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Abstract
Background & Aims—5-FU-based adjuvant chemotherapy does not increase survival times of
patients with colorectal tumors with microsatellite instability. We determined the response of
patients with colorectal tumors with the CpG island methylator phenotype (CIMP) to 5-FU-based
therapy.

Methods—We analyzed a population-based cohort of 302 patients with colorectal cancer (CRC)
for a median follow-up time of 50.7 months. CIMP status was determined by analysis of the
CACNAG1, SOCS1, RUNX3, NEUROG1, and MLH1 promoters; tumors were considered to be
CIMP-positive (CIMP+) if at least 3 promoters were methylated.

Results—Tumors from 29.5% (89/302) of patients were CIMP+; this did not influence disease-
free survival (log rank=.26). Of tumors of TNM stages II–III (n=196), 32.7% were CIMP+.
Among patients with CRC stages II–III who did not receive adjuvant 5-FU chemotherapy, those
with CIMP+ tumors had longest times of disease-free survival (log rank=.04); patients with CIMP
+ tumors who received chemotherapy had shorter times of disease-free survival (log rank=0.02).
In patients with CIMP-negative tumors, adjuvant 5-FU chemotherapy significantly increased time
of disease-free survival (log-rank=.00001). However, in patients with CIMP+ tumors, adjuvant 5-
FU chemotherapy did not affect time of disease-free survival (log rank=.7). Multivariate analysis
showed a significant, independent interaction between 5-FU treatment and CIMP status (hazard
ratio [HR]=0.6; 95% confidence interval [CI], .5–.8). Among patients with CIMP+ tumors,
adjuvant chemotherapy was not an independent predictor of outcome (HR=0.8; 95% CI, 0.3–2.0).
In patients who did not receive adjuvant 5-FU chemotherapy, CIMP status was the only
independent predictor of survival (HR=2.0; 95% CI, 1.1–3.8)

Conclusion—Patients with CIMP+ colorectal tumors do not benefit from 5-FU–based adjuvant
chemotherapy.

Keywords
Colon cancer; 5-FU adjuvant chemotherapy; DNA methylation; response to cancer therapy

INTRODUCTION
Colorectal cancer (CRC) is a common disease that accounts for a large proportion of cancer
cases in Western countries. Approximately a 10–15% of CRC are caused by epigenetic
silencing of the gene MLH1, provoking a characteristic molecular phenotype called
microsatellite instability (MSI), displaying a form of genetic instability characterized by the
accumulation of numerous mutations within repetitive sequences of DNA in non-encoding
microsatellite regions 1, 2. In the last few years, there has been a growing recognition of the
existence of a new pathway for CRC pathogenesis, which involves the transcriptional
silencing of tumor suppressor genes by hypermethylation of CpG islands surrounding the
promoter regions of various genes 3. Tumors with such features are classified as having the
CpG island methylator phenotype (CIMP) 4, and it is now believed that as many as one-
third to one-half of all CRCs may evolve through this pathway 5–7. CIMP tumors with
methylation-induced silencing of MLH1 constitute the majority of sporadic MSI CRCs 8.
However, most CIMP-positive tumors are associated with microsatellite stability (MSS) 9.
These CIMP MSS tumors share certain clinical and pathological features with MSI CRCs,
including a predilection for females, advanced age of disease onset, predilection for
proximal colon, poor differentiation and mucinous histology 10.
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Patients with MSI CRCs have a better prognosis 11 and do not obtain benefit from 5-
fluorouracil (5-FU)-based adjuvant chemotherapy 12–16. Since a significant majority of
CIMP tumors share features of sporadic MSI cancers, one would suspect that they would
have a similar therapeutic response. However, insufficient attention has been paid to this
important clinical issue, and there is only limited published data on prognosis in CRCs with
CIMP 17–19, and the response to chemotherapy in this type of CRC is unclear or worse,
contradictory 20–22. The present study was designed to better understand the prognosis of
patients with CIMP-positive CRCs, and to determine the response to adjuvant 5-FU
chemotherapy using a large population-based collection of CRCs. This information could be
critical in the choice of chemotherapeutic treatment, especially considering recently
developed new inhibitors of DNA methylation 23. Our results suggest that CIMP-positive
CRCs, similarly to MSI tumors, do not obtain a significant benefit from 5-FU-based
adjuvant chemotherapy.

MATERIALS AND METHODS
Clinical specimens

This study included 302 CRC patients that were enrolled as part of the EPICOLON project,
a population-based study on CRC 24, 25. These patients were randomly selected from a
previously described cohort of patients for which follow-up data were available 14, 15. The
study was approved by the institutional ethics committee of each participant hospital and
written informed consent was obtained from all patients.

The integrity of the mismatch repair system was evaluated by MSI testing and
immunostaining for MLH1, MSH2, MSH6 and PMS2 proteins. Tumor mismatch repair
(MMR) deficiency was defined by either finding MSI-high (see below) or the loss of MLH1,
MSH2, MSH6 or PMS2 protein expression by immunohistochemistry.

Adjuvant chemotherapy was administered according to standard clinical criteria. Adjuvant
chemotherapy with 5-fluorouracil (5-FU) was given to patients with stage II and III tumors
following standard schedules and doses. Oncologists that decided to administer adjuvant
treatment were blinded to the MMR or CIMP tumor status.

Tumor MSI analysis
MSI testing was performed using either the 5-marker panel proposed by the National Cancer
Institute or a pentaplex of mononucleotide repeats, and tumors were classified as
microsatellite stable (MSS) or unstable (MSI) as previously described 26–28.

Mismatch repair protein immunohistochemistry
One block of formalin-fixed, paraffin-embedded tumor tissue was selected per case.
Sections were then incubated for 20 minutes at room temperature with mouse monoclonal
antibodies against MLH1 protein (clone G168-15, dilution 1:40; PharMingen, San Diego,
CA), MSH2 protein (clone FE11, dilution 1:35; Oncogene Research Products, Boston, MA),
MSH6 (Calbiochem, clon FE11, dilution 1:30) and PMS2 (BD Pharmingen, clone A16-4,
dilution 1:100). The Ultra-Vision streptavidin-biotin peroxidase detection kit (DAKO,
Carpinteria, CA) was used as the secondary detection system. Tumor cells were judged to be
negative for protein expression only if they lacked staining in a sample in which normal
colonocytes and stromal cells were stained. If no immunostaining of normal tissue could be
demonstrated, the results were considered ambiguous.
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BRAF V600E mutation analyses
V600E BRAF mutation was detected using real-time TaqMan probes in an ABI Prism 7500
sequence detection system by allelic discrimination. The PCR conditions and details have
been previously described 29 including primers and probes. Probes were labeled with 6-
carboxyfluorescein (FAM) as the reporter fluorophor for the mutant allele and VIC as the
reporter fluorophor for the wild-type allele. Fluorescence data were analyzed with the allelic
discrimination software of the ABI Prism 7500 instrument.

CIMP status determination by bisulfite pyrosequencing
The following five markers were used to assess the methylation status of the tumor tissue:
CACNAG1, SOCS1, RUNX3, NEUROG1, and MLH1 9, 30. Genomic DNA was modified
with sodium-bisulfite using the EZ Methylation Gold Kit (Zymo Research, Orange, CA) and
markers were analyzed by pyrosequencing. The PCR reaction contained bisulfite modified
DNA, HotStar Taq polymerase, forward primers, biotinylated reverse primers and water.
The primers used have been described previously 30. To assess the methylation status for
each marker we calculated the mean percentage of methylation for all the CpG sites
included in the assay. Each marker was classified as methylated when the mean percentage
was higher than 5% for the following markers: CACNAG1, SOCS1, RUNX3, and MLH1, and
10% for the NEUROG1 marker. These cut offs were chosen after determining the average
methylation level of each marker in normal colonic mucosa samples plus two standard
deviations. CRC was considered CIMP+ if at least 3 out of the five studied genes showed
aberrant methylation 9, 30.

Statistical analysis
Continuous variables are reported as means ± standard deviation and categorical variables as
frequency or percentages. Statistical differences of baseline characteristics between groups
were analyzed using the chi-square test for categorical data after application of the Yates’s
correction (when required), and by using the Mann-Whitney U test for quantitative data.

The primary outcome was disease-free survival (DFS). Analyses were performed in the
entire series as well as in the subset of patients with stage II and III tumors in order to
specifically evaluate the effect of CIMP status on the benefit from adjuvant chemotherapy.
DFS was defined as the time from study entry to death from any cause or the first relapse.
Data on DFS were censored at 73 months from the date of diagnosis. Differences in DFS
were analyzed using the chi-square test. Probability curves were generated according to the
Kaplan and Meier method and univariate survival distributions were compared with the use
of the log-rank test. Confidence intervals were calculated using the standard error of survival
according to the Greenwood method.

A multivariate analysis of hazard risk of death or tumor recurrence (DFS) was performed
using Cox proportional-hazards regression to test the effect of CIMP, MMR status, adjuvant
chemotherapy, age, TNM stage, gender, and the interaction between CIMP status and
different variables such as chemotherapy, age, MMR status and BRAF V600E mutation.
Hazard ratios and 95 percent confidence intervals (95% CI) for death or tumor recurrence
(DFS) were computed using the Cox survival modelling.

All reported P values are two-sided, and P values of less than 0.05 were considered to
indicate significance. All calculations were performed using the SPSS 16.0 software.
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RESULTS
1. Influence of CIMP status on overall disease-free survival (DFS)

During the course of this study, 302 CRC patients were included. The median follow-up was
50.7 months (range 0–73 months). A total of 89 patients had CIMP+ tumors (29.5%). MMR
deficiency was present in 8.3% (25/302) of tumors. Clinical and pathological differences
between patients with CIMP+ or CIMP-tumors are illustrated in Table 1. Thirteen patients
(4.3%) were lost to follow-up and, accordingly, they were censored at that time-point. At the
end of the follow-up period, 125 patients had died (41.4%), and the median follow-up for
this group was 18.2 months (range 0–68 months). Seven patients died during the immediate
post-operative period (the first 30 days post-surgery), and 86 patients died due to tumor
progression. The causes of death for the remaining patients were: late post-surgical
complications (4 patients), complications of chemotherapy (6 patients) and other causes (22
patients). Tumor recurrence was seen in 25 cases (8.2%), at a median of 19.4 months after
surgery (range 2–52 months).

Chemotherapy was given to 136 patients (45.0%), which included 93 (68.4%) patients who
received adjuvant chemotherapy, 8 (5.9%) neoadjuvant chemotherapy and 35 (25.7%)
palliative chemotherapy. Chemotherapy was 5-FU based in all patients.

Patients with CIMP- tumors were significantly more likely to be male, MMR proficient, and
BRAF mutation negative (Table 1). Overall, in the whole cohort, there were no significant
differences in the percentage of disease-free survivors at the end of follow-up between
patients with CIMP+ and CIMP− tumors (CIMP+: 48.3%; CIMP−: 51.2%; chi square
p=0.6; log rank=0.3) (Table 1. Figure 1A). This lack of difference in DFS remained
unchanged when we excluded patients who died in the postoperative period. Moreover, we
did not find changes in DFS when we excluded patients with MMR deficient tumors (data
not shown).

2. Influence of CIMP status on prognosis in patients with locally advanced, non-metastatic
colorectal cancer

Our cohort included follow-up on 196 patients with stage II or III CRCs. The median
follow-up time was 55.0 months (range 0–73). Characteristics of this subset of patients
according to CIMP status are summarized in Table 2. The patients with CIMP- tumors were
significantly more likely to be younger, male, have tumors that were MMR proficient and
BRAF mutation negative. Eleven patients (5.6%) were lost to follow-up. At the end of
follow-up, 69 (35.2%) patients had died and 21 (10.7%) had experienced tumor recurrence.
One-hundred and one patients received adjuvant 5-FU-based chemotherapy; 47 (46.5%)
were stage II and 54 (53.5%) were stage III CRC patients.

Patients who received chemotherapy were younger (64.7±7.5 vs. 77.6±10.6; p=0.0001) and
there were no differences in gender, duration of follow-up or percentage of lost to follow-up
compared to patients who received adjuvant chemotherapy. Adjuvant chemotherapy was
more frequently administered to CIMP negative stage II and stage III cancer patients (Table
2).

Overall, in patients with stage II–III CRC, there were no differences in the percentage of
disease-free survivors at the end of follow-up according to CIMP status (CIMP+: 56.3%;
CIMP−: 53.0%; chi square p=0.7; log rank=0.8) (Table 2, Figure 1B). In the univariate
analysis, adjuvant chemotherapy, TNM stage and age less than 60 were the only variables
with a significant influence on DFS (Table 3). In the multivariate analysis (Table 4),
adjuvant chemotherapy and TNM stage were the only independent predictors of survival;
however, a significant interaction between adjuvant chemotherapy and CIMP status on DFS
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was also observed (hazard ratio 0.6, 95% CI 0.5–0.8). No significant interaction was found
between CIMP status and age (hazard ratio 1.2, 95% CI 0.9–1.5) or age and adjuvant
chemotherapy (hazard ratio 1.1, 95% CI 0.9–1.3) in terms of DFS.

2.1. Effect of CIMP status on survival according to chemotherapy treatment—
Patients with CIMP-negative tumors who received adjuvant chemotherapy had a higher
probability of DFS (Table 3, Figure 2A). However, in patients with CIMP-positive tumors,
adjuvant chemotherapy did not improve the probability of DFS (Table 3, Figure 2B). In
order to evaluate the combined influence of different factors on DFS, a multivariate Cox
regression analysis was performed. In patients with CIMP-negative tumors, adjuvant
chemotherapy was the only factor to influence DFS (Table 4). On the other hand, only the
TNM stage independently predicted DFS in patients with CIMP-positive tumors, without
any effect of adjuvant chemotherapy (Table 4). In this subset of patients neither MMR status
(hazard ratio 0.8, 95% CI: 0.5–1.2), nor BRAF V600E mutation (hazard ratio 0.9, 95% CI:
0.5–2.7) was significantly related to DFS.

2.2. Effect of chemotherapy on survival according to CIMP status—In patients
treated with 5-FU adjuvant chemotherapy, DFS was significantly different depending on
CIMP status (Table 3, Figure 3A). A multivariate analysis performed in this subset of
patients reveals that CIMP status does not independently predict DFS, and the only
independent factor significantly associated with survival was TNM stage (Table 4).
Contrarily, in patients who did not receive adjuvant chemotherapy, the probability of DFS
was positively affected by CIMP status (Table 3, Figure 3B). In this setting, CIMP status
was the only independently significant factor related to DFS in the Cox regression
multivariate analysis (Table 4). In this subset of patients, DFS was not affected by either
MMR status (hazard ratio 0.6, 95% CI: 0.4–1.1) or BRAF V600E mutation (hazard ratio 1.5,
95% CI: 0.5–4.9).

DISCUSSION
The present study was designed to better understand the contribution of CIMP in the
prognosis of patients with CRC, and to determine its effect in response to 5-FU based
adjuvant chemotherapy in a population-based collection of patients. Our results indicate that,
in this cohort of CRC patients, CIMP status does not independently affect DFS. However,
when we select only patients with TNM stage II or III, CIMP status directly influences the
patient response to 5-FU based adjuvant chemotherapy. Our data suggest that adjuvant 5-FU
chemotherapy improves DFS in this study group, but the effect depends on CIMP status.
The key observation is that the benefit from adjuvant 5-FU chemotherapy is limited to
patients with CIMP-negative CRC. When 5-FU based adjuvant chemotherapy is
administered to patients with CIMP-positive tumors, this does not improve DFS. Moreover,
survival in stage II or III patients with CIMP-positive CRC who did not receive adjuvant
chemotherapy was clearly better.

Our findings corroborate previous evidence for the effects of 5-FU based chemotherapy in
MMR deficient CRCs 16. It is important to point out that, in our cohort, only a small
proportion of the tumors were MMR-deficient, and the differential responses are lost when
analyzing the whole group. This highlights that the correlation between the response to
chemotherapy and CIMP status is independent of the MMR status in these CRCs. Our
cohort comes from an observational study and decisions about adjuvant chemotherapy were
clinically based, rather than randomized. Since factors like patient age can influence the
decision to treat stage II or III patients, we performed a multivariate analysis between
several clinical-pathological and molecular variables. Although the median age of patients
receiving adjuvant chemotherapy was almost 13 years younger than those who did not, no
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benefit was observed in the patients with CIMP-positive tumors. Our data revealed a
significant independent interaction for survival between CIMP status and chemotherapy,
whereas we did not find any interaction between age and CIMP status or age and
chemotherapy in terms of survival. These results indicate that CIMP status, rather than age,
influenced the response to chemotherapy in this study.

Several different studies have investigated the relationship between CIMP status and
survival in CRC, however, the results have been inconsistent 18, 19, 22, 31. A few studies
have suggested an adverse effect of CIMP on survival, specifically in the subgroup of
CIMP-positive/MSI-negative patients 18, 22, 31, 32. In addition, some reports suggest that
there is resistance to chemotherapy in CIMP-positive tumors 20, 21, while others have
indicated the opposite 22. Although these discrepancies have not been systematically
analyzed, it is likely that some of the contradictory results are influenced by the relative
proportion of MSI-positive tumors, BRAF V600E mutant CRCs, and technical issues related
to evaluating the methylation status. Prior studies that have reported a lack of
chemotherapeutic response often included only patients with metastatic disease when
comparing different chemotherapeutic schedules 20, 21. The biggest caveat for such studies
is that they lack a control arm, which would have permitted appropriate comparisons
between treatment and no treatment groups. In support of this, we did not observe a poorer
prognosis for CIMP-positive patients treated with 5-FU, but experienced only a lack of
benefit in stage II–III patients. On the other hand, only one study has suggested a beneficial
response to chemotherapy for CIMP positive CRC in stage III CRCs 22. Possible
explanations for differences between that study and ours are likely methodological, because
methylation analysis in the previous study used only three methylation loci, which may have
resulted in an erroneous categorization of CIMP tumors, as a minimum of 5 markers are
typically analyzed to define CIMP status in CRC. In addition, the prior study used non-
quantitative methylation-specific PCR. Lastly, this study included patients who were treated
between 1985 and 1999, and perhaps does not account for the important differences in
clinical management of CRC over time, as well as the improvement in overall prognosis for
CRC 33. Moreover, the patient population used in this study provided results that are
conspicuous outliers for response to chemotherapy in CRCs with MSI as well 22. Contrary
to what has been suggested by a previous study 19, we did not find an influence of BRAF
mutations on survival or the response to chemotherapy,. However, in our cohort, the number
of patients with BRAF mutated tumors was too small to identify small differences,
particularly in the subgroup of CIMP-negative CRC.

Another possible factor that could influence heterogeneity between studies is the
methylation markers employed as well as the methodology for determination of gene
methylation. A variety of methylation markers have been used, and recently a robust new
marker panel has been proposed that outperforms prior panels and recognizes a distinct,
heavily methylated subset of CRCs 9. We have used this new panel of CIMP markers, and
the methylation status of CIMP markers was defined using pyrosequencing, a quantitative
technique with several advantages over qualitative techniques. Given the strengths of our
unbiased population of CRC patients, our experience with methylation analysis using
pyrosequencing 30, and the fact that our results are consistent with most of the prior studies,
we believe that this interpretation is a more reliable reflection of the role of CIMP in CRC.

CIMP-positive CRCs are genetically different from CIMP-negative tumors, and microarray
analysis has identified a number of genes that are differentially expressed between these
groups of tumors 34. The metabolic activity responsible for converting 5-FU into its active
metabolites may be different between CIMP-positive and CIMP-negative tumors, resulting
in differences in chemosensitivity between these groups of patients. The lack of benefit of 5-
FU in MSI CRC has been repeatedly reported, and the majority of MSI tumors are also
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CIMP positive. Our results suggest that this apparent lack of response to adjuvant 5-FU
seems to be related to hypermethylation and not to the MMR status of the tumors; a
clinically important topic that should be the focus of research in the immediate future. In
addition, identification of CIMP-positive tumors is not easy and is not commonly a part of
routine laboratory workup. Molecular or immunohistochemical markers of CIMP-positive
tumours should be developed for the practical identification of this important subset of CRC.

In summary, our results suggest that patients with CIMP-positive CRC do not benefit from
adjuvant 5-FU based chemotherapy. This behavior has been previously described for MMR
deficient CRC, suggesting a common mechanism related to hypermethylation. These results
should be confirmed in larger series of patients coming from clinical trials in future.
Moreover identification of CIMP tumours
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Figure 1.
(A)Kaplan-Meier survival curves depicting the effect of CIMP status on disease-free
survival (DFS) in the entire series of CRCs. Vertical tick marks indicate censored events.
(B) Kaplan-Meier survival curves illustrating the effect of CIMP status on disease-free
survival (DFS) in patients with TNM stage II and III CRCs. Vertical tick marks indicate
censored events.
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Figure 2.
Kaplan-Meier survival curves demonstrating the effect of CIMP status on survival according
to 5-FU based chemotherapy treatment. In patients with CIMP-negative tumors (panel A),
adjuvant chemotherapy clearly provides a survival benefit with a higher probability of
disease-free survival (DFS). In patients with CIMP-positive tumors (panel B), the use of 5-
FU based adjuvant chemotherapy does not improve DFS. Vertical tick marks indicate
censored events.
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Figure 3.
Kaplan-Meier survival curves indicating the effect of chemotherapy on survival according to
CIMP status. In patients who received 5-FU based adjuvant chemotherapy (panel A), the
existence of a CIMP-positive tumor confers a worse prognosis, with lower disease-free
survival (DFS). In contrast, in patients who did not receive adjuvant chemotherapy (panel
B) the situation reverses, and those with CIMP-positive tumors had a better prognosis.
Vertical tick marks indicate censored events.
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Table 1

Characteristics of patients according to CIMP status

CIMP positive (n=89) CIMP negative (n=213) p

Age, mean (SD) 72.2 (10.9) 69.5 (11.8) 0.06

Gender, n (%)

Male 43 (48.3) 142 (66.7) 0.002

Female 46 (51.7) 71 (33.3)

TNM stage, n (%)

I 8 (9) 41 (18.2) 0.1

II 37 (41.6) 71 (33.3)

III 27 (30.3) 61 (28.6)

IV 17 (19.1) 40 (18.8)

MMR deficient, n (%)

Yes 20 (22.5) 5 (2.3) 0.0001

No 69 (77.5) 208 (97.7)

BRAF mutation, n (%)

Yes 20 (22.5) 1 (0.5) 0.0001

No 69 (78.5) 212 (95.5)

Chemotherapy, n (%)

Yes 33 (37.1) 103 (48.4) 0.07

No 56 (62.9) 110 (51.6)

Disease-free survival, n (%)

Yes 43 (48.3) 109 (51.2) 0.6

No 46 (51.7) 104 (48.8)
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Table 2

Characteristics of stage II–III patients

CIMP positive (n=64) CIMP negative (n=132) p

Age, mean (SD) 73.7 (9.6) 69.7 (11.8) 0.02

Gender, n (%)

Male 27 (42.9) 142 (65.4) 0.003

Female 36 (57.1) 71 (34.6)

TNM stage, n (%)

II 37 (57.8) 71 (53.8) 0.6

III 27 (42.2) 61 (46.2)

MMR deficient, n (%)

Yes 15 (23.4) 3 (2.3) 0.0001

No 49 (76.6) 129 (97.7)

BRAF mutation, n (%)

Yes 13 (20.3) 1 (0.8) 0.0001

No 51 (79.7) 131 (99.2)

Chemotherapy, n (%)

Yes 26 (40.6) 75 (56.8) 0.03

No 38 (69.4) 57 (43.2)

Disease-free survival, n (%)

Yes 36 (56.3) 70 (53.0) 0.7

No 28 (43.8) 62 (47.0)

Disease free survival is the proportion of survivors at the end of follow-up.
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Table 3

Univariate survival analysis in stage II and III patients

Univariate survival analysis p-value

Probability of DFS (95%CI)

Adjuvant Chemotherapy

Yes 61.4% (51.7–71.1%)

No 46.3% (36.1–56.5%) 0.001

CIMP status

Positive 56.3% (43.9–68.7%)

Negative 53.0% (44.3–61.7%) 0.8

TNM stage

II 60.2% (50.8–69.6%)

III 46.6% (36.0–57.2%) 0.02

Age

≤60 74.2% (58.5–89.9%)

>60 50.0% (42.1–57.9%) 0.02

Microsatellite instability

Stable 52.6% (45.1–60.1%)

Unstable 65.2% (42.7–87.7%) 0.2

BRAF mutation

Mutated 42.8% (13.8–66.2%)

Not mutated 55.6% (52.5–67.5%) 0.8

Gender

Male 51.8% (44.1–59.5%)

Female 56.8% (47.2–66.4%) 0.7

Univariate survival analysis according to treatment received

Probability of DFS (95%CI) p-value

CIMP + patients (n=64)

Adjuvant chemotherapy 57.7% (38.3–77.1%)
0.7

No adjuvant chemotherapy 68.4% (53.3–83.5%)

CIMP – patients (n=132)

Adjuvant chemotherapy 80.0% (70.8–89.2%)
0.00001

No adjuvant chemotherapy 45.6% (32.4–58.8%)

Univariate survival analysis according to CIMP status

Probability of DFS (95%CI) p-value

Adjuvant chemotherapy (n=101)

CIMP + 57.7% (38.3–77.1%)
0.02

CIMP − 80.0% (70.8–89.2%)

No adjuvant chemotherapy (n=95)

CIMP + 68.4% (53.3–83.5%) 0.04
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Univariate survival analysis p-value

Probability of DFS (95%CI)

CIMP − 45.6% (32.4–58.8%)

p-value: log-rank test
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Table 4

Cox regression multivariate analysis of disease-free survival in stage II and III patients

Variable Hazard Ratio 95% CI p

All patients Age (<60) 1.2 0.8–1.9 0.3

Adjuvant CT 0.5 0.3–0.8 0.002

TNM stage 1.8 1.2–2.8 0.005

CIMP status 1.2 0.8–2.0 0.4

All patients Interaction CIMP-Adjuvant CT 0.6 0.5–0.8 0.0001

Interaction CIMP-Age 1.2 0.9–1.5 0.17

Interaction Age-Adjuvant CT 1.1 0.9–1.3 0.4

CIMP-positive Age 0.8 0.3–2.0 0.7

Adjuvant CT 0.8 0.3–2.0 0.6

TNM stage 3.4 1.5–7.7 0.004

CIMP-negative Age 1.5 0.9–2.6 0.13

Adjuvant CT 0.4 0.2–0.6 0.0001

TNM stage 1.3 0.8–2.2 0.3

Adjuvant CT Age 1.4 0.7–2.7 0.3

CIMP status 0.6 0.3–1.2 0.1

TNM stage 2.1 1.1–4.0 0.03

No adjuvant CT Age 1.2 0.6–2.2 0.6

CIMP status 2.0 1.1–3.8 0.03

TNM stage 1.6 0.9–2.8 0.1

CT. Chemotherapy; CI: confidence interval.
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