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A B S T R A C T

Background: The alterations of lipid profile in cancer has been reported to be associated with cancer develop-
ment. However, the prognostic value of serum lipid markers level in cancer is currently under debate. Here we
performed a meta-analysis to investigate the prognostic significance of serum blood total cholesterol (TC),
Triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C)
for cancer.
Methods: We systematically searched in PubMed and EMBASE for follow-up studies to evaluate the association
between blood TC, TG, HDL-C, LDL-C and overall survival (OS) or disease-free survival (DFS) in patients with
cancer. Pooled hazard ratio (HR) and 95% CIs were pooled using the random models. Subgroup and sensitivity
analyses were also performed.
Results: Twenty-six studies including 24655 individuals were identified. For patients with higher TC before
diagnosis, the summary HR were 0.82 (95% CI 0.75–0.90) for OS, 0.920 (95% CI, 0.849–0.997) for DFS. Patients
with higher HDL-C had a 37% reduced risk of death compared with lower HDL-C (HR 0.63, 95%CI 0.47–0.86,
P < 0.001). As for DFS, patients with higher HDL-C level had the risk of disease relapse reduced by 35% (HR
0.65, 95% CI, 0.48–0.89, P < 0.001) compared with patients with lower levels.
Conclusions: After pooled analysis, only TC and HDL-C were significantly associated with cancer survival. Our
findings demonstrate for the first time that serum TC and HDL-C was identified as a protective factor for overall
survival in cancer patients.

1. Introduction

Advances in understanding mechanisms underlying cancer biology
have resulted in the identification of novel therapeutic targets that have
prolonged the lives of some patients with cancer. Nevertheless, strati-
fying risk before giving treatments remain significant challenges for
oncologists. Clinicians currently relies exclusively on the TNM staging
system based on preoperative imaging or biopsy to do risk stratification
[1–6], which cannot always accurately predict the benefit from therapy
and risk of disease recurrence in cancer patients [7,8]. Therefore,
finding new prognostic biomarkers which can contribute to better
stratify cancer risk and select patients who can most benefit from
treatments could be especially useful.

Currently, abnormal lipid metabolism is increasingly recognized as
important mechanism of carcinogenesis, and it has been widely eval-
uated that disorders in lipid and lipoprotein metabolism as a result of

metabolic syndrome, overweight and obesity, might be associated with
cancer risk and impacts prognosis in cancer patients [9–11]. Choles-
terol, localized in lipid rafts-membrane micro-domains, assembles the
signal transduction machinery and cell biological studies support a
critical involvement of cholesterol in the modulation of proteins im-
plicated in key cellular signaling pathways. These pathways organiza-
tion can result in malignant transformation, including breast, colon,
and nasopharyngeal cancer, due to altered cytoskeleton, cell polarity
and angiogenesis [12–19]. However, the clinical data on cancer re-
mains very limited and inconsistent. Several studies support the posi-
tive association between high level of total cholesterol (TC) and cancer
incidence [20–22] and overall mortality in cancer patients [23]. On the
contrary, no association or even inverse association between TC levels
and incidence of cancer was observed [24–27].

High and low density serum lipoproteins act as key lipoprotein car-
riers of cholesterol to cancer cells via receptor mediated mechanisms

https://doi.org/10.1016/j.cca.2017.11.039
Received 31 October 2017; Received in revised form 28 November 2017; Accepted 29 November 2017

⁎ Corresponding author at: Department of Orthopedic Oncology, Changzheng Hospital, Second Military Medical University, 415 Fengyang Road, Shanghai 200003, China.

1 These authors have contributed equally to this work.
E-mail address: liboczspine@smmu.edu.cn (J. Xiao).

Clinica Chimica Acta 477 (2018) 94–104

Available online 06 December 2017
0009-8981/ © 2017 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00098981
https://www.elsevier.com/locate/cca
https://doi.org/10.1016/j.cca.2017.11.039
https://doi.org/10.1016/j.cca.2017.11.039
mailto:liboczspine@smmu.edu.cn
https://doi.org/10.1016/j.cca.2017.11.039
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cca.2017.11.039&domain=pdf


[28]. In addition, they also play an important role in regulating the
signaling pathways of cancer cell. It was reported that low density li-
poproteins (LDL) can promote cancer metastasis through regulating in-
tegrin transfer [29,30]. It also has been found that patients with distant
metastases had markedly higher levels LDL-C compared with patients
without metastases [31]. However, retrospective studies have revealed
that patients with lower LDL-C levels are associated with a greater risk of
malignancy [32,33]. Recent studies have investigated that serum high-
density lipoprotein (HDL) is associated with the incidence of cancer
especially breast cancer. These findings imply that HDL might play an
important role in promoting tumor progression [34–36]. However, the
exact mechanism of lipid metabolism in tumor development has not been
completely stated. Previous research has reported that low HDL-C levels
are in relation to increased post-menopausal breast cancer risk [37–39].
In addition, reduced pre-treatment HDL-C levels were associated with
worse prognosis in NSCLC patients [40].

Given the substantial controversy in various cancers, such as breast
cancer, gastric cancer, lung cancer, hepatocellular carcinoma and renal
cell cancer, we perform a meta-analysis to investigate the prognostic
values of the serum lipid parameters, including HDL-C, LDL-C, TC, and
Triglyceride (TG) in cancer patients. To our knowledge, our study is the
first meta-analysis to make research about the association of TC, TG,
LDL-C, and HDL-C with oncologic outcomes in cancer.

2. Methods

2.1. Search strategy

We performed a systematic literature search, limited to publications
in English, for the studies about the association between pretreatment
lipid profiles and OS or DFS in patients with cancer through PubMed
and EMBASE databases between January 1984 and 8 October 2017.
The search strategy contained free-text words and Medical Subject
Headings (MeSH)/EMTREE terms: “cancer”, “cholesterol”,
“Triglycerides (TG)”, “lipoprotein” and “survival”, “mortality” or
“prognosis”. The references of all relevant studies, reviews and meta-
analysis papers were hand-searched for additional records that were not
identified through database search.

2.2. Eligibility criteria

Two reviewers (ZPT and LB) independently selected the appropriate
studies based on the title and abstract screening and retrieved full text
publications using the criteria outlined below to identify eligible stu-
dies. Studies were included in this meta-analysis if all of the following
criteria were met: (i) studies published as an original article in a peer-
reviewed journal; (ii) studies reporting on the outcome measures, such
as OS or DFS; and (iii) studies evaluating the prognostic impact of the
serum TC, TG, HDL-C and LDL-C in various cancer and providing re-
levant patient survival data with a hazard ratio (HR) estimate and its
95% confidence interval (CI), or indirect information such as Kaplan-
Meier curves used to estimate survival data based on the methods
previously described [41]. Study exclusion criteria were studies of lipid
profiles detection in blood by Mass spectrum; and papers that did not
report adequate information to assess study methods for risk of bias or
to determine study eligibility are also excluded. When more than one
publication reported on the same population or overlapping popula-
tions, only the study with the largest sample size or the most in-
formative one was selected into the meta-analysis. If studies did not
own complete data to calculate HRs, we contact the corresponding
author by email to request this information.

2.3. Data extraction and quality assessment

Two data extractors reviewed eligible studies and collected the
following information, independently. The following data were

extracted: the name of the first author, study design, country, year of
publication, cancer type and stage, patient age, research country, cutoff
value of TC, TG, HDL-C and LDL-C, inclusion period, follow-up dura-
tion, adjustment variables, outcome type and HR estimates (with the
corresponding 95% CIs) for lipid profiles in cancer. For each study, we
assessed the quality of the evidence included using the Newcastle-
Ottawa Quality Assessment Scale [42]. On a score scale from 0 to 9, a
study with 7 or higher was considered as high-quality.

2.4. Statistical analysis

The prognostic effect of different levels of TC, TG, HDL-C and LDL-C
in cancer was evaluated by HR and corresponding 95% CI. If the HRs
and 95% CIs were reported in the study, we retrieved from the original
studies directly, or they were calculated from available data using
Engauge Digitizer version 4.1 [43]. Subgroup analyses were performed
to investigate the associations of lipid profiles according to baseline
features such as cancer type, country, publication type, et al. to explore
the potential source of heterogeneity.

Because different cancer type analyses were used across studies, we
expected heterogeneity in study estimates of the lipid level effect on
survival, and thus we applied a random-effects model to estimate the
HR [44]. The heterogeneity among the studies was assessed by the
Cochran's Q-test and I2 statistic. I2 < 50% and P > 0.05 indicated no
significant heterogeneity and pooled HR was estimated using fixed-ef-
fects model. Otherwise, a random-effects model was adopted. To eval-
uate the stability of the results, a one-way sensitivity analysis was
performed to evaluate the influence of individual studies by estimating
the average HR in the absence of each study. Publication bias was as-
sessed by visual inspection of the contour-enhanced funnel plot sym-
metry as well as by Begg's regression and Egger's linear regression
method [45,46]. When publication bias was emerged, we performed a
“trim and fill” method to further analyses the possible influence of
publication bias in our study [47].

All analyses were performed using Stata version 12.0 (Stata
Corporation, College Station, TX, USA), and statistical significance was
considered when A two-sided P value was< 0.05.

3. Results

3.1. Search and selection of studies

A flow diagram of the articles selection process is shown in Fig. 1. A
total of 63 publications assessing the relationship of lipid profiles and
cancer mortality were identified. Among them, 37 studies, including four
studies on other lipid markers, 10 publications without a measure of
survival association, 5 publications on the impact of various treatments
on markers and 18 publications reported statistically significant increased
risk of cancer morbidity, were excluded. Finally, 27 comparisons from 26
studies with 24,655 participants were included in the meta-analysis for
extracting data and qualitative synthesis, of which 20 studies for TC
[23,35,48–65], 11 studies for TG [23,35,48,51,55–57,59,60,63,66], 11
studies for HDL-C [35,36,48,49,51,55,57,59,63,66,67] and 12 studies for
LDL-C [35,48,49,51,55,57,59,63,68–71].

3.2. Study characteristics

Clinical characteristics of the studies eligible for assessment are
reported in Table 1. The studies were done between 1985 and 2016 in
10 countries. Most of the studies were based in Asian or North America.
There were fourteen studies from China, three studies from Korea, two
studies form USA, one studies form Japan and six international studies.
Follow-up of patients with cancer were performed in five prospective
studies including 3253 individuals or twenty-one retrospective studies
including 21,402 patients. Stage of tumor at diagnosis and patient
cancer characteristics varied across studies. Some studies included only
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