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Statin Use and Its Impact on Survival in Pancreatic
Cancer Patients
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Abstract: Statins are cholesterol-lowering medications that are associ-
ated with a number of signaling pathways involved in carcinogenesis.
Recent observational studies raised the possibility that the use of statins
may reduce overall mortality in various types of cancer. We investigated
whether statins used after pancreatic cancer diagnosis are associated
with longer survival in pancreatic cancer patients.

We retrospectively analyzed data from 1761 patients newly diag-
nosed with pancreatic adenocarcinoma between January 1, 2006, and
December 31, 2014. We used the time-dependent Cox proportional
hazards regression model to estimate mortality among pancreatic cancer
patients according to statin use.

Among the 1761 pancreatic cancer patients, 118 patients had used
statins. During the study period, 1176 patients (66.7%) died. After
adjusting for age, sex, location of cancer, cancer stage, diabetes mellitus,
hypertension, dyslipidemia, smoking, alcohol use, body mass index, and
CA 19-9, statin use was associated with a lower risk of cancer death
(hazard ratio [HR], 0.780; 95% confidence interval [CI], 0.617—-0.986),
especially among simvastatin users (HR, 0.554; 95% CI, 0.312—0.982)
and atorvastatin users (HR, 0.636; 95% CI, 0.437—0.927). Subgroup
analysis showed that overall survival was statistically significantly
longer in patients with nonmetastatic pancreatic cancer (log-rank
P =0.024).

We found that the use of simvastatin and atorvastatin after cancer
diagnosis is associated with longer survival in patients with nonmeta-
static pancreatic adenocarcinoma.

(Medicine 95(19):e3607)

Abbreviations: BMI = body mass index, CA 19-9 = carbohydrate
antigen 19-9, CI = confidence interval, DDDs = defined daily
doses, DM = diabetes mellitus, FFP = farnesyl pyrophosphate,
GGPP = geranylgeranyl pyrophosphate, HMG-CoA = 3-hydroxy-
3-methylglutaryl coenzyme A, HR = hazard ratio, HTN =
Hypertension, ICD-10 = International Classification of Diseases
10th Revision, IPMN = intraductal papillary mucinous neoplasm,
OS = overall survival.
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INTRODUCTION
he prognosis for patients with pancreatic cancer remains
poor, with an estimated 5-year survival rate of 6%.'
Although various anticancer agents have been developed over
the years, no effective treatments for this lethal cancer have
reached the clinic level to date.

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, known as statins, have been shown to
improve lipid profiles and to reduce cardiovascular morbidity
and mortality through therapeutic and preventative effects in
coronary artery diseases.” Because of their pleiotropic effects,
they have been of considerable interest for cancer prevention
and treatment. Statins have anticancer effects through the
inhibition of post-translational modification of key proteins
involved in tumor proliferation and metastasis through the
mevalonate pathway.> To date, a number of observational
studies have shown an inverse association between statin use
and overall survival in patients with different types of can-
cers.*’

The results from previous studies of statin use and overall
survival in pancreatic cancer patients are inconsistent.®’
Recently, Jeon et al showed that statin treatment is associated
with enhanced survival in patients with pancreatic cancer.'”
However, the analysis was limited to elderly patients >65 years
of age who have more comorbid conditions and a shorter
survival rate than younger populations. Moreover, they did
not report on the differences in overall survival according to
the duration of statin use; this information is necessary for the
development of recommendations regarding the therapeutic use
of statins in these populations.

To further examine the association between statin use and
overall survival in pancreatic cancer patients, we analyzed data
collected in a tertiary referral hospital in the Republic of Korea.
As such, we aimed to determine whether the use of statins after
cancer diagnosis is associated with a longer survival in patients
with pancreatic adenocarcinoma.

METHODS

Study Population

This study was conducted by obtaining patient data from
the Yonsei Tumor Registry database at Severance Hospital. The
Yonsei Tumor Registry contains tumor information, such as
tumor grade, clinical stage, pathological stage, treatment, can-
cer location, pathology, operation name, and diagnostic method.
As the first step, we retrospectively analyzed the medical
records of patients newly diagnosed with pancreatic cancer
between January 1, 2006, and December 31, 2014. Cancer
diagnosis was classified according to the International Classi-
fication of Diseases, 10th Revision (ICD-10) codes. We
excluded patients (1) who were aged < 20 years at diagnosis,
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(2) who were aged > 90 years at diagnosis, (3) who were
diagnosed with pancreatic cystic neoplasm, intraductal papil-
lary mucinous neoplasm (IPMN), neuroendocrine carcinoma,
lymphoma, or (4) whose diagnosis was not confirmed by
pathological review. This study conformed with the ethical
guidelines of the Declaration of Helsinki (1975), and it was
approved by the independent institutional review board of
Severance Hospital, Yonsei University College of Medicine,
Seoul, Republic of Korea.

Variables

This study collected data regarding age at diagnosis, sex,
body mass index (BMI), weight, height, diabetes mellitus (DM),
hypertension (HTN), chronic pancreatitis, cholesterol level at
diagnosis, family history of pancreatic cancer, smoking history,
alcohol use, carbohydrate antigen (CA) 19-9 level at diagnosis,
cancer location, cancer stage at diagnosis, histologic grade, and
the type of treatment the patient received. Ages at the time of
pancreatic cancer diagnosis were grouped as follows: < 50, 51
to 70, and > 70 years. BMI was computed as weight/height*
(kg/m?) and grouped according to World Health Organization
categories. Smoking and alcohol history were divided into 2
groups: nonsmoker (or nondrinker), former or current smoker
(or drinker). The 7th edition of the tumor-node-metastasis
system from the American Joint Committee on Cancer was
used to determine the clinical stage of the study patients.'' In
inoperable patients, clinical cancer stage was confirmed by
imaging studies, including ultrasonography, computed tom-
ography, magnetic resonance imaging, and positron emission
tomography. Pathological cancer stage was confirmed based on
postoperative pathological results. Overall survival (OS) was
defined as the interval from the diagnosis date to the date of
death from any cause or last follow-up.'?

Statin Exposure Assessment

Statin users were defined as patients who received statin
medications at least 30 days after pancreatic cancer diagnosis.
To minimize the potential effect of reverse causation, we
excluded patients who received statins before pancreatic cancer
diagnosis, even if they continued the medication after diagnosis.
We reviewed the drug name, the date of dispensing, the
cumulative duration of statin use, and the cumulative dose of
statin intake.

The statins prescribed during the study period were sim-
vastatin, atorvastatin, rosuvastatin, pravastatin, and fluvastatin.
Those statins can be classified by their pharmacologic proper-
ties: high potency statins (atorvastatin, rosuvastatin, simvasta-
tin) or low potency statins (fluvastatin, pravastatin); lipophilic
statins (atorvastatin, fluvastatin, simvastatin) or hydrophilic
statins (pravastatin, rosuvastatin); and natural statins (simvas-
tatin, pravastatin) or synthetic statins (atorvastatin, rosuvastatin,
fluvastatin). The brand names of statins used in this study were
as follows: simvastatin (Cholesnone, Simvastar, Vytorin); ator-
vastatin (Atorva, LipiLOU, Lipitor); rosuvastatin (Crestor,
Vivacor); pravastatin (Mevalotin); and fluvastatin (Lescol-XL).

The cumulative duration of statin use was classified into
the following 3 categories: <6 months, 6 to 12 months, and
>12 months. The cumulative dose was standardized for differ-
ent statins using the defined daily doses (DDDs) recommended
by the World Health Organization.'*'* The DDD for the 30 mg
formulation of simvastatin was used as a reference, and the
DDDs for the other statins were used to convert each statin dose
to a dose equivalent to 30 mg of simvastatin. This variable was
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classified into the following 3 categories: <180mg, 180 to
365 mg, and >365 mg of the DDD.

Statistical Analysis

Data are expressed as a median, n (%), as appropriate. In
order to evaluate statistically significant differences in baseline
characteristics between statin users and nonusers, variables
were compared using the chi-squared test for categorical data
and Student’s 7-test for continuous variables. We estimated the
median overall survival from diagnosis to death according to
statin use by using Kaplan—Meier curves, and we compared
these values using the log-rank test. Time-dependent Cox
proportional hazards models were used to estimate hazards
ratios (HRs) with 95% CIs of pancreatic cancer mortality
associated with the postdiagnostic use of statins, cumulative
duration of use, and cumulative dose of statins.

We evaluated the independent association of statin use
after cancer diagnosis with overall survival by sequentially
adding the following potential confounders: age at diagnosis,
sex, cancer stage and location, BMI, DM, HTN, cholesterol, CA
19-9 at diagnosis, alcohol use, and smoking history. A P-value
of < 0.05 was considered to be statistically significant. Statisti-
cal analyses were performed using SPSS version 18.0 (SPSS,
Chicago, IL).

RESULTS

Patient Characteristics

A total of 1761 patients newly diagnosed with pancreatic
adenocarcinoma were included in this study (Figure 1). The
baseline characteristics of the patients in this study are shown in
Table 1. The mean age of the study population (which included
1035 males and 726 females) was 62.5 years. In this study, a
total of 1183 (67.1%) patients received palliative chemother-
apy. Regarding 1st line chemotherapy, 953 patients received
gemcitabine-based chemotherapy and 230 patients received
S-fluorouracil-based chemotherapy. Of those, 417 patients
received >4 cycles and 168 patients received >8 cycles of
chemotherapy. Statin use after pancreatic cancer diagnosis was
reported in 118 (6.7%) of the patient population. Atorvastatin
was most commonly prescribed (49.2%), followed by rosuvas-
tatin (28.9%) and simvastatin (19.5%), as described in Table 2.
Among patients that received statins during the study period, the
median average daily dose was 21 mg/day, and the median
duration of use was 3.5 months. In the entire cohort, 585
(33.3%) patients survived until the last follow-up, 1176
(66.7%) patients died from any cause, and 1164 (66.0%)
patients died of pancreatic cancer (Supplementary Table 1,
http://links.lww.com/MD/A959).

Statin Use and Survival

We compared the survival outcomes of statin users
(N=118) and nonusers (N=1643) (Figure 2). Statin users
had significantly longer overall survival compared to nonusers
(P=0.012 by the log-rank test). Five-year overall survival was
16.6% for statin users and 8.9% for nonusers. We stratified the
patients according to their cancer stage to show the effect of
statins in patients according to cancer stage (stage I, I, III,
N=064 vs IV, N=54). We compared the survival outcomes of
statin users and nonusers (Figure 3). On subgroup analysis,
statin users had significantly longer overall survival compared
to nonusers in nonmetastatic pancreatic cancer (P =0.024 by
the log-rank test).
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January 1, 2006 and December 31, 2014
(n =2670)

Patients diagnosed with pancreatic cancer between

Exclusion criteria (n = 909)
1) Pancreatic cystic neoplasm, IPMN, Neuroendocrine
2) Pathologicalunknown cases (n = 667)

3) Age < 20 years at diagnosis (n = 3)
4) Age > 90 years at diagnosis (n = 24)

carcinoma, Lymphoma (n = 215)

(n=1761)

All patients with pancreatic adenocarcinoma

Patients without statin
(n =1643)

ANENENENEN

Patients with statin (n = 118)

Atorvastatin (n = 58)
Simvastatin (n = 23)
Rosuvastatin (n = 34)
Plavastatin (n = 2)
Fluvastatin (n = 1)

FIGURE 1. Study flowchart.

Factors Associated With Overall Survival

We used multivariate analysis to assess the factors associ-
ated with survival in pancreatic cancer patients (Table 3). Accord-
ing to the multivariate analysis, cancer stage (HR =5.058; 95%
CI, 3.474-7.363), hypertension (HR = 1.182; 95% CI, 1.040—
1.343), sex (HR=1.178; 95% CI, 1.041-1.332), and age at
diagnosis (HR =1.456; 95% CI, 1.157—1.833) were identified
as independent factors associated with survival. The use of statins
after pancreatic cancer diagnosis was associated with decreased
pancreatic cancer mortality after adjusting for all potential con-
founders (HR =0.780;95% CI, 0.617—0.986). Use of statins after
pancreatic cancer diagnosis was associated with a 22% risk
reduction in pancreatic cancer mortality (Table 3).

Cumulative Duration and Dose of Statin Use

We used the time-dependent analysis to control the immor-
tal time bias because patients who live longer could have higher
chance to use statins and higher chance to have longer pre-
scription duration. On analysis, cumulative duration of statin
use was associated with survival in patients. A duration
response relationship was observed, with the HR decreasing
in association with longer durations of statin use compared
with nonstatin use (Table 4). The patients who used statins for
>6 months after diagnosis received the benefits compared with
those who did not use statins (> 6 months use: HR =0.535; 95%
CI, 0.315-0.911). When statin use was categorized by cumu-
lative dose, the adjusted HRs were 0.576 (95% CI, 0.354—
0.937) for the group with cumulative statin use of 180 DDDs or
more compared with nonusers.

Statin Classification

Analysis by statin type revealed statistically significant
inverse associations for the 2 commonly prescribed statins:

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

simvastatin (adjusted HR =0.554; 95% CI, 0.312—0.982) and
atorvastatin (adjusted HR =0.636; 95% CI, 0.437-0.927).
Patients who received simvastatin and atorvastatin were likely
to show a survival benefit compared to nonusers (Table 4).

DISCUSSION

The results of this large, population-based study indicate
that the postdiagnostic use of statins, particularly use of
simvastatin and atorvastatin, is associated with longer survival
in patients with nonmetastatic pancreatic adenocarcinoma.

Antitumor effects by statin have been demonstrated in
various experimental studies.'>™' Cancer cells are fast-grow-
ing cells that are characterized by increased glycolysis and lipid
biosynthesis to meet the metabolic needs of the cells and to
provide cholesterol for cell membrane stability and growth,
which can ultimately lead to angiogenesis.?* The main effect of
statins on cancer cells is the inhibition of cholesterol synthesis
through the inhibition of HMG-CoA reductase, the rate-limiting
enzyme in the cholesterol-synthesis g)athway,23 which may lead
to increased cancer cell apoptosis.”

Statins also inhibit the formation of farnesyl pyropho-
sphate (FFP) and geranylgeranyl pyrophosphate (GGPP)
in the mevalonate pathway when they inhibit HMG-CoA
reductase. FPP and GGPP bind to Ras proteins (small GTPase
related to cellular signal transduction) through an isoprenylation
process. Therefore, Ras proteins are not able to be active by
inhibiting the formation of FPP and GGPP with statins, which
ultimately result in apoptosis of the cancer cells. >

To date, a number of observational studies have examined
the association between statins and pancreatic cancer outcomes,
with mixed finding.'®?*"?® With respect to pancreatic cancer
mortality, 1 study reported that statins were associated with a
longer survival in pancreatic cancer, whereas another study
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TABLE 1. Baseline Characteristics of Study Participants (n=1761)

Variables Nonuser (n=1643) Statin User (n=118) P
Patient variables
Age, years 62.3£10.5 65.1£8.2 0.005
Sex 0.396
Female 673 (40.9) 53 (44.9)
Male 970 (59.1) 65 (55.1)
Family history of pancreatic cancer 60 (3.6) 2 (1.7) 0.433
Chronic pancreatitis 38 (2.3) 2 (1.7) 0.664
Diabetes mellitus 473 (31.3) 61 (53.0) 0.001
Hypertension 571 (37.8) 72 (62.6) 0.001
Smoking 0.170
Nonsmoker 997 (60.6) 76 (64.4)
Former or current smoker 512 (31.1) 39 (33.1)
Alcohol 0.295
Nondrinker 942 (57.3) 74 (62.7)
Former or current drinker 567 (34.5) 41 (34.7)
Dyslipidemia® 93 (5.9) 13 (11.2) 0.024
CA 19-9, mg/Dl 428 (40.2-3,087.5) 456 (59.2-2,977.5) 0.849
BMI, kg/m> 0.581
< 20 319 (19.4) 12 (10.2)
20-25 950 (57.8) 79 (66.9)
25-30 271 (16.5) 20 (16.9)
> 30 26 (1.6) 5(4.2)
Unknown 77 (4.7) 2 (1.7)
Cancer variables
Location 0.894
Head 743 (45.2) 54 (45.8)
Body 376 (22.9) 26 (22.0)
Tail 299 (18.2) 24 (20.3)
Overlap 122 (7.4) 9 (7.6)
Unknown 103 (6.3) 5(4.2)
Stage 0.016
1 46 (2.8) 8 (6.8)
11 420 (25.6) 39 (33.1)
I 312 (19.0) 17 (14.4)
v 865 (52.6) 54 (45.8)
Treatment
Operation 0.001
Whipple 17 (1.0) 2 (1.7)
PPPD 157 (9.5) 19 (16.1)
Total pancreatectomy 7(0.4) 1 (0.8)
Subtotal pancreatectomy 17 (1.0) 0 (0.0)
Distal pancreatectomy 62 (3.8) 13 (11.0)
Chemotherapy 1,110 (67.5) 73 (61.9) 0.207
Adjuvant chemoradiation 23 (1.4) 1(0.8) 0.728
Supportive care 213 (16.7) 10 (8.5) 0.019

Variables are expressed as the mean + SD or median (interquartile range) or n (%).
BMI = body mass index; PPPD = pylorus preserving pancreaticoduodenectomy.

“Dyslipidemia, cholesterol > 240 mg/dL.

observed no statistically significant reduction in mortality.'®?’

Recently, Jeon et al showed that statin use after cancer diagnosis
was associated with a 21% reduced hazard of death (HR =0.79;
95% CI, 0.67-0.93) in patients with early stage pancreatic
cancer.'® However, the study analysis was limited to elderly
patients who have more comorbidities and who are less likely to
have surgery compared to younger patients. In addition, there
was no analysis regarding the association between mortality and
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the cumulative duration of statin use in pancreatic cancer
patients. In another recent study, the authors showed that prior
simvastatin use was associated with improved overall survival
(28.5 vs 16.5 months, log rank P =0.0035).>° However, the
analysis was limited to statin use prior to surgery or prior to
diagnosis in pancreatic cancer patients. The study did not
evaluate effects on mortality when statins were initiated after
diagnosis or surgery. In order to determine the most effective

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Baseline Characteristics of Statin Use (n=118)

Variables n %

Statin name

Atorvastatin 58 49.2
Simvastatin 23 19.5
Rosuvastatin 34 28.9
Pravastatin 2 1.6
Fluvastatin 1 0.8
Cumulative dose, DDDs"
< 180 82 69.5
180-365 20 16.9
> 365 16 13.6
Cumulative duration of use, months
<6 75 63.6
6-12 23 19.5
> 12 20 16.9

DDD = defined daily dose.
“Based on an equivalent dose of 30 mg of simvastatin.

use of statins as an antitumor medication or to assess their
effects on mortality, it is necessary to analyze how the cumu-
lative use of statins and the dose of the statin taken after
pancreatic cancer diagnosis affect outcomes in pancreatic can-
cer patients. To this end, we investigated the relationships
between survival and history of statin usage, cumulative dosage,
and the duration of statin use after diagnosis with pancreatic
cancer.

In this study, there was a significant survival benefit
associated with statin use after adjusting for confounding
variables in statin users. The mortality reduction rate was
comparable to rates found in previous studies.'® In similar
studies of other types of cancer, we demonstrated the dose-
and time-dependence of the survival benefit among statin
users.®’ These studies regarding the dose- and time-dependence
of the survival benefit among statin users suggests that statins
are a potential target for new cancer treatments.
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FIGURE 2. Survival analysis according to statin therapy. Kaplan—
Meier curves for overall survival in pancreatic cancer patients with
statin use and without statin use. (Log-rank P=0.012, 5-year
overall survival: nonstatin group—8.9%, statin group—16.6%).
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FIGURE 3. Subgroup analysis according to cancer stage. (A)
Kaplan—Meier curves for overall survival in nonmetastatic pan-
creatic cancer patients (stages I, Il, lll). (Log-rank P=0.024,
nonuser [n=778], Statin user [n = 64]). (B) Kaplan—Meier curves
for overall survival in metastatic pancreatic cancer patients (stage
IV). (Log-rank P=0.900, nonuser [n =865], Statin user [n = 54]).

Statins provided a significant survival benefit according to
multivariate analysis adjusting for confounding factors, especi-
ally among simvastatin and atorvastatin users. There are a
number of possible explanations for the observed survival effect
related to postdiagnostic use of simvastatin and atorvastatin. A
possible reason for the stronger effect of simvastatin is that
simvastatin is a lipophilic statin. The difference between lipo-
philic and hydrophilic statins may be related to their different
chemical structures, pharmacokinetic profiles. Lipophilic sta-
tins diffuse across cellular membranes and exert their metabolic
effects. On the other hand, hydrophilic statins require active
transport across the cell membrane in order to exert their actions
intracellularly.®>>° Preclinical studies have also shown that
lipophilic statins inhibit growth in breast cancer cell lines
because of these characteristics.”'

Tumor stage is the most important prognostic factor. In this
study, the statins users are more in their early stage of pancreatic
cancer. The survival benefit in statin users might be due to the
cancer stage. Therefore, we stratified the patients to show the
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TABLE 3. Multivariate Analysis of Risk Factors Associated With
Overall Survival

TABLE 4. The Effect of Statin Use on Overall Survival Accord-
ing to Duration of Statin Use and Type of Statin

P Value Adjusted HR' 95% CI P Adjusted HR' 95% CI

Statin 0.038 0.780 0.617-0.986 Cumulative duration of use, months
Cancer location No statin use 1.000

Head 1.000 <6m 0.235 1.210 0.884—1.655

Body 0.124 0.831 0.707-1.027 6m-1y 0.021 0.535 0.315-0.911

Tail 0.258 0.906 0.763—1.075 > ly 0.001 0.362 0.198—0.660

Overlap 0.902 1.015 0.798-1.292 Cumulative dose, DDDs"
Age, years No statin use 1.000

< 50 1.000 < 180 0.270 1.168 0.886—1.540

50-70 0.937 1.009 0.816—1.246 180-365 0.026 0.576 0.354-0.937

> 70 0.001 1.456 1.157-1.833 > 365 0.006 0.348 0.164-0.737
Sex Statin classification

Female 1.000 No statin use 1.000

Male 0.009 1.178 1.041-1.332 Atorvastatin 0.019 0.636 0.437-0.927
Diabetes mellitus 0.910 1.008 0.881-1.153 Simvastatin 0.043 0.554 0.312-0.982
Hypertension 0.011 1.182 1.040—-1.343 Rosuvastatin 0.819 1.050 0.692—1.594
Smoking 0.681 1.037 0.872—1.234 Pravastatin 0.586 1.475 0.364-5.975
Alcohol Use 0.341 1.084 0.918-1.279 Fluvastatin 0.285 2.932 0.408-21.069
CA 19-9 > 40 0.507 1.051 0.908—1.216
BMI, kg/mz CI=95% confidence interval; HR =hazard ratio; DDD = defined

<20 1.000 daily dose. Calent dose of 30ma of < .

ased on an equivalent dose o mg of simvastatin.

20-25 0.104 0.877 0.749-1.027 "Multivariate ha‘;ard ratios (HRs) and 9%% confidence intervals (ClIs)

25-30 0.126 0.852 0.694-1.046 were calculated by Cox proportional hazards models. Adjusted for age,

> 30 0.265 0.746 0.446-1.248 sex, cancer stage and location, DM, HTN, CA 19-9, BMI, alcohol use,
Stage and smoking history.

1 1.000

1I 0.143 1.330 0.908—1.948 . .

III 0.006 1.726 1.168—2.551 large scale of this study has more power. With nearly 10 years of

v < 0.001 5.058 3.474-7363 follow-up 1npludeq in the study period, tl_le study was v_vell-
Adjuvant chemoradiation ~ 0.199 0.711 0.423-1.196 powered to investigate the results of statin use on survival.

BMI = body mass index; CI =95% confidence interval; HR = hazard
ratio.

*Multivariate hazard ratios (HRs) and 95% confidence intervals (Cls)
were calculated by Cox proportional hazards models. Adjusted for age,
sex, cancer stage, and location, DM, HTN, CA 19-9, BMI, alcohol use,
and smoking history.

effect of statins in patients according to cancer stage. And, we
found that statin users had significantly longer overall survival
compared to nonusers in nonmetastatic pancreatic cancer.

This study has a number of strengths. To our knowledge,
this is the largest study that has demonstrated an inverse
association between statin use, cumulative duration, and survi-
val after diagnosis in pancreatic cancer patients. In addition, this
is the first study to demonstrate a significant association
between statin use and pancreatic cancer mortality in an Asian
population. This study also included all age groups and assessed
the duration of statin use, the lack of which were weaknesses in
previous studies.

We are also aware of several possible limitations to this
study. First, this is a nonrandomized, retrospective study at a
single center. The best study design to know whether statins
could reduce the mortality rates of pancreatic cancer is pro-
spective, randomized control trial, and not an observational
study. Specifically, caution needs to be exercised with retro-
spective studies because errors are more common than in
prospective studies due to confounders and bias. However, this
limitation does not appear to have distorted our findings, as the
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Second, there may be a possible healthy-user bias, as statin users
were more likely to be concerned with their health prior to
cancer diagnosis than nonstatin users. However, it is unclear
whether better lifestyle habits would fully explain the 22% risk
reduction in pancreatic cancer mortality and the duration-
response relationships observed with increased HR. Further-
more, statin users seemed to have a higher prevalence of
comorbidities than nonstatin users, which is characteristically
more likely to be associated with worse outcomes. However,
statin users showed improved survival rates despite high comor-
bidities, which means that statins have an effect on survival. We
also excluded patients who received statins before pancreatic
cancer diagnosis, even if they continued the medication after
diagnosis, to minimize the potential effect of reverse causation.
In conclusion, we found that Simvastatin and atorvastatin
use after pancreatic cancer diagnosis is associated with longer
survival in patients with nonmetastatic pancreatic adenocarci-
noma. Finally, additional well-designed randomized controlled
studies are needed to confirm these findings in the future.
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