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Abstract
In addition to cholesterol reduction, statins, currently 
the most commonly prescribed drug in the world, have 
been shown to have anti-neoplastic and immunomod-
ulatory effects. Several observational studies and me-
ta-analyses have shown reduction in risk of multiple 
cancers. More recently there has been an increasing 
interest in the potential role of statins as adjuvant the
rapy after cancer diagnosis and in modifying cancer 
mortality. Although post-hoc analyses of randomized 
controlled trials of statins for cardiovascular outcomes 
have not shown reduction in the risk of cancer mortal-
ity with statin use, these studies lack sufficient power 
to detect a significant difference in cancer outcomes. 
Recently, in a Danish nationwide population-based 
cohort study, Nielsen et al  showed a 15% reduction 
in all-cause and cancer-specific mortality in statin us-
ers as compared to non-users. Improved survival with 
statin exposure was seen in 13/27 cancer subtypes, 
including the 4 most common cancers - lung, prostate, 
colorectal and breast. In this commentary, we examine 
this important study, review its implications and limi-
tations, and briefly discuss impact of other drugs like 
metformin and aspirin that also exhibit anti-neoplastic 
effects.
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Core tip: With increasing economic burden of cancer 
care, cost-effective, preventive strategies are in focus. 
Commonly used drugs like statins, metformin and as-
pirin have been shown to have anti-neoplastic effects 
and are attractive candidates for cancer chemopreven-
tion and reducing cancer-related mortality. Recently, 
in a Danish nationwide population-based cohort study, 
statin users had 15% reduction in all-cause and can-
cer-specific mortality as compared to non-users. These 
results are encouraging and show that statin use may 
be associated with reduced cancer mortality across 
different subgroups and cancer sites. However, sev-
eral confounding variables remain, which merit further 
evaluation before this can change clinical practice.
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STATINS AND CANCER MORTALITY
Statins or 3-hydroxy-3-methylglutaryl coenzyme A (HMG- 
CoA) reductase inhibitors have been used for primary 
and secondary prevention of  cardiovascular diseases 
and currently are among the most commonly prescribed 
medications in the world. Besides cholesterol reduction, 
pre-clinical studies have shown that statins may exert anti-
neoplastic effects, through both HMG-CoA reductase-de-
pendent and HMG-CoA reductase-independent pathways. 
By competitive inhibition of  HMG-CoA reductase, statins 
prevent post-translational prenylation of  the Ras/Rho 
superfamily, which are important mediators of  cell grow
th, differentiation and survival[1]. In addition, statins exert 
proapoptotic, antiangiogenic, and immunomodulatory 
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effects, which may prevent cancer growth[1,2]. Indeed, sev-
eral observational studies and meta-analyses have shown 
that statin use may be associated with reduced risk of  
prostate cancer[3], hepatocellular cancer[4], gastric cancer[5] 
and esophageal cancer[6] but not others[7,8]. More recently, 
there has been greater interest in the potential role of  
statins in modifying cancer outcomes and mortality. Early 
data from post-hoc individual patient data meta-analysis 
of  randomized controlled trials (RCTs) of  statins for car-
diovascular outcomes has not shown reduction in the risk 
of  cancer mortality with statin use, but these studies are 
limited by short follow-up and insufficient power to de-
tect a significant difference in cancer outcomes between 
placebo and statin group[9]. 

In the November issue of  the New England Journal of  
Medicine, Nielsen et al[10] studied the relationship between 
statin use (prior to cancer diagnosis) and cancer-related 
mortality in the entire Danish population from 1995-2009 
in adults > 40 years of  age. Through record linkage be-
tween the Danish Registry of  Medicinal Products Statis-
tics (which records information on all drugs dispensed 
from Danish pharmacies), the Danish Cancer Registry 
(which tracks data on 98% of  all incident cancers in Den-
mark) and the Danish Register of  Causes of  Death, in 
1072503 person-years of  follow-up on 295925 patients 
with incident cancer, they observed 195594 deaths, of  
which 162067 were cancer-related. As compared to statin 
non-users, patients using statins prior to cancer diagno-
sis were 15% less likely to die from any cause [adjusted 
hazard ratio (HR): 0.85; 95%CI: 0.83-0.87] or cancer 
specifically (adjusted HR: 0.85; 95%CI: 0.82-0.87). On 
evaluating risk of  death from 27 individual cancers com-
paring 18721 statin users and 277204 statin non-users, 
they observed improved survival with statin exposure for 
13 cancers, including the 4 most common cancers - lung 
(adjusted HR: 0.87; 95%CI: 0.83-0.92), colorectal (adjusted 
HR: 0.79; 95%CI: 0.75-0.85), prostate (adjusted HR: 0.81; 
95%CI: 0.75-0.88) and breast (adjusted HR: 0.88; 95%CI: 
0.80-0.99). The hazard ratios for cancer death in statin 
users ranged from 0.64 (95%CI: 0.46-0.88) for cervical 
cancer to 0.89 (95%CI: 0.81-0.98) for pancreatic cancer. 
These results were stable across a nested 1:3 matched 
case-control study of  statin users vs statin non-users with 
matching for sex, age at cancer diagnosis, cancer type and 
year of  diagnosis to adjust for the evolving cancer treat-
ments and increasing use of  statins over the follow up 
period. Their robust study design adjusted for multiple 
confounding factors including age at diagnosis, sex, level 
of  education, residential area, cancer stage, presence of  
cardiovascular disease or diabetes before cancer diagnosis 
and whether they received chemotherapy and/or radio-
therapy. They also accounted for probability of  prescrib-
ing statins through propensity score analysis.

Despite the comprehensive nature of  the analysis and 
well thought out adjustments for confounding factors, 
several important limitations remain. Firstly, no data was 
available on smoking that affects cancer incidence and 
related mortality. Conceivably patients may stop smok-

ing after starting statin for a recent acute myocardial 
infarction, which may favorably modify the relationship 
between statin use and mortality from smoking-related 
cancers. Secondly, the healthy user effect and the healthy 
adherer effect needs to be considered while interpreting 
the results of  this study. Studies[11] have shown that doc-
tors may selectively under-prescribe lipid-lowering agents 
to smokers or obese patients, because of  their unhealthy 
lifestyle, both of  which are associated with increased all-
cause and cancer mortality[12,13]. Statin users are more 
likely to be health-conscious and be more compliant 
with cancer screening leading to early cancer detection 
and treatment, translating into improved survival. This 
may partially be addressed by the study adjusting for 
cancer stage (tumor size and spread to the lymphatic sys-
tem), but as nearly one-third of  the patients in the statin 
use group and three-quarters of  the no-statin use group 
had missing data pertaining to tumor size and lymphatic 
spread, residual confounding cannot be completely ex-
cluded. Also, no data is provided in terms of  incident 
cancers or mode of  cancer diagnosis - it is plausible that 
more cancers in the statin users were detected on screen-
ing exams in asymptomatic individuals. Besides early 
diagnosis, statin use prior to cancer diagnosis may also 
reduce the risk of  cancer metastases. In vitro studies have 
shown that lipophilic statin use may reduce the forma-
tion and spread of  metastatic prostate colonies[14]. This 
reduction in the risk of  cancer metastases has also been 
observed with aspirin use, and has been implicated in 
the early reduction in cancer deaths observed in trials of  
daily aspirin vs control[15].

Thirdly, the study does not take into account the po-
tential for concomitant use of  other drugs with known 
anti-proliferative activity and anti-neoplastic potential. 
Statin users in the study had a significantly higher pro-
portion of  patients with cardiovascular disease (70% vs 
21%, P < 0.001) and diabetes mellitus (18% vs 3%, P < 
0.001) and conceivably would have a disproportionately 
higher use of  aspirin or metformin that could have led 
to significant confounding. The authors do report that a 
sensitivity analysis excluding patients with cardiovascular 
disease (which is the only indication for aspirin use with 
statins in Denmark) produced results similar to the main 
finding, which adjusts for the impact of  aspirin use. As-
pirin as well as anti-diabetic medications like metformin 
use has been associated with reduced cancer-related mor-
tality[15-18] and cancer risk[19-21]. In a post-hoc individual 
patient data meta-analysis of  51 RCTs, aspirin users were 
15% less likely to die from cancer (OR = 0.85; 95%CI: 
0.76-0.96), with a more profound effect seen with > 5 
years of  aspirin use (OR = 0.63; 95%CI: 0.49-0.82)[22]. 
Aspirin may inhibit cancer cell proliferation and promote 
apoptosis through cyclo-oxygenase 2 (COX2) mediated 
and COX2 independent effects[23]. Likewise, metformin 
use may improve colorectal cancer mortality in obser-
vational studies[17], with its anti-neoplastic effects being 
mediated by activation of  adenosine monophosphate-ac-
tivated protein kinase and consequent inhibition of  the 
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mammalian target of  rapamycin pathway, a downstream 
effector of  growth factor signaling which is frequently 
activated in malignant cells[24]. In addition, metformin 
may also inhibit cell growth and promote cell senescence 
by inhibiting cyclin D1 expression and pRb phosphory-
lation[25].

Additionally, while Nielsen et al identified a consistent 
reduction in mortality across various cancer types and 
various sub-groups of  patients, there was no clear dose-
response relationship with statin use. The reduction in 
all-cause mortality was similar in patients with defined 
daily dose of  statins of  0.01-0.75 (HR: 0.82; 95%CI: 
0.81-0.85), 0.76-1.50 (HR: 0.87; 95%CI: 0.83-0.89) and 
> 1.50 (HR: 0.87; 95%CI: 0.81-0.91). This partially could 
be accounted for by the increased cardiovascular mortal-
ity of  patients who were on higher defined daily dose of  
statins, however, there was similar lack of  gradient even 
for cancer-related mortality. This could be secondary to 
a threshold effect but based on Hill’s criteria for causal-
ity, presence of  a biological gradient or dose-response 
effect helps to strengthen a causal association. Moreover, 
they have not explored the potential effects of  statins as 
adjuvant therapy after cancer diagnosis and this merits 
further evaluation. Lastly, as 97% of  their study popula-
tion was comprised of  white persons of  Danish descent, 
their results are not generalizable to other ethnic popula-
tions, especially in United States. 

In conclusion, statins are gaining traction for multiple 
non-cardiac indications including cancer. The results of  
this large nationwide observational study are encouraging 
and show that statin use may be associated with reduced 
cancer mortality across different subgroups and cancer 
sites. However, there are several confounding variables 
which merit further evaluation and it still is a long way 
from changing clinical practice. Although cancer risk and 
mortality have been studied in secondary analyses of  
many RCTs to assess the efficacy of  statins for cardio-
vascular indications[9,26,27], clinical trials evaluating cancer 
as primary outcome are lacking. Well-designed, prospec-
tive, randomized trials of  statins with cancer incidence or 
mortality as the primary endpoint are needed to confirm 
or refute these findings. These must take into account 
various other factors that tend to cluster in statin users 
and may independently modify cancer risk. Certainly, fo-
cusing on high risk populations or patients with pre-ex-
isting cancer may be a first step towards the right direc-
tion. Nonetheless, as we await data from ongoing RCTs 
where statins are being investigated for primary cancer 
prevention (NCT01500577), preventing recurrent cancer 
(NCT01011478) or reduced cancer mortality when com-
bined with conventional chemotherapy for different can-
cers (NCT00433498 and NCT01238094), Nielsen et al’  
notable data moves us probably another step closer to 
broadening recommendations for statin use. Statins as 
well as other commonly used and safe drugs like metfor-
min and aspirin may cause a paradigm shift in how we 
approach cancer prevention and treatment in the years to 
come.
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