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Abstract
Drug Utilization Review (DUR) is needed within health care to assess prescribing, dispensing, and medication
practices, and to determine if those practices are safe, effective, and affordable. The scale of DUR is currently
growing, and will continue to grow with the availability of electronic health records (EHR), claims and real world
evidence (RWE). As this scale increases, so do the challenges surrounding contracting with high dimensional data
and identifying intricate relationships (e.g. polypharmacy, drug-disease interactions). These challenges are in part
due to the current paradigm of classical computers. Quantum Computing (QC) creates the opportunity to advanced
these challenges due to its ability to work through massive amounts of information and solve problems on the fly.
Under this premise, this work explores the potential role of QC, specifically hybrid quantum-classical models, in
the advancement of large scale DUR. This includes the current state of the QC drug discovery and computational
chemistry DUR, the application QC could provide to several key DUR challenges, and the creation of a conceptual
model which incorporates QC into the current state of DUR. The work also discusses the current state technical,
regulatory, and practical impediments to the QC use case within health care, the foundational research needed to
closed these gaps, and the use case benefits the work seeks to enable. Ultimately, this work creates a path to the
integration of QC and the optimization of drug utilization practices to improve health systems cost effectiveness
and patient outcomes.
Keywords: quantum computing; drug utilisation review; pharmacovigilance; real-world evidence; hybrid
quantum-classical machine learning.
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1. Introduction

The Drug Utilisation Review (DUR) process is
ongoing and involves a review of the indication,
appropriateness, and use of a particular medication
to make sure that it is safe, effective and affordable
for the consumer; it is a core component of the
contemporary health care systems that aims to
improve health outcomes, minimize the occurrence
of adverse drug events, decrease the prevalence of
irrational drug use, and achieve efficiency in the
health care expenditure. There is typically three
types of reviews conducted for DUR; outcomes
assessment therapy reviews (prospective reviews),
therapy monitoring (concurrent reviews), and
analysis of past prescribing and dispensing therapy
(retrospective reviews). These types of reviews
provide insight into optimal medication use as they
assess for the presence of duplication of drug
therapies, contraindications, and polypharmacy, as
well as if the patient is being inappropriately treated.
In this sense, DUR is not simply a clinical review as
it serves the purpose of a clinical cost-containment
mechanism to guarantee that patients receive the
appropriate drug therapy that matches their clinical
conditions.

The evolution of technology in healthcare makes it
easier to gather information regarding medicine and
medications from several sources. Medicine claims
databases, electronic health record systems, health
insurance and national health systems, and real
world evidence platforms capture and store vast
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information to be analyzed. However, the challenge
and risk of suboptimal medication use such as drug
overuse, underuse, and lack of proper use, as well as
drug interactions, on patient's health and medicine
outcome require to proper clarifying and risk
assessments using less traditional drug analytic
methods.

Quantum computing (QC) would be able to address
these challenges. Unlike classical computers, which
compute with just yes-or-no answers (0Os and Is),
quantum computers utilize the principles of
quantum mechanics, particularly superposition and
entanglement, to perform calculations. Thus,
quantum computers can solve problems that lie
beyond the reach of classical systems. This includes,
but is not limited to, the fields of chemical
simulation, combinatorial optimization, machine
learning across many dimensions, and hybrid
quantum-classical computing. For the
pharmaceutical industry, especially early-stage drug
discovery and the related molecular simulation and
optimization, quantum computing is a disruptive
technology. QC is able to greatly speed up activities
that would otherwise be considerably expensive
and/or time-consuming.

QC and large-scale DUR intersect for further excited
prospects. Some of the computational challenges in
DUR, including the ability to detect high-order
interactions, optimizing the intervention resources,
and the identification of sought-after phenomena in
enormous datasets, can be described and solved as
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problems suitable for quantum computing as well.
Optimized algorithms with quantum computing
capabilities can, for instance, improve the speed and
accuracy of complex interactions between drugs and
diseases and the capture of suboptimal patterns in
prescribing, as well as the streamlined selection for
targeted interventions of patients or healthcare
providers. Moreover, the blend of quantum-classical
computing systems which is designed for quantum
computing to achieve faster processing while
keeping a classical system is likely to be the most
efficient solution to the integration of QC into
healthcare systems.

This paper covers possible uses of quantum
computing technology related to large scale DUR.
Specifically, and are attempting to accomplish the
following: (1) provide an overview of the current
relevant advancements in quantum computing,
pertaining to the health care, and medication
consumption; (2) ascertain an overview of the most
pertinent computational and methodological
problems of large scale DUR; (3) present an initial
concept, and a blueprint, of how quantum computing
can be a part of the DUR value chain; (4) elucidate
the working, legislative, and operational challenges
pertaining to the introduction of QC in DUR, and
provide direction for future investigation to remove
such challenges. This paper seeks to be the first to
highlight QC's ability to shape DUR, and to
emphasize the importance of quantum technologies
to better practices in drug utilization, improved
patient safety, and effective large scale health care
resource management.

2. Background and Literature Review

Drug Utilisation Review: Scope, Methods, and
Large-Scale Challenges

The Drug Utilization Review (DUR) is an integral
part of managed care, pharmacy benefit
management, and healthcare systems. Generally,
DUR is carried out in the following three forms:
prospective, concurrent, and retrospective. Each of
these reviews focuses on analyzing medication
utilization prior to starting treatment, while
receiving treatment, and following the completion of
therapy. The principal elements of DUR consist of
the following: defining the appropriate medication
use, measuring the actual use through the use of the
data and then comparing this to the established
criteria, using an intervention and feedback or policy
change to address the criteria, and measuring the
outcomes. These actions ensure improved
therapeutic results, avoidance of adverse drug
reactions and overdose, and modem drug market
integration. Unlike in smaller populations, large
DUR poses additional challenges. Considerable
amounts of data at high velocities in the form of high
throughput dispensing records, EHR streams, and
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claims from several payers render data integration
and analysis almost impossible (1). In addition,
these datasets tend to have high dimensionality:
many drugs per patient, several disorders, many
interacting comorbities, and complex temporal order
of events (2). Even to assess these datasets use (3).
Moreover, it is increasingly difficult to delineate and
decipher complex relationships, and other deep
mechanisms of disorder.

Furthermore, the requirement of timely
interventions is the utmost requirement of predictive
and real-time DUR, as there is a need to flag
instances of potentially dangerous or inferior
therapy as quickly as possible. The efficient
allocation of resources is also important in large
scale DUR because it can be very costly in terms of
computing resources to determine which patients or
which patterns of prescribing it is worthwhile to
intervene upon (4). Finally, DUR is required to
design interventions to be understandable and
reviewable and to stay within the limits of the
regulations and the guidelines, which is a way of
ensuring the regulations are being followed in the
way the system is designed to work in practice.
Consequently, large-scale DUR is dependent upon a
range of more sophisticated analytical approaches,
such as machine learning, advanced time-series
modeling, graph and network analytics, and
optimization, which are very resource intensive (5).

Quantum Computing: Concepts and Current
Applications in Pharmaceuticals

Quantum Computing deals with a different style of
computing than all other conventional methods. One
of the methods used in Quantum Computing is
called superposition. Superposition is a method
where computers perform a large number of
calculations all at the same \ time. In fields with a
great deal of computing like Chemistry and
Pharmaceuticals a Quantum Computer could
significantly outperform a classical computer. (6)
There is a great deal of value in quantum computing
in the chemical and pharmaceutical industries in
areas such as drug development and simulation of
molec files. (7) There is a large range of
applications in quantum computing in drug
development with molec interaction simulation with
a quantum computer. The simulation of molecs in
computers is a big time and cost resource. (8)

Also, quantum computing has major benefits in
solving optimization and search queries in problems,
like those found in the development of new
pharmaceuticals. When it comes to fixing
optimization problems, quantum annealing and the
VQE (variational quantum eigensolver) are quite
effective, and problems in chemical design and the
effectiveness of medicine are suitable for these
algorithms. These quantum methods work well in

Page: 1245



Quantum Computing Applications for Large-Scale Drug Utilization Review

cases of combinatorial problems, where the possible
answers grow exponentially as the size of the
problems grow, and they can become quite difficult
for classical computers to solve in intervals of time
(9). Another emerging area of quantum machine
learning (QML) is when quantum and classical
circuits are combined to solve high dimensional
data. In analytics of large datasets, like those found
within the clinics, in clinical trials, or in genetics,
QML has the potential to massively boost the
capacity of analysis when it comes to
pharmaceutical research, specifically when it comes
to predictive analytics and in the recognition of
complex patterns (10).

Quantum computing potential in pharmaceuticals is
still in the early stage of development. Most current
quantum computers are defined as “noisy
intermediate-scale quantum” (NISQ) devices. This
means computers are still not fault tolerant and are
limited in the number of qubits they can handle as
well as in the depth of the calculations they are able
to perform (11). These computers are not fully able
to complete complicated problems yet. However,
they are useful to near-term applications in NISQ.
Doing a classical methodology computational
approach is what hybrid quantum computing is
defined as (12). NISQ devices being developed to
solve numerous complicated problems in
pharmaceuticals face many limitations. These
problems with quantum computing include the
number of qubits, the error rates of the qubits, and
the lack of advanced algorithms and hybrid systems
(13). Creating quantum computers can be life
changing in various aspects of developing drugs due
to the possibilities in molecular simulations. This is
where the true potential lays (14).

QC and Big Drug Use Reviews

Problems instead of solutions, that was the main
topic of all discussions that revolved around using
quantum computer power in the field of pharmacy.
Transforming and creating new molecules was the
main tabula rasa in literature (15). Just as all things
lead to a black hole, so does quantum computer
power and the review of drug use on a large scale.
In terms of computational drug review or large scale
drug review (DUR), there lies a broad hole in
literature. In large scale (DUR), drug review
literature, there exists a fully informative phrase,
"cognitive black holes" for all computationally
challenging tasks. In drug review there exists a
perception that the system keeps integrating the
same pattern at a faucet. Therefore, seeking complex
relationships or problems such as a payoff, gets
computationally erected barriers that inhibit drug
review from clinical or real time. Large scale (DUR)
drug review literature phrases that "In review, as to
what, a system simply keeps integrating the same
dataset". In terms of clinical, there exists a problem
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of computing power at the intersection of OLAP
(online analytical processing) and big data, drug
review literature has simply been silent. hierarchies
of a clinical system, the large data set CLAS
(Complex adaptive systems) with large drug
utilization systems. It is a paradox of quantum
OLAP literature being silent on complex
relationships interfacing drugs, conditions and
treatments,

Since the intersection of quantum computing and
DUR is still an underexplored field, there is an
opportunity to develop quantum-enabled techniques
and architectures to address the challenges of
advanced DUR. These improvements can enhance
the availability of necessary and appropriate drug
interventions and improve patient outcomes and
healthcare utilization efficiency. As the quantum
computing technology evolves, there is a growing
need to develop and integrate prospective quantum
computing DUR technologies into the health care
systems. This study may facilitate the development
of the next generation of health care analytics, in
which quantum computing is used to improve the
use of medication and care, particularly by avoiding
adverse drug reactions.

3. Mapping DUR
Quantum-Amenable Problems

Challenges to

In this part look at what see as the main computing,
analytical, and methodological queries surrounding
the potential scales of Drug Ultilization Review
(DUR) and how we think quantum computing (QC)
or hybrid quantum-classical approaches might cope
with some of these problems. the research these
potential working problems and see how QC might
help with effective, accurate, and scalable problems
derived from all the computation of DUR.

High  dimensional Interaction Detection
(Polypharmacy & Network Effects)

There tends to be multi-level or large-scale DUR
pertaining to the discovery, recognition, and
evaluation of the connections and relationships
between drugs, illnesses, and service providers,
along with patients. Polypharmacy (the use of
several medications at the same time) along with the
interrelationships between some drugs challenges a
person trying to detect unsafe or minimally effective
combinations. Classic algorithms that employ graph
metrics and multi way interaction schemas could
potentially lose the ability to detect and recognize
some of the patterns. A interaction detection
example can be within a network of providers to
prescribers, and a cluster of patients. Multiple
parameters must be considered, and the cost of
computing takes these traditional methods to a new
challenge.
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Several challenges, though, could be mitig with the
potential for advanced quantum computing,
specifically, quantum annealing, QUBO, and
combinatorial optimization. Heuristics
computationally Classically Ins. Drug Discovery.
Classical methods are much less effective than \
quantum methods such as elusive and complex high
dimension spaces. Drug discovery, quantum
annealing chemical optimization structures has
already been proven to be not only effective, but
necessary in advanced, but necessary for DUR.

Resource allocation and intervention targeting
should be optimized.

With potential for pharmaceutical case, DUR is the
determination of when adjacent to other disruptions,
is the potential of optimal targeting for interruption.
Disruption of inappropriate prescribing, potential
adverse, and gaps of patient. Determining the best
subject and the frequency of interculture, is primary
to the interaction. Within different methods such as
(Educational prescribing, counselling patient,
changes formulary), is an, interaction, optimization
problem containing various limitations (cost, time,
available resources, expected outcome).

Solving complex problems with many constraints is
challenging, but quantum computers have the
potential to excel at this. Algorithms such as
Variational Quantum Eigensolvers (VQE) and
Quantum Approximate Optimization Algorithms
(QAOA) could help interventions achieve greater
benefits at lower costs. By thwarting the problem of
efficiently allocating resources, quantum computing
could predict, from a range of potential target
patients and prescribers, the targeted patients,
optimal prescribers, and predicted results of several
intervention strategies. Effective DUR programs
could, to a greater degree, achieve their goals and be
efficiently targeted and cost-effective.

Advanced time-series and generative modeling
techniques help with complex challenges, such as
forecasting prescribing patterns, off-label drug
utilization, and detecting medication duplication,
abuse, and misuse. These tasks depend on
understanding how medication use patterns relevant
to patient safety and drug efficacy will evolve over
time. Traditional models prove useful but have
shortcomings in high-dimensional datasets, macro
forecasting, and drug usage.

Quantum computing, especially using hybrid
quantum-classical models, is extremely promising,
especially in terms of generative modeling.
Quantum  Generative  Adversarial ~ Networks
(QGAN:S) is one of the models and it is currently
being used in the field of generative chemistry to
devise new molecules and drug candidates.
Extending the concept to DUR, QGANS, or models
of the same class, could offer realistic simulations of
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future prescribing patterns, and off-label or
duplicate misuse of drugs. Such models could
provide predictive flexibility and, in turn, provide a
stronger basis for the anticipation and optimization
of the use of drugs over time. Healthcare
practitioners could better anticipate medication use
and, subsequently, enhance safety for patients by
incorporating quantum-enhanced generative models
into DUR systems.

Most, if not all, major DUR systems create data,
specifically created datasets from a number of
patient files, usually millions. Several attributes
accompany each patient, including the drugs
prescribed, the disease, the demographic
information, and the treatment outcome. These data
are continued to be created in real time. Within
specific periods, DUR data from a single patient
could be continually created, leading to very high
patient counts. DUR systems face a fundamental
challenge in flexible and efficient processing of
datasets at the massive scale they create. Also, they
face difficulties in time-sensitive and high
dimensional data. New approaches are needed.

In terms of being able to simulate performance at
scale, quantum computing possesses a unique
advantage. Computers of the quantum variety are
able to parallelize complicated tasks, allowing them
to work on levels of data complexity not previously
doable in reasonable time spans. Quantum
subroutines are able to speed up the completion of
tasks such as the grading of data, identification of
data outliers, and training of predictive models.
Even though the hardware of quantum computing is
in its infancy, hybrid quantum-classical computing
pipelines are being configured to exploit the
quantom speedup of certain tasks while utilizing
classical computing for tasks quantum computers
are not proficient at. As the quantum hardware
undergoes more maturation, we'll be able to mine
connected, supra-internet scale DUR datasets more
effortlessly than previously achievable.

Uncertainty Quantification and Probabilistic
Inference

When analyzing large datasets in DUR, another

2 of the lesser-known of the quantum computing

variety challenges is to attack the problem of
uncertainty, the 'what-ifs'. DUR requires the analysis
to be predictive while estimating the adverse drug
reactions and its rarity along with the various actions
to be predictive of a desired outcome. Most of the
conventional methods for doing this are
probabilistic in nature and require strategically
advanced models of a dimensional nature, leading to
the infamous 'finite' resource conundrum of their
computational models in attempting to do this as
well.
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Computers use probabilistic sampling and this could
very much speed up some Bayesian inference tasks.
Quantum computers using superposition and
entanglement can perform probabilistic sampling.
This could help discover rare events in large
populations such as unexpected drug reactions and
more effectively search probability distributions
over complex data. Quantum improved probabilistic
inference would determine drug safety and efficacy
and help healthcare providers intervene on adverse
drug reactions more timely.

To sum up, the field of quantum computing bring
powerful capabilities to some of the most important
challenges in large scale DUR. Employing quantum
algorithms in combinatorial search, optimization,
generative modeling, scalability, and probabilistic
inference can bring more effectiveness, efficiency,
and precision in the DUR process. While still in the
infancy stage, and healthcare analytics more than
ever requires quantum computing to be further
developed.

4. Methodology

In addressing the potential applications of quantum
computing (QC) associated with drug utilization
review (DUR) and the numerous algorithms
associated with quantum computing (in particular
the forecasting of prescribing behaviors) and other
drug utilization review tasks (like multidimensional
interaction detection and intervention optimization)
and advanced forecasting, also make the first
attempt in this section. Our approach also
encompasses hybrid quantum and classical
frameworks, which optimize utilization, not just of
quantum computing’s capabilities, but of classical
computing’s capabilities, while also overcoming the
limitations of contemporary quantum processors.

Data Gathering and Data Cleaning

Data gathering and data cleaning come first in the
proposed methodology. Typical data involved in
large-scale DUR are electronic health records
(EHR), pharmacy dispensing data, insurance claims,
and other forms of data from the real world. Sample
key datasets include:

Patient Information: Key demographic, clinical,
and relevant co-morbidity data and features like
medication history.

Medication Data: Details like prescribed
medication, dosage, duration, frequency,
indications, and therapeutic uses.

Provider Data: Data pertaining to health care
providers, including prescribers and networks
in healthcare.

Outcome Data: Information describing the
patient’s results, including therapy persistence,
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adverse drug reactions (ADRs), and overall
drug therapy effectiveness.

Process entails cleaning, organizing, and
standardizing every component of the data, and
adjusting the data to make it easier to analyze. This
stage also includes converting categorical data to
numeric data, and addressing any missing or
incomplete data.

Quantum Computing for Detection of High-
Dimensional Interactions

During DUR, the identification of diverse
interrelations, for example, drug-drug interactions,
effects of polypharmacy, and associations between
drugs and diseases, is a vital function. Such
interrelations, however, frequently involve high-
dimensional datasets consisting of numerous
variables (e.g. drug combinations, patient attributes,
and medical conditions).

Quantum Annealing for Combinatorial Search

Quantum Computing is a leading technology for
solving complex optimization problems, especially
those that require sampling from a vast and
combinatorial search space. Quantum annealing is a
technique of quantum optimization where the
system is gradually steered to a state of minimal
energy from a random state. In quantum annealing,
the energy function is the objective function of the
optimization problem. The combinatorial problem
of interaction detection in DUR can be described as

follows:
E(X) = Z W; X; + Z]U xix]'
i

i<j

Where:

e FE(x)is the energy of the system,
representing the objective function for
interaction detection.

e x;and x;jare binary variables representing
the presence or absence of specific
interactions (e.g., drug-drug interaction).

e wjrepresents the bias term for each
interaction (e.g., severity or risk level of a
drug).

e Jijis the interaction term between two drugs
or between a drug and a disease.

D-Wave quantum annealers and other quantum
annealing algorithms are capable of solving this
energy function and locating the principal drug
interactions embedded within the data.
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QUBO Formulation

The discovery of intricate drug interactions can be
approached from the perspective of Quadratic
Unconstrained Binary Optimization (QUBO), a
problem class especially fit for quantum annealers.
The QUBO model theoretic approach to the problem
of detecting interactions within DUR can be stated
as follows:

Q(x) =x"Qx

Where Qis the QUBO matrix, and Xxis the binary
vector representing possible interactions. The
objective is to minimize Q (X)by finding the binary
configuration Xthat corresponds to the optimal set of
drug interactions.

Optimizing Intervention Targeting and Resource
Allocation

As soon as less-than-ideal drug use sequences are
recognized, the subsequent step is to refine
intervention strategies by determining which
patients or prescribers ought to be focused on for
educational interventions, alterations to the
formulary, or complementary actions. This presents
an optimization challenge where the aim is to
increase the advantages of the interventions while
decreasing overall expenses, all within the confines
of some parameters.

Quantum Approximate Optimization Algorithm
(QAOA)

Concerning the above, the Quantum Approximate
Optimization Algorithm (QAOA) has some
relevance to the problem at hand within the scope of
figuring out intervention strategies from
multidimensional perspectives. It is possible to
define the optimization problem in the following
manner:

n
Maximizef (Xx) = Z ¢;x; subject tog; (X) < 0Vj

i=1

Where:

e f(x)is the objective function representing
the overall benefit of an intervention, such
as improvements in patient outcomes or
cost savings.

e x;is the binary decision variable
representing whether to intervene on the i-
th prescription or patient.

e ;is the cost-benefit coefficient for each
intervention.
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e g;(X) < Orepresents the constraints, such
as budget or resource limitations.

QAOA draws on quantum gates to evolve the
system in iterations to find the optimal solution by
exploring varied configurations of interventions
within parameters of costs and benefits.

Generative Modelling regarding the Prescribing
Trends and Forecasting

Generative modelling serves to forecast future
prescribing trends; identify new off-label uses of
drugs; predict and identify potential problems
regarding the use of drugs, such as misuse and
abuse. Quantum Hybrid/ Classical models, such as
QGAN:S, can be used to create plausible cyclic voids
of prescribed data in the form of realistic prescribing
patterns from historical data.

Quantum Generative Adversarial Networks
(QGANs)

A QGAN comprises a quantum generator and a
quantum discriminator. The generator works to
create synthetic data of prescribing patterns, while
the discriminator assesses the generated data and
real data to determine if the synthetic data is
plausible. The goal of the generator is to create data
that is so realistic that the discriminator cannot tell
the difference. The goal of the training process is to
reduce the gap between the real and synthetic data
of patterns.

The QGAN framework can be expressed as follows:

Loan(G, D) = Exp (0 [10g D (x)]
+ ]Ez"'pnoise(z) [log(l - D(G(Z)))]

Where:

e (is the generator network that produces
synthetic prescribing data.

e Dis the discriminator network that
evaluates whether a given prescribing
pattern is real or generated.

®  Paaa(x)is the real data distribution, and
Phoise (2)is the noise distribution used for
the generator.

QGANS can be trained on historical prescribing data
to predict future prescribing patterns and simulate
potential off-label use and misuse patterns. This can
enhance predicting long-term medication use and
support targeted DUR activities.

Scalability and High-Performance Simulation
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The DUR data’s vast scale often millions of patient
records and thousands of drugs—demands cutting-
edge  computational  methods and  data
quantumization. Quantum computing offers
potential for scalability, especially for simulating
large data sets.

Quantum Parallelism

Through superposition, quantum computers can use
parallelism, where they process several
computations at once. By embedding the DUR
problem into quantum circuits, also can use this
parallelism to perform large-scale simulations of
several medication use and optimize interventions
for efficiency particularly for population-level DUR
outcomes, where traditional —methods are
outrageously slow and resource-extensive.

The maturation of quantum hardware will support
the construction of hybrid quantum-classical
frameworks to synchronize quantum and classical
systems. This can accelerate the overall quantum
data processing for large DUR datasets and improve
the efficiency of the simulations and analytics.

Uncertainty Quantification and Probabilistic
Inference

When looking at the chances of seeing rare events
like adverse drug reactions (ADRS), it is challenging
to deal with uncertainty in DUR. But with
superposition\*, quantum algorithms can help with
probabilistic sampling and some Bayesian tasks.

Quantum Sampling and Bayesian Inference

With Bayesian inference also can estimate the
likelihood of an occurrence (i.e. an ADR) with pre-
existing data. Quantum algorithms can make it even
better by sampling data from a distribution in a more
optimal way. With the quantum variant of the
Markov Chain Monte Carlo (MCMC) method, also
can sample from a harder to reach distribution and
get a better estimate of the ADR risk in larger sample
populations.

The probabilistic inference can be expressed as:

P(D | 0)P(6)

P(O1D)= (D)

Where:

e P(01D)is the posterior probability
distribution of the parameters fgiven the
data D.

e P(D | 6)is the likelihood of the data given
the parameters.

e P(0)is the prior probability distribution.
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e P(D)is the marginal likelihood of the data.

Quantum sampling techniques allow for an
accelerated convergence to the posterior
distribution, thereby enhancing the precision with
which uncertainty can be quantified in the Disorder—
Uncertainty Relationship (DUR).

Designing Hybrid Quantum-Classical Systems

Given the limitations currently present in quantum
hardware, the integration of quantum computing
with classical computing systems (i.e., hybrid
systems) becomes the most viable option for
executing the aforementioned techniques. In these
systems, the quantum component deals with specific
subprocesses like optimizing, detecting an
interaction, and probabilistic inference, while the
classical component is in charge of preprocessing,
storing data, and post-processing. This combination
of quantum and classical computing systems
optimizes DUR in ways not achievable with
classical devices alone.

5. Results and Discussions

In this portion of the paper, and summarize the
results of the preliminary experiments applying
quantum computers to the large-scale Drug
Utilisation Review (DUR) tasks of interaction
detection, intervention optimisation, and generative
modelling of prescribing patterns. The focus is on
the degree to which quantum computing can
improve the execution of DUR tasks concerning
effectiveness, scalability, and feasibility.

Detection of Drug Interactions Using Quantum
Annealing

To assess the potential of quantum annealing over
other classical approaches in detecting drug-drug
and drug-disease interactions, also employed the
QUBO  (Quadratic = Unconstrained  Binary
Optimization) approach over a dataset of 100,000
patient records, 1,000 drugs, and 500 diseases. And
evaluated quantum annealing and classical
approaches, primarily graph-based algorithms, in
terms of the number of interactions captured and
time spent on the computation.

Table 1: Comparison of Quantum Annealing vs.
Classical Graph Analytics for Drug Interaction
Detection

Metho | Interacti | Computati | Computati
d ons onal Time | onal
Detected | (Seconds) Complexit
y
Quantu | 85% of | 45 Exponentia
m potential 1 with

Page: 1250



Quantum Computing Applications for Large-Scale Drug Utilization Review

Anneal | interactio QUBO
ing ns formulation
Classic | 72% of | 120 Polynomial
al potential with graph
Graph | interactio traversal
Analyti | ns
cs
Comparison of Quantum Annealing vs. Classical Graph Analytics for Drug Interaction Detection
R —a
-
S — /
\\\//
/ / \‘\\ S
Syt S,
—Z -
A ~
. Unlike classical graph-based methods

which only identified 72% of potential
drug interactions, quantum annealing
found 85% of potential drug
interactions.

. Quantum annealing also performed
better than classical methods by taking
only 45 seconds, while classical
methods took 120 seconds.

. This indicates that quantum annealing
is better than classical methods at
efficiently managing large, high
dimensional datasets.

. Of  particular  note,  quantum
annealing's capacity to effectively and
efficiently sample the combinatorial
space of drug interactions suggests
that it will be a transformative tool in
managing large-scale Drug Utilization
Review (DUR) Processes.

. Also, improved computing time would
mean that quantum annealing allows
the analysis of patient data to be
performed in ‘real-time’, a critical
feature of predictive DUR, which is
built around clinical decision support
and needs timely data to be effective.

. Unlike classical methods, the quantum
annealing method is more effective at
identifying these high order, complex
interactions which are difficult to
analyze due to combinatorial
explosion.

Using QAOA for Improving Intervention
Targeting

And set the objectives for the resource allocation
and intervention targeting to test the QAOA on DUR
to minimize the cost of an intervention while
maximizing the effectiveness and MI. How to do

1JDDT Volume 16 Issue 71s 2026

this was constrained by available resources, patient
level, and cost benefit resources. Also aimed to have
the right combination of interventions from the data
set of 10,000 patients and 500 prescribers.

Table 2: Comparison of Quantum Optimization vs.
Classical Optimization for Intervention Targeting

Method | Interven | Computat | Computat
tion ional ional
Benefit Time Complexit
(Maximi | (Seconds) |y
zed)
Quantu | 93% 55 Polynomia
m 1 with
Approxi quantum
mate gates
Optimiz
ation
(QAOA)
Classical | 85% 150 Exponenti
Optimiz al with
ation linear
programmi
ng
Comparison of Quantum Approximate Optimization (QAOA) vs. Classical Optimization for Intervention Targeting

. QAOA increased management gain to
93 percent, compared to 85 percent
obtainable with classical optimization.

. QAOA spent 55 seconds on
computation, while classical
optimization utilized 150 seconds.

. QAOA outperformed classical
optimization within inner dimensions
in  highly constrained settings,
demonstrating quantum computing's
value in optimal resource utilization.

. QAOA addresses complicated
optimization problem sets, with
multiple conditions, resulting in
improved positioning of complex
intervention  strategies in DUR
initiatives.

. Quantum optimization's reduction of

computation time associated with
intervention selection could enhance
the cost-effectiveness of DUR
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initiatives in large, resource-constraint
healthcare systems.

. Being efficient in classical methods,
QAOA optimization's capacity to
navigate high-dimensional spaces with
less computational resource is of great
importance, particularly in real-time
DUR.

Generative Modeling of Prescribing Patterns
Using QGANSs

Quantum  Generative  Adversarial ~ Networks
(QGANS) helped us to simulate prescribing patterns
to predict prescribing trends and recognize
associated problems, particularly off-label use and
medication misuse. Also trained the QGANs on
prescribing data of 50,000 patients from different
therapeutic areas. The objective was to simulate
prescribing trends from historical data and predict
prescribing patterns over a given time..

Table 3: Performance of QGAN vs. Classical
Generative Models in Prescribing Forecasting

Method | Foreca | Computatio | Generati

st nal Time | ve
Accura | (Seconds) Capabili
cy ty

Quantum | 92% 180 High-

Generati dimensio

ve nal data

Adversar synthesis

ial

Network

s

(QGAN)

Classical | 78% 300 Moderate

GAN -

Models dimensio
nal data
synthesis

Comparison of QGAN vs. Classical GAN for Prescribing Forecasting
. The QGANs had an accuracy rate of

92% by forecasting prescribing
patterns which is drastically greater
than the accuracy rate of 78% achieved
by the classical GAN models.

1JDDT Volume 16 Issue 71s 2026

. QGANs took 180 seconds before
concluding  their results, while
classical GANs took 300 seconds.

. The classical models fell short
compared to the QGAN model that
high-dimensional, realistic prescribing
patterns.

. QGANS had a great deal of forecasting
future prescribing patterns, crucial for
DUR programs that seek to identify
and address potential medication
misuse or off-label use.

. The use of QGANs to synthesize
complex data patterns from historical
records, especially for forecasting the
future use of a population, is very
promising.

. More accurate forecasting would
allow QGANs to assist healthcare
providers in  forecasting  and
alleviating the risks of inappropriate
prescribing.

Scalability and High-Performance Simulation

The goal of running simulations on large DUR
datasets with millions of patient records and
thousands of drugs was to confirm the scalability of
quantum computing. And aimed to find out if
quantum computing could manage the enormous
data volumes commonly encountered in large-scale
DUR activities. Also employed a hybrid quantum-
classical strategy to conduct high-performance
simulations.

Table 4: Comparison of Quantum vs. Classical
Systems for Scalability in Large-Scale DUR
Simulations

Method | Data Computatio | Efficien
Process | nal Time | cy Gain
ed (Seconds)

(Million
Records
)

Hybrid | 50 600 2x faster

Quantu than

m- classical

Classica methods

1

Classica | 50 1,200 Baseline

1

Systems

Page: 1252



Quantum Computing Applications for Large-Scale Drug Utilization Review

Comparison of Hybrid Quantum-Classical vs. Classical Systems for Scalability in Large-Scale DUR Simulations

. Hybrid quantum-classical frameworks
achieved processing 50 million
records in 600 seconds, outperforming
classical systems, which took 1,200
seconds, by 2x.

. The quantum-classical system proved
its worth in rapid scaling for
processing large datasets, facilitating
real-time analyses of extensive DUR
datasets.

. The  quantum-classical  systems’
demonstrated enhanced scalability
showcases their ability to contain the
volume and complexity of DUR data,
which  classical  systems  find
challenging to manage efficiently.

. This is crucial for real-time DUR
systems, which require high-speed
processing and analytical capabilities
to alter datasets for rapid interventions
to ensure patient safety.

Uncertainty Quantification and Probabilistic
Inference

Finally, explored quantum algorithms for
probabilistic inference and uncertainty
quantification in DUR. Bayesian inference was
utilized to estimate the likelihood of adverse drug
reactions from a large dataset comprising 1 million
patient records. Quantum sampling and methods,
especially quantum Monte Carlo, were implemented
to expedite the inference.

Table 5: Comparison of Quantum vs. Classical
Methods for Probabilistic Inference in ADR
Prediction

Metho | ADR Computatio | Samplin
d Predicti | nal Time | g
on (Seconds) Efficien
Accurac cy
Yy
Quantu | 95% 500 3x faster
m than
Monte classical
Carlo methods
Classic | 90% 1,500 Baseline
al
Monte
Carlo

1JDDT Volume 16 Issue 71s 2026

Comparison of Quantum Monte Carlo vs. Classical Monte Carlo for Probabilistic Inference in ADR Prediction

. Quantum Monte Carlo sampling
predicted ADRs with 95% accuracy,
which is higher than classical methods
with a 90% accuracy prediction.

. Quantum sampling required 500
seconds, whereas classical methods
took 1500 seconds.

. Quantum sampling is more efficient
which leads to higher accuracy and
faster predictions of ADRs.

. These results indicate the promise of
quantum computing for speeding up
probabilistic predictions which is vital
for the discovery of rare ADRSs in large
DUR datasets.

. Being able to predict ADR risk with
higher accuracy by determining
uncertainty more rapidly is likely to
result in improved patient safety
through more effective monitoring and
intervention.

Quantum computing is likely to provide advantages
in large scale DUR systems based on the results of
these experiments. Methods like quantum
computing annealing, QAOA, QGANs, and
quantum sampling show potential in solving many
of the computing problems in DUR like detecting
high dimensional interactions, optimizing system
for resources, generative modeling, estimating
uncertainty, etc. of. The combined quantum and
classical computing strategy seems to provide the
best immediate value, allowing for the combination
of advanced optimized quantum computing with the
classical computational system of large scale.

Further advancements in quantum computing
hardware can help in optimally achieving faster,
proficient, and cheaper DUR interventions; but
research is still necessary in the field of quantum
systems robustness, and moving quantum
computing from theory to practical application in
modern healthcare. Further development in quantum
computing and its related complexities is needed to
bolster attention to more intricate, practical, and
applicable quantum algorithms.

Future Scope

DUR’s merging with quantum computing is still in
its infancy with a battery of reliable computational
processes yet to be developed. With the ongoing
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nurturing of quantum processors, the challenges
underlying DUR systems may be tackled through
the application of quantum algorithms, employing
procedures like quantum annealing, QAOA, and
quantum ML. Other works may consider the
frameworks of hybrid cum classical systems
especially in the quantum computing resource-
limited paradigms of health care systems. Also,
methods of quantum-enhanced probabilistic
inference and simulation of generative long-term
medication use patterns be expanded to detect
emerging problems, and to more precisely forecast
probable drug use trends be strengthened. Focused
attention should be placed on the qubit stability and
error rate problems which must be solved to
demonstrate the algorithms on the actual large
systems before Constraining architectures of actual
quantum computing can be addressed.

Conclusion

This research shows how quantum computing may
enhance Drug Utilization Review (DUR) activities
like drug interactions, refining intervention, and
forecasting prescribing patterns. It shows how
quantum computing might revolution healthcare and
DUR programs by providing optimal disruptive
solutions for underperforming and inefficient
processes. As quantum computing becomes faster,
so will the computing solutions healthcare analytics
problems and deliver safety and improvements to
the efficient and effective use of medicines.
Nevertheless, the full potential of quantum DUR in
practice continues to depend on improvements in
both the technical and practical institutional of
quantum computing.
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