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Abstract
Purpose: The aim of this study was to relate the CpG island methylator phenotype (CIMP; characterized by extensive promoter hypermethylation) to cancer-specific survival in colorectal cancer, taking into
consideration relevant clinicopathologic factors, such as microsatellite instability (MSI) screening status
and the BRAF V600E mutation.
Experimental Design: Archival tumor samples from 190 patients from the Northern Sweden Health
and Disease Study (NSHDS) and 414 patients from the Colorectal Cancer in Umeå Study (CRUMS), including 574 with cancer-specific survival data, were analyzed for an eight-gene CIMP panel using quantitative real-time PCR (MethyLight). MSI screening status was assessed by immunohistochemistry.
Results: CIMP-low patients had a shorter cancer-specific survival compared with CIMP-negative
patients (multivariate hazard ratio in NSHDS, 2.01; 95% confidence interval, 1.20-3.37; multivariate
hazard ratio in CRUMS, 1.48; 95% confidence interval, 1.00-2.22). This result was similar in subgroups based on MSI screening status and was statistically significant in microsatellite stable (MSS)
tumors in NSHDS. For CIMP-high patients, a shorter cancer-specific survival compared with CIMPnegative patients was observed in the MSS subgroup. Statistical significance was lost after adjusting
for the BRAF mutation, but the main findings were generally unaffected.
Conclusions: In this study, we found a poor prognosis in CIMP-low patients regardless of MSI screening status, and in CIMP-high patients with MSS. Although not consistently statistically significant, these
results were consistent in two separate patient groups and emphasize the potential importance of CIMP
and MSI status in colorectal cancer research. Clin Cancer Res; 16(6); 1845–55. ©2010 AACR.

Colorectal cancer (CRC) is one of the most common
malignancies in western countries and has a lethal outcome in ∼40% of cases. Colorectal tumorigenesis involves
the accumulation of genetic and epigenetic events, which
show substantial variation. Research has therefore focused
on identifying and characterizing subgroups of CRC based
on molecular features of the tumor, with the hope of discovering new targets for treatment and for refining the prediction of disease outcome. The CpG island methylator
phenotype (CIMP) is one such feature, which might prove
valuable for more accurate identification of CRC patients
with a high risk of cancer-related death and who might
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potentially benefit from additional, and perhaps some
day tailored, treatment.
Hypermethylation of cytosine- and guanine-rich stretches
of DNA, called CpG islands, in the promoter region of
genes causes transcriptional silencing and has been implicated in carcinogenesis (1). Frequent promoter hypermethylation defines CIMP in CRC (2), which has been
associated with microsatellite instability (MSI) in sporadic
tumors, the BRAF V600E mutation, low frequencies of p53
mutations, proximal tumor location, poor differentiation,
mucinous histology, infiltrating lymphocytes, female
sex, and higher age at diagnosis (2–11). This phenotype,
recently specified as CIMP-high (8, 12), or CIMP1 (13),
is relatively well established and is believed to occur in approximately 15% to 20% of CRC (14, 15). In contrast, a
proposed CIMP-low (8, 12), or CIMP2 (13), subgroup,
with less frequent, but possibly more age-related, promoter
hypermethylation and somewhat different clinicopathologic features (8, 12, 13), is more controversial and has
been reported to occur in 20% to 45% of CRC (14, 15).
Although promoter hypermethylation in multiple genes
has been related to a poor prognosis in CRC in some previous studies (16, 17), several reports have noted a better
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Translational Relevance
This study relates the CpG island methylator phenotype (CIMP) to cancer-specific survival in colorectal
cancer (CRC) patients, taking into account relevant
clinicopathologic factors such as microsatellite instability (MSI) screening status and the BRAF V600E
mutation. The main findings, that the role of CIMP
in prognosis may depend on MSI status, contribute
to the growing knowledge and highlight the complexity of the field of molecular markers in CRC. The
potential importance of CIMP and other novel parameters for refining patient prognosis is increasingly being
recognized. There is hope that such factors may one
day be used to identify patients who might benefit from
specific treatments to improve response to therapy and
prevent unnecessary side effects. The study thus emphasizes the potential importance of considering subgroups
based on CIMP and MSI status in CRC research.

prognosis or null associations (5, 6, 18–26). A poor prognosis in CIMP-high CRC patients might result from other
factors closely related to CIMP, such as the BRAF V600E
mutation, rather than to an effect of the phenotype itself
(20, 22, 26, 27). MSI is another prime candidate, given its
tight association with CIMP, but MSI is predictive of a better prognosis (28). In addition, a shorter survival in patients with multiple promoter hypermethylation has
frequently been attributed to the microsatellite stable
(MSS) subgroup (6, 19, 20, 22, 26, 29, 30), although other
studies have not found this association (27, 31). The interpretation of studies investigating CIMP in CRC survival is
also complicated by the different methods and gene panels used to assess CIMP status, but taking these issues into consideration does not explain the lack of consistency
in findings.
The aim of the present study was to relate gene-specific
promoter hypermethylation and CIMP status to cancerspecific survival in two separate patient groups, including
a total of 604 CRC patients, taking into consideration clinicopathologic factors associated with CIMP.

Materials and Methods
Study design and patient selection. The CRC cases included in the present study were from two separate patient
groups. The study initially included patients from the prospective, population-based Northern Sweden Health and
Disease Study (NSHDS) and was subsequently expanded
to include the Colorectal Cancer in Umeå Study (CRUMS).
NSHDS comprises three cohorts: the Västerbotten Intervention Project (VIP), the Northern Sweden WHO Monitoring of Trends and Cardiovascular Disease (MONICA)
Study, and the local Mammography Screening Project
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(MSP). The NSHDS cohort protocols and CRC case selection principles used in the present study have previously
been described in detail (32). To summarize, the subjects
recruited to the cohorts of NSHDS include men and women ages 40, 50, and 60 y in VIP; men and women ages 25
to 74 y in MONICA; and women ages approximately 50 to
70 y in MSP. Within these cohorts, a total of 226 CRC
cases (diagnosed between 1985 and 2002) were identified
and selected for a previous nested case-referent study (32).
After exclusions for insufficient or unavailable tumor tissue sample, 194 patients from NSHDS, including all stages
of disease, were available for methylation analysis. Thirtytwo (17.9%) NSHDS patients (10 stage II and 22 stage III
patients) received adjuvant chemotherapy. Preoperative
radiotherapy was administered to 64.4% of the rectal cancer cases.
Sample collection in CRUMS had a consecutive intent.
Inclusion criteria were primary CRC patients (all stages of
disease) for whom curative or palliative tumor resective
surgery was done between 1995 and 2003 at Umeå University Hospital, Sweden. Exclusion criteria were insufficient or unavailable tumor tissue sample, insufficient
clinical information, and simultaneous inclusion in
NSHDS, leaving 414 eligible tumors for methylation analysis. Fifty-one (12.5%) CRUMS patients (2 stage I, 15 stage
II, and 34 stage III patients) received adjuvant chemotherapy. Preoperative radiotherapy was administered to 56.2%
of the rectal cancer cases.
In both NSHDS and CRUMS, tumor characteristics were
extracted from pathology reports and patient records, and
all diagnoses were reassessed and verified by a pathologist
(R.P.). Patients were followed up until January 2008
in NSHDS and spring 2005 in CRUMS. Vital status and
cancer-specific survival were obtained from the Swedish
population registry and patient records, respectively.
DNA extraction and BRAF V600E genotyping. Tumor tissue resected at surgery was formalin fixed and paraffin embedded by routine methods, and all samples were stored
under comparable conditions. All analyses described below were done at a single laboratory. DNA was extracted
and purified using the Nucleon kit (GE Healthcare) according to the manufacturer's instructions. DNA for the
CIMP analyses was extracted from tumor tissue samples,
which, when necessary, were macrodissected to increase
the proportion of tumor cells.
The Taqman allelic discrimination assay used for the detection of BRAF V600E mutation (reagents from Applied
Biosystems) has been described in detail elsewhere (33).
Bisulfite modification and methylation analysis. All bisulfite modification and methylation analyses were done at a
single laboratory. Purified DNA (0.5 μg) was bisulfite treated and purified using the EZ DNA methylation kit (Zymo
Research) according to the manufacturer's instructions and
eluted in 30 μL elution buffer. Bisulfite-treated DNA was
further diluted 1:10 before use in MethyLight reactions.
For samples with an unsuccessful MethyLight analysis, a
lesser dilution was initially tested, and if necessary, the entire protocol was rerun with a new 1.0 μg sample of DNA.
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The MethyLight method (quantitative real-time PCR)
and primer and probe sequences used in this study have
previously been described in detail (34) and have been
shown to do well in analyses of paraffin-embedded tissue
samples (35). For all DNA samples, one reaction was run
for each of the eight genes included in the CIMP panel
(CDKN2A, MLH1, CACNA1G, NEUROG1, RUNX3,
SOCS1, IGF2, and CRABP1). To account for the amount
of input bisulfite-treated DNA, one reaction amplifying
the repetitive ALU sequence was also run for each DNA
sample. Human Genomic DNA (Promega) was methylated
by treatment with CpG methyltransferase (M. SssI; New
England Biolabs), as previously described (34), and bisulfite modified using the EZ DNA methylation kit according
to the manufacturer's instructions. This DNA served as a
methylated reference in control reactions done to account
for the efficiency of DNA amplification and for use in standard curve reactions. Ct values were converted to quantity
using the standard curve, and the percent of methylated reference value was calculated for each gene by the following
equation: (quantity of the gene-specific reaction of the
sample/quantity of the ALU reaction of the sample)/(mean
quantity of the gene-specific reaction for the methylated
reference sample/mean quantity of the ALU reaction for
the methylated reference sample) (34).
Samples were considered positive for methylation when
an exponential amplification curve was present and generated a percent of methylated reference of >10 (34). Four
NSHDS samples and no CRUMS samples with Ct for ALU
>22 were considered uninformative and thus excluded
from further analyses in this study. The ALU probe was
purchased from Applied Biosystems. All other probes
were from Biosearch Technology or Thermo Electron. Primers were purchased from Thermo Electron or DNA Technology A/S. Real-time PCRs were done in a HT7900 unit
(Applied Biosystems), and the results were analyzed with
the SDS 2.1 software (Applied Biosystems).
Immunohistochemistry and MSI screening status. Immunohistochemical analyses were done using standard procedures. Primary monoclonal p53 (Ab-6, dilution 1:400,
Oncogene Research Products in NSHDS; Ab-6, 1:200, Calbiochem in CRUMS), MLH1 (clone G168-15, 1:50, BD
Biosciences), MSH2 (clone FE11, 1:50, Oncogene Research
Products), MSH6 (clone 44, 1:50, BD Biosciences), and
PMS2 (clone A16-4, 1:25, BD Biosciences) were used. Antigen retrieval treatment was executed in microwave oven
in EDTA (pH 8.0; for MLH1, MSH2, MSH6, and PMS2) or
citrate (pH 6.0; p53 in NSHDS) or in pressure cooker
(2100 retriever, Biocare Medical) in Diva Decloaker (for
p53 in CRUMS; Biocare Medical) and using a semiautomatic staining machine (intelliPATH FLX, Biocare Medical
for p53 in CRUMS; Ventana ES, Ventana, Inc. for all other
antibodies). For each antibody, samples were evaluated
for nuclear staining, which was done at a single laboratory.
Cases without internal positive control staining, such as
lymphocytes, were considered uninformative. Cases were
considered to have overexpression of p53 if ≥25% of tumor cells showed nuclear staining for p53 protein (36).
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Abnormal expression of p53 detected by immunohistochemistry is closely related to mutational status of the
gene (36) but does not reflect the functional status of
the p53 protein product. Tissue samples with tumor cells
lacking nuclear staining for MLH1, MSH2, MSH6, or
PMS2 were considered to have a positive MSI screening
status, hereafter referred to as MSI. Negative MSI screening
status based on the immunohistochemical staining is
hereafter referred to as MSS.
Statistics. Clinicopathologic characteristics in subgroups
were compared using Kruskal-Wallis tests for continuous
variables and χ2 tests, or Fisher's exact tests when observed
or expected frequencies were less than five, for categorical
variables. For cancer-specific survival analyses, KaplanMeier plots were used, and differences between groups
were tested by log-rank tests. Cancer-specific events were
defined as death with known disseminated or recurrent
disease, and cases were censored at the end of follow-up
or at time of death by other causes. Patients in CRUMS
who died with postoperative complications within 1 mo
after surgery (n = 16) were excluded from the survival analyses. Deaths due to postoperative complications were not
recorded in NSHDS, but only four patients died within
1 mo of surgery. To take into consideration other clinicopathologic factors, multivariate Cox proportional hazard
models were used. Factors that were associated to cancerspecific survival (P < 0.10), and affected hazard ratios (HR)
for CIMP status by >10% in bivariate analyses, were included in the multivariate analyses. The final multivariate model included sex, age at diagnosis, tumor location, tumor
stage, and adjuvant chemotherapy. These covariates were
also included in multivariate analyses for single gene promoter hypermethylation, MSI screening status, and the
BRAF V600E mutation. Other factors tested, but not meeting the criteria for inclusion in the multivariate analyses,
were aberrant p53 protein expression and mucinous histologic type. Preoperative radiotherapy met the criteria for inclusion in the multivariate model for rectal cancer cases,
but subgroup analyses for rectal cancer alone were not presented (for reasons of power). For CRC, preoperative radiotherapy was not included in the multivariate model
because it was not a relevant potential confounder for
the majority of cases. Twelve cases in CRUMS with missing
values for MSI screening status were treated as a separate
category in multivariate cancer-specific survival analyses.
For variables with <12 missing values (tumor site, BRAF
mutation, and adjuvant chemotherapy), patients with
missing values were excluded from these analyses. All statistical tests were conducted using SPSS 14.0. Findings were
considered statistically significant if P < 0.05.

Results
Clinical and molecular characteristics. CIMP status was
successfully analyzed in 604 CRC tissue samples from
two separate patient groups, including 190 patients from
NSHDS and 414 patients from CRUMS. Tumors were classified into six subgroups based on a combination of CIMP
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Table 1. Clinical and molecular characteristics of CRC cases according to combined CIMP and MSI
screening status
A. NSHDS cases
MSS†

Total*
CIMPnegative§
Frequency (%)
190
Age at diagnosis (y)∥
63 (58-67)
Sex, n (%)
Men
82 (43.2)
Women
108 (56.8)
Tumor site, n (%)
Right-sided colon
61 (32.1)
Left-sided colon
56 (29.5)
Rectum
73 (38.4)
Stage, n (%)
I
33 (17.4)
II
68 (35.8)
III
46 (24.2)
IV
43 (22.6)
Tumor grade
Well to moderately
—
differentiated
Moderately to
—
poorly differentiated
Histology type, n (%)
Nonmucinous
151 (79.9)
Mucinous
38 (20.1)
BRAF V600E, n (%)
Wild-type
154 (81.5)
Mutated
35 (18.5)
p53 screening status¶
Normal
75 (40.1)
Aberrant
112 (59.9)
Adjuvant chemotherapy
No
147 (82.1)
Yes
32 (17.9)
Preoperative radiotherapy**
No
26 (35.6)
Yes
47 (64.4)

CIMPlow§

P‡
CIMPhigh§

MSI†
CIMPnegative§

CIMPlow§

CIMPhigh§

91 (47.9)
63 (57-67)

61 (32.1) 14 (7.4)
63 (59-66) 65 (63-68)

0.219

42 (46.2)
49 (53.8)

26 (42.6)
35 (57.4)

5 (35.7)
9 (64.3)

0.738

4 (100.0)
0 (0.0)

4 (57.1)
3 (42.9)

1 (7.7)
12 (92.3) <0.001

15 (16.5)
29 (31.9)
47 (51.6)

19 (31.1)
22 (36.1)
20 (32.8)

8 (57.1)
2 (14.3)
4 (28.6)

0.007

2 (50.0)
1 (25.0)
1 (25.0)

4 (57.1)
2 (28.6)
1 (14.3)

13 (100.0)
0 (0.0)
0 (0.0)
0.023

23
29
25
14

6
21
16
18

2
3
1
8

0.010

0
3
1
0

1
3
0
3

(25.3)
(31.9)
(27.5)
(15.4)

(9.8)
(34.4)
(26.2)
(29.5)

(14.3)
(21.4)
(7.1)
(57.1)

—

—

—

—

—

—

83 (91.2)
8 (8.8)

46 (76.7)
14 (23.3)

87 (96.7)
3 (3.3)

4 (2.1)
7 (3.7)
58 (57-60) 68 (59-69)

P‡

(0.0)
(75.0)
(25.0)
(0.0)

(14.3)
(42.9)
(0.0)
(42.9)

13 (6.8)
63 (61-68) 0.105

1
9
3
0

(7.7)
(69.2)
(23.1)
(0.0)

0.108

—

—

—

—

—

—

—

—

10 (71.4)
4 (28.6)

0.014

3 (75.0)
1 (25.0)

2 (28.6)
5 (71.4)

7 (53.8)
6 (46.2)

0.303

50 (82.0)
11 (18.0)

4 (28.6)
10 (71.4)

<0.001

4 (100.0)
0 (0.0)

5 (71.4)
2 (28.6)

4 (30.8)
9 (69.2)

0.032

33 (36.7)
57 (63.3)

20 (33.3)
40 (66.7)

7 (50.0)
7 (50.0)

0.507

4 (100.0)
0 (0.0)

2 (28.6)
5 (71.4)

9 (75.0)
3 (25.0)

0.040

72 (82.8)
15 (17.2)

48 (82.8)
10 (17.2)

12 (85.7)
2 (14.3)

1.000

3 (100.0)
0 (0.0)

5 (71.4)
2 (28.6)

7 (70.0)
3 (30.0)

0.817

16 (34.0)
31 (66.0)

9 (45.0)
11 (55.0)

1 (25.0)
3 (75.0)

0.583

0 (0.0)
1 (100.0)

0 (0.0)
1 (100.0)

0 (0.0)
0 (0.0)

—

B. CRUMS cases
Total††

MSS†
CIMPnegative§

Frequency (%)
Age at diagnosis (y)∥
Sex, n (%)
Men
Women

CIMPlow§

P‡
CIMPhigh§

414
194 (48.5) 132 (33.0) 12 (3.0)
73 (65-79) 72 (64-79) 73 (66-81) 74 (69-78)
233 (56.3)
181 (43.7)

113 (58.2)
81 (41.8)

79 (59.8)
53 (40.2)

3 (25.0)
9 (75.0)

MSI†
CIMPnegative§

0.644

0.067

CIMPlow§

P‡
CIMPhigh§

12 (3.0)
15 (3.8)
35 (8.8)
72 (61-77) 75 (61-83) 73 (69-77) 0.728
5 (41.7)
7 (58.3)

7 (46.7)
8 (53.3)

19 (54.3)
16 (45.7)

0.720

(Continued on the following page)
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Table 1. Clinical and molecular characteristics of CRC cases according to combined CIMP and MSI
screening status (Cont'd)
B. CRUMS cases
Total††

Tumor site, n (%)
Right-sided colon
132
Left-sided colon
127
Rectum
153
Stage, n (%)
I
63
II
163
III
88
IV
93
Tumor grade
Well to moderately
203
differentiated
Moderately to poorly 206
differentiated
Histology type, n (%)
Nonmucinous
347
Mucinous
61
BRAF V600E, n (%)
Wild-type
356
Mutated
55
p53 screening status¶
Normal
161
Aberrant
245
Adjuvant chemotherapy
No
358
Yes
51
Preoperative radiotherapy**
No
67
Yes
86

MSS†

P‡

MSI†

P‡

CIMPnegative§

CIMPlow§

CIMPhigh§

CIMPnegative§

CIMPlow§

CIMPhigh§

(32.0)
(30.8)
(37.1)

26 (13.5)
79 (41.1)
87 (45.3)

46 (34.8)
37 (28.0)
49 (37.1)

9 (75.0)
2 (16.7)
1 (8.3)

<0.001

2 (16.7)
6 (50.0)

4 (33.3)
3 (20.0)
2 (13.3)

10 (66.7)
2 (5.7)
1 (2.9)

(15.5)
(40.0)
(21.6)
(22.9)

38
72
38
44

15
52
30
31

(11.7)
(40.6)
(23.4)
(24.2)

0 (0.0)
2 (16.7)
5 (41.7)
5 (41.7)

0.083

1
6
2
3

2
6
5
2

4
20
6
5

(19.8)
(37.5)
(19.8)
(22.9)

(49.6)

102 (53.1)

56 (43.4)

7 (58.3)

(50.4)

90 (46.9)

73 (56.6)

5 (41.7)

(85.0)
(15.0)

175 (91.1)
17 (8.9)

111 (86.0)
18 (14.0)

(86.6)
(13.4)

190 (98.4)
3 (1.6)

(39.7)
(60.3)

(8.3)
(50.0)
(16.7)
(25.0)

(13.3)
(40.0)
(33.3)
(13.3)

(11.4)
(57.1)
(17.1)
(14.3)

32 (91.4)
<0.001

0.825

10 (83.3)

6 (40.0)

14 (40.0)

0.192

2 (16.7)

9 (60.0)

21 (60.0)

0.024

8 (66.7)
4 (33.3)

0.027

8 (72.7)
3 (27.3)

12 (80.0)
3 (20.0)

22 (62.9)
13 (37.1)

0.486

123 (93.9)
8 (6.1)

4 (33.3)
8 (66.7)

<0.001

12 (100.0)
0 (0.0)

12 (80.0)
3 (20.0)

3 (8.8)
31 (91.2)

<0.001

68 (35.6)
123 (64.4)

44 (34.1)
85 (65.9)

7 (58.3)
5 (41.7)

0.252

6 (50.0)
6 (50.0)

6 (40.0)
9 (60.0)

22 (66.7)
11 (33.3)

0.196

(87.5)
(12.5)

172 (88.7)
22 (11.3)

113 (88.3)
15 (11.7)

10 (83.3)
2 (16.7)

0.775

10 (83.3)
2 (16.7)

11 (73.3)
4 (26.7)

30 (85.7)
5 (14.3)

0.544

(43.8)
(56.2)

35 (40.2)
52 (59.8)

23 (46.9)
26 (53.1)

0.697

2 (33.3)
4 (66.7)

1 (50.0)
1 (50.0)

0 (0.0)
1 (100.0)

0 (0.0)
1 (100.0)

1.000

*The following numbers of missing cases were present in NSHDS: tumor grade, all; mucinous histologic type, 1; BRAF mutation
status, 1; p53 screening status, 3; adjuvant chemotherapy, 11.
†
Cases lacking nuclear staining of tumor cells for at least one of MLH1, MSH2, MSH6, or PMS2 were considered to have a positive
MSI screening status.
‡
Kruskall-Wallis test for continuous variables and χ2 test or Fisher's exact test for categorical variables.
§
CIMP-negative, 0 genes hypermethylated; CIMP-low, 1 to 5 genes hypermethylated; CIMP-high, 6 to 8 genes hypermethylated.
∥
Median (25th-75th percentile).
¶
Cases were considered to have overexpression of p53 if ≥25% of tumor cells (by semiquantitative assessment) showed nuclear
staining for p53 protein.
**Only rectal cancers were considered. The percentages presented therefore reflect the proportion of rectal cancer cases that
received preoperative radiotherapy.
††
The following numbers of missing cases were present in CRUMS: MSI screening status, 14; tumor site, 2; tumor stage, 7; tumor
grade, 5; mucinous histologic type, 6; BRAF mutation status, 3; p53 screening status, 8; adjuvant chemotherapy, 5.

status (CIMP-negative, CIMP-low, or CIMP-high; based on
the CIMP panel including CDKN2A, MLH1, CACNA1G,
NEUROG1, RUNX3, SOCS1, IGF2, and CRABP1) and
MSI screening status (MSS or MSI; based on immunohis-
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tochemistry). The frequencies of tumors in each subgroup,
and their clinical and molecular characteristics, are presented separately for NSHDS and CRUMS in Table 1A
and B, respectively. In both patient groups, CIMP-high
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tumors were associated with MSI, a proximal tumor site, a
mucinous histologic type, the BRAF V600E mutation, and
normal expression of p53 (data not shown). For proximal
location and the BRAF V600E mutation, this was
true regardless of MSI screening status. In CRUMS, both
MSI and MSS CIMP-high tumors were also more often
of mucinous histologic type, and more often had a normal
expression of p53, whereas a different pattern was seen in
NSHDS. In NSHDS, CIMP-high patients were more often
females, especially in combination with MSI. Stage IV
seemed to be overrepresented in MSS CIMP-high tumors
in both patient groups, although the result was only statistically significant in NSHDS.
Due to the recruitment protocol of NSHDS, the patients
were younger in NSHDS (median age, 63; range, 41-74

years) than in CRUMS (median age, 73; range, 26-96
years; P < 0.001). Women were also overrepresented in
NSHDS due to the inclusion of the all-female MSP cohort
(56.8% and 43.7% in NSHDS and CRUMS, respectively;
P = 0.003).
CIMP status and cancer-specific survival. In the 574 CRC
patients with complete cancer-specific survival data (190
from NSHDS and 384 from CRUMS), patients with
CIMP-low had a poorer prognosis compared with CIMPnegative in NSHDS (log-rank P = 0.008; Fig. 1A). This
finding was consistent but not statistically significant in
CRUMS patients (Fig. 1B). For CIMP-high, Kaplan-Meier
curves showed a nonsignificant decreased cancer-specific
survival compared with CIMP-negative patients in both
NSHDS and CRUMS (Fig. 1A and B). In multivariate

Fig. 1. Cumulative cancer-specific
survival of CRC cases (stages I-IV)
in two separate patient groups:
the population-based NSHDS and
CRUMS. Kaplan-Meier plots
by the CIMP subgroups
(CIMP-negative, CIMP-low, and
CIMP-high) are shown for all cases
in NSHDS (A) and CRUMS (B),
as well as separately for each
patient group according to MSI
screening status of the tumors:
MSS (C and D) and MSI (E and F).
Log-rank tests were used to
calculate P values for differences
between groups.
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Table 2. HRs and 95% CIs for cancer-specific death in CRC subgroups based on CIMP and MSI screening status
NSHDS
n (%)*

All cases
CIMP-negative‡
CIMP-low‡
CIMP-high‡
MSS§
CIMP-negative‡
CIMP-low‡
CIMP-high‡
MSI§
CIMP-negative‡
CIMP-low‡
CIMP-high‡

CRUMS
n (%)*

HR (95% CI)
Univariate

Multivariate†

95 (50.0)
68 (35.8)
27 (14.2)

1
1.83 (1.15-2.92)
1.41 (0.71-2.79)

1
2.01 (1.20-3.37)
1.84 (0.87-3.89)

91 (54.8)
61 (36.7)
14 (8.4)

1
1.83 (1.13-2.96)
3.80 (1.87-7.74)

1
1.89 (1.12-3.21)
3.05 (1.40-6.63)

4 (16.7)
7 (29.2)
13 (54.2)

1
2.27 (0.23-22.01)
0.35 (0.02-5.46)

∥
∥
∥

HR (95% CI)
Univariate

Multivariate†

198 (51.6)
139 (36.2)
47 (12.2)

1
1.29 (0.88-1.88)
1.17 (0.68-2.04)

1
1.48 (1.00-2.22)
1.10 (0.59-2.03)

182 (58.3)
119 (38.1)
11 (3.5)

1
1.31 (0.87-1.96)
3.35 (1.60-7.06)

1
1.45 (0.95-2.23)
1.38 (0.62-3.07)

12 (20.0)
14 (23.3)
34 (56.7)

1
1.10 (0.27-4.46)
0.70 (0.20-2.39)

1
3.87 (0.46-32.39)
1.23 (0.13-11.23)

*Number of cases included in the survival analyses.
Adjusted for sex, age at diagnosis, tumor location, tumor stage, and adjuvant chemotherapy. p53 screening status and mucinous
histology were also tested but did not meet the criteria for inclusion.
‡
CIMP-negative, 0 genes hypermethylated; CIMP-low, 1 to 5 genes hypermethylated; CIMP-high, 6 to 8 genes hypermethylated.
§
Cases lacking nuclear staining of tumor cells for at least one of MLH1, MSH2, MSH6, or PMS2 were considered to have a positive
MSI screening status.
∥
HRs are not shown for multivariate analyses of NSHDS cases with a positive MSI screening status because the low number of
cases in each subgroup produced noninterpretable results.
†

analysis, the HRs for CIMP-low remained statistically
significant in NSHDS [HR, 2.01; 95% confidence interval
(95% CI), 1.20-3.37] and were of borderline significance
in CRUMS (HR, 1.48; 95% CI, 1.00-2.22), whereas the
results for CIMP-high were essentially unaltered compared
with univariate analyses (Table 2).
The BRAF V600E mutation was associated with a poor
prognosis compared with wild-type in NSHDS (multivariate HR, 2.51; 95% CI, 1.42-4.45) but not in CRUMS
(multivariate HR, 1.03; 95% CI, 0.59-1.80). Adding BRAF
mutation status to the multivariate model in Table 2 attenuated the HRs for CIMP-low (HR, 1.67; 95% CI, 0.962.93) and CIMP-high in NSHDS (HR, 1.08; 95% CI,
0.43-2.70), whereas the results in CRUMS were largely
unchanged (data not shown).
A nonstatistically significant trend of a longer cancerspecific survival was seen for patients with MSI versus
MSS tumors in both patient groups (multivariate HR for
NSHDS, 0.53; 95% CI, 0.17-1.58; multivariate HR for
CRUMS, 0.84; 95% CI, 0.47-1.49). Adding MSI screening
status to the multivariate model in Table 2 increased the
HR for CIMP-high in NSHDS (HR, 2.34; 95% CI, 1.085.09), whereas the results for CIMP-high in CRUMS and
for CIMP-low in both patient groups were largely unchanged (data not shown).
CIMP status and cancer-specific survival according to MSI
screening status. The observation of a shorter cancer-

www.aacrjournals.org

specific survival in CIMP-low versus CIMP-negative patients was largely consistent in subgroups based on
MSI screening status and statistically significant in the
MSS subgroup of NSHDS (Fig. 1C-F). CIMP-high
patients also had a shorter cancer-specific survival compared with CIMP-negative in the MSS subgroup (Fig. 1C
and D). This finding was statistically significant in both
patient groups. Although the magnitude and statistical
significance of the associations were weakened in the
multivariate analyses, particularly in CRUMS, the direction of the HRs was unchanged (Table 2). In contrast to
MSS, Kaplan-Meier plots showed a trend of a better
prognosis for CIMP-high patients in the MSI subgroup
(Fig. 1E and F). However, this finding was not statistically significant, and the direction of the HRs was not
consistent in multivariate models (Table 2).
Further adjusting the multivariate model for the BRAF
V600E mutation did not affect the direction of HRs for
subgroups based on MSI screening status, although the
statistical significance of results for MSS in NSHDS was
attenuated to borderline significance for CIMP-low (HR,
1.64; 95% CI, 0.94-2.89) and lost for CIMP-high (HR,
1.97; 95% CI, 0.76-5.11).
The main findings of a reduced cancer-specific survival in
CIMP-low CRC patients, and in CIMP-high patients with
MSS, were generally consistent in analyses based solely on
colon cancer cases (i.e., excluding rectal cancer; data not
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Table 3. HRs and 95% CIs for cancer-specific death in CRC patients, for genes with versus without
promoter hypermethylation
NSHDS
n (%)*
Methylated†/
unmethylated
CDKN2A
MLH1
CACNA1G
NEUROG1
RUNX3
SOCS1
IGF2
CRABP1

49
18
35
61
43
25
44
59

(25.8)/141
(9.5)/172
(18.4)/155
(32.1)/129
(22.6)/147
(13.2)/165
(23.2)/146
(31.1)/131

CRUMS
n (%)*

HR (95% CI)
Univariate

1.25
0.46
1.46
1.37
1.53
1.23
1.72
1.69

(0.76-2.04)
(0.16-1.24)
(0.85-2.51)
(0.87-2.16)
(0.93-2.53)
(0.65-2.34)
(1.05-2.81)
(1.08-2.67)

Multivariate‡

1.21
0.65
1.54
1.59
1.65
1.24
2.13
1.61

(0.72-2.03)
(0.21-1.90)
(0.85-2.77)
(0.95-2.65)
(0.93-2.95)
(0.62-2.48)
(1.19-3.82)
(0.97-2.69)

HR (95% CI)

Methylated†/
unmethylated
109
42
63
109
76
49
69
108

(28.4)/275
(10.9)/342
(16.4)/321
(28.4)/275
(19.8)/308
(12.8)/335
(18.0)/315
(28.1)/276

Univariate

1.67
0.45
0.90
1.33
1.09
1.32
1.23
1.19

(1.16-2.42)
(0.21-0.97)
(0.54-1.46)
(0.91-1.94)
(0.71-1.69)
(0.81-2.13)
(0.79-1.92)
(0.81-1.75)

Multivariate‡

1.48
0.53
0.77
1.30
0.94
1.35
0.93
1.21

(1.00-2.19)
(0.23-1.19)
(0.44-1.32)
(0.86-1.96)
(0.57-1.52)
(0.80-2.29)
(0.57-1.51)
(0.79-1.84)

*Number of cases included in the survival analyses.
†
Percent of methylated reference >10.
‡
Adjusted for sex, age at diagnosis, tumor location, tumor stage, and adjuvant chemotherapy.

shown). In analyses restricted to patients who underwent
surgery with a curative intent, results for CIMP-low were
attenuated, whereas the results for CIMP-high patients with
MSS were largely unchanged (Supplementary Fig. S1).
Gene-specific promoter hypermethylation and cancerspecific survival. Frequencies of promoter hypermethylation for the genes included in the CIMP panel are
presented in Table 3 for patients with survival data available. In NSHDS and CRUMS, respectively, the frequencies
of hypermethylation ranged from 9.5% and 10.9% (for
MLH1) to 32.1 and 28.4% (for NEUROG1).
A statistically significant reduction in cancer-specific survival was seen in NSHDS cases with hypermethylation of
IGF2 (multivariate HR, 2.13; 95% CI, 1.19-3.82) and in
CRUMS cases with hypermethylation of CDKN2A (multivariate HR, 1.48; 95% CI, 1.00-2.19). Hypermethylation
of all other genes, with the exception of MLH1, was associated with a nonstatistically significant reduced cancerspecific survival in NSHDS, whereas the results in CRUMS
were inconsistent (Table 3).
For promoter hypermethylation of MLH1, HRs were <1
in both patient groups, but statistical significance was lost
in multivariate analyses (Table 3). The majority of tumors
with MLH1 hypermethylation were MSI (83.3% and
85.0% in NSHDS and CRUMS, respectively), which is a
marker for better prognosis (28). Adjusting for MSI screening status attenuated the HR in NSHDS to null, whereas
the HR in CRUMS was essentially unchanged (data not
shown).

Discussion
In this study of archival CRC tissue samples, we analyzed the role of CIMP status in cancer-specific survival
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in 190 patients from a population-based cohort in northern Sweden and subsequently confirmed our findings,
although not consistently statistically significantly, in a
separate sample of 384 CRC patients from the university
hospital in the same region. The main finding was a
shorter cancer-specific survival in CIMP-low compared
with CIMP-negative patients, regardless of MSI screening
status, whereas for CIMP-high, a shorter cancer-specific
survival was observed only in the subgroup of patients
with MSS.
Observations of a reduced cancer-specific survival in
CIMP-high or CIMP-low CRC patients may be confined
to the subgroup showing MSS (6, 19, 20, 22, 26, 30).
Our finding of a particularly poor prognosis in CIMP-high
patients with MSS, as assessed by immunohistochemistry,
supports this idea. Although this subgroup was small, the
result was consistent in both patient groups and was largely
independent of potential confounding factors. Some studies, however, have reported contradictive findings (20, 24,
27, 31).
We also observed a shorter cancer-specific survival
among CIMP-low versus CIMP-negative patients that was
independent of MSI screening status. Although not always
statistically significant, this trend was apparent in both
multivariate and subgroup analyses. In a previous study,
patients with intermediate numbers of genes methylated
also seemed to have a poorer prognosis in both the MSI
and MSS subgroups (19). CIMP-low has also been found
to be associated with a poorer cancer-specific survival in
MSS but not in MSI patients (30), whereas another recent
study reported similar findings in MSS patients but did
not describe the survival of CIMP-low in MSI patients
(26). Although present among the MSS subgroup in this
study, a stepwise decrease in cancer-specific survival
from CIMP-negative to CIMP-low to CIMP-high might
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not necessarily be expected. The CIMP-low subgroup has
been reported to be distinct from both CIMP-high and
CIMP-negative rather than an intermediate between the
two (8, 12, 13).
A reduced cancer-specific survival in CIMP-high or
CIMP-low CRC patients with MSS might be due to the
large fraction of BRAF-mutated tumors in this group
(20, 22, 26, 27). Our results, as well as other recent findings (30), do not support such an effect. Adjusting for the
BRAF V600E mutation altered the magnitude and statistical significance, but not the direction, of the multivariate
risk estimates for CIMP-low and CIMP-high in the present
study.
In the present study, and in several previous studies
(6, 19, 20, 24, 26, 30, 37), CIMP-high tumors with MSI
seemed to have a good prognosis. However, this subgroup
tends to be small, and statistically significant results have
rarely been reported, and contradictive results have recently
been reported (25).
Discrepancies in results in studies of the role of CIMP
in CRC prognosis may depend on methodologic issues.
Several different laboratory methods, gene panels, and
definitions for CIMP have been used over the years. Differences in background populations and thus cohort compositions might also explain some of the variation in results.
In the present study, identical protocols were used in two
nonoverlapping patient groups, with similar, although not
identical, results.
Promoter hypermethylation in single genes, with the
exception of MLH1, was generally nonsignificantly associated with a shorter cancer-specific survival, which is in line
with the mixed results previously reported for these genes
(17, 19, 29, 30, 37, 38). We found a longer cancer-specific
survival in patients with MLH1 hypermethylation, which
was not statistically significant in multivariate analyses.
Previous findings for MLH1 have tended to be mixed
(17, 19, 29, 37, 39, 40), with some results similar to ours
(37, 39).
A main strength of this study was the two large, nonoverlapping, patient groups, which were from the same
northern Swedish population but had different recruitment protocols, age ranges, and sex distributions. Other
strengths included the validated eight-gene CIMP panel
analyzed (11, 34) and the quantitative real-time PCR
(MethyLight) methodology used, which has been developed and validated for use on archival tissue samples
and which minimizes the detection of lower degrees of
hypermethylation that might have little biological importance for gene expression (35). In addition, all analyses,
including DNA extraction, bisulfate treatment, and MethyLight, were done at a single laboratory. The frequencies of
CIMP-high and CIMP-low were also similar to those of a
previous study, in which MethyLight was used to analyze
the same eight-gene panel in a large, population-based
patient group (11). However, studies of colon cancer
exclusively, and studies using different gene panels or
methodology, have generally noted somewhat higher
CIMP-high frequencies (6, 9, 12, 18, 24, 30, 41).
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Despite our relatively large sample size of 574 CRC patients with both CIMP and cancer-specific survival data
(making this study among the larger studies to date),
much larger numbers of patients would be needed for
detailed subgroup analyses. For example, analyses within
each tumor stage could help to define which patients
with lower-stage tumors are likely to recur and might
therefore benefit from adjuvant chemotherapy. However,
the challenge of accumulating such a large cohort, and
doing methylation analyses on all samples, will likely
limit such investigations to future meta-analyses or
pooled analyses.
The similarity of results in the two patient groups reduces the likelihood of chance findings. Statistical significance was, however, not reached for the larger patient
group, which may depend on differences in the composition of the two groups. For example, the frequencies of
MSI and female sex among CIMP-high tumors were different in the two patient groups, but we did not have sufficient power to evaluate this matter further.
The patients in the present study were generally diagnosed before the broad introduction of many novel therapies, including successful resection of liver metastases,
into clinical practice. Treatment was thus fairly homogeneous within each tumor site and stage. Furthermore,
the administration of adjuvant chemotherapy did not differ between CIMP subgroups, and adjusting for adjuvant
chemotherapy in the multivariate analyses had only small
effects on results. Residual confounding due to differences
in treatment is therefore unlikely. Patients whose surgical
treatment did not have a curative intent were included in
the cancer-specific survival analyses. The CIMP-high MSS
subgroup was overrepresented among these patients,
who were virtually all stage IV and thus had a very poor
prognosis. Stratifying the results by stage was not possible
due to low power, but tumor stage was accounted for in
the multivariate survival analyses. We also present results
of analyses including only patients with potentially curative surgery in Supplementary Fig. S1. Although limited by
low power, the main findings were generally consistent
with the results for the full data set.
The patients were well characterized with respect to clinicopathologic factors, and we were thus able to take into
consideration several potential confounders, including
sex, age at diagnosis, tumor location, tumor stage, aberrant
p53 expression, mucinous histologic type, the BRAF
V600E mutation, MSI screening status, and adjuvant chemotherapy. However, mutations in KRAS, a defect of
increasing interest in studies of CRC patient survival
(42, 43), were not analyzed, which was a weakness of
the study. Cases of hereditary nonpolyposis CRC, who
are typically MSI, were not identified in the present study.
However, as these together should not exceed 5% of the
CRC cases studied (44), it is unlikely that their inclusion
affected the main findings of the study. MSI screening
status was determined by immunohistochemistry. Although MSI testing of standard markers by PCR is the
gold standard for determination of MSI status, and allows
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distinction between MSI-high and MSI-low (45), several
studies have reported very high sensitivity and specificity
for immunohistochemistry for the detection of MSI-high
(46–48).
Despite numerous studies, the role of novel parameters
in CRC, such as CIMP, MSI, and BRAF and KRAS mutations,
is still unclear (49). However, their potential importance for
refining the prediction of prognosis, as well as for the more
accurate identification of CRC patients with a high risk of
cancer-related death and who might therefore benefit
from additional, and perhaps some day tailored, treatment,
is increasingly being recognized. The results reported in the
present study contribute to the growing knowledge, and
highlight the increasing complexity, of this field.
In conclusion, in this study of CRC patients, CIMP-low
was associated with a poor prognosis compared with
CIMP-negative, regardless of MSI screening status, whereas
for CIMP-high, the shorter cancer-specific survival was
confined to the MSS subgroup. Although not consistently
statistically significant, these results were similar in two
separate patient groups and emphasize the potential importance of considering subgroups based on CIMP and
MSI status in CRC research.
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