
Future prospects for haemophilia 
therapy 

 
 

Paul Giangrande 
Green Templeton College 

University of Oxford  
 

paul.giangrande@gtc.ox.ac.uk 

http://www.ox.ac.uk/


Areas to be addressed: 

• Overview of haemophilia including genetics and  
clinical features  

• Current treatment options and complications 

• Novel therapies: 

– Extended half-life FVIII and FIX products 

– Non-replacement therapies (e.g. emicizumab, TFPI 
inhibitors, fitusiran) 

– Gene therapy  



Clinical features of haemophilia: 
• 1828: Hopf (Zürich) first uses term “haemophilia” 

• Congenital deficiency of factor VIII (or IX) 

• Affects ≈1/10,000 of population globally 

• X-linked inheritance: only males affected 

– But one third of cases arise as new mutations 

• Bleeding tendency related to baseline factor level: 
severe haemophilia = FVIII <1% 

• Spontaneous and recurrent joint bleeds are the 
hallmark of severe form  

• Recurrent joint bleeds lead to early arthritis and 
crippling deformities 



Clinical features of haemophilia: 
• Females carriers may have modest reductions in 

factor  level and require treatment for surgery  

• Bleeding into muscles and internal organs (e.g. brain) 
may also occur 

• Approximately 20% patients develop inhibitory 
antibodies directed against factor VIII 

• Many exposed to HIV and/or HCV through treatment 
with contaminated blood products   

• Normal life expectancy and quality of life with 
modern treatment  

• Early death without effective treatment 
– Still the case in many parts of the world 

 



Haemarthrosis in haemophilia: 

Recurrent and spontaneous haemarthrosis is the hallmark of the severe phenotype. Hinge 
joints such as the knee, elbow and ankle are primarily affected. First bleeds typically seen 
at around 10 months of age, when child starts to crawl. The affected joint is swollen, 
tender and warm to touch. There is no external discolouration as the blood is entirely 
contained within the joint capsule.  



Typical changes of haemophilic  
arthropathy in knee; note 
loss of joint space, osteoporosis, 
subchondral cysts 

Femoral head removed for insertion  
of prosthesis: note loss of articular 
cartilage, surface pitting and  
discolouration 



Life-threatening haemorrhages in 

haemophilia:  



Nature 515: S159 (2014) 



• WFH estimates ≈ 450,000 people with haemophilia 
• 75% of these receive very little or even no treatment 
• Many patients still not even correctly diagnosed 
• Switch to recombinant products in affluent countries is    
stimulating  adoption of plasma-derived products elsewhere 





“Prevention is better than cure” 
• There is clear evidence that prophylactic treatment  

prevents development of joint damage and synovitis 
Manco-Johnson MJ et al. New Eng J Med  357: 535-544 (2007) 

• General approach is to start after first or second joint 
bleed, thus typically at 1-2 years of age 

• Usual treatment regime: 20-40 iu/kg 
– Three times a week for haemophilia A 
– Twice  a week for haemophilia B 
– Maintain plasma trough level of >1 iu/dl (%) although bleeding 

frequency should be primary parameter used to tailor dosing 

• Canadian dose escalation protocol an alternative to 
minimise number of injections:  
– Start with 50 iu/kg factor VIIII once weekly and increase dose 

only if breakthrough bleeding occurs  
 



Randomised study of prophylaxis vs. on 
demand therapy: 

Manco-Johnson MJ et al. New Eng J Med  357: 535-544 (2007) 



Prophylaxis: 
• “The target ABR in children is 0”                                  

UKHCDO Guidelines. Haemophilia 22: 487-498 (2016) 

• Venous access device may be required: but recognition 
of risk of infection and thrombosis has led to declining 
use in recent years 

• Also reduces risk of intracranial haemorrhage         
Andersson NG et al. Br J Haematol 179: 298-307 (2017) 

• Adults can benefit from prophylaxis too                     
SPINART study. J Thromb Haemostas 11: 1119-1127 (2013)                                        

Tagliaferri A et al. Thromb Haemostas 114: 35-45 (2015)  

• Use of low dose regimes in less affluent countries 
definitely better than nothing: 
– 10 iu/kg twice weekly reduces joint bleeds by 80%                  

Verma SP et al. Haemophilia 22: 342-348 (2016)  

 

 



www.wfh.org 





Inhibitors and haemophilia: 

• Develop in ≈20 % of patients with haemophilia A 
• Much less frequent in haemophilia B (≈4%) 
• Bleeding episodes not necessarily more frequent 

but certainly more difficult to control 
• Tend to develop early in life (≈ ED 10) in PUPs, but 

can appear for first time in later life 
• Major risk factor is underlying genotype 
• Can occasionally appear in nonsevere haemophilia 

• Incidence of 6% after 50 ED in INSIGHT study                                   
van Velzen AS et al. Thromb Haemostas 115: 543-550 (2016) 



Genotype is main determinant of inhibitor 
development: 

Oldenburg J & Pavlova A. Haemophilia 12 (Suppl. 6): 17-22 (2006) 



Inhibitor development: 
• A 3-fold higher risk of inhibitor development if an older 

sibling has experienced this complication1 
– Concordance, with or without inhibitors, of 70%–78%  

between siblings and 90% between monozygotic twins 1,2 

• A two-fold higher risk in patients of African heritage3 

• Intensity of early treatment (especially surgery) is a 
further proven risk factor 4 

• Good evidence that continuous prophylaxis in children 
confers some protection from inhibitor development5 

• SIPPET study reported that use of recombinant products 
in PUPs was associated with significantly higher risk of 
inhibitor development in haemophilia A6 

• Switching of products in PTPs not significant risk factor7 
 

1. Astermark J et al. Haemophilia 7: 267-272 (2001) 2. Astermark J et al: Haematologica 90: 924-931(2005)  
3. Viel KR et al. New Eng J Med 360: 1618-1627(2009) 4. Marcucci M et al. Thromb Haemostas 113: 958-967 (2015)                
5. Mannucci PM et al. J Thromb Haemostasis 14: 1330-1336 (2016) 6. Peyvandi F et al. New Eng J Med 374: 2054-2064 
(2016) 7. Hay CR et al. Haemophilia 21: 219-226 (2015) 



Prophylaxis may prevent inhibitor 
development:  

Gouw SC et al. Blood 109: 4648-4654 (2007) 



View of EMA on influence of product: 
Pharmacovigilance Risk Assessment Committee (PRAC) 

• “The review was started following publication of the 
SIPPET study......” 

• “The review also covered other relevant studies, 
including interventional clinical trials and 
observational studies.” 

• “PRAC concluded that there is no clear and 
consistent evidence of a difference in the incidence 
of inhibitor development between the two classes of 
factor VIII medicines: those derived from plasma and 
those made by recombinant DNA technology.” 

EMA: 05 May 2017 



Strategies in the  treatment of 
patients with inhibitors: 

 
• Prophylaxis with emicizumab 
• Control acute bleeding episode: 

– Normal factor VIII concentrates at high dose (but only 
likely to work if titre < 5 BU and may boost antibody titre) 

– Activated prothrombin complex concentrate                   
(e.g. FEIBA®, Baxalta) 

– Recombinant factor VIIa (NovoSeven®, NovoNordisk) 

• Suppress antibody production: 
– Immune tolerance induction with factor VIII: large doses 

infused regularly for many months  
– (Rituximab) 

 
 



Extended half-life (EHL) products: 
• Half-life of FVIII & IX can be extended by: 

– Pegylation, fusion to IgG or albumin or modification 
of amino acid sequence 

• Significant advantages of these products:  
– Less frequent infusions 

– Higher trough levels feasible 

– Less need for venous access devices 

– Facilitates earlier prophylaxis and compliance 

• Clinical benefit is particularly evident for longer-
acting novel FIX products: 
– 5x increase in half-life vs 1.5x increase for FVIII  

 

 



Pharmacokinetics of N9-GP (“Refixia”): 
Negrier C et al. Blood 118: 2695-2701 (2011) 
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Why is it more difficult to prolong half-
life of factor VIII? 

• 5-fold extension of half-life for novel IX products 
documented vs 1.5-fold extension for VIII  
– Clear and consistent difference noted with all methods used 

(pegylation, Fc fusion, albumin) 

• Difference attributed to carrier role of VWF, a chaperone 
protein with a T ½ of ≈15 hours1,2 

• For both PEGylated rFVIII and rFVIIIFc, clearance  decreases and 
half-life increases as endogenous VWF levels increase2 

• “Longer-acting FVIII variants may require modifications 
that exclude association with endogenous VWF” 1 

• Modifications of FVIII being explored:  
– BIVV001 (rFVIIIc-VWF-XTEN) has 3 fold increased  T ½ of 37 

hours3 (SOBI & Bioverativ-a Sanofi company) 
1 Pipe SW et al. Blood 128: 2007-2016 (2016)    

 2 Tang L et al. Haemophilia 19: 539-545 (2013)                 3 EXTEN-A Phase 1/2a trial: presented at WFH, 2018 



• FVIII fused to dimeric Fc which maintains thrombin-mediated 
release of FVIII from VWF just like natural FVIII 

• D’D3 domains of VWF provide the protection and stability of 
VWF whilst avoiding half-life limitation of endogenous VWF 

• XTEN polypeptides which improve pharmacokinetic profile and 
degrade naturally 



Practical considerations (1): 

• Consensus needed on target trough levels: 3-5%? 

• Half-life in paediatric patients is significantly shorter than 
headline figure derived in adults  

• Preliminary data from PUP studies suggest 
immunogenicity similar to conventional products 

• EMA and FDA have different opinions about long-term 
safety of PEG, which will affect the way PEGylated 
products can be used in children in EU 

• Not feasible to compare conventional and longer-acting 
products in usual “cents/unit” way 

• Adoption of novel products is likely to drive the use of 
chromogenic assays in laboratories 

 



Assay problems with EHL products: 
Kitchen S et al. Haemophilia 22 (Suppl. 5): 72-77 (2016) 

• “For some extended half-life FVIII and FIX products, some 
one stage assays are entirely unsuitable for monitoring 
purposes.” 

• “For most products and assay reagents, chromogenic 
FVIII or FIX assays can be safely used with conventional 
plasma standards.” 

• “If one stage assays are used then they should be 
performed using carefully selected reagents/methods 
which have been shown to recover activity close to the 
labelled potency of the specific product being 
monitored.” 



Practical considerations (2): 

• Focus has hitherto been on trough levels but peak 
levels will also require consideration: 
– People who are very active or who play sports may need 

high peaks at these times  

– Time spent at low levels more relevant to people with 
low levels of activity 

• Once weekly infusions of EHL-FIX feasible 
• Data from EHL-FVIII studies suggest at least twice 

weekly dosing will usually be required 

• Compliance with therapy will be important: 
– Consequences of missing a dose of longer-acting product 

could potentially be more significant 

 

 

 
 
 
 



Mahdi AJ et al. Br J Haematol 169: 768-776  (2015) 

Factor VIII: 





How will new products be adopted in 
clinical practice? 

Obvious clinical benefit: 

• Young children 

• Patients on regular 
prophylaxis 

• Poor venous access 

• Reluctance to self-
infuse/needle phobia 

• Active lifestyle requiring 
high target trough levels 

No compelling advantage: 

• On demand therapy 

• Record of poor treatment 
compliance 

• Mild haemophilia 

• Surgery 

• Immune tolerance 

 

Giangrande P. Sem Thromb Haemos 42: 513-517 (2016) 



Limitations of coagulation factor 
concentrates: 

• Need for intravenous infusion  

• Limited duration of action (even extended half-
life FVIII and FIX products) 

• May be immunogenic and provoke inhibitors 

• Will not be clinically effective in presence of 
inhibitory antibodies 

• “Non-Replacement Therapies” (NRTs) provide a 
solution to many of these problems 



Emicizumab: 

Kitazawa T el al. Nature Medicine 18: 1570-1574 (2012) 



Mechanism of action of emicizumab : 
Kitazawa T el al. Nature Medicine 18: 1570-1574 (2012) 

• FVIII is essentially the inert scaffold on which 
FIXa and FX assemble to generate Xa on the 
surface of platelets 

• Emicizumab is a bispecific monoclonal antibody 
which holds FIXa and FX in spatially correct 
alignment, mimicking cofactor function of FVIII 
and leading to generation of Xa 

• Not affected by presence of inhibitors 

• Xa generation equivalent to factor VIII levels of 
10 -15% can be achieved in vitro 

 



Oldenburg J et al.  N. Eng. J. Med.  377: 809-818 (2017) 



Impact of emicizumab (“Hemlibra”): 
•  Rapidly being adopted for prophylaxis in both 

adults and children with haemophilia A and 
persistent inhibitors and bleeding episodes: 

– Once weekly s/c injection effective and convenient 

– Not intended for ‘on demand’ treatment of bleeds 

• Data from HAVEN 1 study highlighted risk of 
thrombosis with repeated high doses of FEIBA 

– Emicizumab also binds to free IX and X in FEIBA which 
enhances thrombin generation 

– NovoSeven should be used for treatment of  
breakthrough bleeds in patients with inhibitors        
Collins PW et al for UKHCDO. Haemophilia 24: 344-347 (2018) 

 

 

 



Impact of emicizumab (Hemlibra): 

• Recent HAVEN 3 study documented efficacy of 
emicizumab in patients without inhibitors         
Mahlangu J et al. New Eng J Med 379: 811-822 (2018)  

– 152 subjects randomized to receive s/c treatment once a week 
(Group A); once every two weeks (B);  or no treatment (C) 

– ABR 1.5 in Group A; 1.3 in Group B and 38.2 in Group C 

– 56% of subjects in Group A and 60% in Group B had no bleeding 
events throughout the whole clinical trial period  

– “……emicizumab prophylaxis resulted in an annualized bleeding 
rate which was 68% lower than the rate with previous factor VIII 
prophylaxis (p=<0.001)” 

– 94% of patients expressed a preference for emicizumab over 
their previous prophylaxis or on demand therapy with FVIII  

 

 

 



Impact of emicizumab (Hemlibra): 

• HAVEN 4 showed efficacy of 4 weekly dosing 

• Very recently licenced by FDA for treatment of 
haemophilia A without inhibitors (not yet by EMA) 

• Could also be an option for  prophylaxis in mild 
and moderate haemophilia    

• Will emicizumab completely replace FVIII? 

• Of no benefit in haemophilia B ± inhibitors 

• Not intended for sole use in setting of surgery 

• Potential for neutralizing antibody development, 
but risk appears to be very low 

   

 



The role of TFPI: 

Blocking of Tissue Factor Pathway Inhibitor (TFPI) may 

facilitate haemostasis initiated by FVIIa/TF  



TFPI inhibition:  
• TFPI inhibitors increase levels of Xa and enhance 

generation of thrombin 

• Could TFPI inhibitors be useful as adjunctive or 
prophylactic treatment in patients with 
haemophilia A and B, with or without inhibitors? 

• Concizumab (NovoNordisk) is a humanized 
monoclonal antibody against TFPI with high affinity 
for the Kunitz-2 domain, the binding site of FXa 

• PF-06741086 (Pfizer) and BAY 1093884 (Bayer) are 
other TFPI inhibitors in development 

• All designed for subcutaneous injection 

 

 

 



Hilden I et al. Blood 119: 5871-5878 (2012) 



Concizumab: 
• Liquid formulation in pen designed for s/c injection 

• No safety concerns identified in Phase 1 study in 28 
normal volunteers and 24 haemophilic subjects          
Chowdary P et al . J Thromb. Haemostasis 13: 743-754 (2015) 

– No serious adverse events, such as antibody formation 
– One case of superficial thrombophlebitis 

• Concizumab induces increased thrombin 
generation in plasma  from haemophilia patients 
(and healthy subjects) measured by the thrombin 
generation assay Waters EK et al. Haemophilia 23: 769-776 (2017) 

• A multicentre, blinded, phase Ib multiple-dose 
study (explorer 3) in patients with haemophilia A 
has recently been completed: results are awaited 



Targeting antithrombin: 
Sehgal A et al. Nature Medicine 21: 492-497 (2015) 

• Fitusiran [ALN-AT3] (Alnylam/Sanofi) reduces 
antithrombin synthesis by targeted RNA 
interference (siRNA) 
• 20 bp double strand RNA sequence, packaged in 

liposomal particles for subcutaneous injection 

• One s/c injection a month induces dose dependent 
knockdown of antithrombin synthesis in the liver 
by up to 86% 

• Significant improvement in thrombin generation 
and whole blood clotting 
– Reduction in bleeding frequency in haemophilia 

 



Machin N & Ragni MV. J Blood Med 9: 135-140 (2018) 



Fitusiran: 
Pasi KJ et al. New Eng J Med 377:819-828 (2017) 

• Phase 1 dose-escalation study: 4 normal volunteers 
and 25 patients with severe or moderate 
haemophilia A or B without inhibitors 

• Participants with haemophilia received three 
injections of fitusiran:  
– Administered either once weekly (at a dose of 0.015, 

0.045, or 0.075 mg/kg) or once monthly (at a dose of 
0.225, 0.45, 0.9, or 1.8 mg/kg or a fixed dose of 80 mg). 

• Study objectives: assess the pharmacokinetics and 
pharmacodynamics and safety of fitusiran 

• Dose dependent reduction in antithrombin levels of 
70-89% from baseline 

• No thromboembolic events 



Pasi KJ et al. New Eng J Med 377:819-828 (2017) 



Update on fitusiran clinical trial: 
• Patient with haemophilia A without inhibitors 

enrolled in phase 2 study died in September 2017 
– Cause of death identified as cerebral venous 

thrombosis only after patient died 

• Prior to death, patient treated himself with three 
doses of factor VIII for apparent right hip bleed 
after exercise 

• When patient developed severe headache, was 
diagnosed as subarachnoid haemorrhage and 
treated intensively with more factor VIII 

• Clinical trial suspended in September 2017 
– Company has recently restarted clinical trial after 

reaching agreement with FDA on changes to protocol                   
Machin N & Ragni MV. J Blood Med 9: 135-140 (2018) 

 

 



NEJM December 22nd 2011 



Gene therapy for haemophilia B: 

• Update on UCL/St Jude study:                                                             
Nienhuis AW et al. Molecular Therapy 25: 1163-1167 (2017) 

– 12 subjects now treated with AAV8 vector 

– FIX level in first six who received highest dose 2x1012 vg/kg was 5.1 ± 1.7% 
after at least 3 years of follow up 

• Spark Therapeutics/Pfizer SPK-9001 study:                                     
George LA et al. New Eng J Med 377: 2215-2227 (2017):                                                            

– Novel engineered AAV vector containing gain-of-function F9 Padua (R338L) 
variant 

– Mean FIX activity level for 10 patients after a single i/v infusion of vector 
was 33.7±18.5% (range: 14 – 81%)  

– Range of follow up: 28 to 78 weeks 

– Mean ABR reduced: 0.4 after treatment (11.1 before) 

– Two patients had a transient elevation in liver enzymes    



George LA et al. New Eng J Med 377: 2215-2227 (2017) 



George LA et al. New Eng J Med 377: 2215-2227 (2017) 



Gene therapy for haemophilia A: 
Rangarajan S et al. New Eng J Med 377: 2519-2530 (2017) 

• Biomarin BMN270 uses 5.2kb SQ linker codon-optimized 
FVIII expression cassette packaged in AAV5 vector 

• Participants were enrolled sequentially into one of three 
dose cohorts (low dose [6×1012 vg/kg; one participant], 
intermediate dose [2×1013vg/kg; one participant], and 
high dose [6×1013 vg/kg; seven participants]) and were 
followed up for 52 weeks 

• In the high-dose cohort, the factor VIII activity level was  
> 5 IU/dl between weeks 2 and 9 after gene transfer in all 
seven participants 
– The level in six participants increased to a normal value (>50 

IU/dl) that was maintained at 1 year after receipt of the dose 



Rangarajan S et al. New Eng J Med  
377: 2519-2530(2017) 



Gene therapy for haemophilia A: 
Rangarajan S et al. New Eng J Med 377: 2519-2530 (2017) 

• In the high-dose cohort, the median ABR decreased 
from 16 events before the study to 1 event after 
gene transfer 

• Factor VIII use for participant-reported bleeding 
ceased in all the participants in this cohort by week 
22 

• The primary adverse event was an elevation in the 
serum alanine aminotransferase level  

• No neutralizing antibodies to FVIII detected 



Rangarajan S et al. New Eng J Med  
377: 2519-2530(2017) 



Unresolved issues in gene therapy: 
• Duration of effect remains unclear 

– Immune responses precludes repeated treatment 

• High prevalence of innate immunity to AAV 

– ≈40% against AAV8 (up to 80% reported in China) 

• Unpredictability of transaminitis 

• AAV vector integration into genome may occur rarely, 
introducing potential risk of oncogenesis 

• No paediatric studies  

• Cost likely to be high, despite expectations 

• Will gene editing overtake this approach? 



Principal conclusions: 
• Extended half-life FVIIII and FIX concentrates are 

already available 
– Activity can be extended by pegylation, fusion to IgG 

or albumin or modification of amino acid sequence 

• Emicizumab has transformed the outlook for 
patients with haemophilia A and inhibitors 

– Likely to be the preferred treatment of many patients 
with haemophilia A without inhibitors in the future  

• TFPI inhibitors have the advantage of working in 
both haemophilia A and B ± inhibitors 

• Cure by gene therapy is now a realistic goal 


