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In the field of cancer, genetic association studies are among the most active and well-funded research areas, and have produced

hundreds of genetic associations, especially in the genome-wide association studies (GWAS) era. Knowledge synthesis of these

discoveries is the first critical step in translating the rapidly emerging data from cancer genetic association research into

potential applications for clinical practice. To facilitate the effort of translational research on cancer genetics, we have

developed a continually updated database named Cancer Genome-wide Association and Meta Analyses database that contains

key descriptive characteristics of each genetic association extracted from published GWAS and meta-analyses relevant to cancer

risk. Here we describe the design and development of this tool with the aim of aiding the cancer research community to quickly

obtain the current updated status in cancer genetic association studies.
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INTRODUCTION

With advances in high throughput genotyping technologies,1 the
number of genetic association studies has increased at an unprece-
dented pace over the past decade. The systematic review of such
studies, especially meta-analyses across multiple studies, has been
recommended to minimize false-positive associations and as a tool
to assess the credibility of the findings.2 Genome-wide association
studies (GWAS) have recently emerged as a powerful tool to find
many novel genetic associations that the traditional candidate gene
approach has failed to discover.3 In the field of cancer, genetic
association studies are among the most active and well-funded
research areas and have produced hundreds of genetic associations,
especially in the GWAS era. Although we do realize the limitations of
each of the individual studies (ie, publication bias), meta-analysis,
including heterogeneity testing, still can provide valuable information
to genetic epidemiology researchers to supplement GWAS. Knowledge
synthesis of these discoveries is the first critical step in translating the
rapidly emerging data from cancer genetic association research into
potential applications for clinical practice,4 and is also important for
basic scientists as they can build on these discoveries. To facilitate the
effort of translational research on cancer genetics, we have developed a
continually updated database named Cancer Genome-wide Associa-
tion and Meta Analyses database (Cancer GAMAdb) that contains key
descriptive characteristics of each genetic association extracted from
published GWAS and meta-analyses relevant to cancer risk. Here we
describe the design and development of this tool (http://www.

hugenavigator.net/CancerGEMKB/caIntegratorStartPage.do). Our aim
is to help the cancer research community to quickly obtain the current
updated status in cancer genetic association studies and readily
retrieve relevant information in a highly integrated manner. The
database is supported as a joint venture between the National Cancer
Institute’s Division of Cancer Control and Population Sciences and the
Centers for Disease Control and Prevention’s Office of Public Health
Genomics.

IMPLEMENTATION

The Cancer GAMAdb catalogs published GWAS and meta- and
pooled analyses that have evaluated the association between genetic
polymorphisms and cancer risk since 1 January 2000. The methodol-
ogy used in creating this robust database can be seen in Figure 1. To
efficiently retrieve the published genetic association articles from
PubMed, a computerized text mining search algorithm with high
sensitivity (97.5%) and specificity (98.3%),5 combined with follow-up
manual curation, is used to find genetic association articles from
PubMed as part of a published literature database screening process in
the Human Genome Epidemiology (HuGE) Navigator.6 Among the
HuGE literature repository, articles are eligible for inclusion if they
meet the following criteria: (1) evaluate cancer risk as the outcome,
(2) represent a GWAS study, meta-, or pooled analyses with aggre-
gated estimates of effect, and (3) are published in English. The curator
flags PubMed abstracts by ‘meta-analysis’, ‘pooled analysis’, or
‘genome-wide association’ if the articles fall within the inclusion
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criteria. As a starting point, we used a previously published dataset by
Dong et al,7 which included meta-analyses and pooled analyses found
in PubMed that evaluated the relationship between genetic poly-
morphisms and cancer risk through 15 March 2008. We also review
relevant articles in the online NIH GWAS Catalog (http://www.
genome.gov/26525384) as a quality check in case any GWAS articles
have been overlooked. Data elements extracted from each full text
article include cancer site, the gene and variant names, risk phenotype

or allele, risk estimates (odds ratios or relative risk), 95% confidence
intervals, ethnicity or gender (when applicable), minor allelic
frequency (when applicable), number of studies, number of cases
and controls, P-values, tests for heterogeneity, tests of publication bias,
type of platform used (if GWAS), gene–environment interactions (if
applicable), study replication (if GWAS), copy number variation (if
applicable), study type (candidate, GWAS, or clinical trial), and
analysis type (meta, pooled, or consortia). Random-effect estimates

Figure 1 Workflow of the methodology use to create the Cancer GAMAdb.

Figure 2 Screenshot of the search for ‘bladder cancer’.
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from meta-analyses were used, unless the paper included only fixed-
effect estimates. Significant associations from GWAS are recorded
based on the NIH GWAS Catalog criteria (http://www.genome.gov/
27529028). For the standardization of the cancer phenotypes, gene
names, and variant names, we manually code phenotypes with a
Unified Medical Language System (UMLS) unique identifier, gene
names with the Human Genome Organisation gene symbol and
National Center for Biotechnology Information (NCBI) Entrez Gene
GeneID, and RefSNP accession ID (rs numbers) for the variant names
if they are available. On the use of the UMLS Metathesaurus (http://
www.nlm.nih.gov/research/umls/), NCBI Entrez Gene (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?DB¼gene), and Variant Name
Mapper (http://www.hugenavigator.net/HuGENavigator/startPage-
Mapper.do) as reference sources, the database offers a robust search
capacity with a user-friendly web interface in a free-text search manner
(Figure 2).

FEATURES

Cancer GAMAdb also provides analytic functionalities on the dataset
selected. Filter features by nine key elements (ie, phenotype, gene,
variant, publication, author, journal, year, study type, gene–environ-
ment interaction) on the retrieved records allow users to perform
quick descriptive analyses on the associations of interest while under-
going the dataset search. The University of California Santa Cruz
(UCSC) Genome Browser custom tracks are dynamically generated at
gene and variant levels based on user’s selected dataset, and a user may
subsequently use all functionalities and information in the default
tracks from the UCSC Genome Browser (http://genome.ucsc.edu/). As
a component of HuGE Navigator, Cancer GAMAdb contains many
key dynamic links to other components in the knowledge base where
many more disease-specific or gene-central information can be
retrieved, such as dynamic linkage from phenotypes to phenopedia
and from genes to genopedia.8 The primary research articles may be
easily obtained by clicking the HuGE Literature button for the given
search term. In addition, all data including the datasets in any
selection steps are downloadable in a text format. The database
statistics page dynamically outlines a comprehensive descriptive view
on cancer genetic association research, including count numbers and
graphs of temporal trends for phenotype/variant associations, pub-
lications, genes studied, variants studied, and phenotypes reported. In
addition, a series of top 10 lists are generated and displayed in web
tables with regards to variant, gene, phenotype, author, or journal,
itemized by GWAS and meta-analyses. As of 28 January 2011, the
database contains 5354 reported cumulative genetic associations
relevant to cancer risk from 599 publications, including 504 meta-
analyses and 95 GWAS (see Table 1). The summary data in the statistic
page indicates that, in terms of cancer genetic risk, breast cancer is the
most studied disease in both meta-analyses and GWAS; GSTM1 null

allele is the most commonly studied variant among meta-analyses and
may be associated with 15 different cancer phenotypes; and rs6983267
(a SNP on 8q24) is the top statistically significant variant that has
appeared in eight GWAS publications.

CONCLUSION

Cancer GAMAdb is continually updated to accurately track the rapid
progress in cancer genetic association research, and offers a valuable
bioinformatics tool for cancer researchers and clinical practitioners to
quickly obtain current information on the latest association studies
and the most recent status of the research. To our best knowledge,
Cancer GAMAdb is the first online searchable database that deposits
cancer genetic association information from published meta- and
pooled analyses and GWAS studies. There is no other resource that
combines data generated by these methodologies. The Cancer
GAMAdb is a key step to knowledge synthesis of key cancer genetic
epidemiology findings. This database also is an indispensable compo-
nent of the integrated toolset in the HuGE Navigator knowledge base
for cancer knowledge. It enhances phenopedia,8 which displays a
comprehensive summary web table listing all possible association
genes and the numbers of published articles for each gene, by allowing
users to quickly retrieve variant-level associations from meta-analyses
or GWAS by linking to the Cancer GAMAdb. The same navigation can
start from Cancer GAMAdb leading to phenopedia. So far, there are
only a few disease-specific genetic association databases available, such
as AlzGene (http://www.alzgene.org/), which have collected and
extracted data from all primary published literature in the field.
Although such information is extremely valuable, extraction of
detailed information from the published literature is always labor
intensive and time consuming. Cancer GAMAdb creates a new way to
capture genetic associations by cataloging only summarized genetic
associations from meta-analyses, pooled analyses, and significant
findings from GWAS studies. This valuable tool could significantly
reduce efforts to create and maintain such disease-specific databases
while making important information in the field easily accessible and
available to the research community.
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Table 1 Cancer GAMAdb content (as of 28 January 2011)

Category Count

Association 6180 (total), 5647 (meta-analysis), 519 (GWAS)

Publication 599 (total), 504 (meta-analysis), 95 (GWAS)

Gene 489 (total), 254 (meta-analysis), 268 (GWAS)

Variant 1000 (total), 718 (meta-analysis), 337 (GWAS)

Phenotype 67 (total), 58 (meta-analysis), 33 (GWAS)

Abbreviations: GAMAdb, Genome-wide Association and Meta Analyses database; GWAS,
Genome-wide association study.
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