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Abstract
Serrated polyps of the colorectum form a group of 
related lesions which include aberrant crypt foci (ACF), 
conventional hyperplastic polyps, mixed (admixed) 
polyps, serrated adenomas and sessi le serrated 
adenomas. In recent years the molecular differences 
between these morphologically similar lesions have been 
highlighted, and their differing biological potential has 
been realised. In particular, the sessile serrated adenoma 
has become recognised as the precursor lesion to a 
group of sporadic colorectal carcinomas characterised 
by morphological and molecular features distinct from 
conventional adenomas. These recent findings have 
challenged the long held paradigm that all colorectal 
carcinomas arise via the traditional adenoma-carcinoma 
sequence. In addition, they present a major challenge 
for the early detection and management of colorectal 
cancer, which is no longer regarded as a homogeneous 
entity.

© 2007 WJG. All rights reserved.
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INTRODUCTION 
Our understanding of  the pathogenesis of  colorectal 
carcinoma has seen a paradigm shift in recent years, mainly 
due to the emergence of  a group of  serrated lesions as 
precursors to a molecularly distinct group of  colorectal 

carcinomas. This has challenged the long held view that the 
majority of  colorectal carcinomas arise from conventional 
adenomas.

Serrated polyps of  the colorectum form a group of  
morphologically related lesions which include aberrant 
crypt foci (ACF), conventional hyperplastic polyps, mixed 
(admixed) polyps, serrated adenomas and sessile serrated 
adenomas. While these lesions share some histological 
features, they differ significantly on the molecular level, 
and more importantly, are biologically distinct. The 
prototype of  serrated lesions is the hyperplastic polyp. 
Since its recognition as a pathological entity, different 
from adenomas, hyperplastic polyps have been regarded 
as innocuous, non-neoplastic lesions with no malignant 
potential[1,2]. This dogmatic view remained unchanged for 
many years despite several reports documenting occurrence 
of  cancer in “hyperplastic polyps” or frequent incidence of  
colorectal cancer in patients with numerous “hyperplastic” 
polyps[3]. Eventually the employment of  molecular 
techniques for research into colorectal cancer provided 
data which changed our view on this adenoma-carcinoma 
sequence, and a new pathway of  colorectal cancer 
development called the “serrated pathway” was recognised 
and accepted. The “serrated pathway” story would not be 
complete without recognition of  its end point malignant 
lesion-the “serrated adenocarcinoma”. The existence of  
serrated adenocarcinomas as a distinct entity was supported 
by molecular data obtained from detailed microarray 
studies and correlated with conventional histomorphology. 
Reproducible histopathological criteria have now been 
proposed for this new subtype of  colorectal cancer (CRC), 
which accounts for a substantial proportion of  CRCs.

Hyperplastic polyps
Hyperplastic polyps are typically small, smooth, sessile 
lesions most commonly encountered in the distal colon 
and rectum of  patients usually older than 40 years of  
age[4,5]. Morphologically, hyperplastic polyps have numerous 
crypts with a convoluted luminal pattern and immature 
proliferative cells in the lower portions. Serrations tend 
to be restricted to the superficial portions of  the crypts, 
which contain cytologically bland mature cell types with 
variable amounts of  mucin. Hyperplastic polyps have an 
expanded but otherwise normal proliferative zone, with 
mitoses restricted mainly to the basal portions of  the 
crypt epithelium. An attempt has been made to subdivide 
hyperplastic polyps based on the morphological features 
of  the mature cells, however this subclassification is not yet 
routinely reported[6,7].
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Traditional serrated adenomas
It was recognised as early as 1984 that there were some 
colonic polyps which demonstrated features of  both 
hyperplastic polyps and adenomatous polyps, which at the 
time were designated as “mixed hyperplastic adenomatous 
polyps”[8]. Some years later a review of  110 of  these 
lesions sought to identify their characteristics, and the 
term “serrated adenoma” was proposed to identify 
this particular group of  polyps[9]. Their definition of  
this lesion was quite broad, encompassing any serrated 
lesion with cytological dysplasia. This was reappraised by 
Torlakovic and colleagues[7], who identified a subgroup 
of  “traditional serrated adenomas” as distinct from 
sessile serrated adenomas, which are described below. 
According to their schema, traditional serrated adenomas 
are polyps with a complex serrated architecture which 
demonstrate characteristic cytological features of  central, 
elongated nuclei, mild pseudostratification and distinctly 
eosinophilic cytoplasm. They are often pedunculated 
and may demonstrate a villiform architecture under low 
power examination[6,7]. The epithelial cells of  a traditional 
serrated adenoma differ from those of  a conventional 
adenoma, which typically display more prominent nuclear 
hyperchromasia and more basophilic cytoplasm[6]. These 
polyps are rare, constituting less than 1% of  all colorectal 
polyps, and have a predilection for the sigmoid colon and 

rectum. They usually adopt a polypoid configuration and 
are readily visible endoscopically[10].

Sessile serrated adenomas
The existence of  an aggressive variant of  hyperplastic 
polyp with malignant potential emerged in studies from 
the Jass group, who questioned the dogmatic adenoma-
carcinoma sequence as the exclusive route to development 
of  colorectal cancer. A subset of  hyperplastic-like polyps 
called “sessile serrated polyps” occurring mainly in 
the right colon of  middle aged females was shown to 
have an increased risk of  malignant transformation[11]. 
The currently used term describing this polyp type is 
“sessile serrated adenoma”, which was recently coined 
by Torlakovic and colleagues[7]. Sessile serrated adenomas 
are typically sessile, right-sided in location and tend to 
be large (Figure 1). These polyps display alterations 
of  the proliferation zone which produce characteristic 
architectural abnormalities. The crypts are often dilated 
at their base, and may extend laterally parallel to the 
muscularis mucosae (Figure 2). Occasionally the crypts 
herniate through the muscularis mucosae, producing an 
appearance which may be confused with invasive tumour 
(Figure 3). The proliferation zone is asymmetrical, and 
mitoses can be found in the upper portions of  the crypts. 
Serration is often seen at the base of  the crypts, as are 
cells showing mature differentiation, such as goblet cells or 
gastric foveolar cells. Subtle cytological atypia may be seen, 
but is not required for the diagnosis, which rests primarily 
on architectural features.

Serrated polyps and cancer
Over recent years a body of  evidence has accumulated 
suggesting that some serrated polyps have a predisposition 
for malignant transformation. In their original series 
Longacre et al [9] found that 37% of  their “serrated 
adenomas” contained foci of  significant dysplasia, and 
10% contained areas of  intramucosal carcinoma. In a large 
series of  colorectal carcinomas 5.8% were associated with 
an adjacent serrated adenoma[12]. Of  these, half  were found 
in the caecum. In addition to these findings, a condition 
of  multiple serrated polyps, known as hyperplastic 
polyposis (Figure 4), is now recognised to carry an 
increased risk of  colorectal carcinoma. There were early 

Figure 3  The crypts of a sessile serrated adenoma may herniate through the 
muscularis mucosae, producing an appearance which may be confused with 
invasive tumour (HE, x 20).

Figure 2  Low power appearance of a sessile serrated adenoma. Serration is seen 
to the base of the crypts, which are dilated and may show growth parallel to the 
muscularis mucosae (HE, x 20).

Figure 1  Sessile serrated adenoma (lower arrow).  These polyps tend to be large, 
sessile and situated on the crest of the mucosal folds.  This appearance contrasts 
with that of a typical adenomatous polyp (upper arrow).



case reports of  malignancy coexisting in patients with this 
condition[3,13], and approximately half  of  all reported cases 
up to that time were associated with adenocarcinoma[14]. 
The morphology of  the polyps in this condition fits 
the criteria for sessile serrated adenomas[7,14], and it has 
been suggested that the condition be renamed “serrated 
adenomatous polyposis” to reflect the now recognised risk 
for carcinoma[15].

Serrated adenocarcinoma
The existence of  a distinct subset of  serrated adeno-
carcinomas was anticipated after the recognition of  
serrated precursor lesions, and indeed recently the 
morphological characteristics of  these tumours have been 
described. Serrated adenocarcinomas show a superficial 
resemblance to traditional hyperplastic polyps, however 
glandular serration in itself  is a non-specific feature, and 
a number of  other criteria have been recognised. These 
features include prominent mucin production, abundant 
eosinophilic cytoplasm, retained polarity and chromatin 
condensation around the periphery of  the nucleus. Less 
well differentiated tumours show a more trabecular growth 
pattern, but the cytological details are the same[16-18]. 
More recent DNA expression studies using microarrays 
have demonstrated that serrated adenocarcinomas 
cluster into a molecular entity distinct from conventional 
adenocarcinoma, providing molecular support for their 
classification as a distinct subtype[18,19]. The suggestion that 
these tumours may show a different biological potential 
still needs to be validated, and the reproducibility of  these 
initial studies remains to be seen.

Molecular characteristics of serrated neoplasia
A subset of  colorectal carcinomas show high levels of  
DNA replication errors in repeated nucleotide sequences, 
or microsatellites, within the genome, usually within non-
coding regions. This microsatellite instability (MSI) results 
from underlying mismatch repair gene deficiency[20-22], and 
tumours showing high levels of  microsatellite instability 
(MSI-H tumours) have distinctive clinical and pathological 
features[23-25]. This can occur in a familial context with germ 
line mutations in mismatch repair genes, and produces a 
syndrome known as Hereditary Non-Polyposis Colorectal 
Carcinoma (HNPCC), or Lynch Syndrome. In addition, 
approximately 10%-15% of  sporadic colorectal carcinomas 

also show microsatellite instability, usually secondary to 
hypermethylation of  the promoter region in the MLH1 
gene.

Evidence of  microsatellite instability has been found in 
29% of  hyperplastic polyps, 53% of  serrated adenomas and 
83% of  “mixed” polyps[26]. Within this study the “mixed” 
polyps groups comprised polyps within which there were 
an admixture of  hyperplastic, serrated adenomatous or 
tubular adenomatous epithelial patterns. In a subset of  these 
mixed polyps, evidence of  the same mutation was found in 
hyperplastic areas and adjacent neoplastic areas, suggesting 
a clonal relationship[26]. In addition, the hyperplastic areas 
of  the mixed polyps showed a greatly increased rate of  
microsatellite instability when compared to the rate in pure 
hyperplastic polyps. Sessile serrated adenomas have been 
shown to have loss of  expression of  the mismatch repair 
protein MLH1[7] (Figure 5), prompting the suggestion that a 
majority of  the “mixed” polyps in the previous study[26] may 
actually have been sessile serrated adenomas, perhaps with 
areas of  tubular adenoma[15].

Demonstration of  increased expression of  secretory 
mucins MUC2 and MUC5 in MSI-H cancers and identical 
mucin and DNA changes in serrated colorectal polyps, 
was seen as a strong support for serrated polyps being 
a precursor lesion for at least microsatellite unstable 
sporadic cancers[27,28]. A comparison of  polyps from 
resection specimens with MSI-H cancers to those with 
microsatellite stable carcinomas found significantly more 
serrated polyps in association with MSI cancers[29]. In 
addition, a high proportion of  these polyps showed loss 
of  MLH1 protein, which was also seen in the synchronous 
carcinomas. These changes were seen to be able to 
precede the development of  histological dysplasia, and 
it was suggested that they represented early changes in a 
progression from hyperplastic polyps through “serrated 
adenomas” to invasive carcinoma[29]. Other authors have 
retrospectively analysed the illustrations provided and have 
suggested that the “hyperplastic polyps” of  this study 
actually have morphological features more akin to sessile 
serrated adenomas[15].

A somewhat similar study evaluated 106 “hyperplastic-
like” polyps that had arisen in the same sites as subsequent 
microsatellite unstable colorectal carcinomas[30]. As a group 
these polyps were larger than control polyps, and showed 
expanded crypt proliferation zones, crypt basilar dilation, 

Figure 5  Immunohistochemical staining for the mismatch repair protein MLH1, 
demonstrating “clonal” loss of expression in a sessile serrated adenoma (x 20).

Figure 4  An example of hyperplastic polyposis, demonstrating numerous sessile 
serrated adenomas (arrows).
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serration within the basilar regions and maturational 
changes[30]. Again, these features were remarkably similar 
to the morphology of  sessile serrated adenomas.

Taken together, these results have led to the suggestion 
that sessile serrated adenomas in particular may represent 
the precursor lesion to sporadic MSI carcinomas[15]. An 
important molecular feature of  these carcinomas is the 
methylation of  multiple regions of  cytosine-guanosine 
dinucleotides, or CpG islands, within the promoter regions 
of  genes. This is known as the CpG island methylator 
phenotype (CIMP), and has the effect of  downregulating 
gene expression[31]. The genetic instability characterising 
many of  these tumours is a direct result of  promoter 
methylation silencing the expression of  MLH1[32-34]. 
Methylation at this and other genetic loci is uncommon 
in typical hyperplastic polyps, but is commonly found in 
the setting of  hyperplastic polyposis[35,36]. More frequent 
methylation has also been reported to be associated with 
larger size[36] and proximal location[37] of  serrated polyps, 
both of  which are features of  sessile serrated adenomas, 
and O’Brien et al[37] found significantly more promoter 
methylation in polyps with “abnormal proliferation” when 
compared to other serrated polyps.

BRAF is a member of  the RAF family of  serine/
threonine kinases, and acts as a signal transducer for growth 
factors within the RAS-RAF-MAP kinase pathway[38]. 
Activating mutations in BRAF have been identified in a 
subset of  colorectal carcinomas[39,40], and are particularly 
associated with sporadic tumours showing microsatellite 
instability. KRAS is another signal transducer that acts in 
tandem with BRAF in the same signalling pathway. KRAS 
and BRAF mutations appear to be mutually exclusive within 
both polyps and carcinomas[41-43], with KRAS mutations 
more typically associated with the classic adenoma-
carcinoma sequence[42,44,45]. BRAF mutations were found to 
be much more frequent in sessile serrated adenomas and 
mixed polyps when compared to traditional hyperplastic 
polyps, and are rarely found in conventional adenomas[45,46]. 
The same studies have shown a strong association 
between BRAF mutations and a CIMP-high phenotype 
in both serrated polyps and carcinomas. Conversely, 
KRAS mutations were only found in 7% of  sessile 
serrated adenomas, compared to 44% of  large traditional 
adenomas[45].

Towards a molecular classification of bowel cancer
For many years colorectal carcinoma was thought to 
be a relatively homogeneous entity. Loss of  the gene 
APC was understood to initiate neoplastic growth in 
the form of  adenomatous polyps. Further mutations, 
typically via chromosomal deletions, drove the process 
to malignant transformation, with mutation of  KRAS 
and TP53 prominent among these[44]. However, studies 
which examined the genetic changes in MSI cancers found 
that while a proportion of  these had APC mutations, 
this seemed to be a later event in tumour genesis, with 
the mismatch repair deficit occurring earlier in the 
sequence[47,48]. Subsequent studies separated sporadic MSI 
cancers from those occurring in a familial setting, and 
found that APC or KRAS mutations were uncommon in 

the sporadic tumours[49,50]. These findings suggested that 
there was an alternative route to colorectal carcinogenesis 
involving loss of  mismatch repair genes as an initial 
event, a position which has been strengthened by the 
emergence of  sessile serrated adenomas as likely precursor 
lesions to the sporadic group, forming the “serrated 
neoplasia” pathway[10,27]. Indeed, this pathway may begin 
to be responsible for a greater proportion of  colorectal 
carcinomas diagnosed in the future, as screening and early 
intervention efforts reduce the incidence of  cancers arising 
from traditional adenomas. Indeed, it has been suggested 
that an apparent increase in incidence of  right sided colon 
cancers (“shift to the right”) might be a result of  existing 
surveillance strategies being orientated towards eradication 
of  conventional adenomas while hyperplastic-like polyps, 
occurring most frequently in the right colon, have not 
been subjected to similar policy[51-53].

Jass has attempted to integrate this new molecular 
understanding of  colorectal carcinoma by suggesting a 
new classification scheme combining both molecular and 
clinical features[17]. He proposes a scheme recognising 
five separate groups. Two groups are characterised by 
high levels of  promoter methylation, mutations in BRAF 
and microsatellite instability. These tumours arise from 
serrated polyps, and tend to show chromosomal stability. 
He separates the groups on the level of  microsatellite 
instability. A further two groups show low or absent levels 
of  promoter methylation, KRAS mutations, low or absent 
microsatellite instability and chromosomal instability. These 
tumours arise in traditional adenomas and may be sporadic 
or familial. A fifth group comprises tumours associated 
with HNPCC, with negative promoter methylation, BRAF 
mutation negative, stable chromosomes and high levels of  
microsatellite instability. These groupings can be related to 
certain morphological features. Serrated adenocarcinomas, 
as described above, tend to show microsatellite instability, 
and are more likely to fall within the first two groups. 
Poor differentiation, intraepithelial lymphocytes and lack 
of  “dirty” necrosis are additional features associated 
with MSI tumours, both sporadic as well as those 
associated with HNPCC[17,24,54]. In particular, a subgroup 
of  carcinomas associated with MSI is characterised by 
good circumscription, poor differentiation, closely packed 
trabeculae or sheets, lack of  nuclear pleomorphism 
and lymphocyte infiltration[24]. These tumours, known 
as medullary carcinomas, are particularly important to 
recognise as they carry a good prognosis which belies their 
lack of  differentiation[17,24,55]. 

Implications for management
Making recommendations for management is currently 
hampered by the recent changes in terminology and a 
lack of  data in a number of  aspects related to the sessile 
serrated adenoma. As it is a new entity, not previously 
diagnosed by pathologists, there is no data regarding the 
sensitivity of  screening for faecal occult blood. This will be 
a critical issue for further studies to address. In addition, 
these predominantly sessile lesions may not be as readily 
detected by colonoscopy as they have a tendency to flatten 
against the mucosa when the bowel is inflated. Newer 
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procedures such as virtual colonoscopy will also need to be 
assessed - our local experience, while limited, does indicate 
that the sessile serrated adenoma can be successfully 
detected with this technique (Figure 6).

As outlined above, the critical histological features 
identifying a sessi le ser rated adenoma are largely 
architectural, and are thus best appreciated when most 
of  the polyp is submitted. Small, superficial biopsies may 
be difficult to distinguish from a traditional hyperplastic 
polyp. In this scenario, the pathologist is greatly aided by 
the provision of  adequate clinical information, in particular 
the site, size and multiplicity of  the lesions. The provision 
of  this information can be aided by making endoscopy 
findings available to the reporting pathologist. Where 
feasible, photographs of  the endoscopic appearance of  the 
lesion can also be invaluable.

Once a sessile serrated adenoma has been identified, their 
recurrence rate and the rate of  progression to carcinoma 
remain to be determined. When a sessile serrated adenoma 
is seen in conjunction to a carcinoma there is typically a 
transition zone of  adenomatous epithelium, which tends 
to adopt a morphology more akin to traditional adenomas, 
typically with a villous architecture[15], and microsatellite 
instability is more frequently found in dysplastic foci of  the 
serrated polyps in patients with hyperplastic polyposis[56]. 
These lesions have been referred to as mixed hyperplastic 
polyp/villous adenomas, but perhaps a term such as “sessile 
serrated adenoma in transition” may more accurately reflect 
the biological potential of  this lesion. Irrespective of  the 
presence or absence of  cytological dysplasia within these 
polyps, the patients harbouring these lesions should be 
managed in a similar way to patients with conventional 
adenomas. A series of  proposed management guidelines 
incorporating this concept have recently been published[6,15].

A further complication to the assessment of  these 
polyps lies in the suggestion that in some sessile serrated 
adenomas the dysplasia may resemble the cytological atypia 
seen in serrated adenocarcinoma, with round vesicular 
nuclei, prominent nuclear membranes and cytoplasmic 
eosinophilia[17]. In addition, Jass and colleagues have 
described “fusion” polyps, which combine the molecular 
features of  both serrated and traditional adenomatous 
pathways[57]. Such polyps show frequent loss of  KRAS or 
BRAF, as well as loss of  expression of  the DNA repair 

gene MGMT, and the suggestion is that these polyps may 
in fact be particularly aggressive[57].

CONCLUSION
A “serrated neoplasia” pathway has now emerged as 
distinct from the more traditional adenoma-carcinoma 
sequence. Key to this pathway is extensive DNA 
methylation, silencing of  mismatch repair genes and 
BRAF mutation. A precursor lesion appears to have been 
identified in the form of  the sessile serrated adenoma, 
and a major challenge now is to facilitate the early 
detection of  these polyps and to determine the best 
management strategy once they have been identified. 
Future classifications of  colorectal carcinoma are likely to 
be based on a combination of  clinical, morphological and 
molecular features, and represent a second major challenge. 
What is certain is that the role of  the pathologist will now 
become central for the analysis of  the molecular features 
of  these lesions as well as the morphology. 
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