
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Reproductive factors, hormone use,  

and endocrine disruptors in the etiology  
of lymphoid neoplasms 

 
Factors reproductius, ús d’hormones i disruptors endocrins  

en l’etiologia de les neoplàsies limfoides 
 

Laura Costas Caudet 
 
 
 

 

 

 
 
 
Aquesta tesi doctoral està subjecta a la llicència Reconeixement- SenseObraDerivada 3.0. 

Espanya de Creative Commons. 
 

Esta tesis doctoral está sujeta a la licencia  Reconocimiento - SinObraDerivada 3.0.  
España de Creative Commons. 

 
This doctoral thesis is licensed under the Creative Commons Attribution-NoDerivatives 3.0. 

Spain License.  
 



2017
LAURA COSTAS CAUDET

LYMPHOID NEOPLASMS
in the etiology of
endocrine disruptorsand

hormone use,
Reproductive factors,



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 
Reproductive factors, hormone use, 

and endocrine disruptors in the 
etiology of lymphoid neoplasms 

 
Factors reproductius, ús d’hormones i 
disruptors endocrins en l’etiologia de 

les neoplàsies limfoides 
 
 
 

Report of the Doctoral Thesis presented by 
 

LAURA COSTAS CAUDET 
 

to obtain the PhD degree 
Under the direction of 
Dr Silvia de Sanjosé 

 
 

Thesis registered at the Doctoral Program of Medicine 
Department of Medicine, School of Medicine 

Barcelona, 2017 
 

 
 

 
Cover Page: Javier Sanz Márquez 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A la família, 
en el sentit ampli. 

 
 
 
 
 

 

  



 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 

-6- 

TABLE	OF	CONTENTS	
 
ACKNOWLEDGEMENTS ........................................................... 10 
LIST OF ABBREVIATIONS ........................................................ 12 
INCLUDED ARTICLES ................................................................ 14 
ABSTRACT ................................................................................... 18 
GENERAL INTRODUCTION ...................................................... 20 

Lymphoid neoplasms .................................................................. 20 
a.  Classifications ................................................................. 20 
b.  Epidemiology ................................................................. 21 
c.  Risk factors ..................................................................... 24 

Endogenous and exogenous hormonal factors ............................ 26 
a.  Endogenous factors ........................................................ 26 
b.  Exogenous factors .......................................................... 27 

Endocrine disruptors ................................................................... 29 
a.  Polychlorinated biphenyls (PCBs) ................................. 31 
b.  Pesticides ........................................................................ 31 
c.  Organic solvents ............................................................. 32 
d.  Alkylphenolic compounds .............................................. 32 
e.  Metals ............................................................................. 33 
c.  Brominated flame retardants .......................................... 34 
d.  Polycyclic aromatic hydrocarbons ................................. 35 

Potential mechanisms of action .................................................. 35 
HYPOTHESES ............................................................................... 38 
OBJECTIVES AND RATIONALE ............................................... 40 
SUMMARY OF STUDIES ............................................................ 42 
SUMMARY OF RESULTS ........................................................... 46 
ARTICLE 1 .................................................................................... 48 
ARTICLE 2 .................................................................................... 62 
ARTICLE 3 .................................................................................... 76 
ARTICLE 4 .................................................................................... 86 
ARTICLE 5 .................................................................................... 92 
ARTICLE 6 .................................................................................. 106 
ARTICLE 7 .................................................................................. 114 
GENERAL DISCUSSION ........................................................... 134 

Reproductive factors and exogenous hormone use in lymphoid 
neoplasms etiology. .................................................................. 134 
Occupational exposure to endocrine disruptors in lymphoid 
neoplasms risk. .......................................................................... 141 
Strengths and limitations .......................................................... 148 



-7- 

Contribution to the knowledge of cancer and future research 
directions ................................................................................... 150 
Epidemiological assessment of potential causality for parity, HT 
and EDCs in lymphoma etiology .............................................. 151 

CONCLUSIONS .......................................................................... 152 
RESUM EN CATALÀ ................................................................. 154 
SPECIFIC TASKS PERFORMED BY THE PHD STUDENT ... 156 
FUNDING SOURCES ................................................................. 158 
SUPPLEMENTARY MATERIAL: ............................................. 160 

ARTICLE 1 ............................................................................... 160 
ARTICLE 3 ............................................................................... 162 
ARTICLE 4 ............................................................................... 163 
ARTICLE 5 ............................................................................... 165 
ARTICLE 6 ............................................................................... 166 

APPENDIX .................................................................................. 178 
REFERENCES ............................................................................. 180 
 
  



 

-8- 

FIGURE	LIST	
 
Figure 1: Proposed WHO-based nested classification of malignant 

lymphoid neoplasms from the Pathology Working Group of 
the InterLymph. ................................................................. 21 

Figure 2: Age-standardized incidence rates of non-Hodgkin 
lymphoma worldwide. ....................................................... 22 

Figure 3: Incidence sex rate ratios by the largest lymphoid neoplasm 
subtypes based on population data from UK. ................... 23 

Figure 4: Lymphoma incidence time trends in the United States... 24 
Figure 5: Associations for risk factors affecting one or more NHL 

subtypes in the InterLymph NHL Subtypes Project. ......... 25 
Figure 6: Hormone levels during pregnancy. ................................. 27 
Figure 7: ‘Examples of potential diseases and dysfunctions 

originating from early exposures to EDCs’. ...................... 29 
Figure 8. Examples of EDCs actions. ............................................. 36 
Figure 9: Kaplan-Meier curves for cumulative incidence of NHL by 

treatment assignment in the Women’s Health Initiative . 140 
Figure 10: Random effects meta-analysis keeping the Agricultural 

Health Study analysis with the largest sample size. ........ 144 
Figure 11: Volcano plot of agonist and antagonist activity for 1814 

chemicals ......................................................................... 147 
 
 
TABLE	LIST	
 
Table 1: Summary of endocrine mechanisms of action and IARC 

classifications of the EDCs included in this thesis ............ 30 
Table 2: Endocrine mechanisms of action of metals as EDCs. ...... 34 
 
 
APPENDIX 
 
Appendix 1. Preliminary analises on reproductive factors and 

exogenous hormone use and CLL/SLL in the MCC-Spain 
study. ............................................................................... 178 

Appendix 2. Selected characteristics of hormonal contraception and 
hormone therapy users in the Multi Case-Control Spain 
study. ............................................................................... 179 

 
 



-9- 

  



 

-10- 

ACKNOWLEDGEMENTS	
 
En primer lloc als meus pares, per la seva entrega incondicional, per 
ser tant bones persones, i estar allà sempre que cal amb un somriure 
o amb el que faci falta. A la Gemma per ser més que una germana: 
una companya de vida. A la petitona per ensenyar-me coses que no 
són als llibres. A l’Edu, que m’ha donat temes per estudiar 
(productes químics, torns de nit). A la Marisin per ser una segona 
germana. Al Viedrin per la súper portada, pels seus consells de 
disseny gràfic, i sobretot, per acompanyar-me en aquest camí. I a la 
resta de la família, per ser tan peculiar i divertida. 
  
A la Sílvia, per ser una jefa exemplar, per combinar a la perfecció 
l’autonomia en la recerca amb els bons consells d’una supervisora. I 
pel luxe d’haver pogut aprendre tot el que he après tant laboral com 
personalment en aquests anys sota la teva direcció.  
 
To Claire, for those amazing times in Montreal, and for showing me 
the relevance of good writing in science. To James et tout le groupe 
du GCS (IARC) pour les fantastiques 3 moins que j’ai passé à 
Lyon, et pour nos prochaines collaborations.  
 
A les Lympho-Ladies (Delphine, Yolanda, Paloma i Clàudia) per 
tot el que he après amb vosaltres durant aquest temps: sense la 
vostra ajuda i opinions aquesta tesi no seria el mateix! I al Manolis, 
pels seus comentaris sempre útils, així com a la gent del CREAL i 
del MCC-Spain.  
 
Al grup de treball dels alquilfenols, en especial a la Mayte i 
l’Emília, perquè ha estat realment un plaer i una experiència molt 
enriquidora poder treballar amb vosaltres i veure créixer el nostre 
projecte des de zero.  
 
A tot el grup de Mejor Sin Cáncer: als autors, col·laboradors i 
coordinadors (Maria, Marta, Bea, Miren, Leslie, Yolanda, Noémie, 
Toni, Silvia), perquè a part de fer divulgació del càncer m’ho he 
passat molt i molt bé i hem explorat la nostra part més creativa. 
També al Emilio, Xesco i Jesús, pel suport informàtic i la paciència. 
Al Jordi Gàlvez per les fotos i al Dani Arbós per la difusió.  
 



-11- 

A tots els membres del Programa de Recerca en Epidemiologia del 
Càncer (PREC), en especial a la Laia A pel despatx-power, per ser 
un referent i un exemple a seguir, i una amiga (i ara la meva jefa!). 
A la Laia B que em va introduir al món de l’ICO. A la Maria B per 
compartir tots aquests moments juntes. A la Leila pels moments de 
riure i fer de model. Al Guille que al final s’ha passat a les 
cròniques. A la secció tuppers (Vane, Raquel, Marisa, Mireia, etc), 
a la secció sushi, a admincerp, i en realitat a totes les seccions del 
PREC.  
 
A tots els amics, als Xarnecs de la Prospe, i als ‘de tranquis’. A la 
Maria R per estar a prop encara que estigui lluny, a l’Elena, a la 
Juli, a la Julita, a la Gabi, a la Lola, a l’Anna, al dr Bayas, a las ex-
Ketu / ‘compis xa todo’, als talpons de praderia (Mario, Defran, 
Raquel), a mi gremlin (Laia P), i al resto de las Espartanas (Anita, 
Lara, Miri, Patty, Sonia) por hacer el periodo de tesis muuucho más 
divertido. 
 
I finalment, a totes les persones que han participat en els estudis 
d’aquesta tesi. 
 
 
Mil gràcies a tots, 
 
 

 
 Laura 
 
 
 
 
  



-12- 

LIST OF ABBREVIATIONS 
 
2,4D = 2,4-Dichlorophenoxyacetic acid 
 
FAB = French-American-British classification 
 
BMI = Body Mass Index  
 
CLL/SLL = Chronic Lymphocytic Leukemia / Small Lymphocytic 
Leukemia 
 
DLBCL = Diffuse Large B-Cell Lymphoma 
 
EDCs = Endocrine Disrupting Chemicals 
 
EGEs = Ethylene glycol ethers  
 
ER= Estrogen Receptor 
 
FHCRC = Fred Hutchinson Cancer Research Cancer 
 
FL = Follicular Lymphoma  
 
HIV = Human Immunodeficiency Virus  
 
HL = Hodgkin Lymphoma 
 
HT = Postmenopausal Hormone Therapy 
 
IARC = International Agency of Research on Cancer 
 
ICD-O= International Classification of Diseases for Oncology 
 
iMAGE = Molecular and Genetic Epidemiology Study 
 
IMMC = International Multiple Myeloma Consortium 
 
InterLymph = International Lymphoma Epidemiology Consortium 
 
JEM = Job-Exposure Matrix  



 

-13- 

LAMMCC = Los Angeles County Multiple Myeloma Case-Control 
Study 
 
MM= Multiple Myeloma  
 
NCI = National Cancer Institute 
 
NHL= Non-Hodgkin Lymphoma 
 
PAH = Polycyclic Aromatic Hydrocarbons  
 
PCB = Polychlorinated Biphenyl 
 
PCE = Perchloroethylene 
 
REAL = Revised European-American Lymphoma classification 
 
RPCI = Roswell Park Cancer Institute 
 
TCE = Trichloroethylene  
 
TEXB = Total Effective Xenoestrogen Burden  
 
WHI = Women Health Initiative 
 
WHO = World Health Organization 
 
 
 
 
 



 

-14- 

INCLUDED ARTICLES  
 
1) Costas L, Casabonne D, Benavente Y, Becker N, Boffetta P, 

Brennan P, Cocco P, Foretova L, Maynadié M, Staines A, Kane E, 
Nieters A, de Sanjosé S. Reproductive and hormonal characteristics 
as risk factors for lymphoma in the Epilymph Europe case-control 
study. Cancer Causes and Control, 2012;23:195-206 1 

2) Kane EV, Roman E, Becker N, Bernstein L, Boffetta P, Bracci PM, 
Cerhan JR, Chiu BC, Cocco P, Costas L, Foretova L, Holly EA, La 
Vecchia C, Matsuo K, Maynadie M, Sanjose S, Spinelli JJ, Staines 
A, Talamini R, Wang SS, Zhang Y, Zheng T, Kricker A. Menstrual 
and reproductive factors, and hormonal contraception use: 
associations with non-Hodgkin lymphoma in a pooled analysis of 
InterLymph case-control studies. Annals of Oncology 
2012;23:2362-74 2 

3) Kane EV, Bernstein L, Bracci PM, Cerhan JR, Costas L, Dal Maso 
L, Holly EA, La Vecchia C, Matsuo K, Sanjose S, Spinelli JJ, Wang 
SS, Zhang Y, Zheng T, Roman E, Kricker A. Postmenopausal 
hormone therapy and non-Hodgkin lymphoma: a pooled analysis 
of InterLymph case-control studies. Annals of Oncology. 
2013;24:433-41 3 

4) Costas L, Lambert BH, Birmann BM, Moysich KB, De Roos AJ, 
Hofmann JN, Baris D, Wang SS, Camp NJ, Tricot G, Atanackovic 
D, Brennan P, Cocco P, Nieters A, Becker N, Maynadié M, Foretová 
L, Boffetta P, Staines A, Brown EE, de Sanjosé S. A pooled analysis 
of reproductive factors and risk of multiple myeloma from the 
International Multiple Myeloma Consortium. Cancer 
Epidemiology, Biomarkers and Prevention. 2016 25:217-221 4 

5) Costas L, de Sanjosé S, Infante-Rivard C. Reproductive factors and 
non-Hodgkin lymphoma: A systematic review. Critical Reviews in 
Oncology/Hematology. 2014;92:181-193 5 

6) Costas L, Infante-Rivard C, Boffetta P, Zock JP, Van Tongeren M, 
Cussón A, Robles C, Casabonne D, Benavente Y, Becker N, Brennan 
P, Foretova L, Maynadie M, Staines A, Nieters A, Cocco PL, de 
Sanjosé S. Occupational exposure to endocrine disruptors and 
lymphoma risk in a multi-centric European study. British Journal of 
Cancer. 2015;112:1251-6 6 

7) Martín-Bustamante MT, Oliete-Canela A, Diéguez M, Benavente Y, 
Casabonne D, Alguacil J, Kogevinas M, de Sanjosé S, Costas L. 
Job-exposure matrix for the assessment of alkylphenolic 
compounds. Occupational and Environmental Medicine. Epub: 2016 
Aug 18. pii: oemed-2016-103614 7 

  



 

-15- 

Other related publications during the thesis period (2012-2016) 
 

1. Lope V, Fernández N, Pérez-Gómez B, Martín V, Moreno V, Costas 
L, Longo F, Jiménez-Moleón JJ, Llorca J, Ascunce N, Peiró-Pérez R, 
Alzibar JM, Tardón A, Alguacil J, Navarro C, Sierra A, Vega AB, 
Villafañe A, Castaño-Vinyals G, Kogevinas M, Pollán M, Aragonés N. 
Menstrual and reproductive factors and risk of gastric and 
colorectal cancer in Spain. PLoS ONE. 2016; 11(10): e0164620.  
 

2. Costas L, Benavente Y, Olmedo-Requena R, Casabonne D, Robles C, 
Gonzalez-Barca EM, de la Banda E, Alonso E, Aymerich M, Tardón 
A, Marcos-Gragera R, Gimeno-Vázquez E, Gómez-Acebo I, 
Papantoniou K, Castaño-Vinyals G, Aragonés N, Pollán M, Kogevinas 
M, de Sanjosé S. Night shift work and chronic lymphocytic 
leukemia in the MCC-Spain case-control study. International 
Journal of Cancer. 2016; 139(9):1994-2000.  
 

3. Gyarmati G, Turner MC, Castaño-Vinyals G, Espinosa A, Papantoniou 
K, Alguacil J, Costas L, Pérez-Gómez B, Martin Sanchez V, Ardanaz 
E, Moreno V, Gómez-Acebo I, Fernández-Tardon G, Villanueva 
Ballester V, Capelo R, Chirlaque MD, Santibáñez M, Pollán M, 
Aragonés N, Kogevinas M. Night shift work and stomach cancer 
risk in the MCC-Spain study. Occup Environ Med. 2016 Jun 16. pii: 
oemed-2016-103597. doi: 10.1136/oemed-2016-103597.  
 

4. Casabonne D, Gracia E, Espinosa A, Bustamante M, Benavente Y, 
Robles C, Costas L, Alonso E, Gonzalez-Barca E, Tardón A, 
Dierssen-Sotos T, Vázquez EG, Aymerich M, Campo E, Jiménez-
Moleón JJ, Marcos-Gragera R, Castaño-Vinyals G, Aragones N, 
Pollan M, Kogevinas M, Urtiaga C, Amiano P, Moreno V, de Sanjose 
S. Fruit and vegetable intake and vitamin C transporter gene 
(SLC23A2) polymorphisms in chronic lymphocytic leukaemia. Eur 
J Nutr. 2016 Feb 2. 
 

5. Costas L*, Sequera VG*, Quesada P, Altzibar JM, Lope V, Pérez-
Gómez B, Benavente Y, Martín V, Casabonne D, Robles C, Llorca J, 
Moreno-Iribas C, Fernandez-Tardón G, Moreno V, Caballero-Granado 
FJ, Salas D, Jiménez-Moleón JJ, Marcos-Gragera R, Chirlaque MD, 
Amiano P, Molina AJ, Castaño-Vinyals G, Aragonés N, Kogevinas M, 
Pollán M, de Sanjosé S. Hormonal contraceptives and hormone 
replacement therapy in Spain: trends and patterns of use. 
Menopause. 2015;22:1138-46.  
 



 

-16- 

6. Casabonne D, Benavente Y, Robles C, Costas L, Alonso E, Gonzalez-
Barca E, Tardón A, Dierssen-Sotos T, Gimeno E, Aymerich M, Campo 
E, Castaño-Vinyals G, Aragones N, Pollan M, Kogevinas M, Juwana 
H, Middeldorp J, de Sanjose S. Aberrant Epstein-Barr virus 
antibody patterns in relation to chronic lymphocytic leukemia: 
results from the Spanish multicentric case-control study. Infectious 
Agents and Cancer. 2015;9, 10:5.  

 
7. Kane E, Skibola CF, Bracci P, Cerhan J, Costas L, Ekström Smedby 

K, Holly EA, Maynadié M, Novak AJ, Lightfoot TJ, Ansell S, Smith 
AG, Liebow M, Melbye M, Morton L, de Sanjosé S, Slager S, Wang S, 
Zhang Y, Zheng T. Non-Hodgkin lymphoma, body mass index and 
cytokine polymorphisms: a pooled analysis from the InterLymph 
consortium. Cancer Epidemiology Biomarkers and Prevention. 
2015;24:1061-70. 

 
8. Robles C, Casabonne D, Benavente Y, Costas L, Gonzalez-Barca E, 

Aymerich M, Campo E, Tardón A, Jiménez-Moleón J, Castaño-
Vinyals G, Dierssen-Sotos T, Michel A, Kranz L, Aragones N, Pollan 
M, Kogevinas M, Pawlita M, de Sanjose S. Seroreactivity against 
Merkel cell polyomavirus and other polyomaviruses in chronic 
lymphocytic leukemia, the MCC-Spain study. Journal of General 
Virology. 2015; 96:2286-92. 

 
9. Andreotti G, Birmann BM, Cozen W, De Roos AJ, Chiu BC, Costas 

L, de Sanjosé S, Moysich K, Camp NJ, Spinelli JJ, Pahwa P, Dosman 
JA, McLaughlin JR, Boffetta P, Staines A, Weisenburger D, Benhaim-
Luzon V, Brennan P, Costantini AS, Miligi L, Campagna M, Nieters 
A, Becker N, Maynadié M, Foretová L, Zheng T, Tricot G, Milliken K, 
Krzystan J, Steplowski E, Baris D, Purdue MP. A Pooled Analysis of 
Cigarette Smoking and Risk of Multiple Myeloma from the 
International Multiple Myeloma Consortium. Cancer Epidemiology 
Biomarkers and Prevention. 2015; 24(3):631-4. 

 
10. Mbulaiteye SM, Morton LM, Sampsón JN, Chang ET, Costas L, de 

Sanjosé S, et al. Medical history, lifestyle, family history, and 
occupational risk factors for sporadic Burkitt 
lymphoma/leukemia: the Interlymph Non-Hodgkin Lymphoma 
Subtypes Project. J Natl Cancer Inst Monogr. 2014;2014(48):106-14. 

 
11. Costas L, Papadopoulou E, Perez-Gomez B, Basagaña X, Alarcon F, 

Casabonne D, Benavente Y, Castaño-Vinyals G, Kogevinas M, de 
Sanjosé S. Reliability of 2D:4D measurements using a direct 



 

-17- 

method suitable for clinical settings . Personality and Individual 
Differences 2013;55:339-342.  

 
12. Costas L, Kogevinas M, de Sanjosé S. Comment on: 'Second to 

fourth digit ratio (2D:4D), breast cancer risk factors, and breast 
cancer risk: a prospective cohort study'. Br J Cancer. 2013;108:742.  

 
13. Andreotti G, Birmann B, De Roos AJ, Spinelli J, Cozen W, Camp NJ, 

Moysich K, Chiu B, Steplowski E, Krzystan J, Boffetta P, Benhaim-
Luzon V, Brennan P, de Sanjosé S, Costas L, Costantini AS, Miligi L, 
Cocco P, Becker N, Foretová L, Maynadié M, Nieters A, Staines A, 
Tricot G, Milliken K, Weisenburger D, Zheng T, Baris D, Purdue MP. 
A pooled analysis of alcohol consumption and risk of multiple 
myeloma in the International Multiple Myeloma Consortium. 
Cancer Epidemiology Biomarkers and Prevention. 2013;22(9):1620-7. 
 

14. Costas L, Bayas JM, Serrano B, Lafuente S, Muñoz AM. Motivations 
for participating in a clinical trial on an avian influenza vaccine . 
Trials 2012; 13:28.  
 

 
 
 
Book chapters: 
 

1. Costas L, de Sanjosé. Etiology and epidemiology. Lymphomas: 
Essentials for Clinicians. 2012 
 

2. Costas L, de Sanjosé. Etiology and epidemiology. Lymphomas: 
Essentials for Clinicians. 2015, 2nd edition. 
 
 
 

*Equal contribution  
 
 



-18- 

ABSTRACT		
 
Lymphoid neoplasms are a heterogeneous group of cancers 
characterized by the neoplastic or clonal proliferation of lymphoid 
cells in different stages of differentiation. The incidence rate of these 
neoplasms has seen a rise in some western countries since the 1970s 
and it seems to have reached a plateau during the last decade. 
Incidence rates are higher in men than in women for most lymphoma 
subtypes; however, the causes explaining these differences by sex are 
unknown. We hypothetised that hormonal factors could have a role in 
lymphoma etiology.  
 
The general aim of this thesis was to assess the risk of lymphoid 
neoplasms in relation to reproductive factors and occupational 
exposure to endocrine disruptors. We used different studies and 
populations to evaluate our hypothesis: the EpiLymph study, the 
InterLymph consortium, the International Multiple Myeloma 
Consortium, and a systematic review. As well, we developed a new 
tool to estimate occupational exposures to a specific type of endocrine 
disruptors. 
 
We observed contradictory findings across studies and lymphoma 
subtypes concerning the association between lymphoma and parity, as 
well as hormonal contraceptives. We observed inverse associations 
between postmenopausal hormone therapy and lymphoma, although 
we noticed in our systematic review that cohort studies usually found 
null associations. We observed associations with lymphoma and 
prolonged (≥30 years) occupational exposure to endocrine disrupting 
chemicals, in particular for multiple myeloma and chronic lymphocytic 
leukemia. Associations were observed between lymphoma and 
prolonged occupational exposures to organic solvents, pesticides, 
brominated flame retardants, alkylphenolic compounds, and metals. To 
further explore the associations with alkylphenolic compounds, we 
developed a job-exposure matrix on these compounds considering 
relevant changes in use over time. 
 
In conclusion, our results indicate that reproductive factors and 
exogenous hormone use are unlikely to play a role in 
lymphomagenesis. The associations between occupational exposure to 
endocrine disrupting chemicals and lymphoma need to be further 
explored in studies using a more detailed exposure assessment.  
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GENERAL	INTRODUCTION	
 
Lymphoid neoplasms 
 
Lymphoid neoplasms are a group of cancers characterized by the 
neoplastic or clonal proliferation of lymphoid cells in different 
stages of differentiation. In general, we refer to lymphoma if the 
proliferation is located in a lymph gland, such as lymph nodes, 
while leukemia if the proliferating cells circulate in blood.  
 

a. Classifications 
 
Lymphoid neoplasms had numerous classifications and coding 
systems over time, based on clinic, molecular, genetic, 
immunophenotypic, and morphologic characteristics. During a long 
time of period, lymphomas were characterized based on 
morphologic features (Rappaport classification), morphology and 
prognosis (Working Formulation), or cell differentiation (Lukes and 
Collins or Kiel) 8. The Revised European-American Lymphoma 
classification (REAL) incorporated clinic, genetic, 
immunophenotypic, and morphologic features in 1994, and replaced 
old classifications. In 1995, these definitions were introduced to the 
International Classification of Diseases for Oncology, 2nd Edition 
(ICD-O-2). ICD 7 and 8 were the previous coding systems, before 
the appearance of REAL and ICD-O-2. On the other hand, 
leukemias were classified until 2000 by the French-American-
British classification (FAB). 
 
In 2001, the World Health Organization (WHO) created the current 
‘gold standard’ classification, based on REAL and FAB, and it was 
updated in 2008 9. The International Lymphoma Epidemiology 
Consortium (InterLymph) made a proposed hierarchical 
classification to group lymphoma subtypes uniformly in 
epidemiologic studies 8,10 (Figure 1). 
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Figure 1: Proposed WHO-based nested classification of 
malignant lymphoid neoplasms from the Pathology Working 
Group of the InterLymph. 
 

 
(adapted from Morton et al 8). 
 
Lymphomas are classified by WHO based on cell lineage (B, T of 
NK) and cellular differentiation (mature or immature), among 
others. In general, lymphomas are stratified as Hodgkin lymphoma 
(HL) and non-Hodgkin lymphoma (NHL). Among NHL, there are 
T-cell NHL and B-cell NHL, and among B-cell NHL, the most 
common subtypes are chronic lymphocytic leukemia / Small 
Lymphocytic Leukemia (CLL/SLL), follicular lymphoma, diffuse 
large B-cell lymphoma (DLBCL), and multiple myeloma (MM). 
Traditionally, studies published before the WHO classification 
considered NHL regardless of B or T-cell lineage, and excluding 
MM.  
 

b. Epidemiology 
 
Incidence rates of lymphoid neoplasms are usually higher in 
industrialized countries compared to developing areas (Figure 2). 
Age-adjusted incidence ratios are higher in North America, 
followed by Australia/New Zealand and Europe 11. Age-adjusted 
incidence rate of lymphoid neoplasms in Europe is 24 per 100.000 
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12, while in less developed areas is estimated to be less than 10 per 
100.000 11. 
 
 
Figure 2: Age-standardized incidence rates of non-Hodgkin 
lymphoma worldwide. 
 

 
From Globocan 2012 11. 
 
Incidence rates are higher in men than in women for most 
lymphoma subtypes (Figure 3) 13. CLL/SLL, T-cell lymphoma, and 
MM are among the subtypes showing greater male : female rate 
ratios, while this sex rate ratio is usually below 1 for follicular 
lymphoma (Figure 3) 13. 
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Figure 3: Incidence sex rate ratios by the largest lymphoid 
neoplasm subtypes based on population data from UK 13. 

 
While Hodgkin lymphoma incidence rates have remained stable 
over the years, non-Hodgkin lymphoma incidence has seen a rise in 
some western countries since the 1970s and it seems to have 
reached a plateau during the last decade (Figure 4). While human 
immunodeficiency virus (HIV) and changes in lymphoma 
classifications and registration could contribute to this increase, 
these factors do not completely explain this rise in incidence. 
 
Figure 4: Lymphoma incidence time trends in the United States. 
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c. Risk factors 
 
Recognized risk factors of NHL are: primary immunodeficiency 
disorders, HIV-infection, organ transplantation, infectious agents 
such as Hepatitis C virus and Human T-Cell Lymphotropic Virus -
HTLV- 1, autoimmune diseases such as Sjögren’s syndrome and 
systemic lupus erythematosus, and family history of blood 
malignancies 14,15. The role of other risk factors, including lifestyle 
and environmental factors, remains controversial. Epstein Barr 
Virus infection is the main risk for HL. Studies tend to show that 
while some risk factors are common to most lymphoma subtypes, 
others are subtype-specific 16.  
 
Recently, due to the collaborative effort from lymphoma 
investigators over the world, our knowledge of lymphomas etiology 
has substantially improved, and some risk factors have been 
identified. The InterLymph NHL Subtypes Project is an initiative of 
pooling individual-level data from 20 case-control studies (17471 
NHL cases, 23096 controls) from North America, Europe, and 
Australia 17. In this project, some of the identified associations were 
subtype-specific; while others were shared among multiple NHL 
subtypes (Figure 5).  
 
Risks showed to be different among NHL subtypes for medical 
history factors (autoimmune diseases, hepatitis C virus 
seropositivity, eczema, and blood transfusion), alcohol 
consumption, tobacco smoking, and certain occupations, and in 
general, the greatest difference in risk factors arose between T-cell 
and B-cell lymphomas. In contrast, homogeneous risks among 
subtypes were observed for recreational sun exposure, hay fever, 
allergy, and socioeconomic status 16.  
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Figure 5: Associations for risk factors affecting one or more 
NHL subtypes in the InterLymph NHL Subtypes Project. 
 

 
From Morton et al 16. 
 
 
Endogenous and exogenous hormonal factors 
 

a. Endogenous factors 
 
Sex hormones, such as estrogens and progestogens, periodically 
fluctuate during the menstrual cycle, which lasts around 28 days. 
During the follicular phase, estrogens gradually increase until day 
14 when they abruptly decrease and ovulation occurs. Then, 
progestogens start increasing in the luteal phase and if pregnancy 
does not occur, the corpus luteum regress and both estrogens and 
progestogens decrease and menstruation starts 18.  
 
Due to these periodic fluctuations in hormonal levels during the 
fertile period of a woman, age at menarche and at menopause are 
frequently used in epidemiologic studies to estimate total time of 
menstrual cycling, as a proxy of an endogenous hormonal exposure.  
 
If pregnancy occurs, estrogen levels dramatically increase until 
delivery (Figure 6). Similarly, production of progesterone increases 
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during pregnancy and it is 10 times higher at the end of pregnancy 
than in the luteal phase 18. Prolactin has a role during breastfeeding, 
it also increases during pregnancy reflecting the hyperplasia of 
lactotropic cells from the hypophysis. Prolactin promotes breast 
growth in order to produce human milk after delivery. 
 
Therefore, parity (the number of times a female has given birth), 
gravidity (total number of pregnancies regardless of duration and 
outcome), and breastfeeding are also frequently used as proxies of 
endogenous hormonal exposures.  
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Figure 6: Hormone levels during pregnancy.  
 

 
 
From Dworkin, and Cardinali 18. X-axis = weeks after last menstruation. PROG 
= Progesterone. 
 
At the start date of this thesis, certain studies, but not all, had 
observed decreased risks of lymphoma with parity or gravidity, 
while the evidence on a potential protective effect of breastfeeding 
was very scarce. See article 5 for a summary of the literature in 
regard to endogenous hormonal exposures and NHL risk 5.  
 
 

b. Exogenous factors 
 
Levels of hormones can also be altered by an exogenous intake, for 
example of hormonal contraceptives or postmenopausal hormone 
therapy.  
 
Hormonal contraception is the most commonly used estrogen 
therapy in the world, with more than 10% of all reproductive-age 
women (>100 million women worldwide) being current users of 
hormonal contraception. Hormonal contraception use dropped in the 
1970s because of risk of thromboembolic events, particularly in 
smokers. Therefore, a new generation of combined contraceptives 
(with lower doses of estrogen and more potent progestogens) was 
developed, and trends in use have gradually increased since then. 
Rates of ever use among reproductive-age women now exceed 80% 
in some developed countries. 
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Postmenopausal hormone therapy (HT) is another common 
hormonal compound used for relief of menopause symptoms. Its 
use fluctuated in the last decades mainly because of the publication 
of Women Health Initiative (WHI) trial results. After extensive 
prescription in the 1990s, HT reached more than 20 million users 
globally in 2000. However, the WHI trial was stopped in 2002 
because of the increased risks of coronary heart disease and breast 
cancer observed in the intervention group allocated to use HT, 
contrary to conclusions from previous observational studies. The 
WHI findings and results from concomitant observational studies 
resulted in a decrease in HT prescription of more than 50%. 
Previous observational studies failed to identify patterns of HT use, 
and their conclusions were affected by selection bias and 
confounding. 
 
Both hormonal contraceptives and postmenopausal hormone 
therapy have been classified as Group 1 carcinogens by the 
International Agency of Research on Cancer (IARC) in 2005 19. 
While combined estrogen-progestagen oral contraceptives have 
been associated with increased risks of breast, cervix, and liver 
cancer, they have also been inversely associated with endometrium 
and ovarian cancer. Estrogen-only menopausal therapy has been 
associated with endometrium and ovarian cancer, and combined 
estrogen-progestogen menopausal therapy with endometrium and 
breast cancer. 
 

 
Hormonal treatments assessed by the IARC Monograph Working Group. 
Monograph on human carcinogens 100A 20. 
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However, the role of these compounds in lymphoma etiology is not 
completely understood. Some case-control studies, but not cohort 
studies, observed decreased risks with HT consumption, while 
results on hormonal contraceptives were inconsistent. See article 5 
for a summary of the literature in regard to exogenous hormonal 
exposures and NHL risk. 
 
 
Endocrine disruptors 
 
Endocrine disrupting chemicals (EDCs) are substances that interfere 
with hormone biosynthesis, metabolism, or action 21.  
 
The Endocrine Society and the European Society for Paediatric 
Endocrinology and the Pediatric Endocrine Society put forward two 
consensus statements calling for action regarding endocrine 
disruptors and their effects 21,22. In 2012 the WHO published a 
document summarizing the knowledge on EDCs in health 23. The 
understanding of these compounds and their potential effects is still 
limited, although some of these compounds have been linked to 
cancer. The authors of the WHO report concluded that animal 
model data and human evidence support the idea that exposure to 
EDCs could play a role in the increased incidences of endocrine-
related cancers, such as breast and prostate cancers (Figure 7), 
however, important gaps in the knowledge of EDCs and their 
effects still exist 23. 
 
Figure 7: ‘Examples of potential diseases and dysfunctions 
originating from early exposures to EDCs’. 
 
 

 
From Bergman et al 23. 
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We focus in this introduction on those EDCs reported in the article 
6 of this thesis (Table 1). Exposure to these chemicals occurs 
mostly through diet, and occupational exposure is also relevant in 
some occasions. From these chemicals, certain Polychlorinated 
biphenyls (PCBs), pesticides and solvents have been previously 
associated with lymphoma risk 14. The role of other EDCs, such as 
alkylphenolic compounds and certain metals, in lymphoma etiology 
is not completely understood.  
 
Table 1: Summary of endocrine mechanisms of action and 
IARC classifications of the EDCs included in this thesis 
 

Compound Main subcompounds Mechanisms of action IARC Classification 

Polychlorinated 
biphenyls  

None (several 
congenerers) 

Estrogen agonists or antagonists, 
alteration of steroid synthesis and 
gene expression 

Group 1 

Pesticides 

Organochlorines 
Carbamates 
Organophosphates 
Tributyltin 
Pyrethroids 

Estrogenic and anti-androgenic 
effects  

>75 pesticides have been 
evaluated since 1971, 
lindane (an organochlorine) 
classified as Group 1  

Organic solvents 

Ethylene glycol ethers 
(EGEs) 

EGEs: reproductive toxicity in 
animal studies. Styrene: binds to 
estrogen receptors in vitro. Toluene, 
xylene, TCE: possibly interfere with 
hormone levels in humans. PCE: dry 
cleaning associated with menstrual 
disorders, infertility and delayed 
conception in women. 

Group 3 (ethylene oxide 
derives on EGEs and it is a 
group 1 carcinogen) 

Styrene Group 2B 

Toluene Group 3 

Xylene Group 3 

Trichloroethylene (TCE) Group 1 

Perchloroethylene (PCE) Group 2A 

Alkylphenolic 
compounds 

Nonylphenol  Estrogenic effects in vitro mediated 
by estrogen receptors, and non-
genomic responses 

Not evaluated Octylphenol 

Ethoxylates 

Metals 

Arsenic 

See Table 2 

Group 1 

Cadmium Group 1 

Copper 
Copper-8-hydroxyquinoline 
= Group 3 

Lead Group 2B 

Mercury 
Methylmercury compounds 
= Group 2B, metallic 
mercury = Group 3 

Brominated flame 
retardants 

Tetrabromobisphenol A,  
Polybrominated disphenyl 
ethers 

Estrogen sulfotransferase inhibition Group 2A 

Polycyclic 
aromatic 
hydrocarbons  

None Anti-estrogenic effects in vitro Group 1 
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a. Polychlorinated biphenyls (PCBs) 

 
PCBs are aromatic compounds involving more than 200 congeners. 
They contain chlorine atoms attached to a biphenyl nucleus. PCBs 
were widely used as dielectric fluid in capacitors and transformers, 
and in building materials. In most countries, PCBs were banned in 
the 1980s due to concerns over their toxicity and persistence 24.  
 
Depending on their structure, PCB metabolites can act as estrogen 
agonists or antagonists. Also, PCBs can directly modulate nuclear 
steroid hormone-dependent gene expression 24. PCBs also interfere 
with steroid synthesis through aryl hydrocarbon receptor binding 25.  
 
The IARC classified PCBs as group 1 carcinogens in 2013 based on 
their association with melanoma risk 24. They also noted increased 
risks for NHL, although associations were not consistent and were 
considered as providing limited evidence 24. 
 
 

b. Pesticides 
 
Pesticides are used to protect plants from damaging agents such as 
weeds, fungi, or insects. They are often referred to according to the 
type of pest they control; for example, insecticides (such as 
organochlorines), herbicides (such as 2,4-Dichlorophenoxyacetic 
acid -2,4D-) and fungicides (such as thiram). 
 
Some of them have the ability to interact with the endocrine system. 
For instance DDT, which is an organochlorine pesticide, has shown 
to competitively bind to androgen receptors, as well as to be an 
estrogen receptor (ER) agonist 26. Carbaryl, which is a carbamate 
insecticide, has a weak estrogen effect 26.  
 
Pesticides have been suggested as risk factors for NHL, as their use 
became widespread during the 2nd half of the 20th century. Risk of 
NHL has shown to be higher among farmers supporting this 
hypothesis. However, epidemiologic literature on lymphoma risk 
and occupational exposure to pesticides is inconsistent. Some 
studies but not others found increased risks of NHL with 
occupational exposure to pesticides, and heterogeneous results also 



 

-32- 

exist in regard to the specific pesticides as well as the lymphoma 
subtypes involved 14.  
 
 

c. Organic solvents 
 
Organic solvents are chemicals with a carbon-based structure, 
widely used in paints, adhesives, thinners, and resins, and also for 
metal degreasing and other industrial cleaning purposes. Certain 
organic solvents have shown to bind to estrogen receptors in vitro, 
and to interfere with reproductive hormone levels in humans 25.  
 
Some solvents have been associated with lymphoma, although with 
inconsistent results 14,27. The involved chemicals include benzene, 
toluene, styrene, trichloroethylene and tetrachloroethylene. 
However, their role in NHL is not completely clear. The IARC 
classified benzene as carcinogenic to humans (group 1) based on an 
increased risk of acute myeloid leukemia, while evidence for NHL; 
CLL and MM was limited 28. 
 
Toluene was not classifiable as to their carcinogenicity for humans 
(group 3), styrene was classified as possibly carcinogenic to humans 
(group 2B), and tetrachloroethylene was classified by IARC as 
probably human carcinogens (group 2A) based on associations with 
bladder cancer. Trichloroethylene has been classified by IARC in 
2012 as carcinogen group 1. The IARC concluded that 
trichloroethylene causes cancer of the kidney, and also a positive 
association was observed between exposure to trichloroethylene and 
NHL 29. 
 
 

d. Alkylphenolic compounds 
 
Alkylphenolic compounds are mainly used as non-ionic surfactants, 
but also in a wide range of applications. Alkylphenolic compounds 
are typically considered weak estrogens as they bind to the nuclear 
ERα with a lower affinity than 17β-estradiol in breast cancer cells 
30–32. There are several isomers of alkylphenolic compounds, and 
the receptor affinity increases with increasing chain length of the 
alkyl groups 33,34. Even if they are usually considered to be weak 
estrogens in regard to nuclear responses, alkylphenolic compounds 
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have recently shown to induce potent non-genomic responses (those 
mediated by membrane ERs instead of nuclear ERs), such as 
prolactin release, in pituitary tumor cells 33. These chemicals also 
interact with the immune system up-regulating proinflammatory 
cytokine expression more effectively than estrogen 35. They 
increase IL-6 and TNF-α cytokines, while suppress IL-10, and have 
been suggested to promote autoimmune susceptibility and asthma 
responses among mice 35–37.  
 
Their use in industry progressively increased over the years and 
decreased during the 2000s due to a European Union regulation, 
somehow paralleling the incidence of lymphoma over time. 
However, there is no previous epidemiologic study linking exposure 
to alkylphenolic compounds with lymphoma risk.  
 
 

e. Metals 
 
Certain metals have shown to interact with the endocrine system 38. 
Cadmium is the most documented metal regarding its ability to 
induce estrogenic responses, although mercury, arsenic, copper and 
lead have also been studied, and manganese and zinc also gained 
some attention 38,39 (Table 2).  
 
Apart from diet and occupation, tobacco is also a relevant source of 
cadmium. The main sources of occupational exposure to cadmium 
are the extraction, foundry, metallurgical, and electroplating 
industries. Mercury is a component in some electrical instruments 
and medical products. Occupational exposure to arsenic occurs in 
workers in the paint, ceramics, pesticide and wood preservative 
industries, and lead is used in batteries, cables, pigments, and was 
used in petrol products 38. Occupational exposure to copper occurs 
in the mining industry, grinding and welding, as well as in water 
treatment, and electroplating industries. Water intake may be also a 
relevant source of exposure to copper 40.  
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Table 2: Endocrine mechanisms of action of metals as EDCs. 
 

 
From Iavicoli et al 38. 
 
The IARC concluded that there was sufficient evidence that 
cadmium and inorganic arsenic compounds were carcinogenic to 
humans as both were related with lung cancer 41. Copper-8-
hydroxyquinoline and metallic mercury were classified as group 3 
carcinogens, while inorganic lead and methylmercury compounds 
were classified as 2B carcinogens 42. 
 
Observed associations with lymphoma and occupational exposure 
to metals have been diverse: some studies found no significant 
associations 43–45, while others reported significantly elevated risks 
46–49. As well, the involved metals and the susceptible lymphoma 
subtypes were unclear.  
 
 

c. Brominated flame retardants  
 
Brominated flame retardants are used to reduce the flammability of 
products containing them. They possibly interfere with the estrogen 
metabolism through estrogen sulfotransferase inhibition 25. The 
IARC recently classified exposure to polybrominated biphenyls as 
group 2A carcinogens, and noted a mechanistic similarity with 
PCBs (group 1) 24.  
  
In regard to lymphoma risk, a small study among 19 NHL cases and 
27 controls revealed a non-significantly elevated risk with high 
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concentrations of the flame retardant 2,2',4,4'-tetrabrominated 
diphenyl ether in adipose tissue (OR=3.8; 95%CI=0.7-26) 50. 
Another study using serum polybrominated biphenyl levels among a 
Michigan cohort accidentally exposed to polybrominated biphenyls 
in 1973 showed a positive dose-response relation with serum levels 
and lymphoma 51, although it was based on small numbers. 
 

d. Polycyclic aromatic hydrocarbons 
 
Polycyclic aromatic hydrocarbons (PAH) are produced during 
incomplete combustion or pyrolysis of organic material, for 
example in incinerators. They are also found in cooked foods, and 
in tobacco smoke. 
 
Highest levels of occupational exposure to PAHs are observed in 
aluminum production; mid-range concentrations are observed in 
roofing and paving, and the lowest are observed in coal 
liquefaction, coal-tar distillation, wood impregnation, chimney 
sweeping and power plants 52.  
 
The IARC considered that there was sufficient evidence in 
experimental animals for the carcinogenicity of benzo[a]pyrene, a 
type of PAH, and classified it as group 1 carcinogen, based on its 
effects on lung cancer. The role of PAH in lymphomagenesis is 
unclear as they had been scarcely assessed before the initiation of 
this thesis. A case-control study in US had evaluated whether meat, 
meat-cooking methods, or PAHs from meat, were associated with 
NHL risk, using 458 NHL cases and 383 controls, with no 
significant associations 53.  
 

 
Potential mechanisms of action 
 
Several pathways may be involved in the interaction of reproductive 
hormones with NHL, although the exact mechanisms are not well 
understood. Reproductive hormones interact with the immune 
system in numerous ways, and play an important role in the 
modulation of autoimmune diseases 54,55. The immune response is 
sexually dimorphic, women produce a more vigorous cellular and 
humoral response than men, and suffer more often from 
autoimmune diseases 56. Alterations in the immune system, 
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including autoimmune disorders, are established risk factors for 
some NHL subtypes 57, although associations differ by gender 58. 
Steroid hormones also influence the delicate Th1/Th2 cytokine 
balance. A deregulation of this cytokine profile play a role in both 
autoimmune diseases 59,60 and in lymphomagenesis 61–63. 
 
However, the steroid hormone metabolism is extremely complex, 
and its assessment is often confused by the different effects of 
hormones that depend on the type of receptor, on the target cell, on 
the dose, and on the divergent actions of their metabolites 54. 
Furthermore, EDCs may act via very different mechanisms, for 
example, nuclear hormone receptors, nonnuclear steroid hormone 
receptors, nonsteroid receptors, enzymatic pathways involved in 
steroid biosynthesis and/or metabolism, and many other 
mechanisms 21 (Figure 8). 
 
Figure 8. Examples of EDCs actions. 

 
From Bergman et al 23. “Many hormones act via binding to specific receptors (2) 
to stimulate the synthesis of new proteins (6), which then control tissue function. 
Some hormones also act via receptors on the membrane; in that case, the actions 
are more immediate in nature.” 
 
Some of the interactions between the immune and the endocrine 
system are driven by hormone receptors. Human lymphocytes are 
likely to express estrogen receptors (ER) and ER 64. The 
activation of these receptors leads to opposite effects and their 
relative proportion determines the final outcome of estrogens (or 
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xenoestrogens). Interestingly, Yakimchuk et al showed that ER2 in 
peripheral blood mononuclear cells is up-regulated in CLL/SLL 
compared to controls, contrary to ER 65. Other subtypes may also 
express ER, although results are controversial due to the different 
analytical procedures. Shim et al showed that MM, Hodgkin and 
Burkitt lymphomas cell lines, and also normal leucocytes, expressed 
abundant ER but not ER 66. Recent experimental evidence among 
mice showed that treating DLBCL with ER agonists significantly 
reduced tumor growth 67. Also, another study among mice 
suggested that this effect was caused by estrogens and not 
androgens 68. On the other hand, the presence and possible roles of 
progesterone receptors in human lymphomas or leukemias is 
unknown to date.  
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HYPOTHESES	
 
 
HYPOTHESIS 1. Reproductive factors and exogenous hormone 
use are protective factors of lymphoid neoplasms. 
 

1.1. Parity and gravidity are protective against lymphoid 
neoplasms.  
 

1.2. Use of hormonal contraception is protective against 
lymphoid neoplasms.  

 
1.3. Use of postmenopausal hormone therapy is protective 

against lymphoid neoplasms.  
 

1.4. Those subtypes with greater male:female incidence ratio are 
the most susceptible to the effect of reproductive factors. 
 
 
 

HYPOTHESIS 2. Occupational exposure to endocrine disruptors is 
a risk factor of lymphoid neoplasms. 
 

1.5. Occupational exposure to endocrine disruptors, including 
polycyclic aromatic hydrocarbons, polychlorinated, organic 
compounds, organic solvents, pesticides, brominated flame 
retardants, alkylphenolic compounds, metals and others, is 
a risk factor of some lymphoid neoplasms subtypes.  

 
1.6. Those subtypes with greater male:female incidence ratio are 

the most susceptible to the effect of endocrine disruptors. 
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OBJECTIVES	AND	RATIONALE	
 
OBJECTIVE 1. To evaluate the role of reproductive factors and 
exogenous hormone use in lymphoid neoplasms etiology. 
 
Rationale. Lymphoid neoplasms are more common in men than in 
women, and several NHL subtypes express hormonal receptors. 
Certain studies observed reduced risks of lymphoid neoplasms with 
reproductive factors, such as parity, and exogenous hormone use, 
such as postmenopausal hormone therapy. However, other studies 
found null associations. Both protective (ovarian and endometrial 
cancer) and positive associations (breast cancer) have been 
stablished for hormonal contraception and cancer. Hormonal 
contraceptives and postmenopausal hormone therapy are consumed 
frequently in the general population, therefore clarifying their role 
in women’s health is essential from a public health perspective in 
order to understand their net effect and consequences of its use. 
 
1.1. Costas L, Casabonne D, Benavente Y, Becker N, Boffetta P, 

Brennan P, Cocco P, Foretova L, Maynadié M, Staines A, Kane E, 
Nieters A, de Sanjosé S. Reproductive and hormonal characteristics 
as risk factors for lymphoma in the Epilymph Europe case-control 
study. Cancer Causes and Control. 2012;23:195-206.  
 

1.2. Kane E, Roman E, Becker N, Bernstein L, Boffetta P, Bracci P, 
Cerhan J, Chiu B, Cocco P, Costas L, et al. Menstrual and 
reproductive factors, and hormonal contraception use: associations 
with non-Hodgkin lymphoma in a pooled analysis of InterLymph 
case-control studies. Annals of Oncology. 2012;23:2362-74.  

 
1.3. Kane E, Amstrong B, Bernstein L, Bracci P, Cerhan J, Costas L, et 

al. Menopausal hormone therapy and non-Hodgkin lymphoma: a 
pooled analysis of InterLymph case-control studies. Annals of 
Oncology. 2013;24:433-41.  

 
1.4. Costas L, Lambert BH, Birmann BM, Moysich KB, De Roos AJ, 

Hofmann JN, Baris D, Wang SS, Camp NJ, Tricot G, Atanackovic D, 
Brennan P, Cocco P, Nieters A, Becker N, Maynadié M, Foretová L, 
Boffetta P, Staines A, Brown EE, de Sanjosé S. A pooled analysis of 
reproductive factors and risk of multiple myeloma from the 
International Multiple Myeloma Consortium. Cancer Epidemiology 
Biomarkers and Prevention. 2016 25:217-221. 
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1.5. Costas L, de Sanjosé S, Infante-Rivard C. Reproductive factors and 
non-Hodgkin lymphoma: A systematic review. Critical Reviews 
Oncology/Hematology. 2014;92:181-193.  
 

 
 

OBJECTIVE 2. To evaluate occupational exposure to endocrine 
disruptors in lymphoid neoplasms risk. 
 
Rationale. Exposure to chemicals with potential estrogenic, anti-
estrogenic, or anti-androgenic effect could partially explain 
differences in lymphoma incidence over time. Occupational 
assessments are useful approaches to evaluate the role of these 
compounds in cancer etiology. Certain polychlorinated biphenyls 
(PCBs), pesticides, and organic solvents, which are endocrine 
disruptors, have been associated with an increased risk of 
lymphoma. However, the role of other endocrine disrupting 
chemicals, such as alkylphenolic compounds, polycyclic aromatic 
hydrocarbons and flame retardants, in lymphoma etiology is still 
unknown. Exploring the role of endocrine disruption on lymphoid 
neoplasms etiology may provide insight on the nature of these 
neoplasms, and offer a door to cancer prevention. 
 
1.6. Costas L, Infante-Rivard C, Boffetta P, Zock JP, Van Tongeren M, 

Cussón A, Robles C, Casabonne D, Benavente Y, Becker N, Brennan 
P, Foretova L, Maynadie M, Staines A, Nieters A, Cocco PL, de 
Sanjosé S. Occupational exposure to endocrine disruptors and 
lymphoma risk in a multi-centric European study. British Journal of 
Cancer. 2015;112:1251-6. 
 

1.7. Martín-Bustamante MT, Oliete-Canela A, Diéguez M, Benavente Y, 
Casabonne D, Alguacil J, Kogevinas M, de Sanjosé S, Costas L. A 
job-exposure matrix for the assessment of alkylphenolic 
compounds. Occupational and Environmental Medicine. Epub: Aug 
18. pii: oemed-2016-103614. 

 
 



 

SUMMARY OF STUDIES 
 

  Publication 1 Publication 2 Publication 3 Publication 4 Publication 5 Publication 6 Publication 7 

Design 
Multicentric case-

control study 
Pooled analyses of case-control studies Systematic review 

Multicentric case-
control study 

JEM development 

Outcome Lymphoma NHL NHL MM NHL Lymphoma Exposure scores 

Study EpiLymph InterLymph consortium IMMC 

28 citations from 7 
cohort studies, 12 

case–control studies, 
and a pooled 

analysis  

EpiLymph 
Based on MCC-

Spain study 

Number of cases 

994  
(52 T-cell, 147 HL, 
248 DLBCL, 152 
CLL/SLL, 136 FL, 

120 MM, 139 
others) 

4263 
(1354 DLBCL, 1055 
FL, 432 CLL/SLL, 

388 marginal, 221 T-
cell, 581 unclassified, 

232 others) 

2094  
(675 DLBCL, 531 
FL, 83 T-cell, 325 
unclassified, 480 

others) 

1072 MM 

2178  
(518 DLBCL, 412 
CLL/SLL, 334 HL, 
251 FL, 276 MM, 

124 T-cell, 263 
others) 

NA 

Number of 
controls 

1141 5971 2731 3541 2457 NA 

Total number of 
participants 

2135 10234 4825 4613 4635 NA 

Exposures 
Reproductive factors and hormonal 

contraceptives 
HT use 

Reproductive factors and exogenous 
hormone use 

Endocrine disruptors 
Alkylphenolic 
compounds 

Statistical Models 
Unconditional 

logistic regression 
Logistic regression and random effects meta-analyses NA 

Logistic regression / 
MC-SIMEX / 
Generalized 

Additive Models 

Descriptive 

Statistical 
software 

Stata 10.1 Stata 11.1 Stata 13.0 
Figure 1 was done 
using -metan- in 

Stata 11.1 

Stata 11.1; MC-
SIMEX analyses 

were performed with 
R 3.0.2 

Stata 13.0 

NHL=Non-Hodgkin Lymphoma; HL=Hodgkin Lymphoma, DLBCL= Diffuse Large B-cell Lymphoma, CLL/SLL = Chronic Lymphocytic Leukemia / Small Lymphocytic Leukemia, 
FL= Follicular Lymphoma; MM=Multiple Myeloma; HT=Hormone Therapy; JEM=Job-Exposure Matrix; IMMC=International Multiple Myeloma Consortium; NA=Not Applicable. 
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SUMMARY	OF	RESULTS		
 

1. Reproductive factors and exogenous hormone use in lymphoid 
neoplasms etiology. 
 
EpiLymph: 

1.1 Parity was protective against CLL/SLL, DLBCL, and T-cell 
lymphoma.  

1.2 Short term use (<5 years) of hormonal contraception was 
positively associated with DLBCL and follicular lymphoma. 

 
InterLymph: 

1.1 Associations with parity and lymphoma were null, except 
for follicular lymphoma. 

1.2 Follicular lymphoma, but not DLBCL, was associated with 
hormonal contraception use.  

1.3 Risks of NHL, in particular of DLBCL and follicular 
lymphoma, were decreased with use of postmenopausal 
hormone therapy. 

 
IMMC: 

1.4 MM was not associated with reproductive factors, or with 
hormonal contraception use. 

1.5 We observed inverse associations for postmenopausal 
hormone therapy, although associations were heterogeneous 
by center.  

 
Systematic review: 

1.6 A higher proportion of studies reported protective 
associations with NHL when they evaluated gravidity 
compared to parity, usually showing an inverted J-shaped 
pattern, while results on postmenopausal hormone therapy 
were unclear. 

 
2. Occupational exposure to certain endocrine disruptors and 
lymphoid neoplasms. 
 

2.1 We observed associations with lymphoma and prolonged 
(≥30 years) occupational exposure to endocrine disrupting 
chemicals (EDCs), in particular for MM and CLL/SLL.  
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2.2 Regarding individual exposures, associations were observed 
between lymphoma and prolonged occupational exposures 
to organic solvents, pesticides, brominated flame retardants, 
alkylphenolic compounds, and metals.  

2.3 Associations between lymphoma and EDCs were observed 
among men, but not women.  

2.4 Industrial use of alkylphenolic compounds varied greatly 
over time; while they are still used in the plastic and rubber 
industry, in domestic cleaning agents their use began to 
decline before 1995.  



 

 

ARTICLE 1 
 
 
 
 

Costas L, Casabonne D, Benavente Y, Becker N, Boffetta P, 
Brennan P, Cocco P, Foretova L, Maynadié M, Staines A, Kane E, 

Nieters A, de Sanjosé S. Reproductive and hormonal 
characteristics as risk factors for lymphoma in the EpiLymph 

Europe case-control study. Cancer Causes and Control. 
2012;23:195-206. 
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��	���\�� ����$]7Î:<:_:̀8L	�����������
����	�
5��\��������	���������	���	������W�
	�
��	����������
�	���R\��
����
�	�����L���'B����'a�����'�	���'������'���b���A���)������
����Y	
#[["$S���
����	�&���	��	�(�	���(����
���
������
���
����������	���	�������
�(�����*���������$�a��������	���'�
	�
��(��������
���������	�*��(�	��������(������������
�	���������
����	�

	��)����
���������	�$�
	����	����
�	����'�
	�
��(���������	����
�	�������
���	��������������c������	����	
	���)����'�����'���	�����	��$��
���	���)�����	�����'�
	�	����
	�
��(����R��������	���������
�
�	���
���	���b�	�
(�������'
���	������	�	�
'��K
����	���������	�
'�������+�d$��
�����
��	(��
)	������
������)T��	����
�	
	����
����	'��	����	�	�	�
����&��()
����
����	�����	����	�������
&��	���	���$S���	�
����	����
�	���	����������&�)����
&��������(����P##Q$%&�����'	���	����������#'"Z��
	�
����#'�Z#�����	�����
�������(�	�����	�����	�
��	�
�Z����������
�""	
�Z����
���	�����	������YY������Y#W����'������	�&���$��
���	
�������	���������	�

����	�����	�
��	��(���	����)���
������
��
	�
������
�����	
���	�����	��	���	���$B
������'�	(������
����	�&������	����������������������)T��	�����
����������	�������	���	�������
�!�
��
	�
��'�	(��	����)��
�����
����
��������	����
���
��(���
���	���b����	��	�
�	���������
����	�
P#�Q$S�
������'	�������	���)�	(����	�
�����
�������	�
��	��&��((���$��
	��P�	��c���	�������e[$�W#$Y�
	��Q$%�	�
��������*��	�
�����(�����	��
��b�����
����	
	���
�	����	V
���+���	�%����b�	�
�V+%'#[[Y�������*��	�

�?�
�����	����������
�	��+���	
�
��	���� ����
��5��������� 	���	���	�
�� ����
��\������
�
���
�
�	�����	�� ��������������P#"'#�Q$����
������(�	�	��V+%#[[Y������*��	�
'?+ �����(���������)����ff��	����������
������gg��ff��	���

��Z ������������
	�
��#[�#�#�h���W#[Z

ijk



�����������	
�
�	��
���������
��������	�������������
������������	
�
�������������������������
���	
�
�������	�������������������	����� !���������	�������������������	�	��
�
�
�������
�����
���
������	
	���������	�������

� ��"�	����������	

��	���� !���������	#��$�%��������	��
�������� 	���	�
��	��	������!����
�����
���&�
�	��
����'( ��������������������	�	��
�
�'�
���	������������	��	 ��
�
���	���������������	
�)*+,-./��	���������������	
� )*+.�/���� !���������	 )*+�0,/�	�� �������
�����&� �������
)*+���0�/����
��������%�	�
����������	�	��������	�	�	��
�
���	���������	�	
�
	��������������
)*+���.-	��*+��1�2���
�����&���/���� 	����������3������������)4�����5�
������/�6���
���	

�

����7������������������	�������&��������
����	����������
�8	������	��
���������&������	�������	��3���	���������&�����
���������	������
��������� �	�����	����
9����������&���	����	��	�������	���
����9��	&��	�����������
�����	����
9�
����	�����
9
������
���9�����	����	���
����	����� 
�:
�����3	����	
��"���	

��!�� 	���	
������ 	���������������	��&��	��������;�����
�������<����	����	�������
��	
��"���	
������
���������	���	
��������!����	�)3�����������	��	 �����
�����
/�&��	��������;�����
�������6���	�����	
�	�� ���=��������������������� �3	
����������3������	�
��
�����	������� ��
���&��������	����	����&����	!�� ����	����������������������	����	�
�
���
������	�������	��
��������
�	
���&���
��	 ����3����6����������3��
�7���	�	������������&���
����	����� ����
��������
�����
�������������5���������&���
����>��
����
���������&��3��� ��� �	��)�� 	����

�������� ������������������� �	���/��	����)���3������������/��	����	���	������3����
�����"�
�	���	
�������?��
����
����� ����
��������
�	
!������������������������	��&���
��������	������	�����&�
�	�������	 �	�"�
�	���	
��
�����	����3������	�
���
��	
�	����	����������� ���
�������
��������	����������	������	&�������	����
�������
�� �����<�	��
���	�	�	��
�
4��
�	���
)45/�-.@ ���"����������&	�
)A'/�	��B&	���
�����
���	����
�� ���&	��	��	�������&	��	�������������	��� �
����� ��

��������������	

���	����
3����������	������
���&	��	3��
	���������	������������ &	��	3��
	��3����������������&�	��������	��	����
	����������������	��&���
�����
�

7�������&	��	�������
����	�C�
������	 �)����������
/�����	����)��������	�� ����
/�	����������7�	���
�
��	����� 	 �	�"�
�	���	
������	
����	
���
���	����� ������	������	�����&� �
� ���� �������	�C�
���������3�������������8������	����������� ������
���������	 ��
�
����	3���
���������
����3����	

�������&��3��� 
��!����� ��	������	!���	������3�&��	 �
��&���
����	�����
�	��3��� ���
������
������	�����3������������	����������
���	��
����� �	�������3�������������������	������	�����&��
������	�
���
����	��
�3����3�������	��D@�7�	��
�
����� �	�������3�������������	 �	�"�
�	���	
����������	�
�	�C�
������������	������	�����&��
�	����	�
���
��	��
����	������
!�
���	��
�������	������
�3
�	���	�������	��&	��	3��
��	�	������

�� �����

��	�.@��
�3C���
�<�3C���
������

�� �	�	������������������	�	��
�
��������������������	���������	�	�� ����	
��������������
�������

�� &	���
�8	�����	
�	�� ���=����"&��	�� ����
)D�����1�	��0��������������/�	��	 �	�"�
�	���	
�������	
�	�� ���=����.���	������&	�
�������	�	3������������&���

�����
�7 ������������	����"�
�	���	
������3�����	
�	����	������� ����	����	���	��������������%��
����������	
�������������	�� ������
��	���������	���
������
�������
 �����
������� �����
	�������������������������������������3����
�����	��� ���	&�3������ �	���	�����������������	&��	�������	���	� �
��	��� ��3�	

���	������������
�	
�
�'�	�����������������	������������	3������
����� �	�����

�
)��������
�����	�3������ �	��3��������������������/��������������������	����	�	��
�
)�.�	
�
	��12�������
/�A����	�����&����	�����	
�	�� ���=����.���	������&	�
�������	�	�3������������&���

�����
�5� 	���� ��������
������������	�����&�
��	����	���	����
��
����
���������
	&	���������
��������	�	����
�
��������-;D
����	������ ��
��� ����&��
�	��
�3
�>���� ����	����
��������	�����&�
�	������	
����&��
���
��� ��
	����� �
����
�3��� 3������ �-,D 	�� �-2D ���������
�����	�	����
	��3��-2D�����	������
�
���
��� ��
	����� �
���
#�;$�A��
�>���������	���"�
��
��	
�	�� ���=��	
�-;D
��-,D
�	�������-2D
�������3�����	���������������	
�
�	
�
������������
�� ������	������	�����&�
�	
���
�	�������������	���� ���	�	��
�
�����	���������	����	����	�
�����
��������<�&��	�
��
���&��� 	�	��
�
���� ����������������	������������ �����3���3������-�;)	�����������	 ��1.��������������"�
�������	�������	�����&�
������������	��=��/�	
	

�

���7 �E��	�����)��	 �	���������/�	
�F�������	�	��
�
�	
�����������	

�

������	����	��

�3�����>�	�	 �

A	����A	�
�
A������)�D��/�1E�-.F�D; �-,

GHI



�����������	�
��

	�����
��	���
������	��������	���	�����	�����������
��
����	������
����
�������	��	�	���
���������
	��
	
����	�	���
�������	�����������	���	����
���
��
�������
���
���
����
��
��	����
��	��
��
������
��	������������	����
��	�
�
���	���	���������
���
��
��	�
����

������
����
����
	
������	��	����
��������
���
	���
������
����
������
��
�
	���

	�
	��	�	��
�������	�����

�����
���
	���������	��������
�

�
�����	������
�����
�������
���
���	
���	
�������
����
����������
�
	���������	���������
�����
����
��������
�������	�������������
��
����	��
������
�������
���� !��	�"#��"��	�����
��������
������
��
�
��
	���
����	�������
���	���	����
��
������
������
�������	
����
	������	���������
��
�
��
��
�����	��	�����������
��	��
��
	���	������
���
����
��
�
��
������
��������
�$
����%�	��
&%������
	���
����'�(����	
����
	��
����
�����	��
��������
��������
�

�����
����	���������
	��	�����
�
�����	���	����
���
��
�
�

�����
����	���	�����
���
��
�����
�
�
������	����	�
����
���)�)*�	�����
����
�
�������
��(���	����
��
�
��	����
�����+�����������
��
����	,)�,�-./012/"������
�����������
���
��	���	������	����
��	��
�
�	����
���
�
�
	�
��	����
,�"����
�����	������3�����	����������
��
�
���	�
�$45)�)),'��������
�
�������	�
�
�$46)�),'��
�
���
���
�����
����
��$46)�),'������
��
�������
�$46)�))%'����
�������
�
�����
��
	���	�
����
7�
	���$46)�))*�	�45)�)),��
�
����
��'������
����
������$45)�)),'��	����
���
�������

�
���
������	����	����
���
�$45)�)),'�������������
�
���������
$45)�)),'�3��
�
�����
��������
	������
�	����	������	���������	����	����
���
��
�������������������	����	�����
*8 �
�
��"�	�
��
��������
9��
��	
��������
��
�
���
�$45)�)),'��	����������
���������	��	�����$46)�),'�:����
���
��	
��������
������������������
�����������	������(��	���	����������
�����������������
������	�	��
��
���
���
������
	�$4���
	��	�����5)�))),'�����
�
�������	�
�
�$4���
	��	�����6)�);'�����
����������	������	$4���
	��	�����6)�))<'��	���
����
���
� ��
��
	���	 ������� $4���
	� �	 ������6)�)='$����
>'�(������� �����	� ������������	�����������
���������������	���	����
���
��
�	��
�	������
��	��������	����
����	�����	�
�������	���
�
�
������
������
���	,)8��	���
�
���
�������������
���
���
�
	��������
������������

?�
��
�	��
�	�	�����
�����
����

��
�����������
����
9��
���������$@A9"A'$ !6)�=�B*8"#)�*C,�)'�����
���	��
��
���
 !���������
��
�����$ !6>�%�B*8"#,�,C*�<'�D�����������	��
�
���
��
�������
������
�$����,�	�����
<'�(��	���������
	��
���
��
�����
����

��
�������	��
���	��������������
���
��	
�������	������
���������
9��
��	
������������	��	�����
�������	��>B8����	
������	��
��
���	���������
	$B*8"#E%F��EF8�4���
	�6)�)>'�	�,<8$B*8"#E,B��E=8�4���
	�6)�))),'��
�
����
������������������	����������
	��������	�������������
��
����G��������������� ������� $"AAG+AA'$�����
������	��>,8����	
������	��
��
�B*8"#E<,��EB8�4���
	�6)�)),'�����������@A9"A$E,%8�B*8"#E><��E<8�4���
	�6)�)>'�	�������
������
9��
��	
������$E,F8�B*8 "#E>= �� E<8�4���
	�6)�)>'����
	������������

������
	������
�������3�����	������������
��������
	�����	
�����$ !6)�*�B*8"#)�<C)�B�	� !6)�%�B*8"#)�>C)�B��
�
����
��'����	�����������������	�����	���
	�������
��
������	��
���	���������	���������
	������������
$4���
	�6)�*%'�D�����������	������	�������
�������	������������
�����	��������
����
�����	�������	�
	����
�	�����������	�
�����	�	���
���������
	�	���������������	
������$ 	��	
!
�����
,'�"��	���
���������
��
7�
	���
�������	����	�����
���
��
�
H
���	��	�#�
��	�$<=�>8IJ6,,F�	�<%�*8IJ6>B����	�������
�
����
��'�	������
����
7�
	���
�
�
#�����	�"K
��!
�����$*�,8IJ6;�	�B�*8IJ6,<����	�������
�
����
��'�"����
�����	���
����
������	����
���
�����
	����
�
�������
����
��$5*�
���'�
�
���
���
�����
������
����	�
���
��
	��
������
����	���	����
���
��������	�
���
��
	��
����
���	������
��
���
��
���
,B;)$����
>'� �
�������
��
�������	����	����
���
����	���
���
����	�����
�������	
����������
��3���
�
�����
	���	���	����
���
������
�����
��
��������������	��
��
������������
9��
��	
�����������
�����	
�
���
��$ !6>�)�B*8"#,�<C>�B'$����,'�#	���������������������
�

�
���
����@A9"A�	������������������$ !6>�*�B*8 "#,�*C%�>�	� !6>�<�B*8 "#,�>C%�%��
�
����
��I����
<'���
��
��������
����	����
���
����	����������
������������������
�����A�	�
����
��	�
������
�����������
����������
�������3�����	�@A9"A�������������	����
������
9��
��	
������$4���
	�6)�)%�)�)>�)�),�	�)�),��
�
����
��'������
����
�������
�
���
,B;)�����������
������	�	��
��
������������
9��
��	
��������
�����@A9"A��	������������������

,B; "�	�
�"���
�"�	����$>),>'><L,B*C>)F

MNO



��������	
���������������	�	
�������������������	
��������������������������� �!"���	�#!"��$$%&$$������
�	
������
�'��()��*��"��+������������������������"�,�-����)��-����"!�)��.���!!������ ��*����"���"�����/"�.0����-�)"-���)����"�����"��*��)������*����"���������1�������.��2�������-"���3)����������"�������"����"1������*��)��)"��1���-+��"!)"�-"����"�������������"-�����*��)�����+����*������.��������� ��)�4��-������"��������,������)�����������������"��)"*���3)���*�����������������.��2����)����".������ ��*�����+����"!�"�+����"�1���)"������1 ��������.�!"���)"��1���- +��"!�"������������� +��"�!"��)����+������0*��)���������.�����"!+���)��*��" ��������������������1)����".������#�##����#�'	�������������5�����"��)"*���&�-�������+���*���" ������*��)�)��*"1���.���������������"��)"*���3)�����"!�����������������������"�-����������)��.��)����+����6+��)���������2����"�� ��"��"��"�"-��-���+�������"�-"��!��)�" ���������"�����"��������"��)"*���6"��"-����1�"�*��)�����"+���+�����*����������)���������+���.�)�!"�-��7/$ ������2����"���"- ����.3 ���8

�+ ���������,��+���.-+������-���"-�����" ��������-����2����.��"�)���������"!-��+��81������"����-����*)"������������"+������9:;<=;;:>?3)����+��!"�+���"�����"�+�����!���"�����+��"!�,".��"+�)"�-"������"��� �����0!���"��!"���-�)"-����"!����"--"��+ ���������+����)"*����"����������"��������!!��������"+�*"-��!"�-��+��31�������81������"����-��������+�����!"��$$%&$$���@$8�$�+ ������*��)���������.�+- ��"!�)������������������������0"!-��+��81������"����-��-"�.�)"��1���-+����"!)"�-"����"��������������+����+���"�����������"��������*��)�*"�����"+��"�+����"�1 ����������"���"���+�����)��" ����������������.���0"!7/$*��)���������.�+- ��"!���.1��������-"�.���"+�*"-��A��
B� +��)��" �������"����"��������" ��������"�)����+����AC���������B�7��1���)�������)����.��)��+�+���� ���7/$��"- ����.8���3�+ �����������!!���������������-��)"��)��� ���

DEFGHI@�����������)�������������"!���������"���"���"���"���J������ K��+��81������"����-��J��	
� /"�.0����-�)"-��J����� K��+��31������"����-���J�
��L.���������-����&@� 
'�
��'��� '#�'������ �'����
�#� 
C�C������L.������������.� �C�	' �C�C	 ����C ���C#M���"! ���)����.� �	#���	C� �	�#��	C� �	����	C
 �	�C��	�C/�.)��+����"���������J� �������
� �#���C#� �#����#� ��	���N����-"0�����J� �
����#�� ���#��'�� �'���'C� �#�#��#�O��"����.�"���"!��� �������J� ������
�� �����	'� ��C��� 	�'�
�O��"����.�"���"!)���������"����J� �
�'��#'� �������#� �������� �C�	��
�N���+��"!)����������J� ���
�C�'� �
�#�
	�� C�������� ���
��C�N������.�������J� C��C�	��� C'���'C�� 
��C�C
� C#�C����7+- ��"!�)������������"+���-����&@� ������C� ��
���
� ��	����� ��������P��"!�"�������������������J� ���	����� ��������� �C�'��#� �C�#�	�@+����"�"!�"�����������+�����+������-����&@� 	������� C������� 
������� C�	���	��"+�������J�&���� �'�
��#�� ���C��	�� ������'� �'�
��	�6����� �������	� ���
��#�� �������� 	�'�
�4��-��� �C�����#� �������C� ���#���� �'�	�������� ���	��
C� �����	�� '�C��#� ���
�'������� ����C�� '���
�� ���	��	� 
�C����Q��)���+ ��� �������C� �����	�� �'������ 	�'�
��"�+-���������.���O�������.���"�"�����+��-�����.���+��J�+- ���RS&��������������"��K��+��31������"����-��K��"���!+�."����%&�TQ��������"-��J������+����"+��J����L�.�"�--+�" ������31������-�)"-��J����L������������.�1������-�)"-�31����"��+��1���������J�����7U%31������-�)"-�����������%�..�������7U1������+0�-���J����31�������.�.���+�����-�)"�������+0�-���J����O����)����31������-�)"-��VWR�"�"�)��*��������2���J����

��������+����"���"���#�����X�	
��#' �		

YZ[



��������	
������
��
��
����	��
	��
������	��

��������
�����������
���������
�����
�����

�	�
��������
�������

���� !" #�$�%&'(
����������

�����
������	�

���� !" #&' �'(

)*

+,
-.

���	�/0����	
012����	*)1*.����

	-*0����	
3!4+.053!4*675

3!4,*,53!4*8.5
3!4++)5

3!487,53!4685
3!47653!40.5

3!47*5
9:�����
��������;����

3<�5..=,3*2=050
0=63*0=.506=,3*,=05

7*=.3**=7577=)3**=+
5/>?>>>@7)=63*

.=85.*=*3*7=+5,6=,
3*,=85.6=.3*+=85.

8=,32=.5>?>>@
A�:����
����������;B

3!5� ,*=83685
*+=03++56=.3+,5

6=73*.5,=+365
>?>C2=638.5

+,=*3*85+7=23*85
++=+3*+5*8=)3**5

>?D>
E���<��F��;B3!5�

.8=+3**85..=,3685
,7=*3**,5+6=+30)5

*2=73.,5>?>>G
+8=.3+.050*=,3.)5

0,=63,757.=83,05
7,=23,25>?>@

H�������:��	�	��������
�	;B 3!5�

7=03*75**=.3+)5
*+=83.)5*7=23,*5

+)=03.05>?IJ
*7=+3*.)50=*3.5

,=)3+5,=63+5
,=,3+5>?KJ

H �������:��	�	�������
��	���; B3!5�

+)=830*5,)=*30,5
,.=03*)85.7=63875

.8=73*)65>?>K
.*=)3,0.5*2=+3*05

6=0305*8=03*)5
+7=+3*75>?KI

E����	����������	;B
3!5� 6,=)3*6857

8=+3*+)566=)3+.*5
66=+3*.+570=,3*.,5

>?CG78=2302,5
8+=*37.52*=)37*5

8,=,3.058,=730*5
>?LC

H��:��������;B3!5�
*0=03,85*))=)3*67

5*))=)3,*,5*))=)
3*8.5*))=)3++)5�

98.=+36+65
76=030+502=63.)5

8,=,3.052)=+3005
>?GC

��������
�������MN $
!#OP(�9

�9�9
�9�9

�9+=.3+=)5
*=73*=65*=+3*=65

*=23*=,5*=63*=,5
>?CD

Q������;B3!5� <���
+*=+37.5**=23,75

+.=83605*.=23.05
+7=838*5

8*=03+.+58=83+75
.=)3*+5,=)325

+=6385
R���
�

+,=)3,+5*+=+3*65
*8=63+75++=,3,*5

+,=63,,5
6*=*32758=+3**5

6=.3*)5,=)3.5
*)=.3*.5

S������
+*=,3785+7=,38.5

,)=23225*.=63.65
7=23++5

7+=83*2750=83*85
2=73,)5**=+3,05

*)=73,,5
T����

+)=23,,5*)=*3*75
+.=63,25*6=63+85

+7=73.+5
2.=23*0)5)=73*5

*=,3+5*=,3+5
*=23,5

T������
,*=)3+75+=.3+5

*7=63*.58=,365
.)=03,.5

70=03005*6=23*05
*)=6325+=.3+5

,=73,5
QU�
�������


*0=23++5*0=+3+*5
.,=037)5*8=83+75

0=8385
2)=03*+.50=*365

+=23.5*=03+5
)=)3)5

V	���
�����
�����	;B
3!5� ,0=83865,

)=230.5++=+3725
*0=23+25*.=+3,*5

>?CJ�9
�9�9

�9�9
�9

Q�������������W�	�
��
���
������	�;B3!5�

/*26)
)=.3*5+=,3.5

,=23*+5*=73,5
0=*3**5

�9*8=)3*.5
2=)375*7=6325

*=73*5
*26)1*262

6=)3*658=*3*.5
6=.3+,57=)3**5

7=03*.5
�9,6=+3+25

+,=23*75+6=83*05
,*=+3*25

-*28)
+8=*3785*2=63,.5

*)=63,,58=+3*05
*=83.5

�9..=23,05
76=+3.0500=73,)5

76=+3.*5
X���3<�5

*28+3,=85*28)37=)5
*26636=*5*26837=+5

*26+36=+5>?YL
�9*26637=25

*28)37=05*26836=,5
*28*3.=85/>?>>>@

9:�	������:
�����
����
�	M ����3<�5

*2=+3,=05+*=,30=75
+.=.36=*5++=230=85

+2=.36=,5>?YL
�9+.=737=25

+*=+37=.5+,=+37=25
+)=73.=75/>?>>>@

9:�W��	���:
�����
���
��	; ����3<�5

+6=+37=65,,=)38=*5
,0=*38=05,0=23*)=)

5,8=036=)5>?KY
�9+6=)37=85

+8=637=05,.=636=)5
.*=737=05/>?>>>@

Z���	��
���	��	��� 
�����
�����	M����3<
�50=+38=652

=038=75*,=632=85
*,=63*)=+5*6=,3*)=2

5>?KY�9
*.=*3*+=)58=03*)=,5

*+=638=657=636=)5
/>?>>>@

!������;OP	��������
��������;[\������
��

��
� Q�������
����:�	=H

��
����:�	�������
���
���		��:�����	

� ]�̂��
����:�	=H��

����:�	�������
�����

�		��:�����	

 �����������	���	���

���	������������������
	�=X����	�����_�	����

��:�3
��������	5���
�
����;�̀
����������	�

��������:�:�����
�����
������
�����;̂��
����

��_�	����������
������
��

��������:�;��	�
������

+)) Q��
��Q��	�	Q������3+)*+5+,a*201+)7

bcd



��������	�
������������������	����������������	������������������������������������	�������������
�����	������������������������������������	������������ ����������������!������������������������������������������������������������������������"���!����	������������������	�������������	�������
��	������	���	��������������������������������������	��������	��������������	������������������������������������	���	���������
�������	#�����$"%������	�������������������#�����$"%�������������&'�������������(�������������������������!��������������������������������	�	����	�������������������	�)�������������	���*������	����
���	���������
���!���������������������������	���$�����������+,��!�������	��	��������������������#�����$"%���������������������	��!��������������-��	���	�	��������������������������������������
���!��������������	���!�����!��������������	������	�����������������������	�������-��������	�����
���������������!������������������������)%%.*%%���	�������������
�����	����������
���!��������!�������������!�������/�����������������	�����������
�������������
�����������	�����	�)�������������	�����	��������	�$�������0�����������"����	�--1'*������	����(�+2��*�������������������������������������������������	������	�������������
��������������������!�
���	��������������������������������
��������3������������
�%��������4�
��������	�������!������	�����������(�+2���������������������
��������3�����������������++��"���������	���	�����5������
��������������������!������������	������������
���������������
��������	�����������������������������		��	���������6�7�+(3+��,+�,8��0���������������������������� "���������	�������
���!���������������	������	����	�������"���!���	��������������������!������������������	������������������������������	����
����������������	���	�������������
�������	���������������
�����������������"����������	����%������������������������������������������������!������������������������9���	����
������������������+2�+(�����������������������������������������	���������	������!����������������
��	�����������������������	�������������������	�����
������,/��:��
���!����������!���������������������
������	��������������5������������	�������������	������������������)%%.*%%����;%#)%�
�������������������	����<��
�����������������������	�������������
����������������!�����������	�����
���������	�	��	������=�������������������������+��:��������
���!�������������������������	�������	����	�����	�������������	�������	������������#��������������������������������������	��	��

����������83+,�������������	���	����������������������>���������	���������������	������	������������
�����������	������������������!��������������	���	������
���������������������!������������-�������������������
�������������#�����$"%���	����������������������������������������������	�	���������������������������!���4�+2�+73,+�����	����������$�����������+,���������������������
��������3�����������������������������	��	�������������������#�����$"%�����������	�	���!���������������������!������	��1�����������	����	��	�����������������!������������������0��������������	�	��������+,�������������������������������#�����������������	����������������������������!������������	��!�������	���"���!��������������	��	�������������#��������������?���������;%#)%�����������������	�����
�����?�����	�������������	������������������!�������������	������������������������!��������������������:�� �������	����������������������������������������������������	��	���	����������������	�����������������������������	��������������������
�����������������	���	���������	�	�������������������������������������������������������	����������������������	������������������!�����������������������������������������	��
������	�+/82��	���������������	��������������������������������������������
�	��	���*���
���������������������� ������	��	��	����������������������������������������������������������������	���������������	�������!�����	�����������������������!���������	��	����!�����	�
������	���(23(,��"���!����	��������������������������������<�������������������� ������0������	������������������������
�����������-��	���	� �����!��������!������������	�����	��������������	���������������	����
�������������������������
���������������	����������-��	���	�	����	������� ���������	��� 	����������
��������������	�	����������	�������������������������
���	����������������	��
��	�����������������������������������������������������	���������������	����������������������:���������������!������������������	��������������������������������������������������������5�������	������((��-��	���	
��	��!�!������!����������	�!����!��������������!�����������	���@��������� 	����������	�������	���������������	������������������	����������	���	����������	���������������	��
����	�����!�!���
�	��	��������������������	����((��*� 	��������������������	���!�������������������
���!�����������������=�	+������������������	�
�����	����	,����	������(4���	����������!����������������������	����������������������	��������

)�����)�����)������A,2+,B,(=+/�3,26 ,2+

CDE



����������	
������
��	������	��������	�
�	��	����
	�
	�����
	����	�
	���	�
������������
���������������
�	�����
��	�������������
	��
��
���	�
��
���� �������������������	����
��
���	�
���
�����	������!"#$�%���
������������
��
��	�������
	���	��
�	����
��
��	��&�'(���������������
��������	��	�����
���������	
����������
�
�������
����
��	���������!#�""$�)*�����������������	�+�'��	��
���
��	���	�����
����
���	��
�����	��	,���
���	�
�	������������
	�������	�
��	
�������	����������
%�����������	��
�	��
���	�
����'����
���
'����
�	������
	������	��
	����������
����	'
	����-	�����
	�������
����
	��������
�������
�������
���	��	�	
����������
�.��
	������������
	��	�
���������
����
	�������������
�����������
���	���������!"(�"/$�%��
���	�	
�
	����
�	��
���	�
�������	������
	����������	����
��
��������	�
	������
���	��
�������������	�
��������
������������0�
���
�������	
	���������������
����
	������������
�����	�	�
��
	������*���������
�����
��1��+	�
'	������
����������
����
������	�
	���
��
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�Ìa���L� 6G ��bF4c���� �� �"�� ��"����"��� � �"�� ��"����"��� �� �"�� ��"����"���d��
�	I ���
��Le �"�� �"�� �"��fg�		��� ��hiijkii������ ��������� ��
�.
� �Q������������� ����������limhi	 ����
���!
5��
�����������ndo�"���1���
��	�����$����		��
����
����
��� �� �!%���
��/	p��
	����!
I��� �����L��
�
�I������L���	
	��� ��I��$��
	 �����	� !���
!�� 
�L�T��
�$����	
*�
� 
��
	���� �������
!���������
���

*���	
	����� ���
!���	/����� �����%�� ���
 �������$��
�I����
���	�� %
� ����������
�L�� �������
� %
��
��I���������
� %
��
������
�L
/	p��
	����!
I��� �����L��
�
�I������L�
	��� ��I��$��
	 �����	� !���
!�� 
�L���	����
����� �	�
�I���q����	c���
!�� 
�L�G
�
�
�������������
���������
� %
��
!6�
�����
5��
���
�������a3������������� ���������Ìa�NL�E����������� �
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bcdefgXW\\ZXYh iSYjk\lmfnShofp\qZ\kr\Tlstl

uvwuxyz{|}~zwvwu�|u�v}�|��yvu�yu�|�}�v}�u���u����
�ww����vyy�y������}����}yv�~��}��

���y��v�|�u�}��u



����������	
��������������������
����������������������
��������������������
�������������������������������������
�����	���������	��������������������������������������	������������������������
������	�������
��������������
� �������
����	��!�������������������������������������������	��� ��������������	����������� �����������
����������	������"�������	����������������������������������	
��#��������$%&'� ����������	
�������������������
�������	���	��	���!�	�������()�����������������

����	��������������������
����	�����������������������*����������� ������	����()����	�����	���������������������������	�����������������	�������	�	���������
�������� ����!�	��������+������	��������������	�������,���������� ����������	�� ���������!������	���,�)������������	���	�������������	���������������������������
����������	�*����������������-�����	���������������������������
���������������
����	����������	�������	�����������������.����������()�����/�����������������0'1��2��

3456789:;��	���
���!��������������������������	������
���� 	����������<�����
���� ���������
������	���������������
���������������������$%=0�������;��	��������	���	�����
���������������������������	�������	���������������
������,�) ������	������
����>#)<?) 	����������<�����
����>() ���������
�����

@AABCDEFGAHECEIJ EKLILABCBKMLHCND

OECPQNRSTUEVWTXNYMNQZNKR[\R ]EL̂\[V\[WS_BAAEAH_Q]D\̀\Tabcd

efgehijklmnjgfgeolepfmqlrsifesietlumvfmwexyze{|x}
~gg����fiisiq�s��sm��svmifrn�sm��

os�irsf�l�e�ms�e



����������	�	
���������������������������������������������
��������������������	�	�������	����������	�	������������	��������������������������������������������������������������������		�������	����� !"�#	����������	������������	������	�	�������������������	�		������������������������ ����������������!$%��!&�����������'$%�(�'&"���	�����		�	�����������	��	��)���������������������������	��������������������������	����������	�	���	������	��������	�����������	��	������������������������		����	%�(�'
��������������%��*���%��+,������	�� -."����	�������������������	�������
�������������	�
��������	������	����	������������	�������	������������������		������/0123����������������������	�	 -4"�������	��	���	����	��������	�����	�����	��������������	�	��	���������������������������������	��������������������	����������������������	 -5�6,"�7�������	�����������	����
������	�����	�������	�����	�����	������������		�	
�������	����������	���������	�	������������������	������������		�	�����
����	����������������	�	�8����������������	
���������
�������9����������		������������+5*,	���������������+5*,	��#����

�������������+55,	��:�����)����������������	��������(7���	����������
���������;�����	������	�������������	��������������������<�����������������������	
���	����
��������������������������������	 6+=6-"<�����������	����������		������	����������������������	�	���	��>	�������	������������	���������������������+,,,,,������������������	�����	��	�����	�
���	���������������		�� 66"�8���������������	��������������������������	��	����9��?��������@���������������%����������
����+5!A=+5!5�������+56A=+565�����������������������	�	���������������	���������������		����	��������	��������	����	�#��������������
�	�������
��������$������!&��������	����������������������	�����������������	����������������������	�����������������
��������������������������	�%������	������		��������������������������		������
����������������������	���(7����������	���	�����	�
����	�B��?������������	���		����	����������	������	������	����������������	�������������������
�������������������������	����������(7��������B��?������	���	�����	����	���������	
���������	�	������

CDEFGHIJK��������������������������	�������������������
�	�������
��������������������
��	��L���	���
����������	���
����������M6,N���������
��
����+56,�M!AN�����+56,	���O+AN�������������������������	�

PQRSRTUVUQWRXVYZ [TTUVZP\]TXPVPŜ
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GENERAL	DISCUSSION	
 
In the next section, a global discussion of the main results generated 
by the project is presented. The discussion is organized in two 
major sections: 1) Reproductive factors and exogenous hormone use 
in lymphoid neoplasms etiology, and 2) Occupational exposure to 
endocrine disruptors in lymphoid neoplasms risk. A summary of 
potential limitations, strengths and future research directions is also 
given. 
 
Reproductive factors and exogenous hormone use in 
lymphoid neoplasms etiology. 
 
We have evaluated the role of reproductive factors and exogenous 
hormone use in lymphoid neoplasms etiology using the largest 
series of cases and controls from the multicentric European 
EpiLymph study and two international consortia: the InterLymph 
and the IMMC. Our conclusions for the role of reproductive factors 
and exogenous hormone use in lymphoma excluding myelomas are 
discussed in the article 5 (“Reproductive factors and non-Hodgkin 
lymphoma: A systematic review”). In this paper, we concluded that 
the evidence for a relationship between reproductive factors and 
lymphoma seems at best moderate.  
 
Overall, we observed inconsistent associations for the role of 
reproductive factors in lymphoid neoplasms. While parity was 
protective against CLL/SLL, DLBCL, and T-cell lymphoma in the 
EpiLymph study, associations were null in the InterLymph 
consortium, except for follicular lymphoma. The IMMC also 
yielded null results for parity and MM. Considering all the 
published literature, we observed a higher proportion of studies 
reporting protective associations for NHL when they evaluated 
gravidity (i.e. number of pregnancies) compared to parity (i.e. 
number of children or full-term pregnancies), usually showing a J-
shaped pattern. Overall, this suggests that the association between 
reproductive factors and lymphoma, if any, it is not strong enough 
to be consistently detected across studies, given the heterogeneity of 
definitions of reproductive factors, and the potential heterogeneity 
in etiology of lymphoma subtypes.  
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Similarly, associations with hormonal contraception were also 
heterogeneous by study and lymphoma subtype. We observed in the 
EpiLymph study increased risks of NHL with a short use (<5 years) 
of hormonal contraception, after the age of 25, stopped for >10 
years before diagnosis, or before the 1980s. These associations were 
observed for CLL/SLL, DLBCL and follicular lymphoma. Similar 
associations were observed in the InterLymph pooled analyses 
(which included EpiLymph) for follicular lymphoma, but not for 
DLBCL. However, three individual case-control studies 69–71 (two 
of them included in the InterLymph analyses 70,71) showed inverse 
associations with hormonal contraception and NHL or its subtypes. 
We observed null associations for MM and hormonal contraception 
in the IMMC. Cohort studies have found in general null or inverse 
associations with hormonal contraception and NHL or its subtypes. 
Overall, results on hormonal contraceptives are too heterogeneous 
between studies and subtypes, suggesting that they may not play a 
strong role in lymphomagenesis. In accordance to these 
conclusions, we have performed analyses on CLL/SLL using the 
MCC-Spain study (Appendix 1), a population-based case control 
study in Spain, among 790 female population controls and 223 
female CLL/SLL cases, and we observed non-significant inverse 
associations for ever use of hormonal contraceptives.  
 
Conclusions for the role of HT in lymphoma etiology differ by 
study design. In the InterLymph pooled analyses we observed 
inverse associations between NHL and HT use, especially when the 
age of start was 50 years or older and among current users. 
Similarly, we observed, decreased risks of MM with HT use, 
although results were heterogeneous by center. The protective role 
of HT has not been replicated in cohort studies, and some of them 
even observed increased risks. Furthermore, HT role could be very 
different depending on the formulation, and oophorectomy / 
hysterectomy status, which are correlated, but have been rarely 
assessed in NHL risk.  
 
Results on HT have a particular potential for selection bias that 
previously affected conclusions for breast cancer and cardiovascular 
disease in observational studies. Several observational studies had 
shown that women who took HT had lower risk of cardiovascular 
disease. However, in 2002, the WHI showed in a clinical trial that 
HT users were actually at higher risk of cardiovascular disease 72. 
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The reasons for such discrepancy included the “healthy user bias”: 
women who consumed HT had different characteristics than non-
users, for example, they were thinner, and they exercised more, 
among others. In addition, a protective effect of HT was evident in 
studies that did not control for socioeconomic status, but not in 
studies that did, as a higher socioeconomic position is associated 
with both more frequent use of HT and lower risk of coronary heart 
disease.  
 
We had the opportunity to adjust for several potential confounding 
factors, including socioeconomic status, in the EpiLymph, 
InterLymph, and IMMC analyses, although the potential for 
residual confounding cannot be discarded. Using population 
controls from the MCC-Spain study we have described 
characteristics of hormonal contraceptives and HT users and non-
users 73 (Appendix 2). We observed that several variables were 
associated with hormonal contraceptives and HT use, including age, 
education, BMI, smoking, parity, cause of menopause, and 
occupational characteristics, such as shifts. Although we did not 
have data on occupational shifts in EpiLymph/InterLymph/IMMC, 
we evaluated the rest of potential confounders, suggesting that our 
results were not due to confounding. However, the associations on 
HT use and NHL from the InterLymph analyses could be the result 
of cases stopping these hormonal drugs when lymphoma symptoms 
start, as reduced risks were mostly observed among current users, 
but not former users.  
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Since the publication of our systematic review (article 5), which 
summarizes our conclusions for objective 1, three other articles 
have been published on the subject: 
 
 

a) Our pooled analysis on reproductive factors and exogenous 
hormone use and MM in the IMMC, in which as stated 
above, we observed null results for reproductive factors and 
MM, and decreased associations for HT, although results 
were heterogeneous by center.  
 
 

b) A prospective study examining an association between 
parity and risk of death from NHL among 1,292,462 
Taiwanese primiparous women 74. Nulliparous women were 
not included in this study. In this population, 412 NHL 
deaths were registered in a follow-up that comprised a 
period from the first childbirth to 21/12/2009. Results 
showed an association between increasing parity and 
decreased NHL mortality, as well as an association between 
older age at first birth and risk of death from NHL. Although 
these results support the hypothesis of hormonal factors 
protecting against lymphoma, studies based on mortality 
data have inherent limitations, as they may not reflect only 
etiological factors, but also prognostic factors.  
 
 

c) Interestingly, Kato et al 75 published in 2016 the first study 
examining associations between HT and NHL incidence in a 
randomized clinical trial setting. This epidemiologic design 
has the benefit of eliminating the potential confounding 
from observational studies, as treatments are randomly 
assigned to women independently of their risk factors for 
NHL. The analyses were based on the WHI Health Initiative 
trials where conjugated equine estrogens plus 
medroxyprogesterone acetate or conjugated equine 
estrogens alone were tested against placebo 27,229 women 
were randomized to treatments, and 383 incident NHL cases 
were identified during the 13 years of follow-up. In this 
study, incidence of NHL was similar in the treatment and 
placebo groups, although there was an initial decrease in the 
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incidence of NHL in the conjugated equine estrogens alone 
treatment arm (Figure 9). By subtypes, a marginally 
decreased risk of MM (HR= 0.53, 95% CI 0.27–1.03) was 
observed in the conjugated equine estrogens alone group, 
suggesting that this subtype could be the most susceptible to 
hormonal exposures.  

 

 
We previously hypothesized that MM could be one of the subtypes 
most susceptible to the hormonal action, as this is one of the 
subtypes with greater male:female sex incidence ratio, and previous 
studies have showed that myeloma cells can express hormonal 
receptors. Accordingly, a potential benefit of 2-methoxyestradiol 
and tamoxifen, two hormonal compounds, have been suggested in 
the treatment of MM 76,77. 
 
Our pooled analyses of HT and MM in the IMMC revealed 
heterogeneous results by center: null associations were observed in 
2 study centers (Yale and iMAGE), while inverse associations in 2 
others (RCPI and LAMMCC). One of the reasons that could explain 
this discrepancy would be that in Yale and iMAGE centers, there 
was generally more prescription of combined therapy (which 
showed null associations in the WHI trial) than estrogen alone 
therapy. Unfortunately, we did not have this baseline information 
and thus we have difficulties in explaining whether these 
differences are not random findings. However, the cause of 
menopause (natural vs hysterectomy) is a proxy for HT 
composition: estrogen alone therapy is usually prescribed among 
women without uterus while women with an intact uterus are likely 
to be prescribed combined estrogen–progestogen therapy. We 
performed stratified analyses by cause of menopause without 
significant differences between strata, supporting random findings 
rather than composition-driven associations.  
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The observations from the WHI trial, which are less prone to bias 
due to the randomized design, suggest that MM could be a subtype 
susceptible to the hormonal action. Similarly, the associations 
observed between EDCs in the EpiLymph were more pronounced 
for MM than for the rest of the subtypes. However, our associations 
on HT and MM in the IMMC were marginal and heterogeneous 
between centers. Further evaluation in studies with detailed data on 
HT composition could shed light on this topic. 
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Figure 9: Kaplan-Meier curves for cumulative incidence of 
NHL by treatment assignment in the Women’s Health Initiative 
 

 
From Kato et al 75: “CEE=conjugated equine estrogens. MPA= medroxyprogesterone 
acetate. Solid line: active treatment, broken line: placebo, dotted vertical line: median 
treatment end time. (a) CEE+MPA trial (median treatment 5.6 years); (b) CEE alone trial 
(median treatment 7.2 years)”.  

 
 
As stated above, we originally expected associations with hormonal 
factors and lymphoma etiology to be greater in those subtypes with 
a greater male:female incidence rate ratio, such as MM, CLL/SLL, 
and T-cell lymphoma. However, associations in the InterLymph 
analyses were mostly derived from follicular lymphoma, which has 
a male:female incidence rate ratio around 0.9 13.  
 
It is noteworthy that in the subsequent analyses of the “InterLymph 
Non-Hodgkin Lymphoma Subtypes Project”, where all potential 
risk factors were systematically evaluated for each lymphoma 
subtype 17, neither use of oral contraceptives nor use of HT was 
linked with follicular lymphoma risk 16,78.  It is possible that 
different statistical methods (e.g. one vs two-stage, inclusion vs 
exclusion  of  postmenopausal  women),  as  well  as  
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a slightly different number of studies contribute to the different 
conclusions obtained using a relatively similar dataset.  
 
Overall, the discrepancies between studies suggest that the effect of 
reproductive factors and exogenous hormone use in lymphoma 
etiology is most likely due to artefacts because of study variability 
and/or random associations.  
 
 
Occupational exposure to endocrine disruptors in 
lymphoid neoplasms risk. 
 
Exploring occupational lifetime exposure to EDCs can give hints on 
the potential role of environmental hormonal exposures in 
lymphoma etiology. We evaluated occupational exposure to EDCs 
in the EpiLymph European study using 2,457 controls and 2,178 
lymphoma cases. We used a JEM that captures occupational 
exposure to EDCs when this contributes significantly to an 
individual’s body burden in comparison to other sources of 
exposure such as diet, environment and consumer products. Diet is 
probably the most important source of EDCs for the general 
population. Other sources such as cosmetics and other consumer 
products also contribute to the burden of EDCs. The tool that we 
used is useful to explore potential associations between EDCs and 
health outcomes as it assesses the probability that the occupational 
exposure level exceeds the background level from other sources. 
 
We could not identify an association between lymphoma and 
holding a job with exposure to EDCs, but we observed associations 
with the length of the exposure. Over 30 years of exposure to EDCs 
compared with never exposure was associated with a 24% increased 
odds ratio (OR) of mature B-cell neoplasms. A similar finding was 
seen for the subtype CLL/SLL. An unexpected finding was that, 
although sample size allowed detecting potential associations 
among women, associations were mostly observed among men. A 
different impact of EDCs by sex is biologically plausible given the 
well-known sex-specific variations in immune response. Women 
produce a more vigorous cellular and humoral response than men, 
and suffer more often from autoimmune diseases 56. Ansell et al 
noticed different associations on NHL and autoimmune diseases in 
analyses stratified by sex in a case–control study in UK, and 
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suggested that future studies should analyze data for men and 
women separately, in order to gain further mechanistic insight into 
these complex diseases. We consequently performed stratified 
analyses by sex also observing a difference in risk, although the 
interaction was not statistically significant. If confirmed in other 
studies, the fact that we observed associations between NHL and 
exposure to EDCs restricted to men could contribute to the higher 
lymphoma incidence ratios observed among men than women. 
 
To further explore whether these associations were driven by a 
particular compound we performed analyses by type of chemical. 
We identified associations with several lymphoma subtypes and 
duration of occupational exposure to pesticides, organic solvents, 
alkylphenolic compounds, and metals.  
 
Some organic solvents have been reported to increase lymphoma 
risk, including benzene, toluene and xylene, although with 
inconsistencies 14,46,79,80. We also observed increased mature B-cell 
lymphoma risks for toluene, xylene and ethylene glycol ethers, but 
we did not evaluate benzene, as this was not included in the JEM 
that we used. Occupational exposure to organic solvents is frequent 
as they have a wide range of applications, for example they are 
contained in fuels, glues and paints. We observed null associations 
for solvents such as styrene, trichloroethylene and 
perchloroethylene (tetrachloroethylene). In accordance with our 
results, the evidence from a systematic review does not support a 
causal relationship between styrene and lymphoma 81. However, our 
null results on perchloroethylene are conflicting with suggestive 
evidence of its carcinogenicity observed in another systematic 
review reporting on bladder cancer, MM and NHL 82. As well, 
while we observed null results with occupational exposure to 
trichloroethylene, a pooled analysis from the InterLymph observed 
increased risks for follicular lymphoma, but not NHL overall 83.  
 
The interpretation of these results is hampered by the correlation of 
exposures frequently observed in these studies. It is very common 
that workers are exposed to many and not only to a specific 
chemical, and it is difficult to assess which one/s is/are driving the 
associations. Independent effects of the different compounds in the 
EpiLymph were difficult to assess due to the correlation between 
exposures. For example, the correlation coefficient for duration of 
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exposures between metals and organic solvents was 0.79 
(Supplemental material – article 6).  
 
Some studies 46–49, but not all 43–45 have suggested that working in 
metal related jobs, such as metal platers and sheet metal workers, 
might increase risk of NHL. However, some of these occupations 
have concomitant exposure to solvents, —for example those that 
involve metal degreasing. Our results showed increased mature B-
cell neoplasms risks with increasing duration of exposure to metals, 
in particular for CLL/SLL also when we restricted the analyses 
among those unexposed to solvents. As we cannot rule out the 
possibility of residual confounding, further assessment possibly 
testing metals in biological samples might help to understand the 
nature of the observed associations. A study based on biomarkers 
published in 2013, after the initiation of this thesis, evaluated blood 
erythrocyte concentrations of cadmium and lead in a nested case-
control study. It revealed sex-specific associations: increased risks 
of B-cell NHL were observed with high levels of cadmium only 
among females. In this study, associations with lead were null 84. In 
this regard, we are collaborating in the evaluation of metals in nail 
samples from CLL/SLL cases and population controls that Dr 
Pérez-Gómez from the Institute of Health Carlos III is performing 
in the framework of the MCC-Spain study, and will be helpful to 
corroborate these associations, as well as to evaluate the potential 
sex-specific role of these compounds.  
 
As only 11 subjects were classified as occupationally exposed to 
PCBs, our study was underpowered to explore the association with 
lymphoma risk. On the other hand, based on the current 
epidemiological and experimental evidence, the IARC has classified 
PCBs as Group 1 human carcinogens 24. However, the evidence for 
their role in lymphomagenesis has been considered limited because 
of contradictory findings 24.  
 
Pesticides have been previously linked to lymphoma, although with 
inconsistencies, as some reports have been negative 14. A systematic 
review on pesticides and health effects was published by the 
European Food Safety Authority in 2013 85. The authors could not 
make firm conclusions for the majority of the studied outcomes, due 
to design limitations and the heterogeneity of data. An exemption 
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was childhood leukemia and Parkinson’s disease, for which they 
found positive significant associations with pesticides.  
 
Seven studies were summarized in this review in regard to Hodgkin 
lymphoma and pesticide exposure with heterogeneous results 
(Figure 10) 85. 
 
Figure 10: Random effects meta-analysis keeping the 
Agricultural Health Study analysis with the largest sample size. 
 

 
From Ntzani et al 85. 
 
Concerning NHL and pesticides, the authors of the review by the 
European Food Safety Authority noted that a very wide variety of 
definitions of lymphomas was used in 44 studies. They only 
reported on results from seven of those studies, which examined 
associations with biomarkers of organochlorine pesticides: only 6 
out of 35 analyses had significant positive results, without any firm 
evidence for associations 85.  
 
A systematic review of occupational exposure to agricultural 
pesticides and NHL was published by Schinasi et al in 2014, after 
the initiation of this thesis. In this review, several pesticide types, 
including phenoxy herbicides, carbamate insecticides, 
organophosphorus insecticides and lindane, most of which have 
endocrine disrupting properties were positively associated with 
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NHL 86. However, no clear conclusions could be made for 
lymphoma subtypes, as only few reported associations of pesticides 
with NHL subtypes.  
 
Our study included several correlated chemicals that overall 
suggested an increased risk of lymphoma. However, different ways 
of action other than endocrine disruption may explain our results, 
such as oxidative stress, DNA methylation, disruption of 
ethyltransferases activity, and reduction of S-adenosyl-methionine, 
among others 87. This thesis is based on questionnaire data, and we 
could not evaluate the way of action of the different chemicals. In 
order to explore whether the associations observed are due to the 
endocrine disruption pathway, an analysis of the total effective 
xenoestrogen burden (TEXB) among cases and controls could be 
useful. TEXB is a biomarker of estrogenic effect, firstly developed 
in adipose tissue 88 and human placenta samples 89, and currently 
being adapted to serum samples 90, although it requires a large 
amount of sample (4 mL). TEXB assesses the overall estrogenicity 
in 2 fractions: 1) the fraction largely attributable to environmental 
organohalogenated xenoestrogens (TEXB-α), and 2) the fraction 
mostly due to endogenous estrogens and more polar xenoestrogens, 
such as alkylphenols and bisphenols (TEXB-β). TEXB-α has been 
linked to breast cancer 91,92, however, no data exists in regard to 
lymphoid neoplasms and TEXB to date, which could help 
understanding the role of these compounds in lymphoma etiology.  
 
Since the publication of our article on EDCs and lymphoma, we 
have detected 2 related articles:  
 

a) An evaluation of the relationship between residential carpet 
dust PAH concentrations and NHL risk in the National 
Cancer Institute Surveillance Epidemiology and End Results 
multicenter case–control study (NCI-SEER), among 676 
cases and 511 controls 93. These analyses suggested a 
potential association between PAH exposure and risk of T-
cell lymphoma. Although we had a small sample size in 
regard to T-cell lymphoma occupationally exposed to PAH 
(22 cases), we did not observe suggestive associations 
(Supplemental material – article 6). 
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b) In the same study (NCI-SEER), an analysis of 
environmental chemical mixtures and NHL was performed 
using weighted quantile sum regression in 27 correlated 
chemicals measured in house dust from 672 cases and 508 
controls 94. They evaluated 5 PCBs, 7 PAHs, and 15 
pesticides, and observed that the most highly weighted 
chemicals for predicting risk were PCB congener 180 and 
propoxur (a carbamate insecticide), although highly 
weighted chemicals varied by study site.  

 
We observed novel associations with duration of exposure to 
alkylphenolic compounds in the EpiLymph study. While bisphenol 
A have received most of the attention in regard to endocrine 
disruption in both the society and the scientific community 95, 
alkylphenolic compounds have shown to have comparable 
endocrine disrupting properties 96 (Figure 11), specially 
nonylphenol branched, which is the most commonly used 
alkylphenol. Interaction scores are constructed to reflect both 
potency and efficacy of EDCs in regard to their potential to 
interfere with the ER signaling pathway. Interaction scores are 
higher for natural and synthetic hormones, selective estrogen 
receptor modulators, followed by other chemicals such as 
bisphenols and alkylphenols (Figure 11).  
 
The role of alkylphenolic compounds in human health is largely 
unknown. In regard to cancer, occupational exposure to these 
chemicals has been associated with increased risk of breast cancer 
among males in a multi-centric European case-control study using 
the same JEM that we used in the EpiLymph 97. Also, higher levels 
of nonylphenol and octylphenol in urine among patients with 
uterine leiomyoma than among controls were observed in two case-
control studies in China 98,99. 
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Figure 11: Volcano plot of agonist and antagonist activity for 
1814 chemicals 
 

 
 

 
From Rotroff et al 96: “Agonist and antagonist Composite Score (CS) values were plotted 
as a function of the ER Interaction Score on the y-axis and or CSagonist and CSantagonist on the 
x-axis. Chemicals with high ER Interaction Scores and high CSagonist fall to the upper right 
quadrant, whereas chemicals with high ER Interaction Scores and high CSantagonist are 
located in the upper left quadrant. The colors are determined by the potency of the LEC 
value. The chemicals in the middle of the x-axis with ER Interaction Score > 0 had no 
significant activity in either the agonist or antagonist groups but were active in the binding 
assay group”. 

 
To further explore the role of alkylphenolic compounds, we 
considered measuring levels of these compounds in serum or 
plasma samples from CLL/SLL cases and controls enrolled in the 
MCC-Study. We contacted different laboratories, however, we 
learned that the available tests are not sensitive enough and too 
susceptible to laboratory contamination among these types of 
samples 100. Also, half-lives in blood seem to be short for 
nonylphenol 101, while for other alkylphenolic compounds this is 
unknown. The levels of these compounds in human fluids are likely 
to fluctuate over time, representing a challenge to study diseases of 
long latency periods, (like lymphoma or CLL/SLL), since 
biomonitoring short-lived chemicals data would reflect recent but 
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not past exposures. For these reasons, an occupational study may be 
more suitable to explore the role of these compounds in CLL/SLL 
etiology. Given that the MCC-study involved 26,149 job registries, 
an individual expert assessment would have represented a massive 
task to perform. JEMs are more cost-efficient than expert 
assessment, and since they are based on job titles, estimates of 
exposure are usually less influenced by recall bias than specific 
chemical exposures asked in questionnaires.  
 
The JEM that we used in the EpiLymph study was aimed to assess 
recent exposures and it did not take into account when 
alkylphenolic compounds were first used or relevant modifications 
in their use over time, while use of alkylphenols in the industry has 
greatly varied over the years. This fact probably produces 
significant misclassification of the exposure. In order to obtain more 
accurate exposure estimates, we developed a new JEM to further 
evaluate the role of these compounds in CLL/SLL etiology in the 
MCC-Spain study. Dosemeci et al showed that JEM performance 
can be improved by 1) accounting differences in exposures over 
time, 2) including exposure probabilities in the assessments (instead 
of yes/no), and 3) using a specific industrial-occupational coding 
system 102. We included these 3 characteristics in the development 
of the new JEM. Apart from its forthcoming use in the MCC-Spain 
study (where we will evaluate associations with CLL/SLL, breast 
and prostate cancer), the JEM that we developed can be a valuable 
tool for exposure assessment in other epidemiologic studies on the 
health effects of these chemicals and contribute clarifying their role 
in human health. 
 
Strengths and limitations 
 
The studies used in this thesis contain the largest number of subjects 
evaluated to date to study associations on hormonal factors and 
lymphoid neoplasms. We relied on the large multicentric EpiLymph 
study and on international collaborative efforts (InterLymph and 
IMMC) to elucidate the hormonal role of myelomas and 
lymphomas, as well as on a systematic review, which provides a 
higher grade of evidence, compared with individual observational 
studies, case-series, and expert opinions. Because of the large 
sample size, we were able to evaluate the role of hormonal factors 
by histological subtypes, which may have different etiology. For 
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instance, the EpiLymph study counted with accurate information on 
histological subtypes, and a random subsample of diagnosis 
reviewed by a central panel of pathologists.  
 
We relied on self-reported questionnaire data. However, 
reproductive factors such as parity and gravidity are relatively 
reliable questions: women usually report their number of 
descendants reliably independently of the case status or the time 
since the exposure. Although more prone to recall bias, responses to 
questions on contraceptive use have been shown to be comparable 
to medical records 103. Agreement was ≥90% for self-reported 
parity, oral contraceptives, and HT in a test-retest study 104. 
However, we lacked relevant information in the evaluation of 
hormonal factors in lymphoma etiology, such as the composition of 
the hormonal drugs, and breastfeeding variables, among others. 
Occupational data was also self-reported. Interviews on 
occupational history have shown good quality in terms of 
agreement with census data or employment records, with agreement 
for job titles and dates ranging from 83 to 100% 105,106. 
 
We did not perform mechanistic studies or evaluated biological 
markers. For example, presence of hormonal receptors in cancer 
cells from participants, or germline genetic variations, could explain 
previous discrepancies on reproductive factors and lymphoma risk. 
As well, the analysis of the total effective xenoestrogen burden 
(TEXB) among cases and controls could be useful to understand the 
endocrine disruption as a mechanism for lymphomagenesis. The 
evaluation of biomarkers could help understanding the mechanisms 
of carcinogenesis and could avoid some of the previous limitations 
and potential biases. However, the evaluation of certain biomarkers 
may have other limitations, for instance excessive variability over 
time for short-live chemicals reflecting recent but not past 
exposures. To avoid this limitation, occupational studies may be a 
good option for exploratory analyses. Since JEMs are prone to 
misclassification issues, we tried to minimize them in our improved 
JEM for alkylphenolic compounds by considering changes over 
time, among others. 
 
 



 

-150- 
 

Contribution to the knowledge of cancer and future 
research directions 
 
This thesis provides the most comprehensive data on the role of 
reproductive and exogenous hormone use in the etiology of 
lymphomas. The analyses from Kato et al 75 using the WHI 
randomized clinical trial have provided further valuable insights on 
the associations of HT and NHL. While the role of these factors in 
lymphoma in general seems to be limited, the marginal associations 
observed with HT and MM in both observational and interventional 
settings warrant further evaluation.  
 
Lymphoma incidence has increased over time among men and 
women, although it has reached a plateau during the last decade. 
We hypothesized that the decreased parity observed in some 
developed countries could help explaining this increase among 
women. Based on our findings, reproductive factors do not seem to 
substantially contribute to this increase. However, associations with 
EDCs could partially explain the increase among men. The study of 
the role of EDCs in lymphoma etiology, though, probably has a 
longer way to go through compared with reproductive factors. 
Studies on EDCs and lymphoma have usually been retrospective 
and based on occupational settings, which have misclassification 
issues as well as correlation of exposures that hamper the 
understanding of their actual role. Studies using more accurate tools 
to study EDCs and lymphoma are warranted.  
 
We provided novel data on alkylphenols and metals carcinogenicity 
potential. We also contributed with an improved tool for the study 
of alkylphenolic compounds that can be used in other studies of 
cancer. Using the MCC-Spain study and the JEM that we developed 
in this thesis, we will further contribute to uncover the role of these 
chemicals on CLL/SLL, breast and prostate cancer. In the same 
study, the biomarkers-based analyses on metals and CLL/SLL 
proposed within the MCC-Spain will probably provide relevant 
insights on the role of metals in cancer. 
 
 	



 

 

Epidemiological assessment of potential causality for parity, HT and EDCs in lymphoma etiology 
 

Criterion  Parity  HT use  EDCs  References 

1. Strength 
Range of ORs for 1 child increase= 0.87‐
1.04 

Range of ORs for HT use= 0.70‐1.40  Range of ORs= 0.27‐3.94 
Article 5 (Figure 1) and 6 
(Suppl S2). 

2. Consistency  
Associations are not consistent across 
studies 

Associations are not usually observed in 
cohort studies 

Associations are not consistent across 
studies 

Article 5. Alexander 2007 14. 

3. Specificity 
Associations are not consistent across 
subtypes 

Associations observed for all subtypes 
Associations usually observed for 
CLL/SLL and MM 

Article 5, article 3 and article 
6, respectively. 

4. Temporality 

Male:female incidence ratios are greater 
during the pre‐menopausal period than 
the post‐menopausal period, suggesting 
that endogenous hormones may protect 
against lymphoma 

For NHL decreased risks were observed 
among current users; while for MM 
decreased risk was observed  at > time 
since last use 

 Increased risks are observed among 
currently exposed workers   

Hedström 2015107, Article 2, 
article 3, article 4 and article 
6. 

5. Biological gradient 
In some studies, risk decreases through  
categories of parity in a dose‐response 
manner  

Not clearly observed 
Associations are observed with increasing 
duration of exposure 

Article 5, article 3 and article 
6, respectively. 

6. Plausibility 
Lymphoid cells express ERβ and 
hormones interact with the immune 
system 

Lymphoid cells express ERβ and 
hormones interact with the immune 
system 

Lymphoid cells express ERβ and EDCs 
interact with the immune system 

Pierdominici 2010 64, Cutolo 
2010 54, Shim 2006 66. 

7. Coherence 

Although some reports are null, the 
direction in both epidemiologic and 
experimental data is estrogens as 
protective factors against lymphoma 

The direction in both case‐control (but 
not cohort) studies and experimental 
data is estrogens as protective factors 
against lymphoma 

Both experimental and epidemiologic 
data suggest that EDCs are risk factors of 
lymphoma, although experimental data 
suggest that other ways of action than 
endocrine disruption could be involved 

Article 5, Hasni 2016 67, 
Talaber 2016 68, Lauby‐
Secretan 2013 24, Guha 2012 
29, Collotta 2013 87. 

8. Experiment 

Experimental data in mice show that 
estrogenic compounds have an 
influence on tumor growth and 
prognosis 

Experimental data in mice show that 
estrogenic compounds have an 
influence on tumor growth and 
prognosis 

Some EDCs have shown genotoxic 
effects, immune suppression, and 
inflammatory responses. Some EDCs 
(organic solvents) induced tumors of 
haemopoietic system in rats and mice 

Yakimchuk 2011,2012 108, 
Hasni 2016 67, Talaber 2016 
68, Lauby‐Secretan 2013 24, 
Guha 2012 29. 

9. Analogy 

Hormones are involved in other 
carcinogenic processes of other types of 
cancer, such as breast and ovarian 
cancers 

Hormones are involved in other 
carcinogenic processes of other types 
of cancer, such as breast and ovarian 
cancers 

Hormones are involved in other 
carcinogenic processes of other types of 
cancer, such as breast and ovarian 
cancers 

IARC 19. 
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CONCLUSIONS	
 
1. Reproductive factors and exogenous hormone use  

 
 Reproductive factors and exogenous hormone use are 

unlikely to play a role in lymphomagenesis. 
 
 Using the largest datasets evaluated to date, we observed 

heterogeneous results between studies and lymphoma 
subtypes for reproductive factors and hormonal 
contraception; implying that an association is not 
probable. 

 Based on the observations from our systematic review, 
inverse associations with HT and NHL, and its subtypes, 
were mostly observed in case-control studies. These 
findings were not corroborated by cohort studies or the 
WHI trial, suggesting that bias may have produced 
inverse associations.    

 We observed marginal inverse associations for HT and 
MM in the IMMC. Previous cohort studies were 
underpowered, and the WHI trial observed a marginally 
decreased risk of MM in the estrogen, but not 
estrogen+progestogen, group. Since data on HT 
composition was not available in the IMMC, further 
investigation in large studies considering HT 
formulations is warranted. 

 
 
2. Occupational exposure to EDCs  
 
 The associations between occupational exposure to EDCs 

and lymphoma require further evaluation in studies using a 
more detailed exposure assessment. 

 

 We observed novel associations with prolonged 
occupational exposure to certain endocrine disrupting 
chemicals, including alkylphenolic compounds and 
certain metals. However, individual exposures were 
correlated and exposure estimates were susceptible to 
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misclassification; therefore, confirmation in other studies 
overcoming these limitations is warranted. 

 In order to minimize sources of misclassification, we 
built a new JEM to assess occupational exposure to 
alkylphenolic compounds, accounting for changes over 
time, which can be used for further evaluation of these 
chemicals.  
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RESUM	EN	CATALÀ	
 
Les neoplàsies limfoides són un grup heterogeni de càncers 
caracteritzats per la proliferació neoplàsica o clonal de cèl·lules 
limfoides en diverses etapes de diferenciació. La taxa d'incidència 
d'aquestes neoplàsies ha vist un augment en alguns països occidentals 
des de la dècada dels 1970 i sembla haver assolit un altiplà durant 
l'última dècada. Les taxes d'incidència són més altes en els homes que 
en les dones per a la majoria dels subtipus de linfoma. No obstant, les 
causes que expliquen aquestes diferències per sexe són desconeguts. 
Vam hipotetitzar que els factors hormonals podrien tenir un paper en 
l'etiologia limfoma. 
 
Aquesta tesi avalua el risc de neoplàsies limfoides en relació amb els 
factors reproductius i l'exposició ocupacional als disruptors endocrins. 
Vam utilitzar diferents estudis i poblacions per avaluar la nostra 
hipòtesi: l'estudi EpiLymph, el consorci InterLymph, el Consorci 
Internacional del Mieloma Múltiple, i una revisió sistemàtica. A més, 
vam desenvolupar una nova eina per estimar l'exposició ocupacional a 
un tipus específic de disruptors endocrins. 
 
Els resultats en relació a l'associació entre els limfomes i la paritat, així 
com els anticonceptius hormonals, van ser contradictoris entre estudis i 
subtipus de limfoma. Vam observar associacions invertides entre la 
teràpia hormonal postmenopàusica i el limfoma, encara que a la nostra 
revisió sistemàtica vam veure que els estudis de cohorts generalment 
trobaven associacions nules. Vam observar associacions amb limfoma 
i l'exposició ocupacional als disruptors endocrins de ≥30 anys, en 
particular per al mieloma múltiple i la leucèmia limfàtica crònica. Les 
associacions es van observar entre el limfoma i l'exposició perllongada 
als dissolvents orgànics, pesticides, retardants de flama bromats, 
compostos alquilfenòlics, i metalls. Vam desenvolupar una matriu 
d’exposició considerant finestres temporals per avaluar més a fons les 
associacions amb els compostos alquilfenòlics. 
 
En conclusió, els nostres resultats indiquen que és poc probable que els 
factors reproductius i l'ús d'hormones exògenes juguin un paper en la 
limfomagènesi. Les associacions entre l'exposició ocupacional a 
disruptors endocrins i el limfoma s'han d'estudiar amb més profunditat 
en estudis que utilitzin una avaluació de l'exposició més detallada. 
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SUPPLEMENTARY	MATERIAL:		
 
ARTICLE 1 

 

Online Resource 1: Risk estimates and 95% confidence intervals for the association between fathering factors in men and mature B-cell and T-cell neoplasms, and Hodgkin lymphoma risk. 

 

Online Resource 1A: Mature B-cell neoplasms, Hodgkin lymphoma and Mature T-cell neoplasms risk overall. 

                                                

          Mature B-cell neoplasms   Hodgkin Lymphoma   Mature T-cell neoplasms c         

      
Controls 

(n=1318) a 
 Cases 

(n=1019) a OR 95% CI  Cases 
(n=164) a 

OR 95% CI  Cases 
(n=76) a OR 95% CI                 

Nº 
Children b                                            
  0   281   157 0.92 [0.69,1.23]   83 1.26 [0.73,2.17]   12 0.52 [0.22,1.20]                 
  1   221   164 Ref -   24 Ref -   14 Ref -                 
  2   447   366 1.08 [0.84,1.39]   40 1.10 [0.63,1.93]   27 0.96 [0.49,1.90]                 
  3   206   179 1.10 [0.82,1.47]   9 0.71 [0.31,1.63]   11 0.75 [0.33,1.73]                 
  >=4   159   146 1.09 [0.79,1.49]   7 1.02 [0.41,2.57]   9 0.81 [0.33,2.00]                 

          p-trend(fathers)= 0.21   p-trend(fathers)= 0.31   p-trend(fathers)= 0.56             
OR: Odds Ratio         
a Numbers do not always add to the total because of missing values         
b Adjusted for age (continuous), center (country) and education (low, medium and high categories)         
c Mature T-cell neoplasms = Angioimmunoblastic T-cell lymphoma (n=7), Anaplastic large cell lymphoma T-cell or null-cell type (n=6), NK/T-cell lymphoma, nasal type/ aggressive NK-cell leukemia (n=3), T-cell large granular 
lymphocytic leukemia (n=4), Peripheral T-cell lymphoma, NOS (n=26), Precursor (n=4), Mycosis fungoides/Sézary syndrome (n=24), Hepatosplenic T-cell lymphoma (n=2), Enteropathy-type T-cell lymphoma (n=3), 
Prolymphocytic T-cell leukemia (n=1) 
                                                

Online Resource 1B: Mature B-cell neoplasms risk, by subtypes. 
                                                

          Mature B-cell neoplasms 

          CLL/SLL   DLBCL   Follicular Lymphoma   Multiple Myeloma   Other Mature B-cell Neoplasms 
c 

      
Controls 

(n=1318) a 
 Cases 

(n=262) a OR 95% CI  Cases 
(n=276) a 

OR 95% CI  Cases 
(n=115) a OR 95% CI  Cases 

(n=157) a OR 95% CI  Cases 
(n=209) a OR 95% CI 

Nº 
Children b                                          
  0   281   28 0.69 [0.41,1.17]   57 1.09 [0.69,1.73]   20 1.15 [0.55,2.40]   19 0.68 [0.36,1.27]   34 1.05 [0.61,1.79] 

  1   221   46 Ref -   41 Ref -   14 Ref -   30 Ref -   33 Ref - 
  2   447   95 1.00 [0.67,1.49]   92 1.07 [0.71,1.60]   47 1.77 [0.95,3.31]   57 0.95 [0.59,1.54]   75 1.11 [0.71,1.73] 

  3   206   51 1.05 [0.67,1.66]   44 1.15 [0.71,1.85]   20 1.65 [0.80,3.40]   28 0.88 [0.50,1.54]   36 1.08 [0.64,1.81] 

  >=4   159   42 1.02 [0.62,1.67]   38 1.20 [0.72,2.01]   13 1.47 [0.65,3.34]   23 0.83 [0.45,1.53]   31 1.11 [0.63,1.94] 

          p-trend(fathers)= 0.21   p-trend(fathers)= 0.60   p-trend(fathers)= 0.22   p-trend(fathers)= 0.78   p-trend(fathers)= 0.77 
OR: Odds Ratio, CLL/SLL: chronic lymphocytic leukaemia/ small lymphocytic lymphoma, DLBCL: diffuse large B-cell lymphoma 
a Numbers do not always add to the total because of missing values 
b Adjusted for age (continuous), center (country) and education (low, medium and high categories) 
c Other mature B-cell neoplasms= Lymphoplasmacytic lymphoma (n=28), Mucosa-associated lymphoid tissue lymphoma (n=51), Splenic Marginal Zone lymphoma (n=17), Mantle Cell lymphoma (n=48), Hairy Cell leukemia 
(n=14) and B-cell lymphoma – unclassifiable (n=51) 
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Online Resource 2: Odds Ratios and 95% confidence intervals for the association between 
reproductive factors and hormonal contraceptive use and non-Hodgkin lymphoma for 
comparison with previous studies (combining all T-cell and B-cell subtypes, and excluding 
Multiple Myeloma) 

          Non-Hodgkin lymphoma  

      
Controls 

(n=1141) a   
Cases  

(n=751) a OR 95% CI 
REPRODUCTIVE HISTORY             
Pregnant Ever b             
  No   207   119 Ref - 
  Yes   933    629 0.99 [0.76,1.29] 

  p-heterogeneity=          0.94 
Parity b             
  Nulliparous c   207   119  0.85 [0.61,1.19]  
  1   176   138 Ref - 
  2   313   250 1.02  [0.77,1.35] 
  3   184   123 0.79  [0.57,1.10]  
  >=4   220   100  0.49* [0.34,0.69]  

p-trend (in parous)d=         <0.0001 
Age at first child (years) e             
  <20   107    70 Ref - 
  20-24   404    272 0.96  [0.68,1.36]  
  25-29   237    174 1.03  [0.70,1.51]  
  >=30   133    89 0.88  [0.57,1.37]  

p-trend (in parous) =          0.76 
Age at last child (years) e             
  <25   158   101 Ref - 
  25-29   236   190 1.43*  [1.03,1.97]  
  30-34   242   180 1.39  [0.99,1.95]  
  >=35   237   133 1.11  [0.76,1.62]  

p-trend (in parous) =        0.84 
HORMONAL CONTRACEPTIVE USE  
Use of contraceptives e             
  Never used  f   863   566 Ref - 
  Ever used     271   175 1.24   [0.96,1.61] 

  p-heterogeneity=          0.11 
Duration of use (years) e             
  <5   78    71 1.88* [1.29,2.75]  
  5-9   67    37 1.12  [0.71,1.77]  
  >=10   115    60 0.91  [0.63,1.31]  

  p-trend (in users) =        0.0001 
Age at first use (years) e             
  <20   111    46 0.82 [0.54,1.26]  
  20-24   75    48 1.23 [0.81,1.86]  
  >=25   79    76 1.53*  [1.08,2.16]  

  p-trend (in users) =          0.03 
Time since last use (years) e             
  Current   73   17  0.49*  [0.27,0.89]  
  1-9   73   34 0.88  [0.55,1.41]  
  10-19   49   52 1.84*  [1.19,2.83]  
  >=20   68   67 1.57*  [1.08,2.28]  

  p-trend (in users) =        0.0002 
Calendar year of first use e             
  <1970   31    24 1.15  [0.66,2.01]  
  1970-1979   80    75 1.65*  [1.15,2.36]  
  >=1980   154    71 0.92  [0.64,1.33]  

  p-trend (in users) =        0.27 
a Numbers do not always add to the total because of missing values 
b Adjusted for age (continuous), center (country) and education (low, medium and high categories) 
c  Women who had experienced abortions or pregnancy losses are excluded from this category  

d As a continuous variable in parous women 
e Adjusted for age (continuous), center (country), education (low, medium and high categories) and 
number of children (0, 1+2 and >=3 categories) 
f Referent category for all analyses on contraceptive use 
* p<0.05 
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ARTICLE 3 



 

 

ARTICLE 4 
 
Supplemental Table 1. Characteristics of the studies included in the analysis of reproductive factors, exogenous hormone use, and 
risk of multiple myeloma. 
 

 
 
 

Case-control studies a  Location  Enrollment period Age elegibility Study design b 
Female 
controls 

Female 
cases 

Los Angeles County Multiple Myeloma Case-Control 
Study (LAMMCC) (1) 

 Los Angeles County (US) 1985–1992  18-75 Population  126 126 

Roswell Park Cancer Institute (RPCI) (2)  Buffalo (US) 1982–1998 >=20 Hospital  264 66 
Utah  Salt Lake City (US) 2008– >=18 Population  295 134 
Epilymph (3)    1998–2004 >=17   1141 120 
   Spain     Hospital 302 40 
   France     Hospital 139 18 
   German     Population  320 33 
   Italy     Population  158 6 
   Ireland     Hospital 84 7 
   Czech Republic     Hospital 138 16 
Fred Hutchinson Cancer Research Center (FHCRC) 
1980s (4) 

  1977-1981 <82 
  

747 326 

   Washington (US)     Population  73 79 
   Utah (US)     Population  102 37 
   Michigan (US)     Population  510 166 
   Georgia  (US)     Population  62 44 
National Cancer Institute (NCI) – Yale (5)  Connecticut  (US) 1996-2002 21-84 Population  716 183 
Molecular and Genetic Epidemiology Study (iMAGE)  Alabama (US) 2009-2013 ≥21 Population  252 117 
a More details on methods from some of the studies can be found in the following publications:  
1.  Wang SS, Voutsinas J, Chang ET, et al. Cancer Causes Control. 2013;24:1279–89.  
2.  Moysich KB, Bonner MR, Beehler GP, et al. Leuk Res. 2007;31:547–51.  
3.  Costas L, Casabonne D, Benavente Y, et al. Cancer Causes Control. 2012;23:195–206.  
4.  Koepsell TD, Daling JR, Weiss NS, et al. Am J Epidemiol. 1987;126:1051–62.  
5.  Koutros S, Baris D, Bell E, et al. Occup Environ Med. 2009;66:68–70.  
 b Based on source of controls 
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Supplemental Figure 1. Study-specific risks of multiple myeloma for postmenopausal 
hormone therapy (HT), age at first HT use and years of HT use. 
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ARTICLE 5 
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ARTICLE 6 
 

Table S1: Descriptive statistics of cases and controls in the EpiLymph study 
 
 

    
Controls 
(n=2,457) 

Cases 
(n=2,178)   

    No. b (%) No. b (%) 
p-

value 
Age at recruitment           
  <60 1255 51.1 1080 49.6 0.31 
  60+ 1202 48.9 1098 50.4   
Education level           
  Low 1121 45.6 1003 46.1 0.89 
  Medium 998 40.6 870 39.9   
  High 338 13.8 305 14   
Smoking           
  Never 1095 44.6 948 43.6 0.50 

  Ever 1361 55.4 1227 56.4   
Regular alcohol consumption       
  Never 937 38.2 854 39.3 0.45 
  Ever 1515 61.8 1319 60.7   
Body mass index           
  <25 939 41.1 910 47.2 <0.01 
  25-30 904 39.5 724 37.5   
  30+ 443 19.4 295 15.3   
Gender           
  Male 1317 53.6 1217 55.9 0.12 
  Female 1140 43.4 961 44.1   
Parity a           
  0 525 21.4 453 20.9 0.03a 
  1-2 1157 47.2 1104 50.9   
  3+ 769 31.4 613 28.2   
Country           
  Spain  629 25.6 542 24.9 0.12 
  France  272 11.1 281 12.9   
  Germany  710 28.9 663 30.4   
  Italy  336 13.7 253 11.6   
  Ireland  207 8.4 171 7.9   
  Czech republic 303 12.3 268 12.3   
a For male participants, parity refers to the number of children 
they had fathered; for females parity is defined as the number of 
children they had. P-value for this variable differs by sex (0.96 
for men and <0.01 for women). 
b Numbers do not always add to the total because of missing 
values 

  



 

 

 
Table S2: Ever exposure to groups of endocrine disruptors and risk of lymphoma  
 

 
 
 

    Mature B-cell neoplasms          

    Overall MM FL DLBCL CLL Mature T-cell neoplasms Hodgkin lymphoma 

    Co Ca OR a (95% CI) Ca OR a (95% CI) Ca OR a (95% CI) Ca OR a (95% CI) Ca OR a (95% CI) Ca OR a (95% CI) Ca OR a (95% CI) 

Unexposed  901 588 Ref 85  Ref 102 Ref 196  Ref 119  Ref 39 Ref 128 Ref 

Ever exposed to:                               

  
Polycyclic aromatic 
hydrocarbons 

438 309  1.02 (0.76,1.37) 48  0.89 (0.48,1.66) 37  1.02 (0.56,1.89) 85 1.00 (0.65,1.54) 77 0.93 (0.53,1.62) 22 1.04 (0.47,2.32) 53  0.81 (0.48,1.38)

  
Polychlorinated organic 
compounds 

58 30  0.71 (0.37,1.35) 7  1.10 (0.36,3.34) 3  0.34 (0.05,2.60) 7 0.57 (0.19,1.67) 7 0.56 (0.16,1.93) 5 1.38 (0.30,6.39) 8  1.52 (0.47,4.86)

  Pesticides 528 406  1.19 (0.64,2.21) 82  2.36 (0.84,6.63) 46  1.19 (0.34,4.08) 89 0.77 (0.26,2.26) 127 1.66 (0.60,4.59) 33 0.75 (0.10,5.82) 40  0.81 (0.23,2.90)

  Organic solvents 1111 844  1.08 (0.92,1.26) 151  1.16 (0.85,1.59) 102  0.96 (0.69,1.34) 239 1.11 (0.88,1.41) 223 1.17 (0.89,1.53) 62 1.01 (0.63,1.61) 116  1.12 (0.80,1.55)

  Bisphenol A 17 19  1.55 (0.78,3.08) 3  1.36 (0.37,4.99) 3  1.92 (0.53,6.95) 7 1.85 (0.73,4.68) 4 1.12 (0.35,3.57) 0 - 3  1.46 (0.36,5.89)

  
Alkylphenolic 
compounds 

745 583  1.21 (0.74,1.98) 110  1.00 (0.38,2.66) 67  0.82 (0.24,2.74) 155 1.03 (0.47,2.29) 155 0.96 (0.39,2.38) 47 3.33* (1.27,8.74) 63  1.53 (0.49,4.79)

  
Brominated flame 
retardants 

87 73  1.22 (0.67,2.21) 10  0.27 (0.04,2.03) 10  1.28 (0.37,4.46) 21 0.89 (0.33,2.39) 18 1.14 (0.41,3.14) 7 3.94* (1.33,11.66) 10  0.67 (0.08,5.58)

  Metals 946 726 1.21 (0.93,1.59) 121 0.60 (0.30,1.20) 89  1.33 (0.78,2.27) 185 1.23 (0.82,1.84) 202 1.43 (0.92,2.23) 54 0.93 (0.41,2.09) 98 1.25 (0.76,2.07)

  Miscellaneous  41 42  1.54 (0.98,2.42) 6  1.26 (0.51,3.13) 6  1.47 (0.59,3.65) 15 1.70 (0.91,3.19) 11 1.79 (0.86,3.74) 3 1.57 (0.45,5.52) 10  2.20 (0.95,5.10)

  
a All models were adjusted for age, education, sex, country and ever exposure to organic solvents (except for estimates on organic solvents). Probable and possible exposures are combined.  

MM = Multiple Myeloma; FL= Follicular Lymphoma, DLBCL= Diffuse Large B-Cell Lymphoma; CLL= Chronic Lymphocytic Leukemia 

  
Co= Controls / Ca= Cases 

* p<0.05 
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Table S3: Duration of exposures to endocrine disruptors and risk of selected lymphoma 
subtypes, among the unexposed to solvents and pesticides. Estimates for 10 years increase of 
occupational exposure to endocrine disruptors. 
 
 

 
 
 
  

      Unexposed to solvents Unexposed to pesticides 

      Controls 
(n=1,346) 

Cases 
(n=876) OR (95% CI) 

Controls 
(n=1,917) 

Cases 
(n=1,306) OR (95% CI) 

Ever held a job with exposure to any endocrine disruptor       
  Unlikely a   901 588 Ref 901 588 Ref 
  Possible (never probable) 199 154 1.18 (0.92,1.52) 564 415 1.11 (0.93,1.33) 
  Probable   119 73 1.02 (0.74,1.40) 337 250 1.17 (0.95,1.45) 
  Never worked b 115 51 0.67 (0.46,0.97) 115 51 0.70 (0.49,1.01) 
Age at first exposure c            
  <15   40 41 1.56 (0.98,2.48) 198 169 1.27 (0.99,1.64) 
  15-19   129 85 1.12 (0.82,1.53) 407 296 1.17 (0.96,1.43) 
  20+   149 101 1.03 (0.77,1.37) 296 199 1.04 (0.84,1.29) 
        p-trend d   0.09     0.16 
Time since last exposure c       

  Current        93 49 0.98 (0.67,1.44) 223 137 1.22 (0.94,1.59) 
  <15   100 76 1.25 (0.90,1.75) 267 199 1.21 (0.97,1.52) 
  15+   124 101 1.13 (0.84,1.51) 408 327 1.09 (0.90,1.32) 
        p-trend d   0.95     0.13 

Total years of exposure to endocrine disruptors c       
  <10   157 100 1.11 (0.84,1.47) 420 282 1.10 (0.91,1.33) 
  10-29   98 67 1.07 (0.76,1.51) 270 208 1.22 (0.98,1.52) 
  30+   62 59 1.27 (0.85,1.88) 206 172 1.15 (0.90,1.48) 
        p-trend      0.23     0.10 

  a Reference category for all comparisons. All models were adjusted for age, education, sex and country. 
  b Participants who uniquely held occupations described as unemployment, student, family work (housewifes), or illness.  

  
c Probable and possible exposures to endocrine disruptors are combined. 
d Among exposed. 
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Table S4: Corrected estimates for misclassification of the exposure using MC-SIMEX. 
 
 

    Mature B-cell neoplasms 
    OR (95% CI) % bias 
Ever held a job with exposure to 
any endocrine disruptor  

  

  Unlikely a Ref   
  Possible or probable 1.16 (0.94,1.42) -0.04 
Time since last exposure    

  Current  1.42 (1.01-2.00) -0.14 
Age at first exposure    
   <15  1.16 (0.85,1.58) -0.06 
Total years of exposure to endocrine 
disruptors  

  

  10+ 1.32 (1.04,1.68) -0.09 
a Reference category for all comparisons. All models were adjusted for age, 
education, and sex. 

 
 
 
  



 

 

 
 
 
Table S5: Concordance and correlation coefficients between exposures among controls. Cohen's Kappa coefficients are computed 
for binary variables (ever/never). Correlation coefficients are computed for duration of exposures in years. 
 
 

 
 
  

  

Polycyclic aromatic 
hydrocarbons 

Polychlorinated 
organic compounds

Pesticides Phthalates Organic Solvents 
Alkylphenolic 

compounds 
Brominated flame 

retardants 

Kappa Correlation Kappa Correlation Kappa Correlation Kappa Correlation Kappa Correlation Kappa Correlation Kappa Correlation
Polychlorinated organic 0.09 0.67     

Pesticides 0.04 0.01 0.01 -0.22   
Phthalates 0.12 0.15 0.07 0.56 0.84 0.95   

Organic Solvents 0.14 0.15 0.00 -0.05 0.46 0.81 0.54 0.84   
Alkylphenolic compounds 0.04 -0.04 0.06 0.60 0.64 0.89 0.66 0.87 0.63 0.87

Brominated flame retardants 0.10 0.55 0.16 0.81 0.02 0.01 0.12 0.54 0.04 0.32 0.11 0.63
Metals 0.10 0.01 0.04 0.45 0.56 0.86 0.57 0.85 0.60 0.79 0.47 0.78 0.09 0.65

 



 

 

 
Table S6: Associations of occupational exposures to endocrine disruptors and risk of lymphoma, stratified by lymphoma subtype. 
 

 
  

      Mature B-cell neoplasms          

      MM FL DLBCL CLL 
Mature T-cell 

neoplasms 
Hodgkin lymphoma 

    Co Ca OR (95% CI) Ca OR (95% CI) Ca OR (95% CI) Ca OR (95% CI) Ca OR (95% CI) Ca OR (95% CI) 
Ever held a job with exposure to any endocrine disruptor    
  Unlikely a  901 85 Ref 102 Ref 196 Ref 119 Ref 39 Ref 128 Ref 

  
Possible (never 
probable) 591 63 0.99 (0.69,1.42) 60 1.03 (0.72,1.47) 149 1.25 (0.97,1.61) 95 1.12 (0.83,1.52) 33 1.11 (0.67,1.83) 81 1.06 (0.75,1.49)

  Probable 838 119 1.19 (0.85,1.65) 75 0.97 (0.69,1.38) 161 0.97 (0.76,1.26) 179 1.27 (0.95,1.68) 46 0.96 (0.59,1.56) 87 1.04 (0.74,1.46)
  Never worked b 115 8 0.89 (0.41,1.94) 11 0.94 (0.48,1.84) 11 0.45 (0.24,0.87) 17 1.28 (0.72,2.29) 6 1.04 (0.42,2.58) 32 1.19 (0.71,1.98)
Age at first exposure c 
  <15 466 71 1.21 (0.82,1.78) 41 0.99 (0.64,1.53) 87 1.00 (0.73,1.37) 110 1.24 (0.89,1.72) 31 1.12 (0.64,1.97) 33 1.22 (0.75,1.97)
  15-19 576 74 1.19 (0.84,1.70) 62 1.13 (0.79,1.63) 126 1.12 (0.85,1.46) 101 1.25 (0.92,1.71) 31 1.07 (0.63,1.80) 83 1.04 (0.73,1.47)
  20+ 383 36 0.92 (0.60,1.40) 32 0.86 (0.56,1.31) 96 1.20 (0.91,1.59) 63 1.12 (0.80,1.58) 17 0.92 (0.50,1.67) 52 1.10 (0.75,1.61)
        p-trend d     0.18   0.65   0.51   0.56   0.49   0.7 
Time since last exposure c  

  Current      338 46 1.68 (1.10,2.57) 32 1.17 (0.74,1.84) 72 1.18 (0.85,1.63) 48 1.36 (0.91,2.01) 22 1.14 (0.63,2.08) 80 1.23 (0.85,1.76)
  <15 428 43 0.90 (0.59,1.37) 40 1.04 (0.69,1.58) 95 1.16 (0.86,1.56) 93 1.39 (1.00,1.93) 22 0.93 (0.52,1.66) 55 0.99 (0.67,1.45)
  15+ 658 92 1.04 (0.74,1.46) 62 0.90 (0.62,1.30) 142 1.07 (0.82,1.39) 133 1.09 (0.82,1.46) 35 1.05 (0.63,1.76) 33 1.01 (0.64,1.59)
        p-trend d     0.07   0.20   0.44   0.16   0.99   0.12 

Total years of exposure to endocrine disruptors c   
  <10 551 52 0.96 (0.66,1.40) 45 0.81 (0.56,1.19) 122 1.11 (0.86,1.45) 71 1.04 (0.75,1.44) 24 0.86 (0.50,1.49) 93 0.99 (0.71,1.38)
  10-29 460 61 1.23 (0.85,1.79) 49 1.18 (0.80,1.74) 110 1.23 (0.93,1.63) 88 1.28 (0.93,1.76) 26 1.09 (0.63,1.89) 55 1.27 (0.86,1.87)

30+ 409 68 1.24 (0.84,1.84) 40 1.16 (0.75,1.81) 76 0.94 (0.68,1.31) 115 1.39 (1.00,1.93) 28 1.33 (0.74,2.39) 20 1.22 (0.69,2.16)
        p-trend      0.18   0.35   0.80   0.03   0.32   0.27 

  a Reference category for all comparisons. All models were adjusted for age, education, sex and country. 
  b Participants who uniquely held occupations described as unemployment, retirement, student, family work (housewifes), or illness. 

  
c Probable and possible exposures to endocrine disruptors are combined. 
d Among exposed. 

  Co= Controls / Ca= cases  
  MM = Multiple Myeloma; FL= Follicular Lymphoma, DLBCL= Diffuse Large B-Cell Lymphoma; CLL= Chronic Lymphocytic Leukemia 

 



 

 

 
Table S7: Duration of exposures to endocrine disruptors and risk of lymphoma, stratified by lymphoma subtype. Estimates for 10 
years increase of occupational exposure to endocrine disruptors. 
 

 
  

        Mature B-cell neoplasms         

Total years of exposure to: 
  MM FL DLBCL CLL Mature T-cell neoplasms Hodgkin Lymphoma

Co Ca OR a  (95% CI)  Ca OR a  (95% CI)  Ca OR a  (95% CI)  Ca OR a  (95% CI) Ca OR a  (95% CI)  Ca OR a  (95% CI) 
Unexposed a 901 85  Ref 102  Ref 196 Ref 119  Ref 39  Ref 128  Ref 
Pesticides                           
   Organochlorines 442 67 1.18 (1.02,1.37) 35 0.96 (0.77,1.21) 74 1.04 (0.89,1.21) 112 1.06 (0.94,1.20) 27 1.06 (0.84,1.35) 31 1.03 (0.77,1.39) 
   Carbamates / Pyrethroids 507 78 1.19 (1.04,1.37) 40 0.98 (0.79,1.22) 85 1.00 (0.87,1.16) 127 1.11 (0.99,1.25) 32 1.11 (0.90,1.38) 38 1.14 (0.89,1.47) 
   Organophosphates 467 72 1.22 (1.06,1.41) 38 0.97 (0.78,1.21) 78 1.02 (0.88,1.19) 117 1.06 (0.94,1.20) 28 1.10 (0.88,1.39) 34 1.04 (0.78,1.38) 
Organic Solvents                           
  Ethylene glycol ethers  943 133 1.14 (1.04,1.26) 79 0.94 (0.82,1.08) 193 1.00 (0.91,1.10) 195 1.08 (0.99,1.17) 54 1.07 (0.91,1.25) 82 1.12 (0.95,1.33) 
  Styrene 38 5 0.62 (0.21,1.78) 4 0.84 (0.33,2.13) 9 0.95 (0.53,1.70) 10 1.10 (0.66,1.84) 0 - 7 0.85 (0.24,2.96) 
  Toluene / Xylene 735 104 1.11 (1.00,1.23) 71 1.04 (0.91,1.18) 140 0.96 (0.86,1.06) 168 1.06 (0.97,1.16) 42 1.06 (0.90,1.26) 76 1.13 (0.94,1.35) 
  Trichloroethylene 320 40 0.98 (0.80,1.21) 29 0.93 (0.72,1.22) 59 1.02 (0.86,1.21) 54 0.93 (0.78,1.12) 19 1.05 (0.78,1.41) 32 0.83 (0.57,1.21) 
  Perchloroethylene  315 41 0.97 (0.79,1.20) 28 0.93 (0.71,1.21) 62 1.01 (0.85,1.20) 54 0.96 (0.80,1.15) 19 1.05 (0.78,1.41) 28 0.83 (0.56,1.21) 
Alkylphenolic compounds                           
  Alkylphenolic ethoxylates  736 109 1.16 (1.03,1.31) 66 0.91 (0.75,1.10) 152 0.92 (0.81,1.04) 155 1.11 (1.00,1.24) 46 1.13 (0.93,1.36) 63 1.29 (1.06,1.58) 
  Alkylphenols  466 73 1.17 (1.01,1.35) 40 0.89 (0.71,1.12) 85 0.98 (0.84,1.14) 118 1.07 (0.95,1.21) 30 1.03 (0.82,1.30) 40 1.15 (0.89,1.48) 
Metals                           
  Cadmium 78 15 0.93 (0.58,1.52) 10 1.26 (0.75,2.10) 22 0.79 (0.48,1.30) 15 0.67 (0.38,1.19) 1 2.85 (0.42,19.21) 9 1.58 (0.87,2.90) 
  Arsenic 108 16 1.05 (0.73,1.52) 8 1.40 (0.91,2.16) 21 0.82 (0.56,1.21) 20 1.21 (0.90,1.64) 5 1.32 (0.78,2.22) 11 1.57 (1.02,2.41) 
  Copper 824 107 1.09 (0.96,1.23) 66 1.02 (0.87,1.20) 155 1.01 (0.90,1.13) 179 1.09 (0.99,1.20) 52 1.14 (0.95,1.36) 76 1.08 (0.88,1.32) 
  Lead 508 56 0.91 (0.76,1.10) 53 1.16 (0.97,1.38) 110 1.03 (0.90,1.18) 92 1.03 (0.90,1.19) 22 1.08 (0.83,1.40) 66 1.05 (0.83,1.33) 
  Mercury 14 0 - 0   1 1.08 (0.55,2.09) 4 1.72 (1.05,2.79) 1 0.90 (0.17,4.62) 2 - 

a Reference category for all comparisons. All models were adjusted for age, education, sex, country and ever exposure to organic solvents (except for estimates on organic solvents).   

  * p<0.05; ** p<0.01 

Co= Controls / Ca= Cases  
MM = Multiple Myeloma; FL= Follicular Lymphoma, DLBCL= Diffuse Large B-Cell Lymphoma; CLL= Chronic Lymphocytic Leukemia 

 



 

 

Figure S1: Smooth splines for the effect duration of occupational exposure to endocrine disruptors in generalized additive models with two 
cutpoints for mature B-cell lymphoma and Hodgkin lymphoma. Models adjusted for age, sex, country and education level. Smooth estimates are 
represented in solid lines and 95% confidence intervals in dashed lines. 
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Appendix from Article 6 
 
Appendix 1. List of occupational titles assigned to a possible or probable 
exposure to EDCs. 
 
 
Agricultural and fishing trades 
n.e.c. 
Agricultural machinery drivers 
Air transport operatives 
Ambulance staff (excluding 
paramedics) 
Animal care occupations n.e.c. 
Artists 
Assemblers (electrical products) 
Assemblers (vehicles and metal 
goods) 
Auto electricians 
Bar staff 
Beauticians and related 
occupations 
Bookbinders and print finishers 
Bus and coach drivers 
Car park attendants 
Carpenters and joiners 
Chemists 
Cleaners, domestics 
Conservation and environmental 
protection officers 
Countryside and park rangers 
Dental nurses 
Dental practitioners 
Driving instructors 
Electrical/electronics engineers 
n.e.c. 
Electrical/electronics technicians 
Electricians, electrical fitters 
Electroplaters 
Farm managers 
Farm workers 
Farmers 
Fire service officers (leading fire 
officer and below) 

Fishing and agriculture related 
occupations n.e.c. 
Floorers and wall tilers 
Fork-lift truck drivers 
Furniture makers, other craft 
woodworkers 
Gardeners and 
groundsmen/groundswomen 
Glass and ceramics makers, 
decorators and finishers 
Glass and ceramics process 
operatives 
Glaziers, window fabricators and 
fitters 
Goldsmiths, silversmiths, precious 
stone workers 
Hairdressers, barbers 
Hairdressing and beauty salon 
managers and proprietors 
Heavy goods vehicle drivers 
Horticultural trades 
Industrial cleaning process 
occupations 
Laboratory technicians 
Labourers in foundries 
Launderers, dry cleaners, pressers 
Leather and related trades 
Lines repairers and cable jointers, 
Managers in animal husbandry, 
forestry and fishing n.e.c. 
Medical and dental technicians 
Metal machining setters and setter-
operators 
Metal making and treating process 
operatives 
Metal plate workers, shipwrights, 
riveters 
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Metal working machine operatives 
Metal working production and 
maintenance fitters 
Mobile machine drivers and 
operatives n.e.c. 
Motor mechanics, auto engineers 
Moulders, core makers, die casters 
Musical instrument makers and 
tuners 
Natural environment and 
conservation managers 
NCOs and other ranks 
Officers in armed forces 
Painters and decorators 
Paper and wood machine 
operatives 
Paramedics 
Pest control officers 
Photographers and audio-visual 
equipment operators 
Pipe fitters 
Plastics process operatives 
Plumbers, heating and ventilating 
engineers 
Police officers (sergeant and 
below) 
Postal workers, mail sorters, 
messengers, couriers 
Precision instrument makers and 
repairers 
Printers 
Printing machine minders and 
assistants 
Publicans and managers of licensed 
premises 
Refuse and salvage occupations 
Road construction operatives 
Road sweepers 
Roofers, roof tilers and slaters 
Roundsmen/women and van 
salespersons 
Routine laboratory testers 
Rubber process operatives 
School crossing patrol attendants 

Screen printers 
Sheet metal workers 
Smiths and forge workers 
Taxi, cab drivers and chauffeurs 
Textile process operatives 
Textiles, garments and related 
trades n.e.c. 
Tool makers, tool fitters and 
markers-out 
Traffic wardens 
Transport operatives n.e.c. 
Tyre, exhaust and windscreen 
fitters 
Upholsterers 
Van drivers 
Vehicle body builders and repairers 
Vehicle spray painters 
Veterinarians 
Veterinary nurses and assistants 
Waiters, waitresses 
Welding trades 



 

 

Appendix from Article 6 
 
Appendix 2. List of the 20 most common occupations of controls and mature B-cell lymphoma according to their 
longest-held job.  

 

Controls   Mature B-cell neoplasms 
Job description N %   Job description N % 
Personal assistants & other secretaries 103 4%   Farmers 84 4% 
Shelf fillers 99 4% Personal assistants & other secretaries 76 3%
Farmers 79 3%   Shelf fillers 66 3% 
Cleaners, domestics 78 3% Cleaners, domestics 64 3%
Nurses 68 3%   Farm workers 62 3% 
Financial & accounting technicians 62 3%   Metal working production & maintenance f 41 2% 
Kitchen & catering assistants 61 2% Kitchen & catering assistants 40 2%
Farm workers 59 2%   Financial & accounting technicians 38 2% 
General office assistants/clerks 53 2% Metal working machine operatives 32 1%
Bricklayers, masons 49 2%   Gardeners & groundsmen/groundswomen 30 1% 
Metal working production & maintenance f 48 2%   Bricklayers, masons 29 1% 
Sewing machinists 43 2%   General office assistants/clerks 29 1% 
Gardeners & groundsmen/groundswomen 41 2%   Bar staff 28 1% 
Secondary education teaching professiona 41 2% Nurses 27 1%
Bar staff 40 2%   Secondary education teaching professiona 27 1% 
Sales related occupations n.e.c 37 2% Sewing machinists 27 1%
Taxi, cab drivers & chauffeurs 36 1%   Shopkeepers & wholesale/retail dealers 25 1% 
Chefs, cooks 33 1%   Chefs, cooks 23 1% 
Metal working machine operatives 33 1% Primary & nursery education teaching pro 23 1%
Primary & nursery education teaching pro 32 1%   Sales related occupations n.e.c 22 1% 
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APPENDIX	
 
Appendix 1. Preliminary analises on reproductive factors and 
exogenous hormone use and CLL/SLL in the MCC-Spain study. 
 

CONTROL n (%) CLL/SLL n (%) OR1 95% CI 
Have you ever been pregnant? 
No 98 (12) 15 (7) REF 
Yes 624 (79) 198 (89) 1.73 ( 0.95- 3.15) 
Number children 

One 115 (15) 33 (15) REF 
Nulliparous 98 (12) 15 (7) 0.52 ( 0.26- 1.05) 

Two 281 (36) 88 (39) 0.93 ( 0.57- 1.52) 
2+ 213 (27) 73 (33) 0.82 ( 0.49- 1.39) 

Age at first child    
<=26 308 (39) 96 (43) REF 

26+ 296 (37) 97 (43) 1.00 ( 0.70- 1.43) 
Age at last child   

<=32 338 (43) 106 (48) REF 
32+ 265 (34) 86 (39) 0.97 ( 0.69- 1.38) 

Menopausal Status 
Menopause or post 638 (81) 199 (89) 

Natural 439 (69) 141 (71) REF 
Hysterectomy and/or ovariectomy 90 (14) 37 (19) 1.21 ( 0.78- 1.90) 

other 12 (2) 10 (5) 3.14 ( 1.22- 8.09) 
Pre-menopause  144 (18) 14 (6) 0.52 ( 0.24- 1.15) 
Age at menarque    

<=13 483 (61) 130 (58) REF 
13+ 233 (29) 80 (36) 1.11 ( 0.79- 1.57) 

Age at menopause   
<=50 317 (40) 108 (48) REF 

50+ 206 (26) 75 (34) 1.07 ( 0.74- 1.54) 
Hormonal contraceptives (HC) 
Never 414 (52) 131 (59) REF 
Ever 375 (47) 82 (37) 0.80 ( 0.56- 1.15) 

Oral 337 (43) 74 (33) 0.80 ( 0.56- 1.17) 
No oral 8 (1) 2 (1) 0.99 ( 0.19- 5.16) 

Both 28 (4) 2 (1) 0.30 ( 0.07- 1.34) 
Duration of HC (years)   

<2 76 (10) 20 (9) 0.93 ( 0.53- 1.66) 
2-8 113 (14) 31 (14) 0.98 ( 0.60- 1.61) 

>=8 116 (15) 19 (9) 0.57 ( 0.32- 1.03) 
p-trend 0.1 

Ever HT (among post-
menopausal women) 
Never 562 (88) 178 (89) REF 
Ever 38 (6) 14 (7) 1.12 ( 0.57- 2.17) 
Duration of HT (years)   

<2 6 (1) 1 (1) 0.43 ( 0.05- 3.74) 
2-4 16 (3) 4 (2) 0.79 ( 0.25- 2.49) 

>=5 14 (2) 8 (4) 1.70 ( 0.68- 4.27) 
p-trend     0.2 

1Basic model: age (five groups), sex, region (5 categories) and 
educational level (3 groups) 
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Appendix 2. Selected characteristics of hormonal contraception and 
hormone therapy users in the Multi Case-Control Spain study. 
 

 
 
From Costas et al 73. PR: prevalence ratio. Ref: Reference. a) Among postmenopausal 
women. b) Row percentages. c) Fully adjusted models included age, region, and variables 
that were statistically significant in age-adjusted models (education level, education level 
of partner, body mass index, usual duration of sleep, and cause of menopause). d) p< 0.05. 
e) p<0.01 f) p<0.001 
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