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Abstract
Statins, as lipid lowering agents have a well-established role in the 
primary and secondary prevention of cardiovascular (CV) events. 
They are one of the most prescribed medicines worldwide. Lipid-
lowering drugs have been implicated in rodent carcinogenicity and 
concerns about the same effect in humans have been raised. Low 
plasma cholesterol levels has been associated with an increased 
risk of cancer and a possible reason for this observation could be 
related to the presence subclinical disease, where subclinical disease 
lowered cholesterol levels for years before cancer surfaced clinically. 
Many papers have discussed the possible mechanisms leading to the 
increased cancer incidence in statin users, but the results have been 
controversial and inconclusive. The aim of this paper is to present and 
evaluate the latest evidence regarding statin use on cancer incidence.
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1. Introduction

Statins have a well-established role in the primary and 
secondary prevention of cardiovascular (CV) events. 
As lipid lowering agents, statins act by competitively 
inhibiting hydroxymethylglutaryl-coenzyme A (HMG-
CoA) reductase, which is an important enzyme respon-
sible for cholesterol synthesis in hepatocytes [1]. HMG-
CoA reductase catalyses the conversion of HMG-CoA 
to mevalonate, which is further metabolized to pre-
cursors of sterol (i.e. cholesterol) and non-sterol (i.e. 
isoprenoid) products [2]. Inhibition of HMG-CoA 
enhances the expression of low-density lipoprotein 
receptors on hepatocyte membranes and consequently 
lowers low-density lipoprotein-cholesterol (LDL-C) 
concentration in the blood. There is vast of evidence that 
CV risk and all-cause mortality are positively correlated 
with LDL-C levels. The European Society of Cardiology 
(ESC) guidelines recommend the use of statins up to the 
highest recommended dose, or highest tolerable dose to 
reach the target level, for the pharmacological treatment 
of hypercholesterolemia [1]. Besides their LDL-C low-
ering effects, statins demonstrate pleiotropic effects by 
reducing inflammatory processes and modulating endo-
thelial function. This additionally contributes to the pre-
vention of macrovascular complications and reduction 
in mortality [3]. Since hypercholesterolemia is a com-
mon problem in the general population, these properties 
of statins make them a cornerstone of hypercholesterol-
emia treatment, and consequently one of the most pre-
scribed drugs worldwide. 
The incidence and severity of adverse reactions in sta-
tin users can vary from one subpopulation to another. 
Adverse reactions include some life threatening condi-
tions, such as rhabdomyolysis, or a slightly higher inci-
dence of diabetes mellitus (DM). Nevertheless, the bene-
fit of their use substantially outweighs the risk [1,4].
Statin treatment might be associated with an increased 
incidence of cancer. Many studies have examined the 
relationship between cancer incidence and statin use; 
however, results have been controversial and inconclu-
sive [5]. The possible beneficial effects of statins could be 
based on their inhibition of HMG-CoA reductase that 
is necessary for the synthesis of mevalonate. The meva-
lonate pathway and its downstream products, have an 
important role in the cellular function of neoplastic cells. 
Therefore, statins may lead to the inhibition of tumor 
initiation, growth and metastasis [6]. On the contrary, 

a hypothesis that statins influence and promote cancer 
growth exists. In vivo, statins induce the transcription 
regulator Foxp3 and result in an increased number 
of CD4 (+) CD (25+) regulatory T-cells (TREGS) [7]. 
TREGS can contribute to hampered antitumor immu-
nity [8], and they are even considered as new targets 
for anticancer treatment [9]. Malenda and associates 
reported a neutral effect of statins in vitro. Although 
statins decreased the glucose uptake in Human Burkitt 
lymphoma, human follicular lymphoma and human 
colon adenocarcinoma cell lines, they did not signifi-
cantly alter the cell cycle of Human Burkitt lymphoma 
cell lines. However, as statins decrease glucose uptake, 
they decreased the 18F-fluorodeoxyglucose (18F-FDG) 
uptake by tumor tissue in a patient with mantle cell 
lymphoma. Thus, statins can negatively affect PET/CT 
results and this could be of clinical significance in diag-
nostics [10]. Nevertheless, the effect of statins on cancer 
incidence, together with its possible mechanism, is still 
not truly elucidated and needs further research. The aim 
of this paper is to present and evaluate the latest evidence 
regarding statin use on cancer incidence.

2. Statins and their effect on cancer in 
observational trials

More than 30 years ago, Rose and Shipley found that 
low plasma cholesterol levels were associated with an 
increased risk of cancer [11]. A possible explanation for 
this observation could be related to presence of subclini-
cal disease, which lowered cholesterol levels for up to 10 
years before the cancer surfaced clinically [12]. 
Lipid-lowering drugs have also been implicated in 
rodent carcinogenicity, and they raised concerns about 
the same effect in humans [13].
A large population-based case-control study revealed 
a 1.83-fold increased risk of invasive ductal carcinoma 
(IDC) [95% confidence interval (CI): 1.1-2.93] and a 
1.97-fold increased risk of invasive lobular carcinoma 
(ILC) (95% CI: 1.25-3.12) in women (55 to 74 years) 
using statins for 10 years or longer, compared to no users. 
This risk was not observed in women using statins for 
periods shorter than 10 years. The vast majority (88%) 
of this population used lipophilic statins. In women with 
hypercholesterolemia, statins use for at least 6 months 
and less than 5 years resulted in a 1.55-fold increased risk 
of ILC (95% CI: 1.01 - 2.37). In the same subpopulation, 
the use of statins for 10 years or longer, increased the risk 
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of IDC and ILC by 2.04-fold (95% CI: 1.17 - 3.57) and 
2.43-fold (95% CI: 1.40 - 4.21), respectively. The study 
found that statins increased the risk of estrogen receptor 
(ER) positive cancer [14]. 

On the other hand, a meta-analysis of observational 
studies and randomized clinical trials (RCTs) [15,16], 
as well as a large number of observational case-con-
trol studies [17-21] and prospective cohort trials [22], 

Table 1. Effect of statins on cancer incidence in observational trials

Trial Design of a trial
Number 

of 
patients

Primary endpoint  
of a trial

Type of 
cancer

Effect on 
cancer 

incidence

Mcdougall et al. 
(2013)14 Case-control 2,886 Relationship between long-term 

statin use and BC risk BC ↑

Woditschka et al. 
(2010)17 Case-control 247,348 

To determine whether chronic use  
of lipophilic statins is associated  

with decreased risk of HR-negative  
BC or other BC subtypes

BC ↕

Baandrup et al. 
(2015)18 Case-control 62,809

Association between ever use  
of statins and epithelial ovarian  

cancer risk

Epithelial 
ovarian 
cancer

↕

Mcglynn et al. 
(2015)19 Case-control 5,835 Statins-liver cancer relationship Liver cancer ↓

Mamtani et al. 
(2016)20 Case-control 108,701 Association of colorectal cancer  

risk with statin use
Colorectal 

cancer ↓

Lavie et al. 
(2013)21 Case-control 765 Effects of statins on  

gynecological cancers
Endometrial 

cancer ↓

Khurana et al. 
(2007)23 Case-control 483,733 Association of lung cancer  

and the use of statins Lung cancer ↓

Cauley et al. 
(2006)22 Cohort, prospective 156,351  

Associations between potency, 
duration of use, and type of statin  

used and risk of invasive BC
BC ↕

Wang et al. 
(2013)15

Meta-analyses of 
observational  

trials and RCTs
4,980,009 Association between statin  

use and risk of lung cancer Lung cancer ↕

Shi et al.  
(2014)16

Meta-analyses of 
observational  

trials and RCTs
5,640,313 Association between statin use  

and risk of liver cancer Liver cancer ↓

* Breast cancer = BC, Randomized clinical trials (RCTs), Statin increase cancer incidence = ↑, Statin have no effect on cancer incidence 
= ↕, Statin decrease cancer incidence = ↓
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reported no effect or a beneficial effect of statins on dif-
ferent cancer incidences. Statin use had no effect on the 
incidence of lung cancer [15], breast cancer (BC)[17,22] 
or epithelial ovarian cancer [18], but reduced the risk for 
liver cancer [16,19], colorectal cancer [20] and endome-
trial cancer [21]. In a nested case-control study of 483 
733 patients, statins appeared to be protective for the 
development of lung cancer. Statin use for ≥ 6 months 
demonstrated a cancer risk reduction by 55% (odds ratio 
[OR] 0.45, 95% CI, 0.42 to 0.48, p < 0.01). This protective 
effect of statins was further increased with the duration 
of statin therapy [23]. Although there was an enormous 
reduction of lung cancer incidence (55%), these results 
cannot be considered confirmatory regarding beneficial 
effect of statins on cancer incidence due to study’s design 
(case-control), which is prone to bias.

3. Statins and their effect on cancer in RCTs

Several placebo-controlled RCTs have also docu-
mented hazardous effects of statins on cancer incidence 
[24-26]. In the PROSPER trial, pravastatin increased 
cancer incidence [hazard ratio (HR) 1.25, 95% CI 
1.04–1.51, P=0.020] in elderly individuals (aged 70-82) 
during a mean follow-up of 3.2 years (range 2.8–4.0). 
Gastrointestinal (GIT) cancer incidence was of near 
borderline significance (HR 1.46, 95% CI  1.00–2.13, 
P=0.053). Pravastatin was implicated in more cases of 
cancer death, although not statistically significant (HR 
1.28, 95% CI 0.97–1.68, P=0.082). During the four years 
of follow-up, more cases of cancer were reported in the 
pravastatin group [25]. 
In the CARE trial, pravastatin was not associated with an 
increased cancer incidence during a median duration of 
follow-up of 5.0 years (range, 4.0 to 6.2), but it was impli-
cated in a higher incidence of BC (12 vs. 1 case of BC, 
P=0.002). It needs to be stated that only a small number 
of BC cases were reported [24].
Interestingly, the meta-analysis of pravastatin and all 
statin RCT trials has not confirmed any association of 
pravastatin with excess cancer incidence [25]. Even the 
post-trial follow-ups of RCTs involving pravastatin (sub-
sequent 10 years and 5 more years in the WOSCOPS and 
2 years in the LIPID trial) did not demonstrate a higher 
incidence of cancer [27-29]. 
The combination of simvastatin and ezetimibe in the 
randomized controlled SEAS trial showed an increased 

cancer incidence (105 cases versus 70 in the placebo 
group, P=0.01) during a median follow-up of 52.2 
months. The difference in any specific type of cancer did 
not reach statistical significance, although more cases 
of skin cancer (8 vs. 18) and prostate cancer (13 vs. 21) 
were seen [26]. However, large RCTs have not confirmed 
assumptions that ezetimibe, simvastatin, or their com-
bination is carcinogenic [30-33]. The same finding was 
reported in a post-trial follow-up of RCTs with simvas-
tatin, for any specific type of cancer and overall cancers 
[34,35]. However, there was one exception; the HPS and 
4S trial with simvastatin documented a numerically 
higher incidence of non-melanoma skin cancer (NMSC) 
[32,33].
The difference is statistically significant if the results 
from both studies are combined (in simvastatin groups, 
256 of the 12,490 participants; and in control groups, 
208 of the 12,490 participants; p = 0.028) [36]. However, 
both post-trial follow-ups have not documented any 
increase in NMSC incidence [34,35].
A large CTT meta-analysis from 27 randomized trials 
(22 statin vs. control trials and 5 intensive vs. less inten-
sive statin therapy trials) evaluated the effect of lower-
ing LDL-C with statins on cancer incidence. It included 
only trials that recruited at least 1000 participants, with 
scheduled treatment duration of at least 2 years. Patient 
records that included 10 000 cancer cases among 175 
000 participants, showed no evidence of increased can-
cer incidence when reducing LDL-C with a statin for 
about 5 years. Results were the same when statin vs. 
control trials were examined [rate ratio (RR) 1.00 (95% 
CI 0.96-1.05)] or more vs. less intensive statin therapy 
trails were examined [RR 1.00 (95% CI 0.93–1.07)]. The 
same results were found for shorter or longer periods of 
use, for any individual statin or statin type, for any spe-
cific type of cancer, or in any given subgroup. Even in 
patients with a low baseline LDL-C (<2 mmol/L) fur-
ther lowering LDL-C with statin had no effect on cancer 
incidence (RR 0.92 [99% CI 0.76–1.10]) [37]. An over-
all risk of cancer with statin use was also examined in 
a meta-analysis of 35 RCTs of statins for CV outcomes, 
and gave the same results. Statin use was not associated 
with a decreased or increased risk of cancer (RR, 0.99; 
95% CI: 0.94-1.04) [38].
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Table 2. Effect of statins on cancer incidence in RTCs

Trial Design of a trial Median
follow-up

Number of 
patients

Type of 
cancer

Effect on 
cancer 

incidence

Shepherd et al. 
(PROSPER) (2002)25

Multicentric, double-blind,  
placebo-controlled RCT 3.3 years 5,804 All 

cancers ↑

Sacks et al.  
(CARE) (1996)24

Multicentric, double-blind,  
placebo-controlled RCT 5.0 years 4,159 BC ↑

Rossebø  et al.  
(SEAS) (2008)26

Multicentric, double-blind,  
placebo-controlled RCT 52.2 months 1,873 All 

cancers ↑

Baigent et al.  
(SHARP) (2011)30

Multicentric, double-blind,  
placebo-controlled RCT 4.9 years 9.270 All 

cancers ↕

Mascitelli et al.  
(2010)36 

2 Multicentric,  
double-blind,  

placebo-controlled  
RCTs

5.4 years  
(HPS) 33 and

5.4 years  
(4S) 32

20,536 (HPS)
and

4444 (4S)
NMSC ↑

Shepherd et al.  
meta-analyses  
of RCTs with 

pravastatin(2002)25

4 randomised  
double-blind  

placebocontrolled 
clinical trials

more than  
3 years 25,572 All 

cancers ↕

Bonovas et al.  
meta-analysis of  
35 RCTs (2006)38

35 RCTs of statins  
for cardiovascular  

outcomes

4.5 years on 
average 109,143 All 

cancers ↕

Cholesterol  
Treatment  

Trialists (CTT)

22 randomised trials of  
statin versus control
and 5 trials of more  

intensive versus less  
intensive statin therapy

5 years 175,000 All 
cancers ↕

* Breast cancer = BC, Randomized clinical trials (RCTs), Non-melanoma skin cancer (NMSC), Statin increase cancer incidence = ↑, 
Statin have no effect on cancer incidence = ↕, Statin decrease cancer incidence = ↓

4. Discussion

Many inconclusive evidence-based results regarding this 
topic make it difficult to answer whether statins have a 
positive, negative, or no effect on cancer incidence.
A large population-based case-control trial found a 
connection between long-term (>10 years) statin use 
and the risk of BC in women (55 to 74 years). The same 

connection was observed among women with hypercho-
lesterolemia, using statins for at least 6 months and less 
than 5 years [14]. On the other hand, a larger case-con-
trol trial [17] and prospective cohort trial [22] with 
similar populations, found no association between BC 
incidence and statin use, including women using statins 
for more than 5 and 3 years, respectively. Unfortunately, 
these results cannot be considered confirmatory, due to 
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the design of the trials and relatively modest increases in 
cancer risk. Considering RCTs, although in the CARE 
trial pravastatin was implicated in more BC cases (12 
vs. 1) [24], this was not the case in the HPS trial [33] 
and the CTT meta-analysis of RCTs [37]. Even the HPS 
trial follow-up (mean total duration of follow-up was 
11.0 years) did not document any significant differences 
in specific cancer incidence in statin uses, nor a trend 
towards a higher incidence of total cancer incidence at 
10 or more years of follow-up [35]. Follow-up of the 4S 
RCT (median trial follow-up 5.4 years and median total 
follow-up period of 10.4 years) also did not document 
any significant differences in any type of cancer inci-
dence (including BC) with statin treatment. There was 
no difference in cancer incidence during the entire fol-
low-up and no trend towards a higher risk of total cancer 
incidence in the later years of follow-up [34]. 
Although the meta-analyses of observational studies 
and RCTs [16] and several observational case-control 
trials [19-21,23] suggested lower incidences of several 
types of cancer, this was not confirmed in the large CTT 
meta-analysis of RCTs [37]. Results from observational 
trials cannot be considered confirmatory regarding the 
beneficial effect of statins on cancer incidence due to the 
design of the trials, which is prone to bias. Neither of the 
observational trials and meta-analyses of observational 
studies and RCTs reported the long-term effect of statin 
treatment. Therefore, the CTT meta-analysis of RCTs 
that reported the effect of statins within 5 years of treat-
ment initiation is stronger evidence compared to the 
previous meta-analysis.  In a series of nested case-con-
trol studies within a cohort of patients registered in the 
UK that evaluated long-term (≥6 years) statin use, no 
association between statin treatment and increased lung 
cancer incidence was found [39].  Still, it is interesting 
that in the case-control trial statin treatment for <5 
years reduced the risk of mucinous ovarian cancer, but 
the same effect was not observed for statin treatment ≥5 
years. Overall, statin treatment for ≥5 years had no effect 
on the incidence of epithelial ovarian cancer [18]. 
The PROSPER RCT raised concerns for a higher can-
cer incidence among elderly patients on statin treatment 
[25], but the CTT meta-analysis did not find an increased 
risk in this subpopulation [37]. The WOSCOPS trial fol-
low-up of 15 years (5-year trial and 10 year post-trial 
follow-up) documented a higher incidence of prostate 
cancer in statin users [27]. However, the WOSCOPS 20 
year follow-up did not confirm an increase in any type 

of cancer incidence [29]. There are several limitations 
of follow-ups that could limit the interpretation of data.  
Although significantly more participants in the original 
pravastatin group were taking statins than in the origi-
nal placebo group (P<0.001 for all comparisons), after 
5 years approximately 37% of patients from each group 
were taking statins. Unfortunately, data on statin used 
is not known for the entire 10-year period, but only for 
5 years of the post-trial follow-up [27]. Thus, out of the 
total 20-year follow-up, data pertaining to the use of 
lipid-lowering therapy is not know in the last 10 years 
of follow-up. These flaws could have an impact on the 
study results. 
A higher incidence of NMSC was reported in the HPS 
and 4S RCTs with simvastatin [32,33], but not in the 
RCT with lovastatin [40] and post-trial follow-ups of 
HPS and 4S RCTs. The WHI prospective cohort trial, 
with a mean follow-up of 10.5 years, demonstrated an 
association between lovastatin (OR 1.52; 95% CI: 1.08–
2.16) and simvastatin (OR 1.38; 95% CI: 1.12–1.69) and 
a higher risk of NMSC in non-Hispanic white post-
menopausal women. A higher risk was documented for 
treatment <3 years but not >3 years [41]. Interestingly, 
NMSC is excluded in reports from all statin trials [42-
44] and in the CTT meta-analysis of RCTs [37]. In the 
HPS and 4S RCT post-trial follow-ups, a similar num-
ber of trial participants (from the active and compara-
tor groups) where using statins. Simvastatin seems to be 
implicated in a higher risk for NMSC. For other lipo-
philic statins, further research is needed. 
A significant limitation of all observational trials is the 
probable poor adherence of patients, along with other 
biases that are accompanied with an observational design 
[45-47]. Therefore, the results from observational trials 
presented in this article should be interpreted with cau-
tion and cannot be considered confirmatory, or invalidate 
the connection between statins and cancer incidence. It 
is important to highlight that the risk ratios documented 
in these trials were relatively modest. Limitations of the 
RCTs and the corresponding post-trial follow-ups of sta-
tin use is that the RCTs were not designed to determine 
cancer incidence. Most of the RCTs were designed to eval-
uate CV events and all-cause mortality with statin treat-
ment. Thus, because these RCTs were designed for the 
evaluation of other clinical endpoints, significant bias is 
present, and the results regarding cancer incidence need 
to be interpreted with caution. Another potential problem 
regarding data from RCTs and clinical practice is that trial 
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participants can differ from patients in clinical practice 
in terms of demography, concomitant drug use, co-mor-
bidities [48] and adherence [45,49]. Therefore, these 
factors can have possible consequences on the effective-
ness and safety of treatment [48]. Nevertheless, the CTT 
meta-analysis of RCTs provides the strongest evidence on 
this topic, and it did not show any association between 
statin use and cancer incidence. 
In a conclusion, current evidence does not suggest that 
here is any connection between increased or decreased 
incidence of cancer and statin use. However, simvas-
tatin might be associated with a higher risk of NMSC. 
Unfortunately, many statin trials do not report on NMSC 
incidence. Further long-term (>10 years) epidemiologic 
trials are needed to establish if there is an association 
between statin treatment and the incidence of various 
types of cancer.
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