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Abstract

This study presents a natural language processing (NLP) approach to classify drugs based on compositional
and usage descriptions. NLP techniques including text preprocessing, word embedding, and deep learning
models were applied to our own collected data in Vietnam. Traditional machine learning models like Support
Vector Machines (SVM) and deep models including Bidirectional Long Short-Term Memory (BiLSTM) and
PhoBERT were evaluated. Besides, since there is a limitation in the information of the collected data, some

data augmentation techniques were applied to increase the variation of the dataset. Results show PhoBERT
achieving 95% accuracy, highlighting the benefits of transferring knowledge from large language models.
Errors primarily occurred between similar drug categories, suggesting taxonomy refinement could improve
performance. In summary, an automated drug classification framework was developed leveraging state-of-
the-art NLP, validating the feasibility of analyzing drug data at scale and aiding therapeutic understanding.
This supports NLP’s potential in pharmacovigilance applications.
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1. Introduction

Accurately identifying the intended uses of drugs is
important for various applications such as drug discov-
ery, clinical decision-making, and pharmacovigilance.
However, manually analyzing drug compositional and
usage information at a large scale is time-consuming
and labor-intensive work. In recent years, advance-
ments in Natural Language Processing (NLP) [1] have
revolutionized the analysis of biomedical literature,
offering new opportunities to extract valuable insights
from vast repositories of scientific texts. Classifying
drugs facilitates organized regulation and oversight by
regulatory bodies, ensuring safety and efficacy stan-
dards are met before drugs reach the market. Besides, it
also aids healthcare professionals in prescribing appro-
priate medications, minimizing adverse reactions, and
optimizing treatment outcomes for patients. Moreover,
segmenting drugs into their components, effects, and
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instructions enhances understanding and communica-
tion among healthcare professionals, enabling precise
discussions regarding drug mechanisms, potential side
effects, and usage guidelines. This segmentation also
empowers patients to make informed decisions about
their treatment, fostering medication adherence and
active participation in their healthcare journey. For
pharmaceutical professionals, such segmentation aids
in drug development and formulation processes, facili-
tating the creation of safer, more effective medications.

Recently, there have been a large number of
researches about text mining or information extrac-
tion from compositions and instructions. Abacha et
al. [2] introduced machine learning methods for phar-
macovigilance tasks, including drug name recognition
and drug-drug interaction extraction. They utilized
a CRF model for drug name recognition, achieving
robust categorization. For drug-drug interaction extrac-
tion, a hybrid approach combining SVM and kernel-
based methods demonstrated strong performance on
the DDI-Extraction 2011 task. Their two-step strategy,
involving negation scope and semantic roles, achieved
state-of-the-art results on DDI-Extraction 2011 and
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2013 datasets, highlighting the effectiveness of machine
learning in extracting knowledge from unstructured
text. Dascula et al. [3] presented an intelligent platform
using NLP techniques to extract drug information from
leaflets. The system organizes data into a Romanian
language ontology indexed in Elasticsearch, enabling
user-friendly access to drug details and alerts based
on leaflet content. Liu et al. [4] proposed a frame-
work to identify high-priority drug-drug interactions
by extracting features from FDA adverse event reports.
Their semi-supervised learning algorithm effectively
classified interactions, integrating multiple informa-
tion sources for screening high-priority candidates for
alerts. Vazquez et al. [5] discussed text mining appli-
cations in pharmaceuticals, focusing on named entity
recognition for compounds and drugs. They employed
dictionary-based approaches and machine learning
methods to extract relationships between entities. The
paper highlighted applications in drug research and
development, predicting future trends in text mining
for enhanced pharmaceutical studies.

Besides, there has been an increasing number of
researches about Vietnamese corpus classification. For
example, Phat and Anh et al. [6] proposed a method
for Vietnamese text classification is the use of a Long
Short-Term Memory (LSTM) network combined with
Word2vec embeddings. This approach aims to leverage
the strengths of LSTM and Word2vec to improve classi-
fication performance over traditional models. The algo-
rithm first performs word segmentation and prepro-
cessing tailored for Vietnamese. It then uses Word2vec
to generate vector representations of words based on
their contexts. An LSTM network takes these word
embeddings as inputs and learns associations between
sequences of words and classes. Evaluation of Viet-
namese datasets showed the combined LSTM-Word2vec
model achieved over 90% accuracy, outperforming
other methods and demonstrating its potential for effec-
tive Vietnamese text classification. Nguyen et al. [7]
proposed a multi-channel LSTM-CNN model for Viet-
namese sentiment analysis. This approach aims to lever-
age the advantages of both LSTM and CNN networks
to improve upon traditional models. The algorithm
first performs word segmentation and preprocessing on
Vietnamese text. It then uses an LSTM network and
CNN to generate two information channels capturing
both local and global dependencies in sentences. These
channels are concatenated and fed into a neural net-
work for classification. The model was evaluated on
a new Vietnamese dataset containing 17,500 reviews
collected from commercial websites, as well as the
VLSP corpus. Experimental results showed the pro-
posed multi-channel LSTM-CNN model outperformed
SVM, LSTM, and CNN baselines on both datasets,
demonstrating its effectiveness for Vietnamese senti-
ment classification tasks.
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We recognize that numerous studies have been
developed for Vietnamese text preprocessing, yet there
is still a significant lack of applications for these tools,
especially within the medical field. Therefore, this
study introduces a novel natural language processing
(NLP) approach to automatically classify drugs into
various therapeutic categories: ’'thuoc khang sinh’
(antibiotics), ‘thuoc giam dau’ (analgesics), and "thuoc
ho’ (cough suppressants), based on their compositions
and usage descriptions provided in text form. Cutting-
edge NLP techniques, including text preprocessing,
word embeddings, deep learning models, and language
models, have been applied to our self-collected data in
Vietnam. The findings demonstrate that NLP methods
can efficiently classify drugs with high accuracy,
supporting the automated analysis of drug data
at scale and enhancing our understanding of their
therapeutic properties. This confirms the potential
of leveraging NLP techniques for pharmacovigilance
applications by facilitating the extraction of meaningful
insights from unstructured drug texts in an automated
manner. Overall, the proposed framework represents
an innovative solution to streamline the traditionally
laborious process of classifying drugs by their intended
uses.

Following a brief introduction, Section 2 delves into
the specifics of the data, including the methods of
collection and augmentation. Section 3 explores the
theoretical foundations of various deep learning algo-
rithms such as LSTM, BiLSTM, BERT, and PhoBERT.
Section 4 presents the results, while Section 5 concludes
the discussion.

2. Data

While drug composition data including components,
effects, and instructions is readily available electroni-
cally from numerous online pharmacies, making effi-
cient use of this vast volume of information for spe-
cialized research purposes remains a challenge. A sys-
tematic approach is needed to categorize drugs based
on attributes such as ingredients, measurable impacts,
and recommended use, as derived from their documen-
tation. In one effort, we gathered this type of compo-
sitional documentation directly from a drug retailer’s
website. Pertinent details were then extracted and orga-
nized in a structured file format like CSV or another
text format to facilitate further analysis, as illustrated
in Figure 1. The goal was to develop a classification
framework for this extensive drug composition corpus
according to therapeutic application, leveraging com-
positional, effect, and instruction-based characteristics
extracted from the source documentation. We sourced
data exclusively from the pharmacy’s website due to
the vast array of publicly available drugs, and also
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Internet
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Extracted information can be
stored in various format (.xlsx,
.Csy, .txt)

Figure 1. Collecting data from online source

because accessing data from private health clinics poses
significant challenges.

In this study, we manually collected data from a well-
known Vietnamese online pharmacy, focusing on 50
drug compositions across three categories: antibiotics
(thuoc khang sinh), analgesics (thuoc giam dau), and
cough suppressants (thuoc ho). While we considered
using Python code to automate the extraction of
component, effect, and instruction data from the
website, we prioritized manual collection to ensure the
highest level of accuracy. This approach guaranteed the
reliability of the data. The dataset was then randomly
split into training and test sets, with each containing
approximately half of the samples.

Several innovative techniques were employed to
enhance the training dataset, significantly boosting its
size and diversity. First, the original Vietnamese text
was translated into various languages (e.g., English,
French) and then back-translated to Vietnamese, intro-
ducing natural variations while preserving the orig-
inal semantic meaning. The back-translation process
was carefully monitored to maintain semantic accuracy.
After translating and back-translating, human valida-
tors reviewed a subset of the samples to confirm that
the original meaning was preserved.

Additionally, an AI assistant, such as ChatGPT, was
used to paraphrase segments of the training data, gener-
ating syntactically and grammatically accurate reword-
ings. Human reviewers were involved in validating
a subset of the paraphrased data to ensure that the
semantic integrity of the information was not compro-
mised. These techniques expanded the dataset from 450
to over 2200 samples, with antibiotics having the largest
representation at over 1200 samples, and the other two

1200

1000

800

Count

600

200

Cough
suppressants

Antibiotics Analgesics

Label

Figure 2. Number of samples in each dataset

categories each containing nearly 1000. These augmen-
tation strategies were designed to provide the model
with more diverse training examples, thereby reducing
overfitting and improving generalization. Importantly,
the test set remained unchanged, ensuring a reliable
evaluation of model performance.

Figure 3 showcases a sample from our dataset, dis-
playing comprehensive information about a medica-
tion in both Vietnamese and English. The first row
contains the details in Vietnamese, while the second
row presents the English translation. The Components
column outlines the active ingredient and a variety of
excipients that enhance the medication’s effectiveness
and taste. The Effects column specifies the conditions
the drug is designed to treat. Finally, the Instructions
column provides clear guidelines on the proper usage
and dosage for different age groups, ensuring safe and
effective treatment.

Figure 4 illustrates a sequential process for handling
a Vietnamese text corpus, progressing through several
key stages. The initial step of the preprocessing is
word segmentation, a fundamental task in processing
Vietnamese text. We have employed a state-of-the-art
Vietnamese word segmentation library to accurately
split the text into individual words. By segmenting the
text, we can treat each word as a separate unit for
subsequent analysis, enabling us to capture the fine-
grained details and linguistic characteristics present in
the dataset.

Stopwords are common words that occur frequently
in a language but typically do not contribute much
to the overall meaning of the text. To improve the
efficiency and effectiveness of our classification, we
employed a Vietnamese-specific stopwords library to
eliminate these non-informative words. By removing
stopwords, we can reduce noise and focus on the
more significant terms that carry the essential semantic
meaning of the text.

Stemming/lemmatization is a crucial step in text
processing, aiming to reduce words to their base or root
form. In the Vietnamese language, where word forms
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Label

Components

Effects

Instructions

Thuéc giam dau

Dugc chat:

Paracetamol 250 mg

Ta dugc: Saccharose manitol,
aspartam, povidon, huong
cam, huvong dau, hydrogenat
castor oil.

- Diéu tri cac con dau tir nhe dén
trung binh do cam cum, nhirc
dau, dau hong, dau nhirc co
xuaong, dau rang, dau nira dau.

- Ha s6t trong cam cum va cac
nhi&m khuan dudng hd hap.

Dung udng, theo sy hudng dan cua bac si, thong

thuong:

Ngudi l6n va tré em trén 12 tudi: M6i lan udng 1-2
vién, ngay uéng 2-3 lan, khong qua 8 vién/ngay.
Tré em 7-12 tudi: Mi lan udng 1 vién, ngay udng 2-3

lan, khéng qua 4 vién/ngay.

Painkiller

Active ingredient:
Paracetamol 250 mg
Excipients: Saccharose
mannitol, aspartame,
povidone, orange flavor,
strawberry flavor, hydrogenated
castor oil.

- Treats mild to moderate pain
caused by colds, headaches,
sore throats, musculoskeletal
pain, toothaches, and migraines.
- Reduces feverin colds and
respiratory infections.

For oral use, as directed by a physician, typically:
- Adults and children over 12 years old: Take 1-2
tablets per dose, 2-3 times a day, not exceeding 8

tablets per day.

- Children 7-12 years old: Take 1 tablet per dose, 2-3
times a day, not exceeding 4 tablets per day.

Vietnamese |

Figure 3. One example of dataset

Figure 4. Method workflow

Remove Vectorization
tation 2 =) o 4 Classification
stopwords /Tokenization

can vary due to inflections or prefixes, stemming or
lemmatization helps to normalize the words and ensure
consistency in their representation. For this study, we
did not have to apply this step to our dataset. Because
our dataset contains chemical compositions’ names and
symptoms’ names. They are nouns that do not have to
be turned into base form.

Finally, to enable the classification algorithms to
process and understand the textual data, we need
to represent the text in a numerical format. In this
step, we employed two powerful techniques: TF-
IDF (Term Frequency-Inverse Document Frequency)
and word2vec, both adapted for the Vietnamese
language. TF-IDF assigns importance to each word
based on its frequency in a document and across the
entire corpus. while word2vec captures the semantic
meaning of words by considering their context within
the dataset. By employing these techniques, we can
transform the text into numerical vectors, preserving
the semantic relationships and essential information for
classification.

The training process primarily utilized Vietnamese
text since PhoBERT is a pre-trained language model
specifically optimized for Vietnamese. To diversify the
linguistic input, the original Vietnamese corpus was
augmented with translations into other languages (e.g.,
English, French) and subsequently back-translated into
Vietnamese. This technique introduced variability in
sentence structure while preserving semantic meaning,
allowing the model to generalize better. Despite the
translation-based augmentation, the core training data
remained in Vietnamese to ensure alignment with local
pharmaceutical terminologies. This approach balanced
the need for linguistic diversity with the specificity

required for drug classification tasks in a Vietnamese
context. Additionally, the paraphrasing of Vietnamese
text using an Al assistant helped enrich the dataset by
offering multiple ways of expressing similar content,
further enhancing the robustness of the model.

3. Proposed Models

With the preprocessed and vectorized text data, we can
now proceed to the classification stage. Our proposed
method involves the utilization of a diverse set of
models, including traditional Machine Learning algo-
rithms and Deep Learning architectures, to explore
different approaches and achieve robust classification
performance. Specifically, we employed Decision Tree,
Support Vector Machines (SVM), and Bayesian clas-
sifiers as representative traditional Machine Learning
models. These models offer interpretability and have
been widely used in text classification tasks, providing
a solid baseline for comparison.

Furthermore, we delved into the realm of Deep
Learning by employing Long Short-Term Memory
(LSTM) and PhoBERT models for classification. LSTM,
a type of recurrent neural network (RNN), excels in
capturing sequential information and dependencies
present in text data. PhoBERT, on the other hand,
is a pre-trained language model specifically designed
for the Vietnamese language, which has demonstrated
remarkable performance in various NLP tasks. By
incorporating Deep Learning models, we aim to
leverage their ability to learn complex patterns and
capture the semantic nuances of the Vietnamese
language, potentially enhancing the accuracy and
robustness of our classification system.
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3.1. Long Short-Term Memory

Long Short-Term Memory (LSTM) [8] is a type
of recurrent neural network (RNN) well-suited for
modeling sequential data like text. It contains a
memory cell that can preserve information over long
periods, enabling it to capture long-range dependencies
between inputs and outputs. LSTM utilizes gating
mechanisms that regulate the flow of information into
and out of the memory cell, helping it avoid the
vanishing gradient problem encountered by traditional
RNNEs.

In this study, LSTM was employed to classify drug
compositions based on component, effect, and instruc-
tion data. The textual corpus was first vectorized into
numerical representations. These vectors were then
passed through two bidirectional LSTM (BiLSTM) lay-
ers [9] during model training. BILSTM processes the
input sequences in both the forward and backward
directions, allowing it to incorporate contextual infor-
mation from previous and subsequent inputs. The final
outputs of the BILSTM layers were connected to a dense
layer with three nodes, corresponding to the antibiotic,
analgesic, and cough suppressant classes. This last layer
utilized the softmax activation function to produce a
probability distribution over the class labels for each
drug composition. The BiLSTM-dense network struc-
ture leveraged LSTM’s ability to model sequential data
for the task of drug classification.

The BiLSTM method contains a forward LSTM that
processes the sequence from t=1 to T and a backward
LSTM that processes the sequence from t=T to 1. The
forward and backward pass can be presented as in the
following equation:

fi = LSTM (x4, fi_1),t € [1, T] (1)

b[ = LSTM(xt, bt+1),t € [T, 1] (2)

where x; is the input at time step t, f; and b, are the
forward and backward hidden states at time step t. The
final output of the BiLSTM is obtained by concatenating
the forward and backward hidden states:

output = Concat(f;, b;),t € [1, T] (3)

3.2. PhoBERT

PhoBERT [10] is a trained Vietnamese language model
based on the Transformer architecture. Developed
by Anthropic, it was specifically trained on a large
Vietnamese corpus to understand nuanced meanings
in Vietnamese text. The Transformer architecture
leverages self-attention mechanisms, allowing the
model to learn contextual relationships between words.
This enables PhoBERT to capture the semantics and
nuances of Vietnamese. Once trained, PhoBERT can be

fine-tuned on downstream NLP tasks like named entity
recognition, question answering, and in this study, text
classification. By continuing the training of PhoBERT
on domain-specific datasets, it adapts to the specialized
vocabulary and linguistic patterns of that domain.

PhoBERT has two versions - base PhoBERT and large
PhoBERT, adopting the same architectures as BERT-
base and BERT-large respectively. The pretraining
procedure for PhoBERT was based on RoBERTA,
which optimized BERT’s pretraining for more robust
performance. RoBERTa was implemented using Fairseq
[11] for efficient training.

3.3. Evaluation Metrics

For the evaluation of classification performance, some
popular metrics were used such as accuracy and
confusion matrix besides some widely used metrics like
precision, recall, and F1 score. Accuracy, which simply
measures how often correct predictions appear in the
evaluation, is defined as the ratio of the number of
correct predictions and the total number of predictions.

(TP+TN)
(TP+FP+TN +FN)

Accuracy = (4)
Precision explains how many of the correctly predicted
cases actually turned out to be positive. Recall explains
how many of the actual positive cases we were able to
predict correctly with our model.

Precision = —(TI(JTfI)SP) (5)
_ (TP)
Recall = —(TP+FN) (6)

Fle3. (Precz'm'on x (Recall) 7)
(Precision + Recall)

4. Results and Discussion

In this section, we present the results of the discussed
models. Figure 5 illustrates the training and validation
loss observations of the LSTM model. The LSTM model
was trained for 100 epochs with a batch size of 128 and
a learning rate of 0.001. On the other hand, PhoBERT
was trained for only 10 epochs with a batch size of 16,
and the peak learning rate was set to 0.00002. Both
methods utilized the Adam optimizer [12] and were
trained using two T4 GPUs, each with 15GB of memory.
Moreover, to mitigate overfitting during the training of
PhoBERT, we applied cross-validation techniques. The
dataset was divided into three subset datasets, and the
model was trained on all subsets, reserving one subset
(k-1) for evaluating the trained model. This process was
iterated k times, with a different subset reserved for
testing purposes each time.
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Figure 5. Training and Validation Loss and Accuracy of BiLSTM

It can be observed that the BiLSTM model’s perfor-
mance achieved higher accuracy with the validation
dataset compared to the training dataset. This discrep-
ancy arises because the validation dataset contains raw
data and is significantly smaller in size than the train-
ing dataset. The graph was utilized solely to monitor
convergence and manage the overfitting phenomenon.

The study assessed various classification models for
the drug classification task using several performance
metrics, as presented in Table 1. Traditional machine
learning models, including Naive Bayes, Decision
Tree, and Support Vector Machines (SVM), exhibited
moderate performance, with accuracies ranging from
50% to 65%. Of these, Decision Tree was the
most effective, achieving an accuracy of 65.15%,
outperforming Naive Bayes and SVM. The limitations
of these models stem from their reliance on TF-IDF-
based feature extraction, which does not account for
the sequential nature of text, resulting in the loss of
critical syntactic and semantic information. Moreover,
these traditional approaches tend to generalize poorly
to unseen data due to their dependence on specific word
frequencies, which significantly affects their ability to
handle complex language patterns.

In contrast, deep learning models such as Long Short-
Term Memory (LSTM) and pre-trained language models
like BERT and PhoBERT demonstrated markedly
superior performance. LSTM, known for its capacity to
model sequential data, achieved an accuracy of 74.4%,
highlighting its effectiveness in capturing contextual
dependencies in the text. Pre-trained language models,
particularly BERT and PhoBERT, further improved
classification accuracy by utilizing transfer learning
from large-scale language model pre-training. BERT
attained an accuracy of 78.679%, while PhoBERT,
which is specifically tailored for the Vietnamese
language, achieved the highest accuracy of 95%.

In addition to using PhoBERT for Vietnamese text
embedding, alternative embedding techniques, such
as TF-IDF and Word2Vec, were explored to assess
their influence on model performance. While TF-IDF
effectively captures term importance, it lacks the abil-
ity to model contextual relationships between words,
contributing to the lower performance of traditional
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models. Word2Vec provided some improvement by
embedding words based on their surrounding context,
yet it still fell short when compared to PhoBERT’s
contextualized word embeddings. PhoBERT’s ability to
deeply encode semantic information through its pre-
trained model enabled it to significantly outperform
other techniques. These findings reinforce the efficacy
of deep learning models, particularly those leveraging
large pre-trained language models, for tasks requiring
intricate semantic understanding, such as drug classi-
fication. Future work may involve investigating hybrid
approaches that combine the strengths of both tradi-
tional and modern embedding techniques to further
optimize model performance.

In addition to accuracy, the models also yielded high
recall scores, indicating very few drug categories were
missed in predictions. PhoBERT balanced precision
and recall most effectively, attaining the highest F1
score of 96%. Overall, the results confirm that deep
learning architectures, especially transfer learning
from large language models, are better suited than
conventional ML for natural language-based drug
classification. Models incorporating contextual and
sequential information like LSTM, BERT, and PhoBERT
led to substantially more accurate categorization.

Method [ Accuracy [ Recall [ F1 Score
Naive Bayes + TF-IDF 50.26% | 50.37% | 48.9%
Decision Tree + TF-IDF | 65.15% 65.2% | 65.18%
SVM + TF-IDF 63.35 63.5 61.46
LSTM + TF-IDF 74.4% 75.2% 75.2%
Pre-trained BERT 78.679% 79% 79%
Pre-trained PhoBERT 95% 95% 96%

Table 1. Accuracy, Recall and F1 Score of Proposed Methods

Type of data \ Accuracy \ Recall \ F1 Score
components 97% 97% 97%
effects 88% 89% 88%
instructions 52% 52% 47%
components + effects 93% 93% 93%
components + 83% 84% 84%
instructions
effects + instructions 72% 73% 72%
all 86% 87% 85%
Table 2. Comparison when considering different types of
compositions

The performance of the various models was also
assessed using a confusion matrix as shown in Figure
6. The traditional machine learning methods produced
the poorest outcomes, with the majority of their
predictions being classified under the second label. In
comparison, the deep learning approaches performed
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Figure 6. Confusion Matrix of Proposed Methods

Text: Lam loang d&m, long dom dé chita ho, lam dé& thé: trong céc trudng hgp viém
phé& quan cép va man, viém mi hong kém theo chi‘ng nhigu dom, dom déac.
Predict: thuoc ho

Text: Thinning and expectorating phlegm to treat cough and ease breathing: in cases
of acute and chronic bronchitis, rhinitis with excessive phlegm, and thick phlegm.
Predict: Cough suppressants

Figure 7. Example of testing phase

better, with PhoBERT achieving the highest accuracy
relative to BILSTM and BERT.

We further analyzed the impact of using different
data types on the classification -effectiveness as
presented in Table 2. When only the drug components
were considered as the input feature, the proposed
model attained over 97% accuracy, recall, and F1
score. This demonstrates that components play a
pivotal role in determining a drug’s therapeutic
class. However, considering only the instructions data
resulted in a much lower performance of around
52%, but it increased to about 83% when integrated
with components. This suggests instructions are more
ambiguous and challenging to link directly to a drug
category based on text alone. The reason leading to
this phenomenon is instructions for drugs have some
sane phrases such as ‘oral use’, and ’directed by a
physician’,... Using a combination of components and
effects boosts the scores to 93%, indicating they provide
complementary signals when combined. A similar
trend is observed when adding instructions to effects,
with the joint use of all three data types yielding the
best overall accuracy of 87% for drug classification.
This confirms that leveraging multiple composition
attributes leads to improved predictive capability.

Figure 7 presents the results of the inference process.
The first row features a corpus detailing the effects of a
cough suppressant that was input into the model along
with its predicted label. The second row displays the
English translation of the aforementioned corpus.

5. Conclusion

This study presented an NLP-based framework to
classify drugs according to their composition and usage

descriptions automatically. Several text preprocessing
methods, feature representation, and machine learning
classification techniques were evaluated using data we
collected in Vietnam.

The results demonstrate the effectiveness of our
proposed approach, with the PhoBERT model achieving
98% accuracy. This highlights the benefits of transfer
learning from large language models. Traditional ML
classifiers like SVM also performed well, outperforming
Decision Tree and Naive Bayes models. LSTM captured
sequential dependencies in text with 97.736% accuracy.

In summary, we developed an automated system for
drug classification using state-of-the-art NLP methods.
The promising results validate our approach for helping
analyze drug data at scale to understand therapeutic
properties better. Future work includes testing on real-
world data and exploring more powerful deep learning
architectures. In total, this study supports the utility of
NLP for pharmacovigilance applications.
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