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Abstract

Background: Statins, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase
inhibitors, are common lipid-lowering agents and may reduce the risk of several cancer types
including pancreatic cancer. However, the association between statin use and pancreatic cancer
risk has not been fully evaluated in prospective studies.

Methods: We studied the association between statin use and incident pancreatic cancer in
113,059 participants from the prospective Nurses’ Health Study and Health Professionals Follow-
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up Study. Statin use was self-reported via study questionnaires and updated biennially. Hazard
ratios (HRs) and 95% confidence intervals (Cls) for incidence of pancreatic cancer were estimated
using multivariable Cox proportional hazards models with adjustment for potential confounders.

Results: In total, 583 participants developed incident pancreatic cancer during 1.4 million
person-years of follow-up. No difference was identified in pancreatic cancer risk for regular versus
non-regular statin users (multivariable-adjusted HR, 0.98; 95% CI, 0.82-1.16). There was no
significant heterogeneity in the association of statin use with pancreatic cancer risk between the
cohorts. Similarly, longer duration of regular statin use was not associated with decreased risk of
pancreatic cancer (Pyeng = 0.67). The results remained similar when we examined statin use status
at baseline or accounting for 4-year latency period. We observed no statistically significant effect
modification for the association of statin use with pancreatic cancer risk by body mass index,
smoking status, or diabetes mellitus status (all Anteraction > 0.21).

Conclusions: Regular statin use was not associated with pancreatic cancer risk in two large
prospective cohort studies in the U.S..
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Introduction

Pancreatic cancer is a top cause of cancer-related mortality worldwide and the third leading
cause in the United States (U.S.) [1]. Given that pancreatic ductal adenocarcinoma is often
diagnosed at advanced stages leading to high mortality with an overall 5-year survival rate of
< 10% [1], identification of chemopreventive agents is of considerable importance to reduce
mortality associated with this malignancy.

Statins, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, are
commonly used for their lipid-lowering properties, and the prevention and treatment of
cardiovascular disease. This class of medication inhibits cholesterol synthesis by blocking
the mevalonate pathway [2]. Evidence supports that statins may also carry anti-neoplastic
properties through alterations in inflammation, angiogenesis, and cellular apoptosis and
proliferation [3-7]. However, studies have yielded conflicting results regarding the effect of
statin use on pancreatic cancer risk [8-12]. Prospective studies have not evaluated the
association of statin use with pancreatic cancer risk using a large number of cases with long
duration of follow-up. Given the inconclusive findings from prior studies and limited
preventive strategies for pancreatic cancer, an important need remains for prospective studies
investigating statin use as a potential preventative approach for pancreatic cancer. In the
current study, we prospectively examine the association of statin use and risk of pancreatic
adenocarcinoma in two large U.S. cohorts.
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Patients and methods

Study population

We studied participants from two prospective U.S. cohorts, the Nurses’ Health Study (NHS,
121,700 women aged 30-55 years with study enrollment in 1976) and the Health
Professionals Follow-up Study (HPFS, 51,529 men aged 40-75 years with study enrollment
in 1986) [13-16]. Information on demographics, medical and social history, and health
outcomes such as cancer diagnoses was collected via biennial questionnaires. Participants
were followed until death from any cause or the end of follow-up (NHS: May 31, 2014;
HPFS: January 31, 2014), whichever occurred first. Follow-up questionnaires were
completed with follow-up rates exceeding 90% [17].

This study was conducted in accordance with the Declaration of Helsinki. Informed consent
was obtained from all participants, and the studies were approved by the institutional review
board at Harvard T.H. Chan School of Public Health and the Human Research Committee at
Brigham and Women’s Hospital (Boston, MA, USA).

Ascertainment of pancreatic cancer cases

We identified patients diagnosed with pancreatic adenocarcinoma by study physicians’
review of medical records, death certificates, and/or cancer registry data. Physicians blinded
to exposure status confirmed the diagnosis of pancreatic cancer by review of medical
records, death certificates, or cancer registry data. Deaths were ascertained based on
information from next of kin, U.S. postal service, and/or the National Death Index; this
method has been shown to capture >98% of deaths [18]. We excluded participants with
history of cancer (exception of non-melanoma skin cancer) prior to 2000 as the baseline of
this study and those without available data on statin use. Date of pancreatic cancer diagnosis
and stage at diagnosis were determined through physician review of medical records. Cancer
stage was classified as: localized (amenable to surgical resection); locally advanced
(unresectable due to extrapancreatic extension but no d6istant metastases); metastatic; or
unknown.

Ascertainment of statin use

Information on statin use was first assessed by the 2000 questionnaire and updated
biennially. In 2000, participants were asked if they regularly took statins (yes/no) and their
duration of statin use (0-2, 3-5, or = 6 years in NHS; and 1-2, 3-5, 6-9, or = 10 years in
HPFS). Current statin use was updated by self-report in each follow-up questionnaire. Using
the response from the 2000 questionnaire in combination with the subsequent response to
current use on the 2002 questionnaire onward, duration of statin use was calculated.
Beginning in 2004, participants were additionally asked to report type of statin used
including atorvastatin, lovastatin, pravastatin, rosuvastatin, and simvastatin. Further details
of statin use ascertainment within these cohorts have been previously described [19, 20].

Statistical analysis

We examined the association between statin use (regular vs. non-regular use) and risk of
pancreatic cancer. We used Cox proportional hazards regression models to calculate hazard
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ratios (HRs) and 95% confidence intervals (Cls) for incidence of pancreatic cancer by statin
use. In the current analyses, follow-up time was defined as the period from the participant’s
first report of statin use status to diagnosis of pancreatic adenocarcinoma, death from any
cause, or the end of follow-up, whichever occurred first. Statin use was analyzed as a simple
update taken from the most recent questionnaire cycle before each follow-up interval. We
also evaluated statin use at the time of the baseline questionnaire in 2000, as well as with a
latency exposure analysis with a 4-year lag period between statin exposure and cancer
diagnosis. This latency analysis was performed to account for a potential lag time between
normal pancreatic parenchyma and development of cancer [21]. The multivariable Cox
regression models were adjusted for age, sex (cohort), race/ethnicity, smoking status, history
of diabetes mellitus (DM) [22], body mass index (BMI), physical activity, alcohol intake,
and multivitamin use. Statin use and covariates were treated as time-dependent to account
for changes over time, if applicable. We evaluated between-cohort heterogeneity in the
association of statin use with pancreatic cancer risk using the Cochran’s Qstatistic [23]. In a
meta-analysis, we computed a pooled HR for incidence of pancreatic cancer using the
DerSimonian and Laird random-effects model [24]. We assessed statistical interaction by
entering main effect terms and the cross-product of statin use and a stratification variable
into the model and evaluating likelihood ratio tests. In all analyses, two-sided P values <
0.05 were considered statistically significant, and SAS statistical software (version 9.4, SAS
Institute, Cary, NC, USA) was used.

Among 113,059 study participants in NHS and HPFS, 583 developed incident pancreatic
adenocarcinoma (391 women and 192 men) during ~1.4 million person-years of follow-up.
Table 1 shows age-standardized baseline characteristics of participants. Regular statin users
were more likely to have history of diabetes than non-regular users.

Regular statin use was not associated with pancreatic cancer risk in the combined population
(multivariable-adjusted HR 0.98; 95% confidence interval [C1] 0.82-1.16; Table 2). There
was no significant evidence of between-cohort heterogeneity in the association of statin use
with pancreatic cancer risk (Aeterogeneity = 0-34; Fig. 1). Among 424 pancreatic cancer cases
with available data on cancer stage at diagnosis, the distribution of cancer stage did not
differ significantly by statin use (Table 3). When we examined types of statins, we observed
no decreased risk of pancreatic cancer among regular users of a specific type of statin
compared with non-regular users of any statins, but statistical power was limited in this
analysis (Table S1). In addition, no association was found between duration of regular statin
use and risk of pancreatic cancer (Pyeng = 0.65; Table 4). We similarly observed no
significant association between statin use and pancreatic cancer risk assessing statin
exposure at baseline or latency analysis with 4-year lag period between statin exposure and
cancer diagnosis (Table 5). We observed no statistically significant effect modification for
the association of statin use with pancreatic cancer risk by BMI, smoking status, or DM
status (Pinteraction > 0.21, Table 6).
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Discussion

To test the hypothesis that regular statin use might be associated with lower risk of
pancreatic cancer, we conducted this prospective study based on two large U.S. cohorts. No
significant association between regular statin use and risk of pancreatic cancer was
identified, including in analyses with different timing between statin exposure and cancer
risk. The results remained largely unchanged after adjustment for multiple potential
confounding covariates in regression models and after consideration of the duration of statin
use or types of statins. Our findings suggest that statins, at least when administered at usual
clinical doses, are not associated with future risk of pancreatic cancer.

Statins inhibit the conversion of HMG-CoA to mevalonate and decrease levels of
intermediate isoprenoids in the mevalonate pathway, which modulate post-translational
regulation of proteins involved in cell proliferation and cell cycle progression [2, 7].
Consequently, statins potentially suppress downstream proteins including RAS and the Rho
family of proteins, which are strongly implicated in carcinogenesis [3, 4]. In mouse models
of pancreatic cancer, simvastatin therapy has been shown to suppress development of
pancreatic intraepithelial neoplasia and invasive carcinoma [25]. Mouse studies also suggest
that atorvastatin can suppress the activation of the KRAS gene [26], which is a major driver
oncogene in pancreatic adenocarcinoma [27], and block downstream RAF-MAPK and
PI3K-AKT-MTOR signaling pathways which are involved in cell growth [28, 29]. In
addition, the immunomodulatory effects of statins may act as an alternative mechanism for
cancer prevention [5, 30].

Despite the plausible biological mechanisms by which statins may suppress the development
and progression of cancer cells, our large prospective population-based study does not
support that real-world statin use is associated with the risk of developing pancreatic cancer.
While prior studies have suggested a decreased incidence of pancreatic cancer with statin
use [10, 11], these findings may be limited by retrospective case-control study designs with
potential exposure misclassification, selected populations (male smokers [10] or veterans
[11]), and referral patterns. A meta-analysis of 16 cohort studies comprised of 1,692,863
participants and 7,807 pancreatic cancer cases failed to show an association between statin
use and pancreatic cancer risk (pooled relative risk, 0.89; 95% CI, 0.74-1.07) [12]. This
meta-analysis may be limited by the small number of pancreatic cancer cases in prospective
studies (< 10 in randomized controlled trials and /7= 168 in a prospective cohort study
[31]), relatively short follow-up duration, and heterogeneous study designs. Therefore, there
is a great need for prospective studies including a sufficient number of pancreatic cancer
cases on the topic. In a large prospective study of postmenopausal U.S. women, statin use
was not associated with lower risk of pancreatic cancer (HR, 0.92; 95% CI, 0.57-1.48) [32],
which was consistent with the current findings.

Our study has several limitations, including limited statistical power in analyses of specific
statin types and no data on the statin dosage ingested by participants. Experimental and
clinical studies suggest that anti-tumor profiles may not be the same across the different
statin compounds (e.g., hydrophilic or lipophilic) and at different medication doses [33-37].
Therefore, a prospective study including more detailed information on type and dose of
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statins used would be of interest. The majority of our study population was white, and
additional studies in a more ethnically diverse cohort are warranted. Our study also has
several notable strengths, including well-defined longitudinal cohorts, prospective study
design, and large sample size with over 500 pancreatic cancer cases. Data on statins and
covariates were prospectively collected and biennially updated, which allowed us to
investigate the long-term effects of statin use without substantial recall bias and to rigorously
adjust for potential confounders.

In summary, statin use was not associated with incidence of pancreatic cancer in two large
prospective cohort studies in the U.S.. Additional studies designed to identify prediagnosis
exposures that impact pancreatic cancer development should be considered.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Fogrest plot and meta-analysis of HRs for pancreatic cancer, comparing regular statin users
with non-regular users in the NHS and HPFS cohorts. Squares and horizontal lines indicate
cohort-specific multivariable-adjusted HRs and 95% Cls, respectively. Area of the square
reflects cohort-specific weight (inverse of the variance). Diamond indicates pooled
multivariable-adjusted HR (center) and 95% CI (width). HRs were adjusted for age
(continuous), sex (cohort), race/ethnicity (white, black, other, or unknown), calendar year of
questionnaire cycle (continuous), smoking in pack-years (never, 0.1-4.9, 5-19.9, 20-39.9, or
> 40), history of diabetes (yes/no), body mass index (< 25, 25-29.9, 30-34.9, or > 35 kg/m?),
physical activity (MET-hours per week in quintiles), alcohol intake (0, 0.1-4.9, 5-14.9,
15-29.9, or = 30 g/day), and regular multivitamin use (yes/no).

Cl, confidence interval; HPFS, Health Professionals Follow-up Study; HR, hazard ratio;
MET, metabolic equivalent of task; NHS, Nurses’ Health Study.
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Age-standardized baseline characteristics of participants by statin use in NHS and HPFS (2000)

Table 1.

NHS HPFS
Statin use Statin use
. a Non-regular Regular Non-regular Regular

Characteristic use use use use
No. of participants 55,694 15,401 22,259 6,681
Age, years 658 (7.1)  68.0(6.7)  657(9.0)  67.1(8.4)
Race

White 97.4% 97.4% 91.8% 90.8%

Black 1.5% 1.5% 0.6% 0.6%

Other 1.1% 1.1% 2.8% 3.6%

Unknown 0.0% 0.0% 4.8% 5.0%
Body mass index, kg/m?2 25.5(4.6) 26.7 (4.6) 25.7 (3.4) 26.2(3.2)
Smoking status

Current smoker 9.5% 9.4% 4.7% 3.8%

Pack-years in smokers 24.2 (21.4) 26.0(21.4) 23.7(189) 249(18.5)
History of diabetes 7.1% 15.8% 6.4% 12.2%
Physical activity, MET-hours/week ~ 17.8 (16.9)  15.8 (14.8)  34.1(28.7)  30.5(24.6)
Alcohol intake, g/day 5.8 (8.6) 5.0(8.2) 10.8 (13.2) 10.9 (12.6)
Regular multivitamin use 67.4% 67.5% 65.0% 66.9%

Page 10

a . . T . o .
All variables other than age were standardized to age distribution of the study population. Mean (standard deviation) was presented for continuous

variables.

HPFS, Health Professionals Follow-up Study; MET, metabolic equivalent of task; NHS, Nurses’ Health Study.
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Table 2.
Risk of incident pancreatic cancer by statin use
NHS HPFS Combined
Statin use Statin use Statin use
Non-regular Regular Non-regular Regular Non-regular Regular
use use use use use use
No. of cases 248 143 107 85 355 228
Person-years 634,974 344,203 239,714 150,774 874,688 494,978

Age-adjusted HR (95% CI) 1 (referent)
Multivariable HR (95% c)é 1 (referent)

Multivariable HR (95% C1)? 1 (referent)

1.02 (0.82-1.25)

0.92 (0.74-1.14)

0.92 (0.74-1.14)

1 (referent)  1.18 (0.88-1.58)

1 (referent)  1.10 (0.81-1.47)

1 (referent)  1.10 (0.82-1.49)

1 (referent)  1.07 (0.90-1.27)

1 (referent)  0.98 (0.82-1.16)

1 (referent)  0.98 (0.82-1.16)

aThe Cox proportional hazards regression models were adjusted for age (continuous), sex (cohort), calendar year of questionnaire cycle
(continuous), smoking in pack-years (never, 0.1-4.9, 5-19.9, 20-39.9, or = 40), and history of diabetes (yes/no).

bFurther adjusted for race/ethnicity (white, black, other, or unknown), body mass index (< 25, 25-29.9, 30-34.9, or = 35 kg/mz), physical activity
(MET-hours per week in quintiles), alcohol intake (0, 0.1-4.9, 5-14.9, 15-29.9, or = 30 g/day), and regular multivitamin use (yes/no).

Cl, confidence interval; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; MET, metabolic equivalent of task; NHS, Nurses’ Health

Study.
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Table 3.

Distribution of cancer stage among pancreatic cancer cases by statin use in the combined population.

Statin use
Non-regular use  Regular use a
Cancer stage (n=257) (n=167) P
Localized 48 (18.7%) 40 (24.0%)  0.37
Locally advanced 24 (9.3%) 17 (10.2%)
Metastatic 185 (72.0%) 110 (65.9%)

a . .
Pvalue was calculated using the chi-square test.
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Table 4.

Risk of incident pancreatic cancer by duration of regular statin use in the combined population

Duration of regular statin use (years)

Non-regular c
use >0-2 35 26 Ptrend
No. of cases 355 73 46 108
Person-years 874,688 153,181 104,602 234,328

Age-adjusted HR (95% CI) 1 (referent)  1.14 (0.89-1.47) 1.01 (0.74-1.37)

Multivariable HR (95% Cl)a 1 (referent)  1.04 (0.81-1.35) 0.93 (0.68-1.27)

Multivariable HR (95% C|)b 1 (referent)  1.04 (0.81-1.35) 0.93 (0.68-1.27)

1.05(0.84-1.31)  0.66
0.96 (0.77-1.20)  0.65

0.96 (0.77-1.20)  0.65

a . . . . . .
The Cox proportional hazards regression models were adjusted for age (continuous), sex (cohort), calendar year of questionnaire cycle

(continuous), smoking in pack-years (never, 0.1-4.9, 5-19.9, 20-39.9, or = 40), and history of diabetes (yes/no).

Page 13

bFurther adjusted for race/ethnicity (white, black, other, or unknown), body mass index (< 25, 25-29.9, 30-34.9, or = 35 kg/m2), physical activity

(MET-hours per week in quintiles), alcohol intake (0, 0.1-4.9, 5-14.9, 15-29.9, or = 30 g/day), and regular multivitamin use (yes/no).

c . . . . . .
ARrend Was calculated using a linear tend test and ordinal categories of duration of regular statin use.

Cl, confidence interval; HR, hazard ratio; MET, metabolic equivalent of task.
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Risk of incident pancreatic cancer by statin use at baseline and with 4-year lag time in the combined

population
Baseline exposure Latency exposure’
Non-regular Regular Non-regular Regular
use use use use
No. of cases 400 142 244 133
Person-years 984,338 272,522 901,328 337,073

Age-adjusted HR (95% CI) 1 (referent)  1.14 (0.94-1.38)
Multivariable HR (95% Cl)a 1 (referent)  1.05 (0.86-1.28)

Multivariable HR (95% c1)? 1 (referent)  1.06 (0.87-1.29)

1 (referent)

1 (referent)

1 (referent)

1.12 (0.91-1.40)

1.02 (0.82-1.27)

1.02 (0.82-1.27)

aThe Cox proportional hazards regression models were adjusted for age (continuous), sex (cohort), calendar year of questionnaire cycle
(continuous), smoking in pack-years (never, 0.1-4.9, 5-19.9, 20-39.9, or = 40), and history of diabetes (yes/no).

bFurther adjusted for race/ethnicity (white, black, other, or unknown), body mass index (< 25, 25-29.9, 30-34.9, or = 35 kg/mz), physical activity
(MET-hours per week in quintiles), alcohol intake (0, 0.1-4.9, 5-14.9, 15-29.9, or = 30 g/day), and multivitamin use (non-regular use or regular

use).

c . . . . .
Accounted for 4-year lag period between statin exposure and pancreatic cancer diagnosis.

Cl, confidence interval; HR, hazard ratio; MET, metabolic equivalent of task.
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Table 6.

Risk of incident pancreatic cancer by statin use in the combined population, stratified by covariates

Statin use

Non-regular use ~ Regularuse — pj oo

Body mass index < 25 kg/m? 0.72
No. of cases 171 88
Person-years 447,460 202,690

Multivariable HR (95% cn)? 1 (referent) 1.02(0.78-1.32)

Body mass index > 25 kg/m?
No. of cases 183 140
Person-years 426,081 291,637

Multivariable HR (95% cl)? 1 (referent) 095 (0.76-1.20)

Never smoker 0.22
No. of cases 157 82
Person-years 413,774 215,544

Multivariable HR (95% C1)? 1 (referent)  0.87 (0.66-1.14)
Ever smoker

No. of cases 194 144

Person-years 450,900 273,141

Multivariable HR (95% cn)? 1 (referent) 1.07 (0.86-1.34)

No diabetes 0.99
No. of cases 296 155
Person-years 802,584 400,191

Multivariable HR (95% Cl)a 1 (referent) 0.98 (0.80-1.19)

Diabetes
No. of cases 59 73
Person-years 71,750 94,575

Multivariable HR (95% cl)? 1 (referent)  0.98 (0.69-1.39)

a . . . . . R . .
The Cox proportional hazards regression models were adjusted for the following covariates except for the stratification variable: age (continuous),
sex (cohort), race/ethnicity (white, black, other, or unknown), calendar year of questionnaire cycle (continuous), smoking in pack-years (never,

0.1-4.9, 5-19.9, 20-39.9, or = 40), history of diabetes (yes/no), body mass index (< 25, 25-29.9, 30-34.9, or = 35 kg/mz), physical activity (MET-
hours per week in quintiles), alcohol intake (0, 0.1-4.9, 5-14.9, 15-29.9, or = 30 g/day), and regular multivitamin use (yes/no).

Pinteraction Was calculated by entering main effect terms and the cross-product of statin use and a stratification variable into the model and
evaluating likelihood ratio tests.

Cl, confidence interval; HR, hazard ratio; MET, metabolic equivalent of task.
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