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Abstract (265 words)
Background
While pancreatic adenocarcinoma (PA) incidence is increasing, especially in France, the association between pesticides and PA remains unclear. The aims of this study were to assess the spatiotemporal distribution of the incidence of PA in France between 2011 and 2021 and to determine whether pesticide exposure was associated with higher risk of PA.
Methods
We employed a disease-mapping and ecological regression approach with medicoadministrative data covering 99% of the French population. Exposure data were drawn from an open purchase database. A pesticide exposure intensity index (PEXI), defined as the logged and scaled median of the ratio quantity of substance over agricultural surface per spatial unit was used for total quantity (total PEXI) and 9 specific substances. The analyses were adjusted for tobacco-induced diseases, deprivation, community medicine accessibility, alcohol-related disease and morbid obesity. A Bayesian hierarchical spatiotemporal model was used to both model the incidence over time and space, and to estimate the risk of PA for pesticide use.
Results
We identified 134 102 incident cases of PA between 2011 and 2021. The relative risk of PA was heterogeneous across space with greater risk around Paris, central France and the Mediterranean coast. We observed an association, albeit small, between the total PEXI and PA incidence over the study period (RR: 1.0130; CI95% [1.0057;1.0204]). Sulphur for spraying, mancozeb, and glyphosate showedevidence of an association of the same magnitude.
Discussion
These findings show that new cases of PA occur heterogeneously in space, raising questions about our understanding of PA environmental risk factors. The association with pesticide exposure should be confirmed and underlying mechanisms understood using individual-level studies.

2

Introduction
Pancreatic adenocarcinoma (PA) is the second most frequent digestive cancer after colorectal cancer in Western Europe and a major cause of cancer-related death1. Its risk factors include age, obesity, tobacco smoking, diabetes, chronic pancreatitis, and a familial history. The epidemiology of PA in France is atypical2. The adjusted standardised incidence has doubled for men and tripled for women between the 1990s and the 2020s1. The average annual percentage change has surpassed all other European countries (3.11% for men, 3.87% for women)1,2. Hypotheses have been formulated to explain this increasing trend, without being confirmed2,3. Besides, the plausibility of an environmental risk factor has never been confirmed nor ruled out4.
Plant protection products, often called pesticides, are substances used to protect crops, desirable or useful plants. France is one of the largest pesticide users in the World5. Half of the mainland surface is covered by crops and more than 90% of the use is concentrated around agriculture6. In the last decades, pesticide use has been an important cause for concern for farmers, rural residents and citizens in general7. Previous expert reports described ubiquitous pesticide contamination of the environment and the general population8,9. Several mechanisms by which pesticides can directly or indirectly damage genes are known5,7.
Multiple studies have provided strong evidence of a link between pesticide use and cancers7. However, the relationship between PA and pesticides remains unclear5. These inconsistencies call for new insights to better understand the incidence dynamics and the relationship between pesticide and PA. Pesticide exposure can be complex to assess due to the lack of robust measured exposure data in the general population. However, indirect ways of assessing pesticide exposure are accessible, including secondary databases with spatially referenced data, where ecological spatiotemporal studies can be used to generate new hypotheses10. To our knowledge, PA incidence has never been modelled, yearly at a fine spatial scale across the country. Moreover, the effect of pesticides on the risk of PA has never been studied in the general population using an ecological study with a fine spatial granularity.
The aims of this ecological study were i) to assess the spatio-temporal distribution of the incidence of PA in the general population in France between 2011 and 2021, and ii) to determine whether pesticide exposure was associated with the risk of PA.
Methods
Study setting
[bookmark: _Int_2fAfhefM]France is a country of 543 940 square kilometres with a population of 68 042 591 inhabitants in 2023. The French national healthcare insurance covers 99% of the general population11. Each hospital stay or medical procedure of an insured individual in a public hospital or a private clinic leads to a record in the French national hospital discharge database (Programme de Médicalisation des Systèmes d'Information [PMSI]). Each record includes the final and associated discharge diagnosis codes (using the International Classification of Disease [ICD] 10th version), along with age, gender and the place of residence, available at a specific spatial scale known as the PMSI geocode. The PMSI geocode was used as the spatial unit of reference in this study.
France is divided into 5529 PMSI geocodes of a median surface of 69.9km² (IQR: 21.4 – 147.6) and a median of 6448 individuals (IQR: 3507 – 12240) per unit12. Correspondence tables and methods to match different databases’ spatial scales (municipality or zip code) to PMSI geocodes have been previously studied13.
[bookmark: _Toc142947702]Outcome: pancreatic adenocarcinoma
The yearly number of cases of PA per spatial unit, age, and sex between 2011 and 2021 was retrieved from the PMSI database. Cases of PA were identified using ICD-10 codes C25.0,1,2,3,7,8 or 9. Cases who had been previously recorded for the same diagnosis in the preceding 24 months were considered a recurrence and were excluded14.
[bookmark: _Toc142947703]Exposure: pesticides and crop surface
Pesticides can be classified into active substances, which are then mixed with additives to be sold on the market or used in crops. Around 300 products are authorised for use and monitored in France15. The Bureau National des Ventes de produits pharmaceutiques par les Distributeurs agréés (BNVD) publishes the number of kilograms of active substances bought per zip code, per year since 2013 (available at geo.data.gouv.fr). To get a general overview of pesticide exposure, we considered the total quantity of active substances bought per area. Additionally, we individually considered the most commonly bought substances (glyphosate [12%], sulphur for spraying [10.4%], prosulfocarb [6.4%], sulphur [3.7%] and mancozeb [3.5%], summing up to 36% of the total quantity of sold active substances) as well as the ones classified as potentially harmful by the WHO (mancozeb [14.3%], chlorothalonil [11%], chlorotoluron [9.2%], folpel [6.1%] and isoproturon [5.9%], summing up to 46.5% of the potentially harmful quantity of sold active substances)16. Mancozeb was common to both lists and was accounted for only once. As no pesticide sales data were available for years 2011 and 2012, we used the 2013 data for 2011 and 2012. Every active substance that was not recorded in the sales registry at a specific year and spatial unit was considered as not sold in the database.
The agricultural surfaces of each spatial unit were approximated using satellite images (Corine Land Cover [CLC]), in 201817. The total surface of agriculture (including arable lands, permanent crops, pastures, and heterogeneous agricultural areas, in which pesticides could be used) was evaluated at 33 534 051 hectares in the CLC database in 2018 in France, with a median of 3494.8 hectares per spatial unit (IQR: 893.1 – 9340.1)6. The crop surface area over time was considered stable during the period of the study. The median relative evolution of agricultural surface between 2012 and 2018 was below 1% (IQR: 0 – 16.7%). The intensity of use per spatial unit could be approximated by the ratio between the quantity of active substance bought and the corresponding agricultural surface per each spatial unit. To smooth the yearly buying fluctuations, we calculated the median as a general exposure over the study period; we log-transformed and standardised it, to make it symmetrical and more easily to model (Supplementary Figure 1). This quantity represents the pesticide exposure intensity index (PEXI), our main exposure variable, which was calculated for the total quantity of pesticide per spatial unit (total PEXI) and per substance (substance-specific PEXI).
Covariates
[bookmark: _Hlk177726174]Tobacco smoking, socioeconomic status, alcohol-related diseases, morbid obesity and community medicine accessibility were identified as potential confounders in the association between pesticide exposure and PA18. No validated index is available to approximate tobacco use in France. Therefore, we used the yearly prevalence of patients diagnosed with tobacco-related diseases, namely lung cancer, lip oral cavity pharynx cancers, and chronic obstructive pulmonary disease (admissions for diagnosis and exacerbations) from the PMSI database as these diseases are highly attributable to tobacco smoking19. The same patient with multiple events was counted only once each year. Admissions for alcohol-related diseases and morbid obesity are accessible using pre-validated ICD-10 codes, as previously described 20,21. These ICD-10 codes are available in Supplementary Table 1. A yearly prevalence was calculated for these factors. The French Deprivation Index (FDep) is a socioeconomic index which is based on bachelor’s degree rate, household incomes, employment rate and low-skilled worker rate at a fine spatial scale: the higher the index, the more disadvantaged the considered population (available at geodata.gouv.fr)22. We used the average FDep value over the study period as it remained stable over time. In France, accessibility to general practitioners (GP) is approximated using the community medicine accessibility index (Accessibilité Potentielle Localisée [APL]) (available at data.gouv.fr). Its calculation relies on the number of GP consultations per year, population density, the needs of the local population and the time in minutes to access a GP by car23. The higher the index, the better the accessibility to a GP. This index is available for 2015 to 2019 and 2021. As the APL remained stable during the study period, we used the mean value of 2019 and 2021 to obtain 2020 and applied the 2015 value to the years 2011 to 2018.

[bookmark: _Toc142947707]Statistical analysis
Spatial and spatio-temporal modelisation of PA incidence. To describe the spatio-temporal pattern of PA incidence we specified a Bayesian hierarchical model, which is commonly used in the context of disease mapping24. The number of cases is modelled as a Poisson distribution where the mean is a function of the i) number of expected PA cases, obtained by age and gender indirect standardization, using France as the reference population (data from the Institut National de la Statistique et des Etudes Economiques [INSEE]) (available at insee.fr); ii) several random effects capturing the spatial and temporal trends in PA incidence as well as their interaction. We fitted different spatio-temporal models that did not include any covariate, including respectively the spatial random effect and all possible combinations of temporal random effects and spatio-temporal interaction. The model with the best fit was chosen as the one minimizing Watanabe-Akaike information criterion (WAIC)25, a commonly used criterion based on model fit and model complexity. Mathematical formulations of the model, prior specifications and model choice criteria are detailed in Supplementary Material S1.
Temporal trend in PA incidence was described by reporting the posterior median of the exponentiated temporal random effects (temporal RR) and their 95% credibility interval [95% CI]. To represent the spatial variability in PA incidence, we reported the posterior median of the exponentiated spatial random effects (spatial RR) and their 95% credibility interval [95% CI]. To identify spatial patterns, we calculated the posterior probability that the spatial RR was greater than one which were discretized according to the following thresholds 0.2 and 0.8, the commonly used criterion to minimize false positives and false negatives26. An exceedance probability over 0.8 was defined as providing substantive evidence of an excess of risk. The spatio-temporal patterns of PA incidence were examined by plotting the spatial distribution of space-time interactions for each year from 2011 to 2021.
[bookmark: _Hlk177726288]Ecological regressions. The association between pesticide exposure (PEXI indices) and PA incidence was investigated extending the previous modelling framework and introducing each exposure variable as a fixed-effect covariate (9 specific active substances and one for the total quantity of active substances) yielding to 10 different models. Each model was also adjusted for potential confounders by adding as fixed effects the yearly prevalence of patients diagnosed with tobacco-related diseases, the FDep index, alcohol-related diseases, morbid obesity, and community medicine accessibility index. In an additional model, we assessed the potential non-linear effects of exposure swapping the linear regression term for random walk of order 2. As a measure of association with the incidence of PA, we reported, for each exposure variable, the relative risk of PA together with its 95%CI. 
All models were estimated using the integrated nested Laplace approximation (INLA) approach in the R-INLA package within RStudio (R Core Team, 2022, version 4.2.2)27.
Sensitivity analyses
[bookmark: _Hlk177726464]We conducted two sensitivity analyses. Firstly, it should be underlined that (i) our approximation of tobacco consumption was made using a non-validated index and, (ii) the association between tobacco, morbid obesity, alcohol-related diseases and exposure was not well defined in the literature. Consequently, all three covariates were removed in order to assess their influence on the final results. Secondly, different priors were considered to assess the sensitivity of the final results to them (See Supplementary Material S1).
[bookmark: _Toc142947709]Ethics
Access to the PMSI was granted for the case identification procedure. Only aggregated data were used in this study and the nature of the data prevented the risk of patient identification after data analysis.
Results
A total of 134 102 cases of PA were identified in 5529 spatial units between 2011 and 2021, with 69% of males and a mean age of 70.7 years at diagnosis (standard deviation: 12.3). The mean crude incidence rate was 18.9 cases per 100 000 inhabitants over the study period. World age-standardized incidence rates per sex were consistent with available official data for men whereas it was overestimated for women (Supplementary Figure 2). Due to unavailable or unusable location data, 3279 cases were excluded from the spatial analysis (2.4%). For the remaining cases, a mean of 23.7 cases (SD: 38.0) was observed per spatial unit, over the study period.
Urban areas showed a better accessibility to community medicine, higher deprivation and prevalence of tobacco-related diseases (Supplementary Figure 3). Morbid obesity and alcohol-related diseases have comparable spatial distribution with broader spatial analyses. However, these variables were not characterised by high correlation (Supplementary Figure 4). 
Model selection
According to the WAIC criterion, the model that showed the best fit included random effects for time, space and space-time interaction (Supplementary Material).
Temporal trend, spatial and spatio-temporal patterns of PA incidence
The temporal relative risks ranged from 0.97 (95% CI [0.96;0.98]) in 2016 to 1.05 [1.03.1.07] in 2021 (Figure 1). While a slight decrease was observed between 2011 and 2012, the temporal relative risks remained stable until 2016 and then showed a constant increase until 2021. These data match the trend of the reference World age-standardised incidence data1.
The spatial relative risks ranged from 0.52 (95% CI [0.42;0.62]) to 1. 41 (95% CI [1.19;1.65]) and highlighted a strong spatial heterogeneity of the incidence of PA in France. The geographical distribution of the spatial relative risk is shown in Figure 2.a. According to exceedance probabilities (Figure 2.b), the risk of PA had a distinct spatial pattern, organised along a central north-south axis. Higher risks of PA were located in three main hotspots: around Paris; in central France; and on the south-eastern coast. Lower relative risk areas of PA were observed in western France, mainly Brittany. By analysing the distribution of space-time interactions, no particular unusual deviation from the temporal trend was observed, implying that the spatial distribution of the incidence of AP was stable over the period studied (Supplementary Figure 5).
Spatial variations of pesticide exposure
[bookmark: _GoBack]In 2021, the median weight of total pesticides bought per spatial unit was 4269kg (IQR: 872 – 14898), yielding a median ratio per hectare over the study period of 1.31kg/ha (IQR: 0.49 – 2.98). The total PEXI was heterogeneously distributed on the mainland (Figure 3 and Supplementary Figure 6 (a)-(i)). It showed higher ratios around Paris, in the north, the southwest, and the Mediterranean coast including Corsica. Central France was considered as averagely exposed with few hotspots. The PEXI of specific substances depended on the type of use. Glyphosate use was more scattered around the mainland.
Association between PA incidence and pesticide exposures
The total PEXI was associated with PA incidence over the study period (RR: 1.0130; CI95% [1.0057;1.0204]) for a PEXI increase of one standard deviation (SD) (0.96) (equivalent to 2.63kg/ha higher median PEXI during 2011-2021) (Figure 4). Moreover, the PEXI of three substances were individually associated with the outcome, namely sulphur for spraying, with PEXI increase of one SD (0.91) [per 2.48kg/ha greater median pesticide use during 2011-2021]), yielding a RR of 1.0122; (CI95% [1.0037;1.0208]); mancozeb (RR: 1.0096; CI95% [1.0010;1.0182] for an increase of one SD (0.88) [per 2.41kg/ha greater median pesticide use during 2011-2021]), and glyphosate (RR: 1.0085; CI95% [1.0016;1.0154], for an increase of one SD (0.97) [per 2.63kg/ha greater median pesticide use during 2011-2021]). The analysis that allowed flexible fits using random walk of order 2 to model the exposures showed a dose-effect relationship for the total quantity of pesticides and the significantly associated active substances (Supplementary Figure 7). Additionally, tobacco, alcohol consumption, APL and FDep were associated with PA incidence with a RR of 1.0136 (CI95% [1.0037;1.0237]), 1.0192 (CI95% [1.0088;1.0297]), 1.0179 (CI95% [1.0096;1.0262]) and 1.0210 (CI95% [1.0120;1.0301], respectively, for total pesticides. Regarding other pesticides, the effect of the covariates were very similar (Supplementary Table 2). 
[bookmark: _Toc142947715]Sensitivity analyses
Removing the tobacco covariate in the model specification and the change of prior did not modify the results (Supplementary Figures 8 and 9, respectively).
Discussion
This study is the first nationwide study to describe the spatial distribution of the risk of PA at fine spatial granularity and over several years. It showed a heterogeneous spatial distribution of PA incidence in France, with higher PA incidence around Paris, in central France and on the Mediterranean coast. Additionally, it provides strong evidence of a small association between total pesticide exposure and PA incidence in an ecological regression. Higher risk of PA was also identified for mancozeb, glyphosate and sulphur for spraying.
Describing the incidence of a disease or its mortality in space and time can help generate new hypotheses on etiology26,28. Etxeberria et al. studied death by PA in 50 Spanish provinces between 1990 and 2013 and found higher risks in the Northern part of the country29. Rashid et al. recently investigated cancer mortality at a fine spatial resolution in England highlighting spatial disparities30. In our study, we described the spatial distribution in 5529 spatial units, accounting for 99% of the French general population covered by the French national healthcare insurance. It is worth noting that some of the identified higher-risk areas are located in vineyard areas, such as the Mediterranean Coast or Burgundy. These types of crops have been previously identified as areas of higher pesticide consumption31,32. An association between the use of pesticides in vineyards and lung cancer, gliomas, and lymphomas has been reported7. However, the association between vineyards and PA has never been studied. Additionally, the spatial distribution risk of PA remains stable over time suggesting a slow dynamic of known and unknown causal risk factors.
To our knowledge, this study is the largest exploring the association between PA and pesticide exposure. We considered more than 65 million exposed individuals and 134 102 cases of PA. Overall, 2.63kg/ha higher median pesticide usage during 2011-2021 was associated with a 1.3% higher risk of PA.The magnitude of the effect may be small, but the evidence of an association remains strong. Moreover, pesticide contamination is ubiquitous5,8,33. We also should underline that the spatial distribution of pesticide use and PA risk shows discrepancies. As potential confounding factors regarding pesticides and PA are not well-defined, we include a spatial random effect to deal with this. Nevertheless, we cannot discount the possibility that a level of residual confounding is still present. Three active substances were individually associated with PA: sulphur (fungicide), glyphosate (herbicide) and mancozeb (fungicide, classified as harmful). They have been linked to other diseases through various mechanisms such as direct hit, immunomodulation or endocrine disruption34–37. To the best of our knowledge, glyphosate is the only substance for which the risk of PA has been assessed: Andreotti et al did not observe a consistent increase in the risk of PA among 54 251 U.S. applicators38.
Indirect ways of assessing pesticide exposure appear as credible alternatives to pesticide residue quantification in order to expand the risk estimation to the general population7,39. In our study, we chose to approximate pesticide exposure by modelling the intensity of use per spatial unit with the ratio between the quantity of bought pesticides and the agricultural surface per spatial unit. However, discrepancies between purchase and use, and cooperative buying could bias the temporal and the spatial distribution. To overcome this potential issue, we considered the median over 11 years. Moreover, when comparing our map of the total pesticide ratio with the spatial distribution of the Treatment Frequency (one of the references for the French agriculture ministry) we can observe very similar patterns40.
In this study, we used the PMSI database to retrieve cases of PA. The PMSI database is a powerful tool for studying health outcomes in France41. Sex ratio, tumour location in the pancreas and tobacco smoking algorithms have confirmed consistent proportions with what is known from the literature in the only previous study using the PMSI database for PA42. The overestimation of women's incidence could be the result of an extensive coding of pancreatic diseases associated but different from PA43. However, this phenomenon is rare and would not explain the difference between men and women compared to the official statistics. To further assess the discrepancies between men and women, we stratified our spatial analysis by sex. In this additional analysis, we observed a similar spatial distribution, without any sex-specific pattern (Supplementary Figure 10). Future work include an investigation of distribution of other diseases which could also help to better understand the factors associated with PA incidence. Recent studies have acknowledged the increasing precision of these databases, which are now widely used for different purposes, including cancer44.
[bookmark: _Hlk178254001]Even though the spatial granularity remains the most precise ever published to date, we stress that this is still an ecological study and as such, it suffers from ecological bias, which makes the inference not directly transferable to the individual level. Our model was designed to explore independent exposures whereas they are combined in real-life settings (pesticide cocktail effect). Among those independent exposures, we arbitrarily chose five active substances in two distinct categories, therefore excluding others, which may also impact the risk of PA. A multi-source multi-exposure model seems as relevant as it is complicated to design due to the number of sources, active substances, or traditional risk factors, metabolization, non-interoperable data sources and individual susceptibility. Furthermore, the lag between exposure and cancer development is challenging to determine retrospectively. This lag is generally long and could be specific to the type of substance used and the type of malignancy45. However, in the study period considered in this investigation, we should underline that agricultural surfaces decreased slowly over time (median between 2012 and 2018: -0.08% [IQR: -0.09%; +0.03%]). Moreover, there is a strong correlation between the 2013 to 2015 PEXI and the PEXI encompassing the entire study period; finally, the spatial distribution of the cases for the end of the period (2019-2021) is consistent with that of the entire study period, while the number of cases is lower (around 30,000). This suggests that in the present study a lag analysis would not be feasible. A large cohort using individual data with a better remote pesticide exposure assessment would allow more precise analyses. Additionally, we were unable to model population movement during the study period. Finally, satellite images may overestimate agricultural surfaces in steep landscapes which is a low proportion of the spatial units46. On the other hand, national agricultural censuses present greater limitations as they are not designed to be mapped6.
Conclusion
The ecoPESTIPAC study is the first one to describe the risk of PA and to evaluate the role of pesticides at a population level, considering a fine spatial granularity across France and a long period. We showed the heterogeneous spatial distribution of PA risk, suggesting that additional research needs to be carried out to hypothesise neighbourhood-level risk factors, such as environmental exposures. Moreover, we observed evidence of an association of small magnitude between PA and total pesticides, sulphur for spraying, mancozeb and glyphosate using an indirect exposure index. However, their specific implication in pancreatic carcinogenesis remains poorly described. These results need to be supported by other mechanistic and epidemiological data. 
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Figures
Figure 1. Temporal relative risks of pancreatic adenocarcinoma and their 95% credibility interval in France from 2011 to 2021.
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Figure 2: (a) Median posterior of the spatial relative risk (exponential of spatial random effect) of pancreatic adenocarcinoma in metropolitan France between 2011 and 2021; (b) Exceedance probability of the risk of pancreatic adenocarcinoma in metropolitan France for the period 2011-2021.
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Figure 3: Spatial distribution of the pesticide exposure intensity index for the total quantity of pesticide (total PEXI) in metropolitan France. The exposure index is defined as the standardised log median of total quantity bought per surface (kilogram (kg) per hectare (ha)). The browner the area, the higher the PEXI.
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Figure 4. Relative risk (RR) [95%CI] of pancreatic adenocarcinoma incidence as a function of pesticide exposures, after adjustment for the yearly prevalence of patients diagnosed with tobacco-related diseases, morbid obesity, alcohol-related diseases, French Deprivation index and community medicine accessibility index.
[image: ]

Abbreviations: RR: relative risk; 95%CI: 95% credible interval


Supplementary Figures and Tables
Supplementary Figure 1 Distribution of the median quantity of pesticides per agricultural surface according to their log transformation, by substance
For each substance, the lower line represents the distribution on the natural scale, while the upper line represents the log-transformed distribution.
Supplementary Figure 2 Comparison of the age-standardised incidence rate (World) per 100 000 individuals according to the source of the data (French national hospital discharge database (Programme de Médicalisation des Systèmes d’Information (PMSI) and official statistics from the French Network of Cancer Registries FRANCIM, from 2011 to 2018), over the study period from 2011 to 2021, in men and women
Abbreviation: PMSI: Programme de Médicalisation des Systèmes d’information.
Supplementary Figure 3 Map of the covariates according to their respective index, in France
a) Average deprivation index between 2011 and 2021, according to the FDep (French Deprivation index)
b) Community medicine accessibility index, according to the APL (Accessibilité Potentielle Localisée), average between 2011 and 2021
c) Tobacco consumption, average prevalence of tobacco-related disease for 100 000 individuals, between 2011 and 2021
d) Alcohol consumption, average prevalence of alcohol-related disease for 100 000 individuals, between 2011 and 2021, 
e) Morbid obesity, average prevalence of morbid obesity for 100 000 individuals, between 2011 and 2
Abbreviations: FDep: French Deprivation index.
Supplementary Figure 4 Pearson’s correlation plot of the covariates and the exposure
Abbreviation: FDep: French Deprivation index; Corr: correlation.
Supplementary Figure 5 Map of the space-time interaction in the model without covariates.
Supplementary Figure 6 Map of the pesticide exposure intensity index (PEXI) for each substance
The exposure index is defined as the standardised log median of total quantity bought per surface (kilogram (kg) per hectare (ha)). The browner the area, the higher the PEXI. (a) Glyphosate, (b) Isoproturon, (c) Mancozeb, (d) Prosulfocarb, (e) Sulfur, (f) Sulfur (spraying), (g) Chlorothalonil, (h) Chlorotoluron, (i) Folpel. 
Supplementary Figure 7 Random walks of order 2 on the pancreatic adenocarcinoma relative risk for each pesticide exposure
Each model was adjusted for ecological factors by adding as fixed effects the yearly prevalence of patients diagnosed with tobacco-related diseases, alcohol-related diseases, yearly prevalence of morbid obesity, the French Deprivation index and community medicine accessibility index. The black line represents the relative risk of pancreatic adenocarcinoma and the blue ribbon its 95% credible interval.
Supplementary Figure 8 Sensibility analysis: model without the tobacco, alcohol and obesity covariates
The relative risk (RR) [95%CI] of pancreatic adenocarcinoma incidence as a function of pesticide exposures, after adjustment for the French Deprivation index and community medicine accessibility index. Abbreviations: RR: relative risk; 95%CI: 95% credible interval.
Supplementary Figure 9 Sensibility analysis: model with different PC priors
The relative risk (RR) [95%CI] of pancreatic adenocarcinoma incidence as a function of pesticide exposures, after adjustment for the yearly prevalence of patients diagnosed with tobacco-related diseases, alcohol-related diseases, yearly prevalence
of morbid obesity, the French Deprivation index and community medicine accessibility index. Abbreviations: RR: relative risk; 95%CI: 95% credible interval.
Supplementary Figure 10 Median posterior of the spatial relative risk (exponential of spatial random effect) of pancreatic adenocarcinoma in metropolitan France between 2011 and 2021 for men (a) and women (b) and their corresponding exceedance probabilities (c) and (d)
Abbreviation: SNDS: Système national des Données de Santé; RR: relative risk; P: probability
Supplementary Table 1 International Classification of Diseases 10th codes used to identify tobacco-related diseases, alcohol-related diseases and morbid obesity
Abbreviation: LOCP: lip oral cavity pharynx; COPD: chronic obstructive pulmonary disease.
Supplementary Table 2 The relative risk (RR) [95%CI] of pancreatic adenocarcinoma incidence as a function of the yearly prevalence of patients diagnosed with tobacco-related diseases (Tobacco smoking), alcohol-related diseases (Alcohol consumption), yearly prevalence of morbid obesity, the French Deprivation index (FDep) and community medicine accessibility index (Healthcare accessibility index), by pesticide
Abbreviation: RR: relative risk; 95%CI: 95% credible interval; FDep: French deprivation index.
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