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Background: Statins are commonly used cholesterol-lowering
drugs that have proapoptotic and antimetastatic activities
that could affect cancer risk or progression. Results from
previous epidemiologic studies of the association between
statin use and cancer have been inconsistent. We investigated
the association of statin use with total and advanced prostate
cancer, the latter being the most important endpoint to pre-
vent. Methods: We analyzed data from an ongoing prospec-
tive cohort study of 34989 US male health professionals who
were cancer free in 1990 and were followed to 2002. Par-
ticipants reported their use of cholesterol-lowering drugs
on biennial questionnaires. Prostate cancer diagnosis was
confirmed by medical record review. Multivariable-adjusted
relative risks (RRs) were estimated from Cox proportional
hazards regression models. Statistical tests were two-sided.
Results: During 376939 person-years of follow-up, we ascer-
tained 2579 prostate cancer cases, 316 of which were advanced
(regionally invasive, metastatic, or fatal). The age-standard-
ized incidence rates of advanced prostate cancer were 38
and 89 per 100 000 person-years in current statin users and in
past or never users, respectively. The multivariable-adjusted
relative risk of advanced disease was 0.51 (95% confidence
interval [CI] = 0.30 to 0.86) and of metastatic or fatal disease
was 0.39 (95% CI = 0.19 to 0.77) for current statin use com-
pared with no current use. The associations remained after
adjusting for prostate-specific antigen screening history
(advanced disease: RR = 0.57, 95% CI = 0.30 to 1.11; meta-
static or fatal disease: RR = 0.35, 95% CI = 0.14 to 0.92). Risk
of advanced disease was lower with longer statin use (Ptreng =
.003); compared with never use, the relative risk for less than
5 years of use was 0.60 (95% CI = 0.35 to 1.03) and for S or
more years of use was 0.26 (95% CI = 0.08 to 0.83). We found
no association between statin use and risk of total prostate
cancer (RR = 0.96, 95% CI = 0.85 to 1.09). Conclusions: In
this cohort of male health professionals, use of statin drugs
was not associated with risk of prostate cancer overall but
was associated with a reduced risk of advanced (especially
metastatic or fatal) prostate cancer. [J Natl Cancer Inst
2006;98:1819-25]

Statins are commonly used cholesterol-lowering medications
with documented effectiveness in the primary and secondary pre-
vention of heart attack and stroke (7). Among other activities,
statins have proapoptotic and antimetastatic effects, which may
make them relevant to cancer prevention or treatment (2,3).
Recently, a small clinic-based case—control study (4), a large
case—control study within a medical records database (5), and a
case—control study within a pharmacy database (6) each reported
a 50%—65% reduced risk of prostate cancer in statin users com-
pared with nonusers. However, other observational studies (7—11)
and clinical trials (72) have not confirmed the inverse association
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between statin use and risk of prostate cancer. Statin use has also
been inversely associated with breast cancer (13,14), colorectal
cancer (15), and all cancers combined (6,8,71) in some studies,
but other epidemiologic studies (7,9,10,16—19) and clinical trials
(12,20) have not provided evidence for an inverse association.

Given that statin drugs alter biologic pathways that may influ-
ence carcinogenesis and metastasis, and given the contradictory
results in the literature, we examined their use in relation to both
total prostate cancer and the more clinically important advanced
prostate cancer in a large prospective cohort study of American
men during the period when statin drugs have been widely pre-
scribed in the United States. This cohort, the Health Profession-
als Follow-up Study, has served as the study population for
investigations of risk factors for a number of different cancers,
including prostate cancer. Prostate cancer is the first cancer for
which we have investigated the association for statins.

SUBJECTS AND METHODS
Study Population

Participants were members of the Health Professionals
Follow-up Study, an ongoing prospective cohort study of diet
and other risk factors for heart disease, cancer, and other condi-
tions (http://www.hsph.harvard.edu/hpfs/). In 1986, 51529 men
aged 40-75 years enrolled by responding to a baseline question-
naire, which constituted consent. The men completed biennial
mailed questionnaires on demographic factors, medical history,
and lifestyle factors and every 4 years completed mailed semi-
quantitative food-frequency questionnaires. Deaths were reported
by family members and the postal system or were identified
through the National Death Index, with a sensitivity of more
than 98% (21). The overall response rate to the biennial mailed
questionnaires was 94%.

To encompass the era of statin drug use, we began follow-up
on February 1, 1990. We excluded men who returned an incom-
plete or invalid food-frequency questionnaire in 1990 (3.1%)),
men who had died (2.0%) or who had a cancer diagnosis (except
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for nonmelanoma skin cancer) (5.0%) before the start of follow-up,
men who withdrew from the study (0.1%), and men who did not
respond to the 1990 questionnaire or did not answer the section
on medication use (22.0%), leaving 34989 men. Men who did
and did not provide information on medication use in 1990
were not systematically different with respect to mean age (58.0
years, standard deviation [SD] = 9.6 years, versus 57.1 years,
SD = 9.5 years), the prevalence of having had routine screening
for elevated prostate-specific antigen (PSA) by 2000 (92.0% and
88.8%, respectively, of those who responded to at least one ques-
tionnaire from 1994 and 2000), the prevalence of a history of
elevated cholesterol at baseline in 1990 (31.8% and 27.7%,
respectively), or the prevalence of use of statin drugs in 2000
(27.5% and 26.6%, respectively, of those who answered the
2000 questionnaire).

The Human Subjects Committee of the Harvard School of
Public Health approved the specific study of risk factors for pros-
tate cancer within the Health Professionals Follow-up Study.

Ascertainment and Classification of Prostate Cancer Cases

For each man who reported a prostate cancer diagnosis on a
follow-up questionnaire or for whom prostate cancer was men-
tioned on the death certificate, we sought medical and pathology
reports pertaining to the diagnosis. Medical records and/or pa-
thology reports were obtained for 90% of the men with prostate
cancer. Study investigators who were blinded to exposure in-
formation reviewed the records to confirm the diagnosis and to
record tumor—node—metastasis (TNM) (22) stage and Gleason
sum. Because the reporting of prostate cancer was found to be
highly accurate, we included in the analysis the remaining 10% of
cases that were based solely on self-report or on the death certifi-
cate. We excluded men who were diagnosed with stage T1la dis-
ease (n = 71) because such diagnoses are susceptible to detection
bias due to differential rates of surgery for benign prostatic hyper-
plasia. From February 1, 1990, through January 31, 2002, 2579
cases of incident non—stage Tla prostate cancer were ascertained
in 376939 person-years of follow-up. From information in the
medical records or pathology reports, we were able to determine
TNM stage for 79.7% of the cases and Gleason sum for 82.1% of
the cases. Cases with missing stage or grade information were
included in the analysis for total prostate cancer but were ex-
cluded from the analyses for stage or grade. We categorized dis-
ease as organ confined (n = 1714; stage T1b to T2b and NOMO) or
advanced (n = 316; regionally invasive, metastatic, or fatal [irre-
spective of stage at diagnosis]: stage T3b or worse, N1, M1, or
death from prostate cancer) and further subdivided advanced dis-
ease into metastatic or fatal (n = 233; N1, M1, or death from
prostate cancer) versus regionally invasive. Disease was consid-
ered to have been fatal if prostate cancer was recorded on the
death certificate as the underlying cause. In the analysis by stage,
we excluded men with T3a disease (i.e., minimal extraprostatic
extension) to increase the specificity of the organ-confined and
advanced disease categorizations. We also categorized disease as
lower grade (n = 1265; Gleason sum < 7) or higher grade (n = 852;
Gleason sum >7). Men without information on stage were slightly
older than those with information on stage (66.9 years, SD = 7.5
years, versus 62.8 years, SD = 7.9 years); after age standardiza-
tion both groups of men had a similar prevalence of ever having
had a screening PSA test (97.3% and 97.5%, respectively), of a
history of elevated cholesterol at baseline in 1990 (35.8% and
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33.6%, respectively), and of current use of cholesterol-lowering
drugs at baseline in 1990 (4.5% and 4.9%, respectively).

Assessment of Statin Drug Use

In 1990 and then every 2 years, participants were asked to
report their use of listed medications, including cholesterol-
lowering drugs, during the previous 2 years. On the 2000 ques-
tionnaire only, the men were asked to report separately on their
use of statin drugs and other classes of cholesterol-lowering
drugs. Statins probably constituted the majority of the cholesterol-
lowering drugs used in this cohort because they were the most
commonly used type of cholesterol-lowering drug in the United
States during this period (23,24). Indeed, responses to the 2000
questionnaire indicated that by that year, 91% of the cholesterol-
lowering drug used in this cohort was statins. Thus, in the analy-
sis the use of any cholesterol-lowering drug, including the other
cholesterol-lowering drugs reported in 2000, was counted as
statin use. Duration of use of statin drugs was estimated by sum-
ming use across the 2-year periods encompassed by the biennial
questionnaires. No information was available on brand, type, or
dose of medications taken.

Statistical Analysis

We computed the directly age-standardized means and pro-
portions for demographic and other factors by current use of
statin drugs in 1994, partway through follow-up. We used Cox
proportional hazards regression analysis to calculate age-adjusted
and multivariable-adjusted hazard ratios (as relative risks [RRs])
and 95% confidence intervals (CIs) of total prostate cancer and of
prostate cancer that was organ confined, advanced, metastatic or
fatal, lower grade, or higher grade. All models were stratified by
age (years) and calendar time (2-year intervals). The proportional
hazards assumption was tested by adding the interaction term for
statin drug use and age (years) to the models; this term was not
statistically significant by the likelihood ratio test, confirming the
assumption.

In the main analysis we used simple updating of current use of
statin drugs (i.e., we used a time-dependent variable by entering
into the model whether or not a man at risk was currently using
statin drugs at each failure time), where the reference group was
not current users (i.e., never users or past users). Information
from the prior questionnaire was carried forward when informa-
tion on use was missing. We also evaluated associations with
baseline (i.e., 1990) use of statins (reference group was those
who did not use at baseline) and ever use of statins (reference
group was never users). For updated duration of ever use, we
entered into the model two indicator variables for less than 5
years and 5 or more years of use, both of which were compared
with never use. To test for trend across duration of ever use, we
entered into the model a continuous duration variable, the coef-
ficient for which was evaluated by the Wald test.

We also carried out a multivariable analysis in which we
adjusted not only for age but also for factors that have been
associated with increased or decreased prostate cancer risk in
previous studies of this cohort: body mass index (BMI; kg/m?) at
age 21 years; height (inches); updated cumulative cigarette smok-
ing in the past decade (pack-years); cumulative first-degree family
history of prostate cancer; major ancestry (Scandinavian, South-
ern European, other white, other race); updated diagnosis of type
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2 diabetes mellitus; updated vasectomy status; updated extent of
vigorous physical activity (metabolic equivalent [MET]-hours/week);
baseline intakes of total energy (kcal/d), tomato sauce (servings/
d), red meat (servings/d), fish (servings/d), and alcohol (g/d); base-
line intakes of energy-adjusted calcium (mg/d), fructose (g/d),
and o-linolenic acid (g/d); baseline intakes of supplemental zinc
(mg/d) and of high vitamin E (>15 mg/d) (mostly supplement users);
and updated regular use of aspirin (defined as use at least twice
per week). We did not adjust for specific racial ancestry because
the proportion of African American men was only 0.7% and of
Asian men was only 1.5%; among those men, only one and four
men, respectively, were diagnosed with advanced prostate cancer.

In additional analyses, we further adjusted for factors that we
hypothesized a priori might be associated with statin drug use,
including updated current BMI and baseline use of medica-
tions used to treat conditions related to cardiovascular disease
(e.g., beta-blockers, calcium channel blockers, diuretics, and anti-
hypertensives, including angiotensin-converting enzyme inhibitors)
and certain other ailments (e.g., oral steroids, antidepressants,
and histamine type 2 receptor antagonists). In a separate set of
analyses to investigate the influence of PSA screening on the
main findings of the study, we began follow-up in 1994 (the first
time we asked about PSA testing) and included in the model up-
dated indicator terms for the cumulative number of 2-year peri-
ods in which a man reported having had a screening PSA test (we
excluded PSA tests performed for symptoms). In another analy-
sis, we restricted the 1994-2002 analysis to men who had ever
had a screening PSA test; men entered that analysis during the
first 2-year period in which they reported a screening PSA test.
We ran stratified models to assess whether the association be-
tween use of statin drugs and prostate cancer differed by age, use
of aspirin, family history of prostate cancer, or current BMI and
tested for interactions using the Wald test on a cross-product
term. All statistical tests were two-sided, with P value less than .05
considered to be statistically significant. All analyses were per-
formed using SAS release 8.2 (SAS Institute, Cary, NC). Given
the available number of cases and person-years of follow-up,
this study had 80% power to detect as statistically significant for
atwo-sided test with o= 0.05 a relative risk of total prostate cancer
of 0.83 or lower and a relative risk of advanced disease of 0.52
or lower, comparing current statin use with nonuse.

RESuLTS

In 1990 and 1994, 4.4% and 9.3%, respectively, of the men in
the cohort reported using cholesterol-lowering drugs. By 2000,
23.8% of the men used cholesterol-lowering drugs. Compared
with nonusers, men who currently used statins in 1994 were
older; more likely to have undergone routine physical examina-
tions and cholesterol checks; more likely to have a history of dia-
betes, hypertension, and myocardial infarction; more likely to
take aspirin and medications to treat cardiovascular disease risk
factors; and more likely to have smoked in the past 10 years, al-
though they ate less red meat and more fish (Table 1). Current
users in 1994 were more likely than nonusers to report having
been screened for an elevated serum PSA but were slightly less
likely to report having had an elevated PSA test.

Current use of statin drugs was not associated with either total
prostate cancer or organ-confined disease after age adjustment or
after multivariable adjustment (Table 2). However, compared
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Table 1. Selected characteristics of current users and nonusers of statin drugs
midway through follow-up in 1994*

Current use of statin drugs in 1994

Characteristic No Yest
Participants (n) 27796 2847
Mean age in 1994 (y) 60.9+93 63.2+8.7
White race (%) 91.2 89.9
Mean height (inches) 70.2+2.8 69.8+2.9
Mean BMI in 1994 (kg/m2){ 259+3.5 26.3+3.5
Mean BMI at age 21 (kg/m?) 23.0+29 23.1+£29
Cumulative family history of 13.4 11.3
prostate cancer by 1996 (%)
Routine physical examination 85.2 93.6
by 2000 (%)§
Screening cholesterol test 86.5 97.8
by 2000 (%)§
Routine screening for elevated PSA 83.4 91.9
by 2000 (%)§
Elevated PSA on a screening test 9.7 8.1
by 2000 (%)§
History of vasectomy by 1994 (%) 259 26.7
History of type 2 diabetes mellitus 4.6 9.1
by 1994 (%)
History of hypertension 31.6 48.3
by 1994 (%)
History of myocardial infarction 6.0 22.7
by 1994 (%)
Aspirin use in 1994 (%) 40.3 61.8
Regular use of medications to treat
cardiovascular disease risk
factors in 1994 (%)
Furosemide diuretics 22 35
Other diuretics 4.7 6.5
Beta-blockers 9.3 23.1
Calcium channel blockers 9.0 243
Other antihypertensive drugs, 7.8 12.4
including angiotensin-
converting enzyme inhibitors
Cigarette smoking in the 10 y 18.8 224
before 1994 (%)
Pack-years smoked in the 10 y 5.0+43 44+43
before 1994 among those who
smoked at some point in the
10 y before 1994
Vigorous physical activity in 1994 12.9+23.0 12.3+£232
(MET-hours/wk))|
Mean intakes in 1994
Energy (kcal/d) 2024 + 625 1930 £ 630
Alcohol (g/d) 9.9+14.5 10.1+£14.6
Calcium (mg/d)f 915.2+£403.7 906.6 + 406.9
Fructose (g/d) 49.5+16.7 51.3+£16.8
a-Linolenic acid (g/d)f 1.12+0.35 1.11+0.35
Tomato sauce (servings/wk) 1.5+1.1 1.5+1.1
Red meat (servings/wk) 74+48 59+48
Fish (servings/wk) 22+ 1.7 28+1.7
Use of zinc supplement in 1994 (%) 34.8 42.0
Use of vitamin E supplement 44.4 52.7

in 1994 (%)

*All values (except age) were standardized to the age distribution of the study
population in 1994. Age-adjusted standard deviations for the factors with a con-
tinuous distribution were estimated from linear regression models.

TAlso includes users of nonstatin cholesterol-lowering drugs (see subjects and
Methods: Assessment of Statin Drug Use).

BMI = body mass index (weight in kilograms divided by square of the height
in meters).

§Among men who reported their answer to questions on physical examination,
cholesterol test, or prostate-specific antigen (PSA) screening test on at least one
questionnaire since the start of the cohort through 2000.

[[MET-hour = metabolic equivalent of sitting at rest for an hour. Vigorous
activities include running, jogging, racquet sports, swimming, and biking.

9Nutrient intake was adjusted for total energy intake.
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Table 2. Relative risk of prostate cancer in relation to current use of statin
drugs among 34 989 male health professionals, 1990-2002

Current use of statin drugs

Prostate cancer No* Yest
Total
No. of cases 2257 322
Person-years at risk 334702 42237

RRage—adjusted (95% CI)I
RRmultivariable§ (95% CI)
Organ-confined
No. of cases 1474 240
Person-years at risk 335455 42320
RRge-adjusted (95% CI) 1.00 (reference) 0.94 (0.82 to 1.09)
RRmuttivariable§ (95% CI) 1.00 (reference) 0.96 (0.83 to 1.11)
Advanced
No. of cases 300 16
Person-years at risk 336476 42518
RRage-adjusted (95% CI) 1.00 (reference) 0.48 (0.29 to 0.81)
RRmuttivariable§ (95% CI) 1.00 (reference) 0.51 (0.30 to 0.86)
Metastatic or fatal
No. of cases 224 9
Person-years at risk 336546 42524
RRge-adjusted (95% CI) 1.00 (reference) 0.36 (0.18 to 0.71)
RRmuttivariable§ (95% CI) 1.00 (reference) 0.39 (0.19 to 0.77)

1.00 (reference)
1.00 (reference)

0.94 (0.84 to 1.06)
0.96 (0.85 to 1.09)

*The reference group is men who were not currently using statin drugs.
This reference group differs from that in Table 3, in which never users are the
reference group.

+Also includes users of nonstatin cholesterol-lowering drugs.

IRR = relative risk; CI = confidence interval.

§Relative risk adjusted for age; body mass index at age 21; height; pack-years
of cigarette smoking in the previous decade; first-degree family history of pros-
tate cancer; major ancestry; diabetes mellitus; vasectomy; vigorous physical ac-
tivity; use of aspirin; intakes of total energy, calcium, fructose, a-linolenic acid,
tomato sauce, red meat, fish, and alcohol; intake of supplemental zinc; and high
intake of vitamin E.

with nonuse, current use was inversely associated with risk of
advanced disease after adjusting for age (RR = 0.48, 95% CI =
0.29 to 0.81) and after additionally adjusting for prostate cancer
risk factors (RR = 0.51, 95% CI = 0.30 to 0.86) (Table 2). The
age-standardized incidence rates of advanced prostate cancer
were 38 and 89 per 100000 person-years among current statin
users and nonusers (i.e., never or past users), respectively. The
inverse association for current use of statins was even stronger
for risk of metastatic and fatal prostate cancer combined (RR =
0.39, 95% CI=0.19 to 0.77) (Table 2) and for fatal prostate can-
cer alone (four cases among users and 157 cases among nonusers;
RR =0.31, 95% CI=0.11 to 0.85).

We next investigated the associations for baseline use versus
never use, ever use versus never use, and duration of statin use
with prostate cancer. Both baseline use of statin drugs (RR =
0.41, 95% CI = 0.19 to 0.87) and ever use of statin drugs (RR =
0.54, 95% CI = 0.32 to 0.89) were inversely associated with ad-
vanced disease in comparison with never use. Risk of advanced
disease decreased with increasing duration of ever use (Pyend =
.003; Table 3). The relative risk of metastatic and fatal disease
combined for fewer than 5 years of ever use compared with never
use was 0.52 (95% CI=10.27 to 1.00); no cases were observed for
5 or more years of ever use (Pyeng = -002), although eight cases
were expected based on the incidence rate of metastatic and fatal
disease combined in the never users.

Current use of statin drugs was not associated with risk of
either higher grade disease (Gleason sum >7: RR = 0.93, 95%
CI = 0.75 to 1.14) or lower grade disease (Gleason sum <7:
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RR = 1.00, 95% CI = 0.85 to 1.19). However, among men who
had ever used statin drugs for 5 or more years, the relative risk of
higher grade disease (RR =0.75, 95% CI=0.55 to 1.03; Pyeng for
duration = .21) was lower than the relative risk of lower grade
disease (RR =0.92, 95% CI=0.71 to 1.18; Pyeng for duration = .81).

Because the decline over time in the incidence of advanced
prostate cancer related to screening for elevated PSA may have
paralleled the increase over time in the use of statins, we assessed
whether PSA screening history may have confounded the asso-
ciations we observed. To do so, we repeated the analyses but be-
gan follow-up in 1994, the first year in which we asked the men
to report on PSA screening. Beginning follow-up in 1994, the
relative risks of advanced prostate cancer (all comparisons are to
men who did not have a screening PSA test) were 0.85 (95% CI =
0.56 to 1.30) for having a screening PSA test during one 2-year
period, 0.43 (95% CI = 0.24 to 0.78) for having a screening test
in two 2-year periods, 0.26 (95% CI = 0.10 to 0.66) for having a
screening test in three 2-year periods, and 0.10 (95% CI=0.01 to
0.85) for having a screening test in four or more 2-year periods.
After adjusting for this PSA screening history, the inverse
association persisted between current use of statin drugs and
advanced prostate cancer (beginning follow-up in 1994, n = 131
cases; RR=0.57,95% CI=0.30to 1.11) and metastatic and fatal
prostate cancer (n = 84 cases; RR =0.35, 95% CI=0.14 to 0.92).
Restricting the analysis to only those men who reported ever
having at least one PSA test and comparing current statin users
with nonusers, the relative risk of total prostate cancer was 0.90
(95% CI = 0.78 to 1.08) and of advanced prostate cancer was
0.48 (95% CI = 0.24 to 0.98).

Finally, adjusting for current BMI (RR = 0.51, 95% CI=0.30
to 0.86) or adjusting simultaneously for baseline use of other
prescription medications (RR =0.52, 95% CI = 0.30 to 0.87) did
not attenuate the association between current use of statin drugs
and risk of advanced disease. The association between the use of
statin drugs and risk of advanced disease did not differ among
strata of age, aspirin use, first-degree family history of prostate
cancer, or BMI (all Piperaction™-25)-

DiscussioNn

In this large prospective study, statin drug use was not associ-
ated with the risk of prostate cancer overall. However, men who
currently used statin drugs had about half the risk of advanced
prostate cancer and less than half the risk of metastatic or fatal
prostate cancer of men who did not currently use these drugs.
The risk of advanced prostate cancer was lower among men with
longer ever use of these drugs, compared with never use. Use of
statin drugs was not associated with histologic grade. However,
longer term ever users had a lower risk of high-grade disease,
although the trend was not statistically significant.

The question of whether there is an association between statin
use and prostate cancer risk has been addressed in two recent
meta-analyses of clinical trials of statins. The first, which used
the raw data from 14 eligible randomized clinical trials, reported
a cumulative incidence of genitourinary cancers of 1.9% both in
the statin and in the placebo arms; separate estimates for prostate
cancer incidence were not given (20). The other meta-analysis
reported a summary odds ratio (OR) of 0.98 (95% CI = 0.83 to
1.15) for total prostate cancer incidence, based on the only three
trials that provided data on prostate cancer out of 26 eligible
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Table 3. Relative risk of prostate cancer by duration of use of statin drugs among 34 989 male health professionals, 1990-2002

Duration of use of statin drugs*

Prostate cancer Neverf <Sy >S5y Prrendi
Total

No. of cases 2212 241 126

Person-years at risk 329357 29159 18423

RRage-adjusted (95% CD§ 1.00 (reference) 1.02 (0.89to 1.17) 0.83 (0.69 to 1.00) .30

RR puttivariable]| (95% CI) 1.00 (reference) 1.04 (0.91 to 1.19) 0.85(0.71 to 1.03) 49
Organ-confined

No. of cases 1439 174 101

Person-years at risk 330100 29227 18448

RRyge-adjusted (95% CI) 1.00 (reference) 1.04 (0.89 to 1.23) 0.85 (0.69 to 1.04) .59

RR muitivariablel| (95% CI) 1.00 (reference) 1.06 (0.90 to 1.25) 0.87 (0.70 to 1.07) .82
Advanced

No. of cases 298 15 3

Person-years at risk 331092 29367 18535

RRage-adjusted (95% CI) 1.00 (reference) 0.57 (0.34 to 0.96) 0.25 (0.08 to 0.78) .002

RRputtivariable]| (95% CI) 1.00 (reference) 0.60 (0.35 to 1.03) 0.26 (0.08 to 0.83) .003
Metastatic or fatal

No. of cases 223 10 oY

Person-years at risk 331161 29372 18537

RRge-adjusted (95% CI) 1.00 (reference) 0.49 (0.26 t0 0.93) 0.00 (-) .001

RR puttivariablel| (95% CI) 1.00 (reference) 0.52 (0.27 to 1.00) 0.00 (-) .002

*Also includes users of nonstatin cholesterol-lowering drugs.

TThe reference group is men who never used statin drugs. This reference group differs from that in Table 2, in which men who were not currently using statin drugs

are the reference group.
{From a Wald test of the B coefficient for duration of use.
§RR = relative risk; CI = confidence interval.

|[Relative risk adjusted for age; body mass index at age 21; height; pack-years of cigarette smoking in the previous decade; first-degree family history of prostate
cancer; major ancestry; diabetes mellitus; vasectomy; vigorous physical activity; use of aspirin; intakes of total energy, calcium, fructose, a-linolenic acid, tomato
sauce, red meat, fish, and alcohol; intake of supplemental zinc; and high intake of vitamin E.

9 The expected number of cases based on the age- and time period—specific incidence rates in the never users is 8.0.

trials that were reviewed as part of the meta-analysis (72). Our
findings for total prostate cancer are consistent with the latter
meta-analysis; we cannot determine the consistency of our findings
with the former meta-analysis because it did not report separate
estimates for prostate cancer. However, trials included in both
meta-analyses had several limitations. One was the relatively
short follow-up times for cancer outcomes [mean of 5 years (20),
with only two studies performing extended follow-up of 2 years
(25) and 5 years (26) after the end of the randomized part of the
trial]; another was that none reported specifically on advanced
prostate cancer, the endpoint for which we observed an inverse
association.

Among the observational studies that reported on statin drug
use and prostate cancer risk, two reported statistically significant
inverse associations between statin use and risk of total prostate
cancer: Shannon et al. (4) and Singal et al. (5) observed ORs of
0.35 (95% CI = 0.20 to 0.64) and 0.46 (95% CI = 0.45 to 0.48),
respectively. Graaf et al. (6) observed an inverse association of
the same magnitude, although it was not statistically significant
(OR =0.37; 95% CI = 0.11 to 1.25). Shannon et al. (4) also re-
ported that the association was stronger for disease with a Glea-
son sum of 7 or more (OR =0.24; 95% CI=0.11 to 0.53) than for
disease with a Gleason sum of less than 7 (OR = 0.56; 95% CI =
0.26 to 1.21). Another observational study (/0) observed a mod-
est increase in the risk of prostate cancer in statin users (OR =
1.3,95% CI = 1.0 to 1.9). Shannon et al. (4) and Singal et al. (5)
both observed inverse associations for total prostate cancer. Be-
cause these studies were conducted in the United States during
the PSA era (i.e., 1990s and 2000s), most of these prostate cancer
cases were likely to be early-stage cases. By contrast, we observed
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an inverse association between statin use and the risk of ad-
vanced, but not organ-confined, disease during the same general
time period. The reasons for the differences in the findings are
unknown.

We evaluated the association between use of statin drugs and
both total prostate cancer and advanced disease because statins
influence many pathways that could potentially be involved in
cancer development, growth, and metastasis (27). In particular,
statins inhibit 3-hydroxy-3-methylglutaryl (HMG) coenzyme A
reductase, the enzyme that catalyzes the conversion of HMG co-
enzyme A to mevalonate, which is the rate-limiting step in cho-
lesterol biosynthesis. The reduced availability of cholesterol for
incorporation into the cell membrane could influence membrane-
associated signaling that promotes cancer cell survival, such as
Akt signaling in prostate cancer cells (28—30). Moreover, the re-
duced availability of isoprenoids derived from mevalonate for
posttranslational modification of proteins such as Ras and Rho
could limit their localization to the cell membrane and thus their
growth promotion and survival activities (2,3). However, we have
no data that allow us to address whether these or other biologic
mechanisms account for the inverse association that we observed
between statin use and the risk of advanced prostate cancer.

Several issues related to the design and analysis of this study
may influence the inferences that may be drawn from it and thus
warrant discussion. The first issue is how we classified statin use.
Statins were first introduced to the US market in 1987, and soon
afterward their use surpassed that of other cholesterol-lowering
drugs (23,24). Based on these national use patterns and on data
from this cohort on types of cholesterol-lowering drug used as
reported in the 2000 questionnaire, we considered any use of
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cholesterol-lowering drugs to represent statin use in the analysis
reported here. In any event, misclassification of other choles-
terol-lowering drugs as statins or misclassification of use due to
inaccurate self-reporting of the use of these drugs should not be
differential with respect to diagnosis of prostate cancer because
the analysis was prospective. The effect of this type of error
would lead to a relative risk estimate closer to the no-association
value of 1.0. Thus, misclassification of statin drugs is highly un-
likely to account for the strong inverse association that we ob-
served for advanced prostate cancer.

A second issue relates to the conduct of the study in the PSA
era. Since the advent of widespread PSA screening, advanced
prostate cancer is less often diagnosed, but when it is, it is more
often diagnosed in men who have not undergone PSA screening
or who have been screened infrequently. In this cohort, statin us-
ers were more likely than nonusers to have had one or more
screening PSA tests and men with multiple screening PSA tests
were more likely than men with fewer tests to be diagnosed with
organ-confined prostate cancer but less likely to be diagnosed
with advanced disease. Thus, we took steps to assess whether a
different extent of use of PSA screening between statin users and
nonusers might account for our findings by conducting subanaly-
ses in which we began follow-up in 1994, which was fully in the
PSA era. We used two approaches to consider PSA screening
history in these subanalyses: adjusting for updated cumulative
number of periods in which a man had a screening PSA test
and restricting the analysis to person-time at risk during which a
screening PSA test was performed. With both approaches, the
inverse association between statin use and risk of advanced and
metastatic and fatal prostate cancers remained. Nevertheless, al-
though PSA screening did not appear to account for our findings,
we cannot rule out bias due to subtle differences in patterns of
PSA screening between statin users and nonusers.

A third issue is the nonresponse to the baseline questions on
medications use; 22% of the otherwise eligible men were ex-
cluded from the analysis because they had not provided informa-
tion on medication use at baseline. The analysis we conducted
was prospective, and thus, the likelihood of selection bias as a
result of differential nonresponse was small. Nevertheless, we
explored this possibility. Men who did and did not provide infor-
mation on medication use at the start of follow-up in 1990 did not
differ substantially on age, PSA screening history, history of
elevated cholesterol, or the prevalence of statin drug use in 2000.
Further evidence that the findings of this study were not due to
selection bias comes from the result of an additional analysis (not
shown) in which we started follow-up in 1994 and counted as
statin users men who indicated such use in either 1992 or 1994;
58% of the men excluded from the analysis for lack of informa-
tion on medication use in 1990 did provide information on medi-
cation use subsequently on the 1992 or 1994 questionnaires. In
that analysis, the multivariable relative risk of advanced disease
was 0.39 (95% CI = 0.18 to 0.84), similar to what was observed
in the main analysis.

The fourth issue is the possibility of confounding or differen-
tial detection of prostate cancer by use of medical care. However,
because of the large study size and the extensive information col-
lected on each cohort member, we were able to control for a num-
ber of known and suspected risk factors for prostate cancer that
may co-occur with use of statins, such as dietary and lifestyle fac-
tors, including the use of aspirin. The inverse association between
statins and advanced prostate cancer remained even after
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multivariable adjustment. We also adjusted for use of prescription
medications, including antihypertensive drugs, such as angioten-
sin-converting enzyme inhibitors, to assess confounding and dif-
ferential detection. The inverse association between statin use
and risk of advanced prostate cancer remained, indicating a lack
of confounding by use of other medications. Furthermore, there
was no consistent pattern of association between the use of pre-
scription medications and risk of prostate cancer (data not shown).
We would have expected that many prescription drugs would
have been inversely associated with advanced prostate cancer if
going to the doctor increased both the likelihood of receiving a
prescription and the likelihood of having a screening PSA test.

The fifth issue is the small sample size in a few of the sub-
group analyses. The overall study had a large sample size, which
allowed us to investigate the association of current statin use, not
only with total prostate cancer but also with advanced disease.
The clinically important prostate cancer endpoint that should be
the target for prevention is advanced disease, which is the most
likely stage to lead to death. In the analysis of duration of ever
use, the number of cases of total prostate cancer with longer term
(>5 years) ever use remained large, at 126. For advanced and
metastatic plus fatal disease, the numbers of cases with longer
term ever use were three and zero, respectively. However, the
expected number of metastatic or fatal cases for 5 or more years
of use was eight, which was calculated using the more than
18500 person-years at risk in those with 5 or more years of use
and the observed age- and period-specific incidence rates in the
never users. Thus, the lack of men with metastatic or fatal pros-
tate cancer among the longer term users was not due merely to a
small number of person-years at risk contributed by those men
but instead can be explained by a deficit of these cases (zero in-
stead of an expected eight cases) during their time at risk when
compared with the never users.

In summary, our prospective results do not support an associa-
tion between the use of statin drugs and the risk of prostate can-
cer overall, but they do suggest that statin use is associated with
areduced risk of clinically important advanced prostate cancer in
a population that reported a high prevalence of routine PSA
screening. However, it is premature to recommend the use of
statins for the prevention of advanced prostate cancer. Further
work is needed to address the role of PSA screening as a possible
explanation for these findings and to identify the biologic mecha-
nisms that may underlie the inverse association, if this associa-
tion is indeed causal.
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