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Abstract

Background: Statin use in many studies is related to the improvement of a patients’ condition includ-
ing reducing the risk of various malignancies. Herein, is a systematic review and meta-analysis to ex-
amine the evidence on the association between statin therapy and the risk of the occurrence of pancreatic
cancer, mainly in terms of decreased risk of developing pancreatic cancer among patients using statin
therapy in the long-term perspective.

Methods: PubMed, Web of Science, Scopus and Cochrane Central Register of Controlled Trials (CEN-
TRAL) were searched from database inception to December 1%, 2021. Random effect models were used
to estimate summary odds ratios (OR) and the corresponding 95% confidence intervals (CI).

Results: A total of 26 studies comprising 2,797,186 patients were included. Polled analysis showed
that pancreatic cancer occurrence in statin vs. no-statin group varied and amounted to 0.4% vs. 0.6%
(OR = 0.83; 95% CI: 0.72-0.96; F = 84%; p = 0.01).

Conclusions: In summary, the present analysis shows that overall statins use is significantly associ-
ated with a reduction in risk of pancreatic cancer. However, these results were not confirmed for the
randomized controlled trial subgroup. Further prospective studies are needed to confirm the current
results. (Cardiol ] 2024; 31, 2: 243-250)

Keywords: pancreatic cancer, pancreatic malignancy, statin, risk, systematic review,
meta-analysis

Address for correspondence: Lukasz Szarpak, Assoc. Prof., PhD, DPH, DBA, LL.M., Henry JN Taub Department
of Emergency Medicine, Baylor College of Medicine, Houston, TX, United States, e-mail: lukasz.szarpak@bcm.edu

Received: 18.02.2022 Accepted: 25.02.2022 Early publication date: 22.03.2022

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

www.cardiologyjournal.org 243


https://orcid.org/0000-0001-8469-9485
https://orcid.org/0000-0002-5648-4652
https://orcid.org/0000-0001-5083-7587
https://orcid.org/0000-0002-2140-9732
https://orcid.org/0000-0003-0373-9911
https://orcid.org/0000-0003-4167-1962
https://orcid.org/0000-0003-1056-6385
https://orcid.org/0000-0003-2032-7484
https://orcid.org/0000-0002-6563-0877
https://orcid.org/0000-0002-4176-5988
https://orcid.org/0000-0002-0973-5455

Cardiology Journal 2024, Vol. 31, No. 2

Introduction

Due to the fact that pancreatic cancer is usu-
ally diagnosed in advanced stages, i.e., the pres-
ence of distant metastases is identified in more
than 50% of patients at the time of diagnosis, this
malignant neoplasm remains one with the worst
prognosis [1]. Even considering the introduction
of modern chemotherapeutic regimens (FOLFIRI-
NOX, nab-paclitaxel with gemcitabine) and the
development of pancreatic surgery — the 5-year
survival rate remains low, especially compared
to other solid tumors [2, 3]. Screening tests are
only recommended in patients at very high risk
of developing pancreatic cancer, for example, in
certain genetic syndromes. Moreover, there is also
no clear consensus on the type of screening (com-
puted tomography, magnetic resonance imaging,
endoscopic ultrasound) as well as the frequency
of recommended testing [4]. The search for ways
to reduce the risk of developing pancreatic cancer
has led to providing rather general health-related
recommendations, including a balanced diet, main-
taining a healthy body weight, physical activity, or
quitting smoking [5].

In addition, the search for relationships be-
tween pharmacotherapy (particularly long-term)
and the risk of pancreatic cancer, particularly in
the context of a reduced risk of developing this
malignancy is highly warranted. Scientists have
long highlighted the relationship between the
use of acetylsalicylic acid (ASA) and a reduction
in the risk of solid tumors, including pancreatic
cancer — although the relationship is not as clear
as it is in the case of, for example, colorectal
cancer [6]. ASA has a pleiotropic effect, and the
key to observing its impact on reducing the risk
of pancreatic cancer is the length of its use [7].
Studies are also examining a connection between
nonsteroidal anti-inflammatory drug (NSAIDs) use
and the risk of pancreatic cancer [8]. Due to the
fact that NSAIDs constitute a heterogeneous group
of drugs and patients use anti-inflammatory drugs
both chronically and sporadically — depending on
the need and pain level — it is challenging to find
any well-established relationship [9, 10].

On the other hand, due to the population
potential and the fact that statins are used in long-
-term therapy, it is not surprising that scientists
are interested in looking for evidence on the impact
of their use on cancer risk [11]. Basic science re-
search seems to indicate that there is a pancreatic
carcinogenesis mechanism that can be influenced
by statins [12]. From a clinical point of view, thanks

to statins, one can obtain better control over the
risk factors of pancreatic cancer, including the
metabolic profile and obesity. Moreover, in patients
diagnosed with pancreatic cancer, especially meta-
static, statins appear to improve overall survival
[13]. It may be related to the chemosensitizing
properties of statins. Bearing in mind the evidence
from basic science, preclinical studies in animal
models as well as clinical observations, it is rea-
sonable to conduct epidemiological observations
aimed at demonstrating the relationship between
long-term statin use and the risk of pancreatic can-
cer [14]. Conflicting results of observational stud-
ies, high heterogeneity of populations covered by
epidemiological observations, and finally, different
methodologies applied in studies make it difficult
to analyze the available data objectively.

The above-mentioned factors, have mainly
contradictory results in epidemiological observa-
tions and have led to the necessity of conducting
a systematic review of the literature and a meta-
-analysis — which findings may be valuable in
designing other prospective scientific studies.
Thus, the present study conducted a systematic
review and meta-analysis to examine the evidence
on the association between statin therapy and the
risk of occurrence of pancreatic cancer, mainly in
terms of decreased risk of developing pancreatic
cancer among patients using statin therapy in the
long-term perspective.

Methods

The current study was designed as a system-
atic review and meta-analysis. It was performed in
accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA)
statement [15]. The study protocol has been depos-
ited in the PROSPERO database prior to the start
of the study. No protocol changes were made during
the study. Due to the nature of the study (meta-
-analysis), the bioethical commission approval was
not required.

Literature search

A computerized literature search of PubMed,
Web of Science, Scopus and Cochrane Central
Register of Controlled Trials (CENTRAL) was
performed from each databases’ inception to De-
cember 1%, 2021. To increase the probability of
identifying all relevant articles, a specific research
equation was formulated for each database, using
the following keywords: “pancreatic malignancy”
OR “pancreatic cancer” OR “pancreatic neoplasm”
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AND “statin” OR “autorvastatin” OR “fluvasta-
tin” OR “cerivastatin” OR “lovastatin” OR “re-
suvastatin” OR “pravastatin” OR “simvastatin”.
Additionally, the reference list of the eligible trial
and relevant review articles were crosschecked to
identify additional pertinent studies.

Inclusion and exclusion criteria

Studies that were included in this meta-anal-
ysis had to fulfill the following PICOS criteria:
1) Participants, patients were 18 years old or older;
2) Intervention, treatment with statin; 3) Comparison,
treatment without statin; 4) Outcomes, pancreatic
cancer occurrence; 5) Study design: retrospective
and prospective trials published in English. Stud-
ies were excluded if they were reviews, animal
studies, case reports, letters, conference or poster
abstracts, or articles not containing original data.

Data extraction

Two reviewers (K.S. and L.S.) independently
extracted the following information from each
included article. From studies that met the inclu-
sion eligibility criteria, the following data were
extracted into predefined Microsoft Excel spread-
sheet (Microsoft Corp., Redmond, WA, USA):
a) Study characteristic (i.e.: first author, year of
publication, country, study design); b) Participant
characteristics (i.e.: number of participants, age,
sex); ¢) Main study outcomes (i.e.: incidence of
pancreatic cancer in each study group). Potential
disagreements were resolved by discussion with
third reviewer (K.J.E).

Risk of bias

Two reviewers (K.S. and L.S.) independently
assessed the risk of bias using the Cochrane “Risk
of Bias” tool. The RoB-2 tool was used to assess
the risk of bias among randomized controlled trials
(RCT) [16], and ROBINS-I tool for non-randomized
trials [17], respectively. Any disagreements between
the two reviewers in the evaluation process were
resolved by discussion with third reviewer (M.].].).
The risk of bias assessments was visualized using
the Robvis application [18].

Statistical analysis

The meta-analysis was conducted using the
Review Manager, version 5.4EN (RevMan; The
Cochrane Collaboration, Oxford, UK). A p value
less than 0.05 was accepted as statistically signifi-
cant. For each study, event numbers in relation to
the pancreatic cancer occurrence were collected.
The pooled results are presented as odds ratios

(OR) and 95% confidence intervals (CI). Random-
-effects models were used as they considered both
sampling variance within the different trials and the
variation in the underlying effect across studies.
The quality of the heterogeneity was assessed by
means of the Cochran’s Q and I” statistics. Het-
erogeneity was determined with the I” statistic,
in which the results range from 0% to 100%. Het-
erogeneity was interpreted as not observed when
¥ = 0%, low when I* = 25%, medium when I* = 50%,
and high when I* = 75% [19].

Results

Search results and characteristics of studies

As illustrated in Figure 1, 712 studies were
identified in the literature search, and 47 were
selected for full-text review. A total of 26 studies
[20-45] met the inclusion criteria and were includ-
ed in the analysis, comprising 2,797,186 patients.
A manual search did not identify any new eligible
studies. Baseline data and other details are shown
in Supplementary Table S1. Two studies were
randomized controlled trials [26, 40] and other
trials were non-RCTs [20-25, 27-39, 41-45]. The
results of the assessment of risk of bias among the
4 included studies are provided in Supplementary
Figures S1-S4.

Meta-analysis

Twenty-six studies reported impact of statin
use on pancreatic cancer occurrence. Polled analy-
sis of those trials showed that pancreatic cancer
occurrence in statin vs. no-statin group varied and
amounted to 0.4% vs. 0.6% (OR = 0.83; 95% CI:
0.72-0.96; I” = 84%; p = 0.01; Fig. 2). Sub-analysis
showed that pancreatic cancer occurrence in statin
vs. no-statin group in RCT was at the same level
0.3% (OR = 0.99; 95% CI: 0.44-2.23; I* = 0%;
p = 0.99), but in the non-RCT pancreatic cancer
occurrence was 0.4% in the statin group, and
0.6% in the non-statin group (OR = 0.83; 95% CI:
0.72-0.96; I = 86%; p = 0.01).

When matched data were included in pooled
analysis occurrence on pancreatic cancer 0.4%
in the statin group compared to 0.5% for the
non-statin group (OR = 0.85; 95% CI: 0.71-0.95;
I’ = 85%; p = 0.01).

The analysis of the effect of the duration of
taking statins showed no statistically significant dif-
ferences with the incidence of cancer in the group
of patients who took statins < 48 months and > 48
months, respectively (5.7% vs. 5.1%; OR = 1.20;
95% CI: 0.98-1.45; I = 64%; p = 0.07; Fig. 3).
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Figure 1. Flow diagram showing stages of database searching and study selection as per Preferred Reporting ltems
for Systematic reviews and Meta-analysis (PRISMA) guideline.

Discussion

This meta-analysis indicates the protective
role of statins in the prevention of pancreatic
cancer. Although due to the high heterogeneity of
the studies included in the meta-analysis and the
observational nature of the studies — especially
in the case of case-control studies (retrospective
analysis), strong recommendations regarding the
use of statins in the prevention of pancreatic cancer
are impossible to provide. Similar conclusions as
in the present meta-analysis can be found in the
meta-analysis published in 2019, which included 26
studies [46]. Archibugi et al. [47] also showed that
long-term use of statins (especially atorvastatin)
might be associated with a significant reduction in
the risk of developing pancreatic cancer (OR 0.70;
95% CI: 0.60-0.82; p < 0.001). Previous observa-
tions, however, indicated that the protective effect
of statins on the development of pancreatic cancer
1s more questionable, especially at doses routinely
used in the treatment of lipid disorders. The use of
higher doses has not been routinely recommended
due to the patients’ worries of side effects [48].
However, it is changing nowadays with the new
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guidelines and new treatment goals. Finally, our
meta-analysis should be understood to be taking
into consideration the difference between the
pancreatic cancer occurrence between two sub-
categories: 1) RCTs and; ii) Observational studies.
Results obtained from observational studies are
at a higher risk of bias compared to data obtained
from RCTs. A sub-analysis was conducted to
minimize bias in our meta-analysis. In addition,
the previous meta-analyzes were created over
2 years ago, therefore, considering the significant
development of medical sciences, it seems neces-
sary to conduct a new analysis [45, 47]. Moreover,
the high heterogeneity of the studies included
in the analysis and the slight difference in effect
additionally strengthen the need for another me-
ta-analysis. In the correspondence accompanying
this paper, it was suggested that it would be im-
portant to conduct research aimed at investigating
the association between statins and other drugs
used simultaneously on the prognosis in pancreatic
cancer. One should also pay attention to the dose-
-response relationship — a research hypothesis
could be made that higher doses of statins should
show a greater protective effect [49, 46].
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Statin No-Statin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.7.1 RCT
Clearfield 2001 1 499 1 498 0.3% 1.00 [0.06, 16.00]
Serruys 2002 2 844 1 833 0.3% 1.98 [0.18, 21.84]
Strandberg 2004 9 2221 10 2223 1.8% 0.90 [0.37, 2.22] S
Subtotal (95% CI) 3564 3554 2.4% 0.99 [0.44, 2.23] <
Total events 12 12
Heterogeneity: Tau? = 0.00; Chi? = 0.36, df = 2 (P = 0.83); > = 0%
Test for overall effect: Z = 0.02 (P = 0.99)
2.7.2 Non-RCT
Archibugi 2017 74 277 334 947 5.0% 0.67 [0.50, 0.90]
Bang 2018 31 1696 86 3111 4.1% 0.65 [0.43, 0.99]) I
Bradley 2010 148 1118 993 7977 5.8% 1.07 [0.89, 1.29] ™
Carey 2013 59 164 193 592 4.5% 1.16 [0.81, 1.67] T
Chen 2015 611 450282 1730 690335 6.2% 0.54 [0.49, 0.59] -
Chiu 2011 39 186 151 574 4.2% 0.74 [0.50, 1.11) -
Coogan 2007 10 190 208 3652 2.7% 0.92 [0.48, 1.77] S——
Graaf 2004 193 1444 2936 18661 5.9% 0.83 [0.71, 0.97] =]
Haukka 2009 936 25445 962 24849 6.2% 0.95 [0.87, 1.04] &
Jacobs 2011 27 48261 300 712300 4.3% 1.33 [0.90, 1.97] Y
Kabat 2017 13 1257 143 15265 3.1% 1.11 [0.62, 1.96] =
Karp 2008 9 11338 29 18738 2.3% 0.51 [0.24, 1.08] D
Kaye 2004 12 3244 53 14844 2.8% 1.04 [0.55, 1.94] T
Kho 2016 187 424 323 733 5.4% 1.00 [0.79, 1.27] T
Khurana 2007 122 163467 353 320266 5.6% 0.68 [0.55, 0.83] =
Kirkegard 2020 21 2318 132 5993 3.8% 0.41 [0.26, 0.64] S
Leung 2012 26 6841 205 27364 4.2% 0.51 [0.34, 0.76] I
Marelli 2011 29 5215 40 5094 3.7% 0.71 [0.44, 1.14] —
Peto 2008 8 11263 8 11227 1.6% 1.00 [0.37, 2.66] -1
Sato 2006 1 179 1 84 0.2% 0.47 [0.03, 7.55]
Simon 2016 29 12127 352 148451 4.4% 1.01 [0.69, 1.47] N S
Vinogradova 2011 365 2110 1397 8762 6.1% 1.10 [0.97, 1.25] =
Walker 2015 175 501 310 902 5.5% 1.03 [0.82, 1.29] -
Subtotal (95% CI) 749347 2040721 97.6% 0.83 [0.72, 0.96] ’
Total events 3125 11239
Heterogeneity: Tau? = 0.08; Chi? = 158.69, df = 22 (P < 0.00001); I* = 86%
Test for overall effect: Z = 2.57 (P = 0.01)
Total (95% CI) 752911 2044275 100.0% 0.83 [0.72, 0.96] L
Total events 3137 11251
Heterogeneity: Tau? = 0.08; Chi? = 159.29, df = 25 (P < 0.00001); I> = 84% 0 65 0=2 § 2=0
Test for overall effect: Z = 2.56 (P = 0.01) ’ ) Statin No-Statin

Test for subgroup differences: Chi? = 0.19, df = 1 (P = 0.66), I* = 0%

Figure 2. Forest plot of pancreatic cancer occurrence rate among statin vs. non-statin groups. The center of each
square represents the weighted risk ratios for individual trials, and the corresponding horizontal line stands for a 95%
confidence interval (Cl). The diamonds represent pooled results.

< 48 months > 48 months Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bradley 2010 120 752 29 214 12.8% 1.21[0.78, 1.88] T
Graaf 2004 3007 16435 33 276  15.8% 1.65 [1.14, 2.38]
Haukka 2009 5319 16036 3089 9409 35.0% 1.02 [0.96, 1.07] L
Khurana 2007 95 112622 27 50723 13.1% 1.59 [1.03, 2.43] — =
Vinogradova 2011 273 10087 92 3534 23.3% 1.04 [0.82, 1.32] —
Total (95% CI) 155932 64156 100.0% 1.20 [0.98, 1.45] g
Total events 8814 3270
Heterogeneity: Tau® = 0.03; Chi® = 11.03, df = 4 (P = 0.03); I’ = 64% 50 2 0:5 é 55
Test for overall effect: Z = 1.80 (P = 0.07) i - 4’8 months = 48 months

Figure 3. Forest plot of pancreatic cancer occurrence rate among patients who are taking statin less than 48 months
and more than 48 months, respectively. The center of each square represents the weighted risk ratios for individual
trials, and the corresponding horizontal line stands for a 95% confidence interval (Cl). The diamonds represent pooled
results.
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It is worth highlighting here that the system-
atic reviews and meta-analyses conducted to date
have focused mainly on determining the impact
of long-term therapy on the prognosis of patients
with diagnosed pancreatic cancer. One such meta-
-analysis showed a significantly better prognosis in
patients diagnosed with pancreatic cancer (meta-
-hazard ratio [HR] = 0.75; 95% CI: 0.59-0.90;
p < 0.001) compared to patients not receiving such
treatment [50]. As in our meta-analysis, a signifi-
cant limitation is the diversity of the population
included in the review. A better prognosis of pan-
creatic cancer patients using statins has also been
shown in another meta-analysis [51]. Similar ob-
servations were identified in another meta-analysis
that included 14 studies. An interesting finding is
a positive effect on outcomes in patients with the
resectable disease, not seen in locally advanced or
metastatic disease. This observation should en-
courage further research focused on reducing the
risk of recurrence in patients undergoing treatment
with the assumption of a radical cure [52]. The
previously published systematic review of 2008
should be considered obsolete given new scientific
evidence that has emerged since then [53]. In turn,
the review that included studies describing the
survival effects of both metformin and statins in pa-
tients diagnosed with pancreatic cancer was based
on only 8 statin studies — although the article was
published in 2018 [54]. These relationships, how-
ever, seem to be less potent than in the case of, for
example, the influence of statins on progression of
liver cirrhosis [55]. Newer data published recently
from Norwegian registry pointed out, that statin
users had lower mortality from pancreatic cancer
(HR = 0.86, 95% CI: 0.76-0.97), and this associa-
tion was more pronounced in users of hydrophilic
(e.g., rosuvastatin) rather than lipophilic (e.g.,
atorvastatin) statins [56]. In a Japanese registry
of 100,537 statin users vs. 326,033 non-statin us-
ers, after adjustments using inverse probability of
treatment weighting, the statin exposure group was
associated with a decreased incidence of pancreatic
cancer (HR = 0.84; 95% CI: 0.72-0.99) [57]. It is
striking, that this 14-16% relative reduction is
almost identical in those 2 papers like in the pres-
ent meta-analysis.

Further research should focus on the selection
of populations in which statin use will be associ-
ated with a more significant reduction in the risk
of developing pancreatic cancer compared to the
general population. The starting point may be, in
particular, the predictors that increase the risk of
pancreatic cancer, especially the modifiable ones,

e.g., a prospective observational study conducted
among patients with nicotinism, the main modifi-
able risk factor for pancreatic cancer, next to obe-
sity. Conducting a prospective clinical trial aimed at
verifying the hypothesis that long-term statin use
reduces the risk of developing pancreatic cancer
would undoubtedly dispel doubts about the role of
statins in the prevention of pancreatic cancer. Due
to the long observation period necessary to demon-
strate such a relationship, conducting a prospective
clinical trial is highly difficult. It may turn out to be
more convenient, as mentioned above, to design
a clinical trial among a specified cohort of patients
with a significantly increased risk of pancreatic
cancer, e.g., in the family variant of this disease or
specific genetic diseases.

Conclusions

The present analysis shows that overall statins
use is significantly associated with a reduction in
risk of pancreatic cancer. However, these results
were not confirmed for the RCT sub-group. Further
prospective studies are needed to confirm current
results.
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