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Abstract

Background: Statin use in many studies is related to the improvement of a patients’ condition

including reducing the risk of various malignancies. Herein, is a systematic review and meta-

analysis to examine the evidence on the association between statin therapy and the risk of the 
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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 (CENTRAL) were searched from database inception to December 1st, 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% (RR = 0.83; 95% CI: 0.72–0.96; I2 = 84%; p = 0.01). 

Conclusions: In summary, 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 randomized controlled trial subgroup. Further prospective studies are 

needed to confirm the current results.

Key words: pancreatic cancer, pancreatic malignancy, statin, risk, systematic review, 

meta-analysis

INTRODUCTION

Due to the fact that pancreatic cancer is usually diagnosed in advanced stages, i.e., the 

presence 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 (FOLFIRINOX, 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

(computed tomography, magnetic resonance imaging, EUS 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, maintaining a healthy body weight, physical activity, or quitting smoking [5]. 

In addition, the search for relationships between pharmacotherapy (particularly long-

term) and the risk of pancreatic cancer, particularly in the context of a reduced risk of 
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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 research 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 metastatic, 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 reasonable to conduct epidemiological observations aimed at demonstrating

the relationship between long-term statin use and the risk of pancreatic cancer [14]. 

Conflicting results of observational studies, 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 

observations 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

3



The current study was designed as a systematic review and meta-analysis. It was 

performed in accordance with the Preferred Reporting Items for Systematic reviews and Me-

ta-Analysis (PRISMA) statement [15]. The study protocol has been deposited 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 December 1st, 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” AND “statin” 

OR “autorvastatin” OR “fluvastatin” OR “cerivastatin” OR “lovastatin” OR “resuvastatin” 

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-analysis 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. Studies 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 inclusion eligibility criteria, the following 

data were extracted into predefined Microsoft Excel spreadsheet (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); c) main study 

outcomes (i.e.: incidence of pancreatic cancer in each study group). Potential disagreements 

were resolved by discussion with third reviewer (K.J.F.).
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Risk of bias

Two reviewers (K.S. and L.S.) indecently 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.J.J.). 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 significant. 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 I2 

statistics. Heterogeneity was determined with the I2 statistic, in which the results range from 

0% to 100%. Heterogeneity was interpreted as not observed when I2 = 0%, low when I2 = 

25%, medium when I2 = 50%, and high when I2 = 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 included 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 Table 1. 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 

Supplemental Figures S1–S4.

Meta-analysis

Twenty-six studies reported impact of statin use on pancreatic cancer occurrence. 

Polled analysis 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; I2 = 84%; p = 
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0.01; Fig. 2). Sub-analysis showed that pancreatic cancer occurrence in statin vs. no-statin 

group in RCT trials was at the same level 0.3% (OR = 0.99; 95% CI: 0.44–2.23; I2 = 0%; p = 

0.99), but in the non-RCT trials 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; I2 = 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; I2 = 85%; p = 0.01).

The analysis of the effect of the duration of taking statins showed no statistically 

significant differences 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; I2 =

64%; p = 0.07; Fig. 3).

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 [50]. Archibugi et al. [46] 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 observations, however, 

indicated that the protective effect of statins on the development of pancreatic cancer is 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 

[47]. However, it is changing nowadays with the new 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: i) 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 necessary to 

conduct a new analysis [45, 46]. Moreover, the high heterogeneity of the studies included in 

the analysis and the slight difference in effect additionally strengthen the need for another me-

6



ta-analysis. In the correspondence accompanying this paper, it was suggested that it would be 

important 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, 50]. 

It is worth highlighting here that the systematic 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 [48]. As in 

our meta-analysis, a significant limitation is the diversity of the population included in the 

review. A better prognosis of pancreatic cancer patients using statins has also been shown in 

another meta-analysis [51]. Similar observations 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

encourage 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 patients diagnosed with pancreatic cancer was based on only 8 statin 

studies — although the article was published in 2018 [54]. These relationships, however, 

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 association 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 users, 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 present meta-analysis.

Further research should focus on the selection of populations in which statin use will 

be associated 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 
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observational study conducted among patients with nicotinism, the main modifiable risk 

factor for pancreatic cancer, next to obesity. 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 demonstrate 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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Figure 1. Flow diagram showing stages of database searching and study selection as per 

Preferred Reporting Items for Systematic reviews and Meta-analysis (PRISMA) guideline.

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 (CI). The diamonds 

represent pooled results.

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 
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represents the weighted risk ratios for individual trials, and the corresponding horizontal line 

stands for a 95% confidence interval (CI). The diamonds represent pooled results. 
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