
Fluvastatin and the Breast Cancer Risk: A Meta-analysis of
Observational Studies

Dong-Mei Liua, Jian Zhangb#, Wei Zhangc, James Lud, Jian-Lun Hanb, Guang-Jun Haoa* and

Sheng-Ming Yeb

aOncology Department of Yulin First Hospital, Second Affiliated Hospital of Yanan University, Yulin Shaanxi, 719000, PR China
bCardiology Department of Yulin First Hospital, Second Affiliated Hospital of Yanan University, Yulin Shaanxi, 719000, PR China
cPharmacy Department of Yulin First Hospital, Second Affiliated Hospital of Yanan University, Yulin Shaanxi, 719000, PR China
dForeign languages institute of Yulin university, Yulin Shannxi, 719000, PR China
#The author contributed equally to this study and share first authorship
*Correspondence: Guang-jun Hao, Oncology Department of Yulin First Hospital, Second Affiliated Hospital of Yanan University, Yulin Shaanxi, 719000,
PR China, Email: haoguangjun1129@163.com

ABSTRACT

Multiple studies have investigated the associations between fluvatatin and the risk of breast cancer (BC), but their results were conflicting. A
meta-analysis of observational studies published regarding this subject was conducted in the present study. It aims to estimate the associations
between fluvastatin use and the risk of BC. Pubmed and chinese national knowledge infrastructure (CNKI) database was searched up to
January, 2015 to identify eligible observational studies, and the Newcastle-Ottawa Scale (NOS) was used to assess quality of the studies. Pooled
relative risk (RR) estimates and 95% confidence intervals (CIs) were calculated (fixed effect model: Mantel-Haenszel). Heterogeneities were
evaluated before the calculation. A sensitivity analysis was also conducted. In total, four studies contributed to the analysis. Overall, fluvastatin
use negatively correlated with BC risk (RR = 0.74, 95 % CI = 0.58, 0.95). In conclusion, fluvastatin use may reduce the risk of BC, but more
research is needed to confirm this finding.
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INTRODUCTION

Statins, also 3-hydroxy-methylglutaryl coenzyme A (HMG
CoA) reductase inhibitors, are widely used because of its
effect in reducing atherosclerotic cardiovascular disease
(CVD) events via depressing cellular cholesterol synthesis
and upregulation of low density lipoprotein (LDL) receptors,
consequently lowering plasma LDL concentrations. Statins
treatment was associated with a statistically significant 12%
reduction in all-cause mortality. Statin therapy reduce the
5-year incidence of major coronary events safely, HMG CoA
reductase inhibition can also reduce inflammation[1–2].

As the world population continues to grow and aging, the
global burden of cancer continues to increase particularly in
developing countries. BC is the most frequently diagnosed
cancer and the leading cause of cancer death among the
female population, accounting for 23% of the total cancer
cases and 14% of the cancer deaths[3].

Early studies in animal models raised concerns that statins
may have carcinogenic properties. The results of experiments
in animals and humans suggest that lipid-lowering drug
treatment, especially with the fibrates and statins, should be
avoided except for patients with a high short-term risk of
coronary heart disease[4]. Contrary to early concerns over the
carcinogenicity of statins, a growing body of evidence suggests
statins may in fact have a chemopreventive potential against
cancer. Some studies have reported that statin use is inversely
related to BC while others have reported null or positive

associations. Many of the epidemiology studies on statin use
and BC risk lacked information on potential confounders
such as diet, level of physical activity, and BC screening
behavior. There are many meta-analyses published on this
issue recently, but the data are unsatisfactory for recommend-
ing statins for primary BC prevention. Furthermore, its
secondary prevention is not well studied[5]. Recently, Undela
et al conducted a detailed meta-analysis including 24 observa-
tional studies published regarding this subject. Their findings
did not support the hypothesis that statins have a protective
effect against BC[6]. Thus, the present meta-analysis of avail‐
able data was conducted to comprehensively evaluate the
association between fluvastatin and BC risk.

METHODS

Search strategy
Pubmed database were searched up to January 1, 2015 to
identify potentially relevant publications, the reference lists of
these relevant publications and review articles were screened.
If necessary, correspondent authors were contacted to obtain
the original experimental data. All potentially relevant
articles (include the titles, abstracts, and/or full texts) were
reviewed by two investigators(ZJ and LDM) independently to
determine whether they were in accordance with the inclu-
sion and exclusion criteria, and the divergence resolved
through discussion or by another investigator(ZW). Search
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terms were used as follows: (“hydroxymethylglutaryl-coa
reductase inhibitors” OR “statins” OR “fluvastatin”) AND
(“neoplasms” OR “tumor”). The following information were
extracted from all the selected articles: first author’s name,
year of publication, country of the population studied, study
period, RR estimates and 95% CIs.

Inclusion and exclusion criteria, and quality
assessment
Inclusion and exclusion criteria were as follows: inclusion
criteria were 1.observational studies (cohort or case-control)
2. evaluated exposure/outcome to fluvastatin and risk of BC.
3. original article offered RR/OR/HR. 4. published in English.
Exclusion criteria were 1. reviews, letters to the editor with‐
out original data, editorials and case reports. 2. not humans. 3.
duplicated data (Figure 1). All cohort and case-control studies
were assessed based on Newcastle-Ottawa Scale (NOS) for
quality assessment. In this scale, observational studies were
scored across three categories: population selection (four
questions); comparability of study groups(two questions);
ascertainment of the exposure/outcome of interest (three
questions), high-quality study defined as score ≥7 [7].

Statistical analysis
Since outcomes of BC were relatively rare, Odds Ratio (OR)
and Hazard Ratio (HR) were considered similarly as RR, the
RR of statins therapy group versus non-statins therapy group
were calculated for pooled RR, all statistical analysis were
conducted using STATA version12.0 (Stata Corporation,
College Station, TX, USA). Dichotomous data results were
summarized using RR and 95% CIs as the effect size.
Heterogeneity among studies was assessed by the Cochrane
Chi-square Q test and I2 test, P < 0.1 and I2 > 50% was
considered to be statistically significant, a fixed effect model
(Mantel-Haenszel) was used to pool the data when no
significant heterogeneity was found. Otherwise, the random
effect model (DerSimonian-Laird) was used. The significance
of the pooled RR was determined by the Z-test, and P < 0.05
was considered statistically significant. This meta-analysis was

performed and reported in accordance with the PRISMA
guidelines for systematic reviews and meta-analyses[12].

RESULTS

Meta-analysis result
Four studies (Table 1) contributed to the meta-analysis, pro‐
cess of screening flow diagram as in Figure 1, and quality
assessment as in Table 2, findings from the studies were listed
in Table 3. All case-control studies reported OR and the
cohort study reported RR/HR. The overall RR of BC risk
for fluvastatin use was 0.74, 95 % CI = 0.58, 0.95. Fluvastatin
seems negatively correlated with BC risk. No significant hete‐
rogeneity (Pheterogeneity=0.289, I2 = 20.1%) was observed
(Figure 2).

Sensitivity analysis and publication bias
To evaluate the stability of the combined results, sensitivity
analysis was conducted (Figure 3). Significant variation in
combined RR was observed by excluding Pocobelli 2008[9].
As only 4 studies were included in the present meta-analysis,
funnel plot and begg’s test were not conducted.

DISCUSSION

Statins use has increased dramatically in the past decade.
Association between use of statins and cancer risk was
controversial in all the previous meta-analysis studies[13–17].
The present meta-analysis supports the hypothesis that
fluvastatin use is negatively correlated with BC risk, and no
significant heterogeneity was observed.

Contrary to early concerns over the carcinogenicity of
statins, new experimental evidence suggests statins’ chemo-
preventive potential against cancer. Statins inhibited the
HMG CoA reductase, then interfered with the rate-limiting
step of the mevalonate pathway, which led to reduced levels
of mevalonate and its downstream products. Many of these
products participated in critical cellular functions such as
membrane integrity, cell signaling, protein synthesis, and cell

2847 records indentified through Pubmed
and CNKI database searching.  

34 articles assessed for eligibility 

2813 records excluded based on obviously
irrelevant title and abstract, or not human

3 articles included 

31 articles excluded
meta-analysis and reviews 5
research not cohort or case-control study 3
without available data(RR/OR/HR) 3
not fluvastatin and BC relationship 20 

4 articles included 

1 article by hand search.

Figure 1. Flow diagram showing the process of screening references.
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cycle progression. Perturbations of these processes in neo-
plastic cells by the statins may result in restraint tumor
initiation, growth, and metastasis[18].

Nowadays, alterations of lipid metabolism have become
increasingly recognized as a hallmark of cancer cells. Accu-
mulated in vitro and in vivo clinical evidence points out
that statins in a variety of human malignancies, in regulating
tumor cell growth and anti-tumor immune response[19–24].
For example, statins block HMG-CoA reductase, control
hypercholesterolemia and target the mevalonate pathway
(MVA), and induced apoptosis in multiple myeloma and
acute myeloid leukemia cell lines[25]. Lipophilic statins, such
as lovastatin may present a promising therapeutic option for
treatment of aggressive human paragangliomas by inducing
apoptosis and inhibiting tumor spread via decreased phospho‐
rylation of mitogen-activated kinase (MAPK) pathway[26].
Also, Lovastatin inhibited the growth of gastric cancer cells[27].
Simvastatin inhibited the viability of castration-resistant C4-2
cells. Significant decrease in cell viability and growth curve was
observed in castration-resistant prostate cancer cells[28]. Thus,
statins showed anticancer effects in various cell lines, including
breast carcer cell lines[29–31].

Differences in hydrophilicity may have clinical signifi‐
cance with respect to cancer risk[5]. Experimental study have

confirmed that fluvastatin is associated with cancer risk.
Fluvastatin could inhibit in vitro growth of Renal cancer cells
in a time and dose dependent manner, fluvastatin may
effectively inhibit in vitro tumor growth, invasion, angiogen-
esis, and metastasis of Renal cancer cells[32]; It inhibited
proliferation of PC-3 prostate cancer cell line and the
androgen-dependent prostate cancer cell line by inducing
a G1 arrest[33]. Fluvastatin induces apoptosis by inhibiting
geranylgeranyl pyrophosphate (GGPP) biosynthesis and
consequently decreasing the level of phosphorylated extra-
cellular signal-regulated kinase (ERK 1/2) in human tongue
carcinoma cell line, and it may be used as an anticancer agent
for tongue carcinoma[34]. Fluvastatin inhibited proliferation of
hepatocellular carcinoma (HCC) cell lines (HepG2, SMMC-
7721 and MHCC-97H) by inducing apoptosis and G2/M
phase arrest in a dose-dependent manner, and cell invasion
assay results revealed that fluvastatin significantly decreased
the invasion potency of HCC cells[35]. Fluvastatin decreased
ERK1/2 expression, (caused a) reduction in the vascular endo‐
thelial growth factor (VEGF) concentrations, and inhibited C6
rat malignant glioma cells proliferation[36]. When rats (FLF1)
were pretreated with fluvastatin, it had a dose-dependent inhi‐
bitory effect on primary and metastatic hepatocellular tumors.
Its inhibitory effect on growth and pyruvate kinase (PK)
activity in metastases were higher than in primary tumors[37].

Experimental studies also have confirmed that fluvastatin
is negatively correlated with BC risk .Fluvastatin treatment
enhanced the caspase-3–like activity and DNA fragmentation
in breast cancer cell line MCF-7 cells, and significantly
inhibited the proliferation, inducible nitric oxide synthase
(iNOS)-mediated nitric oxide (NO) is responsible in part for
the proapoptotic, tumoricidal, and antiproliferative effects of
statins in MCF-7 cells[38]; Fluvastatin showed measurable
biologic changes by reducing tumor proliferation (Ki-67) and
increasing apoptotic activity (cleaved caspase-3) in high-grade
breast cancer[39]. The antineoplastic effects of fluvastatin in
the chemoprevention of N-methyl-N-nitrosourea-induced
mammary carcinogenesis in female rats were evaluated.
It found fluvastatin at higher concentrations suppressed
tumor frequency and tumor incidence[40]. When 4T1/luc
mouse, a breast cancer model treated with fluvastatin, a
significant reduction in progression of established metastases
and increased survival of mice were observed. Fluvastatin is a

Table 3. Findings from studies included in the meta-analysis

Study (year) RR CI adjustment

Hippisley 2010[8] 0.74 0.45–1.21 NA
Boudreau 2004[9] 1.1 0.6–2.1 age at reference date (5-year categories), reference year, county of residence, and

use ofantihypertensive medication (yes, no).
Pocobelli 2008[10] 0.5 0.3–0.8 reference age, state of residence, reference year, first degree family history of breast

cancer, menopausal status/age at menopause, parity/age at first birth, body mass
index, time of postmenopausal hormone use, education, and screening
mammography history

Cauley 2006[11] 0.8 0.53–1.19 body mass index, race, smoking, family history of breast cancer, education,
hysterectomy, mammogram in the last 2 years, age at menarche, parity/age at
first birth, alcohol use, percentage of calories from fat, physical activity, and
nonsteroidal anti-inflammatory drug use

CC, case-control studies; CO, cohort studies; RR, relative risk; CI, confidence interval. NA, not available

Table 1. Characteristics of studies included in the meta-analysis

Study (year) populations Design Study period age, y

Hippisley 2010[8] UK CC 2004–2011 >50
Boudreau 2004[9] US CC 1997–1999 65–79
Pocobelli 2008[10] US CC 2005–2008 >50
Cauley 2006[11] US CO 1993–2004 50–79
CC, case-control studies; CO, cohort studies; RR, relative risk; CI, confidence
interval. UK, United Kindom. US, United States.

Table 2. Quality assessment of included studies by Newcastle–
Ottawa scale

Study Selection Comparability
Outcome/
exposure

Total
score

Hippisley 2010[8] ★★★ ★★ ★★★ 8
Boudreau 2004[9] ★★★ ★ ★★★ 7
Pocobelli 2008[10] ★★★★ ★★ ★★ 8
Cauley 2006[11] ★★ ★★ ★★ 6
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potential clinical drug for the treatment of established
metastasis[41].

Present analysis result indicates that fluvastatin may
decrease BC risk. Further high quality studies are needed to
confirm this Finding.

In the present meta-analysis, there are following limita-
tions to be concerned. First, neither unpublished studies
nor original data were obtained. Second, literature search
was restricted to the CNKI and Pubmed database. Finally,
significant variation in combined RR was observed when the

study by Pocobelli was excluded, more research is needed to
enhance the stability of the analysis.

CONCLUSION

Findings from this meta-analysis indicate that fluvastatin use
may reduce the risk of BC. Further high quality research is
needed to confirm this finding and address the underlying
biological mechanisms for this association.

Figure 2. Fluvastatin and the risk of BC. Forest plot showed the association of fluvastatin and the risk of BC with fixed-effects model.

 -0.66  -0.31 -0.55  -0.07   0.10

 Boudreau (2004)

 Pocobelli (2008)
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 Hippisley (2010)
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 Meta-analysis estimates, given named study is omitted

Figure 3. Sensitivity analysis for the association between fluvastatin and breast cancer.

© World Journal of Traditional Chinese Medicine Fluvastatin and breast cancer

2016 |Vol. 2 | Issue 3 46 www.wjtcm.org



ACKNOWLEDGEMENTS

The authors thank Dr. Li Li (Respiration Department of
Yulin First Hospital, Second Affiliated Hospital of Yanan
University) for helpful discussion. No funding was provided
for the present study.

REFERENCES

1. Ronald M. Krauss, Hongjie Zhu, Rima Kaddurah-Daouk. Pharmaco-
metabolomics of Statin Response. Clin Pharmacol Ther 2013, 94(5):
562–565.

2. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, et al. Efficacy
and safety of cholesterol-lowering treatment: prospective meta-
analysis of data from 90,056 participants in 14 randomised trials of
statins. Lancet 2005, 366(9493): 1267–1278.

3. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. Global cancer
statistics. CA Cancer J Clin 2011, 61(2): 69–90.

4. Tobert JA. Carcinogenicity of lipid-lowering drugs. JAMA 1996, 275
(19): 55–60.

5. Boudreau DM, Yu O, Johnson J. Statin use and cancer risk: a
comprehensive review. Expert Opin Drug Saf 2010, 9(4): 603–621.

6. Undela K, Srikanth V, Bansal D. Statin use and risk of breast cancer: a
meta-analysis of observational studies. Breast cancer Res Treat 2012,
135(1): 261–269.

7. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrando-
mized studies in meta-analyses. Available: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp.

8. Hippisley-Cox J, Coupland C. Unintended effects of statins in men
and women in England and Wales: population based cohort study
using the QResearch database. BMJ 2010,340:c2197.

9. Boudreau DM, Gardner JS, Malone KE, Heckbert SR, Blough DK, et al.
The association between 3-hydroxy-3-methylglutaryl conenzyme A
inhibitor use and breast carcinoma risk among postmenopausal
women: a case-control study. Cancer 2004, 100(11): 2308–16.

10. Pocobelli G, Newcomb PA, Trentham-Dietz A, Titus-Ernstoff L,
Hampton JM, et al. Statin use and risk of breast cancer. Cancer
2008, 112(1): 27–33.

11. Cauley JA, McTiernan A, Rodabough RJ, LaCroix A, Bauer DC, et al.
Statin use and breast cancer: prospective results from the Women's
Health Initiative. J Natl Cancer Inst 2006, 98(10): 700–707.

12. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med 2009, 151: 264–269.

13. Bonovas S, Filioussi K, Tsavaris N, Sitaras NM. Use of statins and
breast cancer: a meta-analysis of seven randomized clinical trials and
nine observational studies. J Clin Oncol 2005, 23(34): 8606–8612.

14. Bonovas S, Sitaras NM. Does pravastatin promote cancer in elderly
patients? A meta-analysis. CMAJ 2007, 176(5): 649–54.

15. Taylor ML, Wells BJ, Smolak MJ. Statins and cancer: a meta-analysis
of case-control studies. Eur J Cancer Prev 2008, 17(3): 259–268.

16. Bansal D, Undela K, D’Cruz S, Schifano F. Statin use and risk of
prostate cancer: a meta-analysis of observational studies. PLoS One
2012, 7(10): e46691.

17. Tan M, Song X, Zhang G, Peng A, Li X, et al. Statins and the risk of
lung cancer: a meta-analysis. PLoS One 2013, 8(2): e57349.

18. Demierre MF, Higgins PD, Gruber SB, Hawk E, Lippman SM. Statins
and cancer prevention. Nat Rev Cancer 2005, 5:930–42.

19. Pisanti S, Picardi P, Ciaglia E, D’Alessandro A, Bifulco M. Novel
prospects of statins as therapeutic agents in cancer. Pharmacol Res
2014, 88:84–98.

20. Chan KKW, Oza AM, Siu LL. The statins as anticancer agents. Clin
Cancer Res 2003, 9(1):10–19.

21. Muck AO, Seeger H, Wallwiener D. Inhibitory effect of statins on the
proliferation of human breast cancer cells. Int J Clin Pharmacol Ther
2004, 42(12): 695–700.

22. Keyomarsi K, Sandoval L, Band V, Pardee AB. Synchronization of
tumor and normal cells from G1 tomultiple cell cycles by lovastatin.
Cancer Res 1991, 51(13): 3602–3609.

23. Agarwal B, Bhendwal S, Halmos B, Moss SF, Ramey WG, Holt PR.
Lovastatin augments apoptosis induced by chemotherapeutic agents
in colon cancer cells. Clin Cancer Res 1999, 5:2223–2229.

24. Denoyelle C, Vasse M, Korner M, Mishal Z, Ganne F, et al.
Cerivastatin, an inhibitor of HMG-CoA reductase, inhibits the
signaling pathways involved in the invasiveness and metastatic
properties of highly invasive breast cancer cell lines: an in vitro study.
Carcinogenesis 2001, 22(8): 1139–1148.

25. Pandyra A, Mullen PJ, Kalkat M, Yu R, Pong JT, et al. Immediate
Utility of Two Approved Agents to Target both the Metabolic
Mevalonate Pathway and its Restorative Feedback loop. Cancer Res
2014, 74(17): 4772–4782.

26. Cheng QY, Xin JW, Wei XB, Zhuang LG, Hong PZ, et al. Lovastatin
inhibited the growth of gastric cancer cells. Hepatogastroenterology
2014, 61(129): 1–4.

27. Kim JH, Cox ME, Wasan KM. Effect of simvastatin on castration-
resistant prostate cancer cells. Lipids Health Dis 2014, 13:56.

28. Kanugula AK, Gollavilli PN, Vasamsetti SB, Karnewar S, Gopoju R,
et al. Statin-induced inhibition of BC proliferation and invasion
involves attenuation of iron transport: Intermediacy of nitric oxide
and antioxidant defence mechanisms. FEBS J 2014, 281:3719–3738.

29. Rachner TD, Göbel A, Thiele S, Rauner M, Benad MP, et al. kopf-1 is
regulated by the mevalonate pathway in breast cancer. Breast cancer
Res 2014, 16:R20.

30. Wang Z, Wu Y, Wang H, Zhang Y, Mei L, et al. Interplay of
mevalonate and Hippo pathways regulates RHAMM transcription via
YAP to modulate breast cancer cell motility. Proc Natl Acad Sci USA
2014, 111(1): E89–98.

31. Horiguchi A, Sumitomo M, Asakuma J, Asano T, Asano T, Hayakawa
M. 3-hydroxy-3-methylglutaryl-coenzyme a reductase inhibitor, flu-
vastatin, as a novel agent for prophylaxis of renal cancer metastasis.
Clin Cancer Res 2004, 10(24): 8648–8655.

32. Sivaprasad U, Abbas T, Dutta A. Differential efficacy of 3-hydroxy-3-
methylglutaryl CoA reductase inhibitors on the cell cycle of prostate
cancercells. Mol Cancer Ther 2006, 5(9): 2310–2316.

33. Fujiwara K, Tsubaki M, Yamazoe Y, Nishiura S, Kawaguchi T, Ogaki
M, Nishinobo M, Shimamoto K, Moriyama K, Nishida S. Fluvastatin
induces apoptosis on human tongue carcinoma cell line HSC-3.
Yakugaku Zasshi 2008, 128(1): 153–158.

34. Zhang W, Wu J, Zhou L, Xie HY, Zheng SS. Fluvastatin, a lipophilic
statin, induces apoptosis in human hepatocellular carcinoma cells
through mitochondria-operated pathway. Indian J Exp Biol 2010,
48(12): 1167–1174.
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A, Adamicová K, Péč M, Dobrota D, Bojková B, Kassayová M,
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