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WELCOME

Gloria Kayani
Chief Operating Officer

It’s a pleasure to welcome you to this edition of TRI in
Focus. We're nearly through the first half of the year, and
with World Thrombosis Day just a few months away, in
this issue we celebrate our mission to further elucidate
thrombosis management (page 6).

s highlighted in our last issue, our work in thrombosis
began in the 1960s with the institute’s first President,
he late Professor Vijay Kakkar OBE. He established

a successful programme of laboratory research which continues
to this day. We look back at the breakthrough work our
laboratory scientists have been involved with over the years
and why we remain committed to continuing to innovate in
this field. (page 8). We profile one of our longest-serving
team members Xinjie Lu who has been leading critical
research in our labs for the past 32 years. Read some of the
highlights of his time here and why he continues to reach for
greater insights (page 7).
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TRI s currently partnering with the UK Biobank on two key
translational studies. This is exciting research that we hope
will shed more light on some of the remaining questions in
the areas of atrial fibrillation and venous thromboembolism.
Read about the rationale and aims of these studies in this
issue (page 4), and we will continue to provide updates in
future issues.

You can also read a report on the abstracts we are presenting
at the European Society of Cardiology Congress 2023, where
we hope to once again to share insights with the cardiology
community (page 5).

Finally, we consider the potential of the exciting new Factor
X1 agents that are under investigation in AF (page 10), and
provide a summary of the latest TRI research findings we
have published over the last 12 months (page 12).

I hope you enjoy this issue. We'd be delighted to hear your
feedback and if you would like to contribute to our next
issue, please email us at contact@tri-london.ac.uk.

All the best,

ﬂ&m@&%m/ °
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New TRI Studies Interrogate
the UK Biobank

How we are using big data to answer key thrombosis research questions.

UK Biobank is a database of clinical records, laboratory
results, and whole genome sequences. With about half a
million participants, it is one of the largest of its kind in
the world.

e have purchased access to this resource to conduct
two studies, addressing unmet needs atrial
fibrillation (AF) and venous thromboembolism

(VTE), including better diagnostic models and novel drug
targets. Currently we are a multidisciplinary team of five TRI
members and an external advisor, meeting weekly to discuss
aims and methods.

In VTE, we have carried out an extensive literature review of
genetic association studies and are preparing a critical review
based on the results. In addition, data manipulation has begun

Data on UK Biobank participants

Lifestyle, medical history,
sociodemographic

Physical measures

Urinary biomarkers

Environmental measures

Genetic data via the EGA
(500,000)
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in preparation for the research project with emphasis on
cancer-associated VTE and carriership of clonal haematopoiesis
of indeterminate potential (CHIP) mutations.

For the AF project, a key question will be risk factors for
occurrence (e.g. hypertension, heart failure, vascular disease).
Importantly, these factors could be targets for drugs that
have been already approved in other indications. We will
compare genetic variants in patients with hypertension or
heart failure and AF, to those with the same co-morbidities
but no AF. In addition, variants in potassium and sodium
channels might differ between paroxysmal and persistent AF.
The presence of such variants might allow us to identify who
would most benefit from regular monitoring, and potentially
preventive therapy. @

Cognitive function and
hearing tests

Health outcome data

Genotyping and imputation
(n=500,000)

Web-based questionnaire data
(~200,000)

Physical activity monitor
(100,000)

Imaging
(15,000+)
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Looking Ahead
to ESC Congress
2023

The European Society of Cardiology
(ESC) Congress is not one that gets
missed at TRI and we have been busy
preparing abstracts for submission.

other patient characteristics. These care settings are typically
primary care, cardiology, or other medical specialities such as
internal medicine, neurology, or geriatrics. This study aimed to
see if health outcomes such as all-cause mortality, cardiovascular
mortality, or non-haemorrhagic stroke would differ according
to the care setting AF patients were treated in. @

Taking place this year on 25-28 August in the vibrant city
of Amsterdam, ESC Congress 2023 promises to be an
important meeting to discuss the future of cardiology.

ith the main focus this year being heart failure,
Whe Statistics and Communications teams have
interrogated the plethora of data that has been
generated from the GARFIELD-AF registry to help answer
some key questions in the field of cardiology. The rationale for

two of our abstracts accepted for inclusion in the programme
is outlined.

How are patients with dementia in addition
to atrial fibrillation (AF) treated differently
for their cardiovascular comorbidities?

Oral anticoagulation (OAC) is known to be key in preventing
stroke in patients with AF. However, in AF patients who also
have dementia, there are many practical challenges around
treatment compliance and haemorrhagic complications. For
this reason, the team was curious to see if AF patients with
dementia are undertreated for their AF and cardiovascular
comorbidities, and to determine the risks and benefits of
OAGC:s in this population. This abstract has been accepted for
oral presentation at the congress. TRI statistician and lead
author, Saverio Virdone, will be presenting the results and
analysis from the study.

Does the care speciality of patients with AF
impact their health outcomes?

Patients with AF may be treated within a variety of care
settings depending on factors such as geographic location or
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GARFIELD-AF Data at ESC 2023

Date: 27 August 2023

Time: 09:00-10:00 CEST

Location: Science Box 1

Session: Atrial fibrillation: beyond stroke prevention
and rhythm control

Oral Presentation: Patients with AF and dementia
are undertreated for their AF and cardiovascular
comorbidities: Results from the GARFIELD-AF registry
(Time: 09:20)

Presenter: Saverio Virdone
(Thrombosis Research Institute, UK)

Date: 28 August 2023
Time: 09:15-10:99 CEST

Location: Station 2

Session: Atrial fibrillation stroke prevention with
oral anticoagulants

Moderated ePoster: Relationship between care
speciality and atrial fibrillation outcomes in the
GARFIELD-AF registry

Presenter: Christian John Fielder Camm
(University of Oxford, UK)
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Celebrating
10 Years

of World
Thrombosis Day

The campaign will encourage patients to
move against thrombosis.

Are You at

Friday 13 October, 2023 marks the tenth anniversary

of the World Thrombosis Day, which was founded by the
International Society on Thrombosis and Haemostasis
(ISTH) to shine a spotlight on thrombosis, and to

raise awareness of its associated signs, symptoms and
risk factors...

he campaign theme, launched for 2023-2025, is
I Move Against Thrombosis. It encourages people to get
up and move, as reduced mobility can lead to a
higher risk of blood clotting and is a significant driver in

Risk of Deep Vein
Thrombosis (DVT)
in Hospital?

morbidity and mortality. Today, 1 in 4 people worldwide still
die from thrombosis-related complications, making it of the
leading-cause of mortality. Thrombosis continues to be a
significant burden of disease on people and on the healthcare.

World Thrombosis Day also marks the 202nd birthday of
Dr Rudolf Ludwig Carl Virchow, the pioneering physicist
also known as the ‘father of modern pathology’, who developed
the concept of thrombosis and elucidated the mechanism
of pulmonary thromboembolism. Modern medicine has

made significant strides in understanding the pathophysiology

of thromboembolism since Dr Virchow’s early observations
in 1859. Educational leaflets for patients can be downloaded from our

website: Risk of DVT in Hospital and Risk of DVT.

2 Y

scientific fraternity and continuing to make important WORLD THROMBOSIS DAY
contributions in this field. @ 13 OCTOBER

The Thrombosis Research Institute has been at the forefront
of thrombosis innovation for more than five decades and
continues to push the boundaries of our understanding of

the disease pathology. We are looking forward to celebrating
10 years of World Thrombosis Day with our medical and
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https://www.tri-london.ac.uk/wp-content/uploads/2018/06/TRI-DVT-Hospital-Leaflet-2018-V2.pdf
https://www.tri-london.ac.uk/wp-content/uploads/2018/06/TRI-DVT-Patient-Leaflet-2018-V2.pdf
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Xinjie Lu

Looking back on his 32 years at TRI...

Can you tell us a bit about
yourself?

My name is Xinjie Lu and I work in
the Molecular Immunology Lab in
the Thrombosis Research Institute.

I gained my PhD in biochemistry in
Imperial College and after doing research as
an honorary research fellow in the Biochemistry department
at the University of Birmingham I moved to London to do
research at TRI and the National Heart and Lung Institute.
I was then lucky enough to be awarded several British Heart
Foundation research grants as a principal investigator/lecturer
and head of the Protein Biochemistry Laboratory and then
later became a senior lecturer and leader of the Molecular
Immunology Laboratory between 2002 and 2012.

I am now currently the professor and leader of the Weston
Molecular Immunology Laboratory where I investigate
ligand/receptor interaction, protein structure/function, and
developing vaccine candidates against atherosclerosis,
COVID-19 and cancer.

| &

o)
)
o7

TRIIN FOCUS MAY 2023

What led you to join TRI?

After T had been trained in protein engineering at Shanghai
Medical University and protein structure/function study
by nuclear magnetic resonance at Birmingham University,

I became interested in the disintegrin proteins isolated from
snake venom, particularly their structure and function by
binding to platelet integrins to block platelet aggregation.
The research was closely associated with thrombosis and
cardiovascular disease, which had the potential to lead to
translational science, which meant turning research into
reality to save many lives who suffered from heart diseases.

What are the most significant changes within
the institute you have observed during your
time here?

The research area has definitely expanded, from thrombosis
to atherosclerosis, and cancer-associated thrombosis. The

infrastructure was also upgraded, from laboratory research
to translational medicine and clinical research.

What was the most rememberable or

rewarding project/experience while being
at TRI?

The development of a vaccine against atheroma, COVID-19
and cancer.

What is your fondest memory at TRI?

I have always liked the environment at TRI. The people are
friendly and help each other.

Do you have any advice for young
researchers in the field?

Learn to accept criticism, always respect colleagues and
cooperate with other researchers. In addition, reading will
help to improve your knowledge. Finally, be committed to
your research and work hard. @
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TRI Laboratories —- Then and Now

The story of our success in laboratory research, in words and pictures.

The Thrombosis Research Institute (TRI) was once
solely focused on laboratory research related to the early
detection, prevention and treatment of post-operative
venous thromboembolism and this was established in
1965 with a staff group of two.

aving defined the problems of venous
H thromboembolism, Professor Vijay Kakkar then
pioneered new methods for its detection, prevention
and treatment. In the early 1970s, he established that deep
vein thrombosis/pulmonary embolism could be prevented

in surgical patients by using a fixed low dose of the
anticoagulant, heparin.

Fast forward to 1998 — when TRI was established as an
independent institute, with the backing of the then UK
Prime Minister, Margaret Thatcher, specifically to conduct
research into thrombosis. TRI then evolved in terms of its
laboratory research under the watchful direction of the
institute’s founder, the late Professor Vijay Kakkar OBE.
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Pioneering progress

It was not long until TRI became acknowledged not only as
aleader in laboratory research of thrombosis but established
itself as a pioneer in clinical research and real-world evidence.
To date, the institute has developed the largest prospective
atrial fibrillation registry with 57,262 patients recruited from
35 countries worldwide (GARFIELD-AF) as well as 5,043
patients recruited in the RIVER study, and a global registry
of over 10,000 patients with acute venous thromboembolism
(GARFIELD-VTE). In addition to observational research, the
institute has developed randomised controlled trials to study
the effectiveness of low molecular-weight heparin in key
patient populations such as those infected with COVID-19
(ETHIC) or undergoing chemotherapy for gastric and gastro-
oesophageal cancers (Gastranox). P>

Professor Kakkar with Prime Minister Margaret Thatcher and Denis
Thatcher; Professor Kakkar working in the TRI lab; Our location since
the 1960s




In terms of laboratory research, the team have made significant
progress in the development of a breakthrough vaccine to
prevent atherosclerosis, which can cause blockages in the
arteries and lead to a myriad of coronary conditions such as
coronary heart disease or stroke. This is alongside its extensive
expertise in biomarker identification for cardiovascular
disease, which may soon be used to develop accurate tools to
predict individuals at high risk of developing such a condition.

Now employing around 50 members of staff, TRI has its
own independent clinical research and development facility

in addition to its laboratory research team and collaborate
with leading research institutions, healthcare companies and
universities in the UK and around the world.

A great deal has changed since the days of early laboratory
research, however what has remained unchanged is the
commitment to delivering pioneering advances in the
detection, prevention and treatment of thrombosis which
has already saved millions of lives.

Research in the labs at Manresa Road from the 1960s to today

TRI IN FOCUS MAY 202
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The Journey to
Factor XI

The availability of direct oral
anticoagulants revolutionised the
treatment of atrial fibrillation and
enhanced patient outcomes over a
decade ago. Now the new class of

Factor XI agents in development
promises to usher in a new era of
anticoagulation therapy...

Since the launch and wide availability of factor X (FX)
inhibitors (rivaroxaban, apixaban and edoxaban) and the
thrombin inhibitor (dabigatran) over the last decade, the
treatment landscape for patients with atrial fibrillation
(AF) and at risk of stroke has significantly evolved.

hese direct oral anticoagulants (DOACs) overcame
much of the limitations of traditional vitamin-K
antagonists (VKA) such as the need for regular INR

monitoring, the slow onset of effect and elimination, and
numerous drug interactions and food effects.

Further, In a meta-analysis of the phase 3 pivotal trials of
DOAC:s in patients with AF — the RE-LY trial (dabigatran),
the ROCKET-AF trial (rivaroxaban), the ARISTOTLE

trial (apixaban), and the ENGAGE AF-TIMI 48 trial
(endoxaban) — treatment with DOACs was associated with

a reduced risk of stroke and systemic embolic events compared
to VKA (1).

Bleeding risk

However, bleeding risks continue to be a significant concern
in patients who require anticoagulation. Especially, in high
risk patients such as the elderly, and those with impaired
kidney function and a history of bleeding, undertreatment
with anticoagulants is common. A recent meta-analysis
published by Sussman et al evaluated the burden of AF in
undertreated, untreated and treated populations. The analysis,
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. Over the last decade the
treatment landscape for
patients with atrial fibrillation
(AF) and at risk of stroke has
significantly evolved. '

—

that included studies from Ireland, New Zealand, South
Korea, the United Kingdom and the US as well as data from
the GARFIELD-AF registry and other pan-European studies
indicated that, the median rate of undertreatment was 35.3%
(12.1% - 45.8%) and the median rate of nontreatment was
23.3% (7.9% - 51.1%).

While there has been a decline in the undertreated and
untreated population since the advent of DOAC:s, there
continues to be a sizable population who are missing
appropriate care (2). The most frequent reasons for
nontreatment with OACs included decisions deferred to the
primary care physician, risk of falls or frailty and risk of
bleeding (GARFIELD-AF data, in press and (3). P>
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The clinical consequences of undertreatment and nontreatment
include higher risk of adverse clinical outcomes including
stroke, mortality and other cardiovascular composite outcomes.
Stroke and transient ischemic attack were the most commonly
reported clinical outcome of not receiving appropriate
anticoagulation (incidence rate of 3.1; CI 2.67-355 vs. 0.0
95% CI 1.05-1.41 for DOACs) (4). Further, patients on
DOACS and VKA have a lower mortality than untreated
patients (31.1% and 15.3% vs. 43.3% respectively, log-rank
P<0.001) (5).

Not surprisingly, patients on anticoagulation therapy also show
a higher propensity for bleeding, when compared to untreated
patients. Numerous studies have reported that incidence of
bleeding events per 100 person-years was the highest in
patients treated with anticoagulants. This perhaps is the
biggest contributor towards suboptimal use of anticoagulants.

Taken together, while anticoagulation therapy certainly
protects against incidence of stroke and cardiovascular
mortality, the risk of bleeding cannot be ignored. Hence
effective anticoagulation option for high-risk AF patients
continue to be an area of unmet need. Pharmacological
agents that provide robust thrombolytic action, while also
avoiding bleeding risk would hit the sweet-spot in appropriate
thrombolysis therapy.

Figure 1. Haemostatis and thrombosis (6)

CENTRAL ILLUSTRATION: Hemostasis and Thrombosis

consolidation
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Hsu, C. et al. J Am Coll Cardiol. 2021;78(6):625-631.

Factor XI: the potential

Recent advances in the field of factor XI (FXI) inhibition
indicate that these inhibitors might have to potential to fulfil
this unmet need. Growing clinical trial evidence, and evidence
from people with genetic FXI deficiency, show that FXI may
play a larger role in thrombus formation, but a subsidiary role
in haemostasis, hence directed inhibition of FXI might play a
crucial role in decoupling thrombosis and haemostasis.

Taking this principal forward, currently there are at least five
FXT inhibitors in late stage clinical development. The Phase 2
data from these trials, such as PACIFIC-AF, PACIFIC-AMI
and PACIFIC-stroke with asundexian, AXIOMATIC with
milvexian, and the studies with abelacimab indicate that while
the stroke prevention is on par with currently available
DOAC:, these FXI inhibitors show clinically relevant reduction
in bleeding. The Phase 3 data readout for these molecules are
expected to emerge from mid-2025 onwards. If the data
replicates the success of the Phase 2 studies, FXIs could usher
in a new era of anticoagulation therapy, where thrombolysis
is specifically targeted, without interfering with the body’s
haemostatic process, hence reducing the risk of bleeding.

Table 1. FXI inhibitors in late stage clinical development

IONIS-EXI-Rx  Antisense Phase 2
Ionis oligonucleotide ~ completed
Xisomab Monoclonal Phase 2
Aranora antibody completed
Abelacimab Monoclonal f::elz:te d
Anthos antibody peteds
Phase 3 ongoing
Milvexian J&J/ Phase 2
Small molecule completed,
BMS .
Phase 3 ongoing
Asundexian Phase 2
Small molecule  completed,
Bayer .
Phase 3 ongoing
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TRI Research
Update: Recent
Publications

With data from our labs and registries,
we continue to publish papers
that advance the understanding and
management of thrombosis.

Over the last 12 months, scientists and clinicians at
TRI and their collaborators have published on topics
ranging from laboratory science to statistical methods
and patient care.

® Among the papers is a review by Xinjie Lu on structure
and functions of TIM-3 (1). TIM-3 is a signalling surface
receptor that regulates the responses of several immune
cell types, and has shown promise as a biomarker and
target in cancer immunotherapy.

® The GARFIELD registries continue to yield new insights
into clinical management and related outcomes in patients
with atrial fibrillation (AF) or venous thromboembolism
(VTE). One of their strengths has been an ability to
compare real-world outcomes across countries and
healthcare systems. In papers published this February
and earlier last year, we reported vast geographical
differences in the type, quantity, and frequency of
AF-related patient care (2), and that country Healthcare
Access and Quality indices had a stronger correlation
outcomes of newly diagnosed AF than patient baseline
characteristics and antithrombotic treatments (3).

® Italso remains important to understand why a high
proportion of AF patients at risk of stroke and myocardial
infarction are not receiving oral anticoagulants, as
recommended by clinical guidelines. In a manuscript
currently under review, Deborah Siegal et al. are showing
that country, or alternatively a country’s average health
expenditure per person, were by far the most significant
predictors of anti-coagulation treatment choice.
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® GARFIELD registry patients were enrolled prospectively
and followed up over several years, allowing to estimate
the population risks of disease and treatment outcomes.
An example is the recent investigation by Turpie et al. into
all-cause mortality, major bleeding, and the recurrence of
thromboembolism in GARFIELD-VTE patients (4).
These events occurred less frequently in patients
receiving oral anticoagulants (OAC) compared to those
on other therapies, supporting the long-term safety of
OAC in a real-world setting. Furthermore, the study
provides a global perspective of patient outcomes, and
highlights the importance of swift and effective VTE
treatment in newly diagnosed patients.

These are just a few highlights of our recent work. With several
more manuscripts submitted or in preparation we aim to
continue publishing outstanding research throughout the
coming months.

Click on the links below to view our list of recent publications:
Molecular Immunology Lab

Clinical Research
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