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Background: Systematic reviews on the association between statin therapy and cancer have
focused on randomised trials without assessing the quality of evidence. We aimed to
review the overall evidence taking study quality into consideration.
Methods: Publications of original studies on the effect of statin treatment on cancer in adult
patients were searched on MEDLINE, EMBASE and CENTRAL databases upto October 2007.
Our search yielded 37 eligible original studies out of 3607 references. Five studies were addi-
tionally found through manual search. Thus, 42 studies were included in the analyses: 17
randomised controlled trials, 10 cohort studies, and 15 case-control studies.
Findings: Statins had no effect on the overall incidence of cancer (median risk ratio (RR)
0.96, range 0.72 to 1.2), or on the incidence of lung (median RR 0.92, range 0.83 to 3.0), breast
(median RR 1.04, range 0.74 to 19) or prostate cancer (median RR 0.96, range 0.33 to 1.7).
They seemed to protect from stomach (median RR 0.59, range 0.40 to 0.88) and liver cancer
(median RR 0.62, range 0.33 to 1.2), and from lymphoma (median RR 0.74, range 0.28 to 2.2).
They increased the incidence of both melanoma (median RR 1.5, range 1.3 to 1.7) and non-
melanoma skin cancer (median RR 1.6, range 1.2 to 2.2). The effect varied, yet inconsis-
tently, by statin type. The median follow-up time was 4 years. The strength of evidence
was mostly weak.
Interpretation: The evidence suggests that statins do not have short-term effects on cancer
risk. The evidence on potentially protective or harmful effects is inconclusive. High quality
cohort studies with long follow-up are needed to resolve the issue.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction interest in statins because of their possible anticancer ef-
fects.? Statins have antiproliferative, proapoptotic, anti-inva-
Statins (HMG-CoA-reductase inhibitors) have become the sive and radiosensitising effects.> They inhibit the

most popular drugs used for high cholesterol because of their
efficacy and few side-effects. Randomised controlled trials
(RCT’s) have shown that statins improve the blood lipid profile
and decrease a number of cardiovascular diseases and mor-
tality from coronary heart disease.” There has been a growing

* Corresponding author: Tel.: +358 5032467549; fax: +358 977258229.
E-mail address: anne.lamminpaa@statetreasury.fi (A. Lamminpé&d).

mevalonate pathway that leads the critical changes in cell
function. Anticancer effect is also associated with mutations
of activated RAS-proteins in colorectal and pancreatic cancers
as well as in lung cancers and leukaemia. Statins may have a
cytostatic effect on cancer cells and prolong the survival of
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cancer patients.* They also act as antioxidative, anti-inflam-
matory and angiogenic drugs® and could therefore both pre-
vent and promote cancer cell growth.

The authors of recent meta-analyses have mainly con-
cluded that statins do not affect the overall risk of can-
cer>® or the risk of major cancer subtypes either.:>7*
Two meta-analyses included observational studies,®'? all
other meta-analyses focused on RCT’s. In only one meta-
analysis had the authors assessed the quality of included
studies.’ Instead, many authors carried out various kinds of
sensitivity analyses.

RCTs are considered to provide the best evidence on the ef-
fects of any intervention, yet it does not mean that we are al-
lowed to neglect the evidence provided by other study
designs. One of the shortcomings of RTCs is that they do
not reflect the real-life mixed use of drugs. There is much
concern about the validity of meta-analyses in general and
how strong conclusions can be based on them, mainly due
to the fact that meta-analyses themselves are observational
in nature. Even though the methodology on how to carry
out systematic reviews and meta-analyses is still in progress,
it can be argued that the assessment of study quality is vital
for rigorous meta-analyses.

The aim of this study was to systematically review and
evaluate the evidence on the association between statin ther-
apy and cancer. The information will be utilised later as a ba-
sis of hypothesis formulation for a nationwide study on
cancer risk among statin users in Finland with exact informa-
tion of types and amounts of statins used by them. Therefore,
the target population in this meta-analysis was defined as
middle-aged Northern European.

2. Materials and methods

2.1. Search

We attempted to find all publications of original studies on
the effect of statin treatment on cancer in adult patients.
Potentially eligible studies, upto October 2007, were searched
in the electronic databases MEDLINE, EMBASE and Cochrane
CENTRAL. The following medical subject headings and free
text keywords were used: ‘hydroxymethylglutaryl-CoA reduc-
tase inhibitors’, ‘statin’, ‘atorvastatin’, ‘fluvastatin’, ‘lova-
statin’, ‘pravastatin’, ‘simvastatin’, ‘rosuvastatin’, ‘cancer’,
‘malignant neoplastic disease’, ‘human’, ‘trial’, ‘cohort study’.
Additional studies were sought by manual search through ref-
erence lists of relevant reviews and other publications, and
the authors’ personal libraries.

2.2.  Study selection and data extraction

One reviewer (JK) determined the eligibility of retrieved stud-
ies according to predetermined criteria, consulting the other
authors when necessary. No language restrictions were im-
posed. Inclusion criteria were: an original study comparing
statin treatment with an inactive control (placebo or no stat-
ins), adult study participants (18 years or older), cancer inci-
dence reported, and follow-up over 1 year. Studies on
cerivastatin and those describing statin treatment in cancer
or transplant patients were excluded. One reviewer extracted

the data on a predetermined form. In case a trial had multiple
treatment arms with different doses of a statin, the numbers
of cancer cases in those arms were combined. We did not ap-
proach the authors on studies that did not report cancer
outcomes.

2.3.  Assessment of strength of evidence

One reviewer (JK) assessed the strength of evidence according
to predetermined criteria and cut-off points which were set in
consensus by all authors. First, the quality of each study, and
the quality and applicability of the results were evaluated.
Study quality was determined based on the definition of the
base population of eligible participants (e.g. all consecutive
patients with myocardial infarction, or volunteers recruited
by an announcement), and the definition and measurement
of the predictor (e.g. statin type, dosage, placebo) and out-
come (e.g. cancer type, diagnostic criteria, information self-
reported or register-based).

The quality of the results was determined based on sample
size, randomisation, allocation of treatment, blinding, com-
pliance, drop-outs, losses to follow-up, missing data, follow-
up time, effect measure, and potential confounders. The
applicability of the results was determined based on country,
setting, age, sex, race and coverage (i.e. the number of study
participants divided by the number of the eligible ones in
the base population). Applicability assessment needs the tar-
get population to be defined; in this meta-analysis, it was
deemed middle-aged Northern European.

Secondly, the overall strength of evidence was assessed on
each separate outcome. The strength was based on study de-
sign, study quality, the quality and applicability of the results,
and the homogeneity in between the studies (Table 1). The
homogeneity was evaluated based on the similarity of study
populations, predictors, outcomes, follow-up times, risks
among the controls, effect measures, effect sizes (benefit,
no effect, harm), and continuity of effect sizes (whether the
results of different studies could be thought of as arising from
the same source population in a statistical sense).

2.4.  Statistical analyses

The effect measures of interest were the risk ratio (RR) and
the rate difference (RD) per 100,000 person-years between
the statin treated patients and the control ones. Odds ratios
were assumed to be approximate risk ratios. Median RRs with
ranges are reported. In addition, mean RRs and their 95% con-
fidence intervals were calculated using the inverse variance
method. Assessment was hierarchical, so that summary ef-
fect measure was determined based on those studies that
provided the highest level of evidence. Studies providing
weaker strength were excluded from calculations.

3. Results

3.1.  Description of studies

Our search yielded 69 potentially relevant publications out
of 3607 references (Fig. 1). These publications described 57
original studies: 33 RCTs, 10 cohort studies, 13 case-control
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Table 1 - Criteria for strength of evidence on intervention

Strength of Study Minimum study  Minimum results Minimum results Number of Homogeneity
evidence design quality quality applicability studies Index?®
Good RCT, RCCT Good Good Moderate 3 6/8 (2/3)
Moderate RCT, RCCT Moderate Moderate Moderate 2 5/8 (2/3)

CT, CO, NCC Good Good
Weak RCT, RCCT Weak Weak Weak 1 4/8 (1/2)

CT, CO, NCC Moderate Moderate

CG Good Good
Very weak Cs Weak Weak Weak 1 3/8 (1/2)

RCT = Randomised controlled trial; RCCT = Randomised controlled crossover trial; CT = Clinical trial; CO = Cohort study; NCC = Nested case-

control study; CC = Case-control study; CS = Cross-sectional study.

a First fraction expresses the number of factors (e.g. population, outcome, follow-up time) that need to be homogenous in between the studies.
The latter fraction expresses the number of studies that need to be similar, in order for the factor in question to be considered homogenous.

Refrences from
MEDLINE, EMBASE,

CENTRAL
3607
Not eligible
3538
Retrieved
publications
69
Exclusions
12 secondary publications
or substudies;
Excluded 32 5 follow-up <=1 year;
5 cancer mortality;
5 cancer not reported;
Manua; search 5 inappropriate control
Included 37

Included studies

Fig. 1 - Literature search flow.

studies, and one cross-sectional study. Publications were con-
sidered to describe one study if they used the same study pop-
ulation. Three randomised controlled trials, one cohort study,
and the cross-sectional study were excluded due to short or
non-existent follow-up time. Four trials and one cohort study
reported other clinical outcomes but not cancer. Five trials re-
ported only fatal cancer cases and were therefore excluded.
Five trials had inappropriate control groups. Five eligible trials
were found by manual search. Altogether, 42 studies were in-
cluded in this meta-analysis.’*>* Especially for large trials,
necessary information on study design and baseline charac-
teristics was acquired from separate publications.>>”*

The characteristics of the studies included are shown in
Tables 2 and 3. The studies had been published between
1993 and 2007. The population size in the studies varied from
250 to 483,733, and the number of cases from 2 to 22,512. In
the RCTs, the study populations were predominantly male;
in the observational studies, the gender distribution was
more even. Overall, the age ranged from 18 to at least 100

years, yet the participants were mostly middle-aged. Most of
the studies evaluated the effects of atorvastatin, lovastatin,
pravastatin and simvastatin. No study reported findings on
rosuvastatin. The follow-up time ranged from 2 to 12 years
(median 4 years).

In the RCTs, cancer was always listed among the adverse
events, and the rigour in the endpoint assessment of cancer
varied. Eight trials had a central endpoint committee, yet it
was usually unclear if cancer diagnoses were adjudicated
centrally. Two trials used registers and the rest did not provide
information on the outcome assessment concerning cancer.
Out of the 25 observational studies included in this review,
information on cancer was based on register data in 19 stud-
ies and on self-reporting and clinical records in the others.

3.1.1. Quality and applicability of studies

Study quality was moderate to good in all studies, being
mainly moderate in trials and mainly good in observational
studies. Result quality was good in one trial and in nine obser-
vational studies and moderate in 13 trials and 14 observa-
tional studies. The applicability of studies was moderate to
good in all studies. Overall, only one study® could have pro-
vided strong evidence on cancer. Respectively, 17 studies®"
20,22,26-29,33,38,4041 coy1d have provided moderate evidence, 15
21,23,24,30-32,34-37,39,42,43,45,46 weak evidence and nine

only very weak evidence.

studies

studies*+*7->*

3.2 Effects of statins on cancer

3.2.1. Any statin

The number of studies available for analysis varied from 1 to
17 (Table 4). The median risk ratio between statin treatment
and the control treatment on different cancer outcomes var-
ied from 0.39 to 1.6, and the median rate difference per
100,000 person-years from -50 to 69.

The effect estimates did not seem to depend on publication
year but more on study design (Fig. 2). The effect estimates
were close to null effect in RCTs, cohort studies and nested
case-control studies. Case-control studies focusing on one
cancer site at a time have a tendency to show RRs below unity
for statin use with the exception of one study on lymphoid
malignancies*® that shows significant excess for statin use.



Table 2 - Study characteristics: trials and cohort studies

Study Year of Statin Cancer Start of Follow up  Treated n/N Controls n/N Crude RD per Crude RR
publication outcome recruitment (years) 100,000 person-years

Randomised controlled trials

MARS*? 1993 L Any 1985 2.2 6/123 5/124 384 1.2
SSSst 1994 S Any 1988 5.4 103/2223 102/2221 8 1.0
KAPS™® 1995 P Any 1990 3 1/224 1/223 -1 1.0
REGRESS?*® 1995 P Any 1989 2 3/450 3/434 -12 0.96
WOScops?’ 1995 P Any not nmsc 1989 4.9 116/3302 106/3293 60 1.1
CAIUS™ 1996 P Any 1991 3 3/151 4/154 -204 0.76
CARE" 1996 P Any 1989 5 172/2081 161/2078 103 1.1
LCAS® 1997 L Any 1993 2.5 12/214 16/215 -734 0.75
AFCAPS /TexCAPS?! 1998 L Any not nmsc 1990 5.2 252/3304 259/3301 -42 0.97
LIPID?? 1998 P Any 1990 6.1 379/4512 399/4502 -76 0.95
GISSI® 2000 P Any not nmsc 1993 2.0 16/2138 24/2133 -186 0.67
LIPS?* 2002 P Any 1996 3.9 46/822 49/818 -101 0.93
MRC_BHF HPS* 2002 S Any not nmsc 1994 5 814/10269 803/10267 21 1.0
PROSPER?® 2002 P Any not nmsc 1997 3.2 245/2891 199/2913 513 1.2
Beishuizen?’ 2004 Cs Any 1999 2 4/125 4/125 0 1.0
PHYLLIS?® 2004 P Any 1990s 2.6 1/254 1/254 0 1.0
GDDS? 2005 A Any 1998 4 39/619 44/636 -154 0.91
Cohort studies

Beck>°® 2003 FLPS Breast 1989 4.2 188/13592 691/53880 3322 1.12
Cauley* 2003 FLPS Breast 1992 6.8 6/284 234/6952 -190 0.31%
Friis®? 2005 ACFLPS Any not nmsc 1989 3.3 398/12251 22114/322503 -1093 0.86%
NHS>? 2005 ns Breast 1994 6 152/15370 1472/59534 -247 0.96%
Wei* 2005 ns Colorectal 1984 ~3b 18/213 188/2425 233 1.12
Cauley® 2006 AFLPS® Breast 1993 6.7 297/11710 4086/144641 -43 0.91%
CPS-I1%¢ 2006 FLPS Colorectal 1997 4 183/23360 601/103426 51 1.0
HPFS*’ 2006 ns Prostate 1990 12 322/2847 2257/27796 266 0.962
Boudreau®® 2007 ACFLPRS Breast 1990 6.4 401/6836 2306/85952 497 .47
Setoguchi® 2007 ACFLPS Colorectal 1994 2.9 190/24439 59/7284 -11 0.96%

Note: Each study might have reported several cancer outcomes. The outcome with most cases has been included in this table.

n/N = No. of cases in the group; RD = Rate difference; RR = Risk ratio; A = Atorvastatin; C = Cerivastatin; F = Fluvastatin; L = Lovastatin; P = Pravastatin; R = Rosuvastatin; S = Simvastatin; nmsc = Non-
melanoma skin cancer; ns = Not specified.

a Adjusted values reported by authors.

b Approximately, follow-up time not reported clearly by authors.

¢ Authors mentioned ‘other’ statins but did not specify further.
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Table 3 - Study characteristics: case-control studies

Study Year of publication Statin Cancer outcome Start of data  Intervention Cases n/N Controls n/N Crude OR  Adjusted OR
collection (years)
Nested case-control studies
Blais*® 2000 LPS Any 1989 nr nr/542 nr/5420 e 0.72
Graaf*! 2004 ACFPS Any 1991 nr 144/3080 986/16711 0.79 0.80
Kaye42 2004 ns Any 1987 2.4 256/3244 1066/14844 1.1 1.0
Vinogradova*® 2007 ACFPS Colorectal 1995 ~2 538/5686 2424/24982 0.98 0-93
Case-control studies
Boudreau** 2004 ns Breast 1997 3.7 112/961 119/983 0.96 0.90
Zhang*® 2004 ns Lymphoma 1996 nr 37/601 71/717 0.62 0.50
Poynter*® 2005 ns Colorectal 1998 nr 120/1953 234/2015 0.53 0.57
Shannon®’ 2005 AFLS Prostate 2001 ~2 30/90 93/176 0.63 0.35
EPILYMPH*® 2006 ns Lymphoma 1998 ~4 74/177 2288/4391 0.80 0.61
Iwata*® 2006 FPS Lymphoma 1995 4 29/218 31/437 1.9 2.5
Landgren>® 2006 ns Myeloma 1996 nr 7/179 59/691 0.46 0.40
Coogan®? 2007 ns Colorectal 1991 nr 35/726 190/3842 0.97 0.80
Coogan52 2007 ACFLPRS Colorectal 2001 ~3 457/1759 523/1752 0.87 0.92
Robertson>? 2007 ns Colorectal 1989 nr 125/5582 1509/55834 0.83 nr
Khurana* 2007 ACFLPRS Lung 1998 ~3 1994/7280 161668/476453 0.81 0.55

Note: Each study might have reported several cancer outcomes. The outcome with most cases has been included in this table. n/N = No. of exposed in the group; OR = Odds ratio; A = Atorvastatin;
C = Cerivastatin; F = Fluvastatin; L = Lovastatin; P = Pravastatin; R = Rosuvastatin; S = Simvastatin; ns = Not specified; nr = Not reported.~ = Approximately, intervention time not reported clearly by
authors.
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Table 4 - Effects of statins on cancer

Cancer® Strength of RR RD

evidence per 100,000 years
k/K Nk Median [range]  Mean (95% CI) k Median [range]

All cancers

Any13-16/18-2022,24,27-25,40-42 Weak® 15/15 67432 0.96 [0.72 to 1.2] 0.93 (0.77-1.1) 12 -6 [-734 to 384]

Any excl. nmsc'*17+2%:26:21,23,32 Moderate 4/7 37379 1.1 [0.94 to 1.3] 1.1 (0.82-1.4) 4 41 [-51 to 534]

Respiratory

Lung?®:21,23,32,3342,56,51,54 Weak® 9/11 391216  0.92 [0.83 to 3.0] 1.0 (0.73-1.4) 6 0 [-25 to 148]

Respiratory ns'”:>>26 Moderate 3/3 32935 1.1 [0.96 to 1.1] 1.1 (0.70-1.6) 3 23 [-7 to 54]

Breast9:22:26,33,38,70[A] Moderate 6/17 177866 1.0 [0.74 to 19] 1.3 (0.92-1.7) 6 15 [-103 to 628]

Genitourinary

Gynecological

Ovarian*? Weak 1/1 501 1.0 1.00 (0.25-3.93)

Uterus*42>1 Weak 2/3 715 0.39[0.30 to 0.50]  0.37 (0.13-1.09) . .

Gynaecological ng®427° Weak 3/3 172633  0.93 [0.91 to 1.1] 0.97 (0.55-1.71) 2 -8 [-23 to 8]

Prostate’>21:3237:40-42,56,7047.,51 Weak® 9/11 231893  0.96 [0.33 to 1.7] 0.99 (0.77-1.27) 6 —14 [-149 to 43]

Urinary tract

Kidney*!4270:51 Weak 3/4 21369 1.0 [0.27 to 1.0] 0.79 (0.39-1.6) 1 2

Bladder?*#142.70:51 Weak 4/5 29903 1.1 [0.82 to 1.2] 0.99 (0.63-1.6) 2 -13 [-31 to 6]

Urinary tract ns*>*>>® Weak 3/3 8413 0.93 [0.43 to 1.1] 0.86 (0.46-1.6) 1 -6

Genitourinary ns'”:?>26 Moderate 3/3 32935 1.0 [0.95 to 1.2] 1.0 (0.70-1.5) 3 0 [-25 to 37]

Gastrointestinal

Upper GI

Oesophageal*? Weak 1/1 530 0.80 0.80 (0.16-3.9)

Stomach*!42 Weak 2/2 1296 0.59 [0.40 to 0.88]  0.64 (0.23-1.8) : :

Upper GI ns*®7° Weak® 2/2 27113 1.4 [1.2 to 1.7] 1.3 (0.77-2.3) 2 33 [23 to 43]

Colorectal

Colon?!40-42:46,51,52 Weak 4/7 10815 0.93 [0.83 to 1.2] 1.0 (0.61-1.7) 1 29

Rectum*#246:51.52 Weak 2/5 1026 0.88 [0.48 to 1.6] 1.1 (0.45-2.5) . .

Colorectal ns®°67°lE] Moderate 3/13 31272 0.60 [0.57 to 0.87]  0.74 (0.47-1.2) 3 -50 [-87 to -33]

Gastrointestinal ns'#17:1%2>26[€l  Moderate 5/7 41538 1.0 [0.92 to 1.5] 1.1 (0.75-1.5) 5 6 [-10 to 222]

Liver'®2 Weak 2/2 338913  0.62 [0.33 to 1.2] 0.85 (0.27-2.7) 2 —4 [-10 to 2]

Pancreas*#2>1:57 Weak 2/4 1175 0.84 [0.80 to 0.89]  0.83 (0.32-2.1)

Haematological

Myeloma> Very weak 1/1 870 0.40 0.40 (0.12-1.3) . .

Lymphoma?":40:41:4548:49,51 Weak 4/7 8745 0.74 [0.28 to 2.2] 0.68 (0.38-1.2) 1 6

Leukaemia®' Very weak 1/1 4095 1.1 1.1 (0.37-3.3) . .

Lymphoma or leukaemia®®’® Weak® 2/2 24695 1.0 [0.80 to 1.3] 1.1 (0.59-2.1) 2 0 [-19 to 19]

Haematological ns®*? Weak 2/2 355290 1.0 [0.88 to 1.2] 1.1 (0.63-1.9) 2 3 [-18 to 23]

Central nervous system?” Weak 1/1 20536 1.7 1.7 (0.60-4.9) 1 10

Skin

Melanoma'%7021:42 Moderate 2/4 24695 1.5[1.3 to 1.7] 1.6 (0.71-3.5) 2 12 [10 to 14]

Non-melanoma!#42>21:23 Moderate 2/4 24980 1.6 [1.2 to 2.2] 1.3 (0.86-2.1) 2 69 [58 to 80]

Skin ns*%4! Weak 2/2 1789 0.71[0.63 to 0.81]  0.74 (0.32-1.7)

RR = Risk ratio; RD = Rate difference; nmsc = Non-melanoma skin cancer; ns = Not specified; GI = Gastrointestinal; k/K = No. studies providing
best evidence out of all eligible studies; RDs are generally based on less evidence, because it cannot be calculated for case-control data;
Nk = Total no. of participants in the studies providing best evidence.

a References for studies given in superscript; studies with lower quality given in brackets;
b Strength of evidence decreased due to the heterogeneity of studies.

.21,30-32,35,39-42,44,51,70. .32,34,36,39,42,43,46,51-53. .23,32
A: : B: : C:

The strength of evidence was at most moderate but mostly 3.2.2. Different statins

weak. Moderate evidence could be found on respiratory, Only those cancer outcomes for which there was evidence on
breast, colorectal, genitourinary, gastrointestinal, melanoma at least three different statins are reported here. The number
and non-melanoma skin cancer, and any cancer excluding of eligible studies varied from 1 to 6 (Table 5). The median risk
non-melanoma skin cancer. The strength of evidence was re- ratio between statin treatment and the control treatment on
duced to weak due to heterogeneity on prostate, upper gastro- different cancer outcomes varied from 0.34 to 0.91 for atorva-
intestinal cancer and lymphoma or leukaemia as well as any statin, from 0.34 to 1.2 for fluvastatin, from 0.52 to 1.7 for lov-
cancer. Strength was borrowed from lower-quality studies in astatin, from 0.58 to 1.7 for pravastatin, and from 0.67 to 1.6

leukaemia. for simvastatin. Respectively, the median rate difference per



2128

EUROPEAN JOURNAL OF CANCER 44 (2008) 2122-2132

RR
15 28
50 F Af A 4 Randomised clinical trial A N
A" B Cohort study A7 hl
A8 A Nested case-control study T
L ® Case-control study
®
- 0'34
14 A 19 A-\fo A7 2
A A A23 B30 " A A __0,36 B380’39
21 Al 25 A% |B]
Y A" 22 A B || pTTeas Tr[co2
IT Py I LT 4
1.0 [ I T 11 II T EE
B * o } Al T c®
B * 33
| A24 A41 _
A% )
0.5 ™ ol 154
S s Clog N8
- L °
L | |
0.2 I - B¥ EAY:Y
| ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
1992 1994 1996 1998 2000 2002 2004 2006 2008

Publication year

Fig. 2 - Relative risk estimates, with 95% confidence interval bars, for statin users in comparison with reference population,
by publication year and study type. Case-control studies emerged in the 2000s and show greater effects than the other study
types which may partly be due to both publication bias and methodological issues inherent to study design. Note: The risk
estimates are only superficially comparable between studies because both the intervention and outcome vary, especially in
observational studies. See Table 2 for relative risks (i.e. risk ratios and odd ratios). References for studies are given in
superscript. Gancer types: A=Any (studies 17, 21, 23, 25, 26 and 32 excluded non-melanoma skin cancer); B = Breast;

C = Colorectal; L = Lung; M = Melanoma; N = Lymphoma; P = Prostate.

100,000 person-years varied from -76 to 384 for lovastatin,
from —68 to 148 for pravastatin, and from —103 to 69 for simva-
statin. The strength of evidence was moderate for pravastatin
on breast and colorectal cancer, and for simvastatin on non-
melanoma skin cancer. Otherwise, the level of evidence was
mostly weak.

4. Discussion
We analysed the data from 17 randomised controlled clinical
trials and 25 observational studies in order to evaluate the ef-
fect of statins on cancer in adult patients. Our findings resem-
ble those of others who have stated that there is no evidence
that statins would have a clinically significant effect on over-
all cancer incidence, or on respiratory, breast, colorectal, gas-
trointestinal, genitourinary, or prostate cancer.>*”~*° On the
other hand, in a review on 20 case-control studies, statins
were associated with a decreased risk of any, lung and pros-
tate cancer.” Any indication on potential harm or benefit in
our review is based on weak evidence except for skin cancer.
We found moderate evidence that statins are associated
with an increased risk of melanoma and non-melanoma skin
cancer, whereas other authors have generally concluded that
there is no apparent association between statins and the risk

of melanoma,™>7"** or that a preventive effect of statins is not

excluded.®*? All reviews have used the same trials as the ba-
sis of evidence, the weighted summary estimate of relative
risk varying from 0.84 to 1.0. Baigent and colleagues® had
information on 14 RCTs, the others®”** from four to six trials.
Baigent and colleagues did not report trial-specific risk esti-
mates for melanoma, even though they had access to the
unpublished results of all included trials. Two other re-
views>!% also had some unpublished data at hand. The
trial-specific relative risks reported in the reviews ranged
from 0.33 to 2.3. The reason for the contradiction between
our conclusion and those of the other reviewers lies evidently
in the number and quality of studies included and in the
methodology applied in the meta-analysis.

When using hierarchical quality-based methods in evalua-
tion (as in the present review), it is reasonable to believe that
the review suffers less from potential publication bias be-
cause high quality studies tend to become published more of-
ten than low quality ones’® and thus the best evidence is
more readily and more completely obtainable for the review-
ers. The quality of studies and results varied, and only one
study®® was of high enough quality and applicability to be
able to contribute strong evidence on cancer. (Note that
strong evidence requires at least three such studies.) The tri-
als included in our meta-analysis were designed to study the
efficacy of statins on cardiovascular endpoints; cancer was
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Table 5 - Effects of statins on cancer by statin type

Cancer?® Strength of evidence RR RD
per 100,000 years

k/K Nk Median [range] Mean (95% CI) &k Median (range)

Any cancer

Atorvastatin® Weak 1/1 1255 0.91 0.91 (0.42-2.0) 1 154

Fluvastatin®®?* Weak 2/2 1640 0.84 [0.75 to 0.93]  0.87 (0.47-1.6) 2 417 [-734 to -101]

Lovastatin®? Weak 1/1 247 1.2 1.2 (0.35-4.2) 1 334

Pravastatin’>16:18192228  \oderate 6/6 15317  0.98 [0.76 to 1.2] 0.98 (0.72-1.3) 6 -6 [-204 to 103]

Simvastatin™* Weak 1/1 4444 1.0 1.0 (0.55-1.9) 1 8

Any cancer excl. nmsc

Lovastatin® Weak 1/1 6605 0.97 0.97 (0.60-1.6) 1 42

Pravastatin®’2%2¢ Moderate® 3/3 16670 1.1 [0.67 to 1.3] 1.1 (0.72-1.6) 3 60 [-186 to 534]

Simvastatin’*2° Moderate 2/2 24980  0.97 [0.94 to 1.0] 0.99 (0.73-1.4) 2  -15[-51 to 21]

Breast

Atorvastatin** Very weak 1/1 1776 0.80 0.80 (0.29-2.2)

Fluvastatin®* Very weak 1/1 1752 1.1 1.1 (0.36-3.3) . .

Lovastatin?>*4°? Weak 1/3 997 1.4 1.4 (0.52-4.0) 1 153

Pravastatin'2226:4451 Moderate 3/5 5092 1.7 [1.0 to 19] 3.3 (1.7-6.3) 3 1481 to 628]

Simvastatin’%44>? Weak 1/3 5082 0.74 0.74 (0.34-1.6) 1 -103

Prostate

Atorvastatin®’ Very weak 1/1 302 0.34 0.34 (0.04-2.6)

Fluvastatin®’ Very weak 1/1 302 0.34 0.34 (0.04-2.6) . .

Lovastatin?>#7>1 Weak 1/3 5608 1.0 1.0 (0.55-1.8) 1 6

Pravastatin®>°6°1 Weak 2/3 7024 0.75 [0.33 to 1.7] 1.3 (0.55-3.3) -53 [-149 to 43]

Simvastatin’%47:>! Weak 1/3 15454 1.0 1.0 (0.57-1.8) 1 0

Colorectal

Atorvastatin®*°? Weak 1/2 30468 1.1 1.1 (0.64-1.9)

Fluvastatin®? Weak 1/1 30468 1.2 1.2 (0.52-2.8)

Lovastatin®? Very weak 1/1 2641 1.7 1.7 (0.63-4.7) . .

Pravastatin'9>6:43:>2 Moderate 2/4 10736  0.58 [0.57 to 0.60]  0.58 (0.28-1.2) 2  -68[-87 to -50]

Simvastatin*?70:>2 Weak 2/3 51004  0.85[0.83 to 0.87]  0.85 (0.57-1.3) 1 -33

Lymphoma

Fluvastatin®® Very weak 1/1 596 0.72 0.72 (0.06-8.8) . .

Lovastatin?? Weak 1/1 6605 1.1 1.1 (0.38-3.1) 1 6

Pravastatin®®*° Very weak 2/2 5051 1.0 [0.35 to 2.9] 1.2 (0.51-2.9)

Simvastatin® Very weak 1/1 612 0.67 0.67 (0.15-3.0)

Melanoma

Lovastatin®* Weak 1/1 6605 0.52 0.52 (0.19-1.4) 1 -76

Pravastatin® Weak 1/1 4159 1.3 1.3 (0.33-5.3) 1 10

Simvastatin’® Weak 1/1 20536 1.7 1.7 (0.65-4.5) 1 14

Non-melanoma skin cancer

Lovastatin?* Weak 1/1 6605 1.0 1.0 (0.63-1.7) 1 39

Pravastatin® Weak 1/1 4271 1.0 1.0 (0.14-7.1) 1 0

Simvastatin’*2° Moderate 2/2 24980 1.6 [1.2to 2.2] 1.3 (0.86-2.1) 2 69[58 to 80]

Findings shown only on outcomes where there is evidence on at least three different statins. RR = Risk ratio; RD = Rate difference; nmsc = Non-
melanoma skin cancer; k/K = No. studies providing best evidence out of all eligible studies; Ny = Total no. of participants in the studies

providing best evidence.

a References for studies given in superscript; studies with lower quality given in brackets.

b Strength borrowed from lower-quality studies.

considered an adverse event and was reported, and probably
also measured, with varying rigor. The observational studies,
instead, had been specially designed to study statins’ associ-
ation with cancer. The evaluation of strength of evidence also
relies on how well the studies report details relevant to the to-
pic. In many cases, the evidence might actually be stronger
than it appears, as more precise and important information
may be left out from the publication. Authors, reviewers

and editors often consider that the discussion with expert
opinions on the quality and importance of the findings is
the most important section of an article. For a critical reader
or author of a review, however, the information on those char-
acteristics that affect study quality, results quality and appli-
cability is most crucial.

We did not approach the authors of potentially eligible
studies to acquire more information on study details and can-
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cer outcomes for practical reasons. This has decreased the
number of studies included in our meta-analysis, but their
inclusion would probably not have changed our conclusions.
Bonovas and colleagues® had included seven such studies.
The total number of participants of those studies is 3699
and the total number of cases 117. Freeman and colleagues™®
had approached the authors of original studies and had been
provided with missing information from 20 out of 36 studies.

The definition of outcome varied from study to study.
Combining studies would have increased the total number
of studies for a respective cancer type, but the heterogeneity
would also have increased. In the evaluation method we used,
cumulating heterogeneous sets of low quality studies does
not increase the strength of evidence.

We do not believe that we have missed any important pub-
lished literature. Ideally, all included studies are selected via
systematic searches from electronic databases. Because the
indexing of publications will probably never be thoroughly
complete, especially on the secondary or adverse outcomes,
a manual search and the existence of ‘gray’ literature must
be accepted to some extent. Five out of 42 studies included
in our review represented this ‘gray’ literature, which can be
considered acceptable.

The evidence so far is rather reassuring that statins do not
increase the risk of cancer in the short-term. Cancer is an
endpoint that needs to be followed-up for at least 10 years;
over half of the studies included in this study had an inter-
vention time less than 5 years and only one reached 10 or
more years. The effect of potential lead time bias is bigger
the shorter the follow-up time is. The evidence at this point
in time is far from convincing, especially that statins are usu-
ally intended to be used for the rest of one’s life. For similar
reasons, it is also too early to say whether some statins might
have a protective effect for some cancer types.

There has been a change from RCTs to observational stud-
ies (Fig. 2). In the future, new long-term RCTs are not likely to
be started, which emphasises the role of good quality popula-
tion-based cohort studies as a source of most reliable evi-
dence on the effects of statins. The use of statins is ever-
spreading and we do need to continue the follow-up and
assessment of their long-term effects. Other authors have
raised two topics that we did not try to explore but definitely
require more investigation; namely, it is possible that statins
are associated with increased risk of cancer in the elderly,”®
and in patients in whom the achieved LDL cholesterol level
is low.”* Just by rigorously re-analysing the RCTs with fol-
low-up for at least 3 years, we would be wiser on these topics.
More evidence must also be gathered and evaluated for each
statin type separately.

In summary, the evidence suggests that statins do not
have any short-term effects on cancer but the strength of evi-
dence is mostly weak. Evidence on long-term effects is lack-
ing. We need more high quality cohort studies with longer
follow-up. Weak evidence should not be accepted as a basis
for definite conclusions that determine clinical practice.
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