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Abstract: There is an increasing demand for accurate prognostication for colorectal cancer (CRC). This study sought
to assess prognostic potentials of methylation targets in the serum of CRC patients. A total of 165 CRC patients were
enrolled in this prospective study. Promoter methylation levels of seven genes in pre-operative sera and matched
tumor tissues were evaluated by quantitative methylation-specific PCR. Kaplan-Meier test, and univariate and mul-
tivariate Cox proportional hazards regression models were used for survival analyses. After a median follow-up of
56 months, 43 patients (28.7%) experienced tumor recurrence. In univariate survival analyses, serum methylation
levels of SST and MAL were significantly predictive of cancer-specific death (P<0.005 for both). The former was also
a significant predictor for tumor recurrence (P=0.007). Independent prognostic effects of serum methylation levels
of SST were revealed by multivariate Cox regression model (P=0.031 and P=0.003 for cancer death and recurrence,
respectively). When focusing on stage Il and Ill patients, prognostication with serum methylated SST remained sig-
nificant. Methylated SST detected in all serum samples can be traced back to the matched primary tumor tissues.
We believe that methylated SST detected in the pre-operative sera of CRC patients appear to be a novel promising
prognostic marker and probably can be auxiliary to tumor staging system and serum carcinoembryonic antigen
towards better risk stratification.
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Introduction

The utility of staging systems in cancer treat-
ment allows rationalisation of adjuvant treat-
ments, stratifies risk of recurrence and pro-
vides accurate prognostications. Pathologic
staging of colorectal cancer (CRC) is currently
performed according to American Joint Com-
mittee on Cancer (AJCC) Staging Manual, 7"
edition [1] with review of the resected speci-
men and investigations of distant metastases.
In stage Il CRC, routine adjuvant treatment
after surgical resection is suggested. In Stage Il
CRC, AJCC TNM staging currently lacks sensitiv-
ity to discriminate high- from low-risk patients
and recurrence rates occur around 20-30% [2,
3]. Therefore, patients with clinicopathological
features such as clinical bowel obstruction or
perforation, histopathological features of lym-
phovascular or perineural invasion, fewer than
12 lymph nodes harvested during surgery as
well as close, indeterminate or positive margins

have been classified as high-risk stage Il
patients [4], and may require adjuvant chemo-
therapy. However, recurrence is also observed
in stage Il patients with low-risk features [5].
This thus emphasises the need to develop a
more reliable prognostication algorithm.

Carcinoembryonic antigen (CEA) is currently the
only blood marker recommended for CRC sur-
veillance and prognostication in established
guidelines [6]. CEA however has poor specificity
or sensitivity, and normal pre-operative CEA val-
ues can be found in almost 50% of CRC patients.
Many other molecular classifiers have been
suggested. These include microsatellite insta-
bility, chromosomal instability, mutations of
cancer driver genes like KRAS, BRAF, TP53,
PIK3CA, certain proteins, miRNAs and gene
expression signatures [7-10]. To date, none of
these have been recommended for routine clin-
ical use [4].
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Epigenetic silencing of tumor-related genes by
promoter hypermethylation is a common event
in various cancers including CRC. Tumor-
specific methylated DNA is detectable in the
bloodstream of CRC patients. A small number
of circulating methylated genes appear to have
diagnostic potential for CRC [11], but far fewer
exhibit convincing prognostic relevance [12,
13]. There are conflicting reports on circulating
methylated pl6 [12, 14]. Serum methylated
helicase-like transcription factor (HLTF) was ini-
tially suggestive of CRC recurrence [13, 15], but
a validation study by same authors failed to
replicate such prognostic significance [16]. In
our previous pilot study on 37 CRC and 20
healthy donors, 12 genes were selected for
investigation in serum samples following com-
prehensive literature search. Seven out of 12
genes investigated [MAL, septin 9 (SEPT9),
tachykinin-1 (TAC1), nel-like type 1 (NELL1), cel-
lular retinoic acid binding protein 1 (CRABP1),
somatostatin (SST) and eyes absent homolog 4
(EYA4)] seemed to be more methylated in CRC
patients as compared to healthy controls [17].
This was based on differential methylation fre-
quencies or magnitude between case and con-
trol groups. The aim of this prospective study is
to explore prognostic potential of these methyl-
ated genes present in serum via an indepen-
dent cohort.

Materials and methods
Patients and sample collection

This prospective study included 165 consecu-
tive patients with sporadic CRCs who under-
went elective curative surgical resection in a
single institution (Singapore General Hospital)
between Oct 2003 and June 2005. Curative
surgical treatment was defined as absence of
gross residual tumor after resection and nega-
tive margins confirmed pathologically. Patients
who underwent neoadjuvant chemotherapy or
radiotherapy, with inflammatory bowel diseas-
es or family history suggestive of Lynch syn-
drome or familial adenomatous polyposis were
excluded. Written informed consent was
obtained from all study participants and the
study was approved by the Institutional Review
Board of the Singapore General Hospital.

Post-operative CRC surveillance was via an
established protocol. Local recurrence was
defined as the first clinical, radiological and/or
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pathologically evident tumor of the same histo-
logical type at or in the region of anastomosis.
Distant recurrence was defined as clinical or
radiological evidence of systematic spread out-
sider the primary tumor basin. Mortality dates
and causes of death were obtained from the
Singapore Cancer Registry.

Sample processing and DNA isolation

Peripheral blood was obtained within one week
before surgery. Fresh tumor tissues were snap-
frozen in liquid nitrogen immediately upon sur-
gical removal and stored at -80°C. All tumor
specimens were carefully microdissected with
tumor cells of at least 85% achieved. Tissue
processing and DNA isolation were carried out
as previously described [17].

Methylation analysis

DNA was converted by bisulfate and subjected
to fluorescence-based quantitative PCR (qPCR)
as previously described [17]. gPCR on seven
target genes and one control gene b-actin
(ACTB) was carried out in a 7500 Sequencing
Detection System (Applied Biosystems, Foster,
CA). Each reaction was run in duplicates or trip-
licates. Every plate also included a positive con-
trol and a no template control. Quantities of
genes of interest were normalized by dividing
the gene/ACTB ratio of a sample by the gene/
ACTB ratio of a positive control and multiplying
by 1000. Normalized methylation value (NMV)
was used as a measure representing the rela-
tive level of methylation in a particular sample.

Serum CEA measurement

Serum CEA was determined by a micro-particle
enzyme immunoassay on the Abbott Axsym
analyzer according to manufacturer’s instruc-
tions (Abbott laboratories, Abbott Park, lllinois).
Cutoff value was set to 3.5 ng/mL following the
clinical setting at the hospital.

Statistical analysis

Serum methylation levels of seven genes and
CEA were examined as both continuous and
dichotomous variables. Disease-free survival
(DFS) time and cancer-specific survival (CSS)
time were calculated from date of surgery, to
presentation of disease recurrence or death
from disease, or to last follow-up before 31 Jan
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Table 1. Clinicopathological characteristics of 165

colorectal cancer patients

Parameters

Age at diagnosis
Gender

TNM Staging (AJCC 5" edition)*

Depth of tumor invasion

LN Status

Metastatic status

Tumor differentiation

Histological type

Perineural invasion

Lymphovascular invasion

No. of LN assessed

Tumor sitef

Pre-operative serum CEA

Recurrent site

Adjuvant therapy

Median, 67 years
Male

Female

I

Il

I

No LN involved
1-3 LN involved
>4 LN involved
No

Yes

Well

Moderate

Poor
Adenocarcinoma
Mucinous

No

Yes

No

Yes

Median, 14.0
LN<12
LN>12

Right colon
Left colon
Rectum
<3.5 ng/mL
>3.5 ng/mL
Not tested
LocalReginal
Distant

No

Yes

model. Multivariate Cox regression
model was then employed to estimate
the independent prognostic effect of

,12/50) methylated genes, adjusting for other
91 (55.2) significant factors revealed in the uni-
) variate analyses. CSS or DFS survival
74 (44.8) curves based on serum methylation
26 (15.8) levels of SST gene were plotted by
62 (37.6) Kaplan-Meier method and compared
62 (37.6) using the log-rank test. Association
15 (9.1) between SST methylation levels in
7 (4.2) sera and tumors was evaluated by
26 (15.8) Spearmqn’s corrglation_ test. SST
115 (69.7) methylation magnitude in sera aqd
matched tumors was compared via
17 (10.3) Wilcoxon rank sum test. Statistical
92 (55.8) analysis was performed using the
39(23.6) Statistical Package for Social Sciences
34 (20.6) version 21.0 (SPSSO Inc, Chicago,
150 (90.9) lllinois). All statistical tests were two-
15 (9.1) sideo_l and Pvalu.es. less tr'lan.(').05 were
26 (15.8 considered statistically significant.
126 (76.4) Results
13 (7.9)
160 (97.0) Clinicopathological characteristics
5(3.0) . . Lo
140 (84.8) CImwopathoIoglcal charactgrlstlcs V\{e-
re obtained from a prospectively main-
25(15.2) tained computerized database and
1337 are summarized in Table 1. Of 165
(80.6) patients studied, median age at diag-
32 (19.4) nosis was 67 years (range, 33-91
years). After a median follow-up of 56
54 (32.7) months (range, 5-79 months), 58
111 (67.3) patients had died and of which 54
22 (13.3) (93.1%) deaths were from disease pro-
77 (46.7) gression. Out of 150 cases with stage
I-Ill tumors, 43 cases (28.7%) devel-
66 (40.0) oped either local or distant recu-
67(40.6)) rrence.
97 (58.8)

1(0.6) Analysis of cancer-specific survival
8(4.8) stratified by serum methylation levels
35(21.2) None of the seven serum methylation
112 (67.9) markers were normally distributed.
53 (32.1) The median serum NMV was 1.487

# TNM stage is based on American Joint Commission on Cancer
guidelines, 5" edition. TRight colon includes caecum through transverse
colon, while left colon includes descending colon and sigmoid colon.

Abbreviation: LN, lymph node.

(range, 0-1.250) for SST, 1.419 (range,
0-40.303) for MAL, 1.230 (range,
0-2.610) for TAC1, 0.026 (range,
0-1.396) for SEPT9, 0.832 (range,
0-4.283) for EYA4, 0.002 (range,

2010. Associations of serum methylation levels
of studied genes and other clinicopathological
factors with CSS or DFS were assessed by uni-
variate Cox proportional hazards regression
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0-5.316) for CRABP1, and O (range, 0-4.364)
for NELL1. Seven methylation markers were
thus dichotomized by the median values of indi-
vidual genes, while the dichotomy of serum CEA
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Table 2. Univariate and multivariate Cox analysis for cancer-specific survival (CSS) in 165 colorectal

cancer patients

Univariate Cox

Multivariate Cox (n=163)

Factor p':gészs (’;Jeoa; t(r:f" HR (95% CI)* P-value Adg;ztodeII-;Ri P-value
Age at diagnosis, continuous 165 54 1.03 (1.01, 1.06) 0.013 1.03(1.01, 1.06) 0.009
Sex 0.421
Male 91 28 1.0
Female 74 26 1.25(0.73, 2.13)
TNM stage (AJCC 5™ version) <0.001 <0.001
I 26 4 1.0 1.0
Il 62 14 2.01 (0.65, 6.24) 2.19 (0.68, 7.10)
1 62 22 3.70 (1.24, 10.98) 3.59 (1.17, 10.99)
v 15 14  32.68(10.06, 106.19) 28.20 (8.15, 97.66)
Differentiation 0.014 0.465
Well 26 8 1.0
Moderate 126 37 1.02 (0.48, 2.20)
Poor 13 9 3.50(1.34,9.12)
Histological type 0.277
Adenocarcinoma 160 51 1.0
Mucinous 5 3 1.91 (0.59, 6.14)
Tumor site 0.185
Right colon 22 11 1.0
Left colon 77 23 0.54 (0.26, 1.11)
Rectum 66 20 0.53(0.25, 1.12)
Perineural invasion <0.001 0.336
No 140 40 1.0
Yes 25 14 3.07 (1.66, 5.68)
Lymphovascular invasion <0.001 0.004
No 133 36 1.0 1.0
Yes 32 18 3.06 (1.73, 5.41) 2.53(1.35,4.72)
No. of LN assessed
LNs<12 54 21 1.39(0.81, 2.41) 0.235
LNs>12 111 33 1.0
Serum CEA 0.011 0.412
<3.5 ng/mL 67 15 1.0
>3.5 ng/mL 97 38 2.18 (1.20, 3.97)
Serum methylation of NELL1S 0.543
Low 110 34 1.0
High 55 20 1.19 (0.68, 2.07)
Serum methylation of SEPT98 0.950
Low 83 27 1.0
High 82 27 1.02 (0.59, 1.74)
Serum methylation of EYA4S 0.424
Low 83 25 1.0
High 82 29 1.24 (0.73, 2.12)
Serum methylation of CRABP1S 0.730
Low 83 26 1.0
High 82 28 1.10 (0.64, 1.87)
Serum methylation of TAC1$§ 0.612
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Low 83 25 1.0
High 82 29 1.15 (0.67, 1.97)

Serum methylation of MALS 0.004 0.169
Low 83 19 1.0
High 82 35 2.26 (1.29, 3.96)

Serum methylation of SST® 0.003 0.031
Low 83 17 1.0 1.0
High 82 37 2.40 (1.35, 4.28) 1.96 (1.06, 3.62)

# Cancer-specific death. T, Hazard ratio (95% confidence interval). ¥, Adjusted hazard ratio from multivariate regression analysis by
adjusting for other significant factors revealed in univariate analysis. §, Methylation levels are dichotomized by median levels of cor-
responding genes. Many cases had extremely low levels of NELL1 in serum and thus tied. Abbreviation: LN, Lymph node.
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Figure 1. Kaplan-Meire estimations of cancer-specific survival according to serum methylation levels of SST in
colorectal cancer patients of (A) Stages I-IV; (B) Stages Il and lll; (C) Stage Il alone; and (D) Stage Il alone. Serum
SST methylation levels were dichotomized by medians of respective entities.

was generated based on the reference cutoff cer-specific survival was significantly influenced
value of 3.5 ng/mL. In univariate analysis, can- not only by traditional clinicopathological
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Table 3. Univariate and multivariate Cox analysis for disease free survival (DFS) in 150 stage I-lI

colorectal cancer patients

Univariate Cox

Multivariate Cox (n=149)

Factor Ng. of No. of HR' (95% CI) P Adjusted HR (95% P
patients Recurrence value Cly* value
Age at diagnosis, continuous 150 43 1.02 (0.99, 1.05) .138
Sex .669
Male 85 26 1.0
Female 65 17 0.875(0.48, 1.61)
TNM stage (AJCC 5" version) .005 0.280
I 26 3 1.0
Il 62 15 2.43(0.70, 8.40)
I 62 25 4.73(1.43, 15.69)
Differentiation .098
Well 25 6 1.0
Moderate 114 31 1.21 (0.51, 2.90)
Poor 11 6 3.37 (1.08, 10.49)
Histological type .529
Adenocarcinoma 145 41 1.0
Mucinous 5 2 1.58 (0.38, 6.52)
Tumor site .982
Right colon 19 5 1.0
Left colon 71 20 1.01 (0.38, 2.68)
Rectum 60 18 1.07 (0.40, 2.87)
Perineural invasion .002 .039
No 131 33 1.0 1.0
Yes 19 10 3.05 (1.50, 6.21) 2.27 (1.04, 4.93)
Lymphovascular invasion .001 .009
No 125 30 1.0 1.0
Yes 25 13 2.93 (1.52,5.62) 2.58 (1.27,5.25)
Number of LN assessed
LNs<12 47 17 1.47 (0.79,2.71) 0.218
LNs>12 103 26 1.0
Serum CEA .016 .016
<3.5 ng/mL 66 13 1.0 1.0
>3.5 ng/mL 83 30 2.23(1.16, 4.28) 2.24 (1.16, 4.32)
Serum methylation of NELL18 .362
Low 103 32 1.0
High 47 11 0.73 (0.37, 1.44)
Serum methylation of SEPT98 .384
Low 75 24 1.0
High 75 19 0.77 (0.42, 1.40)
Serum methylation of EYA4S .592
Low 75 20 1.0
High 75 23 1.18 (0.65, 2.15)
Serum methylation of CRABP1S .647
Low 75 20 1.0
High 75 23 1.15 (0.63, 2.10)
Serum methylation of TAC18 .889
Low 75 22 1.0
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High 75 21 0.96 (0.53, 1.74)
Serum methylation of MALS .650
Low 75 21 1.0
High 75 22 1.15 (0.63, 2.09)
Serum methylation of SST® .007 .003
Low 75 14 1.0 1.0
High 75 29 2.40 (1.27, 4.55) 2.60 (1.37, 4.94)

T, Hazard ratio (95% confidence interval). #, Adjusted hazard ratio from multivariate regression analysis by adjusting for other
significant factors revealed in univariate analysis. §, Methylation levels are dichotomized by median levels of corresponding
genes. Many cases had extremely low levels of NELL1 in serum and thus tied. Abbreviation: LN, Lymph node.
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Figure 2. Kaplan-Meire estimations of disease-free survival according to serum methylation levels of SST in colorec-
tal cancer patients with (A) Stages I-lll; (B) Stages Il and Ill; (C) Stage lll alone, and (D) Stage Il alone. Serum SST
methylation levels were dichotomized by medians of respective entities.

parameters and serum CEA, but also by serum
methylation levels of MAL and SST (P<0.05 for
all parameters, Table 2 and Figure 1A). In mul-
tivariate Cox analysis adjusting for all other sig-
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nificant factors, serum methylated SST (mSST)
remained as a significant and independent pre-
dictor for poor CSS (Table 2). Patients with high
serum mSST were noted to have a higher risk
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for cancer-specific death [hazard ratio (HR)=
1.96, 95% Cl: 1.06-3.62, P=0.031].

CSS was also assessed based on tumor stag-
es. In the combined group (n=124) of stages Il
and lll, cancer-specific death rate was 41.9% in
the high serum mSST group, whilst it was 16.1%
in the low mSST group. Kaplan-Meire curves
based on serum mSST levels clearly separated
two groups of patients exhibiting different sur-
vival (P=0.003, Figure 1B). In multivariate Cox
analysis, serum mSST remained as a signifi-
cant independent predictor for CSS (HR=2.797,
95% Cl, 1.34-5.84, P=0.006). However, when
each stage was individually analyzed, indepen-
dent predictive significance was maintained
only in the stage Ill subgroup (HR=2.52, 95% Cl,
1.02-6.25; P=0.045 by multivariate Cox analy-
sis; Kaplan-Meire curves were displayed in
Figure 1C). Prognostication in the stage Il sub-
group was of borderline significance (P=0.075-
0.080 in Kaplan-Meire test and multivariate
Cox analysis, Figure 1D).

Analysis of disease-free survival stratified by
serum methylation levels

Similar to the influence to CSS, traditional clini-
copatholgocial factors including TNM stage,
lymphovascular invasion, perineural invasion,
and serum CEA were individually associated
with risk of tumor recurrence (P<0.05 for all
parameters, Table 3). Serum methylated SST
was also significantly predictive of tumor recur-
rence (Table 3). The incidence of recurrence
was significantly higher in the high mSST group
than in the low mSST group (38.7% vs. 18.7%,
P=0.005). The disease-free survival was also
significantly shorter in the former group (Figure
2A). In multivariate analysis, it was noted that
patients with high serum mSST had a higher
risk for recurrence (HR=2.60, 95% Cl: 1.37-
4.94, P=0.003, Table 3).

DFS was similarly analyzed in subset groups. In
combined group of stages Il and lll, serum
mSST clearly separated two groups of patients
with different DFS (P=0.018, Figure 2B). It
remained as an independent recurrence indica-
tor as revealed in multivariate Cox analysis
(HR=2.15, 95% ClI, 1.12-4.12; P=0.022). The
same trends were observed in individual sub-
sets of stage Ill or stage Il alone, but statistical
significance was no longer retained (Figure 2C
and 2D, respectively).
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SST methylation levels in tumors and their
association with serum methylation levels and
patients’ prognosis

Methylation levels of SST in sera and matched
tumor tissues were subsequently compared in
162 patients with paired samples available.
Methylation of SST (NMV>0) was noted in all
tumor samples. Methylation magnitude in
tumors was significantly higher as compared to
that in sera (median levels in tumors and sera,
NMV of 417.693 and 1.487, respectively,
P<0.001). Particularly with diagnostic rele-
vance, methylated SST in sera (n=154) could
always be traced back to the corresponding
tumors that were SST methylated. Notably,
there was however no correlation that could be
established between methylation levels in
tumor tissues and sera (Spearman’s correla-
tion coefficient =0.103, P=0.192). SST methyl-
ation levels in tumors were also not associated
with tumor recurrence nor cancer-specific sur-
vival (P>0.05 in both analyses, data not shown).

Discussion

Itis evident that current clinical criteria are sub-
optimal to accurately estimate patient progno-
sis and outcomes. This report describes for the
first time, the prognostic potential of serum
methylated SST in CRC. The significant and
independent prognostic effects of serum meth-
ylated SST have also never been reported in
other cancers [18]. This novel prognostic factor
may provide additional information beyond the
use of traditional serum CEA, high-risk clinico-
pathological features (e.g., lymphovascular or
perineural invasion) or well-utilised staging cri-
teria. In this prospectively-designed study, we
have noted that high methylation levels of SST
in sera, rather than in tumors, were associated
with high risk of tumor recurrence and unfavor-
able outcomes. Although the mechanisms
leading to the presence of cell-free tumor-spe-
cific DNA in the circulation of cancer patients
are not fully understood, it is postulated that
this may have arose from lysis of circulating
cancer cells, or by DNA leakage from tumor
necrosis or apoptosis [19]. It may thus be
hypothesized that differential SST methylation
levels displayed in our series of sera may reflect
a more aggressive biology of the primary tumor,
or the presence of systemic micrometastasis
that are yet to be readily detected by current
technologies in clinical settings. The utility of
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serum SST methylation assay may thus be an
additional adjunct to predict poorer outcome
and higher incidence of tumor recurrence.

In our study, serum SST methylation levels were
clearly significant independent predictors for
overall CSS and DFS (Figures 1A, 1B, 2A and
2B). When individual stages were analysed,
high serum methylation of SST was the only sig-
nificant predictor for cancer-specific death in
stage lll. The same trends were observed for
CSS and DFS in the stage Il subgroup, but sta-
tistical significance was not achieved. One pos-
sible explanation is that in our study cohort, the
majority of Stage Il patients were stage IIA
(93.5%, n=58), while stage IIB and IIC account-
ed for the remaining four cases (6.5%). With a
predominance of stage IIA cases, there are
possibly insufficient events of recurrence or
cancer-specific death to provide for a statistical
difference thus leading to a type Il error. The full
prognostic potential of serum SST methylation
in stage Il disease will require evaluation in
futures studies of larger cohorts with more
stage IIB and IIC cases.

There are several clinical applications that can
be suggested with our findings. Firstly, methyl-
ated SST may help to identify patients who may
need intensive surveillance after surgery.
Despite recommended adjuvant therapy for
stage Il patients [4], recurrence rates still
exceed 30-40%. Recurrence rates are high at
20-30% for stage Il cancers as well [3]. One of
the main problems is that surveillance proto-
cols in various countries after curative surgery,
require a prudent balance in assessing cost-
conscious programmes against the chance of
cancer recurrence. The limitations thus prevent
standardisation and there is lack of consensus
of the type of imaging, frequency of imaging as
well as colonoscopy surveillance which are
often left to the individual surgeon or oncolo-
gist. These surveillance regimes are also uni-
versally applied across all stages of disease
and may limit early detection of recurrences. It
would therefore be extremely useful if there
were suitable indicators to highlight a higher
risk of recurrence and suggest a more intensive
follow-up. The surveillance protocols for stage Il
are even more unclear as they are still classi-
fied as “early cancers”. In our institution, we
have reported a recurrence rate of 18.1% in
stage Il patients [20] and biomarkers such as
serum mSST may be helpful by providing an
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indication of the need for aggressive surveil-
lance. Secondly, serum mSST may help to
select stage Il patients who may benefit from
adjuvant therapy. One factor that may account
for the lack of meaningful benefit of adjuvant
therapy for stage Il patients is the inability of
the current prognostication system to identify
those who are truly high risk. Therefore, the
incorporation of serum SST methylation into
existing standard prognostication modules may
allow better risk stratification, with possible
improvement in survival.

Functional annotations have suggested that
SST, encoding a well-characterized gastrointes-
tinal neuroendocrine and growth-regulatory
peptide, acts as a tumor suppressor gene and
possesses potent antitumor abilities. It exerts
antitumor effects by multiple mechanisms.
Indirect effects on cell growth include sup-
pressing the synthesis and/or secretion of
growth factors (e.g. IGF-1) and growth-promot-
ing hormones as well as inhibiting neoplastic
angiogenesis that is essential for tumor growth
and spread [21]. Direct antitumor effects
include causing cell cycle arrest; controlling cell
proliferation; inducing apoptosis; and inhibiting
cell invasion [21]. Clinical studies also provide
corroborative evidences with reduced expres-
sion of SST protein and mRNA in colorectal
tumor tissues [22]. Epigenetic involvement of
SST gene silencing in CRC was initially suggest-
ed by observations that SST methylation levels
in tumor tissues were significantly higher than
that in adjacent normal mucosa of CRC patients
or normal mucosa from healthy controls. This
was further strengthened by the results that
administration of demethylation agents into
SST methylated CRC cell lines triggered up-reg-
ulation of SST expression [23]. The SST hyper-
methylation identified in 200% of tumors in our
series may suggest that epigenetic silencing of
SST gene is ubiquitously involved in CRC tumor-
igenesis. In fact, hypermethylation of SST gene
has also been evinced in other human cancers
like esophageal, gastric and renal cancers [24-
26]. Although the purpose of this study is to
identify novel molecular factors with prognostic
potentials, regardless of their functions, and
we did not explore the biological mechanisms
of methylated SST in tumor development,
future researches are warranted to better
understand the underlying mechanisms that
explain the association of serum mSST with
tumor recurrence.
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The repetitive independent influence of pre-
operative serum (rather than tumor) mSST on
DFS and CSS suggests potential possibility of
use of serum mSST as a non-invasive prognos-
tic biomarker for CRC. Furthermore, methylated
SST gene is highly stable in the circulation. As
there are limited loci to be assayed (compared
with wide mutational spectra in frequently
mutated genes such as APC and TP53), the
analysis of this marker promises to be rapid
and simple. It is also important to note that
methylated SST detected in sera has a very
high concordance with tumour methylation,
suggesting high analytical specificity. All these
features support the motivation towards devel-
oping a new blood-based prognostic assay.

We are aware of the limitations of this study.
These include a relatively small sample size
especially in stage Il subgroup which might lead
to underpower to detect more subtle differenc-
es in patients’ outcomes. In addition, the study
subjects in the present study are from a single
population of Chinese origin. Utility of serum
mSST as a prognostic biomarker in CRC must
be validated in other ethnic populations as well.

In summary, advances in molecular biology pro-
vide opportunities to identify tumor-associated
materials in blood which are associated with
micrometastasis. We have identified pre-opera-
tive serum SST methylation as a novel promis-
ing prognostic marker. Its independent prog-
nostic information could be complementary to
standard prognostication modules, allowing
better stratification of the patients who may
receive tailored management for their disease
and ultimately benefit with improved outcomes.
Additional validation studies in large and inde-
pendent cohorts are required to fully define the
utility of this new marker and address whether
modification of treatment/management deci-
sions based on additional prognostic informa-
tion from this methylation marker would yield
improvement in DFS and CSS.
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