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methylator phenotype in metastatic
colorectal cancer

Yongjun Cha'*®, Kyung-Ju Kimz'é, Sae-Won Han*'1'3, Ye Young Rheez, Jeong Mo Baez, Xianyu Wenz,
Nam-Yun Cho?, Dae-Won Lee’, Kyung-Hun Lee’, Tae-Yong Kim', Do-Youn Oh'3, Seock-Ah Im'-3,
Yung-Jue Bang'~, Seung-Yong Jeong®, Kyu Joo Park®, Gyeong Hoon Kang*? and Tae-You Kim'-*?

1Depar‘tment of Internal Medicine, Seoul National University Hospital, Seoul, South Korea; 2Department of Pathology, Seoul
National University College of Medicine, Seoul, South Korea; 3Cancer Research Institute, Seoul National University College of
Medicine, Seoul, South Korea; 4Department of Surgery, Seoul National University Hospital, Seoul, South Korea and 5Department
of Molecular Medicine and Biopharmaceutical Sciences, Graduate School of Convergence Science and Technology, Seoul
National University, Seoul, South Korea

Background: The association between the CpG island methylator phenotype (CIMP) and clinical outcomes in metastatic
colorectal cancer remains unclear. We investigated the prognostic impact of CIMP in patients with metastatic colorectal cancer
treated with systemic chemotherapy.

Methods: Eight CIMP-specific promoters (CACNATG, IGF2, NEUROG1, RUNX3, SOCS1, CDKNZ2A, CRABP1, and MLH1) were
examined. The CIMP status was determined by the number of methylated promoters as high (=5), low (1-4), and negative (0).

Results: A total of 153 patients were included (men/women, 103/50; median age, 61 years; range, 22-80 years). The CIMP status
was negative/low/high in 77/ 69/7 patients, respectively. Overall survival (OS) was significantly different among the three CIMP
groups, with median values of 35.7, 22.2, and 9.77 months for the negative, low, and high groups, respectively (P<0.001). For
patients treated with fluoropyrimidine and oxaliplatin first-line chemotherapy (N=128), OS and progression-free survival (PFS)
were significantly different among the three CIMP groups; the median OS was 37.9, 23.8, and 6.77 months for the negative, low,
and high groups, respectively (P<0.001), while the median PFS was 9.97, 7.87, and 1.83 months, respectively (P=0.002). Response
rates were marginally different among the three CIMP groups (53.4% vs 45.1% vs 16.7%, respectively; P=0.107). For patients
treated with fluoropyrimidine and irinotecan second-line chemotherapy (N=86), only OS showed a difference according to the
CIMP status, with median values of 20.4, 13.4, and 2.90 months for the negative, low, and high groups, respectively (P<0.001).

Conclusions: The CIMP status is a negative prognostic factor for patients with metastatic colorectal cancer treated with
chemotherapy.

Colorectal cancer (CRC) represents one of the major types of
cancer and accounts for a high annual mortality rate worldwide
(Siegel et al, 2014). Approximately 20% patients with CRC present
with distant metastasis at the time of diagnosis, and approximately
10% patients with early-stage disease eventually develop metastatic
disease, which leads to death in many (Siegel et al, 2014).

The CpG island methylator phenotype (CIMP) is one of the key
molecular alterations of CRC that exhibits extensive methylation in
promoter CpG island regions (Hughes et al, 2013). CIMP-high
CRC accounts for 7-29% and 6-14% cases in Western and Eastern
populations, respectively (Kim and Kang, 2014), and has been
associated with distinct clinicopathological —characteristics,
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including older age, female sex, proximal tumour location, poorly
differentiated histology, BRAF mutations, and microsatellite
instability (MSI) (Ogino et al, 2009).

With regard to the prognostic significance of CIMP in CRC,
overall negative associations between the CIMP status and clinical
outcomes have been reported in studies including patients with
early and locally advanced disease (Van Rijnsoever et al, 2003;
Shen et al, 2007; Ogino et al, 2007b; Iacopetta et al, 2008; Kim et al,
2009, 2011; Bae et al, 2011, 2013; Jover et al, 2011; Min et al, 2011;
Sadanandam et al, 2013, 2014; Kim and Kang, 2014; Martinez-
Garcia et al, 2014; Shiovitz et al, 2014; Sistigu et al, 2014). A recent
meta-analysis of 19 studies also showed that the CIMP status is
independently associated with significantly decreased disease-free
survival and overall survival (OS) in patients with CRC (Juo et al,
2014). Therefore, current knowledge suggests that the CIMP status
is associated with adverse outcomes, particularly in patients with
early and locally advanced CRC. However, the studies included in
the meta-analysis were very heterogeneous with regard to patient
characteristics, including chemotherapy regimens and MSI status,
and methodologies, such as CIMP status definitions and methyla-
tion analyses.

However, the prognostic significance of CIMP in metastatic
CRC has not been clearly defined. Most CIMP studies included
patients with stage 1-4 disease, with a limited number of patients
with stage 4 disease. Moreover, among the studies included in the
meta-analysis, only one specifically analysed the CIMP status in
patients with stage 4 CRC (Ogino et al, 2007b). Metastatic CRC
differs from early and locally advanced disease in that chemother-
apy has a central role in management. Furthermore, other patient
characteristics, including the extent of metastasis and the
performance status, affect the prognosis of these patients. There-
fore, the prognostic role of CIMP in early and locally advanced
disease cannot be directly extrapolated to metastatic CRC. To
elucidate this role, studies focusing on patients with metastatic
disease are necessary.

Therefore, we conducted the present study to evaluate the clinical
implications of CIMP in patients with metastatic CRC treated with
palliative chemotherapy by determining the relationship between the
CIMP status and clinicopathological characteristics and clinical
outcomes, including survival and response to chemotherapy.

PATIENTS AND METHODS

Patients and systemic chemotherapy regimens. The eligibility
criteria for this retrospective study were as follows: diagnosis of
metastatic colorectal adenocarcinoma, sporadic cancer without a
family history, age >18 years, initiation of palliative systemic
chemotherapy at Seoul National University Hospital (SNUH) from
January 2009 to December 2012, adequate organ function, and
donation of surgical tissue to the SNUH Tumor Bank. The study
protocol was reviewed and approved by the Institutional Review
Board of SNUH. The study was conducted in accordance with the
recommendations of the Declaration of Helsinki for biomedical
research involving human subjects.

Patients were treated with one of the following systemic
chemotherapy regimens: FOLFOX [oxaliplatin (85 mgm ~* intra-
venous; i.v.), leucovorin (400 mgm_2 iv.), and 5-fluorouracil
(400 mgm ~? i.v. bolus followed by 2400 mgm ~ > continuous i.v.
over 46 h) every 2 weeks], XELOX [oxaliplatin (130 mgm ~ 2iv.on
day 1) and capecitabine (1000mgm ~* p.o. twice a day for 2
weeks) every 3 weeks], SOX [oxaliplatin (130 mgmf2 iv. on day
1) and S-1 (40 mgmf2 twice a day for 2 weeks) every 3 weeks],
FOLFIRI [irinotecan (180 mgmf2 iv.), leucovorin (200 mgmf2
iv. on days 1 and 2), and 5-fluorouracil (400 mgm ~? iv. bolus
followed by 600 mgm ~  continuous i.v. over 22 h on days 1 and 2)

every 2 weeks], XELIRI [irinotecan (250 mgm ~ 2iv.on day 1) and

capecitabine (1000 mgm ~ > p.o. twice a day for 2 weeks) every 3
weeks], and capecitabine alone [capecitabine (1250 mgm ~> p.o.
twice a day for 2 weeks) every 3 weeks]. At the physician’s
discretion, bevacizumab (5mgkg ' i.v. on day 1 of each cycle of
FOLFOX/FOLFIRI or 7.5mgkg ' i.v. on day 1 of each cycle of
XELOX/XELIRI) or cetuximab (400mgm ™~ iv. on day 1 and
250mgm > on day 8 and weekly thereafter) was combined with
cytotoxic chemotherapy. Computed tomography (CT) was per-
formed every four cycles for biweekly regimens and three cycles for
three-weekly regimens during the chemotherapy period or earlier if
disease progression was suspected. Disease progression was defined
on the basis of the CT findings.

Methylation analyses. Only primary tumours were subjected to
methylation, mutation, and microsatellite analyses. Analysis of
DNA methylation was performed as previously described (Kang
et al, 2008; Kim et al, 2009). Tumour DNA samples were
bisulphite-modified using the EZ DNA methylation kit (Zymo
Research, Orange, CA, USA) and analysed for methylation in eight
CIMP-specific CpG island loci (CACNAIG, IGF2, NEUROG]I,
RUNX3, SOCS1, CDKN2A, CRABPI, and MLHI) using a
methylation-specific, probe-based, real-time PCR method (the
MethyLight assay). The PCR conditions have been described
previously (Weisenberger et al, 2006; Kang et al, 2008; Kim et al,
2009). The detailed primer information is provided in
Supplementary Material 1. The methylation status at each locus
was reported as a percentage of methylated reference (PMR) (Kim
et al, 2009). The MethyLight assay was repeated in triplicate, and of
the three measured values, the median was considered the
representative value for the methylation level of each marker.
Each marker was considered methylated when the median PMR
was >4. The CIMP status was considered high when >5
methylated promoters were identified, low when 1-4 methylated
promoters were identified, and negative when no methylated
promoters were identified (Ogino et al, 2006b; Kim et al, 2009;
Han et al, 2013).

Mutation and microsatellite analyses. BRAF mutations at codon
600 (V600E) were analysed using pyrosequencing. The micro-
satellite status was studied by evaluating five microsatellite markers
(D2S123, D5S346, D17S250, BAT25, and BAT26), as previously
described (Han et al, 2013; Lee et al, 2015). Either forward or
reverse primers for each marker were labelled with fluorescence,
and the PCR products were subjected to electrophoresis and
analysed. The MSI status was classified as follows: high (instability
at >two microsatellite markers), low (instability at one marker),
and microsatellite stable (MSS). Only patients with the MSI-high
status were considered positive for MSI, while those with the MSI-
low status and MSS were grouped together.

Statistical analysis. The primary aim of the present study was to
determine the effects of the CIMP status on clinical outcomes in
patients with metastatic CRC. Overall survival was calculated from
the date of treatment initiation to the date of death from any cause.
Progression-free survival (PFS) was defined as the time interval
from the date of treatment initiation to the date of disease
progression or death from any cause. Categorical variables were
compared using Pearson’s y° test or Fisher’s exact test. The
Mantel-Haenszel linear-by-linear association y” test was used to
analyse the linear trend of ordinal and categorical variables
according to the CIMP status. For estimation of OS and PFS, the
Kaplan-Meier method was used, and comparisons were made
using log-rank tests. To adjust for baseline characteristics, we
performed multivariable analysis with a Cox proportional hazard
model using a backward stepwise elimination approach. Age
(continuous variable), sex, differentiation (well-differentiated to
moderately differentiated vs poorly differentiated), tumour location
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(proximal vs distal), number of metastatic organs (1-2 vs >3),
Eastern Cooperative Oncology Group (ECOG) performance status
(0 vs >1), serum carcinoembryonic antigen (CEA) level (<5 vs
>5ngml '), BRAF mutation status, and MSI status (MSI-high vs
MSI-low/MSS) were included as covariates on the basis of previous
studies on metastatic CRC (Bae et al, 2013; Park et al, 2013). Two-
sided P-values of <0.05 were considered statistically significant.
All statistical analyses were performed using IBM SPSS Statistics
for Windows, version 20.0 (IBM Corp., Armonk, NY, USA). This
study was analysed and reported according to the REporting
recommendations for tumour MARKer prognostic studies
(REMARK) (McShane et al, 2005).

RESULTS

Patient characteristics. A total of 153 patients were included
(Figure 1). Tumour specimens were collected from August 2008 to
April 2013. The patient characteristics are described in Table 1.
The primary tumour locations included the caecum in seven
patients, ascending colon in 26, transverse colon in nine,
descending colon in 10, sigmoid colon in 62, and rectum in 39.
Collectively, 42 patients (27.5%) exhibited proximal (caecum to
transverse colon) lesions and 112 (72.5%) exhibited distal lesions.
In total, 138 (90.2%) patients were diagnosed with initial metastatic
disease and 15 (9.8%) with recurrent disease. According to the
inclusion criteria, all patients had undergone resection of the
primary tumour. Primary tumour resection and tissue sampling
were performed before the initiation of palliative chemotherapy in
132 patients with initial metastatic disease and after the initiation
of chemotherapy in the remaining 6 patients. In addition, 15
patients with recurrent disease had undergone curative surgery for
the primary tumour, 12 of whom also received adjuvant
chemotherapy.

The first-line chemotherapy regimens included fluoropyrimi-
dine and oxaliplatin in 128 patients (FOLFOX in 114, XELOX in
11, and SOX in three), FOLFIRI in 18, and capecitabine in seven.
Bevacizumab or cetuximab was combined for five and two patients,
respectively. Second-line chemotherapy was administered to 119

(77.8%) patients. As second-line agents, fluoropyrimidine and
irinotecan were used for 86 patients (FOLFIRI in 84 and XELIRI in
2), fluoropyrimidine and oxaliplatin for 28 (FOLFOX in 25 and
XELOX in 3), and capecitabine for 5. Bevacizumab or cetuximab
was added for five and four patients, respectively.

The median follow-up duration after the diagnosis of metastatic
CRC was 41.8 months [95% confidence interval (CI), 36.8-46.8].
At the time of the last follow-up (November 2014), 103 patients
(67.3%) had succumbed, and the median OS was 27.0 months
(95% CI, 22.4-31.6).

CIMP status and clinicopathological characteristics. Methyla-
tion was observed at >1 loci in 76 (49.7%) patients. In all, 7 (4.6%)
patients exhibited >5 methylated loci (CIMP-high), 69 (45.1%)
exhibited 1-4 methylated loci (CIMP-low), and 77 (50.3%)
exhibited no methylated loci (CIMP-negative). CDKN2A was the
most frequently methylated locus (60 patients; 39.2%), followed by
CRABPI (34; 22.2%), NEUROGI (20; 13.1%), IGE2 (12; 7.8%),
SOCS1 (10; 6.5%), CACNAIG (9; 5.9%), RUNX3 (7; 4.6%), and
MLHI (1; 0.7%). Methylation was more frequently observed in
tumours with a proximal location, poor differentiation, BRAF
mutations, and an MSI-high status (Table 1). There was no
significant difference in the methylation status according to the
number of metastatic organs or the timing of primary tumour
resection.

CIMP status and clinical outcomes. Overall survival after the
initiation of palliative chemotherapy was significantly different
among the three CIMP groups (P<0.001; Figure 2). The median
OS was 35.7 months (95% CI, 30.5-40.9) for the CIMP-negative
group, 22.2 months (95% CI, 17.2-27.2) for the CIMP-low group,
and 9.77 months (95% CI, 2.07-17.5) for the CIMP-high group.
Multivariable analysis revealed that the adjusted hazard ratios
(aHRs) for OS were 2.29 (95% CI, 1.50-3.49) and 11.3 (95% CI,
4.72-26.8) for the CIMP-low and CIMP-high groups, respectively
(both P<0.001; Table 2).

To increase homogeneity, patients treated with fluoropyrimi-
dine and oxaliplatin first-line chemotherapy (N=128) were
analysed. In line with the overall population, OS was significantly
better for the CIMP-negative group (P<0.001; Figure 3A), with

Patients with colorectal cancer (CRC) who
initiated palliative systemic chemotherapy from
January 2009 to December 2012 at SNUH (N = 730)

Surgical tissues available in SNUH Tumor Bank
with written informed consent (N = 198)

Excluded patients (N = 36)
« Local recurrence

* No palliative chemotherapy

received

Eligible patients (N = 162)

I « Insufficient medical records

or lost to follow-up
+ Familial history of CRC

Failed experiments or

| Study cohort (N = 153) |

insufficient tissues (N = 9)

Fluoropyrimidine and
oxaliplatin first-line
chemotherapy (N = 128)

Other first-line
chemotherapy (N = 25)

I

|
Fluoropyrimidine and
irinotecan second-line
chemotherapy (N = 86)

Figure 1. REporting recommendations for tumour MARKer prognostic studies (REMARK) diagram describes flow of the study cohort, including
number of patients included in each stage of the study (McShane et al, 2005). SNUH, Seoul National University Hospital.
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Table 1. Patient characteristics and the CIMP status

Total CIMP-negative (%) CIMP-low (%) CIMP-high (%)
n=153 n=77 n=69 n=7 P

Age
Median (range) 61 (22-80)

<65 years 92 (60.1) 50 (64.9) 39 (56.5) 3 (42. 0.166

>65 years 61 (39.9) 27 (35.1 30 (43.5) 4 (571
Sex
Male 103 (67.3) 50 ( 0 (72.5) 3 (42. 0.971
Female 50 (32.7) 27 (35.1) 19 (27.5) 4 (571
Location
Proximal 42 (27.5) 18 (23.4) 1) 6 (85. 0.025
Distal 111 (72.5) 9 (76.6) 1 ) 1(14.3
Histology
Non-MAC 141 (92.2) 71 (92.2) 63 (91.3) 7 (100) 0.793
MAC 12 (7.8) 6 (7.8) 6 (8.7) 0 (0)
Differentiation
Well to moderate 139 (90.8) 75 (97.4) 5.5) 5(71.4) 0.002
Poor 14 (9.2) 2 (2.6) 10 (14.5) 2 (28.
BRAF status
Wild type 146 (95.4) 76 (98.7) 64 (92.8) 6 (85. 0.034
Mutant 7 (4.6) 1(1.3) 5(7.2) 1(14.3)
MSI
MSS + MSl-low 143 (93.5) 75 (98.7) 62 (91.2) 6 ( ) 0.023
MSI-high 8(5.2) 1(1.3) 6 (8.8) 1(14.3)
No. of metastatic organs
1 87 (56.9) 43 (55.8) 41 (59.4) 3(42.9) 0.647
2 53 (34.6) 29 (37.7) 21 (30.4) 3(42.9
>3 13 (8.5) 5(6.5) 7 (10.1) 1(14.3)
ECOG scale
0 33 (21.6) 16 (20.8) 17 (24.6) 0 (0) 0.693
1 114 (74.5) 56 (72.7) 1(73.9) 7 (100)
2 6 (4.0) 5(6.5) 4) 00
CEA
<5.0ngml ' 58 (37.9) 28 (36.4) 26 (37.7) 4 (57.1) 0.47
>50ngml ' 95 (62.1) 49 (63.6) 43 (62.3) 3(42.9)
Abbreviations: CEA = carcinoembryonic antigen; CIMP=CpG island methylator phenotype; ECOG =eastern cooperative oncology group; MAC =mucinous adenocarcinoma; MS|=
microsatellite instability; MSS = microsatellite stable; No.=number.
@P-values were calculated by Mantel-Haenszel linear-by-linear association ;7 test.
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Figure 2. Kaplan-Meier curves for overall survival (OS) according to
the CpG island methylator phenotype (CIMP) status in patients with
metastatic colorectal cancer treated with chemotherapy. OS was
significantly different among the three CIMP groups, with a median of
35.7 months for the negative group, 22.2 months for the low group,
and 9.77 months for the high group (P<0.001).

median values of 37.9 (95% CI, 31.6-44.2), 23.8 (95% CI, 17.9-
29.7), and 6.77 (95% CI, 3.09-10.5) months for the CIMP-negative,
CIMP-low, and CIMP-high groups, respectively. Similar results
were observed for PFS, with higher survival values derived for the
CIMP-negative group (P = 0.002; Figure 3B). The median PFS was
9.97 (95% CI, 8.10-11.8), 7.87 (95% CI, 5.95-9.79), and 1.83 (95%
CI, 1.55-2.11) months for the CIMP-negative, CIMP-low, and
CIMP-high groups, respectively. RR showed a marginal difference
according to the CIMP status (P=0.107): 53.4%, 45.1%, and
16.7%, respectively. The significant differences in OS and PES
among the three CIMP groups of patients treated with fluoropyr-
imidine and oxaliplatin first-line chemotherapy were maintained
after adjusting for potential confounding variables in multivariable
analysis (Table 3). Adjusted hazard ratios for OS were 2.34 (1.45-
3.76) and 11.9 (4.62-30.8) for the CIMP-low and CIMP-high
groups, respectively (both P<0.001), while those for PFS were 1.82
(1.17-2.84; P=0.008) and 3.53 (1.47-8.48; P=0.005), respectively.

For patients treated with fluoropyrimidine and irinotecan
second-line chemotherapy (N=86), OS following second-line
therapy was significantly different among the three CIMP groups
(P<0.001; Figure 3C), with median values of 20.4 (95% CI, 6.06-
34.7), 13.4 (95% CI, 12.4-14.4), and 2.90 (95% CI, 0.173-5.63)
months for the CIMP-negative, CIMP-low, and CIMP-high
groups, respectively. However, PFS showed no differences
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(P=0.226; Figure 3D), with median values of 4.83 (95% CI, 3.66-
6.00), 4.40 (95% CI, 2.13-6.67), and 1.63 (95% CI, 0.278-2.98)
months, respectively. RR also showed no differences (P =0.482),

Table 2. Multivariable analysis of overall survival in the overall
population

| Overall survival ‘

Covariates in the final

model Adjusted HR (95% CI) P
Age 1.02 (1.01-1.04) 0.013
Female (N=49) 1.70 (1.10-2.62) 0.017
ECOG =1 (N=119) 1.88 (1.06-3.36) 0.032
Metastatic organ >3 (N=11) 5.27 (2.50-11.1) <0.001
CIMP-high (N=7) 11.3 (4.72-26.8) <0.001
CIMP-low (N = 68) 2.29 (1.50-3.49) <0.001

Abbreviations: Cl, confidence interval; CIMP = CpG island methylator phenotype; ECOG =
Eastern Cooperative Oncology Group; HR = hazard ratio.

A
1.0 4 == CIMP-negative (N = 68)
s —i— CIMP-low (N = 54)
’g 0.8 —i— CIMP-high (N = 6)
s
= 0.6
2
5
2 0.4 4
K
2 0.2
[¢)
0.0 T T T T 1
0 12 24 36 48 60
No. at risk Time (months)
CIMP-negative 68 61 50 21 10 3
CIMP-low 54 45 27 9 2 1
CIMP-high 6 1 1 0 0 0
C
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’g 0.8 "I_ —— CIMP-high (N = 5)
a _
2 06+ P =0.001
2
2
2 0.4 4
E
2 0.2
[¢)
0.0 T T T 1
0 12 24 36 48 60
No. at risk Time (months)
CIMP-negative 46 41 31 12 8 3
CIMP-low 35 29 17 5 2 1
CIMP-high 5 1 1 0 0 0

with values of 11.6%, 20.6%, and 0.0%, respectively. In multi-
variable analysis, OS showed a significant difference according to
the CIMP status (Table 3), with aHRs of 2.25 (95% CI, 1.28-3.94;
P=0.005) and 29.1 (95% CI, 9.01-94.0; P<0.001) for the CIMP-
low and CIMP-high groups, respectively.

In addition to the CIMP status, we analysed clinical outcomes
with regard to the methylation status at each locus. MLHI was
excluded, because only one (0.7%) patient showed positive
methylation. Methylation at all individual loci except SOCSI and
RUNX3 (CACNAIG, IGF2, NEUROGI, CDKN2A, and CRABPI)
was associated with shorter OS in multivariable analysis. Notably,
methylation at IGF2 and NEUROGI was associated with
significantly shorter OS and PFS in patients treated with
fluoropyrimidine plus oxaliplatin first-line chemotherapy and
those treated with fluoropyrimidine plus irinotecan second-line
chemotherapy (Supplementary Material 2).

We also analysed clinical outcomes with the number of methylated
CIMP loci as a continuous variable in multivariable analysis. The
higher number of methylated loci was significantly associated with
shortened OS and PFES in the overall population, as well as among

B —
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Figure 3. Kaplan-Meier curves for overall survival and progression-free survival according to the CpG island methylator phenotype (CIMP)

status in patients treated with fluoropyrimidine plus oxaliplatin first-line chemotherapy (A and B) and fluoropyrimidine plus irinotecan second-
line chemotherapy (C and D) for metastatic colorectal cancer. For patients treated with fluoropyrimidine and oxaliplatin first-line chemotherapy,
OS and PFS were significantly different among the three CIMP groups (median OS 37.9 vs 23.8 vs 6.77 months for the negative, low, and high
groups, P<0.001; median PFS 9.97 vs 7.87 vs 1.83 months for the negative, low, and high groups, respectively, P=0.002). For patients treated
with fluoropyrimidine and irinotecan second-line chemotherapy, only OS was different among the three CIMP groups (median OS 20.4 vs 13.4 vs
2.90 months for the negative, low, and high groups, P<0.001; median PFS 4.83 vs 4.40 vs 1.63 months for the negative, low, and high groups,

respectively, P=0.226).
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Table 3. Multivariable analysis of overall and progression-free survival in patients treated with fluoropyrimidine plus oxaliplatin

first-line chemotherapy and fluoropyrimidine plus irinotecan second-line chemotherapy

| Overall survival ! | Progression-free survival ‘
Covariates in the final
Covariates in the final model Adjusted HR (95% Cl) P model Adjusted HR (95% CI) P
Fluoropyrimidine and oxaliplatin first-line chemotherapy (N=128)
Age 1.02 (1.00-1.05) 0.034 ECOG > 1 (N=296) 1.95 (1.15-3.33) 0.013
Female (N=38) 1.60 (0.959-2.66) 0.072 Metastatic organ > 3 (N=9) 2.46 (1.10-5.48) 0.028
ECOG >1 (N=96) 1.70 (0.929-3.09) 0.085 CIMP-high (N=6) 3.53 (1.47-8.48) 0.005
Metastatic organ >3 (N=29) 5.41 (2.36-12.4) <0.001 CIMP-low (N=54) 1.82 (1.17-2.84) 0.008
CIMP-high (N=6) 11.9 (4.62-30.8) <0.001
CIMP-low (N =54) 2.34 (1.45-3.76) <0.001
Fluoropyrimidine and irinotecan second-line chemotherapy (N=86)
Female (N =30) 1.85 (1.03-3.34) 0.04 Female (N=30) 2.06 (1.21-3.48) 0.007
Metastatic organ >3 (N=6) 3.70 (1.39-9.83) 0.009 ECOG =1 (N=66) 1.80 (0.991-3.26) 0.054
CEA >5.0ngml~" (N=54) 2.27 (1.22-4.24) 0.01 CEA >5.0ngml~" (N=54) 1.89 (1.11-3.24) 0.02
CIMP-high (N=5) 29.1 (9.01-94.0) <0.001 MSS/MSlI-low (N =281) 3.81 (0.86-16.9) 0.078
CIMP-low (N = 35) 2.25 (1.28-3.94) 0.005 CIMP-high (N=5) 3.50 (1.16-10.6) 0.027
CIMP-low (N=35) 1.39 (0.841-2.28) 0.2

Abbreviations: CEA = carcinoembryonic antigen; Cl, confidence interval; CIMP =CpG island methylator phenotype; ECOG = Eastern Cooperative Oncology Group; HR =hazard ratio;
MSI = microsatellite instability; MSS = microsatellite stable.

patients treated with oxaliplatin based first- and irinotecan-based
second-line chemotherapy (Supplementary Material 3).

DISCUSSION

In the present study, we aimed to assess the clinical implications of the
CIMP status in patients with metastatic CRC treated with systemic
chemotherapy. For this purpose, quantitative analyses using Methy-
Light technology were performed to evaluate DNA methylation in
eight markers (CACNAIG, IGF2, NEUROGI, RUNX3, SOCSI,
CDKN2A, CRABPI, and MLHI) originally proposed by Ogino et al
(2006a, 2007a). The presence of >5 methylated promoters was
considered to represent a CIMP-high status, because the clinico-
pathological characteristics of CIMP-high tumours were shown to
have the best correlation with a cutoff value of 5 in our previous
studies (Kim et al, 2009; Bae et al, 2011, 2013).

In the present study, the CIMP status was associated with adverse
clinical outcomes in metastatic CRC, and this prognostic impact was
maintained with first- and second-line chemotherapy regimens. To
the best of our knowledge, this is the largest study evaluating the
relationship between the CIMP status and clinical outcomes in
metastatic CRC treated with chemotherapy. In a smaller study
including 30 previously untreated metastatic tumours treated with
first-line chemotherapy with irinotecan, leucovorin, 5-fluorouracil,
and gefitinib, a CIMP-high status was associated with a decreased
median survival duration (0.9 vs 1.9 years) (Ogino et al, 2007b).
When analysed by individual markers, methylation of CACNAIG,
IGF2, NEUROGI, RUNX3, MLHI, MINT31, and WRN was
associated with poor survival, while that of CDKN2A, CRABPI,
SOCS1, MINT1, IGFBP3, and MGMT was not. Although this study
included only a small number of patients with metastatic CRC
treated with unconventional chemotherapy regimens, the findings
are consistent with those of the present study. The finding of a
negative prognostic effect of the CIMP status in the present study is
also consistent with the findings of the recent meta-analysis
mentioned earlier and suggests that the adverse influence of the
CIMP status on clinical outcomes also applies to metastatic CRC
(Juo et al, 2014). Because our study includes the largest and most
homogeneous population of patients with metastatic CRC treated
with standard chemotherapy regimens, we believe our findings

provide the most clinically significant evidence on the prognostic
implications of CIMP in metastatic CRC.

In the present study, we further investigated the treatment
outcomes in terms of OS, PFS, and objective response in patient
groups treated with oxaliplatin-based first-line and irinotecan-
based second-line treatments to determine the influence of the
CIMP status in different treatment settings. For patients treated
with fluoropyrimidine and oxaliplatin first-line chemotherapy, the
CIMP status was associated with decreased OS and PFS and a
trend towards non-response. For patients treated with fluoropyr-
imidine and irinotecan second-line treatment, the CIMP status was
correlated with poor OS and a trend for poor PES. Although our
study analysed a single treatment arm, making it difficult to
determine whether the negative impact of the CIMP status on
treatment outcomes is prognostic or predictive in nature, an
apparently stronger association in patients treated with oxaliplatin-
based chemotherapy regimens than in those treated with
irinotecan-based chemotherapy regimens suggests that the CIMP
status may interact with the chemotherapy regimen. In a recent
exploratory analysis of patients with stage III CRC treated with 5-
fluorouracil and leucovorin alone (FL) or irinotecan (IFL), CIMP-
positive patients treated with IFL showed a trend towards increased
OS compared with those treated with FL (Shiovitz et al, 2014). The
potential interaction between the CIMP status and chemotherapy
should be assessed in future studies with multiple treatment arms.

CIMP is believed to promote carcinogenesis through methylation-
mediated transcriptional silencing in tumour suppressor genes
(Coppede, 2014). However, the role of CIMP in the pathogenesis of
CRC and the mechanism underlying its prognostic and/or predictive
influence remain largely unknown. Whether abnormal global DNA
methylation or local methylation in some CIMP loci is responsible for
different outcomes remains unclear. In this context, our finding that
individual CIMP loci as well as the CIMP status are associated with
treatment outcomes can be interesting. The stronger association of
methylated IGF2 and NEUROGI loci with treatment outcomes
compared with that of other loci in the present study deserves further
investigation focused on a mechanistic understanding.

In conclusion, the results of our study suggest that the CIMP
status is associated with unfavourable clinical outcomes in patients
with metastatic CRC treated with chemotherapy, and that the
negative prognostic impact is maintained throughout first- and
second-line chemotherapy regimens.
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