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Abstract: The cholesterol has been reported to be associated with cancer development. The aim of our study was
to investigate the serum cholesterol level (TC) in non-small cell lung cancer (NSCLC) patients and their association
with clinicopathologic parameters and the prognosis. The serum cholesterol levels were evaluated in 259 resected
NSCLC patients and were correlated with clinicopathologic variables including age, gender, tumor size, regional
lymph node metastasis, disease-free survival time and overall survival time. Preoperative serum TC level was sig-
nificantly associated with gender (P=0.001), smoking history (P=0.016), tumor differentiation (P=0.027), pT stage
(P<0.001) and pN stage (P=0.009). Multivariate analyses indicated that decreased serum TC level was an indepen-
dent prognostic factor for worse outcome. The hazard ratio was 1.89 (95% confidence interval [CI] 1.09-3.26) for
disease progression and 2.19 (95% Cl 1.01-4.74) for death. Based on this finding, the pretreatment serum choles-

terol level is a novel independent prognostic biomarker in resectable NSCLC.
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Introduction

Lung cancer, contributed to 29% of male and
26% of female cancer estimated deaths, is the
leading cause of cancer death in both devel-
oped and developing countries [1]. Non-small
cell lung cancer (NSCLC) represents 85% of
patients diagnosed with lung cancer. Radical
surgery is thought to be the single modality that
can provide opportunity of cure and long-time
survival [2]. However, despite the continuous
progress and efforts in the treatment, the five-
year overall survival rate is not over 50-60%.
Furthermore, nearly 40-50% of patients with
newly diagnosed NSCLC have distant organ
metastasis. For metastatic or locally advanced
NSCLC, radiochemotherapy is the standard
method. Yet it remains unknown which patients
might benefit from systemic treatment [3-5]. To
improve treatment strategies, predictors of the
prognosis would be helpful. However, up to
now, most of these markers had not been prov-
en to be sufficiently effective [6, 7].

Recently, evidence suggested that lipid metab-
olism is associated with cancer development

[8-10]. Some studies found that dietary choles-
terol was associated with an increased risk of
lung cancer [11, 12]. The association between
serum total cholesterol (TC) and the risk of lung
cancer also remains controversial [13-15]. In a
large case-control study, serum total cholester-
ol (TC) concentration was significant lower in
lung cancer patients and in comparison with
the control group [16]. But there were no statis-
tically significant differences of TC level between
the clinical stages of each histological type.
Although TC level widely used to predict progno-
sis of patients with coronary heart disease,
there are a few studies that focus on its role as
a prognostic marker in lung cancer [17].

In this retrospective study, this study aimed to
investigate the clinical implication of the preop-
erative serum TC level in patients with NSCLC
treated with complete resection at a single
institution.

Patients and methods

A total of 298 consecutive NSCLC patients who
underwent complete resection (lobectomy and
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Table 1. Relationship between serum TC level and clinicopatho-

logical characteristics in 259 NSCLC

IASLC) [18]. The post-operation
staging was carried out by
exhaustive procedures accord-

Variables Pa:g/r:)ts, Serum TC level P ing to the 2010 7% TNM
Low (€200  High (>200 Classification of Malignant
mg/dL) N (%) mg/dL) N (%) Tumors staging system [19].

Gender The study was approved by the
Male 189 59 (31.2) 130 (68.8) 0.001 Ethics Committee of Jiaxing
Female 70 8(11.4) 62 (88.6) people’s hospital. Detailed clin-

Age, years ical and pathological informa-
<60 114 31 (27.2) 83 (72.8) 0.666 tion, including patients’ age,
>60 145 36(24.8) 109 (75.2) gender, smoking status, TNM

Smoking history stage and disease-free survival
Yes 174  53(305) 121(69.5) 0.016 (DFS), overall survival (0S) data
No 85 14 (16.5) 71 (83.5) wgre available for gll patients.

Histology type Dlsease_—free survwa_ll (DFS)

] was defined as the time from
Adenocarcinoma 124 27 (21.8) 97 (78.2) 0.149 surgery to any recurrence.
Non-adenocarcinoma 135 40 (29.6) 95 (70.4) Overall survival (OS) was calcu-

Tumor differentiation lated as the time from the date
Well 17 2(11.8) 15(88.2)  0.027 of surgery to death or censor-
Moderate 137 29 (21.2) 108 (78.8) ing. Adjuvant treatment, such
Low 105 36 (34.3) 69 (65.7) as chemotherapy, radiotherapy

T stage and target therapy was deter-
T, 195  34(174) 161(826) <0001  Mined by the clinicopathologi-
T 64 33 (51.6) 31 (48.4) cal stagg apcordmg to the
p 34 NCCN guideline. One hundred

N stage .

P and twenty-two patients
»No 132 25(18.9) 107(81.1)  0.009 (47.1%) received adjuvant che-
oN. 127 42(33.1)  85(66.9) motherapy or radioradiothe-

pTNM stage rapy.

-1l 179 31(17.3) 148 (82.7) <0.001
-V 80 36 (45.0) 44 (55.0) All patients were followed up

mediastinal lymph node dissection with micro-
scopic examination of margins showing no
tumor cells) from January 2011 to July 2014 at
the Jiaxing first hospital were enrolled in this
study. All patients met the following eligible cri-
teria: (1) all patients did not have previous
malignant disease; (2) no patient receive pre-
operative chemotherapy or radiotherapy; (3)
those with concomitant disease suspected of
influencing serum TC concentration, such as
diabetes, hyperlipidemia, were excluded; (4)
patients took any drug known to affect lipid
metabolism were excluded. Finally, a total of
259 NSCLC patients enrolled in this study.
There were 189 men and 70 women with a
median age of 60 years (range: 37-82 years).
Histological sub-classification was based on
the classification criteria for lung tumors of the
World Health Organization and International
Association for the Study of Lung Cancer (WHO/
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for a median of 25 months
(range, 3-65) by physical exam-
ination, blood evaluation, and chest computer
tomography (CT) and other radiological studies
when necessary at every 3 months for the first
2 years after operation, a 6-month interval in
the third year and annual thereafter.

Peripheral blood samples (3 ml) were primarily
obtained in early morning before breakfast
from all patients at hospitalization. Blood sam-
ples were collected into EDTA-coated tubes and
the preoperative serum TC levels were mea-
sured automatically by electrophoresis (Archi-
tect ¢i8200 analyzer; Abbott Diagnostics,
Wiesbaden, Germany). According to the Na-
tional Cholesterol and Education Program
(NCEP) Adult Treatment Panel Ill criteria (NCEP-
ATPIII) [20], a serum concentration of TC more
than 200 mg/dl was defined as hypercholester-
olemia. The eligible patients were divided into
two groups: the low TC group and the hypercho-
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those with T, , (245.70 mg/
dL vs. 205.91 mg/dL,
P<0.001), in patients with-
out regional lymph node
metastasis than those with
regional lymph node metas-
tasis (240.91 mg/dL vs.
230.63 mg/dL, P=0.028),
in early stages (I-1l) than in
advantage stages (llI-IV)
(244.20 mg/dL vs. 217.21
mg/dL, P<0.001). However,
no significant differences in
mean levels of preopera-
tive serum TC were ob-
served between different
age (<60 vs. >60) and dif-

I
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Figure 1. Correlation between pretreatment serum C-reactive protein (CRP) lev-

els and pretreatment serum TC level.

lesterolemia group, according to the above cut-
off value.

The preoperative serum TC level was analyzed
as a continuous variable and a categorical vari-
able after grouping by the low TC group and the
hypercholesterolemia group. Pearson’s chi
squared test was used to analyze the relation-
ship between categorical TC groups with clini-
copathological characteristics. Progression-
free and overall survival was analyzed by Cox
proportional hazards regression and Kaplan-
Meier curves. All statistical calculations were
performed with SPSS 15.0 (Chicago, IL). P<0.05
was considered statistical significance.

Results

Preoperative serum TC level and clinicopatho-
logical parameters

The mean * standard deviation preoperative
serum TC level was 235.87+53.46 mg/dL
(median: 232 mg/dL, range: 38.93-546.67
mg/dL). The relationship between the preoper-
ative serum TC level and clinicopathological
parameters are shown in Table 1. The preoper-
ative serum TC level was found to be signifi-
cantly higher in female patients than that in
male patients (mean: 249.02 mg/dL vs. 231.00
mg/dL, P=0.016), in patients with T, , than
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! | ferent histology types (ade-

nocarcinoma vs. non-ade-
nocarcinoma).

A total of 67 (25.9%) had
low serum TC level (£200
mg/dL), while 192 (74.1%)
had hypercholesterolemia. Preoperative serum
TC level was significantly associated with gen-
der (P=0.001), smoking history (P=0.016),
tumor differentiation (P=0.027), pT stage
(P<0.001), pN stage (P=0.009) and pTNM stage
(P<0.001), but not with age (P=0.666) and his-
tology type (P=0.149).

Relationship between serum TC level and CRP

The median concentration of preoperative CRP
was 5.89 mg/L. An elevated median CRP level
was significant for the patients with a low serum
TC level (P=0.032). Spearman’s correlation
revealed that the serum TC level was inversely
correlated with the serum CRP levels (r=0.179,
P<0.001) (Figure 1).

Relationship between preoperative serum TC
level and prognosis

The median postoperative follow-up time was
26 months. During the follow-up, 59 patients
(22.8%) were reported treatment failure, 18
patients experienced locoregional recurrence,
32 patients developed distant organ metasta-
sis and 9 patients developed both. Overall, 30
patients died from cancer disease. The 3-year
disease-free survival and overall survival rates
were 67.6% and 67.9%. Patients with hypercho-
lesterolemia had higher 3-year disease-free
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Figure 2. Kaplan-Meier survival curves estimates of 259 patients with NSCLC treated with surgery. Pretreatment
serum TC level was categorized according to the threshold of 200 mg/dL. A. Patients with hypercholesterolemia
had higher 3-year disease-free survival rate (69.1% vs. 61.9%) than those with low serum TC level. Patients with
hypercholesterolemia had better disease-free survival (P=0.007). B. Patients with hypercholesterolemia had higher
overall survival rate (75.1% vs. 88.7%) than those with low serum TC level. Patients with hypercholesterolemia had
better overall survival (P=0.008).

Table 2. Univariate analysis for clinicopathological variables affecting DFS and OS in 259 NSCLC

Variables Category DFS 0S
HR (95% Cl) P HR (95% Cl) P

Gender Male vs. Female 1.07 (0.64-1.91) 0.809 0.98(0.44-2.21) 0.963
Age >60 vs. <60 1.42(0.84-2.41) 0.195 2.56(1.13-5.01) 0.035
Smoking history Yes vs. No 1.11(0.64-1.92) 0.710 0.97 (0.45-2.07) 0.927
Histology type Non-ade vs. ade 1.27 (0.76-2.12) 0.368 2.23(1.02-4.88) 0.044
Tumor differentiation Low vs. well and moderate  1.31(0.78-2.18) 0.306  1.10 (0.54-2.27) 0.790

.1 stage oTaaVs: To, 2.71(1.62-4.55) <0.001 3.32(1.61-6.89) 0.001

N stage N, vs. Ny 2.14 (1.25-3.65) 0.005 1.77 (0.84-3.73) 0.134
Serum TC level Low vs. High 2.02(1.20-3.42) 0.008 2.59(1.25-5.36) 0.011

DFS: disease-free survival; OS: Overall survival.

survival rate (69.1% vs. 61.9%) and overall sur-
vival rate (75.1% vs. 88.7%) than those with low
serum TC level. The Kaplan-Meier survival
curves indicated that patients with hypercho-
lesterolemia had better disease-free survival
(P=0.007, Figure 2A) and overall survival
(P=0.008, Figure 2B) than patients with low TC
level. In univariable analysis, pT stage and
serum TC level were all significantly associated
with DFS and OS. pN stage was significantly
associated with OS (Table 2). In multivariable
models, serum TC level was identified as an
independent prognostic factor (Table 3).
Patients with low preoperative serum TC level
had increased risk of cancer progression and
death compared with those had hypercholes-
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terolemia. After adjusting for the effect of pT
stage and pN stage, patients with low serum TC
level had a 1.89-time increased risk of disease
progression compared with those with hyper-
cholesterolemia. After adjusting for the effect
of pT stage, patients with low serum TC level
had a 2.19-time increased risk of death com-
pared with those with hypercholesterolemia.

Discussion

NSCLC remains a highly lethal disease with a
poor prognosis. Although several clinicopatho-
logic variables, such as TNM stage system,
have been the standards for determining the
clinical prognosis of NSCLC patients, some
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Table 3. The impact of serum TC level on DFS and

0OS in 259 NSCLC patients by multivariate Cox
regression analysis

DFS HR  95%Cl

p

Serum TC level >200 mg/dL 1
Serum TC level <200 mg/dL
0s

Serum TC level >200 mg/dL 1

Serum TC level <200 mg/dL 2.19 1.01-4.74 0.047

1.89 1.09-3.26 0.023

DFS: Disease-free survival; OS: Overall survival; HR: Hazard
ratio; Cl: Confidence interval.

patients with similar clinical stage have remark-
ably different survival prognosis. Therefore, it is
necessary to identify effective biologic markers
which are associated with advanced tumor pro-
gression for the discovery of a therapeutic tar-
get. In current study, there are two main find-
ings according to our data. First of all, the pre-
operative serum TC level in NSCLC patients
was significantly correlated with advanced
tumor progression and aggressive clinicopath-
ologic characteristics. Second, the influence of
preoperative serum TC level on patients’ prog-
nosis was assessed by Kaplan-Meier analysis,
and the results showed that NSCLC patients
with low preoperative serum TC level had short-
er survival time (DFS and 0OS) than those with
high preoperative serum TC level. Moreover,
both univariate and multivariate analyses clear-
ly revealed that the preoperative serum TC level
was a statistically significant risk factor affect-
ing DFS and OS of patients with NSCLC.

Cancers are the most complicated diseases
because of its genetic heterogeneity and com-
plexity. Recently, obesity, diabetes, and hyper-
cholesterolemia are being considered as impor-
tant risk factors for cancer [21, 22]. However,
the mechanism that account for the associa-
tion between the low TC level and unfavorable
outcome in patients with NSCLC remains
unclear. So far, as we know, cholesterol plays a
very important role in the maintenance of cell
membrane and modulation membrane fluidity
and function, including transmembrane signal-
ing and cell adhesion to the extracellular matrix.
Xu et al found out that the proliferating cancer
cells depends on either de novo synthesis in
endoplasmic reticulum and acquisition from
blood via low-density lipoprotein (LDL) receptor
mediated endocytosis [23]. Increased LDL-
receptor activity has been observed in patients
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with lung cancer [24]. Cancer cells need to
secrete a hypocholesterolemic factor that
stimulates LDL-receptor activity [25]. More-
over, serum TC level was associated with
impairing the function of the immune system.
For instance, Muldoon et al reported that
compared with the high cholesterol group,
patients with hypocholesterolemic had signifi-
cantly fewer circulating lymphocytes, fewer
total T cells, and fewer CD8+ cells [26]. Low
serum cholesterol may be associated with low
serum antioxidant reserve, possibly increas-
ing susceptibility to oxidative stress [27]. As
we know, chronic inflammatory was related
with  NSCLC development and progression.
Inflammatory proteins, such as interleukin-6,
interleukin-10 or CRP, are reported to be higher
in patients with hypocholesterolemia [28].
Additional, an elevated serum interleukin-6
level is reported to be associated with a
decreased serum TC level [29]. In our study,
preoperative serum TC level was inversely relat-
ed with patients smoking status. Furthermore,
a strong correlation between preoperative
serum TC level and CRP was found. Thus, we
infer that one possible mechanism is that hypo-
cholesterolemia is an epiphenomenon of the
systemic inflammatory response. Based on
these findings, the impact of cholesterol on
human immune system and inflammatory
response may influence the tumor cell prolifer-
ation and metastasis. However, further experi-
ments are needed to clarify the mechanism of
this association.

This study highlighted important clinical impli-
cations of the preoperative serum TC level in
patients with operable NSCLC. Patients with
low serum TC level exhibited with favorable out-
come. However, this study has many limita-
tions. First of all, our study was a retrospective
study, and information on post-treatment recur-
rence was insufficient. Second, the change of
serum TC level during the follow-up was not
recorded. Furthermore, median follow-up time
of 26 months was relatively short, although
DFS and OS were significant difference between
patients with low serum TC level and those with
hypercholesterolemia. A prospective study is
required to determine the prognostic and treat-
ment value of cholesterol.

In summary, we found that preoperative serum
TC level was related with TNM staging and actu-
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ally was useful in the identification and follow-
up of high-risk groups of recurrence in operable
NSCLC patients. Both univariate and multivari-
ate analyses indicated that a low preoperative
serum TC level was associated with a shorter
DFS and 0S. Therefore, consideration of the
preoperative serum TC level might provide addi-
tional prognostic information for patients with
operable NSCLC.
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