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Background and aims: Hypoglycemic agents are the primary therapeutic approach for the treatment of diabetes and have been postulated to impact pancreatic cancer (PC) incidence in diabetic patients. We conducted a meta-analysis to further evaluate and establish the associations between four common types of hypoglycemic agents [metformin, sulfonylureas, thiazolidinediones (TZDs), and insulin] and PC incidence in individuals with diabetes mellitus (DM).
Methods: A comprehensive literature search of PubMed, Web of Science, Embase, and the Cochrane Library identified studies that analyzed the relationship between hypoglycemic agents and PC published between January 2012 and September 2022. Randomized control trials (RCTs), cohorts, and case–control studies were included if there was clear and evaluated defined exposure to the involved hypoglycemic agents and reported PC outcomes in patients with DM. Furthermore, reported relative risks or odds ratios (ORs) or other provided data were required for the calculation of odds ratios. Summary odds ratio estimates with a 95% confidence interval (CI) were estimated using the random-effects model. Additionally, subgroup analysis was performed to figure out the source of heterogeneity. Sensitivity analysis and publication bias detection were also performed.
Results: A total of 11 studies were identified that evaluated one or more of the hypoglycemic agents, including three case–control studies and eight cohort studies. Among these, nine focused on metformin, six on sulfonylureas, seven on TZDs, and seven on insulin. Meta-analysis of the 11 observational studies reported no significant association between metformin (OR = 1.04, 95% CI 0.73–1.46) or TZDs (OR = 1.13, 95% CI 0.73–1.75) and PC incidence, while the risk of PC increased by 79% and 185% with sulfonylureas (OR = 1.79, 95% CI 1.29–2.49) and insulin (OR = 2.85, 95% CI 1.75–4.64), respectively. Considerable heterogeneity was observed among the studies and could not be fully accounted for by study design, region, or adjustment for other hypoglycemic agents.
Conclusion: Sulfonylureas and insulin may increase the incidence of pancreatic cancer in diabetic patients, with varying effects observed among different ethnicities (Asian and Western). Due to significant heterogeneity across studies, further interpretation of the relationship between hypoglycemic agents and pancreatic cancer incidence in diabetic patients requires well-adjusted data and better-organized clinical trials.
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INTRODUCTION
Pancreatic cancer (PC) is a highly challenging gastrointestinal oncology malignancy with the poorest prognosis, which remains refractory to treatment and ranks the fourth leading cause of cancer-related mortality worldwide (Aier et al., 2019). The incidence and mortality rates of PC are on the rise in various populations, particularly among women as well as younger and older individuals (Huang et al., 2021). According to epidemiological studies, numerous risk factors have been identified as potential causes of pancreatic cancer, including but not limited to smoking, diabetes mellitus (DM), alcohol consumption, obesity, and a family history of the disease (Aier et al., 2019).
Among the risk factors, the most harmful risk factor is smoking (Klein, 2021). Another crucial factor is DM, which is deemed a significant risk factor for the development of PC. The relationship between DM and PC is multifaceted, with epidemiological evidence indicating a direct association between type 2 diabetes and PC, while also supporting an inverse relationship with DM duration (Everhart and Wright, 1995; Pannala et al., 2009; Giovannucci et al., 2010; Ben et al., 2011; McAuliffe and Christein, 2013; Haugvik et al., 2015; Carreras-Torres et al., 2017; Sharma et al., 2018; Pearson-Stuttard et al., 2021). Long-standing DM is a predisposing factor for PC development, while new-onset DM may be either a consequence or an early manifestation of PC (Andersen et al., 2017; Pizzato et al., 2019).
Hypoglycemic agents are crucial components of the treatment regimen for patients with DM, and it is widely believed that they may have an impact on the incidence of PC in this population. Previous epidemiological and preclinical investigations have suggested that insulin may promote the development of pancreatic cancer, while metformin has been shown to exert anti-cancer effects through its actions on transformed pancreatic cells (Kim et al., 2020; Eibl and Rozengurt, 2021). Sulfonylureas (SUs) are suggested to accelerate the pancreatic β-cell mass loss via apoptosis, and the results of observational studies show that it may increase the risk of PC. However, both metformin and SU were also reported to have no effect on any sites of cancer, which is confusing and needs further clarification (Bodmer et al., 2012; Soranna et al., 2012; Singh et al., 2013; Szymczak-Pajor et al., 2021). The case is the same for thiazolidinediones (TZDs). Studies suggest that TZDs inhibit the proliferation and metastasis of human PC cells, while it is also shown that TZDs do not have a protective or harmful effect (Singh et al., 2013; Ninomiya et al., 2014).
Due to the complicated associations between hypoglycemic agents and PC risk, as well as the poor prognosis of PC, we performed a meta-analysis to further evaluate and clarify the association between the use of hypoglycemic agents (metformin, SU, TZDs, and insulin) and PC incidence in patients with DM.
METHODS
Search strategy
We searched MEDLINE (National Library of Medicine), Web of Science, Embase (Elsevier), and the Cochrane Library for all relevant studies on hypoglycemic agents and PC incidence in diabetic patients published between January 2012 and September 2022. The Medical Subject Heading (MeSH) terms used in the search are “metformin,” “thiazolidinediones,” “insulin,” “sulfonylurea compounds,” “agents,” “hypoglycemic,” and “pancreatic neoplasms.” Different spellings of the drugs’ names were taken into consideration and included in the search strategy to complete the search results.
Study selection
Studies included in the meta-analysis were RCTs or observational studies that met the following inclusion criteria: 1) case–control study, cohort study, or RCT; 2) clear and evaluated defined exposure to the involved hypoglycemic agents; 3) reported PC outcome in patients with DM; and 4) reported relative risks or odds ratio (OR) or other provided data for the calculation of OR. In addition, studies were excluded when they were: 1) reviews, case reports, letters, editorials, or commentaries; 2) cancer treatment, prognosis, or mortality studies; 3) unable to extract needed data; and 4) from the same population but the less comprehensive one.
Data extraction
The data of the studies were extracted independently by two researchers—Zimo Zhao and Xinyi He—to a standardized form. The results were cross-checked, and the differences were solved by consensus. The following data were collected from each study: the first author, year of publication, region, study design, study population, time period, hypoglycemic agents involved, reported primary outcome, frequency, dose and duration of usage (if reported), number of subjects in each group, OR, RR, 95% confidence intervals (CIs), and adjusted variables.
Quality assessment
The study quality was assessed with the Newcastle–Ottawa Scale (NOS) (Wells et al., 2011) for observational studies by two researchers, Zimo Zhao and Xinyi He, and all discrepancies were discussed and resolved by a third researcher, Yan Sun. The quality of the included studies was evaluated based on three aspects according to the scale: the selection of the study populations, the comparability of the populations, and the ascertainment of exposure.
Statistical analysis
The random-effects model described by DerSimonian and Laird (1986) was used to calculate summarized OR and 95% CI when quantifying the relationships between the use of hypoglycemic agents and PC risk. As the PC incidence in the general population is relatively low, the RRs (relative risks) and HRs (hazard ratios) were considered an approximation of ORs. The statistical heterogeneity among the studies was assessed with both the Q and I2 statistics, and it was considered statistically significant for heterogeneity if the p-value was <0.10 or the I2 value was >50% (Thompson and Pocock, 1991; Higgins et al., 2003). The causes of heterogeneity were investigated by subgroup analysis based on study design, region, and whether adjusted for other hypoglycemic agents. We conducted sensitivity analysis by omitting one study in turn to check whether any single study would influence the results. Publication bias was assessed using funnel plots and Egger’s test (p < 0.10 was considered to indicate significant publication bias) (Egger et al., 1997). Stata 15 (Stata Corporation, College Station, TX) was used for data synthesis and analysis.
RESULTS
Study characteristics and quality assessment
The process of study selection is shown in Figure 1. A total of 7,614 records were identified through database searching, and 11 studies finally met the inclusion criteria, including three case–control studies and eight cohort studies, among which nine focused on metformin (Chiu et al., 2013; Funch et al., 2014; Lewis et al., 2015; Lu et al., 2015; Walker et al., 2015; Lee et al., 2018; Tseng, 2018; Lai et al., 2019; Feola et al., 2022), six on SU (Chiu et al., 2013; Funch et al., 2014; Lewis et al., 2015; Lin et al., 2015; Lu et al., 2015; Lee et al., 2018), seven on TZDs (Chiu et al., 2013; Funch et al., 2014; Lewis et al., 2015; Lin et al., 2015; Lu et al., 2015; Walker et al., 2015; Lee et al., 2018), and seven on insulin (Capurso et al., 2013; Chiu et al., 2013; Lewis et al., 2015; Lin et al., 2015; Lu et al., 2015; Walker et al., 2015; Lee et al., 2018). The characteristics of these studies are shown in Table 1, and the complete version of it is enclosed in the Supplementary Material. The longest time period of the studies was from 1997 to 2012 (Capurso et al., 2013; Chiu et al., 2013; Funch et al., 2014; Lewis et al., 2015; Lin et al., 2015; Lu et al., 2015; Walker et al., 2015; Lee et al., 2018; Tseng, 2018; Lai et al., 2019; Feola et al., 2022). Of the 11 studies, six studies were based on the Western population, while the remaining five were based on the Asian population. The majority of the diabetic patients included in these studies were taking multiple hypoglycemic drugs for glycemic control, which was taken into consideration and adjusted for in six of the 11 studies.
[image: Figure 1]FIGURE 1 | Flow chart of the selection of publications included in this meta-analysis.
TABLE 1 | Characteristics of included studies assessing the risk of PC in diabetic patients using hypoglycemic agents.
[image: Table 1]The Newcastle–Ottawa quality score for observational studies ranges from 6 to 9, and the median quality score is 8. The methodological quality of all studies is depicted in Table 2 and Table 3. In addition, according to the NOS criteria, scores 1–3, 4–6, and 7–9 are defined as low, medium, and high quality, respectively. The overall methodological quality of the studies was moderate to high.
TABLE 2 | Methodological quality of cohort studies included in this meta-analysis.
[image: Table 2]TABLE 3 | Methodological quality of c-c studies included in this meta-analysis.
[image: Table 3]Hypoglycemic agents and PC incidence
Metformin and PC incidence
Meta-analysis of nine observational studies that reported the risk of PC associated with metformin intake in patients with DM demonstrated no significant protective or harmful effect (OR = 1.04, 95% CI 0.73–1.46) (Figure 2). There was significant heterogeneity among the analyzed studies (Cochran’s Q test p < 0.01, I2 = 86%), and it could not be explained by study design, region, or whether adjusted for other hypoglycemic agents in the subgroup analysis we conducted (Table 4). Furthermore, we excluded the individual study to assess whether a specific study affected the result in the sensitivity analysis, and the findings of the primary analysis did not alter.
[image: Figure 2]FIGURE 2 | Summary of the adjusted odds ratios of observational studies assessing the association between the incidence of PC and metformin use in diabetic patients. CI, confidence interval.
TABLE 4 | Subgroup analyses.
[image: Table 4]Sulfonylureas and PC incidence
The meta-analysis of six observational studies showed that SU administration increased the PC incidence by 79% (OR = 1.79, 95% CI 1.29–2.49), which was statistically significant (Figure 3). The analysis demonstrated considerable heterogeneity across studies (Cochran’s Q test p < 0.01, I2 = 84.4%), which could not be fully explained by the subgroup analysis (Table 4). The results remained unchanged upon restricting the analysis to studies that considered the concomitant effect of other hypoglycemic agents (OR = 1.68, 95% CI 1.54–1.83), and the subgroup analysis based on region indicated that SU may play an oncogenic role in the Asian population (OR = 1.74, 95% CI 1.58–1.92). We performed sensitivity analysis by leaving out the individual study, and the results were robust.
[image: Figure 3]FIGURE 3 | Summary of the adjusted odds ratios of observational studies assessing the association between the incidence of PC and sulfonylurea use in diabetic patients. CI, confidence interval.
Thiazolidinediones and PC incidence
The use of TZDs (as compared with the non-use of TZDs) was not associated with a significant increase in the risk of PC in patients with DM (OR = 1.13, 95% CI 0.73–1.75) (Figure 4). Considerable heterogeneity was observed across the seven studies included (Cochran’s Q test p < 0.01, I2 = 87.3%), and it could not be fully explained by the factors in the subgroup analysis (Table 4). However, when it comes to region, it showed a possible protective effect on the Asian population (OR = 0.83, 95% CI 0.70–0.99). In the sensitivity analysis, when we excluded the individual study, the findings of the primary analysis remained the same.
[image: Figure 4]FIGURE 4 | Summary of the adjusted odds ratios of observational studies assessing the association between the incidence of PC and TZD use in diabetic patients. CI, confidence interval.
Insulin and PC incidence
Meta-analysis of all observational studies demonstrated that the use of insulin was associated with a statistically significant 185% increase in the risk of PC in patients with DM (OR = 2.85, 95% CI 1.75–4.64) (Figure 5). Considerable heterogeneity was found across the seven observational studies (Cochran’s Q test p < 0.01, I2 = 82.4%), and it could not be completely explained by the subgroup analysis we conducted (Table 4). However, it is noteworthy that the oncogenic effect on the Western population (OR = 4.58, 95% CI 1.21–17.33) was much worse than that on the Asian population (OR = 2.29, 95% CI 1.95–2.68). Furthermore, the results remained the same when restricting the analysis to studies that considered the concomitant effect of other hypoglycemic agents. The results were unchanged in sensitivity analysis when removing the studies included one by one.
[image: Figure 5]FIGURE 5 | Summary of the adjusted odds ratios of observational studies assessing the association between the incidence of PC and insulin use in diabetic patients. CI, confidence interval.
Publication bias
There was no indication of significant publication bias both quantitatively (p = 0.860 for metformin, p = 0.986 for SU, p = 0.954 for TZDs, and p = 0.611 for insulin; p < 0.10 was considered to indicate significant publication bias) and qualitatively on visual inspection of the funnel plot.
DISCUSSION
In our comprehensive meta-analysis of 11 studies assessing the influence of conventional hypoglycemic agents on PC risk of patients with DM, the results showed that metformin intake in patients with DM has no significant protective or harmful effect (OR = 1.04, 95% CI 0.73–1.46), while SU administration increased the PC incidence by 79% (OR = 1.79, 95% CI 1.29–2.49). TZDs were not associated with a significant increase in the risk of PC in patients with DM (OR = 1.13, 95% CI 0.73–1.75), and the use of insulin was associated with a statistically significant 185% increase in the risk of PC in patients with DM (OR = 2.85, 95% CI 1.75–4.64).
We found that, in comparison with non-use, the use of metformin and TZDs had no statistically important associations with the incidence of PC in diabetic patients, while the use of SU and insulin was associated with an increase of 79% and 185% in the risk of PC, respectively. The results were stable across both cohort and case–control studies and persisted after adjusting for the concomitant effect of other hypoglycemic agents, whereas significant heterogeneity was observed across studies, which limited the meta-analysis. In addition, the subgroup analysis showed that SU may have an oncogenic effect, especially on the Asian population and those adjusted for other hypoglycemic agents. Apart from that, it also indicated that TZDs were associated with the protective effect on the Asian population, and the use of insulin was shown to have a greater oncogenic effect on the Western population in cohort studies and those not adjusted for other hypoglycemic agents.
The strength of this meta-analysis is that it assessed the comprehensive and simultaneous effects of all conventional hypoglycemic agents on the risk modification of PC. Although Singh et al. (2013) conducted a similar meta-analysis on the risk of PC in patients with DM, it was almost 10 years ago, and the change in lifestyle and human disease spectrum is considerable. Some recent meta-analyses studied the associations between only one or two hypoglycemic agents and the risk of PC (Soranna et al., 2012; Wang et al., 2014), and most meta-analyses focused on the relationships between hypoglycemic agents and the survival or prognostic significance of PC patients (Zhou et al., 2017; Jian-Yu et al., 2018; Wan et al., 2018).
Metformin is one of the most commonly used drugs for the treatment of DM. In recent years, some clinical studies have found that in addition to lowering blood glucose levels, metformin also has certain effects on alleviating fatty liver, protecting the cardiovascular system, inhibiting tumor growth, and relieving symptoms of neurodegenerative diseases (Morales and Morris, 2015; Barzilai et al., 2016; Rena et al., 2017; Jian-Yu et al., 2018; Foretz et al., 2019; Lv and Guo, 2020). It is generally believed that metformin acts directly on the liver, kidney, and intestine. After being transported into cells, metformin plays important biological roles in reducing fat content and lowering blood glucose levels mainly by activating the adenosine monophosphate-activated protein kinase (AMPK) signaling pathway (Rena et al., 2017). However, the direct molecular target of metformin’s action has long been unclear. Previous studies have shown that metformin acts through the classical AMP-dependent activation of AMPK by inhibiting mitochondrial electron transport chain complex 1, which increases AMP levels (Foretz et al., 2014; Rena et al., 2017). However, the concentration of metformin used in the trials was much higher than that of the clinical agent in all in vitro experiments, so this signaling pathway cannot explain the actual effect of the clinical drug benefit. Ma et al. (2022) found the direct target of metformin, PEN2 (γ-secretase), and elucidated the molecular biological mechanism of its biological effect by binding to the ATP6AP1 subunit of transmembrane protein v-ATPase to activate the lysosome AMPK pathway. TZDs do not stimulate insulin secretion, but they increase the sensitivity of peripheral tissues to insulin, especially those that are targets of insulin action: skeletal muscle, liver, and adipose tissue, thereby increasing the utilization of glucose in muscle, reducing the production of endogenous glucose in the liver, promoting the synthesis of fat, and inhibiting its decomposition so that the metabolic disorders in the body tend to be normal and indirectly achieve the effect of lowering the glycemic level (Nanjan et al., 2018). In another meta-analysis (Wang et al., 2014), the result showed that metformin reduces the risk of PC in patients with DM, and there are studies proving that TZDs inhibit the proliferation and metastasis of human pancreatic cancer cells (Ninomiya et al., 2014). However, this study did not find statistically significant results about metformin and TZDs, which may be explained by the considerable heterogeneity observed across the included studies, and it can also be caused by the simultaneous effect of other hypoglycemic agents.
SU act on K+ channels in islet beta cells to induce their closure, resulting in increased fasting and postprandial insulin levels, which is oncogenic.
For insulin, it promotes the development of PC through the following biological effects: promoting cell proliferation and growth, activating the RTK signal pathway, and promoting angiogenesis (Chang et al., 2002; Moschos and Mantzoros, 2002; Boyd, 2003; Leinonen et al., 2003; Mauro et al., 2003; Tamakoshi et al., 2003). Karlstad et al. (But et al., 2017) found that in addition to the reduced risk of prostate cancer, the risks of liver cancer, PC, kidney cancer, gastric cancer, and respiratory cancer were significantly increased in diabetic patients using insulin. Insulin glargine users had a reduced risk of colon cancer and an increased risk of breast cancer. Studies have shown an increased risk of pancreatic and prostate cancer in insulin glargine users (Colmers et al., 2012). Other studies have shown that insulin glargine does not increase the risk of cancer in users (Chang et al., 2011; Du et al., 2012; Tang et al., 2012). The aforementioned studies have limitations, such as short follow-up time, and the conclusions are not very reliable.
We found a significant oncogenic effect of SU on the Asian population (OR = 1.74, 95% CI 1.58–1.92), which was not observed in the Western population (OR = 1.46, 95% CI 0.66–3.24). In addition, for TZDs, a statistically significant protective effect on the Asian population was observed (OR = 0.83, 95% CI 0.70–0.99). For insulin users, the oncogenic effect is 170% greater in the Western population than that in the Asian population. The regional discrepancy may be explained by ethnic differences, environmental factors, the gap in economic development, and different lifestyles, particularly in dietary habits. The Western diet (WD) is an unhealthy diet high in fat and characterized by binge eating, frequent snacking, and a prolonged postprandial state. Studies have shown that the Western diet leads to hyperinsulinemia, insulin resistance, dyslipidemia, and hyperactivity of the sympathetic nervous system and renin–angiotensin system (Malesza et al., 2021). The Asian dietary pattern also has many carcinogenic factors, such as excessive consumption of pickled food, insufficient intake of fresh vegetables and fruits due to the small amount of arable land in countries such as Korea and Japan, and the high rate of Helicobacter pylori infection because Asian people are not used to serving of individual dishes. It can be seen that the regional discrepancy is caused by the combined influence of ethnic differences, environmental factors, and different lifestyles.
Apart from that, most diabetic patients in the studies were simultaneously taking multiple hypoglycemic agents, which may influence the result, and this should not be neglected. For example, a patient in the “on metformin” group was on metformin and insulin medication at the same time, and metformin plays a neutral role in cancer risk, while insulin has a great oncogenic effect; the result may be magnified by the effect of insulin. In addition, the age of the patients should be considered. Aged patients tend to use insulin more, and the control of glycemic levels is relatively poor. Furthermore, elderly diabetic patients have more complications and concomitant diseases, thus causing polypharmacy. This may cause the potential overestimate of the oncogenic effect of insulin and the great heterogeneity seen in the study.
As known, adherence and persistence to antidiabetic drugs are very low. This aspect could have contributed to the high risk of PC in diabetic patients. In other words, the higher risk of PC in patients receiving SU and insulin, in part, can be a result of non-adherence to the antidiabetic medication and, therefore, a direct consequence of T2D progression. Indeed, T2D itself is one of the major risk factors for developing PC.
This meta-analysis has several limitations. First, the study only included observational studies because there was no relevant published RCT from 2012 to 2022, which may affect our results. Second, most studies assessed the cancer incidence caused by the use of more than one hypoglycemic agent, and the simultaneous effect of other agents was not excluded, which may modify the cancer risk. Third, the included studies were mainly conducted in East Asia and North America, while only one study was conducted in Italy and Europe, and none in other continents, which limited our study. Finally, the adjusted variables varied among studies, and many of them were insufficient, which may cause considerable heterogeneity and influence the results.
In conclusion, SU and insulin may modify the incidence of PC in diabetic patients, and the effect of hypoglycemic agents may vary in regions (Asian and Western). There was considerable heterogeneity across studies, and the relationship between hypoglycemic agents and the incidence of PC in diabetic patients should be further interpreted with well-adjusted data and better-organized clinical trials.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material; further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
ZZ and XH designed the study and analyzed the data; ZZ, XH, and YS performed the research; ZZ wrote the manuscript; XH and YS contributed to editing and revising the manuscript. All authors contributed to the article and approved the submitted version.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1193610/full#supplementary-material
REFERENCES
 Aier, I., Semwal, R., Sharma, A., and Varadwaj, P. K. (2019). A systematic assessment of statistics, risk factors, and underlying features involved in pancreatic cancer. Cancer Epidemiol. 58, 104–110. doi:10.1016/j.canep.2018.12.001
 Andersen, D. K., Korc, M., Petersen, G. M., Eibl, G., Li, D., Rickels, M. R., et al. (2017). Diabetes, pancreatogenic diabetes, and pancreatic cancer. Diabetes 66 (5), 1103–1110. doi:10.2337/db16-1477
 Barzilai, N., Crandall, J. P., Kritchevsky, S. B., and Espeland, M. A. (2016). Metformin as a tool to target aging. Cell Metab. 23 (6), 1060–1065. doi:10.1016/j.cmet.2016.05.011
 Ben, Q., Xu, M., Ning, X., Liu, J., Hong, S., Huang, W., et al. (2011). Diabetes mellitus and risk of pancreatic cancer: A meta-analysis of cohort studies. Eur. J. Cancer 47 (13), 1928–1937. doi:10.1016/j.ejca.2011.03.003
 Bodmer, M., Becker, C., Meier, C., Jick, S. S., and Meier, C. R. (2012). Use of antidiabetic agents and the risk of pancreatic cancer: A case-control analysis. Am. J. Gastroenterol. 107 (4), 620–626. doi:10.1038/ajg.2011.483
 Boyd, D. B. (2003). Insulin and cancer. Integr. Cancer Ther. 2 (4), 315–329. doi:10.1177/1534735403259152
 But, A., De Bruin, M. L., Bazelier, M. T., Hjellvik, V., Andersen, M., Auvinen, A., et al. (2017). Cancer risk among insulin users: Comparing analogues with human insulin in the CARING five-country cohort study. Diabetologia 60 (9), 1691–1703. doi:10.1007/s00125-017-4312-5
 Capurso, G., Boccia, S., Salvia, R., Del Chiaro, M., Frulloni, L., Arcidiacono, P. G., et al. (2013). Risk factors for intraductal papillary mucinous neoplasm (IPMN) of the pancreas: A multicentre case-control study. Am. J. Gastroenterol. 108 (6), 1003–1009. doi:10.1038/ajg.2013.42
 Carreras-Torres, R., Johansson, M., Gaborieau, V., Haycock, P. C., Wade, K. H., Relton, C. L., et al. (2017). The role of obesity, type 2 diabetes, and metabolic factors in pancreatic cancer: A mendelian randomization study. J. Natl. Cancer Inst. 109 (9), djx012. doi:10.1093/jnci/djx012
 Chang, C. H., Toh, S., Lin, J. W., Chen, S. T., Kuo, C. W., Chuang, L. M., et al. (2011). Cancer risk associated with insulin glargine among adult type 2 diabetes patients--a nationwide cohort study. PLoS One 6 (6), e21368. doi:10.1371/journal.pone.0021368
 Chang, Q., Li, Y., White, M. F., Fletcher, J. A., and Xiao, S. (2002). Constitutive activation of insulin receptor substrate 1 is a frequent event in human tumors: Therapeutic implications. Cancer Res. 62 (21), 6035–6038.
 Chiu, C. C., Huang, C. C., Chen, Y. C., Chen, T. J., Liang, Y., Lin, S. J., et al. (2013). Increased risk of gastrointestinal malignancy in patients with diabetes mellitus and correlations with anti-diabetes drugs: A nationwide population-based study in taiwan. Intern Med. 52 (9), 939–946. doi:10.2169/internalmedicine.52.8276
 Colmers, I. N., Bowker, S. L., Tjosvold, L. A., and Johnson, J. A. (2012). Insulin use and cancer risk in patients with type 2 diabetes: A systematic review and meta-analysis of observational studies. Diabetes Metab. 38 (6), 485–506. doi:10.1016/j.diabet.2012.08.011
 DerSimonian, R., and Laird, N. (1986). Meta-analysis in clinical trials. Control Clin. Trials 7 (3), 177–188. doi:10.1016/0197-2456(86)90046-2
 Du, X., Zhang, R., Xue, Y., Li, D., Cai, J., Zhou, S., et al. (2012). Insulin glargine and risk of cancer: A meta-analysis. Int. J. Biol. Markers 27 (3), e241–e246. doi:10.5301/JBM.2012.9349
 Egger, M., Davey Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta-analysis detected by a simple, graphical test. BMJ 315 (7109), 629–634. doi:10.1136/bmj.315.7109.629
 Eibl, G., and Rozengurt, E. (2021). Metformin: Review of epidemiology and mechanisms of action in pancreatic cancer. Cancer Metastasis Rev. 40 (3), 865–878. doi:10.1007/s10555-021-09977-z
 Everhart, J., and Wright, D. (1995). Diabetes mellitus as a risk factor for pancreatic cancer. A meta-analysis. JAMA 273 (20), 1605–1609. doi:10.1001/jama.273.20.1605
 Feola, T., Puliani, G., Sesti, F., Modica, R., Centello, R., Minotta, R., et al. (2022). Risk factors for gastroenteropancreatic neuroendocrine neoplasms (GEP-NENs): A three-centric case-control study. J. Endocrinol. Invest. 45 (4), 849–857. doi:10.1007/s40618-021-01715-0
 Foretz, M., Guigas, B., Bertrand, L., Pollak, M., and Viollet, B. (2014). Metformin: From mechanisms of action to therapies. Cell Metab. 20 (6), 953–966. doi:10.1016/j.cmet.2014.09.018
 Foretz, M., Guigas, B., and Viollet, B. (2019). Understanding the glucoregulatory mechanisms of metformin in type 2 diabetes mellitus. Nat. Rev. Endocrinol. 15 (10), 569–589. doi:10.1038/s41574-019-0242-2
 Funch, D., Gydesen, H., Tornoe, K., Major-Pedersen, A., and Chan, K. A. (2014). A prospective, claims-based assessment of the risk of pancreatitis and pancreatic cancer with liraglutide compared to other antidiabetic drugs. Diabetes Obes. Metab. 16 (3), 273–275. doi:10.1111/dom.12230
 Giovannucci, E., Harlan, D. M., Archer, M. C., Bergenstal, R. M., Gapstur, S. M., Habel, L. A., et al. (2010). Diabetes and cancer: A consensus report. CA Cancer J. Clin. 60 (4), 207–221. doi:10.3322/caac.20078
 Haugvik, S. P., Hedenstrom, P., Korsaeth, E., Valente, R., Hayes, A., Siuka, D., et al. (2015). Diabetes, smoking, alcohol use, and family history of cancer as risk factors for pancreatic neuroendocrine tumors: A systematic review and meta-analysis. Neuroendocrinology 101 (2), 133–142. doi:10.1159/000375164
 Higgins, J. P., Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). Measuring inconsistency in meta-analyses. BMJ 327 (7414), 557–560. doi:10.1136/bmj.327.7414.557
 Huang, J., Lok, V., Ngai, C. H., Zhang, L., Yuan, J., Lao, X. Q., et al. (2021). Worldwide burden of, risk factors for, and trends in pancreatic cancer. Gastroenterology 160 (3), 744–754. doi:10.1053/j.gastro.2020.10.007
 Jian-Yu, E., Graber, J. M., Lu, S. E., Lin, Y., Lu-Yao, G., and Tan, X. L. (2018). Effect of metformin and statin use on survival in pancreatic cancer patients: A systematic literature review and meta-analysis. Curr. Med. Chem. 25 (22), 2595–2607. doi:10.2174/0929867324666170412145232
 Kim, N. H., Chang, Y., Lee, S. R., Ryu, S., and Kim, H. J. (2020). Glycemic status, insulin resistance, and risk of pancreatic cancer mortality in individuals with and without diabetes. Am. J. Gastroenterol. 115 (11), 1840–1848. doi:10.14309/ajg.0000000000000956
 Klein, A. P. (2021). Pancreatic cancer epidemiology: Understanding the role of lifestyle and inherited risk factors. Nat. Rev. Gastroenterol. Hepatol. 18 (7), 493–502. doi:10.1038/s41575-021-00457-x
 Lai, S. W., Tsai, C. H., Lin, C. L., and Liao, K. F. (2019). Association between pancreatic cancer and metformin use in patients with type 2 diabetes. Postgrad. Med. J. 95 (1123), 291. doi:10.1136/postgradmedj-2019-136463
 Lee, D. Y., Yu, J. H., Park, S., Han, K., Kim, N. H., Yoo, H. J., et al. (2018). The influence of diabetes and antidiabetic medications on the risk of pancreatic cancer: A nationwide population-based study in Korea. Sci. Rep. 8 (1), 9719. doi:10.1038/s41598-018-27965-2
 Leinonen, E., Hurt-Camejo, E., Wiklund, O., Hulten, L. M., Hiukka, A., and Taskinen, M. R. (2003). Insulin resistance and adiposity correlate with acute-phase reaction and soluble cell adhesion molecules in type 2 diabetes. Atherosclerosis 166 (2), 387–394. doi:10.1016/s0021-9150(02)00371-4
 Lewis, J. D., Habel, L. A., Quesenberry, C. P., Strom, B. L., Peng, T., Hedderson, M. M., et al. (2015). Pioglitazone use and risk of bladder cancer and other common cancers in persons with diabetes. JAMA 314 (3), 265–277. doi:10.1001/jama.2015.7996
 Lin, C. M., Huang, H. L., Chu, F. Y., Fan, H. C., Chen, H. A., Chu, D. M., et al. (2015). Association between gastroenterological malignancy and diabetes mellitus and anti-diabetic therapy: A nationwide, population-based cohort study. PLoS One 10 (5), e0125421. doi:10.1371/journal.pone.0125421
 Lu, Y., Garcia Rodriguez, L. A., Malgerud, L., Gonzalez-Perez, A., Martin-Perez, M., Lagergren, J., et al. (2015). New-onset type 2 diabetes, elevated HbA1c, anti-diabetic medications, and risk of pancreatic cancer. Br. J. Cancer 113 (11), 1607–1614. doi:10.1038/bjc.2015.353
 Lv, Z., and Guo, Y. (2020). Metformin and its benefits for various diseases. Front. Endocrinol. (Lausanne) 11, 191. doi:10.3389/fendo.2020.00191
 Ma, T., Tian, X., Zhang, B., Li, M., Wang, Y., Yang, C., et al. (2022). Low-dose metformin targets the lysosomal AMPK pathway through PEN2. Nature 603 (7899), 159–165. doi:10.1038/s41586-022-04431-8
 Malesza, I. J., Malesza, M., Walkowiak, J., Mussin, N., Walkowiak, D., Aringazina, R., et al. (2021). High-fat, western-style diet, systemic inflammation, and gut microbiota: A narrative review. Cells 10 (11), 3164. doi:10.3390/cells10113164
 Mauro, L., Salerno, M., Morelli, C., Boterberg, T., Bracke, M. E., and Surmacz, E. (2003). Role of the IGF-I receptor in the regulation of cell-cell adhesion: Implications in cancer development and progression. J. Cell Physiol. 194 (2), 108–116. doi:10.1002/jcp.10207
 McAuliffe, J. C., and Christein, J. D. (2013). Type 2 diabetes mellitus and pancreatic cancer. Surg. Clin. North Am. 93 (3), 619–627. doi:10.1016/j.suc.2013.02.003
 Morales, D. R., and Morris, A. D. (2015). Metformin in cancer treatment and prevention. Annu. Rev. Med. 66, 17–29. doi:10.1146/annurev-med-062613-093128
 Moschos, S. J., and Mantzoros, C. S. (2002). The role of the IGF system in cancer: From basic to clinical studies and clinical applications. Oncology 63 (4), 317–332. doi:10.1159/000066230
 Nanjan, M. J., Mohammed, M., Prashantha Kumar, B. R., and Chandrasekar, M. J. N. (2018). Thiazolidinediones as antidiabetic agents: A critical review. Bioorg Chem. 77, 548–567. doi:10.1016/j.bioorg.2018.02.009
 Ninomiya, I., Yamazaki, K., Oyama, K., Hayashi, H., Tajima, H., Kitagawa, H., et al. (2014). Pioglitazone inhibits the proliferation and metastasis of human pancreatic cancer cells. Oncol. Lett. 8 (6), 2709–2714. doi:10.3892/ol.2014.2553
 Pannala, R., Basu, A., Petersen, G. M., and Chari, S. T. (2009). New-onset diabetes: A potential clue to the early diagnosis of pancreatic cancer. Lancet Oncol. 10 (1), 88–95. doi:10.1016/S1470-2045(08)70337-1
 Pearson-Stuttard, J., Papadimitriou, N., Markozannes, G., Cividini, S., Kakourou, A., Gill, D., et al. (2021). Type 2 diabetes and cancer: An umbrella review of observational and mendelian randomization studies. Cancer Epidemiol. Biomarkers Prev. 30 (6), 1218–1228. doi:10.1158/1055-9965.EPI-20-1245
 Pizzato, M., Turati, F., Rosato, V., and La Vecchia, C. (2019). Exploring the link between diabetes and pancreatic cancer. Expert Rev. Anticancer Ther. 19 (8), 681–687. doi:10.1080/14737140.2019.1642109
 Rena, G., Hardie, D. G., and Pearson, E. R. (2017). The mechanisms of action of metformin. Diabetologia 60 (9), 1577–1585. doi:10.1007/s00125-017-4342-z
 Sharma, A., Kandlakunta, H., Nagpal, S. J. S., Feng, Z., Hoos, W., Petersen, G. M., et al. (2018). Model to determine risk of pancreatic cancer in patients with new-onset diabetes. Gastroenterology 155 (3), 730–739.e3. doi:10.1053/j.gastro.2018.05.023
 Singh, S., Singh, P. P., Singh, A. G., Murad, M. H., McWilliams, R. R., and Chari, S. T. (2013). Anti-diabetic medications and risk of pancreatic cancer in patients with diabetes mellitus: A systematic review and meta-analysis. Am. J. Gastroenterol. 108 (4), 510–519. doi:10.1038/ajg.2013.7
 Soranna, D., Scotti, L., Zambon, A., Bosetti, C., Grassi, G., Catapano, A., et al. (2012). Cancer risk associated with use of metformin and sulfonylurea in type 2 diabetes: A meta-analysis. Oncologist 17 (6), 813–822. doi:10.1634/theoncologist.2011-0462
 Szymczak-Pajor, I., Fleszar, K., Kasznicki, J., Gralewska, P., and Sliwinska, A. (2021). A potential role of calpains in sulfonylureas (SUs) -mediated death of human pancreatic cancer cells (1.2B4). Toxicol Vitro 73, 105128. doi:10.1016/j.tiv.2021.105128
 Tamakoshi, K., Yatsuya, H., Kondo, T., Hori, Y., Ishikawa, M., Zhang, H., et al. (2003). The metabolic syndrome is associated with elevated circulating C-reactive protein in healthy reference range, a systemic low-grade inflammatory state. Int. J. Obes. Relat. Metab. Disord. 27 (4), 443–449. doi:10.1038/sj.ijo.0802260
 Tang, X., Yang, L., He, Z., and Liu, J. (2012). Insulin glargine and cancer risk in patients with diabetes: A meta-analysis. PLoS One 7 (12), e51814. doi:10.1371/journal.pone.0051814
 Thompson, S. G., and Pocock, S. J. (1991). Can meta-analyses be trusted?Lancet 338 (8775), 1127–1130. doi:10.1016/0140-6736(91)91975-z
 Tseng, C. H. (2018). Metformin and pancreatic cancer risk in patients with type 2 diabetes. Pancreas 47 (9), e57–e59. doi:10.1097/MPA.0000000000001130
 Walker, E. J., Ko, A. H., Holly, E. A., and Bracci, P. M. (2015). Metformin use among type 2 diabetics and risk of pancreatic cancer in a clinic-based case-control study. Int. J. Cancer 136 (6), E646–E653. doi:10.1002/ijc.29120
 Wan, G., Sun, X., Li, F., Wang, X., Li, C., Li, H., et al. (2018). Survival benefit of metformin adjuvant treatment for pancreatic cancer patients: A systematic review and meta-analysis. Cell Physiol. Biochem. 49 (3), 837–847. doi:10.1159/000493214
 Wang, Z., Lai, S. T., Xie, L., Zhao, J. D., Ma, N. Y., Zhu, J., et al. (2014). Metformin is associated with reduced risk of pancreatic cancer in patients with type 2 diabetes mellitus: A systematic review and meta-analysis. Diabetes Res. Clin. Pract. 106 (1), 19–26. doi:10.1016/j.diabres.2014.04.007
 Wells, G., Shea, B., O'Connell, D., Peterson, j., and Welch, V. (2011). Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur. J. Epidemiol. 25, 603–605. doi:10.1007/s10654-010-9491-z
 Zhou, D. C., Gong, H., Tan, C. Q., and Luo, J. Q. (2017). Prognostic significance of anti-diabetic medications in pancreatic cancer: A meta-analysis. Oncotarget 8 (37), 62349–62357. doi:10.18632/oncotarget.17728
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Zhao, He and Sun. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-14-1193610-g005.gif
onomer

s o
smam  we
e

s ne
rennam e
wruam
conmom s

s






OPS/images/fphar-14-1193610-t001.jpg
Study, year, and
region

Design and
time

Agent®

Metformin
AOR (95% Cl)

SU AOR
(95% Cl)

TZD AOR
(95% CI)

Insulin
AOR
(95% CI)

Covariate adjustment

Feolaetal, 2022, Italy | C-c study, 1 028 (0.08-0.93) NR NR NR Age at diagnosis, sex, BMI, family
population- history, alcohol use, smoking habits,
based, NR comorbidities, obesity,
hypertriglyceridemia,
hypercholesterolemia, low HDL
cholesterol, inflammatory bowel
diseases, celiac disease, and pancreatitis
Lai et al,, 2019, C-c study, 1 168 (0.84-3.34) NR NR NR Sex, age, other antidiabetic drug use,
‘Taiwan, China population- and comorbidities (alcohol-related
based, diseases, biliary stone, cardiovascular
2000-2013 disease, chronic obstructive pulmonary
disease, and pancreatitis)
Lee et al., 2018, Korea Cohort, 1,2,3, | 086(077-096) | 173 (157-191) 082 286 Age, sex, chronic pancreatitis,
2009-2012 and 4 (068-098) | (143-574) | pancreatitis, hepatitis B, hepatitis C,
biliary disease, alcoholism, non-
alcoholic fatty liver disease, income of
the lowest quartile, and different
exposed antidiabetic medications
Tseng et al., 2018, Cohort, 1 0.49 (0.25-0.96) NR NR NR Age, sex, occupation, living region,
Taiwan, China 1999-2005 obesity, tobacco abuse, H. pylori,
comorbidities, and other medications
Lewis et al,, 2015, Cohort, 1,23, | 121(102-143) | 149 (1.22-181) 141 234 Age, prolonged use of other diabetes
United States of 1997-2012 and 4 (116-171) | (197-278) | medications, year of cohort entry, sex,
America race-ethnicity, income, current
smoking status, baseline HbAlc, DM
duration, new DM diagnosis,
creatinine, and congestive heart failure
Lu et al, 2015, Cohort, 12,3, | 263(199-346) | 339 (254-4.54) 363 1015 Age, sex, body mass index, smoking,
United Kingdom 1996-2010 and 4 (233-568) | (5.95-17.32) | alcohol consumption, Townsend
deprivation index, and DM
Lin et al,, 2015, Cohort, 2,3,and4 NR 1.77(0.70-4.50) 071 191 Sex, age, hypertension, dyslipidemia,
‘Taiwan, China 2005-2010 (030-170) | (0.88-4.15) | obesity, gout, hepatitis B, hepatitis C,
liver cirthosis, and duration of ADT
exposure
Walker et al, 2015, | C-cstudy, | 1,3,and4 | 081 (042-158) NR 080 148 Age, sex, and other classes of DM drugs
United States of clinic-based, (035-186) | (074-2.99)
America 2006-2011
Funch et al, 2014, Cohort, 1,2,and3 | 081 (032-205) | 040 (0.15-1.06) 049 NR Age, gender, healthcare utilization, and
United States of 2010-2013 (017-141) DM Complications and Severity Index
America
Chiu et al, 2013, Cohort, 1,2,3, | 112(063-2.00) | 236 (121-461) 167 Age, sex, and selected comorbidities
Taiwan, China 2000-2007 and 4 (1.00-279)
Capurso etal, 2013, | C- c study, 4 NR NR NR 603 Age, sex, and selected covariates
Ttaly hospital-based, (1.74-20.84)
2010-2011

AOR, adjusted odds ratio; CI, confidence interval; SU, sulfonylurea; TZDs, thiazolidinediones; NR, not reported; C-c study, case-control study; H. pylori, Helicobacter pylori.

*The numbers stand for 1—meformin, 2—sulfonylureas, 3—TZDs, and 4-






OPS/images/fphar-14-1193610-g003.gif
e
e

s

o

mames
amasssn
w100






OPS/images/fphar-14-1193610-g004.gif
P
s

e —
femy et

onmsnn

ompmom
smpzmsm
omos. 1
oapimren






OPS/images/fphar-14-1193610-t004.jpg
Subgroup Random-effects model Heterogeneity between groups (P)*

OR 95% Cl
Metformin
All observational studies 9 104 073-146
Study design
Cohort 6 110 074-165 0541
Case-control 3 082 034-194
Region
Asian 4 [ 092 064-133 0.658
Western 5 108 061-1.89

Adjusted for other hypoglycemic agents

Yes 5 096 072-127 0871
No 4 1.03 0.44-2.44

Sulfonylurea

All observational studies 6 179 129-249

Region [

Asian 3 174 158-192 0671
Western 3 146 0.66-324

Adjusted for other hypoglycemic agents

Yes 3 168 154-183 0945
No 3 162 057-458

TZDs

Al observational studies 7 113 073-175

Study design

Cohort 6 118 073-1.90 0431
Case-control 1 0.80 035-1.84

Region

Asian 3 083 070-0.99 0193
Western 4 134 066-2.70

Adjusted for other hypoglycemic agents

Yes 4 097 0.64-146 0614
No 3 134 041-433

Insulin

All observational studies 7 285 175-464

Study design

Cohort 5 295 164-528 0912
Case-control 2 271 0.69-10.59

Region

Asian 3 199 139-2.87 0200
Western 4 3.69 155-8.77

Adjusted for other hypoglycemic agents

Yes 4 229 1.95-2.68 0310

No 3 458 1.21-17.33

CI, confidence interval; OR, odds ratio.
ME 5 « D00 thise S0 franlive dit ths difboeanie: hubvben this ows dobercin i ot dnil wesv axalicn the atiroaanoiy vheeried S dis el i,






OPS/images/fphar-14-1193610-t002.jpg
Representativeness of  Selection of  Ascertainment of  Demonstration of Control for  Assessment of  Follow-up long  Adequacy of ~Total
the exposed cohort the non- exposure outcome of interest ot important outcome. enough for follow-up of  quality
exposed presentat the start of the  factors® outcomes to cohorts scores
cohort study occur
ool : 3 A B = ) B s A
os)
g - . - . " - ” B
ois)
ok E . - - - 5 . = 3
el
Qos)
E 3 F 3 5 = 3 . 5 5
os)
Linetal . . - . . . 7
01s)
Funch > E n . - > . . 3
el
Qo)
Chin & % I % = 5 % I = % A
el
Qo3

O R Gt Ul o il o T S DN Wik Cotrclil Tt i il et el i sk wisais Pl il ccom it for el vt RV S i





OPS/images/fphar-14-1193610-t003.jpg
Adequate  Representativeness of  Selection of  Definition of ~ Control for Exposure Same method of Non- Total

definition of cases controls controls important assessment certainment for cases  response quality
cases factors® and cohorts rate scores
Feola et al. . . . - - . . . 6
@022)
i etal . . . . - . . . B
(2019)
Walker et o . . * - B . > s
(2013)
Camueso, : : 5 5 = . R : 5
etal. Qo13)

Sk anal i oF torey sz caulli lie-mwurind i 1hid S Iadian that conticlil for sin-and oux: mecatied nns: viars hamns: sitlies A coniriling for siiand! covaciiate- modired anethoc she.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Hypoglycemic agents and incidence of pancreatic cancer in diabetic patients: a meta-analysis		Introduction

		Methods		Search strategy

		Study selection

		Data extraction

		Quality assessment

		Statistical analysis





		Results		Study characteristics and quality assessment

		Hypoglycemic agents and PC incidence





		Discussion

		Data availability statement

		Author contributions

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-14-1193610-g001.gif
Peran- e [rer—
oo 3171 p—
Eresa o356 e
sty o 80
measss jrosvbouy
[—— rr—
P— [
o [T o oo






OPS/images/fphar-14-1193610-g002.gif
oo
g

i










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





