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representing a key barrier to the efficacy of CRC
treatment.?-> No reliable biomarker or indicator is
currently known for predicting tumor recurrence
or chemoresistance in CRC patients after oxalipl-
atin-based chemotherapy, and seeking new pre-
dictive biomarkers is thus warranted to prevent
drug resistance and thereby improve patient
prognoses.o-8

In recent decades, postoperative adjuvant chemo-
therapy for colon cancer constitutes a major clini-
cal advance in oncology.>® Adjuvant FOLFOX
chemotherapy, which consists of leucovorin (LV),
5-fluorouracil (5-FU), and oxaliplatin, is one of
the most widely used regimens after surgical
resection.!® In a multicenter international study
on the use of FOLFOX4 as adjuvant treatment
for colon cancer (NCT00275210), FOLFOX4
was demonstrated to prolong overall survival
(OS) in patients with stage III colon cancer com-
pared with patients who received 5-FU and LV
without oxaliplatin.*> The addition of oxaliplatin
to a regimen of 5-FU and LV is known as
FOLFOX, which has become the gold standard
adjuvant therapy for patients with stageIIl colon
cancer.?

Proper control of metabolic homeostasis is crucial
for maintaining human physiology and health.
The effects of diabetes mellitus (DM) on CRC
have been debated; for instance, meta-analyses
have consistently indicated that type2 DM is an
independent risk factor for developing CRC,11:12
and an increase in glycolytic activity by malignant
tumor cells iz vivo and i vitro has also been dem-
onstrated.!> Among Taiwanese patients with
CRC, DM patients had a higher incidence of sec-
ond malignancy than non-DM patients,'* and
DM patients have an increased risk of CRC and
poorer outcomes compared with non-DM
patients.!>-17 The potential impact on the clinical
outcome of CRC patients with DM has received
much attention. Under hyperglycemia, high glu-
cose modulated the cytotoxicity of 5-FU in
human colon cancer cells,!® and diminished the
chemotherapeutic effect of oxaliplatin plus 5-FU,
leading to shorter survival in an animal model.!?

Although FOLFOX has become a standard chem-
otherapeutic regimen, no relevant information is
currently available regarding the predictive value
of blood sugar levels for CRC recurrence or chem-
oresistance after oxaliplatin-based chemotherapy,
and the efficacy of oxaliplatin chemotherapy under
hyperglycemia remains unclear. The aim of this

study was to evaluate whether high blood sugar
levels could affect the efficacy of adjuvant
FOLFOX6 chemotherapy in patients with stage ITI
CRC, as well as to explore the underlying signal-
ing pathway of chemoresistence.

Materials and methods

Patients and tumor samples

In this retrospective study, patients with stage III
CRC who had received oxaliplatin treatment and
provided signed informed consent were included,
but patients without records of fasting blood
sugar (FBS) levels or incomplete medical records
were excluded. Demographic information was
obtained from 157 patients with primary stage III
CRC?20 who received adjuvant FOLFOX6 chem-
otherapy at single institution in Taiwan between
November 2009 and September 2015. Each
FOLFOX cycle consisted of an oxaliplatin
(85 mg/m?) and folinic acid (400 mg/m?) infusion
on dayl, followed by a 46-h infusion of 5-FU
(2800 mg/m?) repeated every 2weeks.!? A total of
157 patients completed the adjuvant FOLFOX6
therapy (biweekly X 12 cycles for 6 months).

Impaired carbohydrate metabolism was defined
as one of the ADA 2003 diagnostic criteria for
diabetes (normal: <110 mg/dl; impaired fasting
glucose: 110-125mg/dl; fasting plasma glu-
cose: =126 mg/dl).21:22 Data of FBS levels were
collected from all 157 CRC patients before
CRC surgery. A total of 112 patients had fast-
ing glucose levels between 75 and 125mg/dl
(<126 mg/dl, i.e. low blood glucose) and 45 had
levels between 126 and 360mg/dl (=126 mg/dl,
i.e. high blood glucose). Diagnoses of DM were
based on the patient’s chart history of DM or
previous use of antihyperglycemic agents for
DM. All patients were unrelated ethnic Chinese
residents of Taiwan. Each patient provided writ-
ten informed consent for the collection and use
of data/samples for research and publication of
their case details. Furthermore, all patient data
were anonymized. The study protocol was
approved by Kaohsiung Medical University
Chung-Ho Memorial Hospital Institutional
Review Board [Protocol Number: KMUHIRB-
2012-04-02(1)]. All patients received follow up
until either their death or December 2017.
Oxaliplatin resistance was defined as recurrence
or metastasis of CRC within 1 year after introduc-
tion of the FOLFOX6 regimen. The median fol-
low-up time was 41.5 months (8-98 months).
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Cell culture

Human colon carcinoma cell lines, namely
HT-29, HCT-116, SW480, and SW620, were
purchased from ATCC (Manassas, VA, USA)
and cultured in low-glucose Dulbecco’s modified
Eagle medium [5mM bD-(+)-glucose, Gibco-
BRL, Gaithersburg, MD, USA] supplemented
with 10% fetal calf serum (Gibco-BRL) and
100 U/ml of penicillin.?3 These four human colon
carcinoma cell lines are cultured in the same cul-
ture medium to laminate the various nutrients
and supplements differences of the differential
medium. The cell lines HT-29, HCT-116, and
SW480 were established from a primary colon
adenocarcinoma, and the SW620 cell line was
established from lymph node metastasis in the
SW480 patient. The cells were cultured at 37°C
in an atmosphere of 5% CO,.

Analysis of cell proliferation

The CRC cell lines were seeded in 96-well plates
in baseline-glucose Dulbecco’s modified Eagle
medium [D-(+)-glucose 5mM, Gibco-BRL], as
described in the cell culture section. Following a
review of the literature, the cells were treated
with or without metformin (0mM, 1 mM, and
5mM, 1,1-dimethylbiguanide hydrochloride, 5¢g
stored at 4°C; purchased from Enzo Life
Sciences, Farmingdale, NY, USA) to assess the
effects of metformin.?425 For metformin analy-
sis, the cells were treated (four wells per treat-
ment) with various D-(+)-glucose concentrations
(5, 10, or 15mM) for 24 h, and then with differ-
ent concentrations (0, 1, or 5mM) of metformin
for 22 h. For the oxaliplatin chemotoxicity analy-
sis, the cells were treated with or without oxali-
platin (HCT-116, SW480, and SW620: 5 wM;
HT-29: 10 nM).26 For the oxaliplatin and met-
formin chemotoxicity analysis, the cells were
treated with various D-(+)-glucose concentra-
tions (5, 10, or 15mM) for 24 h, then with dif-
ferent concentrations of metformin (0, 1, or
5mM) for 24 h, followed by oxaliplatin (HCT-
116, SW480, and SW620: 5uM; HT-29:
10 wM) for 2h, and finally recovered within dif-
ferent concentrations of metformin (0, 1, or
5mM) for another 22h. To determine cell pro-
liferation, the cells were further incubated using
a 1/10 volume of WST-1 reagent (Roche
Diagnostics Corp., Indianapolis, IN, USA) for
2h at 37°C before measuring absorbance using a
spectrophotometer at 450nm. The assay was
performed three times for each cell line.

Glycolysis-related mRNA or signaling pathway
prediction

To investigate the signaling pathway of glycolysis-
related mRNAs or target genes, we used the
Kyoto Encyclopedia of Genes and Genomes
pathway program (http://www.genome.jp/kegg/
kegg2.html) and Search Tool for the Retrieval of
Interacting Genes/Proteins network program
(https://string-db.org/).

RNA extraction and mRNA quantitative assay
According to the manufacturer’s instructions,
approximately 107 cells were lysed in 1ml of
TRIzol reagent (Invitrogen). DNase treatment
(Qiagen, Hamburg, Germany) was performed,
and total RNA was purified with Qiagen RNeasy
Columns (Qiagen). With random hexamer prim-
ers, cDNAs were synthesized from 1 g of total
RNA wusing reverse transcriptase (Applied
Biosystems Inc., Foster City, CA, USA) and real-
time polymerase chain reaction (RT-PCR) with
SYBR Green (Applied Biosystems Inc.).

Western blotting assay and antibody reagents
Total proteins of treated SW620 cells were
extracted using RIPA lysis buffer (Millipore,
Billerica, MA, USA) and quantitated with a BCA
protein assay kit (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Next, 25ug protein was
resolved by SDS-PAGE, transferred onto a
PVDF membrane (Millipore) and blocked with
skim milk solution for 2h. The membrane was
then incubated with antibodies (1:1000 diluted)
against euchromatic histone lysine methyltrans-
ferase 2 (EHMT2, GTX128164, GeneTex, Inc),
SMAD3 (#9513, Cell Signaling Technology,
Inc.), p-SMAD3 (#9520, Cell Signaling
Technology, Inc.), MYC (#5605, Cell Signaling
Technology, Inc.), and p-MYC (#13748, Cell
Signaling Technology, Inc.) overnight at 4°C.
Membranes were washed three times with TBST
and incubated with a goat anti-rabbit secondary
antibody (Sangon Biotech, Shanghai, China) for
2h and washed three times with TBST.
Immunoblot results were quantified using
Alphalmager software (Alpha Innotech, San
Leandro, CA, USA).

Statistical analysis
Following the setup of our previous study,!” the
sample size ratio was approximately 3:2 between
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the low-blood-sugar and high-blood-sugar groups.
The 1-year relapse rate was 0.46 (46%) in the
high-blood-sugar group and 0.27 (27%) in the
low-blood-sugar group, with a significance level
of 0.05 and a power of 80%. Eligible patients
were divided into two groups based on their blood
sugar level to reach an approximate total of 120
patients. All data were statistically analyzed using
JMP software, version 10.0 (SAS Institute Inc.,
Cary, NC, USA). Continuous variables were pre-
sented as means * standard deviation (SD), and
dichotomous variables were denoted by numbers
and percentages. A ¢ test was used to analyze con-
tinuous variables. The Chi-square test was used
for univariate statistical analysis where applicable,
and a Cox regression hazard model was used for
multivariate analyses of disease-free survival
(DFS) and OS. DFS was defined as the time
between the date of FOLFOX6 administration
and the development of CRC recurrence or
metastasis or the last follow-up visit. OS was
defined as the time between the date of FOLFOX6
administration and death from any cause or the
last follow-up visit. The survival plot was calcu-
lated using the Kaplan—Meier method, and a log-
rank test was used to compare time-to-event
distributions. A two-tailed p value of less than
0.05 was considered statistically significant.

Results

Demographic data and clinical outcome

Table 1 showed the demographic data of 157
stageII CRC patients (112 in the low blood glu-
cose group versus 45 in the high blood glucose
group), with a median blood sugar level of
105mg/d, and median age of 63years (20—
93 years). In this retrospective study, 28 patients
with CRC had a history of DM and received dif-
ferent DM medications (Glucophage, Diamicron
MR, Januvia, etc.) to control their blood sugar
levels. Eight of the 28 CRC patients that received
medication were able to maintain their blood
sugar levels at <126 mg/dl (Table 1). The patients
with DM exhibited significantly higher blood
sugar levels than patients without DM (p < 0.0001;
Table 1). Table 1 also reveals significant differ-
ences in age (p=0.019) and oxaliplatin resistance
(»p=0.004) between the low-blood-glucose
(<126mg/dl) and high-blood-glucose (=126 mg/dl)
groups; however, the two groups did not differ
significantly in terms of other clinicopathological
features such as sex, tumor size, tumor location,
tumor invasion depth, lymph node metastasis,

vascular invasion, perineural invasion, differenti-
ation grade, or histological type (all p>0.05).

Effect on DFS and 0S

Table 2 presents the prognostic factors for DFS
and OS in patients with stage III CRC according
to univariate and multivariate analysis.
Multivariate analysis showed high blood sugar
level [p=0.007, hazard ratio (HR): 1.820, 95%
confidence interval (CI): 1.184-2.758] to be a
poor independent prognostic factor of DFS, but
no significant differences were found for other
clinicopathological features such as sex, age,
tumor invasion depth, tumor size, vascular inva-
sion, perineural invasion, and DM history (all
$»>0.05). Although patients with DM history
were markedly associated with high blood sugar
levels (p<<0.0001; Table 1), multivariate analysis
showed that high blood sugar level (p=0.007,
HR: 1.820, 95% CI: 1.184-2.758), but not DM
history (p=0.396, HR: 0.801, 95% CI: 0.471-
1.331; Table 2), was a poor independent prog-
nostic factor for DFS.

Regarding OS, multivariate analysis showed high
blood sugar level (p=0.002, HR: 1.985, 95% CI:
1.280-3.035) and invasive depth (p =0.042, HR:
0.636, 95% CI: 0.418-0.983) to be poor inde-
pendent prognostic factors, but no significant dif-
ferences were found for other clinicopathological
features such as sex, age, tumor size, vascular
invasion, perineural invasion, and DM history (all
$>0.05). Overall, high blood sugar level was a
significantly independent prognostic factor of
DFS or OS, but DM history was not.

Effect of administration of glucose on colon

cancer cell proliferation

Three D-(+)-glucose concentrations [baseline
concentration of 5mM (90mg/dl) and increased
concentrations of 10mM (181 mg/dl) and 15mM
(271 mg/dl)] were used to examine the role of glu-
cose administration in colon cancer cell tumori-
genesis. HT-29, HCT-116, SW480, and SW620
cells were treated for 24h with different p-(+)-
glucose concentrations (5, 10, and 15mM). As
shown in Figure 1, the proliferation rates of the
HT-29 cells (Figure 1A) and HCT-116 cells
(Figure 1B) decreased significantly with 5mM
metformin treatment for 24 h (all p<0.005). The
proliferation rates of the SW480 cells (Figure 1C)
and SW620 cells (Figure 1D) decreased signifi-
cantly after 1 and 5mM metformin treatment,
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Table 1. Baseline characteristics of 157 stagelll CRC patients after oxaliplatin therapy, based on serum blood glucose levels using
univariate analysis.

Variables Low blood glucose group High blood glucose group p value
(serum blood sugar <126 mg/dl)  (serum blood sugar =126 mg/dLl)
n=112 (%)* n=45 (%)*

Age (y) (Mean = SD) 60.60+11.23 65.11 £ 10.44 0.019

DM history$ No 104 (92.86) 25 (55.56) <0.0001
Yes 8(7.14) 20 (44.44)

Gender Female 46 (41.07) 19 (42.22) 0.895
Male 66 (58.93) 26 (57.78)

Tumor size <5cm 88 (78.57) 31 (68.89) 0.208
=5cm 24 (21.43) 14 (31.11)

Location Colon 77 (68.75) 30 (66.67) 0.801
Rectum 35 (31.25) 15 (33.33)

Invasion depth T0-T2 99 (88.36) 41(91.11) 0.614
T3-T4 13 (11.61) 4(8.89)

Lymph node metastasis No 3(2.68) 2 (4.44) 0.581
Yes 109 (97.32) 43 (95.56)

Vascular invasion No 69 (61.61) 28 (62.22) 0.943
Yes 43 (38.39) 17 (37.78)

Perineural invasion No 75 (66.96) 30 (66.67) 0.971
Yes 37 (33.04) 15 (33.33)

Grade WD 19 (16.96) 5(11.11) 0.570
MD 84 (75.00) 35 (77.78)
PD 9 (8.04) 5(11.11)

Histologic type A 108 (96.43) 45 (100.00) 0.602
M 2(1.78) 0(0)
S 1(0.89) 0 (0)
uD 1(0.89) 0(0)

A, Adenocarcinoma; AC ante cibum; DM diabetes mellitus; M, mucinous carcinoma; MD, moderately differentiated; PD, poorly differentiated S,
Signet-ring cell carcinoma; UD, undifferentiated; WD, well differentiated.

*AC (i.e. before eating) serum blood sugar level before surgery.

$Confirmed diagnosis of DM before surgery.

respectively, for 24h (all p<<0.05, except for decreased significantly after treatment with oxali-
SW480 in 5mM D-(+)-glucose containing I mM  platin and 5 mM metformin. Compared with cor-
metformin). responding cells in 15 mM Dp-(+)-glucose without

oxaliplatin or metformin treatment (lane 1), the
In the oxaliplatin and metformin chemotoxicity proliferation rate of the HT-29 cells in 15mM
analysis, the proliferation rate of CRC cells bD-(+)-glucose with 10uM oxaliplatin and 5mM
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Figure 1. Effect of different metformin concentrations (0, 5, and 10mM) on colon cancer cell proliferation
under different glucose conditions using the CCK-8 assay. No metformin sample was normalized to 100%
for all glucose concentrations as control. (A-D) Proliferation of HT-29, HCT-116, SW480, and SW620 cells
decreased significantly after 24-h incubation with increasing metformin concentrations. Compared with
0mM metformin, the proliferation rate of HT-29 and HCT-116 cells decreased significantly after metformin

administration (1 and 5mM; p value as shown).

metformin (lane 4) decreased significantly to
40% (p<0.0001, Figure 2A). By contrast, the
proliferation rate of the HCT-116 cells in 15mM
D-(+)-glucose with 5uM oxaliplatin and 5mM
metformin (lane 4) decreased significantly to
54% (p=0.001, Figure 2B). The proliferation
rate of the SW480 cells in 15mM D-(+)-glucose

with both 5uM oxaliplatin and 5mM metformin
(lane 4) decreased significantly to 45% (p=0.001,
Figure 2C), and the proliferation rate of the
SW620 cells in 15mM D-(+)-glucose with both
5uM oxaliplatin and 5mM metformin (lane 4)
decreased significantly to 45% (»p<<0.0001,
Figure 2D).
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Figure 2. Assessment of the effects of oxaliplatin and metformin chemotoxicity on colon cancer cells using
the CCK-8 assay. Compared with the proliferation rates of cells grown in 15mM b-(+]-glucose without
oxaliplatin and metformin treatment, those of the HT-29 (A}, HCT-116 (B), SW480 (C), and SWé20 (D) cells
decreased significantly after oxaliplatin and metformin treatment.

Glycolysis-related mRNA or signaling pathway
prediction assay

Our experiments demonstrated that high glucose
concentrations enhanced cell proliferation in four
colon cancer cell lines. We identified glycolysis-
related mRNAs or target genes that elucidated
the proliferation and antioncogenic effects
through Kyoto Encyclopedia of Genes and
Genomes pathway program analysis and a litera-
ture review. The multifunctional transcription
factors SMAD3 and MYC, as well as upregula-

tion of EHMT?2 expression, influenced cell sur-
vival and oxaliplatin resistance.

At high glucose concentrations, SMAD?3 protein
expression levels of SW620 cells were similarly
unchanged, whereas phosphorylation of SMAD3
(PSMAD3) increased at high glucose concentra-
tions. Increased pSMAD3 expression induced
slightly increased MYC protein expression
(Figure 3). As shown in Figure 3, protein expres-
sion levels of pSMAD3, pMYC, and EHMT?2
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Figure 3. (A) Western blotting of proteins involved in the development of oxaliplatin resistance in SW620 cells.
MYC and EHMT2 expression levels increased significantly at high glucose concentrations (15mM glucose; lane
2), whereas SMAD3 expression level did not. Phosphorylation of SMAD3 and MYC also increased considerably
at high glucose concentrations, but, after adding metformin, the increase in phosphorylation could be reversed
(lanes 3 and 4. The upregulation of EHMT2 expression could also be reversed after metformin administration
(lanes 3 and 4). (B) The proposed mechanism of the effect of high glucose concentrations on the oxaliplatin

resistance of CRC.
CRC, Colorectal cancer.

increased significantly at high glucose concentra-
tions (15mM glucose; lane 2). However, after
adding metformin (1 and 5mM), the increase in
phosphorylation of SMAD3 and MYC was
reversed, and EHMT?2 expression levels decreased
(15mM glucose; lanes 3 and 4, respectively).

Survival analysis

The DFS and OS of the 157 patients with stage III
CRC were assessed using the Kaplan—Meier
method (Figure 4A and B, respectively). With
2years as the endpoint, the DFS of the patients in
the high-blood-glucose group (=126 mg/dl) was
significantly poorer than that of patients in the
low-blood-glucose group (<126 mg/dl; p=0.012).
However, with 3, 4, or over 4years as the end-
point, the DFS of patients in the two groups was
not significantly different (p=0.050, p=0.102,
and p=0.089, respectively). With 2years as the
endpoint, the OS of patients in the high blood
glucose group (=126mg/dl) was significantly
poorer that of patients in the low blood glucose
group (<126 mg/dl; p=0.041). However, with 3,
4, or over 4years as the endpoint, the OS of

patients in the two groups was not significantly
different (p=0.063, p=0.061, and p=0.072,
respectively).

Discussion

CRC is a human malignancy with a complex etiol-
ogy, and the mechanisms underlying this patho-
physiology are not yet completely understood.
Epigenetic modifications have accounted for the
majority of complex disease research; among these,
blood sugar level reportedly serves as a potential
cancer biomarker.%27:28 The most fundamental
metabolic alteration in CRC cells is increased gly-
colysis.!322 Glucose may drive cancer not only by
modifying microRNA (miRNA) expression but
also by activating the mammalian target of rapam-
ycin, which can increase protein synthesis and cel-
lular growth.3°34 Through a series of # wvitro
studies, we demonstrated that high glucose con-
centrations enhanced cell proliferation and
increased oxaliplatin resistance in four CRC cell
lines. Another notable finding was that oxaliplatin
resistance in these four CRC cell lines could be
reversed by administering an anti-DM agent.
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Figure 4. Cumulative survival rates for the 157

UICC stagelll CRC patients assessed using the
Kaplan-Meier method, and differences in survival
rates analyzed using a log-rank test. (A) Disease-free
survival. With 2years as the endpoint, the DFS of
patients in the high blood glucose group (=126 mg/dl)
was significantly poorer than that of patients in the
low blood glucose group (<126 mg/dl; p=0.012).

(B) Overall survival. With 2years as the endpoint,

the OS of patients in the high blood glucose group
(=126 mg/dl] was significantly poorer that of patients

in the low blood glucose group (<126 mg/dl; p=0.041).

CRC, Colorectal cancer; DFS disease-free survival, 0S,
overall survival; UICC, Union for International Cancer
Control.

Through the literature review, we observed that
DM patients are at higher risk of carcinogenesis
and death from cancer, including CRC, than
healthy individuals.!® Studies have shown that
miRNA-16 partially induces cell cycle arrest by
regulating multiple cell cycle genes, including cyc-
lin D1, cyclin D3, cyclin E1, and CDK®6, and pre-
vents cells from entering the S phase, thus causing
an accumulation of cells in G0/G1.17-35 The cur-
rent study found that high glucose levels increased
the proliferation of colon cancer cell lines HT-29,
HCT-116, SW480, and SW620. Other i vivo

studies have shown that chemotherapy with oxali-
platin and fluorouracil was less effective, and
resulted in shorter survival under hyperglyce-
mia.!%3¢ Studies have also found that MYC is
overexpressed through glucose administration in
many organs.3”>3® By i wvivo experiment in rats,
Bux and colleagues, recently found that fed blood
glucose levels increased from 125+ 6mg/dl to
512 = 37mg/dl, which was accompanied by a sig-
nificant increase in gene transcript levels of the
transcription factor MYC in the heart.?°
Transforming growth factor beta (TGFp)
signaling inhibited ezrin phosphorylation in a
SMAD3-dependent manner, and regulated
pro-apoptotic function through ezrin-
mediated protein kinase A activation.4? The oxali-
platin resistance of CRC cells was mediated by
inhibiting macroautophagy wvia the TGFR/
SAMD4 pathway.¥! EHMT2 was reported to
govern phenotype and chemoradioresistance in
colon cancer stem cells.2 EHMT2 and the colon
cancer stem cell marker CD133A were signifi-
cantly correlated in patients with advanced rectal
cancer who received concurrent chemoradiother-
apy; EHMT2 knockdown increased the sensitiv-
ity of cancer cells to radiation treatment.*? This
study demonstrated the biological plausibility of
the hypothesis that hyperglycemia might increase
SMAD3 and MYC phosphorylation in CRC
patients (Figure 3B). MYC is a SMAD3 down-
stream protein whose phosphorylation is increased
by phosphorylated SMAD3. Downstream
EHMT?2 can be upregulated by phosphorylated
MYC. An increase in phosphorylation of the glu-
cose-related target proteins SMAD3 and MYC
under high glucose concentrations caused the
upregulation of EHMT?2 expression and oxalipl-
atin resistance in colon cancer cells.

One meta-analysis showed a significant associa-
tion of type 2 DM with increased CRC risk.!> The
present data might indicate that patients with
stage III CRC and high blood sugar levels exhib-
ited markedly poor prognoses and oxaliplatin
resistance during a short period. CRC survivors
can change their diet and lifestyle with higher
physical activity to control their serum blood
sugar level, and thus potentially improve their
prognosis and quality of life. We further stratified
stage III CRC patients according to their serum
blood sugar level and found that high blood sugar
was correlated with a higher incidence of disease
relapse, but that DM history was not. Because
CRC patients with hyperglycaemia have poor
clinical outcomes and higher oxaliplatin
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resistance, we suggest that blood sugar level can
be a potentially auxiliary biomarker in adjuvant
FOLFOX therapy for stageIIl CRC patients.
Although adequate control of serum blood sugar
levels seems advisable, additional large-scale pro-
spective studies are necessary to verify this point.

Some limitations of this study should be men-
tioned. First, we examined only FBS levels, which
reflect daily blood glucose levels but might be
prone to bias. An HbAlc test can be performed at
any time, regardless of the fasting duration or the
content of the previous meal, and HbAlc levels
reflect blood glucose levels over the preceding
6-8weeks.4> HbAlc levels may be more crucial
for prognosis, but some of the patients in this
study had incomplete data from HbAlc testing.
Second, the peripheral neuropathy of the patients
may be added as a study endpoint to differentiate
DM-related peripheral sensory neuropathy.
Third, the current study had a relatively small
patient population and retrospective cohort.
Therefore, multicenter prospective studies with
data from FBS/HbAlc testing and peripheral
neuropathy that might provide additional detailed
information regarding the prognostic and adverse
effects of adjuvant therapy on patients with
stageIII colon cancer are necessary.

In summary, the data in this study indicated that
blood sugar levels can enhance oxaliplatin chem-
oresistance iz vivo and CRC cell proliferation and
chemoresistance iz vitro. We suggest that blood
sugar levels in patients with stage III CRC be used
as a potential indicator for identifying increased
risk of oxaliplatin chemoresistance within 2 years
of radical resection.
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