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ABSTRACT

The interdisciplinary field of quantum computing has garnered substantial interest from both academia
and industry due to its ability to process information in fundamentally different ways, leading to
cutting-edge computational capabilities. However, despite its potential, the full extent of quantum
computing’s impact on healthcare remains largely unexplored. This white paper explores the first
systematic analysis of the various capabilities of quantum computing in enhancing healthcare sys-
tems, with a focus on its potential to revolutionize compute-intensive healthcare tasks such as drug
discovery, personalized medicine, DNA sequencing, medical imaging, and operational optimization
thus, providing a panoramic view of the quantum computing[1] paradigm for healthcare.

1 Benefits of Quantum Technology

Quantum computing is particularly well suited to various compute-intensive applications of healthcare, especially in
the current highly connected digital healthcare paradigm, which encompasses interconnected medical devices that are
connected to the Internet or the cloud.

When we leap from bits to qubits, it could upgrade the entire healthcare paradigm as quantum computing could help
realize supersonic drug design and in silicon clinical trials simulated over virtual human beings. A quantum computer
can do DNA sequencing is much faster than conventional methods, which opens up the possibility for personalized
medicine. A quantum computer can enable the development of new therapies and [2]medicines through more detailed
modeling. Healthcare, in particular, will benefit from Quantum Computing as the volume and diversity of health data
increase exponentially. A quantum computer can create efficient imaging systems that can provide clinicians with more
fine-grained clarity in real-time.

Quantum computing can solve complex optimization problems involved in devising an optimal radiation plan that is
targeted at killing cancerous cells without damaging the surrounding healthy tissues and body parts. It can also enable
the study [2]of complex molecular interactions at the atomic level, which will be very useful for drug discovery and
medical research. Whole-genome sequencing is time-consuming and tedious but, with the help of qubits, whole-genome
sequencing, and analytics could be implemented in an exponentially faster amount of time. Furthermore, bringing the
hospital’s infrastructure to the cloud, predicting chronic diseases, and the security of medical data using fast processing
of quantum computing could bring wonders to the current healthcare systems.

Figure 1: Timeline of Quantum Technology



2 Qubit Fundamentals

A qubit is a quantum computing unit representing the smallest amount of data in a quantum system. It is a quantum
bit, a term coined by the late physicist Sir Peter Townsend. Qubits can exist in multiple states at once, due to the
phenomenon of superposition. Additionally, qubits can be entangled, meaning the state of one qubit depends on the
state of another, even if they are separated by large distances.

In healthcare, qubits have the potential to be utilized in quantum computing, a field that aims to solve complex
computational problems by harnessing the power of quantum mechanics. By applying qubit principles to genomics and
other fields, such as drug discovery and optimization tasks, quantum computing has the potential to revolutionize the
healthcare industry.

For example, qubits could be used to represent specific DNA sequences or genomic configurations, allowing for the
efficient and accurate computation of molecular interactions. [3]This could ultimately lead to more accurate diagnoses,
more effective treatment plans, and improved overall healthcare outcomes.

Additionally, the integration of classical machine learning techniques with quantum computing [3] techniques could
further enhance the capabilities of quantum computing systems. This would allow for the creation of more accurate and
reliable models, capable of making informed decisions in complex healthcare environments.

Figure 2: Diagrammatic Representation of Qubit

3 Qiskit Implementation in Healthcare

Qiskit is an open-source quantum computing framework developed by IBM. It offers a wide range of tools, libraries,
and algorithms that enable developers and researchers to build, test, and optimize quantum applications. Qiskit supports
various hardware backends, including IBM Quantum processors and third-party quantum devices.

Key features of Qiskit include:

• Extensive and easy-to-use Python APIs
• Tools for creating, manipulating, and optimizing quantum circuits
• Algorithms for solving optimization problems and learning from quantum data
• Visualization and debugging tools

Qiskit’s versatility and potential make it a valuable tool in the realm of quantum healthcare. By harnessing the [4]
power of quantum computing, Qiskit can help researchers develop novel algorithms and applications for tasks such as
drug discovery, disease diagnosis, and personalized medicine.

4 Qiskit-Based Quantum Algorithms in Healthcare

Some examples of specific quantum algorithms implemented using Qiskit for healthcare purposes include:

• Grover’s algorithm: An algorithm that improves the efficiency of searching an unsorted database, such as the
search for a specific drug molecule in a large dataset.
Grover’s algorithm relies on quantum interference to efficiently locate the marked item. The amplitude of the
states where the marked item is located interfere constructively, increasing the [5] probability of observing
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Figure 3: Quantum Circuit Representation of Grover’s algorithm

Figure 4: Grover’s circuit after applying Hadamard’s gate

these states. In contrast, the amplitude of the other states interfere destructively, reducing the probability of
observing these states.
It is important to note that Grover’s algorithm only works on quantum computers. Quantum computers can
harness the principles of quantum mechanics, such as superposition and interference, to perform complex
calculations. This makes them ideally suited for tasks such as cryptography and data retrieval.

Figure 5: Quantum Circuit Representation of Grover’s algorithm

• Variational Quantum Eigensolver (VQE) is a powerful algorithm in quantum computing that leverages quantum
hardware to solve large-scale optimization problems by efficiently estimating the ground state energy of a
quantum system.
It is inspired by the optimization of molecular structures in quantum chemistry, and can efficiently simulate
the electronic structure of molecules. By minimizing the [6] difference between the Hamiltonian operator of a
quantum system and its expectation value, VQE can generate highly accurate and realistic electronic structures.
This improved understanding of molecular interactions has a profound impact on the design of new molecules,
drug candidates, and even organic light-emitting diodes.
Molecular Dynamics Simulation
VQE can enhance molecular dynamics simulations by providing more accurate electronic structures. This
increased accuracy allows for a better representation of biological systems, including protein folding and
interaction dynamics. Accurate [7]molecular dynamics simulations can facilitate the development of targeted
therapies and personalized medicine strategies.
Precision Medicine and Personalized Treatment
VQE can contribute to personalized medicine by simulating patient-specific molecular interactions. By
considering the unique genetic and environmental factors that influence a patient’s molecular profile, VQE can
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help identify potential treatment strategies tailored to an individual’s specific needs. This has the potential to
transform healthcare by enabling precision medicine and optimized personalized treatments.
VQE offers several advantages over classical methods in healthcare. It can significantly improve the[8]
accuracy and efficiency of simulations, enabling a more comprehensive understanding of biological systems.
Additionally, VQE has the potential to contribute to personalized medicine and precision treatments by
providing unique insights into patient-specific molecular interactions.

Figure 6: Schematic Description of VQE

Current challenges in implementing VQE in healthcare include high error rates and qubit requirements.
Addressing these challenges requires ongoing research and development efforts to enhance the performance
and reliability of quantum computers. Additionally, the scalability of VQE for larger and more complex
healthcare simulations remains an area of exploration and development.

• Deutsch-Josza algorithm: A method for distinguishing between constant functions and balanced functions,
which can be used to enhance the accuracy of medical diagnostic algorithms.

Figure 7: Schematic Description of Deutsch-Josza Algorithm

• QAOA: An optimization algorithm that can be used to learn from complex quantum systems, such as the
interaction of multiple biological molecules in a disease model.

Figure 8: Schematic Description of QAOA Algorithm
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5 Use Cases

Three key potential quantum use cases are central to the healthcare industry’s ongoing transformation:

• Diagnostic assistance: Diagnose patients early, accurately, and efficiently
• Precision medicine: Keep people healthy based on personalized interventions/treatments
• Pricing: Optimize insurance premiums and pricing.

Use Case 1:

Early, accurate, and efficient diagnoses usually engender better outcomes and lower treatment costs. For example,
survival rates increase by a factor of 9, and treatment costs decrease by a factor of 4 when colon cancer is diagnosed early.
At the same time, for a wide range of conditions, current diagnostics are complex and costly. Even once a diagnosis has
been established, estimates suggest that it is wrong in 5–20 percent of cases. Medical imaging techniques, such as CT,
MRI, and X-ray scans have become crucial diagnostic tools for practitioners over the last century. Computer-aided
detection and diagnosis methods for medical images have been rapidly developing. At the same time, many of these
images are impacted by noise, poor resolution, and low replicability.

One of the reasons for these challenges is the need to adhere to strict safety protocols. Quantum computing has the
potential to improve the analysis of medical images, including processing steps, such as edge detection and image
matching. These improvements would considerably enhance image-aided diagnostics. Another challenge is the
classification of cells based on their many physical and biochemical characteristics. These cause the feature space,
that is, the abstract space in which the predictor variables live, to be large (high-dimensional). Such classification is
important, for example, in distinguishing cancerous from normal cells.

Quantum-enhanced machine learning approaches, such as quantum support vector machines, appear poised to enhance
classification and could boost single-cell diagnostic methods. Moreover, discovering and characterizing biomarkers may
necessitate analysis of complex “-omics” datasets, such as genomics, transcriptomics, proteomics, and metabolomics.

These can entail a large feature space, as well as many interacting features leading to interdependencies, correlations,
and patterns that are challenging to find with traditional computational methods.14 Further extending biomarker insights
down to the level of the individual naturally requires even more advanced modeling. These characteristics suggest that
quantum computing could help discover biomarkers, perhaps even for individuals. Through quantum computing, care
providers may be able to improve diagnoses while simultaneously eliminating the need for repetitive invasive diagnostic
testing.

They may be able to continuously monitor and analyze the health of individuals. In addition to helping patients, health
plans and providers could also benefit from reduced treatment costs as a result of earlier diagnoses. It might even
become possible to carry out meta-analyses for more elaborate diagnostic procedures to determine which procedure
should be carried out, and when. This could help further cut costs and enable more data-driven decisions by health
plans and governments for providers and individuals.

Use Case 2:

Precision medicine aims to tailor prevention and treatment approaches to the individual. Due to the complexity of
human biology, individualized medicine requires taking into account aspects that go well beyond standard medical care.
Medical care only has a relative contribution of 10 to 20 percent to outcomes; health-related behaviors, socioeconomic
factors, and environmental aspects account for the other 80 to 90 percent. Computationally, the interdependencies and
correlations among these diverse contributors create formidable challenges about optimizing treatment effectiveness.

As a result, many existing therapies fail to achieve their intended effects due to individual variability. For example, only
a third of patients respond to drug-based cancer therapies. In some cases, the consequences of drug therapies can be
disastrous; in Europe alone, up to 200,000 people die each year due to adverse drug reactions.17 A key aspect[8] of
tailoring medical approaches is proactivity.

As mentioned, early treatments and preventive interventions tend to drastically improve outcomes and optimize costs.
Classical machine learning has already shown some promise in predicting the risk of future diseases for a range
of patient groups based on EHRs.18 Nevertheless, challenges remain due to the characteristics of EHRs and other
health-relevant data, including the level of noise, size of the relevant feature space, and complexity of interactions
among the features.

This suggests that supervised and unsupervised quantum-enhanced machine learning techniques could allow earlier,
more accurate, and more granular risk predictions.19 Eventually, medical practitioners might even have the tools to
understand how an individual’s risk for any given condition changes over time, enabled by continual virtual diagnostics
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based on ongoing data streams from individuals. Knowing an individual’s disease risk is not sufficient, however. Just as
important is knowing how to effectively medically intervene for any given individual. One avenue in this endeavor is
the study of drug sensitivity at the cellular level.

For example, by taking into account the genomic features of cancer cells and the chemical properties of drugs, models
that can predict the effectiveness of cancer drugs at a granular level are already being investigated.20 Quantum-enhanced
machine learning could support further breakthroughs in this area and ultimately enable causal inference models for
drugs. The goal of precision medicine is lofty. Identifying and explaining relationships among interventions and
treatments on the one hand—and outcomes on the other— to provide the next-best medical action at the individual
level.

This framework would allow healthcare organizations to optimize and personalize their services throughout the
continuum of care. Moreover, adherence and patient engagement are also key aspects to be considered when a decision
is made as to the next-best medical action for quantum computing has the potential to accelerate the transition from
umbrella diagnosis and treatment to precision health status and intervention.

Use Case 3:

Pricing Determining health insurance premiums is a complex process. Several factors need to be taken into account by
a health plan in the process of developing a general pricing strategy. [8] These include complex interdependencies,
such as population health levels and disease risks, treatment suitability, and costs, and the risk exposure a health
plan is willing and able to accept based on corporate strategy and regulations. While health plans have already made
considerable progress in this space by applying classical data science methods, achieving more granular models with
lower uncertainties remains difficult. One key area in which quantum computing may help optimize pricing is risk
analysis.

Leveraging these insights about disease risk at the population level, and combining them with quantum risk models
that can compute financial risk more efficiently, could allow health plans to achieve improved risk and pricing models.
Another important lever through which quantum computing may support pricing decisions is enhanced fraud detection.
Currently, healthcare fraud costs hundreds of billions of dollars in the US alone.

Classical data mining techniques already help with detecting and reducing healthcare fraud; nevertheless, more
computationally efficient methods are needed. Quantum algorithms could enable superior classification and pattern
detection and thus help uncover anomalous behavior and eliminate fraudulent medical claims. This is expected to
allow health plans to further optimize pricing strategies and offer reduced premiums as a result of having lower costs
associated with fraud loss and prevention schemes.

6 Case Studies:

6.1 Radiotherapy

Radiotherapy is a widely used treatment for cancer. Moreover, it uses radiation to help destroy cancerous cells or cease
them from multiplying. It is also crucial to devise a radiation plan to reduce the damage to healthy tissues and body
parts.

It also deals with complex optimization problems with thousands of variables. Therefore, reaching the optimal radiation
plan needs multiple simulations until an optimal solution is acquired.

6.1.1 Grover’s Algorithm in Radiotherapy

Grover’s algorithm, a quantum algorithm designed for searching an unsorted database, has the potential to impact
healthcare applications, including radiotherapy in cancer treatment. Below is an outline of how Grover’s algorithm
could be applied to enhance radiotherapy processes; The optimization problem in radiotherapy treatment planning is to
determine the optimal radiation dosage for each targeted cancer cell, minimizing the side effects to healthy cells and
the patient’s body. Current classical algorithms for treatment planning are computationally complex and may provide
suboptimal solutions.

Grover’s algorithm addresses this optimization problem by transforming it into a search problem. The quantum
oracle encodes the target function, and Grover’s algorithm leverages quantum parallelism to explore multiple solutions
simultaneously. The amplitude amplification step enhances the probability of finding the optimal solution. To implement
Grover’s algorithm in a practical quantum computing framework, several challenges must be considered. First, the
number of qubits required for an efficient implementation of Grover’s algorithm depends on the problem size and may
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require future advancements in quantum hardware. Second, challenges related to quantum noise and error correction
must be addressed.

By incorporating Grover’s algorithm into the radiotherapy treatment planning process, significant speedup and optimiza-
tion improvements can be achieved. The computational speedup offered by Grover’s algorithm compared to classical
approaches can lead to faster treatment planning times, thereby improving patient outcomes.

6.2 Drug Research and Interactions

The initial and pivotal phase of drug design and discovery is molecular comparison. Now, organizations can perform
millions of comparisons on traditional computers. However, there is a limitation on the size of molecules that traditional
computers can compute. Hence, it can help compare larger molecules. Therefore, it will pave the way for more
pharmaceutical advancements and cures for various diseases.

Moreover, Quantum Computing enables healthcare professionals to model complicated molecular interactions at an
atomic stage. Hence, it will play a major role in medical research and drug discovery. As a result, professionals will
soon be able to model all 20000 proteins in a human genome. It will also begin to simulate interactions with models of
existing and new drugs.

6.3 Genomics

Genomics refers to the study of the complete genetic components of an organism. That is to say, it incorporates,
recombinant DNA, DNA sequencing methods, and bioinformatics. Moreover, it requires sequencing, assembling, and
analyzing the structures and functions of genomes. Further, the latest techniques involve dividing the DNA into small
components. It also includes the search for certain types of biomarkers and any disease-related mutations. As a result,
this comes down to two major repercussions that need addressing. Firstly, the process is too time-consuming. Secondly,
it becomes slower with only manual operations involved. Hence, traditional computers are not dynamic enough for
tasks. Therefore, Quantum Computing is the right way to go forward as it has more computational power and storage
capacity. Moreover, the outcomes will be more accurate to help provide correct diagnoses and personalized medications.

6.3.1 Variational Quantum Eigensolver in Genomics

The application of VQE in genomics is focused on solving the genomic congruence, a key issue in DNA sequencing
and identification. This process involves comparing the DNA sequence data from different sources, such as healthy
individuals, disease patients, or samples from environmental or archaeological sites. VQE has the potential to improve
the accuracy and efficiency of genomic congruence, ultimately enhancing our understanding of human genetics and the
causes of genetic diseases.

The advancements in quantum technologies have revolutionized our understanding of the quantum world. In healthcare,
these technologies have the potential to address complex computational problems, improve the accuracy of simulations,
and contribute to personalized medicine and precision treatments.

6.4 Medical Imaging

Medical imaging, particularly MRI and CT scans, plays a crucial role in healthcare by providing detailed images of
the body’s internal structures. With the rapid advancement of quantum technology, incorporating quantum algorithms
in medical imaging can potentially revolutionize the field by reducing errors, enhancing diagnostic capabilities, and
improving overall patient care.

6.4.1 Comprehensive overview of CHSH inequality

The CHSH inequality, named after Claude E. Shannon, John H. Clauser, Alain Aspect, and Paul Kwiat, is a cornerstone
in the study of Bell’s inequality and its violation. Bell’s inequality was formulated to determine the limits of classical
realism in physics, but it has since found numerous applications in the field of quantum mechanics.[8]

The CHSH inequality can be used to test the boundaries of quantum locality, which states that quantum phenomena
cannot be explained by classical local hidden variables. The violation of the CHSH inequality provides empirical
evidence for the existence of quantum entanglement, which has been confirmed experimentally. Quantum entanglement
is a fundamental principle in quantum mechanics that states that particles, even when separated by large distances, can
influence each other instantaneously. This phenomenon was first described by Einstein, Podolsky, and Rosen in their
famous EPR paradox.
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Entangled particles are usually described by the singlet state, which represents two particles that have opposite properties.
The most famous example of quantum entanglement is the observation that two particles can become entangled by
undergoing a simultaneous measurement.

6.4.2 Quantum Key Distribution (QKD) in Healthcare

Quantum key distribution (QKD) is a technique that uses the principles of quantum entanglement to establish secure
keys for cryptographic communication. QKD protocols are designed to be resistant to eavesdropping, ensuring the
privacy and integrity of the transmitted data. The role of CHSH tests in QKD protocols is crucial. By demonstrating the
strictest form of Bell’s inequality, the CHSH test verifies the security of the QKD protocol.

7 Future Scope

Quantum computing has the potential to revolutionize the healthcare industry in numerous ways, from drug discovery to
personalized medicine to medical imaging. As the volume and diversity of health data continue to increase exponentially,
quantum computing can provide faster access to databases and enable efficient imaging systems that provide clinicians
with more fine-grained clarity in real time. Quantum computing can also solve complex optimization problems involved
in devising an optimal radiation plan that is targeted at killing cancerous cells without damaging the surrounding healthy
tissues and body parts. Furthermore, quantum computing could help discover biomarkers, perhaps even for individuals,
and enable healthcare professionals to continuously monitor and analyze the health of individuals. Although quantum
computing is still in its early stages, it has the potential to transform healthcare and improve the quality of diagnosis
and detection of major diseases.

8 Conclusion

It is abundantly clear that the pros of using Quantum Technology greatly outweigh the cons and thus, proves to be of
great use in leveraging the speed and efficiency of quantum algorithms. A logistic regression health assessment model
using quantum optimal swarm optimization to detect different diseases at an early stage is a livid example and also
a gateway to showcase the endless potential of quantum technologies in the space of healthcare. In conclusion, the
potential of quantum computing in the healthcare industry is immense. From faster access to databases to personalized
medicine and medical imaging, quantum computing has the potential to revolutionize the way healthcare is delivered.
Although quantum computing is still in its early stages, it has the potential to transform healthcare and improve the
quality of diagnosis and detection of major diseases.[1]
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