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Abstract
Importance of the Field—HMG-CoA inhibitors (statins), a class of drugs that reduce
cholesterol, are used to manage and prevent coronary heart disease. They are among the most
commonly prescribed drugs worldwide. 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.

Areas Covered in This Review—In this paper, we review evidence on the association
between statin use and cancer risk. Specifically, we report on clinical trials and observational
studies that measured all cancer or site-specific cancers of the breast, colorectal, lung, prostate,
and reproductive organs associated with statin use.

What the reader will gain—An understanding of the evidence, including strengths and
limitations, to support an association between statins and cancer. Information on the current state
of the field and future directions are also discussed.

Take Home Message—Few strong or consistent associations between statins and cancer
incidence overall or for any of the sites reviewed were detected. Data is lacking for any effects of
statins on cancer prognosis and secondary prevention; with the exception of consistent evidence
that statins are associated with reduced risk of advanced/aggressive prostate cancer. Statins appear
safe in relation to cancer risk but any chemopreventive effect in humans remains to be established
and should not be recommended outside the context of clinical trials. It is encouraging that
numerous trials are on-going. The prospect of reducing the incidence and burden of some of the
most prevalent cancers with a safe, affordable, and tolerable medication that already reduces the
risk of the leading cause of death, cardiovascular disease, warrants further exploration in clinical
trials and observational studies of prognosis and survival.
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I. Introduction
HMG-CoA inhibitors (statins), a therapeutic class of drugs that reduce plasma cholesterol
levels, are used to manage and prevent coronary heart disease.[1] Numerous large-scale
randomized controlled trials (RCTs) demonstrate the beneficial effects of statins on
cardiovascular morbidity and mortality among patients with proven coronary artery disease
(CAD) and patients with high cholesterol who are at increased risk for heart disease.[2–5]
As such, statins are among the most commonly prescribed drugs worldwide.[6] Their use
has increased dramatically in the past decade and is likely to continue rising, especially with
their new over-the-counter status in the United Kingdom.

There are currently six statins on the US market: lovastatin, pravastatin, simvastatin,
fluvastatin, atorvastatin, and rosuvastatin. Pravastatin is extremely hydrophilic compared to
the other statins, except for fluvastatin which has intermediate physiochemical properties.
Differences in hydrophilicity may have clinical significance with respect to factors such as
cancer risk.

Early studies in animal models raised concerns that statins may have carcinogenic
properties. A review of findings on rodent carcinogenicity of lipid-lowering drugs reported
that all statins available in 1994, initiate or promote cancer in rodents at concentrations
equivalent to those commonly prescribed in humans.[7]

Contrary to concerns over the carcinogenicity of statins, a growing body of evidence
suggests statins may in fact have a chemopreventive potential against cancer.[8–10] HMG-
CoA reductase is the major rate-limiting enzyme of the mevalonate pathway. Statins’
inhibition of HMG-CoA reductase prevents the conversion of HMG-CoA to mevalonate,
and thereby reduce levels of mevalonate and its downstream products.[8] Many products of
the mevalonate pathway are necessary for critical cellular functions such as membrane
integrity, cell signaling, protein synthesis, and cell cycle progression.[8,9] Disruptions of
these processes in neoplastic cells by statins may result in control of tumor initiation,
growth, and metastasis,[9] which has been shown to inhibit cancer cell growth and lead to
apoptotic cell death.[11–13] Inhibition of the mevalonate pathway by statins has the
potential to reduce the risk of cancer and improve the recurrence of aggressive cancers,
although other mechanisms are also suggested.[10] Most recently, the possible tumor
suppressive activity of statins was linked to downregulating or inhibiting matrix
metalloproteinases (MMPs) through prolonged lowering of circulating cholesterol.[14]
MMPs degrade almost all extracellular matrix components involved in processes such as
tumor growth, invasion, and metastasis. Interestingly, they may have antitumorigenic and
protumorigentic functions depending on the stage of cancer, genotype, and type of MMP.
[14] However, many laboratory studies demonstrate that statins induce apoptosis
(programmed cell death) and reduce cell invasiveness.[9] This characteristic has been
studied in cell lines derived from mammary carcinoma,[15,16] lung,[17] colorectal,[18]
pancreatic,[12] and prostate carcinoma.[19]

The clinical relevance of animal and mechanistic studies on statins and cancer in humans
remains unclear. For example, statins are selectively localized to the liver and less than 5%
of a given dose reaches the circulatory system. Such selective hepatic uptake and low
systemic availability casts doubt on the usefulness of statins as chemopreventive agents.
Regardless, the animal and mechanistic data compels us to research such effects in human
populations.

In this article, we review the current evidence on the association between statin use and
cancer risk. Specifically, we report on clinical trials and observational studies that measured
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all cancer or site-specific cancers of the breast, colorectal, lung, prostate, and reproductive
organs associated with statin use.

2. Clinical Trials
Several RCTs of statin use and coronary heart disease events reported on incident cancers,
but most results were equivocal because of inadequate power. However, pravastatin was
associated with an increase in breast cancer risk in one clinical trial lasting 5 years (12 breast
cancer cases among pravastatin users vs. 1 case in the placebo group - p=0.002),[2] and total
cancer and gastrointestinal cancer risk in another clinical trial.[20] However, no other large
RCTs of statins demonstrated an altered risk of incident cancer.[21–23] All results should be
considered, but trials are generally not powered to assess secondary and rare safety
outcomes such as cancer and follow-up periods were relatively short compared to the long
latency period (e.g., ten plus years) of cancer. In addition, the eligibility criteria of trials
often results in study subjects who are not representative of the real-world population treated
with statins.

Six meta-analyses of RCTs and two meta-analyses of RCTs and observational studies found
no association between statin use and overall incident cancer risk. [24–31] One meta-
analyses also evaluated the association between statin-mediated reductions in low-density
cholesterol (LDL) and cancer risk and found an inverse relationship between on-treatment
LDL levels and cancer risk but no effect of statins on cancer risk once adjusted for decreases
in LDL.[30] However, limitations such as relatively short follow-up times, short duration of
statin use, no evaluation of dose-duration response, highly selected groups of patients in
RCTs, and failure to account for multiple types of statins must be considered when
interpreting results of all the meta-analyses. Cancer is an endpoint that needs to be followed-
up for at least 10 years and mean follow-up in statin RCTs is generally 4–6 years. Meta-
analyses of overall cancer risk are unlikely to be very sensitive as it is unlikely that statins
alter the risk of all cancers, and any true change in the risk of specific cancers may be
masked by the random variation in the association of statins with other cancers. The meta-
analyses that evaluated site-specific cancers [26,28,29,31] mostly reported null findings but
a recent meta-analysis of 17 RCTs, 10 cohort studies, and 15 case-control studies found no
evidence of differences in lung, breast, or prostate cancer risk by statin use, but a protective
effect was noted for stomach cancer, liver cancer, and lymphoma and an increased risk for
both melanoma and non-melanoma skin cancers.[31]

The different pharmacokinetic properties of hydrophilic statins (e.g., pravastatin) versus
hydrophobic statins (e.g., lovastatin, simvastatin) support opposing effects on cancer risk,
[32,33] and may explain the increased risk of cancer found among pravastatin users in two
of the large RCTs. Studies and meta-analyses that pool hydrophilic and hydrophobic statins
ignore any differential effect on cancer. Only two published meta-analyses reported on statin
type and found no difference in risk by hydrophilic versus hydrophobic statins.[28,29] Of
note, one observational study examined the occurrence of all types of cancer among a cohort
of only hydrophobic statin users.[34] The adjusted HR associated with high-dose
hydrophobic statin use versus non-use was 0.75 (0.60–0.95), whereas the adjusted HR for
low-dose hydrophobic statin use versus non-use was 0.89 (0.75–1.07).

3. Statins and Breast Cancer
Epidemiologic studies on the effects of statin use on breast cancer risk are numerous but in
general do not lend strong support for a strong association between statin use and breast
cancer risk (Table 1).[35–50] Some studies reported that statin use is inversely related to
breast cancer and others reported no or positive associations. Six recently published large
cohort studies, [41,43,46,48,50,51] and two small case-control studies [45,47] reported no
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overall association between statin use and incident breast cancer risk. However, one of these
large cohort studies by Cauley and colleagues found statin use was associated with an 18%
lower risk of breast cancer when statin use was limited to hydrophobic statin users.[51]
Other observational studies reported modest to large statistically significant reductions in the
risk of breast cancer (30–74%) associated with overall use of statins.[38–40,42] Of the
studies that evaluated duration of use, only two studies found a reduced risk with long term
statin use (at least 4–5 years) compared to non-users[38,39] and three studies found no dose
response with duration of statin use.[43,47,52]

Concomitant use of statin use and hormone therapy (HT) was especially prevalent in earlier
years and estrogen may negate any effects of statins on cell cycle progression.[43,53] Most
studies adjust for HT use but Cauley and colleagues reported no association between statin
use and breastcancer risk among users of estrogen plus progestin or amongnever and past
HT users, and a non-statistically significant reduced risk (22%) among users of estrogen
alone. Cauley and colleagues were not powered to evaluate an interaction between HT and
statins on breast cancer risk and, therefore, findings may be due to chance. In our previous
work, we evaluated statin use and breast cancer risk separately by HT use, we found a
suggestive difference in risk among non-users of HT (HR=1.29; 95% CI, 0.99–1.68) and
estrogen plus progestin users (HR=0.83; 95% CI, 0.59–1.17).[43]

Many of the epidemiology studies on statin use and breast cancer risk lacked information on
potential confounders such as diet, level of physical activity, and breast cancer screening
behavior. Women prescribed and adherent to statins may differ from non-users by these
health-seeking behaviors and/or preventive procedures and others not measured in the
studies; possibly leading to residual confounding. Only one observational study by
Setoguchi and colleagues compared statins to another preventive drug (i.e., glaucoma
medications) in an attempt to achieve a reference group with similar characteristics as statin
users.[44] A meta-analysis by Bonovas and colleagues attempted to address the issue of
confounding by indication and small numbers by pooling results from seven large RCTs and
nine observational studies.[54] Neither the meta-analysis (RR=1.03; 95% CI, 0.93–1.14) nor
the study by Setoguchi et al. supported a protective effect of statins against breast cancer,
but limitations such as relatively short statin exposure and follow-up periods remained.
Bonovas and colleagues found similar results in their meta-analsis of RCTs and
observational studies, which provide some confidence in the validity of observational
studies in this area. Of the other meta-analyses that evaluated site-specific cancers, at least
three found no relation between statin use and breast cancer risk [26,28,29] and one an
increased risk with pravastatin only (RR=3.3; 95% CI, 1.7–6.3).[31]

While there are many observational studies and meta-analyses published on statin use and
breast cancer risk, the current data are unsatisfactory for recommending statins for primary
breast cancer prevention. Secondary prevention is not well studied. We found only one study
of statin use and breast cancer recurrence, which showed promising results with post-
diagnosis statin use associated with a suggested decreased risk of recurrence (HR=067; 95%
CI, 0.39–1.13).[55]

There is strong laboratory evidence on statins anticancer effects in various cell lines
including breast carcinoma cells, but RCTs in this area will be extremely insightful. There
are numerous phase II RCTs registered in ClinicalTrials.gov to study questions such as
effect of atorvastatin versus placebo for lowering mammography-defined breast density and
other surrogate markers associated with breast cancer risk, the effects of atorvastatin on
tumor proliferation in postmenopausal women undergoing treatment for breast cancer,
fluvastatin’s effect on biomarkers in women undergoing surgery for ductal carcinoma in situ
or stage I breast cancer, how well simvastatin works in preventing new breast cancer in high
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risk women after undergoing surgery for ductal carcinoma in situ or stage I–III breast
cancer, and whether lovastatin results in a decrease in the rate of abnormal breast duct
cytology among women at high risk for breast cancer. While these trials are small (<100
subjects), we anxiously await the results.

4. Statins and Colorectal Cancer
The risk of colorectal cancer following statin use was assessed by numerous observational
studies in recent years (Table 2). Five large cohort studies[44,46,56–58] and seven case-
control studies [47,59–64] did not find an association between statin use and colorectal
cancer risk. However, two large observational studies reported a 35–43% reduction in
colorectal cancer risk among statin users compared to non-users,[65,66] and one meta-
analyses of observational studies showed a modest reduction (14%) in colorectal cancer risk
with statin use.[28] A reduction in risk was not confirmed in other meta-analyses,[29,31]
except when Bonovas and colleagues limited their analysis to case-control studies (RR =
0.91; 95% CI, 0.87–0.96).[67] A large case-control study examining clinical outcomes in
patients with already existing colorectal cancer found a 30% decreased odds in metastasis
among statin users compared to non-users.[68] Of note, two separate reviews of statin use in
colorectal cancer concluded that long-term use of statins is associated with a decreased risk
of disease, especially when used in combination with non-steroidal anti-inflammatory drugs
(NSAIDs).[69,70] There is substantial evidence to indicate that aspirin and NSAIDs are
associated with a decreased risk of colorectal cancer.[71,72] Almost all studies of statin use
and colorectal cancer risk adjusted for NSAID use but residual confounding cannot be ruled
out especially since over-the-counter medications such as aspirin and certain NSAIDs (e.g.,
ibuprofen) are difficult to capture in studies using administrative databases.

When cancers of the colon[35,45,48–50,59,61,63,65,73] and rectum[45,48,50,59,63,65]
were evaluated separately, only the case-control study conducted in Israel by Poynter and
colleagues observed a similar 45% reduction in colon cancer risk and an even stronger
reduction of 62% in rectum cancer risk with statin use compared to non-use.[65] Another
case-control study by Coogan et al. found a 30% reduction in rectum cancer risk but no
effect on colon cancer risk with statin use.[59] A meta-analysis of six case-control studies
also showed an association between statin use and decreased risk of colon cancer (OR=0.89;
95% CI=0.82–0.97).[74]

Several observational studies evaluated the duration of statin use and none found any
association between length of statin use and risk of colorectal cancer (Table 2). One large
cohort study of a veteran population found a reduced risk in colorectal cancer at various
statin dosages and a bigger reduction was observed with increasing dose.[66] Cancer risk by
type of statin use was also evaluated, and one study found a 56% decrease in colorectal
cancer risk with pravastatin [65] and two studies found a 17–51% reduction in colorectal
cancer risk with simvastatin.[60,65]

Similar to breast cancer, it is important to note that any observed reductions in colorectal
cancer risk associated with statin use may be at least partially attributable to more healthy
behaviors, including diet, exercise, and colorectal cancer screening among statin users as
compared to non-users.[75,76] Higher screening rates among statin users than non-users
could result in a greater opportunity to identify pre-malignant lesions (i.e., protective effect)
and/or earlier stage diagnoses. The latter is supported by at least two studies.[65,68] Several
observational studies were able to collect and adjust for diet, exercise, socioeconomic status,
and/or colorectal screening history which are potential confounders of the association
between statin use and colorectal cancer risk. Further adjustment for colorectal cancer
screening, smoking status and vitamin supplementation yielded similar cancer risk reduction
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following statin use (OR=0.54; 95% CI=0.41–0.72).[65] In addition, a study conducted
among patients with diabetes reported a reduced risk of colorectal carcinoma associated with
statin use compared to non-users (OR=0.88; 95% CI, 0.83–0.93) and no association with
nonstatin cholesterol lowering medications.[77]

The NCI first sponsored a phase II trial of atorvastatin use in preventing cancer among
patients with an increased risk of colorectal neoplasia in 2005.[75] According to
ClinicalTrials.gov, the trial completed in April of 2009 but results are not yet published.
Other on-going trials according to ClinicalTrials.gov include: a phase III study of
rosuvastatin versus placebo in the occurrences of adenomatous polyp of the colon or rectum,
colorectal carcinoma, or colon cancer recurrence among patients with resected stage I or II
colon cancer, and a phase II study to assess the tolerability and efficacy of simvastatin plus
chemotherapy in metastatic colorectal cancer patients.

5. Statins and Lung Cancer
Four case-control studies that evaluated the association between statin use and lung cancer
risk did not find any evidence that supported the association (Table 3).[35,45,47,49] All of
these studies had small number of cancer cases among statin users. In contrast, a large case-
control study of a veteran population with almost 2000 lung cancer cases among statin users
that was conducted by Khurana et al. found a 45% reduction in lung cancer risk among
statin users when compared to non-users.[78] Defining use as at least 6 months of statin use
increased the association with a protective effect on lung cancer to 55%. At least two cohort
studies found no association between statin use and risk of lung cancer (Table 3).[44,46]
Friedman performed separate analyses by gender and found an increased risk of lung cancer
among female statin users (HR=1.16; 95% CI=1.06–1.28) but not among male users
(HR=1.02; 95% CI=0.94–1.11) compared to a non-user group.[48] A retrospective cohort
study of another veteran population by Farwell and colleagues reported a 30% reduction in
risk of lung cancer among statin users.[66] Both studies in the veteran population consisted
of predominantly men and therefore, the study result may not be generalizable to female
populations. A recently published study of statins and numerous site specific cancers found
a lower incidence of lung cancer among statin users compared to non-users (RR=0.81; 95%
CI, 0.77–0.86) but only age and sex were adjusted for in the regression analysis.[50] One
study conducted analyses of hydrophobic statins and concluded no difference from the non-
significant overall results on the association between statins and lung cancer risk.[44] Two
meta-analyses of observational studies found no association between statin use and risk of
lung cancer (OR=0.75; 95% CI=0.50–1.11 and OR=1.07; 0.89–1.28).[28,74]

Among the five studies that investigated the duration of statin use and the risk of lung
cancer, only two reported a statistically significant finding. In the study conducted by
Khurana and colleagues, the investigators evaluated various duration of statin use: 0–6
months, 6–12 months, 1–2 years, 2–4 years and >4 years of use.[78] Except for the shortest
duration of 0–6 months, all durations of use were associated with a reduced risk of lung
cancer compared to non-users (Table 3). The authors’ hypothesis is that the statistically
significant odds ratio of 2.3 for the 0–6 months statin use was attributed to those lung cancer
cases that “may represent an old diagnosis or recording issue at the time of entry into the VA
Health Care System”. It was thus, concluded that increasing duration of statin use was
associated with a protective effect on lung cancer risk. Friedman also assessed the duration
of <3 years, 3–5 years and >5 years of statin use and the risk of lung cancer, but only the
estimates for >5 years of use were reported: an 18% reduction in lung cancer risk was found
among men who used statin for >5 years but no significant association was found among
women.[48]
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Farwell and colleagues conducted the only study to date that assessed the association
between dose of statin use and risk of lung cancer.[66] They evaluated tertiles of simvastatin
equivalent doses: 10 mg or lower, 11–39 mg, and at least 40 mg, and the adjusted HRs (95%
CI) compared to non-users were 0.70 (0.58–0.84), 0.70 (0.57–0.86), and 0.73 (0.54–0.97).
Although the range of the HRs by dose was narrow, the trend was statistically significant (p-
value <0.001).

Most studies evaluating statin use and lung cancer risk attempted to adjust for smoking
status as a confounder. Cigarette smoke is the largest risk factor of lung cancer, [79] and a
factor considered in the risk assessment tool for estimating risk of developing coronary heart
disease (CHD) and thus whether to use statins in preventing CHD.[80] However, smoking
information is not uniformly collected in health care electronic databases or medical records,
and thus, it may be difficult to fully adjusted for this strong risk factor of lung cancer.
Among the observational studies of statin use and risk of lung cancer, only the study by
Coogan, et al. was able to ascertain smoking status by interviewing cases and controls.[47]
In a study of the VA population, 36% of patients were missing information on smoking
status but subgroup analyses showed that statin use was associated with a 53% reduction in
the odds of lung cancer among smokers and 60% reduction in non-smokers compared to
non-users of statins.[78] Farwell and colleagues who studied a different VA population also
used smoking information from the electronic medical record in their analyses but it was not
available for 56% of statin users and 63% of non-users.[66] Another two cohort studies did
not have smoking information on their subjects and thus, they attempted to adjust for
smoking status by using external data to estimate the prevalence of smoking in a similar
population and the association between smoking and risk of lung cancer.[44,48] The bias
due to smoking and thus, the corrected association between statin use and lung cancer risk
(only slightly lower than the observed) were then calculated.

Statin use and lung cancer risk was studied by many investigators in recent years, but more
evaluations on different types of statins, duration of use, dose, and more complete
adjustment of strong risk factors such as cigarette smoking and asbestos exposure are needed
to better understand any effects of statins on lung cancer risk. Because lung cancer is
relatively rare in non-smokers, one could argue that prevention is only relevant in smokers.
RCTs will be especially helpful in advancing this field and overcoming some of the
limitations of observational studies. Currently, there are at least two RCTs of statin use and
lung cancer registered in ClinicalTrials.gov and they include 1) a phase III trial of adding
pravastatin to a 1st line chemotherapy regimen in treating patients with small cell lung
cancer; and 2) a phase II trial comparing gefitinib plus simvastatin to gefitinib alone in
patients with previously treated advanced non-small cell lung cancer.

6. Statins and Prostate Cancer
There are numerous published studies on the association between statin use and risk of
prostate cancer but, taken together, they do not provide a definitive answer (Table 4).
[35,36,45–47,49,52,66,81–89][90] At least two studies, including a small clinic-based case-
control study within Oregon Veterans Affairs (VA) Medical Center,[81] and a large case-
control study within 10 VA Medical Centers [82] report a reduced risk (54%–65%) of
prostate cancer among statin users compared to non-users. A large cohort study conducted
within a health plan found a reduced risk of prostate cancer among long-term users of statins
(28%) compared to non-users, and the association was strongest among regular users of
NSAIDs.[84] Another large cohort study conducted using health plan data evaluated type of
statin use but found no association between use of hydrophobic statins and prostate cancer
risk.[87] Only one epidemiologic study found a moderate increase in risk [49] but other
observational studies[35,36,46,47,52,83,85–89,91], meta-analyses[28,29,31], and a review of
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the evidence between statins and prostate cancer risk [85] do not support an association
between statin use and overall prostate cancer risk. However, numerous recent studies
consistently reported that statins are associated with a reduction in advanced and metastatic/
fatal prostate cancer,[83,85,86] and aggressive disease.[81] At least two studies reported
improved biochemical progression free survival among statin users compared to non-statin
users following brachytherapy for clinically localized prostate cancer,[92,93] but this result
was not confirmed in a subsequent study.[94] The reasons for the differences in the findings
between advanced disease and organ-confined disease are unknown but prevention of
cancer, in general, can occur at different stages of disease and/or disease progression. For
example, Platz and colleagues reported a decreased risk of advanced prostate cancer with
any statin use and an even lower risk with use for 5 years or longer, which remained after
adjusting for prostate-specific antigen (PSA) screening history.[83] However, they found no
association between statin use and risk of total prostate cancer. Loeb and colleagues found
an association between statins and numerous factors predictive of improved prostate cancer
prognosis, such as lower risk of positive surgical margins, tumor volume, and percentage
cancer at radical prostatectomy in multivariate models adjusted for tumor and stage.[95] It
should also be noted that the long-term follow-up, ten years after completion of the trial, of
the West of Scotland Coronary Prevention Study recently reported a trend toward an
increased risk of prostate cancer among the pravastatin group compared with placebo, [96]
but a meta-analysis of 6 RCTs and 13 observational studies found no association between
statin use and overall prostate cancer risk (RR = 1.06, 95% CI: 0.93–1.20 for RCTs and
RR=0.93, 95% CI: 0.77–1.13 for observational studies) and a protective association in
studies that examined advanced prostate cancer risk (RR = 0.77, 95% CI: 0.64–0.93).[97]

To make conclusions about the effect of statins on prostate cancer prevention, mechanistic
data suggests that the type, dose, and potency of statin used and the serum concentrations
achieved need to be considered in observational studies.[32,98] The most recently published
studies on advanced disease are promising but many of the specifics on statin use (e.g.,
individual statins, potency) are not adequately addressed in relation to prostate cancer, and
the influence of detection bias,[99] as well as other confounders such as socioeconomic
status, lifestyle factors, and PSA testing history need further study. PSA screening to detect
and treat prostate cancer at earlier stage began in the mid-1980s and, although controversial,
the test is commonly performed. While many of the observational studies adjusted for PSA,
the possibility that statins decrease PSA levels[100–102] complicates prostate cancer
detection (i.e., detection bias if lower PSA results in deferred referral for biopsy) and
modeled associations between statin use and prostate cancer risk (e.g., confounder or part of
the biologic pathway in reducing prostate cancer risk). However, statins remain associated
with a reduced overall risk of prostate cancer in studies that included men who underwent
comprehensive PSA screening[81,90] and in studies that controlled for PSA testing.[83,84]
In addition, Krane and colleagues showed that pre-operative statin use is associated with
reduced PSA levels among men presenting for radical prostatectomy, which may result in
improved outcomes.[103]

There is only one on-going clinical trial of statin use and prostate cancer registered in
clinicaltrials.gov. The trial aim is to measure the effect of pre-operative simvastatin versus
placebo on the mevalonate pathway synthesis and target activation in benign and malignant
prostate tissue among men undergoing prostatectomy as their primary treatment for prostate
cancer.

7. Statins and Female Reproductive Organ Cancer
There are only six observational studies evaluating statin use and risk of female reproductive
organ cancer (Table 5).[35,46–49,104] The most recent study published by Yu, et al.
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evaluated a cohort of women within an integrated healthcare delivery system in the United
States. A non-significant but clinically meaningful reduction in risk of endometrial
(HR=0.67; 95% CI, 0.39–1.17) and ovarian (HR=0.69; 95% CI, 0.32–1.49) cancers among
statin users compared to non-users was observed.[87] In another cohort study of women 20+
years conducted by Friedman et al., the HR was 1.1 (95% CI, 1.0–1.3) for endometrial
cancer and 0.8 (95% CI, 0.7–1.1) for ovarian cancer among statin users compared to non-
users.[48] When they compared statin users of 5+ years to non-users, the HR for ovarian
cancer was reduced to 0.54 (95% CI, 0.27–1.09). Coogan and colleagues also evaluated
endometrial cancer risk in a hospital-based case-control study of women 40–79 years of age
and reported that regular statin users and non-users had similar risk of endometrial cancer
(OR=1.3; 95% CI, 0.7–2.4).[47] Another cohort study conducted in Denmark by Friis et al.
also did not find an overall association between statin use and female genital cancer
(RR=0.9; 95% CI, 0.6–1.4), although the definition of genital cancer was not specified in the
article.[46] In a matched case-control study using the General Practice Research Database in
the United Kingdom, Kaye and colleagues reported a RR of 1.0 (95% CI, 0.4–2.7) for
ovarian cancer and a RR of 0.5 (95% CI, 0.1–1.9) for endometrial cancer.[49]

The only study that found a statistically significant reduction in risk of cancer in the uterus
among statin users compared with bile acid-sequestrant users was conducted in Canada.[35]
In this nested case-control study, 26 cancer cases of uterus (defined as cervix, endometrium,
and ovary) between 1988 and 1994 were included, and statin users were 70% less likely than
bile acid-sequestrant users to develop incident cancers of the uterus. The study did not
evaluate the difference in cancer risk between statin users and non-users since the study
population was all lipid-lowering medications users. The number of cancer cases was small
and included cancers in different parts of the uterus which may have different etiologies and
thus, associations with statin.

Among the six studies, only the study by Coogan et al. evaluated the type (hydrophobic vs
hydrophilic) of statin use.[47] They did not find any difference in endometrial cancer risk
between hydrophobic (simvastatin, lovastatin, and fluvastatin) statin users and non-users or
hydrophilic (pravastatin and rosuvastatin) statin users and non-users. However, these
analyses were based on only 8 and 5 endometrial cancer cases among hydrophobic and
hydrophilic statin users, respectively.

Almost all of these six studies were based on very small number of cancer cases among
statin users, and thus, the 95% confidence intervals for the risk estimates were relatively
wide. Due to lingering questions regarding the association between statin use and cancer risk
and the limited studies evaluating endometrial and ovarian cancers, a large study with more
statistical power to assess duration and type of statin may be warranted. It may also be
worthwhile to conduct a meta-analysis that combines results from all of these studies to
increase statistical power.

Of note, there is a small (n<15) phase II study registered with clinical trials.gov of the
synergistic interaction of lovastatin and paclitaxel for patients with refractory or relapsed
ovarian cancer that is currently recruiting patients.

8. Conclusion
In general, few strong or consistent associations between exposure to statins and cancer
incidence overall or for any of the sites reviewed were detected. Statins appear safe in
relation to cancer risk but any chemopreventive effect in humans remains to be established
and should not be recommended outside the context of clinical trials. There does, however,
appear to be a consistent relationship between statin use and reduced risk of aggressive

Boudreau et al. Page 9

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



prostate cancer. The relationship between statins and cancer is complex and further research
on biologic and clinical endpoints is needed in both primary and secondary/tertiary
prevention. To date, the majority of published results are from observational studies on risk
of incident cancers or RCTs reporting on cancer only as a secondary endpoint.
Observational studies are imperative in pharmacoepidemiology but given the remaining
level of controversy and unanswered questions amidst an already large body of
observational studies, it is appropriate that specific questions in defined populations are
being moved into the clinical trial setting.

9. Expert Opinion
As stated in the conclusion, results of RCTs and observational studies on the association
between statin use and the site-specific cancers reviewed were varied. Differences in study
methods and study populations are likely responsible for some of the variation in the
observational study results that we reviewed. Findings from many of the observational
studies in this area need to be interpreted with caution due to factors such as residual
confounding and crude exposure assessment (ever versus never use of statins). There was
few clear dose or duration response relationships between statin use and risk of any of the
site specific cancers reviewed here. Exposure time to statins and follow-up time in the
majority of studies were relatively short given the long latency period of cancer and
therefore, it is likely that any observed associations are due to changes in tumor growth rates
(i.e., statins as a mediator) as opposed to effects on initiation of a tumor.

The indication for a prescription medication is one of the most important confounding
factors in pharmacoepidemiology research.[105] For indication to be a confounder, it must
be associated with both statin use and the site specific cancer under study, and not be in the
causal pathway. Studies of pharmacologic and dietary cholesterol lowering are unable to
address whether or not reducing total serum cholesterol, as opposed to having low
cholesterol, may increase the risk of cancer.[106–110] While epidemiologic studies in the
1980s documented an association between low cholesterol and higher overall cancer
incidence and mortality, this is now attributed to reverse causation (i.e., cholesterol levels
decline before cancer diagnosis) although an increased risk cannot be ruled out.[109,110]
Few studies reported on the association between high-density cholesterol (HDL or “good”
cholesterol) and cancer risk, but a recently published large cohort study reported statins were
associated with a decreased risk of overall cancer incidence (RR= 0.89; 95% CI, 0.83–0.97).
[110] The observed decreased risk was mostly attributable to small, non-significant
decreases in incident lung and prostate cancer cases. Confounding by hypercholesterolemia
cannot be ruled out but any effects are likely weak. Importantly, other risk factors for CHD
such as diabetes, obesity, smoking, and hypertension should be considered when evaluating
confounding by indication with statin use.

Comparisons between statin users and other cholesterol-lowering drugs is one way to
control for confounding, but use of non-statin cholesterol-lowering drugs greatly diminished
once statins were introduced to the market. In addition, non-statin cholesterol lowering
drugs are a heterogeneous group with varied mechanisms of action. Few studies evaluated
other cholesterol-lowering drugs and, in general, they are not associated with risk of cancer.
Adjustment for hypercholesterolemia, diabetes, and smoking did not significantly alter
results for many of the reviewed observational studies including our previously published
studies in breast, prostate, and reproductive organ cancers.[43,87] However, it is probable
that statin users differ in cancer risk factors from non-users. Adherence to drug therapy is
known to be associated with higher educational status and health seeking behavior,
especially if the drug is treating an asymptomatic condition, such as hypercholesterolemia in
the case of statins.[111] This phenomenon, known as the healthy user effect, is a type of
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selection bias that not only limits generalizability in clinical research but may also lead to
confounding of study results. Confounding is of particular concern in observational
research; because adherent users may be inherently different from non-adherent users,
therapeutic effects may be misrepresented where information is not available to control for
patient characteristics that are closely associated with adherence. Similarly, therapeutic
effects seen in clinical research may not reflect those observed in the general population, as
those patients who voluntarily enroll in trials are likely to be proactive with regard to health
issues.

Several studies have examined the relationship between adherence to drug therapy and other
health-related behaviors. A recent study sought evidence of the health user bias by
examining statin adherence and risk of accidents and other negative health outcomes.[112]
Using data from a large prospective cohort study, the investigators found that patients more
adherent to statin therapy were less likely to have a number of negative outcomes such as
motor vehicle accidents and workplace accidents, and were more likely to use screening
services. Adherent users were also less likely to develop other diseases unlikely to be related
to a biological effect of statins. Finally, Brookhart and colleagues examined the association
between adherence to statin therapy and the use of preventive health services.[76] Their
results suggested that patients who adhere to chronic therapies are more likely to seek out
preventive health services, such as screening tests and vaccinations, supporting the notion of
a possible health user effect in studies of preventive therapies. In order to examine the
potential for confounding by the healthy user effect, Setoguchi and colleagues investigated
the association between statin therapy and the risk of lung, breast, and colorectal cancers,
using glaucoma medications as a comparator.[44] Because glaucoma medications are
another type of preventive therapy and their users are likely to have health-related
characteristics similar to users of statins, glaucoma drug users from the same study
population served as a reference group for comparing cancer outcomes. Adjusted HRs for
colorectal, lung, and breast cancer failed to demonstrate any clinically significant decrease
or increase in cancer risk among statin users compared to users of glaucoma medication
users.

According to ClinicalTrials.gov, there are 27 ongoing studies examining associations
between statin therapy and cancer risk or outcomes. Two additional studies—one in
colorectal cancer and one in multiple myeloma—were recently completed, but results are
not yet available. Nine of the 27 ongoing studies are in breast cancer, seven are in
hematological malignancies, and the remaining trials involve lung, prostate, pancreatic,
colorectal, skin, ovarian, and renal cell carcinomas. Several ongoing studies explore the
addition of statin therapy to enhance effects of current cancer treatment therapies, such as
anastrazole in breast cancer, gefitinib in non-small cell lung cancer, and gemcitabine in
pancreatic cancer, with only four studies examining prevention of incident cancers (three in
breast cancer and one in colorectal cancer prevention).

Only a few observational studies reported on the association between statin use and cancer
prognosis and survival in patients already diagnosed and treated for cancer. A study among
men undergoing brachytherapy for localized prostate cancer reported a trend of
improvement in 9-year biochemical progression free survival with statin use.[93] Similar
promising results were presented for decreased risk of breast cancer recurrence with statin
use.[55] Cancer recurrence and progression have important negative consequences for
patients and their families, often requiring a variety of palliative treatments and often
leading to death. While risk of incident cancers is important, progression (including
secondary/tertiary prevention) should not be overlooked. Learning more about preventable
factors that influence the sequelae of outcomes will help with the secondary prevention of
cancer and could ultimately lead to a reduction in cancer morbidity and mortality. In
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addition to clinical trials, observational studies of the association between statins and cancer
prognosis are an area of research that warrants study in the future.

Statins cannot be recommended for the prevention of any site specific cancer or for the
improvement of cancer endpoints among patients with already diagnosed cancers until
effects are demonstrated in RCTs. It is encouraging that numerous trials, although most
small, are ongoing. Results of these on-going trials will be a major contribution to the field
and hopefully, will lead to large prevention trials with adequate follow-up in high risk
populations or in patients already diagnoses with tumors that are responsive to statin
therapy. Such trials and epidemiologic studies are more feasible for cancer prognosis than
incident risk due to the long latency period of cancer and thus, the long follow-up periods
required. However, the prospect of reducing the incidence and burden of some of the most
prevalent cancers with a safe, affordable, and tolerable medication that already reduces the
risk of the leading cause of death, cardiovascular disease, warrants further exploration.

Acknowledgments
This review was supported by NCI grant number CA120562.

References
1. Sewester, CS.; Dombeck, C.; Olin, BR.; Kastrup, EK.; Hebel, SK. Drugs facts and comparisons. St.

Louis, MO: Lippincott Co; 2004.
2. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, et al. The effect of

pravastatin on coronary events after myocardial infarction in patients with average cholesterol
levels. Cholesterol and Recurrent Events Trial investigators. N Engl J Med 1996 Oct 3;335(14):
1001–9. [PubMed: 8801446]

3. Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, Ballantyne CM, et al. Effect of very high-
intensity statin therapy on regression of coronary atherosclerosis: the ASTEROID trial. JAMA 2006
Apr 5;295(13):1556–65. [PubMed: 16533939]

4. Heart Protection Study Collaborative G. MRC/BHF Heart Protection Study of cholesterol lowering
with simvastatin in 20,536 high-risk individuals: a randomised placebo-controlled trial. Lancet 2002
Jul 6;360(9326):7–22. [PubMed: 12114036]

5. Scandinavian Simvastatin Survival Study G. Randomised trial of cholesterol lowering in 4444
patients with coronary heart disease: the Scandinavian Simvastatin Survival Study (4S). Lancet
1994 Nov 19;344(8934):1383–9. [PubMed: 7968073]

6. Lamb, E. Top 200 Drugs of 2008. 2009. [cited 11/30/2009]; Available from:
http://www.pharmacytimes.com/issue/pharmacy/2009/2009-05/RxFocusTop200Drugs-0509

7. Newman TB, Hulley SB. Carcinogenicity of lipid-lowering drugs. JAMA 1996 Jan 3;275(1):55–60.
[PubMed: 8531288]

8. Wong WW, Dimitroulakos J, Minden MD, Penn LZ. HMG-CoA reductase inhibitors and the
malignant cell: the statin family of drugs as triggers of tumor-specific apoptosis. Leukemia 2002
Apr;16(4):508–19. [PubMed: 11960327]

**9. Chan KK, Oza AM, Siu LL. The statins as anticancer agents. Clin Cancer Res 2003 Jan;9(1):10–
9. Good review of proposed mechanisms of action for reader with further interest. [PubMed:
12538446]

10. Demierre MF, Higgins PD, Gruber SB, Hawk E, Lippman SM. Statins and cancer prevention. Nat
Rev Cancer 2005 Dec;5(12):930–42. [PubMed: 16341084]

11. Denoyelle C, Vasse M, Korner M, Mishal Z, Ganne F, Vannier JP, 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 Aug;22(8):1139–48. [PubMed: 11470741]

12. Kusama T, Mukai M, Iwasaki T, Tatsuta M, Matsumoto Y, Akedo H, et al. Inhibition of epidermal
growth factor-induced RhoA translocation and invasion of human pancreatic cancer cells by 3-

Boudreau et al. Page 12

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.pharmacytimes.com/issue/pharmacy/2009/2009-05/RxFocusTop200Drugs-0509


hydroxy-3-methylglutaryl-coenzyme a reductase inhibitors. Cancer Res 2001 Jun 15;61(12):4885–
91. [PubMed: 11406567]

13. Wong WW, Tan MM, Xia Z, Dimitroulakos J, Minden MD, Penn LZ. Cerivastatin triggers tumor-
specific apoptosis with higher efficacy than lovastatin. Clin Cancer Res 2001 Jul;7(7):2067–75.
[PubMed: 11448925]

*14. Mannello F, Tonti GA. Statins and breast cancer: may matrix metalloproteinase be the missing
link. Cancer Invest 2009 May;27(4):466–70. More on proposed mechanisms of action for reader
with further interest. [PubMed: 19219650]

15. Denoyelle C, Albanese P, Uzan G, Hong L, Vannier JP, Soria J, et al. Molecular mechanism of the
anti-cancer activity of cerivastatin, an inhibitor of HMG-CoA reductase, on aggressive human
breast cancer cells. Cell Signal 2003 Mar;15(3):327–38. [PubMed: 12531431]

16. Seeger H, Wallwiener D, Mueck AO. Statins can inhibit proliferation of human breast cancer cells
in vitro. Exp Clin Endocrinol Diabetes 2003 Feb;111(1):47–8. [PubMed: 12605351]

17. Hawk MA, Cesen KT, Siglin JC, Stoner GD, Ruch RJ. Inhibition of lung tumor cell growth in vitro
and mouse lung tumor formation by lovastatin. Cancer Lett 1996 Dec 3;109(1–2):217–22.
[PubMed: 9020924]

18. Wachtershauser A, Akoglu B, Stein J. HMG-CoA reductase inhibitor mevastatin enhances the
growth inhibitory effect of butyrate in the colorectal carcinoma cell line Caco-2. Carcinogenesis
2001 Jul;22(7):1061–7. [PubMed: 11408350]

19. Padayatty SJ, Marcelli M, Shao TC, Cunningham GR. Lovastatin-induced apoptosis in prostate
stromal cells. J Clin Endocrinol Metab 1997 May;82(5):1434–9. [PubMed: 9141529]

20. Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM, et al. Pravastatin in
elderly individuals at risk of vascular disease (PROSPER): a randomised controlled trial. Lancet
2002 Nov 23;360(9346):1623–30. [PubMed: 12457784]

21. Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA, et al. Primary prevention of
acute coronary events with lovastatin in men and women with average cholesterol levels: results of
AFCAPS/TexCAPS. Air Force/Texas Coronary Atherosclerosis Prevention Study. JAMA 1998
May 27;279(20):1615–22. [PubMed: 9613910]

22. West of Scotland Coronary Prevention Group. West of Scotland coronary prevention study:
identification of high-risk groups and comparison with other cardiovascular intervention trials.
Lancet 1996;348:1339–42. [PubMed: 8918276]

23. ALLHAT, Officers and Coordinators for the ALLHAT Collaborative Research Group, The
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial. Major outcomes in
moderately hypercholesterolemic, hypertensive patients randomized to pravastatin vs usual care:
The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT-
LLT). JAMA 2002 Dec 18;288(23):2998–3007. [PubMed: 12479764]

24. Hebert PR, Gaziano JM, Chan KS, Hennekens CH. Cholesterol lowering with statin drugs, risk of
stroke, and total mortality. An overview of randomized trials. JAMA 1997 Jul 23–30;278(4):313–
21. [PubMed: 9228438]

25. Bjerre LM, LeLorier J. Do statins cause cancer? A meta-analysis of large randomized clinical
trials. Am J Med 2001 Jun 15;110(9):716–23. [PubMed: 11403756]

26. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, 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 Oct 8;366(9493):1267–78. [PubMed: 16214597]

27. Bonovas S, Filioussi K, Tsavaris N, Sitaras NM. Statins and Cancer Risk: A Literature-Based
Meta-Analysis and Meta-Regression Analysis of 35 Randomized Controlled Trials. J Clin Oncol
2006 Sep 25;24(30):4808–17. [PubMed: 17001070]

28. Browning DR, Martin RM. Statins and risk of cancer: a systematic review and metaanalysis. Int J
Cancer 2007 Feb 15;120(4):833–43. [PubMed: 17131313]

29. Dale KM, Coleman CI, Henyan NN, Kluger J, White CM. Statins and cancer risk: a meta-analysis.
JAMA 2006 Jan 4;295(1):74–80. [PubMed: 16391219]

30. Alsheikh-Ali AA, Trikalinos TA, Kent DM, Karas RH. Statins, low-density lipoprotein
cholesterol, and risk of cancer. J Am Coll Cardiol 2008 Sep 30;52(14):1141–7. [PubMed:
18804740]

Boudreau et al. Page 13

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



**31. Kuoppala J, Lamminpaa A, Pukkala E. Statins and cancer: A systematic review and meta-
analysis. Eur J Cancer 2008 Oct;44(15):2122–32. Recent review that incorporates a meta-
analysis. [PubMed: 18707867]

32. Duncan RE, El-Sohemy A, Archer MC. Statins and cancer development. Cancer Epidemiol
Biomarkers Prev 2005 Aug;14(8):1897–8. [PubMed: 16103434]

33. Campbell MJ, Esserman LJ, Zhou Y, Shoemaker M, Lobo M, Borman E, et al. Breast cancer
growth prevention by statins. Cancer Res 2006 Sep 1;66(17):8707–14. [PubMed: 16951186]

34. Karp I, Behlouli H, Lelorier J, Pilote L. Statins and cancer risk. Am J Med 2008 Apr;121(4):302–9.
[PubMed: 18374689]

35. Blais L, Desgagne A, LeLorier J. 3-Hydroxy-3-methylglutaryl coenzyme A reductase inhibitors
and the risk of cancer: a nested case-control study. Arch Intern Med 2000 Aug 14–28;160(15):
2363–8. [PubMed: 10927735]

36. Coogan PF, Rosenberg L, Palmer JR, Strom BL, Zauber AG, Shapiro S. Statin use and the risk of
breast and prostate cancer. Epidemiology 2002 May;13(3):262–7. [PubMed: 11964926]

37. Kaye JA, Meier CR, Walker AM, Jick H. Statin use, hyperlipidaemia, and the risk of breast cancer.
Br J Cancer 2002 May 6;86(9):1436–9. [PubMed: 11986777]

38. Boudreau DM, Gardner JS, Malone KE, Heckbert SR, Blough DK, Daling JR. The association
between 3-hydroxy-3-methylglutaryl conenzyme A inhibitor use and breast carcinoma risk among
postmenopausal women: a case-control study. Cancer 2004 Jun 1;100(11):2308–16. [PubMed:
15160333]

39. Beck P, Wysowski DK, Downey W, Butler-Jones D. Statin use and the risk of breast cancer. J Clin
Epidemiol 2003 Mar;56(3):280–5. [PubMed: 12725884]

40. Cauley JA, Zmuda JM, Lui LY, Hillier TA, Ness RB, Stone KL, et al. Lipid-lowering drug use and
breast cancer in older women: a prospective study. J Womens Health (Larchmt) 2003 Oct;12(8):
749–56. [PubMed: 14588125]

41. Eliassen AH, Colditz GA, Rosner B, Willett WC, Hankinson SE. Serum lipids, lipid-lowering
drugs, and the risk of breast cancer. Arch Intern Med 2005 Oct 24;165(19):2264–71. [PubMed:
16246993]

42. Kochhar R, Khurana V, Bejjanki H, Caldito G, Fort C. Statins reduce breast cancer risk: a case
control study in US female veterans. Journal of Clinical Oncology 2005;23(16S)

43. Boudreau DM, Yu O, Miglioretti DL, Buist DS, Heckbert SR, Daling JR. Statin use and breast
cancer risk in a large population-based setting. Cancer Epidemiol Biomarkers Prev 2007 Mar;
16(3):416–21. [PubMed: 17372235]

44. Setoguchi S, Glynn RJ, Avorn J, Mogun H, Schneeweiss S. Statins and the risk of lung, breast, and
colorectal cancer in the elderly. Circulation 2007 Jan 2;115(1):27–33. [PubMed: 17179016]

45. Graaf MR, Beiderbeck AB, Egberts AC, Richel DJ, Guchelaar HJ. The risk of cancer in users of
statins. J Clin Oncol 2004 Jun 15;22(12):2388–94. [PubMed: 15197200]

46. Friis S, Poulsen AH, Johnsen SP, McLaughlin JK, Fryzek JP, Dalton SO, et al. Cancer risk among
statin users: a population-based cohort study. Int J Cancer 2005 Apr 20;114(4):643–7. [PubMed:
15578694]

47. Coogan PF, Rosenberg L, Strom BL. Statin use and the risk of 10 cancers. Epidemiology 2007
Mar;18(2):213–9. [PubMed: 17235211]

48. Friedman GD, Flick ED, Udaltsova N, Chan J, Quesenberry CP Jr, Habel LA. Screening statins for
possible carcinogenic risk: up to 9 years of follow-up of 361,859 recipients. Pharmacoepidemiol
Drug Saf 2008 Jan;17(1):27–36. [PubMed: 17944002]

49. Kaye JA, Jick H. Statin use and cancer risk in the General Practice Research Database. Br J Cancer
2004 Feb 9;90(3):635–7. [PubMed: 14760377]

50. Haukka J, Sankila R, Klaukka T, Lonnqvist J, Niskanen L, Tanskanen A, et al. Incidence of cancer
and statin usage--record linkage study. Int J Cancer 2010 Jan 1;126(1):279–84. [PubMed:
19739258]

*51. Cauley JA, McTiernan A, Rodabough RJ, LaCroix A, Bauer DC, Margolis KL, et al. Statin use
and breast cancer: prospective results from the Women’s Health Initiative. J Natl Cancer Inst
2006 May 17;98(10):700–7. Large study of breast cancer risk. [PubMed: 16705124]

Boudreau et al. Page 14

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



**52. Friedman GD, Flick ED, Udaltsova N, Chan Pharm DJ, Quesenberry CP Jr, Habel LA.
Screening statins for possible carcinogenic risk: up to 9 years of follow-up of 361 859 recipients.
Pharmacoepidemiol Drug Saf. 2007 Oct 18; Large study of statin use and various site specific
cancers.

53. Sprague JR, Wood ME. Statins and breast cancer prevention: time for randomized controlled trials.
J Clin Oncol 2006 May 1;24(13):2129–30. author reply 30–1. [PubMed: 16648518]

54. 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 Dec
1;23(34):8606–12. [PubMed: 16260694]

**55. Kwan ML, Habel LA, Flick ED, Quesenberry CP, Caan B. Post-diagnosis statin use and breast
cancer recurrence in a prospective cohort study of early stage breast cancer survivors. Breast
Cancer Res Treat 2008 Jun;109(3):573–9. Only study on statin use and breast cancer recurrence.
[PubMed: 17674197]

56. Jacobs EJ, Rodriguez C, Brady KA, Connell CJ, Thun MJ, Calle EE. Cholesterol-lowering drugs
and colorectal cancer incidence in a large United States cohort. J Natl Cancer Inst 2006 Jan
4;98(1):69–72. [PubMed: 16391373]

57. Flick ED, Habel LA, Chan KA, Haque R, Quinn VP, Van Den Eeden SK, et al. Statin use and risk
of colorectal cancer in a cohort of middle-aged men in the US: a prospective cohort study. Drugs
2009;69(11):1445–57. [PubMed: 19634923]

58. Singh H, Mahmud SM, Turner D, Xue L, Demers AA, Bernstein CN. Long-Term Use of Statins
and Risk of Colorectal Cancer: A Population-Based Study. Am J Gastroenterol. 2009 Oct 6;

59. Coogan PF, Smith J, Rosenberg L. Statin use and risk of colorectal cancer. J Natl Cancer Inst 2007
Jan 3;99(1):32–40. [PubMed: 17202111]

60. Vinogradova Y, Hippisley-Cox J, Coupland C, Logan RF. Risk of colorectal cancer in patients
prescribed statins, nonsteroidal anti-inflammatory drugs, and cyclooxygenase-2 inhibitors: nested
case-control study. Gastroenterology 2007 Aug;133(2):393–402. [PubMed: 17681160]

61. Hoffmeister M, Chang-Claude J, Brenner H. Individual and joint use of statins and low-dose
aspirin and risk of colorectal cancer: a population-based case-control study. Int J Cancer 2007 Sep
15;121(6):1325–30. [PubMed: 17487832]

62. Yang YX, Hennessy S, Propert K, Hwang WT, Sarkar M, Lewis JD. Chronic statin therapy and the
risk of colorectal cancer. Pharmacoepidemiol Drug Saf 2008 Sep;17(9):869–76. [PubMed:
18412290]

63. Boudreau DM, Koehler E, Rulyak SJ, Haneuse S, Harrison R, Mandelson MT. Cardiovascular
medication use and risk for colorectal cancer. Cancer Epidemiol Biomarkers Prev 2008 Nov;
17(11):3076–80. [PubMed: 18957524]

64. Shadman M, Newcomb PA, Hampton JM, Wernli KJ, Trentham-Dietz A. Non-steroidal anti-
inflammatory drugs and statins in relation to colorectal cancer risk. World J Gastroenterol 2009
May 21;15(19):2336–9. [PubMed: 19452574]

65. Poynter JN, Gruber SB, Higgins PD, Almog R, Bonner JD, Rennert HS, et al. Statins and the risk
of colorectal cancer. N Engl J Med 2005 May 26;352(21):2184–92. [PubMed: 15917383]

66. Farwell WR, Scranton RE, Lawler EV, Lew RA, Brophy MT, Fiore LD, et al. The association
between statins and cancer incidence in a veterans population. J Natl Cancer Inst 2008 Jan
16;100(2):134–9. [PubMed: 18182618]

*67. Bonovas S, Filioussi K, Flordellis CS, Sitaras NM. Statins and the risk of colorectal cancer: a
meta-analysis of 18 studies involving more than 1.5 million patients. J Clin Oncol 2007 Aug
10;25(23):3462–8. Large meta-analysis on colorectal cancer. [PubMed: 17687150]

68. 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
Jun;54(6):1307–11. [PubMed: 19337834]

69. Herszenyi L, Farinati F, Miheller P, Tulassay Z. Chemoprevention of colorectal cancer: feasibility
in everyday practice? Eur J Cancer Prev 2008 Nov;17(6):502–14. [PubMed: 18941372]

70. Xiao H, Yang CS. Combination regimen with statins and NSAIDs: a promising strategy for cancer
chemoprevention. Int J Cancer 2008 Sep 1;123(5):983–90. [PubMed: 18548583]

Boudreau et al. Page 15

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



71. Flossmann E, Rothwell PM. British Doctors Aspirin Trial, the U.K.T.I.A. Aspirin Trial. Effect of
aspirin on long-term risk of colorectal cancer: consistent evidence from randomised and
observational studies. Lancet 2007 May 12;369(9573):1603–13. [PubMed: 17499602]

72. Huls G, Koornstra JJ, Kleibeuker JH. Non-steroidal anti-inflammatory drugs and molecular
carcinogenesis of colorectal carcinomas. Lancet 2003 Jul 19;362(9379):230–2. [PubMed:
12885487]

73. Khurana V. Statins do not reduce colon cancer risk in humans: A case-control study in half million
veterans. Am J Gastroenterol 2004;99(Suppl; abstr 746):242.

74. Taylor ML, Wells BJ, Smolak MJ. Statins and cancer: a meta-analysis of case-control studies. Eur
J Cancer Prev 2008 Jun;17(3):259–68. [PubMed: 18414198]

75. Zielinski SL. Following positive epidemiologic studies, statins to enter clinical trials for cancer
prevention. J Natl Cancer Inst 2005 Aug 17;97(16):1172–3. [PubMed: 16106017]

76. Brookhart MA, Patrick AR, Dormuth C, Avorn J, Shrank W, Cadarette SM, et al. Adherence to
lipid-lowering therapy and the use of preventive health services: an investigation of the healthy
user effect. Am J Epidemiol 2007 Aug 1;166(3):348–54. [PubMed: 17504779]

77. Hachem C, Morgan R, Johnson M, Kuebeler M, El-Serag H. Statins and the risk of colorectal
carcinoma: a nested case-control study in veterans with diabetes. Am J Gastroenterol 2009 May;
104(5):1241–8. [PubMed: 19352344]

78. Khurana V, Bejjanki HR, Caldito G, Owens MW. Statins reduce the risk of lung cancer in humans:
a large case-control study of US veterans. Chest 2007 May;131(5):1282–8. [PubMed: 17494779]

79. Walser T, Cui X, Yanagawa J, Lee JM, Heinrich E, Lee G, et al. Smoking and lung cancer: the role
of inflammation. Proc Am Thorac Soc 2008 Dec 1;5(8):811–5. [PubMed: 19017734]

80. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults.
Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults
(Adult Treatment Panel III). JAMA 2001 May 16;285(19):2486–97. [PubMed: 11368702]

81. Shannon J, Tewoderos S, Garzotto M, Beer TM, Derenick R, Palma A, et al. Statins and prostate
cancer risk: a case-control study. Am J Epidemiol 2005 Aug 15;162(4):318–25. [PubMed:
16014776]

82. Singal, R.; Khurana, V.; Caldito, G.; Fort, C. Statins and prostate cancer risk: a large case-control
study in veterans. J Clin Oncol; ASCO Annual Meeting Proceedings; 2005 Jun 1; 2005. p.
1004Supplement

83. Platz EA, Leitzmann MF, Visvanathan K, Rimm EB, Stampfer MJ, Willett WC, et al. Statin drugs
and risk of advanced prostate cancer. J Natl Cancer Inst 2006 Dec 20;98(24):1819–25. [PubMed:
17179483]

84. Flick ED, Habel LA, Chan KA, Van Den Eeden SK, Quinn VP, Haque R, et al. Statin Use and
Risk of Prostate Cancer in the California Men’s Health Study Cohort. Cancer Epidemiol
Biomarkers Prev 2007 Nov;16(11):2218–25. [PubMed: 17971519]

85. Murtola TJ, Tammela TL, Lahtela J, Auvinen A. Cholesterol-Lowering Drugs and Prostate Cancer
Risk: A Population-based Case-Control Study. Cancer Epidemiol Biomarkers Prev 2007 Nov;
16(11):2226–32. [PubMed: 18006910]

86. Jacobs EJ, Rodriguez C, Bain EB, Wang Y, Thun MJ, Calle EE. Cholesterol-Lowering Drugs and
Advanced Prostate Cancer Incidence in a Large U.S. Cohort. Cancer Epidemiol Biomarkers Prev
2007 Nov;16(11):2213–7. [PubMed: 17971518]

87. Boudreau D, Yu O, Buist D, Miglioretti D. Statin use and prostate cancer risk in a large population
based setting. Cancer Causes Control 2008;19(17):767–74. [PubMed: 18322813]

88. Agalliu I, Salinas CA, Hansten PD, Ostrander EA, Stanford JL. Statin use and risk of prostate
cancer: results from a population-based epidemiologic study. Am J Epidemiol 2008 Aug 1;168(3):
250–60. [PubMed: 18556686]

89. Smeeth L, Douglas I, Hall AJ, Hubbard R, Evans S. Effect of statins on a wide range of health
outcomes: a cohort study validated by comparison with randomized trials. Br J Clin Pharmacol
2009 Jan;67(1):99–109. [PubMed: 19006546]

**90. Murtola TJ, Tammela TL, Maattanen L, Huhtala H, Platz EA, Ala-Opas M, et al. Prostate cancer
and PSA among statin users in the finnish prostate cancer screening trial. Int J Cancer. 2010 Jan

Boudreau et al. Page 16

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



13; Most recent study of prostate cancer that also evaluates PSA levels in regularly screened
population.

91. Olsen JH, Johansen C, Sorensen HT, McLaughlin JK, Mellemkjaer L, Steffensen FH, et al. Lipid-
lowering medication and risk of cancer. J Clin Epidemiol 1999 Feb;52(2):167–9. [PubMed:
10201659]

**92. Moyad MA, Merrick GS, Butler WM, Wallner KE, Galbreath RW, Kurko B, et al. Statins,
especially atorvastatin, may favorably influence clinical presentation and biochemical
progression-free survival after brachytherapy for clinically localized prostate cancer. Urology
2005 Dec;66(6):1150–4. One of few studies of statin use and progression free survival of prostate
cancer. [PubMed: 16360430]

93. Moyad MA, Merrick GS, Butler WM, Wallner KE, Galbreath RW, Butler EG, et al. Statins,
especially atorvastatin, may improve survival following brachytherapy for clinically localized
prostate cancer. Urol Nurs 2006 Aug;26(4):298–303. [PubMed: 16939047]

94. Soto DE, Daignault S, Sandler HM, Ray ME. No effect of statins on biochemical outcomes after
radiotherapy for localized prostate cancer. Urology 2009 Jan;73(1):158–62. [PubMed: 18722651]

95. Loeb S, Kan D, Helfand BT, Nadler RB, Catalona WJ. Is statin use associated with prostate cancer
aggressiveness? BJU Int. 2009 Nov 3;

96. Ford I, Murray H, Packard CJ, Shepherd J, Macfarlane PW, Cobbe SM. Long-term follow-up of
the West of Scotland Coronary Prevention Study. N Engl J Med 2007 Oct 11;357(15):1477–86.
[PubMed: 17928595]

97. Bonovas S, Filioussi K, Sitaras NM. Statin use and the risk of prostate cancer: A metaanalysis of 6
randomized clinical trials and 13 observational studies. Int J Cancer 2008 Aug 15;123(4):899–904.
[PubMed: 18491405]

98. Sivaprasad U, Abbas T, Dutta A. Differential efficacy of 3-hydroxy-3-methylglutaryl CoA
reductase inhibitors on the cell cycle of prostate cancer cells. Mol Cancer Ther 2006 Sep;5(9):
2310–6. [PubMed: 16985065]

*99. Platz EA. Epidemiologic Musing on Statin Drugs in the Prevention of Advanced Prostate Cancer.
Cancer Epidemiol Biomarkers Prev 2007 Nov;16(11):2175–80. One of few studies on prevention
of advanced prostate cancer with statin use. [PubMed: 17982117]

100. Hamilton RJ, Goldberg KC, Platz EA, Freedland SJ. The influence of statin medications on
prostate-specific antigen levels. J Natl Cancer Inst 2008 Nov 5;100(21):1511–8. [PubMed:
18957682]

101. Cyrus-David MS, Weinberg A, Thompson T, Kadmon D. The effect of statins on serum prostate
specific antigen levels in a cohort of airline pilots: a preliminary report. J Urol 2005 Jun;173(6):
1923–5. [PubMed: 15879782]

102. Mondul AM, Selvin E, De Marzo AM, Freedland SJ, Platz EA. Statin drugs, serum cholesterol,
and prostate-specific antigen in the National Health and Nutrition Examination Survey 2001–
2004. Cancer Causes Control. Jan 14;

103. Krane LS, Kaul SA, Stricker HJ, Peabody JO, Menon M, Agarwal PK. Men presenting for radical
prostatectomy on preoperative statin therapy have reduced serum prostate specific antigen. J Urol
Jan;183(1):118–24. [PubMed: 19913252]

104. Yu O, Boudreau DM, Buist DS, Miglioretti DL. Statin use and female reproductive organ cancer
risk in a large population-based setting. Cancer Causes Control 2009 Jul;20(5):609–16.
[PubMed: 19043788]

105. Rothman, KJ.; Greenland, S. Modern Epidemiology. 2. Philadelphia, PA: Lippincott-Raven;
1998.

106. Kritchevsky SB, Kritchevsky D. Serum cholesterol and cancer risk: an epidemiologic perspective.
Annu Rev Nutr 1992;12:391–416. [PubMed: 1503812]

107. Epstein FH. Relationship between low cholesterol and disease. Evidence from epidemiological
studies and preventive trials. Ann N Y Acad Sci 1995 Jan 17;748:482–90. [PubMed: 7695190]

108. Law MR, Thompson SG, Wald NJ. Assessing possible hazards of reducing serum cholesterol.
BMJ 1994 Feb 5;308(6925):373–9. [PubMed: 8124144]

109. Jacobs EJ, Gapstur SM. Cholesterol and cancer: answers and new questions. Cancer Epidemiol
Biomarkers Prev 2009 Nov;18(11):2805–6. [PubMed: 19887583]

Boudreau et al. Page 17

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



110. Ahn J, Lim U, Weinstein SJ, Schatzkin A, Hayes RB, Virtamo J, et al. Prediagnostic total and
high-density lipoprotein cholesterol and risk of cancer. Cancer Epidemiol Biomarkers Prev 2009
Nov;18(11):2814–21. [PubMed: 19887581]

111. Schneeweiss S, Setoguchi S, Brookhart A, Dormuth C, Wang PS. Risk of death associated with
the use of conventional versus atypical antipsychotic drugs among elderly patients. CMAJ 2007
Feb 27;176(5):627–32. [PubMed: 17325327]

112. Dormuth CR, Patrick AR, Shrank WH, Wright JM, Glynn RJ, Sutherland J, et al. Statin
adherence and risk of accidents: a cautionary tale. Circulation 2009 Apr 21;119(15):2051–7.
[PubMed: 19349320]

Boudreau et al. Page 18

Expert Opin Drug Saf. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Boudreau et al. Page 19

Table 1

Epidemiologic studies of the association between statin use and incident breast cancer risk.

Author, year Design* Number of cases Results (point estimate (95% CI))**

User Non-user

Blais, 2000[35] CC 65 OR=0.67 (0.33–1.38)

Coogan, 2002[36] CC 33 828 OR=1.5 (1.0–2.3)

Kaye, 2002[37] CC 31 102 OR=1.0 (0.6–1.6)

Beck, 2003[39] Cohort 188 691 Ever use: OR=1.09 (0.93–1.28)
Age <55 yrs: OR=0.81 (0.53–1.24)
Age >55 yrs: OR=1.15 (0.97–1.37)
Use ≥4 yrs: OR=0.26 (0.12–0.55)

Cauley, 2003[40] Cohort 6 234 RR=0.28 (0.09–0.86)

Boudreau, 2004[38] CC 112 849 Ever use: OR=0.9 (0.7–1.2)
Use> 5 yrs: OR=0.7 (0.4–1.0)

Graaf, 2004[45] CC 467 OR=1.07 (0.65–1.74)

Kaye, 2004[49] CC 40 OR=0.9 (0.6–1.3)

Kochhar, 2005[42] CC 556 OR=0.49 (0.38–0.62)

Eliassen, 2005[41] Cohort 152 1,472 Current use: RR=0.91 (0.76–1.08)

Friis, 2005[46] Cohort 48 3,093 RR=1.02 (0.76–1.36)

Cauley, 2006[51] Cohort 297 4,086 Ever use: HR=0.91 (0.80–1.05)
Hydrophobic statin use: HR=0.82 (0.70, 0.97)

Setoguchi, 2007[44] Cohort 203 65 HR=0.99 (0.74–1.33)

Boudreau and Yu, 2007[43] Cohort 130 2,577 Ever use: HR=1.07 (0.88–1.29)
Use ≥5 yrs: HR=1.27 (0.89–1.81)
Hydrophobic use: HR=1.01 (0.80–1.26)

Coogan and Rosenberg,
2007[47]

CC 69 cases and
controls

1101 cases and
controls

Ever use: OR=1.2 (0.8–1.8)
Duration
Use ≤1 year: OR=1.0 (0.5–2.1)
Use 1–5 year: OR=1.2 (0.7–2.1)
Use ≥5 years: OR=1.5 (0.7–3.2)
P for trend in duration: 0.1
Hydrophobic statin use: OR=1.0 (0.6–1.6)

Friedman, 2007[52] Cohort 881 - Ever use: HR=0.99 (0.92–1.06)
Use >5 yrs: HR=1.02 (0.86–1.21)

Smeeth, 2008[89] Cohort 324 2880 HR=1.17 (0.95–1.43)

Haukka, 2010[50] Cohort - - RR=1.01 (0.96–1.06)

*
CC=case control

**
OR=odds ratio; RR= relative risk; HR=hazard ratio; CI=confidence interval; relative to non-users
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Table 2

Epidemiologic studies of the association between statin use and incident colorectal cancer risk.

Author, year Design* Number of cases Results (point estimate (95% CI))**

User Non-User

Blais, 2000[35] CC 56 Colon: OR=0.83 (0.37–1.89)

Graaf, 2004[45] CC 292 colon, 148 rectum Colon: OR=0.87 (0.48–1.57)
Rectum: OR=0.48 (0.16–1.48)

Kaye, 2004[49] CC 25 colon, 23 rectum Colon, current use: OR=1.0 (0.6–1.7)
Rectum, current use: OR=1.6 (0.9–2.8)

Khurana, 2004[73] CC 2453 2886 Colon: OR=0.94 (0.89–1.00)

Friis, 2005[46] Cohort 55 2951 Colorectal: RR=0.85 (0.65–1.11)

Poynter, 2005[65] CC 120 1833 Colorectal: OR=0.57 (0.44–0.73)
Colon: OR=0.55 (0.38–0.80)
Rectum: OR=0.38 (0.19–0.73)
Statin type
Simvastatin: OR=0.49 (0.36–0.67)
Pravastatin: OR=0.44 (0.31–0.63)

Jacobs, 2006[56] Cohort 183 current
31 former

601 Colorectal
Former use: RR=0.79 (0.55–1.15)
Current use: RR=1.03 (0.85–1.26)
Current use <5 years: RR=1.00 (0.80–1.25)
Current use ≥5 years: RR=1.09 (0.83–1.43)

Setoguchi, 2007[44] Cohort 190 59 Colorectal
HR=0.96 (0.70–1.31)
Duration
Use <3 years: HR=0.93 (0.57–1.51)
Use ≥3 years: HR=0.97 (0.65–1.46)

Coogan and Rosenberg,
2007[47]

CC 35 cases and
controls

691 cases and
controls

Colorectal
Regular use: OR=0.8 (0.5–1.2)
Duration
Use ≤1 year: OR=0.7 (0.3–1.5)
Use 1–5 year: OR=0.7 (0.4–1.3)
Use ≥5 years: OR=1.1 (0.6–2.2)
P for trend in duration: 0.5

Coogan and Smith,
2007[59]

CC 457 523 Colorectal
Regular use: OR=0.92 (0.78–1.09)
Recent regular use: OR=1.08 (0.71–1.65)
Duration
Use <1 year: OR=0.57 (0.27–1.24)
Use 1–4 year: OR=0.94 (0.77–1.15)
Use 5–9 years: OR=0.95 (0.71–1.27)
Use ≥10 years: OR=0.86 (0.51–1.45)
P for trend in duration: 0.19
Average daily dose score***
Use ≤1: OR=1.32 (0.86–2.03)
Use >1 & <2: OR=0.67 (0.40–1.13)
Use 2: OR=0.84 (0.63–1.11)
Use >2: OR=0.76 (0.57–1.03)
P for trend in dose: 0.11
Statin type
Atorvastatin: OR=0.93 (0.76–1.14)
Simvastatin: OR=0.81 (0.59–1.12)
Pravastatin: OR=0.94 (0.60–1.46)
Lovastatin: OR=1.73 (1.03–2.88)
Colon
Regular use: OR=1.07 (0.87–1.32)
Rectum
Regular use: OR=0.70 (0.51–0.95)

Vinogradova, 2007[60] CC 538 5148 Colorectal
Ever use: OR=0.93 (0.83–1.04)
Duration
Use 1–12 months: OR=0.84 (0.71–1.00)
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Author, year Design* Number of cases Results (point estimate (95% CI))**

User Non-User
Use 13–24 months: OR=0.99 (0.80–1.22)
Use ≥25 months: OR=0.99 (0.84–1.16)
P for trend in duration=0.69
Statin type
Atorvastatin: OR=1.11 (0.95–1.30)
Simvastatin: OR=0.83 (0.72–0.96)
Pravastatin: OR=0.84 (0.55–1.28)
Fluvastatin: OR=1.21 (0.85–1.74)
Cerivastatin: OR=1.34 (0.97–1.86)

Hoffmeister, 2007[61] CC 58 482 Colorectal
Regular use: OR=0.69 (0.45–1.06)
Regular use 1–4 years: OR=0.58 (0.33–1.04)
Regular use ≥5 years: OR=0.71 (0.39–1.28)
Statin type:
Atorvastatin: OR=0.84 (0.46–1.53)
Simvastatin: OR=0.50 (0.24–1.02)
Pravastatin: OR=0.61 (0.21–1.81)
Colon, regular use: OR=0.64 (0.39–1.04)
Rectum, regular use: OR=0.69 (0.37–1.28)

Farwell, 2008[66] Cohort 316 371 Colorectal
Ever use: HR=0.65 (0.55–0.78)
Dose
Use ≤10mg: HR=0.66 (0.54–0.82)
Use 11–39mg: HR=0.63 (0.50–0.81)
Use ≥40mg: HR=0.59 (0.41–0.85)
P for trend in dose: 0.001

Friedman, 2008[48] Cohort Men: 292
colon, 129
rectum
Women: 243
colon, 69
rectum

Men, colon
Ever use: HR=0.88 (0.78–1.00)
Use >5 years: HR=1.00 (0.78–1.30)
Men, rectum
Ever use: HR=0.93 (0.77–1.12)
Use >5 years: HR=1.09 (0.74–1.61)
Women, colon
Ever use: HR=0.97 (0.85–1.11)
Use >5 years: HR=1.02 (0.75–1.38)
Women, rectum
Ever use: HR=0.97 (0.46–1.25)
Use >5 years: HR=1.15 (0.66–2.01)

Yang, 2008[62] CC 140 4292 Colorectal
Ever use ≥5 years: OR=1.1 (0.5–2.2)
Duration
Use 5 years OR=1.1 (0.8–1.6)
Use 6 years: OR=1.2 (0.8–1.8)
Use 7 years: OR=1.2 (0.7–2.0)
Use 8 years: OR=1.2 (0.7–2.2)
Use 9 years: OR=1.3 (0.7–2.4)
Use 10 years: OR=1.3 (0.6–2.7)
Defined daily dose (DDD)
Use ≤129: OR=1.0 (0.7–1.4)
Use 129–342: OR=0.7 (0.5–1.1)
Use 342–715: OR=1.0 (0.7–1.4)
Use ≥715: OR=1.2 (0.9–1.7)
Average daily dose (ADD)
Use ≥1.5 ADD: OR=0.4 (0.1–1.2)
Use ≥1.5 ADD for 1 year: OR=0.2 (0.02–1.3)

Boudreau, 2008[87] CC Colorectal 60 Colorectal 297 Colorectal
Ever use: OR=1.02 (0.65–1.59)
Use <2 years: OR=0.80 (0.40–1.59)
Use ≥2 years: OR=1.22 (0.70–2.12)
Colon
Ever use: OR=0.91 (0.55–1.50)
Use <2 years: OR=0.78 (0.37–1.65)
Use ≥2 years: OR=1.06 (0.57–1.98)
Rectum
Ever use: OR=1.47 (0.50–4.29)
Use <2 years: OR=1.04 (0.36–2.98)
Use ≥2 years: OR=1.69 (0.77–3.70)
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Author, year Design* Number of cases Results (point estimate (95% CI))**

User Non-User

Flick, 2009[57] Cohort Colorectal 56
Regional/
distant 32
Colon 42
Rectal 14

Colorectal 115
Regional/distant
63
Colon 81
Rectal 34

Colorectal
Ever use: HR=0.89 (0.61–1.30)
Use 101 days to <5 years: HR=0.91 (0.61–1.34)
Use ≥5 years: HR=0.83 (0.43–1.63)
Regional/distant CRC
Ever use: HR=1.08 (0.65–1.79)
Use 101 days to <5 years: HR=1.13 (0.68–1.89)
Use ≥5 years: HR=0.83 (0.31–2.20)
Colon
Ever use: HR=0.90 (0.58–1.40)
Use 101 days to <5 years: HR=0.92 (0.59–1.45)
Use ≥5 years: HR=0.80 (0.37–1.76)
Rectum
Ever use: HR=0.86 (0.41–1.78)
Use 101 days to <5 years: HR=0.84 (0.39–1.81)
Use ≥5 years: HR=0.94 (0.26–3.37)

Shadman, 2009[64] CC 36 453 Ever use: OR=1.17 (0.74–1.85)
Former use: OR=1.93 (0.56–6.06)
Current use: OR=1.09 (0.67–1.78)

Siddiqui, 2009[68] CC 326 983 Metastasis
Use ≥3 years: OR=0.7 (0.4–0.9)
All cause mortality at 5 years
Use ≥3 years: OR= 0.7 (0.6–0.9)

Singh, 2009[58] Cohort 402 6,235 Regular use: RR=1.03 (0.93–1.14)
Use ≥5 years: RR=1.10 (0.75–1.37) for low dose and RR=0.75
(0.51–1.10) for high dose

Haukka, 2010[50] Cohort - - Colon
RR=0.99 (0.92–1.06)
Rectum
RR=1.07 (0.98–1.17)

*
CC=case control

**
OR=odds ratio; RR=relative risk; HR=hazard ratio; CI=confidence interval; relative to non-users of statin

***
Standardized dose scores: 1 = 10 mg of simvastatin, 20–40 mg of fluvastatin, 10–20 mg of lovastatin, 10–20 mg of pravastatin, or any dose of

cerivastatin; 2 = 10 mg of atorvastatin, 20 mg of simvastatin, 80 mg of fluvastatin, 40 mg of lovastatin, or 40 mg of pravastatin; 3 = 20–40 mg of
atorvastatin, 40–80 mg of simvastatin, or any dose of rosuvastatin.
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Table 3

Epidemiologic studies of the association between statin use and incident lung cancer risk.

Author, year Design* Number of cases Results (point estimate (95% CI))**

User Non-User

Blais, 2000[35] CC 70 OR=0.94 (0.43–2.05)

Graaf, 2004[45] CC 449 OR=0.89 (0.56–1.42)

Kaye, 2004[49] CC 43 Current use: RR=0.9 (0.6–1.3)

Friis, 2005[46] Cohort 73 3326 RR=0.92 (0.72–1.16)
Use ≥10 years: RR=0.80 (0.36–1.79)

Setoguchi, 2007[44] Cohort 179 37 Ever use: HR=1.11 (0.77–1.60)
Duration
Use <3 years: HR=1.18 (0.72–1.92)
Use ≥3 years: HR=1.02 (0.59–1.74)

Coogan and Rosenberg, 2007[47] CC 31 cases and controls 424 cases and controls Regular use: OR=0.7 (0.4–1.1)
Duration
Use ≤1 year: OR=0.3 (0.1–1.1)
Use 1–5 year: OR=0.8 (0.4–1.5)
Use ≥5 years: OR=0.9 (0.4–2.1)
P for trend in duration: 0.8

Khurana, 2007[78] CC 1994 161,668 Ever use: OR=0.55 (0.52–0.59)
Use >6 month: OR=0.45 (0.42–0.48)
Duration
Use 0–6 months: OR=2.32 (2.05–2.63)
Use 6–12 months: OR=0.75 (0.63–0.89)
Use 1–2 years: OR=0.70 (0.61–0.79)
Use 2–4 years: OR=0.49 (0.44–0.55)
Use >4 years: OR=0.23 (0.20–0.26)
No trend test for duration use

Farwell, 2008[66] Cohort 436 431 Ever use: HR=0.70 (0.60–0.81)
Dose
Use ≤10mg: HR=0.70 (0.58–0.84)
Use 11–39mg: HR=0.70 (0.57–0.86)
Use ≥40mg: HR=0.73 (0.54–0.97)
P for trend in dose: 0.002

Friedman, 2007[52] Cohort Men: 614
Women: 482

Did not report
Did not report

Men
Ever use: HR=1.02 (0.94–1.11)
Use >5 years: HR=0.82 (0.68–0.99)
Women
Ever use: HR=1.16 (1.06–1.28)
Use >5 years: HR=0.88 (0.70–1.10)

Haukka, 2010[50] Cohort - - RR=0.81 (0.77–0.86)

*
CC=case control

**
OR=odds ratio; RR=relative risk; HR=hazard ratio; CI=confidence interval; relative to non-users of statin
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Table 4

Epidemiologic studies of the association between statin use and incident prostate cancer risk.

Author, year Design* Number of cases Results (point estimate (95% CI))**

User Non-user

Blais, 2000[35] CC 78 OR=0.74 (0.36–1.51)

Coogan, 2002[36] CC 71
9

1,292
230

All disease
OR=1.2 (0.8–1.7)
Advanced disease
OR=0.9 (0.4–1.9)

Kaye, 2004[49] CC 62 OR=1.3 (1.0–1.9)

Graaf, 2004[45] CC 186 OR=0.37 (0.11–1.25)

Shannon, 2005[81] CC 30
13

60
39

All disease
Ever use: OR=0.35 (0.20–0.64)
Use ≥2.8 years: OR=0.22 (0.08–0.66)
Gleason score ≥7:
Ever use: OR=0.24 (0.11–0.53)
Use ≥2.8 years: OR=0.14 (0.03–0.67)

Friis, 2005[46] Cohort 34 1,373 RR=0.87 (0.61–1.23)

Singal, 200[82]5 CC 26,139 OR=0.46 (0.45–0.48)

Platz, 2006[83] Cohort 322
16

2,257
300

All disease
Ever use: OR=0.96 (0.85–1.09
Use ≥5 yrs: 0.85 (0.71 to 1.03)
Advanced disease
Ever use: OR=0.51 (0.30–0.86)
Use ≥5 yrs: OR=0.26 (0.08 to 0.83)
Metastatic or fatal disease
Ever use: OR=0.39 (0.19–0.77)

Flick, 2007[84] Cohort 270 618 All disease
Ever use: RR=0.92 (0.79–1.07)
Use ≥5 years: RR=0.72 (0.53–0.99)
Use ≥5 years and regular NSAID use:
RR=0.64 (0.44–0.93)
Advanced disease
Ever use: RR=0.80 (0.53–1.19)
Use ≥5 years: RR=0.57 (0.23–1.40)

Murtola, 2007[85] CC 2,622 22,101 All disease
OR=1.07 (1.00–1.16)
Advanced disease
OR=0.75 (0.62–0.91)

Jacobs, 2007[86] Cohort 390
19

2,350
239

All disease
Current use ≥5 years: RR=1.06 (0.93–1.20)
Advanced disease
Current use ≥5 years: RR=0.60 (0.36–1.00)

Coogan and Rosenberg,
2007[36]

CC 153 cases and
controls

1027 cases and
controls

Ever use: OR=1.2 (0.9–1.7)
Duration
Use ≤1 year: OR=1.1 (0.5–2.3)
Use 1–5 year: OR=1.2 (0.8–1.9)
Use ≥5 years: OR=1.2 (0.7–2.1)
P for trend in duration: 0.1
Hydrophobic statin use: OR=1.29 (0.9–1.9)

Friedman, 2007[52] Cohort 1,706 - Ever use: HR=1.03 (0.98–1.08
Use >5 years: 1.04 (0.93–1.17)

Boudreau, 2008[87] Cohort 246
43

2,286
415

All disease
Ever use: HR=0.88 (0.76–1.02)
Use ≥5 years: HR=1.06 (0.83–1.34)
Hydrophobic use ≥5 yrs: HR=0.81 (0.56–1.16)
Advanced disease
Ever use: HR=1.22 (0.85–1.75)
Use ≥5 years: HR=0.93 (0.45–1.92)
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Author, year Design* Number of cases Results (point estimate (95% CI))**

User Non-user

Farwell, 2008[66] CC 1164 1001 Ever use: HR=0.90 (0.81–0.99)
Dose
Use ≤10mg: HR=0.89 (0.79–1.01)
Use 11–39mg: HR=0.89 (0.78–1.02)
Use ≥40mg: HR=0.93 (0.77–1.12)
P for trend in dose: 0.20

Smeeth, 2009[89] Cohort 312 3213 Ever use: HR= 1.06 (0.86–1.30)

Agalliu, 2008[88] CC 289 712 Ever use: OR=0.98 (0.80–1.21)
Duration
Use <5 years: OR=0.96 (0.74–1.23)
Use 5–9.9 years: OR=0.97 (0.70–1.34)
Use ≥10 years: OR=1.11 (0.70–1.75)

Haukka, 2010[50] Cohort - - RR=1.12 (1.08–1.17)

Murtola, 2010[90] Cohort 268
22

1,326
111

All disease
Current use: 0.75 (0.63–0.89)
Use 4–5 yrs: HR=0.85 (0.65–1.11)
Use ≥ 6 yrs: HR=0.70 (0.45–1.08)
P trend for duration: 0.007
Advanced disease
Current use: 0.93 (0.54–1.58)
Use 4–5 yrs: HR=0.45 (0.11–1.85)
Use ≥ 6 yrs: HR=2.02 (0.68–5.98)
P trend for duration: 0.768

*
CC=case control

**
OR=odds ratio; RR= relative risk; HR=hazard ratio; CI=confidence interval; relative to non-users
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