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•Breast Cancer Risk factors are not well understood. 
Other than age and gender current risk factors explain 
only half of the breast cancer occurrence (DeVita, 
Hellman and Rosenberg, 2001)

•MEDLINE currently comprises more than 115500 breast 
cancer articles1.  Each year, staff from the National 
Library of Medicine add 5400 new breast cancer articles 
to the MEDLINE corpus2.

•Premise : Existing scientific literature captures 
candidate risk factors for breast cancer that should be 
further explored.

•Hypothesis : Automated techniques that synthesize 
typically unused evidence from scientific literature will 
enable scientists to identify new candidate breast cancer 
risk factors.

Background

1 Pubmed query "breast neoplasms"[MH] issued August 30, 2004
2 Average number of breast cancer articles published each year in the last decade.

•Users iterate and collaborate within  and amongst the 
retrieval, extraction, verification and analysis tasks

•Users require the  full-text of an article to collect all of 
the information required for their analysis.

•Automating process is possible. Analysis of tobacco and 
alcohol consumption on small of breast cancer corpus 
showed consistency with  known attributable risk.

•Further research is required to evaluate new risk factors.

Findings and Future WorkInformation Synthesis
• Developed from a rich collection of qualitative data including 

interviews, observations, and information artifacts. User groups
comprised experts in medicine and public health.

• Information Synthesis process comprises: (1) four critical tasks –
retrieval, extraction, verification and analysis, (2) two user provided 
information constructs – hypothesis projection and context 
information, and (3) two process level behaviors – iteration and 
collaboration (Blake and Pratt, 2002) (Blake, 2003).

• The Multi-User Extraction for Information Synthesis (METIS) 
automates critical tasks within the Information Synthesis process.

METIS Retriever
Critical
Journal

Search String
    MeSH= Breast Neoplasms
    Language = English
    Publication Type Not (Comment, Editorial, Letter,
          Review, Meta-Analysis, News, Evaluation Studies)
    Journal (Am J Epidemiol, BMJ, Cancer, The Lancet, JAMA,NEJM,
         Epidemiol Biomarkers Prev, Int J Cancer,Epidemiology)

Search String
    Title or Abstract = (breast AND (cancer or neoplasms))
    Full text= (smoke or smoker or smoking or tobacco or cigarette)
    Journal (Br J Cance,Cancer Res,Cancer, Proc Natl Acad Sci US,JNCI,
         J Clin Oncology,Genes, Chromosomes Cancer, Cancer Lett,
         Causes and Control, Am J Public Health,Annals of Epidemiology,
         Carcinogenesis,Human Genetics)

Total Candidate
Articles

Yes
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Articles

Articles with a
tobacco term

Study 1
Development Set

3354 Articles

363 Articles

Articles that report
tobacco

consumption

1516 Articles

1838 Articles

30 Articles

Study 2
Evaluation with
Domain Expert

35 Articles

87 Articles

10 Articles Study 3
Evaluation with
Expert Extractor

Study 4
Evaluation with

Novice Extractor

No

1934 Articles

25 Articles

25 Articles

Articles with  USA
Populations

114 Articles

METIS Analyzer

METIS VerifierMETIS Information Extractor

Breast cancer corpus of ~2000 articles 
collected using a combination of 
automated and manual techniques.

• Semantic grammar developed from 30 breast cancer articles. 

• Unified Medical Language System (UMLS) used to create 
extraction rules that generalize.

• Nineteen facts extracted from each article including
– Number of subjects with the medical condition

– Geographical location of study

– Level of risk factor exposure

– Age of subjects in the study (minimum, maximum, mean, and standard 
deviation)

– Start and end date of the study

Add, remove, 
or update 

proposed facts

Electronic version 
of the article

Keyword 
in context

Thirty-five articles capture tobacco consumption rates of unique 
breast cancer populations. Of those, twelve articles (shown in 
black) report consumption rates as primary information and 
four articles (circled) would be included in a traditional analysis.
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