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diet, nutRition, metaBolic/hoRmonal imBalances, excess eneRgy consumption, 
oBesity and physical inactivity aRe thought to Be impoRtant contRiButoRs 
to incReasing canceR incidence Rates woRldwide. howeveR, the mechanisms 
of action of these factoRs Remain pooRly undeRstood. in addition, the 
contRiButing influence of dietaRy tRansitions fRom tRaditional to westeRn-
type diets, which is taking place in low- and middle-income countRies 
(lmics) (e.g. latin ameRica), and exposuRes in uteRo and duRing eaRly 
infancy aRe not well studied.  
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The main objective of the Section of 
Nutrition and Metabolism (NME) is to 
address these issues by evaluating the 
association between diet (including 
dietary patterns), nutrition, physical 
activity and energy imbalance with cancer 
risk in high- and low-to-middle-income 
countries using cohort and case-control 
designs or human intervention studies. 
Among other responsibilities, this Section 
plays a leading role in the coordination 
and maintenance of the European 
Prospective Investigation into Cancer 
and Nutrition (EPIC), a large ongoing 
prospective cohort initiated by IARC. 

Emphasis is on improving the accuracy, 
understanding and interpretation of 
dietary exposures; developing, validating 
and disseminating standardized dietary 
methodologies relevant to international 
study settings; applying biomarkers 
and metabolomics to study cellular, 
biochemical and physiological changes 
and consideration of gene–diet/nutrient/
environment interactions. This approach 
will allow for a better understanding of 
the mechanisms/metabolic pathways by 
which diet, contaminants and hormones 
affect cancer and intermediate endpoints. 

Ultimately, the translation of findings 
into public health recommendations 
and the development of appropriate 
cancer prevention strategies are of major 
importance to the Section.
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Research in the Nutritional Epidemiology 
Group (NEP) complements work 
conducted in the Dietary Exposure 
Assessment Group (DEX) and the 
Biomarkers Group of the Section of 
Nutrition and Metabolism (NME). 
Our research focuses on the role of 
diet, nutrition, metabolic/hormonal 
imbalances, excess energy consumption, 
obesity and physical inactivity on 
the incidence of cancer, and other 
metabolic diseases related to cancer, 
with emphasis on biomarkers and gene-
diet/nutrient/environment interactions. 
We are developing a lifespan approach 
by conducting epidemiological studies 
to evaluate risk factors that begin 
in pregnancy and early infancy and 
continue through young adulthood, 
midlife and older adulthood.

Our approach includes studies conducted 
in both high-income countries and 
LMICs where epidemiological transition 
offers a unique opportunity to study the 
occurrence of chronic disease and the 
associated risk factors related to rapid 
change in lifestyle.

studies in high-ResouRce settings 
(the epic pRoject)

Over the last two years, NEP has 
ensured the cyclic endpoint and vital 
status update of the EPIC database, 
with the centralization of the most recent 
information on incident cancer events and 
on mortality from collaborating centres. 
Accordingly, new versions of project-
specific databases were made available 
to the EPIC working group network, 
including the preparation of nested case-
control datasets. The Group provided 
computing support to the Laboratory 
Information Management System (LIMS) 
for the retrieval of biological samples, in 
collaboration with the IARC Laboratory 
Services and Biobank Group.

NEP is active in several cancer site-
specific EPIC working groups. For 
colorectal cancer, recent publications 
include: a study of blood levels of 
parathyroid hormone, which showed 
a positive risk association at very high 
levels, particularly among men (Fedirko 
et al., 2011a); blood lipid and lipoprotein 
concentrations, which demonstrated that 
high concentrations of serum HDL are 
associated with a decreased risk of colon 

cancer (van Duijnhoven et al. 2011); 
metabolic syndrome (Aleksandrova et 
al., 2011); plasma folate, B-vitamins 
and related genetic variants (Eussen 
et al., 2010a; Eussen et al., 2010b); 
C-reactive protein (Aleksandrova et al., 
2010) and biomarkers of oxidative stress 
(Leufkens et al., in press). Also, research 
is ongoing to more fully assess the 
biologically plausible lifestyle, dietary, 
metabolic and genetic effect modifiers of 
the vitamin D–colorectal cancer (CRC) 
association. Furthermore, the Group 
has been collaborating on a vitamin D–
CRC project within the Vitamin D Pooling 
Project Consortium, which is comprised 
of more than 15 cohort studies from 
around the world. Finally, NEP has 
extended its previous vitamin D work on 
colorectal cancer survival showing that 
higher vitamin D status before cancer 
diagnosis improves survival of patients 
with colorectal cancer, but selected 
genetic polymorphisms in the vitamin D 
pathway genes do not have an effect on 
survival and do not modify the inverse 
association with vitamin D.

In 2010, the Group received funding from 
the World Cancer Research Fund for a 
project to explore the role of advanced 
glycation end products, colonic barrier 
function and endotoxin exposure on risk 
of colorectal cancer. The project intends 
to combine biomarker measures and 
dietary/lifestyle data to perform pathway 
analyses for multiple determinants of 
colorectal cancer risk.

For liver cancer, biomarker and data 
analyses are ongoing for several studies 
exploring dietary, lifestyle and hormonal 
determinants of risk. The Group is leading 
the analyses on dietary factors (e.g. 
glycemic index, glycemic load, dietary 
fibre and red and processed meats) and 
nutritional biomarkers (e.g. total iron and 
ferritin) in relation to cancers of the liver, 
intra- and extra-hepatic bile ducts and 
gallbladder. They are also contributing 
to the ongoing analyses on causes and 
the burden of hepatocellular carcinoma 
(HCC) (Trichopoulos et al., in press), 
the role of obesity and hormones in the 
development of HCC and identification of 
proteomic and metabolomic biomarkers 
of HCC.

Other recent NEP publications relate to 
gastric cancer (Balassiano et al., 2011; 

Jakszyn et al., 2011a; Sala et al., 2011; 
Campa et al., 2011a; Duell et al., 2010; 
Eussen et al., 2010c), prostate cancer 
(Campa et al., 2011b; Price et al., 2010), 
pancreatic cancer (Grote et al., 2011; 
Chuang et al., 2011; Petersen et al., 
2010), bladder cancer (Jakszyn et al., 
2011b; Büchner et al., 2011), lung cancer 
(Johansson et al. 2010; Menvielle et al., 
2010), endometrial cancer (Dossus et al., 
2010; Allen et al., 2010), ovarian cancer 
(Gram et al., 2011), lymphoma (Neasham 
et al., 2011) and all cancer sites (Elliott et 
al., 2010; Boffetta et al., 2010).

BReast canceR epidemiology in 
high- and low- and middle-income 
countRies

Breast cancer is the most frequent 
cancer among women worldwide, with 
an estimated 1.38 million new cancer 
cases diagnosed in 2008 (10.9% of 
all cancers), and the most frequent 
cause of mortality in both developed 
and developing countries. Except for 
reproductive factors, little is known about 
lifestyle risk factors. In addition, few 
studies have focused on premenopausal 
breast cancer, which is associated with 
greater severity of disease and shorter 
survival.

NEP is focusing on studying breast 
cancer risk in both developed and 
developing countries. As part of the 
Breast Cancer Working Group of the 
EPIC Project, we have evaluated the role 
of specific nutrients in relation to breast 
cancer in both pre- and postmenopausal 
women, in particular the role of glycemic 
load and glycemic index (Romieu, 
submitted) and the role of fibre (Ferrari, 
submitted). Results suggest a role of 
the insulin pathway in the risk of breast 
cancer and a protective effect from fibre 
on breast cancer risk. We are currently 
evaluating the role of folate and its 
interaction with alcohol intake, specific 
gene polymorphisms and epigenetics. 
To provide integrated recommendations 
for breast cancer prevention, we are 
working on the development of a healthy 
lifestyle index using the large EPIC 
database (Ritte et al., 2011; Key et al., 
2011; Campa et al. 2011b; Menvielle et 
al., 2011; Campa et al., 2010; Key et al., 
2010; Bakken et al., 2011).



nutritional epidemiology group 105

In LMICs, we are collaborating on the 
EsMaestras study, a large cohort study of 
Mexican teachers recruited in 12 Mexican 
states (close to 80 000 women), which 
was developed to investigate the role 
of lifestyle factors in relation to chronic 
disease in women, particularly breast 
and cervical cancer. In this population we 
observed a strong link between obesity 
and a diet rich in carbohydrates, sweet 
drinks and processed food (Romieu et 
al., 2011a). We also observed a positive 
association between metabolic syndrome 
and breast density, a strong predictor of 
breast cancer among premenopausal 
women (Romieu et al., 2011b). Further 
analyses are ongoing to determine the 
role of hormones, IGF1, IGFBP3, leptin, 
adiponectin, other cytokines and nutrient 
biomarkers in relation to breast density.

In a large, multicentre case-control study 
of breast cancer conducted in three states 
of Mexico, we explored the association 
of fatty acid (Chajes, submitted) and 
vitamin D (Fedirko, submitted), a nutrient 
with high prevalence of deficiency 
among Mexican women in relation to 
breast cancer. This work was developed 
in collaboration with the National Institute 
of Public Health (NISP) and the National 
Institute of Cancerology (INCAN) in 
Mexico and the Ministry of Health 
(Mexico).

Recently, we have initiated a multicountry 
study (Brazil, Chile, Colombia, Costa 
Rica and Mexico) of molecular subtypes 
of premenopausal breast cancer in 
Latin American women. The objective 
of the PRECAMA study is to evaluate 
the distribution of specific molecular 
cancer subtypes and identify the role and 
mechanisms of diet, physical activity, 
obesity and metabolic disorders in breast 
cancer incidence and survival. The pilot 
phase is ongoing. A similar project is 
planned in South Africa.

the Role of eaRly life exposuRe 
on lateR health events: latin 
ameRican BiRth cohoRt consoRtium 
on healthy gRowth and 
development

The role of fast nutritional transition 
and changes in lifestyle on children’s 
growth and development, as observed 
in LMICs, is not well established. Early 
exposure to poor diet, a sedentary 

lifestyle, tobacco smoke and other 
environmental exposures can change 
infants’ and children’s growth pattern and 
may result in altered metabolism, obesity 
and risk of chronic disease in adulthood. 
The objectives of the Latin American 
Birth Consortium on Healthy Growth 
and Development are to combine Latin 
American birth cohorts from three major 
Latin American countries, Brazil, Chile 
and Mexico, to evaluate early life factors 
associated with optimal growth patterns 
and development and the prevention of 
obesity and metabolic disorders.

Obesity is a global epidemic and an 
increasing number of children are 
affected, which is often associated 
with co-morbidities in childhood and 
adulthood. Worldwide, close to 42 million 
preschool children (under the age of 
five) are overweight or obese and 35 
million of them are living in developing 
countries. One of the first activities of the 
consortium will be to explore the role of 
maternal anthropometry with the health 
and growth in offspring.

gene-nutRient inteRactions

Exploration of gene-nutrient interactions 
is of interest to the Group. Recent 
activities include involvement in the 
Micronutrient Genomics Project, an 
international collaboration. Investigations 
are currently underway on body 
iron status, hemochromatosis gene 
mutations, the variation in the vitamin D 
receptor gene (Hughes et al., 2011) and 
genes involved in the vitamin D signalling 
(grant application pending) and risk of 
colorectal cancer. The interaction of 
folate with alcohol and folate metabolism 
genes, particularly for breast cancer, 
is also an area of active study, as well 
as the role of nutrients on epigenetics 
(Teegarden D et al., submitted).

alcohol and canceR

The Group initiated, in collaboration 
with the French Direction Générale 
de la Santé, an exhaustive evaluation 
of the role of alcohol and tobacco on 
the incidence and mortality of cancer, 
cardiovascular disease and diabetes, 
using scientific evidence produced from 
EPIC. 

NEP is participating in a collaborative 
effort to perform a comprehensive 
review and meta-analysis of alcohol 
consumption and risk of cancers, 
particularly those cancer sites for which 
collective information is still unavailable or 
insufficient. A particular focus for this effort 
is the effect of low-dose intakes of alcohol. 
A recent publication from this project 
shows an increased risk of colorectal 
cancer for consumption of >1 drink per 
day (Fedirko et al., 2011b). Also, the Group 
has contributed to the preparation of 
manuscripts on alcohol consumption and 
lung cancer in never smokers (Bagnardi 
et al., 2011), oesophageal squamous cell 
carcinoma (Islami et al., 2011; Rota et 
al., 2010) and laryngeal cancer (Islami et 
al., 2010), and on the effects of low-dose 
alcohol consumption (≤ 1 drink/day) on all 
cancer sites (Bagnardi et al., submitted).

The Group was also involved in a project 
based on the EPIC study on the attributable 
burden of alcohol consumption on cancer 
risk. It showed that alcohol is responsible 
for a large proportion of cancers in Europe 
(Schütze et al., 2011).

deteRminants of healthy ageing

The Group leads the cancer-specific ‘work 
package’ as a partner in the European 
project entitled Consortium on Health 
and Ageing Network of Cohorts in Europe 
and the United States (CHANCES). The 
project brings together 13 international 
cohorts and aims to conduct pooled 
analyses of risk determinants for various 
diseases of aging, particularly cancer risk 
and survival in elderly populations.

nutRitional metaBolomics

Recently, NEP suggested that 
metabolomics could play a key role in 
future assessments of novel biomarkers 
of dietary intake (Primrose et al., 2011; 
Chadeau-Hyam et al., 2011; Jenab et al., 
2009a). We are leading a collaboration 
to explore metabolomic profiles specific 
to dietary patterns and lifestyle habits. 
The Group is also involved in conducting 
nested case-control studies of NMR 
metabolomic analyses for pancreatic 
and liver cancers, in collaboration with a 
leading center, the European Center for 
High Field NMR in Lyon, France (http://
www.ens-lyon.fr/crmn/crmn/index.html).



biennial report 2010/2011106

puBlicationsAleksandrova K, Boeing H, Jenab M et al. (2011). 

Metabolic Syndrome and Risks of Colon and Rectal 

Cancer: the European Prospective Investigation 

into Cancer and Nutrition Study. Cancer Prev Res 

(Phila Pa), doi:10.1158/1940-6207.CAPR-11-0218.

Aleksandrova K, Jenab M, Boeing H et al. (2010). 

Circulating C-reactive protein concentrations and 

risks of colon and rectal cancer: a nested case-

control study within the European Prospective 

Investigation into Cancer and Nutrition. Am J 

Epidemiol, 172:407–418.doi:10.1093/aje/kwq135 

PMID:20634278

Allen NE, Tsilidis KK, Key TJ et al. (2010). Menopausal 

hormone therapy and risk of endometrial carcinoma 

among postmenopausal women in the European 

Prospective Investigation Into Cancer and Nutrition. 

Am J Epidemiol, 172:1394–1403.doi:10.1093/aje/

kwq300 PMID:20961969

Bagnardi V, Rota M, Botteri E et al. (2011). Alcohol 

consumption and lung cancer risk in never smokers: 

a meta-analysis. Ann Oncol. PMID:21427064

Bakken K, Fournier A, Lund E et al. (2011). 

Menopausal hormone therapy and breast cancer 

risk: impact of different treatments. The European 

Prospective Investigation into Cancer and Nutrition. 

Int J Cancer, 128:144–156.doi:10.1002/ijc.25314 

PMID:20232395

Balassiano K, Lima S, Jenab M et al. (2011). 

Aberrant DNA methylation of cancer-associated 

genes in gastric cancer in the European Prospective 

Investigation into Cancer and Nutrition (EPIC-

EURGAST). Cancer Lett, 311:85–95.doi:10.1016/j.

canlet.2011.06.038 PMID:21831520

Baltar VT, Xun WW, Chuang SC et al. (2011). 

Smoking, secondhand smoke, and cotinine levels 

in a subset of EPIC cohort. Cancer Epidemiol 

Biomarkers Prev, 20:869–875.doi:10.1158/1055-

9965.EPI-10-1235 PMID:21357382

Barraza-Villarreal A, Escamilla-Nuñez MC, 

Hernández-Cadena L et al. (2011). Elemental 

carbon exposure and lung function in schoolchildren 

from Mexico City. Eur Respir J, 38:548–552.

doi:10.1183/09031936.00111410 PMID:21310877

Benet M, Varraso R, Kauffmann F et al. (2011). 

The effects of regular physical activity on adult-

onset asthma incidence in women. Respir Med, 

105:1104–1107.doi:10.1016/j.rmed.2011.03.016 

PMID:21493054

Boffetta P, Couto E, Wichmann J et al. (2010). Fruit 

and vegetable intake and overall cancer risk in the 

European Prospective Investigation into Cancer and 

Nutrition (EPIC). J Natl Cancer Inst, 102:529–537.

doi:10.1093/jnci/djq072 PMID:20371762

Büchner FL, Bueno-de-Mesquita HB, Ros MM et al. 

(2011). Variety in vegetable and fruit consumption 

and risk of bladder cancer in the European 

Prospective Investigation into Cancer and Nutrition. 

Int J Cancer, 128:2971–2979.doi:10.1002/ijc.25636 

PMID:20979109

Buckland G, Agudo A, Luján L et al. (2010). 

Adherence to a Mediterranean diet and risk of 

gastric adenocarcinoma within the European 

Prospective Investigation into Cancer and Nutrition 

(EPIC) cohort study. Am J Clin Nutr, 91:381–390.

doi:10.3945/ajcn.2009.28209 PMID:20007304

Campa D, Hüsing A, McKay JD et al. (2010). The 

INSIG2 rs7566605 polymorphism is not associated 

with body mass index and breast cancer risk. BMC 

Cancer, 10:563.doi:10.1186/1471-2407-10-563 

PMID:20955599

Campa D, Hüsing A, Stein A et al. (2011a). Genetic 

variability of the mTOR pathway and prostate cancer 

risk in the European Prospective Investigation on 

Cancer (EPIC). PLoS One, 6:e16914.doi:10.1371/

journal.pone.0016914 PMID:21373201

Campa D, Claus R, Dostal L et al. (2011b). Variation 

in genes coding for AMP-activated protein kinase 

(AMPK) and breast cancer risk in the European 

Prospective Investigation on Cancer (EPIC). 

Breast Cancer Res Treat, 127:761–767.doi:10.1007/

s10549-010-1269-1 PMID:21116708

Campa D, Hüsing A, Chang-Claude J et al. (2011). 

Genetic variability of the fatty acid synthase pathway 

is not associated with prostate cancer risk in the 

European Prospective Investigation on Cancer 

(EPIC). Eur J Cancer, 47:420–427.doi:10.1016/j.

ejca.2010.09.029 PMID:20965718

Campa D, Hüsing A, Dostal L et al. (2011). 

Genetic variability of the forkhead box O3 and 

prostate cancer risk in the European Prospective 

Investigation on Cancer. Oncol Rep, 26:979–986. 

PMID:21725602

Carbajal-Arroyo L, Miranda-Soberanis V, Medina-

Ramón M et al. (2011). Effect of PM(10) and O(3) on 

infant mortality among residents in the Mexico City 

Metropolitan Area: a case-crossover analysis, 1997–

2005. J Epidemiol Community Health, 65:715–721.

doi:10.1136/jech.2009.101212 PMID:20724286

Chadeau-Hyam M, Athersuch TJ, Keun HC et al. 

(2011). Meeting-in-the-middle using metabolic 

profiling - a strategy for the identification of 

intermediate biomarkers in cohort studies. 

Biomarkers, 16:83–88.doi:10.3109/1354750X.2010. 

533285 PMID:21114379

Chuang SC, Gallo V, Michaud D et al. (2011). 

Exposure to environmental tobacco smoke in 

childhood and incidence of cancer in adulthood 

in never smokers in the European Prospective 

Investigation into Cancer and Nutrition. Cancer 

Causes Control, 22:487–494.doi:10.1007/s10552-

010-9723-2 PMID:21279734

Chuang SC, Stolzenberg-Solomon R, Ueland PM 

et al. (2011). A U-shaped relationship between 

plasma folate and pancreatic cancer risk in the 

European Prospective Investigation into Cancer and 

Nutrition. Eur J Cancer, 47:1808–1816.doi:10.1016/j.

ejca.2011.02.007 PMID:21411310

Couto E, Boffetta P, Lagiou P et al. (2011). 

Mediterranean dietary pattern and cancer risk in 

the EPIC cohort. Br J Cancer, 104:1493–1499.

doi:10.1038/bjc.2011.106 PMID:21468044

Crowe FL, Roddam AW, Key TJ et al.; European 

Prospective Investigation into Cancer and Nutrition 

(EPIC)-Heart Study Collaborators (2011). Fruit and 

vegetable intake and mortality from ischaemic heart 

disease: results from the European Prospective 

Investigation into Cancer and Nutrition (EPIC)-Heart 

study. Eur Heart J, 32:1235–1243.doi:10.1093/

eurheartj/ehq465 PMID:21245490

de Batlle J, Barreiro E, Romieu I et al. (2010). 

Dietary modulation of oxidative stress in chronic 

obstructive pulmonary disease patients. Free Radic 

Res, 44:1296–1303.doi:10.3109/10715762.2010.50

0667 PMID:20815775

de Batlle J, Sauleda J, Balcells E et al.; PAC-COPD 

Study Group (2011). Association between Ω3 and 

Ω6 fatty acid intakes and serum inflammatory 

markers in COPD. J Nutr Biochem. PMID:21889886

Del-Rio-Navarro BE, Castro-Rodriguez JA, Garibay 

Nieto N et al. (2010). Higher metabolic syndrome in 

obese asthmatic compared to obese nonasthmatic 

adolescent males. J Asthma, 47:501–506.doi:10. 

3109/02770901003702808 PMID:20560825

Dorne JL, Kass GE, Bordajandi LR et al. (2011). 

Human risk assessment of heavy metals: principles 

and applications. Met Ions Life Sci, 8:27–60. 

PMID:21473375



nutritional epidemiology group 107

Dossus L, Becker S, Rinaldi S et al. (2010). Tumor 

necrosis factor (TNF)-α, soluble TNF receptors 

and endometrial cancer risk: The EPIC study. Int J 

Cancer. PMID:21154749

Duell EJ, Travier N, Lujan-Barroso L et al. (2010). 

Menstrual and reproductive factors, exogenous 

hormone use, and gastric cancer risk in a cohort of 

women from the European Prospective Investigation 

Into Cancer and Nutrition. Am J Epidemiol, 172:1384–

1393.doi:10.1093/aje/kwq321 PMID:21051447

Eisner MD, Anthonisen N, Coultas D et al.; 

Committee on Nonsmoking COPD, Environmental 

and Occupational Health Assembly (2010). An 

official American Thoracic Society public policy 

statement: Novel risk factors and the global 

burden of chronic obstructive pulmonary disease. 

[Review]. Am J Respir Crit Care Med, 182:693–718.

doi:10.1164/rccm.200811-1757ST PMID:20802169

Ekelund U, Besson H, Luan J et al. (2011). Physical 

activity and gain in abdominal adiposity and body 

weight: prospective cohort study in 288,498 men 

and women. Am J Clin Nutr, 93:826–835.doi:10. 

3945/ajcn.110.006593 PMID:21346093

Elliott KS, Zeggini E, McCarthy MI et al.; Australian 

Melanoma Family Study Investigators; PanScan 

Consortium (2010). Evaluation of association of 

HNF1B variants with diverse cancers: collaborative 

analysis of data from 19 genome-wide association 

studies. PLoS One, 5:e10858.doi:10.1371/journal.

pone.0010858 PMID:20526366

Ellwood P, Asher MI, Stewart AW; ISAAC Phase 

III Study Group (2010). The impact of the method 

of consent on response rates in the ISAAC time 

trends study. Int J Tuberc Lung Dis, 14:1059–1065. 

PMID:20626953

Eussen SJ, Vollset SE, Hustad S et al. (2010a). 

Plasma vitamins B2, B6, and B12, and related genetic 

variants as predictors of colorectal cancer risk. 

Cancer Epidemiol Biomarkers Prev, 19:2549–2561.

doi:10.1158/1055-9965.EPI-10-0407 PMID:20813848

Eussen SJ, Vollset SE, Igland J et al. (2010b). Plasma 

folate, related genetic variants, and colorectal cancer 

risk in EPIC. Cancer Epidemiol Biomarkers Prev, 

19:1328–1340.doi:10.1158/1055-9965.EPI-09-0841 

PMID:20447924

Eussen SJ, Vollset SE, Hustad S et al. (2010c). 

Vitamins B2 and B6 and genetic polymorphisms 

related to one-carbon metabolism as risk factors for 

gastric adenocarcinoma in the European prospective 

investigation into cancer and nutrition. Cancer Epidemiol 

Biomarkers Prev, 19:28–38.doi:10.1158/1055-9965.

EPI-08-1096 PMID:20056620

Fagherazzi G, Touillaud MS, Boutron-Ruault MC 

et al. (2011). No association between coffee, tea or 

caffeine consumption and breast cancer risk in a 

prospective cohort study. Public Health Nutr, 5:1–6. 

PMID:21466740

Fedirko V, Riboli E, Bueno-de-Mesquita HB et 

al. (2011a). Prediagnostic circulating parathyroid 

hormone concentration and colorectal cancer in 

the European Prospective Investigation into Cancer 

and Nutrition cohort. Cancer Epidemiol Biomarkers 

Prev, 20:767–778.doi:10.1158/1055-9965.EPI-10-

1212 PMID:21378267

Fedirko V, Tramacere I, Bagnardi V et al. (2011b). 

Alcohol drinking and colorectal cancer risk: an 

overall and dose-response meta-analysis of 

published studies. Ann Oncol, 22:1958–1972.

doi:10.1093/annonc/mdq653 PMID:21307158

Fejerman L, Romieu I, John EM et al. (2010). 

European ancestry is positively associated with breast 

cancer risk in Mexican women. Cancer Epidemiol 

Biomarkers Prev, 19:1074–1082.doi:10.1158/1055-

9965.EPI-09-1193 PMID:20332279

Ferrari P, Roddam A, Fahey MT et al. (2009). A 

bivariate measurement error model for nitrogen and 

potassium intakes to evaluate the performance of 

regression calibration in the European Prospective 

Investigation into Cancer and Nutrition study. Eur 

J Clin Nutr, 63 Suppl 4;S179–S187.doi:10.1038/

ejcn.2009.80 PMID:19888273

Freisling H, Fahey MT, Moskal A et al. (2010). 

Region-specific nutrient intake patterns exhibit a 

geographical gradient within and between European 

countries. J Nutr, 140:1280–1286.doi:10.3945/

jn.110.121152 PMID:20484545

Gallo V, Neasham D, Airoldi L et al. (2010). 

Second-hand smoke, cotinine levels, and risk of 

circulatory mortality in a large cohort study of never-

smokers. Epidemiology, 21:207–214.doi:10.1097/

EDE.0b013e3181c9fdad PMID:20081539

Giles LV, Barn P, Künzli N et al. (2011). From good 

intentions to proven interventions: effectiveness of 

actions to reduce the health impacts of air pollution. 

[Review]. Environ Health Perspect, 119:29–36.

doi:10.1289/ehp.1002246 PMID:20729178

Gram IT, Lukanova A, Brill I et al. (2011). Cigarette 

smoking and risk of histological subtypes of epithelial 

ovarian cancer in the EPIC cohort study. Int J 

Cancer, n/a.doi:10.1002/ijc.26235 PMID:21678398

Grote VA, Rohrmann S, Dossus L et al. (2011). The 

association of circulating adiponectin levels with 

pancreatic cancer risk: A study within the prospective 

EPIC cohort. Int J Cancer, n/a.doi:10.1002/ijc.26244 

PMID:21681743

Hoeft B, Linseisen J, Beckmann L et al. (2010). 

Polymorphisms in fatty-acid-metabolism-related 

genes are associated with colorectal cancer risk. 

Carcinogenesis, 31:466–472.doi:10.1093/carcin/

bgp325 PMID:20042636

Huerta JM, Navarro C, Chirlaque M-D et al. (2010). 

Prospective study of physical activity and risk of 

primary adenocarcinomas of the oesophagus 

and stomach in the EPIC (European Prospective 

Investigation into Cancer and nutrition) cohort. 

Cancer Causes Control, 21:657–669.doi:10.1007/

s10552-009-9493-x PMID:20052611

Hughes DJ, Hlavatá I, Soucek P et al. (2011). 

Variation in the vitamin D receptor gene is not 

associated with risk of colorectal cancer in the 

Czech Republic. J Gastrointest Cancer, 42:149–154.

doi:10.1007/s12029-010-9168-6 PMID:20585998

Huybrechts I, Lin Y, De Keyzer W et al. (2011). Dietary 

sources and sociodemographic and economic 

factors affecting vitamin D and calcium intakes in 

Flemish preschoolers. Eur J Clin Nutr, 65:1039–

1047.doi:10.1038/ejcn.2011.71 PMID:21559036

Imhoff-Kunsch B, Stein AD, Martorell R et al. (2011). 

Prenatal Docosahexaenoic Acid Supplementation 

and Infant Morbidity: Randomized Controlled Trial. 

Pediatrics. PMID:21807696 

Islami F, Fedirko V, Tramacere I et al. (2011). 

Alcohol drinking and esophageal squamous cell 

carcinoma with focus on light-drinkers and never-

smokers: A systematic review and meta-analysis. 

Int J Cancer, 129:2473–2484.doi:10.1002/ijc.25885 

PMID:21190191

Islami F, Tramacere I, Rota M et al. (2010). Alcohol 

drinking and laryngeal cancer: overall and dose-risk 

relation–a systematic review and meta-analysis. 

[Review]. Oral Oncol, 46:802–810.doi:10.1016/j.

oraloncology.2010.07.015 PMID:20833578

Itsara A, Wu H, Smith JD et al. (2010). De 

novo rates and selection of large copy number 

variation. Genome Res, 20:1469–1481.doi:10.1101/

gr.107680.110 PMID:20841430

Jacobs EJ, Chanock SJ, Fuchs CS et al. (2010). 

Family history of cancer and risk of pancreatic cancer: 

a pooled analysis from the Pancreatic Cancer Cohort 

Consortium (PanScan). Int J Cancer, 127:1421–1428.

doi:10.1002/ijc.25148 PMID:20049842



biennial report 2010/2011108

Jakszyn P, Agudo A, Lujan-Barroso L et al. (2011a). 

Dietary intake of heme iron and risk of gastric cancer 

in the European prospective investigation into 

cancer and nutrition (EURGAST- EPIC) study. Int J 

Cancer, n/a.doi:10.1002/ijc.26263 PMID:21717452

Jakszyn P, González CA, Luján-Barroso L et al. 

(2011b). Red meat, dietary nitrosamines, and heme 

iron and risk of bladder cancer in the European 

Prospective Investigation into Cancer and Nutrition 

(EPIC). Cancer Epidemiol Biomarkers Prev, 

20:555–559.doi:10.1158/1055-9965.EPI-10-0971 

PMID:21239687

Jenab M, Boffetta P (2010). Glycemic index and 

glycemic load: application in observational studies 

and association with hepatocellular carcinoma risk. 

Meaningful or error prone? Ann Oncol, 21:437–439.

doi:10.1093/annonc/mdq016 PMID:20176692

Jenab M, Bueno-de-Mesquita HB, Ferrari P et 

al. (2010). Association between pre-diagnostic 

circulating vitamin D concentration and risk of 

colorectal cancer in European populations:a nested 

case-control study. BMJ, 340 :b5500.doi:10.1136/

bmj.b5500 PMID:20093284

Jenab M, McKay J, Bueno-de-Mesquita HB et al. 

(2009). Vitamin D receptor and calcium sensing 

receptor polymorphisms and the risk of colorectal 

cancer in European populations. Cancer Epidemiol 

Biomarkers Prev, 18:2485–2491.doi:10.1158/1055-

9965.EPI-09-0319 PMID:19706842

Jenab M, Slimani N, Bictash M et al. (2009). 

Biomarkers in nutritional epidemiology: applications, 

needs and new horizons. Hum Genet, 125:507–525.

doi:10.1007/s00439-009-0662-5 PMID:19357868

Johansson M, Relton C, Ueland PM et al. (2010). 

Serum B vitamin levels and risk of lung cancer. 

JAMA, 303:2377–2385.doi:10.1001/jama.2010.808 

PMID:20551408

Key TJ, Appleby PN, Reeves GK et al.; Endogenous 

Hormones and Breast Cancer Collaborative Group 

(2011). Circulating sex hormones and breast cancer 

risk factors in postmenopausal women: reanalysis of 

13 studies. Br J Cancer, 105:709–722.doi:10.1038/

bjc.2011.254 PMID:21772329

Key TJ, Appleby PN, Reeves GK, Roddam AW; 

Endogenous Hormones and Breast Cancer 

Collaborative Group (2010). Insulin-like growth 

factor 1 (IGF1), IGF binding protein 3 (IGFBP3), 

and breast cancer risk: pooled individual data 

analysis of 17 prospective studies. Lancet Oncol, 

11:530–542.doi:10.1016/S1470-2045(10)70095-4 

PMID:20472501

Kröger J, Ferrari P, Jenab M et al. (2009). 

Specific food group combinations explaining 

the variation in intakes of nutrients and other 

important food components in the European 

Prospective Investigation into Cancer and Nutrition: 

an application of the reduced rank regression 

method. Eur J Clin Nutr, 63 Suppl 4;S263–S274. 

PMID:19888278

Leufkens AM, van Duijnhoven FJB, Woudt SHS et 

al. (In press) .Biomarkers of oxidative stress and risk 

of developing colorectal cancer: a cohort-nested 

case-control study in the EPIC study. AJE. 

Linseisen J, Rohrmann S, Bueno-de-Mesquita B et 

al. (2011). Consumption of meat and fish and risk of 

lung cancer: results from the European Prospective 

Investigation into Cancer and Nutrition. Cancer 

Causes Control, 22:909–918.doi:10.1007/s10552-

011-9764-1 PMID:21479828

Linseisen J, Welch AA, Ocké M et al. (2009). Dietary 

fat intake in the European Prospective Investigation 

into Cancer and Nutrition: results from the 24-h 

dietary recalls. Eur J Clin Nutr, 63 Suppl 4;S61–S80.

doi:10.1038/ejcn.2009.75 PMID:19888281

Mallol J, Solé D, Baeza-Bacab M et al.; Latin 

American ISAAC Group (2010). Regional 

variation in asthma symptom prevalence in Latin 

American children. J Asthma, 47:644–650.

doi:10.3109/02770901003686480 PMID:20642377

Menvielle G, Boshuizen H, Kunst AE et al. (2010). 

Occupational exposures contribute to educational 

inequalities in lung cancer incidence among men: 

Evidence from the EPIC prospective cohort study. 

Int J Cancer, 126:1928–1935. PMID:19810107

Menvielle G, Kunst AE, van Gils CH et al. (2011). The 

contribution of risk factors to the higher incidence of 

invasive and in situ breast cancers in women with 

higher levels of education in the European prospective 

investigation into cancer and nutrition. Am J Epidemiol, 

173:26–37.doi:10.1093/aje/kwq319 PMID:21084553

Merten C, Ferrari P, Bakker M et al. (2011). 

Methodological characteristics of the national 

dietary surveys carried out in the European 

Union as included in the European Food Safety 

Authority (EFSA) Comprehensive European Food 

Consumption Database. Food Addit Contam Part A 

Chem Anal Control Expo Risk Assess, 28:975–995. 

PMID:21732710

Michaud DS, Bové G, Gallo V et al. (2011). 

Anthropometric measures, physical activity, and risk 

of glioma and meningioma in a large prospective 

cohort study. Cancer Prev Res (Phila), 4:1385–1392. 

PMID:21685234

Michaud DS, Gallo V, Schlehofer B et al. (2010a). 

Coffee and tea intake and risk of brain tumors 

in the European Prospective Investigation into 

Cancer and Nutrition (EPIC) cohort study. Am J Clin 

Nutr, 92:1145–1150.doi:10.3945/ajcn.2010.29876 

PMID:20844074

Michaud DS, Gallo V, Schlehofer B et al. (2010b). 

Reproductive factors and exogenous hormone 

use in relation to risk of glioma and meningioma in 

a large European cohort study. Cancer Epidemiol 

Biomarkers Prev, 19:2562–2569.doi:10.1158/1055-

9965.EPI-10-0447 PMID:20802020

Moreno-Macias H, Romieu I, London SJ, Laird 

NM (2010). Gene-environment interaction tests 

for family studies with quantitative phenotypes: A 

review and extension to longitudinal measures. 

Hum Genomics, 4:302–326. PMID:20650819

Neasham D, Sifi A, Nielsen KR et al. (2011). 

Occupation and risk of lymphoma: a multicentre 

prospective cohort study (EPIC). Occup Environ 

Med, 68:77–81.doi:10.1136/oem.2009.048173 

PMID:20884795

Ocké MC, Larrañaga N, Grioni S et al. (2009). 

Energy intake and sources of energy intake in the 

European Prospective Investigation into Cancer 

and Nutrition. Eur J Clin Nutr, 63 Suppl 4;S3–S15. 

PMID:19888279

Olsen A, Halkjaer J, van Gils CH et al. (2009). 

Dietary intake of the water-soluble vitamins B1, 

B2, B6, B12 and C in 10 countries in the European 

Prospective Investigation into Cancer and Nutrition. 

Eur J Clin Nutr, 63 Suppl 4;S122–S149.doi:10.1038/

ejcn.2009.78 PMID:19888270

Petersen GM, Amundadottir L, Fuchs CS et al. 

(2010). A genome-wide association study identifies 

pancreatic cancer susceptibility loci on chromosomes 

13q22.1, 1q32.1 and 5p15.33. Nat Genet, 42:224–228.

doi:10.1038/ng.522 PMID:20101243

Price AJ, Allen NE, Appleby PN et al. (2010). Plasma 

phytanic acid concentration and risk of prostate cancer: 

results from the European Prospective Investigation into 

Cancer and Nutrition. Am J Clin Nutr, 91:1769–1776.

doi:10.3945/ajcn.2009.28831 PMID:20427733

Primrose S, Draper J, Elsom R et al. (2011). 

Metabolomics and human nutrition. Br J Nutr, 105:1277–

1283.doi:10.1017/S0007114510004812 PMID:21255470

Purdue MP, Johansson M, Zelenika D et al. (2011). 

Genome-wide association study of renal cell 

carcinoma identifies two susceptibility loci on 2p21 

and 11q13.3. Nat Genet, 43:60–65.doi:10.1038/

ng.723 PMID:21131975



nutritional epidemiology group 109

Rinaldi S, Cleveland R, Norat T et al. (2010). Serum 

levels of IGF-I, IGFBP-3 and colorectal cancer risk: 

results from the EPIC cohort, plus a meta-analysis 

of prospective studies. Int J Cancer, 126:1702–1715. 

PMID:19810099

Riojas-Rodriguez H, Schilmann A, Marron-Mares 

AT et al. (2011). Impact of the improved patsari 

biomass stove on urinary polycyclic aromatic 

hydrocarbon biomarkers and carbon monoxide 

exposures in rural mexican women. Environ Health 

Perspect, 119:1301–1307.doi:10.1289/ehp.1002927 

PMID:21622083

Ritte RE, Lukanova A, Dossus L, Becker S et al. 

(2011). Postmenopausal serum sex steroids and risk 

of hormone receptor positive and negative breast 

cancer: a nested case-control study. Cancer Prev Res 

Romieu I, Biessy C, Rice M et al. (2011b). Abstract: 

Metabolic syndrome and mammographic density 

in mexican women. Fifth international breast 

density workshop and mammography based risk 

assessment, San Francisco, 9–10 June 2011

Romieu I, Escamilla-Núñez MC, Sánchez-

Zamorano LM et al. (2011a). The association 

between body shape silhouette and dietary pattern 

among Mexican women. Public Health Nutr, 1–10.

doi:10.1017/S1368980011001182 PMID:21875454

Romieu I, Moreno-Macias H, London SJ (2010). 

Gene by environment interaction and ambient 

air pollution. Proc Am Thorac Soc, 7:116–122.

doi:10.1513/pats.200909-097RM PMID:20427582

Rota M, Bellocco R, Scotti L et al. (2010). Random-

effects meta-regression models for studying 

nonlinear dose-response relationship, with an 

application to alcohol and esophageal squamous 

cell carcinoma. Stat Med, 29:2679–2687.

doi:10.1002/sim.4041 PMID:20809481

Sala N, Muñoz X, Travier N et al. (2011). Prostate 

stem-cell antigen gene is associated with diffuse 

and intestinal gastric cancer in Caucasians: Results 

from the EPIC-EURGAST study. Int J Cancer, n/a.

doi:10.1002/ijc.26243 PMID:21681742

Sánchez-Zamorano LM, Flores-Luna L, Angeles-

Llerenas A et al. (2011). Healthy lifestyle on the risk 

of breast cancer. Cancer Epidemiol Biomarkers 

Prev, 20:912–922.doi:10.1158/1055-9965.EPI-10-

1036 PMID:21335508

Schlehofer B, Siegmund B, Linseisen J et al. 

(2011). Primary brain tumours and specific serum 

immunoglobulin E: a case-control study nested in 

the European Prospective Investigation into Cancer 

and Nutrition cohort. Allergy. PMID:21726235

Schütze M, Boeing H, Pischon T et al. (2011). 

Alcohol attributable burden of incidence of cancer 

in eight European countries based on results from 

prospective cohort study. BMJ, 342 apr07 1;d1584.

doi:10.1136/bmj.d1584 PMID:21474525

Scoccianti C, Ricceri F, Ferrari P et al. (2011). 

Methylation patterns in sentinel genes in peripheral 

blood cells of heavy smokers: Influence of 

cruciferous vegetables in an intervention study. 

Epigenetics, 6. PMID:21822058

Sieri S, Krogh V, Saieva C et al. (2009). Alcohol 

consumption patterns, diet and body weight in 10 

European countries. Eur J Clin Nutr, 63 Suppl 4;S81–

S100.doi:10.1038/ejcn.2009.76 PMID:19888282

Slimani N, Deharveng G, Southgate D A T et al. 

(2009). Contribution of highly industrially processed 

foods to the nutrient intakes and patterns of middle-

aged populations in the European Prospective 

Investigation into Cancer and Nutrition study. Eur 

J Clin Nutr, 63 Suppl 4;S206–S225.doi:10.1038/

ejcn.2009.82 PMID:19888275

Solé D, Mallol J, Wandalsen GF, Aguirre V; Latin 

American ISAAC Phase 3 Study Group (2010). 

Prevalence of symptoms of eczema in Latin America: 

results of the International Study of Asthma and 

Allergies in Childhood (ISAAC) Phase 3. J Investig 

Allergol Clin Immunol, 20:311–323. PMID:20815309

Tang H, Siegmund DO, Johnson NA et al. (2010). 

Joint testing of genotype and ancestry association 

in admixed families. Genet Epidemiol, 34:783–791.

doi:10.1002/gepi.20520 PMID:21031451

Timofeeva MN, McKay JD, Smith GD et al. (2011). 

Genetic Polymorphisms in 15q25 and 19q13 

Loci, Cotinine Levels, and Risk of Lung Cancer 

in EPIC. Cancer Epidemiol Biomarkers Prev. 

PMID:21862624

Torgerson DG, Ampleford EJ, Chiu GY et al.; 

Mexico City Childhood Asthma Study (MCAAS); 

Children’s Health Study (CHS) and HARBORS 

study; Genetics of Asthma in Latino Americans 

(GALA) Study, the Study of Genes-Environment 

and Admixture in Latino Americans (GALA2) and 

the Study of African Americans, Asthma, Genes & 

Environments (SAGE); Childhood Asthma Research 

and Education (CARE) Network; Childhood Asthma 

Management Program (CAMP); Study of Asthma 

Phenotypes and Pharmacogenomic Interactions 

by Race-Ethnicity (SAPPHIRE); Genetic Research 

on Asthma in the African Diaspora (GRAAD) Study 

(2011). Meta-analysis of genome-wide association 

studies of asthma in ethnically diverse North American 

populations. Nat Genet, 43:887–892.doi:10.1038/

ng.888 PMID:21804549

Tramacere I, Scotti L, Jenab M et al. (2010). Alcohol 

drinking and pancreatic cancer risk: a meta-analysis 

of the dose-risk relation. Int J Cancer, 126:1474–1486. 

PMID:19816941

Trichopoulos D, Christina B, Pagona L et al. (In 

press). Causes of Hepatocellular carcinoma and their 

contribution to the disease burden in a European cohort. 

J Natl Cancer Inst. 

Tsilidis KK, Allen NE, Key TJ et al. (2011). Menopausal 

hormone therapy and risk of ovarian cancer in the 

European prospective investigation into cancer and 

nutrition. Cancer Causes Control, 22:1075–1084. 

PMID:21637986

van Duijnhoven FJB, Bueno-De-Mesquita HB, Calligaro 

M et al. (2011). Blood lipid and lipoprotein concentrations 

and colorectal cancer risk in the European Prospective 

Investigation into Cancer and Nutrition. Gut, 60:1094–

1102.doi:10.1136/gut.2010. 225011 PMID:21383385

Vrieling A, Bueno-de-Mesquita HB, Boshuizen HC et 

al. (2010). Cigarette smoking, environmental tobacco 

smoke exposure and pancreatic cancer risk in the 

European Prospective Investigation into Cancer and 

Nutrition. Int J Cancer, 126:2394–2403. PMID:19790196

Welch AA, Fransen H, Jenab M et al. (2009). Variation 

in intakes of calcium, phosphorus, magnesium, iron and 

potassium in 10 countries in the European Prospective 

Investigation into Cancer and Nutrition study. Eur J Clin 

Nutr, 63 Suppl 4;S101–S121.doi:10.1038/ejcn.2009.77 

PMID:19888269

Zamora-Ros R, Knaze V, Luján-Barroso L et al. 

(2011). Estimation of the intake of anthocyanidins 

and their food sources in the European Prospective 

Investigation into Cancer and Nutrition (EPIC) study. 

Br J Nutr, 1–10.doi:10.1017/S0007114511001437 

PMID:21481290





biomarkers group 111

Group head 
Dr Augustin Scalbert 

Scientist
Dr Sabina Rinaldi

Visiting scientist
Dr Véronique Chajès

Laboratory technicians
Mr David Achaintre
Ms Hernandez Maria de la Luz 
Ms Béatrice Vozar

Secretary
Ms Suty Nicole

BiomaRkeRs gRoup (Bma)



biennial report 2010/2011112

The Biomarkers Group (BMA) was 
created in 2010. The major objective of 
the BMA is to identify new biomarkers 
of dietary exposure, food contaminants, 
environmental toxicants  and hormones 
and metabolism, and to apply them to 
large cohort and case-control studies 
in relation to cancer risk, as well as to 
small-scale interventions in humans. 
The Group will work closely with DEX 
and NEP. This approach will allow a 
better understanding of the mechanisms/
metabolic pathways by which diet, 
contaminants and hormones affect 
cancer and intermediate endpoints.

Two major approaches are in place to 
attain these goals:

1. development of new analytical 
methods to chaRacteRize the human 
metaBolome

The human metabolome (all small 
molecules contained in a biological 
sample) carries considerable information 
that reflects the physiology of an 
individual. Recent progress in analytical 
techniques allows one to capture an 
increasing amount of this information.

Within the Group, high-throughput and 
highly sensitive methods, including 
mass spectrometry and immunological 
methods, have been developed to 
discover, validate and implement 
biomarkers of dietary and environmental 
exposure, physical activity and 
physiological status. These methods 
can be specific for a compound. During 
this biennium, we have developed a 
reference method for the analysis of 
Bisphenol A, a major endocrine disruptor 
among food contaminants. The method 
has been validated on blood cord 
samples in collaboration with the Hôpital 
Neurocardiologique, Bron (Harthe et al, 
submitted).

Special emphasis is given to 
metabolomics, a powerful and innovative 
approach able to measure hundreds of 
metabolites in human biospecimens. 
Such an approach, only recently 
applied to molecular epidemiology in 
metabolome-wide association studies, 
will contribute to our understanding of 
the role of diet and lifestyle on cancer 
risk. A new in-house research capacity 
has been set up with the acquisition of 

two highly sensitive mass spectrometers 
coupled with liquid chromatography 
(LC-MS) and a new generation gas 
chromatograph (GC), which is used to 
characterize and quantify large sets of 
molecules from complex families, like 
fatty acids or polyphenols.

Targeted metabolomics is applied to 
the quantification of specific portions 
of the metabolome such as dietary 
polyphenols, major antioxidants of the 
diet with over 400 compounds known 
in various foods, or phthalates also 
known for their large structural diversity. 
Fractions of the metabolome sharing 
a similar functionality (e.g. phenols, 
carboxylic acids or amines) are labelled 
with deuterated or 13C-labelled reagents 
to form characteristic derivatives. 
The formation of such derivatives 
(metabolite coding) greatly improves 
sensitivity, selectivity and reduces 
analytical variability for quantification 
of compounds often present in trace 
amounts. These methods are developed 
in collaboration with the Service Central 
d’Analyse, Solaize, Lyon (CNRS) and the 
Chemistry Department of the University 
of Alberta. They are applied to samples 
of low volume (a few uL) compatible 
with cohort studies, where sample 
volume is often a limiting factor. A GC 
methodology has been developed and 
validated in collaboration with the Institut 
Gustave Roussy for the separation and 
quantification of 60 fatty acids, including 
12 trans fatty acid isomers, some of them 
are being validated as biomarkers of 
industrially processed foods (Chajès et 
al, in press, 2011a).

Non-targeted metabolomics is used 
for biomarker discovery. Metabolic 
fingerprints obtained by high-resolution 
mass spectrometry in subjects differing 
in their lifestyle or diet, are compared 
by multivariate statistics to identify 
biomarkers characteristic of a specific 
food or diet. These methods are applied 
to the identification of novel biomarkers 
of food intake or environmental exposure 
in collaboration with the University of 
Alberta (Department of Computing 
Science), Imperial College London, 
INRA Clermont-Ferrand and University 
College Dublin.

2. implementation of BiomaRkeRs in 
cohoRt studies

Biomarkers have been implemented to 
explore associations with cancer risk in a 
few particularly relevant areas:

Fatty acids and cancer. New 
associations between specific fatty 
acid profiles and the risk of gastric 
cancer (Chajès et al, 2011b) and breast 
cancer (Chajès et al, 2011c) have been 
revealed. The gas chromatography has 
been improved and sixty fatty acids 
from plasma phospholipids have been 
identified and quantified in the EPIC 
study. The Group is currently undertaking 
a large nested case-control study (5000 
breast cancer cases), in collaboration 
with the Lipidomic Platform from the 
Institut Gustave Roussy, to investigate 
associations between biomarkers of 
exposure to dietary trans fatty acids 
characteristic of industrially processed 
foods and dietary trans fatty acids 
characteristic of ruminant-derived foods, 
along with other fatty acids from the 
lipidome,  and breast cancer risk within 
the EPIC cohort.

Several studies on the association 
between fatty acid biomarkers and cancer 
risk are ongoing within both the EPIC 
cohort and the Mexican EsMaestras 
and CAMA cohorts. The goal is to better 
understand interactions between fatty 
acids with specific gene and pathways in 
relation to gene methylation and cancer 
outcomes.

Hormones and cancer. The BMA 
has vast experience investigating 
hormones as risk factors for various 
cancers. Over the last biennium, the 
activities of the Group have focused on 
the validation of commercially available 
assays for measurements of hormones 
(growth factors, sex steroids, c-peptide, 
adiponectin, leptin and thyroid hormones) 
for large-scale epidemiological studies. 
We have undertaken hormone analyses 
for different case-control studies nested 
within EPIC to characterize associations 
between endogenous hormones 
and cervical cancer risk (Rinaldi et 
al., submitted) and between thyroid 
hormones and thyroid cancer risk. The 
BMA has also undertaken analyses of 
estrogens on samples from the New 
York University Women’s Health study 
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and the Northern Sweden Health and 
Disease study within the framework of 
a collaborative project on breast cancer, 
and is currently initiating the analyses of 
several hormones on samples from the 
Mexican EsMaestras cohort for a project 
exploring the associations between 
hormone levels and breast density in 
women. The Group has a special interest 
in exploring the relationship between 
endogenous hormones (sex steroids, 
growth factors, insulin and cytokines) 
and environmental risk factors, including 
physical activity, in the EPIC cohort 
(manuscript in preparation).

The scientists of the Group are also 
involved in the activities of several cancer-
related EPIC working groups (breast, 
ovary, endometrial) in close collaboration 
with NEP. We are coordinating the 
activities of the EPIC thyroid cancer 
working group (in collaboration with Dr. 
Silvia Franceschi, ICE), and leading a 
study on obesity, reproductive factors, 
thyroid hormones and thyroid cancer 
risk. The Group is also collaborating on 
case-control studies on breast cancer 
risk in women in Latin America and 
South Africa, led by NEP. For all these 
projects, the collection of different 
biospecimens (blood, urine, tumor 
tissues) and measurement of different 
biomarkers for nutritional, hormonal and 
metabolic status are foreseen, to improve 
the understanding of the mechanisms 
involved. 

Polyphenols and cancer. Polyphenols 
are the most abundant antioxidants in 
the diet and are thought to play a role 
in cancer prevention. In collaboration 
with the University of Alberta and the 
University of Barcelona, the BMA has 
developed a comprehensive database 
on polyphenols in foods and their 
metabolites (Phenol-Explorer 2.0; Perez-
Jimenez et al., 2010b,c). In collaboration 
with NEP, a food composition table for 
polyphenols for the EPIC cohort has 
been constructed based on this data 
and is being used to study associations 
with cancer risk. Data on polyphenol 
metabolism is used to identify candidate 
biomarkers of exposure (Perez-Jimenez 
et al., 2010a) which will be validated in 
the EPIC cross-sectional study.

Food metabolome. Over 20 000 
chemical constituents have been 
described in foods. Ingested with food 
intake and absorbed through the gut 
barrier, they are present in blood and 
urine and form what we have called the 
food metabolome. A number of these 
metabolites reflect consumption of foods 
that may influence cancer risk. Over 
the last year, the Group has identified a 
specific fatty acid profile in pre-diagnostic 
plasma samples as a biomarker of 
both dietary fatty acids and fatty acid 
metabolism. In close collaboration 
with DEX, we have investigated new 
biomarkers of processed foods in a cross-
sectional study nested in the EPIC cohort, 
and have identified plasmatic trans elaidic 
acid as a biomarker of highly processed 
foods (Chajès et al, in press, 2011a).

We also undertook, in collaboration 
with DEX, the construction of a new 
database on the food metabolome and 
on biomarkers of food intake. Applying 
metabolomics to the EPIC cross-
sectional study, we will compare groups 
of consumers and non-consumers of 
various foods and identify characteristic 
biomarkers of consumption for these 
foods. These new biomarkers will be 
applied to large cohort studies to look for 
new associations with cancer risk.
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The overall goal of the Dietary Exposure 
Assessment Group (DEX), within the 
Nutrition and Metabolism Section 
(NME), is to improve the accuracy, 
understanding and interpretation of 
(changes in) dietary exposure in studies 
on diet and cancer and other intermediate 
diseases. This Group has a leading role 
in the development of standardized 
dietary assessment methodologies and 
in improving their integration in dietary 
monitoring and diet-disease analyses, 
particularly in international study settings.

development of standaRdized 
dietaRy assessment methodologies

Great interest has been expressed 
for using the computerized 24-hour 
dietary recall method EPIC-Soft, initially 
developed as a reference calibration 
method within the EPIC study, in various 
other national and international nutritional 
studies. This justified further investments 
in its development and validation.

In the recently completed European Food 
Consumption Validation (EFCOVAL) 
project, EPIC-Soft was successfully 
adapted, further developed and 
validated on various aspects expected 
to fulfil specific needs of pan-European 
dietary monitoring and risk assessment 
(Slimani et al.; 2011, Crispim et al., 2011, 
Huybrechts et al., 2011). Figure 1 shows 
a typical interview screen of the food/
recipe description and quantification 
step using EPIC-Soft. Figure 2 illustrates 
distributions of usual protein intake 
as estimated by an EPIC-Soft 24-
hour recall interview and by biomarker 
measurements.

To respond to the need for wide 
dissemination of the EPIC-Soft 
application, while preserving its core 
concepts of standardization and integrity, 
a centralized web-based platform (EPIC-
Soft Methodological Platform (EMP)) 
hosted at IARC is under development 
(the concept has been finalized and the 
technical implementation is ongoing). 
This comprehensive platform will provide 
full support to conduct international 
nutritional studies in Europe and 
elsewhere, using common tools and 
procedures to collect, control and handle 
dietary interview data.

Figure 1. Typical screen of a 24-hour recall interview of the food/recipe description and 
quantification step using EPIC-Soft

Figure 2. Estimated distribution of usual protein intake in men in the EFCOVAL study, based on 
two 24-hour dietary recall interviews (EPIC-Soft) and biomarkers for five European countries 
(BE, Belgium; CZ, the Czech Republic; FR, France; NL, the Netherlands; NO, Norway)
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The decision by the European Food 
Safety Authority (EFSA) to launch the 
first pan-European monitoring survey, 
while recommending EPIC-Soft as the 
reference method to be used across the 
EU Member States, acknowledges the 
Group’s methodological activities and 
endorses the recommendations and 
conclusions of the EFCOVAL project 
(http://www.efsa.europa.eu/en/press/
news/datex100212.htm).

Additional related software has been 
successfully developed or is under 
development: (1) A data entry version 
of EPIC-Soft (PANCAKE project) has 
been created and is better suited and 
more user-friendly for data entry of 
repeated consecutive measures of 
food consumption collected by food 
diaries among children and the elderly. 
Currently, it is being tested in a pilot 
study in the Czech Republic and Belgium 
(manuscript in preparation); (2) The 
conceptual specifications of a new EMP 
module for matching food consumption 
data from EPIC-Soft with nutrient and 
other databases in international studies, 
is currently being developed by DEX 
within the EU-funded project EuroFIR 
Nexus.

DEX was also involved in the evaluation 
of measurement properties of dietary 
assessment tools (Illner et al., 2011). A 
review paper of the applicability of new 
technologies in dietary assessment for 
large-scale epidemiological studies is in 
preparation.

The development of new dietary tools 
also includes the extension of the 
standardized EPIC Nutrient Databases 
(ENDB) developed by DEX (Slimani et al., 
2007). A new folate database has been 
compiled (manuscript in preparation) 
based on an in-depth inventory and 
evaluation of the available concentration 
data (Bouckaert et al., 2011).

studies on dietaRy exposuRe 
(including BiomaRkeRs of diet)

In collaboration with researchers within 
the NME, descriptive analyses have 
been completed or are ongoing related 
to dietary exposure, such as the first 
standardized comparison of dietary 
folate intake across 10 European 
countries (Park et al., 2011) and dietary 

acrylamide exposure in the EPIC study 
(manuscript in preparation) and the 
related biomarkers including plasma 
fatty acids (Chajès et al., 2011).

In the EFSA-funded EMP-PANEU project 
(Food Consumption Data Collection 
Methodology for the EU-Menu Survey), 
and in light of the future pan-European 
food consumption survey, DEX is 
currently implementing five country-
specific versions of EPIC-Soft (Bulgaria, 
Finland, Hungary, Poland and Portugal). 
Furthermore, a new training module with 
e-learning components as a possible 
future part of the EMP platform will be 
tested.

studies on diet and canceR and otheR 
(inteRmediate) chRonic diseases

DEX is also involved in projects 
concerning the role of diet and 
biomarkers of diet in relation to cancer 
(EPIC) and other chronic diseases, 
such as obesity and diabetes (EPIC-
PANACEA, INTERACT projects). A 
particular focus is on industrial foods 
(industrial trans fatty acids, acrylamide, 
excess energy consumption and 
glycemic index/glycemic load dense 
foods). This work is in collaboration with 
other researchers from the NME. Within 
the EPIC-PANACEA project on obesity 
and lifestyle factors, DEX is coordinating 
published findings on the relationship 
between diets rich in foods with high 
glycemic index/glycemic load and plasma 
fatty acids and obesity (Huybrechts et 
al., Chajes et al., both in preparation), 
as well as a methodological work on 
underreporting among obese subjects 
using both dietary and biomarker data 
(Freisling et al., 2011).

development and application of new 
methodologies to analyse dietaRy 
patteRns

One of the Group’s new research 
interests is dietary pattern analyses - a 
promising approach for better depicting 
the complexity of diet and improving the 
understanding of its association with 
diseases, particularly cancer. DEX, in 
collaboration with researchers from 
other Sections (BST, NEP) and external 
partners, initiated a project on analysing 
nutrient and biological patterns in 
international studies with applications in 

colorectal cancer (ongoing grant), breast 
cancer (ongoing grant) and diabetes 
(INTERACT project). As a starting point 
of these activities, research has been 
published on the diversity of nutrient 
patterns in the EPIC study at a population 
level using a multidimensional graphical 
representation of the patterns (*Freisling 
et al., 2010).

goals and futuRe pRojects 

Already under discussion are two 
European projects which will make use 
of the improved EPIC-Soft methodology: 
the first pan-European monitoring survey 
involving the 27 Member States (direct 
institutional contract between EFSA 
and IARC to support its implementation 
already in place), and a second dietary 
measurement on a large subsample 
of the EPIC cohort. Using a common 
standardized methodology (EPIC-Soft) 
will provide a unique opportunity to bridge 
two major areas of nutritional surveillance 
(EU Menu project) and epidemiology 
(EPIC) in Europe, open new avenues for 
cancer and other research, and facilitate 
translation of scientific evidence into 
public health, policy and other actions.

Discussions have been initiated about 
developing versions of EPIC-Soft for 
Brazil, Mexico (Latin America) and 
South Korea, which would support 
new NME projects and provide greater 
insight on dietary changes in non-
European countries and those countries 
undergoing nutritional transition.

Finally, an ambitious project (‘Nutrition 
and physical (in)activity as determinants 
of cancer risk in Africa: data for 
formulating new research strategies and 
targeted regional prevention guidelines’), 
funded by IARC’s Fellowship Programme, 
will commence with the arrival of Dr Pisa 
(postdoctoral fellow). This project aims 
to perform an unprecedented inventory 
of the current available data related to 
nutritional cancer research in Africa. It 
will consider crucial methodological and 
logistical aspects (e.g. available/needed 
dietary and physical activity assessment 
methodologies, cancer prevention 
guidelines and cancer registries). 
This evaluation is expected to create 
opportunities to support and develop 
further nutritional and cancer research 
activities in African countries.
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