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RISK FACTORS

The views expressed in this article are those of Gary Robinson and
should not be considered as advice or a recommendation to buy, sell
or hold a particular investment. They reflect personal opinion and
should not be taken as statements of fact nor should any reliance be
placed on them when making investment decisions.

This communication was produced and approved in December 2017
and has not been updated subsequently. It represents views held at the
time of writing and may not reflect current thinking.

Potential for Profit and Loss

All investment strategies have the potential for profit and loss, your
or your clients’ capital may be at risk. Past performance is not a guide
to future returns.

Stock Examples

Any stock examples and images used in this article are not intended
to represent recommendations to buy or sell, neither is it implied that
they will prove profitable in the future. It is not known whether they
will feature in any future portfolio produced by us. Any individual
examples will represent only a small part of the overall portfolio and
are inserted purely to help illustrate our investment style.

This article contains information on investments which does not
constitute independent research. Accordingly, it is not subject to the
protections afforded to independent research and Baillie Gifford and
its staff may have dealt in the investments concerned.

BAILLIF GIFFORD

Calton Square, 1 Greenside Row, Edinburgh EH1 3AN
Telephone *44 (0)131 275 2000 www.bailliegifford.com

Copyright © Balillie Gifford & Co 2015.
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INTELLIGENT
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— US COMPANIES AND
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REVOLUTION

BY GARY ROBINSON

At Baillie Gifford, we believe the healthcare sector
deserves attention. This is reflected in the fact that we

invest in a number of innovative healthcare companies
in the US.
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In addition to the companies that focus Greater Boston area and Silicon Valley to talk
specifically on health, other companies have to thought leaders both inside and outside of the
more peripheral involvement and we gain wider ~ corporate world.

exposure through large technology platforms

such as Alphabet. We have also appointed an experienced
healthcare journalist to supplement us in this task
The pace of change is accelerating and this by producing in-depth reports which draw on the
ought to create a favourable environment for opinions of industry experts. Recent examples
identifying exceptional growth companies. include reports on the biological process RNAi
We’ve been dedicating more of our time and cancer testing, and the next one will cover
and thought to understanding the nature and the broader topic of the application of machine

implications of these changes. Our view is that learning to healthcare.
there is little value in routine information and so
our efforts have taken the form of in-depth and
longer trips to important innovation hubs like the

Here, we will give you a deeper insight into why
we are so excited about investing in innovative
US healthcare companies.

Treatment by educated guesswork could become a thing of the past.

© Photographic Archive Museo Nacional del Prado.



Costs are growing on an
unsustainable path and

are expected to eclipse
$5 trillion by 2025.
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HEALTHCARE
COSTS ARE OUT
OF CONTROL

The US healthcare system is large and
inefficient. America spends almost 20% of

its GDP on health and achieves worse-than-
average outcomes. Costs are growing on an
unsustainable path and are expected to eclipse
$5 trillion by 2025. The problems are manifold,
but the lack of high-quality, transparent and
comprehensive data is likely a key contributing
factor as it leads to poor decision-making and
sub-optimal outcomes. Diseases are often caught
late and treatment choices are made on the basis
of educated guesswork rather than underlying
genetic mechanisms. The result is a lot of wasted
time and resource.

However, there is cause for optimism. One

of the big opportunities to reduce costs and
improve outcomes in healthcare is to find ways
to use existing resources more efficiently. This
is largely a data problem. Historically it’s been
expensive and difficult to generate, process and
store data but this has changed with the advent
of low-cost whole-genome sequencing, machine
learning, and cloud computing. A consumer can
have their whole genome sequenced with little
more than a saliva sample and a cheque for
$999. Population-level genome studies are now
affordable and advances in machine learning
have made it possible to make sense of the
enormous data-sets that come about on the back
of them.
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WHO ARE THE HEALTHCARE

INNOVATORS?

The data-driven nature of the problem raises an
interesting question about where the next wave
of innovation in healthcare is likely to reside.

Large pharmaceutical companies are
accustomed to a slow pace of change; decade-
long approval cycles and long patent lives.
Their core competencies are in clinical trial
design and regulatory manoeuvring rather than
bioinformatics and machine learning. For the
large platform technology companies, however,
data problems are right in their wheelhouse, and
they are starting to turn their skills and immense
resources towards solving problems in this area.

Indeed, it was notable that Sundar Pichai’s
keynote at the 2017 Google I/O conference

(its annual developer conference) contained

a number of references to Google’s efforts

in healthcare. Some of the early results from
these efforts are truly impressive. For example,
in a recent study, Google’s machine learning
algorithm was able to detect diabetic eye disease
from pictures of the retina with an accuracy

of up to 97.5%. Moreover, in breast cancer
screening, initial results from Google’s deep
learning algorithm are highly promising, with
a detection accuracy of 89%. Even amongst

Machine-based diagnoses will become routine.
© CBS/Getty Images.

highly-trained pathologists, agreement on breast
cancer diagnosis can be as low as 48%. It is not
difficult to imagine a scenario in the near-future
where machine-based diagnoses are routine.
These digital diagnoses will be faster, more
accurate and much more cost effective than
current practices.

Large pharmaceutical companies are accustomed
to a slow pace of change, decade-long approval
cycles and long patent lives.



Cancer is an interesting test case for the power of machine-learning in
healthcare. One of the issues with cancer is that, on average, it is caught too
late. The longer cancer has to grow within the body, the harder it is to treat.
Indeed, patients whose cancer is caught at an early stage have survival rates
which are five to 10 times higher than those caught at a later stage.

An unlisted company called GRAIL is looking to address this issue of detection
through the use of highly-sensitive whole-genome sequencing alongside
machine-learning. GRAIL hopes to detect signs of cancer in the blood, long
before it would be detectable through traditional screening mechanisms.

The development of such a test is an enormous undertaking, but GRAIL has
ample funding and ambition, and is approaching the problem with rigour. The
company was founded in 2016 inside Illumina (which is held in the portfolio);
it became independent earlier this year when it raised $900 million from a range
of investors including Amazon, Tencent, Johnson & Johnson Innovation and
Baillie Gifford. Illumina retains a significant minority stake in the business.

GRALIL has hired an incredibly talented team, including a large number of data
scientists and ex-Googlers, and has built a significant sequencing and machine
learning capability in the heart of Silicon Valley.

Cancer signals in the blood are weak, and their detection requires both sensitive
screening equipment and sophisticated algorithms to separate signal from noise.
Furthermore, the training of these algorithms requires large data-sets. GRAIL
has initiated a huge study called STRIVE which will enrol up to 120,000
women at the time of their mammogram and it plans to supplement this in time
with further, larger studies. The long-term aim is to develop a genuine pan-
cancer screening test, which could be administered alongside a routine annual
medical examination. The path to this outcome will, no doubt, be challenging,
but GRAIL has taken a number of steps to stack the odds in its favour and the
implications should it achieve its aims are enormous — most cancers would be
cured, and treatments would come at significantly lower costs.

December 2017




— Intelligent Healthcare — US Companies and the Healthcare Revolu

A PICTURE Googlehas  \\
OF HUMAN peruaier A

a number of

HEALTH : hospitals... to

provide millions

of anonymised
It is notable that GRAIL has set out to collect 3 .
the data that it needs to achieve its aims. This p a t en t me d ic al
is consistent with a broader trend whereby —
the private sector is no longer waiting for recor dS fo b e f ed
the government to sort out the healthcare 3 3 E
databproblem. . n tO GO Ogle BValn 5

Due to the complex, fragmented and silo nature
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More recently Verily, another Alphabet-owned
company, announced the Project Baseline Study.
The study aims to follow 10,000 adults over

the course of four years and takes in data from

a range of sources, including wearables and

physical exams, in order to provide a baseline
picture of human health and a query source for
future studies.

These studies have been made possible by the
emergence of new technologies and, as both
sequencing costs and the costs to compute data
continue to fall, the pace of collection should
accelerate, along with our understanding.

© Google.com/datacenters
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PERSONALISED MEDICINE
— A WAVE OF THERAPEUTIC

The innovations in data collection and
processing will provide doctors with
carlier and better insights into diseases.
An era of personalised medicine is
upon us and that is tremendously
good news for the system. What’s
even more encouraging is that wave
of data-driven innovation is being
accompanied by another wave of
innovation on the therapeutic side of
the equation.

Up until very recently, doctors had
fairly limited options in terms of how
they could intervene in a disease.
Small molecules and antibodies
accounted for almost all drugs on the
market. This limited toolbox meant
that even in situations where the
genetic basis of a disease was well
understood, there was often no way to
tackle it. However, over recent years,
a range of new therapeutic modalities
have come of age. Gene therapies have
been approved, gene editing tools are
making their way into the clinic, and
doctors are increasingly manipulating
our own immune systems to tackle
diseases such as cancer. One recent
example of success came in the field
of RNAI.

RNAI is a method of regulating gene
expression that involves delivering
a precise sequence of nucleic acid

INNOVATION

into the cells in order to turn down or
silence a target gene. This technique
was recently used successfully by
another of our holdings, Alnylam, to
treat a rare and debilitating genetic
disease called hereditary ATTR
amyloidosis. What was striking about
the results from the phase 3 study
was that not only was the treatment
extremely efficacious, the patients
who received the drug reported fewer

Gene

therapies
have been
approved,

gene editing
tools are
making their
way into the
clinic...

adverse events than those in the
placebo trial. These results are exciting
because they potentially herald the
dawn of a new era of highly targeted
and specific interventions in diseases
of known genetic cause. Moreover,
as we build up a more comprehensive
understanding of the genetic basis

of disease, physicians will be able to
use these tools to tackle increasingly
complex disorders.
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In summary, the
innovative companies
we hold are accelerating
the pace of change in the
healthcare sector while
at the same time
improving humanity s
long-term prospects.
We will continue with
our efforts to learn more
about the opportunities
in innovative healthcare.



IMPORTANT INFORMATION

Baillie Gifford & Co and Baillie Gifford & Co Limited
are authorised and regulated by the Financial Conduct
Authority (FCA). Baillie Gifford & Co Limited is an
Authorised Corporate Director of OEICs.

Baillie Gifford Overseas Limited provides investment
management and advisory services to non-UK Professional/
Institutional clients only. Baillie Gifford Overseas Limited
is wholly owned by Baillie Gifford & Co. Baillie Gifford &
Co and Baillie Gifford Overseas Limited are authorised and
regulated by the FCA in the UK.

Persons resident or domiciled outside the UK should
consult with their professional advisers as to whether they
require any governmental or other consents in order to
enable them to invest, and with their tax advisers for advice
relevant to their own particular circumstances.

Important Information Hong Kong

Baillie Gifford Asia (Hong Kong) Limited

HF S (i) R A F] is wholly owned by Baillie
Gifford Overseas Limited and holds a Type 1 licence from
the Securities & Futures Commission of Hong Kong to
market and distribute Baillie Gifford’s range of collective
investment schemes to professional investors in Hong
Kong. Baillie Gifford Asia (Hong Kong) Limited
RS (F ) B PR /A 7] can be contacted at 30/F,

One International Finance Centre, 1 Harbour View Street,
Central, Hong Kong. Telephone +852 3756 5700.

Important Information South Korea

Baillie Gifford Overseas Limited is licensed with the
Financial Services Commission in South Korea as a
cross border Discretionary Investment Manager and
Non-discretionary Investment Adviser.

Important Information Japan

Mitsubishi UFJ Baillie Gifford Asset Management Limited
(‘MUBGAM) is a joint venture company between
Mitsubishi UFJ Trust & Banking Corporation and Baillie
Gifford Overseas Limited. MUBGAM is authorised and
regulated by the Financial Conduct Authority.

Important Information Australia

This material is provided on the basis that you are
a wholesale client as defined within s761G of the
Corporations Act 2001 (Cth). Baillie Gifford Overseas

December 2017

Limited (ARBN 118 567 178) is registered as a foreign
company under the Corporations Act 2001 (Cth). It

is exempt from the requirement to hold an Australian
Financial Services License under the Corporations Act
2001 (Cth) in respect of these financial services provided
to Australian wholesale clients. Baillie Gifford Overseas
Limited is authorised and regulated by the Financial
Conduct Authority under UK laws which differ from those
applicable in Australia.

Important Information South Africa

Baillie Gifford Overseas Limited is registered as a Foreign
Financial Services Provider with the Financial Sector
Conduct Authority in South Africa.

Important Information North America

Baillie Gifford International LLC is wholly owned by
Baillie Gifford Overseas Limited; it was formed in
Delaware in 2005. It is the legal entity through which
Baillie Gifford Overseas Limited provides client service
and marketing functions in America as well as some
marketing functions in Canada. Baillie Gifford Overseas
Limited is registered as an Investment Adviser with the
Securities & Exchange Commission in the United States
of America.

Important Information Europe

Baillie Gifford Investment Management (Europe) Limited
provides investment management and advisory services to
European (excluding UK) clients. It was incorporated in
Ireland in May 2018 and is authorised by the Central Bank
of Ireland. Through its MiFID passport, it has established
Baillie Gifford Investment Management (Europe)

Limited (Frankfurt Branch) to market its investment
management and advisory services and distribute Baillie
Gifford Worldwide Funds plc in Germany. Baillie Gifford
Investment Management (Europe) Limited is a wholly
owned subsidiary of Baillie Gifford Overseas Limited,
which is wholly owned by Baillie Gifford & Co.

All information is sourced from Baillie Gifford & Co and
is current unless otherwise stated.

The images used in this article are for illustrative
purposes only.
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