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Serrated polyps of right colon: guilty or innocent?
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REVIEW

Abstract In recent years a lot of interest has been focused on a specific category of polyps, the so-called 
serrated polyps which until recently were categorized with the hyperplastic or mixed polyps 
and were thought to have no risk of malignant transformation. Recently though, the serrated 
pathway of carcinogenesis was discovered and destroyed this myth. It is believed that up to one 
third of all colorectal cancers arise through the serrated pathway; these cancers occur more often 
in the proximal colon and have specific molecular characteristics. Specific subtypes of serrated 
polyps (mainly the sessile serrated adenomas/polyps) are thought to be precursor lesions of 
these cancers.  The prevention of these cancers is a challenge for gastroenterologists because 
their location and endoscopic characteristics renders them difficult to detect. Also, although 
there is a clear need for creating a specific post-polypectomy surveillance program for these 
lesions, to date there have been no guidelines for surveillance with a high level of evidence. In 
this article the main molecular, endoscopic, histological and epidemiologic characteristics of 
these lesions are presented, as well as recommendations for surveillance.
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Introduction

The term serrated polyps was used for the first time in 
1990 by Longacre and Fenoglio- Preiser and until recently this 
category of polyps was included in a larger group that was called 
“hyperplastic” or “mixed hyperplastic/adenomatous” polyps 
[1]. At the same time it was believed that these polyps had no 
potential for malignant transformation and for that reason 
they did not require polypectomy or surveillance. However, 
in recent years, after the discovery of the “serrated pathway” 
of carcinogenesis, specific groups of these polyps have been 
incriminated as precursor lesions of colorectal cancer (CRC).  

Molecular features of the serrated pathway  
of carcinogenesis 

There are at least three basic molecular pathways of CRC 
development: 1) the pathway of chromosomal instability (CIN) 
which is responsible for 70-85% of CRCs [2] and is associated 

with conventional adenomas; in this pathway there are common 
mutations of the APC (adenomatous polyposis coli) gene as well 
as mutations at the KRAS oncogene and β-catenin (CTNNB1) 
[3,4]; 2) the pathway of CpG (Cytosine Guanine phosphodiester 
bond) island methylator phenotype (CIMP) which is the 
second main pathway of sporadic CRC development and 
includes sporadic CRCs with high microsatellite instability 
(MSI-H); in this pathway common mutations of the BRAF 
gene are observed and in a smaller percentage of the KRAS 
oncogene [3]; and 3) the pure MSI pathway which is caused by 
mutations in the mismatch repair gene (MMR). The hereditary 
non-polyposis colorectal cancer (HNPCC) syndrome occurs 
through the pure MSI pathway [3]. 

The serrated pathway of carcinogenesis is actually the pathway 
of the CIMP [3]. 

Classification of serrated polyps 

In 2010 the World Health Organization (WHO) published 
a classification for serrated polyps (Table 1) [5]. The subtypes of 
these serrated lesions have different molecular features (mutations) 
and also different potential for malignant transformation to CRC. 

Hyperplastic polyps (HP) are very common, of small size 
(<5 mm) and they are more often located in the distal colon 
and rectum. Endoscopicaly they are identified by their smooth, 
symmetrical and pale appearance as well as by their tendency 
to disappear with air insufflation [6,7]. Histologically they are 
characterized by straight crypts, without branching, while they 
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Wnt signaling pathway. In the normal state the APC protein 
forms a complex with the key effector β-catenin [4]. When 
this APC protein function is lost, the β-catenin is translocated 
from the lateral membrane to the nucleus. There it promotes 
the transcription of multiple genes involved in tumor growth 
and invasion [4]. 

The role of Wnt signaling pathway is controversial in 
the serrated pathway of carcinogenesis. Although APC and 
CTNNB1 mutations are very rare in serrated lesions, there 
is evidence that Wnt signaling activation contributes to 
progression of serrated lesions to CRC through mechanisms 
other than APC and CTNNB1 mutations [4]. Recent studies 
have shown that promoter hypermethylation of the mutated 
in colorectal cancer gene (MCC, a candidate tumor suppressor 
gene) leads to loss of action of MCC protein which normally 
acts as suppressor of the Wnt signaling pathway by interacting 
with β-catenin [4,16,17]. This was observed especially in 
MSI-H/CIMP+ sporadic CRCs and in their precursor lesions 
mainly SSAs and right-sided HPs, indicating that MCC 
promoter hypermethylation may be a Wnt signaling activating 
event in the serrated pathway of carcinogenesis [4,16,17]. It 
must be stated though, that MCC promoter hypermethylation 

show minimal cellular atypia. HPs are subcategorized in two 
histological subtypes: goblet cell serrated polyps (GCSP), which 
usually have KRAS mutations, and it is unknown whether they 
can evolve to more progressive lesions; and microvesicular 
serrated polyps (MVSP), which have BRAF mutations as well as 
increased susceptibility to hypermethylation (CIMP). It seems 
that the MVSPs are probably evolving to SSA/Ρs, especially 
when they are located to proximal colon [8,9].

Sessile serrated adenomas (polyps, lesions- SSA/P) are 
flat, sessile lesions. They tend to be larger than HPs. They 
are commonly located in the proximal colon and are usually 
covered by a mucous layer which is often difficult to be 
removed despite washing (mucous cap) [9]. Histologicaly they 
are differentiated from HPs from the presence of architectural 
changes of the crypts (inverted T- and L- shaped crypt bases) 
[10] and they also have various degrees of nuclear atypia [8]. 
They are characterized by mutations of the BRAF gene and 
from high levels of CIMP (CIMP-Η). These lesions can evolve 
to SSA with dysplasia (SSADs) [11]. 

SSADs display morphological characteristics of SSAs and 
proportional distribution, and are also characterized by BRAF 
mutations and CIMP-H state [8]. They are responsible for a 
large percentage of sporadic MSI-H CRCs (epigenetic silencing 
of the DNA MMR gene hMLH1 by promoter methylation) 
[9]. This category of polyps was until recently named “mixed 
hyperplastic/adenomatous” polyps [8]. 

Traditional serrated adenomas (TSAs) are rarer than 
SSA/Ps. They are most often located to the distal colon, 
and are usually pedunculated and present with tubulovillus 
architecture [9]. They are more often characterized by KRAS 
mutations [12]. The TSAs are also precancerous lesions and 
have various degrees of cellular atypia. TSAs and SSADs 
can present conventional adenoma-like dysplasia as well as 
serrated dysplasia [8]. 

The basic theory for evolution of serrated lesions from 
HPs to CRC is shown in Fig. 1 [11,13-15]. The evolution of 
a GCSP to TSA has not been documented and the precursor 
lesion of TSA has not yet been determined [8].

Wnt signaling in serrated pathway of carcinogenesis

About 90% of all sporadic CRCs occur through activation 
of the Wnt signaling pathway. In the pathway of CIN the result 
of the APC or CTNNB1 mutations is the activation of the 

Table 1 WHO classification of serrated polyps-lesions 

Non-dysplastic Dysplastic 

1. Hyperplastic polyps 3. Sessile serrated adenoma, dysplastic

1a. Goblet cell serrated polyp 

1b. Microvesicular serrated polyp  

2. Sessile serrated adenoma/polyp (also known as sessile serrated lesion) 4. Traditional serrated adenoma 

Figure 1 Schematic illustration of serrated pathway of carcinogenesis
?: It has not been established that Goblet cell serrated polyps can evolve 
to TSAs and this pathway is only theoretical
SSA/P, sessile serrated adenoma/polyp; SSAD, sessile serrated adenoma 
with dysplasia; CRC, colorectal cancer; MSI, microsatellite instability; 
CIMPH, CpG island methylator phenotype high; MSI-H, microsatellite 
instability high; TSA, traditional serrated adenoma; MSI-L, microsatel-
lite instability low; MSS, microsatellite stable
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was not so frequent in TSAs and left-sided HPs further 
suggesting the different behavior of these serrated lesions [16]. 

Epidemiology of serrated polyps 

The epidemiologic data on serrated polyps originate mainly 
from the era when they were characterized as hyperplastic 
or mixed; at present a large number of studies are being 
conducted worldwide in order to determine the epidemiologic 
characteristics of the specific groups of serrated polyps. 

It seems that approximately 25-50% of white men have one 
or more serrated lesions (totally, not specific groups) [18-25]. It 
also seems that their total prevalence increases only minimally 
with age in comparison to conventional adenomas whose 
prevalence increases significantly with age [8,26]. Serrated 
polyps are located in their majority in the sigmoid and rectum, 
but their distribution varies according to their histological 
type. HPs account for 70-95% of all serrated polyps and are 
located mainly in the left colon [8]. SSA/Ps account for 5-25% 
of serrated polyps and are usually found in the right colon, 
being typically larger than HPs [8], and with a tendency to 
present more often in women [27]. TSAs are rarer than SSA/
Ps, with a prevalence 2-3.5% and are found mainly in the left 
colon [4,9]; they are also larger in size than HPs [9]. 

Clinical significance 

It is believed that approximately one third of CRCs develop 
through the serrated pathway of carcinogenesis [28-34]. A 
retrospective analysis of these percentages shows an increase 
during the last decade [8,9]. This observation of course does 
not mean an increase in the absolute number of these CRCs, 
but rather a relative increase, due to a simultaneous decrease in 
the malignancies which develop from conventional adenomas 
as a result of screening colonoscopies and polypectomies. 

Recent studies have shown that the age-adjusted incidence 
and mortality rates from right-sided CRCs have not decreased, 
despite the widespread use of screening colonoscopy [35,36]. In 
addition, “interval cancers” are a very important problem, they 
are defined as cancers that are diagnosed within 5 years after 
a negative complete colonoscopy [9]. These cancers represent 
2-6% of all CRCs. They are located more often in the proximal 
colon and they are usually CIMP-H and MSI-H [9]. Therefore, 

it is very probable that a significant proportion of these cancers 
evolve from undetected SSAs in the primary colonoscopy. 

There is also a question about the rapid progression of 
SSADs from the time they enter the MSI-H state. This arises 
from the behavior of adenomas in HNPCC syndrome which 
are also MSI-H and present a rapid evolution to CRC [9]. 

In addition, some preliminary studies show that these 
CIMP+, MSI-H cancers may not be responsive to chemotherapy 
with 5-fluorouracil and this seems to be associated with 
hypermethylation. This information could be critical in the 
choice of chemotherapeutic treatment, especially considering 
recently developed new inhibitors of DNA methylation [37]. 

Unfortunately, there is an important problem in the detection 
of these lesions and this is caused mainly by their endoscopic 
features. The commonest serrated lesions, the HPs, are flat, small 
(<5mm) and usually flatten with air insufflation [8,9]. As for 
the larger and more dangerous lesions, the SSA/Ps, they have 
the same color as the neighboring mucosa, they are frequently 
covered by a mucus layer (mucus cap), they have a weak vascular 
net in comparison to classic adenomas and they are frequently 
located, as was mentioned before, in the right colon which in 
many cases is not properly prepared [8,9]. All of these features 
make their detection difficult and this fact is more probably 
related to the relative increase of CIMP-H, MSI-H cancers. 
TSAs, on the other hand, are more frequently located in the 
left colon, tend to be larger than SSA/Ps, and in many cases are 
pedunculated, a fact that renders their detection easier [8,9]. 

Therefore, it is possible that the same factors regarding 
the quality of colonoscopy and the detection of flat neoplasms 
of the colon, such as bowel preparation, time of withdrawal, 
thoroughness during examination and endoscopist’s experience 
also apply for the detection of SSA/Ps. Results from recent studies 
[38,39] indicate that the real prevalence of serrated lesions is 
probably higher than believed and also indicate that the detection 
of serrated lesions varies and depends on the endoscopist. 
Using adjuvant methods, as chromoendoscopy and narrow 
band imaging (NBI) may help improve the detection of SSA/Ps 
although their effectiveness has not as yet been established [8,40]. 

It must be also emphasized that due to difficulties in 
histological classification of serrated lesions by pathologists, 
on many occasions there is a misclassification of these lesions 
and underestimation of their malignant potential. For that 
reason some experts suggest that all serrated lesions in proximal 
colon larger than 10 mm should be regarded as SSA/Ps even 
if histology reports HPs [41].  

The features of serrated lesions are summarized in Table 2. 

Table 2 Features of serrated lesions 

Shape Median size Prevalence Location Malignant potential 

ΗΡ Flat, sessile Small, often ≤5mm Very common Distal colon No

SSA/P Flat, sessile Larger than HPs Common Proximal colon Yes 

TSA Sessile, pedunculated Larger than HPs Rare Distal colon Yes 

HP, hyperplastic polyp; SSA/P, sessile serrated adenoma/polyp; TSA, traditional serrated adenoma
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Inflammatory bowel disease (IBD)-associated  
serrated lesions 

It is well known that IBD (ulcerative colitis and Crohn’s 
disease) is associated with increased risk of development of 
CRC. For that reason all patients with IBD (except for patients 
with proctitis) must undergo a control colonoscopy 6-8 years 
after the beginning of the disease symptoms and then according 
to risk stratification must enter a surveillance program for 
CRC [42]. The main pathway for CRC development in IBD 
is that of chromosomal instability but with a main difference 
compared to the pathway of sporadic CRC. In sporadic CRC 
there are usually APC gene mutations but in IBD-associated 
carcinogenesis these mutations are less frequent and the 
most common mutation is that of tumor suppressor gene 
p53 [43]. Approximately 80% of identified p53 mutations 
are transition mutations and appear to be strongly associated 
with inflammation-induced and oxidative stress-induced 
DNA damage [43].

Interestingly, in 2007 Bossard et al conducted a study in 
91 samples from 36 patients with IBD-associated neoplasia 
and revealed the existence of pre-neoplastic serrated lesions 
in the inflammatory mucosa of IBD [44]. These lesions had 
the same molecular characteristics as sporadic SSA/Ps and 
HPs (BRAF mutations) and accounted for 6.9% of all pre-
neoplastic lesions in inflammatory mucosa. This percentage 
is actually lower than that found in the general population but 
this may be due to sample size. Thus, the serrated pathway of 
carcinogenesis may be involved as an alternative secondary 
pathway in IBD-related carcinogenesis [44]. 

This observation raises questions about whether detection 
of serrated lesions (especially of non-dysplastic lesions such as 
HPs and SSA/Ps) should change the surveillance program of 
IBD patients. Until now there are no guidelines or suggestions 
about this, and further studies are warranted in order to fully 
assess their potential risk for carcinoma development in IBD 
patients. Of course, these lesions should be removed according 
to the same principles regarding sporadic serrated lesions. 

Risk factors for developing serrated lesions 

Data about the risk factors of developing serrated lesions 
are inadequate and further investigation is required in order 
to determine risk factors about the specific groups of serrated 
lesions. Until now, only correlation regarding smoking habits 
has been determined for serrated lesions, both in the right 
and left colon [45-47]. Physical activity and folate intake 
have been found to have a reverse relationship with the 
development of serrated lesions in the left colon, but this has 
not been confirmed for the right colon [45-47]. Series studying 
alcohol consumption, calcium intake and non steroidal anti-
inflammatory drugs have been inconclusive [47]. Obesity, 
high dietary fat intake, total energy intake and consumption 
of red meat seem to increase the risk of development of 
serrated lesions mainly in the left colon, but this has not been 
confirmed for right colon serrated lesions (SSA/Ps) [47]. 

Serrated polyposis syndrome (SPS)

This syndrome, previously known as hyperplastic polyposis 
syndrome, is characterized by the presence of multiple serrated 
(typically SSA/Ps and/or HPs) colorectal polyps. Actually, it 
was studies in patients with this syndrome that indicated that 
SSA/Ps may be precursors of CRC. 

Recently, WHO published the updated criteria for 
determining this syndrome and diagnosis can be made if 
any of the following three criteria is met [5,48]: 1) at least 5 
serrated polyps located proximal of sigmoid colon, two of 
them must be larger than 10 mm; 2) any number of serrated 
polyps located proximal of sigmoid colon in person with 
first-degree relatives with diagnosed SPS; or 3) >20 serrated 
polyps distributed throughout the colon. 

SPS has been associated with increased incidence of CRC. 
In published studies, almost 25-70% of patients with SPS had 
CRC at diagnosis or during follow up [40]. In larger series with 
patients who met the WHO criteria for SPS, 35% had CRC 
(28.5% in first endoscopy and 6.5% during mean follow up of 
5.6 years) [49-52]. In these studies, the increased number of 
polyps and the presence of SSA/Ps or TSAs were associated 
with the presence of CRC [49-52]. Also, first-degree relatives 
of patients with SPS presented increased risk of developing 
CRC and SPS in comparison to the general population [53]. 

The presence of this syndrome does not seem to differ 
between the two sexes. The median age at diagnosis is 44-62 
years and ranges from 10 to 90 years. Also, these patients 
commonly develop synchronous conventional adenomas 
[49,54,55]. 

It must be emphasized that this syndrome is perhaps 
underdiagnosed since many small serrated lesions may be 
missed during colonoscopy; NBI and chromoendoscopy 
seem to significantly reduce polyp miss rates in patients 
with SPS [56].

The surveillance of these patients can be performed 
according to the following model: 1) colonoscopy with 
chromoendoscopy every 1-2 years with endoscopic removal 
of all polyps; 2) if the removal of all polyps is not possible 
because of their size or number, or if cancer is found, then 
colectomy with ileorectal anastomosis should be performed; 
and 3) in first-degree relatives of patients with SPS screening 
colonoscopy with chromoendoscopy, if possible, should be 
offered every 1-2 years from 10 years younger than the index 
case [40].

If segmental colectomy is performed for SPS, then 
postoperative endoscopic surveillance every 6-12 months of 
the retained colorectum should be initiated and this also applies 
for screening rectum in case of ileorectal anastomosis because 
recurrence of CRC postoperatively in retained colorectal 
segments occurs rapidly [57,58].

Rate of progression of serrated lesions to CRC 

The rate of progression of serrated lesions to CRC has not 
yet been determined and possibly depends on if and when 
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these lesions enter the MSI-H state. There are reports for 
evolution of SSA/Ps to CRC in only 8 months [59]. Also, the 
observation that these CIMP-H, MSI-H CRCs are actually 
more prevalent than SSADs with high-grade dysplasia supports 
the theory that the rate of progression of serrated lesions 
to CRC is faster than that of conventional adenomas [60]. 
Data from a recent study comparing apoptotic index of SSA/
Ps and conventional tubular adenomas (TAs) showed that 
the mitotic index in both groups is similarly high but the 
apoptotic index in SSA/Ps is statistically significantly lower 
in SSA/Ps than in TAs, also indicating that SSA/Ps may have 
faster rate of progression to CRC due to large imbalance 
between apoptosis and mitosis [61]. On the contrary, in a 
study with a large number of patients (2139 patients with 
SSA/Ps) the median age of patients with SSA/Ps, SSADs and 
SSA/Ps with cancer was calculated and was found to be 61, 
66 and 76 years of age respectively, indicating that probably 
the evolution from SSA/Ps to CRC takes about 15 years [62]. 
Thus, at least until now, there is no clear evidence about the 
rate of progression of serrated lesions to CRC and this fact 
raises questions and problems about the optimal interval of 
follow-up colonoscopies in patients with polypectomy of 
serrated lesions in the primary colonoscopy. One thing is 
certain, that these lesions (especially SSA/Ps in right colon 
and TSAs) are precancerous lesions and these patients must 
enter a surveillance program. 

Recommendations regarding removal  
of serrated lesions 

According to the recommendations proposed by Douglas 
et al (2012), all serrated lesions should be removed, with the 
exception of minimal (<5 mm) lesions in sigmoid and rectum 
from which random biopsies should be obtained [8]. 

The general principles regarding polypectomy of serrated 
lesions are the same as those regarding polypectomy of 
conventional adenomas. There are some difficulties in the 
removal of serrated lesions arising from the fact that these 
lesions are sessile and flat, and also because some times their 
borders are not clear since they have similar color with the 
neighboring mucosa [8,9]. In this case, the use of adjuvant 
techniques such as chromoendoscopy, NBI or high resolution 
endoscopy may be necessary [8,40]. 

Snaring of large serrated lesions may actually be easier 
than snaring conventional flat adenomas and the fulcrum 
technique may be used in cases where the space is too tight 
or the polyp very flat [8,63]. Also, the submucosal injection 
of solution may actually make snaring more difficult for 
these lesions [8].

If piecemeal technique is used for large lesions, then 
colonoscopy should be repeated after 3-6 months in order 
to confirm the total removal of the lesion [40].

Surgical resection of the colon is rarely necessary, but in 
case of serrated lesions that cannot be removed endoscopically 
or in case of multiple large serrated lesions in proximal colon 
then surgery is the only option [8,40]. 

Surveillance of patients after polypectomy  
of serrated lesions

As it was mentioned before, surveillance of patients with 
serrated lesions is necessary after polypectomy, but to date there 
are no specific guidelines for this surveillance and those existing 
have a low level of evidence. Table 3 outlines recommendations 
from an expert consensus published in the American Journal 
of Gastroenterology in June 2012 [8]. These recommendations 
are based on a risk stratification of these lesions which is 
presented in Fig. 2 [8]. This stratification is based on the fact 

Table 3 Expert consensus [from ref 8]

Histologic type Size Number Location Recommended interval  
of surveillance/years 

HP <10 mm Any number Rectosigmoid 10

HP ≤ 5 mm ≤3 Proximal of sigmoid 10

HP Any ≥4 Proximal of sigmoid 5

HP > 5 mm ≥1 Proximal of sigmoid 5

SSA/P or TSA <10 mm <3 Anywhere 5

SSA/P or TSA ≥10 mm 1 Anywhere 3

SSA/P or TSA <10 mm ≥ 3 Anywhere 3

SSA/P ≥10 mm ≥ 2 Anywhere 1-3

SSA/P with
dysplasia 

Any Any number 1-3

HP, hyperplastic polyp; SSA/P, sessile serrated adenoma/polyp; TSA, traditional serrated adenoma 
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that the size, the number, the histological type and the location 
of the lesions are related with the risk of progression to CRC 
[8]. In Table 4 the recommendations from US Multi-Society 
Task Force on Colorectal Cancer are presented, that were also 
published in 2012, but as reported by the authors the quality 
of evidence upon which the recommendations were based 
is low [41]. In addition, there is nothing mentioned in these 
recommendations about the number of serrated lesions and 
how this number may influence the interval of surveillance. 
Finally, in the European guidelines published in 2012 in 
Endoscopy on behalf of the European Committee, there is 
only a small report regarding serrated lesions which states 
that the same surveillance program that exists for classic 
adenomas should be followed (level of evidence VI-C) [64].

Finally, data from a recent study which estimated the 
incremental cost-effectiveness ratio for colonoscopy comparing 
the new recommendations of US Multi-Society Task Force on 
Colorectal Cancer which included evaluation of SSA/Ps and 

were published in 2012 to the former guidelines, indicated 
that this strategy may be cost-effective and potentially cost-
saving [65]. 

Discussion 

Despite the efforts made through screening with 
colonoscopy and polypectomy (when necessary), although 
there is a significant decrease of CRCs of the left colon, this 
does not apply to CRCs of the right colon. CRCs of the right 
colon seem to express specific molecular features (CIMP-H, 
MSI-H), different from those of conventional adenomas. At 
present, interest has been shifted to studying these cancers 
since they constitute a challenge regarding optimal CRC 
prevention. These CRCs seem to have as precursor lesions 
serrated polyps, until recently included in the “innocent group” 
of HPs. At present, the malignant potential of these lesions 
has been recognized. The rate of their progression to CRC has 
not as yet been determined, but there is a theory that these 
lesions may actually present with a faster progression rate 
than conventional adenomas. WHO published in 2010 the 
classification of these lesions (Table 1) and according to the 
studies performed to date it seems that the most “dangerous” 
are the SSA/Ps. They are usually flat, sessile and tend to be 
located in right colon, often making their endoscopic detection 
difficult. TSAs also present malignant potential although they 
are rare and localized mostly in the left colon in comparison 
to SSA/Ps. Generally, TSAs present molecular characteristics, 
distribution and behavior closer to that of conventional 
adenomas. In addition, the increased risk for CRC development 
has been recognized in patients with SPS and their first-degree 
relatives, and recently WHO published the updated criteria 
for diagnosis of this syndrome. In conclusion, it seems that all 
these lesions should be endoscopically removed, perhaps with 
the exception of multiple small lesions in the rectosigmoid 
(but random biopsies must be obtained from these lesions) 
and these patients should enter a surveillance program. 
The interval of the surveillance has not yet been optimally 
determined, but it seems that if the lesions are multiple, large, 
proximal to sigmoid, with histology revealing SSA/Ps or TSAs 
and, if dysplasia exists, then the surveillance must be stricter 
and more frequent. Recent data also indicate that the strategy 
of surveillance including SSA/Ps as precursors is indeed cost-
effective and potentially cost-saving. A serrated pathway of 
carcinogenesis has also been implicated in IBD-associated 
carcinogenesis and questions are raised also about surveillance 
in IBD patients with serrated lesions. Thus, it is necessary for 
gastroenterologists to familiarize themselves with these new 
data which change the perception held until recently that 
these polyps were innocent and did not need surveillance. 
It is also important for gastroenterologists to optimize their 
ability to detect these lesions especially in the right colon 
where the conditions are not always ideal (mainly regarding 
bowel preparation). Proper education of pathologists is also 

Figure 2 Risk stratification for CRC
CRC, colorectal cancer; SSA/P, sessile serrated adenoma/polyp; TSA, 
traditional serrated adenoma; HP, hyperplastic polyp

Table 4 US multi-society task force on colorectal cancer 

Serrated lesions 
Recommended interval of 

surveillance/years 

SSA/P <10 mm without dysplasia 5

SSA/P ≥ 10 mm

or 

SSA/P with dysplasia

or

TSA  

3

Serrated polyposis syndrome 1

SSA/P, sessile serrated adenoma/polyp; TSA, traditional serrated adenoma 

Number of
polyps

Risk of 
CRC

Size of
polyps

Location
Right colon>left 

colon

Histologic
type

SSA / P-TSA>HP
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very important and necessary since they carry the burden of 
histological identification of these lesions and classification 
of the specific types. Finally, more studies are needed in order 
to determine risk factors for the development of serrated 
lesions as well as their rate of progression to CRC, since this 
may change the time interval of surveillance. 

References

	 1.	Longacre TA, Fenoglio-Preiser CM. Mixed hyperplastic 
adenomatous polyps/serrated adenomas. A distinct form of 
colorectal neoplasia. Am J Surg Pathol 1990;14:524-537. 

	 2.	Grady WM. Genomic Instability and Colon Cancer. Cancer 
Metastasis Rev 2004;23:11-27.

	 3.	Warthley DL, Leggett BA. Colorectal cancer: molecular features 
and clinical opportunities. Clin Biochem Rev 2010;31:31-38.

	 4.	Fu X, Li L, Peng Y. Wnt signalling in the serrated neoplastic 
pathway of colorectum: possible roles and epigenetic regulatory 
mechanisms. J Clin Pathol 2012;65:675-679.

	 5.	Snover D, Ahnen DJ, Burt RW, et al. Serrated polyps of the 
colon and rectum and serrated (“hyperplastic”) polyposis. In: 
Bozman FT, Carneiro F, Hruban RH, et al, WHO Classification 
of Tumours Pathology and genetics Tumours of the digestive 
system, 4th edn. Berlin: Springer-Verlag, 2010.

	 6.	Church JM. Clinical significance of small colorectal polyps. Dis 
Colon Rectum 2004;47:481-485.

	 7.	Waye JD, Bilotta JJ. Rectal hyperplastic polyps: now you see 
them, now you don’t-a differential point. Am J Gastroenterol 
1990;85:1557-1559.

	 8.	Rex DK, Ahnen DJ, Baron JA, et al. Serrated lesions of the 
colorectum: review and recommendations from an expert panel. 
Am J Gastroenterol 2012;107:1315-1329.

	 9.	Huang CS, Farraye FA, Yang S, O’Brien MJ. The clinical significance 
of serrated polyps. Am J Gastroenterol 2011;106:229-240. 

	10.	Torlakovic EE, Gomez JD, Driman DK, et al. Sessile serrated 
adenoma (SSA) vs. traditional serrated adenoma (TSA). Am J 
Surg Pathol 2008;32:21-29.

	11.	O’Brien MJ, Yang S, Mack C, et al. Comparison of microsatellite 
instability, CpG island methylation phenotype BRAF and KRAS 
status in serrated polyps and traditional adenomas indicates 
separate pathways to distinct colorectal carcinoma end points. 
Am J Surg Pathol 2006;30:1491-1501.

	12.	Yachida S, Mudali S, Martin SA, et al. Beta-catenin nuclear labeling 
is a common feature of sessile serrated adenomas and correlates 
with early neoplastic progression after BRAF activation. Am J 
Surg Pathol 2009;33:1823-1832.

	13.	Yang S, Farraye FA, Mack C, et al. BRAF and KRAS mutations in 
hyperplastic polyps and serrated adenomas of the colorectum: 
relationship to histology and CpG island methylation status. Am 
J Surg Pathol 2004;28:1452-1459.

	14.	 Jass JR, Baker K, Zlobec I, et al. Advanced colorectal polyps with 
the molecular and morphological features of serrated polyps and 
adenomas: concept of a “fusion” pathway to colorectal cancer. 
Histopathology 2006;49:121-131. 

	15.	O’Brien MJ. Hyperplastic and serrated polyps of the colorectum. 
Gastroenterol Clin North Am 2007;36:947-968. 

	16.	 Li L, Fu X, Zhang W, et al. Wnt signaling pathway is activated in 
right colon serrated polyps correlating to specific molecular form 
of β-catenin. Hum Pathol 2013;44:1079-1088.

	17.	Fukuyama R, Niculaita R, Peng K, et al. Mutated in Colorectal 
Cancer, a putative tumor supressor for serrated colorectal cancer, 
selectively represses β-catenin dependent transcription. Oncogene 

2008;27:6044-6055.
	18.	 Clark JC, Collan Y, Eide TJ, et al. Prevalence of polyps in an autopsy 

series from areas with varying incidence of large-bowel cancer. Int 
J Cancer 1985;36:179-186.

	19.	 Correa P, Strong JP , Reif A, et al. Epidemiology of colorectal polyps- 
prevalence in New Orleans and international comparisons. Cancer 
1977;39:2258-2264.

	20.	Eide TJ, Stalsberg H. Polyps of the large intestine in Northern 
Norway. Cancer 1978;42:2839-2848.

	21.	 Jass JR, Young PJ, Robinson EM. Predictors of presence, 
multiplicity, size and dysplasia of colorectal adenomas. A necropsy 
study in New Zealand. Gut 1992;33:1508-1514.

	22.	 Johannsen LG, Momsen O, Jacobsen NO. Polyps of the large 
intestine in Aarhus, Denmark. An autopsy study. Scand J 
Gastroenterol 1989;24:799-806.

	23.	Stemmermann GN, Yatani R. Diverticulosis and polyps of the 
large intestine. A necropsy study of Hawaii Japanese. Cancer 
1973;31:1260-1270.

	24.	Vatn MH, Stalsberg H. The prevalence of polyps of the large 
intestine in Oslo: an autopsy study. Cancer 1982;49:819-825.

	25.	Williams AR, Balasooriya BA, Day DW. Polyps and cancer of the 
large bowel: a necropsy study in Liverpool. Gut 1982;23:835-842.

	26.	Zois C, Christodoulou D, Katsanos K, et al. Endoscopic resection 
and histological evaluation of colorectal polyps: Is it a definitive 
treatment? Ann Gastroenterol 2011;24:115-120.

	27.	Spring KJ, Zhao ZZ, Karamatic R, et al. High prevalence of sessile 
serrated adenomas with BRAF mutations: a prospective study of 
patients undergoing colonoscopy. Gastroenterology 2006;131:1400-
1407. 

	28.	Sumner HW, Wasserman NF, McClain CJ. Giant hyperplastic 
polyposis of the colon. Dig Dis Sci 1981;26:85-89.

	29.	Cooper HS, Patchefsky AS, Marks G. Adenomatous and 
carcinomatous changes within hyperplastic colonic epithelium. 
Dis Colon Rectum 1979;22:152-156.

	30.	Urbanski SJ, Kossakowska AE, Marcon N, et al. Mixed hyperplastic 
adenomatous polyps--an underdiagnosed entity. Report of a 
case of adenocarcinoma arising within a mixed hyperplastic 
adenomatous polyp. Am J Surg Pathol 1984;8:551-556.

	31.	Franzin G, Zamboni G, Scarpa A, et al. Hyperplastic (metaplastic) 
polyps of the colon: a histologic and histochemical study. Am J 
Surg Pathol 1984;8:687-698.

	32.	 Jass JR. Metaplastic polyps and polyposis of the colorectum. 
Histopathology 1980;4:579.

	33.	 Jass JR. Relation between metaplastic polyp and carcinoma of 
the colorectum. Lancet 1983;1:28-30.

	34.	Torlakovic E, Snover DC. Serrated adenomatous polyposis in 
humans. Gastroenterology 1996;110:748-755.

	35.	Baxter NN, Goldwasser MA, Paszat LF, et al. Association of 
colonoscopy and death from colorectal cancer. Ann Intern Med 
2009;150:1-8. 

	36.	Brenner H, Hoffmeister M, Arndt V, et al. Protection from 
right- and left-sided colorectal neoplasms after colonoscopy: 
population-based study. J Natl Cancer Inst 2010;102:89-95.

	37.	 Jover R, Nguyen T-P, Pérez-Carbonell L, et al. 5-Fluorouracil 
adjuvant chemotherapy does not increase survival in patients 
with CpG island methylator phenotype colorectal cancer. 
Gastroenterology 2011;140:1174-1181.

	38.	Hetzel J, Huang CS, Coukos JA, et al. Variation in the detection 
of serrated polyps in an average risk colorectal cancer screening 
cohort. Am J Gastroenterol 2010;105:2656-2664.

	39.	Kahi CJ, Hewett DG, Norton DL, et al. Prevalence and variable 
detection of proximal colon serrated polyps during screening 
colonoscopy. Clin Gastroenterol Hepatol 2011;9:42-46.

	40.	Guarinos C, Sánchez-Fortún C, Rodríguez-Soler M, Alenda C, Payá 
A, Jover R. Serrated polyposis syndrome: Molecular, pathological 
and clinical aspects. World J Gastroenterol 2012;18:2452-2461.



Serrated polyps of right colon: guilty or innocent?  219

Annals of Gastroenterology 26

	41.	Lieberman AD, Rex KD, Winawer JS, Giardiello MF, Johnson 
AD, Levin RT. Guidelines for colonoscopy surveillance after 
screening and polypectomy: A consensus update by the US 
multi-society task force on colorectal cancer. Gastroenterology 
2012;143:844-857.

	42.	Van Assche G, Dingnass A, Bokemeyer B, et al. Second European 
evidence-based consensus on the diagnosis and management 
of ulcerative colitis part 3: special situations. J Crohns Colitis 
2013;7:1-33.

	43.	Matkowsky K, Chen Z, Rao S, Yang G. Dysplastic lesions 
in inflammatory bowel disease. Molecular pathogenesis to 
morphology. Arch Pathol Lab Med 2013;137:338-350.

	44.	Bossard C, Denis M, Bezieau S, et al. Involvement of the serrated 
neoplasia pathway in inflammatory bowel disease-related 
colorectal oncogenesis. Oncol Rep 2007;18:1093-1097.

	45.	Paskett ED , Reeves KW, Pineau B, et al. The association between 
cigarette smoking and colorectal polyp recurrence (United States). 
Cancer Causes Control 2005;16:1021-1033.

	46.	Shrubsole MJ, Wu H, Ness RM, et al. Alcohol drinking, cigarette 
smoking, and risk of colorectal adenomatous and hyperplastic 
polyps. Am J Epidemiol 2008;167:1050-1058.

	47.	Wallace K, Grau MV, Ahnen D, et al. The association of lifestyle and 
dietary factors with the risk for serrated polyps of the colorectum. 
Cancer Epidemiol Biomarkers Prev 2009;18:2310-2317.

	48.	Dale C. Snover MD. Update on the serrated pathway to colorectal 
carcinoma. Hum Pathol 2011;42:1-10. 

	49.	Boparai KS, Mathus-Vliegen EM, Koornstra JJ, et al. Increased 
colorectal cancer risk during follow-up in patients with 
hyperplastic polyposis syndrome: a multicentre cohort study. 
Gut 2010;59:1094-1100.

	50.	Chow E, Lipton L, Lynch E, et al. Hyperplastic polyposis syndrome: 
phenotypic presentations and the role of MBD4 and MYH. 
Gastroenterology 2006;13:30-39.

	51.	Lage P, Cravo M, Sousa R, et al. Management of Portuguese 
patients with hyperplastic polyposis and screening of at-risk 
first-degree relatives: a contribution for future guidelines based 
on a clinical study. Am J Gastroenterol 2004;99:1779-1784.

	52.	Rubio CA, Stemme S, Jaramillo E, Lindblom A. Hyperplastic 
polyposis coli syndrome and colorectal carcinoma. Endoscopy 
2006;38:266-270.

	53.	Boparai KS, Reitsma JB, Lemmens V, et al. Increased colorectal 

cancer risk in first degree relatives of patients with hyperplastic 
polyposis syndrome. Gut 2010;59:1222-1225.

	54.	Carvajal-Carmona LG, Howarth KM, Lockett M, et al. Molecular 
classifi-cation and genetic pathways in hyperplastic polyposis 
syndrome. J Pathol 2007;212:378-385.

	55.	Kalady MF, Jarrar A, Leach B, et al. Defining phenotypes and 
cancer risk in hyperplastic polyposis syndrome. Dis Colon Rectum 
2011;54:164-170.

	56.	Boparai KS, van den Broek FJC, van Eeden S, Fockens P, Dekker E. 
Increased polyp detection using narrow band imaging compared 
with high resolution endoscopy in patients with hyperplastic 
polyposis syndrome. Endoscopy 2011;43:676-682.

	57.	Edelstein DL, Axilbund JE, Hylid LM, et al. Serrated polyposis: 
rapid and relentless development of colorectal neoplasia. Gut 
2012;62:404-408.

	58.	East JE, Saunders BP, Jass JR. Sporadic and syndromic hyperplastic 
polyp and serrated adenomas of colon: classification, molecular 
genetics, natural history and clinical management. Gastroenterol 
Clin North Am 2008;37:25-46.

	59.	Oono Y, Fu K, Nakamura H, et al. Progression of a sessile serrated 
adenoma to an early invasive cancer within 8 months. Dig Dis 
Sci 2009;54:906-909.

	60.	Patai A, Molnar B, Tulassay Z, Sipos F. Serrated pathway: alternative 
route to colorectal cancer. World J Gastroenterol 2013;19:607-615.

	61.	Endo A, Koizumi H, Takahashi M, et al. A significant imbalance 
in mitosis versus apoptosis accelerates the growth rate of sessile 
serrated adenoma/polyp. Virchows Arch 2013;462:131-139.

	62.	Lash RH, Genta RM, Schuler CM. Sessile serrated adenomas: 
prevalence of dysplasia and carcinoma in 2139 patients. J Clin 
Pathol 2010;63:681-686.

	63.	Tholoor S, Tsagkournis O, Basford P, Bandari P. Managing difficult 
polyps: techniques and pitfalls. Ann Gastroenterol 2013;26:114-121.

	64.	Atkin WS, Valori R, Kuipers EJ, et al. European guidelines for 
quality assurance in colorectal cancer screening and diagnosis. 
First Edition. Colonoscopic surveillance following adenoma 
removal. Endoscopy 2012;44:SE151-SE163.

	65.	 Burnett H, Newcomb P, Veenstra D. The impact of colonoscopy 
screening guidelines that incorporate precursors in the serrated 
pathway: A cost-effectiveness analysis. Cancer Epidemiol Biomarkers 
Prev 2013;22:477-478.




