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Abstract

BACKGROUND—The CpG island methylator phenotype (CIMP) is a promising biomarker for
irinotecan/5-fluorouracil/leucovorin chemotherapy in stage 111 colon cancer. In the present study,
we evaluated whether CIMP is a prognostic biomarker for standard-of-care oxaliplatin-based
adjuvant therapy.

MATERIALS AND METHODS—The HE6C/05 trial randomized 441 stage 11/111 colorectal
adenocarcinoma patients to adjuvant XELOX vs. mFOLFOX6. The primary and secondary
objectives were disease-free and overall survival, respectively. CIMP status was determined using
the DNA methylation status of CACNA1G, IGF2, NEUROG1, RUNX3, and SOCSI1. Cox models
assessed the association of CIMP with survival.

RESULTS—Twenty-eight (9.6%) of the 293 available tumors were CIMP-positive. In univariate
Cox regression analysis, no significant differences in survival were observed between individuals
with CIMP-positive vs. negative tumors. CIMP-positive tumors were more likely to be right-sided
and BRAFmutant (chi-square, p<0.001). In the multivariate model, TNM-stage Il (vs. stage I11)
was associated with reduced risk for relapse (HR=0.25, 95% CI 0.11-0.55, Wald’s p<0.001), while
colon primary located on the left side and earlier TNM-stage were associated with reduced risk for
death (HR=0.48, 95% CI 0.28-0.81, p=0.006 and HR=0.22, 95% CI 0.10-0.49, p<0.001,
respectively).

CONCLUSION—In this exploratory analysis, CIMP does not appear to be a prognostic
biomarker in oxaliplatin-treated patients with resected colorectal cancer.

Keywords
Methylation; CIMP; prognosis; biomarker; adjuvant

INTRODUCTION

Colorectal cancer (CRC) treatment is currently guided by the tumor, nodal, and/or metastatic
involvement (TNM-stage).> However, biomarkers are greatly needed to help guide therapy
and improve the accuracy of prognostic determinations for individual patients. Prior
experience has demonstrated that treatment options and their associated biomarkers can be
stage-specific, such as KRAS as a predictive biomarker for anti-EGFR therapy in metastatic
CRC.2 However, other biomarkers, such as BRAF, can be informative for the prognosis of
early- and advanced-stage cancers.3 Thus, prospective biomarkers must be evaluated in
varied clinical contexts to best determine their appropriate use in clinical care.

Adding further complexity, CRC is increasingly being recognized as a heterogeneous entity
that arises from multiple biologic pathways.# The three most recognized CRC pathways are
chromosomal instability (microsatellite stable), microsatellite instable (MSI), and CpG
Island Methylator Phenotype (CIMP). Found in ~10-20% of CRCs, CIMP is characterized
by an exceptionally high frequency of aberrantly methylated CpG islands across the

Clin Colorectal Cancer. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shiovitz et al.

Page 3

genome. Occurring more often in women and older individuals, CIMP-positive CRCs are
typically proximal, high-grade, mismatch repair (MMR)-deficient, 7P53-wildtype and
BRAF-mutant.®"11 Somatic MMR-deficiency due to MLH1 promoter hypermethylation is
found in a subset of CIMP CRCs.*

Somatic molecular variations present in the CRCs are also relevant to predicting outcomes
after a CRC diagnosis.12 CIMP is an emerging biologically plausible biomarker in CRC
because of its distinct pattern of aberrantly methylated genes and gene mutations. Early
studies using 5-fluorouracil (5-FU) suggested no association between CIMP and
prognosis.10: 13-15 However, recent analyses in the context of doublet chemotherapy noted
conflicting results whether individuals with CIMP-positive cancers have worse survival.11: 16
We sought to further evaluate CIMP as a prognostic biomarker within the context of modern
oxaliplatin-based adjuvant chemotherapy.

MATERIALS AND METHODS

Patient selection

The Hellenic Cooperative Oncology Group HEGC/05 trial randomized individuals with
high-risk stage Il or stage 111 CRC to 6 months of adjuvant oxaliplatin and either 5-FU/
leucovorin (LV) (MFOLFOX6) or capecitabine (XELOX).17 Patients with rectal cancer
additionally received adjuvant capecitabine-based chemoradiotherapy (50Gy). High-risk
stage Il was defined as any of: high histological grade, lymphovascular/perineural invasion,
mucinous component, T4-stage, extramural vein invasion, symptomatic bowel obstruction/
perforation at diagnosis, or <12 lymph nodes removed.

Enrollment occurred between November 2005 and January 2008, with last follow-up in
November 2013. The primary endpoint was 3-year disease-free survival (DFS); 3-year
overall survival (OS) was a secondary endpoint. The trial closed early due to poor accrual;
no difference in survival was noted between treatment arms.

Of 441 patients enrolled on this study, 408 were eligible for treatment and 293 had primary
tumor DNA and RNA available. All patients provided informed consent prior to
participation in the trial; optionally a separate informed consent was obtained for providing
biological material for research purposes. The clinical protocol was approved by the
Institutional Review Boards of the participating institutions and by the National
Organization for Medicines; the trial was included in the Australian New Zealand Clinical
Trials Registry (Registration Number: ANZCTR 12610000509066).

Patient Chemotherapy Treatment (HE6C/05 trial)

As recently published,}” mFOLFOX6 treatment consisted of oxaliplatin 85 mg/m2, LV 200
mg/m2 over 2 hours, bolus 5-FU 400 mg/m? intravenously (1V) all on day 1 followed by 5-
FU 2400 mg/m? over 46-hour continuous infusion. The mMFOLFOX6 cycle was repeated
every 14 days for a total of 12 cycles. The XELOX group received oxaliplatin 130 mg/m?2 IV
on day 1 and capecitabine (Xeloda®) 1000 mg/m? twice daily for days 1-14. The XELOX
cycle was repeated every 21 days for a total of 8 cycles.

Clin Colorectal Cancer. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shiovitz et al.

Page 4

Patients with rectal primaries additionally received 50 Gray of adjuvant radiotherapy (46
Gray to the pelvic area and 4 Gray boost to the tumor) concomitantly with capecitabine 825
mg/m? twice daily on the days of radiotherapy. Two cycles of chemotherapy, administered
according to the assigned treatment arm, were given prior to chemoradiotherapy. The
remaining 10 cycles of mMFOLFOX6 or 6 cycles for XELOX were administered after the
completion of chemoradiotherapy.

DNA and RNA Extraction

DNA processing and analysis was performed as described previously in a non-CLIA-
approved research laboratory at the Fred Hutchinson Cancer Research Center (P1: Grady).11
DNA and total RNA was extracted from 1.0 mm TMA cores (approximately 15-18 tumor
tissue cores for each sample), using a standardized isolation method based on silica-coated
magnetic beads (VERSANT Tissue Preparation Reagents, Siemens Healthcare Diagnostics,
Tarrytown, NY).18

Sodium Bisulfite Conversion and Sample Preparation

Sodium bisulfite conversion of approximately 500 ng genomic DNA was performed using
the EZ DNA Methylation Kit (Zymo Research), with final eluted volume of 10uL. The
converted DNA was diluted 1:50 for MethyLight analysis. Methylated and unmethylated
control DNA (Epitect Methylated/Unmethylated human DNA; QIAGEN, Valencia, CA) was
diluted 1:10. A total of 10 ul diluted DNA was used per polymerase chain reaction (PCR)
reaction. Additionally, serial dilutions of the methylated control DNA (QIAGEN) were
included on each PCR assay plate for standard curve generation.

MethyLight Analysis of CIMP Markers

Treated genomic DNA was analyzed by MethyLight using a Bio-Rad CFX96 Real-Time
System (Bio-Rad, Hercules, CA). Real-time PCR amplification was performed using Bio-
Rad Hard-Shell Thin-Wall 96-Well Skirted PCR plates with Microseal ‘B’ Adhesive Seals,
using the same primer/probe sequences as previously described.11 A 20 L reaction mixture
(0.5 plI primers (10uM), 0.02ul probe, 10 pl iTaq universal probe supermix, 10 pL bisulfite-
converted DNA) was cycled as: 95°C for 3 minutes, followed by 48 cycles of 95°C for 5
second s and 60°C for 1 minute.

Determination of CIMP status

Methylation of CpG islands was evaluated for a validated five-marker panel: CACNAIG,
IGF2, NEUROG1, RUNX3, and SOCS1.”:8 A percentage of methylated reference of 4%
was used to define the threshold of methylation 1°. “CIMP-positive” was defined as
methylation of >3/5 methylated loci and “CIMP-negative” as methylation of <3 markers.

BRAF, KRAS, CD3, CD8 and MMR assays

Tumor molecular analysis was performed as previously described.2 KRAS mutations
(exons 2, 3 and 4) and BRAFVV600E mutations (exon 15) were assessed with dd-sequencing
on nested PCR amplicons, at the Laboratory of Molecular Oncology, Hellenic Foundation
for Cancer Research, Aristotle University of Thessaloniki School of Medicine, Thessaloniki,
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Greece, as previously described in detail. One-step qRT-PCR was used for the assessment of
CD3 and CD8 mRNA expression (STRATIFYER Molecular Pathology GmbH, Cologne,
Germany).20 [HC for the four MMR proteins (MLH1, MSH2, MSH6, and PMS2) was
carried out at the Laboratory of Molecular Oncology, Hellenic Foundation for Cancer
Research (Aristotle University of Thessaloniki School of Medicine, Thessaloniki, Greece).

Statistical Methods

Continuous variables were presented as median with the corresponding range and
categorical variables as frequency with the respective percentages. Chi-Square or Fisher’s
exact tests and the non-parametric Mann-Whitney test were used for comparing patient and
tumor characteristics. SAS software was used for all statistical analyses (Windows v9.3,
SAS Institute Inc., Cary, NC).

Survival was determined from date of randomization to date of death or last contact (OS)
and/or to documented first recurrence (DFS), whichever occurred first. Surviving patients
were censored at the date of last contact. Time-to-event distributions were estimated using
Kaplan-Meier curves and compared using log-rank tests. Cox models were used to assess the
relationship of OS/DFS with various clinical and histological variables, with significance
level a=0.05 for estimating hazard ratios (HR) and 95% confidence intervals (95% CI).

Multivariate Cox regression analyses applying the Bald backwards procedure were
performed using: TNM-stage (11/111), KRAS status (wildtype/mutant), BRAF status
(wildtype/mutant), primary site (right/left), MMR status (deficient/proficient), CD3/CD8
MRNA expression (high/low), treatment arm (mFOLFOX6/XELOX), and CIMP (positive/
negative). The significance threshold for keeping a variable in the final model was set at
=0.15. No adjustments for multiple comparisons were done.

RESULTS

Twenty-eight (9.6%) of the 293 patients in HE6C/05 with available tumor DNA were CIMP-
positive. Compared to CIMP-negative CRCs, CIMP-positive CRCs were more likely to be
right-sided (chi-square, p<0.001), BRAFmutant (p<0.001), MMR-deficient (p=0.007), and
have a low CD3/CD8 tumor T-cell MRNA expression (p=0.015) (Table 1). There was no
difference in gender predominance or KRAS mutation status.

In univariate Cox regression analysis, there was no difference in OS by CIMP status (Figure
1). Comparing individuals with CIMP-positive and CIMP-negative tumors, individual
clinical, molecular, and immunologic characteristics were analyzed (Table 2). However, no
individual factor reached statistical significance for an effect on OS. DFS results were
similar (Table 3); none of the variables reached statistical significance.

In multivariate analysis, 237 patients had all relevant data available for the calculation of the
risk for relapse and 260 patients for the risk for death. TNM-stage Il (vs. stage 111) was
associated with reduced risk for relapse (HR=0.25, 95% CI 0.11-0.55, Wald’s p<0.001). In
addition, colon primary located on the left side and earlier TNM-stage were associated with
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reduced risk for death (HR=0.48, 95% CI 0.28-0.81, p=0.006 and HR=0.22, 95% ClI
0.10-0.49, p<0.001, respectively) (Table 4).
DISCUSSION

In this exploratory analysis of stage 11/111 CRC patients in a prospective, randomized trial of
adjuvant mFOLFOX6 versus XELOX, there was no difference in survival between patients
with CIMP-positive and CIMP-negative tumors. There was also no difference in the
association of CIMP status and survival by treatment arm. DFS and OS results were similar.

Individuals with CIMP-positive CRCs exhibited similar features to what has been previously
published, including a higher proportion of proximal tumors and tumors with BRAF
mutations and deficient MMR.>-11 Unlike prior reports, no association with age or gender
was noted in our analysis. A non-significant lower frequency of KRAS mutations was
observed, as has been noted in previous analysis.1!

The percent of individuals in the HE6C/05 trial who had CIMP-positive tumors was lower
than has been reported in other studies.10: 13-16 This may be due to regional variability, as
frequencies of 8-33% have been reported, while an international collaborative study noted a
frequency of 18%.12 Variability in reported frequencies may also be related to differences in
CIMP gene panels and definitions. In this analysis, we elected to use a validated 5-marker
panel and categorized CRCs as CIMP-positive or CIMP-negative (rather than CIMP-high, -
low, or -negative) for consistency with recent analyses.”: 8 11,12

Our prior analysis within CALGB (Alliance) 89803 demonstrated that CIMP was a stronger
prognostic feature than MSI, a surrogate for MMR-deficiency.11: 21 The difference in
observed exploratory outcomes may be related to the population differences (Greece vs.
North America), baseline characteristics of the patients (e.g. inclusion of colon and rectal
cancer), or differences in the specific features of the treatment regimens (e.g. the older IFL
regimen of CALGB/Alliance 89803 has been replaced by FOLFIRI).

Han, et alalso evaluated CIMP as a prospective biomarker in a Korean trial of adjuvant
FOLFOX.16 Only 7.8% of individuals were CIMP-positive in this trial and no association
between CIMP and DFS was observed. Compared to the Korean trial, HE6C/05 allowed for
radiation of rectal primaries (consistent with guideline-recommended practice), had slightly
different high-risk stage Il criteria, included more stage Il patients, and used updated
oxaliplatin regimens.22 Additionally, we used the validated 5-marker panel with binary
classification of CIMP as positive or negative,” 8 while the Korean trial used an 8-marker
panel and three-tier classification of CIMP. Despite these differences, both analyses noted no
association between CIMP and survival among individuals receiving adjuvant oxaliplatin-
based chemotherapy.

CONCLUSIONS

In conclusion, in this exploratory analysis of CIMP as a prognostic biomarker in stage 11/111
CRC patients treated with adjuvant oxaliplatin-based chemotherapy, we noted no association
between CIMP and DFS or OS. As there was no 5-FU/capecitabine-only arm, CIMP could
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not be assessed as a predictive marker for benefit from oxaliplatin therapy. No predictive
benefit for XELOX versus mFOLFOX6 was observed. Given the relatively small number of
CIMP-positive CRCs in this study, the role of CIMP as a prognostic biomarker or a
predictive biomarker for oxaliplatin benefit should be further investigated.
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CIMP CpG Island Methylator Phenotype

CRC Colorectal cancer
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chemotherapy)

MMR Mismatch repair

MSI Microsatellite instability
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CLINICAL PRACTICE POINTS

Biomarkers are greatly needed to inform and individualize treatment decisions. The CpG
Island Methylator Phenotype (CIMP) is a key biologic pathway in colorectal cancer and
has been suggested as a prognostic biomarker. We sought to validate prior findings that
CIMP is a prognostic and predictive biomarker among non-metastatic colorectal cancer
patients. In this analysis, that frequency of CIMP cancers was somewhat lower (9.6%)
than has been described for other populations. We noted no association between CIMP
and disease-free or overall survival. Further studies will need to focus on which
populations CIMP is a relevant biomarker and whether CIMP can be used to inform
chemotherapy treatment decisions.
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MICROABSTRACT

CpG Island Methylator Phenotype (CIMP) status was explored as a potential biomarker
in 293 tumor specimens from stage I1-111 HE6C/05 patients receiving either mFOLFOX6
or XELOX adjuvant chemotherapy. Twenty-eight (9.6%) were CIMP-positive, but no
association with disease-free or overall survival was noted. In this exploratory analysis,
CIMP does not appear to be a prognostic biomarker in oxaliplatin-treated patients with
resected colorectal cancer.
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FIGURE 1. Overall survival of CIMP-positive and CIMP-negative patients
There was no difference in overall survival (OS) in individuals with CIMP-positive versus

CIMP-negative tumors at a median follow-up of 74.5 months.
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Comparison of patients with CIMP-positive and CIMP-negative tumors.

TABLE 1

CIMP-Negative | CIMP-Positive | p_yalue*
(n=264) (n=28)
N (%) N (%)
Age <65 160 (60.6) 14 (50.0) 0.28
>65 104 (39.4) 14 (50.0)
Gender Female 119 (45.1) 11 (39.3) 0.56
Male 145 (54.9) 17 (61.7)
TNM stage I 83 (32.4) 13 (50.0) 0.07
I 173 (67.6) 13 (50.0)
Primary type Colon 192 (73.3) 24 (85.7) 0.16
Rectum 70 (26.7) 4(14.3)
Primary side Left 192 (73.3) 9(32.1) <0.001
Right 70 (26.7) 19 (67.9)
Treatment group mFOLFOX6 128 (48.5) 16 (57.1) 0.38
XELOX 136 (51.5) 12 (42.9)
BRAF status Mutated 5(1.9) 10 (35.7) <0.001
KRAS status Mutated 109 (41.6) 9(32.1) 0.33
MMR status Deficient 23(8.8) 7 (25.0) 0.007
CD3/CD8 Low 170 (68.3) 11 (44.0) 0.015
mMRNA expression

TNM = tumor node metastasis staging; MMR = mismatch repair.
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*
Age category by two-sample t-test for differences in means. All other categories compared with Chi-square tests of homogeneity. Significant p-
values are shown in bold.

Clin Colorectal Cancer. Author manuscript; available in PMC 2017 June 01.



Shiovitz et al. Page 13

TABLE 2

Univariate Cox regression analysis for the effect of CIMP on overall survival.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Parameter Category HR (95% CI) P-value
CIMP-positive vs.
CIMP-negative

CIMP 1.27 (0.58, 2.80) 0.55
TNM-stage I 1.13 (0.14, 9.37) 0.91
11 1.45 (0.58, 3.66) 0.43
Primary site Right 0.91(0.34,2.41) 0.84
Left 1.23(0.30, 5.13) 0.77
Treatment arm mFOLFOX6 1.25(0.44, 3.57) 0.84
XELOX 1.30 (0.39, 4.28) 0.67
BRAF status Wild-type 1.11 (0.40, 3.08) 0.83
Mutated 0.77 (0.13, 4.61) 0.77
KRAS status Wild-type 1.14 (0.40, 3.24) 0.81
Mutated 1.59 (0.48, 5.28) 0.45
MMR status Deficient 0.84 (0.09, 7.50) 0.87
Proficient 1.46 (0.62, 3.39) 0.39
CD3/CD8 MRNA Low 1.49 (0.46, 4.84) 0.51
expression High 1.02 (0.30, 3.52) 0.97

TNM = tumor node metastasis staging; MMR = mismatch repair.
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TABLE 3

Univariate Cox regression analysis for the effect of CIMP on disease-free survival.

Parameter Category HR (95% CI) P-value
CIMP-positive vs.
CIMP-negative

CIMP 0.75(0.27, 2.07) 0.58

TNM-stage I 0.92 (0.11, 7.44) 0.93
I 0.94 (0.29, 3.04) 0.92

Primary site Right 0.50 (0.11, 2.21) 0.36

Left 1.11(0.27, 4.62) 0.88

Treatment arm mFOLFOX6 0.63 (0.15, 2.65) 0.53

XELOX 0.89 (0.21, 3.77) 0.88

BRAF status Wild-type 0.57 (0.14, 2.33) 0.43
Mutated 0.76 (0.07, 8.47) 0.83
KRAS status Wild-type 0.62 (0.15, 2.64) 0.52
Mutated 1.08 (0.26, 4.56) 0.92
MMR status Deficient 0 (n/a) 1.00

Proficient 1.01 (0.36, 2.81) 0.98

CD3/CD8 Low 0.92 (0.22, 3.83) 0.91

mRNA expression

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

High

0.80 (0.18, 3.53)

0.76

TNM = tumor node metastasis staging; MMR = mismatch repair, n/a = not applicable.
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Shiovitz et al.

Significant results from the multivariate Cox regression analysis of CIMP and other factors on survival.

TABLE 4

Parameter # of patients | # of events HR (95% CI) Wald’s
p-value
DFS | TNM-Stage 96 vs. 186 12 vs. 68 0.25(0.11, 0.55) | <0.001
11 vs. 11
oS TNM-Stage 96 vs. 186 7vs. 52 0.22 (0.10, 0.49) | <0.001
1 vs. 11
Primary site 197 vs. 85 35vs. 24 0.48 (0.28, 0.81) 0.006
Left vs. Right

DFS = disease-free survival; OS = overall survival; TNM = tumor node metastasis staging.
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