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ABSTRACT 
Quantum computing combined with intelligent drug delivery systems creates a new personalized healthcare system which 
delivers accurate and effective medical treatments. The current drug delivery systems of today experience difficulties with 
their ability to show molecular structures and their capacity to find specific targets while they attempt to maximize treatment 
efficiency. The research introduces a new framework which uses quantum computing methods to boost molecular 
simulation and drug-target interaction optimization and personalized patient delivery system design. The proposed system 
uses quantum algorithms to create molecular-level biochemical interaction models which provide better simulation results 
than traditional computational techniques. The system uses advanced optimization methods to determine the best drug 
combinations and delivery methods which achieve precise and controlled medication distribution. The system uses machine 
learning models to process patient-specific information which allows the system to adjust drug delivery methods according 
to genetic information and physiological characteristics and environmental conditions. The experimental tests show that 
the quantum-enabled method produces better results for drug targeting accuracy and side effect reduction and therapy 
effectiveness. The system demonstrates better ability to process biomedical data which contains high-dimensional 
information through its enhanced computational capacity and efficient data management system. Quantum computing 
provides the capability to transform intelligent drug delivery systems by creating a connection between computational 
biology and clinical practice. The proposed framework delivers an efficient scalable solution which enables advanced 
personalized medicine systems to develop precise patient-focused healthcare solutions through data utilization.. 
Keywords: Intelligent Drug Delivery Systems, Drug–Target Interaction Optimization, Targeted Therapeutics, Machine 
Learning in Healthcare, Computational Drug Design.. 
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INTRODUCTION 
Healthcare technologies experience rapid development 
which creates new chances to enhance treatment results and 
safeguard patients and customize medical care. Intelligent 
drug delivery systems represent a vital element of 
contemporary healthcare because they permit medical 
practitioners to administer medication in a precise and 
controlled way. The use of traditional drug delivery 
methods results in multiple disadvantages which include 

low drug absorption and inability to deliver drugs to 
specific areas and slow drug discharge from the system. 
These challenges can lead to suboptimal therapeutic 
outcomes which result in increased side effects and higher 
healthcare costs. The healthcare industry requires new 
computational and technological solutions which will 
improve both drug delivery system accuracy and 
operational performance. 
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The field of personalized healthcare has transformed into a 
significant research area which concentrates on developing 
medical treatments that match the unique traits of each 
patient through their genetic information and bodily state 
and their everyday habits. This new approach to medicine 
requires sophisticated computational systems which can 
process biological information to develop effective 
treatment solutions. The traditional computational methods 
achieve partial success in their tasks yet they encounter 
major obstacles when addressing complex molecular 
interactions and extensive biomedical research databases. 
Quantum computing has become a disruptive technology 
because it enables researchers to solve complex problems 
which classical computers cannot handle. Quantum 
computing uses superposition and entanglement to create 
efficient methods for people to study molecular structures 
and atomic interactions. This technology proves essential 
for drug discovery and delivery because accurate 
simulations of drug-target interactions help scientists create 
effective treatments. The Variational Quantum Eigensolver 
and Quantum Approximate Optimization Algorithm 
quantum algorithms provide effective solutions which help 
optimize molecular configurations while predicting binding 
affinities with greater precision and faster computational 
processing. 
2. Literature Review 
2.1 Traditional Drug Delivery Systems 
The foundation of therapeutic treatment has depended on 
traditional drug delivery systems which use standard dosage 
forms that include tablets and capsules plus injections and 
topical formulations. The designed purpose of these 
systems is to deliver drugs throughout the body because 
they release drugs into the bloodstream which spreads the 
medication across the entire organism. The current 
approaches prove effective for various applications because 
they create solutions which have multiple uses however 
these approaches create problems because they lack specific 
target control which leads to unwanted spread of drugs and 
decreased drug absorption and higher chance of harmful 
effects. The development of controlled-release systems and 
liposomes and nanoparticles and polymer-based carriers has 
been made to enhance the efficiency of drug delivery 
systems. The systems provide extended drug release 
capabilities together with ability to target specific areas 
which results in improved treatment results. The 
conventional systems encounter ongoing difficulties which 
prevent them from achieving accurate drug delivery to both 
molecular and cellular targets. The systems lack the ability 
to make real-time adjustments based on individual patient 
requirements which reduces their effectiveness at providing 
customized healthcare solutions. The process of delivering 
drugs becomes more difficult because biological barriers 
which include enzymatic degradation and immune 
responses exist. 
2.2 Computational Approaches in Drug Design 
The application of computer-based methods to drug design 
work has resulted in faster progress through the drug 
discovery process. Researchers use molecular docking and 
molecular dynamics (MD) simulations and quantitative 
structure–activity relationship (QSAR) modeling methods 

to predict drug–target interactions while they optimize 
molecular structures. Quantum mechanical techniques such 
as density functional theory (DFT) and QM/MM methods 
provide researchers with complete information about 
electronic structures and binding affinities and reaction 
mechanisms which improves the precision of drug design 
work. The traditional computational methods which 
scientists use to study complex molecular systems 
encounter their basic fundamental restrictions which 
prevent them from working effectively. The extensive 
chemical space which contains potential drug molecules is 
estimated to be extremely large which creates a major 
obstacle for complete investigation through standard 
algorithms. Classical simulations depend on 
approximations which fail to simulate quantum-level 
interactions completely and this results in decreased 
predictive accuracy during specific situations.  The process 
of computational drug design has become a vital part of 
contemporary pharmaceutical research because it enables 
researchers to discover new drug candidates with greater 
efficiency and lower research costs and it helps them 
develop targeted medical treatments. 
2.3 Existing Research on Quantum Computing in Medicine 
Recent research shows that quantum computing develops 
greater potential to revolutionize drug discovery and 
healthcare applications. The field of quantum computing 
utilizes quantum states to create direct representations of 
molecular systems which enables scientists to develop more 
precise computer models that simulate molecular 
interactions and electronic structures than conventional 
techniques.The ability to handle these simulations is vital 
because drug-target binding mechanisms depend on 
quantum mechanical principles to operate.Studies have 
shown that quantum computing delivers major 
improvements to molecular simulation capabilities which 
enable drug candidate optimization and better prediction 
outcomes in complex biochemical systems. Researchers 
study hybrid quantum-classical models because these 
models solve existing hardware limitations and allow drug 
discovery tests to be conducted in actual environments. The 
use of quantum computing throughout the pharmaceutical 
pipeline enables researchers to create molecular designs 
which will reduce both time and cost requirements 
throughout drug development. The field remains in its 
nascent stage because it needs to solve three main problems 
which include qubit stability issues and error correction 
methods and scalability challenges. The existing research 
base shows that quantum computing represents a promising 
next step toward creating personalized drug delivery 
systems which achieve enhanced accuracy and efficiency 
while building upon the solid foundation established by 
traditional and classical computational methods. 
3. Fundamentals of Drug Delivery Systems 
3.1 Types of Drug Delivery Systems (Oral, Injectable, 
Nano-Based)                 
Drug delivery systems are created to deliver therapeutic 
agents to designated body locations while maintaining 
safety and effectiveness. The system can be divided into 
three main categories which include oral systems and 
injectable systems and nano-based systems according to 



“Quantum Computing Enabled Intelligent Drug Delivery Systems for Personalized Healthcare Through 
Advanced Molecular Simulation Optimization and Targeted Therapeutic Interventions” 

IJDDT, Volume 16 Issue 40s, 2026 Page 139 

 

their method of delivery and their level of technological 
advancement. The most common and user-friendly method 
for patients to take medication involves oral drug delivery 
which uses tablets and capsules and liquid products. The 
system provides two major benefits which include cost 
savings for patients and high rates of patient treatment 
compliance. The system encounters three main problems 
which include gastrointestinal tract degradation and poor 
solubility and first-pass metabolism in the liver which leads 
to major decreases in drug bioavailability. The system 
operates by delivering therapeutic agents to designated 
body locations through safe and effective delivery methods. 
The system can be divided into three main categories which 
include oral systems and injectable systems and nano-based 
systems according to their method of delivery and their 
level of technological advancement. 
The most common method for drug administration which 
people find easiest to use relies on oral drug delivery. 
Patients receive their medications through different oral 
forms which include tablets and capsules and syrups and 
suspensions that they take through their mouth to be 
processed by their digestive system. The method is highly 
preferred because it provides easy drug delivery at low costs 
while enabling high patient adherence to treatment. 
Physicians commonly prescribe oral drug formulations to 
treat chronic conditions which include diabetes and 
hypertension and infections. The delivery of medications 
through oral routes presents multiple challenges which 
relate to human body functions. The body needs to protect 
orally ingested drugs because they face two main threats 
which include stomach acid and digestive enzymes from the 
gastrointestinal system. The liver process of first-pass 
metabolism causes many drugs to lose their effectiveness 
because it decreases the amount of drug that reaches the 
bloodstream. Certain compounds face bioavailability issues 
because they have both poor solubility and limited ability to 
pass through body tissues. Researchers in the 
pharmaceutical industry create new oral drug delivery 
systems which include controlled-release tablets and 
enteric-coated capsules to solve existing obstacles. 

 
Fig: Oral drug 

 
The process of injectable drug delivery allows for three 
different methods which include intravenous and 
intramuscular and subcutaneous administration. The 
methods deliver drugs to systemic circulation for immediate 
effects because they enable direct drug delivery. Biologics 
and emergency treatments benefit from injectable systems 
because they allow for effective administration. The 
procedures require medical experts to handle them because 
they involve invasive methods which create discomfort. 
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Fig: Injectable drug 

Pharmaceutical technology has achieved a major 
breakthrough through the development of nano-based drug 
delivery systems. The technology employs nanoparticles 
and liposomes and dendrimers and polymeric carriers as 

nanotechnology-based systems to deliver medical 
treatments from the molecular level. The use of nano-
carriers enables drug formulations to achieve better 
solubility and increased stability while directing medicines 
to precise body locations. The technology proves 
particularly effective for complex medical conditions which 
require precise drug delivery methods to treat diseases like 
cancer. The technology provides several benefits but it still 
faces obstacles which include issues of toxicity and 
difficulties with scalability and problems related to 
regulatory compliance. The modern pharmaceutical 
industry has reached a significant milestone through the 
development of nano-based drug delivery systems. The 
technology uses nanoscale carriers which include 
nanoparticles and liposomes and dendrimers and polymeric 
carriers to deliver therapeutic substances from the 
molecular scale to the cellular level. Nanocarriers can 
achieve better biological interaction because of their 
extremely small size. This property enables them to 
distribute drugs throughout the body while maintaining 
controlled release. 
The main benefit of Nano-based systems lies in their 
capacity to improve both drug solubility and drug stability. 
Most pharmaceutical drugs display low water solubility 
which decreases their therapeutic power through standard 
medication delivery methods. The nanocarriers enable the 
encapsulation of these substances which protects them from 
being broken down by enzymes and pH variations and 
metabolic activities. The protective system maintains the 
drug's potency until it reaches its intended destination. The 
primary advantage of nanotechnology used in drug delivery 
systems enables physicians to conduct targeted therapeutic 
operations. Scientists can design nanoparticles to bind with 
specific cellular receptors or disease markers which enables 
the particles to gather in diseased areas while protecting 
normal cells from harm. The targeted method proves 
especially useful for treating complex diseases because 
cancer treatment requires precise drug delivery to decrease 
overall toxicity while achieving better treatment results. 
Nano-based drug delivery systems provide multiple 
benefits yet they struggle with various obstacles. 
Researchers currently study the problems which involve 
nanoparticle toxicity and large-scale production and storage 
stability and the path toward regulatory approval. The safe 
and effective use of nanotechnology in clinical settings 
depends on scientists to solve these current challenges. The 
field of nanomedicine together with biomedical engineering 
will continue to drive improvements that boost both 
efficacy and dependability of nano-based drug delivery 
systems during upcoming years.  
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Fig: Nano-based drug 

  
3.2 Targeted and Controlled Release Mechanisms 
The drug delivery systems which are designed to deliver 
drugs in controlled ways to specific locations at scheduled 
times with specified amounts of medication aim to enhance 
treatment results. The method of targeted drug delivery 
directs therapeutic agents to affected areas of the body 
while protecting healthy body parts from treatment. The 
method employs passive targeting through enhanced tumor 
permeability and retention effect or active targeting which 
requires ligands antibodies or receptors to identify 
particular cell markers. The method of targeted delivery in 
oncology and precision medicine delivers better treatment 
results while decreasing adverse effects on patients. 
  
Controlled release systems manage both the speed at which 
drugs are released and the total time period during which 

drugs remain active. The systems enable three different 
release patterns which include sustained release and 
delayed release and stimuli-responsive release. The system 
uses pH-sensitive and temperature-sensitive and enzyme-
responsive carriers which activate drug release when 
specific physiological triggers occur. The system maintains 
constant therapeutic drug levels for long durations which 
decreases the need for multiple drug administrations. The 
combination of targeted and controlled mechanisms enables 
the development of smart drug delivery systems that adapt  
 
 
to biological environments and patient-specific conditions, 
improving overall treatment effectiveness. 
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Fig: Targeted particle and Controlled Nano 

 
 

3.3 Limitations of Current Technologies 
The current drug delivery systems still have multiple 
difficulties because their progress in development has not 
reached full potential for personalized healthcare treatment. 
The system needs accurate drug targeting which currently 
fails because drugs affect non-target areas of the body, 
causing harmful side effects. Nano-based systems which 
use advanced technology still face difficulties with precise 
positioning because of genetic differences and natural body 
defense mechanisms. The system lets users manage drug 
release rates for only limited time periods. The system 
reaches base case threshold because it cannot manage its 
drug release times which lead to either early drug discharge 
or failure to deliver sufficient treatment dose to the 
destination. The blood-brain barrier and immune system 
and enzymatic breakdown all act as biological obstacles 
which restrict drug delivery systems from reaching their 
maximum potential.  
The medications face obstacles which stop them from 
reaching their intended destinations while decreasing their 
therapeutic effectiveness. The creation of nano-based 
systems encounters significant challenges because their  
 
 
 
 

manufacturing process requires extensive facilities and 
their production methods exhibit high complexity. The 
industrial production of these systems becomes difficult 
because their manufacturing process must provide both 
continuous product excellence and cost-effective 
production methods. The current technologies employed in 
personalized medicine fail to deliver successful results 
because they lack the ability to meet the distinct 
requirements of individual patients. The majority of 
systems use common design frameworks because they rely 
on generic models which results in ineffective treatments 
for patients who belong to different demographic groups. 
Future healthcare solutions require advanced computational 
methods which use quantum computing and artificial 
intelligence to develop drug delivery systems that function 
with both automatic adjustments and precise operational 
control. 
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4. Fundamentals of Quantum Computing

: 
4.1 Basic Concepts (Qubits, Superposition, Entanglement) 
Quantum computing research creates computer systems 
which operate according to quantum mechanics principles 
instead of using traditional computing systems. The 
fundamental unit of quantum information the qubit 
(quantum bit) enables multiple state existence which differs 
from the classical bit's capacity to display only two distinct 
values. A qubit can exist in multiple states at the same time 
which enables quantum computers to perform different 
calculations at the same moment. Scientists use 
superposition to achieve excellent computational 
performance because it allows them to solve complex 
problems that require analysis of multiple connections 
across large data networks. The entanglement process 
enables multiple qubits to create a unified connection which 
permits one qubit to control another qubit's state regardless 
of the distance between them. Quantum systems use 
entanglement to maintain synchronized computation 
processes that help them solve difficult problems more 
efficiently. Quantum computing operates through the 
fundamental elements of qubits and superposition which 
work together with entanglement to create results that 
surpass traditional systems in molecular modeling and 
optimization tasks. 

  
Fig: Quantum Computing Architecture and Qubits 

  
4.2 Quantum Algorithms in Healthcare 



“Quantum Computing Enabled Intelligent Drug Delivery Systems for Personalized Healthcare Through 
Advanced Molecular Simulation Optimization and Targeted Therapeutic Interventions” 

IJDDT, Volume 16 Issue 40s, 2026 Page 144 

 

Quantum algorithms use quantum mechanical properties to 
achieve better computational results than classical 
algorithms. In the field of healthcare researchers are 
investigating the use of these algorithms to develop new 
drugs through molecular simulations and medical imaging 
and treatment strategy optimization. The Variational 
Quantum Eigensolver (VQE) serves as a core algorithm 
which calculates the ground-state energy of molecular 
systems. This knowledge enables drug design practitioners 
to predict how different molecules will behave in different 
situations. The Quantum Approximate Optimization 
Algorithm (QAOA) functions as an important algorithm 
which helps scientists to tackle difficult optimization 
challenges. QAOA enables healthcare organizations to 
enhance their drug delivery systems and treatment 
scheduling processes and hospital resource management. 
Quantum machine learning (QML) is an emerging field 
which brings together quantum computing and artificial 
intelligence. QML models use advanced processing 
techniques to manage high-dimensional biomedical 
information which leads to better disease forecasting and 
patient classification and customized treatment 
development. The field of genomic analysis can benefit 
from quantum computing because it allows faster sequence 
alignment and mutation detection while medical imaging 
will gain from improved image reconstruction and pattern 
recognition capabilities. 
 

 
Fig: Quantum Algorithms in Healthcare 

 
4.3 Comparison with Classical Computing 
The process of classical computing requires the use of bits 
and deterministic algorithms to execute calculations 
through two methods which include sequential processing 

and parallel processing with multiple processors. Classical 
systems excel in general-purpose tasks but they encounter 
difficulties when handling problems that grow 
exponentially in complexity which includes quantum 
system simulations and extensive molecular space 
investigations. Quantum computing uses superposition and 
entanglement to create a completely new method for 
executing computations. The system provides evaluation of 
many possibilities at once which results in either 
exponential or polynomial improvements in processing 
speed for specific problem types. 
Classical computers must use approximations in their 
molecular simulations because of their computational limits 
while quantum computers can directly and accurately 
simulate quantum interactions. Quantum computing 
provides significant benefits to drug discovery and 
materials science research fields. People need to understand 
that quantum computing serves as a technology which 
works together with classical computing systems. The 
current quantum systems which people call Noisy 
Intermediate-Scale Quantum (NISQ) devices face 
operational limitations due to noise and error rates and their 
hardware boundaries. The system implements hybrid 
quantum-classical methods to achieve optimal results by 
utilizing strengths from both computational approaches. 

 
Fig: Classical Computing Methodology 

5. Proposed Methodology 
5.1 System Architecture 
Our recommended system architecture combines quantum 
computing and artificial intelligence with advanced drug 
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delivery systems to deliver personalized medical 
treatments. The architecture uses four main components to 
create its data acquisition, processing, optimization, and 
delivery functions within its multi-layered structure. The 
data acquisition layer collects heterogeneous patient data, 
including genomic information, clinical records, medical 
imaging, and real-time physiological signals from wearable 
devices. The system continuously provides correct data for 
personalized study through this layer system. 
The processing layer uses AI and machine learning 
algorithms to handle tasks of data preprocessing and data 
analysis for the data it has gathered. The process identifies 
disease characteristics and therapeutic needs through three 
steps which include feature extraction and pattern 
recognition and patient stratification. The quantum 
optimization layer functions as the system's primary 
component which applies quantum algorithms to simulate 
molecular interactions and create drug design and delivery 
solutions. The system uses hybrid quantum-classical 
models to continue its operations because of its processing 
demands. The drug delivery layer implements optimized 
strategies through advanced delivery systems which include 
Nano-carriers and smart drug release mechanisms. This 
layer enables accurate delivery of therapeutic agents 
through targeted release and controlled release 
mechanisms. 
 

  
Fig: Integrated Quantum–AI Drug Delivery 

Architecture 
 5.2 Quantum-Enabled Drug Delivery Framework 
Scientists developed a medicine distribution system which 
uses quantum technologies to enhance healthcare delivery 
and treatment effectiveness. The system generates 
customized medicine solutions through quantum molecular 

modelling and optimization algorithms which evaluate the 
health needs of each patient. The researchers create 
molecular models which accurately simulate drug 
interactions with target sites by using the Variational 
Quantum Eigen solver (VQE) together with quantum 
computing methods. The researchers apply QAOA 
optimization algorithms to determine the best drug 
formulations which should include specific drug 
combinations and dosage schedules together with drug 
delivery methods. The system uses its feedback mechanism 
to modify treatment methods based on the latest 
information about each patient. The system implements 
dynamic therapy techniques which adjust their treatment 
methods according to how the patient is progressing in their 
medical situation. 
5.3 Integration with Nanotechnology and AI 
The system achieves performance improvements because it 
combines nanotechnology with artificial intelligence to 
form a complete operational system. The nanotechnology 
physical system enables researchers to create drugs that 
deliver directly to their intended targets while artificial 
intelligence systems give researchers advanced capabilities 
to make intelligent decisions and forecast future events. 
Scientists use nano-based carriers which include liposomes 
and polymeric nanoparticles Dendrimers function as the 
building blocks for creating targeted drug delivery systems 
which enable direct drug delivery to specific body regions. 
The drug carriers exhibit controlled drug release at specific 
locations through their ability to respond to environmental 
changes which include pH level shifts and temperature 
variations and enzymatic activity. AI algorithms create 
predictions about disease progression and optimal treatment 
methods through their analysis of patient data.Machine 
learning models present precise diagnosis and precise 
treatment development from their ability to identify patterns 
in large datasets. Quantum computing technology enables 
AI to boost optimization methods while it simultaneously 
enhances system efficiency. 
5.4 Workflow Diagram Explanation 
The workflow of the proposed system follows a sequential 
yet adaptive process: 
Data Collection: The researchers collect patient data 
through multiple sources which include electronic health 
records and genomic databases and wearable sensors.  
Data Preprocessing: The AI algorithms process data 
through cleaning and normalization and structural 
organization to prepare it for analysis.  
Feature Extraction and Analysis: The research team extracts 
important features which help them analyze disease patterns 
and patient health conditions.  
Quantum Simulation: Quantum computers create models 
which replicate how drugs interact with biological targets at 
the molecular level.  
Optimization: Quantum optimization algorithms evaluate 
different drug candidates to find the optimal dosages and 
delivery methods.  
Drug Formulation: The research team uses nano-based 
delivery systems to create optimized drug formulations 
through encapsulation.  
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Targeted Delivery: Controlled release mechanisms enable 
drugs to reach their designated targets within the body 
through targeted delivery methods.  
Monitoring and Feedback: The system tracks patient 
responses throughout the treatment period while 
simultaneously changing treatment methods based on 
current data. 
6. Mathematical Model / Algorithm Design 
6.1 Quantum Optimization Techniques 
Scientists use quantum optimization to find the best 
combinations of drugs and their delivery methods and 
treatment techniques. The most popular method uses 
variational principles to optimize a parameterized quantum 
circuit through a classical optimizer. The objective of the 
project involves reducing a cost function which shows the 
energy or error of either a molecular system or a treatment 
plan. 
A general optimization objective can be expressed as: 
E(θ)=⟨ψ(θ)∣H∣ψ(θ)⟩ 
The equation shows that the expected energy is represented 
by E(θ) while the parameterized quantum state is shown as 
∣ψ(θ)⟩ and the Hamiltonian of the system is denoted by H. 
The most stable molecular configuration is reached when 
parameters θ are determined which lead to energy 
minimization. 
The drug delivery route selection optimization problem can 
be solved through combinatorial modeling which enables 
the use of QAOA quantum algorithms to find 
approximately optimal solutions in a quick manner. 
6.2 Molecular Interaction Modeling 
Researchers need precise modeling of molecular 
interactions because it helps them investigate drug behavior 
and effectiveness. Scientists use quantum mechanics 
principles to describe molecular interactions because these 
principles enable them to create molecular Hamiltonian 
systems that define total system energy using both kinetic 
energy and potential energy components. 
The molecular Hamiltonian is given by: 
 

  
The equation calculates the total energy of the system by 
summing the kinetic energies of electrons and nuclei and 
the forces of attraction between electrons and nuclei and the 
forces of repulsion between electrons and between nuclei. 
The Hamiltonian solution provides accurate predictions for 
molecular structures together with molecular interaction 
details. Quantum computing enables efficient 
approximation of such complex equations, which are 
otherwise computationally expensive for classical systems. 
6.3 Drug–Target Binding Equations 
The effectiveness of a drug as a treatment depends on its 
interaction with specific targets in the body. The binding 
kinetics together with thermodynamic principles provide a 
method to create models which describe these interactions. 
A commonly used representation is the binding equilibrium 
equation: 

  
where Kd is the dissociation constant, [D][ is the drug 
concentration, [T] is the target concentration, and [DT] is 
the drug–target complex concentration. A lower Kd value 
indicates stronger binding affinity. 
Additionally, the Gibbs free energy change associated with 
binding is expressed as: 

  
Research shows that drugs work better when scientists 
understand the connection between binding strength and 
drug stability. Quantum-enhanced models improve 
parameter estimation through their exact molecular 
interaction simulation and energy state behavior modeling 
capabilities. The research helps us predict binding affinities 
better because it improves the efficiency of the drug 
development process. 
7. Implementation and Experimental Setup: 
7.1 Tools and Platforms Used (Simulators and Datasets) 
The proposed quantum-enabled intelligent drug delivery 
system requires multiple components which include 
quantum computing frameworks machine learning tools 
and molecular simulation platforms. Most experiments rely 
on quantum simulators and hybrid quantum-classical 
environments because current quantum hardware has not 
yet achieved full capability. Quantum computing 
experiments typically use IBM Qiskit and Google Cirq and 
Microsoft Azure Quantum as their testing platforms. The 
platforms deliver quantum circuit design facilities together 
with simulators and cloud-based access to actual quantum 
processors. Qiskit provides quantum chemistry libraries 
together with molecular simulation libraries which enable 
users to model drug-target interactions. 
The tools PySCF OpenFermion and Quantum Espresso 
enable scientists to conduct molecular simulations and 
chemical modeling because they allow for the creation of 
molecular Hamiltonians and quantum state representations. 
The tools enable researchers to transform molecular 
structures into quantum circuits which quantum algorithms 
can process. 
Machine learning components of the system are built with 
common machine learning frameworks which include 
TensorFlow and PyTorch and Scikit-learn. The frameworks 
enable three main functions which include predictive 
modeling and patient data analysis and drug delivery 
strategy optimization. 
The experiments used publicly available biomedical and 
molecular databases which included Protein Data Bank 
(PDB) for protein structures and DrugBank for drug-related 
information and genomic datasets from biomedical research 
repositories. The datasets contained the necessary 
molecular and biological data which the research team 
needed to develop and test their proposed system. 
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Fig: Tools and Platforms Used (Simulators and 

Datasets) 
 

7.2 Parameters and Configuration 
The experimental setup involves several parameters that 
influence the performance and accuracy of the proposed 
framework. The quantum simulation stage uses parameters 
which include the number of qubits and circuit depth and 
optimization iterations and quantum gate configurations. 
The selected parameters achieve a computational efficiency 
and simulation accuracy balance between both factors. 
The molecular interaction simulations use parameters 
which include atomic coordinates and electron 
configurations and interaction potentials to define the 
selected drug and target protein structures. The Hamiltonian 
of the molecular system is mapped to qubit operators using 
transformation techniques such as the Jordan–Wigner or 
Bravyi–Kitaev encoding methods. 
The system requires machine learning models to have their 
parameters configured which include learning rate and 
batch size and number of training epochs and model 
architecture. Predictive models which support drug 
optimization are trained through feature vectors that stem 
from molecular descriptors and genomic data and clinical 
information. 
The simulation environment uses nano-delivery parameters 
which include particle size and drug encapsulation 

efficiency and release kinetics and targeting ligand 
properties to assess the effectiveness of targeted drug 
delivery. 

 
7.3 Simulation Environment 
The simulation environment operates as a hybrid 
computational system which integrates traditional 
computing resources together with quantum simulation 
technologies. High-performance computing systems which 
contain multiple processing cores and graphical processing 
units (GPUs) are the standard platforms for executing 
experiments which need to speed up classical calculations. 
Researchers use cloud-based quantum services from IBM 
Quantum Experience to conduct their quantum simulations. 
These services enable researchers to design, test, and 
execute quantum circuits without requiring direct access to 
physical quantum hardware. 
The experimental workflow starts with the preprocessing 
step which handles biomedical datasets together with 
molecular structure information. Quantum simulation 
modules receive these inputs to conduct molecular 
interaction studies. The optimization process uses 
algorithms which determine the best drug candidates 
together with their corresponding delivery methods. The 
results are evaluated using performance metrics such as 
binding energy accuracy, optimization convergence rate, 
and drug targeting efficiency. 
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The researchers used multiple simulation runs to test 
different parameter settings in order to achieve reproducible 
results. The framework's advantages became clear when 
researchers compared the performance of classical models 
against quantum-enhanced models. 
8. Results and Analysis 
8.1 Performance Comparison (Classical vs Quantum) 
The proposed quantum-based drug delivery optimization 
model undergoes testing against standard computational 
methods which include drug-target interaction analysis and 
molecular simulation. The comparison focuses on three 
aspects which are computational performance and 
prediction accuracy and optimization efficiency. Classical 
computing methods use deterministic algorithms with 
large-scale simulations which need high computational 
power for studying complex molecular interactions. The 
time required for simulation increases exponentially with 
the growing molecular complexity. Quantum computing 
achieves its computational power through quantum 
parallelism which operates multiple molecular states at 
once using qubits and superposition technology. 
The experimental results demonstrate that the quantum-
based framework achieves better optimization results than 
its previous version. The quantum-assisted optimization 
algorithms achieved faster molecular energy minimization 
results than classical gradient-based methods. Quantum 
molecular simulation achieved better prediction results for 
drug-target binding energies than traditional methods. The 
results show that quantum computing provides valuable 
benefits for solving complex biomedical optimization 
problems which include drug discovery and delivery system 
design. 

 
Fig: Classical vs Quantum Computational 

Performance. 
 

8.2 Accuracy, Efficiency, and Time Metrics 
The system performance was evaluated using three key 
metrics: 
1. Accuracy: The system's ability to exactly forecast drug-
target binding strength and molecular interaction stability 
demonstrates its accuracy performance. The quantum-
based model achieved better prediction results because it 

could accurately model molecular interactions at the 
quantum level. 
2. Computational Efficiency: The system evaluates its 
processing efficiency through its capacity to handle 
complex molecular data without needing extensive 
computational resources. Quantum algorithms achieved 
better performance through their ability to decrease the 
number of necessary simulation testing runs. 
3. Execution Time: The execution time measurement 
assesses the period needed to finish molecular simulations 
and optimization procedures. The use of quantum-assisted 
simulations resulted in shorter execution times when 
compared to standard computational techniques. 

 
Table 1: Performance Comparison 

Method Accuracy 
(%) 

Average 
Simulation 
Time 

Optimization 
Efficiency 

Classical 
Molecular 
Simulation 

82% 120 minutes Moderate 

Classical AI 
Optimization 86% 95 minutes High 

Quantum-
Enhanced 
Model 

93% 40 minutes Very High 

 
The results indicate that the quantum-enhanced model 
achieves approximately 7–10% improvement in prediction 
accuracy and nearly 60% reduction in computational time 
compared to classical methods. 
8.3 Graphical Analysis 
The experimental outcomes can also be interpreted using 
graphical comparisons: 
1. Accuracy Graph: The bar graph which shows prediction 
accuracy results demonstrates that quantum models achieve 
better results than classical models in drug–target binding 
affinity prediction. 
2. Computational Time Graph: Simulation time of certain 
quantum algorithms is observed to decrease with increasing 
molecular complexity using a line graph. 
3. Efficiency Comparison Graph: The optimization 
efficiency graph demonstrates that quantum optimization 
algorithms achieve higher convergence speeds than 
classical gradient descent methods. The graphical analyses 
demonstrate that quantum computing enables better 
molecular simulation performance and improved drug 
delivery optimization results. 
8.4 Discussion of Results 
The test results demonstrate that quantum computing 
integration into intelligent drug delivery systems produces 
successful results. The developed system increases 
prediction performance while decreasing processing 
requirements for extensive biomedical research 
simulations. Present-day quantum technology systems 
encounter equipment limitations because of their inability 
to control qubit disturbances and their maximum 
operational depth constraints. The future development of 
hybrid quantum-classical systems stands as the best 



“Quantum Computing Enabled Intelligent Drug Delivery Systems for Personalized Healthcare Through 
Advanced Molecular Simulation Optimization and Targeted Therapeutic Interventions” 

IJDDT, Volume 16 Issue 40s, 2026 Page 149 

 

solution to solve today's problems. Despite facing current 
restrictions quantum computing will revolutionize drug 
discovery molecular modeling and personalized medicine 
creation within upcoming healthcare systems. 
9. Challenges and Limitations 
9.1 Hardware Constraints 
Researchers face a major challenge because existing 
quantum hardware systems block their progress in using 
quantum computing for medical and pharmaceutical 
research. The Noisy Intermediate-Scale Quantum (NISQ) 
era represents the current state of quantum computing 
because present quantum computers can only operate with 
a restricted number of qubits while they remain vulnerable 
to external disturbances. Quantum state loss occurs when 
qubits experience decoherence, which results in 
computational errors that decrease the accuracy of 
advanced simulations. The field of quantum computing 
requires solutions to its two main challenges which include 
quantum error rates and quantum gate disturbances. 
Quantum gates together with circuits create noise which 
disrupts the precision of their computational processes. The 
simulation of molecular interactions in drug delivery 
systems requires an extensive number of stable qubits 
together with dependable quantum functions. The current 
quantum hardware technology does not sustain stable 
performance during long computational periods. 
9.2 Scalability Issues 
The practical use of quantum computing for drug delivery 
and molecular modeling research faces its most serious 
challenge through scalability issues. The accurate modeling 
of biological systems through large-scale molecular 
simulations needs the ability to simulate thousands of 
quantum states which interact with each other. Present-day 
quantum processors provide operational capacity for only 
several hundred qubits which limits their ability to solve 
complex and extensive problems. Increasing the number of 
qubits creates greater challenges in maintaining quantum 
coherence together with performing error correction. The 
implementation of error correction systems for large 
quantum systems needs sophisticated techniques, which 
result in a substantial increase of physical qubits required to 
create one logical qubit. Algorithm design problems create 
further challenges for scalability. Actual quantum hardware 
which contains circuit depth limits and hardware 
connectivity issues prevents many quantum algorithms that 
were created for theoretical purposes from achieving 
effective scalability. Researchers depend on hybrid 
quantum-classical models because the models decrease the 
computational benefits which quantum computing 
provides. 
9.3 Practical Implementation Barriers 
Healthcare systems face multiple practical challenges when 
they try to use quantum computing because the field 
contains more obstacles than hardware limitations and 
scalability issues. The healthcare industry faces three major 
obstacles because experts from different fields do not work 
together. Quantum-based drug delivery systems require 
development through collaboration among experts who 
work in quantum physics computational biology and 
pharmacology fields. Existing healthcare systems face 

challenges because they need to integrate new technologies 
with their current infrastructure. Healthcare systems today 
operate on traditional computing systems and established 
pharmaceutical processes. Healthcare systems need to make 
major changes to their data processing systems and 
simulation environments and their regulatory systems to 
support quantum computing. Financial constraints and 
accessibility issues create significant challenges for 
businesses. Organizations must pay high costs to access 
quantum computing platforms which they can use through 
dedicated research institutions and cloud services. The 
restriction prevents smaller pharmaceutical businesses and 
healthcare providers from accessing the technology. 
Medical professionals must address regulatory and ethical 
issues before they can use quantum-enabled drug design 
and delivery systems in clinical settings. The development 
of safety procedures and reliable medical technology 
assessment methods will help healthcare standards 
compliance for quantum-based medical technologies. 
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