412

Integrated Environmental Assessment and Management — Volume 8, Number 3—pp. 412–417
ß 2010 SETAC

Data and Literature Gathering in Chemical Cancer
Risk Assessment
Ilona Silins,*y Anna Korhonen,z Johan Högberg,y and Ulla Steniusy
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ABSTRACT
In recent years, chemical cancer risk assessment has faced major challenges: the demand for cancer risk assessment has grown
considerably with strict legislation regarding chemical safety, whereas cancer hazard identiﬁcation has turned increasingly
complex due to the rapid development and high publication rate in biomedical sciences. Thus, much of the scientiﬁc evidence
required for hazard identiﬁcation is hidden in large collections of biomedical literature. Extensive guidelines have been
produced to support cancer risk assessment under these circumstances. We evaluated whether these guidelines support the
ﬁrst, critical step of this task—data and literature gathering—and found that the guidance is vague. We propose ways to
improve data and literature gathering for cancer risk assessment and suggest developing a computational literature search and
analysis tool dedicated to the task. We describe the ﬁrst prototype tool we have developed and discuss how it could help to
improve the quality, consistency, and effectiveness of cancer risk assessment when developed further. Fully reliable automatic
data and literature gathering may not be realistic; the retrieved articles will always need to be examined further by risk assessors.
However, our proposal offers a starting point for improved data and literature gathering that can beneﬁt the whole cancer risk
assessment process. Integr Environ Assess Manag 2012;8:412–417. ß 2010 SETAC
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INTRODUCTION
Cancer risk assessment of chemicals is a time-consuming
and demanding exercise that requires combining scientiﬁc
knowledge with elaborate literature review. Over the recent
years, although the demand for chemical cancer risk assessment has grown, the exercise itself has turned increasingly
complex due to the rapid development of molecular biology
techniques, the increased knowledge of mechanisms involved
in cancer development, and the exponentially growing
volume of biomedical literature (e.g., the MEDLINE database
of biomedical research articles, afﬁliated with the US National
Library of Medicine, expanded with over half a million
references in 2010 [NLM 2011]). These developments have
challenged the European Registration, Evaluation, Authorisation and Restriction of Chemical Substances (REACH)
implementation in many ways (Hartung 2009). To cope with
the situation, an effort has been made to increase the
understanding and agreement on basic cancer risk assessment
principles via international harmonization projects (e.g., the
International Programme on Chemical Safety [IPCS]) and
elaborate guidance documents (ECHA 2008a; IARC 2006;
USEPA 2005).

DATA AND LITERATURE GATHERING IN CANCER
HAZARD IDENTIFICATION—THE STATE OF THE ART
The importance of data and literature gathering for the
accuracy, consistency, and efﬁciency of all risk assessment
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should not be underestimated. As highlighted by the European Chemicals Agency (ECHA), ‘‘failure to collect all of the
available information on a substance may lead to duplicate
work, wasted time, increased costs and potentially unnecessary animal use’’ (ECHA 2008b). We investigated the
support currently available for the ﬁrst critical step of cancer
hazard identiﬁcation (i.e., the assessment of whether a
chemical is capable of causing cancer): data and literature
gathering. This step involves 1) identifying all the scientiﬁc
(e.g., toxicological and epidemiological) data relevant for
examining the carcinogenic properties of chemicals, and 2)
gathering this data from existing literature. This exercise
might be particularly time-consuming when working with
new chemicals.
Literature identiﬁcation and gathering—a time-consuming
undertaking
We interviewed 11 experienced risk assessors, most of
them with more than 20 years of experience in risk assessment working for various authorities in Sweden, including the
Institute of Environmental Medicine at Karolinska Institutet,
the Swedish Chemicals Agency, the Scientiﬁc Committee
on Occupational Exposure Limits (EU), and the Swedish
Criteria Group. When asked to identify the most timeconsuming step of cancer risk assessment, the majority of
them identiﬁed data and literature gathering. They explained
that this step is time-consuming because data for a single
chemical may be scattered across thousands of scientiﬁc
articles. They conduct data and literature gathering on a
largely manual basis, relying only on very basic technical
support (e.g., search engines of literature portals) to ﬁnd the
information speciﬁed by cancer risk assessment guidelines
(ECHA 2008a; IARC 2006; USEPA 2005).
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Publicly available cancer risk assessment guidelines
We then investigated the breadth and depth of support
offered by these guidelines. We focused our investigation on
2 risk assessment agencies that regulate much of the chemical
assessment in the United States and Europe and provide
publicly available guidance documents via the internet: the
United States Environmental Protection Agency (USEPA)
and the ECHA.
The USEPA is the federal governmental agency with the
main responsibility of chemical cancer risk assessment in the
United States. The USEPA guidelines provide a scientiﬁc
framework for assessing potential cancer risks from exposures
to chemicals in the environment and are also intended to
inform decision makers and the public about the recommended procedures. The current version, ‘‘Guidelines for
Carcinogen Risk Assessment’’ emphasizes the critical role of
assessing the Mode of Action (MOA) (USEPA 2005). It gives
example sequences of key events that may result in cancer
formation (e.g., mutagenesis, increased cell proliferation, and
receptor activation). Some scientiﬁc evidence are very well
documented and associated with a high degree of credibility,
whereas others are more hypothetical. The USEPA guidelines
are meant to be dynamic, ﬂexible documents that evolve to
reﬂect the current state of science and cancer risk assessment
practices.
ECHA is the European Chemicals Agency in Helsinki,
Finland, which has been set up to carry out and administer
REACH—the recently established European Community
regulation on new and existing chemicals and their safe use
(EC 1907/2006). ECHA provides guidance documents to
inform the industry and risk assessment authorities about the
requirements and to assist practical risk assessment work,
including cancer risk assessment. We examined documents
that cover the data and literature search part and include
endpoint-speciﬁc guidance for mutagenicity and carcinogenicity (ECHA 2008b). We focused on sections of importance
for hazard identiﬁcation and the assessment of the MOA.
Both the USEPA and ECHA specify the main types of data
for cancer risk assessment, including a variable amount of
information for each data type. At best, they provide lists of
scientiﬁc tests that can produce the data in question and that
should therefore be searched for in literature. For example,
ECHA provides an account of mutagenicity tests that have
been a well-established source of cancer risk assessment data
(ECHA 2008c). The document gives a detailed list of these
tests that can support extensive data and literature search.
However, not all the scientiﬁc data is speciﬁed in such detail.
For example, for cell proliferation and apoptosis, the same
ECHA document just states that these endpoints are useful
in assessing the carcinogenic potential of a substance. Yet
these effects (among several other effects not mentioned in
the document) are equally important for accurate cancer risk
assessment as the well-established mutagenic effects. The
vagueness by which nongenotoxic effects are described may
be due to the more recent recognition of its importance for
carcinogenesis: novel data regarding this intensely studied
effect is still more likely to be found in literature describing
basic research than in literature typically produced for cancer
risk assessment. This is perhaps a systematic problem and
reﬂects a lag phase inherently affecting any regulatory
guideline. It may also reﬂect a recently discussed persistency
of the obsolete view that only mutagenic agents can cause
cancer (Soto and Sonnenschein 2010).
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Current support for literature search and gathering
Although some studies, such as pharmaceutical and
pesticide studies, are mainly accessible to governmental
agencies, most cancer risk assessment data is now publically
available via online literature databases. Services such as the
PubMed (http://www.ncbi.nlm.nih.gov/pubmed/), Toxicology Data Network (http://toxnet.nlm.nih.gov/), and the
OECD Global Portal to Information on Chemical Substances
(http://webnet3.oecd.org/echemportal/) offer standard search
engines that enable term or keyword-based literature search
of the available data. However, USEPA guidelines provide
little support for such literature search. The documents we
examined do not cover this practical aspect of cancer risk
assessment but rather state that the intention is not to give
advice on search strategies. USEPA’s Integrated Risk Information System (IRIS) publishes literature searches conducted
for some chemicals, including the search terms used and the
description of how relevant studies were selected (USEPA
2011). Yet no document explaining these searches or advising
on optimal search strategies has been published by USEPA to
our knowledge.
In contrast, ECHA provides elaborate advice on literature
search, particularly in the recently published ‘‘Guidance on
Information Gathering’’ document (ECHA 2008b). This
document lists potential sources of literature including, for
example, in-house ﬁles, literature databases, quantitative
structure-activity relationship (QSAR) models, along with
reviews provided by cancer risk assessment agencies that can
provide a useful starting point (e.g., OECD SIDS evaluations,
the World Health Organization International Programme of
Chemical Safety). Also the European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC), a nonproﬁt
industry group that e.g., publishes risk assessments is
mentioned as a potential source of information. However,
no support for optimal search strategies is given.
In summary, although the major cancer risk assessment
guidelines examined here provide extensive advice on the
range, quality, and ranking of scientiﬁc data needed for cancer
risk assessment, the advice is not comprehensive or detailed
enough to facilitate thorough data gathering. The advice is
particularly poor on literature search—an area where risk
assessors are not experts and would therefore require
particular support. Although ECHA has a dedicated document on information gathering, much of the guidance is too
vague to be practical.
Research has revealed conﬂicting assessments on the same
chemical (Rudén 2001). Although such conﬂicts may be due
to variations in national legislation, cancer risk assessment
teams, data requirements, and other such variables (Rudén
2006; Seeley et al. 2001), previous research has not
considered the possibility that they may also be due to
inadequate or a poor choice of data resulting from unsystematic data gathering strategies. Furthermore, the lack of
guidance risks efﬁciency and makes it difﬁcult to conduct data
and literature gathering in a systematic and transparent
manner.

HOW TO IMPROVE THE STATE OF THE ART
Clearly, there is a need to provide people working with risk
assessment with more explicit and up to date guidance on
data and literature gathering that can better support chemical
cancer hazard identiﬁcation. This guidance should include a
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more comprehensive speciﬁcation of data requirements for
cancer risk assessment and hazard identiﬁcation as well as
practical advice on literature gathering, for example, optimal
search strategies (e.g., approaches to narrowing down querybased search), ranking of the retrieved data and literature, and
keeping track of the entire cancer risk assessment process.
It should be provided in such a form that it can be updated
whenever the need arises, and it should be linked to regularly
maintained online resources that provide the more rapidly
changing or developing information, including the speciﬁcation of the scientiﬁc data and the literature resources (e.g.,
PubMed and cancer risk assessment databases).
However, the existing working practices where risk
assessors search for relevant data in the growing body of
literature via time-consuming and costly manual means are
not optimal. A far better strategy would be to develop a
computational literature search tool to support chemical
cancer risk assessment. Such a tool can be realistically built
using current text mining technology.
Text mining technology for biomedicine
Text mining is a growing ﬁeld of computer science that
develops techniques for automatically retrieving, extracting,
and discovering novel information in written texts. The goal is
to allow humans to identify required information in literature
more efﬁciently, uncover relationships obscured by the sheer
volume of available information, and shift the burden of
information overload from the human to the computer. In
recent years, biomedical text mining has become increasingly
popular due to the great need to provide access to the
tremendous body of texts available in biomedical sciences.
Technology has been developed to assist various practical
tasks, for example, the extraction of databases, dictionaries,
summaries, and speciﬁc information (e.g., interactions
between proteins and genes) from biomedical journal articles
and integrated in user-friendly tools (Ananiadou and
McNaught 2006; Horn et al. 2004; Muller et al. 2004; Shah
et al. 2005). The evaluation of such tools has demonstrated
their usefulness for real-world tasks (Cohen et al. 2008;
Zweigenbaum et al. 2007).
A text mining tool for assisting risk assessors
Developing text mining technology for chemical cancer
hazard identiﬁcation would enable building a computational
tool that conducts much of the initial, time-consuming data
and literature gathering automatically. The tool could
automatically look for scientiﬁc articles that contain data of
interest for examining a given chemical, rank and classify
these articles based on the evidence they contain, and display
the resulting structured data for risk assessors.
We have recently developed a basic prototype version of
such a tool (Korhonen et al. 2009; Lewin et al. 2008; Sun
et al. 2009). Our tool integrates a taxonomy that speciﬁes
scientiﬁc data of relevance for cancer risk assessment.
The taxonomy focuses on carcinogenic MOA, capturing the
current understanding of different processes leading to
carcinogenesis. It divides 2 commonly used MOA types,
genotoxic and nongenotoxic/indirect genotoxic, further into
subtypes (Figure 1). The nongenotoxic/indirect genotoxic
MOA categories follow the recently proposed classiﬁcation of
Hattis et al. (2009). Each class of the taxonomy is related to
words and phrases that typically indicate the occurrence of
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the type of scientiﬁc data in question. Abstracts concerning
20 selected chemical carcinogens covering different MOAs,
e.g., diethylnitrosamine and TCDD, were assigned manually
to taxonomy classes and used as training data for machine
learning approach that classiﬁes novel literature to the
taxonomy (Sun et al. 2009). The method uses linguistic
features (e.g., all words in the abstracts) and the annotated
material as training data for optimal performance.
According to our evaluation, the results are promising; the
tool is capable of classifying novel literature under correct
taxonomy nodes with over 95% accuracy (Sun et al. 2009). A
screen shot illustrating some of the functions of the tool is
provided in Figure 2. As shown in the ﬁgure, a user can
download a collection of abstracts from PubMed that are then
assigned to appropriate taxonomy classes by the tool
(Figure 2). The user can thereafter select a taxonomy class
and view all the abstracts classiﬁed in that class. Because the
tool is Web-based, it queries PubMed and enables viewing
individual abstracts and articles online.
The tool facilitates both quantitative and qualitative
overviews of the data available via PubMed. Patterns, trends,
and data gaps can be observed easily in the structured data
produced by the tool. To demonstrate how the tool could
be used to aid hazard identiﬁcation, we examined 10 970
MEDLINE abstracts for asbestos, which is a well-known
carcinogen. We used the tool to download these abstracts
from PubMed and assign them to appropriate taxonomy
classes. The tool classiﬁed 1300 abstracts as relevant for
MOA. Figure 3 shows the distribution of the abstracts for
asbestos (in percent) over the different MOA classes. For
example, 68% (888) of the abstracts are found under the
nongenotoxic/indirect genotoxic class (Figure 3A). Many of
these contain evidence for oxidative stress and inﬂammation
(Figure 3B). Asbestos has been shown to induce nongenotoxic
effects, such as inﬂammation and oxidative stress (Donaldson
et al. 1989; Nymark et al. 2008), and this can be seen clearly
in the distribution of abstracts over the MOA taxonomy,
illustrating the usefulness of the tool.
By enabling such analysis, the tool can be used to compare
toxicological proﬁles of unknown chemicals with well-known
chemicals to predict their likely properties. It can also be
useful for cancer researchers as it can support hypothesis
generation for cancer research.
This type of a tool could be developed further in many
ways. In addition to improving the coverage (by extending
and reﬁning the taxonomy and also to cover other health risks
of interest), it could be extended to consider impact factors,
citation frequencies, and cross references regarding selected
articles. This information could help risk assessors identify
more prominent, less important, and incremental studies, as
well as studies forming clusters.
The retrieved articles will always need to be examined
further by risk assessors. However, a tool based on text
mining can help by classifying articles based on the type of
evidence they offer for cancer hazard identiﬁcation and by
ranking them according to the amount and strength of the
evidence they contain. This saves time and enables risk
assessors to identify articles that are likely to be the most
useful starting point.
Further research and development is required until a
computational literature search tool speciﬁcally designed for
the needs of cancer risk assessment is available in ‘‘off the
shelf’’ manner. Once ready, the tool could increase the
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Figure 1. A tentative taxonomy showing genotoxic and nongenotoxic/indirect genotoxic modes of action.

Figure 2. Screen shots of the user interface. The ﬁgure shows the index page where the ﬁle containing retrieved PubMed abstracts is uploaded, the distribution
of asbestos abstracts in MOA classes and a detailed view of 1 abstract found in the ‘‘inﬂammation’’ node.
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only the need for chemical assessment (enforced by legislation
such as REACH) has increased considerably, pushing existing
cancer risk assessment resources to their limits, but also the
range of biomedical data of relevance for cancer risk assessment and hazard identiﬁcation has grown signiﬁcantly (e.g.,
by the inclusion of mechanistic data and the importance of
deﬁning MOAs). At the same time, the body of potentially
relevant literature has grown at a double exponential rate due
to the rapidly increasing publication activity in biomedical
sciences (e.g., the total volume of published data in PubMed
exceeds now 20 million citations from MEDLINE) (http://
www.ncbi.nlm.nih.gov/pubmed/). We have presented a
proposal that enables improving existing cancer risk assessment work as well developing a computational tool for
assisting the cancer risk assessment workﬂow.
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