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Background

Different industrial “revolutions” can be identified; the first revolution took place at the end
of the 18th century thanks to the steam engine and the appearance of the telegraph, while
the second can be placed in the first decade of the 20th century, with the combustion
engine powered by oil, electricity, the telephone, and the radio. This was followed by a
third revolution brought about by computers and the emergence of the Internet. In the last
two decades we are witnessing another confluence of technologies (social networks,
mobile, big data and data analytics, cloud computing, artificial intelligence, blockchain,
Internet of Things (loT), etc.); which is causing a real “digital transformation” of companies
and organizations. The next revolution, which comes from nanotechnology,
biotechnology, genomics, and quantum computing, which is based on exploiting the
properties of quantum mechanics, has already begun.

In fact, as the IBM Institute for Business Value highlights: “We are living in the Quantum
Decade, when quantum computers are getting ready to overperform their classical
cousins in a meaningful task, achieving what we call Quantum Advantage” [1]. The same
report remarks that: “The integration of quantum computing, Al, and classical computing
into hybrid multicloud workflows will drive the most significant computing revolution in 60
years”.

One of the sectors where the potential of quantum technologies can be most exploited is
the medical and health sector. Informatech [2] highlights how quantum computing can be
used to predict disease and patient outcomes. Other examples are [3], [4] and [5]. In our
case, we are interested in improving elderly drugs treatment, including adverse effects of
other drugs that can be optimally treated by non-pharmacological methods, or by reducing
the dose of the drug causing adverse effects. The use of these drugs is often
inappropriate, since their benefit is low, their cost is high, and the new drug may cause
additional toxicity. To solve the problem of inappropriate drug use in the elderly, it is
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essential to have ICT tools to support prescribing that allow both individualization at a
specific time of prescription and modelling over time.

Presentation

The general aim of project “QHealth: Quantum pharmacogenomics applied to ageing” is
mainly human-oriented: the increase in longevity and quality of life of older adults. The
project is the results of scientific and technological cooperation of a multidisciplinary team
of researchers and technologists from the companies aQuantum, Gloin and Madrija and
the University Institute of Biosanitary Research of Extremadura (INUBE) in collaboration
with the Pharmacogenetics and Personalized Medicine Unit, the University of
Extremadura (UEX) and the University of Castilla La Mancha (UCLM).

The project is founded by the Center for the Development of Industrial Technology (CDTI)
of the Ministry of Science and Innovation of Spain, in the 2020 CDTI Missions Program
which has a total budget of € 5,160,477.00.

QHealth is researching about the correlation among the genetic variables and other
variables related to the health history of the patients. The study includes the adverse
reactions to prescribing drugs in order to predict unwanted side effects of a specific one.
This will be analyzed in function of the drugs consumption history of the patients, the
reactions the older adult has experimented, and his/her physiological and genetic
limitations.

In order to achieve this aim, we are designing scientific, methodological and technological
models to establish the scientific and technical fundamentals of a classical/quantum hybrid
system able to carry out optimizations and simulations whose realization in classical
hardware is not possible in acceptable timescales. The hybrid system, in combination
with classical health applications, will give its outputs to medical professionals involved in
prescribing drugs to older adults.

Moreover, the methodological and technological environment created by the project, will
allow to map the evolution of the patient related with the prescribing drug consumption
and its genetic and environmental limitations onto quantum simulations. This will, for the
first time, allow doctors the possibility of using the results offered by quantum computing
technology for carrying out proactive ageing treatments.

This will not only have a human impact it will also have a financial impact because it will
optimize the investments that health systems make in financing drugs and address the
adverse effects that drugs often generate in older people.

As the technological basis of the project, QPath® [6] will be used to support a hybrid
computing architecture, so that multidisciplinary teams from any field of knowledge do not
have to worry about the tools and manufacturer-specific execution platforms, but only
about the knowledge. Also, the best practices of Quantum Software Engineering [7], [8]
are being deployed in order to assure the quality of the final hybrid system.

The aim of the members of the Consortium is to exploit the results of the research of the
QHealth project for the development of the artifacts required for a hybrid classical/quantum
platform specialized in services to pharmacogenomics applied to ageing. The execution
of those future developments will be carried out both individually and with the collaboration
of aQuantum Partner Network [9], the collaboration network of aQuantum in which
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participate all the companies of the Consortium. This assures the continuity of the
research up to the practical application of results.
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Aim of the project

The increase in longevity and quality of life of older adults, r The creation of a methodological and

by conducting research about the correlation among the e technological environment, based on

genetic and other variables related to the health history QuantumPath®, that allows the development
of the patients. The study will include the adverse of future health software solution which use
reactions to prescribing drugs to predict unwanted side quantum computing for the optimization of
effects of a specific one. prescribing drugs administration.

Development of high-quality quantum algorithms and software applications
for pharmacogenomics and personalized medicine for the real world
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