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Abstract

Text mining has emerged as a pivotal tool in various domains of research, revolutionizing the way scholars and
scientists extract valuable insights from vast volumes of textual data. This comprehensive review explores the
significance of text mining across different disciplines, focusing on its role in uncovering hidden knowledge and
trends. Text mining involves the automated extraction, analysis, and interpretation of information from diverse text
sources, including articles, books, websites, and social media. This paper discusses the applications of text mining,
such as natural language processing, information retrieval, and data mining techniques, to discover patterns,
relationships, and trends within textual data.

The review delves into the role of text mining in fields such as finance, healthcare, web content mining, business,
accounting, and scientific literature analysis. In finance, text mining aids stock market prediction by analyzing news
articles and textual data for trading decisions. In healthcare, it identifies trends in research and scientific literature,
enabling researchers to discover novel patterns. Web content mining assists in extracting useful information from web
documents, while in the business domain, it enhances decision-making by analyzing customer feedback and market
trends. Text mining also streamlines accounting processes and audit automation.

Furthermore, this review highlights the application of text mining in predicting drug interactions, molecular targets,
and drug repurposing in the context of breast cancer treatment. It showcases how text mining techniques, coupled with
machine learning and deep learning algorithms, enable the identification of potential drug-target interactions,
biomarkers, and therapeutic avenues. In breast cancer research, text mining aids in the discovery and validation of
biomarkers, improving individualized treatment and prognosis.

The paper concludes by emphasizing the importance of text mining in facilitating drug safety analysis, particularly in
pharmacovigilance. It explores text mining's capabilities in extracting potential adverse drug events from various
sources, including medical case reports, social media platforms, clinical records, and electronic health records. Text
mining's role in supporting drug safety professionals and early adverse event detection is underscored, highlighting its
contribution to pharmaceutical decision-making and patient safety.

In summary, text mining is a transformative tool that transcends disciplinary boundaries, providing researchers and
professionals with a powerful means to extract valuable insights from textual data and unlock hidden knowledge. Its
versatility and applications make it an indispensable tool in the modern research landscape.

1.0 Introduction

Text mining plays a pivotal role in modern research across various disciplines, revolutionizing the way scholars and
scientists extract valuable insights from vast amounts of textual data. This process involves the automated extraction,
analysis, and interpretation of information from text sources, such as articles, books, websites, and social media. Its
applications span from natural language processing to information retrieval, providing researchers with a powerful tool
for uncovering hidden knowledge and trends.

1.1 Role of text mining in research

Text mining, also known as text data mining, is a research area that focuses on analyzing unstructured text data to
extract valuable information and knowledge[1]. It involves the application of various techniques and algorithms from
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fields such as data mining, natural language processing (NLP), machine learning, and information retrieval [2]. The
goal of text mining is to discover patterns, relationships, and trends within textual data [3].One of the most common
techniques used in text mining is the Vector Space Model (VSM), which represents text as a bag of words This model
has been widely used in traditional text mining approaches. However, recent research has explored the use of graph-
based text representation models, which capture semantic relationships between words and concepts.These models
have shown promise in improving the accuracy and effectiveness of text mining tasks [2].

Text mining has a wide range of applications across various domains. In the field of finance, text mining techniques
have been used for stock market prediction. By analyzing news articles and other textual data, text mining can provide
valuable insights for trading decisions[4]. In the healthcare domain, text mining has been used to identify trends in
research and analyze scientific literature. It can help researchers discover novel patterns and relationships in the field
of oropharyngeal dysphagia [3].

Text mining also plays a crucial role in web content mining, where it is used to extract useful information from web
documents. With the rapid growth of the internet and the availability of large amounts of web data, text mining
techniques are essential for analyzing and understanding web content. Web content mining can be categorized into
different approaches, including unstructured text mining, structured mining, semi-structured text mining, and
multimedia mining.

In the business domain, text mining has been applied to analyze vast amounts of text documents and extract valuable
insights for decision-making.It can help organizations analyze customer feedback, market trends, and competitor
information. By analyzing text data, businesses can improve their product quality, introduce new products to the
market, and gain a competitive advantage [5].

Text mining also has applications in the field of accounting, where it can be used for accounting automation and audit
automation. By automatically processing large amounts of text data, text mining techniques can extract and structure
content, discover hidden data, and make automated decisions. This can help organizations streamline their accounting
processes and improve efficiency [6].

Despite the advancements in text mining techniques, there are still challenges and open research questions in the field.
Some of these challenges include the need for interdisciplinary coordination and cooperation, standardization of
procedures, and addressing issues related to intellectual property rights [7]. Additionally, the effective integration of
text mining with other data mining techniques and the development of personalized prescriptive systems are areas that
require further research

1.2 Unlocking Insights: Text Mining for Extracting Knowledge from Vast Scientific Literature

Text mining techniques have gained significant popularity in academia and industry as a means to extract relevant
information from a vast amount of scientific literature. The use of text mining in scientific literature has primarily
focused on abstracts due to their availability. However, there is a growing interest in analyzing full-text articles to gain
a more comprehensive understanding of the research. Text mining involves the application of natural language
processing (NLP) and data mining techniques to extract facts, relationships, and knowledge from unstructured or
semi-structured textual data. It aims to transform unstructured text into structured information that can be used to
annotate specialized databases, transfer knowledge between domains, and support decision-making processes.

One area where text mining has been extensively applied is in the field of biomedical research. Biomedical text mining
focuses on extracting information about biological entities such as genes, proteins, phenotypes, and biological
pathways[8]. It has been used to extract protein-protein associations, disease-gene associations, and protein subcellular
associations. For example, the popular STRING database utilizes automated text mining of the scientific literature to
integrate known molecular interactions[9].

Text mining techniques have also been employed in materials science research. By applying natural language
processing and information extraction techniques, researchers have been able to consume and codify scientific
literature to generate rich datasets for data science and machine learning [10]. This has enabled data-driven materials
research, allowing for the discovery of patterns and relationships in large-scale datasets [11].

In the field of design research, text mining techniques have been used to identify major academic branches and detect
research trends. By analyzing scientific literature in design research, clustering and bibliometric analysis can be used
to shape academic branches and summarize their characteristics [12]. This approach provides valuable insights into the
evolution and trends within the field.

Text mining techniques have also been applied to fields such as human health risk assessment and electromagnetics. In
assessing the human health risk of electromagnetic fields, text mining techniques have been used to extract information
such as purpose statements, research categories, and sources of EMF [13]. This enables a systematic analysis of
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scientific literature to inform risk assessment processes.

The use of text mining in scientific literature has been facilitated by advancements in big data frameworks and
machine learning algorithms. These technologies enable the processing and analysis of large volumes of text data,
allowing for the extraction of valuable information. For example, SparkText is a biomedical text mining framework
that leverages big data technologies to analyze large numbers of abstracts and full-text articles [11].

Despite the benefits of text mining in scientific literature, challenges still exist. One challenge is the extraction of
information from tables within scientific publications. Traditional text mining techniques are primarily focused on
unstructured text and may struggle to extract information from tables [14] However, efforts are being made to develop
automated software tools that can extract information directly from tables and figures within scientific literature [15].

2.0 Text Mining in Breast Cancer drug discovery

Text mining is a valuable tool in drug discovery for breast cancer. It involves the process of extracting and analyzing
information from a large number of unstructured texts to identify essential genes and potential drugs. By using text
mining and bioinformatics analysis, researchers can search for candidate genes and drugs associated with breast cancer
[15]. This approach allows for the identification of new drug targets and biomarkers for cancer diagnosis [16].

One study by focused on searching for essential genes and drug discovery in breast cancer using text mining and
bioinformatics analysis. The researchers aimed to identify candidate drugs targeted to these genes for expanding the
potential drug indications [15]The study found that some candidate genes and drugs were correlated with breast cancer
through text mining [17].

Another study by explored the use of semantic text mining in early drug discovery for type 2 diabetes. Text mining
was described as the process of discovering and capturing knowledge from a large number of unstructured texts. This
technique has been applied to various problems in drug discovery, including the identification of new drug targets and
the extraction of valuable information from literature [18].

Text mining can also be combined with other methods, such as microarray data analysis, to facilitate drug discovery.
used text mining and microarray data analysis to identify potential drugs for canine pyometra disease [19]. The study
analyzed genes and protein-protein interaction networks to select important genes for gene-drug interaction analysis.
Similarly, text mining and microarray data analysis have been applied to the screening of disease biomarkers, the
identification of signaling pathways, and the discovery of new drugs [19].

2.1 Text Mining for Breast Cancer Biomarker Discovery and Validation

Breast cancer is a complex disease with various subtypes and clinical outcomes. The identification and validation of
biomarkers associated with breast cancer are crucial for improving individualized treatment and prognosis [20]. Text
mining, a branch of data mining, can be a valuable tool in this process by extracting relevant information from
biomedical literature and generating hypotheses about potential biomarkers[21].

One study by used text mining to identify molecular gene signatures associated with aggressive breast cancer. They
found that elevated expression of cyclin B2, a cell cycle regulator, was associated with unfavorable clinical outcomes
in invasive breast carcinoma [20]. This highlights the potential of text mining in identifying biomarkers that can
provide prognostic information for breast cancer patients.

Another study by demonstrated the integration of text mining with network analysis to investigate breast cancer trends.
They used text mining to analyze a large-scale collection of biomedical abstracts and generate hypotheses about breast
cancer biomarkers [21]. This approach can help researchers identify novel biomarkers and understand the underlying
biological mechanisms of breast cancer.

In addition to identifying biomarkers, text mining can also aid in the validation of biomarkers. For example, conducted
a study to discover and validate salivary transcriptomic and proteomic biomarkers for the non-invasive detection of
breast cancer. They used text mining to analyze the literature and identify potential biomarkers, which were then
validated in preclinical samples. The study showed that transcriptomic and proteomic signatures in saliva can
accurately detect breast cancer[22].

Text mining can also be used to retrieve and analyze hormone receptor expression characteristics in metastatic breast
cancer. developed a novel tool that uses data mining on pathology reports to retrieve information about hormone
receptor expression in metastatic breast cancer. This tool can help researchers and clinicians understand the hormone
receptor status of metastatic breast cancer, which is crucial for treatment decisions and prognosis [23].

Furthermore, text mining can be integrated with other data mining techniques, such as network analysis, to identify
genetic trends and interactions in breast cancer. applied text mining to extract information from biomedical literature
and identify interactions between disease-associated biological units [24]. This approach can help uncover novel
biomarkers and understand the genetic basis of breast cancer.
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Overall, text mining can play a significant role in the identification and validation of biomarkers associated with breast
cancer. By analyzing biomedical literature, text mining can generate hypotheses, identify potential biomarkers, and
provide insights into the underlying biology of breast cancer. Integrating text mining with other data mining techniques
can further enhance the discovery and understanding of breast cancer biomarkers.

2.2 Text mining in identifying potential biomarkers for diagnosis, prognosis, and treatment response
prediction in breast cancer

Breast cancer is a significant global health burden, with over 1.3 million cases diagnosed and approximately 0.5
million associated mortalities annually worldwide [25]. The identification of precise biomarkers for the diagnosis,
prognosis, and treatment of breast cancer is crucial.

One potential biomarker for breast cancer is MUCI, a glycoprotein that has been implicated in the metastasis and
invasion of multiple tumors, including breast cancer. Overexpression of MUC1 has been associated with a poor
prognosis in breast cancer patients. It has also been found to be positively correlated with CREB3L4 and may serve as
a potential prognostic factor and therapy target [26].

Another potential biomarker is SLC50A1, a novel sugar transporter that has been identified as a potential serum-based
diagnostic and prognostic biomarker for breast cancer. High expression of SLC50A1 has been associated with estrogen
receptor-positive and HER2-positive breast cancer, as well as unfavorable outcomes in high-grade breast cancer.
SLC50A1 has also been found to be associated with estrogen receptor status and HER2 status [27].

PPP1CA and PPP4C, members of the PPPCs family of phosphoprotein phosphatases, are other potential biomarkers
for breast cancer. These proteins have clinical significance in breast cancer and may serve as potential biomarkers for
diagnosis, prognosis, and treatment [28]. ADH1A and IGSF10 are two genes that have been identified as potential
biomarkers for breast cancer. These genes have been associated with breast cancer prognosis and have shown
significant down-regulation in breast cancer tissues[29].

FLADI is another potential biomarker that has been found to have diagnostic and prognostic value in breast cancer. Its
expression has been explored across pan-cancer analysis and has shown promise as a biomarker for breast cancer [30].

MicroRNAs have also been investigated as potential biomarkers for breast cancer. Several studies have identified
microRNAs that are associated with breast cancer prognosis and may serve as potential biomarkers [29,30]. These
microRNAs have consistently shown down-regulation in breast cancer tissues [29].

Radiogenomics approaches using low-dose perfusion computed tomography (CT) have been explored to predict
prognostic biomarkers and molecular subtypes in breast cancer. Machine learning approaches have been applied to
radiogenomics to identify potential biomarkers and improve the prediction of prognosis and treatment response in
breast cancer [31].

It is important to note that while there have been advancements in identifying potential biomarkers for breast cancer,
no validated biomarker currently exists for routine clinical practice [32]. Further research and validation are needed to
translate these potential biomarkers into clinical applications.

In summary, various potential biomarkers have been identified for the diagnosis, prognosis, and treatment response
prediction in breast cancer. These biomarkers include MUCI1, SLC50A1, PPP1CA, PPP4C, ADHI1A, IGSF10,
FLADI1, and microRNAs. Radiogenomics and machine learning approaches have also been explored to identify
potential biomarkers in breast cancer. However, further research and validation are needed to determine the clinical
utility of these biomarkers.

3.0 Text mining to predict interactions between drugs and molecular targets

Text mining has emerged as a valuable tool in predicting interactions between drugs and molecular targets. By
analyzing large volumes of text data from biomedical literature and databases, researchers can uncover relationships
between drugs and their target molecules. Several studies have utilized text mining techniques to predict drug-target
interactions and facilitate drug discovery.

One study by proposed a deep-learning based model called DeepDTA for predicting drug-target binding affinities. The
model utilized sequence information of both targets and drugs to predict the interaction binding affinities. The authors
used convolutional neural networks (CNNs) to model protein sequences and compound 1D representations, achieving
effective predictions of drug-target binding affinities [33].

Another study by introduced SimBoost, a read-across approach for predicting drug-target binding affinities using
gradient boosting machines [34]. The study focused on the computational prediction of drug-target interactions and
achieved accurate predictions for various binary drug-target benchmark datasets.

Text mining has also been applied to identify potential drug targets and biomarkers for specific diseases. For example, in
a study on ovarian cancer, identified low expression of KCNN3 as a potential biomarker affecting drug resistance [35].
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The authors used text mining and protein-gene interaction analyses to establish the association between KCNN3 and
drug resistance.

In the field of computational biology, text mining has been combined with other analytical tools to discover new
relationships between genes, diseases, and drugs. utilized text mining and biomedical databases to identify genes
associated with endometriosis-induced infertility and potential drugs for treatment [36]. The authors analyzed gene
enrichment and protein-protein interaction networks to select candidate drugs for further investigation.

Furthermore, text mining has been employed in drug repurposing efforts. conducted a study on canine pyometra
disease, using text mining and microarray data analysis to identify potential drug targets and discover new drugs [37].
The authors analyzed gene-drug interactions and protein-protein interaction networks to provide evidence for potential
drug discovery.

Text mining has proven to be a valuable tool in predicting interactions between drugs and molecular targets. By
analyzing biomedical literature and databases, researchers can uncover new relationships, identify potential drug
targets, and facilitate drug discovery efforts. The combination of text mining with other computational techniques,
such as deep learning and network analysis, has shown promising results in predicting drug-target interactions and
identifying potential therapeutic targets and biomarkers.

3.1 Text mining to predict interactions between drugs and molecular targets in the context of breast cancer.

To predict interactions between drugs and molecular targets in the context of breast cancer, text mining techniques can
be employed to analyze biomedical literature and databases. Several studies have utilized text mining and machine
learning approaches to predict drug-target interactions and facilitate drug discovery.

One study by developed a computational framework called DeepDDI that uses deep neural networks to accurately
generate human-readable sentences describing drug-drug or drug-food constituent interactions [38]. The authors
applied DeepDDI to predict drug-drug interactions (DDIs) and drug-food constituent interactions (DFIs) and
showcased its applications in understanding DDI mechanisms causing adverse drug events (ADEs), suggesting
alternative drug members, and predicting the effects of food constituents on interacting drugs [38].

In another study by , QSAR modeling was used to predict drug-drug interactions. The authors developed and validated
QSAR models for the prediction of DDIs, representing interacting drug pairs as binary chemical mixtures and using
quantitative neighborhoods of atoms (QNA) descriptors to predict the likelihood of DDIs. The models showed
balanced accuracy for external test sets, demonstrating the potential of QSAR modeling in predicting DDIs [38].

Furthermore, machine learning techniques have been applied to predict complexation performance between
cyclodextrins and guest molecules, which can be relevant in drug formulation and delivery. These studies utilized
molecular descriptors and experimental conditions as inputs to predict complexation free energy and solubilizing
capacity of cyclodextrin systems [39]

It is important to note that while text mining and machine learning approaches have shown promise in predicting drug-
target interactions, further validation and experimental studies are necessary to confirm the predicted interactions and
their clinical relevance. Additionally, the integration of other data sources, such as omics data and clinical data, can
enhance the accuracy and applicability of these predictions.

Text mining and machine learning techniques have been utilized to predict interactions between drugs and molecular
targets in the context of breast cancer. These approaches have shown potential in understanding drug interactions,
suggesting alternative drug members, and predicting the effects of food constituents on drug efficacy. However, further
research and validation are needed to translate these predictions into clinical applications.

4.1Text mining can facilitate the repurposing of existing drugs

Text mining has been recognized as a valuable approach to facilitate the repurposing of existing drugs. By analyzing
biomedical literature and databases, text mining techniques can uncover relationships between drugs, targets, and
clinical outcomes, providing a platform for computer-aided drug repurposing (CADR). One study by proposed an
integrated network approach for CADR, associating drugs, targets, and clinical outcomes. The authors utilized bio- and
cheminformatics tools, intensive data mining, and curation to apply CADR. By linking drug-target information
through semantic frameworks, such as Chem2Bi02RDF, computer-aided drug repurposing can be achieved [40].

In the context of cancer, developed an open-access database of licensed cancer drugs, which can serve as a valuable
resource for literature mining and drug repurposing efforts. The database provides curated datasets of drugs licensed
for therapeutic antineoplastic purposes, enabling researchers to explore potential repurposing candidates [41].
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Machine learning algorithms and natural language processing techniques have also been employed in drug repurposing
research. utilized database tables of drug repurposing candidates, molecular targets, and pathways to develop a
literature-based methodology for drug repurposing in oncology [41]. The availability of curated datasets and the
mining of published scientific literature contribute to the identification of potential drug repurposing opportunities.

In the field of neuroimmunological investigations, developed a drug repurposing workflow named Adera2.0, which
utilizes deep neural networks for text mining and drug repurposing The workflow combines deep learning networks to
embed text into matrices and repurpose drug candidates, shortening the drug development cycle [42].

Graph-based methods have also been employed in drug repurposing, including the search for new therapeutic avenues.
These methods can mine drug characteristics, such as usages, indications, actions, and targets, to identify potential
repurposing opportunities [41].

Overall, text mining plays a crucial role in facilitating the repurposing of existing drugs. By analyzing biomedical
literature, databases, and curated datasets, text mining techniques can uncover relationships between drugs, targets, and
clinical outcomes, providing valuable insights for drug repurposing efforts. The integration of machine learning
algorithms, natural language processing, and graph-based methods further enhances the identification of potential
repurposing candidates and therapeutic avenues.

4.2 Repurposing of existing drugs for breast cancer treatment

The Repurposing Drugs in Oncology (ReDO) project has developed a database called ReDO_DB, which includes data
from 268 drugs that have been repurposed for various indications, including breast cancer. The database provides a
comprehensive resource for researchers and clinicians interested in exploring repurposed drugs for breast cancer
treatment [43].

In a review article by , the authors provide a comprehensive overview of the current scenario of drug repurposing for
breast cancer treatment. They discuss the strategies and challenges associated with drug repurposing and provide
several examples of repurposed drugs that have been used in breast cancer treatment, including alkylating agents,
anthracyclines, antimetabolites, CDK4/6 inhibitors, aromatase inhibitors, mTOR inhibitors, and mitotic inhibitors [44].

Conducted a study on tissue-of-origin-specific gene repositioning in breast and prostate cancer. They identified genes
that reposition in breast cancer tissues and found tissue-specific organization of the genome in normal breast tissues.
By testing prostate gene positioning in breast tissue, they identified additional genes that reposition in breast cancer
[45].

These studies highlight the potential of repurposing existing drugs for breast cancer treatment. The ReDO DB
database provides a valuable resource for identifying repurposed drugs, and ongoing research continues to explore new
opportunities for drug repurposing in breast cancer [43].

Breast cancer is a significant global health problem and remains a leading cause of cancer deaths in women. The
development of new drugs for breast cancer treatment is a time-consuming and expensive process. Therefore,
repurposing existing drugs has emerged as a promising strategy to expedite the drug development process and provide
alternative treatment options [46].

Drug repurposing, also known as drug repositioning, involves identifying new therapeutic uses for drugs that were
originally developed for other indications. This approach takes advantage of the well-established pharmacokinetics,
pharmacodynamics, and toxicological profiles of existing drugs, making it easier to gain regulatory approval for new.
Additionally, repurposing drugs can potentially reduce costs and shorten the timeline for drug development [46].

Several drugs have been successfully repurposed for breast cancer treatment. For example, alkylating agents,
anthracyclines, antimetabolites, CDK4/6 inhibitors, aromatase inhibitors, mTOR inhibitors, and mitotic inhibitors have
been repositioned for breast cancer therapy. These drugs have shown efficacy in treating breast cancer and have been
used in combination with other therapies [46].

The process of drug repurposing involves various strategies, including computational approaches, high-throughput
screening, and identification of new targets. Advances in genomics and proteomics have facilitated the identification of
potential drug targets and the discovery of new uses for existing drugs [46]. For example, the use of kinases as
potential targets for drug repurposing in oncology has gained attention [47].

In addition to identifying new therapeutic uses for existing drugs, drug repurposing also involves exploring drug
combinations. Combining repurposed drugs with existing antineoplastic agents has shown promise in breast cancer
therapy. For example, combinations of antimalarial drugs with 5-FU, DOX, and PTX have demonstrated efficacy in
breast cancer treatment [48]. The choice of the antineoplastic drug influences the success of the drug combination,
highlighting the importance of selecting appropriate drug pairs [48].
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Despite the potential benefits of drug repurposing, there are challenges associated with this approach. One challenge is
selecting the appropriate patient population for clinical trials of repurposed drugs. Physiological responses to
repurposed drugs may differ from the original indications, necessitating careful consideration of inclusion and
exclusion. Additionally, the repurposed drugs for breast cancer often work best in combination therapy rather than
monotherapy [46].

In conclusion, drug repurposing has emerged as a promising strategy for breast cancer treatment. It offers the potential
to expedite the drug development process, reduce costs, and provide alternative treatment options for patients. Several
drugs have already been successfully repurposed for breast cancer therapy, and the identification of new drug
combinations holds promise for improving treatment outcomes. However, careful consideration of patient selection
and the choice of drug combinations is necessary for the success of drug repurposing efforts in breast cancer treatment.

5.1 Text Mining for Breast Cancer Drug Safety Analysis

Text mining techniques are widely used to analyze adverse events and safety concerns in the field of
pharmacovigilance. These techniques involve the extraction of meaningful information from large amounts of
unstructured text, such as medical case reports, clinical records, social internet message boards, and electronic health
records [49,50,51,52,53,54,55,56].

One approach to text mining for adverse events is the extraction of potential adverse drug events from medical case
reports. developed a strategy for identifying and extracting information about potential adverse drug events from free-
text resources [49]. They used computational methods to automatically collect potential adverse drug events
communicated as free-text data, providing a scalable auto-assistance platform for drug safety professionals. This
approach allows for the efficient identification and extraction of information from medical case reports, supporting
pharmacovigilance research and pharmaceutical decision making[49].

Another text mining technique involves mining social internet message boards to identify potential adverse drug
events. reported on the extraction of drug-event pairs using co-occurrence of terms within a window. This method can
be used to identify potential adverse drug events from user-generated content on social media platforms, providing
valuable insights into safety concerns [49].

Text mining can also be applied to clinical records and electronic health records to flag adverse events early and enable
drug safety surveillance. Lependu et al. demonstrated that analyzing large volumes of free-text clinical notes enables
drug safety surveillance using untapped data sources [53]. Electronic trigger tools, which mine vast amounts of clinical
and administrative data, offer a promising method for detecting patient safety events and adverse events. These tools
are more efficient and effective in detecting adverse events compared to voluntary reporting or the use of patient safety
indicators [52].

In addition to extracting information from text, text mining techniques can be used for text classification and keyword
extraction. proposed a deep learning-based text classification model for adverse nursing events, which showed
promising results compared to existing methods [57]. demonstrated the feasibility of using an automated approach to
detect multiple adverse events in various data sources, and suggested the use of natural language processing techniques
for monitoring adverse events in hospitals [54].

Overall, text mining techniques provide valuable tools for analyzing adverse events and safety concerns. They enable
the efficient extraction of information from unstructured text sources, such as medical case reports, clinical records,
social internet message boards, and electronic health records. These techniques can support pharmacovigilance
research, pharmaceutical decision making, and drug safety surveillance. However, further research is needed to address
technical challenges and determine the relative contribution of each textual source to improving pharmacovigilance
[50].
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