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Abstract - Drug-Drug Interactions (DDIs) pose a
significant challenge in modern healthcare, often leading
to adverse effects, reduced drug efficacy, or unexpected
patient reactions. Traditional methods rely heavily on
static databases and manual verification, which limits
scalability and real-time analysis. This paper proposes a
Machine Learning-based Drug-Drug Interaction
Prediction System that utilizes Natural Language
Processing (NLP) and classification algorithms to predict
interactions between drug pairs. The system employs TF-
IDF vectorization for feature extraction and models such
as Random Forest, Decision Tree, Logistic Regression,
and Naive Bayes for prediction. Implemented as a web-
based application using Python and Flask, the system
provides real-time predictions and improves decision-
making for healthcare professionals. Experimental results
indicate improved accuracy and efficiency compared to
conventional approaches.
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1.INTRODUCTION

Drug—Drug Interactions (DDIs) occur when the effect of
one drug is altered by the presence of another drug. These
interactions can lead to serious health consequences,
including adverse drug reactions, reduced therapeutic
effectiveness, or unexpected side effects. With the rapid
growth in the number of available medications and the
increasing complexity of treatment plans, identifying
potential DDIs has become a challenging task for
healthcare professionals.

Traditional methods for detecting DDIs rely on manual
verification and static medical databases. While these
approaches are useful for identifying known interactions,

they are limited in their ability to detect unknown or
emerging drug combinations. Moreover, manual analysis
is time-consuming and may not be feasible in real-time
clinical scenarios.

Recent advancements in Machine Learning (ML) and
Natural Language Processing (NLP) have provided new
opportunities These
techniques can analyze large volumes of biomedical data,
extract meaningful patterns, and predict interactions with

to improve DDI prediction.

higher accuracy. In particular, NLP methods such as
Term Frequency—Inverse Document Frequency (TF-IDF)
enable the conversion of textual drug information into
numerical features that can be processed by machine
learning models.

A Machine Learning-based Drug-Drug Interaction
Prediction System is proposed. The system utilizes TF-
IDF for feature extraction and employs classification
algorithms such as Random Forest, Decision Tree,
Logistic Regression, and Naive Bayes to predict
interactions between drug pairs. The model is integrated
into a web-based application using Python and Flask,
allowing users to input drug names and obtain real-time

predictions.

2. Related Work

Several studies have explored machine learning and deep
learning approaches for DDI prediction:

o Barut (2023) highlighted the role of deep learning
models like CNNs and GNNs in improving prediction

accuracy.

Chen and Fan (2026) proposed VGAN-based
models achieving high prediction accuracy.

Cheng and Zhao (2014) demonstrated improved
results using integrated drug features.

Ryu et al. (2018) showed deep learning models
outperform traditional approaches.
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. Peng Zhang et al. (2017) used label propagation
and clinical side-effect data to predict drug—drug
interactions effectively.

. Andrej Kastrin et al. (2018) used statistical
learning with topological and semantic similarity features
to predict potential drug—drug interactions effectively.

. Yifan Cheng et al. (2014) used functional
similarities between drugs to computationally predict
drug—drug interactions effectively.

These studies indicate that Al-based models significantly
enhance DDI prediction performance.

3.Existing System

Current Drug-Drug Interaction (DDI) systems mainly
depend on manual checking by healthcare professionals
and rule-based systems. These systems use fixed medical
databases like DrugBank and SIDER to identify
interactions by matching drug pairs. They are effective
only for known interactions and cannot easily handle new
or complex drug combinations.

Some systems use basic machine learning or similarity-
based methods to predict interactions using features like
chemical structure and side effects. However, these
approaches have limitations, as they cannot fully capture
complex patterns in large datasets and often fail to predict
unknown interactions accurately.

4. Proposed Methodology

The proposed system is designed to automatically predict
drug—drug interactions using machine learning and
Natural Language Processing techniques. Initially, a
dataset containing drug pairs and their interaction
descriptions is collected and preprocessed by removing
noise, handling missing values, and standardizing text.
The cleaned textual data is then converted into numerical
form using TF-IDF (Term Frequency—Inverse Document
Frequency), which captures the importance of words in
describing drug interactions. These numerical feature
vectors serve as input to various classification algorithms,
including Random Forest, Decision Tree, Logistic
Regression, and Naive Bayes. The models are trained on
labeled data to learn patterns that distinguish interacting
and non-interacting drug pairs.

Once trained, the best-performing model is integrated into
a web-based application developed using Python and

Flask. When a user inputs two drug names, the system
preprocesses the input, transforms it using the trained TF-
IDF vectorizer, and feeds it into the machine learning
model to predict whether an interaction exists. The system
then displays the result along with a relevant description
if available. This approach enables real-time prediction,
improves accuracy compared to traditional rule-based
systems, and provides a scalable solution for analyzing
large biomedical datasets, thereby supporting safer and
more efficient clinical decision-making.

5. System Architecture

The system consists of the following layers:

. User Interface Layer — Input and result display
. Backend Layer (Flask) — Handles processing

. Machine Learning Model — Performs prediction
. Dataset Layer — Stores training data

. Database Layer — Stores user data and history

SYSTEM ARCHITECTURE

Machine Learning-Based Drug-Drug Interaction Prediction System
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6. Implementation

The Drug—Drug Interaction Prediction System is
implemented using Python with machine learning and
NLP techniques. The dataset is preprocessed using
Pandas and converted into numerical features using TF-
IDF vectorization. Various classification algorithms such
as Random Forest, Decision Tree, Logistic Regression,
and Naive Bayes are used, with Random Forest providing
the best accuracy. The system is deployed as a web
application using Flask, where users can input drug
names and receive real-time predictions. A MySQL
database is used to store user data and prediction history,
and security is ensured using berypt for password

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM63169 |

Page 2


https://ijsrem.com/

J".", ‘3;_\§
@REM‘;’%
<Journal

SJIF Rating: 8.659

International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 10 Issue: 05 | May - 2026

ISSN: 2582-3930

encryption. The overall system provides a fast, accurate,
and user-friendly solution for predicting drug
interactions.

7. Results and Discussion

The proposed Drug—Drug Interaction Prediction System
was evaluated using multiple machine learning
algorithms, including Random Forest, Decision Tree,
Logistic Regression, and Naive Bayes. Among these, the
Random Forest model achieved the highest accuracy due
to its ability to handle complex patterns and reduce
overfitting, while Decision Tree also showed good
performance. Logistic Regression provided moderate
results, and Naive Bayes showed comparatively lower
accuracy due to its independence assumptions. The
system successfully generated real-time predictions
through the web interface and handled both known and
unknown drug combinations effectively. Testing results
confirmed that the system is reliable, efficient, and user-
friendly, making it suitable for assisting healthcare
professionals in identifying potential drug interactions
and improving patient safety.
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8. Conclusion

The Drug-Drug Interaction Prediction System helps
healthcare professionals quickly identify possible drug
interactions. It uses machine learning algorithms like
Random Forest, Decision Tree, Logistic Regression, and
Naive Bayes along with NLP techniques. TF-IDF is used
to convert text data into numerical form for better
accuracy. The system includes features like user login,
secure data handling, prediction, and admin monitoring.
Overall, it provides a reliable and efficient solution for
drug interaction prediction.

9.Future Work

Although the current Drug—Drug Interaction Prediction
System performs effectively, it can be further improved
by integrating larger and real-time datasets to enhance
accuracy, applying advanced deep learning techniques for
better performance, and developing a mobile application
for easier access. Additionally, integrating the system
with hospital information systems and electronic health
records can increase its real-world usability. The system
can also be enhanced to provide severity levels and
detailed recommendations for drug interactions, along
with features like voice-based input and multilingual
support to improve user experience. Introducing real-time
alerts for critical drug interactions would further
strengthen the system’s effectiveness and reliability.
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