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Abstract

Background: Several observational studies have shown that statin use may modify the risk of haematological malignancies.
To quantify the association between statin use and risk for haematological malignancies, we performed a detailed meta-
analysis of published studies regarding this subject.

Methods: We conducted a systematic search of multiple databases including PubMed, Embase, and Cochrane Library
Central database up to July 2013. Fixed-effect and random-effect models were used to estimate summary relative risks (RR)
and the corresponding 95% confidence intervals (Cls). Potential sources of heterogeneity were detected by meta-regression.
Subgroup analyses and sensitivity analysis were also performed.

Results: A total of 20 eligible studies (ten case-control studies, four cohort studies, and six RCTs) reporting 1,139,584
subjects and 15,297 haematological malignancies cases were included. Meta-analysis showed that statin use was associated
with a statistically significant 19% reduction in haematological malignancies incidence (RR=0.81, 95% CI [0.70, 0.92]).
During subgroup analyses, statin use was associated with a significantly reduced risk of haematological malignancies
among observational studies (RR=0.79, 95% Cl [0.67, 0.93]), but not among RCTs (RR=0.92, 95% CI [0.77, 1.09]).

Conclusions: Based on this comprehensive meta-analysis, statin use may have chemopreventive effects against
haematological malignancies. More studies, especially definitive, randomized chemoprevention trials are needed to

confirm this association.

ONE 9(1): €87019. doi:10.1371/journal.pone.0087019
Editor: Balraj Mittal, Sanjay Gandhi Medical Institute, India

* E-mail: dr_xiaoyi@126.com

Citation: Yi X, Jia W, Jin Y, Zhen S (2014) Statin Use Is Associated with Reduced Risk of Haematological Malignancies: Evidence from a Meta-Analysis. PLoS

Received October 22, 2013; Accepted December 15, 2013; Published January 31, 2014

Copyright: © 2014 Yi et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by Natural Science Foundation of Hubei Province (No.2012FFB02435) and the central university special funding
(No. 2013QN191). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Hematologic malignancies, including three major groups:
leukemia, lymphoma, and plasma cell neoplasms, derive from
cells of the bone marrow and the lymphatic system [1]. In general,
the overall incidence of hematological malignancies appears to be
rising in Western countries, however, it is very difficult to describe
their epidemiological behavior in a consistent and uniform way. In
the USA, the number of estimated new cases of hematological
malignancies in 2011 was 140,310 and it was predicted to have
53,010 deaths due to hematological malignancies [2].

3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors
(statins) are used for primary and secondary prevention of
cardiovascular diseases, and their efficacy on cardiovascular events
has been proven irrefutably for both reduction of morbidity and
mortality [3,4]. Statins are also found to be associated with
decreased risk of certain cancers [5,6] and reduce cancer-related
mortality [7]. In vitro and animal studies have shown that statins
have anti-proliferative, pro-apoptotic, anti-angiogenic and immu-
nomodulatory effects, which prevent cancer development, growth,
and metastasis [8-12].
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Several randomized controlled trials(RCTs) and epidemiologic
studies have evaluated the association between statin use and the
risk of haematological malignancies; however, the existing results
are inconsistent. To better understand this issue, we carried out a
meta-analysis of existing RCTs and observational studies that
investigated the association between statin use and the risk of
developing haematological malignancies.

Methods

Literature Search

This meta-analysis was conducted following the guidance
provided by the Cochrane Handbook and was reported according
to the Meta-analysis of Observational Studies in Epidemiology
(MOOSE)guidelines  [13]. A systematic literature search of
PubMed, Embase, and Cochrane Library Central database was
conducted for all relevant articles investigating the effect of statin
use on the risk of haematological malignancies between January
1966 and July 2013. Search terms included: “hydroxymethylglu-
taryl-CoA reductase inhibitor(s)” or “statin(s)” or “lipid-lowering
agent(s)” and “tumour(s)” or “cancer(s)” or ‘“neoplasm(s)”’ or
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“malignancy(ies)” and “lymphatic” or “haematopoietic” or
“hematopoietic” or “leukemia” or “lymphoma” or “haematolog-
ical” or “blood” or “multiple myeloma”. In addition, we reviewed
the reference lists from all relevant articles to identify additional
studies.

Study Selection

We first excluded all irrelevant papers based on the titles and
abstracts of the articles, and then the full texts of the remaining
articles were read to determine whether they contained informa-
tion on the topic of interest. Studies considered in this meta-
analysis were either RCTs or observational studies that met the
following inclusion criteria: (i) evaluated and clearly defined
exposure to statins, (ii) reported haematological malignancies
incidence and (ii1) presented odds ratio (OR), relative risk (RR), or
hazard ratio (HR) estimates with its 95% confidence interval (CI),
or provided data for their calculation. There were no restrictions
of origin, study size, language or publication type. Exclusion
criteria was (i) lack of available data (ii) reviews, editorials,
comments, reports from scientific sessions or discussions.When
there were multiple publications from the same population, only
data from the most recent comprehensive report was included.

Data Extraction

Data was independently abstracted onto a standardized form by
two authors. The following data was collected from each study:
name of the first author, publishing time, study design, country of
the population studied, study period, follow-up time, statin type,
RR, OR, HR and their 95% ClIs, confounding factors for
matching or adjustments.

Statistical Analysis

In our meta-analysis, we pooled data using the fixed or random
effect models depending on heterogeneity between studies.
Heterogeneity was assessed using the Cochran Q and I? statistics.
For the Q statistic, a P value<<0.10 was considered statistically
significant for heterogeneity; for the 17 statistic, heterogeneity was
interpreted as absent (1%:0%-25%), low (1%:25.1%-50%), moderate
(1%:50.1%~75%), or high (I*:75.1%~100%) [14]. When substantial
heterogeneity was detected, the summary estimate based on the
random-effect model (DerSimonian—Laird method) [15] was
reported, which assumed that the studies included in the meta-
analysis had varying effect sizes. Otherwise, the summary estimate
based on the fixed-effect model (the inverse variance method) [16]
was reported, which assumed that the studies included in the meta-
analysis had the same effect size.

The overall analysis including all eligible studies was performed
first, and subgroup analyses were performed according to (i) study
design(observational studies, RCTs), (ii) study location(Western
countries, Asian countries), (iii) study setting (population-based,
hospital-based), (iv) subtypes of haematological malignancies(leu-
kemia, lymphoma, multiple myeloma) to examine the impact of
these factors on the association. To test the robustness of
assoclation and characterize possible sources of statistical hetero-
geneity, sensitivity analysis was carried out by excluding studies
one-by-one and analyzing the homogeneity and effect size for all of
rest studies. To better investigate the possible sources of between-
study heterogeneity, a meta-regression analysis was performed
[17]. Publication bias was assessed using Begg and Mazumdar
adjusted rank correlation test and the Egger regression asymmetry
test [18,19]. All analyses were performed using Stata version 11.0
(StataCorp, College Station, TX).
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Results

Search Results

We identified 2,630 potentially relevant articles through
database searching and other sources(shown in Fig 1). Of these,
2,603 articles were excluded after the first screening based on
abstracts or titles, leaving 27 articles for full-text review. After
further evaluation, five studies were excluded for lack of available
data, and two studies were excluded because they were from the
same population. At last, a total of 20 eligible studies published
between 1996 and 2012 were identified, including ten case-control
studies [20-29], four cohort studies [30-33], and six RCTs [34—
39] (Baseline data and other details of included studies were shown
in Table 1). A total of 1,139,584 subjects, including 15,297
haematological malignancies cases were involved. Of the 20
included studies, eight studies were conducted in FEurope
[20,25,27,29,33-36], nine  studies in  America [21-
23,26,28,31,32,38,39], and remaining three studies in other
countries  [24,30,37]. Nine studies were hospital-based
[21,22,24,34-39], and 11 studies were population-based
[20,23,25-33].

Risk of Haematological Malignancies

Based on data from 20 studies assessing the risk of haemato-
logical malignancies, the use of statins was associated with a
statistically significant 19% reduction in haematological malig-
nancies incidence (RR=0.81, 95% CI [0.70, 0.92]). There was,
however, considerable heterogeneity observed across studies

2,619 of records 11 of additional

identified through records identified
database through ather
searching sources

1,823 of records after
duplicates removed

1,823 of records
screened

1,796 of records
excluded

27 of full-text
articles assessed
for eligibility

7 of full-text
articles excluded,
with reasaons

20 of studies
included in
meta-analysis

Figure 1. Flow diagram of screened, excluded, and analysed
publications.
doi:10.1371/journal.pone.0087019.g001
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Traversa G

Randomization
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5(mean)

p

Canada
and
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not reported; RR = Relative risk; HR =Hazard ratio; OR=
doi:10.1371/journal.pone.0087019.t001
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(I*=59.0%, p<<0.001). Both multivariable adjusted RR estimates
with 95% ClIs of each study and combined RR were shown in
Fig.2. In the present meta-analysis, no publication bias was
observed among studies using?Begg’s P value(P=0.95); Eg-
ger’s(P=0.78) test, which suggested there was no evidence of
publication bias (Fig. 3).

Subgroup Analysis

We carried out subgroup analyses of studies based on study
design, study location, study setting, and subtypes of haematolog-
ical malignancies (Table 2). Statin use was associated with a
significantly reduced risk of haematological malignancies among
observational studies(RR =0.79, 95% CI [0.67, 0.93]), but not
among RCTs(RR =0.92, 95% CI [0.77, 1.09]). When stratified
the various studies by study location, we found a significant
association among studies conducted in Western countries
(RR=0.78, 95%CI [0.69, 0.88]), but not among studies conduct-
ed in Asian countries(RR =1.22, 95%CI [0.38, 3.86]). When we
examined whether the associations differed by study setting, statin
use was significantly associated with a reduced risk of haemato-
logical malignancies among population-based studies(RR =0.73,
95% CI [0.64, 0.83]), but not among hospital-based stu-
diesRR=0.96, 95% CI [0.73, 1.25]). When we stratified the
various studies by cancer subtype, we found that statin therapy was
associated with a significantly reduced risk of lympho-
ma(RR =0.76, 95% CI [0.62, 0.95]), and a borderline significantly
reduced risk of leukemia(RR =0.77, 95% CI [0.57, 1.02]), but not
multiple myeloma(RR =0.86, 95% CI [0.19, 4.0]). We then
divided the studies investigating statin use and risk of lymphoma to
two subgroups(Non-Hodgkin lymphoma and Hodgkin lympho-
ma), and found that statin therapy was associated with a
significantly reduced risk of Non-Hodgkin lymphoma(RR =0.72,
95% CI [0.59, 0.87]), but not Hodgkin lymphoma(RR =0.84,
95% CI [0.37, 1.95]).

Sensitivity Analysis and Meta-regression Analysis

To test the robustness of association and characterize possible
sources of statistical heterogeneity, sensitivity analysis was carried
out by excluding studies one-by-one and analyzing the homoge-
neity and effect size for all of the rest studies. Sensitivity analysis
indicated that no significant variation in combined RR by
excluding any of the study, confirming the stability of present
results. To better investigate the possible sources of between-study
heterogeneity, a meta-regression analysis was performed. Geo-
graphic area, publication year, follow-up time, study design, and
study setting, which may be potential sources of heterogeneity,
were tested by a meta-regression method. Finally, we found that
study design and study setting had statistical significance in a
multivariate model (P<<0.05).

Discussion

In this comprehensive meta-analysis of all existing studies(ten
case-control studies, four cohort studies, and six RCTs) involving a
total of 1,139,584 subjects with 15,297 cases of haematological
malignancies, we found that statin use was inversely related to the
risk for haematological malignancies, with a 19% reduction in the
risk of haematological malignancies. There was statistically
significant heterogeneity among the 20 included studies investi-
gating the association between statin use and haematological
malignancies risk, so a random-effect model was chosen over a
fixed-effect model. Meta-regression analysis revealed that study
design and study setting may be the source of heterogeneity. Our
sensitivity analysis yielded similar and robust results, indicating
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Figure 2. Forest plot: estimates (95% Cls) of statin use and risk of haematological malignancies. Squares indicated study-specific risk
estimates (size of square reflects the study-statistical weight, i.e. inverse of variance); horizontal lines indicate 95% confidence intervals; diamond

|
10

indicates summary relative risk estimate with its corresponding 95% confidence interval.

doi:10.1371/journal.pone.0087019.g002

Begg's funnel plot with pseudo 95% confidence limits
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Figure 3. Funnel plot for publication bias in the studies investigating the association between statin use and the risk of

haematological malignancies.
doi:10.1371/journal.pone.0087019.g003
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that no study considerably influenced the overall risk estimate
between statin use and haematological malignancies risk. More-
over, the results of Begg’ s test and Egger’ s test did not support the
existence of major publication bias.

Previous in vitro studies have suggested anti-inflammatory and
immunomodulatory properties of statins, including selective
blockage of LFA-l-mediated adhesion and costimulation of
lymphocytes [40], down regulation of class II major histocompat-
ibility complexes on antigen-presenting cells [41], and reduction of
chemokine synthesis in peripheral blood mononuclear cells [42].
In cell line and animal models, statins showed anticancer effects
for haematological malignancies. Researchers have found that
statins could induce apoptosis and inhibit proliferation of human
acute myeloid leukemia cells and multiple myeloma cells [43-45].
Further, inhibitory effect of statins on spontaneous metastases
derived from lymphoma was found in animal experiment [46]. So
it is biologically plausible that statin use has protective effect upon
haematological malignancies risk.

In our subgroup analyses, the results were substantially affected
by study design. The chemopreventive effect of statins was seen
primarily in observational studies, however, RC'Ts included in the
present study did not demonstrate any significant chemopreven-
tive effect of statins though there was a trend toward statistical
significance (RR=0.92, 95% CI [0.77, 1.09]). Importantly, the
RCTs included in the meta-analysis were carried out mainly to
investigate the effect of statins on cardiovascular morbidity. By
design, the patients enrolled in these RC'Ts were not at high risk of
development of haematological malignancies. And there were only
six RCTs with a small number of participants and haematological
malignancies cases, so it was not adequately powered to detect a
significant difference in haematological malignancies incidence.
Moreover, since the occurrence of cancer was not the primary
objective of these trials, patients were not routinely screened for
development of haematological malignancies; this might have
affected the detection rate of haematological malignancies. These
factors may explain why current clinical trials of statins did not
demonstrate a statistically significant chemopreventive effect of
statins against haematological malignancies. When stratified the
various studies by study location, we found a significantly reduced

PLOS ONE | www.plosone.org

Table 2. Subgroup analysis of all studies.
Grouping variable Subgroups No. of studies Pooled estimate Tests of heterogeneity
RR 95% ClI P value 1*(%)

All studies 20 0.81 0.70-0.92 <0.001 59.00

Study design Observational study 14 0.79 0.67-0.93 <0.001 66.70
RCT 6 0.92 0.77-1.09 0.56 0.00

Study location Western countries 18 0.78 0.69-0.88 0.05 38.80
Asian countries 2 1.22 0.38-3.86 <0.001 94.40

Study setting Population-based 11 0.73 0.64-0.83 0.09 38.40
Hospital-based 9 0.96 0.73-1.25 0.01 59.70

Cancer subtypes Leukemia 4 0.77 0.57-1.02 0.19 37.50
Lymphoma 11 0.76 0.62-0.95 0.02 51.60
Non-Hodgkin lymphoma 6 0.72 0.59-0.87 0.04 55.80
Hodgkin lymphoma 2 0.84 0.37-1.95 0.67 0.00
Multiple myeloma 3 0.86 0.19-4.0 <0.001 90.10

No, number; RR, relative risks; Cls, confidence intervals; RCTs, randomized, controlled trials.

doi:10.1371/journal.pone.0087019.t002

risk in haematological malignancies among studies conducted in
western countries, however, statin use had no significant associ-
ation with haematological malignancies risk among studies
conducted in Asian countries. The exact reason for the difference
was unclear. The differences in genetic susceptibility, culture, and
lifestyles may explain part of the inconsistency of the results.
Further, we should notice that there were only two studies
investigating the association between statin use and haematolog-
ical malignancies risk. So more studies conducted in Asia are
needed to confirm this association in the future. During subgroup
analyses, we found that study setting also affected the association
between statin use and haematological malignancies risk. A
significant association was observed in population-based studies,
but not in the hospital-based studies. The reason may be that the
hospital-based studies have some inherent selection biases as such
controls may just represent a sample of ill-defined reference
population and may not be very representative of the study
population or the general population. For the subgroup analysis of
statin use and haematological malignancies risk by cancer subtype,
we observed a statistically significant inverse association between
statin use and Non-Hodgkin lymphoma, but not other subtypes of
haematological malignancies, though there was a trend(we can see
in Table2). More studies with more participants are needed to get
a narrow confidence interval of RR and draw firm conclusions.
The strength of the present meta-analysis lies in a large sample
size (1,139,584 subjects and 15,297 cases of haematological
malignancies) and no significant evidence of publication bias.
Two investigators independently performed the article identifica-
tion, data extraction, and verification and resolved all discrepan-
cies. Furthermore, our findings were stable and robust in
sensitivity analysis. However, several limitations of this meta-
analysis should be noted. Firstly, we did not search for unpublished
studies, so only published studies were included in our meta-
analysis. Therefore, publication bias may have occurred although
no publication bias was indicated from both visualization of the
funnel plot and Egger’s test. Secondly, the included studies were
different in terms of study design and definition of drug exposure.
Finally, the RCTs included in the meta-analysis were carried out
mainly to investigate the effect of statins on cardiovascular
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morbidity. So, definitive, randomized chemoprevention trials are
needed to more rigorously assess the effects of statins on incident
haematological malignancies, but would be lengthy, logistically
challenging and resource intensive.

Based on this comprehensive meta-analysis, statin use may have
chemopreventive effects against haematological malignancies.
More studies, especially definitive, randomized chemoprevention
trials are needed to confirm this association.
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