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Abstract

Epidemiologic studies have adapted to the genomics era by forming large international consortia 

to overcome issues of large data volume and small sample size. Whereas both cohort and well-

conducted case-control studies can inform disease risk from genetic susceptibility, cohort studies 

offer the additional advantages of assessing lifestyle and environmental exposure-disease time 

sequences often over a life-course. Consortium involvement poses several logistical and ethical 

issues to investigators, some of which are unique to cohort studies, including the challenge to 

harmonize prospectively-collected lifestyle and environmental exposures validly across individual 

studies. An open forum to discuss the opportunities and challenges of large-scale cohorts and their 

consortia was held in June 2009 in Banff, Canada and is summarized in this report.
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Introduction

In past decades, epidemiologic study designs have embraced high-throughput technologic 

advances that generate increasingly large volumes of molecular and genetic data. 

Information from these investigations has revolutionized our ability to understand cancer 

pathways and disease etiology. In turn, these technologies have fostered “big science” 

epidemiology [1]. For example, large consortia of case-control studies arose to overcome 

many of the limitations associated with large data volume and small sample size, and their 

reports of associations with common, low-penetrant alleles from genome-wide association 

studies have provided clues to the genetic etiology of various cancers [2–3]. A similar 

movement is occurring with large-scale cohort studies and their consortia [4–5], which offer 

the advantages of assessing lifestyle and environmental exposure-disease time sequences, as 

recently demonstrated by the NCI Cohort Consortium [6]. There is continued emphasis by 

the epidemiology community to elucidate the contribution to cancer risk of the environment 

and of gene-environment interactions. Many of the cohort studies that currently participate, 

or wish to participate, in consortia face the challenge of harmonizing prospectively-collected 

lifestyle and environmental exposures validly across individual studies, sustained cohort 

funding, distributed expertise for multiple phenotype assessment, and inadequate funding for 

consortium efforts. An open forum to discuss the opportunities and challenges of large-scale 

cohorts and their consortia was organized by the Alberta Health Services-Alberta Cancer 

Board, and co-sponsored by the Canadian Partnership Against Cancer and the International 

Agency for Research on Cancer, and held in June 2009 in Banff, Canada. A summary of the 

highlights from speaker presentations and discussions are presented in this report.
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Established and New Cohort Studies

The conference began with presentations by speakers representing large successful cohort 

studies including the American Cancer Society Cohorts, European Perspective into Cancer 

and Nutrition, the Multi-Ethnic Cohort, the Nurses’ Health Study and the Shanghai 

Women’s Health Study. Speakers agreed that existing cohorts have the capacity to examine 

many emerging scientific questions. Indeed, many are incorporating molecular technologies 

that complement existing resources, including adding prospectively collected biologic 

samples for ‘-omics’ applications, and evaluating DNA, RNA and proteins from formalin-

fixed tissue blocks collected from cancer patients. Many agreed that priorities for future 

research should include the assessment of childhood and adolescent exposures, repeated 

exposure measurement, and the addition to cancer-focused cohorts of non-cancer endpoints 

to further address the public-health issues of risk and benefits of exposures [7].

Other speakers highlighted the existence of several newly established cohort studies, 

including those in low- and medium-resource countries, which can provide new information 

on cancer etiology and that are actively harmonizing their protocols for future integration 

into existing biobanks and consortia (Table 1). These investigations are sampling 

populations with a wide variation in cancer incidence and mortality within a country [8–12], 

as well as populations undergoing an epidemiologic transition or populations at very high 

incidence of specific cancers [9–12]. Some of these studies [8] are also including improved 

measurement of certain environmental exposures, such as dietary assessment and enhanced 

lifetime residential and work histories that utilize exposure matrices and linkages with 

industry databases to examine effects of environmental and occupational agents. Finally, 

novel applications of the cohort design were presented including a model of precision 

medicine [13] initiated at the Moffitt Cancer Center in Tampa, Florida, whereby information 

collected from a cohort of patients seen at the clinic is used to generate evidence to select or 

develop therapies for their disease.

There were several models of successful cohort studies that have been designed to evaluate 

defined populations that cannot be studied with sufficient power in the general population 

cohorts. These specialized cohorts and their networks include unique populations, rare 

events, or specialized study designs (Table 2). Readers interested in obtaining additional 

information on these studies can contact the authors.

Challenges Faced by Epidemiologists leading Cohort Studies

Conference attendees agreed that every cohort study encounters major challenges including 

those associated with participant recruitment and retention, which can threaten internal 

validity, the follow-up time to accrue cases, inability to study very rare diseases, and 

the acquisition of detailed clinical and pathologic data from multiple hospitals/health care 

systems that may be laborious, expensive, and difficult to standardize. In addition to these 

factors, two main challenges encountered by investigators of cohort studies were vocalized 

throughout the conference: issues related to dietary and physical activity assessment and 

consortium participation.
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Diet and Physical Activity Assessment

The measurement of environmental exposures, particularly diet and physical activity, while 

not identified as a separate session topic, emerged as an issue that clearly challenged the 

expertise of the panel and attendees. Reoccurring themes within this discussion included 

optimizing the quality of dietary data through improved assessment methods and analytic 

techniques, the role of biomarkers in the calibration of dietary and physical activity 

exposure estimates, and the role of technology in overcoming the limitations of current 

methods used in measuring diet and physical activity. Proposed strategies that have the 

potential to be more widely applied to better ascertain diet and activity exposures included 

combining diet and activity information from various data collection instruments and the 

prospective integration of calibration and validation sub-studies into the design of large 

epidemiological studies to address the fundamental measurement challenges that are at 

the core of ascertaining these exposures in large observational studies. The conference 

highlighted the need for future discussions on these themes. As a result, improving current 

methods of dietary assessment will be the focus of a pre meeting workshop of the 2011 

North American Congress of Epidemiology conference (http://www.epicongress2011.org/).

Consortium Participation

Issues related to participation in consortium projects dominated the second half of 

the conference. Important concerns were raised, such as the need to better harmonize 

questionnaire-based data across various existing studies to avoid substantial heterogeneity 

in exposure definitions. In recognition of this challenge, the Public Population Project 

in Genomics (P3G) [14] developed the DataSHaPER (DataSchema and Harmonization 

Platform for Epidemiological Research) tool to facilitate harmonization of variables across 

studies (both retrospective and prospective). The P3G is an open-source central portal that 

provides an available archive of all member cohort questionnaires, which lends itself to 

careful review and selection of exposure variables of similar quality across studies for 

investigators wishing to address specific hypotheses. The portal is also a resource for 

governance models, DNA processing catalogues, and information technology tools that can 

assist investigators in the daily management of newly-developed and ongoing studies.

The validity of combining biomarker data across cohort studies was another potential 

concern, and could be improved with prospectively-implemented pilot and recalibration 

studies to evaluate heterogeneity between studies from the effect of different collection 

and storage protocols. To combine data for a specific analyte from previously-assayed 

specimens, researchers may consider setting aside a subset of samples from each study 

to allow for future calibration with other studies. Other concerns regarding consortium 

participation included the potential to deplete valuable banked biospecimens rapidly and the 

pressures to pool data before separate analyses can be completed and published. Although 

it was agreed that consortia should balance the complexity of the projects they initiate with 

well-defined objectives and specific deadlines, it was acknowledged that, in practice this 

does not always occur. To achieve this balance, attendees agreed that consortium research 

and resources should be prioritized to address questions that are uniquely addressable 

through pooled or meta-analyses (e.g., rare diseases or exposures or validating small-sample 

study results). Recognition of the contribution of early career scientists (e.g., through 
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inclusion among the lead authors of important papers) is a critical issue to ensure the success 

of their careers, and several consortia have developed authorship policies that promote a 

leading role for early career scientists in research efforts, grant preparation and publications.

Finally, financial considerations to consortium participation were also noted. Although 

administrative supplements or funding mechanisms exist for some core functions (e.g., 

NIH R24 or U24 - Research Infrastructure and Capacity Building or Resource-Related 

Research Project applications), inadequate funds exist for common database management, 

member institution costs for individual consortium projects (e.g., compilation of analytic 

datasets with requested variables, biospecimen maintenance and retrieval costs), and, in 

some instances, the large commitment of investigator time.

Balancing Data Sharing and Privacy of Genomic and Epidemiologic Data

The importance of harmonizing biopecimen collection and storage methods across studies 

to facilitate consortium efforts was countered with ethical issues of upholding participant 

privacy and institutional review board regulations at time of participant consent.

From a logistical and validity perspective, speakers noted that standard operating procedures 

exist for large biobanking activities [15] but many protocols are based solely on feasibility. 

To better harmonize these initiatives using an evidenced-based approach, the Forum for 

International Biobanking Organizations (FIBO) [16] developed criteria for reporting on the 

quality of samples and related information in biobanks. Speakers also identified a need 

for an international protocol on biospecimen sharing for public-health research that would 

have sets of regulations that are permissive enough to facilitate sample exchange. The pan-

European Biobanking and Biomolecular Resources Infrastructure (BBMRI) was presented 

as a good example of a recent initiative to combine different types of biobanks (e.g., 

cohort, clinical samples) to overcome many obstacles for sharing of biobank collections in 

international collaborative studies [15]. These issues also support the need for a cadre of 

professionals with training and expertise in biospecimen management.

Speakers also noted that there are ethical and legal challenges associated with making data 

available publicly from large-scale human genetics research [17–18]. For example, research 

participants face heightened risks of privacy infringement owing to long term storage of 

data and samples and increased access to those data. Sharing of samples and data across 

national boundaries means that security measures implemented to protect participants in 

the source jurisdiction may not be enforceable in other jurisdictions. As DNA is by its 

very nature a unique identifier of individuals, cohorts involved in genomic studies face the 

challenge that even aggregation of donors’ data is no longer sufficient to protect against 

the identification of an individual’s participation in a given study [19–21]. Traditional 

informed consent protocols cannot be applied in many cases as re-consenting participants 

for different studies may not be possible or financially prohibitive, and no consensus 

has yet emerged as to ethically acceptable alternatives. There is often a lack of clarity 

on what the ethical obligations of researchers are (if any) to act on incidental findings 

of clinically relevant information. In addition to scientific expertise, these issues involve 

trade-offs of societal values against each other; for example, increased levels of donor 
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anonymity are associated with decreased utility for research, and vice versa: increased 

utility of donors’ samples for certain types of research (in particular, studies focusing on 

the relationship between genotype and environmental factors) is associated with increased 

risk of privacy infringement [22–23]. For these reasons, it was agreed that resolution of the 

ethical conundrums must involve some form of public engagement to maintain trust over 

the lifespan of the studies, which in turn will strengthen the internal validity of the study 

through increased subject recruitment and retention [24]. Balancing privacy and data-sharing 

is thus possible, but necessitates public engagement. Although commercial involvement is 

important in order to translate the public data to improved treatment and management of 

patients, attendees recognized that a balance is needed with independent scientific scrutiny 

to avoid self-serving commercial interests.

Conclusions and Future Priorities

Cohort studies remain a powerful tool in the medical and public-health research agenda. 

Since research costs and feasibility are such that few randomized controlled prevention trials 

can be conducted, cohort studies may provide the only viable approach for testing multiple-

exposure and multiple-cancer hypotheses concurrently. The last decade has seen several 

exciting and unprecedented developments in cohort studies, including their integration into 

consortia. Based on the issues discussed at the conference and highlighted in this report, 

several priority areas for cohorts and consortia were identified to maximize their benefits to 

society.

For cohort studies, there is a need for:

• Creation and support of internationally uniform review mechanisms by major 

funding agencies for cancer cohorts, including the development of guidelines 

for assessing the performance of existing and new cohort studies, to ensure 

successful cohorts are financially sustainable. Guidelines such as those proposed 

by Colditz and Winn [25] can be used as a model;

• Support for new cohort studies that emphasize racial/ethnic diversity and 

unique phenotypes and exposures, and of protocols that utilize standardized, 

validated measurements and that collect high-quality biospecimens. Integration 

of new cohort studies into international collaborations such as the P3G or other 

established entities at the outset (e.g., consortia, biobanks, linkages with other 

health-outcome registries) increases the value of a cohort by allowing studies 

of health and disease trajectories over time, and by optimizing use of pre- and 

post-diagnostic biospecimens;

• Incorporation of prospectively-implemented quality control and calibration sub-

studies to evaluate measurement error and heterogeneity across different studies 

from the effect of different data-collection and biospecimen-storage protocols;

• Continued multi-level co-operation (investigators and public and private sectors) 

to ensure the shared governance, longevity and financial support of cohort 

studies particularly for the maintenance of linked resources (e.g., tumor or health 

registry databases) within the cohort;
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• Continued publication by cohorts of detailed data-access policies to facilitate 

transparency in data sharing;

For consortia, there is a need for:

• Adaptation of existing funding mechanisms to support different aspects of 

consortium activities including costs associated with data harmonization, meta-

data database creation and dissemination of tools and protocols particularly for 

individual consortium projects; and

• Up-front recognition of the roles, responsibilities and contributions of early 

career investigators in consortia so as to make these undertakings compatible 

with the needs for career advancement.

Although some of these priorities require pressing attention, the conference presentations 

and discussions revealed that many of the mechanisms and infrastructure (e.g., P3G, FIBO, 

BBMRI) are already in place to navigate successfully most of these priorities. Existing 

mechanisms thus serve as strong model systems for future comparison and integration that 

can produce continued discovery to aid medical and public-health action.
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Table 1.

Description of Selected Newly Established Cohort Studies

Cohort Population Reference

Canadian 
Partnership for 
Tomorrow Project

A federation of cohorts in five provinces/regions in Canada enrolling 300,000 
adults aged 35 to 69 years by 2012 with long-term follow-up. Efforts were 
made to maximize harmonization with other existing large international 
biobanks in order to increase potential for future pooling of data and samples.

http://www.partnershipfortomorrow.ca 
[8]

Malaysia National 
Cohort

Population-based cohort sampling 100,000 participants by 2012 from urban 
areas, rural farming communities and the three main ethnic groups in 
Malaysia.

http://intra.hukm.ukm.my/cohort.

Golestan Cohort 
Study

First large-scale prospective study of cancer in Middle Eastern countries 
undergoing economic and social transitions, and focusing on upper 
gastrointestinal cancers in Northeastern Iran. Enrolment of over 50,000 
healthy adults has been completed.

http://ddrc.tums.ac.ir//modules/news/
index [26]

Kadoorie Biobank 
Prospective Study

Prospective study of over 515,000 people aged 35 to 74 years recruited 
between 2004 and 2008 from 10 diverse regions in China. The first re-survey 
of ~20,000 participants was completed in 2008 with 85% response. Utilizes 
linkage with death and disease registries, and future linkage with health 
insurance claim systems.

http://www.ctsu.ox.ac.uk/
kadooriebiobank

Prospective Study 
of One Million 
Individuals in India

A large-scale prospective study of chronic diseases recruiting over one million 
adults aged over 30 years from 5 to10 regions in India during 2010 and 2011.

[27]
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