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ABSTRACT
Quantum computing holds transformative potential for the design, execution, and analysis of clinical trials. By lever-
aging quantum algorithms, researchers can address complex challenges such as optimizing patient recruitment,
modeling multifactorial biological systems, and enhancing the analysis of large, heterogeneous datasets. Quantum
computing’s ability to perform high-dimensional data analysis and complex optimization at unprecedented speeds
offers the promise of more efficient trial designs, faster identification of therapeutic effects, and more personalized
treatment strategies. Early-stage applications include quantum-enhanced machine learning for biomarker
discovery, simulation of molecular interactions for drug development, and optimization of adaptive trial protocols.
While significant technical and infrastructural challenges remain, including hardware limitations and the need
for quantum-specific algorithm development, ongoing interdisciplinary research is rapidly advancing. This paper
explores the emerging intersection of quantum computing and clinical trials, highlighting current applications,
potential future impacts, and the barriers that must be overcome to integrate quantum technologies into clinical
research workflows.

1. INTRODUCTION

As we stand at the precipice of the rapid developments in quantum computing and the potential for its practical
applications, our poster presentation is offering a gateway into this exciting world.

We will provide you with a crash course in quantum computing, challenging that most famous of Niels Bohr quotes:

“If quantum mechanics hasn’t profoundly shocked you, you haven’t understood it yet”

We will then provide you with a brief history of quantum computing, leading on to a description of how quantum
computing may aid medicine in a very general sense. We will then dive a little deeper and explore the possibilities
within the clinical trials development process. Lastly, we will explore what these developments could mean for Stats
and Programming for the more specific, highly complex, elements of our clinical trials work.

2. WHAT IS QUANTUM COMPUTING?

Figure 1: A single qubit quantum
state mapped to the Bloch sphere.

Quantum computing is an emerging field of technology that uses the principles
of quantum mechanics – such as superposition and entanglement – to process
information in ways that classical computers cannot [4, 13].

2.1. QUANTUM QUBITS

In classical computers, information is stored in bits (0 or 1). In quantum
computers, we use qubits instead of bits. A qubit is a quantum system that can
be in state 0, state 1, or a superposition (+) of both at the same time [14]. Let
|0⟩ and |1⟩ be vectors in the two-dimensional complex vector space C2:

|0⟩ =
[
1
0

]
, |1⟩ =

[
0
1

]
.

A single qubit is typically represented as |ψ⟩ = α |0⟩+ β |1⟩, where α and β are
complex numbers such that |α|2 + |β|2 = 1. This allows us to write the quantum
state as:

|ψ⟩ = cos

(
θ

2

)
|0⟩+ eiφ sin

(
θ

2

)
|1⟩ =

(
cos
(
θ
2

)
eiφ sin

(
θ
2

)) .
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It can be automatically mapped as a single qubit quantum state of the Bloch sphere. Note, that a pure quantum
state is a vector pointing from the center to a point on the sphere of radius 1 (see .

� The usual description of a quantum state by a vector |ψ⟩ works, but it’s not always sufficient. On the other hand,
density matrices provide a more general framework than state vectors for describing quantum systems. They can
represent mixed states (probabilistic mixtures of pure states), and both quantum and classical information within a
unified formalism. Moreover, real quantum computers are noisy. Density matrices handle these imperfections by
allowing mixtures of pure states. (see Figure 1).

When we combine multiple qubits, we create a quantum register. If we have n qubits, we can represent the
numbers from 0 to 2n − 1. A binary number can be written as a string of 1s and 0s, which we can represent as the
multi-qubit state |m⟩ = |q0q1 . . . qn−1⟩, where the formula to obtain the equivalent decimal number m is:

m =

n−1∑
i=0

2n−1−iqi.

These coefficients describe the probability of the qubit being measured as 0 or 1. However, a register of three
qubits can represent not just one binary string at a time like a classical register (000 → 0, 011 → 3, 111 → 7), but
a superposition of all eight possible strings simultaneously:

|000⟩ , |001⟩ , |010⟩ , |011⟩ , |100⟩ , |101⟩ , |110⟩ , |111⟩ .

This means a quantum computer can process many possibilities at the same time — quantum parallelism [1].

Example 1 The number 3 (in binary 011) in quantum notation is written as |0⟩ ⊗ |1⟩ ⊗ |1⟩, which means the first
qubit is in state |0⟩, the second and the third are in state |1⟩. The symbol ⊗ stands for the tensor product (it is a
mathematical operation used in quantum computing to combine quantum systems into a larger one).

Unlike classical registers, a quantum register can be in a superposition. For example, if we put the first qubit into
a superposition of |0⟩ and |1⟩, while the others are fixed, the register represents both numbers 3 (1-st qubit = 0 →
011) and 7 (1-st qubit = 1 → 111) at the same time:

1√
2
(|0⟩+ |1⟩)⊗ |1⟩ ⊗ |1⟩ ≡ 1√

2
(|011⟩+ |111⟩) ≡ 1√

2
(|3⟩+ |7⟩)

In fact we can prepare this register in a superposition of all eight numbers - it is enough to put each qubit into the
superposition - and this gives us:

1√
2
(|0⟩+ |1⟩)⊗ 1√

2
(|0⟩+ |1⟩)⊗ 1√

2
(|0⟩+ |1⟩) =

(
|0⟩+ |1⟩√

2

)⊗3

,

which can also be written (ignoring the normalisation constant) in binary as:

|000⟩+ |001⟩+ |010⟩+ |011⟩+ |100⟩+ |101⟩+ |110⟩+ |111⟩.

� This is analogous to the famous Schrödinger’s cat thought experiment — where a cat inside a box is described
as being both alive and dead until the box is opened and an observation collapses the system into one definite
state. In quantum computing, a qubit behaves similarly: it can exist in a superposition of |0⟩ and |1⟩ simultaneously,
just as the cat is in both states until measured:

.

2.2. QUANTUM GATES

When working with qubits or classical bits, we must manipulate them to transform the given inputs into the desired
outputs. For simple programs with only a few bits, this process is often illustrated using a circuit. On Figure 2
a quantum circuit consisting of n=3 qubits is shown, with inputs appear on the left, outputs on the right and the
intermediate operations are represented by specific symbols.
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Figure 2: Circuit diagram with n = 3 qubits. (source: https: // quantum. cloud. ibm. com/ learning/ en/ )

(1) Initialising. The quantum circuit begins with the initialisation of all qubits, labelled q0, q1, and q2, into the
ground state |0⟩. This represents the starting point of any quantum computation, where each qubit is in a definite,
non-superposed state before any quantum operations are applied.

(2) Superposition. The first qubit q0 undergoes a Hadamard transformation, represented by the blue H gate. This
operation creates a superposition state

|0⟩ → 1√
2
(|0⟩+ |1⟩),

allowing the qubit to simultaneously represent both 0 and 1. Superposition is a fundamental feature of quantum
mechanics that enables quantum parallelism.

(3) Switching. The second qubit q1 passes through a NOT gate, represented by the red X symbol. This operation
flips the qubit’s state, turning |0⟩ into |1⟩ and vice versa. In classical logic, this corresponds to bit inversion, but in
quantum systems it forms the basis for conditional and controlled operations.

(4) Superposition and Entanglement. Next, the circuit applies a Controlled-NOT (CNOT) operation, indicated
by the vertical connection between q0 (control) and q1 (target). This gate entangles the two qubits, meaning their
quantum states become interdependent. If the control qubit q0 is |1⟩, the target qubit q1 flips; otherwise, it remains
unchanged. After this step, the pair of qubits share a correlated state known as a Bell state:

1√
2
(|00⟩+ |11⟩).

(5) Rotating. The third qubit q2 is acted upon by a Phase gate P , which introduces a relative phase shift to the
quantum state. This gate does not change the probabilities of measurement outcomes but alters the phase of the
|1⟩ component:

|1⟩ → eiϕ |1⟩ .

Phase manipulation is crucial for quantum interference effects used in many quantum algorithms.

(6) Measurement. Finally, all qubits are measured, collapsing their superposed states into definite classical
outcomes of either 0 or 1. This measurement step converts the probabilistic quantum information into a deterministic
classical result that can be read and interpreted.
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The symbols 2, 3, 5 are known as quantum gates - a term carried over from classical computing. The quantum
logic gate is a device that performs a fixed operation on one or more qubits in a set amount of time The most
common quantum gate is the Hadamard gate (H), it acts on a single qubit and performs a transformation called
the Hadamard transform as follows:

H =
1√
2

(
1 1
1 −1

)
|x⟩ −→ (−1)x |x⟩+ |1− x⟩ .

The Hadamard gate is a π rotation around an axis halfway between the x and z axes on the Bloch sphere. Applying
the H gate to |0⟩ creates a superposition state such as

H |0⟩ = 1√
2

(
1 1
1 −1

)(
1
0

)
=

1√
2

(
1
1

)
=

|0⟩+ |1⟩√
2

where measurement in the computational basis (along z in the Bloch sphere picture) would give you each state
with equal probabilities. This superposition state is so common and important that it is given its own symbol:

|+⟩ ≡ |0⟩+ |1⟩√
2

.

However, applying the H gate on |1⟩ results in an equal superposition of |0⟩ and |1⟩, but the sign of |1⟩ is negative:

H |1⟩ = 1√
2

(
1 1
1 −1

)(
0
1

)
=

1√
2

(
1
−1

)
=

|0⟩ − |1⟩√
2

.

The symbol used for this superposition is:

|−⟩ ≡ |0⟩ − |1⟩√
2

.

The other most popular gate is the X gate and it represents a rotation of π radians around the x-axis of the Bloch
sphere. When applied to the state |0⟩, it produces |1⟩, while applied to the state |1⟩, it produces |0⟩. This makes it
analogous to the classical NOT gate, and it is often referred to as a bit-flip operation.

On the other hand the Y gate represents a rotation of π radians around the y-axis of the Bloch sphere. When
applied to the state |0⟩, it produces i |1⟩. When applied to the state |1⟩, it produces −i |0⟩. Like the X gate, it flips
|0⟩ and |1⟩, but it also introduces a phase factor (i or −i). This makes the Y gate a combination of a bit flip and a
phase flip. The matrix representation of the Y gate is:

Y =

(
0 −i
i 0

)
.

The Z gate represents a rotation of π radians around the z-axis of the Bloch sphere. When applied to the state |0⟩,
it leaves the state unchanged. However, when applied to the state |1⟩, it multiplies the state by −1, introducing a
phase flip. This makes the Z gate different from the classical NOT gate: it does not flip bits, but instead changes
the phase of the qubit. The matrix representation of the Z gate is:

Z =

(
1 0
0 −1

)
.

� In classical computing, gates like AND/OR can lose information. In quantum computing, every operation must be
reversible, that’s why only unitary operators that preserve length (norm) of vectors and guarantee that probabilities
remain valid are allowed.

Thus, the quantum state is evolved by unitary operations:

|ψ′⟩ = U |ψ⟩ , U†U = UU† = I, U† = U−1

and the quantum operation is reversible:

H |+⟩ = |0⟩ , H |−⟩ = |1⟩ , H |0⟩ = |+⟩ , H |1⟩ = |−⟩ .
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As shown in Figure 3, the H, X, and Z quantum gates each produce distinct transformations on the Bloch sphere.
The Hadamard gate (H) moves the qubit state from the poles to the equator, creating an equal superposition of |0⟩
and |1⟩. The X gate flips the qubit between |0⟩ (north pole) and |1⟩ (south pole), acting as a quantum analogue of
the classical NOT operation. Meanwhile, the Z gate does not flip the state but instead introduces a relative phase
shift, effectively rotating the qubit around the z-axis.

Figure 3: Quantum gates transform qubit states on the Bloch sphere. (source: https: // quantum. cloud. ibm. com/
learning/ en/ )

2.3. QUANTUM NETWORKS

A quantum network consists of multiple quantum gates connected together, where the output of one gate can
serve as the input to another [9]. In principle, quantum networks operate similarly to classical communication
or computational networks; however, they leverage quantum mechanical effects such as superposition and
entanglement to process and transmit information. Consequently, quantum networking—much like quantum
computing—provides enhanced efficiency for specific problem domains, especially those related to the simulation
and modeling of complex quantum systems.

Beyond local circuit architectures, quantum networks also play a crucial role in large-scale quantum computation
and communication. In distributed quantum computing, multiple quantum processors are interconnected via
quantum channels, enabling qubits to be transmitted between them. This creates a quantum computing cluster that
enhances computational power in a scalable way, similar to classical computer clusters. Although current quantum
processors are limited to short-distance connections, such architectures pave the way toward scalable, modular
quantum systems [17].

In the context of quantum communication, these networks enable the transmission of qubits over long distances,
forming the foundation of a future quantum internet. By exploiting quantum entanglement, information can be
securely exchanged between remote processors. Unlike quantum computing, which requires large processors to
outperform classical systems, quantum communication protocols—such as quantum key distribution—often rely on
modest hardware capable of preparing and measuring single qubits. Despite their simplicity, such systems can
achieve unparalleled security and efficiency due to the unique properties of entanglement and superposition.

3. CURRENT CHALLENGES IN QUANTUM COMPUTING

Quantum computing, despite its rapid theoretical and experimental progress, still faces several fundamental and
technological obstacles that limit its practical implementation. One of the most critical issues is qubit decoherence
and noise. Qubits are inherently fragile and highly sensitive to their surrounding environment. Even minimal
interactions with external factors such as thermal fluctuations, electromagnetic fields, or mechanical vibrations
can disrupt their quantum states of superposition and entanglement. This phenomenon, known as decoherence,
leads to the rapid loss of quantum information and severely restricts the time window available for computation.
Consequently, maintaining quantum coherence for sufficiently long durations remains one of the central technical
challenges in the field.

Closely related to this problem is the issue of error rates and fault tolerance. Quantum operations, or gates,
are prone to significant inaccuracies due to the continuous nature of quantum errors. Unlike classical systems,
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where an error might simply flip a bit, quantum errors can alter both the phase and amplitude of a qubit’s state. To
achieve reliable computation, it is necessary to implement sophisticated quantum error correction schemes that
can detect and mitigate such disturbances [6, 7]. However, these methods require encoding a single logical qubit
into thousands of physical qubits, dramatically increasing the hardware demands. As a result, truly fault-tolerant
quantum computation is still beyond current experimental capabilities.

Another major limitation concerns scalability. Existing quantum processors typically operate with tens or, in
the most advanced cases, a few hundred qubits. However, solving meaningful real-world problems—such as
large-scale optimization or molecular simulation—would require millions of well-controlled and interconnected
qubits. Scaling up to that level introduces enormous engineering and physical challenges, including maintaining
uniform qubit quality, minimizing cross-talk and noise between qubits, and developing efficient classical control
electronics capable of managing vast amounts of data in real time [10].

Finally, cryogenic and hardware constraints remain a substantial barrier to progress. Most quantum computing
architectures, such as superconducting qubits and trapped ions, must operate at temperatures close to absolute
zero to preserve quantum coherence. This requires the use of complex and expensive cryogenic systems,
such as dilution refrigerators, which not only consume large amounts of energy but also limit the potential for
system miniaturization and integration [11]. The necessity for precise temperature control, isolation, and shielding
significantly increases the cost and complexity of quantum hardware. Although emerging technologies, such as
photonic or topological qubits, aim to relax some of these requirements, they are still in the early stages of research
and development.

4. QUANTUM COMPUTING IN MEDICINE

4.1. EVOLUTION OF QC IN MEDICINE

The evolution of quantum computing (QC) from a theoretical framework to a tool for practical applications in
medicine has been a gradual yet transformative process. The origins of QC trace back to the early 1980s, when
Richard Feynman and David Deutsch recognized that classical computers were fundamentally inadequate for
simulating quantum systems [5, 3]. Deutsch later formalized the concept of a universal quantum computer, laying
the groundwork for future algorithmic and hardware developments.

In the mid-1990s, the field advanced significantly with Peter Shor’s discovery of an algorithm capable of efficiently
factoring large numbers—demonstrating the computational potential of quantum systems [15]. At the same
time, researchers such as Steane and Calderbank developed quantum error correction codes to mitigate qubit
fragility [16]. These innovations established the theoretical foundation for building fault-tolerant quantum systems.
In 2001, the first application of quantum algorithms to drug discovery marked the initial intersection between
quantum computing and the medical sciences [2].

Throughout the 2010s, continuous progress in qubit stability and quantum algorithms enabled experimental demon-
strations of increasing complexity. In 2019, Google claimed to have achieved quantum supremacy—performing a
computation beyond the practical reach of classical supercomputers—although this assertion was contested by
IBM [1, 8]. Nonetheless, the event represented a pivotal milestone in the field’s maturity and potential for real-world
impact.

By the early 2020s, QC began to influence healthcare and medicine more directly. Quantum-enhanced algorithms
were implemented in 2021 to optimize radiotherapy treatment planning [12], and research continues to explore
personalized medicine, molecular modeling, and protein folding using quantum-based simulations. Educational
platforms such as IBM Quantum Learning and research collaborations by CERN Quantum now play a vital role
in bridging theoretical research and clinical practice. Below is a timeline showing the development path from the
genesis of the idea to its current use within the medical field.

Time

Feynman & Deutsch

propose quantum

computing [5, 3]

1980s

Shor’s
Algorith

m

for factoring [15]

1994

Quantum
Erro

r

Corre
ction (Steane) [16]

1996

First Quantum Algorith
m

for drug discovery
[2]

2001

D-W
ave

announces a

quantum
computer

2006

IBM and Google

Quantum
Supremacy [1]

2019

Predicted advances

in
personalized

medicine [12]

2021

Figure 4: Timeline of key developments in quantum computing and its applications in medicine.
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4.2. PRACTICAL APPLICATIONS OF QC IN CLINICAL TRIALS

The practical application of quantum computing (QC) in clinical trials represents one of the most promising
directions in contemporary computational medicine. While theoretical discussions are essential to understand the
fundamentals, the real impact of QC lies in how its unique capabilities—such as superposition, entanglement,
and parallelism—can be translated into tangible benefits across the entire clinical research ecosystem.

Traditional computing is based on sequential data processing, which imposes significant limits when handling
highly complex or multidimensional datasets. In contrast, QC enables the simultaneous processing of vast
amounts of data, resulting in exponential gains in speed and efficiency. This quantum parallelism allows for far
more comprehensive modeling and analysis, particularly when dealing with biological systems and pharmacological
simulations that are otherwise too computationally intensive for classical machines. As a result, quantum methods
can address NP-hard problems and optimize multi-variable systems with far greater precision.

In drug discovery, for instance, the use of QC could rev-
olutionize molecular simulation and compound screen-
ing. Currently, drug development relies heavily on iter-
ative trial-and-error processes and simplified classical
models, both of which fail to fully
capture the complexity of molecular interactions. Quan-
tum simulations can model these interactions at a
much deeper level, providing more accurate predictive
analyses and potentially increasing the success rate of
drug candidates advancing through the clinical pipeline.

Drug
Discovery

&
Molecular
Simulation

Drug discovery process will
be accelerated by harnessing
Grover’s algorithm which is
designed to search unsorted
databases

The VQE algorithm can be used
to simulate the structure of
molecular interactions at quan-
tum level to provide more accu-
rate models of molecular
behavior

Another field set to benefit greatly is genomic anal-
ysis. The sequential nature of classical computation
creates bottlenecks in processing the enormous volume
of genomic data required to understand gene–drug in-
teractions. By enabling the parallel processing of such
data, QC could dramatically accelerate the discovery of
correlations between genetic variations and treatment
outcomes. This would in turn lay the groundwork for
a new generation of personalised medicine, in which
treatment plans are dynamically optimized for individual
patients based on their genetic and molecular profiles.

Genomics
&

Personalized
Medicine

By using quantum computation
power, genetic interaction anal-
ysis can be handled with greater
precision and complexity, result-
ing in a deeper understanding
of these interactions and what
they mean for potential treatment
options
By leveraging this deeper molec-
ular understanding, personal-
ized treatment plans can be
developed to provide more di-
rected and patient-centric care

Beyond direct therapeutic applications, QC also
promises to enhance artificial intelligence (AI) and
machine learning (ML) systems that are increasingly
embedded in clinical research. Classical AI models of-
ten struggle with training speed and the interpretation of
high-dimensional data. Quantum-enhanced AI could
overcome these issues by enabling faster model train-
ing, more efficient pattern recognition, and improved
predictive accuracy—transforming everything from pa-
tient recruitment algorithms to biomarker discovery.

AI in
Healthcare
Enhanced

by QC

Predictive healthcare analyt-
ics can be elevated by com-
bined QC and AI to analyze
large, multi-dimensional datasets
with greater precision, with IBM,
Google and Rigetti Computing
at the forefront of the current re-
search in the combination of QC
and AI techniques
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Data protection and privacy, which are critical in clini-
cal environments, also stand to gain from quantum tech-
nology. Quantum key distribution (QKD) provides a
fundamentally new level of encryption security, lever-
aging the laws of quantum mechanics to make unau-
thorized data interception virtually impossible. This ad-
vancement could redefine data handling standards in
the management of sensitive patient information and
proprietary clinical data.

Security
&

Encryption

Post-quantum cryptography
(PQC): allow to migrate clini-
cal trial systems to PQC with
crypto-agility so algorithms
can be updated or replaced
easily as standards evolve.

When considering how QC could be integrated into clin-
ical trial operations, several domains stand out: large-
scale data analysis, complex biological modeling,
and optimization of decision-making processes. In
each of these, QC offers an unprecedented capacity
to process real-world data efficiently while maintaining
analytical accuracy. This enhanced modeling capability
can contribute to improved protocol design, allowing
for more precise cohort and site selection, refined
dosage determinations.

Clinical
Trial

Simulations
&

Optimization

QML methods can be applied
for cohort identification and site
feasibility classification by em-
bedding heterogeneous biomed-
ical data (EHR, imaging, ge-
nomics) into quantum feature
spaces.

These improvements and personalized medical diag-
nosis would have tangible economic effects. By en-
abling more accurate predictions at the design stage
and increasing the likelihood that trials meet their pri-
mary endpoints, quantum computing could significantly
reduce development costs and shorten the time re-
quired to bring new drugs to market. This shift would
not only streamline research operations but also accel-
erate the pace of medical innovation globally.

Personalized
Medical

Diagnostics

Pattern recognition using QML
such as quantum neural net-
works or quantum support vec-
tor machines will be able to
process complex datasets more
efficiently.
Early disease detection due
to recognizing unique patterns
in higher resolution images gen-
erated using QC and quantum
sensors.

In summary, quantum computing represents a transformative leap forward for clinical research. Its unparalleled
data processing power, advanced modeling capabilities, and superior security mechanisms have the potential
to overcome the major limitations of classical computation. As QC technology continues to mature, its integration
into clinical trials will become a cornerstone of next-generation medical research—delivering faster, safer, and
more personalized therapeutic development.

5. THE IMPACT OF QUANTUM COMPUTING ON THE WORK OF STATISTICIANS AND PROGRAMMERS IN
CLINICAL RESEARCH

To better understand where the benefits of QC could be best utilised within clinical trials, we must first consider the
areas where, currently, standard computing methods have notable weaknesses.

• Processing and analysing very large datasets
• Modelling of complex biological systems
• Optimisation of decision making processes

For both 1 and 2 above, the limitations of machine learning and AI is that it can only be so efficient and accurate
due to the technical constraints that standard computer processing is bound by. By utilising the ability for QC to
process data simultaneously, due to quantum entanglement and superposition, it would represent a giant leap
forwards in the following: the ability to efficiently analyse vast quantities of real world data and increased accuracy
in simulating molecular interactions.

Quantum Computing (QC) is poised to profoundly transform the analytical and computational landscape of
clinical trials. Its core capabilities-superposition, entanglement, and quantum parallelism—allow for simultaneous
computation on a massive scale, which could address several computational bottlenecks currently faced in clinical
research analytics. For statisticians and programmers, two central roles in the design and analysis of clinical trials,
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QC represents both a challenge and an opportunity: a shift from classical algorithmic thinking to quantum-inspired
methodologies.

For Statisticians: Quantum-Enhanced Statistical Modelling Statisticians in clinical research often face
challenges of model non-convergence, data sparsity, and complex dependency structures in high-dimensional
data. Quantum computing introduces novel computational frameworks that could fundamentally alter how these
challenges are addressed.

For Programmers: Building Quantum-Ready Analytical Pipelines For programmers in clinical trials, the
primary bottlenecks often concern the scalability and execution time of complex analytical code. Joint Frailty Models,
hierarchical mixed models, and AI-driven adaptive trial simulations all require substantial computational resources.
Quantum computing has the potential to dramatically reduce these runtimes through parallelized computation.

Table 1: Comparison of Quantum Computing Impact for Statisticians and Programmers in Clinical Research

For Statisticians: Quantum-Enhanced Statis-
tical Modelling

For Programmers: Building Quantum-Ready
Analytical Pipelines

Focus Areas:
- Model convergence and computational effi-
ciency
- Bayesian inference and complex hierarchical
models
- Handling missing data via quantum imputation
methods
- Simulation of biological and pharmacological
systems

Focus Areas:
- Reducing program run times for complex mod-
els
- Integration of quantum machine learning (QML)
methods
- Developing hybrid classical–quantum workflows
- Optimization of trial operations and resource al-
location

Potential Quantum Applications:
- Quantum Gibbs Sampling and Quantum Monte
Carlo
- Quantum-assisted regression and covariance
estimation
- Quantum algorithms for matrix completion and
imputation

Potential Quantum Applications:
- Quantum neural networks (QNNs) and support
vector machines (QSVMs)
- Quantum annealing for optimization (e.g.,
patient-site matching)
- Quantum kernels for predictive modelling and
AI

Practical Tools and Frameworks:
- R packages: quantumOps, QCSimulator, inte-
gration with Qiskit via reticulate
- Access to Azure Quantum APIs through R
HTTP clients
- Early-stage research in quantum-enhanced sta-
tistical models

Practical Tools and Frameworks:
- Python SDKs: Qiskit (IBM), Cirq (Google),
Braket (AWS), PennyLane (Xanadu), Ocean
SDK (D-Wave)
- Quantum-classical ML integration with PyTorch
and TensorFlow
- Simulation of quantum circuits on cloud plat-
forms

Expected Benefits:
- Faster convergence and reduced computational
cost
- Improved accuracy in probabilistic modelling
- Enhanced capacity for high-dimensional and
adaptive designs

Expected Benefits:
- Shorter code execution and analysis turnaround
time
- Scalable AI solutions for adaptive clinical trials
- Ability to handle exponentially larger datasets
efficiently

Current Limitations:
- Limited number of R-native QC tools
- High need for interdisciplinary training
- Dependence on quantum simulators due to
hardware immaturity

Current Limitations:
- Hybrid integration still in early development
- Limited access to large-scale quantum proces-
sors
- Need for optimization of Python-QC interoper-
ability
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6. CONCLUSION

In conclusion, the possibilities for quantum computing
appear only limited by our imagination and the ability for
technological developments to keep up with the rapid
progress being made within this exciting field.

We can already see that the field of medicine is already
starting to benefit from the practical applications of quan-
tum computing and, at its current pace, the next ten
years will be very exciting to see how the fields of ge-
nomics and personalized treatment plans will provide a
greater standard of healthcare to the patients with the
greatest need.

While we’ve discussed what the impact could be for
Statisticians and Programmers within the clinical trial
environment, it’s hard to imagine that these benefits will
become tangible while the conditions for quantum com-
puters to work are so restrictive. Once the challenge of
having quantum processors run at near room tempera-
ture is solved, we expect the systems development to be
rapid, although we also do note that, with submissions in
mind, companies leveraging quantum computers, may
still struggle if the agencies are unable to re-create clin-
ical trial results due to not having the same technical
capabilities as the drug development companies.

Additionally, the barriers to entry to the quantum com-
puting development field are currently so high, that only
the largest of the technology companies are able to
push these advancements forwards at any great rate.
For these developments to truly take off, it will require
these barriers to entry to lower significantly so that not
only can more companies work on these solutions, but
the ultimate cost of practical application would then be
low enough that any healthcare benefits are not solely
available to the most affluent of patients.

With all of this noted, however, the progress that has
been made to date is a real sign that improvements in
ensuring high quality healthcare for all is taking signif-
icant steps in the right direction and long may it continue!

Future Directions of QC in Clinical Trials

Short-term

Faster Model Convergence
Increased processing power could
allow running far more iterations in
complex models.

Enhanced Imputation Workflows
Ability to test of multiple imputation
approaches for handling missing
data.

Reduced Program Run Times
QC could speed up existing
long-running models such as JFM.

Mid-term

Quantum-Accelerated Bayesian
Modeling
Improved handling of non-
convergence and complex hierar-
chical models.

Dynamic Missing Data Solutions
QC-driven imputation methods de-
signed for challenging and special-
ized clinical trial designs.

Programming Workflows
Clinical Trial timelines reduction by
faster execution of complete analysis
workflows.

Long-term

Real-Time Adaptive Modeling
On-the-fly model updates and re-
convergence during live trials.

Personalized Statistical Simula-
tions
Rapid simulation and analysis for
highly individualized treatments.

Instant Data Processing
Dramatically shorter time from data
lock to regulatory-ready outputs.
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RECOMMENDED READING

• IBM SkillsBuild – Quantum Computing – Free learning modules targeting students and professionals to
understand the basics of quantum computing, its applications in medicine, finance and emerging technologies.

• CERN – Introduction to Quantum Computing – A course developed by CERN scientists presenting the
theoretical and experimental aspects of quantum computation and communication.

• QuTiP – Quantum Toolbox in Python – Tutorials and documentation for simulating quantum systems and
open quantum dynamics using the QuTiP Python library.

Brand and product names are trademarks of their respective companies.
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