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Abstract: Scientific knowledge is being accumulated in the biomedical literature at an unprecedented
pace. The most widely used database with biomedicine-related article abstracts, PubMed, currently
contains more than 36 million entries. Users performing searches in this database for a subject of
interest face thousands of entries (articles) that are difficult to process manually. In this work, we
present an interactive tool for automatically digesting large sets of PubMed articles: PMIDigest
(PubMed IDs digester). The system allows for classification/sorting of articles according to different
criteria, including the type of article and different citation-related figures. It also calculates the
distribution of MeSH (medical subject headings) terms for categories of interest, providing in a
picture of the themes addressed in the set. These MeSH terms are highlighted in the article abstracts
in different colors depending on the category. An interactive representation of the interarticle citation
network is also presented in order to easily locate article “clusters” related to particular subjects,
as well as their corresponding “hub” articles. In addition to PubMed articles, the system can also
process a set of Scopus or Web of Science entries. In summary, with this system, the user can have a
“bird’s eye view” of a large set of articles and their main thematic tendencies and obtain additional
information not evident in a plain list of abstracts.

Keywords: data mining; scientific literature; literature digest; citation databases

1. Introduction

The contents of databases containing published biomedical literature are growing
very fast. The PubMed database, which indexes abstracts for biomedicine-related articles,
currently contains more than 36 million entries, and around 1.5 million new items are
added each year right now (i.e., more than two papers per min), a rate that itself increases,
making PubMed’s growth exponential. Consequently, there is an “information overload”
in the scientific literature [1]. A particular usage of PubMed and other literature databases
is to search for all articles on a particular subject in order to get an overview of that topic,
for example, to start out in that research area or to write a review. Due to its large size,
such a search can lead to thousands of articles, even on relatively specific subjects. For
example, a simple search in PubMed for “breast cancer” results in almost half a million
articles. A more restrictive search, such as “triple negative breast cancer”, produces more
than 20,000 hits. Even restricting the search to review articles leads to an unmanageable
number of items, as there are almost 2000 reviews on “triple negative breast cancer” (as
of December 2022). Another scenario in which researchers are faced with thousands of
articles to process is in the generation of systematic reviews. A systematic review is an
in-depth expert critical assessment of the whole corpus of scientific literature on a given
topic in order to synthesize it and extract refined conclusions, for example, reviewing the
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literature and clinical trials on a given disease treatment in order to generate final guidelines
for practitioners (“evidence-based medicine” [2]). Systematic reviews involve not only
critically evaluating large sets of articles on a given topic but also their forthcoming citation
patterns in order to evaluate their impact and long-term repercussions. Consequently, the
generation of systematic reviews may take a considerable amount of time and require
extensive effort [3]. In these and other cases, reading and manually processing large sets of
articles is difficult or even unfeasible, and tools that allow authors to automatically process,
rank, digest, and extract useful information from them are increasingly demanded [4,5].

Different summarization solutions have been proposed in the literature, including
the automated generation of text summaries using computational linguistic techniques [6].
Another popular approach is that based on “word cloud” representations [7,8]. This
generates a graphical representation with the words (or pairs of words) within the set of
articles/abstracts shown in a size proportional to their relative frequencies. In this way,
words/expressions “enriched” in the set of articles (with respect to the whole bibliographic
database) are visually highlighted. Another summarization strategy is to cluster the set of
articles into subgroups based on automatic criteria, such as similarities of word content
profiles [9], based on the idea that the resulting subgroups would have a meaning in
the context of the subject represented by the original set of articles. These clustering
approaches can also report features of the clusters (e.g., words differentially enriched
within them) that might help in this interpretation. The screening of the initial set of articles
in order to discard those not related to the subject can also be included in this category of
digestion/summarization tools. These approaches are able to detect articles that, according
to different criteria, do not “fit” in the set and that could be there, for example, due to
artifacts of the search engine [10].

An interesting feature of PubMed is the “medical subjects headings” (MeSH) struc-
tured vocabulary: a set of keywords dealing with different biomedical aspects that are
manually assigned to articles [11]. While the digestion/summarization approaches dis-
cussed above can, in principle, be applied to any set of articles/abstracts, some specific
tools take advantage of the MeSH vocabulary in order to process sets of PubMed entries
(e.g., [12-14]). These derive different statistics from the frequencies of MeSH terms and
link articles based on the co-occurrence of term contents. They also provide advanced
visualization capabilities to inspect these MeSH contents.

Representing large datasets as complex networks of nodes connected by relationships
is a strategy used in many disciplines to visualize these datasets and extract information
from the network topological parameters [15]. This kind of network representation is
widely used in molecular biology and biomedicine to represent large sets of relationships
between bioentities [16]. Network approaches have also been used to visualize and analyze
literature datasets. In these representations, the nodes are usually the articles, and the links
represent different types of relationships between them, such as common keywords (e.g.,
genes, MeSH terms, etc.) [17], similar word contents, or citations from one article to the
other [18]. In these literature-derived networks, nodes can also represent other entities
linked by the information contained in the set of articles, such as gene—gene relationships
obtained by comentions in the literature [19].

In this work, we present PMIDigest, a general-purpose tool for distilling large biomedicine
article datasets and presenting the summarized information as an interactive graphical
web report. In PMIDigest, we implemented features that were useful in our own work
generating systematic reviews.

2. Materials and Methods

The simplest input for PMIDigest is a text file with the list of PubMed identifiers
(PMIDs) for the set of articles of interest. As examples, this set of articles can be the result of
a search on PubMed’s web interface or of automatic calls to the NCBI Entrez API (Figure 1).
In the case of an interactive search on PubMed’s web interface, the file with the plain list
of PMIDs required by PMIDigest can be obtained with the “Save” option, choosing “All
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Results” in “Selection” and “PMID” in “Format”. The PMIDigest distribution (see below)
includes examples of this input file.

Bibliographic
Searches

Web of Science
Scopus | <ref> PubMed
PubMed <ref> <title>....</title>
29731182 <title>...]  <abstract>...</abstract>
28596023 <abstract] </ref>
30071894 | </ref>
27543643 <ref>
28213610 <ref> <title>....</title>
24990390 <title>...]  <abstract>...</abstract>
31188437 <abstract] </ref>
27314331 | </ref>
31686768

23135760 I

o (il

PMIDigest »
MeSH categories of interest

T020 k /
T023
T042

T056 Interactive report (local HTML file)

Figure 1. PMIDigest workflow for generating an interactive web report. The user input is shown
on the left: sets of articles from PubMed, WoS, Scopus, or other resources (for example, from
bibliographic searches), together with the MeSH categories of interest. This input, together with
information retrieved automatically from PubMed and MeSH, is used to generate the interactive web
report as a local HTML file.

Files with sets of articles from other bibliographic resources, such as Scopus or Web of
Science (WoS), can also be imported if they are provided in a specific XML format described
in the documentation. These can be combined with sets of PMIDs in order to inspect sets of
articles from different sources together. In the case of articles from Scopus, WoS, or other
resources, some PubMed-specific data shown in the interface will not be available, such
as the MeSH keywords or citation data. Examples of these files are also included in the
distribution.

PMIDigest automatically downloads the required data for the PubMed articles through
the NCBI Entrez API and stores them locally so as to avoid retrieving data on the same
article(s) if these are required later. These data include the set of citing articles in PubMed
Central (PMC) from which different citation figures are calculated. For other bibliographic
resources, these data have to be provided in the XML files themselves (Figure 1).

As additional input, PMIDigest processes the whole MeSH vocabulary, searching
for the terms of certain categories of interest for the user (e.g., microorganisms, diseases,
etc.) (Figure 1). These categories are specified as input by the user in the form of MeSH
“semantic types”. For MeSH terms related to microorganisms, links to the NCBI Taxonomy
database [20] are generated, while those related to chemical compounds are linked to the
corresponding entries in the CAS registry and the FDA Substance Registration System.

The data downloaded for the PubMed entries includes their PMID, title, abstract,
reference, date, authors, article type, citing articles, MeSH terms, and links to clinical trial
databases if available.

Pattern-matching approaches are used to locate mentions of MeSH terms (as well as
generic user-defined terms) in the articles” abstracts and titles. This includes the terms’
synonyms defined in the resource.
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The retrieved citation information is used to generate a “citation network”. In this
network, nodes are articles, and directed links connect citing articles with cited articles.

After processing all this information, an interactive web-based report is generated as a
local HTML file that can be visualized offline in any web browser. This interactive HTML
report uses open-source JavaScript libraries described in the documentation, including
Cytoscape’s ]S libraries for network visualization [21].

PMIDigest is distributed as a command line tool coded in the Perl programming
language, together with other files required by the interactive web page. It works on
Linux, Windows, and MacOS. The free Perl interpreter has to be installed. The interactive
HTML report generated by the program can be visualized in the main web browsers:
Firefox, Chrome, Safari, and MS Edge. The open-source package wget for the retrieval
of content from web servers is also required. This package is freely available for all
operating systems mentioned above. The distribution includes installation instructions,
documentation, examples, and a help file accessible from the same interface. PMIDigest
can be freely downloaded from https://github.com/JNovoaR /PMIDigest, accessed on 13
March 2023. An example interactive report is available online at https://csbg.cnb.csic.es/
jnovoa/PMIDigest/example/Food Additives.html, accessed on 13 March 2023.

3. Results
3.1. Interface Sections

Screenshots of the interactive web report generated by PMIDigest are shown in Figure 2.

[HELP] Tag: Tag as Imp. | Othertags Untag | Delete: Del. selection | Trash-> A Chassaing (2015), 25731162 A
Highlight terms: | Enter new terms Journal Article; Research Support, N.I.H,, Extramural; Research Support, Non-U.S. Gow\t
Food additives ul icle; pport, N.LH., 3 pport, .S,
= source Type  Date Title % el W m s | ||Dietary emulsifiers impact the mouse gut microbiota
promoting colitis and metabolic syndrome.
Gill, StevenR et al.
Science. (2006). - Metagenomi analysis of the human distal
312(5778)1355-9 ) 20069 - gut microbiome 16501018 The intestinal tract is inhabited by a large and diverse community of microbes collectively
1674 referred to as the gut microbiota. While the gut microbiota pmwdes important benef its (a ns
Suez, Jotham ef al. hosl espemally in metabollsm and immune de of the
Nature. (2014) Avtificial sweeteners induce gucose p is d with r chronic infl y diseases, '"C|Ud'"9
514(7521)181-6 C 201410 iuojerance by altering e U microbiota. 7 724 28 Imp inflammatory bowel disease and the group of obesity iated diseases
25201862 referred to as metabolic syndrome. A primary means by which the intestine is protected from
- e its microbiota is via multi-layered mucus structures that cover the intestinal surface, thereby
Na:}s;alrzgm)m s Dietary emusifiers impact the mouse gut allowing the vast majority of gut bacteria to be kept at a safe distance from epithelial cells that
519(7541)92-6 L 201503 :un;mummgcommmwmlx 52 @2 3 wseE (] line the intestine. Thus, agents that disrupt muicus-bacterial mteracnons might have the
25731162 g polemlal to promote dlseases i with gut i q it has been
P——— pothesized that -like molecules that are a ublqullous component of
feng, Yun ef a § : N PR N
y processed and that can increase bacterial translocation across epithelia in vitro, might
g:(’;;‘g;',ﬁ;fg @) ] 20181 m’g? ,ﬂmi IMCORNASSTPE 199 w8 4 m. () be p ing the increase in ir y bowel disease observed since the mid-twentieth |
30449315 cantun:_Hara wa_ranad_that _in_mica_ralativaly_lou ions_of two. Iu_ucad
E J
Theriot, Casey M et al. Antiblotic-induced shifts in the mouse gut % m :
Nat Commun. (2014). - 201400  ™croblome and metabolome ncrease - %5 3 _ 0 g
53114 susceptbilty to Clostridium dfficile ‘
ssisass preciuiiiae v s !
A S
D008070  Lipopolysaccharides 10700 [+PMIDs] 5 o
AR
D052201 Lactobacillus rhamnosus taxid:47715 10/700  [+PMIDs] e
D002784  Cholesterol 97c5t2uq7j 57-88-5 10/700  [+PMIDs] T o R of
D018149 Glucose Intolerance 10/700  [+PMIDs] Et
D001786 Blood Glucose 9/700  [+PMIDs] . nE
D000293 9700 [+PMIDs] S e i
[+PMIDs] e
D013213 Starch 9005-25-8 9700 [+PMIDs] | v a0 [Choose layout: () breadthfirst @ cose () cola () klay () dagre [

Figure 2. Screenshot of a PMIDigest interactive web report. The four main panels are: a table with
the list of articles (top left), a table with MeSH terms (bottom left), the citation network (bottom
right), and article details (top right). In this example, MeSH terms related to diseases are colored
red; those describing microorganisms are indicated in green; those related to chemical and biological
compounds are indicated in blue; and those associated with food, body parts/substances, and age
are indicated in orange. The selected article is highlighted in the article list (light-blue background)
and the citation network (with the incoming citations shown as light-blue arrows and the outgoing
citations as red arrows), and its details (including the abstract) are shown in the top-right panel.
The interactive report for this example is available at https://csbg.cnb.csic.es/jnovoa/PMIDigest/
example/FoodAdditives.html, accessed on 13 March 2023.
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3.1.1. Article List

The top-left panel contains a table with the list of articles within the input dataset. The
first column shows the reference and the PubMed identifier (PMID), which is a link to the
PubMed record for that entry. The second column shows the source of that item: PubMed
(PM), Web of Science (WoS), or Scopus. The next column indicates the type of article,
highlighting three types of special interest in biomedicine: reviews (R), systematic reviews
(S), and clinical trials (C). In the following columns, the publication date and the title of
the article are shown. The next three columns contain citation-related figures: the total
number of PMC citing articles, the average number of citations per year, and the number of
citations from articles within the same dataset. The citations/year parameter provides an
idea of how trendy an article is and can point out to promising articles published recently
(therefore without a large number of total citations) but that are highly cited. Similarly,
the number of “internal” citations (from other articles within the same dataset) can help
to identify important articles for the particular subject the dataset is representing. The
two last columns show the tags assigned to the articles and a check box for selecting
and manipulating them (see below). When an article (row) is selected in this list, the
corresponding node becomes highlighted in the “Citation network” panel, and its details
are shown in the “Details” panel (see below). The table can be sorted by any column by
clicking the corresponding header. This allows, for example, for inspection of the most
recent articles (sorting by date) or those with the most citations or for compilation of all
articles of a given type (e.g., reviews) or with a given tag (see below).

3.1.2. MeSH Terms List

The bottom-left panel shows the list of MeSH terms from the categories of interest for
the user assigned to the articles of the dataset, together with their frequencies within the
dataset (number of articles linked to each term). The list is sorted by those frequencies,
and the descriptions of the MeSH terms are shown in different colors depending on the
categories they belong to, using a color scheme defined by the user. The MeSH identifiers
are links to the corresponding entries in the MeSH resource. For MeSH terms related to
microorganisms, a link to the NCBI Taxonomy database [20] is included, and those related
to chemical compounds are linked to different chemical-related resources. The last column
contains a link to expand a list with the entries (PMIDs) associated with a particular MeSH
term, which are links to show the corresponding article in the “Citation network” and
“Details” panels (see below). Among other things, this panel allows the user to obtain an
overview of the main thematic tendencies of the set of articles—usually represented by
the MeSH terms with the highest frequencies. Apart from the keywords defined in the
MeSH vocabulary, this list can also show a generic set of terms specified by the user. These
user-defined terms are shown in purple in this list (see “Operations with Articles” below).

3.1.3. Citation Network

The bottom-right panel shows the citation network for the articles in the input set.
Each node represents an article, and the (directed) links represent citations from one article
to another. Nodes are colored according to the number of internal citations received,
from dark blue (fewer) to yellow (more). Papers that do not participate in any internal
citation (either citing or being cited) are not included in this network. The representation
can be zoomed-in/out with the mouse wheel and moved by dragging the mouse in the
background. It is also possible to move the nodes by dragging them with the mouse.
Right clicking a node highlights its incoming and outgoing links (citations) in blue and
red, respectively (Figure 2). Clicking a node with the left button shows the details of the
corresponding paper in the “Details” panel (see below). As mentioned above, nodes are
also highlighted when the corresponding articles are selected in the “Article list” or “MeSH”
panels. In these cases, the display automatically moves to those nodes if they are out of
view, due to, for example, a large zoom.
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A network layout is the placement of network nodes according to different criteria
for representation purposes only. Different layouts can be used to represent the same
network, depending on which feature the user wants to highlight. In this panel, several
graph layouts can be chosen with the “[+]” menu.

This network allows, for example, for detection of “clusters” (groups of papers citing
each other recurrently while not citing others in the dataset). These “citation clusters”
might represent different subthemes within the general subject represented by the set of
papers, different points of view on the topic, etc. The node color allows for detection of the
“hubs” of the clusters (i.e., the central, highly cited papers), which could be good starting
points to dig into these subthemes or points of view represented by the clusters.

The citation network is not available for collections of more than 3000 articles due to
its computational cost.

3.1.4. Article Details

Finally, the top-right panel shows the details of an article selected in any of the other
panels (list, MeSH, or network). This section displays the title and abstract of the selected
article. MeSH terms from the user-defined categories and generic terms introduced by
the user are highlighted and colored as in the MeSH panel. Although MeSH terms are
only associated with PubMed articles, their mentions in articles from other sources (Scopus
and WoS) are also highlighted. Similarly, for a particular PubMed entry, all mentions of
any MeSH terms in its title/abstract within the whole set are highlighted, irrespective
of whether they are indexed for that particular article or not. This section also includes
the reference and type of article at the top, as well as the article PMID, which is a link to
the article record in the corresponding database. If an article is associated with entries in
clinical trial databases, links to the corresponding records in these databases are shown at
the bottom of the panel.

3.2. Operations with Articles

The interface incorporates some features for ranking and filtering the set of articles.

It is possible to assign user-defined tags (labels) to the articles, which are shown in the
“Tag” column of the article list. To tag papers, select one or more items from the article list
by checking the corresponding checkboxes; then, either tag these articles as “important”
(“Tag as Imp.” button) or use custom tags. Rows for articles tagged as “important” are
highlighted with a green background. The “Other tags” button allows the user to define
new generic tags and assign them to the selected articles. It also allows for previously
defined tags to be assigned the selected articles. The “Untag” button removes the tags from
the selected papers.

The “Del. selection” button allows the selected papers to be (temporarily) removed
from the article list. These go to a “Trash” list accessible from the corresponding button,
from where they can be eventually selected and recovered with “Undelete selection” button.

Apart from the MeSH terms mentioned earlier, it is possible for the user to define a set
of generic terms of interest with the “Enter new terms” button. These terms are highlighted
in purple and added to the panel along with the list of MeSH terms, together with their
frequencies in the set of articles.

3.3. Other Features

Using the browser’s “Save” function, it is possible to save the report in HTML format,
including all the changes made (deleted articles, new tags and terms introduced, table
sorting, etc.) so that the working session can be resumed later by opening that HTML file.

The interface includes a link to the local help file included in the distribution, which
describes all functionalities.
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4. Discussion

The pace at which bibliographic databases are growing pushes the development
of automatic tools for processing such massive amounts of information. The amount
of bibliographic information on a given subject, even if very specific, is very large and
therefore difficult to process manually. Although the landscape of tools for this general
purpose is large and continuously changing as new tools emerge, we can classify them into
two main families: tools for the targeted extraction of specific types of information and
summarization approaches aimed at helping in the processing of large text corpora but
without an particular intended type of information in mind.

There are many automatic tools for the “targeted” extraction of information from
the biomedical scientific literature. These tools process raw text and, using text-mining
approaches, detect mentions of particular entities of biological interest (e.g., genes, proteins,
diseases, etc.) [22], as well as action verbs and other context information, and report them
in a structured manner (e.g., “protein_A interacts_with protein_B” [23]). Some of these
approaches use advanced “natural language processing” (NLP) methods to detect the roles
of words in sentences in order to facilitate the detection of specific patterns indicative of
the specific information they are looking for [24]. These text-mining approaches can also
be used to extract other very specific data of interest for particular projects, such as the
number of patients/controls in a clinical trial report [4]. Many of these tools define an a
priori “ontology” (representation of knowledge in a computer-tractable way) and scan
the literature based on it (e.g., [25]). For these reasons, these tools are tailored to specific
scenarios, as they are targeted at the retrieval of specific pieces of information and are
usually domain-oriented (intended for a specific area/discipline).

An alternative (and complementary) approach is to use summarization techniques that
help to digest generic literature corpora without looking for a particular type of information.
However, there are not many open-source tools available to summarize large generic sets
of articles. The most powerful approaches are commercial solutions, such as DistillerSR,
whereas the landscape of open-source tools is still limited and focused on specific problems.
The tool described in this work falls in this category.

The application of machine learning approaches is revolutionizing scientific research
in general and biomedicine in particular [26], with the recently developed system Al-
phaFold for the prediction of high-quality 3D structural models for proteins being the
most prominent example [27]. Very recently, a family of machine learning approaches
called “generative language models” (e.g., ChatGPT) has become very popular due to
their astonishing capacity to learn language structures from written text and use them
to generate answers to questions that read like human-written text. The potential of this
approach for text mining and text summarization is very high, and we are see applications
in these areas in the future. Meanwhile, tools such as that presented here can help users
with these issues.

5. Conclusions

We developed a generic tool for digesting large sets of biomedicine-related articles
that generates a user-friendly, interactive, and dynamic web report with features intended
for the user to obtain a “bird’s eye view” of the main topics and subtopics of the set of
articles, their overall citation tendencies, internal citation relationships, etc. Wherever
possible, links to the original article and to external resources with additional information
are provided.

In the toll described herein, we implemented features we found useful in our own
work generating systematic reviews. For that reason, we think PMIDigest can be useful
in different scenarios, such as the generation of systematic reviews or for initiation into a
specific subject via related bibliographic searches.

In the future, we plan to add new features to the tool, such as the possibility of
processing sets of clinical trial records, the generation of printable reports for a generic set
of articles, the generation of word clouds, or the automatic analysis of the citation network.
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