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Abstract
Complex diseases, such as Alzheimer’s dementia (AD), require the use of data-driven
and predictive translational science to discover and develop effective treatments. Evaluating the
rigor and reproducibility of preclinical efficacy testing studies requires access to multifaceted
data, including the ability to evaluate elements of the study design, making it an arduous task for
most scientists. Too often, published studies lack full and transparent reporting using FAIR data
principles for researchers to evaluate outcomes and replicate findings. Illuminating the key
elements of study design and data analyses across animal model studies reporting positive, as
well as negative, findings offers the best hope for understanding effective treatments.
The National Institute on Aging and the NIH Library developed the Alzheimer’s Disease
Preclinical Efficacy Database (AlzPED; alzped.nia.nih.gov), a data platform that serves as a tool
to help researchers, funders, and the public find this information for preclinical efficacy testing
studies of AD candidate therapeutics. AlzPED facilitates easy access and detailed assessment of
curated published studies for this specific area of research; in addition, it provides a platform for
reporting data from unpublished studies, including studies with negative findings. AlzPED’s
growing collection of data from preclinical efficacy testing studies (over 700 manuscripts are
currently available) will enable researchers from academia and industry to comprehensively
evaluate the current body of evidence across therapeutic targets, therapeutic agents, animal
models, and outcomes. It also offers a scorecard detailing the reporting of critical experimental
design elements leading to easier assessment of the rigor of study design and FAIR reporting.
Extracting data about experiment design elements within the published literature is time
consuming. Text mining tools can be used to identify key concepts for each experiment design
element, leading to improved efficiencies for curating AlzPED citations. This paper will review
the use of two open source text mining packages used with the programming language of R, tm,
and pubmed.mineR. tm, short for text mining, can be used with any textual data. pubmed.mineR
provides specific functions for PubMed data. These applications were applied against the
AlzPED data collection to see how each tool performed in identifying key terms within AlzPED
published studies. Readers will learn how each tool is used, what information can be discovered,
and where each tool may fall short. This paper is of interest to investigators who need to evaluate
the quality of scientific literature or who are interested in text-mining technologies.

Introduction
In 2018, the National Institute on Aging (NIA) received $150 million dedicated to
developing translational research and clinical investigation. (Sullivan 2018) The institute is

putting those funds to good use, not only by funding viable research programs, but also by
developing strategic infrastructure to create robust, enduring, open source data repositories that
encourages collaboration across the investigative domain.

Figure 1 National Institute on Aging Drug Development Research Repositories

Dr. Richard Hodes, director for NIA, stated: “The cutting-edge research supported and
conducted by NIA and other NIH institutes has helped to revolutionize the way we think about
Alzheimer’s disease and related dementias. We are eager to make the tools and resources as
widely available as possible to spur us toward our urgent goal of preventing or effectively
treating these diseases by 2025.” (Hodes 2019)
The repositories referenced in the image above provide results, samples, and data from a
wide range of exploratory endeavors traversing the entire research and discovery process from
basic science to Phase III clinical trials. AlzPED sits in the nexus of all of these data rich
platforms. . Librarians might think of AlzPED as a scoping review of AD animal model efficacy
research.

AlzPED
Program Directors at NIA wanted to create awareness about the factors leading to poor
translation in research, and to change the culture within the research community so that
investigators work together to mitigate those factors. Dr. Lorenzo Refolo stated “The impetus for

AlzPED came from several advisory meetings and workshops held at the National Institutes of
Health along with other funding bodies. (Shineman et al. 2011) The key factors identified as
contributing to poor translation of efficacy studies in AD Animal Models include:
•

The AD animal models do not accurately recapitulate human AD

•

Lack of reliable preclinical biomarkers that translate to the clinic

•

Failure to match outcome measures used in clinical studies

•

Lack of standardization and rigor in study design and analysis of data

•

Publication bias due to under reporting of negative results in the literature

•

Poor reproducibility of published data.”

AlzPED is designed to address the last three of those factors. The goals for the database
are to: 1) Raise awareness about the elements of rigorous study design and requirements for
transparent reporting, 2) Provide a facile way for researchers to survey existing AD preclinical
therapy development studies, 3) Reduce the publication bias which favors studies with positive
findings by providing a platform for reporting on studies with negative findings, and 4) Provide
funding agencies and publishers with a tool for enforcement of requirements for transparent and
rigorous study design. (Refolo 2019) A large part of achieving these goals is the development of
the Experiment Design Scorecard. As shown in Figure 1, curators indicate whether each element
has been reported or not reported within the study by using a simple check or “x” system.

Figure 2 AlzPED Experimental Design Scorecard

Figure 2 shows an analysis of the 700+ studies curated in AlzPED to date. An alarming
number of studies do not report some of the most critical information required for rigor and
reproducibility. (Refolo 2019) Ninety-eight percent of the studies do not report sample size, and
96% of the studies do not report on the number of excluded animals within the study. This makes
for poor rigor and reproducibility within the body of knowledge.

Figure 3 AlzPED 24 Experimental Design Elements

Inspiration for Text Mining
Curators review studies meeting AlzPED criteria and extract data for each field within
AlzPED. It is relatively easy to identify key concepts such as the Therapeutic Target,
Therapeutic Agent, and Animal Models included within a study; however, reviewing for each
Experiment Design factor takes more time. Text mining technologies can expedite this process.
Many opportunities exist to explore text mining at NIH, but two efforts in particular provided
impetus for further exploration, as they could be applied to AlzPED data: first was PubTator, a
tool developed under the auspices of the National Center for Biotechnology Information, (Wei,
Kao, and Lu 2013); and secondly, a class offered by the NIH Library—“Introduction to Text
Mining in R.” (Belter 2019)
PubTator was designed for biocuration of PubMed records, offering the ability to extract
gene, disease, species, chemical, and mutation entities within records. (Wei, Kao, and Lu 2013)
PubTator is available within the National Library of Medicine’s suite of tools and is provided as
a web-based interface, similar to PubMed. Researchers can examine detailed content within the

title and abstract fields of PubMed literature with little effort or knowledge of text-mining.
Researchers can search text by a search query or by a list of PMIDs. This tool sparked the idea of
using text mining to help curate AlzPED studies.
The NIH Library offers several training classes in data services, bioinformatics, and
technology. One of those classes is a 90-minute session on “Introduction to Text Mining in R.”
(Belter 2019) The instructor, Chris Belter, explains to participants the processes and coding
required to set up an application programming interface (API) to extract content from PubMed.
Belter then demonstrates how to structure and clean that content using tm, and, finally, how to
perform topic modeling functions, which cluster terms from similar topics together, using the R
package topicmodels. The R packages tm and topicmodels are free, open source, and can be
quickly installed and used within RStudio with some prerequisite knowledge of these
applications. Belter further supplements his instruction by providing code, practice data sets, and
further instructions on GitHub. [https://github.com/christopherBelter].
Access to these examples of text mining, one demonstrating the power of being able to
identify specific entities provided by PubTator, the other demonstrating how code can be
constructed for specific uses, provided inspiration to explore this technology further. With this
knowledge, along with a baseline understanding of R and RStudio, the process of learning how
these technologies could be applied to AlzPED content began. Enabled by a curious and
nurturing research environment, much was learned about these technologies and how they could
be used with AlzPED data.

Exploring Text Mining Technology in R
Members of the AlzPED Team were curious to see if text mining software could be used
to help improve the speed and accuracy of curating AlzPED data. This investigation included
determining case scenarios that would be most helpful during curation, and the exploration of
freely available R packages that could be used for text mining. Another unanticipated, but
important, consideration needed in this analysis was the level of skill required in coding, topic
modeling, and statistical analysis in order to use some of these tools.
AlzPED divides each record into five general areas of information: Bibliographic,
Therapeutic, Animal Models, Experiment Design, and Outcomes. Ontologies have been
established for several fields within the Therapeutic, Animal Models, and Outcomes sections of
the database. Each citation indexed within AlzPED is reviewed for 24 specific elements of the
scientific experimental design. Each element is then inventoried into the previously shown
scorecard. The researchers believed that text mining might provide efficiencies by identifying
elements and informing AlzPED ontologies.

For this analysis three scenarios were proposed to evaluate whether text mining might be
beneficial for AlzPED data.
•

Can identifying specific strings of characters to reveal elements of the Experiment Design
provide curators with a road map to each study enabling more efficient curation?

•

Can patterns or relationships between terms be revealed within the science to help
facilitate the understanding of its evolution?

•

Can aggregated terms generated from PubTator in large batches of either indexed or
unindexed records help inform AlzPED ontologies by reviewing terms generated from
either the abstracts or the full text of these articles?

The R packages explored to provide answers to the questions included: tm, (Feinerer,
Hornik, and Meyer 2008) topicmodels, (Grun and Hornik 2011) caret, (Kuhn 2008)
pubmed.mineR, (Rani, Shah, and Ramachandran 2015) reutils, (Schöfl 2016) rentrez, (Winter
2017) and RISmed (Kovalchik 2017). After considerable investigation, it was determined the R
packages topicmodels and caret require a fairly high level of coding and topic modeling
experience, whereas the packages tm and pubmed.mineR are more suited for the novice learner.
RISmed, reutils, rentrez all provide scalable searching and data extraction functionality used to
obtain data from the collection of National Center for Biotechnology Information, but none of
these tools were needed for this small-scale assessment. Given the time frame and resources
allocated for the assessment, tm and pubmed.mineR were selected to assess both full-text content
and abstracts associated with AlzPED citations.

R & RSTUDIO

R is an open source coding language. RStudio is a freely available interface that allows
coders to develop, organize, and save their code for R. RStudio provides features to organize
data files, data directories, and data entities created while developing code. It also allows for easy
installation and implementation of R packages and provides the ability to export data in multiple
formats. The package ggplot2 allows for plotting of data within RStudio as well.
RStudio’s interface is divided into four regions: the Script pane, the Environment/History
pane, the Files/Plots/Packages/Help pane, and the Console pane. The Scripts pane is a place to
write, save, and execute functional code. The Environment tab allows developers to view active
data and elements within R, while the History tab displays commands that have been run in the
system. The Files tab provides a map of the directories used in code development, while the Plots
tab tracks plots generated from analysis. The Packages tab provides a list of R packages that can
be quickly installed for a wide variety of functions. Coders can also find additional packages on
the Comprehensive R Archive Network, commonly known as the CRAN file. The Help tab
supplies detailed information about R packages and elements within those packages. (CRAN
2019)

tm
The R package tm (Feinerer, Hornik, and Meyer 2008), which stands for text mining,
prepares textual data for analysis. It allows for text import and export in a variety of formats
including csv, text, and xml. It also provides a series of functions including creating and
inspecting corpora and transformations on text data such as removing stop words, punctuation, or
white spaces. The package tm allows for metadata management and the creation of termdocument matrices, required for more advanced topic modeling functions. Finally, tm allows for
the creation of specific dictionaries that can be used to search term-document matrices.
For this exploration, tm was used to create two different term-document matric structures.
The first structure was comprised of text taken from three different full-text articles that were
indexed within AlzPED. The second structure was derived from the abstracts of 87 citations
indexed within AlzPED. The analysis describes how these two term-document matrices were
constructed and then used to evaluate text mining of AlzPED data.

tm/Dictionary

In this assessment the tm/dictionary (Feinerer, Hornik, and Meyer 2008) was used to
explore content from three articles indexed in AlzPED. The text of each article was copied from
a PDF file and pasted into a respective text document. The text documents were loaded into
RStudio using the R package dplyer to read the document and then tm was used to create a
corpus from the documents. Using this corpus, a series of transformation functions were
performed with tm to remove stop words, punctuation, and whitespace. An extra step was
performed using a list of stop words developed by Chris Belter, which is reported to have an
increased proficiency in filtering stop words found within biomedical literature. Once the
transformed processes were complete for this corpus, the first step in analysis was to view the
most frequently appearing terms within the corpus, as shown in image A.

Figure 4 Term frequency from AlzPED abstracts sample DocumentTermMatrix

Next, using tm, dictionaries were created by joining together a small series of synonyms
that could be used to identify experiment design elements within a study. For this analysis the
experiment design elements chosen to explore were: power calculation, randomization, and
blinding. These are three of the many elements critical to the experiment design. The power
calculation for an experiment conveys the probability that it can detect a treatment effect.
Randomization of the test samples within an experiment is required to avoid unconscious bias
introduced by the condition of the test subjects. Blinding is used to eliminate unconscious bias as
well by obscuring from the investigator which group is receiving treatment and which is
receiving a placebo. Blinding also occurs during the post-testing process while evaluating the
condition of samples after treatment. Results found within the corpus for each cluster of terms is
shown in images B, C, and D, respectively. The R package tm does a good job of identifying
how many times a specific term appears in each article. This information could be used by
curators to provide a “roadmap” to the terms and content within each study, allowing for more
efficient curation.

Figure 5 tm Dictionary for Power Calculation terms

Figure 6 tm Dictionary for Randomization terms

Figure 7 tm Dictionary for Blinding terms

The second term-document matrix was created by taking the PMID number from 87
AlzPED citations and using them to identify the associated citations within PubMed. Data was
then exported from PubMed in XML format. From there, tm was used to extract the PMID and
AbstractText fields from each record to create the term-document matrix structure using tm.
Again, the first function was to determine which terms were used most often within the corpus of
data. The terms are shown in Figure 8.

Figure 8 Most frequently appearing terms within a sample of AlzPED abstracts

Figure 9 Network of associated terms

The most frequent terms appearing
within the table were as anticipated. However, it
was hypothesized that perhaps the second
“layer” of frequently used terms, those
appearing less than 100 times, but more than 50
times, might reveal relationships between those
terms. That theory did not bear out; however,
upon further research into the literature there is
evidence that by using topic modeling those
relationships can be discovered. Rani, et al.
(Rani, Shah, and Ramachandran 2015) describe
these capabilities within their article,
“pubmed.mineR: an R package with text-mining
algorithms to analyze PubMed abstracts.” A

sample image is shown (Figure 9), demonstrating the kinds of network analysis that can be
generated using this technology. Although results were not fruitful in this analysis, there is
potential for finding the desired results using the R package topicmodels.

PUBMED.MINER/PUBTATOR_FUNCTION

Finally, for the third case scenario for this exploration, the same corpus of 87 abstracts
from AlzPED citations noted above was used to analyze the data within AlzPED using the
PubTator_function. (Wei et al. 2012) The PubTator function is available via the pubmed.mineR
tool kit. This function works similar to the web-based version of PubTator
[https://www.ncbi.nlm.nih.gov/CBBresearch/Lu/Demo/PubTator]; however, it allows for more
precision in manipulating, plotting, and storing the results found from analysis, by using the
RStudio framework. Using the data extracted from PubTator, the AlzPED Team compared the
resulting information against existing AlzPED ontologies to discern any notable similarities,
differences, or trends that were not revealed during AlzPED curation. Several hundred terms
were generated through this analysis; the top 80 terms for genes, chemicals, and diseases are
shown in the figures below. Species generated far fewer results, and thus offered a much smaller
result set. This information, along with bibliometric analysis, may provide a methodology to
demonstrate that AlzPED is providing access to an evenly representative portion of literature
within its scope of coverage.
Genes

Figure 10 Top 80 genes identified using PubTator tool in pubmed.mineR

Chemicals

Figure 11 Top 80 chemicals identified using PubTator tool in pubmed.mineR

Diseases

Figure 12 Top 80 diseases identified using PubTator tool in pubmed.mineR

Species

Figure 13 Species identified using PubTator tool in pubmed.mineR

Conclusions
Learning R and RStudio takes time and effort, and discovering the features and attributes
of specific packages used in RStudio presents its own challenges. However, for those who are
interested in data science, and especially those who want to know how it can be applied to
literary or textual content, it is a worthwhile investment. R and RStudio are open source tools,
with a robust user community offering support and resources for those willing to embark on the
adventure. These tools can be used to identify key concepts, from both full-text articles and
abstracts identified as fitting within the scope of AlzPED’s domain of preclinical efficacy
studies. Use of these tools could potentially help improve the speed of curation. Although tm was
not able to demonstrate relationships between terms, pubmed.mineR and other R tools such as
topicmodels can provide this functionality. Finally the PubTator_function within pubmed.mineR
proved to be valuable in generating a collection of terms from abstracts, which have the potential
to serve as a benchmark for reviewing AlzPED ontologies, and perhaps in the future could even
demonstrate how AlzPED data is representative of the overall body of knowledge within the AD
animal model efficacy literature.
Text mining technologies can help support the curation of AlzPED, and potentially
improve the speed and accuracy of indexing content, resulting in an increased volume of
citations available within the platform. These improvements will allow AlzPED to be a more
complete and robust data source, reflective of a broader range of citations within its scope of
coverage, while demonstrating best practices in reporting literature. AlzPED’s ability to easily
summarize both positive and negative studies available to the AD research community, along
with the experimental design factors, provides a framework to understand gaps and opportunities

in AD animal model efficacy research. This pivotal tool applies standards and knowledge for the
translation of effective treatments for Alzheimer’s disease and related dementias.
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