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Z u s am m enf as s u ng

Digital technology in form of computational
chemistry, text and data mining has been around
for decades and helped optimizing many of the
tedious steps in drug discovery. In this article, the
authors analyze the next generation of digital
transformation and its impact on the search for
novel targets: Will artificial intelligence (AI),
machine learning and the Internet of Things be
able to revolutionize the search for new drug
targets in the pharmaceutical industry? Why are
big tech companies like Google and IBM investing
millions into collaborations with pharma companies, and did this investment already produce
results? What approach do AI-based companies
like Berg Pharma or BenevolentAI use to compete
with big pharma? This article wants to shed light
on the question, if we are facing yet another round
of high promises, resulting again in only marginal
optimization of processes. Or are we going to be
part of a digital transformation, which could
deliver true innovation and novel business models
in biopharma?

Die digitale Transformation in der Medikamentenforschung
Seit Jahrzehnten hilft digitale Technologie in Form
von Computational Chemistry, Text- und DataMining bei der Verbesserung vieler zeitraubender
Schritte bei der Erforschung neuer Medikamente.
In diesem Beitrag untersuchen die Autoren die
nächste Generation der digitalen Transformation
und ihren Einfluss auf die Suche nach neuen
Targets: Werden künstliche Intelligenz (KI),
maschinelles Lernen und das Internet der Dinge
(Internet of Things) in der Lage sein, die Suche
nach neuen Medikamenten-Targets in der
Pharmaindustrie zu revolutionieren? Warum investieren große Technologie-Unternehmen wie
Google und IBM Millionen in die Zusammenarbeit
mit Pharmafirmen? Haben diese Investitionen
schon Ergebnisse gezeigt? Welchen Ansatz verfolgen KI-basierte Firmen wie Berg Pharma oder
BenevolentAI, um mit Big Pharma zu konkurrieren? Dieser Beitrag versucht die Frage zu klären,
ob wir erneut nur einer Phase großer Versprechungen beiwohnen, die zu minimalen Prozessoptimierungen führt oder ob wir Teil einer
digitalen Transformation sind, die echte Innovationen und neue Geschäftsmodelle in der Pharmaindustrie generieren wird.

We are living in an era of digital
transformation. Entire industries
have completely changed their business models, sometimes triggered
only by a single company that seized
an opportunity offered by novel
technologies: In 2007, Brian Chesky
and Joe Gebbia noticed that all hotel
rooms in San Francisco were booked
during the local Industrial Design
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conference. They bought some air
mattresses and created a website
called “AirBed & Breakfast”, offering
a place to sleep and a breakfast for
$80. Would they have stopped at
that point, no one would know
about their story today. Instead, they
opened their website for everybody
and – more importantly – implemented a simple online rating sys-

tem for guests. One of the major
success factors for big hotel chains
like Hilton or Hyatt in the pre-digital
era was reliability: If you travel to a
new place and you see a “Hilton”
sign, you know that you will get a
decent room for your money. If you
choose some small local hotel instead you might regret it later.
AirBnB digitalized this idea: Visitors
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have to rate their hosts online after
each stay. This brings back the reliability and transparency to a market
of millions of individual private hotels. Today, AirBnB is valued at over
30 billion US dollars without owning
any real estate [1].
What does this story have to do
with the pharmaceutical industry?
The hotel business is certainly not
one that is thought to be very datacentric or digitally-inclined. Yet
transformative ideas revolutionized
the sector within less than 10 years.
The pharma business on the other
hand is extremely data-driven along
its entire value chain: In drug discovery, research data from universities around the globe has to be analyzed and integrated into in-house
research. Once a target is identified,
of the millions of possible drug molecules those with the optimal binding affinities and best pharmacokinetic/pharmacodynamic
parameters have to be identified. In
clinical development, patients generate thousands of data points,
which have to be analyzed to identify the best possible development
path and ensure that a drug makes
it to the market. In fact, drug development’s sole purpose is to generate
sufficiently large amounts of data,
as the molecule that enters development has already been optimized
and is fixed. Even a successful market entry is clearly not the end.
Nowadays, real-world data can be as
crucial as trial results to a pharma
company, since pricing and reimbursement are often benchmarked
to a drug’s efficacy in “real” patients.
The pharmaceutical industry is
clearly a data-centric business.
Moreover, with development costs
of often more than one billion dollars for a drug, extremely high attrition rates and timelines of more
than ten years from drug discovery
to market there is enough room for
improvement. So, where does the
pharma industry stand in terms of
digital transformation? Is there an
“AirBnB” at the horizon that could
revolutionize the old business mod-
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el? This article addresses these questions by focusing mainly on the process of drug discovery. An overview
on how big pharma is approaching
the new technologies and also what
technology companies bring to the
table is being provided. At the end
of the article, an outlook on how
digitalization in pharma could
evolve is given.
Today’s major challenge in drug
discovery lies in the sheer complexity of biology. Large amounts of
genotypic and phenotypic data are
collected worldwide and stored in
public and private databases, in hospitals and doctors’ offices. A new
medical article is being published at
least once every 26 seconds [2]. For
scientists it is extremely challenging
to stay on top of this knowledge
overload and consolidate all this
data into useful information. The
difficulty of identifying and validating novel targets is one of the main
reasons why drug discovery is so
time-consuming and inefficient.
And hopes are high that artificial intelligence and its subsets, machine
learning and deep learning, can help
to speed up this process and make it
more efficient. By having a more
comprehensive understanding of

the biological basis of disease
through artificial intelligence (AI),
the R&D process will be more
streamlined with scientists being in
a better position to develop therapies from the offset, without so
much trial and error. Additionally, it
is hoped that AI will also help eliminate the element of “luck” that is
observed in clinical trials by accurately identifying the subset of patients who will benefit. Reducing the
failure rate will in turn save the industry billions of dollars.
To understand how the pharmaceutical industry is tackling the advent of big data and AI it helps to
group the ongoing activities broadly
into four categories:
1. classical pharmaceutical companies partnering with companies,
organizations and patient registries to get access to big data (e.g.
Regeneron and Geisinger)
2. service providers developing AI
approaches in drug discovery for
big pharmaceutical companies
on a fee-per-service basis (e.g.
IBM Watson)
3. newly founded companies with
innovative AI approaches, trying
to develop their own drugs (e.g.
BenevolentAI)
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4. big players from the field of computer science reaching out to the
pharma industry for risk-sharing
deals (Palantir and Merck KGaA),
or even undertaking their own
healthcare efforts (Google’s Verily)
Access to Big Data
A common theme in the industry is
the partnering of classical pharmaceutical companies with companies,
organizations and patient registries
to get access to big data. While this
approach can be extremely valuable
for pharmaceutical companies, its
transformational potential for the
industry is limited and the traditional pharmaceutical value chain is
only marginally affected. With little
investment, big pharma can get access to real-world data of patients,
which can for example be used to
identify high responder subsets of
patients. In turn, these high responder subsets can be used to gain valuable insights into the disease understanding, which could eventually
lead to novel (classical) drug discovery (bedside to bench translation).
Numerous examples of this type of
collaboration have been signed in
the past years: Roche/Genentech
payed $10 million to 23andMe to
make use of the database created by
customers and patients who have
bought 23andMe’s DNA test kits and
donated their genetic and health
data for research. Regeneron’s strategic collaboration with Geisinger
Health System of Pennsylvania, initiated in 2014, already produced
first results, identifying a life-threatening genetic disorder, which is substantially underdiagnosed [3]. The
collaboration between Roche and
Flatiron Health was initiated in 2016
to capture real-world data from over
1.5 million patients and 260 cancer
care providers through Flatiron’s
OncoCloud platform. The prospects
must have been extremely promising, as Roche decided to acquire
Flatiron in February 2018 for almost
$2 billion.
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AI Approaches on a Fee-PerService Basis
The major advantage for pharma
companies to buy into AI expertise
from external providers instead of
in-house development is that they
can get access to multiple different
technologies in parallel. From today’s perspective it is still not clear,
which approach will deliver the best
outcomes – so splitting the bets can
be a smart way forward. The drawback is that it is more difficult to set
yourself apart from your competitors who might use the same AI providers. In contrast, a pharma company that relies solely on in-house
efforts, needs a huge initial investment to build its own AI capabilities
with a very uncertain outcome. But
if those in-house efforts turn out to
be successful, the differentiation potential can be bigger compared to
the service-provider approach. What
kind of service do these AI companies provide and how does drug discovery benefit from artificial intelligence? In the next section, the IBM
Watson approach will be described
in more detail, to make the broad
term “AI in drug discovery” a little
more tangible: Today, intelligent
machines like IBM Watson already
browse through research publications in a fraction of the time that
would be needed by researchers.
The power of artificial intelligence
shows its full strength by identifying
connections between biological
pathways, which had been missed
by humans before, just because a
human brain cannot keep so “many
balls in the air” simultaneously. IBM
aggregates external, public, licensed,
and private sources of content that
may contain relevant data into a single repository called the Watson
corpus. In a second step, this data
needs to be interpreted. A machine
can easily “learn” a list of human
gene names or chemical names, but
it also needs to understand the
verbs that create relationships between them such as “causes” or “inhibits”. IBM’s experts illustrate on

the relatively simple sentence “The
results show that ERK2 phosphorylated p53 at Thr55” how Watson
converts unstructured data into a
knowledge graph [4]: It first identifies the individual entities as proteins and an amino acid. The second
step separates the two verbs “show”
and “phosphorylated” and only the
latter is labelled as a verb of interest.
In the last and most complex step
the grammatical relationship between agent, verb, object and preposition is analyzed. In the end, Watson knows the agent (ERK2), the action (phosphorylate), the object
(p53) and the location (Thr55) and
can add this information to a knowledge graph. Using this method Watson can draw maps of gene relationships for individual diseases basically in real-time und updates them
constantly when new data is being
published. In addition, Watson can
also “infer” novel connections not
yet supported by overt statements
in the literature: In a collaboration
with Baylor College of Medicine
Watson predicted several p53 kinases that had not been discovered
yet. PKN1 and NEK2 were identified
as high probability candidates and
the researchers could later show
that the two enzymes phosphorylate
p53 in both in vitro experiments and
in tests on human cells.
Newly Founded Companies
with Innovative AI
Approaches
Besides the attempts of traditional
big pharma companies to embrace
AI in drug discovery, numerous novel companies are trying to enter the
field with their own innovative technologies. Some of these companies
might really have the potential to
transform the pharmaceutical value
chain or at least significantly reduce
time and cost of drug discovery.
“We’re flipping the entire [drug development] model upside down,” says
BERG CEO David Niven in an interview with mendelspod.com [5].
“We’re going to ask the patient biology
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what has gone wrong and generate as
much of the omics data as we can
from that patient. We then correlate
that to their histories and health records in a population based way and
compare it to healthy individuals. Out
of that analysis we derive potential
drug candidates and biomarkers.”
BERG is an AI biotech from Boston,
backed by Silicon Valley billionaire
Carl Berg, and analyzes patient’s
genomics, their expressed proteins
(proteomics), lipids (lipidomics), the
oxidative stress level of cells and
many other parameters and compares those to the healthy state.
BenevolentAI is another rising
star on the AI/pharma sky. Founded
in 2013, it is currently valued at over
1.4 billion Euros, which makes it one
of the world’s five biggest private AI
companies and the biggest in Europe. It promotes itself as the only AI
company that works end-to-end on
the entire drug development process.
There are two different ways in which
BenevolentAI wants to create value:
1. Identify drugs that have failed in
clinical trials and predict whether
those molecules could be more
efficient in targeting other diseases.
2. Use AI algorithms to design new
molecules, and extract new hypotheses based on published information in literature, gene, protein and chemical databases.
Both approaches rely on BenevolentAI’s proprietary AI technology,
which – like Watson – uses known
relationships between diseases, targets and compounds collected from
huge databases to infer novel relationships. To illustrate this process
developers from BenevolentAI use
the first versions of the periodic table of elements as an analogy:
Chemical elements that were already known led to the creation of
the periodic table. But it became
clear that there were still holes in
the table, which in turn lead to the
discovery of those missing elements.
In a next step, the hypotheses are
being validated. This is currently
still being done by scientists. By hav-
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ing all the different data sources
available that have led to the hypothesis, basic questions can be answered immediately: Is the hypothesis really novel? Are there patents
around it? Once the initial validation is successful disease models are
being used to actually test the hypothesis biologically. All of this information is fed back into the machine so that it learns from success
and failures for future hypothesis
generation.
The last step uses artificial intelligence on the chemical space to improve molecules. This way, a molecule, which for example shows high
efficacy on the target but cannot
pass the blood-brain barrier could
be re-engineered to get rid of the imperfection but keeping the desired
properties. According to Jerome Pesenti, CEO at BenevolentTech, the
current status of this structure optimization is still in its infancy: “We
are just at the stage that chemists
look at the molecules and don’t laugh.
Now they say ‘it’s a reasonable molecule but it’s probably super toxic’.” [6].
However, the system is constantly
learning and improving, so it may
only be a matter of time until the algorithm can create novel molecules
on its own.
In contrast to many of the novel
approaches in drug discovery, the AI
behind BenevolentAI did already
produce tangible results: In November 2016, BenevolentAI in-licensed
several clinical small-molecule compounds from Janssen to further develop their potentials in hard-totreat diseases. One of the compounds, bavisant, was developed in
attention-deficit hyperactivity disorder by Janssen and failed. BenevolentAI’s algorithm identified the
drug’s potential in a very different
indication: Bavisant is now in
phase 2b development in Parkinson
patients with excessive daytime
sleepiness. “We’ve shaved at this
point four years off the process and it
costs us 40 per cent of what it costs
the industry to do that, because we
have to make fewer molecules and
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have better designed clinical studies,”
says Ken Mulvany, founder and
chairman of BenevolentAI. “Our ambition is to shave six years off the development process” [7].
BenevolentAI has chemists, pharmacologists, toxicologists, clinical
affairs and regulatory affairs. It
looks like a biotech in many respects, but the ideas are coming
from a machine brain rather than a
human brain.
The Role of Big Players from
the Field of Computer Science
Alphabet/Google is one of the examples of major IT players that place
their own bets on the pharmaceutical industry. Its life-science branch
Verily is running “Project Baseline” –
a longitudinal observational study
that collects, organizes and analyzes
broad phenotypic health data from
approximately 10,000 participants
over the course of four years to basically define “what is health?”. Verily
is also developing a contact lens together with Novartis that measures
glucose levels in diabetes patients
non-invasively, however the development seems to be much more challenging than expected. Palantir is
one of the “stars” in Silicon Valley
and has already collaborated with
the US government and big companies in various industries. Merck
KGaA wanted to take advantage of
this expertise and started a collaboration with Palantir. The goal is to
increase the precision of the drug development process by developing a
collaborative data and analytics platform so that Merck researchers can
analyze real-world and bioinformatics data to better understand
their patients. The terms of this deal
are quite intriguing and have been
used for several of these IT player/
pharma partnerships: They consist
of a profit (and risk) sharing arrangement. Instead of charging a fee, Palantir will receive royalties on sales, if
the collaboration is successful. This
kind of deal provides benefits for
both partners: Palantir – truly believPharm. Ind. 81, Nr. 6, 749-753 (2019)
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ing in the potential of their technology – could eventually make much
more money with royalties from
marketed drugs than they would
have made with a conventional fee
for their service. On the other hand,
Merck is only being charged if the AI
collaboration actually delivers, thus
reducing the risk to a minimum.
Outlook
It seems to be only a matter of time
until the first drug that has been discovered by artificial intelligence will
make it to the market. Virtually all
major pharmaceutical companies
are collaborating with firms that are
specialized in machine learning and
deep learning, trying to optimize the
development process. Most of a
drug’s revenue is being generated
between its market entry and its
patent expiry date. This means that
even a small improvement in speed
of drug development or attrition
rates has a huge impact in an industry, where failure is the default outcome of a project and timelines are
measured in decades. Some studies
suggest that 90 % of the world’s data
have been generated in the past two
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years. This illustrates that without
the help of intelligent machines it is
highly unlikely that humans will extract all possible benefits from this
heap of information.
So, will the pharmaceutical industry eventually see an “AirBnB”?
Chances are rather slim. The pharma industry is more tightly regulated than most other industries.
Ethical and social considerations of
a business that has sick people in
the center of attention will most
likely prevent a completely innovative approach that could revolutionize the business model. However,
also many small transformative
steps, which improve all the various
steps of the value chain, can eventually lead to better and safer drugs
for patients.
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