International Journal of Innovation in Pharmacy and Health Science
Volume 1, Issue 1, Jan to Mar 2025, pp. 19-26, E-ISSN: applied

Quantum-Enabled Drug Repurposing for
Accelerated Sustainable Drug Development:
A Legal and Technological Perspective

Kholmurodova Dilafruz Kuvvatovna®, Kadirova Munira Rasulovna?

'Director of the Institute of Immunology, Allergology and Human Genomics, Samarkand, Uzbekistan
Email: dilyax82@mail.ru

“professor, Vice Rector for Innovation and Research, Fergana Medical Institute of Public Health, Uzbekistan
Email: munirakadirova84@gmail.com

Abstract---Given the growing need for environmentally friendly and cost-efficient drug development,
alternative approaches are required that minimize the environmental impact and meet regulatory standards.
Quantum Computing-Based Drug Repurposing Framework (QC-DRF) to identify new therapeutic applications
for existing drug molecules is presented in this paper based on quantum machine learning (QML) and quantum-
assisted molecular simulations. The effects of this framework translate to accelerate the drug discovery while
largely eliminating the need to rely on costly chemical synthesis and animal testing. An additional feature is an
Al-powered legal compliance module that will keep you within the boundaries of the intellectual property (IP)
laws, regulatory approvals (FDA, EMA), as well as the data privacy standards (GDPR, HIPAA). To this end, a
blockchain-integrated smart contract-based system is proposed to handle the drug patent licensing issues, to
prevent legal disputes and keep access transparent. Moreover, the framework also allows pharmaceutical
companies to expedite the repurposed drug development through legal roadblocks such as the 505(b)(2)
application process and conditional marketing authorization. In addition, quantum resistance of encryption
guarantees secure biomedical data processing. Introduction of an integration of quantum computing within
legal and ethical considerations increases the cost-effective, sustainable and legally compliant pharmaceutical
innovation. QC-DRF is validated through experimental analysis and case studies to be an efficient method to
revolutionise the drug repurposing, while simultaneously reducing environmental footprints and achieving
equitable global access to affordable medicines.

Keywords---drug development, Quantum Computing-Based Drug Repurposing Framework (QC-DRF),
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l. INTRODUCTION

rug discovery in the pharmaceutical industry is a major challenge with high costs, long development

timelines, and the environment in which greatly resource intensive chemical synthesis generates

substantial difficulties [1]. Traditional drug development may take more than a decade and be
estimated to cost billions of dollars, with a very high failure rate in late clinical trials, because of unintended side
effects or inefficacy [2]. The drug repurposing—finding new existing therapeutic use of drugs—has a main
advantage in the reduction of development time, cost and regulatory hurdles. Nevertheless, classical computing
constraints limit it from efficiently analyzing large biochemical datasets in current computational methods for
drug repurposing.

The disruptive QML and quantum-enhanced molecular simulations are on the horizon to revolutionize
pharmaceutical research utilizing quantum computing [3]. With these quantum techniques, the drug repurposing
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effort is significantly improved in accuracy and speed compared to current early drug repurposing techniques. In

this paper, we introduce a Quantum Computing Drug Repurposing Framework (QC-DRF), which is based on

quantum computing, artificial intelligence, and blockchain technology, to change an insufficient drug

development [4]. Apart from shortening the drug discovery pipeline, this proposed approach also satisfies the

requirement of not violating intellectual property (IP) laws, meeting regulatory approvals (FDA, EMA), and
data privacy rules (GDPR, HIPAA).

The major problem in drug repurposing is the legal maze, especially patent rights, regulatory approvals, and
ethical concerns [5]. Thus, we need to address this issue, and to that end, our framework incorporates an Al-
based legal compliance module that evaluates IP constraints, suggests fast-track approval paths such as the
505(b)(2) regulatory pathway, and ensures global pharmaceutical laws. The patents and patent tracking, as well
as the agreement over licensing that are transparent, are done based on blockchain based smart contracts. QC
DRF displays the potential to reach sustainability, cost efficiency, and legal compliance through the integration
of quantum computing and ethical safeguards towards drug development, that is so as a means to keep up with
innovation at a faster pace but at a reduced footprint on the environment [6].

1. QUANTUM COMPUTING IN DRUG REPURPOSING
2.1 Overview of Quantum Machine Learning (QML) in Biomedical Research

Quantum Machine Learning (QML) is the fusion of quantum computing and artificial learning for amplifying
complex biomedical research [7]. QML, on the other hand, enables us to solve high-dimensional biological data
problems using quantum parallelism and entanglement in the machine learning problem. QML’s contribution to
drug repurposing is to accelerate pattern recognition in chemical and genomic data sets of great size, identifying
new therapeutic uses for old compounds [8]. It was shown that quantum support vector machines and variational
quantum algorithms can perform drug target matching with the highest degree of precision ever. QML helps
drastically reduce computational bottlenecks, thereby significantly reducing the timelines required to discover
drugs for which there are no known small molecule drugs available, which is very cost-effective, and much
more environmentally sustainable than traditional pharmaceutical discovery.

2.2 Quantum-Assisted Molecular Docking and Simulations

Drug discovery requires molecular docking with the purpose of predicting how a drug will bind to its target
protein [9]. The classical simulations are very inefficient because they require huge computational resources.
Molecular docking done using quantum quantum-assisted approach is generally performed by using quantum
annealing or hybrid quantum-classical algorithms to explore the chemical spaces more efficiently. Their function
is to perform complex molecular energy calculations; in docking time, it reduces, and in predictions for binding
affinity, it increases. It means that pharmaceutical researchers have higher confidence in repurposing a drug.
Moreover, quantum enhanced simulations reduce animal testing by generating very accurate predictions in
bioactivity and aid in the development of more ethical and sustainable drug development.

2.3 Case Studies: Successful Quantum-Enhanced Drug Repurposing

Quantum computing is increasingly being used for drug repurposing by several pharmaceutical companies and
research institutions. Quantum-enhanced simulations for the discovery of new applications of drugs already
approved by the FDA have been demonstrated by IBM Qiskit and Google’s Sycamore processor. One of the
successes is in the use of quantum algorithms for COVID-19 drug repurposing in which quantum simulation has
led to the identification of potential viral protein inhibitors faster than others [10]. Of similar effectiveness, D-
Wave and Menten Al collaborations resulted in how quantum annealing optimizes protein drug interactions to
breakthroughs in oncology and neurodegenerative diseases. Finally, these case studies show how quantum
computing can be used to speed up the process of sustainable and efficient repurposing of drugs.
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I1l.  PROPOSED FRAMEWORK: QUANTUM COMPUTING-BASED DRUG REPURPOSING
FRAMEWORK (QC-DRF)

3.1 System Architecture and Workflow

Quantum Computing Based Drug Repurposing Framework (QC-DRF) is a framework of the integration of
quantum, artificial intelligence, and blockchain, which can effectively enhance its operational speed. Three key
architecture layers of the system constitute the Quantum Processing Layer, which carries out high-speed
molecular simulations, the Al Analysis Layer, which uses machine learning to perform drug target interactions
optimization, and the Legal and Compliance Layer ensures drug IP laws are followed and regulatory
frameworks. The first step is the induced choice of the needed drug molecule, then the quantum-assisted
docking, and then the artificial intelligence-enabled legal risk assessment, and finally, patent verification using
blockchain. The integration of these allows for drug development with reduced time, and with legal and ethical
compliance.

3.2 Quantum Algorithms for Molecular Matching

Molecular matching is optimized for the potential drug-target interactions via quantum algorithms that rapidly
find the interaction. This exploration is more efficiently done with D-Wave systems using quantum annealing
techniques than with classical algorithms. Variational Quantum Eigensolvers (VQE) can be used to make
predictions of drug binding affinity with high accuracy. That work goes so far as to analyze massive biomedical
datasets with quantum-enhanced deep learning models to match repurposed drugs to diseases with much better
accuracy than anyone has ever achieved before. The computational costs are drastically reduced and predictive
reliability increased, and drug repurposing becomes much more efficient, where there are few or no available
treatments.
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3.3 Al-Powered Legal Compliance Module

A legal compliance module automates regulatory assessment to ascertain whether a repurposed drug can be
sold globally or not. To evaluate intellectual property (IP) status and decide if a compound is patent-protected
and thus not eligible for repurposing. Based on Al-driven risk assessment, it would be most beneficial to choose
the 505(b)(2) application process for fast-track approval. Additionally, natural language processing (NLP) scans
legal databases for litigation risks and compliance gaps. Through joining Al-powered legal analysis, this module
decreases the possible risk of patent infringement and catapults the announcement of repurposed drugs.
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3.4 Blockchain Integration for IP and Data Security

Intellectual property rights and the data of a drug repurposing clinical trial are secured by blockchain
technology. And this set of records includes patent ownership, licensing agreements, as well as drug efficacy
data — all recorded on a decentralized ledger to be transparent, and to avoid disputes. Legal conflicts are reduced
by such smart contracts that allow for automatic IP right enforcement. Moreover, blockchain ensures data
integrity in clinical research such that compliance with GDPR and HIPAA is met. This approach also increases
security, prevents data manipulation, and ensures fair access to repurposed drugs, most especially to the
developing countries.

V. LEGAL AND ETHICAL CONSIDERATIONS
4.1 Intellectual Property (IP) Challenges and Patent Law

IP challenges limit drug repurposing, since existing drugs are protected by active patents. To address this, QC-
DRF integrates patent expiry prediction models to assess when a compound becomes available for repurposing.
The framework also suggests trial bifurcation strategies that include the patent buy-back program in which the
expired patents are purchased by the public for utilisation. Blockchain-based patent tracking also gives actual
tracking to the licensing agreements done by the system, so that the repurposing of drugs without authorization
is prevented. This leads to a reduced legal dispute of drug patents, consequent to WIPO and national 1P Laws.

4.2 Regulatory Compliance in Quantum-Driven Drug Repurposing

Validation of repurposed drugs is a rigorous process as required by regulatory agencies like the FDA, EMA,
and WHO before the drugs are allowed to go on the market. To meet these regulations, QC-DRF provides
another layer, which is Al-based, to monitor for compliance. The framework provides the most appropriate
regulatory pathway for repurposed drugs, namely, Accelerated Approval programs for drugs with very low
safety profiles. Moreover, it will comply with Good Manufacturing Practices (GMP) and Good Laboratory
Practices (GLP). Automated legal audits reduce the risk of regulatory non-compliance, reducing time to market
of the new drugs yet maintaining a high level of safety.

4.3 Data Privacy, Security, and Quantum-Resistant Encryption

New cybersecurity risks are introduced by quantum computing, which means that we need a quantum-robust
form of encryption. Pharmaceutical research data can be protected through the post-quantum cryptographic
algorithms, such as lattice-based encryption, using QC-DRF. It avoids devices acting as quantum attacks against
clinical trial information or patient records. In addition, drug repurposing research can collaborate among
pharma companies through secure multiparty computation (SMPC), without exposing their proprietary data.
HIPAA, GDPR and FDA data protection regulations are upheld while still benefiting from the power of
quantum computing — these are the security measures used by these companies.

4.4 Ethical Considerations in Al-Driven Drug Development

Since Al-driven drug repurposing must follow guidelines for regulations of bias, fairness, and transparency, it
can be done only by users within the group of predefined values. Transparency is guaranteed in drug selection
utilizing the use of explainable Al (XAIl) models on QC-DRF. In addition, the integration of the blockchain-
based clinical trial records helps to address ethical concerns of patient safety and informed consent during
experiments with new drugs. In line with that, the framework ensures fair access to Al-generated drug discovery
and does not give the levers into the creation of the drug discovery into the grasp of large pharma corporations.
QC-DRF embeds ethical safeguards such that the Al driven drug development is accountable and is always
ethically aligned with the global healthcare ethics.
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V. SUSTAINABILITY AND SOCIETAL IMPACT
5.1 Reducing Environmental Footprint of Drug Development

Traditional drug synthesis requires large quantities of raw materials and creates broad amounts of chemical
waste. To overcome this, QC-DRF repurposes available drugs, hence reducing the necessity for new chemical
synthesis. They further reduce waste by allowing in silico drug testing, minimizing the need for wet lab upon
toxic chemical experiments. By implementing such an approach, the carbon footprint of pharmaceutical research
is reduced and this leads to green drug development and a concerted effort to comply with global sustainability
goals like the UN’s Sustainable Development Goals (SDGs).

5.2 Minimizing Animal Testing through Quantum Simulations

Drug development is a controversial topic, and continues to be an ethically debated aspect involving animal
testing. Since it depends little on live animal testing, QC-DRF significantly reduces the need to test drugs on
live animals. To reach this extreme level of accuracy near quantum biological interactions is possible through
these simulations. In this case, researchers can replace 'preclinical animal trials' with more ethical and human-
relevant in vitro models to reduce reliance on cruel and/or irrelevant preclinical animal trials, which would then
support cruelty-free pharmaceutical research.

5.3 Affordable and Accessible Medications via Drug Repurposing

The main unique benefit of drug repurposing is creating the opportunity to reduce drug prices through
lowering research and development (R&D) costs. However, QC-DRF accelerates repurposed drug approval to
market and brings deficit treatments to the market faster. The second, blockchain-based licensing creates the
guarantee that life-saving drugs continue to be available in low-income countries without the ability of large
pharmaceutical companies to make a monopoly on the price. QC-DRF democratises repurposed medications to
promote global healthcare equity by reducing the cost barrier to limit repurposed drugs for underserved patients.

VI. RESULTS AND EVALUATION
6.1 Performance Comparison of Quantum vs. Classical Drug Repurposing Methods

Simulations in drug repurposing are then conducted, comparing Quantum Variational Algorithm (QVA) to
classical computing models. It is shown in our results that quantum based approaches, compared to traditional
methods, have a higher accuracy and also work much faster. Together, the quantum framework correctly
identifies drug-target interactions in a time that is about 60 percent faster than with standard algorithms. Our
approach exhibits the effectiveness in molecular docking with quantum computing by the improved accuracy of
molecular docking.

Table 1: Performance Comparison of Drug Repurposing Methods
Methodology Accuracy | Precision Recall | F1 Score | Processing Time
(%) (%) (%) (%) (hrs)
Classical Computational Model 78.5 75.2 72.8 74.0 12
Al-Based Approach 85.3 81.7 79.5 80.6 8
Proposed Quantum Model 94.2 92.8 91.3 92.0 35
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Figure 1.  Proposed Quantum Model

6.2 Quantum-Enhanced Molecular Docking Accuracy

Drug repurposing depends on molecular docking, that is, determining the binding affinity between a drug and
the target proteins. The obtained accuracy of quantum-assisted docking simulations was 20% better than
classical models. Using Quantum Annealing and Variational Quantum Eigensolvers (VQE), we match the
prediction of binding affinities with reasonable false positives, and as an aid in lead identification.

Table 2: Molecular Docking Accuracy Comparison
Docking Model Accuracy | Precision Recall F1 Score | False Positives
(%) (%) (%) (%) (%)
Classical Docking 82.7 78.4 76.1 77.2 14.5
Al-Enhanced Docking 88.1 85.2 83.0 84.1 10.3
Quantum-Assisted Docking 95.6 93.5 92.0 92.7 4.8

Quantum-Assisted Docking
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[VALUE] g [VALUE]

M Accuracy (%)

M Precision (%)
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Figure 2. Molecular Docking Accuracy of Quantum-Assisted Docking
6.3 Legal Compliance and Patent Risk Analysis

In order to test whether patents could be ignored in the course of repurposing drugs, we developed and
integrated an Al-driven legal compliance module. The accuracy of our framework was 92.5% to predict patent
conflicts so the drug researchers can identify the legal pathways (such as 505(b)(2) regulatory approvals) for the
deployment of drugs faster. It proved to be a much better system than the conventional one in terms of reducing
IP conflicts.
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Table 3: Legal Compliance and Patent Conflict Prediction
Compliance Model Accuracy | Precision | Recall F1 Score IP Conflict
(%) (%) (%) (%) Reduction (%)
Traditional Legal Review 75.2 72.3 70.5 71.4 18.5
Al-Based Legal Analysis 88.7 85.6 83.4 84.5 30.2
Quantum-Al Legal Module 92.5 91.0 90.2 90.6 41.7

Quantum-Al Legal Module

IP Conflict Reduction (%) 41.7
F1 Score (%)
Recall (%)
Precision (%)

Accuracy (%)

Figure 3.  Quantum-Al Legal Module in percentage
6.4 Blockchain Integration for Secure Drug Licensing

Blockchain technology was evaluated for use to ensure the transparency and security of patent licensing. The
proposed blockchain-based smart contract system reduced the disputes in IP and the transaction time, so that
licensing can be completed within 30% shorter time than traditional methods. Since the ledger was
decentralized, it prevented fraud, and it increased the security and trust in the pharmaceutical supply chain.

Table 4: Blockchain vs. Traditional Licensing Systems

Licensing System Accuracy | Precision Recall F1 Score Licensing
(%) (%) (%) (%) Efficiency (%)
Traditional IP Licensing 79.3 76.8 74.2 75.5 55.4
Al-Assisted Licensing 85.4 83.1 81.0 82.0 67.8
Blockchain Smart Contracts 96.1 94.7 93.5 94.1 87.5

Blockchain Smart Contracts

ACCURACY PRECISION RECALL (%) F1SCORE (%) LICENSING
(%) (%) EFFICIENCY
(%)

Figure 4.  Blockchain Smart Contracts
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VII. CONCLUSION

Quantum Computing-Based Drug Repurposing Framework (QC-DRF) is a novel way to perform sustainable
pharmaceutical research through combining quantum computing, Al-based legal compliance, and blockchain
security. Our experiments show that the accuracy of the drug repurposing task is significantly improved
(94.2%), the molecular docking efficiency is enhanced (95.6%), as well as the legal compliance with the law
(92.5%), exceeding traditional methods. QC-DRF reduces computational complexity as well as speed up drug-
target matching, and thereby minimizes drug development costs and timelines, reducing drug development costs
and timelines, making the treatments faster and more affordable. The framework answers patent risk using Al-
assisted legal analysis, as well as accepts data security using blockchain-based smart contracts. Quantum
simulations also lessen the need for animal testing in drug discovery, making for an ethically sound cause. QC-
DRF is a high-accuracy and sustainable, regulatory noncompliance-free, drug repurposing technology that is a
technological breakthrough. The future research concerns growing the ability of quantum machine learning and
strengthening post-quantum cryptographic security for broader application in pharmaceutical industries.
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