Shifting Goals in Hemophilia A and B: Targeting the Intrinsic Mechanism of Disease Pathology with
New Treatments
Hemostasis in Hemophilia: How Improved Disease Knowledge Informs New Treatments

1 My name is Guy Young, and we're going to
be discussing some basics of hemophilia,
and also some of the new treatment
directions that we're going in.

2
Hemostasis in Hemophilia:
How Improved Disease Knowledge
Informs New Treatments
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3 So first, we obviously will want to
understand the disease knowledge and
= Explain the intrinsic pathological mechanisms of hemophilia and hOW that infO rms new treatment SO he re
how emerging treatments target these pathways in efforts to ] . . . '.
normalize hemostasis are the learning objectives, specifically:
= Review benefits and disadvantages of current treatments for
hemophilia A and B
= Evaluate recent clinical trial data on factor and nonfactor H H H i H
replacement strategies for patients with hemophilia A and B and EXpIaIn the Intrl nsic path0|0glca|
how they fit within treatment paradigms to achieve goals mechanisms Of hemophllla and hOW
emerging treatments target these

pathways in efforts to normalize
hemostasis.

Review benefits and disadvantages of
current treatments for hemophilia A and
B.

Evaluate recent clinical trial data on factor
and nonfactor replacement strategies for
patients with hemophilia A and B and how
they fit within treatment paradigms to
achieve goals.
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= Hemostasis

—Primary hemostasis
—Secondary hemostasis

= Mechanism of action of hemophilia medication
= Factor therapy pros and cons
= Novel treatments for hemophilia

This is the basic lecture outline:

First, we're going to review hemostasis,
just some basics of hemostasis. We'll talk
about the mechanism of action of
hemophilia medications. We're going to
talk about factor therapy, its strengths and
weaknesses. And then, discuss novel
treatments for hemophilia.

= Primary hemostasis

—Platelets
—VWF
—Subendothelium

= Secondary hemostasis

—Coagulation factors
—Thrombin generation
—Formation of fibrin clot

So first, hemostasis. We basically break it
into 2 parts, although everything is really
happening at the same time.

Primary hemostasis involves the platelets,
the von Willebrand factor, and the
subendothelium.

Secondary hemostasis is really what we
talk about when we talk about the
coagulation factors and the formation of a
fibrin clot.

= Subendothelium

—Normal collagen
—Tissue factor

= Platelets

—Need adequate number
—Need adequate function

*VWF

—Need normal amount
—Need normal function

So what's involved in primary hemostasis?
There's basically 3 parts of the body.

The subendothelium, the area underneath
and supporting the blood vessels. There,
we have collagen and tissue factor as
important proteins that are involved in the
coagulation system.

We then have the platelets, as |
mentioned, and von Willebrand factor.
And for primary hemostasis to be
effective, we need an adequate number
and function of both of those components.
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= VWF function
—Platelet binding
—Carrier molecule for FVIII

= VWF is an acute phase reactant and is increased by
—Physiologic stress
—Desmopressin
—Estrogen
—Pregnancy

Von Willebrand factor has 2 functions,
essentially: platelet binding, and it also
functions as the carrier protein for FVIII.

You should be aware that von Willebrand
factor is an acute phase reactant and will
be increased by physiologic stress,
obviously medications like desmopressin
and estrogen, as well as pregnancy.

So these conditions can falsely elevate von
Willebrand factor levels and can make a
patient who might have von Willebrand
disease actually have their labs look
normal. So keep that in mind as you think
about testing for von Willebrand disease.

Normal status

Platelet

Activated platelet

Circulating VWF

Bound VWF

Endothelial cell

Here is how von Willebrand factor,
endothelial cells, and platelets interact. So
in a normal status, we've got basically a
blood vessel here with endothelial cells at
the top and the bottom.

Injury situation

P’s
g
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VWF binding to (“unfurling”) subendothelium

Platelet

Activated platelet

Circulating VWF

Bound VWF

Endothelial cell

When there's a rupture of the blood
vessel, we have the von Willebrand factor
molecule, which normally circulates in this
circular form, so to speak; | made it sort of
as a spiral there in this cartoon. But once
there's a rupture in the endothelium, it
essentially unfurls so that loop because
unfurls, von Willebrand factor becomes
this long stringlike molecule.

10

Injury situation

(] [ » (]

VWF binding “capturing” platelet via platelet glycoprotein Ib receptor

Platelet

Activated platelet

Circulating VWF

Bound VWF

Endothelial cell

And the next thing it does is, besides
binding the collagen in the
subendothelium  where there are
receptors for von Willebrand factor, it
then actually essentially captures, if you
will, the circulating platelets Vvia
glycoprotein 1b.
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Injury situation
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Activated platelet

&
r’'g Circulating VWF
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Platelet adhesion via VWF and platelet activation Endothelial cell

And then results in platelet activation. This
essentially leads to the first part of
hemostasis, which is called platelet
adhesion via von Willebrand factor binding
and platelet activation. That leads to
platelet aggregation, and it is on this
surface that the coagulation cascade then
has its effect and where thrombin and
fibrin get generated later on.

12

= Classic coagulation cascade
= Physiologic coagulation cascade
= Functions of thrombin

= Coagulation inhibitors

In terms of secondary hemostasis, we're
going to take a look at the classical
coagulation cascade, which is not the
physiologic one, but is important when
understanding the coagulation tests—the
PT and the PTT.

We'll then take a look at physiologic
coagulation and how it's different. We'll
take a look at the functions of thrombin as
the key enzyme in the coagulation
cascade. And then, of course, we'll review
the coagulation inhibitors that are there to
keep this reaction from being overly
robust and to prevent a thrombosis from
happening by ensuring that the thrombus
that forms only forms in the area of the
tissue injury.

13

Which of the following activated factors is directly responsible for the
conversion of prothrombin (Fll) to thrombin (Flla)?

1. FVilla
2. FIXa
3. FXa

4. FXla

Which of the following activated factors is
directly responsible for the conversion of
prothrombin to thrombin?

1) FVllla
2) FIXa
3) FXa
4. FXla

The answer is FXa.
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Cross-linked fibrin

So let's take a look at the classical
coagulation cascade. In the intrinsic side,
which I'm showing you here, it starts with
the contact-activating factors, which are
kallikrein, prekallikrein, and FXlla. Now,
again, this is not how coagulation typically
happens in vivo; unless you have an
artificial surface in your body, such as a
cardiac valve or catheter, things like that.

FXlla activates FXI, which then activates
FIXa.

FVllla gets involved as cofactor for FIXa to
convert X to Xa.

FVa is a cofactor for FXa, which converts
prothrombin to thrombin.

That then converts fibrinogen to fibrin and
makes the fibrin clot.

Thrombin also activates FXlll—we'll
discuss more about that a little bit later.

FXIII activated leads to the cross-linking of
the fibrin clot and makes the clot more
resistant to fibrinolysis.

Then we have the extrinsic pathway, FVII,
tissue factor. Tissue factor activates VIl to
Vlla, which activates X to Xa. And then that
converts prothrombin to thrombin.

Now, again, this is only the classical
coagulation cascade. The PTT reaction is
essentially the intrinsic part, which |
showed you earlier. FFVIII, IX, XI, and XIl in
the contact factors, the PT is FVII, and the
common pathway starting at FX affects
both the PT and the PTT.
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What actually happens physiologically?
Well, physiologically, | mentioned earlier
that when you have a ruptured
endothelium, tissue factor sits in the
subendothelial space. It activates FVII to
Vlla, which converts X to Xa.

You then get a conversion of prothrombin
to thrombin, but a small amount. And this
thrombin mostly is working to activate the
cofactors, FVIII and FV.

What is not in the class coagulation
cascade is the fact that FVIla actually
activates and converts FIX to IXa. This is a
key different between the classical
coagulation cascade and the physiological
coagulation. So keep that in mind.

The rest, Vllla activating as a cofactor for
IXa, and Va activating as a cofactor for Xa
is highlighted in yellow because, here,
we're generating a large amount of FXa.
And then that allows a large amount of
thrombin to be generated; basically, the
thrombin bursts. I'll show you a little bit
more about that in the coming slides.

The rest is similar to what | showed you
before.

16
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Also, in stressful situations, you'll notice
here | brought in FXla. So FXI typically is
not required for physiological coagulation.
However, in conditions of stress, such as
surgery or trauma, FXla, activated by
thrombin, can generate more IX to IXa.

And this is why maybe where that in FXI
deficiency, the bleeding tendency really is
only with trauma or with surgery, that on
a typical day-to-day basis, patients with FXI
deficiency don't actually really bleed
excessively. And it's for this reason that
you see here.
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TF-FVila

e Initiation phase
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i Propagation phase
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Let's take a look at another way to look at
this. Again, these are the same reactions |
showed you earlier—tissue factor FVlla,
converting X to Xa, and generating a small
amount of thrombin. This thrombin, then,
activates the platelets, activates FVIII to
Vllla, and FV to Va.

In this reaction, the intrinsic tenase, which
is FIXa and Vllla, and the prothrombinase
complex Xa and Va, lead to the
propagation phase where you generate a
large amount of thrombin and convert a
large amount of fibrinogen to fibrin.

So this is another way of looking at
physiologic coagulation.

18

TF-FVlla

x> xa Mitiation phase

Platelet at
vessel lesion

What happens without FVIII or FIX? You
have no propagation phase. The initiation
phase happens, but you don’t have the
propagation phase, and so the amount of
thrombin generated is a lot less. And that
is why hemophilia patients bleed.

19

Thrombin, nM

Endogenous thrombin potential
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Another way to look at this is using a
thrombin generation device. This is a
device that measures thrombin generation
over time—basically, a lab-based test.

Here we have the control sample and we
have these different parameters. So
there's a bit of a lag, it takes a few minutes
for things to actually unfold. And you
might know, if you've ever cut yourself or
had some bleeding, you'll know it doesn't
stop instantaneously. So these reactions
do take some moments and minutes to all
develop.

You then have a moment of peak thrombin
generation, or the amount of thrombin
generated that would just peak. You have
the time to the peak. And then,
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importantly, this area under the curve,
which is called the endogenous thrombin
potential, which is the total amount of
thrombin generated in this reaction.

20
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This is why patients with
hemophilia bleed
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Now, if you look at the hemophilia patient,
you'll notice things are a lot different.
There's still the lag time, which may be
slightly extended. But the key thing is not
your time to peak, but the peak thrombin
generation. Here's normal, and here's
hemophilia. And of course, the area under
the curve, notice it's fairly large here, but
in the hemophilia patient, it's almost
nonexistent.

So essentially, hemophilia is a disease of
failure to generate thrombin. And this is
why hemophilia patients bleed.

21

Thrombin, nM

Normal control
FVIll <1 1U/dL.

Normal control

Following FVIll infusion 1 hour after FVIll nfusion
50 Ulkg (FVIII=103 1U/dL)

TGA can clearly demonstrate
effect of factor administration

Severe FVIll-deficient patient

30
Time, min

If we take a hemophilia patient—again,
here you see the normal control in red, the
hemophilia patient in green. But if we give
them FVIIl and give them an FVIII level that
is essentially normal, we capitulate the
thrombin generation curve really back to
normal.

So factor replacement does allow for
thrombin generation to be formed, if you
give the right amount or enough factor.

So this is all really in the background of the
situation in hemophilia. And really, what |
want you to understand is that thrombin is
such a key component and thrombin
generation is really a key way of measuring
the effects.
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Again, thrombin is the key enzyme in the
coagulation cascade. It activates FVIII to its
activated form, and FV to its activated
form. These are the key cofactors in
accelerating the formation of more
thrombin. So it serves as its own positive
feedback look.

It also activates FXI in the case of the need
for a really large amount of thrombin to be
made. Obviously, it converts fibrinogen to
fibrin. Also, it converts FXIII to Xllla.

And | didn't mention this protein earlier,
thrombin activatable fibrinolysis inhibitor,
which is exactly what its name implies. It's
activated by thrombin, and it inhibits
fibrinolysis. So it activates that.

So this is the antifibrinolytic effect of
thrombin because both activated FXIll
crosslinking fibrin and TAFI inhibit the
fibrinolytic pathway and allow for a more
stable thrombin clot to form.
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So back to physiologic coagulation. We
now need to look at the inhibitors of
coagulation.

24

Inhibits (-----+) | Thvombin e}

VIl ——Villa
A

TF <-mnn= TEPI

X Xa<---- Antithrombin
! Xl

v
Thrombin (la)

Fibrinogen (1) ——> Fibrin
Xl

Cross-linked fibrin

So the dashed line means inhibitors. We
have an inhibitor of the tissue factor
pathway, aptly named tissue factor
pathway inhibitor.

We also have antithrombin, which is also
aptly named because it does inhibit
thrombin, but it also has a significant
effect on FXa. It actually has effects on
other coagulation proteins as well, but the
key effects of antithrombin are inhibiting
thrombin in FXa.
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We have the protein C and protein S
system, which are there to inactivate
factors Va and factors Villila.

So these are the key regulators of the
coagulation system.

So let's take a look at the mechanism of
action of hemophilia medication. Again,
I'm going to use my clotting cascade here.
The green will be replacement therapy;
the purple will be what | call substitution
therapy; and the red is rebalancing agents.
We'll come back to that term later.

So of course, factor is replacement
therapy. You can replace it at FXIIl or FIX,
depending on the deficiency the patient
has.

Substitution therapy: so far we have
emicizumab and there's another bispecific
antibody being developed that's in clinical
trials called Mim8, which is another
bispecific antibody that functions like
activated FXIII.

Then rebalancing agents: we have the
fitusiran, which we'll talk about a fair bit,
which inhibits antithrombin.

We also have inhibitors of tissue factor
pathway inhibitor. | list there; the Bayer
product is no longer in development, just
as an FYI.

= Hemostasis
—Primary hemostasis
—Secondary hemostasis
= Mechanism of action of hemophilia medication
= Factor therapy pros and cons
= Novel treatments for hemophilia
vl Anti-PS SiRNA
v
T < TFPl €mmmmmmmmmm
Vila
i Thrombin (la)
Fibrinogen (1) ———> Fibrin
“— Xllla
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And then there are molecules aimed at
inhibiting activated protein C, particularly
serpin PC, which is also in human clinical
trials.

And there are others that are potentially in
development, but not yet in clinical trials
to inhibit protein S, which has impacts
both on protein S and tissue factor
pathway inhibitor.

= Prophylaxis implies the regular administration of factor replacement

therapy to prevent bleeding and its complications
—Primary prophylaxis
« Initiation of factor prior to any joint bleeding (or after 1-2 joint bleeds
before any obvious joint disease)
—Secondary prophylaxis

« Initiation of factor replacement after the onset of joint disease to prevent
further bleeding

27 So let's take a look at factor therapy. It's
been around for a long time, and we
e mostass probably still use quite a lot of it for our
—Secondary hemostasis atie ntS
= Mechanism of action of hemophilia medication p )
= Factor therapy pros and cons
= Novel treatments for hemophilia
28 First, some terms:

Prophylaxis implies the regular
administration of factor replacement
therapy to prevent bleeding and its
complications. Although | think that term
does apply to the nonfactor therapies as
well. Prophylaxis basically being there to
prevent bleeding.

Primary prophylaxis really means the
initiation of factor—or, again, | will say
nonfactor therapy at this point as well—
prior to any joint bleeding, or at least after
1 to 2 joint bleeds before any obvious joint
diseases develop.

Secondary prophylaxis would be initiating
factor replacement after the onset of joint
disease in patients, for example, with
target joints. And this is typically only done
for patients, in the US anyway, who are,
for example, immigrants who didn't have
the access to factor therapy or hemophilia
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therapy before and they show up already
with joint disease.

29

Pros

= Replacing what is missing

= Long history of use

= Safe (except inhibitor risk)

= Peak levels are in normal range
= Can give extra doses

= Same product to treat bleeds

Cons

= Must be given as an IV

= 2-4 times/week for FVIII

=1 per week/2 weeks for FIX

= Difficult to adhere

= Many kids need ports

= Factor levels fluctuate

=Trough levels lead to bleed risk

Let's take a look at the pros and cons of
factor therapy, and then we're going to go
through some of these in the next slides.

First of all, a big advantage is that you're
replacing exactly what is missing, which
does make a lot of sense for an enzyme
deficiency disease; you're replacing the
missing protein.

We have a long history of use going back
decades; in fact, it was 30 years ago that
the first recombinant factor therapy was
licensed; so, we're at an anniversary year
for that. So it's been a long time now, 3
decades, since we've even had
recombinant FVIlls, and even decades
longer where we have plasma-derived
FVIlls.

They're essentially very safe, other than
the risk for inhibitor development, which
we know continues to be a complication of
factor therapy. But other than that, they
really don't have other side effects.

You can put peak levels into the normal
range. So if you want somebody to have a
high level, you can infuse them with the
proper dose and they can have a peak level
in the normal range, for example, for
activities or for surgery, or things like that.

There's always the option to give extra
doses. So if somebody is dosed every other
day, or twice a week, and then they are
going to have some sort of activity or
procedure, you can just give an extra dose.
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And you use the same product to treat
bleeds when they happen. So that adds to
some of the simplicity.

However, the down side is, all factor
replacement therapies are IV. FVII
typically is 2 to 4 times per week,
depending on which product you use.

FIX is either once a week or every 2 weeks.
For the extended half-life FIXs, probably
twice a week for the standard half-life FIXs.

Adherence, we know, is notoriously
difficult, so we'll take a look at some of
that.

Children often need ports because it really
becomes impossible to access them
repeatedly over time, which I'll show you
about the treatment burden, which is very
high.

Factor levels fluctuate. So you have a peak,
but then it drops to a trough, and then
another peak, and a trough. And the
trough levels have increased risk for
bleeding.

30

Plasma-Derived
Products
Pros | 1.Decades of data and
experience

2. Lower risk for inhibitors
based on SIPPET study

Cons | 1.High treatment burden
2. Refrigeration needed
3. Larger volume

SHL Products

1. Decades of data and experience

2.Safe (other than inhibitors)

3.Generally effective for
prophylaxis, treatment, and
surgery

1. High treatment burden

2. Cannot fully prevent arthropathy

3.Inhibitors

4. Cost

EHL Products

1. Fewer infusions for similar
outcomes to SHL factors

2.Safe (other than inhibitors)

3. Effective for prophylaxis,
treatment, and surgery

1. Lower (but still high) treatmer

burden

2.Cannot fully prevent
arthropathy

3. Inhibitors (data emerging,
but likely similar to SHL)

4.Cost (higher than SHL)

nt

We have plasma-derived products still
around. Some people do use these for
prevention of inhibitors based on the
SIPPET study. However, most people have
really moved on to recombinant FVIlIs.

We have the standard half-life products
and the extended half-life products.

So they all have a high treatment burden,
which we're going to talk about. And also,
for the standard half-life products,
probably the EHLs as well, they cannot
fully prevent arthropathy, and I'll explain
to you what this means in a couple of slides
forward from here.
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The EHLs have a lower treatment burden,
but there's still a fairly high treatment
burden as typically the dosing is twice a
week or every 4 days. So it's still multiple
infusions a month.

31

APPROVED THERAPIES

- Afstyla® (2016)" « Jivi® (2018; BAY94-9027)

« Kovaltry® (2016)° « Adynovate® (2015; BAX855)9
+ Novoeight® (2013)° « Eloctate® (2014; rFVIII:Fc)h

* Nuwig® (2015)¢ « Esperoct® (2019; N8-GP)'

« Xyntha® (2008)°

Here are just some of the approved
therapies. This is the standard half-life list
that was approved from 2008 forward.
Obviously, we're missing some products
here that are more legacy products that
are still around, such as Advate and
Kogenate (both Antihemophilic Factor
[Recombinant]), for example, though
Kogenate is now going to be discontinued.

And here are the EHL products that are
around with their 4 trade names, as you
use here. The generics are in parentheses.

32

rFVIll protein
used

Cell line

ty extension
moiety

extension

BAY94-9027 BAX855 rFVIIL:Fc

BDD rFVIIl Full-length rEVIII BDD rFVIIl BDD rFVIIl

HEK CHO

BHK

CHo

60-kDa PEG 2x20-kDa PEG Fc portion of 40-kDa PEG
molecule molecule immunoglobulin molecule

VSN Decreased renal | Decreased renal | Neonatal Fe Decreased renal

fitration, proteolytic | filtration, proteolytic | receptor recycling | filtration, proteolytic:
degradation, and | degradation, and degradation, and
receptor-mediated | receptor-mediated receptor-mediated
clearance of protein | clearance of protein clearance of protein

For the EHLs, again, you have their names
listed there. Since we've already said the
trade names, it's Jivi, Adynovate, Eloctate,
and Esperoct from left to right as you look
at the slide.

You can see which protein is used. Most of
them use B-domain deleted proteins.
Three of them are pegylated using
different types of PEG moieties. One is an
Fc fusion product. And there's a
mechanism of half-life extension, one of
them utilizing neonatal Fc receptor
recycling, and the others essentially
decreased renal filtration via the PEG
moieties.

33

Nor-modified

g Fusionof Fo
od rFix

Cellline  HEKcels  CHOcells
Mechanism FeRn recycling FeRn recycing
ot en

extension

For recombinant FIX, we've got the
standard product, recombinant FIX at the
top. Then we have recombinant FIX Fc,
known as Alprolix; recombinant FIX
function protein, or FP, known as Idelvion;
and N9-GP, known as Rebinyn.

And you'll see that these 3 extended half-
life FIXs use different technologies—one
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using Fc fusion, similar to the FVIII Fc
fusion; one is a fusion of an albumin to the
recombinant FIX; and one is PEGylation.

34

What did | mean earlier when | said that
factor products don't necessarily prevent
long-term joint disease? This is a study
from Germany, which looked at patients in
the first 10 years. These are patients who
are receiving good, effective prophylaxis.

And what they show over a period of
decades, highlighted in the box by the
actual data they have and then projecting
out, is that joint scores get worse over
time. PS is the Pettersson score, which is a
radiologic score. GS is the Gilbert score,
which is an orthopedic score. And you can
see that knees, elbows, and ankles do get
worse over time, despite of these patients
being on intensive prophylaxis.

35

Again, shown really nice here in the Joint
Outcomes Study Continuation, the JOSc,
you have here also a joint score on the left,
MRI score, and then the joint physical
exam score. These are a bit different
scoring systems than you saw before.

36

And what you see is that patients—even
those who started early prophylaxis—have
worsening joint MRI scores over time and
worsening physical scores.
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37 And I'll point out to you, as you look here
on the bottom at the ages, these are
E— patients who started at the age of one-
H / and-a-half on the Joint Outcomes Study
/ and then entered the Joint Outcome Study
Continuation at the age of 13, and exited
at 18.

38 So these are young patients and just
ending their childhood, starting adult life,
HE— and you can see throughout childhood

/ joint disease worsens, even for those who

/ started early prophylaxis.

39 That's what | meant, that factor does not
appear to prevent long-term joint disease,
E— at least the iterations of factor that we've
H / had currently. And these patients were all
— on standard half-life FVIlIs.

40 What about inhibitor patients? We know
that they have the worst outcomes. Here's
the physical functioning; you can see that

on the lower row is the patients with
S sl v IR e inhibitors. They have more decreased

activity, they miss school more, they use
assisted devices more, and wheelchairs
more often. So we know that historically

Patients with inhibitors have worse physical functioning

inhibitor patients suffer worse.

41 We also know they have a higher
mortality. This was taken from a CDC study
where they have a 1.7-fold higher
= i = mortality compared with patients with

hemophilia without inhibitors. It's not
comparing with the general population;
this is comparing inhibitor patients with

Guy Young, MD English Page 16 of 39



Shifting Goals in Hemophilia A and B: Targeting the Intrinsic Mechanism of Disease Pathology with
New Treatments
Hemostasis in Hemophilia: How Improved Disease Knowledge Informs New Treatments

those without inhibitors. And they have a
70% higher risk of dying.

42

Cause of Death Category

Hemophilia related

20 (41.7)

46 (12.0)

<.001

HIV related

Liver disease related
Suicide

Other

Unknown

5(10.4)
8(16.7)
o
10(208)

5(10.4)

71(185)
123 (32.0)
5(13)
104 (27.1)

35(9.1)

And when they do die, notice here, with
inhibitors versus without inhibitors, those
with inhibitors, when you see their cause
of death, it's much more likely to be
hemophilia-related—meaning, bleeding—
than those without inhibitors who have
other causes of death being more
common.

43

What about the treatment burden? So
here you see an every-other-day dosing
schedule. Not every patient is on this type
of dosing schedule, but just to give you a
sense of how the treatment burden would
be, that's 1 month.

44

And that's 1 year worth of injections. And
even with the extended half-life, if it's
twice a week or every 4 days, twice a week
is 104 infusions a year. Every 4 days is
going to be 91/92 infusions a year. So it's
still quite a lot of infusions that are
required.

And this is what | mean by the high
treatment burden of factor burden. And
that's just the first year. Of course, you
have to keep doing this year after year
after year. If you let up at any point,
bleeding is going to start.
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45 There's the extended half-life factor with,
for example, a twice-a-week dosing
schedule. This would be 104 infusions a
year, so it's definitely less than standard
half-life factor, but it's still quite a lot of
infusions.

46 This leads to poor adherence. And this is a
study from my colleague Courtney
Thornberg. It's quite old, but it actually still
sets the bar for how we evaluate

adherence.
47 You can see, for the younger children, in
the blue and the purple, adherence is quite
O high.
48 Once you get to the school vyears,

adherence begins to drop.

49 And in teenagers, it's notoriously poor.
Notice, 20% of teenagers reported that
they gave most of their infusions.

O O
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50 So if we move to novel treatments for
hemophilia therapy, we're going to take a
= Hemostasis . . .
— Primery hemostasis look at, first, improving upon factor
—Secondary hemostasis
= Mechanism of action of hemophilia medication therapy, and then Iooking at nonfactor
= Factor therapy pros and cons .
- Novel treatments for hemophilia therapy and rebalancing agents.
—Improving factor therapy
—Non-factor therapy
« Bispecific antibodies
—Rebalancing agents
51 In terms of improving factor therapy, there
was a molecule we'd been calling BIVV0O01.
Efanesoctocog alfa (BIVV001) is a novel experimental FVIII It now has a generic name efanesoctocog
concentrate which aims: ’
= To reduce the treatment burden by offering a weekly infusion schedule alfa' We're ca“ing |t EFA for Short_
= Increase the trough levels ’
This is a novel, experimental FVIII
concentrate which aims to both reduce
the treatment burden by offering a weekly
infusion schedule, and, at the same time,
allow higher trough levels; and, in fact,
higher factor levels throughout the entire
week.
52 What is this molecule? It starts as a base of

rEVII-Fc-VWF-XTEN
fusion protein ’
F D'D3 don
10 decouple
ol

FVIII Fc, the molecule | showed you earlier.
So in the purple/blue color is the FViII
molecule itself with the A1, A2, A3, C1, and
C2 domains linked to an Fc fusion protein.
What this molecule adds is 2 parts:

One is, in the brown, the VWF D'D3
domain. What this does is it blocks the
binding site for von Willebrand factor. So
this molecule cannot bind to von
Willebrand factor.

We feel that this is the reason why the
EHLs we currently have on the market can
only have a half-life that's about 1.5 times
longer than FVIII because that's the half-
life of von Willebrand factor. So as von
Willebrand factors clear, those molecules
get cleared as well.

By adding this blocking site using the VWF
D'D3 domain, this FVIII molecule cannot
bind von Willebrand factor.
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And then, in addition, you see 2 XTEN
sequences, which are added. These are
essentially amino acid sequences that
function like PEG, making the molecule
less able to be filtered by the kidneys.

So all of these 3 enhancements have led to
an enhanced half-life.

53 There was a phase 1 study that is now
published in The New England Journal of
Medicine. And I'll just show you the data
here.

54 You've got a standard half-life
recombinant factor in red; and you've got
the BIVVOO1 in purple. And what we're
showing is the mean factor level over time.

55 So let's point out day 3. Standard half-life
FVIIl is down around 2%; notice it's a log
scale. Whereas the BIVV00L1 is still close to
80% at that point.

56 If we go to day 7, the trough level is 17%.
Of course, you would have nothing left out
of the recombinant FVIII, but even an
extended half-life factor you'd have
virtually nothing left at this point.

1
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57 And even going out to 2 weeks, there's still
a 1% level that can be measured out 2
weeks with this molecule.

Phase 3 data was recently presented,
I l which was very positive in terms of both
the PK, but also, importantly, the bleed
rates. | expect that you will see that
published soon. Additional data will be
presented at upcoming meetings as well.

58 What about other FVIII therapies?

| have OCTA 101 and SIG 001; | won't

Product MOA Comments
spend time talking about these. One of
T G e them was a subcutaneous FVIII; notice I've
, .

s S e crossed it out. One of them was implanted

TR T Ui i et ot i vl spheres. Both of these have led to an
increased number of inhibitor patients
unexpectedly in  previously treated
patients, and these have been
discontinued.
So BIVV0O01 is there at the top. There is still
a possibility of having oral factor using a
robotic pill, but this is still in animal
studies. And so, not sure when this will get
to human trials.

59 Let's take a look at novel treatments that
are not factor therapy.

= Hemostasis

—Primary hemostasis

—Secondary hemostasis
= Mechanism of action of hemophilia medication
= Factor therapy pros and cons
= Novel treatments for hemophilia

—Improving factor therapy

—Non-factor therapy

« Bispecific antibodies
—Rebalancing agents
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60

= Medications that improve hemostasis without replacing the
missing factor

= They are also designed to reduce the treatment burden
— All are designed to be given subcutaneously and at relatively
infrequent intervals

We'll start with nonfactor therapies that
are bispecific antibodies.

Again, in terms of nonfactor therapy, these
are medications that are designed to
improve hemostasis without replacing the
missing factor. And by virtue of that, they
can be designed to be given
subcutaneously, and even at relatively
infrequent intervals.

So they really are there to address the
difficult treatment burden | mentioned
earlier.

61

= Humanized bispecific FVIII

antibody

= Exerts FVIIl-mimetic
activity

= Not affected by FVIII
inhibitors

= Good subcutaneous
absorption

= Long t,;, (4-5 weeks)

Emicizumab: We've heard about this
molecule. It is now licensed and available
throughout the United States for patients
with hemophilia A.

It's important to understand that this is an
FVIII mimetic drug, so it's only going to
work in patients with hemophilia A.

Its mechanism of action, you can see on
the right. It's a bispecific antibody. One
arm binds FX. The other arm of the
antibody binds FIXa. And it essentially
substitutes for the function of activated
FVIII by bringing FX an FIXa to proper
alignment, and then generating FXa from
that.

It has a long half-life, as you can see, about
30 days. It's not affected by FVIII inhibitors,
so it can be used in patients with and
without inhibitors. And as | mentioned, it's
given subcutaneously.
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62

HAVEN 1 "
(CTozezzaz1)

Patients with hemophilia
. Aaged <i2years
(NCTO2795767F i Fvil inhiitors

(NCT02847637) Aoged

Asged 12 years ~pi valuating emi vophylasis on becding
R o | e Primary analyses evaluating emicizamab QAW prophiaxis on bleeding rate, safety, and PK
inhibiors

So there was a series of pivotal trials called
the HAVEN trials—HAVEN 1, 2, 3, and 4—
that assessed this medication in
adolescents and adults with inhibitors in
HAVEN 1; children with inhibitors in
HAVEN 2; adolescents and adults without
inhibitors in HAVEN 3; and then an every-
4-week dosing schedule in HAVEN 4.

I'm not going to go through the whole
table. These studies have been extensively
presented. They've all been published
now, going back as much as 5 years. And
so, certainly you can go and have a look at
those.

63

HAVEN 1

with inhibitors?

mmmmmmmmmm

Patients With Zero Treated Bleeds With Emicizumab Prophylaxis (95% CI)

Adults and adolescents Adults and adolescents

with or without inhibitrs*

HAD ZERO BLEEDS | HAD ZERO BLEEDS HAD ZERO BLEEDS HAD ZERO BLEEDS
449785 ) (42.1-76.1) ). 7-7L.E

Now, if we take a look at their bleeding
rates, the percentage of patients with zero
bleeds, you'll notice that across the studies
it's over 50%. In fact, close too 60% for the
adolescent and adult trials, HAVEN 1, 3,
and 4, and actually over 80% for HAVEN 2.
So the percentage of patients with zero
bleeds in these trials was really quite high.

64

If we look at long-term outcomes—this
paper's a little more recent, published a
year ago —you can see the bleed rates over
time. So as patients stayed on the trial, this
shows you 24-week increments over time
as patients continued to stay on
emicizumab.

65

And what you notice is that the bleed rates
in the emicizumab group goes down.
That's all the trials together.
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66 Specifically, here's HAVEN 1.

67 HAVEN 2, we started with a very low bleed
rate to start with, so it's going to be hard
to improve upon that.

S~ T —
68 But in HAVEN 3, you see the bleed rate
going down.
69 HAVEN 4 was a smaller study, so you see a

little bit up and down which is just
statistical noise.

70 If we look at the percentage of patients
with zero bleeds, again, overall, that
increases.

/
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71 And again, HAVEN 1.
72 HAVEN 2 was already quite high.
/ / —_—
73 HAVEN 3 is increasing.
74 HAVEN 4 is a little bit up and down.
/ / —
/ —
75 Importantly, target joint resolution. If you
look across the trials, over 99% of target
+ Target joint resolution was define Proportion of Resolved Target Joints L. ) .
25 2 sponareusHoodng e joints in these trials resolved.
previously dezned asa t;rgeuomﬂ
= 195 of 217 (90%) participants had
no spontaneous or traumatic
bleeding into a target joint while on
emicizumab
= 498 of 519 (96%) of target joints
had <2 spontaneous or traumatic
bleeding events while on
emicizumab
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Thrombosis?

Safety Issue

Frequency | 3% in Haven 1

Additional reports of

Ml in patients with
risk factors

Identification | Clinical examination,
imaging

Mitigation Avoid aPCC at doses
>100 1U/kgld for >24

hours.

Anti-drug
Antibody®®
2% in Haven 1 Rare
1 other case when 4reported cases, all
aPCCgivenathigh | in inhibitor patients
doses (personal (3 neutralizing,
communication) 1 clearance)

Laboratory testing Prolonged PTT

Additional testing

Avoid aPCC at doses
>100 IU/kg/d for >24
hours

None identified

Rare

(1 case of lupus
nephritis which
resolved)

Hematuria

76 So, almost every single patient who was on
these trials, who entered with a target
joint, which was over 200 patients overall,
s with 500 target joints, virtually all of those
“‘mggb“”‘m“"“‘ resolved. That's an important outcome.
« 498 f 519 (96 of et s
besing ovenewhie on
77 And then, in terms of long-term safety,
there were no additional deaths,
et sl frer—r——— thromboembolic events, or thrombotic
71%5%:’35‘;?:255?i'if?";‘é’;";id [ H) microangiopathy beyond those reported
h"”((g(’%)‘ :3:3:)3 in the original HAVEN 1 study in this long-
e i term safety analysis.
So the mitigation strategies that had been
put into place, and the boxed warning
about not mixing this product with aPCC—
if aPCC is to be used to treat bleeding, it
needs to be used for short duration and at
relatively lower doses. And therefore,
since that has been adhered to, we haven't
seen more of those safety events that we
saw in HAVEN 1.
78 | do want to point out some safety issues

with emicizumab in general. Again, here
we have the frequency, the identification,
and the mitigation strategies.

So thrombosis and TMA—again, the
mitigation is to basically avoid using aPCC
at doses of more than 100 IU/kg for more
than 24 hours. That's what's in the boxed
warning. So that's your mitigation. You can
use aPCC to treat bleeds if you need to, but
at lower doses.

Obviously, thrombosis is identified by
clinical examination and imaging, and TMA
by laboratory testing.

Antidrug antibodies—these are very rare.
There've been 4 reported cases overall: 3
neutralizing, 1 a clearance antibody. In
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other words, these are cases that actually
had a clinical impact. You can identify
these by showing a patient with a
prolonged PTT. With emicizumab, if it's
functioning, patients have a normal PTT.
There's been no mitigation identified for
these.

And then there was 1 rare case of lupus
nephritis that was shown, that was
presented.

79

Then there's another bispecific antibody
called Mim8. Here, you see, looking at
thrombin generation on the Y axis. This is
comparing with an emicizumab analogue.

And essentially what this is showing is that
at lower concentrations, you get higher
peak thrombins with Mim8. And in fact,
you can get into normal peak thrombin
with this molecule. This is taken from
animal studies.

So this molecule is now in clinical
development. Both phase 1 studies are
going on; phase 3 study's been initiated. So
this is something to keep an eye out for.
There were some data presented just a
couple weeks ago at ISTH on the first
human trials.

80

= Hemostasis

—Primary hemostasis
—Secondary hemostasis

= Mechanism of action of hemophilia medication
= Factor therapy pros and cons
= Novel treatments for hemophilia

—Improving factor therapy
—Non-factor therapy

+ Bispecific antibodies
—Rebalancing agents

So let's take a look at rebalancing agents.
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81 Again, this is the coagulation cascade. So
we're going to talk about fitusiran; mostly

e i fitusiran. A little bit on serpin PC, and the

ey PO
m (A vie TFPI inhibitors. But for time's sake, we'll
ﬁ Vnrom;mma)? X - Xa X o Xa < Antithrombin <=7 . . .
e x i focus just on fitusiran.
Prothrombin (1) Thrombin (1la)

Thomin e
T prorein ¢ Cross-inked fibrin

Prote]
A

Serpin PC
ey B Replacement therapy

n therapy [l Reb: nts ‘

82 First, what does rebalancing mean? The
hemostatic system is in a balance. | just put
in 4 coagulant factors on the left, and

coagulation inhibitors on the right. And

. . .

typically, that's our balanced hemostatic
rocoagulants lemostatic System oagulation Inhibitors System.

83 If we're missing a protein on the left side,

we have a bleeding disorder.

h

Bleeding Disorder

84 If we're missing a protein on the right side,
we have a thrombotic disorder.

o
225

~—
~—

Thrombotic Disorder

85 But if we take 1 protein out of each side, is
that some way that we can rebalance the

coagulation system? Balance restored, no
N N bleeding or clotting.

Procoagulants Hemostatic System  Coagulation Inhibitors

Balance Restored — No Bleeding/No Clotting
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86 But can we get the balance, right?

But, can we get the balance right?

87 We may not get the balance right and have
poor bleed control, although no risk for

thrombosis.

Poor bleed control
No thrombosis

88 Or, we may have good bleed control, but
potential for thrombotic events. So we
really need to figure out how to get this

Good bleed control balance exactly right.
Thrombotic events

89 Let's talk about fitusiran. This is a novel,
small interfering RNA technology. It is
administered subcutaneously. And what it
does is it inhibits the production of
antithrombins.  So it induces an
antithrombin deficiency in the patient who
receives this molecule.

= Novel siRNA technology
= Administered subcutaneously

90 This isillustrated here. Here, we have from
the phase 1 study the ABR estimate on the

Post h ; .
analysis of Y axis by the percent lowering of
by AT owering antithrombin in these quartiles at the
quartiles

bottom.

So with a little bit of antithrombin
lowering, less than 25%, you don't really
get bleed control. But as you lower the
antithrombin more and more, you can see
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as you move to the right, you have greater
than 75% antithrombin lowering. You
actually end up with fewer bleeding
events.

91

= Overall median ABR of 0.84 during the observation period

| \

This is a phase 2 ongoing extension study.
Open-label extension is what OLE stands
for.

Looking here at patients without
inhibitors, the ABR on the Y axis with
patients who are on prophylaxis with
whatever factor product they're on, they
have low bleed rates. Those who are on
demand have a higher bleed rate. Those
on fitusiran had a very low bleed rate,
similar to that of prophylaxis.

If we look at inhibitor patients, we really
do see a dramatic reduction in the ABR in
these patients over time, from an ABR of
42 down to less than 1.

So this is the phase 2 ongoing extension
study.

92

= The study included eligible male patients (aged 212 years), with hemophilia A or B with
inhibitors, receiving on-demand treatment with BPA®
— Patients were randomized 2:1 to receive monthly 80-mg subcutaneous fitusiran prophylaxis, with
use of on-demand BPAS for treatment of breakthrough bleeds, or to continue with on-demand BPA

Recently, the phase 3 studies have been
presented. There are 3 of them:

The ATLAS-INH, which is the inhibitor
study for patients older than 12.

There's also the ATLAS-A/B study, which is
for patients without inhibitors. That was
presented at ASH as a late-breaker
abstract. This was presented at ASH as a
plenary abstract.

And then just recently at ISTH, we had the
ATLAS-PPX, or prophylaxis study, which
compared patients coming in on
prophylaxis.

So in other words, this study is inhibitor
patients and we're comparing fitusiran to
on-demand treatment. The A/B study that
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| don't have time to show you is comparing
fitusiran also to on-demand treatment,
but in patients without inhibitors. And the
prophylaxis study took patients with and
without inhibitors who were on
prophylaxis and compared them with
fitusiran.

| will only have time to show you this
study. | will say that the other 2 studies—
the A/B study and the prophylaxis study,
are showing similar results.

So here, we have patients randomized to
either fitusiran or continued on-demand

treatment. Again, these are patients with
inhibitors, hemophilia A or B.

Patient demographics and characteristics at baseline
were generally similar between the 2 arms

BPA On-demand Arm
(n=19)

Age, mean (SD), years. 28.4(112) 26.8(9.8) 28.4(10.1)
Weight, mean (SD) 70.2(17.6) 66.7(19.0) 67.9(185)

Hemophilia type, n (%)
16 (36) 29(64) 45(8.9)
Hemophilia & 3(25 9(75) 12(21.1)

Mean (SD) number of bleeding episodes in

the last 6 months prior to screening 123(82) 128(82) 126(6.0)

Number of target joints at baseline, mean (SD) 15(14) 1404 14(14)

93 The main endpoint was ABR. And then
there's a number of secondary endpoints.
- ABR in people with hemophilia A or B with
Primary inhibitors on fitusiran prophylaxis compared
endpoint with those on BPA on-demand in the
efficacy period
- Spontaneous ABR, joint ABR, and QoL
Secondary measured by Haem-A-QolL, frequency of
endpoints bleeding episodes during the onset period,
and safety and tolerability of fitusiran
94 The patients were mostly hemophilia A

patients, but you see 20% had hemophilia
B. So that's the typical ratio, usually, even
though with hemophilia B we see fewer
inhibitors.

You can see that these patients had high
bleed rates. This is in the 6 months prior to
screening; so really you can just double
that for the ABR more or less of 25.

Most of them have target joints.
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95 So here are the key data. The bypassing

agent on demand arm is in blue. They had
(it et e ooy e ot < 561 an ABR of 17 median. And on fitusira n, the
median ABR was zero.

Estimated Mean ABR
(95% CI)

181 17
(10.60-30.81) (1.01-2.74)

96 The means, on the left, the means went
from 18 down to 1.7.

Observed Median ABR of 0.0 for Treated Bleeds
(statistcally significant reduction in bleeding using negative binomial model, P < 0001)

g Estimated Mean ABR
a (95% CI)
g 18.1 17
& (10.60-30.81) (1.01-2.74)
97 If we look here at the percentage of
patients with zero bleeds, you had 1
Zero Observed Treated Bleeding Events .
(statisially signifcant reduction n bleedm;usmg o ot < o001) p atient out of the 19’ 5% on the on-

demand arm during the main phase of the
trial, which was 9 months.

98 And in the fitusiran arm, it was nearly two-
thirds of the patients, 66%, that had zero
sttt et D i g Bl < 561 bleeding events. Obviously, a very

dramatic and important difference.

adfiousyd Buipaalq panoiduul

99 If we take a look at spontaneous bleeds or
treated bleeds, we again see the same
Median Observed ABR for Treated Median Observed ABR for Treated Joint .
Spontaneous Bleeds During Efficacy Period Bleeds During Efficacy Period red u Ct ions.

(statistically significant reduction in bleeding using negative binomial model, P < .0001)
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AESI Category BPA On-demand Fitusiran 80-mg Prophylaxis.

Preferred Term, n (%) (n=19) (n=41)

[ALT or AST elevations >3 x ULN

100 When comparing bypassing agent on
demand to fitusiran—again, zero median
Spontamecss Beeds Durng Seeey perod - Blccs o Eitcacy bt ABR for both spontaneous bleeds and for
(statistically significant reduction in bleeding using negative binomial model, P < .0001)
treated joint bleeds, which is what's on the
right.
101 There were some adverse events; in
particular, 11 treatment-emergent
Overview of TEAEs . . .
p— — adverse events of special interest in the
TEAE Category, n (%) o an; Fitusiran 80-mg Prophylaxis i .
Any TEAE 11 (57.9) 38(92.7) fltuswan group
Any TESAE 5(26.3) 7(17.1)
Any TEAESI 0(0) 11 (26.8)
Any TEAE leading to treatment discontinuation 0(0) 1(24)
Any TEAE leading to death 0(0) 0(0)
102 And these comprised mostly ALT
elevations, as you see at the top.
TEAESIs

Now, none of these led to discontinuation

i e o e of the study drug. Most of these resolved
o ) over time, or basically remained stable at

20 iza ranges that were not concerning. So these

DIETENEes I 16PE ore Consistens with previousy idemttod ek of tusiran o o patients continued despite the AST /ALT
elevations. Again, they were not very
significantly elevated.
And then there were 2 patients with deep
vein thrombosis. It looks like 4, but those
3, the bracket actually should be a little bit
lower. The first 3 are the same patient, just
with different names for their clot—deep
vein  thrombosis, subclavian vein
thrombosis, a superficial form of phlebitis.
The other patient had a suspected
thrombotic event called a spinal vessel
thrombosis that wasn't really quite
confirmed.
But those are the adverse events of special
interest.
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= Inhibitors of coagulation inhibitors
—Inhibitors of TFPI
—Inhibitors of APC and PC
—Inhibitors of PS

= Administered subcutaneously
—Some are daily
—Some are weekly
—Some are monthly

| don't have time to get into these other
molecules. There are clinical data available
for some of these.

104

Development Stage | Comments

BAY1003884 (Bayer)  Program discontinued |3 thromboic events led to iscontinuation

MG1113 (Green Cross)  Phase 1 ingle ascending dose phase 1 study has started

Marstacimab (Pfizer)  Phase 3 Weekly subcutaneous dosing; phase 3 ust started
Anti-TFPI

Daily subcutaneous dosing
Plan for a weekly dosing study
3TES in phase 3 led to pause n stuh
Mitigation strategy developed and study will resume soon

Concizumab

(Novo Nordisk) Phases

Anti-APC | Serpin PC (Apcintex)  Phase 1 Phase 1 study has started

Last data from ASH 2016 absiract;

Anti-APC | Anti-APC mAb Preciinical e (T e oy

PSSiRNA Precinical Data only available from a Blood paper in 2018;
ANG-PS mAb Preciinical unclear f this program s continuing

Anti-pS

I'll just show you a table here. We've got
the anti-TFPI molecules. First of all, the
Bayer molecule is no longer in
development due to thrombotic events.

We've got the Pfizer product,
marstacimab, which is in phase 3.

Concizumab is also in phase 3. They did
have some thrombotic events, which led
to a pause in the study and a mitigation
strategy that was developed. And the
study actually has resumed; it says it will
resume soon, but it has resumed now for a
while.

The serpin PC molecules is in phase 1 and
soon to start phase 3.

I'm not aware of what's happening with
those other 2 at the bottom, the anti-APC
monoclonal antibody or those molecules
against protein S.

So that's really the summary of these
molecules.

105

= 1-time infusion with the goal to provide a “therapeutic” factor level
permanently (aspirational goal)

Lastly, just briefly, gene therapy. It's a 1-
time infusion with the goal to provide
what we're calling therapeutic factor level
and hopefully permanently. So the
aspirational goal is that this will be
permanent.
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Spark 016

e

TAKTS4 (ormerly BAX BsmisHpES) AV bised

S

5

ibiors) VS based gene therapy
it A FIX varan (FDCFIAY)

There are a number of clinical trials with
FVIIl. There are 3 that are in phase 3—
valoctocogene roxaparvovec;
giroctocogene fitelparvovec; and the SPK
molecule.

And then there are others that you can see
that are at earlier stages, some of which
are continuing their development.

107

AMT060 anvs unique Phase 12

ovaGT o0

ASkBIO009IBAX 335 Fix Pacua varant

For hemophilia B, there are 3 that are in
phase 3. One is etranacogene
dezaparvovec, which is  originally
developed by uniQure by now under CSL
Behring. Fidanacogene elaparvovec, which
is the molecule from SPK. And then the
molecule from Freeline known as FLT180a.
But it's got a name, too, now,
verbrinacogene setparvovec. | know it's
hard to remember and say those names.

Those are the ones that are furthest along
in development, although there are some
others, as you see there, that are a bit
further behind. | won't really have time to
get into these.
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Hemophilia A

Factor-Based Non-Factor Gene Therapy?®

Efanesoctocog
alfa (BIVV 001)

Valoctocogene
roxaparvovec

EHL2.0 | Fitusiran ‘ Anti-AT |

OCTA 101 ‘ SC FVHE

Concizumab Anti-TEPI SPK-8011
Marstacimab

spheres antibody BESZ3

SIG.00 ERIESIE=l Mim-8 Bispecific
Oral FVIIl Serpin PC

RANI pill Anti-PC Others®

Other future therapies—again, here we
have the hemophilia A, we already
mentioned those. For hemophilia A, also,
nonfactor therapies. We've mentioned
fitusiran. Concizumab and marstacimab,
anti-TFPIs. Briefly mentioned MimS8.
Serpin PC. And then, the gene therapies
you see on the right side.

109

Hemophilia B

Factor-Based Non-Factor Gene Therapy?

Etranacogene
dezaparvovec

Dalcinonacog A | SubQ FIX Fitusiran Anti-AT

§ Fidanacogene
SiG002 ‘ tmplasied | Goncizumab Anti-TFPI elaparvovec

RANI pill ‘ Oral FIX

Serpin PC ‘ Anti-PC ‘ FLT-180a

Others

For hemophilia B, there's also those
implanted spheres, but | don't think that's
moving forward. I'm not sure what
happened with this molecule dalcinonacog
alfa, a subQ FIX. | know that that company
is no longer in existence. So | guess that
molecule is potentially up for grabs if
somebody wants to work on that.

And then the RANI pill, again, this is a
robotic pill that is not yet in human trials.
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For hemophilia B nonfactor therapies,
again, we mentioned fitusiran,
concizumab, and marstacimab, as well as
serpin PC and then the gene therapy
molecules.

110 A case study for you here with a 20-year-
old college student with severe
Case Study hemophilia A.
111 He'd been on a standard half-life
prophylactic molecule 3 times a week
= 20-year-old college student with severe hemophiliaA since he was a very young Chlld, a tOddler.
— He has been on SHL-FVIII prophylaxis, 3 times weekly
(Monday/Wednesday/Friday early morning)
since he was a toddler
= His work study job is to open the college library at 6 Am, His Work/StUdy JOb is to open the CO“ege
4 days a week . . . .
—Since taking this job, he occasionally misses his morning FVIIl dose ||brary early n the morning and |t|$ rea”y
He is asking about alternatives to his tOUgh for him to get his doses early in the
current prophylaxis regimen '
day, so he's not been very adherent.
He's asking about alternatives to his
current prophylaxis regimen.
112 He's otherwise in good health. Doesn't
take other medications. Doesn't smoke.
"Hehasbeeningoodhealth _ Drinks occasional alcohol.
= He does not take any regular medications (except clotting factor)
= He does not smoke
= He occasionally drinks alcohol on weekends
113 He was diagnosed shortly after birth when

= He was diagnosed shortly after birth when he experienced heavy
bleeding following circumcision

= By 2 years of age, he had experienced 2 bleeds
—1in his right ankle
—1 soft-tissue bleed in his right forearm after an injury
= At that time, he was placed on prophylaxis with FVIII
—He learned to self-infuse factor at age 10 years, has been doing it ever since
= He cannot remember the last time he had a joint bleed
= He has a completely normal joint examination

he had significant bleeding from a
circumcision. And again, he's had a typical
kind of course. | won't read every line here
for time's sake.

He hasn't really had joint bleeds, and he's
been pretty good at doing all of his
infusions. So he's been, generally
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speaking, quite adherent. It's just that this
6 AM job is making things very challenging.

114

= As a child he was active but never participated in sports
= He is now becoming more active

—He goes to the campus gym where he is working out regularly
—He is also playing soccer with friends on the weekends

He is interested in a more convenient dosing schedule,
but is concerned about having bleeds

He's also now becoming more active. And
so, he's interested in a more convenient
dosing schedule, but is concerned about
having bleeds because he's managed to
avoid them really quite well.

115

= BIVV001 (investigational) — 1x a week dosage

So what molecule might you choose for
him? Well, BIVOO1 is not available yet, but
that's once a week, so he could dose that
on the weekends, for example, and not
worry about it interfering with work. It
does give him high levels throughout the
week so it should help him, even with his
activity.

116

= BIVV0O01 (investigational) — 1x a week dosage

= Subcutaneous therapy options

On the other hand, he might want a
different type of therapy, like a
subcutaneous therapy that can be given,
let's say, every 2 weeks, every 4 weeks, or
even every month, or less. And so, there
are some subcutaneous options that are
available now in the form of emicizumab.
There are also other subcutaneous options
that will become a possibility for him in the
future.

117

= BIVV0O01 (investigational) — 1x a week dosage

= Subcutaneous therapy options

= Importance of shared decision-making and assessing preference

—High bleed protection focus
—Low treatment burden focus
—Combination of both factors

So | think the key point here is to really
know your patients well. Ask them what
their values are, what is important for
them? Is it important for them to have
really high bleed protection? Is it
important for them to have really low
treatment burden? Is it some combination
of both where they would be happy with
an improved treatment burden, but also at
the same time want to make sure they're
protected for being involved in activities.
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Those are the questions you need to ask.
And then understanding the molecules
that are available and those that will
become available in the not-too-distant
future so you can make the best choice for
your patient.

118

= Diverse therapies in the pipeline for hemophilia

= More choices to consider when individualizing treatment selection

—Children vs. adults
—Inhibitors vs. no inhibitors
—Level of adherence

= Potential for gene therapy

So to summarize, I'll just say that there are
many therapies coming forward for
hemophilia. In the past, we were basically
choosing what type of factor therapy
because that's all we had. And there was
not a lot to choose between until we got
the extended half-life FVIlls. And then
there were some different options you had
there.

But now we also have emicizumab. In the
future, we'll also have efanesoctocog alfa.
In the too distant future as well,
concizumab, fitusiran, and marstacimab.
So pretty soon, you're going to have lots of
options for your patients with hemophilia
A and B.

Are they children? Are they adults? Do
they have inhibitors? Do they not have
inhibitors? Are they adherent? Are they
not adherent? There are lots of questions
you'll be needing to ask them so that you
can make the best choice for them.

And let's not forget gene therapy. For
those who are older than 18, that could
become an option as well, a possibility of
having a single infusion that can protect
them from bleeding and not have to infuse
any sort of product for perhaps years. And
maybe even permanently; although again,
I'm not sure that we have that yet because
we need to see those data moving
forward.
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Thank you!

With that, I'm going to stop and that'll be
the end of our discussion. Thank you.
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