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Abstract
Serrated adenocarcinoma is a recently described subset 
of colorectal cancer (CRC), which account for about 
10% of all CRCs and follows an alternative pathway in 
which serrated polyps replace the traditional adenoma 
as the precursor lesion to CRC. Serrated polyps form a 
heterogeneous group of colorectal lesions that includes 
hyperplastic polyps (HPs), sessile serrated adenoma 
(SSA), traditional serrated adenoma (TSA) and mixed 
polyps. HPs are the most common serrated polyp fol-
lowed by SSA and TSA. This distinct histogenesis is 
believed to have a major influence in prevention strate-
gies, patient prognosis and therapeutic impact. Geneti-
cally, serrated polyps exhibited also a distinct pattern, 
with KRAS and BRAF having an important contribution 
to its development. Two other molecular changes that 
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have been implicated in the serrated pathway include 
microsatellite instability and the CpG island methylator 
phenotype. In the present review we will address the 
current knowledge of serrated polyps, clinical patho-
logical features and will update the most recent find-
ings of its molecular pathways. The understanding of 
their biology and malignancy potential is imperative to 
implement a surveillance approach in order to prevent 
colorectal cancer development.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This paper reviews the pathologic and mo-
lecular features of serrated polyps and the serrated 
pathway to colorectal cancer and its clinical impact. The 
serrated pathway has recently emerged as the second 
pathway leading to colorectal cancer, and the genetic 
alterations occurring in this pathway are not still clari-
fied. It’s imperative to understand the molecular profile 
of colorectal lesions with higher malignancy potential 
to implement a surveillance and screening approach in 
order to prevent colorectal cancer development.
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INTRODUCTION
Colorectal cancer (CRC) is the third most frequent 
cancer worldwide, with more than one million incident 
cases and is the fourth most common cause of  cancer 
deaths accounting for approximately 609000 deaths[1]. In 



the classical genetic model for colorectal tumorigenesis 
described by Fearon and Vogelstein[2] the evolution of  
colorectal cancer follows the adenoma-adenocarcinoma 
sequence, which is driving by the progressive accumula-
tion of  a number of  critical mutations[2]. In this model 
the adenomatous polyp is the principal precursor of  
colorectal cancer[2,3]. More than 90% of  colorectal can-
cers are adenocarcinomas and subtypes include medul-
lary, micropapillary, mucinous, serrated and signet ring 
cell[4]. Serrated carcinomas were first described by Jass 
and Smith[5] and represents the progression of  a dysplas-
tic serrated lesion, most commonly serrated adenomas. 
Serrated adenocarcinomas accounts for about 10% of  all 
CRCs, and follows an alternative pathway in which serrat-
ed polyps replace the traditional adenoma as the precur-
sor lesion to colorectal cancer[6]. Serrated polyps form an 
heterogeneous group of  colorectal lesions that includes 
hyperplastic polyps (HPs), sessile serrated adenoma (SSA), 
traditional serrated adenoma (TSA) and a combination of  
two or more characteristics, formerly classified as mixed 
polyps (MP)[4,7-9]. This distinct histogenesis is also be-
lieved to have a major influence in prevention strategies, 
patient prognosis and therapeutic impact[6,10-12].

Molecularly, the classical adenoma-carcinoma se-
quence pathway is mainly governed by chromosomal 
instability (CIN) and KRAS mutations[3], whereas in the 
serrated pathway the genetic alterations include BRAF 
mutation and gene promoter hypermethylation (CpG 
island methylator phenotype or CIMP)[13]. Microsatellite 
instability (MSI) is another molecular pathway that can be 
detected in both the adenoma-carcinoma sequence and 
the serrated pathway[14,15].

Morphologically colorectal carcinomas that harbors 
CIN and arises from adenoma have a classical histological 
feature of  dirty necrosis[6]. The carcinomas with micros-
satelite instability generally occurs in the right colon, are 
mucinous or poorly differentiated (medullary histology) 
and also have intraepithelial lymphocytes and lymphoid 
aggregates “Crohn like”[4]. The serrated carcinomas that 
originate from traditional serrated adenomas generally are 
MSS or MSI-L and those that originate from a sessile ser-
rated adenoma are MSI-H. Some histological features are 
typically found and used to classify colorectal carcinoma 
as serrated carcinoma. The most important histological 
features are: presence of  epithelial serrations, clear or eo-
sinophilic cytoplasm, abundant cytoplasm, vesicular nu-
clei, absence of  necrosis, mucin production and presence 
of  cell balls and rods. Other very important histological 

finding that helps to make a diagnostic of  serrated carci-
noma is the presence of  serrated lesion in the periphery 
of  the infiltrative carcinoma[6]. 

Due to this well recognized step-wise progression of  
premalignant lesions to carcinomas, CRC has a particu-
lar and outstanding feature in that make it amenable to 
prevention strategies with detection of  removal of  those 
susceptible lesions[16]. Therefore, it is imperative to un-
derstand the lesions with higher malignancy potential and 
with the use of  their molecular profile to implement a 
surveillance approach in order to prevent colorectal can-
cer development[17].

In this article, we review the pathologic and molecular 
features of  serrated polyps and the serrated pathway to 
colorectal adenocarcinoma.

Morphological aspects of serrated polyps 
The serrated polyps are characterized by the serrated 
morphology, hypermaturation of  the gland epithelium 
due to low extent of  the cell loss by apoptosis[18,19]. The 
classification of  the serrated lesions by a pathologist is 
based mainly on architectural criteria like growth pattern, 
cytological dysplasia and serration of  the crypts[4,8,19-21] 
(Figure 1). The reliable classification of  serrated polyps 
is fundamental to surveillance of  patients with these 
precursor lesions[4]. Yet, this is difficult task, due to the 
problems with accurate histological definition, leading to 
a high inter-observer variation, even among expert pa-
thologists[4,8,13,19,21,22].

HPs are the most common serrated polyp of  the 
colon accounting for about 80% to 90% of  all serrated 
polyps and around 10% to 15% of  all polyps of  the 
colon. HPs are generally small (< 5 mm) and frequently 
located in the distal colon (75%-80% in the rectosig-
moid)[6,23]. According to the World Health Organization, 
three subtypes of  HP have been recognized: the mi-
crovesicular (MVHP), goblet-cell rich hyperplastic polyps 
(GCHP) and mucin-poor types (MPHP). The differences 
between them are based mainly in morphology and on 
the cellular mucin distribution[4,13,24]. All HPs subgroups 
are histopathology distinguished by elongation of  the 
crypts with different degrees of  serration[4,25] and tend to 
have no dysplasia[8]. MVHP, the most frequent subtype, 
is characterized by epithelial cells with vesicular mucin 
and decrease in the goblet cells, concomitantly with con-
spicuous serration often located in the basal portion of  
the crypts[4,13,24]. On the other hand, the GCHP has many 
mature cells in the upper crypt with subtle serration[4,13,26]. 
The MVHP is often seen in the right colon, whereas the 
GCHP is more frequently observed in the left-sided co-
lon. The MPHP is rare and therefore, less frequently dis-
cussed. It seems to be more frequent in the left colon[6]. 
There are still great divergences about the frequency of  
each HP subtypes (Table 1). Spring et al[27] reported that 
MVHP was observed in 45% and GCHP in 55% of  
120 hyperplastic polyps in the unselected series of  190 
patients and 414 lesions. Recently, Kim et al[24] related 
that MVHP, GCHP and MPHP accounted with 66.7%; 
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  Author Population HPs, n MVHP GCHP MPHP

  Kim et al[24] South Korea   45 30 (66.7)   11 (24.4) 4 (8.9)
  Carr et al[18] Australia   36 34 (94.4) 2 (5.6) 0 (0.0)
  Spring et al[27] Australia 120 54 (45.0)   66 (55.0) 0 (0.0)

Table 1  Frequency of hyperplastic polyps subtypes  n  (%)

HP: Hyperplastic polyp; MVHP: Microvesicular hyperplastic polyp; 
GCHP: Globet cell hyperplastic polyp; MPHP: Mucin-poor hyperplastic 
polyp.



24.4% and 8.9%, respectively, of  the 45 HPs studied. On 
the other hand, Carr et al[18] found only 2 (5.6%) GCHPs 
among 34 HPs studied. Despite these divergences, the 
clinical relevance in the recognition of  the HPs subtypes 
is still indefinite, suggesting that more studies are needed 
to clarify this aspect[13,25]. 

The SSAs account for about 3%-9% of  all the 
colorectal polyps[18,21,27] and 10%-25% of  all serrated pol-
yps[4,26,27] and are generally located in the right colon. The 
TSAs are infrequent lesions, located predominantly in the 
left colon and account for about 1%-2% of  the serrated 
lesions[18,27]. The histopathology characteristics of  the SSA 
includes dilatation of  the base of  the crypts which often 
grow parallel to the muscularis mucosa forming L shaped 
or inverted T-shaped crypts (anchor form)[4,13,19]. SSAs have 
elongation of  crypts with prominent serration[4,7,27]. These 
lesions might have subtle nuclear atypia, where mitoses 
may be seen in the crypts. Since the SSA has similarities 
with MVHP the classification is made based mainly in the 
analysis of  the crypts: if  two or three adjacent crypts dem-
onstrate features of  SSA, it must be classified into SSA[4]. 
When conventional cytological dysplasia is observed, 
the serrated polyps are classified as TSA[18]. Nonetheless, 
due to the similarities with conventional adenomas, it is 
recommended that this term never be used without quali-
fier[4]. The TSA has overall complex and villiform growth 
pattern, showing cells with cytological dysplasia that may 
indicates progression to carcinoma. TSA differ from SSA 
mainly because TSA lose the anchoring leading the for-
mation of  ectopic crypts[4,18]. Further, it is rare to observe 

mitosis in TSA and columnar cells with eosinophilic cyto-
plasm are features of  these lesions[4,13]. 

MPs account for about 0.7%-1.5% of  all colonic pol-
yps and for 1.7% to 4.7% of  the serrated polyps[18,27,28]. 
Mixed polyps combine at least two characteristics of  
conventional adenomas, SSA, TSA or HPs[18,21,28-30]. The 
main feature of  MP is the combination of  nondysplastic 
polyps (HP or SSA) with the dysplastic one (TSA or con-
ventional adenomas)[21,27]. 

Serrated polyps and natural history of CRC: evidence 
linking serrated polyps with CRC
In the classic adenoma-carcinoma sequence model of  
colorectal tumorigenesis proposed by Fearon and Vo-
gelstein, HPs were described as harmless non neoplastic 
lesions with no malignant potential[2,24,31]. Though, a new 
understanding of  the pathology and natural history of  
CRC has emerged over the past decade. Approximately, 
10% of  sporadic colorectal cancers, named “serrated 
adenocarcinoma” will arise via serrated polyp-carcinoma 
sequence[11]. In this context, hyperplastic polyps were 
recently recognized as neoplastic lesions included in the 
serrated group and may predispose to cancer. In this 
new model, HPs may progress to other serrated polyp 
including sessile serrated adenomas, traditional serrated 
adenomas or mixed polyps and then evolve to colorectal 
cancer[32]. It has been estimated that HPs take 7.5 years 
to progress to serrated adenoma[33]. However, only a tiny 
percentage of  hyperplastic polyps will progress to can-
cer[30,31,34,35]. Large and often right-sided HPs are more 
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Figure 1  Hematoxylin and eosin of representative cases of serrated lesions. A: Microvesicular hyperplastic polyp (× 100); B: Goblet cell hyperplastic polyp (× 
100); C: Sessile serrated adenomas (× 100); D: Traditional serrated adenomas (× 100).
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lesions[33]. Stefanius et al[39] demonstrated a high frequency 
of  KRAS mutations (45.2%) in serrated adenocarcinoma, 
suggesting that a significant proportion of  KRAS mutated 
CRC originates from serrated polyps. O´Brien et al[40] showed 
high frequency of  BRAF mutation (V600E) among ser-
rated carcinomas (82%), emphasizing that this mutation 
is a specific marker in the serrated pathway.

KRAS mutations occur predominantly at codon 12 
and less frequently at codon 13, and the most common 
mutations are G12D, G12V and G13D[27], being mutated 
in 0%-73% of  serrated polyps[6,10,27,30,33,34,40], 6%-73% of  
HPs, 7%-25% of  SSA[10,24,27,30,33,34,40], and in 0%-28% of  
TSA[10,27] (Table 2). These codons are also the most fre-
quent mutated in colorectal cancer[41]. Concerning BRAF, 
the most frequent mutation is V600E which occur in 
0%-88% of  HPs, 32%-82.9% of  SSA, and in 60%-76% 
of  TSA[24,27,33,34,40,42] (Table 2). BRAF mutations are more 
frequent than KRAS mutations in MVHP and SSA (Table 
2)[24,27,33,34,40]. On the other hand, in GCHP, KRAS muta-
tions are likely the most important genetic alteration. 
One study, by Kim et al[10] showed higher frequencies of  
BRAF mutations than KRAS mutation in both MVHP 
and GCHP. 

Another molecular alteration described in serrated 
lesions is MSI, a hallmark of  colorectal cancer arising 

likely to have malignant potential[35-37]. 
At the genetic level, there are also evidences showing 

that serrated polyps are strongly associated with the de-
velopment of  colorectal neoplasms, as further discussed.

Putative genetic pathways in serrated carcinomas
Serrated pathway has recently emerged as the second 
pathway leading to colorectal cancer, therefore, the genet-
ic alterations occurring in this pathway are not clarified 
and there is great variability in the frequency of  molecu-
lar changes described. Results of  recent studies reporting 
genetic analysis in the serrated lesions are summarized in 
Table 2. A schematic view of  serrated polyps-carcinoma 
sequence is shown in Figure 2. 

The most frequent genetic alterations involve BRAF 
and KRAS mutations. Both KRAS and BRAF encodes 
kinases that belong to the mitogen-activated protein ki-
nase (MAPK) cascade that mediates the cellular signaling 
involving cell proliferation, apoptosis and differentia-
tion[38]. Mutations in KRAS and BRAF oncogenes result 
in the constitutive activation of  the MAPK pathway and 
in uncontrolled cell proliferation, cell survival, invasion 
and metastisation[38]. Mutations in both oncogenes are 
frequently found as mutually exclusive events in ser-
rated adenocarcinoma[39] and in the precursor serrated 

  Ref. Population Molecular
alterations

Serrated polyp Carcinoma

HP SSA TSA MP Serrated ADC

MVHP GCHP MPHP
  Kim et al[24] South Korea KRAS 16.7% 72.7% 25.0% 12.5% NA NA NA

BRAF 66.7%   0.0% 25.0% 60.7% NA NA NA
MSI-H NA NA NA   1.8% NA NA NA

CIMP positive 73.3% 18.2% 75.0% 76.8% NA NA NA
  Sandmeier et al[30] Switzerland KRAS 17.0% 25.0% NA NA NA

BRAF 83.0% 63.0% NA NA NA
MSI-H   0.0%   0.0% NA NA NA

CIMP positive NA NA NA NA NA
  Kim et al[10] United States KRAS   6.0%   8.0% NA   8.0% 17.0% 25.0% NA

BRAF 88.0% 75.0% NA 81.0% 76.0% 75.0% NA
MSI-H   0.0%   0.0% NA   0.0%   3.0%   0.0% NA

CIMP positive 41.%%   8.0% NA 44.0% 43.0% 50.0% NA
  O´Brien et al[40] United States KRAS 13.2% 42.9% NA   6.9% NA NA   0.0%

BRAF 76.3% 21.4% NA 82.9% NA NA 82.0%
MSI-H   0.0%   0.0% NA   0.0% NA NA 81.8%

CIMP positive 47.4% 14.3% NA 75.9% NA NA 90.0%
  Spring et al[27] Australia KRAS 11.0% 50.0% NA   8.0%   0.0% 43.0% NA

BRAF 70.0% 20.0% NA 78.0% 66.0% 57.0% NA
MSI-H NA NA NA NA NA NA NA

CIMP positive NA NA NA NA NA NA NA
  Konishi et al[34] Japan KRAS  13.0%   8.0% NA 22.7% NA

BRAF NA 32.0% NA 40.9% NA
MSI-H   8.0% 36.0% NA   5.0% NA

CIMP positive NA NA NA NA NA
  Yang et al[33] United States KRAS 13.2% 46.2% NA   7.1% 28.0% NA NA

BRAF 76.3% 23.1% NA 82.1% 60.0% NA NA
MSI-H NA NA NA NA NA NA NA

CIMP positive 47.4% 15.4% NA 75.0% 80.0% NA NA

Table 2  Description of molecular alterations reported in serrated lesions

HP: Hyperplastic polyps; MVHP: Microvesicular hyperplastic polyp; GCHP: Globet cell hyperplastic polyp; MPHP: Mucin-poor hyperplastic polyp; SSA: 
Sessile serrated adenoma; TSA: Traditional serrated adenoma; MP: Mixed polyp; MSI-H: High microsatellite instability; CIMP: CpG island methylator phe-
notype; ADC: Adenocarcinoma; NA: Not applicable.
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in the context of  Hereditary Non Polyposis Colorectal 
Cancer or Lynch syndrome[43] (Table 2 and Figure 2). The 
MSI is caused by the lost of  mismatch-repair genes[43], 
which leads to an increased susceptibility to accumulate 
mutations in genes with microsatellite regions[43]. The 
MSI status can be classified according to the markers 
that show instability[34]. It was proposed a panel of  five 
microsatellites sequencing, known as Bethesda panel, 
for identify the MSI status[4,10,11,44]. This panel include 
two mononucleotide markers (BAT 25 and BAT 26) and 
three dinucleotide microsatellites (D5S346, D2S123 and 
D17S250), but three other mononucleotide markers can 
be included (NR21, NR22 and NR24) in a pentaplex 
PCR[45]. Tumors that have two or more unstable markers 
are considered high MSI (MSI-H), when only one marker 
is unstable tumors are defined as low MSI (MSI-L)[4,10,11,44], 
and tumors are defined as microsatellite stable (MSS), 
when no instability is identified at those five loci[4,11,44]. 
About 15%-20% of  sporadic colorectal cancers are 
MSI-H. Importantly, MSI-H tumors exhibited a distinct 
genetic pathway of  the MSS and MSI-L tumors, without 
major chromosomal alterations, but showed the presence 
of  mutations in genes with microsatellite regions, known 
as MSI-target genes[4,24,44]. Stefanius et al[39] reported that 
20.6% of  serrated cancer showed MSI-H. Studies show 
that the precursor serrated lesions rarely demonstrate 
high levels of  MSI (Table 2). Kim et al[10], observed that 
MSI-H was presented in 3.0% of  TSA (Kim, 2008). 
Contrastingly, Konishi et al[34] reported that MSI-H was 
observed in 36% of  sessile serrated adenomas (Table 2).

The CpG island methylator (CIMP) phenotype is 
also strongly related to the colorectal serrated carcino-
genesis[24,44] (Table 2 and Figure 2). The methylation in 

the CpG island may cause transcriptional silencing, and 
inhibits gene expression by the binding of  methyl groups 
to recurrent cytosine-guanine dinucleotides sequences, 
commonly in promoter region. This is an epigenetic 
event observed in the precursor serrated lesions and 
colorectal polyps[4,10]. The CIMP is frequent in serrated 
polyps mainly in the proximal colon[13]. The phenotype 
of  CpG island methylator in hyperplastic polyps account 
for 41.0%-73.3% of  MVHP, 8.0%-18.2% of  GCHP and 
75% of  MPHP[24,33] (Table 2). Among serrated adeno-
mas, CIMP-H is frequently observed in 44.0%-76.8% of  
SSA[24,33,40] and in 43%-80% of  TSA[10]. Aberrant hyper-
methylation of  CpG island is more frequently associated 
with BRAF mutation than with KRAS mutation in serrat-
ed cancers. It is frequently described that serrated lesions 
with KRAS mutation demonstrate low levels of  CIMP 
distinctly to BRAF serrated lesions, often characterized 
by CIMP-H (Figure 2 and Table 2). High frequency of  
methylation was associated with polyps with large size 
that are > 1 cm and with high-grade dysplasia[10]. The sta-
tus of  CIMP is also often correlated with MSI status and 
mutations in both, KRAS and BRAF oncogenes[3,4,8,29]. 
According to Sandmeier et al[30], BRAF mutations were 
associated with MLH1 and/or p16 methylation in 88% 
of  right-sided SSAs.

Clinical impact of the serrated pathway
Understanding of  natural history and malignant potential 
of  colorectal polyps is essential for management of  these 
lesions. After complete removal of  adenomatous polyps, 
surveillance recommendations are well established based 
on risk for subsequent adenomas[14]. On the other hand, 
there is still lack of  studies of  follow up intervals of  ser-

Serrated pathway
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Figure 2  Schematic view of serrated polyps: Carcinoma sequence. MVHP: Microvesicular hyperplastic polyp; GCHP: Globet cell hyperplastic polyp; MPHP: 
Mucin-poor hyperplastic polyp; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; MP: Mixed polyp; MSI-H: High microsatellite instability; CIMP: 
CpG island methylator phenotype.
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rated polyps and more accurate information about man-
agement of  serrated polyps of  the colon is not yet avail-
able[17,23]. The great majority of  serrated polyps will never 
progress to carcinoma, nevertheless, it has been described 
that some patients harboring mainly sessile serrated le-
sions larger than 10 mm have increased risk to develop 
neoplasia. Therefore, despite absence of  controlled stud-
ies TSA and SSA have been included among the lesions 
requiring surveillance[23]. Detecting and removing theses 
lesions may contribute to the prevention of  colorectal 
cancer arising via the serrated pathway.

In addition, there is also growing evidence that can-
cers arising through the serrated pathway may differ from 
cancers arising through adenoma pathway in their prog-
nosis and response to therapy. Serrated adenocarcinoma 
is likely to have a less favorable 5-year survival than con-
ventional cancers[6,12]. The differences in the MSI status 
in the serrated adenocarcinomas may have therapeutic 
implications, which require that the patient be followed 
carefully[6,46,47].

The knowledge of  serrated pathway during colorectal 
carcinogenesis represents a clinical challenge in the sur-
veillance of  patients harboring serrated polyps. Despite of  
gaps in our knowledge about biological behavior of  ser-
rated polyps, the molecular alterations reported so far, has 
allowed the understanding of  serrated carcinogenesis and 
paving the way for future direction in CRC prevention.

REFERENCES
1 Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. 

Estimates of worldwide burden of cancer in 2008: GLOBO-
CAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 
DOI: 10.1002/ijc.25516]

2 Fearon ER, Vogelstein B. A genetic model for colorectal tu-
morigenesis. Cell 1990; 61: 759-767 [PMID: 2188735]

3 Pino MS, Chung DC. The chromosomal instability pathway 
in colon cancer. Gastroenterology 2010; 138: 2059-2072 [PMID: 
20420946 DOI: 10.1053/j.gastro.2009.12.065S0016-5085(10)001
70-8]

4 Fred T. Bosman FC, Ralph H. Hruban, Neil D. Theise. WHO 
Classification of Tumors of the Digestive System. Lyon, 
France: Internation Agency for Research on Cancer, 2010

5 Jass JR, Smith M. Sialic acid and epithelial differentiation in 
colorectal polyps and cancer--a morphological, mucin and 
lectin histochemical study. Pathology 1992; 24: 233-242 [PMID: 
1289763]

6 Mäkinen MJ. Colorectal serrated adenocarcinoma. Histo-
pathology 2007; 50: 131-150 [PMID: 17204027 DOI: 10.1111/
j.1365-2559.2006.02548.x]

7 Ensari A, Bosman FT, Offerhaus GJ. The serrated polyp: get-
ting it right! J Clin Pathol 2010; 63: 665-668 [PMID: 20702466 
DOI: 10.1136/jcp.2010.077222]

8 Han Y, Zhou ZY. Clinical features and molecular alterations 
of traditional serrated adenoma in sporadic colorectal carci-
nogenesis. J Dig Dis 2011; 12: 193-198 [PMID: 21615873 DOI: 
10.1111/j.1751-2980.2011.00495.x]

9 Mäkinen MJ, George SM, Jernvall P, Mäkelä J, Vihko P, 
Karttunen TJ. Colorectal carcinoma associated with serrated 
adenoma--prevalence, histological features, and prognosis. J 
Pathol 2001; 193: 286-294 [PMID: 11241406 DOI: 10.1002/1096
-9896(2000)9999]

10 Kim YH, Kakar S, Cun L, Deng G, Kim YS. Distinct CpG 
island methylation profiles and BRAF mutation status in ser-

rated and adenomatous colorectal polyps. Int J Cancer 2008; 
123: 2587-2593 [PMID: 18798261 DOI: 10.1002/ijc.23840]

11 Rosenberg DW, Yang S, Pleau DC, Greenspan EJ, Stevens 
RG, Rajan TV, Heinen CD, Levine J, Zhou Y, O’Brien MJ. 
Mutations in BRAF and KRAS differentially distinguish ser-
rated versus non-serrated hyperplastic aberrant crypt foci 
in humans. Cancer Res 2007; 67: 3551-3554 [PMID: 17440063 
DOI: 10.1158/0008-5472.CAN-07-0343]

12 García-Solano J, Pérez-Guillermo M, Conesa-Zamora P, Acos-
ta-Ortega J, Trujillo-Santos J, Cerezuela-Fuentes P, Mäkinen 
MJ. Clinicopathologic study of 85 colorectal serrated adeno-
carcinomas: further insights into the full recognition of a new 
subset of colorectal carcinoma. Hum Pathol 2010; 41: 1359-1368 
[PMID: 20594582 DOI: 10.1016/j.humpath.2010.04.002]

13 Leggett B, Whitehall V. Role of the serrated pathway in 
colorectal cancer pathogenesis. Gastroenterology 2010; 138: 
2088-2100 [PMID: 20420948 DOI: 10.1053/j.gastro.2009.12.066]

14 Snover DC. Sessile serrated adenoma/polyp of the large 
intestine: a potentially aggressive lesion in need of a new 
screening strategy. Dis Colon Rectum 2011; 54: 1205-1206 
[PMID: 21904132 DOI: 10.1097/DCR.0b013e318228f8bc]

15 Koinuma K, Shitoh K, Miyakura Y, Furukawa T, Yamashita 
Y, Ota J, Ohki R, Choi YL, Wada T, Konishi F, Nagai H, 
Mano H. Mutations of BRAF are associated with extensive 
hMLH1 promoter methylation in sporadic colorectal carci-
nomas. Int J Cancer 2004; 108: 237-242 [PMID: 14639609 DOI: 
10.1002/ijc.11523]

16 Kudo Se, Lambert R, Allen JI, Fujii H, Fujii T, Kashida H, 
Matsuda T, Mori M, Saito H, Shimoda T, Tanaka S, Wata-
nabe H, Sung JJ, Feld AD, Inadomi JM, O’Brien MJ, Lieber-
man DA, Ransohoff DF, Soetikno RM, Triadafilopoulos G, 
Zauber A, Teixeira CR, Rey JF, Jaramillo E, Rubio CA, Van 
Gossum A, Jung M, Vieth M, Jass JR, Hurlstone PD. Nonpol-
ypoid neoplastic lesions of the colorectal mucosa. Gastroin-
test Endosc 2008; 68: S3-S47 [PMID: 18805238 DOI: 10.1016/
j.gie.2008.07.052]

17 Winawer SJ, Zauber AG, Fletcher RH, Stillman JS, O’Brien 
MJ, Levin B, Smith RA, Lieberman DA, Burt RW, Levin 
TR, Bond JH, Brooks D, Byers T, Hyman N, Kirk L, Thor-
son A, Simmang C, Johnson D, Rex DK. Guidelines for 
colonoscopy surveillance after polypectomy: a consensus 
update by the US Multi-Society Task Force on Colorectal 
Cancer and the American Cancer Society. Gastroenterol-
ogy 2006; 130: 1872-1885 [PMID: 16697750 DOI: 10.1053/
j.gastro.2006.03.012]

18 Carr NJ, Mahajan H, Tan KL, Hawkins NJ, Ward RL. Ser-
rated and non-serrated polyps of the colorectum: their prev-
alence in an unselected case series and correlation of BRAF 
mutation analysis with the diagnosis of sessile serrated ad-
enoma. J Clin Pathol 2009; 62: 516-518 [PMID: 19126563 DOI: 
10.1136/jcp.2008.061960]

19 Shimomura T, Hiyama T, Oka S, Tanaka S, Yoshihara M, 
Shimamoto F, Chayama K. Frequent somatic mutations of 
mitochondrial DNA in traditional serrated adenomas but 
not in sessile serrated adenomas of the colorectum. J Gas-
troenterol Hepatol 2011; 26: 1565-1569 [PMID: 21649722 DOI: 
10.1111/j.1440-1746.2011.06797.x]

20 Fléjou JF. [WHO Classification of digestive tumors: the 
fourth edition]. Ann Pathol 2011; 31: S27-S31 [PMID: 22054452 
DOI: 10.1016/j.annpat.2011.08.001]

21 Bariol C, Hawkins NJ, Turner JJ, Meagher AP, Williams DB, 
Ward RL. Histopathological and clinical evaluation of serrated 
adenomas of the colon and rectum. Mod Pathol 2003; 16: 417-423 
[PMID: 12748247 DOI: 10.1097/01.MP.0000068236.47471.DB]

22 Kahi CJ, Hewett DG, Norton DL, Eckert GJ, Rex DK. Preva-
lence and variable detection of proximal colon serrated 
polyps during screening colonoscopy. Clin Gastroenterol 
Hepatol 2011; 9: 42-46 [PMID: 20888435 DOI: 10.1016/
j.cgh.2010.09.013]

23 Groff RJ, Nash R, Ahnen DJ. Significance of serrated polyps 

Yamane L et al . Serrated colorectal carcinogenesis



2640 March 14, 2014|Volume 20|Issue 10|WJG|www.wjgnet.com

of the colon. Curr Gastroenterol Rep 2008; 10: 490-498 [PMID: 
18799125]

24 Kim KM, Lee EJ, Ha S, Kang SY, Jang KT, Park CK, Kim JY, 
Kim YH, Chang DK, Odze RD. Molecular features of colorec-
tal hyperplastic polyps and sessile serrated adenoma/polyps 
from Korea. Am J Surg Pathol 2011; 35: 1274-1286 [PMID: 
21836485 DOI: 10.1097/PAS.0b013e318224cd2e]

25 Aust DE, Baretton GB. Serrated polyps of the colon and 
rectum (hyperplastic polyps, sessile serrated adenomas, tra-
ditional serrated adenomas, and mixed polyps)-proposal for 
diagnostic criteria. Virchows Arch 2010; 457: 291-297 [PMID: 
20617338 DOI: 10.1007/s00428-010-0945-1]

26 Bauer VP, Papaconstantinou HT. Management of ser-
rated adenomas and hyperplastic polyps. Clin Colon Rectal 
Surg 2008; 21: 273-279 [PMID: 20011438 DOI: 10.1055/
s-0028-1089942]

27 Spring KJ, Zhao ZZ, Karamatic R, Walsh MD, Whitehall VL, 
Pike T, Simms LA, Young J, James M, Montgomery GW, Ap-
pleyard M, Hewett D, Togashi K, Jass JR, Leggett BA. High 
prevalence of sessile serrated adenomas with BRAF muta-
tions: a prospective study of patients undergoing colonos-
copy. Gastroenterology 2006; 131: 1400-1407 [PMID: 17101316 
DOI: 10.1053/j.gastro.2006.08.038]

28 Tadepalli US, Feihel D, Miller KM, Itzkowitz SH, Freedman 
JS, Kornacki S, Cohen LB, Bamji ND, Bodian CA, Aisenberg 
J. A morphologic analysis of sessile serrated polyps ob-
served during routine colonoscopy (with video). Gastrointest 
Endosc 2011; 74: 1360-1368 [PMID: 22018553 DOI: 10.1016/
j.gie.2011.08.008]

29 Jass JR. Classification of colorectal cancer based on correla-
tion of clinical, morphological and molecular features. His-
topathology 2007; 50: 113-130 [PMID: 17204026 DOI: 10.1111/
j.1365-2559.2006.02549.x]

30 Sandmeier D, Benhattar J, Martin P, Bouzourene H. Serrated 
polyps of the large intestine: a molecular study comparing 
sessile serrated adenomas and hyperplastic polyps. Histo-
pathology 2009; 55: 206-213 [PMID: 19694828 DOI: 10.1111/
j.1365-2559.2009.03356.x]

31 Gurudu SR, Heigh RI, De Petris G, Heigh EG, Leighton JA, 
Pasha SF, Malagon IB, Das A. Sessile serrated adenomas: 
demographic, endoscopic and pathological characteristics. 
World J Gastroenterol 2010; 16: 3402-3405 [PMID: 20632442]

32 Hawkins NJ, Bariol C, Ward RL. The serrated neoplasia 
pathway. Pathology 2002; 34: 548-555 [PMID: 12555993]

33 Yang S, Farraye FA, Mack C, Posnik O, O’Brien MJ. 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 [PMID: 15489648]

34 Konishi K, Yamochi T, Makino R, Kaneko K, Yamamoto T, 
Nozawa H, Katagiri A, Ito H, Nakayama K, Ota H, Mita-
mura K, Imawari M. Molecular differences between sporadic 
serrated and conventional colorectal adenomas. Clin Cancer 
Res 2004; 10: 3082-3090 [PMID: 15131047]

35 Goldstein NS, Bhanot P, Odish E, Hunter S. Hyperplastic-

like colon polyps that preceded microsatellite-unstable ad-
enocarcinomas. Am J Clin Pathol 2003; 119: 778-796 [PMID: 
12817424 DOI: 10.1309/DRFQ-0WFU-F1G1-3CTK]

36 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 
[PMID: 2186644]

37 Torlakovic E, Skovlund E, Snover DC, Torlakovic G, 
Nesland JM. Morphologic reappraisal of serrated colorectal 
polyps. Am J Surg Pathol 2003; 27: 65-81 [PMID: 12502929]

38 Sebolt-Leopold JS, Herrera R. Targeting the mitogen-acti-
vated protein kinase cascade to treat cancer. Nat Rev Cancer 
2004; 4: 937-947 [PMID: 15573115 DOI: 10.1038/nrc1503]

39 Stefanius K, Ylitalo L, Tuomisto A, Kuivila R, Kantola T, 
Sirniö P, Karttunen TJ, Mäkinen MJ. Frequent mutations of 
KRAS in addition to BRAF in colorectal serrated adenocarci-
noma. Histopathology 2011; 58: 679-692 [PMID: 21457162 DOI: 
10.1111/j.1365-2559.2011.03821.x]

40 O’Brien MJ, Yang S, Mack C, Xu H, Huang CS, Mulcahy 
E, Amorosino M, Farraye FA. 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 [PMID: 
17122504 DOI: 10.1097/01.pas.0000213313.36306.85]

41 Fearon ER. Molecular genetics of colorectal cancer. Annu 
Rev Pathol 2011; 6: 479-507 [PMID: 21090969 DOI: 10.1146/
annurev-pathol-011110-130235]

42 García-Solano J, Conesa-Zamora P, Carbonell P, Trujillo-
Santos J, Torres-Moreno D D, Pagán-Gómez I, Rodríguez-
Braun E, Pérez-Guillermo M. Colorectal serrated adenocarci-
noma shows a different profile of oncogene mutations, MSI 
status and DNA repair protein expression compared to con-
ventional and sporadic MSI-H carcinomas. Int J Cancer 2012; 
131: 1790-1799 [PMID: 22287190 DOI: 10.1002/ijc.27454]

43 Vilar E, Gruber SB. Microsatellite instability in colorec-
tal cancer-the stable evidence. Nat Rev Clin Oncol 2010; 7: 
153-162 [PMID: 20142816 DOI: 10.1038/nrclinonc.2009.237]

44 Morán A, Ortega P, de Juan C, Fernández-Marcelo T, Frías 
C, Sánchez-Pernaute A, Torres AJ, Díaz-Rubio E, Iniesta P, 
Benito M. Differential colorectal carcinogenesis: Molecular 
basis and clinical relevance. World J Gastrointest Oncol 2010; 2: 
151-158 [PMID: 21160823 DOI: 10.4251/wjgo.v2.i3.151]

45 Laghi L, Malesci A. Microsatellite instability and therapeutic 
consequences in colorectal cancer. Dig Dis 2012; 30: 304-309 
[PMID: 22722556 DOI: 10.1159/000337003]

46 Snover DC, Jass JR, Fenoglio-Preiser C, Batts KP. Serrated 
polyps of the large intestine: a morphologic and molecular 
review of an evolving concept. Am J Clin Pathol 2005; 124: 
380-391 [PMID: 16191506 DOI: 10.1309/V2EP-TPLJ-RB3F-
GHJL]

47 Wilsher MJ. Adenocarcinoma arising in a traditional ser-
rated adenoma of the rectosigmoid colon with osseous meta-
plasia. Pathol Int 2011; 61: 239-242 [PMID: 21418396 DOI: 
10.1111/j.1440-1827.2011.02657.x]

P- Reviewers: Slaby O, Sugimura H    S- Editor: Gou SX    
L- Editor: A    E- Editor: Wu HL

Yamane L et al . Serrated colorectal carcinogenesis



© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 

315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188

Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

1  0


	2634.pdf
	WJGv20i10-Back cover.pdf

