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1-Introduction

Non-Hodgkin's Lymphomas (NHL) are among the most common hematologic cancers. Their incidence rose since 1980s in developed countries, reaching an incidence of 19 cases per 100,000 habitants in 2000 in Europe [START_REF] Sant | Incidence of Hematologic Malignancies in Europe by Morphologic Subtype: Results of the HAEMACARE Project[END_REF]. These lymphoid neoplasm are categorized into subtypes, according to their morphological and immunological characteristics, by the international classification of diseases for oncology of the World health organization (WHO) [START_REF] Fritz | International classification of diseases for oncology: ICD-O. 3rd ed[END_REF]. The most frequent subtypes are the diffuse large B cell lymphoma (DLBCL), the follicular lymphoma (FL) and the chronic lymphocytic leukemia (CLL). Of note, although CLL is not considered as a NHL in clinical practice, it is included among the NHLs in epidemiological studies (Lindsay M. [START_REF] Morton | Proposed Classification of Lymphoid Neoplasms for Epidemiologic Research from the Pathology Working Group of the International Lymphoma Epidemiology Consortium (InterLymph)[END_REF].

Main pathological conditions increasing the risk of NHL are a family history of hematologic malignancies; autoimmune disease (Sjogrën's disease, disseminated lupus erythematosus or rheumatoid arthritis) and chronic viral infections (hepatitis C, hepatitis B, Human Immunodeficiency Virus, Epstein Barr Virus, HTLV1) [START_REF] Alexander | The Non-Hodgkin Lymphomas: A Review of the Epidemiologic Literature[END_REF][START_REF] Chihara | New Insights into the Epidemiology of Non-Hodgkin Lymphoma and Implications for Therapy[END_REF]. Moreover, occupational and environmental exposure to chemical products has been highlighted as potential risk factors for NHL. Occupations at higher risk of NHL are farmers, foresters and electricians due to their exposure to pesticides, like terbufos (an organophosphorus insecticide), and solvents, like styrene [START_REF] Cocco | Occupational Exposure to Solvents and Risk of Lymphoma Subtypes: Results from the Epilymph Case-Control Study[END_REF][START_REF] Mannetje | Occupation and Risk of Non-Hodgkin Lymphoma and Its Subtypes: A Pooled Analysis from the InterLymph Consortium[END_REF][START_REF] Alavanja | Non-Hodgkin Lymphoma Risk and Insecticide, Fungicide and Fumigant Use in the Agricultural Health Study ». Édité par Suminori Akiba[END_REF][START_REF] Leon | Pesticide Use and Risk of Non-Hodgkin Lymphoid Malignancies in Agricultural Cohorts from France, Norway and the USA: A Pooled Analysis from the AGRICOH Consortium[END_REF]. Association between organophosphorus insecticides and NHL risk has also been reported in the general population [START_REF] Schinasi | Non-Hodgkin Lymphoma and Occupational Exposure to Agricultural Pesticide Chemical Groups and Active Ingredients: A Systematic Review and Meta-Analysis[END_REF]. Diet has also been suspected to play a role in the development of NHL: consumption of organic food or fish seem to play a protective role, while consumption of dairy products and meat have been shown to increase the risk of NHL [START_REF] Chang | Nutrient Intake and Risk of Non-Hodgkin's Lymphoma[END_REF]2005;[START_REF] Baudry | Association of Frequency of Organic Food Consumption With Cancer Risk: Findings From the NutriNet-Santé Prospective Cohort Study[END_REF][START_REF] Wang | Dairy Product Consumption and Risk of Non-Hodgkin Lymphoma: A Meta-Analysis[END_REF]. Risk factors vary according to histological subtypes lymphoma, for example autoimmune disease are strongly associated with DLBCL (OR 2.45,), but not with CLL (OR 1.07, 95% CI [0.70 -1.64]) (L. M. [START_REF] Morton | Etiologic Heterogeneity Among Non-Hodgkin Lymphoma Subtypes: The InterLymph Non-Hodgkin Lymphoma Subtypes Project[END_REF]. For environmental exposures, the results obtained from a study conducted by Erikson et al. suggest that exposure to herbicides increases the risk of CLL (OR 2.27, 95% CI [1.28 4.01]) but not the risk of DLBCL (OR 1.44, 95% CI [0.81 2.59]) nor of FL (OR 1.78, 95% CI [0.88 3.59]) [START_REF] Eriksson | Pesticide Exposure as Risk Factor for Non-Hodgkin Lymphoma Including Histopathological Subgroup Analysis[END_REF].

Polychlorinated biphenyls (PCB) are a heterogeneous group of aromatic compounds that include 209 congeners differentiated by their chlorine atoms (French Agency for Food, Environmental and Occupational Health & Safety, (ANSES 2011, s. d.). Currently banned in most countries, PCB were deliberately produced and widely used by the industry as heat transfer fluids, hydraulic lubricants, dielectric fluids for transformers and capacitors, plasticizers, organic diluents, pesticide extenders… [START_REF] Safe | Toxicology, Structure-Function Relationship, and Human and Environmental Health Impacts of Polychlorinated Biphenyls: Progress and Problems[END_REF][START_REF] Giesy | Dioxin-Like and Non-Dioxin-Like Toxic Effects of Polychlorinated Biphenyls (PCBs): Implications For Risk Assessment[END_REF]. Certain PCB are also unintentionally formed during industrial and thermal processes like the burning of certain waste if the process is not controlled appropriately [START_REF] Malisch | Dioxins and PCBs in Feed and Food -Review from European Perspective[END_REF].

PCB can be divided in two groups based on their mode of action: dioxin like (DL PCB, including 12 congeners) and non-dioxin like (NDL PCB,including 197 congeners). As dioxins, DL PCB bind to the aryl hydrocarbon cell receptor (AhR) and induce changes in the transcription of the ribonucleic acid messengers that encode the enzymes involved in cellular responses (ANSES 2011, s. d.). Human exposure to dioxin and DL PCB is calculated in terms of a toxic equivalence quotient (TEQ), which is based on the toxic equivalency factors (TEF). TEF has been established to compare the toxicities of dioxin and dioxin like substance to the most toxic of these compounds: 2,3,7,8-tetrachlorodibenzodioxin (Van den [START_REF] Van Den Berg | The 2005 World Health Organization Reevaluation of Human and Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-Like Compounds[END_REF]). NDL PCB have not the same toxic mechanism, they have significant interactions with several receptors and act as "phenobarbital-type" [START_REF] Knerr | Carcinogenicity of "Non-Dioxinlike" Polychlorinated Biphenyls[END_REF]. In general, PCB appear to act as indirect, nongenotoxic carcinogens, as tumor promoters, and various mechanisms, including suppression of apoptosis in preneoplastic cells and inhibition of intercellular communication, have been suggested [START_REF] Knerr | Carcinogenicity of "Non-Dioxinlike" Polychlorinated Biphenyls[END_REF]. PCB affect particularly the liver, thyroid, immune and reproduction system, and endothelial function leading atherosclerosis and hypertension [START_REF] Prince | Mortality and Exposure Response among 14,458 Electrical Capacitor Manufacturing Workers Exposed to Polychlorinated Biphenyls (PCBs)[END_REF][START_REF] Merhi | Occupational Exposure to Pesticides and Risk of Hematopoietic Cancers: Meta-Analysis of Case-Control Studies[END_REF][START_REF] Donat-Vargas | Exposure to Dietary Polychlorinated Biphenyls and Dioxins, and Its Relationship with Subclinical Coronary Atherosclerosis: The Aragon Workers' Health Study[END_REF][START_REF] Raffetti | Association between Exposure to Polychlorinated Biphenyls and Risk of Hypertension: A Systematic Review and Meta-Analysis[END_REF] and were classified as carcinogenic to humans by the International Agency for Research Cancer (IARC) mainly based on evidence of association with malign melanoma (IARC 2016).

Because they are not biodegradable (half-life of 94 days to 2700 years in biota) and because they are highly lipophilic, PCB persist in the environment and have been classified as persistent organic pollutants (POP) by Stockholm convention in 2001. They bioaccumulate and biomagnify along the food chain and accumulate especially in products of animal origin; this is why diet represents the main route of exposure for the general population [START_REF] Sirot | Dietary Exposure to Polychlorinated Dibenzo-p-Dioxins, Polychlorinated Dibenzofurans and Polychlorinated Biphenyls of the French Population: Results of the Second French Total Diet Study[END_REF]. In 2011, the French population's mean exposure to dioxins and DL PCB was estimated at 0.47 pg TEQ/kg body weight/day and 0.05% of the population was estimated to exceed the tolerable daily intake (TDI) of 2.33 pg TEQ/kg bw/days established by joint FAO/WHO expert committee on food additives (JECFA) in 2001 (ANSES 2011, s. d.). For NDL the average dietary exposure for the French population was estimated equal to 1 830 pg/kg body weight/day and 0.7% of the population exceeded the TDI of 10 000 pg/kg bw/days established by ANSES in 2007(ANSES 2011, s. d.).

The relationship between PCB exposure and NHL is not yet well established. Several studies have been conducted in the general population leading to inconsistent results. Three meta-analyses have been published on the association between exposure to PCB and NHL in the general population, two of which have highlighted a positive association while the other failed to do so [START_REF] Freeman | Plasma Levels of Polychlorinated Biphenyls, Non-Hodgkin Lymphoma, and Causation[END_REF][START_REF] Catalani | Occupational and Environmental Exposure to Polychlorinated Biphenyls and Risk of Non-Hodgkin Lymphoma: A Systematic Review and Meta-Analysis of Epidemiology Studies[END_REF][START_REF] Zani | Do Polychlorinated Biphenyls Cause Cancer? A Systematic Review and Meta-Analysis of Epidemiological Studies on Risk of Cutaneous Melanoma and Non-Hodgkin Lymphoma[END_REF].

Overall, the strongest epidemiological evidence concerning the association between PCB exposure and NHL risk among the general population comes from case-control studies while there is a lack of cohort studies. To the best of our knowledge no study has investigated the association between dietary exposure to PCB and the risk of NHL, whereas currently dietary exposure to PCB is the main source of exposure for the general population. This is why, the main objective of the present study was to investigate the association between dietary exposure to PCB and the risk of developing NHL in the French E3N prospective cohort.

2-Materials and methods

E3N cohort

The E3N study (Etude Epidémiologique auprès de femmes de la Mutuelle Générale de l'Education Nationale (MGEN)) is a French prospective cohort initiated in 1990 with the inclusion of 98 995 women living in France and aged between 45 and 60 years old at enrollment. All women were insured by the MGEN, a medical insurance plan that covers workers in French education system. The study was reviewed and approved by the French National Commission for Computerized Data and Individual (CNIL).

All women returned a signed consent at inclusion and were followed up every 2 or 3 years by selfadministered questionnaires on lifestyle, environment, gynecologic history, health status, etc. The main aim of the E3N cohort is to investigate risk factors of the main chronic diseases and cancers and has been previously described in details elsewhere (Clavel-Chapelon et for the E3N Study Group 2015).

Study population

Only women who completed the food frequency questionnaire (FFQ, the 3rd questionnaire) in 1993 were included in the present study (n=74 522). Among these women, those who reported extreme energy intakes (n=1 366), those who did not complete any questionnaire after the 3rd questionnaire (n=568), and those who had a prevalent cancer (n=4 709) were excluded. Finally, this study included 67 879 women, of whom 457 had confirmed NHL diagnosis during follow up (June 1993 -November 2014) (Figure 1).

Ascertainment of NHL cases

Occurrence of NHL was based on self-reports from the follow-up questionnaires repeated every two to three years, next-of-kin spontaneous reports, and the national cause-of-death registry, then confirmed through medical and pathology records. Cases that were ascertained only through death certificates were censored as non-cases at the most recent completed questionnaire. The histological subtypes were identified using the medical records and categorized according to the classification of lymphoid neoplasms for epidemiologic research from the Pathology Working Group of the International Lymphoma Epidemiology Consortium (Lindsay M. [START_REF] Morton | Proposed Classification of Lymphoid Neoplasms for Epidemiologic Research from the Pathology Working Group of the International Lymphoma Epidemiology Consortium (InterLymph)[END_REF]).

Assessment of dietary exposure to PCB

Dietary data were collected in 1993 using a food frequency questionnaire (FFQ) including 265 food items, and assessed the habitual diet of the previous year. The FFQ took French meal habits into account and questions were posed for each meal occasion, snacks and aperitifs. The validity and reproducibility of the questionnaire have been previously described (van [START_REF] Liere | Relative Validity and Reproducibility of a French Dietary History Questionnaire[END_REF].

In order to estimate dietary exposure to PCB of women in the E3N cohort, the food contamination table provided by the ANSES within the framework of the Second French Total Diet Study (TDS2) was used (see https://www.data.gouv.fr/en/datasets/donnees-regionales-eat2-etude-de-l-alimentationtotale/#). In short, a total of 20 280 different food products were collected between June 2007 and January 2009 in eight French regions, reaching 1 352 composite samples of foods prepared as consumed and analyzed individually to measure the concentrations of hundreds of contaminants. The samples were prepared as to be consumed to avoid possible variations in contaminants' concentrations due to food preparation and cooking process (e.g. peeling, washing, baking, or frying). Subsequently, the E3N databases on food consumption and the ANSES database on food contaminants' concentration have been merged as described in detail elsewhere [START_REF] Mancini | Estimation of the Dietary Exposure to Chemical Compounds in the French E3N Prospective Cohort: A Study Protocol[END_REF]).

PCB values below the limit of quantification (LOQ) were replaced by limit of detection (LOD), and values below the LOD were replacing by zero (lower bound scenario).

For each participant, the mean dietary exposure to DL PCB (sum of PCB 52,101,138,153,and 180) and to NDL PCB (sum of PCB 77,81,105,114,118,123,126,156,157,167,169,and 189) was obtained by multiplying the quantities consumed of each food by the level of contamination of the foods in question.

DL PCB exposure estimated in picogram of TEQ / day (pg TEQ/d) and exposure to NDL PCB estimated in pg/day were used as exposure variables for the main analyses, while DL PCB exposure estimated in pg /day was used as exposure variable in sensitivity analyses.

Statistical analysis

Baseline characteristics of the study population were described in the overall population, and separately among cases and non-cases. The contribution of the different food groups to the dietary exposure to DL PCB and NDL PCB were also calculated. Spearman's rank correlation test was used to estimate the correlation between dietary exposure separately to each congener, and between DL and NDL PCB.

Cox proportional hazards models, with age as the time scale were used to estimate hazard ratios (HR) and 95% confidence intervals (CI). The risk proportionality assumption was verified for exposure variables by the time interaction test. The time at entry was the age at the response to the FFQ, and the exit time was the age of diagnosis of NHL, the age at the last completed questionnaire before death or lost to follow-up, the age of diagnosis of another cancer, or the age at the end of the follow-up period, whichever occurred first. Women were classified into 3 tertile groups according to the dietary exposure distribution of each exposure variables (DL PCB and NDL PCB), and the first tertile group was used as the reference category in the Cox models. Moreover, each exposure variable was log-transformed in order to achieve a normal distribution, and then used as a continuous variable in the model. Two models were fitted separately for each exposure variable: a model adjusted for the age as time scale(Model 1), and a fully adjusted model (Model 2) that included smoking status (never, former or current), birth cohort (every 5 years between 1930 and 1945), education level (<12, 12 to 14 or > 14 years of school education), physical activity (metabolic equivalents (MET) hours/day as continuous variable), body mass index (BMI) (kilograms/m², as continuous variable), alcohol intake (grams of ethanol/day as continuous variable), and energy intake (excluding energy from alcohol, kilocalories/day as continuous variable). Data regarding all covariates were collected at the time of the FFQ. Finally, stratified analyses were performed based on the histological subtypes of NHL: DLBCL, FL, CLL and others lymphoma.

For each model, linear trends were estimated by fitting a semi-continuous variable based on the median value of exposure of each tertile group.

In the study population, missing values were < 5% for all variables and were imputed to the median (continuous variables) or modal value (categorical variables).

All statistical test were two-sided, a P value <0.05 was considered as statistically significant. Data were analyzed with the Statistical Analysis Systems software package, version 9.4 (SAS Institute, Cary, NC).

Sensitivity analysis

In order to exclude the presence of residual confounding the Model 2 was separately adjusted for the consumption of the two food groups that contributed the most to the dietary exposure to DL and NDL PCB in the study population, both for the main analyses and for the analysis stratified by histological subtypes (Model 3 and Model 4).

In order to take into account the overall impact of following a healthy or western diet on the relationship between PCB dietary exposure and NHL risk, Model 2 was further adjusted for adherence scores to the healthy dietary pattern and the Western dietary pattern (as continuous variables) both derived from principal components analysis (PCA), as previously described [START_REF] Edefonti | Nutrient Dietary Patterns and the Risk of Breast and Ovarian Cancers[END_REF].

The association between DL PCB expressed as pg/day and overall NHL risk, as well as the association with the different histological subtypes, was investigated in order to take into consideration modes of action independent from the AhR activation.

To exclude reverse causation bias, Model 2 was run excluding cases that occurred in the first 5 years of follow up. Model 2 was also repeated after excluding cases with a diagnosis of hepatitis B, and / or hepatitis C, and / or rheumatoid arthritis at baseline to exclude dilution bias.

To limit the impact of possible dietary changes over time that could lead to variation in levels of dietary exposure to PCB, Model 2 was performed limiting the follow up to 10 years (2003).

Finally, all analyses were repeated with exposure variables divided by the body weight (pg/ kilogram body weight/day) of each participant.

3-Results

Overall, the median age of women at inclusion in 1993 was 51.5 years (interquartile range (IQR) 47.1 -57.5). Cases of NHL were older than non-cases at inclusion (54.4 years vs 51.5 years, respectively).

Compared to non-cases, women who developed NHL were less adherent to the Wester diet (54.7%<median vs 49.9%<median), which was reflected by a higher consumption of vegetables (689.3 g/day vs 667.1 g/day), and a lower consumption of starchy food (271.6 g/day vs 281.4 g/day) and nonalcoholic drinks (excluding sodas) (1,187.6 g/day vs 1,284.5 g/day). NHL cases had reported more frequently diagnosis of hepatitis C (0.66% vs 0.18%) and rheumatoid arthritis (2.2% vs 0.79%), had more frequently a family history of cancer (85.8% vs 79.3%), and more frequently died during follow-up (34.1% vs 13.5%). The median dietary exposure to DL PCB for cases was 18.3 pg TEQ/day (IQR 13.9 -23.7) or 33,042.4 pg/day (IQR 25,808.9). Similarly for non-cases the median dietary exposure to DL PCB was 18.5 pg TEQ/day (IQR 14.1-23.9) or 33,719.7 pg/day (IQR 25,374.7) The food groups that contributed the most to both DL and NDL PCB dietary exposure were dairy products (36% and 25% respectively) and fish (31% and 45% respectively) (Supplementary material, Table S1). Significant positive correlations were found between DL and NDL PCB individually as well as between the sum of DL PCB and NDL PCB (rho 0.93, p<0.001) (Supplementary material, Table S2).

Dietary exposure to PCB and NHL risk

When considering dietary exposure of DL PCB and NDL PCB as continuous variables, no statistically significant association was observed with NHL risk in any model. Results were similar when considering dietary exposures modeled as tertile groups (Table 2).

In subgroup analyses based on NHL subtypes, there was a positive association between dietary exposure to DL PCB and DLBCL risk (ORcontinuous 1.98, 95%CI [1.01 -3.89]; OR3vs1 1.90, 95%CI [1.03 -3.51], ptrend 0.02). No association was found between dietary exposure to DL PCB and CLL risk (ORcontinuous 0.72, 95%CI [0.42 -1.24]; OR3vs1 0.76, 95%CI [0.44 -1.31], ptrend 0.36), while an inverse but not statistically significant association was observed with the risk of developing FL (ORcontinuous 0.59, 95%CI [0.33 -1.07]; OR3vs1 0.55, 95%CI [0.29 -1.03], ptrend 0.06). DL PCB dietary exposure was not associated to the risk of developing the other types of NHL (ORcontinuous 1.01, 95%CI [0.68 -1.48]; OR3vs1 1.00, 95%CI [0.68 -1.46], ptrend 0.97) (Table 3). 3).

Sensitivity analyses

When adjusting model 2 separately for fish and dairy products consumption, the food groups that contributed the most the DL PCB and NDL PCB exposure, results concerning the association with the risk of developing all NHL, were similar to those in the main analyses (data not shown). In subgroup analyses based on NHL subtypes, when including in Model 2 separately fish and dairy products consumption, the association between DL PCB and DLBCL risk was no longer appreciable. On the contrary, the inverse relationship between DL PCB and NDL PCB and FL risk was still observable. Results were mainly unchanged for CL and the other types of NHL (Table 4).

When adjusting model 2 on western and healthy dietary pattern, the results were virtually unchanged for all NHL (data not shown). In subtypes analysis an attenuation of the association between DL PCB and DLBCL was observed while the other results were virtually unchanged in terms of association and statistical significance (Supplementary material, Table S3).

Using dietary exposure to DL PCB expressed in pg/day did not change the results when investigating the association with the risk of developing all NHL compared to those obtained using DL PCB expressed in pg TEQ/day (data not shown). In subtype's analysis, the association between DL PCB measured in pg/day and DLBCL was no longer statistically significant, while the other results remained unchanged (Supplementary material, Table S4).

In a sensitivity analysis, compared to the main analyses, the results remained virtually unchanged in terms of magnitude and statistical significance after excluding the cases diagnosed during the first 5 years of follow-up (data not shown), as well as after excluding the women with a diagnosis of hepatitis B, and / or hepatitis C, and / or rheumatoid arthritis at baseline (risk factors of NHL) (data not shown).

Results remained virtually unchanged after limiting the follow-up to 10 years, although, due to a limited number of cases, analysis per NHL subtype could not be performed (data not shown).

When considering dietary exposure to DL PCB and NDL PCB divided by the body weight (pg/kg body weight/day), the results remained virtually unchanged in terms of magnitudes and statistical significance (data not shown).

4-Discussion

Overall the present study showed a lack of association between dietary exposure to DL and NDL PCB and the risk of developing NHL. Nevertheless, when analyzing separately the different histological subtypes of NHL, an increase of the risk of DLBCL was associated to DL PCB dietary exposure. Moreover, an inverse association was also highlighted between dietary exposure to DL and NDL PCB and the risk of developing FL.

To the best of our knowledge, this is the first study on NHL and dietary exposure to PCBs. Other authors have mainly investigated the relationship between PCB measured in biological samples (serum/plasma or adipose tissue) and the risk of NHL in the general population leading to inconsistent results: in 1996, Hardel et al. conducted a case-control study in the general population including 27 NHL cases and 17 surgical controls and found a significant higher concentration of some PCBs (congeners 157, 170, 171, 172, 182, 187, 189, 190, 192, 194, 201, 202, 208) in adipose tissue in cases then in controls [START_REF] Hardell | Higher concentrations of specific polychlorinated biphenyl congeners in adipose tissue from non-Hodgkin's lymphoma patients compared with controls without a malignant disease[END_REF]. A case-control study nested in the CLUE cohort and including 74 NHL cases and 147 controls highlighted an OR4vs1 equal to 4•1 (95% CI: 1•4-11•9) [START_REF] Rothman | A Nested Case-Control Study of Non-Hodgkin Lymphoma and Serum Organochlorine Residues[END_REF]). In 2007, Spinelli et al, conducted a case-control study, with 422 cases and 460 controls, and found a positive association between total summed lipid adjusted DL PCB and NDL PCB serum concentration and NHL risk (OR 2.40,OR 2. 18,, respectively) [START_REF] Spinelli | Organochlorines and Risk of Non-Hodgkin Lymphoma[END_REF]). Engel et al, reported a result of case-control studies nested in three cohorts (one in Norway JANUS, and two in USA CLUE I and NHS) and highlighted a positive association between PCB exposure and NHL risk: in CLUE I cohort an OR4vs1 4.60 (CI95% 1.70 -12.70) for lipid-corrected serum concentrations of overall PCB was reported, similarly, in NHS cohort an OR4vs1 of 4.70 (CI95% 1.20 -18.90) for lipid-corrected serum concentrations of overall PCB was highlighted at early follow-up period (until 5 years), while in JANUS cohort an OR4vs1 of 2.00 (CI95% 1.00 -3.90) was highlighted for lipid-corrected serum concentration of PCB 153 [START_REF] Engel | Polychlorinated Biphenyl Levels in Peripheral Blood and Non-Hodgkin's Lymphoma: A Report from Three Cohorts[END_REF]. A study including 100 untreated cases and 100 controls for which PCB plasma levels were measured found that certain PCBs were associated with increased risk of NHL, with odds ratios for the highest versus lowest quartile ranging from 2.7 to 3.5, and significant trends. The authors also highlighted that some associations were stronger among DLBCL cases than FL cases [START_REF] De Roos | Persistent Organochlorine Chemicals in Plasma and Risk of Non-Hodgkin's Lymphoma[END_REF]).

On the contrary, Quintana et al, examined this association in a case-control study (175 cases and 175 control) and did not find a significant association between NHL and adipose tissue concentration of PCB (OR 1.08, 95% CI [0.40 -2.92]) [START_REF] Quintana | Adipose Tissue Levels of Organochlorine Pesticides and Polychlorinated Biphenyls and Risk of Non-Hodgkin's Lymphoma[END_REF]). Cocco et al in 2008 conducted a nested case control study (174 cases and 203 controls) and overall found no association between plasma level of PCB and NHL. Nevertheless they have highlight an inverse association between lipid adjusted concentration of PCB 118 and NHL risk (OR4vs1 0.4, 95% CI [0.2 -0.8]) [START_REF] Cocco | Plasma Polychlorobiphenyl and Organochlorine Pesticide Level and Risk of Major Lymphoma Subtypes[END_REF]. Kelly et al. measured PCB level in plasma sample from 270 NHL cases and 270 controls from two European cohorts (EPIC-Italy and NSHDS). The authors found an inverse association between PCB levels and NHL risk although there was no evidence of a dose-response trend. When performing stratified analyses by gender the inverse association was stronger in males who displayed dose-dependent inverse trend. Similarly, when performing stratified analysis based on the NHL histological sub-type the significant inverse associations were limited to DLBCL [START_REF] Kelly | Prediagnostic Plasma Concentrations of Organochlorines and Risk of B-Cell Non-Hodgkin Lymphoma in Envirogenomarkers: A Nested Case-Control Study[END_REF]. Other studies assessed this association according to NHL subtypes. Bertrand et al, in a case control study including 600 men (205 cases and 409 controls), reported a positive association between the third tertile group of PCB serum concentration (adjusted for serum lipids) and DLBCL risk (OR 3.10,), but no significant association for FL and CLL (OR 2.30, CI95% [0.85 -6.30] and OR 1.40, CI95% [0.69 -2.90] respectively) [START_REF] Bertrand | Plasma Organochlorine Levels and Risk of Non-Hodgkin Lymphoma in a Cohort of Men[END_REF]).

Magoni et al. have not found a positive association between PCB serum levels and DLBCL risk (OR4vs1 0.59, CI95% [0.23 -1.50]) and FL risk (OR4vs1 0.67, CI95% [0.23 -1.90]) [START_REF] Magoni | Serum Levels of Polychlorinated Biphenyls and Risk of Non-Hodgkin Lymphoma: A Hospital-Based Case-Control Study[END_REF]. Moreover, in Colt's study, they found a positive association between PCB in dust and DLBCL risk (OR1.30, CI95% [0.90 -1.90]) and also for FL risk (OR 1.70, CI95% [1.20 -2.50]) [START_REF] Colt | Organochlorines in Carpet Dust and Non-Hodgkin Lymphoma[END_REF].

When interpreting the results obtained by the present study, it has to be considered that the association between DL PCB and DLBCL subtypes was attenuated after adjusting for the consumption on dairy products and fish, which represent the main sources of dietary exposure to PCB for the study population.

Dairy products and fish represent important sources of exposure also to other toxic substances, including other POP, such as organochlorine pesticides, as well as some metals, such as mercury, which in turn may be associated with the risk of developing NHL [START_REF] Arrebola | Differential Contribution of Animal and Vegetable Food Items on Persistent Organic Pollutant Serum Concentrations in Spanish Adults. Data from BIOAMBIENT.ES Project[END_REF][START_REF] Costa | Contaminants in Fish: Risk-Benefit Considerations[END_REF]. Moreover, previous studies have suggested that fish intake may be inversely associated to NHL, while dairy products consumption seems to be positively associated to NHL risk [START_REF] Wang | Dairy Product Consumption and Risk of Non-Hodgkin Lymphoma: A Meta-Analysis[END_REF][START_REF] Yang | Fish Consumption and Risk of Non-Hodgkin Lymphoma: A Meta-Analysis of Observational Studies[END_REF]. In conclusion, the lack of adjustment for fish and dairy products consumption could lead to a biased estimation of the association between DL PCB and DLBCL. On the contrary, the association between PCB and FL seems independent from the role of fish and dairy products consumption.

Considering the TDI of 2.33 pg TEQ/kg bw/d established by JECFA in 2001 (for dioxins and DL PCB together), concerning the study population, no women had a dietary exposure to DL PCB alone above this TDI. For NDL PCB, the TDI was 10 000 pg/kg bw/d, and 0.07% of the study population exceeded this health guidance value. In the latest report of the European Food Safety Authority [START_REF] Efsa | Risk for Animal and Human Health Related to the Presence of Dioxins and Dioxin-like PCBs in Feed and Food[END_REF], the tolerable weekly intake (TWI) for dietary exposure to dioxins and DL PCB was lowered to 2 pg TEQ/kg bw/weeks. In the E3N cohort, 58.77% of women had a dietary exposure above this TWI based exclusively on dietary exposure to DL PCB. In this latest report, there is no recommended TDI or TWI for NDL PCB.

To date, there is no clear understanding of pathophysiological mechanism which could eventually explain the relationship between PCBs and NHL, particularly because the pathophysiology of NHL is complex and multifactorial. AhR the ligand of DL PCB is involved with a number of biologic processes leading to multiple underlying hypotheses of the mechanism of PCB related NHL carcinogenesis. Activation of the AhR may lead to the loss of the apoptosis in three different lymphoma cell lines (Vogel et al. 2007). In addition, activation of AhR induces genes encoding the cytochrome p450 CYP1A1 enzymes by binding to specific DNA sequences. This cytochrome is involved in detoxification of chemicals and carcinogenesis [START_REF] Agundez | Cytochrome P450 Gene Polymorphism and Cancer[END_REF]) [START_REF] Agundez | Cytochrome P450 Gene Polymorphism and Cancer[END_REF]). AhR has also role in cell-cycle regulation, an interaction between AhR gene polymorphisms and PBC has been highlighted and could affect cell cycle regulation and participate in carcinogenesis [START_REF] Ng | Interaction between Organochlorines and the AHR Gene, and Risk of Non-Hodgkin Lymphoma[END_REF] [START_REF] Ng | Interaction between Organochlorines and the AHR Gene, and Risk of Non-Hodgkin Lymphoma[END_REF]. In our study, results are different depending on units of measure of DL PCB (pg TEQ/day or pg/day) suggesting a role of AhR in the relationship between NHL and DL PCB. Finally another hypothesis is in favor of a mediator role played by the immune system: indeed, knowing that immune dysregulation is a strong risk factor for NHL, exposure to PCB could lead to an increase risk of NHL due to on the immune effects they induce [START_REF] Kramer | Current Status of the Epidemiologic Evidence Linking Polychlorinated Biphenyls and Non-Hodgkin Lymphoma, and the Role of Immune Dysregulation[END_REF] [START_REF] Kramer | Current Status of the Epidemiologic Evidence Linking Polychlorinated Biphenyls and Non-Hodgkin Lymphoma, and the Role of Immune Dysregulation[END_REF]. Some limitations have to be considered when interpreting the results obtained by the present study. The E3N cohort, like most cohort studies, is not representative of the French middle-age female population; therefore extrapolating results to the general population must be done carefully. The levels of food contamination could have decreased between 1993 (date of FFQ) and 2007 (date of ANSES assessing the food contamination levels), but this had probably only a minimal impact because PCBs are persistent organic pollutants, with a very slowly decrease environmental level of contamination and we expect eventually the decrease levels of contamination to be homogeneous among the different food groups. In addition, food consumption data used to estimate dietary exposure to PCB were collected in 1993, thus dietary exposure previous to this date has not been included in the present study; consequently the potential effect of PCB exposure during critical windows of exposure (e.g. puberty) has not been taken into account in the present analyses. The present study investigates the effects of PCB dietary exposure which, not taking into account PCB pharmacokinetics and bioavailability, does not directly reflect internal levels of exposure. Dietary consumption data are self-reported and a certain degree of misclassification of exposure is possible, and, as the study is prospective, the potential effect is likely to be nondifferential and could lead to an attenuation of the true association. Because our analyses are based on a single collection of food consumption data, we have not been able to take into account changes in dietary habits. Moreover, although all food samples were prepared "as consumed" before being analyzed, no specific information on individual cooking habits was available for the E3N women, which instead could have an impact on the variability of PCBs food contamination level. Finally, the number of cases according to histological subtype was limited, reducing the statistical power of some sensitivity analyses.

Despite the previously discussed limitations, our study has several strengths. It is a first study on the association between dietary exposure to PCBs and the risk of NHL in general population. The prospective design of the study as well as the long follow-up (21 years) available, allows us to consider a long period of latency between exposure and outcome. The low percentage of missing data attests of the quality of the information collected. Moreover, because most women from the E3N cohort are workers of the French national education system, we can assume the occupational PCBs exposure to be negligible and homogeneous among study participants. Finally, only confirmed cases of NHL were included in the analyses, and most known NHL risk factors were considered, increasing the accuracy of the results. The measurement of dietary exposure, although it is an estimate, allows considering the main current route of exposure.

In conclusion, this is the first epidemiological study to investigate the association between dietary exposure to PCBs and the risk of NHL. The present study reflects the dietary exposure of 67 879 not professionally exposed French women followed for over 21 years. Overall the present study suggests a lack of association between dietary exposure to DL PCB and NDL PCB and NHL risk, although an inverse association between dietary exposure to NDL PCB and DL PCB and FL risk as well as a positive association between dietary exposure to DL PCB and DLBCL risk were suggested. These results need to be confirmed in other study population. 21.9 (13.4-34.9) 21.9 (13.4-34.9) 20.9 (14.2-34.0) 0.70 Dietary exposure to dioxin-like PCBs (pg-TEQ/day) 18.5 (14.1-23.9) 18.5 (14.1-23.9) 18.3 (13.9-23.7) 0.38 Dietary exposure to dioxin-like PCBs (pg/day) 33,717.7 (25,344.0-44,372.1) 33,719.7 (25,345.4-44,374.7) 33042.4 (25,256.5-43,808 

  When considering dietary exposure to NDL PCB, no association was highlighted with DLBCL risk (ORcontinuous 1.69, 95%CI [0.97 -2.95]; OR3vs1 1.33, 95%CI [0.72 -2.46], ptrend 0.035), nor with CLL risk (ORcontinuous 0.71, 95%CI [0.44 -1. 15]; OR3vs1 0.84, 95%CI [0.49 -1.43], ptrend 0.54). An inverse association was observed between NDL PCB and FL risk (ORcontinuous 0.59, 95%CI [0.35 -1.02]; OR3vs1 0.46, 95%CI [0.24 -0.87], ptrend 0.01). NDL PCB dietary exposure was not associated to the risk of developing the other types of NHL (ORcontinuous 1.06, 95%CI [0.76 -1.47]; OR3vs1 1.07, 95%CI [0.75 -1.52], ptrend 0.57) (Table

Figure 1

 1 Figure 1 Flow chart

  . Median dietary exposure to NDL PCB was 149 221.1 pg/day(IQR 101,694.3) and 138,843.2 pg/day (IQR 103,717.1-184,573.0) for cases and non-cases, respectively. The main characteristics of the study population overall, and per cases and non-cases separately, are summarized in Table1.

	The median follow-up time to diagnosis of NHL was 12.8 (IQR 7.76 -16.87) years and the median age at
	diagnosis of NHL was 66.6 years. The distribution of the NHL subtypes was 71 DLBCL (16%), 81 FL (18%),
	97 (21%) CLL and 208 (46%) other lymphoma.

Table 1 :

 1 Baseline characteristics at the inclusion of the study (N=67 879)

		Case of NHL or LLC incident	Global p-
	All (N=67,879)	Non-cases (N=67,422)	Cases (N=457)	value

Table 2 :

 2 Hazard ratios and 95% confidence intervals for the risk of incident NHLs according to tertiles of dietary exposures to DL PCB (pg TEQ/d) and NDL PCB (pg/d) estimated by Cox multivariate regression models in the E3N cohort (N = 67 879)

				M1	M2
		Number (%) non-cases	Number (%) cases	HR [95% CI]	HR [95% CI]
		N=67422	N=457		
	Dietary intake of dioxin-like PCBs (pg-				
	TEQ/day)				
	T1	22235 (32.98)	165 (36.11)	Reference	Reference
	T2	22262 (33.02)	138 (30.20) 0.86 [0.69; 1.08] 0.85 [0.67; 1.08]
	T3	22925 (34.00)	154 (33.70) 0.97 [0.78; 1.20] 0.94 [0.73; 1.22]
	P-trend			0.82	0.72
	Dietary intake of dioxin-like PCBs (pg-				
	TEQ/day) log-transformed				
	Trend	67422 (100.00) 457 (100.00) 0.97 [0.78; 1.20] 0.94 [0.72; 1.22]
	P-trend			0.76	0.63
	Dietary intake of non dioxin-like PCBs				
	(pg/day)				
	T1	22237 (32.98)	163 (35.67)	Reference	Reference
	T2	22257 (33.01)	143 (31.29) 0.91 [0.73; 1.14] 0.90 [0.71; 1.13]
	T3	22928 (34.01)	151 (33.04) 0.94 [0.76; 1.18] 0.92 [0.72; 1.18]
	P-trend			0.66	0.55
	Dietary intake of non dioxin-like PCBs				
	(pg/day) log-transformed				
	Trend	67422 (100.00) 457 (100.00) 0.97 [0.80; 1.19] 0.95 [0.76; 1.19]
	P-trend			0.77	0.64
	M1: Adjusted for age (years)				
	M2: M1+ BMI at Q3 (kg/m2)), birth generation (<=1930, ]1930; 1935], ]1935; 1940], ]1940; 1945], >1945), mean daily alcohol
	consumption at Q3 (g/day)), physical activity at Q3 (MET-hour/week)), smoking status at Q3 (never, former,	
	current), educational level (<12, 12 TO 14, >14), and mean daily energy intake at Q3 (kcal/day))	

Table 3 :

 3 Hazard ratios and 95% confidence intervals for the risk of incident subtypes of NHL according to tertiles of dietary exposures to DL PCB (pg TEQ/d) and NDL PCB (pg/d) estimated by Cox multivariate regression models in the E3N cohort (N=67 879)

	M2

Table 4 :

 4 Hazard ratios and confidence intervals for the risk of incident subtypes of NHL according to tertiles of dietary exposures to DL PCB (pg TEQ/d) and NDL PCB (pg/d) estimated by Cox multivariate regression models adjusted on food groups in the E3N cohort (N=67 879) Adjusted for age (years), BMI at Q3 (kg/m2)), birth generation (<=1930, ]1930; 1935], ]1935; 1940], ]1940; 1945], >1945), mean daily alcohol consumption at Q3 (g/day)), physical activity at Q3 (MET-hour/week)), smoking status at Q3 (never, former, current), educational level (<12, 12 TO 14, >14), mean daily energy intake at Q3 (kcal/day)), and mean daily fish consumption at Q3 (g/day)) M4: Adjusted for age (years), BMI at Q3 (kg/m2)), birth generation (<=1930, ]1930; 1935], ]1935; 1940], ]1940; 1945], >1945), mean daily alcohol consumption at Q3 (g/day)), physical activity at Q3 (MET-hour/week)), smoking status at Q3 (never, former, current), educational level (<12, 12 TO 14, >14), mean daily energy intake at Q3 (kcal/day)), and mean daily dairy products consumption at Q3 (g/day))

				M3	M4
		Number (%) non-cases	Number (%) cases	HR [95% CI]	HR [95% CI]
	DLBCL				
	Dietary intake of dioxin-like PCBs (pg-				
	TEQ/day)				
	T1	22375 (33.00)	25 (35.21)	Reference	Reference
	T2	22385 (33.01)	15 (21.13) 0.74 [0.38; 1.45]	0.72 [0.37; 1.39]
	T3	23048 (33.99)	31 (43.66) 1.80 [0.88; 3.69]	1.71 [0.92; 3.18]
	P-trend			0.08	0.06
	Dietary intake of dioxin-like PCBs (pg-TEQ/day) log-transformed	67808 (100.00)	71 (100.00) 1.81 [0.77; 4.25]	1.73 [0.87; 3.43]
	P			0.17	0.12
	Dietary intake of non dioxin-like PCBs				
	(pg/day)				
	T1	22376 (33.00)	24 (33.80)	Reference	Reference
	T2	22378 (33.00)	22 (30.99) 1.00 [0.54; 1.85]	1.06 [0.58; 1.93]
	T3	23054 (34.00)	25 (35.21) 0.99 [0.45; 2.19]	1.23 [0.66; 2.28]
	P-trend			0.99	0.50
	Dietary intake of non dioxin-like PCBs (pg/day) log-transformed	67808 (100.00)	71 (100.00) 1.62 [0.68; 3.88]	1.56 [0.89; 2.74]
	P			0.28	0.12
	CLL				
	Dietary intake of dioxin-like PCBs (pg-				
	TEQ/day)				
	T1	22361 (32.99)	39 (40.21)	Reference	Reference
	T2	22374 (33.01)	26 (26.80) 0.68 [0.40; 1.15]	0.64 [0.38; 1.08]
	T3	23047 (34.00)	32 (32.99) 0.86 [0.46; 1.62]	0.75 [0.43; 1.30]
	P-trend			0.66	0.34
	Dietary intake of dioxin-like PCBs (pg-TEQ/day) log-transformed	67782 (100.00)	97 (100.00) 0.79 [0.41; 1.53]	0.70 [0.40; 1.22]
	P			0.49	0.21
	Dietary intake of non dioxin-like PCBs				
	(pg/day)				
	T1	22365 (33.00)	35 (36.08)	Reference	Reference
	T2	22369 (33.00)	31 (31.96) 0.95 [0.56; 1.60]	0.88 [0.53; 1.45]
	T3	23048 (34.00)	31 (31.96) 1.04 [0.52; 2.08]	0.83 [0.49; 1.43]
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