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Welcome Letter

Dear delegates,
It is our greatest pleasure to welcome you to the United Nations Commission for
Science and technology at IsarMUN 2019. Together with your fellow delegates you will
discuss and, hopefully, draft a resolution pertaining to the issue of Innovations in medical
technology: gene editing, robots, AI and 3D printing. We intend to make the simulation as
genuine as possible, both in terms of the approach to the topics, as well as to the procedure
and diplomatic behaviour. At the same time, please don't forget that conference is also about
parties, discovering the city and meeting new people! We hope to see you at all the social
events.

The Study Guide is intended to give you an overview of the topic. While we tried to
introduce the issues to you and provide key facts, please do not consider it as complete and
detailed analysis. You are encouraged to use the sources and your own research to get
prepared for debate, and you should consult your county's position on the topic in debt to
represent it genuinely.

We are looking forward to seeing you all very soon.

Yours sincerely
Abdallah, Luka and Matthias
uncstd@isarmun.org
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Introduction to the Commission on Science and
Technology for Development

The Commission on Science and Technology for Development (CSTD) has been
established in 1992 as a subsidiary body of the Economic and Social Council (ECOSOC). It
has the task of providing the ECOSOC and the GA of expert advices and appropriate policyrecommendations through deep study and analysis in the field of science and technology.
After the first session held in April 1993 in New York, the Committee has always met
in Geneva one week a year. The committee is nowadays composed by 43 members who are
elected by ECOSOC every four years. It has representatives from each continent.
In recent years much of the attention of the Committee has been directed to the
developing world: the transfer of technology and of digital achievements in developing
countries has been one of the most discussed themes in the past sessions. Moreover, the
committee has focused on improving existing financial methods and on new emerging energy
sources, mainly green ones. Being the need of energy a widespread problem mostly among
developing and underdeveloped countries, finding and promoting cleaner and cheaper energy
sources plays a key role in the harmonious development of the world.
In May 2015 the committee has convened in Geneva for the 18th session. This year’s
priority themes have been the strategic foresight for the post-2015 development, the digital
development and in the end reports for the ten years since the World Summit on the
Information Society on its outcome. Many speakers have highlighted the key role the internet
is playing in shaping our future, and most of all our youngsters. In fact, one of the most
debated themes was the one about the so called millennials, i.e. the young people who will
constitute in a matter of years the largest part of the work force in the world. It is of the
greatest importance to focus on them and to establish an internet regulation program that can
assure its stability and its resilience in the future.
As stated in a 2014 resolution of the ECOSOC, the CSTD is called to act as a forum
of horizon scanning and strategic planning. In response to this request the CSTD must focus
4

on the relationship between the new medical technologies and the development of both a
proper legal framework and an informed public opinion.
The committee must work on the topic always keeping in mind the changes the world is
experiencing, and with an eye pointed at the future and at the changes it will continue to
experience.

Innovations in Medical Technology: Genetic
Engineering; Robotics and Artificial Intelligence; and 3D
Printing
Foreword
Innovative medical technology undoubtedly holds great potential to propel the
capabilities and standards of healthcare forward substantially, but it also has the potential to
do the opposite if not tested, presented and regulated properly. That is why it presents
extremely relevant and important discussion to the Commission. The Commission on Science
and Technology for Development is primarily concerned with discussing implications,
policies and regulations that accompany any scientific or technological advancement, which
is integral to the success of such an advancement. Our topic will cover four areas of medical
innovation: robotics, artificial intelligence, 3D printing, and genetic engineering. Two main
aspects concerning each technology will also dominate discussion: the ethical and
social/economic aspects. It is important that focus is directed primarily towards the
ramifications and policy-making accompanying these technologies rather than any purely
scientific or technical discussions of them.

Regulation of Medicine around the World
The regulatory bodies and rules that govern the healthcare industry around the globe
are commonly complicated. They largely differ from one region or state to another, and
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different aspects of healthcare services are usually overseen by different bodies.
Policymakers and overseers in healthcare can range from the federal government to private,
non-governmental entities; several, diverse bodies govern different parts of healthcare
practice. At times, they operate without coordination. Therefore, navigating the labyrinth of
medical regulation is not entirely straightforward. However, all of these bodies commonly
refer to international standards called upon by international organisations, such as the
Commission on Science and Technology for Development; thus, the Commission’s advice to
governments on new discoveries and innovations is paramount.

International
Currently, international health law is an extremely under-developed field, if
considered existent at all. Dr Brigit Toebes, a Rosalind Franklin Fellow at the Faculty of
Law, University of Groningen, states, “The health-related standard-setting legal instruments
are very fragmented as there is no overall international recognition of international health law
as a distinct branch of international law in his academic paper titled ‘International health law:
an emerging field of public international law’. Perhaps most notable amongst international
standards regarding health—although not really concerned with national medicinal
practices—is the World Health Organisation’s legally binding document of ‘International
Health Regulations’. First published in 2005, the document, which is now signed by 196
countries, demands international cooperation to detect, assess and report public health
incidents and issues. This aims at combatting the spread of diseases and ameliorating global
health security. The document also includes detailed measures implemented at airports, ports
and ground crossings to control the spread of health risks between countries.

Regional
Several models of regionally regulating some aspects of healthcare exist. Naturally,
some of these laws or bodies encompass parts of the healthcare industry. For example, the
evaluation and authorisation of any new medicines in countries of the European Union is
performed by the European Medicines Agency, which is formed by experts from several
6

European states. While gaining the acceptance of the European Commission, after the initial
green light by the EMA, grants companies market authorisation across countries of the
European Union, authorisation through national medical associations of a select EU country
is also possible. Additionally, authorisation nationally by one state may also grant
authorisation in a second state if the second state decides to depend on the scientific
assessment of the first state in granting the aforementioned authorisation. This goes to show
the versatility and complexity of medical regulation at different, coexisting levels.

Governmental level
Aspects of healthcare are most often regulated by the central government of the
country. For example, patient privacy and healthcare information are regulated in the United
States through the Health Insurance Portability and Accountability Act (HIPAA)—a federal
Act that applies to all states of the USA. However, the application of HIPAA is often
overseen by both governmental organisations and independent non-profit organisations;
oversight of healthcare is also multi-dimensional at the federal level. Such an Act is critically
important when discussing the future of artificial intelligence in medicine, especially
considering private investment or cooperation between the public and private sectors of
healthcare.
Some regulations of healthcare are set and overseen at a smaller less centralized level
(states for a federal country, regions or provinces etc.). This means in some countries—for
example—different cities may require different guidelines and procedures for the
accreditation of both healthcare organisations and professionals. The regulation of different
medicines, procedures or practices may be governed by different bodies, private or
government-affiliated, in each different reality.

Local
Regulation of healthcare is also commonly the responsibility of local agencies, which
usually work with higher entities. This may constitute private hospitals or medical schools.
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For example, it is usual for hospitals to accredit their own physicians, alongside state or
federal licensure.
Conclusion
Medical regulations across the globe vary exceptionally; it is the role of expert
committees such as the Commission on Science and Technology for Development to discuss
technologies that are newcomers to the field of medicine so as to provide scientific, reviewed
advice to policymakers and planners worldwide. The committee’s aim is to set guidelines for
the development of an appropriate legal frame to regulate and foster the exploitation of new
medical technology at all the different levels we have discussed above.

Innovations and Implications
The following pages aim to give an understanding of the four technological
breakthrough the commission will focus on; the presentation is centred on the ethical,
scientific and legal challenges that characterise the different technologies.
Gene Editing
It has now been very few years since a major breakthrough in the field of genome
editing was made, a technology called CRISPR-Cas9 that could help lessen or even eradicate
some of the central problems of our century.

Indeed, if genetic engineering has been a reality already for some decades, its costs and
complicacies prevented it from becoming really central. The new technique called CRISPRCas9 has made gene editing incredibly cheaper, much faster and way more precise. Scientists
are now able to select single nucleotides (the building blocks of the DNA) and to cut them or
even substitute them with the wanted nucleotide. This opens to endless possibilities where the
only limit is our still scarce understanding of the human genome.

8

Figure 1 The History of the Discovery of CRISPR

When employed for treating human health for example, CRISPR has already proved to be a
magnificent tool to develop new, cost-effective individualized therapies. Furthermore, the
technology offers the unique chance to detect, cure and eradicate more than 5000 genetic
diseases and cancer, from cystic fibrosis to blindness. Other terrible diseases as malaria or
HIV could be treated properly and their destructive impact on society could be weakened if
not ended.
CRISPR has also already proved a revolutionary technology for other fields, as agriculture:
its applications seem endless and only limited by our imagination.
As it is clear, humanity could benefit incredibly much of a fruitful exploitation of this
tool which is yet so new that most countries still lack a proper legal, social and economic
framework to enhance its development. Indeed, never before the technology has been so
cheap and efficient as now with CRISPR, effectively putting this field of science at the centre
of public attention.
As for any technology, in order for countries and, most importantly, for the people to
enjoy its benefits it needs three major conditions:
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Research and development and capacity building so to make the most of its
advantages



Appropriate legal framework that regulates the research and simultaneously
encourages private investments by ensuring the stability of the field



Education of the public with the main focus on separating scientific fact from science
fiction, as the support of the public is of key importance in fostering research
Progress in these three areas is key to the proper exploitation of any technology, in

particular CRISPR as it raises important legal and, most importantly, ethical questions that
must be addressed so to take full advantage of this revolutionary tool as soon as possible.
To take full advantage of this amazing technology many things still need to be done.
A legal framework that will let countries operate under the ensuring coverage of rules and
laws is still lacking, but even more problematic is the fact that many countries lack the very
scientific and technological capability to implement such advancements. Knowledge and
expertise sharing are the key to avoid leaving any country behind in this important process
and to foster a socio-economical boost in many still developing regions.
To better understand the complexity of the topic, we need to distinguish two very
different kind of interventions on the human genome: somatic cells and germline editing. The
latter is the one that raises most of the ethical, as well as scientific, questions, since it means
editing the genome so that the modifications are passed down to future generations.
The international community has approached this complex topic in the past with a number of
resolutions and declarations.
On the 11th of November 1997 the Universal Declaration on the Human Genome and
Human Rights was adopted unanimously and by acclamation at UNESCO's 29th General
Conference. Together with the Guidelines for the Implementation of the Declaration (1999),
it outlines the framework in which the international community must work nowadays to
address new technologies and new possibilities, now that twenty years have passed.
We report here some of the content of the declaration which we consider fundamental for the
discussion.
Article 5: research, treatment and diagnosis can be carried out only with the informed
and free consent of the patient. In case the patient is not in the condition to consent,
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researching affecting his or her genome may only be carried out for his or her direct health
benefit.
Article 6: “No one shall be subjected to discrimination based on genetic
characteristics that is intended to infringe or has the effect of infringing human rights,
fundamental freedoms and human dignity.”
Article 13: “The responsibilities inherent in the activities of researchers, including
meticulousness, caution, intellectual honesty and integrity in carrying out their research as
well as in the presentation and utilization of their findings, should be the subject of particular
attention in the framework of research on the human genome, because of its ethical and social
implications. Public and private science policy-makers also have particular responsibilities in
this respect.”
Article 19:
“ (a) In the framework of international co-operation with developing countries, states should
seek to encourage measures enabling: (i) assessment of the risks and benefits pertaining to
research on the human genome to be carried out and abuse to be prevented; (ii) the capacity
of developing countries to carry out research on human biology and genetics, taking into
consideration their specific problems, to be developed and strengthened; (iii) developing
countries to benefit from the achievements of scientific and technological research so that
their use in favour of economic and social progress can be to the benefit of all; (iv) the free
exchange of scientific knowledge and information in the areas of biology, genetics and
medicine to be promoted.
(b) Relevant international organizations should support and promote the initiatives taken by
states for the above-mentioned purposes.”
In 2005, UNESCO’s Member States adopted the Universal Declaration on Bioethics
and Human Rights to deal with ethical issues arising from new born technologies in life
sciences and medicine. The Declaration asserts that the human genome is part of heritage of
humanity and as such must be preserved.
The biggest concerns are regarding germline modification. The International
Bioethics Committee (created in 1993 as an advisory committee for UNESCO) says that
“Interventions on the human genome should be admitted only for preventive, diagnostic or
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therapeutic reasons and without enacting modifications for descendants”, arguing that the
alternative would “jeopardize the inherent and therefore equal dignity of all human beings
and renew eugenics.”
In a study published by Hokkaido University in 2014 it is showed how out of 39
examined countries, 29 had bans on human germline modification. Unfortunately, many
countries still lack proper regulation and their rules and guidelines are still ambiguous,
leaving room for unregulated and unsafe research and treatment. It must be highlighted that it
is in the very interest of the scientific community itself to operate under a proper set of rules,
as not to undermine the trust of the public opinion with unethical or non-safe actions.
Emblematic is the case of Lulu and Nana, two Chinese twins born only a year ago whose
embryos were genetically modified by the scientist Jian-kui He. He operated a human
germline modification in an unauthorized and unsupervised experiment, which violates
Chinese regulation banning human germline modifications. Even though He claims that the
two twins are born healthy and that they are immune to HIV, acts like this risk to undermine
severely the public trust on scientists and such controversies encourage scepticism on the
ethicality of some practices.
On the 14th December 2018, WHO has established a global multi-disciplinary expert
panel to examine the scientific, ethical, social and legal challenges associated with human
genome editing.
The panel will help the Organization both at the national and global level. The aim is to
promote transparency and trustworthy practices in order to ensure that research is authorised
and carried out only after appropriate risk/benefit considerations.
In his few months of operating, the new advisory committee has already released
important assessments that should direct the work of the international community.
First, it has been agreed on the topic needing a strong international governance
framework and on transparency, inclusivity and responsibility being the guiding principles
for the development of this framework.
After the second meeting of the panel, WHO has announced the intention of establishing a
global registry on human gene editing where scientists can register interventions on the
genome. The aim is not only to build on the transparency principle but also to enhance the

12

development of a global governance framework following real data on the research and the
trials that are being carried out around the world.
The aim of CSTD is to identify appropriate guidelines for policy making and
governance both at the national and international level. The committee needs to deal with the
ethical implications of both somatic and germline editing of the human genome as well as
with the regulating policies that most countries still lack.

3D Printing
For years, scientists have been growing cells in laboratories, including skin tissue,
blood vessels, and other cell cultures from various organs. Replicating and growing cells in
petri dishes is nothing really new, and the science surrounding this is constantly advancing.
However, 3D printing offers an opportunity to print an entire organ, not just pieces of one. It
also may drastically reduce the cost of these processes because of the cells and other
materials used.

Bioprinting is an additive process in which a machine is adding successive layers of –
in this case – biocompatible material by adding successive layers of both cells and supporting
material. That way the machine itself is able to build complex living tissues in 3D. Instead of
trying to create an organ or tissue model from the ground up, researchers and engineers can
use a CT scan or MRI to create a 3D model to print

The healthcare industry
is trying to capitalize on 3D
printing, and fast. From
prosthetic limbs and various
surgical devices made with
plastics and metals, to using
cells to print human organs,
experiments in this industry are
progressing quickly. The world
Figure 2: Bioprinted human tissue
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of bioprinting is still very new and ambiguous.
Applications of 3D bioprinting could be numerous, and you can see the diverse
advantages of this technology. It can create human tissue, even blood vessels and bones,
organs, whether to cure or to perform organ transplant. Since there are not enough donors,
bioprinting could easily become an excellent and fast life-saving solution.
Besides, it can also be a great way for medical researchers to make laboratory tests.
Instead of testing on animals, it is becoming possible to test directly on human tissue or
organs since this bioprints have the exact same properties and reactions.

Cells don't have to be the end of bioprinting evolution. Many people still consider
biodegradable or biocompatible materials that can be used to build body parts or repair
damaged ones as an aspect of bioprinting. Some of the materials include certain types of
flexible plastic, like the absorbable one used to make 3D printed windpipe splints for a baby
who had a condition that caused his trachea to collapse; and titanium powder, which was used
to create a jaw implant for a woman who
had an infection.

The technology could enable
doctors to tailor treatments to individual
patients, rather than developing a
treatment that works well for most patients
with that condition.

However, 3D bioprinting also

Figure 3: 3D-printed jaw implant

raises a number of ethical questions that will need to be considered as these technologies
develop. For example, it raises issues of justice in access to health care, testing for safety and
efficacy, and whether these technologies should be used to enhance the capacity of
individuals beyond what is 'normal' for humans.

The use of Human Embryonic Stem Cells (HESCs) as bio-ink material is an ethically
questionable practice that calls for an extensive debate in the frame of the Council of Europe
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Convention for the Protection of Human Rights and Dignity of the Human Being with regard
to the Application of Biology and Medicines: Convention on Human Rights and
Biomedicine.

Fabricating functional organs in a bio-printing process is a costly procedure that is
available mostly to those who can afford such treatment. The high cost of the bio-printing
manufacturing process and the required production capacity raise social and distributive
justice questions and issues of fair or equal access given also the highly individualised
character of the products. The challenge here is to safeguard that innovation paths and
regulation result in affordable, accessible and societally responsible bioprinting applications.

Safety constitutes a major regulatory challenge in the field of 3D printing. In the
domain of bio-printing, safety refers primarily to the risks associated with undertaking
medical procedures outside professional medical environments. The side effects of bioprinting have rarely been addressed, including questions such as biomaterials degradation and
tissue integration, biocompatibility, and continuous tissue synthesis during material
degradation. The intended implantation of processed living cells into the human body bears
various risks for patients' health. Consideration is due regarding how standards can be
maintained if advanced 3D bio-printing techniques are more readily available for use outside
traditional professional environments. Safety issues include sources of biomaterials,
unhealthy donors, implant efficacy, and post-transplant infections.

Other important safety questions relate to the printing materials themselves and the
actual printing process. The use of novel polymers, sometimes mixed with nanoparticles,
poses long term risks for implants and requires post-marketing surveillance and registries.
The increased level of customisation and potential for more decentralisation infrastructure
may make it more difficult for consumers and authorities to verify the safety of products.
Higher safety standards apply for medical products other than consumer goods, and rules also
govern the use of living tissues in laboratories. Such standards present barriers to
personalised 3D printed medical devices reaching the market. While these standards could
change to support the development of 'mass customisation' for all kinds of medical devices,
the changes will continue to prioritise patient safety and affect how a 3D printing
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infrastructure could emerge within the medical sector. For example, high costs for expertise
and facilities could discourage decentralisation. To ensure the quality and safety of cell and
tissue material used in bio-printing, the early stage of donation, procurement, and testing of
tissue and cells is governed by the EU Tissues and Cells Directive (EUTCD) 2004/23).
Regulatory agencies and authorities across the globe have found 3D bioprinting
challenging and are still undecided on how to address the potential and uncertain risk of
harms associated with this technology. For instance, in the US, the Federal Drug
Administration (FDA) does not address the use or incorporation of biological, cellular, or
tissue-based products in 3D printing. According to the FDA recent Technical Considerations
for Additive Manufactured Devices biological, cellular or tissue-based products
manufactured using 3D printing technology are excluded as they ‘‘may necessitate additional
regulatory and manufacturing process considerations and/or different regulatory pathways’’.
In the absence of more specific regulation, current FDA guidelines refer to the Center for
Biologics Evaluation and Research (CBER) when trying to assess the question of 3D printing
pertaining to products containing biologics, cells or tissues. However, while the scope of
CBER’s regulatory responsibilities includes cellular therapies, CBER’s regulatory activity
currently contains no specific reference to 3D bioprinting.

From a world-wide perspective, to date, only South Korea (Ministry of Food and
Drug Safety) and Japan (Pharmaceuticals and Medical Devices Agency) have provided some
kind of specific regulatory guidance loosely applicable to 3D bioprinting. Even so, the
guidance provided is quite broad and mostly concerned with either only 3D printing as
opposed to bioprinting (South Korea) or only regarding academic research and marketing
authorisation of gene, cellular and tissue-based products (Japan). In Australia, the
Therapeutic Goods Administration (TGA) is still evolving and striving to catch up to rapidly
developing combination technology. As with the rest of the world, there is currently no fitfor-purpose regulation or guidance that addresses 3D bioprinted products.

The recently released 2016 European Commission Study on the regulation of
advanced therapies in selected jurisdictions further demonstrates that the US is not unique in
this aspect and that most regulatory agencies are scrambling to fill this gap. The European
report specifically looked at US, Canada, South Korea and Japan, noting that so far only
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Japan has enacted a specific framework for innovative advanced therapies which is separate
from the medicinal products legislation (category of biologic products), with the rest still
regulating products that would be used in 3D bioprinting as biologicals. Encouragingly, the
report also noted a high degree of convergence in the regulation of advanced therapies for the
four jurisdictions that were examined, which could potentially have global implications.
3D bio-printing also raises potential security issues, not only at the individual level,
but also collectively. A major concern that is that the technology might be (mis-)used to
improve organs by adding functions or interbreeding human cells with those of animals to
give the patient a competitive edge over other individuals. Such performance enhancements
could inter alia attract individuals involved in professional sport and the military. The
possible dual use of 3D printing technology, e.g. in the case that dangerous viruses are
printed could possibly lead to questionable practices and outcomes.

Robotics
Medical robotics is a remarkable shift in the approach to treatment. Intuitive
Surgical’s da Vinci is one of the most infamous surgical robots around. Ryan A. Beasley,
Department of Engineering Technology and Industrial Distribution, Texas A&M University
comments on the technology in 2012, “The most widespread surgical robot, Intuitive
Surgical’s da Vinci system, has been
discussed in over 4,000 peer-reviewed
publications, was cleared by the United
States’ Food and Drug Administration
(FDA) for multiple categories of
operations, and was used in 80% of
radical prostatectomies performed in
the U.S. for 2008, just nine years after
the system went on the market. Since
then, the field of medical robotics has

Figure 4: A surgeon using Da Vinci's during an operation

advanced even further with a critical
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part played by artificial intelligence. This quick advancement of medical robotics is spurred
by technological advancement (e.g. motors) and improved medical imagery, as well as much
wider acceptance by both patients and physicians.
The Robot Institute of America, an industrial trade group, deﬁned a robot as “a
reprogrammable, multi- functional manipulator designed to move materials, parts, tools, or
other specialized devices through various programmed motions for the performance of a
variety of tasks.” They are almost exclusively used in surgery; robots are used for actions that
require speed, complex motion, precision, strength or untiring. Robots now make an impact
in laparoscopy, neurosurgery, orthopaedic surgery, emergency response, and various other
medical disciplines Robot-assisted surgeries greatly reduce trauma to patients, risk of
infection and boost recovery time; alas, their long-term effects are still under investigation.
Conversely, disadvantages of incorporating robotics in medicine can include elevated costs;
space needs; and extremely steep learning curves and user experience requirements.
At the current time of writing, all market-authorised surgical robots are only used
through and under the supervision of human physicians; thus, no robots currently in use have
achieved autonomy. What drive both controversy and curiosity are next-generation robots—
still under research conditions—which have resulted in several research papers that testify to
these new robots’ ability to perform some procedures single-handedly with no human
intervention. Autonomous robots performing procedures on human beings raise several
questions of ethical and social natures and open the room for discussion greatly. Capabilities
in the future seem to be limited only by imagination with constant new research and
innovation in such a racing field.

Artificial Intelligence
Medicine is becoming an increasingly data-centred practice and, beyond classical
statistical approaches, artificial intelligence and, in particular, machine learning have received
heavy investment for the analysis of medical data in the past decades. Artificial intelligence
can be defined as the ability of a machine to independently replicate intellectual processes
typical of humans. British mathematician Alan Turing was one of the founders of modern
computer science and AI. He described intelligent behaviour in a computer as the ability to
18

achieve human-level performance in cognitive tasks; it later became popular as the ‘Turing
Test’. Since the middle of the last century, scientists have experimented with the potential of
intelligent techniques in all fields of medicine. The application of AI technology in the field
of surgery was first successively investigated by Gunn in 1976, when he explored the
possibility of diagnosing acute abdominal pain with computer analysis. Since then, the world
of medicine has witnessed major advancement in the field of medical AI.
Artificial intelligence is developed through machine learning, a subset of artificial
intelligence. Machine learning is the ability of computers to learn from data. Scientists feed
artificial intelligence programs enormous amounts of detailed, quality data; the AI uses the
data to learn and notice patterns to better condition its cognitive abilities and decisionmaking. Machine learning is a crucial step in AI development.
Through machine learning, medical AI is fed with colossal amounts of clinical data
that enable it to solve complex clinical cases and to process medical imagery. Medical
artificial intelligence is able to perform risk modelling (including risk of developing cancer,
risk of disease recurrence, or risk of treatment complications), improving diagnostic and
staging investigation accuracy, predicting prognosis, and even predicting response to therapy.
AI in medicine almost exclusively uses Artificial Neural Networks (ANNs): layer
upon layer of connected nodes which process data and output data to be processed by the next
layer, while changing connections according to what has been learnt. They work in a similar
manner to the human brain, and they are ideal for processing clinical data and adjusting the
AI accordingly.
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Figure 5: Simplified graphical representation of the concept of an Artificial Neural Network

Large-scale artificial intelligence platforms (such as IBM Watson for Oncology)
integrate many neural networks to process natural language, generate hypotheses, and

integrate this information with medical databases to create recommendations. Due to the
immense amount of data AI can process very quickly, an AI program can be exposed to more
cases in a few minutes than a clinician can in a lifetime. Therefore, AI can be much more
efficient and may lead to less patient waiting times. Additionally, complex patterns and
connections in data that cannot be found by human physicians often makes AI technologies
more accurate in predicting and diagnosing. Various experiments and research show that
medical AI had better sensitivity and specify than expert clinicians. In addition to AI’s
excellence in diagnosis and risk prediction, its incredible speed makes it ideal for central
usage where physicians are not available enough. Patient data and medical imagery can be
sent to central AI which can accurately diagnosis thousands of patients in minutes.
However, artificial intelligence has several vulnerabilities, including poor
transparency, potentially prohibitive costs, an overdependence on the quality of the data used
for learning, and difficulty in gaining trust and acceptance by medical professionals. While
artificial intelligence and machine learning in the field of medicine undoubtedly hold
unimaginable potential in improving healthcare and patient outcomes, various issues and
challenges still need to be addressed by policymakers before we come anywhere near to
introducing the widespread use of artificial intelligence in the health care industry. Therefore,
artificial intelligence makes a very interesting and fruitful topic for debate when discussing
regulation of medical innovations.
For any new technology to undergo testing to gain approval for industrialisation it
requires structured clinical trials to be held. Medical regulatory bodies, such as the United
States’ federal Food and Drugs Administration (FDA), require complete transparency in
scientific methodology and technique used. This may limit prospective AI progress in
medicine due to the ‘black box’ effect of artificial intelligence. The black-box effect is
displayed when interpreting AI’s decisions becomes too complicated for those responsible for
it. As AI learns from the data it is fed and accordingly adjusts reasoning and connections, it
often ends up making new connections between variables—while maintaining very high
20

accuracy—for which physicians fail to find any biological explanation. Apart from making
legal approval complex with current existing laws, it also makes it challenging to explain
clinical decisions to patients, and it raises fear of this blind trust of AI. Transparency is also
quite often required in order for clinicians and programmers everywhere (apart from the
manufacturer) to be able to best direct the robot and feed it with proper data to ensure the best
patient care in widespread usage. Another issue raised by such transparency is the legal
ramifications of private firms or companies putting their self-developed algorithms on
display, with multiple laws which allow legal usage of algorithms by third parties in several
cases. Approaches to set forth guidelines and present advice on how to adapt current laws and
standards are thus desirable to represent an international director for policymakers
worldwide.
Autonomous robots which are capable of making decisions on the go when
performing procedures pose great ethical questions. To what extent exactly should machines
be allowed to act independently? If robots are able to learn independently along the way and
alter their course of action, is it possible that any acquired malignant or negligent behaviour
may harm the patient? When malpractice is committed by a human doctor, moral
responsibility clearly befalls the person in charge; here the challenge manifests itself. Since
autonomous robots can alter their decisions instantly during the course of action, changing
the rules of action, some argue the robots should be held responsible rather than their human
manufacturers.
Some scientists and philosophers argue that the development of autonomous robots
creates “moral agents, with no moral responsibility”. As Stahl and Coeckelbergh argue:
“Robots do not seem to have the capacity of moral reasoning or, more generally, of dealing
with ethically problematic situations. Hence, when a moral problem arises within the human–
robot interaction and within the healthcare situation, there seems to be a problem: the robot is
given (more) autonomy, in the sense of doing tasks by itself without human intervention, but
does not seem to have the capacity of moral agency: it can do all kinds of things, but unlike
humans does not have the capacity to reflect on the ethical quality of what it does. Some
philosophers therefore propose to build-in a capacity for ethical reasoning… whereas other
philosophers deny that this is possible or think it is insufficient for dealing with complex
ethical issues in healthcare.” Robots’ supposed emotional and moral inability raise many big
question marks. Deep-learning robots, with time, can decide on certain clinical courses of
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action based upon unethical motives, just as much as a human being may learn to act so. This
may include objectives such as maximizing profit, reducing patient interaction times,
minimizing their potential liability, and allocating resources according to their own needs and
interests. Again, robots then remain moral agents facing no moral responsibility. Here,
philosophers and scientists are widely split on whether it is possible for programming to
allow autonomous robots to develop an ethical framework much similar to how a human
being does. There is some research to support that it may be possible for autonomous robots
to imitate human beings in developing moral groundwork. However, others still insist that
such a quality is exclusive to us human beings. In any case, the question of whether robots
can be adapted for treatment similar to humans, to modulate their behaviour when it comes to
rights, responsibilities and punishment raises itself. If so, then how? Whether robots in the
future are capable of moral reasoning or not, presently, the pressing issue is the
implementation of a radical system of regulation and administration that encompasses such
novel concepts of ethical and professional responsibility to allow reaping of artificial
intelligence’s potential benefits for future patient care.
Another concern that accompanies artificial intelligence diagnostic programs or
autonomous robotic caregivers is patient trust and acceptance. A major part of clinical
consultation is of the relationship between the physician and the patient. Emotional
connection and compassion, displayed through eye contact, warmth and tone of voice for
example, are key to the patient trusting the physician. Trust is paramount for the patient to
comply with treatment for optimal patient results. Robots’ failure to display emotion or
empathy often makes people unaccepting of being treated by machines. Thus, rigorous
education and awareness are required to allow patients to trust the judgement and diagnosis
of AI robots. Effective means of integration of robots to work in parallel with human
physicians and within existing medical systems will further patient trust and effectiveness.
In order for artificial intelligence for healthcare to develop effectively in reality, it
would require huge investment by both the public and private sectors, as well as cooperation
between them. At the foremost of such cooperation would be the sharing of data, which is the
fundamental structure upon which machine learning is built. “With AI, robotics and the
digitalisation of healthcare building upon the collection, aggregation and analysis of a vast
amount of sensitive data, many questions also arise about privacy, data protection, data
security and data sharing,” states the report to the ENVI committee of the European
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Parliament. Medical artificial intelligence programs will rely heavily on the usage of large
amounts of patient data—such as health, genetics, social reality, lifestyle, et cetera. This will
create centralised electronic stores of data for patients, healthy citizens and effectively
everybody exposed to healthcare. Such sensitive condensation of private data raises issues of
data ownership, informed consent and proper data sharing habits, which must be addressed in
order for progress to be made with partnership between different sectors leading to effective
integration of artificial intelligence in healthcare. The past century has witnessed a great leap
forward in scientific progress, discovery and invention. Scientific advancement leading to
mass industrialisation has been hailed as being constructive and beneficial to mankind.
Nevertheless, some parties are not entirely happy with the consequences of industrialisation.
Dissidents argued that industrialisation replaced many jobs in society and set profit above
workers. Therefore, although there may be many medical benefits to the usage of robots, their
gradual replacement of human physicians could quite possibly relieve humans of medical
responsibilities. The prospect of how that will transform the healthcare scene in the future for

Figure 6: Number of publications (sorted by year of publication) retrieved during a PubMed search for
“machine learning.”
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both healthcare workers and patients must be considered carefully then. Adequate planning
and regulation to ensure a positive outcome for gradually increasing robotic intervention is
definitely a cornerstone for discussion.
Apart from the potential socio-economic consequences of robots’ introduction,
another consideration is also raised by some people. With increased robotic involvement in
clinical practice, human beings could play much less of a role in healthcare, including
research. Several question whether that holds the potential to supress the fire of human
curiosity and inquiry that has led to many scientific discoveries before. It is argued that our
replacement by machines holds the potential to eventually rid humans of the ability or the
will to experiment and discover, making humans truly dependent on machines. The truth of
such a statement is certainly controversial. US National Library of Medicine National
Institutes of Health. Machine Learning - PubMed.
We can conclude that artificial intelligence and robotics hold very promising potential
to improve the healthcare scene. Alas, they present a novel and complex addition which
requires modern, concise strategies to ensure their smooth and beneficial implementation,
while minimising risks and drawbacks. Policymakers need to consider the ethical, legal,
socio-economic and technological challenges that need to be addressed in order to widely
implement the technology. The role of the Commission on Science and Technology for
Development thus presents itself in offering regulators and policymakers expert strategy and
advice on the implications and intricacies of the technology.

Questions to be addressed


How can these innovations be promoted through the UN System?



Which technologies should be specifically promoted and developed?



How can less scientifically advanced countries catch up with such innovative
technologies?



How can the ethical challenges be addressed with many of these new technologies?



How can the Legal challenges also be addressed?
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