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The concept of a CpG island methylator phenotype (CIMP) 
was first introduced by Toyota and Issa to describe a subset 
of colorectal cancers (CRCs) with concurrent hypermethyl-
ation of multiple CpG island loci. The concept of CIMP as a 
molecular carcinogenesis mechanism was consolidated by 
the identification of the serrated neoplasia pathway, in which 
CIMP participates in the initiation and progression of ser-
rated adenomas. Distinct clinicopathological and molecular 
features of CIMP-high (CIMP-H) CRCs have been character-
ized, including proximal colon location, older age of onset, fe-
male preponderance, and frequent associations of high-level 
microsatellite instability and BRAF mutations. CIMP-H CRCs 
arise in sessile or traditional serrated adenomas and thus 
tend to display the morphological characteristics of serrated 
adenomas, including epithelial serration, vesicular nuclei, 
and abundant cytoplasm. Both the frequent association of 
CIMP and poor prognosis and different responses of CRCs to 
adjuvant therapy depending on CIMP status indicate clinical 
implications. In this review, we present an overview of the 
literature documenting the relevant findings of CIMP-H CRCs 
and their relationships with the serrated neoplasia pathway. 
(Gut Liver 2017;11:38-46)
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INTRODUCTION

In the human genome, methylation occurs at the fifth carbon 
of a cytosine in the context of a CpG dinucleotide and 5-meth-
ylcytosine (5-mC) accounts for approximately 4% of the cyto-
sine in the human genome. In normal cells, CpG sites located in 

the promoter CpG island loci are protected from methylation, 
whereas those located in genomic sequences other than the 
promoter CpG island loci tend to be methylated. In particular, 
CpG sites of repetitive DNA elements are heavily methylated. In 
cancer cells, CpG sites undergo methylation changes in opposite 
directions depending on their location in the genome. CpG sites, 
which are protected from DNA methylation in normal cells, tend 
to undergo hypermethylation, whereas CpG sites that are heav-
ily methylated in normal cells tend to undergo demethylation. 
Thus, DNA methylation changes that occur in cancer cells are 
characterized by both focal promoter CpG island hypermethyl-
ation and diffuse genomic hypomethylation. However, there is 
no physical link between promoter CpG island hypermethylation 
and genomic hypomethylation. Although promoter CpG island 
hypermethylation is closely associated with inactive status of 
gene promoter activity, cancer-associated hypermethylation 
usually involves inactive genes that are basally or not expressed 
in normal cells. For colorectal cancers (CRCs), of the genes that 
show cancer-associated hypermethylation in their promoter 
CpG island loci, approximately 10% are active genes that are 
expressed in normal colonic epithelial cells.1,2 Inactivation of 
actively expressed tumor suppressor genes or tumor-related 
genes by promoter CpG island hypermethylation contributes to 
tumorigenesis by leading to cell proliferation or inhibiting cell 
apoptosis or senescence. 

Although promoter CpG island hypermethylation is found in 
virtually every tissue type of human cancer, a subset of CRCs 
show concordant hypermethylation of numerous gene pro-
moter CpG island loci. The concept of a CpG island methylator 
phenotype (CIMP) was introduced to refer to such a subset of 
CRCs with widespread hypermethylation of numerous promoter 
CpG island loci. Akin to microsatellite instability (MSI), CIMP 
is now recognized as one of the most important molecular car-
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cinogenesis pathways of CRCs, and CIMP-high (CIMP-H) CRCs 
have been characterized for their clinicopathological features. 
Furthermore, their premalignant lesions have been identified 
to be sessile serrated adenomas and traditional serrated adeno-
mas. The serrated neoplasia pathway, another morphological 
multistep pathway parallel to the classical adenoma-carcinoma 
sequence pathway, has been proposed to describe multistep 
progression from sessile or traditional serrated adenomas to 
adenocarcinomas. CIMP-H CRCs are now understood to develop 
along the serrated neoplasia pathway. In this review, we present 
an overview of the literature documenting the clinicopatho-
logical and molecular features of CIMP-H CRCs, the candidate 
causes of CIMP, the relationship between CIMP-H CRCs and ser-
rated pathway adenocarcinomas, the diagnostic marker panels 
of CIMP, the prognostic implications of CIMP status, and the 
clinicopathological features of serrated adenocarcinomas with 
an aim of consolidating our understandings about CIMP and 
serrated neoplasia pathways. 

CIMP AND SERRATED NEOPLASIA PATHWAYS 

CRC is a collection of heterogeneous diseases with not only 
molecular but also morphological aspects. Three molecular 
pathways are recognized in colorectal carcinogenesis, includ-
ing chromosomal instability (CIN), MSI, and CIMP pathways. 
The CIN pathway is characterized by alterations in the number 
and structure of chromosomes, whereas the MSI pathway is 
characterized by alterations in the number of mono- or di-
nucleotide repeats in coding or regulatory sequences. CRCs de-
velop through two different morphological multistep pathways, 
including the classical adenoma-carcinoma sequence and the 
serrated neoplasia pathway.3,4 The classical adenoma-carcinoma 
sequence refers to the concept that conventional adenomas, 
including tubular adenomas, tubulovillous adenomas, or villous 
adenomas, progress and transform into invasive adenocarcino-
mas. The serrated neoplasia pathway is a term describing the 
notion that sessile serrated adenomas or traditional serrated 
adenomas progress into invasive adenocarcinomas.5 The CIN 
pathway is the underlying molecular mechanism for the clas-
sical adenoma-carcinoma sequence, although hereditary MSI-
high (MSI-H) tumors known as Lynch syndrome, develop along 
the classical adenoma-carcinoma sequence. Premalignant le-
sions of Lynch syndrome are manifested as tubular adenomas 
with varying villosity. In contrast with Lynch syndrome tumors, 
the vast majority of sporadic MSI-H CRCs are thought to arise 
in CIMP-H sessile serrated adenomas with BRAF mutation, 
through methylation-associated inactivation of MLH1.6-8 Thus, 
MSI-H tumors follow different morphological multistep routes 
depending on their causes: hereditary and sporadic MSI-H CRCs 
follow the classical adenoma-carcinoma sequence and serrated 
neoplasia pathway, respectively.9-12 In contrast with CIMP-H/
MSI-H CRCs, CIMP-H/non-MSI-H CRCs are thought to develop 

from pre-existing traditional serrated adenomas.13 In general, 
the CIN pathway accounts for 65% to 75% of CRCs, whereas the 
CIMP pathway and hereditary MSI pathway account for 20% to 
30% and 5% of CRCs, respectively.14,15 However, the proportions 
of molecular carcinogenesis pathways differ depending on geo-
graphical areas. In Korean people, the CIMP pathway accounts 
for approximately 10% of CRCs.16,17 Even within the same geo-
graphical areas, the proportions of molecular carcinogenesis 
pathways differ among races. In the United States, the propor-
tion of CIMP pathways is higher in Caucasians than in African-
Americans or Asian-Americans.18 Regardless of geographical 
areas or race, the proportion of the CIMP pathway is higher in 
females than in males, in older people than in younger people, 
and in proximal bowel subsites than in distal bowel or rectum 
subsites.18-24

CAUSE OF CIMP IN CRCs AND THEIR PREMALIGNANT 
LESIONS

DNA methylation is mediated by DNA methyltransferases, 
including DNMT1, DNMT3A, and DNMT3B. DNMT3A and DN-
MT3B are de novo methylation enzymes, whereas DNMT1 is 
a maintenance methylation enzyme. Mutations of these DNA 
methyltransferase genes are found in CRCs at frequencies <8% 
and mainly in MSI-H CRCs (http://www.cbioportal.org) but not 
in CIMP-H/non-MSI-H CRCs, which indicates that DNMT gene 
mutations are secondary to mismatch repair defects. DNMT gene 
mutations cannot be a cause for CIMP-H because CIMP-H ap-
pears prior to MSI-H in sessile serrated adenomas. Amplification 
of DNMT3B is found in 9% to 14% of CRCs but is not observed 
in CIMP-H or MSI-H CRCs. Ten-eleven translocation (TET) en-
zymes TET1, TET2, and TET3 are DNA demethylases, which are 
capable of oxidizing the methyl group of 5-mC and thus con-
verting 5-mC into 5-hydroxymethyl cytosine. Mutations of TET 
genes, which are found in CRCs at frequencies <8%, are mainly 
found in MSI-H CRCs and rarely found in CIMP-H/non-MSI-H 
CRCs. Data from the Cancer Genome Atlas (TCGA) indicates no 
associations between genetic alterations of DNA methyltrans-
ferase or demethylase genes and CIMP-H CRCs. Isocitrate dehy-
drogenase (IDH) enzymes IDH1 and IDH2 catalyze the oxidative 
decarboxylation of isocitrate, producing α-ketoglutarate. Gain 
of function mutations in IDH1 or IDH2 enable mutant IDH1 or 
IDH2 enzymes to produce 2-hydoxyglutarate, which inactivates 
α-ketoglutarate-dependent dioxygenases, including KDM4A 
and KDM4C, H3K9/H3K36 demethylases, and TET2. However, 
mutations of IDH1 and IDH2 are found in ≤2% of CRCs, mainly 
in MSI-H CRCs. IDH1 and IDH2 mutations are not found in 
CIMP-H/non-MSI-H CRCs (http://www.cbioportal.org).25 These 
findings suggest that mutations of IDH1 and IDH2 are second-
ary to MSI and do not cause CIMP in non-MSI-H CRCs.

Viral infection may cause aberrant DNA methylation, which 
is evidenced by Epstein-Barr virus (EBV)-positive gastric can-
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cers.26 For CRCs, EBV infection is detected in 19% to 52% of 
CRC tissue specimens by polymerase chain reaction (PCR).27,28 
However, in situ hybridization analyses for the detection of 
EBER1-2 RNAs demonstrated EBVs in infiltrating nonneoplas-
tic lymphoid cells but not in tumor cells, which contrasts with 
EBV-positive gastric cancers in which EBV in situ hybridization 
exhibit EBVs in nearly all of the tumor epithelial cells.26,27 Re-
gardless of whether EBV is present in tumor cells or not, there 
is no relationship between the presence of EBV in cancer tissue 
specimens and CIMP.28 Although there are controversies con-
cerning JCV infection, which was found in 0% to 86% of the 
tumor samples tested in the literature,29-31 Goel et al.32 demon-
strated an association between John Cunningham virus (JCV) T-
antigen expression in cancer cells and promoter CpG island hy-
permethylation of multiple genes (MLH1, CDKN2A [p16], PTEN, 
and RUNX3), and further suggested that JCV T-antigen might 
induce CIMP. However, such a link between expression of JCV 
T-antigen and promoter CpG island hypermethylation has not 
been reproduced in other studies.32 

The strong association between BRAF mutation and CIMP-H 
CRCs has led many researchers to postulate that BRAF muta-
tion might be involved in the initiation of CIMP. Rad et al.33 
developed BRAF knockin mice to study the role of BRAFV600E in 
intestinal tumorigenesis and have demonstrated that BRAFV600E 
initiates the serrated neoplasia pathway in which serrated le-
sions progressed from hyperplastic polyps to adenocarcinomas 
through traditional serrated adenomas. How BRAF mutation 
leads to aberrant promoter CpG island hypermethylation and 
generation of CIMP remained unclear until Fang et al.34 dem-
onstrated that BRAF mutant proteins directly induce promoter 

CpG island methylation by selectively promoting the assembly 
of the MAFG corepressor complex in CIMP target genes. How-
ever, there has been no additional confirmatory study reported 
to support this finding.

Because dietary factors such as folate, methionine, and al-
cohol are involved in DNA methylation processes, diets low in 
folate and methionine and high consumption of alcohol have 
been hypothesized to be associated with an increased risk of 
CRCs with CpG island methylation.35,36 However, the current 
literature does not support the effect of dietary factors in the 
increased likelihood of CIMP-H colon cancers.18 Instead, smok-
ing has been demonstrated to be associated with an increased 
risk of CIMP-H CRCs.37 In a recent study of Weisenberger et al.38 
who analyzed the CIMP status of 3,119 population-based CRCs 
from the multinational colon cancer family registry and as-
sessed etiologic heterogeneity in a case-case study, the associa-
tion between smoking and CIMP was valid only for female CRC 
patients.

DIAGNOSTIC MARKER PANELS OF CIMP

In 1999, the Issa team found that CRCs were bimodally dis-
tributed in terms of the number of methylated CpG island loci 
that were methylated in a cancer-specific manner (Table 1). 
They analyzed CRCs for their methylation statuses in seven can-
cer-associated methylation markers (MINT1, MINT2, MINT12, 
MINT17, MINT25, MINT27, and MINT31) using methylated 
CpG island amplification and considered a tumor CIMP-positive 
(CIMP-H) if the tumor showed methylation in at least three 
methylation markers.39 In their study, approximately 50% of 

Table 1. Diagnostic Marker Panels of the CIMP and Cutoff Values for CIMP-H Tumors

Author (year)
Methylation analysis 

methodology
Panel markers

Cutoff values  
for CIMP-H

Percentage of CIMP-H tumors (total number  
of study cases, tissue sample type)

Toyota et al. (1999)39 COBRA MINT1, MINT2, MINT12, MINT17, 

MINT25, MINT27, and MINT31

≥3/7 50% of CRCs (n=43, fresh tissue sample)

Samowitz et al. (2005)42 MSP MINT1, MINT2, MINT31,  

CDKN2A (p16), and MLH1

≥2/5 30% of colon cancers (n=864, FFPE tissue 

sample)

Weisenberger et al. 

(2006)23

MethyLight CACNA1G, IGF2, NEUROG1,  

RUNX3, and SOCS1

≥3/5 18% of CRCs (n=187, fresh tissue sample)

Ogino et al. (2006)57 MethyLight CACNA1G, CDKN2A (p16),  

CRABP1, MLH1, and NEUROG1

≥4/5 17% of CRCs (n=460, FFPE tissue sample)

Ogino et al. (2007)24 MethyLight CACNA1G, CDKN2A (p16),  

CRABP1, IGF2, MLH1, NEUROG1, 

RUNX3, and SOCS1 

≥6/8 15% of CRCs (n=920, FFPE tissue sample)

Kim et al. (2009)43 MethyLight CACNA1G, CDKN2A (p16),  

CRABP1, IGF2, MLH1, NEUROG1, 

RUNX3, and SOCS1

≥5/8 12% of CRCs (n=320, FFPE tissue sample)

CIMP, CpG island methylator phenotype; CIMP-H, CpG island methylator phenotype-high; COBRA, combined bisulfite restriction analysis; CRC, 
colorectal cancer; MSP, methylation-specific polymerase chain reaction; FFPE, formalin-fixed, paraffin-embedded.
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randomly selected CRC tissue samples (n=43) were CIMP-H. Of 
the seven markers, MINT25 had low sensitivity and specificity 
for detection of CIMP and thus was excluded from the CIMP 
marker panel in a subsequent study in which they used com-
bined bisulfite restriction analysis for the methylation analysis.40 
The Issa team further changed the CIMP marker panel and used 
a reduced set of five markers, namely MINT1, MINT2, MINT31, 
CDKN2A (p16) and MLH1.41 Samowitz et al.42 used methylation-
specific PCR (MSP) for the methylation analysis of the same 
five-marker panel and found that 30% of colon cancers (n=864) 
were CIMP-H (methylated in two or more of the five markers). 
In 2006, the Laird team developed a new five-marker panel 
(CACNA1G, IGF2, NEUROG1, RUNX3 and SOCS1) through 
a systematic stepwise screening of 195 CpG island loci using 
real-time PCR-based MethyLight assay.23 In their study, 18% of 
CRCs (n=187) showed methylation in three or more of the five 
markers and were defined as CIMP-H. In 2007, Ogino et al.24 
proposed a MethyLight-based eight-marker panel (CACNA1G, 
CDKN2A [p16], CRABP1, IGF2, MLH1, NEUROG1, RUNX3, and 
SOCS1) that incorporated the Laird team’s five-marker panel. 
In Ogino et al.’s study,24 15% of CRCs (n=920) were CIMP-H 
with ≥6/8 methylated markers. In our previous study, a CIMP-
H cutoff set at ≥5/8 methylated markers was found to outper-
form a CIMP-H cutoff set at ≥6/8 methylated markers because 
when compared with CIMP-H CRCs defined by ≥6/8 methylated 
markers, CIMP-H CRCs defined by ≥5/8 methylated markers 
showed stronger associations with known clinicopathological or 
molecular features of CIMP-H CRCs.43 

CIMP status can be easily determined using the MethyLight-
based methylation assays of Laird’s five-marker panel or Ogi-
no’s eight-marker panel. For the five marker panel, tumors with 

methylation in ≥60% and ≤40% of the panel markers were de-
fined as CIMP-H and CIMP-low (CIMP-L)/CIMP-0, respectively. 
In contrast with the five-marker panel, the eight-marker panel 
can detect tumors with methylation in 50% of the panel mark-
ers, which might generate a dilemma as to whether such tumors 
with methylation in 50% of the panel markers should be diag-
nosed as CIMP-H or CIMP-L/CIMP-0. Using the MethyLight-
based methylation assay of the eight-marker panel, Bae et al.16 
evaluated whether CRCs with methylation in 50% of the panel 
markers are close to CRCs with methylation in ≤40% or ≥60% 
of the panel markers in terms of their clinicopathological and 
molecular features (accepted for publication). The findings indi-
cate that CRCs with 50% methylation of the panel markers are 
closer to those with methylation in ≥60% of the panel markers 
than those with methylation in ≤40% of the panel markers and 
that CRCs with 50% of methylation of the panel markers should 
be classified as CIMP-H. 

CLINICOPATHOLOGICAL AND MOLECULAR FEATURES 
OF CIMP-HIGH CRCs WITH AN EMPHASIS ON KRAS/
BRAF MUTATIONS 

The original studies by the Issa team characterized CIMP-H 
CRCs as closely associated with proximal location, high level of 
MSI, KRAS mutation, and lack of TP53 mutation (Table 2).39,40 
The relationship between CIMP and KRAS mutation or lack of 
TP53 mutation was independent of MSI status. The relation-
ship between CIMP and BRAF mutation is not available in these 
original CIMP studies because the authors did not analyze BRAF 
mutation. However, a later study by the Issa team revealed the 
relationship between CIMP and BRAF mutation.44 Nagasaka et 

Table 2. Clinicopathological and Molecular Features of CIMP-H Colon Cancers or CRCs

Author (year)
Case number and  
tissue sample type

Features of CIMP-H colon cancers or CRCs

Toyota et al. (1999)39 50 CRCs (fresh tissue) Proximal location and frequent MSI-H 

Toyota et al. (2000)40 88 CRCs (fresh tissue) Frequent MSI-H, KRAS mutation, and lack of TP53 mutation

Hawkins et al. (2002)49 426 CRCs (fresh tissue) Proximal location, female sex, older age, high tumor grade, mucinous type,  

wild-type TP53, frequent MSI-H, and K-ras mutation

Samowitz et al. (2005)42 864 Colon cancers (FFPE) Proximal colon location, older age, BRAF mutation

Weisenberger et al. (2006)23 187 CRCs (fresh tissue) Female, proximal location, frequent MSI-H, BRAF mutation,  

low frequency of KRAS mutation

Shen et al. (2007)44 97 CRCs (fresh tissue) CIMP1 (proximal location and BRAF mutation) and  

CIMP2 (proximal location and KRAS mutation)

Simons et al. (2013)47 509 CRCs (FFPE) CIMP-H/MSI-H (proximal location and BRAF mutation) and  

CIMP-H/non-MSI-H (proximal location and KRAS mutation)

The Cancer Genome Atlas (2012)46 212 CRCs (fresh tissue) CIMP-H/MSI-H (proximal location and BRAF mutation) and  

CIMP-H/non-MSI-H (proximal location and KRAS mutation)

CIMP-H, CpG island methylator phenotype-high; CRCs, colorectal cancers; MSI-H, microsatellite instability-high; FFPE, formalin-fixed, paraffin-
embedded.
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al.’s study45 was the first to correlate BRAF mutation with CIMP. 
They analyzed 234 CRCs for their methylation statuses in 11 
sites of 10 CpG island loci and found that CRCs with BRAF mu-
tations had significantly higher numbers of methylated markers 
than CRCs with KRAS mutations, whereas CRCs with KRAS 
mutations exhibited significantly higher numbers of methylated 
markers than CRCs with neither BRAF nor KRAS mutations. Be-
cause the clinicopathological features of CIMP-H CRCs overlap 
those of MSI-H CRCs, Samowitz et al.42 separated microsatellite 
stable colon cancers from microsatellite unstable colon cancers 
and then compared clinicopathological and molecular features 
between CIMP-H and non CIMP-H colon cancers. Samowitz 
et al.42 analyzed five CpG island loci (MLH1, MINT1, MINT2, 
MINT31, and CDKN2A [p16]) using MSP and defined CIMP-H 
as methylation at 2 or more of these loci. Relationships between 
CIMP and proximal colon location, older age, or BRAF muta-
tion were irrespective of MSI status. However, the frequency 
of a KRAS mutation was significantly lower in CIMP-H/MSI-H 
colon cancers than in non-CIMP-H/MSI-H colon cancers, which 
contrasted with the situation in microsatellite-stable colon can-
cers in which the KRAS mutation correlated with CIMP-H. The 
MethyLight-based five-marker panel (CACNA1G, NEUROG1, 
IGF2, RUNX3, and SOCS1) developed by the Laird team ad-
dressed a link between BRAF mutation and CIMP but no link 
between KRAS mutation and CIMP.23 In the Laird team’s study, 
KRAS and BRAF mutations occurred in 10% and 73% of CIMP-
H CRCs (n=33) and 35% and 1% in non-CIMP-H CRCs (n=154), 
respectively. CIMP-H/MSI-H and CIMP-H/non-MSI-H CRCs 
(n=12 vs n=21) had KRAS mutations at frequencies of 0% and 
16%, respectively. Thus, CIMP-H CRCs defined by Laird team’s 
CIMP marker panel were characterized by a low KRAS mutation 
frequency, which is irrespective of MSI status. By clustering the 
analysis of CRCs (n=97) on the basis of a combination of genetic 
and epigenetic profiling, the Issa team identified three molecular 
subtypes of CRCs, including CIMP1 (23%), CIMP2 (38%), and 
CIMP-negative (39%).44 The BRAF mutation was identified in 
53% of CIMP1, 3% of CIMP2, and 19% of CIMP-negative CRCs, 
whereas the KRAS mutation was found in 0% of CIMP1, 100% 
of CIMP2, and 19% of CIMP-negative CRCs. A CRC study from 
the TCGA network identified four methylation clusters, namely 
CIMP-H, CIMP-L, cluster 3 and cluster 4, based on unsuper-
vised clustering of the promoter DNA methylation profiles that 
were obtained using Illumina Infinium (HumanMethylation27) 
arrays.46 In a set of CRCs with sequencing and copy number 
alteration data (n=212), 48% and 39% of CIMP-H CRCs (n=31) 
had BRAF and KRAS mutations, respectively. The BRAF muta-
tion was found in 65% of CIMP-H/MSI-H CRCs (n=20), whereas 
the KRAS mutation was identified in 73% of CIMP-H/non-MSI-
H CRCs (n=11). The BRAF and KRAS mutations were observed 
in 6% and 60% of CIMP-L CRCs (n=48), respectively. The TCGA 
data clearly indicates that the KRAS mutation is closely associ-
ated with CIMP-H in MSS CRCs, which is consistent with the 

findings of Samowitz et al.’s42 and Simons et al.’s47 studies.

PROGNOSTIC OR PREDICTIVE IMPLICATIONS OF CIMP 
STATUS

There have been controversies over the prognostic or predic-
tive role of CIMP in colon cancer or CRC patients. The reasons 
for the inconsistency may include varying methodologies of 
methylation analysis, varying CIMP panel marker compositions, 
and uncontrolled case subjects with respect to cancer stage, ad-
juvant therapy, neoadjuvant therapy, gender, and bowel-subsite 
location of tumor. Studies that have evaluated the prognostic or 
predictive implications of CIMP status in colon cancers or CRCs 
could be divided into two major categories based on type of 
CIMP marker panels. Studies that included MINT CpG island loci 
in their CIMP panels could be categorized as “classic panel”-
based study, whereas studies that used Laird’s five-marker 
panel or Ogino’s eight-marker panel could be categorized as 
“new panel”-based study. “Classic panel”-based studies showed 
varying prognostic or predictive roles of CIMP in colon cancer 
or CRC patients. Only one study found better survival among 
CIMP-H CRCs compared with non-CIMP-H CRCs. Van Rijinso-
ever et al.48 investigated the predictive value of CIMP in stage III 
CRC patients (surgery alone [n=150] vs adjuvant 5-fluorouracil/
leucovorin [FL; n=150]) by analyzing the methylation statuses 
of three methylation markers. CRCs with ≥2/3 methylated mark-
ers, defined as CIMP-H, had better disease-free survival in the 
adjuvant setting versus the setting of surgery alone. The major-
ity of “classic panel”-based studies demonstrated significant 
associations, in non-MSI-H CRCs, between worse survival and 
CIMP-H tumors.49-51 However, one study did not demonstrate an 
association between CIMP status and prognosis, even in non-
MSI-H CRCs.42 Samowitz et al.42 evaluated a large population-
based sample of individuals with colon cancer (n=816) and 
found that it was not CIMP-H (≥2/5 methylated markers) but 
the BRAF mutation that was an independent prognostic marker 
of poor prognosis in non-MSI-H colon cancers.

“New panel”-based studies also described varying prognostic 
or predictive roles of CIMP in colon cancer or CRC patients. 
In one study, CIMP-H has been shown to be an independent 
predictor of better survival in colon cancer patients.52 Ogino 
et al.52 analyzed the CIMP status of stage I to IV colon cancer 
patients (n=649, from two prospective cohort studies) using the 
MethyLight-based eight-marker panel. In their study, CIMP-H 
was not a significant prognostic parameter in univariate analy-
sis but was an independent predictor of better survival (a low 
colon cancer-specific mortality) in colon cancer patients after 
adjusting for MSI and BRAF mutation.52 By contrast, CIMP-H 
CRCs exhibited an increased risk of CRC-related death in Si-
mons et al.’s study,47 which used Laird’s five-marker panel and 
analyzed stage I to IV CRC patients (n=509, from a prospective 
cohort study) to determine the association between CIMP status 
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and survival. On the other hand, in Dahlin et al.’s study,53 which 
used Ogino’s eight-marker panel, CIMP-H CRC patients had a 
significantly increased risk of cancer-specific death compared 
with CIMP-negative (CIMP-0) CRC patents in the setting of a 
non-MSI-H CRC group. However, the statistical significance was 
lost after adjusting the multivariate model for the presence of 
BRAF mutations, which suggests that CIMP-H/non-MSI-H CRCs 
with BRAF mutation might have a higher risk of cancer-specific 
death. Consistently, poorer survival for CIMP-H/non-MSI-H 
CRCs with BRAF mutation has been highlighted in Phipps et 
al.’s study,54 which explored a large population-based sample 
of individuals with CRCs (n=1,344) to determine the relation-
ship between molecular subtypes and survival. In our previous 
study in which the eight-marker panel was used, CIMP-H had 
different prognostic implications according to tumor location 
and was significantly associated with a poor prognosis in rectal 
cancers but not in proximal or distal colon cancers.16 However, 
when the survival analysis was restricted to stage III or high-risk 
stage II CRCs treated with adjuvant FL plus oxaliplatin (FOLFOX), 
CIMP was not statistically significant.17 CIMP status did not 
matter in either the overall survival or recurrence-free survival 
time in adjuvant FOLFOX-treated stage III or high-risk stage II 
CRCs.17,55 Instead, concurrent methylation of both CDKN2A (p16) 
and NEUROG1 was significantly associated with shorter disease-
free survival or overall survival time.55 Shiovitz et al.’s study56 
has explored the association of CIMP with response to adjuvant 
FL versus irinotecan plus FL (IFL) using Laird’s five-marker pan-
el and samples (n=615) drawn from a large randomized phase 
3 trial (C89803). Shiovitz et al.’s study56 demonstrated that 
patients with stage III, CIMP-H/non-MSI-H colon cancers have 
longer overall and disease-free survival times when irinotecan is 
added to adjuvant FL. 

CIMP-LOW CRCs

CRCs with less extensive CIMP-specific methylation were 
designated as CIMP-L tumors.57,58 Tumors are defined as CIMP-
L when the presence of methylation in the CIMP panel markers 
does not reach the cutoff value for CIMP-H. For the five-marker 
panel, tumors with 1/5 to 2/5 or 3/5 methylated markers were 
defined as CIMP-L. However, for the eight-marker panel, CIMP-
L is defined as the presence of 1/8 to 4/8 or 5/8 methylated 
markers and the upper limit of the methylated markers differs 
depending on the CIMP-H cutoff value. Although CIMP-H CRCs 
are believed to develop along the serrated neoplasia pathway, 
little information is available regarding whether all of the CRCs 
arising from sessile serrated adenomas or traditional serrated 
adenomas are CIMP-H. Some review articles suggest that CRCs 
arising in sessile or traditional serrated adenomas could be 
CIMP-H or CIMP-L in two-thirds and one-third of cases, respec-
tively.14,15 However, CIMP-L CRCs can develop along the classi-
cal adenoma-carcinoma sequence because a considerable por-

tion of advanced conventional adenomas or carcinomas arising 
in conventional adenomas are CIMP-L.59 Such a mixture of 
CIMP-L CRCs with different origins causes the clinicopathologi-
cal features of CIMP-L tumors to be less distinct compared with 
CIMP-0 tumors or CIMP-H tumors. However, in the literature, 
studies have shown that CIMP-L tumors are more commonly 
associated with the male sex and with KRAS mutation than 
CIMP-0 or CIMP-H tumors,57 and CIMP-L and CIMP-0 cases 
have different prognoses.60 These reports show that CIMP-L and 
CIMP-0 tumors have different clinicopathologic and molecular 
features and support the development of reliable consensus cri-
teria of CIMP-L. 

PRECURSOR LESIONS IN CIMP-HIGH CRC PATIENTS

Several studies indicate that sessile serrated adenomas and 
traditional serrated adenomas are precursor lesions for CIMP-
H CRCs; (1) CIMP-H is found in traditional serrated adenomas 
with BRAF mutant and sessile serrated adenomas at a frequency 
>50%, whereas CIMP-H is rarely, if ever, found in conventional 
adenomas;6 (2) polyps contiguous with CIMP-H CRCs are ses-
sile serrated adenomas or traditional serrated adenomas;59 and 
(3) BRAF mutations, which are frequently found in CIMP-H 
CRCs, are detected in sessile serrated adenomas and traditional 
serrated adenomas at frequencies >50% but are rarely found 
in conventional adenomas.6 CIMP-H CRCs may have different 
precursor lesions depending on MSI status. It is widely accepted 
that sessile serrated adenomas are the precursor lesion of CIMP-
H/MSI-H CRCs.9,12 Of the two types of traditional serrated ad-
enomas, traditional serrated adenomas arising from pre-existing 
microvesicular hyperplastic polyps or sessile serrated adenomas 
are thought to be precursor lesions for CIMP-H CRCs with 
BRAF mutations. Traditional serrated adenomas arising from 
goblet cell-rich hyperplastic polyps might be precursor lesions 
for CIMP-H CRCs with KRAS mutations or CIMP-L CRCs with 
KRAS mutations. However, because advanced conventional ad-
enomas frequently have CIMP-L and KRAS mutations, CIMP-L 
CRCs with KRAS mutations that arise from conventional adeno-
mas are thought to be more frequent than those arising from 
traditional serrated adenomas. 

SERRATED ADENOCARCINOMAS VERSUS SERRATED 
PATHWAY ADENOCARCINOMAS

Serrated pathway adenocarcinomas refer to CRCs that develop 
along the serrated neoplasia pathway, while serrated adenocar-
cinomas refer to a histopathological variant that is defined by 
histological features, including (1) serrated epithelia, (2) intracel-
lular and extracellular mucin, (3) eosinophilic cytoplasms, (4) 
abundant cytoplasms, (5) vesicular nuclei, (6) distinct nucleoli, (7) 
<10% necrosis, and (8) papillary fronds and cell balls in the mu-
cin pool.14,61 Of these histological features, at least six of the first 
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seven are required for the diagnosis of serrated adenocarcinoma. 
Serrated adenocarcinomas, comprising 7% to 12% of CRCs, are 
more frequent in women, with over half located in the cecum or 
ascending colon, and one-third located in the rectum.7,62-64 Ser-
rated adenocarcinomas have been shown to have worse clinical 
behavior compared with stage-matched conventional CRCs.65 
Although serrated adenocarcinomas are a type of serrated path-
way adenocarcinomas, all serrated pathway adenocarcinomas 
are not serrated adenocarcinomas. Because 30% to 35% of CRCs 
are thought to arise through the serrated neoplasia pathway 
in Western populations,14,58,66 approximately one-half to two-
thirds and one-third of serrated pathway adenocarcinomas are 
estimated to show CIMP-H status and serrated morphology, 
respectively.7,23,24,62-64,67 However, in the literature, there are no 
available studies in which CIMP status was assessed in serrated 
adenocarcinomas or serrated morphology was analyzed in 
CIMP-H CRCs. 

Although morphological criteria define serrated adenocar-
cinomas, the diagnosis of serrated pathway adenocarcinomas 
remains a problem. Practically, individual serrated adenomas 
cannot be longitudinally followed up until progression into 
CRCs. While no longitudinal observations are available, CRCs 
could be regarded as serrated pathway adenocarcinomas in 
circumstances in which (1) cancers are in direct contiguity with 
serrated adenomas, (2) cancers are CIMP-H, or (3) cancers are 
serrated adenocarcinomas. Of the five molecular subtypes pro-
posed by Jass, three molecular subtypes, including (1) CIMP-
H/MSI-H, (2) CIMP-H/non-MSI-H, and (3) CIMP-L/non-MSI-H 
subtypes, can be found in serrated pathway adenocarcinomas, 
with the first two subtypes and the third type comprising two-
thirds and one-third of serrated pathway adenocarcinomas, 
respectively.58,66 Serrated pathway adenocarcinomas with the 
CIMP-L/non-MSI-H subtype are difficult to identify unless these 
cancers are serrated adenocarcinomas or directly contiguous 
with serrated adenomas. Because CIMP-L CRCs can arise from 
either the classical adenoma-carcinoma sequence or the serrated 
neoplasia pathway,59 determination of CIMP status alone can-
not differentiate whether CIMP-L CRCs arise from the serrated 
neoplasia pathway or from the classical adenoma-carcinoma 
sequence. Auxiliary tools are necessary to identify CIMP-L ser-
rated pathway adenocarcinomas. In a previous study, alterations 
of immunophenotypical features were found in the serrated 
neoplasia pathway, including the early gain of gastric differenti-
ation and the late loss of intestinal differentiation.68 Gastric type 
markers, including ANXA10, VSIG1, CTSE, TFF2, MUC5AC, and 
MUC6, could be utilized in combination to detect CIMP-L ser-
rated pathway CRCs. 

In summary, CRCs are heterogeneous diseases in terms of 
their molecular carcinogenesis pathways and morphological 
multistep progression routes. CRCs that arise along the serrated 
neoplasia pathway are histomorphologically and molecularly 
different from CRCs that develop along the classical adenoma-

carcinoma sequence. Associations between CIMP-H CRCs and 
proximal-colon predilection and high frequencies of MSI-H 
and BRAF mutations could be inferred from the fact that the 
premalignant lesions of CIMP-H CRCs are sessile serrated ad-
enomas with high frequencies of BRAF mutations and CIMP-
H. Because two-thirds of serrated pathway adenocarcinomas 
do not exhibit serrated morphology, CIMP examination and 
auxiliary immunohistochemical studies should be performed for 
the identification of serrated pathway adenocarcinomas with no 
serrated morphology. Although the prognostic value of CIMP 
status is controversial, individual CIMP panel markers are found 
to have prognostic values in adjuvant FOLFOX-treated patients 
with stage III CRC. Future studies are needed to develop im-
munohistochemical marker panels to identify serrated pathway 
adenocarcinomas in CIMP-L CRCs. 
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