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Colorectal cancer (CRC) is the third most common 
cancer in the world (1). Fortunately, it is also proven to 
be one of the most preventable cancers, in large part 
due to the utilization of CRC screening. Historically, it 
was believed that the adenomatous polyp was the only 
precursor to carcinoma of the colorectum. 

Chromosomal instability (CIN), characterized by 
an accumulation of progressive genetic alterations in 
tumor suppressor genes and oncogenes, results in the 
transformation of an adenoma into a microsatellite 
stable (MSS) CRC (2). It is now recognized that CIN only 
accounts for the genesis of approximately 70-80% of 
colon cancers. Within the last decade, it has been shown 
that approximately 20-30% of sporadic colon cancers 
arise through a distinct molecular pathway called CpG 
Island Methylation (CIMP) which is due to widespread 
DNA methylation (3). Methylation of the CpG Islands 
in the promoter area of a gene halts gene transcription 
and induces gene silencing. There is strong evidence 
that serrated polyps are the precursor lesions for colon 
cancers arising through the CIMP pathway.

Serrated colorectal lesions have long been described. In 
the last 3 decades an expanded spectrum of serrated lesions 
has been characterized. The World Health Organization 
classification of serrated lesions of the colorectum4  is: 
Hyperplastic polyp (HP);Sessile serrated adenoma/polyp 
(SSA/P) without or with cytological dysplasia (SSA-CD) and 
Traditional serrated adenoma (TSA)
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ABSTRACT
Colorectal cancer (CRC) is the third most common cancer in the world. Fortunately, it is also proven to be one of the most 
preventable cancers, in large part due to the utilization of CRC screening. Historically, it was believed that the adenomatous 
polyp was the only precursor to carcinoma of the colorectum. Within the last decade, it has been shown that approximately 
20-30% of sporadic colon cancers arise through a distinct molecular pathway called CpG Island Methylation (CIMP) which is 
due to widespread DNA methylation. There is strong evidence that serrated polyps are the precursor lesions for colon cancers 
arising through the CIMP pathway.
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RESUMEN
Cáncer Colorectal (CRC) es el tercer cáncer más común en el mundo (1). Afortunadamente también se ha probado que 
es el cáncer que más se puede prevenir, en gran parte debido al “screening” del CRC. Históricamente, se creía que el 
pólipo adenomatoso era el único precursor del carcinoma de colon y recto. En la última década se ha demostrado que 
aproximadamente el 20 al 30% de los cánceres colónicos esporádicos se derivan de una vía molecular diferente llamada 
Metilación de las Islas CpG (CIMP) que es debida a una extensión de la metilación del DNA.Actualmente hay una fuerte 
evidencia que los pólipos serrados son las lesiones precursoras de cáncer de colon surgiendo desde la vía CIMP.
Palabras clave: Cáncer colorrectal; Colon; Recto (fuente: DeCS BIREME).

Histologically, serrated lesions have a saw-tooth or 
serrated configuration of the crypt epithelium (Figura 1). 
Hyperplastic polyps are the most common and believed 
not to impart an increased risk of cancer in individuals 
who harbor them. Sessile serrated polyps (SSP), also 
known as sessile serrated adenomas, have been shown 
to be associated with inactivating mutations in the BRAF 
oncogene, progressive DNA methylation and ultimately 
promoter methylation of MLH1 which is believed to be 
a transformative event from an SSP to a microsatellite 
instable (MSI) cancer. Traditional serrated adenomas 
(TSA) are the least common of the serrated neoplasms 
and account for < 1% serrated lesions (4). 

Nearly 20 years ago, data demonstrated that 
colonoscopy and removal of adenomas was associated 
with a decrease in the incidence of CRC (5). Most recently 
this observation has also been extended to a reduction 
of CRC mortality by up to 53% (6). Unfortunately, it has 
become clear over the last decade that there is variable 
protection from the use of colonoscopy on CRC incidence 
and mortality (7-12). Interval cancers, which are cancers 
which develop after a colonoscopy and before the next 
recommended interval, are of increasing recognition and 
concern. Interval cancers have been shown to occur in 
up to 9% of individuals with CRC who have undergone 
colonoscopy in the preceding 3 years (12). While there 
is strong data that the use of colonoscopy has been 
associated with a decrease in overall and left sided 
CRC mortality, data have shown a lesser benefit of 
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colonoscopy in the reduction of CRC mortality in the 
proximal colon (8,9). 

A variety of possibilities have been suggested to 
account for the variable protection from colonoscopy 
and interval cancers. Factors directly associated with the 
endoscopist have been determined. These include the 
specialty of the provider, in particular procedures done 
by a non-gastroenterologist, or by an endoscopist with 
low rates of adenoma detection, polypectomy or cecal 
intubation (10,12). Other factors include the technical 
limitations of the exam, missed or insufficient resection of 
lesions, inadequate bowel preparation, and the varying 
biologic behavior of lesions. The factors most likely to 
be contributing to interval cancer is the variability in the 
detection of SSP by the endoscopist and inadequate 
resection those lesions. 

Potential link between serrated lesions and interval 
cancers: molecular biology

Sawhney et al searched their cancer database for 
interval cancers defined as cancers developing within 5 
years of a complete colonoscopy and matched them by 
age and gender to subjects who had a CRC detected 
on their first recorded colonoscopy. 5% of cancers were 
interval cancers. Interval cancers were four times as likely 
as non-interval cancers to have MSI (13). In a follow up 
study they showed that the interval cancers were more 
likely to be proximal and associated with CIMP (14). 
Numerous studies have confirmed that the majority of 
serrated cancers have CIMP 90%, MSI 50%, and BRAF 
mutations, 82% which is a similar molecular fingerprint as 
noted in SSP: CIMP 76%, MSI 72%, and BRAF mutation, 
83%. These features are distinct and substantially 
different than the molecular alterations found in 
adenomas (15). The clinical association between CRC and 
serrated lesions of the colon was first noted in 1996 in a 
patient with hyperplastic polyposis, now called serrated 
polyposis syndrome (16). It is now established that there is 
a serrated polyp-cancer pathway. It is hypothesized that 
either normal mucosa or a microvesicular hyperplastic 
polyp transforms through an activating mutation in BRAF, 

Figura 2. Proposed serrated pathway to MSI-H colon cancer. 
(Adapted from Reference 17) 

further methylation, CIMP, within promoter regions of 
genes, to an SSA (Figura 2). Cytologic dysplasia within 
an SSA occurs when the DNA mismatch repair enzyme, 
MLH1, becomes methylated. It is believed a rapid 
transformation occurs of the SSA-CD into an MSI-H 
carcinoma (17). 

Figura1. Serrated lesions of the colon. Hyperplastic polyp (A) and sessile serrated polyp (B). Note the “L” 
or boot shaped crypt base of the SSP.

Prevalence and clinical characteristics

Hiperplastic Polyps (HPs) account for the majority of 
serrated lesions of the colorectum. HPs are predominantly 
small, white polyps located in the rectosigmoid. SSP 
are less common than HP and the prevalence varies 
according to the ascertainment, be it the lesion versus 
the patient, the target serrated lesion studied, the use 
of pathology files versus a colonoscopy database and 
type of mucosal imaging utilized (white light versus 
chromoendoscopy or narrow band imaging). In one 
large study of over 7000 screening colonoscopies done 
by 13 endoscopists, the prevalence of adenomas was 
22%, HP 12% and SSP 0.6% (18). Another study in over 
3000 screening colonoscopies from 66 endoscopists 
demonstrated the SSP detection rate was 2% (19). The 
endoscopic appearance of an SSP is subtle. They are 
often the same color as the surrounding mucosa, can 
be covered with a layer of mucus and have a tendency 
to look like a prominent fold. One study assessing 7 
endoscopic features of SSP found that nearly 50% of 
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SSP express a mean of 2.4 features (20). The prevalence 
of the characteristic features in the study included a 
mucus cap (64%), a rim of debris or bubbles (52%), 
a nodular surface or abnormal fold contour (30-37%), 
and obscuration of surface blood vessels (32%) (Figura 
3). SSPs are usually bigger than adenomas and multiple 
studies confirm that 50% are > 10 mm (20,21). Less is 
known of the rare lesion, the TSA, which is usually left 
sided, more polyploidy in appearance and comprises 
< 0.5% of all polyps. 

SSP and conventional adenomas have significantly more 
numerous, larger, SSPs and conventional adenomas and 
more pathologically advanced conventional adenomas 
than individuals with only SSA or conventional 
adenomas. Synchronous CRCs were found exclusively in 
the cohorts with SSA. 

Variability in recognition and diagnosis of SSP

Recent data shows a significant variability in the ability 
of an endoscopist to detect an SSP. Kahi et al. found a 
3 fold difference in adenoma detection rate and 18 
fold variability in the detection of at least one proximal 
serrated polyp (26). Data from Hetzel et al. showed a 7 
fold difference in SSP detection rate while the variability 
in adenoma detection was less than a 3 fold difference 
(18). They also showed that SSP detection rates increased 
over time; being 0.6% in 2006 and increasing to 1.1% 
of exams in 2008. This may be due to an increasing 
awareness of the clinical importance of SSP by the 
endoscopist or even increasing ability to diagnose these 
lesions by the pathologist. 

In addition to the variability in the endoscopic 
detection of SSP, it has been shown that there is 
substantial variability in the pathologic diagnosis of 
these lesions. In one study there was less than a 2 
fold difference observed in the pathologic diagnosis of 
adenomas and HPs while the variability in the diagnosis 
of SSP was shown to be 13 fold (18). Until recently, the 
lack of consensus on the definition and nomenclature 
of serrated polyps has created considerable confusion 
in the accurate histological diagnosis of SSP. 
Previously, even within gastrointestinal pathologists, 
only moderate concordance was shown when making 
the distinction between serrated colorectal polyps (27). 
Recent studies have shown that the reproducibility 
of diagnosis of serrated polyps improves when 
standardized diagnostic criteria adopted by consensus 
are applied (28). A recently published consensus 
document on serrated lesions of the colon has 
recommended that the presence of at least one, 
unequivocal architecturally distorted, dilated, and / or 
laterally branched crypt, is sufficient for a diagnosis 
of SSP (29). Differentiating SSP from HPs is challenging 
and may be due, in part, to either insufficient tissue or 
poor specimen orientation. Since one of the important 
histological features of an SSP is present at the crypt 
base, proper orientation of the specimen seems 
important. A recent prospective study compared 
“usual” specimen handling to a modified protocol 
where the polyp specimen was flattened at the time 
of removal and placed into a small envelop before 
sending to the lab. Once in the pathology laboratory, 
the polyps were cut into sections after processing 
rather than before. In that study a substantial increase 
in the diagnosis of SSP (76% vs. 42%), and decrease in 
the diagnosis of HP (8% vs. 29.5%) was noted in the 
modified versus “usual” specimen handling arm (30). 

Figura 3. Endoscopic appearance of an SSP.

Risk to the individual with SSA 

The current target of screening and surveillance 
colonoscopy is the detection and prevention of 
metachronous advanced conventional neoplasia (AN). 
Conventional neoplasia refers to adenomatous lesions 
(tubular, tubulovillous [TVA], and villous [VA]). Advanced 
neoplasms are adenomas that are one centimeter or 
greater in size, harbor any villous component (TVA or 
VA), high grade dysplasia or invasive adenocarcinoma. 
Little is known about the risk of metachronous lesions in 
individuals with serrated colon polyps. Most of the current 
evidence relates to the risk of synchronous colorectal 
lesions in patients with serrated polyps. Individuals who 
harbor serrated neoplasms are at in increased risk of 
synchronous serrated lesions as well as AN (21-25). Li et al 
found that both right and left sided, large serrated polyps 
are associated with a 3 fold risk of synchronous AN (22). 
Schreiner et al. studied over 3000 patients undergoing 
screening colonoscopy (23). 8% had > 1 proximal HP or 
SSP. Patients with either a proximal or large HP or SSP 
were found to be at increased risk of synchronous AN 
versus those without those lesions. Vu et al compared the 
phenotypic expression of polyps found on colonoscopy 
in 3 cohorts of individuals, those with only SSA (N=180), 
those with only conventional adenomas (N= 173) and 
those with SSA and conventional adenomas (N=80) (21). 
The data demonstrated that individuals who co-express 
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It has been recommended that all serrated lesions 
greater than 5 mm in size in the recto-sigmoid and 
all serrated lesions proximal to the sigmoid colon be 
removed completely (29). It has been believed for some 
time that serrated polyps were less likely to be completely 
eradicated than their adenomatous counterparts. One 
recent study confirmed this belief. In a prospective study 
by Pohl et al, biopsies from the margins of polyps were 
performed after snare cautery polypectomy for complete 
eradication was done. It was found that 10% of polyps 
were incompletely resected and was significantly higher 
for 10–20 mm (17%) than 5-9 mm (7%) polyps and SSP 
(31%) versus conventional adenomas (7%). Additionally 
the rate of incomplete resection was found to vary 
between endoscopists (31). 

Recently recommendations for post polypectomy 
surveillance colonoscopy have been updated by the 
United States Multi-Society Task Force on colorectal 
cancer (32). It is recommended that individuals with 
serrated neoplasms including SSP and TSA undergo 
surveillance based upon the size, histology of serrated 
lesion and presence of dysplasia (Table 1). As opposed 
to the strong evidence supporting the recommended 
surveillance intervals for individuals with adenomatous 
polyps, the evidence to support the recommendations 
for serrated lesions is low to moderate. One small cohort 
study found that patients with a proximal serrated polyp 
were more likely (17%) than those without a proximal 
serrated polyp (10%) to have advanced neoplasia on 
surveillance colonoscopy (23). In another study which 
identified polyps from pathology archives and assessed 
the clinical follow up found the incidence of CRC was 
higher in the SSP patients (12.5%) than in patients with 
HP (2%) or adenomatous polyps (2%) (33). 

adenoma-carcinoma pathway. Serrated neoplasms 
are the precursors of approximately 25% of sporadic 
colon cancers and likely contribute to the occurrence of 
interval colon cancer. Reducing the substantial variability 
in endoscopist recognition and pathologist diagnosis of 
SSP should be targets of quality improvement. Research 
into the most effective modalities to enhance their 
recognition, and ensure adequacy of complete resection 
is warranted. Individuals with SSP are at high risk of 
synchronous AN and metachronous AN. More data 
to support appropriate intervals for post-polypectomy 
surveillance colonoscopy are needed.
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