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Results: A total of 9,587 cases and 31,633 controls were included. No associations were found for either maternal or paternal exposures and TGCT risk in their sons with odds ratios of 0.85 [95% confidence interval 0.57-1.25] and of 1.03 [0.93-1.15], respectively. Countryspecific estimates and stratification by birth cohorts revealed some heterogeneity.

Cryptorchidism, hypospadias and family history of testicular cancer were risk factors but adjustment did not change the main results.

Conclusions: This is the largest study on prenatal exposure to pesticides and TGCT risk, overall providing no evidence of an association.

Résumé en Français

Les tumeurs germinales du testicule (TGT) représentent le cancer le plus fréquent chez les hommes Européens âgés de 15 et 39 ans. L'incidence a doublé dans la plupart des pays Européens depuis 30 ans. Cette augmentation rapide, les variations géographiques d'incidence et les études chez les populations migrantes suggèrent un rôle des facteurs environnementaux dans le développement des TGT. Cette thèse propose de contribuer à l'amélioration des connaissances concernant l'évolution du TGT en clarifiant l'impact des expositions environnementales et professionnelles, notamment pendant la période prénatale. Les objectifs principaux sont de:

1. Prédire l'incidence du TGT jusqu'en 2025 en estimant la part d'augmentation due aux changements démographiques afin d'obtenir une estimation de l'augmentation due aux risques.

2. Faire un bilan de l'état des connaissances sur l'association entre les expositions environnementales et professionnelles et le développement du TGT dans une revue systématique de littérature 3. Investiguer l'association entre l'exposition parentale professionnelle aux pesticides en période prénatale et le TGT parmi la descendance Les résultats montrent que l'incidence du TGT continue d'augmenter, mettant en avant un fort impact environnemental dans l'évolution du TGT. Néanmoins, la revue de littérature ne permettait pas d'identifier de facteurs de risque environnementaux avérés, mais montrait un manque d'études investiguant les expositions prénatales sur le risque de TGT. L'étude NORD-TEST menée sur les données de registre de quatre pays nordiques est l'étude la plus puissante à ce jour et ne montre aucune association entre l'exposition parentale professionnelle aux pesticides en période prénatale et le TGT.

Mots clés : tumeurs germinales du testicule, prédictions, exposition prénatale, exposition environnementale, exposition professionnelle

English summary

Testicular germ cell tumours (TGCT) are the most common cancer diagnosed among young European men aged between 15 and 39 years. TGCT incidence rates have doubled in most European countries over the last 30 years. This rapid increase in incidence, the geographical variations and the studies in migrant populations suggest a role of environmental factors in TGCT aetiology. This thesis aims to contribute to the knowledge of TGCT evolution by studying the impact of environmental and occupational exposures, especially during the prenatal period. The objectives are:

1. To estimate the proportion of the increased incidence due to overall changes in risk patterns compared to the proportion due to demographic changes, by predicting the future testicular cancer trends in Europe 2. To summarize and evaluate the current knowledge on environmental and occupational exposures related to TGCT risk by means of a systematic literature review 3. To investigate the association between the prenatal parental occupational exposure to pesticides and TGCT risk in the offspring

The results show that the TGCT incidence continues to increase, supporting an environmental impact on TGCT evolution. From the epidemiological literature to date no specific environmental risk factors emerge; however, there have clearly been a lack of studies investigating prenatal exposures on TGCT risk. The NORD-TEST study, based on registry data from four Nordic countries, is the largest study to date. No association was found between parental occupational exposure to pesticides during prenatal period and TGCT risk. France Acknowledgement I would like to thank my supervisors Béatrice Fervers and Joachim Schüz to have given me the chance to do my PhD in such a privileged collaboration between France and the international. Thanks for your supportive and trustful supervision; thanks to have introduced me to a large network of collaborators and to have leaved me grow professionally in giving me autonomy and responsibility in project management.
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Résumé substantiel en français

Introduction

Les tumeurs germinales du testicule (TGT) sont le plus fréquemment diagnostiquées chez les jeunes hommes Européens âgés de 15 à 39 ans. Même si l'incidence reste faible, elle a doublé dans la plupart des pays Européens au cours des 30 dernières années. En France, leur taux d'incidence standardisé a augmenté de 3,4/ 100.000 à 6,7/100.000 entre 1980 et 2012 [START_REF] Belot | Cancer incidence and mortality in France over the period 1980-2005[END_REF]. L'incidence varie également du simple au double entre pays limitrophes. Par exemple, en 2007 la Suède observe un taux d'incidence de 6,2/ 100.000 contre 11,8/ 100.000 en Norvège (Ferlay et al., 2010a). Les études chez les migrants montrent que la première génération garde un taux d'incidence similaire au pays d'origine alors que la seconde génération tend à avoir un taux d'incidence similaire au pays hôte. Cette augmentation rapide d'incidence, les variations géographiques d'incidence et les études chez les migrants suggèrent une forte composante environnementale dans l'étiologie de la TGT. La littérature sur l'impact environnemental et professionnel et le risque de TGT est vaste mais ne permet pas de conclure en un facteur de risque avéré.

Seul la cryptorchidie et les antécédents familiaux de cancer du testicule se sont avérés consistants dans l'association avec la TGT. Le jeune âge au diagnostic de TGT et l'association trouvée avec certaines caractéristiques de naissance (cryptorchidie, ordre de naissance, poids de naissance, parité) suggèrent une origine prénatale. Les TGT ont également été proposés comme étant un symptôme du trouble de dysgénésie testiculaire (TDS) au même titre que la cryptorchidie, l'hypospadias et l'altération de la spermatogenèse (Skakkebaek et al., 2001). Ce syndrome prendrait origine pendant la période intra-utérine, lors de la formation du tractus génital. Même si le TDS reste sujet de controverses, l'hypothèse d'une origine prénatale dans la TGT reste largement acceptée. Les études in vivo et in vitro montrent que l'exposition aux perturbateurs endocriniens pourrait avoir un impact sur le développement génital et ainsi augmenter le risque de cryptorchidie et d'hypospadias. Certaines études épidémiologiques ont investigué les perturbateurs endocriniens et le risque de TGT mais les résultats restent divergents. Les pesticides, considérés comme perturbateurs endocriniens furent les premiers étudiés en lien avec la TGT en 1984 [START_REF] Mills | Testicular cancer associated with employment in agriculture and oil and natural gas extraction[END_REF]. Une revue de littérature récente concluait que les pesticides étaient un des facteurs environnementaux les plus plausibles dans l'étiologie de la TGT (McGlynn and Trabert, 2012). Néanmoins, la plupart des études ont été menées sur les expositions du cas à l'âge adulte. Au vue du jeune âge au diagnostic il reste peu probable que le temps de latence soit suffisant pour développer une TGT. Très peu d'études ont investigué les expositions intra-utérines environnementales avec le risque de TGT. L'activité professionnelle des parents dans l'agriculture et les personnes ayant obtenu un permis d'utilisation de pesticides furent utilisés comme proxy pour investiguer l'association entre exposition prénatale ou tôt dans la vie, avec le risque de TGT mais les résultats restent controversés. D'autres études se sont basées sur les prélèvements sanguins. La concentration de composés organochlorés dans le sang maternel au moment du diagnostic de leur fils montrait une concentration plus élevée parmi les mères des cas [START_REF] Hardell | Concentrations of polychlorinated biphenyls in blood and the risk for testicular cancer[END_REF]. Néanmoins, cette association n'était pas retrouvée lorsque le sang maternel était collecté au moment de la naissance du fils [START_REF] Cohn | Prenatal DDT exposure and testicular cancer: a nested case-control study[END_REF].

La mesure rétrospective d'exposition constitue une limite majeure dans les études épidémiologiques. De plus, la TGT reste une maladie rare et l'obtention d'une puissance suffisante dans une étude épidémiologique est un vrai challenge.

Objectifs

Cette thèse propose de contribuer à l'amélioration des connaissances concernant l'évolution du TGT en clarifiant l'impact des expositions environnementales et professionnelles, notamment pendant la période prénatale en répondant à trois objectifs principaux :

1. Prédire l'incidence du cancer du testicule pour 2025 en estimant la part d'augmentation d'incidence due à l'évolution démographique versus l'évolution des facteurs de risque, incluant le risque environnemental (Chapitre 2).

2. Dresser le bilan de l'état des connaissances épidémiologiques sur l'association entre les expositions environnementales et professionnelles et le risque de développer une TGT, en distinguant les expositions prénatales et au cours de la vie dans une analyse critique de la littérature (Chapitre 3).

3. Investiguer l'association entre l'exposition parentale professionnelle aux pesticides en période prénatale et le risque de TGT parmi la descendance dans une étude cas-témoins pooler sur quatre pays nordiques (Chapitre 4).

Méthodes

Le modèle NORDPRED a été utilisé pour prédire les futures tendances de cancer du The results from these three linked, but separately investigated, objectives is expected to provide additional insight into the role of environmental exposures on TGCT risk including during the prenatal period.

Table of content

TESTICULAR CANCER DEFINITION

Today in Europe, testicular cancer represents 1% of all cancers (Ferlay et al., 2013). It is characterized by young age at diagnosis, as 90% of testicular cancers are diagnosed in men between 15 and 54 years old (Ferlay et al., 2013), making it the most common cancer diagnosed among European males aged 15-39 years (Ferlay et al., 2013).

Almost 98% of testicular cancers originate from the germ cells and are therefore commonly named TGCT. The two distinct histological subtypes of TCGT are nonseminoma and seminoma. The non-seminoma germ cell tumours are more aggressive and have poorer prognosis than seminomas [START_REF] Møller | Clues to the aetiology of testicular germ cell tumours from descriptive epidemiology[END_REF]. Nevertheless, survival from TCGT is generally good, and, today, in Western countries such as Germany and US, five year survival is approximately 98% for seminoma and 92% for non-seminoma [START_REF] Stang | Survival after a diagnosis of testicular germ cell cancers in Germany and the United States, 2002-2006: a high resolution study by histology and age[END_REF].

The average age at diagnosis of non-seminoma cancers is 25 years of age, which is approximately 10 years earlier than among seminoma cancer cases. Seminomas are the most common subtype, representing 55-60% of TGCT. Non-seminomas represent about 40-45% of TGCT [START_REF] Bray | Do testicular seminoma and nonseminoma share the same etiology? Evidence from an age-periodcohort analysis of incidence trends in eight European countries[END_REF] and can be subdivided into embryonal carcinomas, teratomas, yolk sac tumuors and choriocarcinomas. A small proportion of teratomas and almost all yolk sac tumours are diagnosed before puberty and are thus categorized as infantile cancers suggesting a different aetiology. Spermatocytic seminoma is diagnosed later in life, in men over 50 years of age, and accounts for less than 4% of TGCT [START_REF] Eble | Tumours of the Urinary System and Male Genital Organs[END_REF].

Non-TGCT types of testicular cancers, including melanoma, lymphoma, rhabdomyosarcoma, Leydig and Sertoli cell tumours, are rare [START_REF] Eble | Tumours of the Urinary System and Male Genital Organs[END_REF].

Thus, the most common type of testicular cancer is post-pubertal TGCT in adult men between 15 and 39 years old, and its aetiology is likely to be different from infantile and spermatocytic tumours [START_REF] Almstrup | From embryonic stem cells to testicular germ cell cancer-should we be concerned?[END_REF][START_REF] Møller | Risks of testicular cancer and cryptorchidism in relation to socio-economic status and related factors: case-control studies in Denmark[END_REF][START_REF] Meyts | The immunohistochemical expression pattern of Chk2, p53, p19INK4d, MAGE-A4 and other selected antigens provides new evidence for the premeiotic origin of spermatocytic seminoma[END_REF].

Throughout this thesis, the term TGCT will refer to post-pubertal TGCT while testicular cancer will encompass all types of testicular cancer including infantile and late-onset types. These two latter types of testicular cancer represent less than 10% of overall testicular cancer cases.

CARCINOMA IN SITU AND TESTICULAR DYSGENESIS SYNDROME

In 1972, carcinoma in situ (CIS) were found in two infertile men who subsequently developed testicular cancer [START_REF] Skakkebaek | Possible carcinoma-in-situ of the testis[END_REF], leading to the hypothesis that CIS could be a pre-invasive precursor of TGCT. It has since been found that non-seminomas and seminomas are preceded by CIS [START_REF] Skakkebaek | Carcinoma-in-situ of the testis: possible origin from gonocytes and precursor of all types of germ cell tumours except spermatocytoma[END_REF], but not spermatocytic and infantile subtypes [START_REF] Eble | Tumours of the Urinary System and Male Genital Organs[END_REF][START_REF] Skakkebaek | Carcinoma-in-situ of the testis: possible origin from gonocytes and precursor of all types of germ cell tumours except spermatocytoma[END_REF].

Three decades later in 2001, following the observation of a rapid increase of male reproductive disorders and the identification of common risk factors for spermatogenesis impairment, undescended testis (cryptorchidism), hypospadias and TGCT, the team of Niels Erik Skakkebaek in Denmark proposed that those four disorders were the symptoms of a common underlying developmental impairment, the testicular dysgenesis syndrome (TDS) (Skakkebaek et al., 2001). The TDS has been suggested to result from the dysfunction of Sertoli cells, Leydig cells or their direct precursor, involved in gonocyte differentiation (Rajpert-De Meyts, 2006;[START_REF] Sharpe | Pathways of endocrine disruption during male sexual differentiation and masculinization[END_REF]Skakkebaek et al., 2001). The undifferentiated gonocyte may evolve to CIS which could later develop into malignancy. Recent research found that gonocytes and CIS have similar genetic profiles [START_REF] Almstrup | From embryonic stem cells to testicular germ cell cancer-should we be concerned?[END_REF] with several markers found common to both (Rajpert-De Meyts, 2006). During the differentiation, these markers vanish, suggesting that CIS might be a gonocyte subsisting in the postnatal testis [START_REF] Sonne | Analysis of gene expression profiles of microdissected cell populations indicates that testicular carcinoma in situ is an arrested gonocyte[END_REF].

In vivo and in vitro studies provided evidence that environmental chemical compounds can mimic oestrogens and disturb hormonal pathways [START_REF] Sharpe | Testicular dysgenesis syndrome: mechanistic insights and potential new downstream effects[END_REF][START_REF] Sharpe | Pathways of endocrine disruption during male sexual differentiation and masculinization[END_REF]. Exposure to exogenous compounds in utero during gonad development may disrupt the normal gonocyte differentiation leading to genomic instabilities (Rajpert-De Meyts, 2006;Skakkebaek et al., 2001). If CIS can develop in utero, it will only start to progress to more invasive forms at puberty, after the activation of the pituitary-gonadal axis, accumulating genomic aberrations that could develop to TGCT (Rajpert-De Meyts, 2006;[START_REF] Skakkebaek | Carcinoma-in-situ of the testis: possible origin from gonocytes and precursor of all types of germ cell tumours except spermatocytoma[END_REF][START_REF] Sonne | Analysis of gene expression profiles of microdissected cell populations indicates that testicular carcinoma in situ is an arrested gonocyte[END_REF].

Congenital malformations have been found to be associated with TGCT. Cryptorchidism however is the only consistently and well-established risk factor associated with TGCT.

For hypospadias, on the other hand, confirmation of an association with TGCT is needed.

The inconsistent association raised some doubts about the TDS hypothesis, intensively discussed by the scientific community. Nevertheless, even if the TDS hypothesis remains subject of controversy (Akre 2009), the fact that TGCT has a prenatal origin is largely accepted.

TESTICULAR CANCER INCIDENCE AND MORTALITY

It was estimated that in 2012 there were 55,266 new cases of testicular cancer worldwide, among which 59% were diagnosed in more developed regions (Ferlay et al., 2013). The world distribution of the age-standardised incidence rate (ASR) of testicular cancer using the world standard population is displayed in the Figure 2. The regions with the highest incidence are shown in dark blue. In 2012, about 43% of new cases were diagnosed in Europe. Europe has the highest ASR of testicular cancer; 7.1/100,000 in 2012, compared to 5, 5, 2.2 and 0.4 in North America, Oceania, Latin America and the Caribbean and Africa respectively (Ferlay et al., 2013). Notable variations are observed between countries; for example in Latin America, Argentina and Chile had marginally high ASR with 5 and 6.8/100,000 respectively (Ferlay et al., 2013). Testicular cancer incidence rates have increased considerably and are still increasing in the majority of countries [START_REF] Znaor | Cancer incidence and mortality patterns in South Eastern Europe in the last decade: gaps persist compared with the rest of Europe[END_REF]. In Europe, testicular cancer incidence rates have doubled over the last 30 years. In France, the age-standardised incidence rate (World standard population) has increased from 3.4/100,000 in 1980 to 6.4/100,000 in 2005 [START_REF] Belot | Cancer incidence and mortality in France over the period 1980-2005[END_REF]. Denmark had the highest incidence rate for many years with an incidence of 9.8/100,000 in 1999, when it was surpassed by Norway (Engholm et al., 2014;[START_REF] Jacobsen | Trends in testicular cancer incidence in the Nordic countries, focusing on the recent decrease in Denmark[END_REF]. While in Denmark, the age-standardised incidence rate increased by 30% over the 30 year period between 1973-1977 and 1998-2002, there were much steeper increases in other countries such as Germany (153%), Finland (131%), Norway (116%) and Israel (114%) The lowest incidence rates and smallest increases were mainly observed in Asia (under 25%), and there was even a decrease recorded in India (Victoria [START_REF] Chia | Effect modification of endocrine disruptors and testicular germ cell tumour risk by hormone-metabolizing genes[END_REF]. In recent years, the annual incidence of testicular cancer increased more slowly in the highest-risk populations (Denmark, Norway, United States, Australia) and more rapidly in Southern Europe and Latin America, with an annual increase of 6.8% in Croatia and 3.8% in Costa Rica [START_REF] Znaor | Cancer incidence and mortality patterns in South Eastern Europe in the last decade: gaps persist compared with the rest of Europe[END_REF].

In the Nordic countries, there are large geographical differences in incidence rates from one country to another [START_REF] Patama | Comparison of exposure assessment methods for occupational carcinogens in a multi-centre lung cancer case-control study[END_REF]. For example, in 2000 Sweden had 5.6 and Finland had 3.7 cases per 100,000 men, which is considerably less than in Norway and Denmark, 10.0 and 9.2 per 100,000 men, respectively (Engholm et al., 2014). In other parts of Europe, West -East and North -South gradients are also observed (Victoria M Chia et al., 2010).

While the TGCT incidence has been increasing for three decades, the mortality has decreased [START_REF] Znaor | International variations and trends in testicular cancer incidence and mortality[END_REF]. The overall testicular cancer mortality worldwide is estimated at 10,351 men in 2012 (Ferlay et al., 2013) among which 20% are from more developed regions and almost 80% from less developed regions. With a 10-year survival rate reaching more than 95%, testicular cancer is the most curable cancer in Europe [START_REF] Travis | Testicular cancer survivorship: research strategies and recommendations[END_REF].

Testicular germ-cell tumours (TGCTs) represent a model of a curable malignancy.

Advances in initial treatment with cisplatin-based chemotherapy have resulted in an increased in survival rates [START_REF] Znaor | International variations and trends in testicular cancer incidence and mortality[END_REF].

TESTICULAR CANCER AETIOLOGY

The steep increase in the incidence rates over a relatively short time period as mentioned above, the geographical variations of incidence rates even among neighbouring countries, and epidemiological studies in immigrants showing different risk patterns between immigrants and host populations, strongly suggest that environmental factors have an impact on TGCT incidence.

Although many studies have investigated environmental factors and risk of TGCT, no clear associations emerged. Endocrine disruptors have been suggested to have an impact on genital male disorders by estrogenic and anti-androgenic action that may interfere with hormonal regulation [START_REF] Sharpe | Pathways of endocrine disruption during male sexual differentiation and masculinization[END_REF]. Pesticides and organochlorine have been the most studied with respect to TGCT, but the associations still need to be confirmed.

The main risk factors that have been consistently found to be associated with TGCT risk are cryptorchidism and family history of TGCT. Also, the early age at TGCT diagnosis, the association with congenital malformations and the TDS hypothesis suggest that TGCT could have prenatal or early life origin.

In the following paragraphs, findings from previous studies on TGCT aetiology will be summarized. First, perinatal and life-long potential risk factors will be discussed, followed by genetic TGCT susceptibility and, finally, a more specific focus on endocrine disruptors.

Perinatal factors

TGCT risk factors remain largely unknown but several factors related to pregnancy or childbirth have been found to be associated. The congenital malformation cryptorchidism proposed as part of the TDS is the most established associated factor with a 2 to 4-fold increase in TGCT risk (Cook et al., 2009;[START_REF] Eble | Tumours of the Urinary System and Male Genital Organs[END_REF][START_REF] Garner | Epidemiology of testicular cancer: an overview[END_REF][START_REF] Trabert | Congenital malformations and testicular germ cell tumors[END_REF]. Moreover, a positive association has been found with hypospadias, also possibly part of the TDS [START_REF] Garner | Epidemiology of testicular cancer: an overview[END_REF][START_REF] Trabert | Congenital malformations and testicular germ cell tumors[END_REF], while the association with inguinal hernia remains controversial [START_REF] Garner | Epidemiology of testicular cancer: an overview[END_REF][START_REF] Trabert | Congenital malformations and testicular germ cell tumors[END_REF]. Associations have also been found with other birth defects such as hydrocele, varicocele, Down syndrome and neonatal jaundice, although the evidence is inconsistent (Cook et al., 2009).

Family composition, characteristics of pregnancy and characteristics of the new born have been extensively studied. Maternal bleeding during pregnancy, birth order (being first-born has been associated with a raised risk), sibship size (more than three children was found to be protective) (Cook et al., 2009), twinning [START_REF] Cook | A systematic review and meta-analysis of perinatal variables in relation to the risk of testicular cancer-experiences of the son[END_REF], and shorter gestational age strongly correlated to low birth weight [START_REF] Cook | A systematic review and meta-analysis of perinatal variables in relation to the risk of testicular cancer-experiences of the son[END_REF]McGlynn and Cook, 2009) have been found to be associated with TGCT in meta-analyses. Other factors such as maternal and paternal age, preeclampsia, Caesarean section, birth length and breast feeding remain equivocal [START_REF] Cook | A systematic review and meta-analysis of perinatal variables in relation to the risk of testicular cancer-experiences of the son[END_REF]Cook et al., 2009;McGlynn and Cook, 2009).

Diethylstilbestrol (DES), a synthetic oestrogen prescribed to prevent miscarriage until 1970s, was found to be associated with different birth defects. It has been classified as a possible carcinogen with limited evidence for human testis by the IARC monographs in 1978 and 1987 [START_REF] Grosse | A review of human carcinogens-Part A: pharmaceuticals[END_REF]. The hypothesis that maternal exposure to higher oestrogen levels during pregnancy plays a role has been proposed. Nevertheless, associations between TGCT and factors related to high oestrogen levels such as excessive nausea in early pregnancy, low maternal parity, first pregnancy, dizygotic twins and the use of oral contraceptives in the year before conception remain controversial in the literature [START_REF] Coupland | Maternal risk factors for testicular cancer: a population-based case-control study (UK)[END_REF]McGlynn and Cook, 2009). It has also been suggested that the anti-oestrogenic effect due to cigarette smoke during pregnancy may have an impact on TGCT risk, but the inconsistency in findings does not support this hypothesis (McGlynn and Cook, 2009;[START_REF] Tuomisto | Maternal smoking during pregnancy and testicular cancer in the sons: a nested case-control study and a meta-analysis[END_REF].

Adolescent and young adult factors

Factors suggesting a lower androgen level in young adults as a risk factor for TGCT have been investigated in different studies. Follicle stimulating hormone (FSH) and testosterone levels, reduced body muscle mass and baldness were suggested to have an impact on TGCT risk (McGlynn and Cook, 2009). Despite the subjective definition of puberty and difficulties in determining the precise time of puberty onset, some studies did attempt to evaluate the association of timing of puberty with TGCT risk. They found an increase in risk with early puberty (McGlynn and Cook, 2009) using the time at voice breaking and first shaving as markers of the start of puberty [START_REF] Maule | Age at puberty and risk of testicular cancer: a metaanalysis[END_REF]McGlynn and Cook, 2009). Subfertility, which is correlated with sperm quality impairment, part of the TDS, has also been found to be associated with increase in TGCT risk [START_REF] Raman | Increased incidence of testicular cancer in men presenting with infertility and abnormal semen analysis[END_REF]. A meta-analysis including 17 studies showed that taller men were more likely to developed TGCT [START_REF] Lerro | A systematic review and meta-analysis of the relationship between body size and testicular cancer[END_REF]. Some suggestion that height might reflect anthropometric features like testis size or early age at puberty were not conclusive [START_REF] Lerro | A systematic review and meta-analysis of the relationship between body size and testicular cancer[END_REF].

There is also controversy over the potential associations of body mass index (BMI) and sedentary lifestyles with TGCT risk [START_REF] Garner | Epidemiology of testicular cancer: an overview[END_REF]. It has been proposed that physical activity during childhood could have a beneficial impact on risk (McGlynn and Cook, 2009). Fat and dairy products, especially milk (McGlynn and Trabert, 2012), have been positively associated with TGCT risk; oestrogen and progesterone as well as hormones and antibiotics treatment for cattle could have an impact on hormonal regulation [START_REF] Garner | Epidemiology of testicular cancer: an overview[END_REF]. Only one study with a small sample size has been conducted looking at TGCT risk and the dietary phytoestrogens postulated to modulate hormonal status and the results were inconclusive [START_REF] Walcott | A case-control study of dietary phytoestrogens and testicular cancer risk[END_REF]. Maternal smoking during pregnancy and TGCT risk have been widely investigated and did not conclude on any association and only a few studies have considered the smoking status of the cases themselves resulting on a non-association [START_REF] Garner | Epidemiology of testicular cancer: an overview[END_REF]. A recent hypothesis proposed that the endocrine properties of marijuana could interact with testosterone regulation and chronic use of marijuana could increase TGCT risk, but this hypothesis needs to be confirmed (McGlynn and Trabert, 2012).

Socioeconomic status (SES) has also been suggested to impact on TGCT incidence; men with a higher SES at time of diagnosis had an increased TGCT risk [START_REF] Møller | Risks of testicular cancer and cryptorchidism in relation to socio-economic status and related factors: case-control studies in Denmark[END_REF]Swerdlow et al., 1991), but this association as well as the definition of SES, remain contentious issues and recent studies did not support these findings [START_REF] Marså | Social inequality and incidence of and survival from male genital cancer in a population-based study in Denmark, 1994-2003[END_REF][START_REF] Sarfati | Ethnic and socioeconomic trends in testicular cancer incidence in New Zealand[END_REF]. SES might not be a risk factor per se but rather be related to exposures that may modulate the risk.

A recent meta-analysis pooled 21 studies on viral infections and TGCT risk in order to assess whether TGCT may be associated with infectious disease (Yousif et al., 2013). Only human immunodeficiency virus (HIV) was found associated to testicular cancer whereas Epstein-Barr virus (EBV), cytomegalovirus (CMV) and Parvovirus B19 were not. Scrotal temperature, testicular trauma, bicycling, horse-riding and tight underwear have been briefly investigated but no conclusive results were found (McGlynn and Trabert, 2012).

The predominantly Caucasian European population has higher testicular cancer rates than populations residing in Asia and Africa (Ferlay et al., 2013). In the USA, the Surveillance, Epidemiology and End Results registries (SEER) database was used to compare testicular cancer incidence among American populations. Testicular cancer was four to five fold higher among White than Black men [START_REF] Shah | Trends in testicular germ cell tumours by ethnic group in the United States[END_REF][START_REF] Znaor | Cancer incidence and mortality patterns in South Eastern Europe in the last decade: gaps persist compared with the rest of Europe[END_REF]. In 2003-07, The Cancer Incidence in Five Continents (CI5) (Forman et al., 2013;[START_REF] Znaor | International variations and trends in testicular cancer incidence and mortality[END_REF] reported an ASR of 6.2 per 100 000 for White Americans men and 1.2 per 100 000 for Black American men. This difference might be due to genetics but the authors also discussed the potential role of social disparities.

Genetic factors

The risk of developing a TGCT is 8 to 10 times higher when a brother had testicular cancer and 4 to 6 times higher when the father was affected [START_REF] Hemminki | Familial risk in testicular cancer as a clue to a heritable and environmental aetiology[END_REF][START_REF] Kratz | Familial testicular germ cell tumours[END_REF]. This association between TGCT and the family history of testicular cancer might be the combined effect of a shared environment and heritable causes.

Recently, genome-wide association studies (GWAS) (Dalgaard et al., 2012;[START_REF] Kanetsky | Common variation in KITLG and at 5q31.3 predisposes to testicular germ cell cancer[END_REF][START_REF] Kratz | Variants in or near KITLG, BAK1, DMRT1, and TERT-CLPTM1L predispose to familial testicular germ cell tumour[END_REF][START_REF] Rapley | A genome-wide association study of testicular germ cell tumor[END_REF][START_REF] Turnbull | Variants near DMRT1, TERT and ATF7IP are associated with testicular germ cell cancer[END_REF] identified genetic loci involved in TGCT susceptibility, including polymorphisms on KITLG, SPRY4, TERTCLPTM1L, ATF7IP and DMRT1 [START_REF] Kanetsky | Common variation in KITLG and at 5q31.3 predisposes to testicular germ cell cancer[END_REF][START_REF] Kratz | Variants in or near KITLG, BAK1, DMRT1, and TERT-CLPTM1L predispose to familial testicular germ cell tumour[END_REF][START_REF] Rapley | A genome-wide association study of testicular germ cell tumor[END_REF][START_REF] Turnbull | Variants near DMRT1, TERT and ATF7IP are associated with testicular germ cell cancer[END_REF]. These five loci were estimated to explain 13% of the heritability of TGCT (Dalgaard et al., 2012). BAK1 [START_REF] Kratz | Variants in or near KITLG, BAK1, DMRT1, and TERT-CLPTM1L predispose to familial testicular germ cell tumour[END_REF], TGFBR3 and BMP7 (Dalgaard et al., 2012) were also later found as TGCT susceptibility genes. Polymorphisms observed on these different loci have been suggested to be associated with TGCT by deregulating the signalling pathway. Polymorphisms in chromosomes 5 and 14 (CYP1A1 and HSD17B4) associated with organochlorine metabolism pathways have been identified being able to modify the risk of developing a TGCT (Chia et al., 2010a).

Environmental exposures

As described above, testicular cancer incidence has doubled over the last three decades in many Europeans countries, affecting mainly young Caucasian men aged between 15

and 39 years at diagnosis. Denmark and Norway are among the countries at highest risk of TGCT and they have experienced a stabilisation of incidence rates over the last few years, after a drastic increase over the 30 past years (Chia et al., 2010b). Studies on immigrants revealed that while first generation immigrants had an incidence comparable to their country of origin, second generation immigrants had similar incidence rates to men born in the host country [START_REF] Myrup | Testicular cancer risk in first-and second-generation immigrants to Denmark[END_REF]Schmiedel et al., 2010). These findings strongly suggest that environmental factors have an impact on TGCT incidence.

Despite various studies investigating environmental and occupational exposure, no clear association has been established. Pesticides and endocrine disruptors represent a great proportion of the literature on TGCT and environmental factors. Pesticides appear to be one of the most plausible risk factors for TGCT (McGlynn and Trabert, 2012) even if this hypothesis has not been clearly confirmed. The hypothesis was first suggested in a case-control study in 1984 [START_REF] Mills | Testicular cancer associated with employment in agriculture and oil and natural gas extraction[END_REF] which did find an association with farming occupation, but the sample was small. Prenatal and early life pesticide exposures have rarely been investigated in spite of the fact that most of established risk factors are related to early life (cryptorchidism, birth order, gestational age). So far, epidemiological studies on TGCT risk have used proxies for pesticide exposures such as parental occupational codes (Kardaun et al., 1991;Møller et al., 1997), or licences to apply pesticides (Rodvall et al., 2003). However, these studies lacked statistical power to detect modest associations.

Maternal concentration of organochlorines in blood samples was also measured in two studies [START_REF] Cohn | Prenatal DDT exposure and testicular cancer: a nested case-control study[END_REF][START_REF] Hardell | In utero exposure to persistent organic pollutants in relation to testicular cancer risk[END_REF]. Positive associations were found for several organochlorines (hexachlorobezene (HCB), PCBs, Polybrominated diphenyl ethers (PBDE) or chlordanes) in mothers' blood at the time of their sons TGCT diagnosis [START_REF] Hardell | In utero exposure to persistent organic pollutants in relation to testicular cancer risk[END_REF]. No association was found for Dichlorodiphenyltrichloroethane (DDT) and Dichlorodiphenyldichloroethylene (DDE) in maternal samples taken at delivery [START_REF] Cohn | Prenatal DDT exposure and testicular cancer: a nested case-control study[END_REF] however the study population included only twenty cases therefore limiting the interpretation. Hence, environmental exposures remain unclear in relation to TGCT risk. Pesticides, having endocrine disrupting properties are strongly suggested but additional evidence needs to be established since to date the epidemiological results remain controversial.

Endocrine disruptors as plausible TGCT risk factors

According to the European Commission the definition of endocrine disruptor compounds (EDCs) is an exogenous substance or mixture that alters the function(s) of the endocrine system and consequently causes adverse health effects in an intact organism, or its progeny, or (sub) populations (European Commission, 2014). The endocrine system is responsible for secreting hormones regulating metabolism, and notably regulating reproductive organs responsible for sexual differentiation. The testis is an endocrine gland that produces hormones which activate reproductive function. By a similar chemical structure to hormones, the endocrine disruptors have estrogenic or antiandrogenic activity and are able to bind to cellular receptors, activating (agonistic effect)

or not (antagonistic effect) the biochemical pathways within the cell (Institut national du as well as on DNA transcription, and can even impact on the enzymes responsible for steroid metabolism [START_REF] Rochefort | Perturbateurs Endocriniens (PEs) de l'environnement. Mécanismes et risques potentiels en cancérologie[END_REF]. In animal models and in vitro, the antiandrogens and estrogens have shown adverse effects on reproduction (Sharpe and Skakkebaek, 1993) and sexual differentiation [START_REF] Toppari | Environmental endocrine disrupters[END_REF], affecting the normal function of Sertoli cells and Leydig cells, leading to testosterone production impairment and failure of spermatogenesis [START_REF] Sharpe | Pathways of endocrine disruption during male sexual differentiation and masculinization[END_REF]. The disruption of normal androgen secretion during foetal life was found to be associated with cryptorchidy and hypospadias [START_REF] Sharpe | Testicular dysgenesis syndrome: mechanistic insights and potential new downstream effects[END_REF]Toppari et al., 2010) suggesting an impact on the TDS. A report from the World Health Organization (WHO) on endocrine disruptors and child health (World Health Organization, 2012) lists the effect of different contaminants on the human reproductive system, starting by DES, the only agent classified as possible carcinogen for testis by IARC monographs [START_REF] Grosse | A review of human carcinogens-Part A: pharmaceuticals[END_REF].

Flame retardants (PBDE), phytoestrogens, phtalates esters, chlorinated pesticides (DDE), dioxins, fungicides such as vinclozolinprocymidone and herbicides such as linuron were also suggested to impair male function in animals studies (World Health Organization, 2012), including cryptorchidism, hypospadias and decrease sperm count. 

OBJECTIVES OF THE THESIS

To date, despite of a large number of epidemiological studies, testicular cancer risk factors remain unclear. Testicular cancer is rare and the conduct of adequately powered studies to detect TGCT risk factors remains challenging.

The main risk factors that have been consistently found to be associated with TGCT risk are cryptorchidism and family history of TGCT. Inconsistent associations have also been found between TGCT and some birth characteristics such as birth order, parity or low birth weight. The early age at TGCT diagnosis, the association with congenital malformations and the birth characteristics suggest prenatal or early life origins.

However, only a few epidemiological studies have focused on this critical window of development. Together, the incidence changes among immigrants over generations, the rapid increase of incidence across Europe and the geographical variations in incidence between neighbouring countries indicate a strong environmental impact on TGCT.

Several studies investigated environmental exposures and TGCT risk, but no clear associations were found. Nevertheless, few studies have focused on the prenatal window of exposure even if EDCs have been suggested as plausible candidates because they may interfere with foetal growth during the prenatal period.

The present thesis aims to fill gaps in knowledge related to the impact of environmental factors on TGCT risk and whether TGCT is initiated by prenatal environmental exposures.

The specific objectives of the thesis are:

1. To estimate the proportion of the increased incidence due to overall changes in risk patterns compared to the proportion due to demographic changes, by predicting future testicular cancer1 trends in Europe (Chapter 2). investigates the association between prenatal parental occupational exposure to pesticides and TGCT risk in the offspring. National registry data from four Nordic countries was harmonized and pooled in a retrospective case-control design.

To critically

The results from these three linked, but separately investigated objectives were expected to provide more insight into the role of environmental exposures on TGCT risk including during prenatal period.

OBJECTIVE

This Chapter aims to predict future trends of testicular cancer incidence with the data from Cancer In Five continents (CI5) (Ferlay et al., 2010a) 2 METHODS OF THE PREDICTIONS: ARTICLE 1

Estimations of future European population

The predictions of population changes were obtained from the World Population Prospects (WPP) from the United Nations (UN), the 2010 Revisions for the male population, until 2030, by 5-year age-classes, by year, by country, with the mediumfertility variant (World Population Prospects., 2011)

Countries with long term follow-up (≥ 15 years)

Inclusion of 23 countries

Information on the number of new cancer cases diagnosed per year is collected routinely by the cancer registries of each country and gathered in CI5 Volumes I to IX (Ferlay et al., 2010a). To analyse the future trends of testicular cancer, we needed at least fifteen consecutive years of TGCT incidence rates per country. Testicular cancer (ICD10 C62) incidence was collected from several sources by year of diagnosis and 5-year age group.

Data series from regional or national population-based cancer registries were extracted from CI5. The last year of diagnosis available in Volume IX of CI5 is 2002. We completed the information when possible with data series available from publications by the corresponding cancer registries, the European Cancer Observatory website, the cancer statistics of Nordic countries NORDCAN (Engholm et al., 2014), or directly obtained from the Registries in the cases of Ireland, France, Denmark, Finland, Norway and Sweden.

The overall method and the data used to predict testicular cancer incidence in 2025 is described for the 40 European countries in the Figure 3. Twenty-six of the 40 countries in Europe had enough years of incidence follow-up to be included. However, given the small size of Estonia, Iceland and Malta the model for predictions could not be applied.

Of the 23 countries selected, we obtained national data for 17 countries. For the six remaining countries, regional incidences observed were aggregated to obtain a proxy of the (unknown) age-specific national incidence. Having the national population coverage of the regional registries, we have extrapolated by multiplication, the predicted regional incidence to the national population expected for 2025. Russian national data were available through the Ministry of Health and Social Development. We used these national data instead of the regional (St Petersburg) data published in CI5 as these were only available for 1992-1997.

The varying start-up and final years available for each registry within a given country led to a pragmatic selection of registries that sought to maximise both the number of included registries and the length of period of study. We selected the maximum number of most recent 5-year periods for each population.

Statistical analysis of the 23 countries

Predictions

To predict the numbers of new cases and the rates of testicular cancer in 2025 by country and 5-year age group, we applied the NORDPRED model [START_REF] Moller | Prediction of cancer incidence in the Nordic countries: empirical comparison of different approaches[END_REF] to recent trends, assuming they served as proxies for upcoming trends. This model has been

shown to perform well empirically in projecting current trends into the future [START_REF] Qiu | Long-Term Projection Methods: Comparison of Age-Period-Cohort Model-Based Approaches[END_REF].

The three or four most recent five-year observed periods (depending on series availability) were extrapolated in to the future using a power function to attenuate the growth. The attenuation of the linear projection of the recent trends was 25%, 50% and 75% in the second, third and fourth predicted periods. The projected incidence rates were then obtained by 5-year periods.

To estimate the number of new cases in 2025, we took the weighted average of the projected incidence rates for the last two prediction periods centring on 2025, and we applied the UN population forecasts for 2025 for each country specifically. For the countries with only regional incidences available, the age-specific rates predicted for 2025 were extrapolated to the corresponding 2025 national population.

Change in risk, change in demographic

The average annual numbers of predicted cases of testicular cancer in 2025 were compared with the number of cases in 2005 and were presented in terms of changes in risk (rates), and changes in demographics (population growth and ageing) [START_REF] Moller | Prediction of cancer incidence in the Nordic countries up to the year 2020[END_REF]. To subtract the part due to change in demographics [START_REF] Engeland | Prediction of cancer incidence in the Nordic countries up to the years 2000 and 2010. A collaborative study of the five Nordic Cancer Registries[END_REF][START_REF] Joffe | What has happened to human fertility?[END_REF], the incidence from 2005 by 5-years age groups was applied to the population structure from 2025. This incidence was then subtracted from the prediction done for 2025 by the NORDPRED model, to leave the part of change due to risk.

Age-standardised incidence rates (ASR)

The ASR calculates the incidence as though every country would have a standard

European age structure. To compare countries and graphically represent the past and predicted incidences, the ASR per 100,000 men were estimated by 5-year period and by country, using the European population as standard [START_REF] Doll | Summarizing indices for comparison of cancer incidence data[END_REF].

Cumulative risks

The cumulative incidence represents the percentage of new-borns at risk of developing testicular cancer before 75 years old. In practice, age-specific incidence rates are added (by accounting for the length of age intervals) to obtain a cumulative rate (CumRate).

Thereafter, the exponential formula is used: Cumulative Risk = 1-e -CumRate. This cumulative risk estimates the lifetime (0-74 years) risk of TGCT given no competing causes of death. We have calculated the cumulative risk for 2005 and for 2025. 

Other European countries

General remarks on statistical methods

We combined the incidence predicted in the 23 former countries with that predicted for the 17 latter countries to give the total testicular cancer incidence changes until 2025. European Journal of Cancer. 2014 (50). 831-839

OBJECTIVE

The previous chapter predicting the future trends for testicular cancer incidence showed a high proportion of the increased incidence due to overall changes in risk patterns compared to the proportion due to demographic changes. Among the risk factors of TGCT, environmental and occupational exposures are highly suggested to have an impact on TGCT evolution. In this Chapter, we aimed to critically analyse the current knowledge on environmental and occupational exposures related to TGCT risk by means of a literature review. To complete our literature search, we screened the reference lists of selected articles and related reviews and found 35 additional articles. Overall, after exclusion of 189 reviews, editorials and animal studies, two articles published in languages other than English or French, and 23 publications out of the scope of this review, we had 83 articles for review. In addition, given the high survival rate of the disease (more than 95% for localised tumours, 80% if metastatic), we excluded six mortality studies. When two or more publications reported data from the same study population, we kept only the most detailed and/or the most recent publication. Publications with partially overlapping populations were retained when they provided complementary information. In total, 72 articles were included in this review.

METHODS OF THE LITERATURE

Quality appraisal

For each publication, we extracted the following information: first author's name; year of publication; journal; country of the studied population; study design; population size and characteristics (source, age structure, follow up, composition); methods for exposure and outcome assessment; variable for stratification, matching groups or adjustment; and main results.

Rémi Beranger and I have independently conducted the Medline search. We both read and assessed each article. We used the "Newcastle-Ottawa Quality Assessment Scale"

(NOS) described in the Appendix 1 as support for the methodological evaluation of the articles. This scale has nine items in three parts: selection (four items), comparability (two items) and outcome (for cohort design, three items) or exposure (for case-control design, three items). The highest quality score that a paper can obtain is '9'. When consensus could not be found, disagreements in quality score were discussed with Beatrice Fervers and Joachim Schüz.

Statistical analyses

Statistical analyses were performed using SAS software package (version 9. 

Population inclusion

Inclusion of cases

Men diagnosed with primary TGCT, born in 1978 or later and born in the respective country were identified through the cancer registries of Denmark, Finland, Sweden and Norway. Two sub-types were included: seminoma and non-seminoma, while spermatocytic seminoma cases were excluded.

Inclusion of controls

Four controls per case were identified from the entire male population in the central population registry of each country (Denmark, Finland, Norway and Sweden), matched to cases on year of birth. Nordic countries have population registries where any person residing in the country is registered with a unique personal identifier (CPR-number). As the year of birth is part of the CPR number, random selection of controls in the general population registers was facilitated. Controls with a history of malignancies other than non-melanoma skin cancer at the time of index cases diagnosis were excluded (directly at the registry or by myself). Controls born outside their country of respective registration were also excluded. the study, the second aimed to discuss the progress and issues on data collection.

Data collection

Following the initial meeting, the partners started the process to get ethical approvals at their national level to later access the data from the registries. The study was also approved by the IARC Ethics Committee.

Ethical approvals

In Sweden, Denmark and Norway the application had to be done in the local languages while in Finland the application was done in English. Thus, the applications were fully processed by the collaborators except in Finland where I was able do it myself. The study protocol was sent to the ethical board of each country:

-In Denmark: Danish Data protection Board -In Finland: Finnish National Institute for Health and Welfare (THL)

-In Norway: Regional committees for medical and health research ethics (REK)

-In Sweden: Ethical review board à Stockholm

The research protocol had to be approved to access data from the Nordic countries registries and export the dataset to IARC in Lyon (France) and perform the analysis. IARC is an independent research center in charge of coordinating the multi-country study. The datasets from the four countries were combined at IARC.

To transfer datasets to IARC, personal information needed to be anonymized. After linkage, the CPR number was removed. However, individual records like level of education, place at birth, residential area or other characteristics might have been too specific and possibly allow re-identification. Therefore, to be sure to keep the data anonymous, we were asked in Sweden and Norway to aggregate some variables before sending the data to IARC. In Norway the rule was that we had to create categorical variables to be sure that not less than five individuals were in one category. In Sweden and Norway we proceeded by categorising the month of birth by season, the year of birth by 5-year bands and the country of origin into 13 different regions of the world.

Additionally, in Norway we categorised the age at diagnosis by 5-year age groups.

Data extraction

NORD-TEST aimed to enrol a large population of cases, controls, parents and siblings. The CPR-number was initiated in 1968 in Denmark, 1967in Finland, 1964in Norway and 1947 in Sweden. This study planned to perform a linkage between registers to get information on birth, disease, occupation and family composition. The list of variables collected is shown in Appendix 2.

After identification of cases in the cancer registry we selected four controls per case, The fastest data collection was in Sweden and took one year and two months from the first application to the ethical committee to acquisition of the final sets of data.

In theory, the primary strength about registry-based studies is the gain of time regarding the data collection compared to interview/questionnaire based studies. However, the time to get the ethical authorisation, the time of communication from one registry to another and the time of extraction can be extremely long. The flow chart (Figure 4)

shows the different steps needed to build up the NORD-TEST study.

Data preparation

The data extracted from the registries are crude. It is necessary to clean the different sets of data and to merge them according to our needs since we had at least one set per registry (general population, siblings and parents, hospital, birth, maternity, occupation censuses, and each census in a different table). The occupation, the disease, and the operation were provided only in codes that we had to convert into variables to use for analyses. I processed the data individually per country and I pooled the four countries, cleaned and harmonized, into the final dataset.

Periods of registries inclusion

The data extracted from the registries covered different periods of time which are displayed per country in Appendix 3.

Cancer codes

Testicular cancer morphology were retrieved with the International Classification of Diseases (ICD) in the data from the cancer registry (ICD 7:178, ICD 8 and ICD 9: 186, ICD 10 and ICD-O-3: C62, Danish revision of ICD 7: 178,278,378,478,578,678,878) for the cases and also the siblings and the fathers. Testicular cancer subtypes were also identified. In case of unclear histological subtypes, Niels Erik Skakkebaek provided his expertise. The different classifications used can be viewed in Appendix 4.

Congenital malformation codes

Congenital malformations were extracted from:

- Cryptorchidism and hypospadias were retrieved in each country with either the disease classification codes or the operational codes that are presented in Appendix 5.

Occupational codes

Occupational codes were collected from six censuses in Sweden (1960,1970,1975,1980,1985,1990), from five censuses in Finland (1970Finland ( , 1975Finland ( , 1980Finland ( , 1985Finland ( , 1990) and from four censuses in Norway (1960,1970,1980,1990 (incomplete because it was a survey)).

In Denmark, only industry codes (and not job-codes) from the supplementary pension fund (ATP) were available continuously from 1964 onwards.

Cases born in 1960 and after were selected from the cancer registry. However in Finland Thus, a general harmonization was necessary to have the same classification for our complete dataset. We choose to harmonise the occupational codes on the Finnish occupational classification.

The Nordic Occupational Cancer study group (NOCCA) had developed a common job classification for the Nordic countries based on the Finnish occupational classification.

We could then use the cross-walk conversion tables between occupational classification from Sweden and Norway to convert to the Finnish occupational classification.

Pesticide exposure

In 1990, a Finnish Job-Exposure Matrix (FINJEM) was developed by a Finnish team in order to translate Finnish occupational titles used in national censuses into quantitative estimates of numerous exposures including pesticides such as insecticides, herbicides and fungicides. FINJEM has also been extended to Sweden, Denmark, Norway and Iceland for many exposures but not for pesticides. For the use of NORD-TEST, the collaboration with the FINJEM initiators allowed to access the pesticide estimates and to have their expertise on the extrapolation of pesticide estimates in Sweden, Norway and Denmark. The collaboration includes the whole NOCCA team Johnni Hansen, Eero Pukkala, Timo Kauppinen, Vidir Kristjansson, Sanni Uuksulainen, Nils Plato, Pernilla Wiebert, and Torill Woldbaek.

After approval from the NOCCA-team we have applied FINJEM pesticide estimates to parental occupational codes the closest prior to the birth of the cases/controls. Only a few occupations were considered as exposed to pesticides: In Denmark, Johnni Hansen, Danish occupational exposure expert and part of NOCCA gave his expertise to select the industry codes assumed to have similar level of exposure to pesticides than the occupations from FINJEM. Because industry codes include various workplaces and tasks, a cross-check between job codes and industry codes allowed us to set the pesticide exposure level to 0 when the job code stated an unlikely exposure (dentist, care staff, office assistant, etc…).

Total pesticide, fungicide, herbicide and insecticide exposure was categorized into a binary variable (exposed/non-exposed) as well as into four categories of exposure in mg/m³ (non-exposed, <1 mg/m³: low, 1-10 mg/m³: medium, >10 mg/m³: high exposed).

Statistical methods

Potential TGCT risk factors were compared for cases and controls. Conditional logistic regression keeping the original individual matching between cases and controls was used to determine the odds ratios (ORs) and their 95% confidence interval (CIs) to assess the association between TGCT and potential risk factors in our study population.

Family history of testicular cancer, cryptorchidism and hypospadias were tested in the regression model one by one, to see whether they confound the association between prenatal pesticide exposure and TGCT risk and were included in the final model if the ORs changed by more than 15%.

The association between TGCT and parental occupational exposure to pesticide was tested in the regression model by total pesticide exposure and by pesticide group;

fungicides, herbicides and insecticides separately. The analysis was also conducted stratified by TGCT sub-type. Other stratifications were conducted but not shown in the results because the heterogeneity and the low number of cases by stratified subgroups did not allow a meaningful interpretation:

-Stratified 5-year birth cohort 1960-64, 1965-69, 1970-74, 1975-79, 1980-84, 1985-89, 1990 
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Objectives: A potential impact of exposure to endocrine disruptors, including pesticides, during the intra-uterine life has been hypothesized in testicular germ cell tumours (TGCT)

aetiology, but exposure assessment is challenging. This large-scale registry-based casecontrol study aimed to investigate the association between parental occupational exposure to pesticides and TGCT risk in their sons.

Methods: Cases born in 1960 or onwards, aged between 14-49 years, and diagnosed between 1978-2013 in Denmark, Finland, Norway or Sweden, were identified from the respective nationwide cancer registries. Four controls per case were randomly selected from the general national populations, matched on year of birth. Information on parental occupation was collected through censuses or Pension Fund information and converted into a pesticide exposure index based on the Finnish National Job-Exposure Matrix.

INTRODUCTION

Testicular germ cell tumours (TGCT) represent 98% of testicular cancer. Although accounting for only 1% of all cancers in men, they remain the most common cancer diagnosed in young men aged 15-39 years. In 2012, over 23,000 new cases were estimated in Europe. [START_REF] Forman | Cancer Incidence in Five Continents[END_REF] TGCT affects mainly White Caucasian populations with incidence rates up to ten-fold higher in Europe compared to Asian or African countries. [START_REF] Ferlay | GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase[END_REF] Incidence rates have increased steeply over the last decades in industrialised countries with the highest incidence rates observed in Europe and in the USA [3] and the burden is predicted to rise by 24% by 2025 in Europe. [START_REF] Cornet | Testicular cancer incidence to rise by 25% by 2025 in Europe? Model-based predictions in 40 countries using population-based registry data[END_REF] Neighbouring countries show important geographical variations in incidence rates. An example of this are the very different incidence rates in Denmark and Finland with 10.0 and 4.8/100,000 men in 2010, respectively. [START_REF] Engholm | NORDCAN: Cancer Incidence, Mortality, Prevalence and Survival in the Nordic Countries, Association of the Nordic Cancer Registries[END_REF] Incidence rates vary also between first and second generations of immigrants. [START_REF] Schmiedel | Testicular germ cell cancer incidence in an immigration perspective, Denmark, 1978 to 2003[END_REF][START_REF] Hemminki | Cancer risks in Nordic immigrants and their offspring in Sweden[END_REF] Both observations are in support of a predominant role of environmental factors in TGCT development, in addition to the role of genetic susceptibility [8] and family history of TGCT. [START_REF] Greene | Familial testicular germ cell tumors in adults: 2010 summary of genetic risk factors and clinical phenotype[END_REF] Despite extensive research, risk factors of TGCT remain largely unknown. The peak of incidence of TGCT in young adults, its association with congenital malformations such as cryptorchidism and hypospadias [10] and the fact that embryonic stem cell markers have been found in carcinoma in situ (CIS) cells, [START_REF] Meyts | Developmental model for the pathogenesis of testicular carcinoma in situ: genetic and environmental aspects[END_REF] the precursor of TGCT, suggest early determinants of testicular cancer onset.

According to testicular dysgenesis syndrome (TDS) hypothesis, TGCT, cryptorchidism, hypospadias and several forms of male infertility [START_REF] Skakkebaek | Testicular dysgenesis syndrome: an increasingly common developmental disorder with environmental aspects[END_REF] share common etiological factors. [START_REF] Toppari | Cryptorchidism and hypospadias as a sign of testicular dysgenesis syndrome (TDS): environmental connection. Birth defects[END_REF] The hypothesis is that exposure to endocrine disruptors during foetal life disturb the normal gonadal development and particularly the normal differentiation of primordial germ cells, inducing CIS. [START_REF] Skakkebaek | Testicular dysgenesis syndrome: an increasingly common developmental disorder with environmental aspects[END_REF] The pre-natal origin of TGCT is also supported by the observed associations of TGCT with gestational age, birth weight, [START_REF] Cook | A systematic review and meta-analysis of perinatal variables in relation to the risk of testicular cancer--experiences of the son[END_REF] sib-ship size and birth order. [START_REF] Cook | A systematic review and meta-analysis of perinatal variables in relation to the risk of testicular cancer--experiences of the mother[END_REF] So far, investigation of environmental factors associated with TGCT has focused mainly on exposure during adulthood. Two recent reviews [START_REF] Béranger | Occupational and environmental exposures associated with testicular germ cell tumours: systematic review of prenatal and life-long exposures[END_REF][START_REF] Mcglynn | Adolescent and adult risk factors for testicular cancer[END_REF] It is methodologically difficult to retrospectively assess prenatal exposure. Only few epidemiological studies [22,23] have attempted to study parental occupational exposure, in particular to pesticides, but have been severely limited by lack of statistical power due to a limited number of cases.

The pooled NORD-TEST study has been designed as a case-control study, nested within the populations of Denmark, Finland, Norway and Sweden, utilizing the registry data with the objective to investigate the possible association between parental occupational exposure to pesticides during prenatal periods and the risk in their sons to develop TGCT in adulthood.

MATERIEL AND METHODS

Denmark, Finland, Norway and Sweden have population-based cancer registries since the 1940s to 1960s and registries recording information on socio-economic status, family composition and occupations since the 1960s.

The NORD-TEST study is a registry-based nested case-control study conducted in Denmark, Finland, Norway and Sweden. In these countries, all residents have a unique personal identification number (CPR number) since 1968in Denmark, 1967in Finland, 1964in Norway and 1947 in Sweden allowing linkage between registries for tracking personal medical information and occupational status for research purposes (Appendix 3).

Study population

In order to have information on the parental occupations before birth and the census starting at earliest in 1960, all men diagnosed with TGCT from 1978 onwards, aged between 7: 178, 278, 378, 478, 578, 678, 878. Four controls per case were randomly selected from the national population registers of each country matched to case on year of birth. Overall, 11,732 cases and 46,891 controls were extracted.

Only TGCT subtypes of testicular cancer were kept. Cases and controls born outside of the participating countries or who had a history of cancer prior to the case's TGCT diagnosis were excluded as shown in figure 1, except when the first cancer was a non-melanoma skin cancer (NMSC). Figure 1 presents the steps of exclusion for cases and controls. Cases and controls were also excluded if occupation before birth was unavailable for both parents. The final sample included 9,587 cases and 31,633 controls. 

Exposure assessment

The Finnish National job-exposure matrix (FINJEM) translates the occupational codes from the Finnish classification into quantitative estimates of fungicides, herbicides and insecticides. These estimations were based on available exposure measurements, hazard surveys and assessments from occupational hygienists.

[25] Fungicides, herbicides and insecticides exposure were calculated as the product of the proportion of exposed persons (P) and the mean level (in mg/m³) of exposure (L) estimated for each occupational code.

Pesticide exposure is then the sum of fungicide, herbicide and insecticide exposures. In FINJEM, six occupational codes are associated with pesticide exposure (300: Farmers, silviculturists, horticulturists, 311: Commercial garden and park workers, 340: Forestry workers and lumberjacks, 671: Sawyers, 672: Plywood and fibreboard workers, 731: Cookers and furnacemen (chemical processes)). FINJEM includes three dimensions, the quantification of the agents, the occupations and the calendar periods taking into account changes of pesticide exposures over time. In our study, the FINJEM estimates were used for two distinct periods 1960-84 and 1985-1994.[26] Cases' and controls' parental job-titles (or job-codes) were identified from census data in Finland, Norway and Sweden. Job-codes were collected from six censuses in Sweden (1960,1970,1975,1980,1985,1990), from five censuses in Finland (1970Finland ( , 1975Finland ( , 1980Finland ( , 1985Finland ( , 1990) ) and from four censuses in Norway (1960, 1970, 1980, 1990 (1990 being complete only for a subset of the census subjects)). Missing data from the Norwegian survey in 1990 were replaced by job-titles from the 1980 census when available, assuming that the impact on the results was negligible since less than 2% of our study population was born in 1990 or later. In addition, missing job-codes between two known censuses with identical job-titles were recoded with the same job-codes. The Finnish occupational classification contains 311 jobcodes.

[27] Swedish and Norwegian job-codes were translated to the Finnish ones.

In Denmark no census data was collected, we used parental employment history on a company level prior to the birth of the sons instead. Since 1964, all employees in Denmark have been compulsory members of the Supplementary Pension Fund, which stores historical information on all employments (dates of start and end, a unique company number, and the individual CPR number of the employee).

[28] A 5-digit detailed industry code for each employee has been applied by Statistics Denmark based on the International Standard Industrial Classification (ISIC). A Danish expert on occupational exposures (JH) blinded to case-control status, manually selected the Danish Industry codes with a similar level of exposure to pesticides as the existing occupations included in FINJEM. Additionally, jobcodes taken from the income tax form were available for Denmark. Since industry codes include various occupations and workplaces within a specific industry, a cross-check between job-codes (proxy for white/blue collar) and industry codes allowed to distinguish between exposed and unexposed job-codes within an industry and therefore to categorize the pesticide exposure level to 0 when exposure was unlikely (e.g., dentist, care staff, office assistant).

To target prenatal exposure, the closest maternal and paternal occupation before the child's birth was selected from the Finnish, Norwegian and Swedish censuses. In Denmark, the longest parental employment held the last 12 months prior to the child's birth was retrieved from the Supplementary Pension Fund. When the father had no employments in this period, the longest occupation held within the two years prior to the child's birth was selected instead.

Maternal and paternal total pesticide, fungicide, herbicide and insecticide exposures before the child's birth were categorized into binary variables (exposed/unexposed) as well as into four categories of exposure (unexposed, low-exposed (<0.01 mg/m³) , intermediate-exposed (0.01-0.1 mg/m³), high-exposed (>0.1 mg/m³)).

Parental pesticide exposure before birth was the sum of the total paternal and maternal pesticide exposure before birth. The parental pesticide exposure was not calculated when one of the parents had no information on the occupation prior to the child's birth and the other had an occupation unlikely to be exposed to pesticides.

Confounding variables

Siblings and parents of both cases and controls were retrieved from the central population registries via the CPR number. Cases, controls, their parents and siblings were linked to the respective cancer registries in the four countries in order to collect testicular cancer family history. Only the first diagnosis or the first operation declared for the same congenital malformation was taken into account.

Statistical analysis

Conditional logistic regression for matched case-control sets was used to measure the association between parental occupational exposure to pesticides and TGCT risk with odds ratios (OR) and their 95% confidence interval (CI). The impact of well-known risk factors for TGCT was tested in the model; cryptorchidism (yes/no), hypospadias (yes/no), father's history of testicular cancer (yes/no) and brothers' history of testicular cancer (yes/no).

These variables were treated as potential confounders in multivariable models. No confounding was assumed if the exposure-outcome association measure changed less than 15 % on inclusion of the covariate in models.

The analyses were made for all TGCT combined and separately for seminoma and nonseminoma. The Spearman correlation coefficient was used to estimate the correlation between paternal and maternal exposure to pesticides. Additional stratifications were conducted by country, by 5-year birth cohorts, as well as by year of census to investigate the potential changes in exposure over time. A sensitivity analysis was performed restricted to cases born within two years after the parental census to narrow the time window between the census and the child's birth thereby reducing the risk of misclassification due to job Sweden and Norway together account for 72% of the total study population. Eighty five percent of the cases were diagnosed at age 20 to 40 years with an average age of 32 years for seminoma and 26 years for non-seminoma. Seminoma accounts for 44% of the cases.

Most cases (83%) were born before 1980 and 93% were diagnosed in 1990 or later.

Cryptorchidism and hypospadias were associated with TGCT with OR=3.29 [95% CI 2.73-3.98] and OR=2.21 [95% CI 1.46-3.36], respectively. Associations were also found with family history of testicular cancer among fathers (OR=3. ) and brothers (OR=6. ).

Information about occupation prior to the child's birth was available for 89% of the mothers and 97% of the fathers. The median time between the closest census date prior to child birth and the child's birth was 2 years for both fathers and mothers. Only 0.4% of mothers were classified as being potentially exposed to pesticides in their occupation prior to the child's birth, whereas 4.9% of fathers were classified as such. Table 2 shows the frequency of estimated occupational pesticide exposure in parents and the association with TGCT in their sons.

Table 2: Risk for all types of testicular germ cell tumour (TGCT) combined and for TGCT subtypes in relation to individually and combined maternal and paternal prenatal pesticide exposure. herbicides assessed individually, showed any association with TGCT in sons (Table 2).

All

When both parents were potentially exposed to pesticides in their occupation before the child's birth no association was observed, even for the highest exposure intensity (≥0.1mg/m3). In addition, no correlation was found between maternal and paternal exposure to occupational pesticides (r=0.13).

The stratification by TGCT subtypes showed results similar to all types combined (Table 2); no association was observed for either father, mother or both combined.

Variations were found between the country-specific estimates. While the OR for paternal exposure to pesticides before the child's birth and TGCT risk was increased in Denmark The sensitivity analysis using only parental occupational pesticide exposures recorded within two years prior to the child's birth, based on 21 exposed case-mothers and 252 exposed case-fathers, showed no association between exposure to pesticides and TGCT risk, with an OR=0.99 [0.59 -1.65] for maternal exposure and 1.07 [0.92-1.24] for paternal exposure.

DISCUSSION

Although the study, to our knowledge, is the largest study ever made on parental occupational exposure associated with TGCT risk, the overall number of parents with a history of occupational pesticide exposures was small. Only 0.4% of the mothers and 4.9% of the fathers were classified as possibly exposed to pesticides in their job prior to their child's birth. Our general finding of no association between parental prenatal occupational exposure to pesticides and TGCT risk, both for seminoma and nonseminoma, even among the highest parental exposure (≥ 0.1mg/m3) prior to the child's birth, confirmed those of smaller previous studies.

Our results were not entirely homogeneous across countries and between birth cohorts.

Positive association between paternal exposure to pesticides before the child's birth and TGCT was observed in Denmark, but not in the other countries. In addition, parental pesticide exposure of the 1960-65 birth cohort was associated with a significantly increased risk of TCGT. However, we cannot rule out that these results were chance findings due to the large number of analyses.

Previous studies from USA [22] and Denmark [23] did not find an increased risk of TGCT for sons of parents who had reported employment in agriculture during the prenatal period in self-administered questionnaires. However, these studies had limited statistical power because of the small populations and low prevalence of exposure, resulting in effect estimates with wide confidence intervals. There may be a slight overlap of data between our study and the previous Danish case-control study [23] A more recent study on TGCT used a qualitative Job-Exposure Matrix (JEM) [START_REF] Van Tongeren | A Job-Exposure Matrix for Potential Endocrine-disrupting Chemicals Developed for a Study into the Association between Maternal Occupational Exposure and Hypospadias[END_REF] to categorize the prenatal paternal and maternal exposure to endocrine disrupting chemicals (EDCs) as unexposed, possibly, or probably exposed; pesticides were included in the EDCs. No increased risk of TGCT was observed for probable paternal and maternal exposure to pesticides prior to the child's birth compared to unexposed (OR=1.33 [95% CI 0.65-2.70] and 0.97 [95% CI 0.23-4.07], respectively). [START_REF] Nori | Endocrinedisrupting chemicals and testicular cancer: a casecontrol study[END_REF] Components with endocrine disrupting properties such as HCB, PCBs and chlordanes have also been studied in maternal serum, and a significantly higher concentration in case-mothers compared to control-mothers was reported.

[21] However, the serum was sampled at the time of the case's diagnosis which conveys uncertainties with regard to its representativeness of past exposures. Also, the recruitment of cases was not population-based.

The strength of our study is the pooling of cases from four countries with full national population coverage providing a larger sample size than prior studies. The registries provided multiple variables that have been collected systematically over time, avoiding recall bias. Even if individual life style factors cannot be collected in registries, information about the major known TGCT risk factors were available. Cryptorchidism, hypospadias and family history were associated with an increased TGCT risk in our population thereby confirming well-known associations. [START_REF] Greene | Familial testicular germ cell tumors in adults: 2010 summary of genetic risk factors and clinical phenotype[END_REF]10] Parental occupations were systematically reported and if missing values occurred, this was independent of casecontrols status.

One limitation of our study was the use of a crude proxy for the time of the prenatal window of exposure. The occupation before birth was assumed to best reflect the preconceptional or pregnancy period. Indeed, the lag time between the child's birth and the closest census before birth ranged from 0 to 15 years and a change of occupation between the census and the child's birth may have occurred. Nevertheless, more than 80% of fathers and mothers had a census recorded within five years prior to the child's birth and 99% within 10 years. Also, the sensitivity analysis done for parents having a census within the two years before the child's birth showed similar results.

Retrospective exposure assessment methods are subject to exposure misclassification and our objective was to limit misclassification as much as possible by choosing the most appropriate JEM. FINJEM has initially been developed in 1990 to estimate occupational exposures in Finland and has later been extended to the neighbouring Nordic countries [27,[START_REF] Dryver | Occupational exposures and non-Hodgkin's lymphoma in Southern Sweden[END_REF] for various exposures but not pesticides.

FINJEM assigns an exposure level to a job title assuming homogeneity of exposure within jobs, which may lead to exposure misclassification. Variation in exposure levels may be observed within occupations, leaving non-exposed persons within the exposed groups.

Also, some non-agricultural occupations have been suggested to also be potentially exposed to pesticides, during some of their tasks (e.g., carpenters, sawmill workers, staff and students at research institutions, laboratories that use pesticides, employees in joint experimental work in agriculture) [START_REF] Provost | Brain tumours and exposure to pesticides: a case-control study in southwestern France[END_REF][START_REF]Mattilsynet. Statens tilsyn for planter, fisk, dyr og naeringsmidler[END_REF] and were not considered in FINJEM; such exposure misclassification may have diluted the effect of pesticides in our study.

Nevertheless, the record linkage approach precludes differential assessment between cases and controls. Moreover, assuming a Berkson type error for the misclassification induced by the JEM approach, would suggest that risk estimates are not affected, but the statistical power of the study will be reduced. [START_REF] Armstrong | Effect of measurement error on epidemiological studies of environmental and occupational exposures[END_REF] Given the large size of the study, even if our power is reduced, the association between parental exposure to pesticides and TGCT seems to be inexistent or rather weak.

Another point that might have impacted on our results is that FINJEM attributes a probability of exposure for herbicides, fungicides and insecticides, which are groups of compounds with different mechanisms, whereas information on probability of exposure to singular active ingredients is not provided. Only some pesticides have an endocrine disrupting effect which might have been diluted by using a JEM that did not consider exposure heterogeneity within each group of pesticides.

A very small proportion of mothers was potentially occupationally exposed to pesticides in our study and this might limit the interpretation of the association between maternal exposure to pesticide during prenatal period and TGCT risk. On the other hand, if there was a modest risk that we missed, the impact on the overall TGCT incidence would be minimal given the rarity of exposure. More fathers were exposed. As hypothesised for childhood brain tumours and leukemia, [START_REF] Feychting | Increased concentrations of polychlorinated biphenyls, hexachlorobenzene, and chlordanes in mothers of men with testicular cancer[END_REF] paternal exposure might affect cancer susceptibility in the child either by transplacental exposures or genetic alterations. Yet, we lack a strong hypothesis explaining a potential impact of paternal exposure on TGCT risk. Although paternal exposure to pesticides in Denmark was found associated with TGCT in the offspring, the stratified analyses produced a large number of risk estimates, and the few associations observed are likely to be effects of chance.

Our study only focused on the prenatal occupational exposure to pesticides. However, despite the fact that no clear risk factors have been found for TGCT among adulthood exposures, previous epidemiological studies have reported some associations among agricultural workers, construction workers, firemen, policemen, military personnel, as well as workers in paper, plastic or metal industries. [START_REF] Béranger | Occupational and environmental exposures associated with testicular germ cell tumours: systematic review of prenatal and life-long exposures[END_REF] It has recently been suggested that a combined effect of prenatal and postnatal risk factors such as exposure to organochlorine pesticides may impact on TGCT. [START_REF] Mcglynn | Adolescent and adult risk factors for testicular cancer[END_REF] Endogenous hormones play an important role in puberty, and therefore environmental exposures during this critical period may trigger the development of neoplasm previously initiated.

CONCLUSION

In this large four-country study on parental exposure to pesticides and TGCT risk in their sons we found little evidence of any association. Although large, NORD-TEST cannot completely rule out a possible effect of pesticides on TGCT risk, for instance if the critical time period is early life or puberty rather than before birth. Hence, more studies are needed, using more precise estimates of exposure on the individual level over the life course and considering exposure to additional endocrine disrupters. Furthermore, the hypothesis on a potential combined effect of prenatal and postnatal risk factors deserves further research.

ORIGIN OF THE THESIS

Because testicular cancer is rare, previous studies have often lacked statistical power to detect presumably only modest associations. One of the goals of IARC is to gather comparable data from several countries and pool these data to conduct adequately powered studies to investigate risk factors for rare cancers. The common interest of IARC and CLB on endocrine disruptors and hormone-dependant cancer was the motivation for this collaboration. Following to a visit from Niels Erik Skakkebaek to IARC in 2010, the need for further research on male reproductive disorders was highlighted. An interdisciplinary group of researchers has been established over the last years between the two institutes with a main focus on pesticide exposure assessment and testicular cancer. First, the literature review (Chapter 3) was undertaken to understand the current state of knowledge on occupational and environmental exposures associated with TGCT.

The lack of convincing association with adulthood exposure and the sparse literature found on prenatal environmental exposure oriented the scope towards the prenatal window of exposures.

The access to the Nordic country registries was an outstanding opportunity to obtain complementary data on occupational exposures. As both testicular cancer and exposure to occupational pesticides are rare events, the only way to gain substantial power was to aggregate data from different countries. Nordic countries hold registries since the 1960's including occupational census data. Such a retrospective study on occupational exposures is not possible elsewhere. The study protocol of NORD-TEST was approved by the involved countries' ethical committees and every partner showed a clear interest in the topic which had already been of interest to the greater scientific community for several decades.

RECALL ON OBJECTIVES

The present thesis aimed to fill gaps in knowledge related to the impact of environmental factors on TGCT risk and whether TGCT is initiated by prenatal environmental exposures.

Three main parts were developed to fulfil this objective; the prediction of testicular cancer incidence to 2025 in Europe and assessment of the proportion of the increased incidence due to overall changes in risk patterns compared to the proportion due to demographic changes (Le Cornet et al., 2014); a critical appraisal literature review on environmental and occupational exposures and TGCT risk focussing on early and later life periods (Béranger et al., 2013b); and an register-based case-control study to investigate the association between prenatal parental occupational exposure to pesticide and TGCT risk in the offspring (Le Cornet et al., 2014).

OVERALL RESULTS OF THE THESIS

Overall, following the steep increase in testicular cancer incidence rates over the last three decades, this thesis demonstrates that TGCT are predicted to continue increasing to rise by further 24% between 2005 and 2025 in Europe, supporting the high impact of environmental risk factors compared to demographic changes (Chapter 2).

Previous epidemiological studies failed to clearly identify any environmental and occupational exposures related to TGCT risk (Chapter 3), with most studies looking at exposures during adulthood. Only few studies attempted to investigate prenatal exposures in spite of evidence suggesting a prenatal origin of TGCT, such as the early age at diagnosis, the association found with birth characteristics, the hypothesis of TDS and CIS and findings from immigrant studies. To verify the hypothesis on prenatal exposure to pesticide and the later risk of developing TGCT, we conducted a retrospective casecontrol study NORD-TEST (Chapter 4), based on registries existing in the Nordic countries. The results however did not support any association between parental occupational exposure to pesticides during prenatal period and TGCT risk in their sons.

Despite of the lack of association between prenatal occupational exposure to pesticides and TGCT risk in their sons in the NORD-TEST study, environmental exposures are still believed to have a strong impact on TGCT risk. Chapter 2 showed that changes on TGCT incidence could be mainly due to changes in risk patterns as compared to demographic changes. Also, the evolution of incidence rates among the first and the second generation immigrants [START_REF] Myrup | Testicular cancer risk in first-and second-generation immigrants to Denmark[END_REF]Schmiedel et al., 2010) strongly suggest an impact of environmental factors on TGCT increase. However, it is unclear which environmental or occupational risk factors would have an impact on TGCT risk. Our findings from the systematic literature review (Béranger et al., 2013b) did not show any clear specific environmental risk factors associated with TGCT. Previous epidemiological studies reported some associations among agricultural workers, construction workers, firemen, policemen, military personnel, as well as workers in paper, plastic or metal industries. Environmental exposures such as electromagnetic fields, PCBs and pesticides were also suggested but the methodological limitations precluded any final conclusion.

However, given the young age at TGCT diagnosis, there would only be a short latency time between exposure and cancer diagnosis. Therefore, it remains controversial of how plausible it is that exposures during adulthood impact on TGCT risk.

Several in vitro and in vivo studies have demonstrated plausible mechanisms between endocrine disruptor exposure and TDS, therefore suggesting a plausible association between environmental exposures during prenatal period and TGCT [START_REF] Sharpe | Testicular dysgenesis syndrome: mechanistic insights and potential new downstream effects[END_REF][START_REF] Sharpe | Pathways of endocrine disruption during male sexual differentiation and masculinization[END_REF]. However, this hypothesis was not confirmed in our findings. In the Chapter 4, we tested the hypothesis that paternal and maternal exposures to pesticides increase TGCT risk in their sons but the findings were null.

A recent hypothesis suggests that TGCT could arise from a combined effect of prenatal, early and later-life exposures (McGlynn 2012). The CIS could be generated in utero by primary exposure in the prenatal period which will potentially become invasive at puberty following secondary exposure. The activation of the pituitary-gonadal axis could lead to accumulation of genomic aberrations (Rajpert-De Meyts, 2006;[START_REF] Skakkebaek | Carcinoma-in-situ of the testis: possible origin from gonocytes and precursor of all types of germ cell tumours except spermatocytoma[END_REF][START_REF] Sonne | Analysis of gene expression profiles of microdissected cell populations indicates that testicular carcinoma in situ is an arrested gonocyte[END_REF]. Environmental exposures could plausibly be the trigger for TGCT even though no specific factors have been identified. The critical window of foetal development seems to be essential in the CIS initiation, nevertheless the life-long accumulation of environmental exposures also require more attention. The NORD-TEST design did not allow collection of individual life-long exposures. Secondly, the variance of pesticide exposure within job categories might also dilute possible associations; people categorized in one occupation supposed to be exposed to pesticide such as Forestry workers might not be exposed whereas people categorized in non-agricultural occupations might be exposed to pesticides such as veterinarians or wood workers [START_REF] Lebailly | Etude PESTEXPO : Développement d'index d'exposition aux pesticides utilisables dans les études épidémiologiques[END_REF].

Thirdly, the general population can be permanently exposed to pesticides due to ubiquitous exposures from the environment. Some studies have found a positive association between residential proximity to cultivated agricultural fields and pesticides concentrations in biological samples of residents [START_REF] Gunier | Determinants of agricultural pesticide concentrations in carpet dust[END_REF][START_REF] Nuckols | Using Geographic Information Systems for Exposure Assessment in Environmental Epidemiology Studies[END_REF][START_REF] Ward | Proximity to Crops and Residential Exposure to Agricultural Herbicides in Iowa[END_REF][START_REF] Weppner | The Washington aerial spray drift study: children's exposure to methamidophos in an agricultural community following fixed-wing aircraft applications[END_REF]. Also, domestic exposures to pesticides have been identified to be important in dust traps (Béranger et al., 2013a). Again, this background exposure among general population show the misclassification inducted when considering pesticides exposures only in the occupational setting.

The JEM is a common method used in epidemiology to assign exposures and to estimate the association between different occupational exposures and the disease risk.

However, a JEM assigns only occupational exposure and ignores the general population level (or the background level) of exposure and thus might underestimate the association between pesticide exposure and TGCT. In addition, a JEM assumes homogeneity of exposure within jobs.

In our NORD-TEST study presented in Chapter 4, the FINJEM was used to assign pesticide exposure. FINJEM attributed a level of pesticide exposure to six different occupations codes (300: Farmers, silviculturists, horticulturists, 311: Commercial garden and park workers, 340: Forestry workers and lumberjacks, 671: Sawyers, 672: Plywood and fibreboard workers, 731: Cookers and furnacemen (chemical processes)) but not to the farm workers (code 310).

The farm workers (code 310) were not assigned exposure to pesticides in FINJEM because mostly farm owner (code 300) were entitled to have a pesticides applicator license.

However, it has been showed in a French study on vineyard workers [START_REF] Baldi | Pesticide contamination of workers in vineyards in France[END_REF] that, while farm owners experienced higher levels of exposure the contaminations remain lower than among the farm workers. Thus, we decided to verify in NORD-TEST data, if farm workers (code 310) would have any further impact on TGCT. All occupational codes containing pesticides in FINJEM and the additional job coding for farm workers were assumed to be exposed. Table 3 shows the results. In general, it is important to notice the small number of mothers exposed in NORD-TEST in spite of the large overall study population. However, with the different stratified analysis and the sensitivity analysis shown in the Chapter 4 as well as this last analysis on farm workers, the exposures to pesticides during the prenatal period was consistently not associated with TGCT in NORD-TEST.

Variation between countries and over time could introduce further uncertainties. 

Statistical power of NORD-TEST study

Preliminary estimation of the statistical power

The statistical power was initially calculated for the study protocol of NORD-TEST. The sample size was estimated with the NORDCAN data (Engholm et al., 2014) and the exposure was based on occupation. Since the probability of being exposed to pesticides is higher among agricultural workers than in the general population, this occupation was used as a surrogate for pesticide exposure. The proportion of agricultural workers in the Danish population decreased by half between 1990 and 2009, from 4.6% to 2.3% ("Statistics Denmark," 2011). In previous studies on this subject, the observed risk to develop TGCT associated with agricultural occupation was found to be OR=1.2, although this risk was not significant in either study (Møller et al., 1997;Rodvall et al., 2003). There was a significant association with agricultural occupation in one study, which found an ] [START_REF] Kristensen | Testicular cancer and parental use of fertilizers in agriculture[END_REF]. The power for NORD-TEST was then estimated for the 19,222 participating cases and their four matched controls, with hypothesized risks of 1. Even with a small proportion of exposed individuals, this study was able to detect a small risk with a minimal power of 91%.

Statistical power based on NORD-TEST final dataset

The exposure assessment to pesticides in NORD-TEST was based on FINJEM and thus gathered other occupations than only agricultural workers. The prevalence of exposure to pesticides based on FINJEM estimates is 0.5% for mothers and 5% for fathers (both opposed to the 2% estimated in our initial protocol). Our final population includes 9,587 cases and 31,633 controls (case:control ratio of 3.3). Thus, this study was able to estimate an increased risk of 1.2 with a power of 19% for maternal exposure to pesticides and with a power of 95% for paternal exposure.

Based on the prevalence of mothers exposed in the underlying population, our sample should have included 69,255 cases in order to have a minimum power of 80%, which will not be achievable even in the Nordic countries combined.

Future trends assessment

The predictions are based on a statistical model developed from the long-standing historical cancer follow-up in the Nordic countries registries. Even if NORDPRED is among the best statistical predictive model available (Lee et al., 2011), it remains hypothetical and future incidence could also quickly change as seen following the Second World War, or again be attenuated as seen recently in Denmark. However, in either scenario, the portion of incidence change attributable to changes in risk patterns will remain higher compared to the portion attributable to demographic changes. It is important to note that GLOBOCAN version 2012 already shows a number of testicular cancer new cases, higher than our predictions for 2025 in Bulgaria, Poland, Denmark, Lithuania, England, Austria, Germany and Switzerland. Thus, the NORDPRED model, initially adapted from the Nordic countries may have underestimated the testicular cancer increase in other countries.

STRENGTHS OF THE THESIS

Previous articles on TGCT risk and prenatal environmental and occupational exposure were lacking statistical power since the number of cases included was too small. The design of NORD-TEST aimed to overcome the lack of power encountered in previous studies. We collected data retrospectively on the last 50 years without any selection or recall bias. Even if individual life style factors cannot be considered by this design, the main potential confounding factors such as cryptorchidism, hypospadias and family history of testicular cancer were available from the registries. In comparison to what has been done, NORD-TEST is one of the larger epidemiological studies on TGCT and the prenatal period of exposure.

Exposure assessment and JEM

One of the strengths was to be able to pool data from four countries having good-quality retrospective information. The registries from the Nordic countries provide a unique opportunity to undertake a study on retrospective occupational exposures with such a large number of TGCT cases; Firstly, the sample size was adequate even though occupational exposure to pesticides is rare as we have observed in our study (in NORD-110 TEST only 5% of fathers and 0.5% of mothers are occupationally exposed). Secondly, there were almost 10,000 cases despite the rarity of TGCT; e.g. the highest incidence in Europe is currently observed in Norway with 12.2 cases for 100,000 men. Thirdly because the data was collected about current occupation at the time of the census, avoiding the biases associated with retrospective data collection, which would have been difficult to implement in other study design. Exposure assessment would not have been feasible or cost-effective using face to face interviews from almost 40,000 men. Sending questionnaires by mail would have been an alternative but the sample would have reduced due to the low response rate [START_REF] Béranger | Testicular germ cell tumours and early exposures to pesticides: The TESTEPERA pilot study[END_REF] and additionally, differential misclassification and recall bias would have been major epidemiological drawbacks.

Biological sample (e.g. tissue, body fluids, bone, nail, hair) would give an objective quantitative measure of exposures at the time of sampling but would not reflect historical exposure due to short half-lives of the markers. Although the most persistent substance might stay longer in the organism, it is unlikely that it reflects the exposure 20

or 30 years before.

All retrospective exposure assessment methods are subject to a degree of exposure misclassification, so our objective was to limit misclassification as much as possible by choosing the most appropriate JEM. FINJEM was developed in the 1990's in one of the countries in NORD-TEST. It is linked to the Finnish job classification and assigns prevalence (proportion of exposure within a job) and level of exposure to 84 substances in eight different time-periods. The advantage of FINJEM is to have quantitative estimates by time-periods. In NORD-TEST, despite the fact that we used occupational census data at one specific date and therefore could not estimate the cumulative exposures, we could assign a certain gradient of exposure. FINJEM estimates have been used in many countries such as Australia, Canada or Spain (Kauppinen et al., 2014;[START_REF] Lavoué | Comparison of exposure estimates in the Finnish job-exposure matrix FINJEM with a JEM derived from expert assessments performed in Montreal[END_REF] and several studies show that JEMs perform well for certain exposures, including pesticide [START_REF] Benke | Comparison of occupational exposure using three different methods: hygiene panel, job exposure matrix (JEM), and self reports[END_REF] but not all [START_REF] Hardt | A comparison of exposure assessment approaches: lung cancer and occupational asbestos exposure in a population-based case-control study[END_REF][START_REF] Lavoué | Comparison of exposure estimates in the Finnish job-exposure matrix FINJEM with a JEM derived from expert assessments performed in Montreal[END_REF][START_REF] Patama | Comparison of exposure assessment methods for occupational carcinogens in a multi-centre lung cancer case-control study[END_REF], and FINJEM has been validated using well-known associations [START_REF] Pukkala | National job-exposure matrix in analyses of census-based estimates of occupational cancer risk[END_REF].

An additional advantage with using a JEM is that it assigns exposures in a systematic manner and therefore does not introduce any differential misclassification between cases and controls; this is particularly true for NORD-TEST where the occupational data was collected via censuses before any diseases had occurred.

Even if the NORD-TEST design did not allow to directly target the intra-uterine exposure, this is the first study able to have powerful estimation of prenatal paternal occupational exposure to pesticide and TGCT.

Future trends assessment

Another strength of this thesis was that is used high quality data. This was a solid base to be able to predict the future trend in all European countries. Cancer incidence follow-up for more than 15 years was available for 23 countries of which 17 had national full coverage.

The prediction model NORDPRED was empirically implemented in 2003 by Moller [START_REF] Moller | Prediction of cancer incidence in the Nordic countries: empirical comparison of different approaches[END_REF] has been demonstrated to be among the best models for predicting the future trends [START_REF] Moller | Prediction of cancer incidence in the Nordic countries: empirical comparison of different approaches[END_REF][START_REF] Qiu | Long-Term Projection Methods: Comparison of Age-Period-Cohort Model-Based Approaches[END_REF]. Our predictions are based on the one of the most comprehensive methods with the highest data quality available. This is likely to be the best estimation for testicular cancer future trends.

Even if the predictions have uncertainties, they give an idea on the future evolution of cancer and give support for health policy makers. Also, this exercise reinforces the necessity of cancer incidence follow-up on a national level, especially for countries that have recently started and those with regional registries only. It also allows taking into account the evolution of the aging population and demographic changes, and then gives insight on the part of the change due to risk factors compared to the change due to demographic trends.

PERSPECTIVES

Future research

In this thesis, the NORD-TEST project did not show any association between prenatal parental exposure to pesticide and the TGCT risk in the offspring. However, the impact of the environment is highly suggested as central key in TGCT aetiology as shown by incidence changes due to risk factor pattern changes in the prediction paper. In vitro and in vivo studies, as well as the early age at TGCT, the birth characteristics (low birth weight, sibship) and the CIS are strongly pointing to in the prenatal period as the sensitive period for the origins of testicular cancer. Since the census data are available at the most every five years in NORD-TEST, it is challenging to target this specific intrauterine window of exposure and further study should better target this specific period.

Also, a recent hypothesis (McGlynn and Trabert, 2012;[START_REF] Sonne | Analysis of gene expression profiles of microdissected cell populations indicates that testicular carcinoma in situ is an arrested gonocyte[END_REF] suggests a combined effect of prenatal, early and later-life exposures in TGCT development; the CIS will be initiated from a disruption during the foetal gonadal development and a second hit later in life, at the adolescence, would trigger the growth of the malignancy. With an increase of hormonal activity, the puberty is also a time window during which environmental factors may increase the risk of TGCT [START_REF] Sonne | Analysis of gene expression profiles of microdissected cell populations indicates that testicular carcinoma in situ is an arrested gonocyte[END_REF]. Endocrine disruptors among which organochlorine have been the most studied, have been found associated to TGCT in studies on adult exposures. Thus, a combination of prenatal and pubertal exposure to endocrine disruptors should be investigated. The design of NORD-TEST study did not allow investigation of individual risk factors at adolescence in addition to the prenatal occupational exposure, but this hypothesis warrants further research.

I would also like to refer to a sentence from Niels Erik Skakkebaek in 2001 (Skakkebaek et al., 2001): "The rapid pace of the increase of reproductive disorders suggests that environmental or life-style factors, rather than an accumulation of genomic structural defects, are the most likely causes. This does not exclude that certain genetic aberrations or polymorphisms may predispose to augmented effects by environmental factors." The high incidence in Denmark and Norway compared to other European countries could also be affected by the interaction between genetic setup and environmental exposures. The genetic influence on TGCT is not negligible, and genetic polymorphisms have demonstrated the ability to modify the susceptibility to environmental factors (Toppari et al., 2010). A gene-environment interaction was also supported in a study identifying polymorphisms in chromosomes 5 and 14 (CYP1A1 and HSD17B4) associated with organochlorine metabolism pathways being able to modify the risk of developing a TGCT (Chia et al., 2010a). Thus, gene-environment interactions should be considered in future studies.

Nevertheless, one of the priorities to investigate TGCT is to have a sample size large enough to obtain valid results. The best would be to set up a prospective cohort study.

However, giving the rarity of TGCT, integrating TGCT research into national cohorts already established, such as for population surveillance purposes (Cohorte Constances, 2014) is a challenge. Nevertheless, a pooling project could be an alternative, for example using a mother and child cohort study consortia [START_REF] Brown | Cohort profile: the International Childhood Cancer Cohort Consortium (I4C)[END_REF] or an agricultural worker consortium [START_REF] Leon | AGRICOH: a consortium of agricultural cohorts[END_REF].

Prevention

Our results showed unequal continuing increase of TGCT incidence in Europe. The highest increases are predicted in Southern Europe. Albeit of the high survival rates in high developed country, late effects emerge following treatment, including second malignant neoplasms, cardiovascular disease, neurotoxicity, nephrotoxicity, pulmonary toxicity, hypogonadism, decreased fertility, and psychosocial problems [START_REF] Travis | Testicular cancer survivorship: research strategies and recommendations[END_REF], hence primary prevention remains a priority. TGCT detected at early stage has a high survival rate; it is the most curable cancer with a 10-year survival rate above 95% [START_REF] Travis | Testicular cancer survivorship: research strategies and recommendations[END_REF]. Since the lack of knowledge in TGCT aetiological risk factors do not yet suggest specific primary prevention measures, a specific effort could be made to harmonize cancer control (detection and early care) in the world, notably in countries with an incidence increase and where the mortality remain high, such as Chile and Latvia which have among the highest mortality rates, followed by Central European and Eastern European countries. Simple regular self-examination could avoid a late detection.

However, there is also a need to educate men about these possibilities and reduce barriers to consult physicians in case of detection of early symptoms.

CONCLUSION

Testicular cancer is predicted to continue to rise, by 24% from 2005 to 2025 in Europe.

The latest update from GLOBOCAN shows that the incidence estimates for 2012 are already higher than the ones we predicted for 2025 in this thesis. This means that the TGCT increase may surpass our prediction. The literature review did not identify any clear environmental or occupational risk factors for TGCT. Prenatal exposures however remain plausible candidates even if the results from NORD-TEST did not show any associations between parental occupational exposure to pesticides and TGCT risk in their offspring. To the best of our knowledge, NORD-TEST is the first study on paternal exposure prior to the child's conception with sufficient statistical power to detect modest associations, if any.

Maternal exposure during pregnancy needs to be further investigated as NORD-TEST involved too few exposed mothers to draw firm conclusions as well as prenatal exposures in combination with exposures during early life and adulthood.

Even if parental occupational exposure to pesticides was not found to be associated to TGCT risk in this thesis, environmental factors such as endocrine disruptors need to be further explored including in connection with possible genetic susceptibility. The limitations of NORD-TEST show that there is a need to have more accurate exposure assessment from all sources (environmental, occupational and domestic) which also reinforces the necessity to set up collaborations between countries and promotion of inter-disciplinary projects. Cancer development is a long, multi-stage process. Since testicular cancer does not appear to be caused by only one specific risk factor, it is difficult to design epidemiological studies that would need to capture a broad range of exposures. If animal models show plausible mechanisms between endocrine disruptors and congenital malformations, the association with testicular cancer is still to be confirmed in epidemiological studies. Further studies should focus on the combined effect of prenatal, early and later-life exposures to pesticides and endocrine disruptors, Sum of PCBs (99,101,118,138,153,156,163,170,180,183,187) [ b: Association was declared to be not significant but confidence interval was not shown.

If not specified, confidence interval (IC) is 95%.
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  testicule en Europe et estimer le taux d'incidence en 2025. Les changements démographiques prévus dans les années à venir sont publiés par les Nations Unies par pays. Nous avons ainsi soustrait la part de changement due à l'évolution démographique, incluant le vieillissement et taille de la population, à l'incidence du cancer du testicule prédite pour 2025 pour déduire la part de changement d'incidence due aux risques facteurs du cancer du testicule, dont le risque environnemental. Afin de dresser le bilan de l'état des connaissances épidémiologiques sur l'association entre les expositions environnementales et professionnelles et le risque de développer une TGT, une revue systématique de littérature fut menée, visant à évaluer tous les articles publiés sur le sujet entre 1990 et 2012. Un algorithme de recherche fut élaboré pour collecter les articles sur Pubmed. Les articles furent évalués par deux investigateurs (Rémi Béranger et moi-même) individuellement se basant sur la grille d'évaluation « Newcastle-Ottawa Quality Assessment Scale » et ainsi attribuant des notes de 0 à 9, 9 étant le score maximum.Ainsi, pour vérifier l'hypothèse de l'exposition prénatale aux pesticides et le risque de développer plus tard une TGT, nous avons construit une étude.L'étude rétrospective cas-témoins NORD-TEST, nichée dans la population totale du Danemark, de la Finlande, de la Norvège et de la Suède, est basée sur les données de registre. Tous les cas de TGT diagnostiqués à partir de 1978 jusqu'à nos jours furent extrait du registre des cancers de chacun des pays. Les témoins furent sélectionnés de manière aléatoire dans le registre de la population générale appariés sur l'année de naissance. La cryptorchidie et l'hypospadias étaient extraits du registre des naissances, du registre des malformations congénitales ou des registres hospitaliers selon les disponibilités de chaque pays. L'histoire familiale de cancer du testicule était également retrouvée dans le registre des cancers. L'activité professionnelle des parents avant la naissance des cas était retrouvée dans les registres de recensement, sauf au Danemark où cette information était collectée dans le registre des retraites. Après harmonisation des activités professionnelles de chaque pays sur la classification Finlandaise, les codes professionnels furent convertis en une probabilité de niveau d'exposition aux pesticides avec la matrice emploi-expositions Finlandaise FINJEM. L'association entre l'exposition parentale professionnelle aux pesticides en période prénatale et le risque de TGT parmi la descendance fut estimée avec une régression logistique conditionnelle.RésultatsLes résultats montrent que l'augmentation de l'incidence du TGT observée au cours des trois dernières décennies va continuer, prévoyant une augmentation d'incidence de 24% entre 2005 et 2025 (Chapitre 2). Cette augmentation serait principalement due au changement de risque facteurs, incluant le risque environnemental. Si nous considérions seulement l'évolution démographique, la prédiction de l'évolution d'incidence de la TGT tendrait à l'inverse, soit une diminution d'incidence de la TGT. Bien que l'impact environnemental sur la TGT soit fortement suggéré par le Chapitre 2, la littérature ne permet pas de discerner de facteur de risque particulier (Chapitre 3). Des associations ont été trouvées avec certaines activités professionnelles; les agriculteurs, les pompiers, les policiers, les militaires, les métiers dans la construction, les personnes travaillant dans l'industrie du papier, du métal et du plastic. Egalement les expositions régulières aux champs électromagnétiques, aux polychlorobiphényles (PCBs) et aux pesticides se sont parfois révélées positivement associées au risque de développer une TGT. Ainsi, ces résultats tendent à discerner un impact de certains agents chimiques perturbateurs endocriniens. Cette revue de littérature permettait également de mettre en exergue le manque d'études pendant la fenêtre d'exposition prénatale. Malgré l'hypothèse fortement suggérée d'une origine foetale dans le développement des TGT, seules neuf études épidémiologiques ont été retrouvées. D'une manière générale le faible nombre de cas de TGT et la faible prévalence d'exposition aux perturbateurs endocriniens constituent un frein majeur à l'interprétation des résultats. L'étude rétrospective cas-témoins NORD-TEST (Chapitre 4) réunissant presque 9.000 cas sur les quatre pays nordiques, représente l'étude la plus puissante sur la thématique et ne mettait aucune association en évidence entre l'exposition parentale professionnelle aux pesticides en période prénatale et la TGT parmi la descendance. Discussion Les prédictions restent un exercice aléatoire et l'évolution réelle de l'incidence des TGT peut s'avérer très différente en cas de changement brutal de prévalence des facteurs de risques. Néanmoins, le modèle NORDPRED a été démonté comme étant l'un des modèles les plus performants. Les prédictions permettent une prise de conscience sanitaire dans les pays ayant une forte augmentation d'incidence et montrent l'intérêt d'un enregistrement systématique des données d'incidence pour les pays n'en ayant pas. Aussi, cet exercice permet de mettre en avant le fait que les variations démographiques n'ont qu'un très faible impact dans l'augmentation des TGT soulignant la prédominance de l'impact dû aux risques dans les TGT. Le Danemark et la Norvège ayant parmi les taux d'incidence les plus élevés d'Europe et ayant, tout comme la Suède et la Finlande, des registres de population depuis les années 50, constituent un terrain privilégié pour étudier les expositions prénatales et le risque de TGT. Le principal atout de l'étude NORD-TEST est de réunir les données rétrospectives fiables de quatre pays différents, c'est la plus grande étude épidémiologique sur les expositions prénatales et les TGT. Certaines limites peuvent néanmoins avoir dilué l'effet potentiel de l'exposition prénatale aux pesticides sur les TGT. L'estimation de l'exposition aux pesticides avec les matrices emploi-expositions attribuent à une activité professionnelle, une probabilité d'exposition. Néanmoins il reste une proportion de personnes dans cette activité professionnelle qui ne sont pas exposées. Cependant pour une étude de telle ampleur et visant les expositions professionnelles, les matrices emploi-expositions restent les plus adaptées, et notamment FINJEM pour les pays nordiques. Conclusion L'incidence des TGT devrait augmenter de 24% en Europe entre 2005 et 2025 touchant particulièrement les pays du sud de l'Europe. Cette thèse met en avant l'importance de l'impact environnemental et des autres facteurs de risques peu connus des TGT sur l'évolution de celui-ci. NORD-TEST, l'étude la plus puissante jusqu'à lors, ne montre pas d'association entre l'exposition parentale professionnelle aux pesticides pendant la période prénatale et le développement de TGT. Néanmoins, ces résultats nécessitent confirmation par d'autres études épidémiologiques d'envergure, utilisant d'autres outils d'évaluation d'exposition.
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Figure 1 :

 1 Figure 1: Schematic representation of the possible aetiology, pathogenesis and clinical manifestations of testicular dysgenesis syndrome emphasizing the key role of disturbed germ cell differentiation in the pathogenesis of testicular carcinoma in situ (CIS) Source: Rajpert-De Meyts 2006 modified version fromSkakkebaek et al., 2001. 

Figure 2 :

 2 Figure 2: Testicular cancer age standardised incidence rate (ASR) in the world. Source: GLOBOCAN 2012, http://globocan.iarc.fr/Pages/Map.aspx, accessed the 04.09.2014

  Cancer(INCa), 2009), and thus affecting their normal function. Endocrine disruptors can interfere with hormonal regulation at different levels: production, storage, transport, diffusion and elimination of natural hormones (Institut national du Cancer(INCa), 2009) 

  analyse the current knowledge on environmental and occupational exposures related to TGCT risk (Chapter 3) by means of a Systematic literature review 3. To investigate the association between prenatal parental occupational exposure to pesticides and TGCT risk in the offspring in a large register-based case-control study in the Nordic countries (Chapter 4).The description of the methods used and the main results for each of the three objectives described above are the subject of three articles presented in the next chapters. The publication presented in Chapter 2 extrapolates the current testicular cancer incidence trends into the future, based on age-period-cohort models to quantify the future burden. The incidence change may be due to population growth and aging (demographic changes), but might also be the result of an increase in risk factors of TGCT, including environmental exposures. The predicted TGCT incidence increase will be subdivided into changes due to demographic evolution and changes due to all risk factors combined. The publication presented in Chapter 3 critically reviews the current knowledge on environmental and occupational exposures associated with TGCT risk by means of a systematic literature review (from 1990 to 2012) presenting the results by windows of exposure: prenatal and life-long. The manuscript presented in Chapter 4

  countries without 15 years follow-upIn order to predict the incidence rates for 2025, the incidence rates of 2005 was needed for these 17 remaining countries. The three countries which had too small population sizes for the NORDPRED model to perform adequately (Estonia, Iceland and Malta) had data available in CI5 for 2005. For the 14 other countries, the number of cases of testicular cancer was unknown in 2005 in CI5 data. We then estimated the number of cases diagnosed for 2005 by applying the age-specific rates from GLOBOCAN 2008[START_REF] Ferlay | GLOBOCAN 2008 v2.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase[END_REF] to the corresponding 2005 population data found in the WPP for these countries (World Population Prospects., 2011) country' was selected for each of these 17 countries on the basis of geographical proximity and comparable testicular cancer incidence rates in 2008. The predicted change in risk from the referent country was combined to the change in demographics forecasted by WPP to get the percentage of total change between 2005 and 2025 for these 17 countries. Then we obtained the predicted new cases of testicular cancer in 2025 for these 17 countries.

Stata 11 .

 11 2 was used for data management and plotting the observed, and modelled trends. The modelling analyses were performed using R 2.15 and the functions available in Epi package version 1.1.36 (Version R development Core team, 2011), R Studio and the NORDPRED package.

Figure 3 :

 3 Figure 3: Method used for predicting testicular cancer incidence in 2025 in the 40 European countries

REVIEW: ARTICLE 2 2. 1

 21 Article selectionA systematic literature search was performed on PubMed by Rémi Beranger and myself to identify relevant epidemiological studies on occupational and environmental risk factors associated with TGCT. Individual lifestyle factors (e.g. drugs, physical activity, tobacco, marijuana) were not included in this review. Our search strategy identified 265 articles published from the 1st January 1990 to 31st December 2012.Search terms:("Testosterone/ antagonists and inhibitors"[Mesh] OR "Endocrine Disruptors"[Mesh] OR "Pesticides"[Mesh] OR "Endocrine Disruptors"[TIAB] OR "Pesticides"[TIAB] OR "maternal exposure"[mesh] OR "environmental exposure"[mesh] OR "occupational diseases"[mesh] OR "occupations"[mesh]) AND ("Germinoma"[Mesh] OR "Testicular Neoplasms"[Mesh] OR "seminoma"[TIAB] OR "testicular dysgenesis syndrome"[tiab] OR "testicular cancer"[tiab])

  3; SAS Institute Inc., Cary, NC, USA). The NOS quality scores were compared using the Wilcoxon test. 65 * Table S1 : Appendix 6: Occupational and environmental exposure related testicular germ cell cancer (publication from 1990 to 2012) / Checklist S1: Appendix 7: Completed PRISMA checklist the current knowledge on the role of environmental prenatal exposures, the NORD-TEST study aimed to investigate prenatal exposure to pesticides in a large scale register-based case-control study.2 METHODS OF NORD-TEST: ARTICLE 3NORD-TEST is a registry-based case-control study pooling data from Denmark, Finland, Sweden and Norway. Since testicular cancer is rare and Norway and Denmark have the highest incidence in Europe, the inclusion of the four Scandinavian countries enabled the inclusion of a large number of cases. Moreover, these four countries have a long history of collecting information on health status, family composition, socio-economic status, residential history, and occupations in routine registers. This allows for the collection of data retrospectively through linkage of the registries.

  Denmark (Danish Cancer Society Research Center), Eero Pukkala (Finnish Cancer Registry, School of Health Sciences) in Finland, Tore Tynes (Cancer registry of Norway National Institute of Occupational Health) in Norway and Maria Feychting (Karolinska Institutet) in Sweden helped in the accomplishment of data collection. We organised two consecutive meetings in Copenhagen in March 2012, and March 2013. The former aimed to present the study protocol to the partners and launch

  matched on year of birth among the general population. Siblings and parents were retrieved by linkage to the general population registry. The characteristics of birth, maternal pregnancy, family history of testicular cancer and occupational history of index cases were retrieved later from the different registries.Following ethical approval, an individual application was sent to each registry to request the specific data. The time to get an answer varied according to the registry. The different registries approached were:-Cancer registry to extract the cases -General population registry to find the matched controls and find the parents and siblings of each case and control -Cancer registry, again, to obtain the cancer history of cases, controls, parents and siblings -Birth registry to get birth and pregnancy characteristics for mothers and cases and controls -Hospital discharge and/or deformities registries to get the congenital malformations of cases and controls diagnosed after birth Each country took several months to process the application. In Norway, just the very last step to get the occupations from Statistic Norway took almost one year, to negotiate the export of the data to IARC.

  the census starts in 1970 and in Denmark the ATP starts in 1964, meaning that parental occupations before birth were missing for cases and controls born between 1960 and 1970 in Finland and from 1960 to 1964 in Denmark. Missing values from the Norwegian survey in 1990 were replaced by occupations from the 1980 census when available, assuming that the impact on the results was negligible since only 2% of our population was born in 1990 or later. Missing occupational codes between two known censuses with identical occupations were recoded with the same occupational code. No other imputation of missing values for occupational codes was done. The International Standard Classification of Occupations (ISCO) and the national occupational classifications from each northern country have changed over time. Finland, Sweden and Norway have a national coding arising from the Nordic occupational classification (Nordisk yrkesklassifikasjon: NYK) which is a Nordic adaptation of ISCO 1958. National codes are updated from one census to another. In Denmark, the ATP is based on International Standard Industrial Classification (ISIC) before 1993. Succeeded by the Statistical Classification of Economic Activities in the European Community (NACE) and the revised Danish version 2007 (Dansk Branchekode: DB07).

  and above and -Country specific estimates, individually but also grouped by high TGCT incidence risk countries: Denmark and Norway versus low TGCT risk countries: Sweden and Finland Sensitivity analyses were conducted to test the association in different subgroups, such as those with parental occupation available within the two years prior to child birth. Since Denmark had a different type of employment recording than the census, we also conducted sensitivity analyses without Danish data. ARTICLE 3 Testicular germ cell tumours and parental occupational exposure to pesticides: a register-based case-control study in the Nordic countries (NORD-TEST study). C. Le Cornet, B. Fervers, S. Oksbjerg Dalton, M. Feychting, E. Pukkala, T. Tynes, J. Hansen, K.C. Nordby, R. Beranger, T. Kauppinen, S. Uuksulainen, P. Wiebert, T. Woldbaek, N.E. Skakkebaek, A. Olsson, J. Schüz

  emphasized the need for further research into exposures during early time windows of exposure. Maternal exposure to exogenous oestrogens during gestation is suggested to induce male reproductive tract abnormalities.[START_REF] Sharpe | Are oestrogens involved in falling sperm counts and disorders of the male reproductive tract?[END_REF] Diethylstilbestrol (DES), dichlorodiphenyltrichloroethane (DDT), hexachlorobenzene (HCB), polychlorinated biphenyls (PCBs) and some pesticides with endocrine disrupting properties are suspected to disturb the normal genital development by mimicking oestrogen.[19] Paternal occupational exposures have been seen to potentially affect cancer susceptibility in the child by transplacental exposures.[START_REF] Feychting | Increased concentrations of polychlorinated biphenyls, hexachlorobenzene, and chlordanes in mothers of men with testicular cancer[END_REF] Despite an observed association with persistent organic pollutants in maternal serum,[21] few epidemiological studies have investigated the association of pre-natal exposures to pesticides with TGCT risk since 2001, when the TDS hypothesis was first proposed.

  14 and 49 years old were regarded eligible. The last available diagnostic year at the time of dataset creation was in 2003 in Denmark (due to availability of occupational data, see below), 2012 in Finland, 2010 in Norway and 2011 in Sweden (Appendix 3). In addition to date of diagnosis, the study inclusion depended on the year of the first census available, with Denmark including men born between 1965 and 1981, Finland including men born in 1970 or later and Norway and Sweden including men born in 1960 or later. Cases were identified in the nationwide population-based cancer registries using International Classification of Disease (ICD) codes as follows: ICD 7:178, ICD 8 and ICD 9: 186, ICD 10 and ICD-O-3: C62, Danish revision of ICD

Appendix 4

 4 gives the histological codes and classifications used to categorize TGCT cases into seminoma and non-seminoma. In Denmark, the classification used was the extended Danish version of the 7 th version of the ICD. We used the International Classification of Diseases-Oncology (ICD-O-3) in Finland, a Norwegian version of the ICD-O in Norway, and in Sweden according to WHO/HS/CANC/24.1 histology code from 1958,[24] ICD-O-2 from 1993, and from 2005 onwards ICD-O-3.

Figure 1 :

 1 Figure 1: Flow chart of inclusion of cases and controls

  Parental occupation in the census before birthPesticide exposure not assessable, one of the parents have no information on the occupation prior

(

  ), the estimate was decreased for maternal exposure in Sweden (OR=0.49 [95% CI 0.23-1.05]), with no other notable associations for any other maternal and/or paternal exposure to pesticides prior to the child's birth. Stratification by census did not show any further associations (data not shown). Investigating the association by five year birth cohorts did not reveal any clear trends by time with most odds ratios close to 1, but few significant results were observed, namely for the birth cohort 1960-65 with parental exposure(OR 1.31, mother only: OR 2.53,) and an inverse association for the birth cohort 1975-80 with maternal exposure (OR 0.28, CI: 0.09-0.93).

  limited to cases diagnosed between 1986 and 1988, which represents less than 5% of the Danish cases included in the present study. A Swedish study investigating testicular cancer occurrence among offspring of pesticide applicators licensed between 1965 and 1976 found only two cases born between 1958 and 1994 indicating no increased risk of TGCT among pesticide applicators' offspring.[29] Also in Norway, an investigation in offspring of parents engaged in agricultural activities did not show any association between testicular cancer and exposure to pesticides.[30]

  NORD-TEST includes four countries that have different climate and agricultural practices, including different type of pesticides use. The south of Sweden compares more to Denmark (flat, more sunny and more to the south) than to Norway. Denmark and Sweden have a similar high agricultural production, mainly represented by sugar beets, wheat and barley while in Finland the production is lower. Sugar beet cultivation is not possible in Norway and the wheat cultivation acreage is somewhat smaller, 39,000 hectares in 2013 in Norway against 368,000 hectares in Sweden. The definition of farm is also different; five hectares minimum is needed in Sweden to be considered as farm, while only 0.5 hectares are required in Norway. Also, pesticide use depends on the external forecast condition which is country and year-dependent. However, the association between parental pesticide exposure and TGCT did not show any difference between Denmark, Norway, Finland and Sweden. In addition, NORD-TEST used data collection between 1960 and 1990 and pesticide use practices are likely to have varied over time. The other limitation of NORD-TEST study was the inability to precisely target the critical time window, namely around conception and in utero. Because of the design of NORD-TEST we had to assume that the job title at the last census reflected the around conception and in utero exposure.

  based on the observed incidence in Nordic countries between 1958 and 1997 when Denmark and Norway had not yet levelled off. This NORDPRED model projects recent slope in the future with an age-period-cohort model and applies attenuation on each 5-year predicted period. Although uncertainties remain, NORDPRED

6 :

 6 with sufficient statistical power to detect also modest risks. Meanwhile, since early diagnosis is crucial for good prognosis, the need of population awareness worldwide is a first goal to achieve, while aetiological risk factors remain to be identified. Appendix 4: Testicular cancer subtypes classifications TableS1from Article2 -Occupational and environmental exposure related testicular germ cell cancer (publication from 1990 to 2012)

  Abbreviations: y = year; JEM = job exposure matrix; DDT = dichlorodiphenyltrichloroethane; DDE= Dichlorodiphenyldichloroethylene. a: Adjusted for environmental and occupational exposures and reproductive health history.b: Association was declared to be not significant but confidence interval was not shown.If not specified, confidence interval (IC) is 95%.
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Table 1 :

 1 List non exhaustive of molecules identified as having potential endocrine disruptor properties (Expertise collective INSERM, 2008):

	Pesticides	Acetochlor, Alachlor, Aldrin, Allethrin, Amitrol, Atrazine, Carbaryl,
		Chlordane, Chlofentezine, p,p'-DDE, DDT, Dieldrin, Dicofol,
		Endosulfan, Éthylènethiourée, Fenarimol, Fenbuconazole,
		Fenitrothion, Fenvalarate, Fipronil, Heptachlor, Heptaclor epoxide,
		Iprodione, Kepone, Ketoconazole, Lindane, Linuron, Malathion,
		Mancozeb, Maneb, Methomyl, Methoxychlor, Metribuzen, Mirex,
		Nitrofen, Nonachlor, Oxychlordane, Pentachloronitrobenzene,
		Permethrine, Procymidone, Prodiamine, Pyrimethanil, Sumithrin,
		Tarstar, Thiazopyr, Thiram,Toxaphene, Tributylétain,
		TrifluralinVinclozolin, Zineb, Ziram
	Persistant	1,2-dibromoéthane, Chloroforme, Dioxines et furanes,
	Organohalogen	Octachlorostyrene, PCB, PBDE, Pentachlrophenol,
	Pollutants (POPs)	Tétrabromobisphénol A (TBBPA)
	Other Endocrine	
	disrupting chemicals	
	(EDCs)	

Endocrine disruptors are very complex sources of exposure. Many different components can interact with different hormonal mechanisms. The table below shows a list of molecules with potential endocrine disruptor properties (Expertise collective INSERM, 2008): Butyl-hydroxyanisole, Phtalates, Benzophenone, Bisphenol A, Benzo(a)pyrene, Carbendazim, Éthane-diméthane-sulfonate, Perfluoroctanesulfonates, Alkyphénols, Resorcinol, Styrènedimères, trimères, heavy metal: Cd, Pb, Hg

In vitro and in vivo studies showed that the interruption of normal cell differentiation during foetal life may lead to reproductive impairment suggesting that the foetal milieu is a determinant for pubertal sperm production

[START_REF] Sharpe | Effect of neonatal treatment of rats with potent or weak (environmental) oestrogens, or with a GnRH antagonist, on Leydig cell development and function through puberty into adulthood[END_REF] 

and normal development of testis. Thus, prenatal exposure to commonly used endocrine disrupting chemicals such as any of the components in table 1, including pesticides, might result in a TDS-like phenotype including TGCT. Pesticide exposure during the prenatal period could then interfere in the normal foetal development by endocrine disruptor effects inducing TGCT predisposition

[START_REF] Sharpe | Testicular dysgenesis syndrome: mechanistic insights and potential new downstream effects[END_REF]

) However, only a few studies have investigated the role of prenatal pesticides exposure. The rarity of the disease and the retrospective assessment of pesticide exposure remain challenging in TGCT epidemiological studies.

  and to estimate the proportion of the increased incidence that is due to overall changes in risk patterns compared to the proportion due to demographic changes, by predicting future testicular cancer trends in Europe. This is a primarily statistical study aiming to predict future trends to inform research priorities and prevention strategies.This study was conducted within a collaboration between the former Section of Cancer Information (CIN) at IARC (now called Section of Cancer Surveillance (CSU)) and the Section of Environment and Radiation at IARC, initiated by a mutual interest in the steep testicular cancer incidence rate increase.

  the Birth Registry, when diagnosis was made at birth

	-the Hospital Discharge Registry (HDR) when the diagnosis was made later in life
	-and the Deformities Register (as HDR complements), available in Finland only
	In Denmark, the Birth Registry starts in 1973, HDR in 1977 and there is no Deformities
	Register, so congenital malformation from all cases and controls were missing from 1960
	to 1973. The congenital malformations diagnosed in early life were missing from 1960 to
	1977 and then recorded; except for children who were not hospitalized (outpatients) as
	these are only recorded at the HDR from 1995.
	In Finland, the Birth Registry starts in 1987, the HDR starts in 1969 and the Deformities
	Register starts in 1987. Congenital malformations are then missing between 1960 and
	1969 for those diagnosed in early life, and from 1960 to 1987 for congenital
	malformations diagnosed at birth.

In Norway, the Birth Registry starts in 1967 and neither HDR nor Deformities Register are available so congenital malformations diagnosed in early life are all missing and the ones diagnosed at birth are missing between 1960 to 1967.

In Sweden, the Birth Registry starts in 1973, the HDR starts in 1987 and there is no Deformities Register. Congenital malformations are missing between 1960 and 1973 for those diagnosed at birth and missing until 1987 for those diagnosed in early life.

Table 2 :

 2 Job-codes considered exposed to pesticides in FINJEM

	Pesticide	Finnish Job-code	Job-code title
	Fungicides	300	Farmers, silviculturists, horticulturists
		311	Commercial garden and park workers
		340	Forestry workers and lumberjacks
		671	Sawyers
		672	Plywood and fibreboard workers
		731	Cookers and furnacemen (chemical processes)
	Herbicides	300	Farmers, silviculturists, horticulturists
		340	Forestry workers and lumberjacks
	Insecticides	300	Farmers, silviculturists, horticulturists
		311	Commercial garden and park workers
		672	Plywood and fibreboard workers

  The national cancer registries operate since 1942 in Denmark, since 1953 in Finland and Norway and since 1958 in Sweden. Date of diagnosis, age at diagnosis, morphology and histology of the cancer were extracted for brothers and fathers from the cancer registries. Diagnostic and surgical interventions for cryptorchidism and hypospadias were extracted from the birth registry, which started in 1987 in Finland and in 1973 in Sweden, and from the Hospital Discharge Register, available from 1969 in Finland and from 1964 in Sweden. In Finland, in addition to birth registry and hospital discharge registry, the registry of congenital malformations at the National Institute for Health and Welfare from 1980 was also used. In Norway, only information from the Medical Birth Registry from 1967 onwards was used to retrieve cryptorchidism and hypospadias. Congenital malformations were not included in the Danish birth registry until 1996, therefore they were obtained from the Hospital Discharge Register available since 1977 for inpatients and from 1995 for outpatients. Appendix 5 shows the disease codes and operational codes used to identify hypospadias and cryptorchidism.

Table 1 :

 1 Demographic characteristics of cases and controls by country and combined

	COMBINED	Controls Cases	N % N %		5177 16.4 1646 17.2	7235 22.9 2236 23.3	8291 26.2 2405 25.1	5647 17.9 1739 18.1	3369 10.7 1007 10.5	4.7 1486 433 4.5	1.4 428 121 1.3		714 7.4	2074 21.6	2719 28.4	2125 22.2	1272 13.3	506 5.3	177 1.8		11 0.1	146 1.5	441 4.6	1153 12.0	1925 20.1	2427 25.3	2522 26.3
	SWEDEN	Cases Controls	N % N %		904 23.1 3043 23.2	884 22.6 2938 22.4	827 21.1 2833 21.6	670 17.1 2200 16.8	380 9.7 9.7 1280	198 5.1 5.0 657	53 1.4 1.4 182		256 6.5 .	818 20.9 .	1018 26.0 .	884 22.6 .	591 15.1 .	258 6.6 .	91 2.3 .		4 0.1 .	78 2.0 .	223 5.7 .	459 11.7 .	650 16.6 .	934 23.9 .	1086 27.8 .
	NORWAY	Cases Controls	N % N %		742 23.3 2134 24.5	617 19.4 1369 15.7	783 24.6 2328 26.7	544 17.1 1425 16.4	349 11.0 999 11.5	122 3.8 4.4 381	23 0.7 0.9 79		218 6.9 .	586 18.4 .	874 27.5 .	701 22.0 .	478 15.0 .	237 7.5 .	86 2.7 .		7 0.2 .	54 1.7 .	99 3.1 .	337 10.6 .	627 19.8 .	807 25.4 .	1061 33.4 .
	FINLAND	Cases Controls	N % N %		. .	. .	319 30.9 1233 30.6	308 29.8 1202 29.9	249 24.1 974 24.2	113 10.9 448 11.1	45 4.4 4.2 167		114 11.0 .	254 24.6 .	314 30.4 .	227 22.0 .	114 11.0 .	11 1.1 .	. .		. .	. .	4 0.4 .	28 2.7 .	109 10.5 .	226 21.9 .	375 36.3 .
	DENMARK	Cases Controls	N % N %		. .	735 50.4 2928 50.8	476 32.7 1897 32.9	217 14.9 820 14.2	29 2.0 2.0 116	. .	. .		126 8.6 .	416 28.6 .	513 35.2 .	313 21.5 .	89 6.1 .	. .	. .		. .	14 1.0 .	115 7.9 .	329 22.6 .	539 37.0 .	460 31.6 .	. .
			Total	Birth year	1960-1964	1965-1969	1970-1974	1975-1979	1980-1984	1985-1990	1990-1995	Age at diagnosis	14-19	20-24	25-29	30-34	35-39	40-44	45-49	Diagnostic period	1978-1979	1980-1984	1985-1989	1990-1994	1995-1999	2000-2004	2005-2009

6 28444 99.5 3597 99.6 12030 99.6 4831 99.6 16414 99.5

  No associations were found for either maternal or paternal occupational exposure to pesticides and TGCT risk in their sons with OR=0.85 [95% CI 0.57-1.25] and 1.03 [95% CI 0.93-1.15], respectively. Adjustment for cryptorchidism, hypospadias and family history of testicular cancer did not materially change the effect estimates; adjusted OR=0.83

	Any 34 0.4 134 0.5 0.85 [0.57-1.25] 15 0.4 46 0.4 1.03 [0.57-1.88] 19 0.4 88 0.5 0.74 [0.44-1.24] exposure. Fungicides represented the most prevalent pesticide exposure among fathers None 8428 99.6 28444 99.5 3597 99.6 12030 99.6 4831 99.6 16414 99.5 Low (<0.01) 18 0.2 77 0.3 0.77 [0.45-1.32] 11 0.3 27 0.2 1.34 [0.65-2.77] 7 0.1 50 0.3 0.44 [0.19-1.05] Medium (0.01-0.1) 2 0.0 19 0.1 0.40 [0.09-1.70] -6 -[-] 2 13 0.58 [0.13-2.57] High (≥0.1) 14 0.2 38 0.1 1.20 [0.64-2.26] 4 0.1 13 0.1 0.87 [0.28-2.73] 10 0.2 25 0.2 1.40 [0.66-2.98] None Any Maternal Herbicide exposure before birth 8444 99.8 28501 99.7 3601 99.7 12049 99.8 4843 99.9 16452 99.7 18 0.2 [95% CI 0.56 -1.23] for maternal and 1.03 [95% CI 0.91 -1.16] for paternal occupational and mothers (5.0 and 0.4%, respectively), but neither fungicides, nor insecticides, nor

Table 3 :

 3 Association between TGCT and parental occupation exposed to pesticides:

	Cases	Controls		OR	CI95%
	N	%	N	%		
	Maternal occupations likely to be the more exposed to pesticides		
	Non-exposed	8354 98.7	28110 98.4	
	Exposed*	108	1.3	468	1.6	0.78 [0.63-0.97]
	Paternal occupations likely to be the more exposed to pesticides		
	Non-exposed	8596 92.7	28801 93.2	
	Exposed*	673	7.3	2108	6.8	1.03 [0.94-1.13]
	*Finnish occupational codes likely to be the most exposed to pesticide: 300: Farmers,
	silviculturists, horticulturists, 311: Commercial garden and park workers, 340: Forestry workers
	and lumberjacks, 671: Sawyers, 672: Plywood and fibreboard workers, 731: Cookers and
	furnacemen (chemical processes), 310: farm workers.			

  2, 1.5, 2 and 2.5, respectively. 

	Using Power V3.0 software from the National Cancer Institute (García-Closas and Lubin,	
	1999), estimation of statistical power was performed for exposure prevalences of 2, 5	
	and 10% as described below:				
		If OR=1.2 If OR=1.5 If OR=2 If OR=2.5
	Statistical power with 2% exposure probability	0.91	1	1	1
	Statistical power with 5% exposure probability	0.99	1	1	1
	Statistical power with 10% exposure probability	1	1	1	1

In the prediction paper in the Chapter

2, all testicular cancer cases from Cancer in Five Continents were considered in the model of prediction. Testicular cancer will rather be used in the Chapter 2 than TGCT term.

Acknowledgments

This work was supported by public funding from the Lyric Grant INCa-DGOS-4664 (Institute of Cancer Research, France), the International Agency for Research on Cancer (IARC) and the Cancéropôle Lyon Auvergne Rhône-Alpes (CLARA). We would like to acknowledge Marianne Steding-Jessen and Andrea Meersohn from the Danish Cancer Society Research Center, Karin Fremling from the Institute of Environmental Medicine, Karolinska Institutet, and Veronique Luzon from IARC for their help with the data management. The Family-Cancer Database was created by linking registers maintained at Statistics Sweden and the Swedish Cancer Registry. Data from the Finnish Cancer Registry was extracted by the permission for the research No.THL/1123/5.05.00/2012. Thanks also to the NOCCA team to have approved our research protocol for the use of FINJEM and thanks for their expertise on the occupational exposure in the Nordic countries.

Data collection

RESULTS

Overall, 9,587 cases and 31,633 controls were included in the study. Country-specific distributions of cases and controls are shown in Table 1.
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