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Abstract
Objective: A large portion of non-metastatic colorectal cancers (non-mCRCs) recur after curative surgery. In addition to the
traditional tumor-related factors, host-related factors are also required to accurately predict prognosis. A few studies have shown an
association between the serum lipid profile and the survival and treatment response of patients with colorectal cancer.
Methods: We retrospectively evaluated the prognostic significance of the preoperative serum lipid profile [total cholesterol (TC),
triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C)] in patients with
non-mCRC treated with curative surgery. The Spearman rank correlation test was used to analyze associations between lipid levels
and categorical variables. Lipid levels were modeled as four equal-sized quartiles based on the distribution among the whole cohort.
Kaplan-Meier curves were used to estimate survival probabilities, and the log-rank test was used to detect differences between
them. Multivariate fractional polynomial (MFP) analysis was used to model any non-linear effects and avoid categorization. To
evaluate the added prognostic value of lipids, the predictive power of two models (with and without lipids as covariates) was
compared by using Harrell's C-statistic and the Akaike information criterion (AIC).
Results: A total of 266 patients with non-mCRC were enrolled in the present study. Spearman rank correlation test showed that
TG levels inversely correlated with N stage (r¼�0.20, P¼ 0.00) and Tumor-Node-Metastasis (TNM) stage (r¼�0.19, P¼ 0.00).
HDL-C levels positively correlated with perineural invasion (PNI) (r¼ 0.15, P¼ 0.02), and LDL-C levels inversely correlated with
lymphovascular invasion (LVI) (r ¼ �0.12, P ¼ 0.04). None of the four lipids predicted overall survival (OS) in univariate or
multivariate analyses adjusted for age, gender, T stage, N stage, TNM stage, histological grade, tumor deposits, LVI, PNI, and
adjuvant treatment (all P > 0.05). In agreement, the Kaplan-Meier curves for OS according to the lipid quartiles were not
significantly different, as confirmed by the log-rank test (all P > 0.05). MFP analysis also found no significant associations between
lipid levels and OS (all P > 0.05). A prognostic model that included lipids had a higher Harrell's C-statistic and a lower AIC value
than did a model that did not include lipids (for Harrell's C-statistic: 0.82 vs. 0.77; for AIC: 398 vs. 432).
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Conclusion: Measuring preoperative serum lipid levels may be a simple and cost-effective way of increasing prognostic accuracy
in patients with non-mCRC treated with curative surgery.
© 2016 Chinese Medical Association. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Colorectal cancer (CRC) remains one of the leading
causes of cancer-related death worldwide despite a
significant decrease in its mortality rate in recent years.
Although non-metastatic CRC (non-mCRC) can be
potentially cured via radical surgery and adjuvant
therapy, this cancer often recurs. Several pathological
characteristics of CRC have prognostic significance
including Tumor-Node-Metastasis (TNM) staging,
histological grade, resection marginal status, perineural
invasion (PNI), and lymphovascular invasion (LVI).
However, the identification of additional factors is
required to fine-tune prognostic accuracy, and both
tumor-related and host-related factors should be
considered.

The serum lipid profile [total cholesterol (TC), tri-
glyceride (TG), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol
(HDL-C)] is one of the few host-related factors whose
relationship with CRC prognosis has been investigated.
Lipids, as key components of the cell membrane, are
required for tumor growth. Moreover, as an epidemi-
ological observation, statins, a class of drugs that lower
LDL-C levels, have been shown to reduce CRC risk1e4

and mortality rates.5,6 However, whether these pro-
tective effects result from LDL-C depletion7,8 or other
mechanisms9,10 is unclear.

Dyslipidemia has been associated with an increased
risk for CRC.11,12 However, whether it increases,6,8,13e16

decreases,17e20 or has no effect21 onmortality rates is still
controversial. In patients with metastatic CRC (mCRC)
with elevated LDL-C levels, a high LDL-C/HDL-C ratio
predicted poor prognosis.22 In patients with non-mCRC,
investigation of the usefulness of serum lipids as prog-
nostic indicators showed that adjuvant chemotherapy-
related elevations in HDL-C levels correlated with
longer disease free-survival and overall survival (OS)
time23; TC independently predicted tumor regression
after neoadjuvant chemoradiotherapy24; dyslipidemia
predicted a favorable prognosis in one study15 and a poor
prognosis in another18; and lowpretreatment serum levels
of C-reactive protein and cholesterol indicated a poor
prognosis.14

To further clarify the prognostic role of serum lipids
in CRC, we conducted a retrospective cohort study that
examined the effects of preoperative serum lipid levels
on the outcome of patients with non-mCRC after
curative surgery.

Material and methods

Patients

We retrospectively collected, reviewed, and
analyzed the medical information of all patients treated
with curative surgery for CRC at the Department of
Surgical Oncology at the Fourth People's Hospital of
Wuxi from January 2009 to December 2014. Patients
were excluded if they were diagnosed with other ma-
lignancies; died within 1 month after surgery; had a
metastatic disease, multiple synchronous CRCs, or a
history of diabetes mellitus or hypertension; had
received neoadjuvant treatment; or had an unknown
survival status. The following information was
collected from the medical charts and recorded: the
patient's name, age, and gender; the site and histology
of the CRC; the depth of the primary tumor invasion;
the number of metastatic lymph nodes, total lymph
nodes sampled, and tumor deposits; the histology
grade; PNI; LVI; tumor necrosis; and adjuvant treat-
ment. Patients were classified according to the guide-
lines of the 7th edition of American Joint Committee
on Cancer TNM Staging Manual. Patients with pre-
operative measurement of the four lipids (TC, TG,
LDL-C, or HDL-C) were eligible for the study. Since
the patients in our study were not prospectively fol-
lowed up, their survival status was determined by
consulting the death information registry at the Bureau
of Public Security in Wuxi. If the patient was not listed
in this registry, we interviewed via telephone either the
patient or a close relative.

This study was approved by our hospital's ethics
review board.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Further details regarding patient inclusion and
exclusion are shown in Fig. 1.

Lipid measurement

All lipid levels were measured preoperatively.
Serum lipids, including TC, TG, LDL-C, and HDL-C,
were routinely tested on the second day of hospital
admission in patients fasted for at least 8 h before
sampling. Blood (4e5 ml) was collected in ethylene
diamine tetraacetic acid (EDTA)-coated tubes. A
Roche Modular P800 Automatic Biochemistry
Analyzer was used to measure TC and TG levels (the
colorimetric method) and LDL-C and HDL-C (turbi-
dimetric immunoassay).

Statistical analysis

The Spearman rank correlation test was used to
analyze associations among continuous variables (age;
TC, TG, HDL-C, and LDL-C levels) and associations
between lipid levels and categorical variables including
gender (female/male), T stage (T1/T2/T3/T4a/T4b),
N stage (N0/N1a/N1b/N1c/N2a/N2b), TNM stage (I/
IIA/IIB/IIC/IIIA/IIIB/IIIC), histological grade (I/II/III),
tumor deposits (positive/negative), LVI (positive/
negative), PNI (positive/negative), and necrosis (yes/no).
Fig. 1. Flow chart of patient inclusion and exclusion. Ten patients with

inclusion.
Lipid levels were modeled as four equal-sized
quartiles based on the distribution among the whole
cohort. Kaplan-Meier curves were used to estimate
survival probabilities, and the log-rank test was used to
detect differences between them. The assumption of
proportionality was checked by including time-
dependent covariates in the model. Univariate and
multivariate Cox proportional hazards models were
used to test the independent prognostic significance of
each variable. To achieve better prediction by keeping
lipid levels continuous, multivariate fractional poly-
nomial (MFP) analysis was used to model any non-
linear effects and avoid categorization.25 Subgroup
analysis based on gender, TNM stage, and disease site
was used to identify potential confounding effects. To
evaluate the added prognostic value of lipids, the pre-
dictive power of two models (with and without lipids
as covariates) was compared by using Harrell's C-sta-
tistic and the Akaike information criterion (AIC). The
higher the Harrell's C-statistic and the lower the AIC
value, the better the performance (sensitivity and
specificity) of the model.26

All hypothesis tests were two-sided with P < 0.05
as statistically significant. All statistical analyses were
performed using STATA version 14.0 software (STATA
Corp, Texas, USA).
metastasis also received neoadjuvant therapy. exclusion;



Table 1

Basic and pathological characteristics of the cohort.

Characteristics n %

Gender

Male 137 51.5

Female 129 48.5

T stage

T1 3 1.1

T2 72 27.1

T3 107 40.2

T4a 80 30.1

T4b 4 1.5

N stage

N0 153 57.5

N1a 29 10.9

N1b 45 16.9

N1c 9 3.4

N2a 21 7.9

N2b 9 3.4

TNM stage

I 58 21.8

IIA 64 24.1

IIB 29 10.9

IIC 2 0.8

IIIA 13 4.9

IIIB 81 30.5

IIIC 19 7.1

Histological grade

I 80 30.1

II 128 48.1

III 42 15.8

Not determined 16 6.0

Tumor deposits

Positive 19 7.1

Negative 247 92.9

Number of LN sampled

�12 191 71.8

<12 75 28.2

LVI

Positive 41 15.4

Negative 215 80.8

Indeterminate 10 3.8

PNI

Positive 29 10.9

Negative 227 85.3

Indeterminate 10 3.8

Necrosis

Positive 38 14.3

Negative 228 85.7

Adjuvant treatment

Yes 152 57.1

No 114 42.9

Disease site

Colon 105 39.5

Rectum 161 60.5

TNM: Tumor-Node-Metastasis; LN: lymph nodes; LVI:

lymphovascular invasion; PNI: perineural invasion.
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Results

Patients

We screened 577 patients for study eligibility. Pa-
tients who received the neoadjuvant treatment were
excluded (56 patients, 55 with rectal cancer and one
with colon cancer), including 55 with neoadjuvant
chemotherapy, 26 with neoadjuvant radiation, and 1
(rectal cancer) with intra-artery neoadjuvant chemo-
therapy. Also excluded were patients with a previous
history of other malignancies (5 patients, 2 with breast
cancer, and one each with cervical cancer, endometrial
cancer, and prostate cancer) or CRC at multiple sites (7
patients); diabetes mellitus and/or high blood pressure
(12 patients); metastasis found in operation (5 patients)
or preoperative metastasis (44 patients), and patients
who died within 30 days postoperatively (2 patients).
Lipid levels were not measured in 185 patients.

Fifty-two patients had died as of December 2015
according to the death information registry of Wuxi.
We attempted to contact the remaining patients via
telephone during March 2016. Two additional deaths
not yet registered were identified, and five patients
were unreachable. Thus, 266 patients (104 with colon
cancer and 162 with rectal cancer), including 54 who
had died, were included in the present study.

The demographic and pathological characteristics
of the 266 patients are listed in Table 1. The study
cohort consisted of a roughly equal number of men and
women, with a median age of 65 years (range, 27e93
years). TC levels (mean ± SD: 4.34 ± 0.92 mmol/L for
the entire cohort) were normal in 76.3% (203/266) of
the patients, abnormally high in 21.1% (56/266) of the
patients, and abnormally low in 2.6% (7/266) of the
patients. TG levels (mean ± SD: 1.35 ± 0.66 mmol/L
for the entire cohort) were normal in 80.5% (214/266)
of the patients and abnormally high in 19.5% (52/266)
of the patients. HDL-C levels (mean ± SD:
1.11 ± 0.35 mmol/L for the entire cohort) were normal
in 98.5% (262/266) of the patients and abnormally
high in 1.5% (4/266) of the patients. LDL-C levels
(mean ± SD: 2.23 ± 0.66 mmol/L for the entire cohort)
were normal in 74.2% (193/260) of the patients and
abnormally high in 15.8% (67/260) of the patients
(lack of LDL-C information for 6 patients). Most pa-
tients had T3 disease, and more than half had N0
disease. More patients had stage IIIB disease, followed
by stage IIA disease. One to five tumor deposits were
found in 7.1% (19/266) of the patients, and 71.8%
(191/266) of the patients had 12 or more lymph nodes
sampled.
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Relationships of lipid levels with other variables

The levels of the four lipids were interdependent,
although HDL-C and LDL-C levels did not correlate
with each other (r ¼ 0.03, P ¼ 0.61). The relationships
between lipid levels and other variables are shown in
Table 2. Lipid levels were independent of age and
gender. TC levels did not correlate with any of the
tumor characteristics. TG levels inversely correlated
with N stage (r ¼ �0.20, P ¼ 0.00) and TNM stage
(r ¼ �0.19, P ¼ 0.00). HDL-C levels positively
correlated with PNI (r ¼ 0.15, P ¼ 0.02), and LDL-C
levels inversely correlated with LVI (r ¼ �0.12,
P ¼ 0.04).

Prognostic associations

The prognostic effects of the predictor variables
were constant over time, and there were linear re-
lationships between OS and the predictor variables (test
of the proportional hazards assumption, all P > 0.05).
Univariate analysis identified T stage (P ¼ 0.00), N
stage (P ¼ 0.00), TNM stage (P ¼ 0.00), histological
grade (P ¼ 0.03), tumor deposit status [hazard ratio
(HR) ¼ 2.64, 95% confidence interval (CI): 1.18e5.90,
P ¼ 0.03], PNI status (HR ¼ 2.39, 95% CI: 1.14e4.99,
P ¼ 0.03), and LVI status (HR ¼ 2.08, 95% CI:
1.07e4.03, P ¼ 0.04) as significant prognostic factors.
Necrosis (P ¼ 0.75), adjuvant treatment (P ¼ 0.23),
Table 2

Correlations between TC, TG, HDL-C and LDL-C levels and patients'
characteristics.

Characteristics TC TG HDL-C LDL-C

r P r P r P r P

Age 0.08 0.21 �0.05 0.46 0.08 0.20 0.10 0.11

Gender 0.10 0.10 �0.01 0.87 0.10 0.11 0.04 0.47

T stage �0.03 0.62 �0.10 0.12 �0.02 0.69 0.00 0.96

N stage �0.02 0.75 �0.20 0.00 0.09 0.14 �0.04 0.49

TNM stage �0.03 0.60 �0.19 0.00 0.06 0.29 �0.04 0.51

Histological

grade

0.02 0.78 �0.04 0.53 0.01 0.84 0.03 0.69

Tumor

deposits

0.09 0.13 �0.12 0.04 0.09 0.13 0.11 0.07

LVI �0.07 0.24 �0.08 0.22 0.11 0.09 �0.12 0.04

PNI 0.02 0.72 �0.04 0.48 0.15 0.02 �0.04 0.50

Necrosis �0.07 0.24 �0.05 0.45 0.05 0.45 �0.05 0.42

Spearman's rank correlation test was used to detect the associations

between variables.

TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipo-

protein cholesterol; LDL-C: low-density lipoprotein cholesterol;

TNM: Tumor-Node-Metastasis; LVI: lymphovascular invasion; PNI:

perineural invasion.
and number of lymph nodes sampled (P ¼ 0.79) did
not predict patient survival. Multivariate analysis
showed that only T stage (P ¼ 0.01), N stage
(P ¼ 0.02), and TNM stage (P ¼ 0.04) were inde-
pendent prognostic factors in our cohort.

When included as categorical variables, none of the
four lipids predicted OS in univariate or multivariate
analyses adjusted for age, gender, T stage, N stage,
TNM stage, histological grade, tumor deposits, LVI,
PNI, and adjuvant treatment (Tables 3 and 4). In
agreement, the Kaplan-Meier curves for OS according
to the lipid quartiles were not significantly different, as
confirmed by the log-rank test (Figs. 2e5). MFP
analysis also found no significant associations between
lipid levels and OS (TC: P ¼ 0.46, TG: P ¼ 0.05,
LDL-C: P ¼ 0.73, HDL-C: P ¼ 0.15).

Subgroup analyses based on gender, disease site,
and TNM stage were performed. The results of these
analyses showed no significant correlation between
lipid levels and OS in these subgroups (all P > 0.05)
(Table 5).

Comparison of models

The predictive power of two models (one with and
one without lipid levels as variables) was compared
using Harrell's C-statistic and the AIC. A model with
Table 3

Univariate prognostic analysis of TC, TG, HDL-C and LDL-C.

Lipids HR (95% CI) P

TC (mmol/L)

Q1 (2.42e3.69) 1.00

Q2 (3.70e4.24) 0.94 (0.42e2.09) 0.88

Q3 (4.25e4.84) 0.93 (0.42e2.07) 0.86

Q4 (4.85e7.25) 0.67 (0.28e1.60) 0.37

TG (mmol/L)

Q1 (0.45e0.90) 1.00

Q2 (0.91e1.18) 0.68 (0.30e1.50) 0.34

Q3 (1.19e1.56) 0.71 (0.32e1.58) 0.40

Q4 (1.57e4.73) 0.66 (0.30e1.47) 0.31

HDL-C (mmol/L)

Q1 (0.43e0.85) 1.00

Q2 (0.86e1.06) 0.74 (0.29e1.88) 0.53

Q3 (1.07e1.31) 1.32 (0.58e3.01) 0.51

Q4 (1.32e2.78) 1.32 (0.58e3.01) 0.51

LDL-C (mmol/L)

Q1 (0.85e1.70) 1.00

Q2 (1.71e2.18) 1.11 (0.50e2.48) 0.80

Q3 (2.19e2.63) 0.50 (0.18e1.34) 0.17

Q4 (2.64e4.29) 1.12 (0.50e2.49) 0.79

TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipo-

protein cholesterol; LDL-C: low-density lipoprotein cholesterol; HR:

hazard ratio; CI: confidence interval.



Fig. 4. Kaplan-Meier curve for overall survival according to quar-

tiles of high-density lipoprotein cholesterol level.

Fig. 2. Kaplan-Meier curve for overall survival according to quar-

tiles of total cholesterol level.

Fig. 3. Kaplan-Meier curve for overall survival according to quar-

tiles of triglyceride level.

Fig. 5. Kaplan-Meier curve for overall survival according to quar-

tiles of low-density lipoprotein cholesterol level.

Table 4

Multivariate prognostic analysis of TC, TG, HDL-C and LDL-C.

Lipids HR (95% CI) P

TC (mmol/L)

Q1 (2.42e3.69) 1.00

Q2 (3.70e4.24) 0.83 (0.32e2.18) 0.70

Q3 (4.25e4.84) 1.02 (0.41e2.53) 0.97

Q4 (4.85e7.25) 0.44 (0.16e1.21) 0.11

TG (mmol/L)

Q1 (0.45e0.90) 1.00

Q2 (0.91e1.18) 0.61 (0.24e1.57) 0.31

Q3 (1.19e1.56) 0.76 (0.30e1.95) 0.57

Q4 (1.57e4.73) 1.06 (0.43e2.57) 0.90

HDL-C (mmol/L)

Q1 (0.43e0.85) 1.00

Q2 (0.86e1.06) 0.69 (0.21e2.24) 0.54

Q3 (1.07e1.31) 1.67 (0.61e4.59) 0.32

Q4 (1.32e2.78) 1.39 (0.48e4.07) 0.54

LDL-C (mmol/L)

Q1 (0.85e1.70) 1.00

Q2 (1.71e2.18) 0.62 (0.24e1.60) 0.32

Q3 (2.19e2.63) 0.38 (0.13e1.12) 0.08

Q4 (2.64e4.29) 0.81 (0.32e2.03) 0.65

Multivariate Cox proportional hazards regression analysis adjusted by

age, gender, T stage, N stage, TNM stage, histological grade, tumor

deposits, lymphovascular invasion, perineural invasion, and adjuvant

treatment. TC: total cholesterol; TG: triglyceride; HDL-C: high-

density lipoprotein cholesterol; LDL-C: low-density lipoprotein

cholesterol; HR: hazard ratio; CI: confidence interval; TNM: Tumor-

Node-Metastasis.
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perfect predictive capacity (100% sensitivity and
specificity) would have a Harrell's C-statistic of 1.00;
hence, the higher the value, the better the model. The
AIC assesses how well the model fits the data and the
complexity of the model. The lower the AIC value, the
lower the loss of information for predicting survival
outcome. In our comparison, the model with lipids had
a higher Harrell's C-statistic (model with lipids vs.
model without lipids: 0.82 vs. 0.77) and a lower AIC
value (model with lipids vs. model without lipids: 398
vs. 432) than did the model without lipids, and thus
was the better model.

Discussion

The finding that lipid metabolism is abnormal in
CRC is somewhat paradoxical. On one hand, reductions
in serum cholesterol levels prior to CRC diagnosis have
been observed.27 On the other hand, the levels of TC
and LDL-C and the LDL-C/HDL-C ratio are signifi-
cantly higher in patients with CRC with distant me-
tastases than in those without metastases.28 It appears
that host serum lipid levels vary as the CRC evolves.

To the best of our knowledge, this is one of the few
studies that focus on the prognostic role of the pre-
treatment lipid profile in patients with non-mCRC. The
three other studies that addressed this issue were not



Table 5

Subgroup analysis of TC, TG, HDL-C and LDL-C based on gender, disease site and TNM stage in univariate Cox proportional hazards regression

model.

Lipids Gender Disease site TNM stage

Male

HR (95% CI)

Female

HR (95% CI)

Colon cancer

HR (95% CI)

Rectal cancer

HR (95% CI)

Stage I, II

HR (95% CI)

Stage III

HR (95% CI)

TC (mmol/L)

Q1 (2.42e3.69) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (3.70e4.24) 0.78 (0.28e2.20) 1.45 (0.36e5.80) 1.26 (0.32e5.05) 0.74 (0.28e1.99) 0.92 (0.23e3.70) 0.96 (0.36e2.57)
Q3 (4.25e4.84) 0.47 (0.14e1.52) 2.00 (0.53e7.55) 1.59 (0.45e5.65) 0.61 (0.21e1.76) 1.10 (0.30e4.11) 0.87 (0.31e2.39)

Q4 (4.85e7.25) 0.72 (0.24e2.15) 0.79 (0.18e3.53) 1.13 (0.25e5.05) 0.48 (0.16e1.38) 0.45 (0.82e2.44) 0.81 (0.29e2.23)

TG (mmol/L)

Q1 (0.45e0.90) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (0.91e1.18) 0.65 (0.22e1.89) 0.78 (0.23e2.72) 0.68 (0.21e2.23) 0.65 (0.22e1.93) 5.65 (0.68e46.90) 0.33 (0.11e0.99)

Q3 (1.19e1.56) 0.60 (0.20e1.74) 0.94 (2.71e3.24) 0.36 (0.09e1.45) 1.10 (0.41e2.96) 3.49 (0.41e29.83) 0.74 (0.27e2.06)

Q4 (1.57e4.73) 0.42 (0.13e1.35) 1.12 (0.34e3.69) 0.50 (0.12e2.00) 0.76 (0.28e2.04) 2.08 (0.22e20.02) 0.83 (0.33e2.05)

HDL-C (mmol/L)

Q1 (0.43e0.85) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (0.86e1.06) 0.78 (0.21e2.90) 0.71 (0.19e2.66) 1.33 (0.36e4.96) 0.41 (0.10e1.63) 0.59 (0.11e3.21) 0.57 (0.18e1.76)

Q3 (1.07e1.31) 0.97 (0.15e4.01) 0.42 (0.10e1.76) 0.99 (0.22e4.42) 1.39 (0.50e3.83) 1.40 (0.35e5.60) 0.84 (0.30e2.37)
Q4 (1.32e2.78) 0.92 (0.25e3.44) 1.48 (0.49e4.42) 2.93 (0.79e10.92) 0.85 (0.30e2.46) 1.82 (0.49e6.80) 0.72 (0.25e2.06)

LDL-C (mmol/L)

Q1 (0.85e1.70) 1.00 1.00 1.00 1.00 1.00 1.00

Q2 (1.71e2.18) 0.88 (0.29e2.61) 1.52 (0.44e5.19) 1.16 (0.31e4.32) 1.08 (0.39e2.99) 0.76 (0.19e3.04) 1.58 (0.59e4.24)
Q3 (2.19e2.63) 0.37 (0.10e1.42) 0.72 (0.16e3.21) 0.48 (0.09e2.63) 0.50 (0.15e1.72) 0.57 (0.13e2.54) 0.50 (0.13e1.94)

Q4 (2.64e4.29) 1.00 (0.34e3.00) 1.32 (0.39e4.62) 1.30 (0.35e4.83) 1.02 (0.3e2.82) 0.82 (0.21e3.28) 1.45 (0.54e3.91)

TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein; TNM: Tumor-Node-

Metastasis; HR: hazard ratio; CI: confidence interval.
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designed specifically for lipid analysis. One of these
studies investigated both serum albumin and choles-
terol, in which although not statistically significant for
cholesterol levels, patients with low serum albumin
and low cholesterol levels had shorter OS than patients
with normal serum albumin and normal cholesterol
levels.14 That study had a small sample size (only 99
patients). The other two studies did not examine the
four lipids separately, but instead focused on dyslipi-
demia as a whole, and had conflicting results regarding
the prognostic role of dyslipidemia.15,18 Although
univariate or multivariate analyses showed that none of
the four lipids predicted OS in our study, the inverse
correlation of TG level with N stage and TNM stage
and LDL-C with LVI indicates a less advanced tumor
in patients with higher TG and LDL-C levels, whereas
the positive correlation between HDL-C and PNI in-
dicates a more advanced tumor in patients with higher
HDL-C level.

The biological mechanism underlying the protective
effects of dyslipidemia in non-mCRC has not been well
elucidated. In the metastatic setting where the tumor
load is high, excessive tumor lipogenesis may account
for increased serum lipid levels, as suggested by pre-
vious observations.28 However, in non-metastatic dis-
ease where the tumor load is fairly low, dyslipidemia is
most likely host-related. A previous study showed that
oxidized LDL-C receptor 1 (OLR1) stimulated prolif-
eration, migration, de novo lipogenesis and inhibited
apoptosis by activating nuclear factor-kB (NF-kB)
target genes.29 We suggest that host-related dyslipide-
mia reduces the malignant potential of tumors by
downregulating OLR1-mediated signaling.30 Future
studies are needed to test this hypothesis.

The present study included established prognostic
factors routinely used in clinical practice, such as TNM
stage, histological grade, tumor deposit status, LVI,
and PNI. The prognostic significance of these factors in
our study and previous studies was similar. With the
inclusion of lipids, the performance of the new prog-
nostic model was improved statistically. Although this
finding shows that serum lipids add prognostic value,
questions regarding the clinical significance of such
added value remain. Nevertheless, the simplicity and
cost-effectiveness of serum lipid measurement make it
an appealing potential prognostic tool.

Several limitations of our study should be noted.
First, because the sample size was relatively small,
the study may not have had sufficient power to detect
meaningful associations between lipid profiles and
clinical outcomes. Hence, the effects observed may
be weak but true effect or a mere artifact. Second,
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recurrence information was lacking. In postoperative
cancer patients, prognostic factors tend to better
predict recurrence than OS. Third, confounding fac-
tors such as use of statins were not examined. Some
studies suggest that the administration of statins to
patients with dyslipidemia accounts for the antineo-
plastic effects of dyslipidemia.7,8 Statins may combat
cancer not by lowering LDL-C levels, but by inhib-
iting protein prenylation in cancer cells.31 In our
hospital, as in many hospitals throughout China,
simple dyslipidemia is difficult to diagnose and is
rarely treated. The majority of patients in our cohort
had normal or slightly abnormal lipid levels, and the
number of patients who received statins was probably
negligible. Dyslipidemia often accompanies other
metabolic syndrome disorders such as diabetes mel-
litus, hypertension, and central obesity, all of which
are associated with poor prognosis. Confounding of
our results by metabolic syndrome disorders is un-
likely, since we excluded patients with a history of
diabetes mellitus or hypertension.

Conclusions

In summary, our results corroborate those of pre-
vious studies showing positive effects of dyslipidemia
on the survival of patients with cancer. Although the
lipid profile appears to provide additional information
about the non-mCRC mortality risk, questions
regarding the clinical significance of this information
remain. We recommend further investigation of the
prognostic value of the lipid profile as measurement of
serum lipids is both simple and cost-effective.

Conflicts of interest

All authors declare no conflicts of interests.

References

1. Clancy Z, Keith SW, Rabinowitz C, Ceccarelli M, Gagne JJ,

Maio V. Statins and colorectal cancer risk: a longitudinal study.

Cancer Causes Control. 2013;24:777e782.

2. Lakha F, Theodoratou E, Farrington SM, et al. Statin use and

association with colorectal cancer survival and risk: case control

study with prescription data linkage. BMC Cancer. 2012;12:487.

3. Broughton T, Sington J, Beales IL. Statin use is associated with a

reduced incidence of colorectal cancer: a colonoscopy-controlled

caseecontrol study. BMC Gastroenterol. 2012;12:36.

4. Simon MS, Rosenberg CA, Rodabough RJ, et al. Prospective

analysis of association between use of statins or other lipid-

lowering agents and colorectal cancer risk. Ann Epidemiol.

2012;22:17e27.
5. Siddiqui AA, Nazario H, Mahgoub A, Patel M, Cipher D,

Spechler SJ. For patients with colorectal cancer, the long-term

use of statins is associated with better clinical outcomes. Dig

Dis Sci. 2009;54:1307e1311.

6. Panagiotakos DB, Pitsavos C, Polychronopoulos E, et al. Total

cholesterol and body mass index in relation to 40-year cancer

mortality (the Corfu cohort of the seven countries study). Cancer

Epidemiol Biomarkers Prev. 2005;14:1797e1801.

7. Colli JL, Amling CL. High cholesterol levels are associated with

reduced prostate cancer mortality rates during periods of high

but not low statin use in the United States. Urol Oncol.

2009;27:170e173.

8. T€ornberg SA, Holm LE, Carstensen JM, Eklund GA. Cancer

incidence and cancer mortality in relation to serum cholesterol.

J Natl Cancer Inst. 1989;81:1917e1921.

9. Clendening JW, Penn LZ. Targeting tumor cell metabolism with

statins. Oncogene. 2012;31:4967e4978.

10. Wolfe AR, Atkinson RL, Reddy JP, et al. High-density and very-

low-density lipoprotein have opposing roles in regulating tumor-

initiating cells and sensitivity to radiation in inflammatory breast

cancer. Int J Radiat Oncol Biol Phys. 2015;91:1072e1080.

11. Radi�sauskas R, Kuzmickien _e I, Milinavi�cien_e E, Everatt R.

Hypertension, serum lipids and cancer risk: a review of epide-

miological evidence. Medicina (Kaunas). 2016;52:89e98.

12. Yao X, Tian Z. Dyslipidemia and colorectal cancer risk: a meta-

analysis of prospective studies. Cancer Causes Control.

2015;26:257e268.

13. Isles CG, Hole DJ, Gillis CR, Hawthorne VM, Lever AF. Plasma

cholesterol, coronary heart disease, and cancer in the Renfrew

and Paisley survey. BMJ. 1989;298:920e924.
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