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The road is dark
And it's a thin thin line
But | want you to know I'll walk it for you any time

Tougher Than The Rest —Bruce Springsteen






PRESENTACIO DE LA TESI

PRESENTACIO DE LA TESI

Aguesta tesi és fruit de la feina realitzada durant aquests Ultims quatre anys a la Unitat de
Nutricid i Cancer de I'Institut Catala d’Oncologia, sota la supervisié del Dr. Eric J. Duell.

La tesi es presenta com a una compilacié dels cinc articles publicats en revistes internacionals i
d’alt impacte cientific. En ells s’estudia I'efecte que pot tindre I'acrilamida, una substancia
considerada probablement cancerigena per I’Agencia Internacional d’Investigacid del Cancer
(IARC), sobre el risc de desenvolupar cancer d’endometri i d’ovari. Els resultats presentats en
aquesta tesi han estat realitzats dins del marc de I'Estudi Prospectiu Europeu sobre Cancer i
Nutricid.

La tesi esta escrita en anglés tot i que algunes parts han estat traduides al catala (resum
general de la tesi i resum de cada article). La tesi segueix I'estructura basica d’introduccid
general, justificacid, hipotesi i objectius, metodologia, resultats, discussid, conclusions generals
i referéncies bibliografiques. L’annex conté una taula suplementaria que correspon a l'article
numero tres d’aquesta tesi. També inclou els documents aprovats pel comite étic de la IARC i
de I'Hospital Universitari de Bellvitge, aixi com el curriculum vitae de la doctoranda.
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ABSTRACT

ABSTRACT

Acrylamide is an organic chemical that has several important uses in industry, such as a
flocculant in public water supplies, in paper manufacturing, textiles, mining, as a grouting
agent, as an additive in cosmetics, and in biomedical research. In 1994, acrylamide was
classified by the International Agency for Research on Cancer as ‘probably carcinogenic’ to
humans. In 2002, acrylamide was discovered in some starchy foods that are cooked at high
temperature (e.g., potato crisps and chips, biscuits, breads and breakfast cereals). Acrylamide
also is a common component of cigarette smoke. From 2006-2010, epidemiologic studies
began to examine and report on the possible association between dietary acrylamide intake
and risk of human cancer, including ovarian and endometrial cancers (two of which suggested
possible associations). Endometrial and ovarian are the fourth and fifth most common cancers
diagnosed in European women.

The general aim of this thesis was to assess the risk of endometrial cancer (EC) and epithelial
ovarian (EOC) cancer in relation to dietary acrylamide exposure based on questionnaire
information and biomarkers of internal exposure.

The study population for this project was 368,010 women from the European Prospective
Investigation into Cancer and Nutrition (EPIC) cohort based in 23 centers from 10 western
European countries. Dietary acrylamide intake in the full EPIC cohort was estimated using the
most recent European acrylamide-content food databases, country-specific food intake
questionnaires, and 24-hour dietary recalls at baseline. Multivariate Cox Proportional hazard
models were used to estimate hazard ratios (HR) and 95% confidence intervals (95% Cl) for
guestionnaire-based acrylamide intake and EC or EOC risk. Cohort analyses were conducted in
all women and in subgroups by smoking status, alcohol consumption, oral contraceptive use,
body weight, and tumor histology. Two nested case-control studies of acrylamide biomarkers
and EC or EOC risk were conducted in non-smoking postmenopausal women. Pre-diagnostic
biomarkers of acrylamide and its epoxide metabolite, glycidamide, were measured as
hemoglobin adducts (HbAA and HbGA, respectively) using HPLC/MS/MS in red blood cells
collected at baseline 5-10 years before diagnosis. Unconditional logistic regression models
were used to estimate odds ratios (OR) and 95% CI for the relation between acrylamide
biomarkers (HbAA, HbGA, HbAA+HbGA, and HbGA/HbAA) and EC or EOC risk. The relation
between dietary and demographic determinants of biomarker levels of acrylamide and
glycidamide were also examined using simple and multiple linear regression analyses in 801
control women from both nested case-control studies.

After a mean follow-up of 11 years, there were 1,382 cases of EC and 1,191 cases of EOC in the
EPIC cohort. In general, the results of the dietary acrylamide intake analyses showed no
associations with EOC and EC, except for a possible association between higher acrylamide
intake and type-l EC in women who were non-smokers and non-users of oral contraceptives
(HR@svsq1: 1.97, 95% Cl: 1.08-3.62). The main food group determinants of acrylamide and
glycidamide biomarker levels were biscuits, crackers and cakes; and alcohol intake and body
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mass index were important determinants of the ratio of glycidamide to acrylamide (an
indicator of acrylamide metabolism). The nested case-control study of acrylamide and
glycidamide biomarker levels and EC (383 cases, 171 type-I, and 385 controls) did not find any
support for associations between acrylamide or glycidamide and EC risk (neither overall, nor
type-1). The nested case-control study of acrylamide and glycidamide biomarkers and EOC risk
(334 cases and 417 controls) found some evidence for associations with the third quintile of
HbGA, and the second and third quintiles of HbAA+HbGA. Participants classified in the fifth
quintile of HbGA or HbAA+HbGA showed statistically non-significant higher risks of EOC
(ORHbea.asvsa1: 1.63, 95% Cl: 0.92-2.86; P-trend: 0.04, and ORypan+HbGea.asvsal: 1.60, 95% Cl: 0.89-
2.87; P-trend: 0.14).

In conclusion, results in women from the EPIC cohort did not provide convincing support for
the hypothesis that higher acrylamide and glycidamide exposures are associated with higher
risk for EC. For EOC, inconsistent results were observed in our study. Additional nested case-
control studies with larger sample size in different populations, and pooled analysis of existing
studies of the relation between acrylamide and glycidamide biomarkers and EOC risk should be
performed.




RESUM

RESUM

L'acrilamida és un compost organic que s’utilitza ampliament en diverses industries. Per
exemple, s'utilitza com a agent floculant per la potabilitzacié de I'aigua, per la fabricacié de
paper, en industries textils i mineres, com a fixador per la construccié de tunels, com a additiu
en la industria de la cosmética i en la recerca biomeédica. L’any 1994 I’Agéncia Internacional de
Recerca del Cancer va classificar I’acrilamida com a ‘probable carcinogen’ pels humans. L'any
2002 es va descobrir que l'acrilamida estava present en alguns aliments rics en hidrats de
carboni els quals havien estat sotmesos a altes temperatures (per exemple: patates fregides,
patates xips, galetes, pa i cereals d’esmorzar). Es coneix que I'acrilamida també és un compost
del fum del tabac. Entre els anys 2006-2010, diversos estudis epidemiologics van comengar a
estudiar i publicar sobre la possible associacié entre la ingesta d’acrilamida provinent de la
dieta i el risc de cancer en humans, incloent el cancer d’ovari i endometri (dos estudis van
suggerir possibles associacions). El cancer d’endometri és el quart cancer més diagnosticat en
les dones europees i el cancer d’ovari es troba en cinquena posicid.

L'objectiu general d’aquesta tesi era avaluar el risc de cancer d’endometri (CE) i d’ovari
epitelial (COE) en relacié a l'exposicid dietetica a l'acrilamida basant-se en informacio
obtinguda mitjancant gliestionaris de dieta i en biomarcadors d’exposicio interna.

La poblacié d’estudi per aquest projecte va ser de 368,010 dones, que participaven en I'Estudi
Prospectiu Europeu sobre Cancer i Nutricié (EPIC), basat en 23 centres provinents de 10 paisos
europeus (incloent Espanya). L’estimacio de la ingesta d’acrilamida es va acomplir a partir de
les bases de dades Europees més recents sobre el contingut d’acrilamida en els aliments, dels
glestionaris de consum alimentari especifics de cada pais i dels recordatoris d’ingesta de 24
hores que es van administrar durant el reclutament. Es va utilitzar el model de regressié de
Cox per estimar els hazard ratios (HR) i els intervals de confianga (95% Cl) resultants de
I’associacid entre la ingesta d’acrilamida i el risc de CE i COE. Les analisis es van realitzar amb
totes les dones i també en subgrups (segons el seu consum de tabac, consum d’alcohol, us
d’anticonceptius orals, pes corporal i histologia del tumor, entre d’altres). Es van dur a terme
dos estudis de casos i controls niats sobre I'associacié entre els biomarcadors d’acrilamida i el
risc de desenvolupar CE i COE en dones post-menopausiques i no fumadores. Els biomarcadors
d’acrilamida i del seu metabolit epoxid, la glicidamida, es van mesurar en eritrocits com a
adductes de I’hemoglobina (HbAA i HbGA, respectivament) mitjancant la tecnica HPLC/MS/MS.
Les mostres de sang es van obtenir durant el reclutament, uns 5-10 anys abans de que succeis
el diagnostic. Es van utilitzar models de regressio logistica incondicionals i multivariats per
estimar odds ratios (OR) i 95% IC per a I'associacié entre els biomarcadors d’acrilamida (HbAA,
HbGA, HbAA+HbGA i HbGA/HbAA) i el risc de desenvolupar CE i el COE. La relacié entre
I’exposicié a diversos factors determinants (dietétics i demografics) i els nivells de
biomarcadors d’acrilamida i de glicidamida es van avaluar utilitzant models de regressié lineal
simples i multivariats en 801 dones control provinents dels dos estudis de casos i controls
niats.

xi
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Després d’'un seguiment d’11 anys, es van identificar 1,382 casos de CE i, 1,191 casos de COE
en I'estudi EPIC. En general, els resultats de les analisis d’ingesta d’acrilamida van mostrar que
no hi havia associacio amb el risc de desenvolupar CE i COE, amb I'excepcié d’una possible
associacio entre el consum elevat d’acrilamida i el risc de CE de tipus-I en aquelles dones que
no eren fumadores i que no havien pres anticonceptius orals (HRqgsysqi: 1.97, 95% Cl: 1.08-
3.62). Els principals grups d’aliments que determinaven els nivells dels biomarcadors
d’acrilamida i de glicidamida eren les galetes, les galetes salades i els pastissos/pa de pessic. El
consum d’alcohol i I'index de massa corporal van ser els principals determinants del quocient
entre la glicidamida i I'acrilamida (un indicador del metabolisme de I'acrilamida). L’estudi de
casos i controls niat sobre els nivells de biomarcadors d’acrilamida i glicidamida i el risc de CE
(383 casos, els quals 171 eren de tipus-I, i 385 controls) no va proporcionar cap suport per a
una associacié entre I'acrilamida i la glicidamida i el risc de CE (ni en el CE general, ni en el
tipus-1). En 'estudi de casos i controls niat sobre els nivells de biomarcadors d’acrilamida i
glicidamida i el risc de COE (334 casos i 417 controls) es va observar una associacié entre el risc
de COE i el tercer quintil de HbGA, i el segon i el tercer quintil de HbAA+HbGA. Els participants
classificats al cinque quintil de HbGA i HbAA+HbGA tenien un risc elevat perdo no
estadisticament significatiu  (ORupgaasvsar: 1.63, 95% Cl: 0.92-2.86; P-trend: 0.04, i
ORubaa+HbGGA.Qsvsal: 1.60, 95% Cl: 0.89-2.87; P-trend: 0.14).

Com a conclusio, els resultats en dones de I'estudi EPIC no van proporcionar cap suport a la
hipotesis de que nivells elevats d’aquests biomarcadors estiguessin associats amb un
increment del risc de desenvolupar CE. Pel que fa al COE, es van observar resultats
inconsistents. S’haurien de dur a terme més estudis de casos i controls niats (d’'una mida
mostral més gran i en diferents poblacions) i fer analisis combinats d’estudis existents per
avaluar la relacid entre els biomarcadors d’acrilamida i la glicidamida i el risc de COE.
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LIST OF ABBREVIATIONS

LIST OF ABBREVIATIONS

24hDR 24-hour dietary recall

3-APA 3-aminopropionamide

AECOSAN Agencia Espafiola de Consumo, Seguridad Alimentaria y Nutricion

AGEs Advanced Glycation End-products

ASBP Agencia de Salut Publica de Barcelona

EM Water Activity

BMDL;, Benchmark Dose for a 10% response

BMI Body Mass Index

CDC Centers for Disease Control and Prevention

CEIC Comité Etico de Investigacidn Clinica

Cl Confidence Interval

CLIA Clinical Laboratory Improvement Amendment

CONTAM Contaminants in the Food Chain

DQ Dietary Questionnaires

EC Endometrial Carcinoma

ECHA European Chemicals Agency

EFSA European Food Safety Authority

ENDB EPIC Nutrient Database

EOC Epithelial Ovarian Cancer

EPA Environmental Protection Agency

EPIC European Prospective Investigation into Cancer and Nutrition

EU European Union

EUPPA European Potato Processors' Association

FAO Food and Agriculture Organization of the United Nations

FDA Food and Drug Administration

FFQ Food Frequency Questionnaires

FIGO International Federation of Gynecology and Obstetrics

FINRISK Finnish Population Survey on Risk Factors on Chronic, Noncommunicable Diseases

GC Gas Chromatography

GST Glutathione-S-Transferase

HbAA Hemoglobin adducts of Acrylamide

HbGA Hemoglobin adducts of Glycidamide

HNPCC Hereditary NonPolyposis Colorectal Cancer

HPLC/MS/MS High Performance Liquid Chromatography Coupled with Tandem Mass
Spectrometry

HR Hazard Ratio

HRT Hormone-Replacement Therapy

IARC International Agency for Research on Cancer

ICD International Classification of Diseases

IEC IARC Ethics Committee

IRMM European Community Institute for Reference Materials and Measurements
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JECFA
LC
mEH
MoBa
MOE
MRPs
MS
NewGeneris
NHS
NHS-II
NLCS
NOS
NTP
0OGCs
OR
RAGE
RR
SHS
SMC
SNE
SVHC
TDI
TDS
us
WCRF
WHO

Joint FAO/WHO Expert Committee on Food Additives
Liquid Chromatography

microsomal Epoxide Hydrolase

The Norwegian Mother and Child Cohort Study
Margin Of Exposure

Maillard Reaction Products

Mass Spectrometry

European Prospective Mother—Child Study
Nurses’ Health Study

Nurses’ Health Study I

The Netherlands Cohort Study

Not Otherwise Specified

National Toxicology Program

Oral Contraceptives

Odds Ratio

Receptor for Advanced Glycation End-products
Relative Risk

Second-Hand Smoke

Swedish Mammography Cohort

Specialized Nutrition Europe

Candidate List of Substances of Very High Concern
Tolerable Daily Intake

Hong Kong Total Diet Study

United States

World Cancer Research Foundation

World Health Organization
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