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The year 2018 has so far been a turbulent time for artificial intelligence (Al). A fatal crash involving a
driverless car combined with a scandal where personal data from social media were allegedly
repurposed for political and financial gain, and a computer algorithm failing to invite 450,000 English
women to breast cancer screening, generating a feeding frenzy for cybersceptics [1]. Stories of
international hacking, whether by foreign governments, criminal gangs, or bored teenagers, have
never been far from the printed or web pages of the news outlets. [2] Despite the hype and
scaremongering surrounding their coverage, these recent developments highlight the need for
serious thinking about the future of both the internet and Al. Amongst the questions raised is this;
what do we, and what should we, use the enormous power of modern computers and networks for?

In the pharmaceutical industry, current practice regarding the use of in silico brainpower can seem
mundane. Computational chemistry is sufficiently well established that few doubt its roles in
compound discovery and academic research. Find me some library compounds similar to that lead
[3]; run a QM/MM calculation of the enzyme active site [4]; predict the aqueous solubilities of this
series of compounds [5]. These are all acknowledged as tasks for the computer. In chemistry,
machine learning (ML) is widely used to calculate, or more realistically estimate, those molecular
properties too complex or too expensive to compute from quantum mechanics; it is old news that
QSAR has become ML [6]. Yet within the whole process of discovering new scientific knowledge, it is
mostly specific and relatively restricted technical functions that are executed in silico [7].

In a world where Al can diagnose, monitor, and help us understand diseases, [8,9] drive cars [10],
trade currencies, place bets, play chess better than Garry Kasparov or Magnus Carlsen and Go better
than Lee Sedol, what other activities in medicinal chemistry could be enhanced by Al? Pretty much
any area requiring patterns to be identified and connections found in large datasets is ripe for
addressing in silico. Creativity, nimbleness, and perhaps desperation to find a successful new niche,
have led many newer, smaller and less well-known companies to explore the possibilities. Euretos
are using large ‘omics datasets to search for links between molecular mechanisms and diseases, and
have recently announced a tie-in with scientific publisher Elsevier to add Al-generated hypotheses to
research papers [11,12]. Sparrho aim to help the scientific community by using both Al and human
editors to extract and curate the most significant scientific research findings from the increasingly
vast research literature [13]. BioXcel [14] and Qrativ [15] are respectively using Al to repurpose
existing drugs and to find treatments for unmet medical needs. The pharma.ai project involves the
company Insilico Medicine, who have a particular focus on aging research, and aims to provide deep
learning neural networks as solutions to a range of needs across the pharmaceutical industry.
Datavant are improving the management and integration of clinical trial data with Al. These are a
few examples from the dozens of, mostly new, companies working on Al-related projects with likely
applications in drug design and development. They span a wide range of activities within
pharmaceutical research, suggesting that the future may involve Al playing multiple different roles in
the process of drug development and in the increasing personalisation of medical treatment.



The future of Al for drug discovery

Now that Al is here, it is hard to see how the genie is going to be put back into the bottle. If Al is
seen to provide a competitive advantage for drug discovery, then it is likely to be rapidly and widely
adopted. The consequences of the industry adapting to embrace that new reality will inevitably play
themselves out, and late adopters will feel the pressure to embrace the new ways of working for
fear of falling out of the race. If any larger and more established players still lag behind, they will
need to adapt or perish.

The booming and looming presence of Al promises, or threatens, to transform the ways in which
science, business, and indeed society, work. At least up until now, in silico intelligence has mostly
been targeted at very specific and technical tasks, whether chess playing, quantum chemistry or
bluffing a way through the Turing test [16]. The outstanding performance of computers in very
specific activities cannot mask the absence of general-purpose near-human level silicon intelligence.
However, even if Al for the time being needs to be substantially redesigned, reprogrammed and
retrained for each new job, what role might future Al play in managing projects and making business
decisions? In the short term, Al will cover a wider selection of tasks within projects, linking together
large quantities of data from disparate sources to discover new knowledge and to suggest
unexpected routes forward. Such as, that could be an excellent drug for a quite different indication,
or perhaps this disease is closely linked to that one and the separate projects should be merged. This
is pretty much what the start-up companies are already doing [11]. Maybe Al can even write up
research papers, as sciNote’s Manuscript Writer is claimed to do [17]?

The longer term prospects for organisations are intriguing. While scientists and doctors are already
having to learn how to improve performance by sharing parts of their traditional functions with Al,
how might senior managers and CEOs face up to the same prospect? Maybe a computer can make
decisions about which projects to fund or disband, which sites to open or close, which competitors
to merge with or fight, and do so better than a human manager? As Taylor has recently pointed out
[18], Al also has the ability to dramatically alter pharma’s intellectual property (IP) landscape. The
capacity of powerful new algorithms to extract knowledge by aggregating disparate sources of data
raises the question of how, and under what conditions, companies should make data available
electronically. Data around the internet, for instance in open access publications, may prove more
valuable to competitors in the Al era than they would have done a decade ago. On the other hand, if
Al discovers useful knowledge without significant human intervention, to what extent should the IP
of that discovery be legally protectable?

The problem of perception

The wider societal narrative will revolve around how humans can work together with Al, without
ceding control. Optimists believe that computers can improve our lives, open up new possibilities,



discover new medicines and treatments, and relieve the burden of mundane tasks. Pessimists may
fear the sci-fi nightmare that we are sleepwalking into a takeover by intelligences that will soon
outstrip our own [19]. In a rapidly and fundamentally changing environment, the fear that my job,
privacy and freedom are under threat from the robots, data harvesters and algorithms cannot easily
be avoided. [2] In mundane ways, many of us are affected by the computer says no scenarios of
being turned down for a loan or denied passage through a ticket barrier by a machine that, we may
feel, fails to recognise our rights and is harder to argue with than the worst of jobsworths.
Nonetheless, humans can be inconsistent and fickle in our attitudes to Al technology. Few of those
people who are outraged by alleged violations of data privacy are likely to abandon major social
media platforms in protest. Most of us simply click through the online terms and conditions as
quickly as possible.

However, the pharma industry has a big advantage that most other actors do not. The promise of
medicines to heal our diseases is as strong as ever in a society where surviving into older age may
bring even more medical conditions into play. Medical researchers can and should be seen as a force
for good. If the public believe that Al discovers medicines, accurately diagnoses diseases, and thus
helps prolong active and healthy life, then a more Al-focused pharmaceutical industry should prove
widely acceptable. Nonetheless, this goodwill cannot be presumed upon. Public reaction to abuse of,
theft or loss of, or undue profiteering from patient data could be very negative. [2] Politicians walk a
tightrope of pandering to often fickle public opinion while trying to create a legal and regulatory
environment that will foster innovation and growth. Even though the age of Al has already begun,
society is miles from resolving the practical, legal and ethical issues involved.

Conclusion

In the short term, we can expect to see even more small biotech and software companies exploring
ways of leveraging Al to address particular niches in the drug discovery and development pipeline.
While many will either fail or run out of money, others are likely to succeed well enough to become
sustainable, and probably to be acquired by bigger players. If Al does indeed help to discover drugs,
as | expect that it will, in the medium term it will be increasingly integrated into the working
practices of organisations both large and small. It will also change the way we do academic science,
with patterns within and connections between data being discovered automatically in large
guantities. It is certainly necessary to think about effects on employment; many jobs will change,
some undoubtedly disappear, and in all likelihood new kinds of role for researchers and managers
interfacing with Al will be created. Recent technological advances, from the Human Genome Project
to high throughput screening, have been sold on their ability to discover more, better, and often
more personalised medicines. Al will be no exception is this regard, and indeed it offers the prospect
of leveraging the other advances of the last 20 years or so to improve the productivity of the
industry and better meet patients’ needs. Nevertheless, there are justifiable fears about potential
data misuse, about the balance between Al and human control, and about the impact on
employment and on employees’ roles in the organisation.



Most musings about of the future of technology turn out to be wrong, with the odd noble exception
like David Gerrold’s famous and uncannily accurate 1999 prediction of the modern smartphone [20].
While it is a safe bet that resources will continue to be poured into Al development, it is not clear
whether the changes will be evolutionary or revolutionary. At least for now, it still seems reasonable
to believe that we can expect in future to use Al as a tool for discovering medicines, amongst many
other tasks both worthy and trivial, without being doomed to live in a robot controlled dystopia.
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