwent clearing colo-
noscopy with intention to remove all polyps ≥ 3mm. This was achieved in 41 patients (82%) whereas 9 
(18%) patients were referred for preventive surgery because of an endoscopically untreatable number of 
polyps. During subsequent surveillance, another 3 patients were referred for prophylactic surgery. CNS: 
colonoscopy



Ch
ap

te
r 4

62

Part II | Serrated polyposis syndrome

Clearing colonoscopy

The median number of colonoscopies needed to clear the colon from polyps ≥ 3 mm 
was 2 (IQR 1-3, range 1-4). A total of 773 polyps were detected; 441 (57%) hyperplastic 
polyps, 242 (31%) sessile serrated adenomas/polyps and 90 (12%) conventional adeno-
mas. Detailed polyp characteristics are outlined in Table 2. The median number of polyps 
removed at clearing colonoscopy was 16 (range 0-72). At least one advanced adenoma 
or large (≥10mm) serrated polyp was detected in 11 (29%) and 21 (51%) patients respec-
tively (Table 3).

Follow-up: surveillance colonoscopies

The median follow-up from last clearing colonoscopy until last surveillance colonoscopy 
of all 41 patients was 3.1 years (IQR 1.5-4.3, range 0-5.3 y), with a median of 3 (IQR 2-4, 
range 1-4) surveillance colonoscopies. The median interval between surveillance colo-
noscopies was 1.0 year (range 0.6-1.7).

Table 1. Baseline characteristics of SPS patients included in surveillance program (n=41)

Mean±SD age at diagnosis SPS in y (range) 56.5 ±10 (27-76)

Mean±SD age at inclusion surveillance program in y (range) 57.5 ±10 (27-76)

Male (%) 24 (59)

WHO SPS classification

I 6 (15)

III 21 (51)

Combined (I +III) 14 (34)

Prior CRC (%) 13 (33)

Mean±SD age at diagnosis in y (range) 54 ± 6 (41-61)

Proximal 5

Distal 8

Prior colonic surgery (%) 15 (37)

Partial colonic resection 11

Subtotal colectomy with ileorectal anastomosis 4

First degree relative with CRC (%) 11 (27)

Total number of clearing colonoscopies 84

Median number of clearing colonoscopies per patient (range) 2 (1-4)

Total number of surveillance colonoscopies 119

Median number of surveillance colonoscopies per patient (range) 3 (0-7)

Median follow-up after first clearing colonoscopy in y (range) 3.6 (0-5.3)

Median follow-up after last clearing colonoscopy in y (range) 3.1 (0-5.3)

Median interval between surveillance colonoscopies in y (range) 1.0 (0.6-1.7)

y: years, SD: standard deviation, CRC: colorectal cancer
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The incidence and number of polyps detected at each surveillance colonoscopy is 
displayed in Table 2. Polyp characteristics are outlined in Table 3. A total of 37 patients 
underwent at least one surveillance colonoscopy; none of them developed CRC dur-
ing follow-up. During 119 surveillance colonoscopies, 575 polyps were detected; 346 
(60%) hyperplastic polyps, 135 (23%) sessile serrated adenomas/polyps and 94 (16%) 
conventional adenomas. Traditional serrated adenomas were not diagnosed. Polyps 
were detected in at least 80% of patients at each follow-up time point. Most lesions 
were detected at first surveillance colonoscopy, with a median number of 5 polyps 
(range 0-22). The range of detected polyps varied greatly among patients; considering 
all surveillance colonoscopies (except number 5), a minimum difference of 15 polyps 
was observed between the patient with the lowest and the highest number of polyps.

During surveillance, advanced adenomas were detected in 3/37 (8%) patients. The 
median interval between last clearing colonoscopy and the detection of these advanced 
adenomas was 13 months (range 12-25 months). This included one tubular adenoma 
with high-grade dysplasia, one tubulovillous adenoma and one large (10 mm) tubular 
adenoma. The calculated cumulative risk of detecting at least one advanced adenoma 
after 3 surveillance colonoscopies was 9% (Table 4 and figure 2). When analysing this 
risk separately for patients with and without a history of CRC, the cumulative risk was 
8% and 9%, respectively. Large serrated polyps (hyperplastic polyps or sessile serrated 
adenomas/polyps ≥ 10mm) were detected in 11/37 (30%) patients. The median inter-
val between last clearing colonoscopy and detection of large serrated polyps was 21 

Table 2. Prevalence and number of polyps removed at clearing and each surveillance colonoscopy

Clearing
n = 41

1st surv.
N=37

2nd surv.
n=31

3rd surv.
n= 26

4th surv.
n=15

5th surv.
n=2

No. of pts with CRC (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

No. of pts ≥ 1 polyp (%) 38 (93) 35 (95) 27 (87) 23 (88) 12 (80) 2 (100)

Median no. polyps (range) 16 (0-72) 5 (0-22) 4 (0-20) 4 (0-15) 1 (0-20) 2 (1-3)

Median size of polyps (range) 5 (3-25) 4 (3-15) 4 (3-12) 4 (3-10) 3 (3-10) 4 (3-5)

No. of pts ≥ 1 serrated polyp (%) 38 (93) 34 (92) 27 (87) 22 (81) 11 (73) 2 (100)

No of pts ≥ 1 serrated polyp ≥ 10 mm (%) 21 (51) 4 (11) 5 (16) 3 (12) 1 (7) 0 (0)

Median no. serrated polyps (range) 12 (0-72) 4 (0-19) 4 (0-20) 3 (0-14) 1 (0-19) 2 (1-3)

Median size of serrated polyps (range) 5 (3-25) 4 (3-15) 4 (3-12) 4 (3-10) 4 (3-10) 4 (3-5)

No. of pts ≥ 1 adenoma (%) 23 (56) 15 (41) 15 (48) 13 (50) 7 (47) 0 (0)

No. of pts ≥ 1 advanced adenoma (%) 11 (27) 2 (5) 1 (3) 0 (0) 0 (0) 0 (0)

Median no. adenomas (range) 1 (0-11) 0 (0-10) 0 (0-3) 0.5 (0-4) 0 (0-4) 0 (0-0)

Median size of adenomas (range) 4 (3-25) 4 (3-10) 3 (3-10) 3 (3-5) 3 (3-4) 0 (0-0)

Surv: surveillance, No.: number, Pts: patients
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Table 3. Histology, size, location and dysplasia of detected polyps at clearing and surveillance colonoscopies

HP SSA/P Adenoma Total

Clearing colonoscopy: no. of polyps 441 242 90 773

Size

3-5 356 (81) 96 (40) 63 (70) 515 (67)

6-9 61 (14) 59 (24) 15 (17) 135 (17)

≥ 10 24 (5) 87 (36) 12 (13) 123 (16)

Location *

Proximal 208 (47) 188 (78) 63 (70) 459 (59)

Distal 159 (36) 42 (17) 18 (20) 219 (28)

Dysplasia

LGD 0 (0) 7 (3) 86 (96) 93 (12)

HGD 0 (0) 0 (0) 4 (4) 4 (1)

Surveillance colonoscopies: no. of polyps 346 135 94 575

Size

3-5 298 (86) 93 (69) 87 (93) 478 (83)

6-9 39 (12) 29 (21) 5 (5) 75 (13)

≥ 10 7 (2) 13 (10) 2 (2) 22 (4)

Location

Proximal ** 176 (51) 107 (79) 79 (84) 362 (63)

Distal 144 (42) 16 (12) 13 (14) 173 (30)

Dysplasia

LGD 0 (0) 14 (10) 93 (99) 107 (19)

HGD 0 (0) 0 (0) 1 (1) 0 (0)

*Specified for 678/773 polyps, ** Specified for 535/575 polyps HP: hyperplastic polyp, SSA/P: sessile ser-
rated adenoma/polyp, LGD: low grade dysplasia HGD: high grade dysplasia

Table 4. Calculated cumulative risk (%) of detecting CRC or advanced polyps after 3 surveillance colonos-
copies*. Subgroup analysis was performed for patients with and without a history of CRC prior to the start 
of the study.

All patients
(n=37)

With prior CRC 
(n=12)

Without prior 
CRC** (n=25)

Mean ±SD age in years 57 ±10 60 ±8 56 ±12

Male sex (%) 21 (57) 6 (50) 15 (60)

Colorectal cancer (95% CI) 0 (0-0) 0 (0-0) 0 (0-0)

Advanced adenoma (95% CI) 9 (0-17) 8 (0-23) 9 (0-20) 

Serrated polyp ≥ 10 mm (95% CI) 34 (15-48) 27(3-45) 38 (13-56) 

*Cumulative risk was analysed by Kaplan-Meier survival analysis. Patients who did not reach 3rd surveillance 
colonoscopy were censored from their last surveillance colonoscopy.
** 23/25 patients had an intact colon
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months (range 12-39 months). The calculated cumulative risk of detecting at least one 
large serrated polyp after 3 surveillance colonoscopies was 34% (Table 4 and figure 2). 
When analysing this risk separately for patients with and without a history of CRC, the 
cumulative risk was 27% and 38%, respectively. Detailed information regarding the 
number of patients at risk at each surveillance colonoscopy with corresponding cumula-
tive risk estimates are summarized in figure 2.

Prophylactic surgery after successful colonic clearance of polyps was considered to 
be indicated in 3/37 (8%) patients. All three patients had an intact colon prior to start 
of the surveillance program. A 62-year old male patient underwent 4 previous clearing 
colonoscopies. During these procedures 25 polyps were removed, including 3 advanced 
adenomas. At first surveillance colonoscopy (14 months after last clearing colonoscopy), 
a proximal tubular adenoma of 10mm with at least high-grade dysplasia was detected, 
which was removed en-bloc by endoscopic mucosal resection (EMR). Unfortunately the 

Colorectal cancer

Advanced adenoma

Large (≥10mm) serrated polyp

 

      Colorectal cancer

      At risk (n)                     37       31                                                  26      

      Event (n)                                              0                                                    0                                                    0

      Cumalative risk (%)                            0                                                    0                                                    0

      Advanced adenoma

      At risk (n)                     37       30                                                  24      

      Event (n)                                              2                                                    1                                                    0

      Cumalative risk (%)                            5                                                    9                                                    9

      Large (≥10mm) serrated polyp

      At risk (n)                     37       28                                                  21

      Event (n)                                              4                                                    5                                                    2

      Cumalative risk (%)                          11                                                  27                                                  34

Figure 2. Kaplan-Meier curves for detecting colorectal cancer (CRC), advanced adenomas and large (≥ 10 
mm) serrated polyps during annual surveillance.
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depth of invasion into the submucosal layer could not be reliable assessed by a panel 
of pathologists. For this reason and because of the large burden of recurrent polyps, a 
subtotal colectomy with an ileorectal anastomosis was performed. The resected speci-
men showed 27 serrated polyps. No malignant or dysplastic polyps were observed. In 
two male patients (64 and 54 years old) endoscopic treatment was no longer considered 
safe and feasible because of recurrent extensive polyposis. In both patients, numerous 
small and large lesions were seen throughout the entire colon. A subtotal colectomy 
with an ileorectal anastomosis was performed. The surgical resection specimen showed 
more than 100 serrated polyps (all smaller than 10 mm) without histological dysplasia 
in the first patient, and more than 200 serrated polyps (all smaller than 12 mm) without 
histological dysplasia in the second patient.

Complications

Perforations or post-procedural bleedings resulting in a hospital admission or repeat 
colonoscopy for haemostasis therapy did not occur during 84 clearing and 119 surveil-
lance colonoscopies. One patient was admitted within 24 hours after colonoscopy with 
pneumococcal bacteraemia of unknown origin. The patient was treated with antibiotics 
and admitted for 3 days with uneventful recovery. Two other patients presented to the 
emergency room. The first patient had complaints of minor rectal blood loss and fever. 
Laboratory findings showed normal haemoglobin and leukocyte values. The second 
patient presented with abdominal pain without perforation, but with signs of inflam-
mation. A post polypectomy syndrome was suspected. Both patients were managed 
conservatively without admission to the hospital.

Surgery

During the study period, 23 patients (median age 60 y, 43% male) were referred for 
surgery upon diagnosis and consequently not entered the endoscopic treatment pro-
tocol. Indications for surgery were; (i) CRC (n=14), (ii) extensive polyposis (n=8) and an 
endoscopically unresectable adenomatous polyp (n=1). Seven of the 8 patients with 
extensive polyposis underwent a subtotal colectomy with ileorectal anastomosis. The 
median number of polyps in the resection specimens of these patients was 35 (range 
20-93); no carcinomas were detected.

DISCuSSION

In the present study, we prospectively evaluated the outcomes of a standardized endo-
scopic treatment protocol in a large cohort of SPS patients with regard to endoscopic 
findings, complications and prophylactic surgery rate. We demonstrate that annual 
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endoscopic surveillance with removal of all polyps ≥ 3 mm with timely referral of se-
lected high-risk patients for prophylactic surgery prevents the development of CRC in 
SPS patients without significant morbidity. Considering the substantial risk of polyp 
recurrence in our cohort, close endoscopic surveillance seems warranted.

Our study has several strengths. All patients underwent a standardized predefined 
treatment protocol and were followed in a prospective manner. In addition, all clear-
ing colonoscopies and most surveillance colonoscopies were performed by dedicated 
and experienced endoscopists specialized in polyposis syndromes. Several potential 
limitations should also be acknowledged. Due to the small sample size and relatively 
short follow-up period, results should be interpreted with caution as they may not 
be sufficiently representative for all patients with SPS. Also lack of certain clinical and 
sociodemographic data like obesity, smoking status and ethnicity can potentially limit 
the generalizability of our findings to other populations. Nonetheless, the present study 
is the largest prospective study available and the current findings add substantially to 
our understanding of the longitudinal CRC-risk of SPS patients under strict endoscopic 
surveillance. Another potential shortcoming of the study is that a subset of patients was 
diagnosed with SPS prior to the time-period of this study and consequently already re-
ceived either endoscopic or surgical treatment. This might have affected the number of 
polyps detected at clearing colonoscopy. Another limitation is the fact that a proportion 
of patients underwent back-to-back colonoscopy because they were enrolled in studies 
comparing NBI with HRE. During these procedures, each colonic segment was inspected 
twice, which might have positively influenced our polyp detection rates. Lastly, as all pa-
tients were treated at a tertiary academic referral center with extensive expertise in the 
management of SPS, our findings cannot by default be extrapolated to general practice.

In a previous retrospective multicenter study from our group, we calculated a worri-
some cumulative CRC-risk of 7% at 5 years in patients with SPS undergoing endoscopic 
surveillance.16 Also Edelstein et al. recently reported a substantial incidence of interval 
CRCs (5%) in this patient group.19 In contrast with the present study, screening intervals 
were not standardized in these studies which might have resulted in different recom-
mended surveillance intervals and incomplete removal of all polyps. Moreover, since 
the clinical data of these studies dated back to 1982 and 2001, it is likely that the as-
sociation between multiple serrated polyps and colonic neoplasia was not always made 
by endoscopists or underestimated. As a consequence, these patients might have been 
treated insufficiently with the development of CRC under surveillance in some of them. 
The present study reports the longest duration of prospective follow-up and shows that 
the actual CRC-risk is low in patients with SPS who undergo annual surveillance of the 
colon.

Considering the high polyp recurrence rate observed in our series, close endoscopic 
surveillance seems justified. Polyps were detected in at least 80% of patients at each sur-



Ch
ap

te
r 4

68

Part II | Serrated polyposis syndrome

veillance colonoscopy. Moreover, advanced adenomas, including one with high-grade 
dysplasia, and large serrated polyps were detected in 8% and 30% of patients during 
follow-up, respectively. The median interval between colonic clearing and the detection 
of these lesions was only 13 months for advanced adenomas and 21 months for large 
serrated lesions. Additionally, 2 (5%) patients developed such an extensive recurrent 
polyposis that endoscopic control of polyps was no longer considered safe and feasible 
(> 100 polyps were found in the surgical resection specimen). The detection of advanced 
lesions as well as the rapid recurrence of numerous polyps suggests that SPS is associ-
ated with an increased neoplastic growth and progression rate in at least a subset of 
patients. A future challenge will be to investigate whether it is possible to separate this 
subset of high risk patients from patients with a minimum risk of (recurrent) colonic 
neoplasia. This would allow for a more tailored endoscopic management with regard to 
surveillance intervals and preventive surgery. However, until distinctive molecular and 
genetic differences have been found and as long as we cannot predict CRC-risks in an 
assured manner, a strict surveillance regimen for all patients who fulfil the WHO criteria 
for SPS is recommended based on our findings.

With regard to the feasibility of our protocol, complete endoscopic clearing of all 
polyps ≥ 3 mm was achieved in 82%. Median number of polyps removed at clearing 
colonoscopy was 16 and more than 50% of patients had large serrated polyps. It seems 
therefore advisable that these clearing sessions are performed by endoscopists with 
experience in endoscopic mucosal resection (EMR) for complete and safe polyp removal. 
In addition, allowances should be made for sufficient procedure time, as the multiplicity 
of polyps and the use of advanced polypectomy techniques leads to longer procedure 
times.

Twelve patients (24%) (9 at initial colonoscopy and 3 during surveillance) underwent 
a preventive surgical resection. This decision for colectomy was made by an expert 
endoscopist based on the multiplicity, size, type, and shape of lesions seen during 
colonoscopy. We would like to emphasize that we did not use a standard cut-off point 
regarding the number of polyps because, in our opinion, the decision for a preventive 
colectomy needs to be individualized for each patient. In this respect, it is advisable to 
centralize endoscopic management of patients with SPS in institutions with experience 
in this field to ensure optimal treatment and follow-up.

The number of polyps found in the 2 of the 3 patients who underwent prophylactic 
surgery was much higher (> 100 polyps) than any of the polyp numbers found at any of 
the surveillance colonoscopies. This might suggest that endoscopy misses many polyps 
in patients with SPS. Although we cannot exclude that lesions were missed, it is impor-
tant to realize that polyps seen during the last colonoscopy before surgery in these 2 
patients were not removed, as the decision for surgery was made and these patients 
would undergo surgery anyway. At time of surgery these polyps were still in situ which 
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explains the relatively high number of polyps found in the resection specimen. In addi-
tion, polyps smaller than 3 mm were not removed or counted during endoscopy while 
these polyps were counted in the colonic resection specimens by the pathologist.

Concerning the removal of polyps, previous studies have shown that approximately 
30% to 50% of all CRCs in patients with SPS arise via the serrated neoplasia pathway.9,10 
The other half presumably follows the traditionally adenoma-carcinoma sequence. In 
addition, it was shown that advanced neoplasia could be detected in polyps as small 
as 4 mm in SPS.9 For this reason, removal of all type of polyps, including small lesions, 
seems advisable. On the other hand, over-treatment with unnecessary removal of pos-
sibly harmless lesions should be avoided. We chose to clear the colon from polyps ≥ 3 
mm. Of note, 34% (339/993) of all removed lesions between 3-5 mm were adenomas or 
sessile serrated adenomas/polyps, suggesting that removal of these diminutive lesions 
might prevent malignant progression in SPS. Nonetheless, none of these lesions con-
tained high-grade dysplasia or invasive cancer. Considering that patients with SPS have 
many diminutive lesions, leaving these lesions in situ until they reach a certain size (i.e. 
6 mm) would substantially reduce the workload of the endoscopist and decrease the 
pathology costs, but the safety of this approach should first be prospectively assessed.

In conclusion, results from this study suggest that patients with SPS have a low risk 
of developing CRC when they undergo annual surveillance of the colon with removal 
of polyps ≥ 3 mm. Additional follow-up studies are required to evaluate whether en-
doscopic surveillance can be performed at longer time intervals and further studies 
are needed to identify high risk subgroups requiring prophylactic surgery. In addition, 
although removal of larger polyps seems necessary in any case, future studies should 
evaluate the safety of leaving diminutive lesions in situ as this would certainly save time 
and avoid over-treatment.
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