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The Role of Quantum Computing in
the Future of Healthcare
Brian de Francesca

In this paper, I assume that viable and affordable quantum computers will become globally available
over the next couple of decades. In the paragraphs that follow, I shall briefly explain the primary and
secondary effects this will have on all facets of healthcare, specifically education, research, and care
delivery, and where on the planet this is most likely to first occur. I will not explain how quantum
computers might function—as there are more than enough YouTube videos out there for that but I will
discuss what they have the potential to do and the impact they may have. Also, when I am referring
to Quantum Computers, I am assuming that they are combined with “deep-learning” (AI) applications.
I accept responsibility for all of these assumptions and I may be totally wrong, or not right enough.
I believe that the more you remove self-interested humans from the healthcare system equation, the
more advanced tools such as quantum computers have the potential to fix everything that is wrong
with healthcare today. With that said, we must remember the words of Bill Gates:
“Most people overestimate what they can do in one year and underestimate what they can
do in ten years.”
Decades from now, healthcare will no longer be an inefficient, inhumane and expensive art, but a
reasonably priced science, that is much more personable than what we have today—I believe thanks
to, at least in part, quantum computers.
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V Big Data and Blockchain

Building a New Model
“You never change things by fighting the existing reality. To change something, build a new
model that makes the existing model obsolete.”
This was said by the late Richard Buckminster Fuller. He was an American architect,
systems theorist, author, designer, inventor, and futurist. This wise statement certainly applies to the reality of healthcare today. Trying to change the existing, antiquated and broken healthcare models of developed countries—including education,
research, and delivery, is futile. We have been trying for decades, with little progress.
In fact, the situation is worsening and sliding backward. People are less healthy, and
costs continue to rise—this is not progress. Let me partially modify that last sentence,
this is not progress unless you are a company that financially benefits from a large,
sick population.
Currently, there is no single healthcare system anywhere on the globe that truly
stands out. The very best is still mediocre in terms of overall performance when compared to any other industry. And when it comes to embracing technology, over 70%
of healthcare strategic initiatives fail to either launch, sustain impact or grow to
scale. Sadly, the Western world will see more of the same when it comes to the implementation of blockchain, artificial intelligence and eventually the introduction
of deep learning-enabled quantum computers—if we attempt to introduce them into
the “current reality.”

One of the reasons for this mediocrity and failure to successfully embrace new technologies is the fact that we have been continually attempting to automate broken,
dysfunctional and outdated processes. Healthcare is largely “process illiterate”. Before
we introduce any new technologies, we must first standardize and industrialize our
processes and then, and only then, will technologies such as blockchain, artificial
intelligence, and quantum computing deliver real sustained value. Without broad
standardization and industrialization, the combination of quantum computing, artificial intelligence and vast amounts of data, will simply overwhelm and then drown
and already dying system. This is most likely what will happen in the majority of the
“developed world.”

Technology will not replace humans, in fact, the exact opposite: Our current
system is inhumane to both patients and caregivers. The next version of care,
that will be developed on the fringes of the developed world, will provide
better access, significantly more human-to-human interaction, perform better,
cost less and generally be more pleasant for all those involved.
The primary roadblock is this: In the developed world, USA Inc. and the others, there
is tremendous “legacy system,” amounting to self-interest and bureaucracy combined
with a lack of interest, desire or willingness to change the status quo. The last thing
the powerful, with their hands in the healthcare till want is anything that will considerably reduce healthcare spending. They will talk endlessly of healthcare reform,
but no one will ever actually pull the trigger and “do something about it.” There are
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many wealthy and important people who are benefitting greatly from the fact that
70% of Americans are overweight.

But thankfully, there are large sections of the Earth that are not cursed with being
ossified by “development.” As odd as this may sound at first, the greatest systemic
advances in healthcare will not occur in the developed world. The future of improved
healthcare is currently being conceived in places such as India, Uganda, Rwanda,
Ethiopia, and many other “undeveloped countries.” They are fortunate, in that they
lack “sticky legacy systems,” broken processes, sunk investment; self-interest, lobbies, lawyers and all of the other things that hinder the creation of a new and improved system overall. As Buckminster Fuller said, “build a better model.” The future
of better healthcare is being built bit-by-bit in “blank slate” countries while the systems in the more developed world slowly come tumbling down.
And how does quantum computing fit into this scenario, where the undeveloped
world leaps ahead of the rest of the word in all aspects of healthcare? How is a quantum computer any different from a regular computer?

Traditional computers operate on “bits and bytes”, binary stuff—consisting of 0 s and
1 s. This is common knowledge to many of us. Quantum computers operate on a
“quantum bit”—cutely called a Q-Bit. Now, this is the part of the paper, where I could
drown you (and myself) with paragraphs about the block sphere, entanglement, superposition, etc. However, even the people behind the quantum curtain, do not fully understand completely exactly how quantum physics works, and in turn, quantum
computers work, they just do. They know what is happening at the quantum level,
but do not yet fully understand how or why. And that’s o.k.

Most of us cannot fully explain how airplanes fly, how the internet works or how a
thermos keeps fluids either hot or cold. Nobody can accurately explain how gravity
works—but we use all of these things each and every day anyway. In order to use
them, assuming they are functioning properly, there is no need for us to know “how
they work,” only that they work. The same applies for new technology such as blockchain technology—the description of “public and private keys” and “distributed ledgers” have bored audiences around the world, when really all they want to know is:
What can I do with this new thing to make my life better?
“The next big thing in healthcare! Quantum computing will serve as the catalyst for healthcare’s transformation into true Value Based Care by enhancing data predictive analytics and
AI algorithms, for a new era of care delivery innovation”(Mazin Gadir, PhD, Dubai Health
Authority Advisor and IQVIA Principal)
Quantum Computers are not “smaller” than “classical computers,” but they will be
able to do things that classical computers would never be able to do. Quantum computers can solve problems that would take an infinitely long amount of time for a
classical computer to accomplish. Literally, infinitely long. “Every time I add a quantum bit to a quantum computer, I double the computational power,” Michelle Simmons, research head at the Centre for Quantum Computation and Communication
Technology at the University of New South Wale explains, “If I could have 300 qubits,
that would be more powerful than all the computers in the world connected together.”
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As an example, let’s look at the factorization of large numbers into primes which is
the foundation of encryption:
The best algorithm known and used on classical computers uses a number of steps
that keeps increasing exponentially until it would take a conventional computer billions of years to solve. Thus, it is practically unsolvable and quite safe. However, using an algorithm developed by Peter Shor for quantum computers—called “Shor’s
Algorithm”—a quantum computer could complete the same task in only a few
hours. From billions of years, down to a number of hours. This is certainly non-trivial. Surely, in the US, the NSA wants to be the first to own a powerful quantum computer as it may be able to unlock every encrypted system on the planet.
But let’s focus on healthcare. For modeling molecules, a classical computer will be
inaccurate by a factor of 70–100% making it relatively worthless for the modeling a
molecule—which is incredibly important in all areas of medical research, especially
for the pharmaceuticals industry. On the other hand, a molecule simulated by a
quantum computer would be highly accurate. We could model the world and our reality with a reasonable level of accuracy for the first time in history. All of this is best
explained with some of the following real-world examples.

Medical Applications of Quantum Computers
The following is a brief summary of some areas where quantum physics and quantum
computers may impact healthcare. I believe this list will double or triple in the coming years, as we learn more about the potential of quantum medicine and quantum
computers, combined with deep learning.

Drug Research
Molecular comparison is an important process in early-phase drug design and discovery. Today, companies can run hundreds of millions of comparisons on classical
computers. However, they are limited only to molecules up to a certain size, which
a classical computer can then actually compute. As quantum computers become more
readily available, it will be possible to compare molecules that are much larger, which
opens the door for more pharmaceutical advancements and cures for a wider range
of diseases. This has the potential to save years of development time and billions of
dollars required to bring a drug to market

Drug Interactions
Quantum computing will allow us for the first time to model complex molecular interactions at an atomic level. This will be particularly important for medical research
and drug discovery. Soon, we’ll be able to model all 20,000+ proteins encoded in the
human genome and start to simulate their interactions with models of existing drugs
or new drugs that haven’t been invented yet.
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We will be able to simulate how a particular molecule in a pharmaceutical
will interact with the human body (quickly)—this will turn the pharmaceutical
industry on its head.

Radiotherapy
Radiation therapy is the most widely-used form of treatment for cancers. Radiation
beams are used to destroy cancerous cells or at least stop them from multiplying. Devising a radiation plan to minimize damage to surrounding healthy tissue and body
parts is a very complicated optimization issue with thousands of variables.

Arriving at the optimal radiation plan requires many simulations until an optimal
solution is determined. With a quantum computer, the horizon of possibilities that
can be considered between each simulation is much broader. This will allow us to run
multiple simulations simultaneously and develop an optimal plan much faster. This
will both improve patient care and lower the cost of that care.

Diagnostics
The diagnosis is the foundation of the delivery of care. It consists of the doctor retrieving information from his mind and analyzing it, running algorithms in his or her
mind, and recognizing patterns. All of these tasks are far better performed by computers today; in an error of deep learning enabled quantum computers, the entire
diagnostic process will shift from marginally accurate humans, to highly accurate
and less expensive machines.
There is a growing trend of applying machine learning to aid with patient diagnostics, such as radiology, pathology and more. Much of machine learning is about “pattern recognition.” Algorithms crunch large datasets of patient information to find
signals in the noise, with the goal being to leverage comparisons made to help identify a diagnosis.
With quantum computing, we’ll be able to do such processing orders of magnitude
more effectively than how it is done with classical computing. Quantum computing
will allow doctors to compare much, much more data in parallel, simultaneously,
and all permutations of that data, to discover the best patterns that describe it and
thus provide a more accurate diagnosis faster. This will lead to fundamentally more
powerful forms of AI much more quickly than we have expected.

Disease Screening
Using a method known as the “bio-barcode assay,” we can now detect disease-specific “biomarkers” in our blood by using gold nanoparticles that have unique quantum
properties that allow them to attach to disease-fighting cells, all of which is made
visible using MRI technology.

These gold nanoparticles are completely safe for humans. This method is also
cheaper, more flexible, and more accurate than conventional alternatives.
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Mikhail Lukin, a physics professor at Harvard, is also working on manipulating nanoscale particles of diamond for similar purposes. He hopes to eventually use diamond
particles, to take images of human cells from the inside and detect disease without
exposing patients to radiation. His team has already managed to do this to detect and
map neural activity.

Imaging
Quantum sensors can also improve MRI machines by allowing for ultra-precise measurements. A quantum-based MRI could be used to look at single molecules or groups
of molecules instead of the entire body, giving clinicians a far more accurate picture.
Other quantum-based techniques are also being developed to treat diseases. For example, gold nanoparticles can be “programmed” to build up only in tumor cells, allowing for precise imaging as well as laser destruction of the tumor, without harming the surrounding healthy cells.

Healthcare Data
People wish to protect their health data for obvious reasons, so it’s important to consider all the ways that it can be hacked.

ID Quantique (www.idquantique.com) is a company using the strange quirks of
quantum phenomena, to protect our data in an ultra-secure fashion. Using quantum
entanglement in one of the most practical applications of the phenomenon to date,
quantum cryptography prevents data from being viewed by anyone other than the
intended recipient.
Innovations built on the principles of quantum mechanics hold the potential to affect healthcare on nearly every level, from diagnosis and treatment to data storage
and transmission

Genomic Medicine
Techniques such as laser microscopy, that is built on the principles of quantum mechanics and using quantum computers, we will allow us to more quickly sequence
DNA and solve other Big Data problems in healthcare. This accelerates the possibility
of personalized medicine based on individuals’ unique genetic makeup.

Protein Folding
Proteins are the basic building blocks of life. The malfunction of a given protein is
frequently due to its being wrongly folded. While the chemical composition of proteins is quite well known, their physical structure is much less well understood. Obtaining more detailed knowledge of the way proteins are folded can help lead to the
development of new therapies and medicines. A quantum computer will be able to
simultaneously test a huge number of possible protein fold structures and identify
the most promising ones.
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The Secondary Effects of Quantum Computers in Healthcare
The examples listed above will obviously have a tremendous impact on research and
care delivery. But since almost all types of diagnostics will most likely become automated, and the resultant treatment plans “automated” in some manner as well—
much of the historical “thinking work” will thus be performed by deep-learning
enabled quantum computers. This begs a fascinating and important question:

Historically, the majority of the value provided by a traditionally trained doctor was
derived from the knowledge they obtained in medical school added to by years of experience; if in the future, much of this diagnosis and suggested treatment plans, are
better done by deep-learning enabled quantum computers, what exactly will need to
be taught in medical schools, to whom and at what price, and how long will it take?

We will see democratized, cheaper, faster and more effective medical education for a greater number of “givers of care”: More caregivers, who can spend
more time with patients (human-to-human) at a lower cost.
Pharmaceutical development costs will drop (research and clinical trial costs will be
lower and more accurate) and medication prescription will be more accurate when
combined with genomics—pharmacogenomics, thereby reducing waste.

This will all result in greater access to better care at a lower overall cost with increased
human-to-human interaction. One last thought: As we eventually solidify the laws
concerning the ownership of patient data; making it clear that the data are “coowned” by the patient, as well as the provider that created it; this data (when anonymized) will have a significant financial value to many organizations. Data Markets (similar to stock markets) will emerge for the buying and selling of medical data
(and other types of data as well), and further increase the value of patient data. Health
Information System companies are already witnessing the fact that selling software
is becoming a money-losing commodity business and that the real money is in the
data. Providers may soon jump on the same data band-wagon. It is possible that one
day we may see healthcare providers giving care away for free in order to gain access
to valuable patient data to feed the increasingly data-hungry quantum computerpowered Big Data machinery.
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