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Background: Large randomized, controlled clinical trials of
lovastatin and gemfibrozil for heart disease prevention have
reported statistically significantly lower melanoma inci-
dences in persons receiving these medications. Results of in
vitro animal model and human case—control studies also
suggest that statins and fibrates may reduce the risk of
melanoma. Methods: We performed a systematic review of
trials that randomly assigned participants to receive statins
or fibrates versus an alternative therapy for a minimum of
6 months. Trials were identified by searching five electronic
databases and the reference lists of eligible publications.
Unpublished data were solicited from trial investigators
and pharmaceutical companies. A meta-analysis was per-
formed using a fixed-effects model, and odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated to esti-
mate pooled treatment effects. All statistical tests were two-
sided. Results: We obtained data on incident melanomas
from 20 of 36 qualifying randomized controlled trials (12
statin trials and eight fibrate trials), with a total of 70820
participants. A total of 127 melanomas occurred among the
39426 participants in the statin trials (59 among the 19872
statin group participants and 68 among the 19554 control
group participants). A total of 27 melanomas occurred
among the 31394 participants enrolled in the fibrate trials
(seven among the 12324 fibrate group participants and 20
among the 19070 control group participants). Overall, inci-
dence of melanoma was not statistically significantly associ-
ated with the use of either statins (OR = 0.87, 95% CI = 0.61
to 1.23) or fibrates (OR = 0.45, 95% CI = 0.20 to 1.01). In a
subgroup analysis by drug, only lovastatin use (in one trial)
was statistically significantly associated with lower inci-
dence of melanoma (OR = 0.52, 95% CI = 0.27 to 0.99).
Conclusions: These findings do not validate the possibility
that statins or fibrates prevent melanoma. [J Natl Cancer
Inst 2006;98:1538-46]

Many cancer cells, including melanoma cells, use cholesterol
differently than noncancerous cells (/-3). Such observations
have fostered hypotheses that drugs altering cholesterol levels
may slow or stop tumor growth, enhance the anticancer effects of
chemotherapy, or possibly even prevent cancer (4,5). Statins and
fibrates, drugs commonly prescribed to people with hyperlipid-
emia, display antitumor activity in experimental models of can-
cer, including models of melanoma (6-9).

Statins inhibit 3-hydroxy-3-methylglutaryl coenzyme A re-
ductase, the rate-limiting enzyme in the mevalonate synthesis
pathway. Inhibition of this pathway by statins has antiprolifera-
tive, anti-invasive, and proapoptotic effects on malignant cell
lines (10,11). Statins induce apoptosis in vitro by inhibiting gera-
nylgeranylation of several key intracellular signaling proteins
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(8,11—13). Other molecular mechanisms proposed to explain the
anticancer properties of statins include cell cycle arrest through
stabilization of the cyclin-dependent kinases p21 and p27 and
inhibition of cell migration due to RhoA inactivation and subse-
quent actin destabilization (74,15). The molecular mechanisms
underlying the anticancer activities of fibrates are not defined.
However, statins and fibrates lower serum cholesterol via dif-
ferent pathways: statins inhibit cholesterol synthesis, whereas
fibrates interact with the peroxisome proliferator—activated receptor
alpha to alter lipid metabolism through several poorly under-
stood mechanisms.

Multiple lines of evidence suggest that statins possess antican-
cer properties in humans. Several case—control studies have re-
ported lower rates of cancer in persons taking statins (16,17).
In addition, two large randomized, double-blinded, placebo-
controlled, multiyear clinical trials of lovastatin (/8) and gemfibrozil
(19) reported that participants who took either medication had
statistically significantly fewer melanomas than those who did
not. In these randomized controlled trials, the numbers of all
other cancers, including lymphomas and prostate, colon, lung,
bladder, and breast cancers, were not statistically significantly
different between the two groups of participants.

Despite promising evidence from in vitro studies and animal
models about the effectiveness of statins and fibrates for mela-
noma prevention, these results do not necessarily translate to a
similar effect in humans. In addition, the ability of a statin or
fibrate to slow the growth or spread of tumor cells may not cor-
relate with a role in cancer prevention. Moreover, many
malignant cell lines are not inhibited in vitro by the steady-state
concentrations of these drugs that are achieved in patients
undergoing hyperlipidemic therapy. For example, the hyperlipi-
demic treatment dose of lovastatin (approximately 1 mg/kg
daily) yields a steady-state serum concentration of 0.15-0.3 uM
(20), whereas in vitro lovastatin concentrations greater than 1
UM are needed to promote melanoma cell death (8). However,
the in vitro evidence, together with the lower melanoma rates
observed in some clinical trials (/8,79) and the inadequacy of
the currently available treatment for advanced melanoma, sug-
gests that further evaluation of these drugs for chemoprevention
is warranted.
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Because lovastatin and gemfibrozil promote the development
of liver cancer in rodents (2/), many human clinical trials of
statins and fibrates have incorporated cancer surveillance (22,23).
Thus, we performed a systematic review of melanoma incidence
from randomized controlled clinical trials of statins or fibrates to
formally evaluate the relation between these drugs and melanoma.
This meta-analysis is a briefer version of a Cochrane Review
(24) and differs from that review by including trials with shorter
duration (6 months or longer instead of 4 years or longer).

METHODS
Search Strategy

Comprehensive search algorithms (24) were used to search
the following electronic databases for potentially relevant trials:
MEDLINE (from January 1966 through March 2003), EMBASE
(from January 1980 through September 2003), The Cochrane
Central Register of Controlled Trials (through March 2003),
CancerLit (from January 1975 through October 2002), and the
Web of Science—Science Citation Index (from January 1970
through May 2003). In addition, we examined the reference lists
of qualifying trial publications for additional relevant trials, and
we requested information about unpublished ongoing trials and
conference abstracts via correspondence with authors and phar-
maceutical companies. No language restrictions were imposed.
Non-English manuscripts were examined by readers fluent in the
language of the article.

Selection Criteria

Trials were eligible for inclusion in the meta-analysis if
1) they had randomly allocated study participants to the experimen-
tal and placebo or non—placebo control group(s), 2) they had an
experimental design in which at least one arm had therapy with a
statin or therapy with a fibrate as the intervention, and 3) the
mean length of trial participation was at least 6 months. The third
inclusion criterion was used because the benefits of the interven-
tion may require long-term exposure (25). Participants of any
eligible trials were included in the meta-analysis; the majority of
participants had coronary artery disease and were enrolled in the
trials to evaluate cardiovascular outcomes. Eligible interventions
included statin or fibrate medications taken orally. Both placebo
and non—placebo control arms were allowed for comparison. The
primary outcome measure was the incidence of melanoma during
trial participation (i.e., the number of people who were diagnosed
with a new melanoma during the trial). Secondary outcome mea-
sures were 1) the incidence of melanoma with poor prognosis
(i.e., those greater than 3 mm thick); 2) the incidence of dysplas-
tic nevi (i.e., moles with atypical architecture or cellular features)
confirmed by histologic report; 3) published overall cancer inci-
dence (i.e., tumors of any organ); and 4) mortality due to mela-
noma as reported by the trial authors.

Data Extraction

Methods, interventions, outcomes, and results were extracted
from qualifying trial publications by at least two reviewers who
used a standardized data extraction form and discrepancies were
resolved by consensus. Authors of the included studies were con-
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tacted and asked to provide additional data, including 1) a sum-
mary of melanoma outcomes (i.e., the number of person-years on
intervention drug, the number of participants who dropped out,
and the incidence of melanoma among participants); 2) all avail-
able information on the histology of the incident melanomas and
ensuing workups, including Breslow’s depth, Clark’s level, his-
tologic type of melanoma (i.e., lentigo maligna, acral lentiginous,
superficial spreading, or nodular), presence or absence of ulcer-
ation, sentinel lymph node status, tumor stage, anatomic location
of the tumor (not published here to protect participant confidenti-
ality), treatment and disease course, participant vital status, and
deaths due to melanoma; 3) participants’ exposures to statins and
fibrates before their initiation of trial participation, for those with
incident melanoma; and 4) any additional information regarding
incident melanomas. We offered the study authors a monetary
incentive of US $50 for returning an information sheet summa-
rizing melanoma outcomes for their study as well as US $50 for
additional information on each unpublished melanoma incidence
to offset costs associated with providing these data. Patient con-
sent for participation was governed by the approved human sub-
jects’ protection protocol of each qualifying trial. The Colorado
Multiple Institutional Review Board approved this study.

Assessment of Methodologic Quality

At least two reviewers independently assessed the methodo-
logic quality of qualifying trials. Articles were rated as A (ade-
quate), B (unclear), or C (inadequate) in each of the following
categories: randomization procedure, allocation concealment, in-
tention to treat, blinding of participants, and blinding of outcomes
assessors. Discrepancies were resolved by consensus.

Statistical Analysis

Associations between statins and fibrates and the risk of mela-
noma were analyzed separately. Meta-analyses were performed
using a fixed-effects model. Odds ratios (ORs) with 95% confi-
dence intervals (Cls) were calculated to estimate pooled treat-
ment effects. The results were expressed with respect to the
presence or absence of a melanoma diagnosis. Because of the
lack of participant-specific data from every trial, it was not pos-
sible to adjust for person-years of follow-up in the different study
arms, and, thus, melanoma incidence was not adjusted for study
dropouts. Melanoma incidence was calculated by using the fol-
lowing formula: the number of incident melanomas in the study
arm divided by the number of persons in the study arm times the
mean duration of the trial in years. Statistical heterogeneity
among studies was measured by calculating the heterogeneity
statistic /2, which is the proportion of total variation contributed
by between-study variation (26). When statistical heterogeneity
was observed (i.e., when /2 was greater than 50%), sensitivity
analyses were used to examine the effects of excluding the fol-
lowing subgroups of studies: those with fewer than 500 partici-
pants, those with pharmaceutical industry funding, and those
with low methodologic quality (defined as any study receiving
the lowest grade possible in any measured category). All statisti-
cal tests were two-sided, and the cutoff for statistical significance
was set at P<.05. Heterogeneity of studies was calculated using
the Cochrane Q test, with predefined statistical significance level
setat 0.10. Weights presented (Tables 1 and 2) represent individual
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Table 1. Characteristics of included studies*

Trial acronym
or author, year
of publication

Study arm, dosage (No. of randomly assigned participants)

% Total

dropoutf,

No. of incident

melanomasi,

Melanoma rate§,

(reference) S F (¢} Trial length S/F:0 S/F:0 S/F:0
48,1994 (34) Simvastatin, - Placebo (2223) 54yl 5.0:7.0 7:3 0.58:0.25
10-40 mg qd (2221)
AFCAPS, Lovastatin, - Placebo (3301) 52y 16:23 14:27 0.81:1.57
1998 (18) 20-40 mg qd (3304)
BECAIT, - Bezafibrate, Placebo (45) 5.0 y# 11:13 0:0 0:0
1998 (49) 200 mg tid (47)
BIP, 2000 (50) Bezafibrate, Placebo (1542) 6.2yq 31:33 2:6 0.21:0.63
400 mg qd (1548)
CARE, Pravastatin, - Placebo (2078) 5.0y 15:28 4:3 0.38:0.29
1996 (35) 40 mg qd (2081)
Carmena, Pravastatin, - Cholestyramine, 1.0 y# 7.0:16 0:0 0:0
1996 (31) 40 mg qd (57) 16 mg qd (57)
CDP, - Clofibrate, Placebo** (2789) 6.2yq 6.0:6.0 2:3 0.29:0.17
1986 (51) 1.8 gqd (1103)
Gentile, Atorvastatin, - Placebo (86) 24 wk# 1.2:0 0:0 0:0
2000 (32) 10 mg qd (85)
Simvastatin, 0:0 0:0 0:0
10 mg qd (78)
Pravastatin, 1.2:0 0:0 0:0
20 mg qd (82)
Lovastatin, 1.2:0 0:0 0:0
20 mg qd (81)
GISSI, Pravastatin, - No treatment (2133) 1.9y9, 2.0yl 19:14 0:1 0:0.25
2000 (33) 20-40 mg qd (2138)
GREACE, Atorvastatin, - Usual caretf (800) 3.0y9 1.3:0 0:0 0:0
2002 (30) 10-80 mg qd (800)
HHS, Gemfibrozil, - Placebo (2030) 539 18:18 1:0 0.1:0
1987 (52) 600 mg tid (2051)
LEADER, - Bezafibrate, 400 mg qd Placebo (785) 4.6yl 49:52 1:1 0.28:0.28
2002 (53) or qod if creatine level
of 135-149 mmol/L
(783)
L-CAD, Pravastatin, - Usual careif (65) 2.0# 0:14 0:0 0:0
2000 (29) 20-40 mg qd (70)
LIPID, Pravastatin, - Placebo (4502) 6.1yq 19:19 30:28 1.09:1.02
1998 (36) 40mg qd (4512)
LOCAT, - Gemfibrozil, Placebo (198) 259 6.0:6.1 0:1 0:2
1997 (48) 1200 mg qd (197)
MAAS, Simvastatin, - Placebo (188) 4.0 y# 11:5.0 0:0 0:0
1993 (37) 20 mg qd (193)
PRINCE, Pravastatin, - Placebo (999) 24 wk# 34:33 0:0 0:0
2001 (28) 40 mg qd (1014)
VA-HIT, - Gemfibrozil, Placebo (1267) 5.1y 0.02:0 1:9 0.16:1.39
1999 (19) 1200 mg qd (1264)
WHO, - Clofibrate, Placebo (10414) 53y 15:16 0:0 0:0
1973 (54) 1.6 g qd (5331)
WOSCOP, Pravastatin, - Placebo (3293) 499 16:15 4:6 0.25:0.37
1995 (38) 40 mg qd (3302)

*S = statin arm; F = fibrate arm; O = other/control arm; 4S = Scandanavian Simvastatin Survival Study; AFCAPS = Air Force/Texas Coronary Atherosclerosis
Prevention Study; BECAIT = Bezafibrate Coronary Atherosclerosis Intervention Trial; BIP = Bezafibrate Infarction Prevention Study; CARE = Cholesterol and
Recurrent Events Trial; CDP = Coronary Drug Project; GISSI = Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico; GREACE = Greek
Atorvastatin and Coronary-heart-disease Evaluation; HHS = Helskinki Heart Study; LEADER = Lower Extremity Arterial Event Reduction Trial; L-CAD = Random-
ized Lipid-Coronary Artery Disease Study; LIPID = Long-Term Intervention With Pravastatin in Ischemic Disease; LOCAT = Lipid Coronary Angiography Trial;
MAAS = Multicenter Anti-Atheroma Study; PRINCE = Pravastatin Inflammation/CRP Evaluation; VA-HIT = Veterans Affairs High-Density Lipoprotein Cholesterol
Intervention Trial; WHO = World Health Organization Study; WOSCOP = West of Scotland Coronary Prevention Study; qd = every day; —= not applicable; tid = three
times a day; qod = every other day; CRP = C-reactive protein.

tPatients who were lost to follow-up and who prematurely stopped their trial arm participation.

$Occurring during trial participation.

§Melanoma incidence/1000 person-years.

[Median trial duration.

fMean trial duration.

#Trial duration, mean/median not specified.

**Lactose.

tfIncludes lifestyle changes plus all necessary drug treatment. A total of 113 participants in the other arm received statins or fibrates for the duration of the trial.

tiIncludes lifestyle changes plus all necessary drug treatment. A total of 13 participants in the other arm received antilipidemic drugs: “8 were on statin therapy,
and 5 were on miscellaneous medications” (29).
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Table 2. Methodologic quality of included studies*

Trial acronym or author, year

of publication (reference) Randomizationf

Concealment

Intention
to treat§

Blinding of
participants||

Blinding of
outcomes assessors

48,1994 (34)
AFCAPS, 1998 (18)
BECAIT, 1998 (49)
BIP, 2000 (50)
CARE, 1996 (35)
Carmena, 1996 (31)
CDP, 1986 (51)
Gentile, 2000 (32)
GISSI, 2000 (33)
GREACE, 2002 (30)
HHS, 1987 (52)
LEADER, 2002 (53)
L-CAD, 2000 (29)
LIPID, 1998 (36)
LOCAT, 1997 (48)
MAAS, 1993 (37)
PRINCE, 2001 (28)
VA-HIT, 1999 (19)
WHO, 1991 (54)
WOSCOP, 1995 (38)
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*4S = Scandanavian Simvastatin Survival Study; AFCAPS = Air Force/Texas Coronary Atherosclerosis Prevention Study; BECAIT = Bezafibrate Coronary Ath-
erosclerosis Intervention Trial ; BIP = Bezafibrate Infarction Prevention Study; CARE = Cholesterol and Recurrent Events Trial; CDP = Coronary Drug Proj-
ect; GISSI = Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico, GREACE = Greek Atorvastatin and Coronary-heart-disease Evaluation;
HHS = Helskinki Heart Study; LEADER = Lower Extremity Arterial Event Reduction Trial; L-CAD = Randomized Lipid-Coronary Artery Disease Study; LIPID =
Long-Term Intervention With Pravastatin in Ischemic Disease; LOCAT = Lipid Coronary Angiography Trial; MAAS = Multicenter Anti-Atheroma Study; PRINCE =
Pravastatin Inflammation/CRP Evaluation; VA-HIT = Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial; WHO = World Health Organization

Study; WOSCOP = West of Scotland Coronary Prevention Study.

FTRandomization: A = based on a clear description of how random numbers were generated; B = unclear; C = not based on validly generated random numbers.
tAllocation concealment: A = third party or opaque sealed envelopes; B = unclear; C = open list, day of week or quasi-randomized.

§Intention to treat: A = intention-to-treat analysis performed; B = unclear; C = intention-to-treat analysis not performed.

|Blinding of participants: A = participant was blinded; B = unclear; C = participant was aware of allocation.

9Blinding of outcomes assessors: A = assessor was blinded or independent; B = unclear; C = assessor was aware of allocation.

#Double-blinded trial for first 3 months with 9-month open extension.

estimates of treatment effect (weighted averages) weighted by
assessment of precision of the estimates. A more complete de-
scription of the statistical methodology used in this meta-analysis
can be found in the Cochrane Handbook (27).

RESuLTS

Automated searches of the databases yielded 4405 unique
published articles whose titles indicated that they described ran-
domized controlled trials that may have involved the use of
statins or fibrates. Of these, 109 qualified for abstract assessment
in that the titles described trials that might meet the inclusion
criteria. Of these, 37 articles were excluded after abstract review,
and 72 were examined by reviewing the full paper. Of the 72 full
articles reviewed, a total of 36 were excluded because they failed
to meet the inclusion criteria (i.e., no statin-free or fibrate-free
arm [n = 16], no randomization [n = 4], a statin or fibrate was not
used in isolation in the treatment arm [n = 9], or the mean treat-
ment duration was less than 6 months [n = 7]). The correspond-
ing author of each of the remaining 36 qualifying trials [21 statin
trials (18,28—47) and 15 fibrate trials (19,48—61)] was mailed up
to three letters that described the aims of our study and included
forms for providing additional unpublished data on participants
who developed melanoma during the trial. The authors of 20 of
the qualifying trials (18,19,28-38,48—54) provided unpublished
melanoma incidence data (Table 1), and authors of 10 of the 20
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trials (18,19,35,36,38,48-51,53) provided participant-specific
data. Eight trials enrolled only men (19,38,48,49,51-54), and
two trials excluded participants with a history of cancer
(49,55).

Six different statins were employed in the qualifying trials—
lovastatin, pravastatin, simvastatin, atorvastatin, cerivastatin,
and fluvastatin—at treatment dosages that ranged from 10 to
80 mg per day. The qualifying fibrate trials used four types of
fibrates—bezafibrate, clofibrate, fenofibrate, and gemfibrozil—
at dosages that ranged from 400 mg every other day to 1800 mg
per day.

The methods used to validate melanoma diagnoses were fre-
quently not reported. One trial (51) provided unpublished mela-
noma incidence data for participants in the fibrate treatment and
placebo arms, but not for participants in other treatment arms,
thus we used only these two arms for analysis. Table 2 shows the
results of our quality assessment evaluation of each study accord-
ing to the following assessment categories: descriptions of ran-
domization, concealment, intention to treat, blinding of participants,
and blinding of outcomes assessors.

Dropout rates ranged from 0% to 34% in the treatment arms
and from 0% to 33% in the control arms of the statin trials. Drop-
out rates ranged from 0.02% to 49% in the treatment arms and
from 0% to 52% in the control arms of the fibrate trials. Dropout
rates for all trials except for the Coronary Drug Project (CDP)
study (51) were extracted from publications. CDP dropout rates
were provided by author correspondence.
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Study, year (reference) Treatment group Control group OR (fixed) Weight OR (fixed)
n/N n/N and 95% ClI (%) [95% CI]
MAAS, 1993 - (37) 0/193 0/188 Not estimable
48, 1994 - (34) 7/2221 3/2223 4.38 2.34 [0.60 to9.06]
WOSCOP, 1995 - (38) 4/3302 6/3293 —_— 8.80 0.66 [0.19to2.36]
CARE, 1996 - (35) 4/2081 3/2078 4.39 1.33 [0.30to5.96]
Carmena, 1996 - (31) 0/60 0/48 Not estimable
AFCAPS, 1998 - (19) 14/3304 27/3301 ——] 39.42 0.52 [0.27 t00.99]
LIPID, 1998 - (36) 30/4512 28/4502 —— 40.81 1.07 [0.64to01.79]
Gentile, 2000 - (32) 0/326 0/86 Not estimable
GISSI, 2000 - (33) 0/2138 1/2133 § 2.20 0.33 [0.01to8.16]
L-CAD, 2000 - (29) 0/70 0/65 Not estimable
PRINCE, 2001 - (28) 0/865 0/837 Not estimable
GREACE, 2003 - (30) 0/800 0/800 Not estimable
Total 19872 19554 P = 100.00 0.87 [0.61to01.23]
Total events: 59 (Treatment), 68 (Control)
Test for heterogeneity: X' = 6.00, df=5 (P =.31), I' =16.6%
Test for overall effect: Z = 0.81 (P =.42)
01 0.2 05 1 2 5 10
Favors treatment  Favors control

Fig. 1. Meta-analysis of the association between statin exposure and melanoma
incidence. n =number of events; N = number of subjects in group. Squares to the
left of the vertical line indicate decreased melanoma incidence in patients taking
statins, whereas squares to the right of the vertical line indicate decreased
melanoma incidence in patients in control groups. The horizontal line through
each square represents the 95% confidence interval (CI). The size of each
square reflects the relative weight of each study and the diamond represents
the pooled effect (width of the diamond indicates the 95% confidence interval).
MAAS = Multicenter Anti-Atheroma Study; 4S = the Scandinavian Simvastatin
Survival Study; WOSCOP = West of Scotland Coronary Prevention Study;
CARE = Cholesterol and Recurrent Events Trial, the effect of pravastatin on
coronary events after myocardial infarction in patients with average cholesterol

A total of 154 incident melanomas occurred among 70 820
trial participants (127 among 39426 statin trial participants
[59 among the 19 872 statin arm participants and 68 among the
19554 control arm participants] and 27 among 31394 fibrate
trial participants [seven among the 12324 fibrate arm partici-
pants and 20 among the 19070 control arm participants]).
Ninety-five of 154 melanomas (62%) were unpublished
(79 among statin trial participants and 16 among fibrate trial
participants).

levels; Carmena = the Spanish Multicenter Pravastatin Study; AFCAPS = Air
Force/Texas Coronary Atherosclerosis Prevention Study, primary prevention of
acute coronary events with lovastatin in men and women with average cholesterol
levels; LIPID = Long-Term Intervention With Pravastatin in Ischemic Disease;
Gentile = comparative efficacy study of atorvastatin vs. simvastatin, pravastatin,
lovastatin, and placebo in type 2 diabetic patients with hypercholesterolemia;
GISSI = Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico, results of the low-dose pravastatin GISSI Prevenzione trial in
4271 patients with recent myocardial infarction: do stopped trials contribute
to overall knowledge; L-CAD = Randomized Lipid-Coronary Artery Disease
study; PRINCE = Pravastatin Inflammation/CRP Evaluation; GREACE = Greek
Atorvastatin and Coronary-heart-disease Evaluation.

Two trials (18,19) had previously reported that participants in
the intervention arm had statistically significantly fewer incident
melanomas than participants in the placebo arm. However, none
of the 20 studies for which we obtained unpublished melanoma
incidence data (78, 19,28-38,48—54) had statistically significantly
fewer incident melanomas in the intervention arm than in the
control or placebo arm. The publication of melanoma incidence
data was associated with the report of a statistically significant
difference between participants in different study arms. Two of

Study, year (reference) Treatment group Control group OR (fixed) Weight OR (fixed)

/N n/N and 95% ClI (%) [95% Cl]
WHO, 1973 - (54) 0/5331 0/10414 Not estimable
CDP, 1986 - (57) 2/1103 3/2789 p 8.63 1.69[0.28 to 10.11]
HHS, 1987 - (52) 1/2051 0/2030 $» 2.55 2.97[0.12 to 72.97]
LOCAT, 1997 - (48) 0/197 1/198 L 7.59 0.33[0.01 to 8.23]
BECAIT, 1998 - (49) 0/47 0/45 Not estimable
VA-HIT, 1999-(20) 1/1264 9/1267 — 45.65 0.11[0.01 to 0.87]
BIP, 2000 - (50) 2/1548 6/1542 e 30:51 0.33[0.07 to 1.64]
LEADER, 2002 - (53) 1/783 1/785 L ] 5.07 1.00[0.06 to 16.06]
Total 12324 19070 e - 100.00 0.45[0.20 to 1.01]
Total events: 7 (Treatment), 20 (Control)
Test for heterogeneity: X*= 5.69, df = 5 (P =.34), I = 12.2%
Test for overall effect: Z = 1.95 (P =.05)

0.1

Fig. 2. Meta-analysis of the association between fibrate exposure and melanoma
incidence. Squares to the left of the vertical line indicate decreased melanoma
incidence in patients taking fibrates, whereas squares to the right of the vertical
line indicate decreased melanoma incidence in patients in control groups. The
horizontal line through each square represents the 95% confidence interval
(CI). The size of each square reflects the relative weight of each study and the
diamond represents the pooled effect (width of the diamond indicates the 95%
confidence interval). WHO = World Health Organization Study, a cooperative
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Trial; VA-HIT = Veterans Affairs High-Density Lipoprotein Cholesterol
Intervention Trial; BIP = Bezafibrate Infarction Prevention; LEADER = Lower
Extremity Arterial Event Reduction Trial, bezafibrate in men with lower extremity
arterial disease.
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two studies with a statistically significant association between
the use of statins or fibrates and decreased melanoma incidence
published this information (78,19), and two (35,52) of 18 studies
(28—-38,48—54) without such a relationship (as documented by
the unpublished data provided) published this information. Mela-
noma incidence rates varied among the studies from 0 to 1.57
melanomas per 1000 person-years.

When we used a fixed-effects model to pool trial results based
on all of the acquired data, we found no statistically significant
association between statin use and melanoma incidence (OR
for statin versus control = 0.87, 95% CI = 0.61 to 1.23) (Fig. 1)
or fibrate use and melanoma incidence (OR for fibrate versus
control = 0.45, 95% CI = 0.20 to 1.01) (Fig. 2). The results did
not differ statistically significantly when the analysis was per-
formed by using a random-effects model to pool the trial results
(data not shown).

There was no statistically significant between-study variation
(heterogeneity) among the trials included in the meta-analysis
(I? = 12.2% [fibrates] and 16.6% [statins]). Analyses that were
stratified by the type of statin or fibrate, by the sex of the partici-
pant, by the occurrence of melanoma during the study after 2
years of participation, or by trial funding source found no statisti-
cally significant differences between the intervention and control
groups, with one exception. The lovastatin subgroup analysis,
which included only one trial (78), showed reduced melanoma
incidence associated with lovastatin use (OR = 0.52, 95% CI =
0.27 t0 0.99) (Fig. 1). On the basis of the results of the lovastatin
subgroup analysis, 244 people would need to be treated for 5
years to prevent one case of melanoma.

DiscussioN

In this meta-analysis, we examined the association between
statin or fibrate therapy and an outcome unrelated to the primary
outcome of the trial, melanoma incidence, among trials that ran-
domly assigned participants to receive statins or fibrates versus
placebo or other control for a minimum of 6 months. We found
no statistically significant association between the use of statins
or fibrates and melanoma incidence. Two of the 36 qualifying
trials included in the meta-analysis had previously reported that
participants in the intervention arm had statistically significantly
fewer incident melanomas than participants in the control arm,
two published the lack of a relationship, and the other 32 have
not published melanoma outcomes. We found that additional
unpublished data on melanoma incidence (provided by 20 of
the 36 qualifying trials) did not support an association between
statin or fibrate use and melanoma incidence. Another recent
meta-analysis of published melanoma incidence in statin trials
with therapeutic duration of at least 1 year reported similar
results (OR for statin versus placebo = 0.84, 95% CI = 0.57 to
1.25, P=.30) (62).

Published high-quality randomized controlled trials often
selectively include and emphasize positive or unanticipated
findings (63). Two studies that found a statistically significant
inverse association between melanoma incidence and drug
therapy published those results, whereas only two of the 18
studies without data supporting an association published that
result. This reporting discrepancy underscores the importance of
obtaining unpublished data, especially data that are related to
secondary or harm outcomes.
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The performance of systematic reviews is often hindered by
lack of access to unpublished data. To minimize this barrier, we
contacted all qualifying study investigators who we thought
might have potentially relevant unpublished data and offered
them a monetary incentive to provide melanoma incidence data.
Investigators affiliated with only two studies requested payment
of the monetary incentive and provided the necessary tax num-
bers that enabled us to pay the incentive (38,51). Investigators
affiliated with one study (57) reported that the monetary incen-
tive was essential for the retrieval of the melanoma outcomes
data requested. It is reassuring for those interested in conducting
research requiring unpublished data that financial support was
not needed for the collection of the majority of unpublished data
used in this meta-analysis.

Despite the lack of evidence from published studies to ex-
clude the hypothesis that statins and fibrates prevent melanoma,
evidence supporting the use of statins for melanoma prevention
or treatment continues to build (6,64—69). Thus, the potential
use of statins for melanoma prevention and the utility of testing
statins as therapy, especially in combination with chemotherapy,
deserves further investigation (17). It must also be recognized
that the statin regimen of the clinical trials included in this study
did not achieve steady-state concentrations proven to be anti-
neoplastic in the preclinical in vitro studies. Therefore, it is pos-
sible the drug doses did not produce serum levels capable of
affecting melanoma cells. Given the paucity of effective thera-
pies for advanced melanoma, it may be appropriate to perform
phase I and II clinical trials that combine statins with chemo-
therapy to test whether this drug combination is tolerable and, if
it is, whether it is more effective than current chemotherapy
alone.

This systematic review has several limitations. First, data
were obtained for only 20 of 36 qualifying trials. Data from all
studies would have led to a more precise estimate of the treat-
ment effect. Second, because the clinical trials used 10 differ-
ent drugs, treatment effects may be diluted if all drugs do not
act similarly. Third, cancer was not the primary endpoint of
any included trial. We were not able to obtain primary data re-
garding melanoma diagnosis for all study participants. Fourth,
at least one item of histologic data (e.g., Breslow’s depth,
Clark’s level, histologic subtype) was reported for only 32 of
the 154 incident melanomas reported during trial participation,
which prevented us from exploring the potential associations
of the use of statins or fibrates with histologic variables at di-
agnosis. Fifth, stratified analyses based on participants’ mela-
noma risk factors (e.g., dysplastic nevi) also were not possible
because these data were not available. Sixth, this review spe-
cifically examined rare events; thus, the aggregated results pre-
sented here should be interpreted with caution. Although there
was no statistically significant between-study variation (het-
erogeneity) among the trials included in this meta-analysis,
calculated cumulative odds ratios and 95% confidence inter-
vals can vary widely among systematic reviews that report rare
events (26).

The melanoma outcomes data collected in this meta-analysis
of randomized controlled trials involving statins or fibrates pro-
vided no support for the hypothesis that these drugs prevent
melanoma when taken at low doses for managing hypercholes-
terolemia. Until further evidence is established, the most effec-
tive way to reduce the risk of melanoma remains limiting one’s
exposure to ultraviolet radiation.
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