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History of Haemophilia Treatment 
 
 

History of Haemophilia 
Treatment 

 
 
 
ω Immune tolerance 2 

ω Prophylaxis3 

 
 
 
First recombinant FVIII 
and FIX products1

 

¦Ǉ ǳƴǘƛƭ ǘƘŜ мфслΩǎΣ ōƭŜŜŘƛƴƎ ŜǇƛǎƻŘŜǎ in haemophilia were treated with 
whole blood or plasma. The proportion of clotting factor present in whole 
blood or plasma was so low that there was very little effect for bleeding 
episodes. Prior to the development of viral inactivation procedures in the mid-
1980s, people with haemophilia who had previously received large pool 
plasma-derived factor concentrates were infected with the hepatitis C virus 
(HCV). A considerable number of these patients were also infected with 
human immunodeficiency virus (HIV). 
 
Today's optimum therapy is prophylaxis with clotting factor concentrates, in 
which it is attempted to 

Development of 
Cryoprecipitate1 

Inactivation of 
HIV and hepatitis 
viruses1 

ω 

New ways of substitution 
ω FVIII FIX products with 
extended half-life 

prevent   bleeding   by regular intravenous infusion of the plasmatic or 
recombinant clotting factor which is deficient (with haemophilia A factor VIII and 
with haemophilia B factor IX). This greatly reduces bleeding and allows the 
patient to live a relatively normal life. 

1950s        1960s       1970s        1980s       1990s          2010s 

 
 
 

First plasma - ω High purity 

FVIII concentrates Gene Therapy trials are gaining  
Factor VIII (haemophilia A) and factor IX (haemophilia B) can be manufactured 
as recombinant proteins using a cell line. Since the beginning of the мффлΩǎ 
recombinant factor concentrates have been available in order to avoid 
contamination with viruses. Currently, some recombinant products with an 
extended half-life are available, which can increase the protection and /  or 
reduce the number of infusions. There are also new and exciting therapies being 
developed that will allow subcutaneous administration, much extended dosing 
intervals and in the long run, the cure for both haemophilia A and B, as the 
ongoing gene therapy trials progress.  

 

This brochure is aimed to provide an overview of these developments with a 
focus on products with extended half-life, currently available or soon to be 
available.

Fractionation 
ω Home treatment 
ω First FVIII 
concentrates 
 

momentum

ω WFH Timeline. http://www1.wa.org/2/1/1_1_3_Link1_Timeline.htm attached on 1st November 2015. 
1. Brackmann HH & Gomsen J. Lancet 1977; 2: 933. 3. Manco-Johnson M et al. NEJM 2007; 357: 535ς44. 
2. Manco-Johnson M et al. NEJM 2007; 357: 535ς44. 

 

http://www1.wa.org/2/1/1_1_3_Link1_Timeline.htm
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Individual Dosing 
 
 

Factor levels, bleeding  
and arthropathy 

 
Haemophilia is a chronic lifelong disease, which can lead to pain, joint damage 
or life-threatening bleeding if the treatment is insufficient. Joint damage can 
lead to a considerable reduction in the quality of life. The prevention of joint 
damage is an important treatment goal. The main goal of treatment is to 
enable patients to live a normal life. While treatment has been significantly 
improved in the last 30 years, people with haemophilia are still faced with 
difficulties due to their condition as demonstrated in longitudinal studies with 
follow-ups as long as 30 years1. Despite seemingly optimal prophylactic 
therapy,  patients reported marked joint damage in early to  middle  age. After 
10 years patients reported changes in ankle joints, after 15 years patients 
reported changes in knee joints and after 20 years patients reported changes 
in elbow joints, all of which were clinically confirmed. Despite low bleeding 
rates, a trough level  (ie a factor level directly before the next injection) of 1% 
appears to be insufficient. Trough levels of 3%, 5% or even 10% are being 
discussed; however, some patients with a trough level of 3% may continue to 
experience bleeding episodes whereas a patient with a trough level maintained 
at 1% may not bleed at all. This emphasizes the importance of tailored 
individual treatment for patients.  

 
 
 

 Pharmacokinetics (half-life, course of degradation of FVIII / FIX) 
varies with each patient. 

 
 Dosage must be adapted to the patient. 

 Factor level must be adapted to the patient. 

 

 

Post-infusion changes in factor VIII 
level 

 

 
100 

                                 peak levels 

80 

 
60 

Extended half-life products allow not only less frequent infusions, but also higher 
troughs than standard half-life products when used at the same frequency and 
dosing. Thus, these products may help manage patients who do well with a trough 
level of 1% as well as those who need higher troughs to prevent all bleeds. A long-
term effect on the joints will, of course, only occur after a similar long observation 
period as in the study described above. 
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1. Oldenburg J. Blood. 2015;125(13):2038-44. 
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Half-life extension and 
alternative technologies  

 
There are several new treatment pathways and technologies that will 
become available to patients with haemophilia A and B in the coming years. 
These technologies may seem complex, but we can divide them easily as 
follows:  

o PEGylation: chemical modification of FVIII and FIX molecules by 
attachment of PEG. PEGs (polyethylene glycols) are chemical 
substances that the body cannot degrade, but may shed via 
different routes. The rate of excretion via the kidney depends on the 
size of the PEG molecule and is not yet fully understood.  

o Protein fusion: genetic engineering to produce factor VIII or factor 
IX in the form of a large protein that consists of a coagulation factor 
linked with another protein. The fusion partner protein may be full-
length or part of an endogenous protein (albumin or 
immunoglobulin fragment, respectively). These fusion proteins can 
be completely degraded and recycled by the body. Some of these 
products are produced in a human cell line so that they are 
ŜȄǘǊŜƳŜƭȅ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ōƻŘȅΩǎ ǇǊƻǘŜƛƴǎΦ  

o Modification of clotting factor amino acid sequence: genetic 
engineering to change the primary structure of a clotting factor. This 
approach was used to obtain the single-chain FVIII. In the body, 
factor VIII is cleaved before release into the bloodstream. The 
products of this cleavage, called FVIII light and heavy chain, circulate 
together as a protein complex. Introduction of changes at specific 
sites of the FVIII protein through genetic engineering prevents the 
cleavage and extends the FVIII half-life. 

 

 In most cases in haemophilia A the injection interval can be prolonged from 
three times per week to twice per week or from every two to every three 
days. In Haemophilia B the dosing frequency can be reduced from twice per 
week to once per week. Some patients may be able to extend their infusions 
to every 10-14 days. In many cases a much better protection of the patient 
is also achieved. In the medium term further advances in treatment for 
haemophilia A (including patients with inhibitors) will be available such as an 
antibody that wiil be administered subcuaneously (under the skin). In the 
long term, gene therapy will also be available. 

 

short-term or already 

available Overview  

   Approaches to extended half-life 

 

In short-term or already available 

         Chemical modification1,2
 

ω PEGylation 

 Protein fusion 

ω FVIII or IX + Fc region of immunoglobulin G3
 

ω FVIII or IX + albumin4
 

 Protein sequence modification 

ω Single-chain FVIII molecule5
 

 
 
 
 
 
 
 
 
 
 
 

 
PEG = polyethylene glycol 

1. Jevsevar S et al. Biotechnol J. 2010;5:113-128. 
2. DeFrees S et al. Glycobiology. 2006;16:833-843. 
3. Fogarty PF. Hematol Am Soc Hematol Educ Program. 2011:2011:397-404. 
4. Schulte S. Thromb Res. 2013; 131 Suppl 2:S2-6. 
5. Schmidbauer S et al. Thrombosis Research 2015;136(2):388-395. 
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Medium to long term possible therapies  

There are several therapies currently being investigated that aim to 
extend the half-life of clotting factors or otherwise achieve a prolonged 
therapeutic effect.  

 Antibodies 

ω Emicizumab (ACE910, factor VIII-mimetic antibody)1
 

ω Concizumab (TFPI inhibitor) 

 Chemical modifications 

ω Polysialylation (conjugation with polysialic acid)2
 

     Protein fusion 

ω XTENylation3 

 RNAi (gene silencing) 

ω Antithrombin III downregulation3 

 G ene therapy 

ω Viral vectors with a correct copy of FVIII or FIX gene 

 
FVIII-mimetic antibody: a monoclonal bispecific antibody that binds FIXa 
and FX. Normally, FIXa activates FX, but requires FVIII to do so. 
Emicizumab mimics that function of FVIII. 
 

Polysialic acid: a  biocompatible and biodegradable natural sugar 
polymer.  

 
XTENylation: XTEN is a large, unstructured recombinant protein consisting 
of 864 natural amino acids, which when merged to a peptide or protein, 
prolongs its half-life in the plasma. 

The following are major methods for the half-life extension as well as 
non-replacement therapies under development: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

XTEN = polypeptide composed of natural amino acids  

PEG = polyethylene glycol 
TFPI = tissue plasminogen factor pathway inhibitor 
AT = antithrombin  

 

1. Sampei Z et al., MAbs. 2015;7(1):120-8. 
2. Peyvandi F. J Thromb Haemost 2013; 11 (suppl. 1): 84-98. 
3. Schellenberger V et al. Nat Biotechnol. 2009;27:1186-1190. 

 

Summary 
Half-life extensi  
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The  mechanism of half-life extension by 
PEGylation 

PEGylation of proteins (clotting factors) 

 
 
 
 

  Chemical attachment of PEG molecules of different sizes to specific sites  

on the protein via covalent bonds 

 Site-specific and controlled 

Ʒ Site-specific 

ω rFVIII (BAY94-9027)  ς  60 kDa PEG 

ω rFVIII (N8-GP) ς  40 kDa PEG 

ω rFIX (N9-GP) ς  40 kDa PEG 

ω rFVII (N7-GP9) ς  40 kDa PEG 
 

Ʒ controlled 

ω rFVIII (BAX855) ς  20 kDa PEG 
 
 

 
 
 

The illustration ǎƘƻǿǎ Ƙƻǿ t9Dȅƭŀǘƛƻƴ ŜȄǘŜƴŘǎ ǘƘŜ ŎƭƻǘǘƛƴƎ ŦŀŎǘƻǊǎΩ ƘŀƭŦ-
life. The polymer (PEG), represented as a green chain molecule, shields 
the protein from degrading substances and slows down its clearance. 

 
 
 
 
 

 
Veronese F & Pasut G. Drug Discovery Today 2005;10:21: 1451-1458. 

 

 

The individual manufacturers use differently sized PEG molecules and bind 
these at different sites of the clotting factor. 

 
 
 
 

kDa = kilodalton = size of the PEG molecule 
BAY = Bayer 
N = Novo Nordisk  
BAX = Baxalta / Shire 
GP = glycopegylation 
Site-specific = binding site is predetermined (all procedures), very specific structures are created, to 
which PEG binds 
In Bax 855, PEG binds to 1-2 lysines (therefore controlled) 
Covalent bond = strong chemical bond 

 
 

 

 

FVIII/FIX 
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 s ite-specific, covalent attachment of a branched PEG molecule 
of 60 kDa total size (about 2 x 30 kDa) 

 Site-specific PEGylation 

 Covalent binding of 40 kDa PEG molecules 

 PEGylation of N-glycans (FIX) or O-glycans (FVIII) 
 

 

 
The illustration shows the key features of glycoPEGylation in the case of factor IX. PEG 

molecules are attached to N-glycans (complex carbohydrates linked to proteins) on the 

activation peptide (pink) within the clotting factor (light blue). This modification protects 

the factor from premature degradation. When bleeding ensues and the factor is needed 

to stop it, the activation peptide is cleaved off together with the PEG, which activates 

the clotting factor and allows it to promote clotting. FVIII differs in structure from FIX 

and so in the case of N8-GP PEG is attached to a different carbohydrate chain (called O-

glycan), but FVIII activation proceeds in a similar way, with the protein fragment 

containing the PEGylated O-glycan being cleaved off. 

 
The illustration shows the clotting factor VIII or IX (light blue) and a PEG polymer (green). 

The green PEG polymer slows down clearance. 
 
 

1. Mei B et al. Blood 2010; 116 (2): 270-9. 
2. Coyle TE et al. J Thromb Haemost. 2014; 12 (4): 488-96. 
3. Bayer HealthCare Pharmaceujcals, Inc. Press release, February 18, 2014 

ACT-PEP = activation peptide 

1. 1. Østergaard H et al. Blood 2011, 118: 2333-2341. 
2. 2. Negrier C et al. Blood 2011, 118: 2695-701. 

 

Site-specific 
PEGylation to 
prolong the FVIII 
half-life 

 
 

 



16 17 

 

 
 
 
 
 
 
 
 

 
 B AX 855 is a PEGylated full-length (with the whole B domain 
retained, as opposed to B domain-deleted) recombinant FVIII . ¹ 

 Covalent binding of 20 kDa PEG molecules 

 Controlled PEGylation of exposed amino acid side-chains 

 
 
 
 
 
 
 
 

Light blue: FVIII 
Green: PEG 

 
 
 

 
The illustration shows the clotting factor (blue) and 4 polymers (green), which represent 

PEG. The PEG polymers slow down clearance of the clotting factor.  

 

 Biocompatible and Biodegradable Natural Polymer ¹ 

 Polysialic acid (PSA) could significantly improve half-life ², although a clinical trial of 

factor VIII-PSA was discontinued due to disappointing results. Opportunities to use this 
technology with other clotting factors are being explored.  

 

 
The illustration shows the clotting factor (blue) and 9 worm-shaped polymers (polysialic 

acid) (red). The red polymers protect the clotting factor from rapid degradation and slow 

down its renal clearance . 

 
Polysialic acid is a complex carbohydrate produced and degraded by the body itself 

as part of glycoproteins and glycolipids.3 

 
The mechanism of action is similar to the PEGylation. 

 
 
 

1 Horling FM et al. Blood 2011;118(21):3323. 

 
1. Peyvandi et al. J Thromb Haemost. 2013;11 Suppl 1:84-98. 
2. Rottensteiner H et al. Blood 2007, 110(11): 3150. 
3. Zhang T. et al Asian Journal of Pharmaceutical Sciences 2014;9:75-81. 
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FVIII 

 
 
 
 
 
 
 

 

 XTENylation : 

 a clotting factor is modified by fusion with 
XTEN, a biocompatible and biodegradable, 
physiologically inert polypeptide1

 

 X TEN could significantly improve half-life2
 

ỉ Fusion of the clotting factor with another blood protein or 
a protein fragment (e.g. albumin and IgG-Fc, respectively), 
whose half-life is longer. 

 

In protein fusion technology, a recombinant clotting factor is fused with another 
protein (immunoglobulin fragment or albumin) by genetic engineering, 
resulting in a single fusion protein. Immunoglobulins and albumins show 
longer half-lives (weeks) than clotting factors (hours). The fusion prolongs the 
half-life of the clotting factor. These fusion proteins are completely degraded 
and recycled naturally by the body. 

 
 
 
 
 
 
 
 
 

 

rFVIII-·¢9bκ5Ω5о 
fusion protein 

 
 

The illustration shows the clotting factor (blue) and 2 coil-shaped polymers (XTEN, 

amino acid sequence) (green). The green polymers delay clearance of the clotting 

factor.  

 
 
 

 
1. Liu T et al. Haemophilia 2014; 20 (Suppl. 3), 1-186. [Abstract]. 
2. Podust VN. et al. J Control Release 2015; S0168-3659(15)30205-4. 

  



20 21 

 

 

rFIX-FP 

Factor IX-albumin fusion protein 

 

 
 Albumin is a protein with a long half-life1, produced in 
large quantities in the body  

 Genetic fusion of recombinant albumin and rFIX with 
a cleavable linker4

 

 Recycling by FcRn (neonatal Fc receptor)3

rFIX-Fc and rFVIII-Fc fusion proteins 

 
 

 
 r FIX-Fc and rFVIII-Fc each consist of a single FIX or FVIII molecule 
fused to two Fc domains of the human IgG1.1,2 ,3

 

 Recycling by FcRn 

 

 When activated, FIXa is released and albumin is split off2
 

 
 

rIX-Albumin fusion2
 

CSL-654, rIX-FP  
          

FXIa or    +                                + 
FVIIa/TF 

FIX Albumin Activated FIX 

 

 
The illustration shows the clotting factor IX (dark blue) fused with albumin (yellow). The 

activation peptide (connecting the two functional parts of the protein is shown in green).  

The arrows indicate cleavage sites (the cleavage activates FIX). The albumin protects 

the factor from rapid degradation. When bleeding starts and the clotting factor is 

needed at the site of blood vessel injury, the activation peptide is excised, the 

albumin molecule split off and the activated clotting factor promotes blood clotting. 

A cartoon model of rFIX-Fc A cartoon model of rFVIII-Fc 

 
 

A single FIX molecule (blue) or FVIII molecule (blue) is fused to a dimeric (double) 

Fc region of human IgG1 (green). FcRn (neonatal Fc receptor) reverses the uptake 

of FVIII-Fc or FIX-Fc and recycles it back to the bloodstream. Recycling by FcRn 

protects the clotting factor from degradation.  

 
rFIX-Fc = recombinant factor IX-Fc fragment 
fusion protein 
IgG = immunoglobulin G 

 
 
 

1. Schulte S. Thromb Res. 2011;128 Suppl 1:S9-S12. 
2. Metzner HJ et al. Thromb Haemost. 2009;102(4):634-644. 
3. Lillicrap D. Curr Opin Hematol. 2010;17(5):393-397. 
4. Schulte S. Thromb Res. 2013; 131 Suppl 2:S2-6. 

 

 
1. Peters RT et al. Blood 2010;115(10):2057-64. 
2. Shapiro A et al. Blood 2012;119(3):666-72. 
3. Dumont J et al. TherapeuPc Monoclonal AnPbodies: John Wiley & Sons, Inc.; 2009. S. 779-95. 
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Single-chain FVIII molecule 1-5
 

 rFVIII with a truncated B-domain 

 Covalently bound FVIII-HCh (heavy chain) and FVIII-LCh (light 
chain) 

 Increased binding affinity to VWF 

 Activation by thrombin generates native FVIIIa 

Concept of a FVIIIa-mimetic bispecific antibody 

The antibody imitates (mimics) the function of the activated factor VIII 
molecule, binding both factor IXa and factor X (bispecific). 

 

 
 The bispecific antibody allows interaction between FIXa and FX, 
thereby activating FX and promoting blood clotting. 

 
 
 

 

F

 

 
rVIII-SingleChain Molecule rFVIIIa 

 

 

Site-specific changes in the FVIII gene nucleotide sequence, and thus in its protein 

amino acid sequence, lead to formation of a stronger, covalent bond between the 

heavy (light blue) and light chain (dark blue) of the clotting factor, generating a single 

molecule, as opposed to two parts (heavy and light chain) of FVIII held together by 

weaker interactions in the unmodified FVIII. This also results in stronger binding to 

VWF, which protects FVIII from rapid degradation. Activation by thrombin produces 

a normal active clotting factor VIII.  

 
 

 

a = is for activated clotting factor 
 

Monoclonal bispecific antibody binds FIXa and FX (lower panel), so that FIXa can 

activate FX. This is exactly what FVIII does (upper panel). 
1. Schulte S. Thromb Res. 2013; 131 Suppl 2:S2-6. 
2. Thompson AR. Semin Thromb Hemost 2003; 29(1):011022. 
3. Lacroix-Desmazes S et al. Blood 2008;112:240-9. 
4. Pipe SW. Haemophilia 2009:15(6):1187-96. 
5. Schmidbauer S et al. Thrombosis Research 2015;136(2):388-395. 

 
1. Kitazawa T et al. Nature Medicine 2012;18(10):1570. 
2. Sampei Z et al. PLoS One 2013;8(2):e57479. 
3. Muto A et al. J Thromb Haemost 2014;12(2):206-213. 
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a2   B  a3 
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Gene silencing: 
Downregulation of antithrombin (AT) 

 

 
Downregulation of antithrombin by RNAi 

 Antit hrombin is a clotting inhibitor that is normally present in 

the body of healthy individuals, which prevents blood from 
clotting excessively. 

 R NA interference (RNAi) is a natural mechanism of gene silencing 
(to decrease synthesis of respective proteins) in many organisms. 

 
 

Gene silencing: 
Downregulation of antithrombin (AT) 

 

 
ALN-AT3 

Antithrombin (AT) inhibits thrombin, which hinders blood clotting. 

 
 AT depletion by ALN-AT3 boosts thrombin generation in severe 
haemophilia A individuals (FVIII <1%)

 

 

 
 
 
 
 
 
 
 
 
 

 

The siRNA molecule (ALN-AT3) that downregulates antithrombin is conjugated with N-

acetylgalactosamine (a type of sugar), which allows its uptake by the liver cells. Once in the 

liver cell, the siRNA molecule targets the mRNA encoding antithrombin, leading to its 

breakdown, so that no antithrombin can be synthesized.  

 
dsRNA = double stranded; siRNA = small interfering RNA (ribonucleic acid); RISC = RNA-induced 

silencing complex; mRNA = messenger RNA; RNA = ribonucleic acid 

 
R. Robinson PLoS Biology 2004; Vol. 2(1):E28. 

Increase in thrombin generation correlates well with AT depletion. Total AT depletion 

(blue curve) boosts thrombin generation to about 50% of normal (black curve). 

 
 
 
 
 
 
 

 
Sehgal A et al. Nat Med. 2015;21(5):492-7. 
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