
Statins produce large cardiovascular benefits, particu-
larly in the secondary prevention of cardiovascular
disease. In a meta-analysis of 14 randomized trials,

participants with a history of heart disease who were taking
statins for 5 years had 48 fewer vascular events per 1000
than those in the control group.1 Importantly, cardiovascu-
lar events occurred about 3 times more frequently than
cases of cancer in these trials. In this issue, Bonovas and
Sitaras report a possible association between the use of
pravastatin (a hydrophilic statin) and cancer among elderly
patients in their meta-analysis of 12 randomized controlled
trials.2 Their study is generally well performed and follows
the QUOROM guidelines for meta-analyses; however, read-
ers may have several questions about the clinical signifi-
cance of these findings. Although one may choose to simply
dismiss subgroup analyses as merely being hypothesis gen-
erating, a Bayesian paradigm, which explicitly states prior
beliefs and incorporates new findings according to the rules
of probability, may provide additional insights for interpret-
ing this new evidence.

What are our prior beliefs?

Previous meta-analyses of randomized controlled trials that
included all types of statins have not demonstrated any in-
creased risk of cancer.1,3 The present study also does not
demonstrate an increase in the overall cancer risk associated
with pravastatin therapy. This study was performed before
the results were available from the Management of Elevated
Cholesterol in the Primary Prevention Group of Adult Japa-
nese (MEGA) trial,4 which followed 8000 Japanese people
(mean age 58 years) randomly assigned to receive either
pravastatin and diet or diet alone for more than 5 years. Again
there was no increase in cancer risk associated with prava-
statin therapy (risk ratio 0.97, 95% confidence interval
0.76–1.25, p = 0.81).

Several observational studies have suggested that statins
are associated not with an increase, but rather with a decrease
in the risk of cancer.5,6 Recently, 2 large observational studies
that examined over 7500 incident breast cancer cases found
no increased risk of cancer with statin therapy and perhaps
even a small benefit of lipophilic agents.7,8 Although these
studies grouped multiple statins together and were not ran-
domized, the number of observed breast cancer cases was 2.5
times greater than the total number of unspecified cancer
cases reported in the randomized controlled trials. Concerns
of bias and residual confounding are always issues in obser-
vational research. However, these concerns are more impor-
tant in studies of intended as opposed to unintended effects.
For example, several high-quality observational studies of the

cardiovascular risk associated with cyclooxygenase-2 (COX-2)
inhibitors have recently confirmed the increased risks ob-
served in randomized controlled trials.9

The incidence rates for individual types of cancer among
patients taking pravastatin therapy have not been reported,
and the biological plausibility that pravastatin therapy can ini-
tiate or promote all types of cancer seems unlikely. Therefore,
although the impact of age on the incidence of all cancers
among statin users has not been directly studied previously,
my prior belief (probability) in the carcinogenicity of prava-
statin is relatively low, perhaps less than 1% to 5%, equiva-
lently expressed as 1:99 or 1:19 odds respectively.

The present study

In the study by Bonovas and Sitaras, the overall association
between pravastatin use and cancer was not statistically sig-
nificant. However, using meta-regression analysis, the au-
thors have dissected out a potential risk in elderly patients.
This analysis involves a linear regression model developed
from the individual trials, with log relative risk as the depend-
ent variable and mean age as the independent variable. The
authors report the slope coefficient of the log relative risk on
mean age to be 0.014 (p = 0.006); this translates to a risk ratio
of 1.22 for a trial with a mean participant age of 75 years.

How confident are we of this regression equation? Over
42 000 patients were included in the original randomized
controlled trials, yet the sample size for the meta-regression
was reduced to the 13 available trials. As an analogy, consider
a regression equation between the risks of cancer as a func-
tion of age based on 13 people, even if their risk was mea-
sured repeatedly. Furthermore, imagine that the age of these
13 people was not measured and instead only the average age
of people living in their neighbourhood was used. Differ-
ences in other factors (e.g., sex, body mass index, smoking
status) may have contributed to overall trial heterogeneity, yet
these factors have not been, and indeed cannot be, assessed
in this small sample size. In other words, a multivariable
analysis to discover independent effects is impossible.

Unfortunately, the small p value calculated for the slope
coefficient does not provide sufficient reassurance for the
above concerns and in no way addresses model uncertainty
including the relative weights assigned to each trial. The au-
thors claim that their results are robust to the removal of the
PROSPER trial; however, the relation between age and cancer
risk beyond the age of 69 would depend entirely on extrapola-
tion, which has inherent hazards. This is not to imply that the
authors’ model is incorrect, but merely to demonstrate that
the reported results are perhaps not as robust as suggested by
the small p value.
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Bonovas and Sitaras expressed appropriate concern and
tested for publication bias, which is a serious potential prob-
lem in meta-analyses. However, they included only random-
ized controlled trials that reported cancer rates and as a result
excluded at least 2 other randomized controlled trials of
pravastatin therapy that did not report cancer rates.10,11 Since
other clinical events were reported in these 2 studies, one may
assume that the absence of reported cancer rates equates to an
absence of differences. The inclusion of these 2 additional
studies may well have influenced the final conclusions, and an
effort to obtain these missing data would have been helpful.

The potential bias of attributing group characteristics to
individuals (ecology fallacy), combined with the exclusion of
trials, the small study size and model uncertainty, should
surely influence our degree of confidence in a relation be-
tween cancer risk due to pravastatin therapy and age. Given
these limitations, I would estimate the likelihood ratio (the
probability of obtaining the results given a true association
divided by the probability of obtaining the results if no associ-
ation exists) to be no different than 1. Although some may be-
lieve this to be a harsh judgment of the present study, a recent
report has suggested that most published research findings
are actually false.12

What should we now believe?

Bonovas and Sitaras are rightly reserved in their conclusions,
are careful not to overstate their results and call judiciously
for further research. Overemphasizing the age-related results
while ignoring or minimizing the overall results would be
analogous to the inappropriate emphasis occasionally at-
tached to subgroup analysis. As readers, we should be simi-
larly circumspect in our interpretation.

To return to Bayes’ theorem, remember that the posterior
odds (probability after the study results) equals the prior odds
(probability before the study results) multiplied by the likeli-
hood ratio. Therefore, given that my prior odds for this asso-
ciation were low, my posterior odds remain equally low, in
the range of only 1%–5% probability, that the reported associ-
ation is in fact true. Although this may be enough to stimulate
further research into this question, it seems reasonable to
conclude that a relation between pravastatin and cancer re-

mains unproven and that the data at present are insufficient
to change clinical practice.
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