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Abstract: Serrated adenomas (SAs) are part of the distinct serrated polyp pathway of colorectal carcinogenesis
characterized by microsatellite instability and deficiency in DNA mismatch repair. Sessile SA is a recently
recognized lesion that typically presents as a large sessile polyp, but lacks the conventional dysplasia. It is more
frequently found on the right side than on the left side of the colon, and is thought to represent an intermediate
form in the hyperplastic polyp to sessile SA, traditional SA, and colon cancer sequence. Many terms have been
used and are still in use in the literature to describe this lesion, such as “hyperplastic polyposis”, “giant
hyperplastic polyposis,” “large hyperplastic polyps,” “hyperplastic-adenomatous polyposis syndrome,” “giant
hyperplastic polyp,” and “mixed epithelial polyp.” The purpose of this paper is to review and clarify the confusing
nomenclature, and to provide a framework for understanding the genetic alterations and clinical significance of
these precursor lesions in the serrated polyp pathway of colorectal caner.
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Introduction
Epithelial polyps of the colorectum have
traditionally been classified into two main
groups: neoplastic polyp, or adenoma, and
hyperplastic polyp (HPP) [1]. Adenoma has
malignant potential and is considered the
precursor lesion of colorectal cancer (CRC),
whereas HPP is generally regarded as nonneoplastic [2, 3]. Traditional serrated
adenoma (TSA) is a rare type of colorectal
polyp that has the cytologic features of an
adenoma, the architectural features of a HPP,
and malignant potential. Serrated adenomas
(SAs) have been linked to a distinct “serrated
polyp pathway” of colorectal carcinogenesis
[4], which is characterized by microsatellite
instability (MSI) and deficiency in DNA
mismatch repair [5, 6] and is largely
independent of the classic “adenoma-tocarcinoma” sequence. A recently recognized
lesion in the serrated polyp pathway is the
sessile SA. Sessile SA usually presents as a
large (usually greater than 1 cm) sessile polyp,

but lacks conventional dysplasia. Sessile SA is
found more frequently on the right side than
on the left side of the colon. It is thought that
sessile SAs represent an intermediate form of
polyp and thus complete the spectrum from
classic HPP to sessile SA, traditional SA, and
eventually colon carcinoma. Many terms have
been used and are still in use in the literature,
such as “hyperplastic polyposis”, “giant
hyperplastic polyposis,” “large hyperplastic
polyps,” “hyperplastic-adenomatous polyposis
syndrome,” “giant hyperplastic polyp,” and
“mixed epithelial polyp,” which contribute to
the confusion of these lesions [1-7]. Thus, a
high interpersonal discrepancy of serrated
polyps has been recently reported [8],
underscoring the importance of a consistent
terminology for such lesions. The purpose of
this review is to attempt to clarify the
confusing nomenclature, and to review the
genetic alterations and clinical significance of
these precursor lesions in the serrated polyp
pathway of colorectal cancer.
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Though serration is less prominent in GCSP,
thickening of the mucosa and the muscularis
mucosae and irregular thickening of the
surface basal membrane are readily seen.
MPSP usually has uniform and prominent
serration and almost no evidence of mucin.

Figure 1 The histologic characteristics of a HPP.
Hypermucinous maturation on the surface and
serrated architecture in the upper half of the crypt,
whereas the lower portion of the crypt reveals a
narrow mild hyperchromatic regenerative cells.

Hyperplastic Polyps
HPPs are typically small (<5 mm in diameter),
sessile or slightly raised, mucosal lesions that
occur more frequently in the distal colon and
rectum than elsewhere in the colon [6]. HPPs
occur most frequently in the fifth and sixth
decades of life, whereas adenomas usually
arise in the sixth and seventh decades [7].
Histologically, HPPs are characterized by a
hypermature appearance with an irregular
serrated luminal surface contour. Cross
sections of hyperplastic crypts have a stellate
appearance. The superficial portion of a HPP
displays hypermucinous cells, whereas the
lower third shows a narrow regenerative crypt.
The histologic characteristics of HPPs are
shown in (Figure 1). HPPs can be further
divided into 3 subtypes based on the character
of their mucin - microvesicular serrated polyp
(MVSP), goblet cell-rich serrated polyp (GCSP),
and mucin-poor serrated polyp (MPSP) [6].
MVSP, also called Type 1 HPP, is the most
common type of HPP and correlates with the
lesion generally considered to be the typical
HPP of the colorectum. It is characterized by
vesicular mucin/vesicular cells and numerous
goblet cell abnormalities. GCSP, also called
Type 2 HPP, reveals increased goblet cells.

At the molecular level, the abnormal retention
of surface epithelium of HPP is caused by the
inhibition of programmed cell death, or
apoptosis. Inhibition of apoptosis can also
facilitate the development of genetic instability
[10]. Recently, researchers have found that
HPPs are clonal epithelial growth with
underlying genetic alterations implicating
components of the mitogen-activated protein
(MAP) kinase signaling pathway, notably the
oncogenes KRAS [11, 12] and BRAF [13]
(Table 1). Mutation of KRAS has been linked to
the inhibition of apoptosis through Akt/protein
kinase B, which inhibits caspase-9 [14] and
BAD [15], and through downregulation of the
cell membrane apoptosis receptor, Fas (CD95)
[16]. HPPs are also characterized by the
epigenetic promoter methylation of genes
(CpG island methylator phenotype, CIMP)
encoding hMLH1, p16, and MGMT (O-6methylguanine DNA methyltransferase). Of
note, sporadic HPPs were CIMP-negative (not
methylated at any locus), but 43% of HPPs
from multiple/large HPPs, or hyperplastic
polyposis were CIMP-high (two or more
methylated loci, P = 0.00001) in a study of
102 HPPs from 17 patients with multiple/large
HPPs or polyposis and 14 HPPs from other 12
sporadic patients [17]. However, some
traditional SAs of the proximal colon also
demonstrate features of CIMP. These findings
raise the possibility that HPPs may represent
the primordial lesion in the serrated polyp–
neoplasia pathway, leading to the formation of
SAs and ultimately colorectal carcinomas [18].
This possibility is further supported by the fact
that HPPs and SAs have similar age
distribution (both occur more often in patients
more than 48 years old), and spatial
clustering. Also, there appears to be a
temporal association between the two lesions.
Lazarus et al [19] found that some patients

Table 1 Molecular abnormalities in serrated polyps of the large intestine
Normal colon
Small HPP
Large HPP
SSA
CIMP
+/+
++
BRAF
+
+
+
MSI
+
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TSA
+++
+
+

CRC
++++
+
+++
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Figure 2 A gross photograph of hyperplastic
polyposis. A segment of right colon containing six
brownish, sessile serrated polyps. A close-up of a
polyp was inserted in the left lower corner.

with HPPs later developed traditional SAs and
those patients who had traditional SAs more
often had HPPs in subsequent screening tests
than traditional adenomas. Other studies have
shown that MSI and CIMP play significant roles
in the pathogenesis of hyperplastic polyposis,
an inherited syndrome characterized by
multiple, large HPPs and a predilection to
familial CRC. An example of hyperplastic
polyposis is illustrated in Figure 2.
Although it is likely that HPPs from the
proximal colon are linked histogenetically with
the subset of CRCs with high levels of MSI
(MSI-H), DNA hypermethylation, or both, it is
clear that most HPPs on the right side of the
colon will not become malignant. In a
postmortem study conducted in New Zealand,
Jass et al [20] found only 43 right-side HPPs
among the 333 cases of colorectal adenomas
studied. It was estimated that only about 1% of
right-side HPPs develop into MSI-H cancers
[20]. This finding suggests that, except for
lesions of hyperplastic polyposis, there is a
limited benefit to be gained by removing a
relatively small, sporadic lesion from the thinwalled right colon of an elderly person.
Traditional Serrated Adenomas
The term “serrated adenoma” was first
introduced into the pathology literature in
1990 to describe a rare type of colorectal
polyp that had the cytologic features of an
adenoma and the architectural features of a
HPP [1]. Some authors had described SAs as
“atypical HPPs” [21] or as “villous adenomas”

319

Figure 3 The histologic characteristics of a TSA. A
noticeable serrated architecture, eosinophilic
epithelium with hyperchromatic “pencillate” nuclei.

[22]. To clarify the confusion of terminology, it
has been proposed that serrated adenoma be
called “traditional serrated adenoma” (TSA) to
distinguish it from sessile serrated adenoma
(to be discussed further).
The main histological features of TSA are the
uniform population of abnormal epithelial cells
which are columnar cells with eosinophilic
cytoplasm and centrally placed, elongated
nuclei that are hyperchromatic and display
somewhat pseudostratification (Figure 3).
Staining of these cells with the proliferation
marker Ki-67 (Mib-1) reveals minimal
proliferation index in contrast to the traditional
tubular adenoma and tubulovillous adenoma.
In addition, cell proliferation in TSAs mainly
occurs within the crypt base, and occasional
mitoses may be observed in the upper crypt
zone. Overall, there is a definite transition from
a basal proliferative zone to a more superficial
zone of maturing cells [23-25]. By contrast,
proliferating cells in traditional adenomas are
located throughout the crypts and even within
the surface epithelium [23-25]. Thus, it can be
difficult to differentiate traditional adenomas
from TSAs with high-grade dysplasia, which
also have proliferating cells in the upper crypt
and surface epithelium [23]. In some cases,
immunohistochemical markers such as Ki-67,
Bcl-2 and p21 are useful to help distinguish
TSAs from both HPPs and adenomas.
Generally, the levels of these markers in TSAs
are intermediate between levels in HPPs and
adenomas [26-28].
TSAs are characterized by a heterogeneous
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group of changes at the molecular level, with
features intermediate between those of HPPs
and adenomas. A high proportion of TSAs has
BRAF mutations and DNA methylation. In
mixed polyps (those with both HPP and
adenoma components), both components
have identical microsatellite mutations, but
the dysplastic component is more likely to be
TSA than adenoma, despite the fact that
adenoma is much more common than TSA [5].
At the molecular level, TSAs and HPPs share
three common features: mutation of genes in
the MAP kinase signaling pathway (BRAF or
KRAS) [12, 13], extensive DNA methylation
[28-30], and gastric metaplasia [31, 32]. In
addition, the transition of HPPs and mixed
polyps to invasive carcinoma has been
documented [33-35]. These studies found that
TSAs may arise from either HPPs or sessile
SAs, or they may develop de novo.
Methylation and inactivation of the DNA repair
genes MLH1 and MGMT have been proposed
as critical steps in the development of genetic
instability. Subsets of CRCs with an unusually
high number of methylated CpG islands have
been described as having the CIMP. It is
possible that as many as 20% of CRCs with
this phenotype evolve through the serrated
polyp pathway. Indeed, many molecular
changes identified in MSI-H cancers are
present in serrated lesions, including CpG
island methylation of hMLH1 in proximal HPPs,
increased CpG island methylation with loss of
expression of hMLH1 and MSI in TSAs, and the
aforementioned BRAF mutation as a
potentially late event in the progression from
HPP to TSA [35]. Researchers have suggested
that the CIMP is the engine that drives the
serrated polyp–carcinoma pathway. In their
study, Beach et al [36] found that sporadic
MSI-H cancers commonly lack some of the
genetic alterations identified in traditional
adenomas, such as in the APC gene. This
group also found the rates of cell proliferation
and apoptosis of dysplastic cells in both the
upper and lower crypts were intermediate
between those of HPPs and tubulovillous
adenomas [26].

proximal colon (35.4%) than either adenomas
(23.3%) or HPPs (7.5%) [37]. In a recent
review of pathologic specimens from Finland,
however, Lazarus et al [17] found that 15.9%
of colorectal polyps were diagnosed as TSAs
and suggested that other pathologists might
have misdiagnosed TSAs with high-grade
dysplasia as adenomas.
The risk of malignant transformation of TSAs
appears to be higher than that of traditional
adenomas. In a study of 40 Norwegian
subjects with adenomas, only 1 developed
CRC over the 10-year period of the study [38].
In a consecutive series of patients with polyps
diagnosed between 1978 and 1982 and
followed until the end of 2000, the incidence
of CRC in patients with SAs (5%) was greater
than but not statistically different from the
incidence of CRC among patients with
adenomas (2.2%) [17]. Another study reported
a patient who refused to have a TSA resected
and developed advanced cancer at the site of
the lesion within 2 years [39].
Sessile Serrated Adenomas

Since the first detailed description of TSAs
appeared in 1990 [1], the proportion of
colorectal polyps diagnosed as TSAs has
increased. In a study of over 18,000 lesions
originally diagnosed as polyps, Longacre et al
characterized approximately 0.6% as TSAs and
found that they were more likely to occur in the

Torlakovic and Snover first described a distinct
morphological subtype of colorectal polyps in
the context of hyperplastic polyposis [40].
These polyps, termed sessile SAs (SSAs), are
characterized by their large size, exaggerated
serration, and dilated horizontal crypts. The
diagnosis of SSA is based mainly on
architectural features that seem to emanate
from the abnormal proliferation and decreased
apoptosis that is the basis for the abnormal
growth in these serrated polyps. The
architectural features of SSA include
branching of crypts, dilatation of the base of
the crypts, and a peculiar growth pattern of
crypts which grow parallel to the muscularis
mucosae, creating an L-shaped crypt. These
distinct growth features, readily recognizable
at the low-power magnification, are
accompanied by the presence of mature cells
with goblet cells at the serrated base of the
crypt (Figure 4). In contrast, the lower third of
the crypts in HPPs remains narrow and is lined
with proliferative cells. SSAs can be further
distinguished from HPPs on the basis of the
exaggerated serration in their lower crypts,
increased crypt branching or “boot-shaped”
crypts, crypt dilatation, an epithelial-to-stromal
ratio of > 50%, mitoses in the mid to upper
levels of crypts, and minimal cytologic atypia
(such as vesicular nuclei with conspicuous
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Figure 4 The histologic characteristics of a SSA. The
SSA cytologically resembles hyperplastic polyps and
has some of the architectural features of serrated
adenomas. SSA is distinguished from hyperplastic
polyps on the basis of exaggerated serration in the
lower crypts, increased crypt branching or ‘bootshaped’ or “L-shaped” crypts, crypt dilation, an
epithelial to stromal ratio of > 50%, and mitoses in
the mid to upper levels of crypts. A close-up of the
arrowed area was shown on the right upper corner.

Figure 5 Immunohistochemistry of hMLH1 showing
significant decrease/absence of hMLH1 in the
portion of SSA (left side) and normal expression of
hMLH1 in the adjacent colonic epithelium.

nucleoli) in the upper crypts [41]. However,
distinguishing between the two is sometimes
difficult, because both can have focal
serrations and sessile serrated adenoma may,
like HPP, lack dysplastic features. Furthermore, because of the sessile nature of the
polyp, a poorly oriented specimen may not
reveal the characteristic features. In our daily
practice, when initial biopsy results of clinically
visible polyps are nondiagnostic, we routinely
reorientate the specimens and section deeper
tissue levels, which often reveal diagnostic
features for HPP or SSA [42].
Although
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SSAs

have

cytologic

features

resembling those of HPPs, they have some of
the architectural features of TSAs. SSAs can
be considered large HPP variants, or possibly
intermediates between HPPs and TSAs. At the
molecular level, SSAs are characterized by
frequent mutation of BRAF and DNA
methylation, whereas traditional HPPs are
more likely to have KRAS mutation and less
extensive DNA methylation. A study of HPPs
and TSAs revealed an inverse relationship
between BRAF mutations and KRAS mutations
[43], which supports grouping serrated polyps
as a spectrum of lesions associated with
activation of the MAP kinase pathway. In
addition to CIMP, the acquisition of BRAF
mutations with methylation of hMLH1 is an
important genetic alteration found in many
cases of SSA. Loss of expression of MSI,
particularly hMLH1, in SSA is readily
demonstrated
by
immunohistochemistry
(Figure 5). However, SSAs are morphologically
and molecularly distinct from TSAs and lack
the conventional dysplasia seen in other
adenomas. Thus, SSA, like TSA, probably
represents a fairly distinctive lesion along the
serrated
polyp–neoplasia
pathway
of
colorectal carcinogenesis. SSAs are thought to
represent approximately 2% of all polyps
removed colonoscopically, over 8% of all
polyps that would have been previously
diagnosed as HPPs [44], and around 18% of
all serrated polyps [45].
The question then arises: how do we report
serrated polyp of the colorectum and how do
we
manage
those
polyps?
Though
nomenclature of colorectal serrated polyps is
not generalized, a panel of terminology for
reporting serrated polyps of the large intestine

Figure 6 Mixed serrated polyp with tubular
adenoma (left upper corner) and sessile serrated
adenoma (SSA, right lower corner).

Int J Clin Exp Pathol (2008) 1, 317-324

Liang et al/Serrated Polyps in Colorectal Cancer

Table 2 Terminology for reporting the colorectal serrated polyps
Hyperplastic polyp
Microvesicular (optional)
Goblet cell-rich (optional
Mucin-poor (optional)
Sessile serrated adenoma (SSA)
Traditional serrated adenoma (TSA)
Mixed serrated polyp (list the components of the polyp in parentheses, e.g. mixed sessile serrated
adenoma-tubular adenoma)
Sessile serrated polyp (for an equivocal diagnosis of small SSA and HPP, one should make a
comment, indicating favor one or the other based on the location and size, e.g. a large
right-sided polyp “favor” SSA, a small left-sided polyp “favor” HPP)
has been recently proposed [6]. A modified
classification of colorectal serrated polyps is
summarized in Table 2. It should be pointed
out not every lesion is classic, and a lesion
with combination of any components of large
HPP, TSA, SSA, and typical adenoma (tubular
adenoma/tubulovillous adenoma) is common
(Figure 6). The key of pathology reporting is a
good communication and understanding
between pathologists and clinicians, who
should work closely as a team to manage
these lesions. Specially, most small
rectosigmoid HPPs are innocuous. However,
HPPs ≥ 1 cm that arise proximal to the
rectosigmoid may not be entirely innocuous
lesions, which should be excised and followed
up after surgery to ensure that the excision is
complete. Similarly, any lesion reported as a
mixed polyp, TSA, or SSA should be completely
excised, if possible, and the patient should be
monitored for recurrence and development of
other similar lesions [6]. The follow-up interval
is unclear. However, the development of any
degree of dysplasia would imply that the lesion
has developed into an adenoma, and so
further follow-up should be done according to
the guidelines outlined for adenomas [45].

contain mixed components of any combination
of large HPP, TSA, and/or SSA. Appropriate
terminology,
pathology
report
and
communications between a pathologist and
clinicians are important in the management of
the colorectal serrated polyps. Reliable
biomarker(s) predicting the aggressiveness of
serrated polyps have not yet been developed,
but demographic, pathologic, and molecular
markers (e.g. mutation of BRAF, MSI and
CIMP) are possible candidates.
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