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Abstract

Background

Methylation levels of long interspersed nucleotide elements (LINE-1) are representative of

genome-wide methylation status and crucial in maintaining genomic stability and expres-

sion. Their prognostic impact on colon cancer patients receiving adjuvant chemotherapy

has not been well established. We evaluated the association between LINE-1 methylation

status and clinicopathologic features and postoperative oncological outcomes in stage III

colon cancer patients.

Materials and Methods

129 UICC stage III colon cancer patients who had received radical resection and FOLFOX

adjuvant chemotherapy were enrolled. Global methylation was estimated by analyzing

tumor LINE-1 methylation status using bisulfite-polymerase chain reaction (PCR) and
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pyrosequencing assay. Demographics, clinicopathological data, and postoperative out-

comes were recorded by trained abstractors. Outcome measurements included postopera-

tive recurrence and disease-free survival. Univariate, multivariate, and survival analyses

were conducted to identify prognostic factors of oncological outcomes.

Results

The LINE-1 methylation of all 129 patients was measured on a 0–100 scale (mean 63.3;

median 63.7, standard deviation 7.1), LINE-1 hypomethylation was more common in pa-

tients aged 65 years and above (61.7%±7.6% vs. 64.6±6.4, p=0.019) and those with post-

therapeutic recurrence (61.7±7.4 vs 64.3±6.7, p=0.041). Considering risk adjustment,

LINE-1 hypomethylation was found to be an independent risk factor of post-therapeutic re-

currence (Adjusted OR=14.1, p=0.012). Kaplan-Meier analysis indicated that patients in the

low methylation group had shorter period of disease free survival (p=0.01). In a stratified

analysis that included 48 patients with post-therapeutic recurrence, it was found that those

who experienced shorter period of disease free survival (≦6 months) appeared to have

lower LINE-1 methylation levels than patients who reported of recurrence after 6 months

(56.68±15.75 vs. 63.55±7.57, p=0.041)

Conclusion

There was a significantly greater risk of early postoperative recurrence and a shorter period

of disease-free survival in Stage III colon cancer patients exhibiting LINE-1 hypomethylation

status after being treated with radical resection and FOLFOX chemotherapy.

Introduction
There has been a steady rise in colorectal cancer (CRC) cases worldwide in recent years. Ac-
cording to GLOBOCAN estimates presented in 2008, CRC is the third most common cancer in
males and the second most common in females [1]. Owing to the proliferation of unhealthy
diets and lifestyles in Taiwan, CRC has become the third most common cause of cancer-related
deaths. In recent years, more than 4,000 CRC patients have died annually (http://www.doh.
gov.tw/statistic/index.htm; accessed in December 2013). Recent improvements in tumor detec-
tion and adjuvant therapy, however, have increased the life expectancies of CRC patients [2].
However, despite curative surgery and adjuvant chemotherapy, there are still a considerable
number of patients who encounter tumor recurrence during their follow-up period. Many
postoperative surveillance programs have been proposed for detecting the possibility of recur-
rence at an early stage. Medical researchers have also reached a consensus on routine surveil-
lance of stage II and III CRC patients who have been treated with curative surgery [3–5]. At the
same time, many researchers continue to search for sophisticated biomarkers capable of effec-
tively detecting asymptomatic recurrence of CRC after surgery. Presently, some biomarkers are
promising but still far from being assessable in most patients. Meanwhile, the labeling of high-
risk groups which are prone to relapse appears to be another tactic among the intensive postop-
erative surveillance strategies used in these susceptible populations.

CRC develops due to genetic and epigenetic alterations. In the last decade, many studies
have investigated the role of epigenetic factors in the development of CRC in patients [6,7].
Epigenetics, which has been described as a bridge between genetics and the environment, has
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been found to have a close relation with cancer biology [8,9]. Epigenetic alterations could be in-
herited but these factors are also reversible and may prove to be useful in elucidating many am-
biguous aspects of carcinogenesis and tumor recurrence in CRC patients. Furthermore, since
epigenetic events can be reversed, we are able to regulate the process of chemical modification,
including potential anti-neoplastic activity [7,10].

Among various epigenetic events, DNAmethylation is a key component of epigenetics in
mammalian genome that results in the addition of a methyl (CH3) group at the carbon-5 posi-
tion of the cytosine ring. Two major methylation patterns are frequently observed in CRC: one
is hypermethylation, which usually involves CpG islands, and the other is hypomethylation,
which often involves repeated DNA sequences [6,8]. Although reports on hypermethylation in
malignancies outnumber reports on hypomethylation, the latter seems to have become a topic of
intense investigation in recent years [9,11]. In addition, methylation levels could be affected by
sampling techniques, tumor locations, environmental factors, and the patient’s age [9,12–15].

Global DNA hypomethylation may lead to genetic instability. Its close relationship with a
wide variety of malignancies, including CRC, has been reported in previous studies [6,7,9]. Ret-
roelements, repeated sequences of long interspersed nuclear elements-1 (LINE-1), occur in al-
most 18% of the human genome [16]. These retroelements can cause deleterious effects in the
host cell, but it is generally inhibited by suppressive mechanisms. However, retroelements may
contribute to tumorigenesis in different settings. Global methylation can be measured indirect-
ly by assessing the methylation status of LINE-1 [17]. Previous studies have demonstrated that
the pyrosequencing assay for LINE-1 methylation is quantitative, effective, and reproducible
[18–20].

Recently, many epigenetic studies have elucidated the relationship between LINE-1 methyl-
ation and cancers. It has been suggested that the degree of LINE-1 hypomethylation serves as
an independent factor in determining unfavorable oncological outcomes in CRC patients
[18,21,22]. Ogino et al. found that LINE-1 hypomethylation is an independent risk factor, indi-
cating high cancer-specific mortality and overall mortality in colon cancer patients [21].
Sunami et al. also reported that there is a linear relationship between the progression of LINE-
1 methylation and tumor progression [23]. Goel et al. reported that hereditary nonpolyposis
colorectal cancer (HPNCC) was associated with lower degree of LINE-1 methylation [24]. In
addition, some studies have found that early-onset CRC is associated with lower LINE-
methylation and have highlighted its potential role as a prognostic biomarker in younger CRC
patients [18,25]. However, many researchers have proposed LINE-1 as a promising marker for
predicting CRC prognosis. Therefore, more patient-and treatment-related confounders should
be controlled to generate more convincing conclusions, especially in light of modern strategies
that highlight tailored treatments for different stages of CRCs.

Accordingly, in this study, we focused exclusively on the Stage III colon cancer population.
We investigated the tumoral LINE-1 methylation status of stage III colon cancer patients after
they were treated with radical resection and FOLFOX adjuvant chemotherapy. In this study,
special attention was paid to their oncological outcomes, including postoperative recurrence
and cancer-specific mortality. By controlling other potential prognostic factors, we sought to
examine the prognostic impact of LINE-1 methylation in stage III colon cancer patients.

Materials and Methods

Ethics statement
The study was approved by the Institutional Review Board of Kaohsiung Medical University
Hospital (KMUHIRB-20120043) in Kaohsiung, Taiwan. All participants in this study signed
an informed-consent form.
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Study subjects
We retrospectively reviewed the records of all colon cancer patients who were surgically treated
at Kaohsiung Medical University Hospital between January 2008 and July 2012. A total of 150
stage III colon cancer patients who underwent radical resection and subsequent FOLFOX adju-
vant chemotherapy were initially enrolled. Fourteen patients were excluded as optimal tissue
specimens were unavailable. Among the remaining 136 patients, seven were excluded because
the patients’ clinical data was incomplete. Thus, a total of 129 patients qualified for the final
analysis (Fig 1). All patients received regular follow-ups at 2–3 month intervals until death or
the end of June 2013.

Postoperative adjuvant chemotherapy
All study participants received adjuvant FOLFOX-4 chemotherapy according to the center’s
guidelines for cancer treatment. The following protocol was used for administering FOLFOX-4
chemotherapy: oxaliplatin 85 mg/m2 was infused within a two-hour period on Day 1; leucov-
orin 200 mg/m2 was infused concurrently with oxaliplatin within a two-hour period on Day 1,
followed by a bolus of 5-FU 400 mg/m2; then a continuous infusion of 5-FU 600 mg/m2 was
administered over 22 hours. This protocol was repeated every two weeks × 12 cycles.

Clinical data collection
Patient characteristics, including age, sex, tumor location, and clinicopathological features,
were obtained from electronic medical records and clinical charts. Clinicopathological fea-
tures and the stages of primary tumors were defined using the criteria proposed by theAmeri-
can Joint Commission on Cancer/Union for International Cancer Control (AJCC/UICC)
[26]. Histology grades were classified as follows: well differentiated (WD), moderately

Fig 1. The algorithm used for study case selection.

doi:10.1371/journal.pone.0123973.g001
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differentiated (MD), or poorly differentiated (PD). As reported in a previous study, the tumor
locations were categorized as proximal or distal to the splenic flexure [27]. Vascular invasion,
perineural invasion, tumor invasion depth, and lymph node metastasis were factors particu-
larly categorized before further comparison since each factor was considered as an indepen-
dent risk factor [28–31].

Genomic DNA isolation
These formalin-fixed, paraffin-embedded (FFRE) specimens obtained from 129 patients were
reviewed to identify the representative sites of cancer. FFPE tissue blocks were microdissected to
acquire 10 μm sections from each sample. Bisulfite treatment of tumoral DNA was then per-
formed with an EpiTech bisulfite kit (Quiagen, Valencia, CA) according to the manufacturer’s
protocol.

Pyrosequencing for measuring LINE-1 methylation
In addition to the aforementioned sodium bisulfite DNA conversion process (EpiTech Bisulfite
Fast FFPE Kits; Qiagen; No.59844), the pyrosequencing assays also comprised polymerase
chain reaction (PCR) amplification (Pyromark PCR Kit; Qiagen; No.978703) and sequencing
of the target sequence by synthesis assay (Pyromark Gold Q24 Reagents; Qiagen; No.970802).
This assay amplifies a region of the LINE-1 element. The PCR conditions were 45 cycles of
95°C for 20 s, 50°C for 20 s, 72°C for 20 s, followed by 72°C for 5 min. The LINE-1 methylation
results were obtained on a continuous scale of 1–100 using the pyrosequencing assay.

Outcome measurements
The development of postoperative cancer recurrence and disease free survival (DFS) were used
as major end-points to ensure that causal inferences about observed outcomes were mainly at-
tributed to cancer. The development of a new local recurrence or distant metastatic lesions
after surgery was considered as postoperative recurrences. While calculating DFS results, cases
of postoperative mortality that occurred within 30 days were excluded. Individuals who died of
causes other than CRC were also excluded from the outcome analysis. With regard to the treat-
ment outcome for the FOLFOX regimen, DFS was defined as the time elapsed from the initia-
tion of FOLFOX chemotherapy to recurrence.

Statistical Analysis
The data were analyzed using the Statistical Package for the Social Sciences, Version 17.0 (SPSS.
Inc., Chicago, IL). Student t-test, Pearson chi-square test, Fisher’s exact test, and the Kruskal-
Wallis test were used to compare demographic and clinicopathological features between the
groups according to their different outcome measurements. All the variables were further di-
chotomized for generating unadjusted odds ratio in the univariate analysis that was performed
subsequently. Multiple logistic regression analysis was performed to identify variables that were
significantly related to the likelihood of tumor recurrence or cancer-specific survival. Regression
models were controlled for the effects of confounding variables. Results of the logistic regression
analysis were reported as adjusted odds ratio (OR) with 95% confidence interval (CI). The com-
parative evaluation of long-term results was performed by analyzing the survival curves using
Kaplan-Meier method. Curves for DFS were compared by Log-rank test. All tests of significance
were two tailed, and P-values< 0.05 were considered statistically significant.
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Results

Clinicopathological characteristics of the patient population
The mean age at surgery for these 129 patients was 61.6 years (range, 30–87 years), and 81 pa-
tients were male (62.8%). Clinicopathological features are detailed in Table 1. All the patients
were treated with FOLFOX adjuvant chemotherapy. The median follow-up time was 24
months (IQR: 16.9–36). Tumor recurrence was reported by 48 patients, while 34 patients died
during their follow-up period.

LINE-1 methylation analysis
Although LINE-1 methylation levels in the 129 colonic tumors (Fig 2) were widely distributed
(range, 37.4–77.9 on a 0–100 scale), they still showed normal distribution (Kolmogorov-Smir-
nov test; P> 0.05). The mean LINE-1 methylation level in ascending, transverse, descending,
sigmoid colon and rectum, were 66.41±5.23%, 60.71±7.26%, 61.53±10.45%, 63.32±6.34%,
61.33±8.05%, respectively. The methylation level was significantly higher in ascending colon
compared to other sites. (p = 0.042) The mean LINE-1 methylation level in the survival group

Table 1. Clinicopathological and demographic data of 129 stage III colon cancer patients.

Variable N (%)

Age, year (Mean, SD) 61.6 (11.7)

Sex, male 81 (62.8)

Tumor size≧5cm 48 (37.2)

Histologya

WD 6 (4.7)

MD 105 (81.7)

PD 18 (14.0)

T stage

T1 4 (3.1)

T2 12 (9.3)

T3 89 (69.0)

T4 24 (18.6)

N stage

N1 87 (67.4)

N2 42 (32.6)

Perineural invasion

No 86 (66.7)

Yes 43 (33.3)

Vascular invasion

No 83 (64.3)

Yes 46 (35.7)

Tumor locationb

Right 40 (31.0)

Left 89 (69.0)

Oncological outcome

Post-therapeutic recurrence 48 (37.2)

aWD, well-differentiated; MD, moderately differentiated; PD, poorly differentiated.
bTumor location is divided according to sites to the right or left of the splenic flexure.

doi:10.1371/journal.pone.0123973.t001
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was 63.8±6.6% versus 61.9±8.2% in the mortality group (p = 0.164). With respect to postopera-
tive tumor recurrence, the mean LINE-1 methylation level was significantly lower in the recur-
rence group compared to the non-recurrence group (61.7±7.4% vs. 64.3±6.7%; p = 0.041).
Because there is no universally accepted threshold to define whether the LINE methylation
level is optimal or abnormal, we divided the levels of methylation into two groups using a re-
ceiver operating characteristic (ROC) analysis having balanced sensitivity and specificity. The
cutoff value was 70.15% as the area under the curve (AUC) was 0.593.

Univariate analysis of LINE-1 methylation level
We examined the LINE-1 methylation levels in the different groups categorized by the vari-
ables listed in Table 1. For a better comparison, age was dichotomized into two groups, with

Fig 2. A histogram of patient LINE-1 methylation levels.

doi:10.1371/journal.pone.0123973.g002
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a cut-point value of 65 years. As shown in Table 2, in the univariate analysis incorporating nine
variables, LINE-1 methylation levels were shown to be significantly different between the
group aged 65 years and above and the group aged less than 65 years (64.6% versus 61.7%, re-
spectively; p = 0.019).

Univariate and multivariate analysis of outcome measurements
Table 3 shows the results of the univariate and multivariate analysis with respect to the out-
come measurements of post-therapeutic recurrence. The histology grades were divided into
two groups, one incorporating well-differentiated (WD) and moderately differentiated (MD)
specimens, and the other comprising poorly differentiated (PD) specimens. Due to a limited
number of T1 cases, T-stages were dichotomized into “T1+T2” and “T3+T4” groupings. The
LINE-1 methylation levels were dichotomized into “low” versus “high” groups according to a
cutoff value of 70.15% generated by our previous ROC analysis. Thereafter, logistic regression
was applied with forward selection. LINE-1 methylation appeared to be the only independent

Table 2. LINE-1 methylation status by demographic and clinicopathologic features.

Variable N LINE-1 methylation % (SD) p-value

Age <65 y/o 73 64.6 (6.4) 0.019

≧65y/o 56 61.7 (7.6)

Sex, male 81 63.0 (6.6) 0.562

Female 48 63.8 (7.8)

Tumor size≧5cm 48 62.2 (7.7) 0.156

<5cm 81 63.9 (6.6)

Histologya

WD 6 64.4 (4.3) 0.481

MD 105 63.6 (6.6)

PD 18 61.5 (9.8)

T stage

T1 4 68.2 (3.5) 0.195

T2 12 64.7 (6.8)

T3 89 62.5 (6.3)

T4 24 64.8 (9.6)

N stage

N1 87 63.8 (6.3) 0.238

N2 42 62.3 (8.5)

Perineural invasion

No 86 63 (7.1) 0.499

Yes 43 63.9 (6.9)

Vascular invasion

No 83 63.4 (6.6) 0.769

Yes 46 63.1(7.8)

Tumor locationb

Right 40 65 (6.3) 0.070

Left 89 62.6 (7.3)

a WD, well-differentiated; MD, moderately differentiated; PD, poorly differentiated.
b Tumor location is divided according to sites to the right or left of the splenic flexure.

doi:10.1371/journal.pone.0123973.t002
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prognostic factor for the oncological outcome of post-therapeutic tumor recurrence (Adjusted
OR = 14.1, p = 0.012).

Survival analysis
Follow-up data was available for all the 129 participants. The median survival period was 25
(IQR: 19–40) months for the patients who survived, 19.1 (IQR: 12.9–26.7) months for the pa-
tients who died, and 24 (IQR: 16.9–36) months for the overall cohort. To evaluate the prognos-
tic implications of LINE-1 methylation, we focused on postoperative recurrence and DFS after
taking into consideration the findings of multivariate analysis. The Kaplan-Meier method

Table 3. Univariate andmultivariate analyses of relationships between postoperative recurrence and clinicopathological features of 129 stage III
CRC patients.

Variable Without Recurrence
(N = 81) / N (%)

With Recurrence
(N = 48) / N (%)

Univariate Analysis
Unadjusted OR (95% CI)

p-value Multivariate Analysis
Adjusted OR (95%CI)

p-value

Sex, male 50 (61.7) 31 (64.6) Reference Reference

female 31 (38.3) 17 (35.4) 0.884 (0.421–1.858) 0.746 0.973 (0.432–2.194) 0.948

Age <65 years 47 (58.0) 26 (54.2) Reference Reference

≧65 years 34 (42.0) 22 (45.8) 1.170 (0.570–2.401) 0.669 0.997 (0.456–2.183) 0.994

Tumor
size < 5cm

52 (64.2) 29 (60.4) Reference Reference

≧5cm 29 (35.8) 19 (39.6) 1.175 (0.563–2.451) 0.668 1.016 (0.433–2.384) 0.970

Histologya

WD +MD 72 (64.9) 39 (81.3) Reference Reference

PD 9 (11.1) 9 (18.8) 1.846 (0.677–5.032) 0.226 1.758 (0.552–5.596) 0.340

T stage

T1+T2 12 (14.8) 4 (8.3) Reference Reference

T3+T4 69 (85.2) 44 (91.7) 1.913 (0.580–6.308) 0.280 1.556 (0.411–5.895) 0.515

N stage

N1 54 (66.7) 33 (63.8) Reference Reference

N2 27 (33.3) 15 (31.3) 0.909 (0.423–1.955) 0.807 0.869 (0.362–2.086) 0.754

Perineural
invasion

No 50 (61.7) 36 (75.0) Reference Reference

Yes 31 (72.1) 12 (25.0) 0.538 (0.243–1.187) 0.122 0.503 (0.205–1.234) 0.134

Vascular
invasion

No 52 (64.2) 31 (64.6) Reference Reference

Yes 29 (35.8) 17 (35.4) 0.983 (0.466–2.073) 0.965 1.024 (0.451–2.321) 0.955

Tumor
locationb

Right 25 (30.9) 15 (31.3) Reference Reference

Left 56 (69.1) 33 (63.8) 0.982 (0.454–2.124) 0.963 1.047 (0.437–2.512) 0.918

Methylation
level

High 18 (22.2) 1 (2.1) Reference Reference

Low 63 (77.8) 47 (97.9) 13.429 (1.731–104.187) 0.002 14.107 (1.776–112.089) 0.012

Each risk factor was adjusted for all other risk factors listed in the table.
aWD, well-differentiated; MD, moderately differentiated; PD, poorly differentiated.
bTumor location is divided according to sites to the right or left of the splenic flexure.

doi:10.1371/journal.pone.0123973.t003

LINE-1 Methylation Status in Stage III Colon Cancer Prognostication

PLOS ONE | DOI:10.1371/journal.pone.0123973 April 28, 2015 9 / 16



showed that more cases of postoperative recurrence and a shorter mean DFS were noted in the
low LINE-1 methylation group (Fig 3, p = 0.010).

Influence of LINE-1 methylation level on DFS in the patients with post-
therapeutic recurrence
Based on the evidence regarding the shorter mean DFS in the low LINE-1 methylation group,
we hypothesized that there is some association between LINE-1 methylation level and DFS in
the recurrence group. In order to detect the threshold of DFS causing significant differences in
LINE-1 methylation levels, we introduced four empiric thresholds of DFS (3, 6, 9, and 12
months) and dichotomized all recurrence patients into “early recurrence” (DFS shorter than or
equal to the threshold) and “late recurrence2010043 (DFS longer than the threshold) groups.
When the threshold of DFS is six months, the early recurrence group appeared to have a signif-
icantly lower mean LINE-1 methylation level (Table 4).

Fig 3. Kaplan-Meier disease-free survival curves. The curves depicting the effects on postoperative recurrence of LINE-1 methylation when divided into
patients with “low” versus “high”methylation.

doi:10.1371/journal.pone.0123973.g003
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Discussion

Key findings of the present study
In this study, we demonstrated that LINE-1hypomethylation is associated with higher postop-
erative recurrence and a shorter DFS in stage III colon cancer patients, who have undergone
radical surgery and subsequent FOLFOX chemotherapy. Previous studies have reported that
the CRC patients’ tumor progression, survival, or recurrence may differ according to the level
of LINE-1 methylation [21,23,32]. Nevertheless, as these studies included various population
and different treatment procedures, there was obvious heterogeneity in their findings. We only
assessed the prognostic implications of LINE-1 methylation levels on a homogenous popula-
tion comprising stage III colon cancer patients, who had received radical resection and FOL-
FOX adjuvant chemotherapy. Our results confirmed the previously reported findings of Ahn
et al. on the prognostic influence of LINE-1 hypomethylation on resected stage III CRC pa-
tients [33]. They emphasized that DNA hypomethyaltion was a feasible biomarker of recur-
rence in proximal but not in distal CRC cases. By including confounder adjustments, such as
tumor location (proximal versus distal) in our study, we found that low LINE-1 methylation
levels (below 70.15) still continued to be a robust risk factor having approximately eight times
of postoperative recurrence risk.

Relation between LINE-1 methylation and the subsite locations of
tumors
The two-colon concept is conventionally used to indicate discrete molecular features via the di-
chotomous classification of proximal and distal colonic tumors. In previous studies, chromo-
somal instability (CIN) has been more commonly observed in distal CRCs [34]. On the other
hand, microsatellite instability (MSI) and BRAFmutations are more common in proximal
CRCs [35–37]. However, Yamauchi et al. recently found that the frequencies of high CpG is-
land methylator phenotype (CIMP), MSI-high, and BRAFmutations gradually increase from
the rectum to the ascending colon [38]. This finding profoundly challenged the conventional
concept of the two-colon model that has been used for several decades. In our own data, al-
though our comparison of LINE-1 methylation levels in right-sided and left-sided colon cancer
patients indicated borderline statistical significance, we observed that the mean methylation
level was significantly higher in ascending colon tumors compared to those in other sites. We
recommend that the site-specific confounders should always be considered while conducting
research studies on genetic or epigenetic alterations.

Table 4. The stratified analysis of LINE-1 methylation status in 48 stage III CRC patients with recurrence grouped by different thresholds of DFS.

Threshold of DFS (month) Early Recurrence Late Recurrence p-valueb

N Median (IQR) of LINE-1 methylation N Median (IQR) of LINE-1 methylation

3 1 NAa 47 61.85 (8.79) 0.139

6 8 56.68 (15.75) 40 63.55 (7.57) 0.041

9 15 59.76 (11.76) 33 63.45 (7.27) 0.301

12 26 60.96 (10.56) 22 63.55 (7.38) 0.456

aNA, not available.
btested by Wilcoxon Rank-Sum Test.

doi:10.1371/journal.pone.0123973.t004
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The definition of hypermethylation or hypomethylation
Although a growing body of evidence supports the prognostic importance of LINE-1 methyla-
tion, a threshold defining whether the measured methylation level is hypermethylated or hypo-
methylated has yet to be established. Saito et al. observed the prognostic impact of LINE-1
methylation on non-small cell lung cancer keeping a high threshold of 90% [39]. Antelo et al.
defined LINE-1 hypomethylation in young CRC patients using a cutoff value of 65%, and stat-
ed that those patients who had< 65% LINE-1 methylation had poorer overall survival [18]. In
our study, we categorized the LINE-1methylation levels into high and low level groups based
on previous researchers’ concepts [40,41]. In order to precisely identify an optimal cutoff value
for LINE-1 methylation in patients reporting tumor recurrence after radical CRC surgery, we
then conducted ROC analysis. For the continuous data obtained from these samples, the area
under the curve (AUC) was found to be 0.593, and the 70.15% was considered as the cutoff
value of methylation was with balanced sensitivity and specificity. With a higher cutoff value
and poorer discriminative performance, our result was slightly different from that reported in
the previous study by Baba et al [25]. In a heterogeneous population comprising CRCs of all
stages, they achieved a better AUC of 0.62 by considering a cutoff value of 60%. Nevertheless,
there is room for improving diagnostic performance as more large-scale studies must be based
on stratified populations and different tumor locations.

LINE-1 methylation variation in CRC with and without recurrence
Many researchers have enthusiastically continued exploring the mechanism by which LINE-1
methylation is associated with oncological outcomes. Hypomethylation of LINE-1 results in
transcriptional activation of possible carcinogenesis [9,16]. An augmented expression of LINE-
1 after hypomethylation may result in chromosomal instability (CIN), which has been termed
as a characteristic phenotype in more invasive cancers having worse prognosis[13,16]. Further-
more, Hur et al. recently reported that there has been evidence to prove that LINE-1 hypo-
methylation serves as a crucial feature in CRC metastases, especially in hepatic metastasis [42].
This is in good agreement with the statistically significant difference between the LINE-1 meth-
ylation levels of recurrence and non-recurrence groups of our study (Table 2). Among the 48
colon cancer recurrences in our study cohort, there were 14 cases of hepatic metastases. How-
ever, the LINE-1 methylation levels of colon cancer patients with liver metastasis did not show
a significant difference compared to those with other recurrences. In contrast with the perspec-
tives of previous researchers, we have demonstrated a pivotal finding that LINE-1 hypomethy-
lation has some influence on the early recurrence (DFS shorter than 6 months) in the cohort
that eventually experienced recurrence. These results emphasize the crucial role of LINE-1
methylation in the development of colon cancer recurrence, especially early recurrence. There-
fore, it is necessary to devise frequent and early surveillance strategies for guiding the post-op-
erative follow-up of patients belonging to the hypomethylation group.

Limitations
Several limitations must be considered while interpreting the findings of our study. First, some
influential factors of global methylation could not be controlled. Because the study population
was not prospectively recruited, certain environmental factors or patient-related information
could not be recorded at surgery. For example, ionizing irradiation, smoking, and physical ac-
tivity have been reported to cause variations in LINE-1 methylation [43–45]. To avoid intro-
ducing more recall biases, we didn’t try to control these potential confounders in our study.
Furthermore, on the basis of this trial, it might be ethically unacceptable to conduct a study
that randomizes patients with or without the administration of FOLFOX adjuvant
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chemotherapy. We suggested that methylation status could be used as a stratification factor.
Second, the number of study participants is limited and the excluded population is still consid-
erable. The excluded portion might possess some impact on the overall results if they were also
enrolled. In addition, the follow-up duration could be extended to elucidate the prognostic im-
pact on cancer-specific mortality. Despite these limitations, we were able to demonstrate that
the clinicopathologic features were distinct and prognoses were different for the methylation
subgroups formed from a homogenous Asian population.

Conclusion
Our results indicate that despite being treated with radical surgery and FOLFOX adjuvant che-
motherapy, stage III colon cancer patients with LINE-1 hypomethylation encountered early
postoperative recurrences and shorter DFS.
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