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1.  

 

[Guy Young, MD] 

Hello, everybody. My name is Guy Young 

from Children's Hospital Los Angeles, 

University of Southern California. And I'm 

really glad that you're here with us to be 

discussing “Redefining Strategies for the 

Management of Hemophilia.” We're going to 

be, in particular, you can see in the 

subheading, examining the clinical potential 

for rebalancing therapies. 

2.  

 

Another way to think about it is tipping the 

scale back toward normal. We're going to 

evaluate rebalancing therapies to achieve 

hemostasis in hemophilia. That's really the 

first part of this talk. 

3.  

 

We have really excellent faculty. There's me, 

I'm the course director. I've already 

introduced myself. We have the excellent 

Flora Peyvandi. Flora is an exceptionally 

experienced physician in adult hematology 

and an expert in hemophilia. And you can see 

that she's from the Angelo Bianchi Bonomi 

Hemophilia and Thrombosis Center at the 

University of Milan in Milan, Italy. And then 

we have Dr. Allison Wheeler. Dr. Wheeler is 

an associate professor of pathology, 

microbiology, and immunology and 

associate professor of pediatrics at Vanderbilt 

University. And I'll be sharing this discussion 

and these talks with them. 
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4.  

 

So, our agenda: first, Dr. Peyvandi is going to 

take us on a quick review of current therapies 

and the need for novel therapies. That will 

serve as the introduction to our session. I will 

then discuss exploring new mechanisms to 

restore hemostasis—rebalancing coagulation. 

And then Dr. Wheeler is going to talk about 

attaining new goals: is a functional cure 

possible with emerging therapies that 

rebalance coagulation? 

5.  

 

[Flora Peyvandi, MD, PhD] 

Thank you very much, Dr. Young, for this 

kind introduction. I'm going to do the 

session on hemophilia education and what are 

the novel strategies for treatment in these 

types of rare disorders? 

6.  

 

First of all, we have to bring to your attention: 

this kind of rare disorder could be due to 

deficiency of factor VIII, which is called 

hemophilia A, or due to deficiency of factor 

IX, which is called hemophilia B. And the 

prevalence of these 2 types of disorders is 

changing. Hemophilia B is much rarer, and 

hemophilia A is 1 case in every 5000 males. 

Both of them are X-linked recessive 

disorders, and clinical manifestations are very 

similar, mainly with joint bleeding, muscle 

hematoma, and soft tissue bleeding. There are 

some data in the literature that report that the 

severity of the bleeding in patients with 

hemophilia B might be lower than hemophilia 

A, but I would say there are not enough data 

to confirm such a conclusion. In terms of the 

protein: for factor VIII, you can see that the 

role of factor VIII in hemostasis is a cofactor. 

And for factor IX, an enzyme. The 
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molecular size of factor VIII is almost 5 times 

higher than factor IX, so it is much more 

complex. And the concentration of this 

protein is also much lower, about 0.1 to 

0.25 µg/mL. That concentration is 

significantly higher, in fact, for factor IX, 

about 3 to 5 µg/mL. 

7.  

 

Here we can see how the life expectancy of 

these patients who are missing factor VIII and 

factor IX, or who have hemophilia A and B, 

has changed in the last 50 years. The life 

expectancy in the ’60s was about 20 to 

30 years. However, patients with 

hemophilia now have a normal life 

expectancy. In the ’60s to ’70s, we had 

patients with severe joint damage, significant 

physical limitations, and poor quality of life 

due to pain and a high risk of life-threatening 

bleeding. In 2024, we now have several novel 

drugs, which are improving the quality of life 

of our patients with easier prophylactic 

treatment, greater clinical improvement, and 

also a low risk of life-threatening bleeding. 

During the last 5 decades, a lot has been 

happening for diagnosis and for treatment. 

8.  

 

In the ’50s, patients were treated with whole 

blood. In the 80’s, after the cloning of factor 

VIII in 1984 and factor IX in 1989, 

recombinant products were developed. And 

then following that, recently in the last 

2 decades, we have seen extended half-life 

products, nonreplacement therapies, and gene 

therapy. What I'm going to do now is discuss 

a little bit about these achievements and how 

the treatment of patients has changed. 
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9.  

 

Right now, we have availability of 

several products, depending on where you 

are living in the world. We have factor VIII 

and factor IX, plasma-derived products, a 

standard. We have, for recombinant products, 

both standard half-life products and extended 

half-life products. For those patients who 

have inhibitors, there is availability of 

bypassing agents, which could be 

recombinant factor VIIa with a shorter 

half-life, and we have activated prothrombin 

complex concentrates, which have a longer 

half-life. And both of them have been very, 

very important in the treatment of the patient 

with inhibitors, until the arrival of the factor 

VIII mimetic, emicizumab. This nonfactor 

therapy was really revolutionary and changed 

the lives of our patients with hemophilia, 

particularly those with inhibitors or 

neutralizing antibodies against factor VIII and 

factor IX. And finally, we have gene therapy. 

There are 3 available gene therapy products. 

And gene therapies, along with nonfactor 

therapies, are useful for prophylaxis. The 

level of gene expression from gene therapy 

allows it to be used not only for prophylaxis 

but also for minor surgeries, and possibly 

even for regular surgeries. So, I would say that 

there is no doubt that all these products 

could help us better treat our patients in 

both conditions of on-demand and 

prophylaxis, and also during surgery. We 

have to keep in mind that nonfactor therapies 

are only for prophylaxis and usually are 

subcutaneous. 
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10.  

 

Let's start with prophylaxis using factor 

replacement. This was conceptually the initial 

treatment for the patient—regularly replacing 

the missing factors, both factor VIII and factor 

IX, to prevent bleeding. The original 

treatment was mainly based on keeping factor 

levels over 1% or 2%, because the half-life of 

the product for factor VIII was about 8 to 

12 hours, and that required 3-times-weekly 

intravenous infusion. For hemophilia B, the 

half-life was about 18 to 24 hours, which 

means twice weekly. So, that short half-life, 

or standard half-life, was not allowing us to 

keep a trough level higher than 1% or 2%. So, 

the protection of our patients was much 

higher in the first 24 hours, but then it was 

getting reduced in the following days. 

11.  

 

With the introduction of the first generation of 

extended half-life products, using different 

strategies—mainly Fc-fusion or PEGylated 

product—there was a big change in terms of 

the half-life, particularly for factor IX. This 

allowed for a substantial reduction in the 

number of infusions, shifting from twice a 

week to every 7 days or even every 14 days. 

And the trough level is much higher, over 

10% to 15%. And that was due to the 

extension of the half-life of the product by 

about 4 to 5 times. With factor VIII, the same 

result has not been achieved. And the reason 

is the half-life of von Willebrand factor. As 

you know, factor VIII travels with von 

Willebrand factor. You can extend the 

half-life of factor VIII, but because of the 

limitation of von Willebrand factor’s half-life, 

the half life of factor VIII is limited to about 

17 to 18 hours. And that's the reason why, 

maximum, you could increase the interval 
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from every 2 to 3 days to every 4 to 5 days. 

And the trough level was increased up to 5%. 

12.  

 

So, what are the pros of this factor 

replacement therapy? Replacing means 

introducing what is missing. And with that 

type of a strategy, you can plan which level of 

protection you need, and you can set a goal to 

achieve that level. There is a long history, as I 

said, almost 30 to 50 years, of using these 

drugs. They are safe, except the development 

of neutralizing anti-factor VIII (particularly), 

and to some extent, also factor IX (much less) 

antibodies, during the first 20 to 50 exposure 

days. But after that period of time, the 

development of inhibitors is very, very rare. 

The peak level is in the normal range. After 

15 to 30 minutes, we can have a 

completely normal level of factor and 

administer extra doses when needed for 

surgery, or for acute bleeding. The same 

product can be used to treat bleeds. Yes, that 

means you can have 1 single product, and that 

1 single product could be measured with the 

same assay and managed every time for both 

prophylaxis and for acute bleeding. 

What are the cons? The cons are the method 

of infusion, which is intravenous. And in kids, 

that was a big issue, 2 to 4 times per week for 

factor VIII and almost 2 times per week for 

factor IX. In adolescence, there are difficulties 

in adherence. Many kids need ports to 

maintain accessibility of the veins 

(easy access for intravenous administration). 

And also, factor levels fluctuate and affect 

physical ability. This means that levels are 

changing, both over time and 

interindividually, and the trough level leads to 
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bleeding risk, when the level gets lower and 

the risk of bleeding increases. 

13.  

 

Now, what is the condition and situation of 

the joints? We know that all joints of patients 

could be affected. However, you can see as 

the age of the patients increases, the damage 

to some joints is higher, and ankles are a big 

issue for the patients. And, particularly, this is 

after 20 years. However, you can see the 

conservation of the joints in the first 5 to 

10 years is very, very important. So, we can 

see ankles, knees, elbows—these are the type 

of joint that we have to work on preserving 

and try to avoid any kind of damage by using 

prophylaxis. However, despite the usage 

of these products and intensive prophylaxis, 

you can see worsening of these joints with 

increasing age in our patients. 

14.  

 

So, what are the aspirations now for advanced 

therapy? There are several. For the reasons 

that we have explained, they are more 

convenient, have less invasive modes of 

administration, show efficacy in patients with 

inhibitors, have less immunogenicity, provide 

a steady state of protection, improve access to 

treatment, and avoid low trough periods. So, 

for all those reasons, having 

extended half-life products has been a really 

great advantage. 

15.  

 

But let's see the second generation of 

extended half-life products, or those that are 

achieving almost normalization of the factor 

levels. The novel product, which is called efa 

(efanesoctocog alfa), is a combination of 

recombinant von Willebrand factor—adding 

to it a fragment of von Willebrand factor, 

which is D’D3 —and Fc plus XTEN. The 

combination of all these different components 
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makes the half-life of this 

product significantly higher. And we're going 

to see that. Then, factor mimetics and 

rebalancing agents represent a very new 

concept in hemostasis. We will see what that 

means and how that works. And finally, we 

are heading towards a near cure. We are not 

yet at a cure, but maybe in the future. For now, 

we are looking at long-term responses with 

gene therapy for both hemophilia A and B. 

16.  

 

Let's start with the first component, which is 

efanesoctocog alfa or BIVV001. This 

product, as I said, consists of 

recombinant Fc/von Willebrand/factor 

VIII/XTEN and is a very interesting and 

fascinating product, which reduces 

significantly the number of bleeding episodes 

in our patients with the increase of the 

half-life of factor VIII and also less 

degradation of the product. With this 

molecule, you are able to actually have 

protection of about 40% for the first 3 days 

and about 10% to 15% after a week. 

17.  

 

What about the factor VIII mimetics? 
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18.  

 

For example, emicizumab. That 

molecule, which, as I said, was revolutionary, 

changing the history of treatment of patients. 

It is a humanized bispecific antibody 

mimicking factor VIII activity by using 2 

antibody arms. One binds to factor IX and the 

other one to factor X, activating factor X to 

factor Xa. It is not affected by factor VIII 

inhibitors. That means it could be used in 

both hemophilia A with or without inhibitors. 

You cannot use it in hemophilia B. The 

infusion is subcutaneous, and the half-life is 

about 4 to 5 weeks. There were several 

clinical trials. And also, now we have a large 

body of real-world evidence to show a very 

high efficacy of this product and good safety. 

19.  

 

What about rebalancing agents? This is, 

again, a different and new concept of treating 

hemophilia. How does it work? 

20.  

 

Here you can see the cascade of coagulation 

with almost 12 procoagulant proteins. And 

you can also see in the red part the 3 natural 

anticoagulants: antithrombin, tissue factor 

pathway inhibitor (TFPI), and protein C. The 

new concept of this therapeutic approach is, 

instead of increasing the procoagulant activity 

of each single factor by its administration, to 

reduce the activity of these natural 

anticoagulants. 
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21.  

 

And with this approach, you can use a 

different therapeutic strategy, like silencing 

the transcription of RNA of antithrombin in 

the liver. By reducing antithrombin, you are 

increasing levels of procoagulant activity, and 

that reduction leads to antithrombin levels of 

15% to 35%, which has been shown to be very 

efficacious in the reduction of the number of 

bleeding episodes. Other strategies include an 

activated protein C inhibitor, which could be 

used for all patients with hemophilia A and 

hemophilia B with and without inhibitors. 

And also, the use of anti-TFPI for all patients 

with hemophilia is another novel strategy, and 

can be used for both patients with 

hemophilia A and B with and without 

inhibitors. 

22.  

 

The first one, which was the reduction of 

activity of antithrombin—the molecule is 

called fitusiran. And for anti-TFPI, there are 3 

molecules—concizumab, marstacimab, and 

befovacimab—that are in clinical trials. 

Concizumab has been approved 

for hemophilia B with inhibitors in Canada. 

And SerpinPC and SR604 work on protein C. 

All of these molecules are administered by 

subcutaneous infusion. They have a long 

half-life and stable pharmacokinetics. They 

could be used for hemophilia A and B with or 

without inhibitors. The difference in 

treatment here compared with replacement 

therapy is that you don't have the peak and 

trough, and the protection of the patients are 

stable over time. And that stability should 

help the patient to have more safety, stability, 

and security and to be more productive. 

However, there are some difficulties due to 

the novelty of these therapies, and that 

requires more work in the future. We need to 
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learn how to measure them. Thrombin 

generation has been used but still is 

not standardized. Thrombin generation assays 

are used in research but not in the clinical 

activity of [hemophilia] centers, for the 

management of patients. There could be a 

thrombosis risk because if you're increasing 

the level of the protection in these 

patients, they are becoming more and more 

normal and they are very similar to the 

general population. And the general 

population could have thrombosis. That's the 

reason why we need to learn from each single 

product. And the presence of antidrug 

antibodies, which could be present in different 

categories. However, what is important to 

understand is the neutralizing antibody, 

which fortunately seems to be low with these 

agents. 

23.  

 

And the last part is gene therapy. Several 

phase 3 clinical trials have used adeno-

associated virus (AAV) vectors. And here you 

can see that 2 of them have been approved by 

the United States Food and Drug 

Administration and the European Medicines 

Agency, and 1 was approved in 2024 for 

factor IX deficiency. What has been used? 

The first gene therapy (valoctocogene 

roxaparvovec), is approved for hemophilia A 

and uses an AAV vector by codon 

optimization and B-domain–deleted factor 

VIII. And the promoter is a liver-specific 

promoter. The second gene therapy, 

fidanacogene elaparvovec, is a recombinant, 

adeno-associated, liver-specific 

enhancer/promoter using codon optimization 

and also a factor IX Padua mutation, which 

significantly increases the level of factor IX 

expression. The third gene therapy, 
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etranacogene dezaparvovec, is approved for 

hemophilia B, and also uses an AAV5 

vector with codon optimization, including 

factor IX with Padua mutation, with a 

liver-specific promoter. 

Several data from the clinical trials have been 

published, showing the safety and efficacy of 

each of these products. Now, the work for all 

of us—clinicians, scientists, and patient 

organizations—is to understand the safety and 

efficacy of each single product. We need to 

harmonize communication and data to make 

it available and transparent for clinicians and 

patients, so that in the future, we can 

understand the power, potency, and benefits 

of each product and determine which type of 

product is suitable for which type of patient. 

So, individualization would be the future. 

And there is not 1 single product that could be 

suitable for all patients. We have, fortunately, 

several products that could be used for 

different patients. 

Thanks very much for your attention. 

24.  

 

[Guy Young, MD] 

All right. Well, thank you, Dr. Peyvandi, for 

that really excellent introduction to this 

session. And I'm going to take over now and 

talk about exploring these new mechanisms to 

restore hemostasis, basically these 

rebalancing mechanisms. 
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25.  

 

So, let's take a look at the role of 

thrombin generation in the coagulation 

cascade. And the coagulation system is really 

not a cascade. But it involves 

3 steps: initiation, amplification, and 

propagation. 

In the initiation phase, small amounts of 

thrombin are formed on tissue factor–bearing 

cells via the tissue factor pathway. Now, this 

amount of thrombin—or, this basically small 

amount of thrombin that is formed—has 

multiple functions. And you can see here its 

functions are to activate factor V to Va, factor 

VIII to VIIIa, and also factor XI to XIa. This 

happens on the surface of the platelet. With 

activated factor VIII and activated factor V, 

and, if needed, activated factor XI, we then 

get into the thrombin burst. And this is really 

the amplification to propagation phase. 

Because we really need a burst of thrombin to 

generate fibrin in its proper form, as well as 

what's not on the slide, factor XIII and 

thrombin-activatable fibrinolysis inhibitor, 

which ultimately help to form a stable fibrin 

clot. 

26.  

 

Another simpler way to look at it is like this. 

Again, the initiation phase started by tissue 

factor. When tissue factor is exposed to 

the subendothelium via VIIa and Xa, a small 

amount of thrombin activates platelets, and on 

the surface of these activated platelets, factor 

VIII gets activated and factor V gets 

activated. And factor VIII, the cofactor for 

factor IX, and factor V, the cofactor for factor 

X, then result in this propagation phase, 

where we generate a large amount of 

thrombin. And that large amount of thrombin 
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will then generate a large amount of fibrin to 

make a clot. 

27.  

 

So, what is the hemostatic system like without 

factor VIII or factor IX? That is, if you have 

hemophilia A or hemophilia B. The initiation 

phase works. You have generated a 

small amount of thrombin. And this is 

important because as we talk about some of 

these coagulation inhibitors and the inhibitors 

of those coagulation inhibitors, in other 

words, the rebalancing agent, it's important 

to understand that hemophilia patients can 

generate small amounts of thrombin. The 

problem is they cannot get to the propagation 

phase, and they cannot generate large bursts 

of thrombin. And that's where any drug to 

treat hemophilia must have a way to 

overcome this. 

28.  

 

One way to assess thrombin generation 

is through a thrombin generation device, 

which you can see here. This is the one that's 

in my lab on the right side. And there's a 

picture from a journal article on the left side 

where you see the chamber that's open. 

29.  

 

Let's walk through a normal or 

controlled thrombin generation curve and one 

with severe hemophilia. So, the y-axis is the 

amount of thrombin formed, and the x-axis is 

time. Initially, there's a bit of a lag. And this 

is normal in every situation to have a lag time, 

a few minutes before thrombin starts to be 

formed. Then we have peak thrombin 

generation, the highest point the curve gets to. 

We have the time to the peak. And, 

importantly, then this area under the curve. 
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This area under the curve is called the 

endogenous thrombin potential. 

30.  

 

So, this is the normal curve. Look at a patient 

with severe hemophilia. The lag phase is more 

or less the same, but slightly longer. But 

here's the big difference: although the time to 

peak thrombin might be similar, look at the 

difference in the peak thrombin, where we're 

up well over 250 nm here, and we're barely 

blipping to 10 or 20 nm here. That's the 

difference. Hemophilia patients cannot 

generate thrombin. Of course, the endogenous 

thrombin potential, the area under the curve. 

You don't need calculus to know that that area 

there is much larger than the little bit of area 

under this curve. And this is why hemophilia 

patients bleed. They cannot generate 

thrombin. 

31.  

 

So, what if we took a hemophilia patient 

and gave them factor VIII, for example? Well, 

there's the normal curve. There's the 

hemophilia curve—severe factor VIII 

deficiency. And if we give a patient 

50 units/kg of factor VIII—correct their 

factor VIII basically to normal—they get a 

normal thrombin generation curve. So, this is 

a good experiment that shows you that we can 

see the difference with treatments for 

hemophilia, particularly those that 

generate thrombin such as factor VIII. 
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32.  

 

Now, thrombin has lots of different roles. We 

did start to show it to you on one slide, but I 

want to make sure we capture all of them here. 

You already mentioned activating factor V 

and VIII, the cofactors of the coagulation 

cascade. Also activating factor XI. Factor XI 

typically is only needed under situations of 

surgery or stress or hemostatic stress. And this 

is why patients with factor XI deficiency don't 

generally bleed unless they have hemostatic 

stress. Thrombin, of course, converts 

fibrinogen to fibrin as a key function to help 

make the clot, and the fibrin is the 

actual material of the protein that makes up 

the clot. But also, thrombin activates 2 

other proteins: factor XIII and the factor 

XIIIa. The factor XIII cross-links fibrin 

clots, makes them much stronger, and TAFI 

or thrombin-activatable fibrinolysis inhibitor. 

The name says it all. It's activated 

by thrombin, and it inhibits fibrinolysis, so it's 

another protein that helps to make and 

increase the strength of the clot and the 

resilience of the clot. So, those 2 together is 

the antifibrinolytic effect of thrombin, 

whereas the rest is the procoagulant effect of 

thrombin. 

33.  

 

So, let's take a look at the mechanisms of 

action of novel therapeutics. We have in green 

replacement therapies, in blue substitution 

therapies, and in red the rebalancing agents. 

So, efanesoctocog alfa, a relatively new factor 

VIII replacement therapy. It functions right 

there at factor VIII. We have emicizumab. 

And at some point in the future, Mim8. These 

are bispecific antibodies that 

essentially substitute for the function of 

activated factor VIII, bringing factor IX and 

X into the proper alignment to generate factor 
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Xa. And then we have the rebalancing agents. 

So, the dashed line means inhibits. Fitusiran 

inhibits antithrombin, which, as its name 

implies, inhibits thrombin. And it also inhibits 

factor Xa and actually other proteins in the 

cascade. But mostly, the main effect is the 

inhibition of thrombin, as the name implies. 

We have SerpinPC and also an anti-activated 

protein C monoclonal antibody, both in 

clinical development, that inhibit activated 

protein C. And then we have drugs that inhibit 

TFPI, concizumab and marstacimab. You've 

probably heard of them—been in clinical 

trials for quite a while. And then MG1113, 

which is a Korean product that's also in 

clinical trials. And then finally, there are 

companies working on anti-protein S, 

monoclonal antibodies as well as anti-protein 

S small interfering RNAs (siRNAs). And 

these work, of course, to inhibit protein S, and 

protein S is the cofactor for protein C. Protein 

S also serves as a cofactor for TFPI. 

34.  

 

So, what do we mean by rebalancing agents? 

Well, the coagulation system is normally in a 

hemostatic balance. You can see this balance 

on a seesaw here. 
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35.  

 

If we're missing a protein on the procoagulant 

side, we have a bleeding disorder. Here're 

some pictures of patients of mine with 

different types of bleeding. 

36.  

 

If we're missing a protein on the other 

side, typically antithrombin protein C, protein 

S deficiency, we know that that's a thrombotic 

disorder. The deficiency of TFPI has question 

marks on it, because we're not really clear that 

a deficiency of TFPI leads to increased 

thrombosis. There really isn't strong evidence 

for that. 

37.  

 

Nevertheless, if we are missing, for example, 

factor VIII as you see there on the left side, 

and we also then inhibit antithrombin, then we 

can rebalance the coagulation system without 

adding factor VIII back. So, it's a way to 

rebalance the system by working on the other 

side, the coagulation inhibitor side of the 

coagulation cascade. And the same could 

happen if we had factor IX or TFPI blocked 

off, for example. So, the balance is restored, 

and the goal is no bleeding and no clotting. 

38.  

 

So, can we get the balance right? 
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39.  

 

Well, if we don't get the balance 

fully corrected this way, we can have poor 

bleed control but are not likely to have 

thrombosis. 

40.  

 

If we tilt the balance too far, we may have 

really good bleed control, but we may end up 

with thrombotic events. So, we really need to 

get this balance exactly right. 

41.  

 

So, with that, I want to start talking about 

some of the rebalancing agents and their 

mechanisms of action. This is a paper that is 

very comprehensive published in 

Nature Medicine, which basically goes 

through the preclinical development program 

for fitusiran, which is an RNA interference 

therapeutic. We now call that siRNA. 

42.  

 

So essentially, how does this work? Well, 

siRNAs are a novel class of innovative 

medicines. There are already several of 

these products that are on the market for uses 

outside of hemophilia. And in this case, we 

have an siRNA that is working against 

antithrombin. The general mechanism of 

siRNA, as you see here, you basically have a 

sequence of RNA that is essentially a 

gene-silencing mechanism. So, this small 

sequence of this siRNA will bind to its 
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complementary messenger RNA. The 

messenger RNA of whatever protein you 

want to reduce the quantity of in the body. It 

then gets the silencing mechanism going and 

basically reduces the production of that 

specific protein. There's a lot more detail into 

the way that this works that you can find in 

that article. 

43.  

 

So, here we have fitusiran. This is an 

siRNA, as I mentioned already, that blocks 

antithrombin. It has a conjugate that brings it 

essentially to the liver. You can see the 

cellular process in a slightly different cartoon 

on the left, where it gets incorporated into the 

RNA-induced silencing complex (RISC) and 

then blocks the messenger RNA from 

getting transcribed into the protein. On the 

right side are the animal experiments from 

that paper, which show you that it takes a little 

bit of time, a few weeks. But after a few 

weeks, you can basically knock down the 

production of antithrombin. On the y-axis is 

the relative antithrombin level. You can really 

knock it down pretty close to 0, and you can 

see that you could do that in a dose-dependent 

manner. 

44.  

 

So, let's have a look at this RNA cartoon. 

Fitusiran is an siRNA therapy that acts as a 

rebalancing agent to block 

antithrombin production and restore thrombin 

levels, resulting in a rebalance between 

procoagulation and anticoagulation. 
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45.  

 

I hope you learned something from that 

animation of the function or the mechanism of 

action of fitusiran. So, now we're going to talk 

about anti-TFPI molecules. And we'll focus 

on concizumab and marstacimab. They're the 

2 that are furthest along in clinical trials. 

46.  

 

This paper here has a very nice figure, which 

I'm going to use. It says “focus on 

concizumab.” But essentially, this is the 

mechanism of action for both concizumab 

and marstacimab. 

47.  

 

Well, first let's take a look at tissue factor. 

Tissue factor is a transmembrane protein that 

mostly sits in the subendothelium. When the 

endothelium ruptures, then you have 

activation, and it helps to bring factor VIIa or 

activates factor VIIa, which, along with factor 

X, generates a factor Xa that you can see here. 

TFPI is a Kunitz domain type of protein 

inhibitor. And basically, you can see K1, K2, 

K3, or the different Kunitz domains. And its 

job, as its name implies, is to inhibit the tissue 

factor pathway. 
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48.  

 

And so, it basically sits here on the factor 

VIIa/tissue factor/factor Xa complex or factor 

X complex and inhibits it from generating 

factor Xa. So, if we inhibit TFPI, then we can 

essentially restore the factor Xa. Production 

will basically go back to the state that we were 

before, where the tissue factor pathway is 

functioning properly and generating factor 

Xa. 

Concizumab and marstacimab. So that PF 

with long numbers after it from Pfizer is now 

called [concizumab]. They are single-domain 

inhibitors. They inhibit the K2 domain of 

TFPI. On the right side was a product that was 

being developed by Bayer—it is no longer 

being developed—that inhibited 2 domains, 

the K1 and K2 domains. This product, the 

Bayer product, led to a few unusual 

thrombotic events and therefore its 

development was discontinued. 

49.  

 

So, this is essentially the function. If you have 

an anti-TFPI, you're blocking TFPI. That 

allows the tissue factor/factor VIIa/Xa 

complex to function and to release additional 

factor Xa. Then that Xa, of, course 

generates thrombin along with factor Va. And 

that's where the inhibition happens. And that's 

where the extra factor Xa generation happens. 

50.  

 

So, let's turn to another molecule 

called anti-activated protein C. That's the 

mechanism. The molecule is called SerpinPC. 
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51.  

 

Now, this molecule learned a bit from 

the other ones because we did see thrombotic 

events in the early trials. So, with the Bayer 

anti-TFPI molecule, it wasn't developed 

further because of thrombotic events. There 

have been thrombotic events with 

concizumab. There have been 

thrombotic events with fitusiran. None yet 

with marstacimab, but with the other drugs, 

yes. So, in this case, there's a rational design 

here. SerpinPC was designed to restore 

thrombin generation without increasing the 

risk of thrombosis. You can think of it like 

breaking the seesaw so you get good bleed 

control but no increase in thrombosis. 

52.  

 

And so, this was the preclinical development 

of this molecule that the inventors called 

SerpinPC. 

53.  

 

Basically, the primate target is 

primary activated protein C, which is 

different than protein C itself. This is the 

activated form of protein C, and activated 

protein C basically shuts down the 

prothrombinase complex, which is factor Va 

and X. And, actually, also inhibits the 

intrinsic tenase factor VIII. So, it basically 

inhibits factor Va and factor VIIIa. And 

primary activated protein C is referring to the 

activated protein C that is circulating. 

Secondary activated protein C or secondary 

formation happens only after thrombin 

generation, and the goal of that is to prevent 
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clot formation from being too exuberant to 

prevent the thrombin around the area of the 

clot from causing thrombosis intravascularly. 

Inhibition of primary activated protein C 

allows early prothrombinase initiation stage 

more time to make thrombin, and this is how 

it can generate more thrombin. But because 

we're only inhibiting activated protein C and 

not protein C, the secondary pool of activated 

protein C, which is then generated via 

thrombin, is still available to prevent 

thrombosis. So, that's the idea behind this 

molecule, which is essentially, let's 

improve thrombin generation, but without 

increasing the risk of thrombosis, and in this 

case by preserving the secondary activated 

protein C pool. 

54.  

 

So, it kind of looks like this. The 

prothrombinase is factor Xa and factor Va, 

and prothrombin is then converted to 

thrombin by the prothrombinase complex. 

Once you have thrombin generation formed, 

thrombomodulin will then bind to thrombin 

and convert protein C to activated protein C, 

which then inhibits the 

prothrombinase complex. So, SerpinPC is 

here to essentially block the primary activated 

protein C pool that is already circulating. But 

the secondary pool that is generated after 

thrombin generation is preserved. 
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55.  

 

And so, with that, I'm going to stop and I'm 

going to pass the baton over to Dr. Wheeler. 

And Dr. Wheeler is going to take a look at 

some of these molecules and ask the question: 

is a functional cure possible with emerging 

therapies that rebalance coagulation? And so, 

Allison, take it away. 

[Allison P. Wheeler, MD, MSCI] 

Thank you, Dr. Young. So, I'm 

Allison Wheeler, and we are going to talk a 

little bit about attaining new goals. Is a 

functional cure possible with 

emerging therapies that rebalance 

coagulation? 

56.  

 

So, the outline for this part of the program is 

to discuss the clinical trial data of rebalancing 

therapies. We're going to talk about efficacy 

considering a number of different endpoints, 

including joint bleeds and safety. We're going 

to talk about this in the context of fitusiran, an 

anti-antithrombin molecule, as well as 2 

TFPIs. And then, I'm going to briefly 

introduce early phase and preclinical data on 

other rebalancing therapies. We're going to 

talk about adverse events with a focus on 

thrombotic events. And then, we're going to 

talk a little bit about clinical practice 

implications and how to think about 

rebalancing therapies in the context of our 

patients. 
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57.  

 

So, just to jump into it, I'm first going to just 

very briefly review the fitusiran clinical trial 

program. We're really going to focus on the 

efficacy trials, the three phase 3 pivotal trials 

that were performed for this drug: the 

ATLAS-inhibitor trial looking at patients 

with hemophilia A or B with inhibitors who 

are greater than or equal to 12 years old; the 

ATLAS-A/B trial looking at the same patient 

population greater than or equal to 12 years 

old, the patients without inhibitors; and then 

the ATLAS-prophylaxis trial comparing 

patients with hemophilia A or B with or 

without inhibitors who are taking standard 

factor or bypassing agent prophylaxis 

compared with fitusiran prophylaxis, again 

greater than or equal to 12 years old. Prior to 

these phase 3 trials, there was a phase 1 trial 

program that looked at safety, tolerability, 

pharmacokinetics, and dynamics and set the 

dose for the phase 3 trials. But we're not going 

to go into those data today. Of note, there are 

ongoing pediatric studies for this drug, as well 

as long-term safety and efficacy trials for all 3 

of the phase 3 clinical trial studies that I 

mentioned a moment ago. 

58.  

 

So, looking at the efficacy data 

again: ATLAS-inhibitor trial, ATLAS-A/B 

trial, and ATLAS-prophylaxis trial. Right 

here we're looking at the estimated mean 

annualized bleeding rate (ABR) for each of 

these comparison populations. You can see 

here that fitusiran prophylaxis demonstrated a 

statistically significant decrease in this mean 

ABR throughout the course of the study. And 

in this patient population, patients with 

inhibitors, comparing on-demand patients 

with fitusiran prophylaxis, there was a 90.8% 

reduction in the estimated mean ABR. For the 
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ATLAS-A/B trial, patients without inhibitors, 

that reduction was 89.9%. Both of those trials 

demonstrated fairly significant 

statistical differences between these 2 groups. 

For the ATLAS-prophylaxis trial, we see a 

smaller difference between the 2 groups. 

Patients taking factor or bypassing agent 

prophylaxis had an ABR of 7.5, and those 

getting fitusiran prophylaxis had 2.9. This 

was a 61.1% reduction and statistically 

significant. But just to point out again, this is 

comparing 2 prophylaxis groups as opposed 

to the other 2 studies comparing on-demand 

versus prophylaxis. 

59.  

 

Another way to look at efficacy is to look at 

the percentage of participants with 0 bleeds in 

the efficacy period. And you can see here the 

percentages of the patients who are receiving 

fitusiran prophylaxis in this clinical trial 

program who had 0 bleeds: 65.8% in the 

inhibitor trial, 50.6% in the A/B trial, and 

63.1% in the prophylaxis trial. This was 

compared with much smaller numbers in the 

patients who were not receiving prophylaxis: 

5.3% of patients receiving on-demand 

bypassing agents, 5% of patients receiving 

on-demand factor, and 16.9% receiving factor 

prophylaxis. 

60.  

 

Another way to look at efficacy for new drugs 

is to look at quality of life. So, for the fitusiran 

program, they used the Haemophilia 

Quality-of-Life Questionnaire for Adults 

(Haem-A-QoL), which is a 

hemophilia-specific questionnaire. Of note, 

lower numbers in this quality-of-life 

questionnaire, or more negative numbers, are 

the beneficial measurement that we're looking 

for. So, these tables demonstrate the physical 

health domain of the Haem-A-QoL 
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questionnaire. And as you can see in the 

ATLAS-inhibitor and ATLAS-A/B trials, 

there was a statistically significant difference 

between patients receiving on-demand 

therapy—either bypassing agent or factor—

and patients receiving fitusiran 

prophylaxis, with an improvement in quality 

of life for patients on fitusiran prophylaxis. 

For the ATLAS-prophylaxis trial, you can see 

that there was a leaning toward a lower score 

in the fitusiran prophylaxis group, but 

this number was not statistically significant. 

And so, in comparing patients on one type of 

prophylaxis versus another, we saw less of an 

impact than comparing those receiving 

on-demand therapy with 

fitusiran prophylaxis. 

61.  

 

Using that same quality-of-life questionnaire 

but looking at the Haem-A-QoL total score, 

you can see similar patterns with more 

dramatic improvements in the quality of life 

in the patients receiving fitusiran prophylaxis 

compared with either bypassing agent or 

factor on-demand therapy. But in this 

measurement, you can actually see that there 

was a statistically significant difference 

between the 2 different types of 

prophylaxis in the ATLAS-prophylaxis study. 

62.  

 

Moving on to the concizumab clinical trial 

program, you can see a similar pattern to what 

we saw in the fitusiran study program. 

Patients with hemophilia A or B 

with inhibitors were studied in the phase 2 

explorer4 trial and then this phase 3 explorer7 

trial. Patients without inhibitors were 

studied in the phase 2 explorer5 trial and then 

phase 3 explorer8 trial. And you can see 

there's also an ongoing phase 3 pediatric trial 

for patients with or without inhibitors. Again, 
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this phase 3 and phase 2 clinical trial program 

was preceded by phase 1 studies looking at 

safety, pharmacokinetics, and 

pharmacodynamics. And again, there are 

long-term extension trials for all of these 

phase 3 programs. 

63.  

 

So, looking at the efficacy data—again, 

estimated mean ABR—for the explorer 

programs. The explorer7 trial 

compared patients without prophylaxis, so 

on-demand therapy compared with 

patients with concizumab prophylaxis. And 

you can see that there was a significant 

decrease in the mean estimated ABR in this 

patient population: an 86% reduction. When 

looking at the explorer8 clinical trial data, 

we're just looking at patients who are on 

concizumab prophylaxis who had hemophilia 

A—an estimated mean ABR of 3.9. And 

patients with hemophilia B, an estimated 

mean ABR of 6.4 (without that comparison 

group that we saw previously). 

64.  

 

Looking at the health-related quality-of-life 

studies that were done for the concizumab 

program, the 36-item Short Form (SF-36) 

version 2 was chosen. And this is a very 

general quality-of-life questionnaire looking 

at various domains or aspects of life, but not 

specifically focusing on one disease entity. 

You can see in this forest plot that there was a 

trend for most, if not all, of those domains or 

components to be leaning toward concizumab 

prophylaxis being better. But there were also 

a number of them where there were 

statistically significant differences and 

improvements in the concizumab prophylaxis 

group (general health, vitality, mental health, 

emotional improvement). 
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65.  

 

For the explorer8 trial, there was also a 

questionnaire looking at whether or not 

patients preferred their previous treatment 

over their concizumab treatment for 

prophylaxis. And as you can see in 

both patients with hemophilia A in red and 

patients with hemophilia B in blue, the 

majority of patients preferred concizumab 

prophylaxis to their previous prophylactic 

regimen. These patients were then asked why 

they preferred the concizumab prophylaxis. 

And you can see a number of reasons here. 

The main reasons why patients with either 

hemophilia A or B preferred concizumab 

prophylaxis were requiring less time to 

receive their prophylaxis and having fewer 

bleeds. And this was present for both 

hemophilia A and hemophilia B. But patients 

with hemophilia B also felt that it was easier 

to remember to inject than it was to perform 

their previous prophylactic program. When 

looking at the strength of preference for 

concizumab, most of the patients felt very 

strongly or fairly strongly that they preferred 

the concizumab prophylaxis to their previous 

prophylactic regimen. 

66.  

 

Finally, looking at the marstacimab clinical 

trial program, we can see that the BASIS 

trial combined all of the patients in their 

single trials—looking at patients with 

hemophilia A or B with or without 

inhibitors—in their phase 3 trial for both 

adults and pediatric patients. These phase 3 

trials are still ongoing, as well as the 

long-term extension trial. And again, we're 

preceded by a phase 1 trial looking at the 

pharmacokinetics of the drug. 
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67.  

 

For the marstacimab clinical trial program, 

we've really just received efficacy data on the 

estimated mean ABR. But you can see here on 

the left-side table for patients receiving on-

demand factor only, there was a statistically 

significant difference or 92% reduction 

between the on-demand group and the active 

treatment phase group of the phase 3 trial. 

And you can also see that active treatment 

phase data persisted into the long-term 

extension group. On the right side, you can 

see patients who were receiving factor 

prophylaxis, comparing them with patients 

in the active treatment phase receiving 

marstacimab prophylaxis. And you can see a 

36% reduction in that estimated mean ABR. 

And again, continuing into that long-term 

extension phase. 

68.  

 

So, what's the overall takeaway from all of 

these efficacy data? We see that bleeding rates 

in these phase 3 clinical trial programs did 

show improvements compared with on-

demand and also compared with factor 

prophylaxis in the studies that looked at that. 

But the ABRs were a little bit higher than 

maybe we would have expected, with the top 

number being an ABR of 6.4 bleeds per year. 

So, something to think about and something 

to consider when thinking about these drugs 

for our patients. We also do see that although 

quality of life was comparable to other 

prophylactic regimens, there did seem to be a 

significant improvement or benefit toward 

rebalancing agents, especially when 

comparing with on-demand therapy. 
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69.  

 

But what about risks or adverse events with 

these drugs? So, the marstacimab clinical trial 

program has not identified any 

thromboembolic risks or any patients who've 

experienced thrombosis. But both fitusiran 

and concizumab clinical trial programs did 

have patients who experienced thrombosis 

during their phase 3 studies. You can see the 

outline here of the various studies in which 

thromboembolic events occurred. 

The ATLAS-inhibitor study: there were 

4 treatment-associated adverse events of 

special interest, specifically suspected or 

confirmed venous thromboembolism, and this 

occurred in 2 patients. The ATLAS-A/B trial: 

there were no thromboembolic events that 

were noted, but the ATLAS prophylaxis 

trial did have 2 suspected or confirmed 

thromboembolic events in 2 patients. 

Additionally, the concizumab clinical trial 

program, the explorer7 program, had 

1 patient who experienced a thromboembolic 

event, and the explorer8 program had 

2 patients who experienced thromboembolic 

events. 

70.  

 

So, what happened with these 

thromboembolic events? They caused pauses 

in the clinical trial programs and caused the 

companies investigating these drugs to look 

into why these patients experienced 

thrombosis and what risk mitigation could be 

done to prevent those. For the concizumab 

trial, subsequent to the risk 

mitigation strategy being implemented, 

patients have an enzyme-linked 

immunosorbent assay (ELISA)-based 

concizumab dose adjustment. Patients have 

their concizumab level tested after 4 weeks of 

treatment and then dose adjusted to hit a 
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therapeutic range of 200 to 4000 ng/mL. In 

addition to that, based on thrombin generation 

studies, there were decreased 

recommendations for factor dosing for 

patients with mild and moderate bleeds. In the 

fitusiran clinical trial program, there was a 

more specific dose adjustment that was 

recommended based on antithrombin activity. 

And as you can see in the figure on the right 

side of this slide, there are multiple dose-

adjustment options for these patients based on 

their antithrombin activity. If the 

antithrombin is greater than 35%, then dose 

increases are recommended, and if the 

antithrombin is less than 15%, then dose 

decreases are recommended with the potential 

to discontinue the drug if the antithrombin 

level can't reach that specific range. In 

addition to that, and not noted on this slide, 

there is also decreased factor dosing for mild-

to-moderate bleeds that is recommended to be 

taken concurrently with fitusiran. 

71.  

 

When we look at the additional safety 

concerns for each of these clinical trial 

programs, they're actually very reassuring and 

overall have a very favorable safety profile. 

And the fitusiran trial, one thing to note in 

terms of adverse events was increases in liver 

enzymes. In some patients, these liver enzyme 

increases were greater than 3 times the upper 

limit of normal. And so, something to think 

about when considering this drug for patients. 

In the concizumab trial, there were also noted 

to be laboratory changes, specifically 

increases in D-dimer and elevation of 

prothrombin fragments 1 and 2. And then in 

the marstacimab trial, we can see that there 

were no specific adverse events attributed to 

the drug itself. But in all 3, we can see 
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increases in injection-site reactions and then 

expected adverse events that we would 

anticipate with the general population 

(eg, upper respiratory tract infections, 

headaches, abdominal pain), and then specific 

things associated with the hemophilia 

population (hemarthrosis or arthralgias) that 

are associated with long-standing hemophilia. 

72.  

 

When looking at other rebalancing agents, we 

can see a number of them are coming through 

the clinical trial pipeline. There have been 3 

anti-TFPI agents that are being looked at. The 

MG1113 agent has completed a phase 1 

clinical trial and is recruiting for the next 

phase, showing similar preclinical and phase 

1 data to other anti-TFPI molecules. 

However, there have been 2 previous anti-

TFPI molecules where this study had been 

terminated due to either increased bleeding or 

increased venous thromboembolic events. 

Looking at anti-activated protein C 

molecules, the SerpinPC clinical trial 

program is the most advanced, currently 

in phase 3 clinical trials. The PRESent-3 

clinical trials are open to recruiting patients at 

this time. And then we can see there're a 

number of preclinical studies: one 

anti-activated protein C molecule and 2 

anti-protein S molecules that are currently 

being investigated. 
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73.  

 

So, what does this mean for our patients? In 

my mind, it means things are getting a little 

bit more complicated. But also, it means that 

we have a lot more options. So, thinking 

specifically about the rebalancing agents and 

the advantages of these agents. There is an 

improvement in ABR. So, the question is: as 

our patients have decreases in their ABRs, can 

their activities of daily living be a little bit 

easier for them? Can they have more 

experiences, such as increases in physical 

activity and participation in sports, than they 

did previously? Can minor procedures be 

performed with minimal increase in 

prophylactic treatment or additional treatment 

after the procedures? These are all things that 

are possible with these medications. As we 

learn more about them, we're going to be able 

to learn where that line is drawn. How much 

is too much? What can we allow our patients 

to do, and when should we still say no to our 

patients? 

As we see improvements in quality of life, we 

start seeing more health equity in these 

patients, and we're able to provide them with 

more opportunities. And rebalancing agents 

do have the potential to show 

improvements in all of these aspects of life, 

especially with the steady-state hemostasis 

and the ease of administration that they 

all allow. However, there are some 

drawbacks. The thrombotic concerns that 

I mentioned are not to be ignored and not to 

be discounted. And even the risk mitigation 

strategies of requiring lower factor doses for 

mild and moderate bleeds is something 

that's going to require a lot of education for 

both our patients and other providers who 

might be seeing our patients in emergency or 
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urgent settings. We're really going to need to 

start thinking more about major surgical 

procedures and how we're going to treat our 

patients in these circumstances. Are we going 

to have the time to discontinue these 

rebalancing prophylactic treatments, or are 

we going to have to co-treat with 

the rebalancing agent and factor products? 

Again, thinking about those dose adjustments 

depending on the circumstances of the 

surgical procedure. And we're also going to 

have to watch for laboratory abnormalities 

that are going to be expected with these 

medications. The elevation in liver function 

testing that we see with fitusiran, the elevated 

D-dimers that we've seen with concizumab—

these are things that we're going to have 

to educate our patients on and consider in the 

context of their total health. And whether or 

not we should consider one drug versus 

another because of those other health 

concerns or complications of other health 

concerns for each individual patient. 

 


