
Evolution of therapies in 

inherited bleeding disorders:  
a remarkable journey from blood to gene therapy 

 

 

 

Inaugural Lecture 

 April, 2017 

Johnny Mahlangu 
Haemophilia Comprehensive Care Centre 

Charlotte Maxeke Johannesburg  Hospital and  
Department of Molecular Medicine and Haematology 

NHLS and University of the Witwatersrand, Johannesburg  



Please meet Omran and Sipho 

2 

Omran Daqneesh 

Similarities 

 Injured brave boys 

 Bleeding  

Differences 

 External and internal 

bleeding  

 Sipho will not stop 

bleeding whilst Omran 

will stop bleeding 

Sipho Sobayi 



Omran has a full complement of  

coagulation proteins 
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Coagulation cascade 
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Upon injury…… 
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XII XI IX VIII X II I 
Blood 
clot 

XII XI IX X II I 
No 

Blood 
clot 

Sipho has an abnormal haemostatic response  

Omran has a normal haemostatic response  



6 

How does 
haemophilia 

present ? 

Evolution of 
haemophilia 
management 

strategies 

What is 
haemophilia 

? 



Haemophilia is deficiency of clotting factor 
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XII XI IX VIII X II I 
No 

Blood 
clot 

XII XI IX VIII X II I 
No 

Blood 
clot 

XII XI IX VIII X II I 
No 

Blood 
clot 

Haemophilia A 

Haemophilia B 

Haemophilia C 

Inability to form a clot is inherited  



Mode of inheritance is X-linked 
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30% have no family history of haemophilia –  

              spontaneous mutations 

Females are carriers and males are affected  



Haemophilia is a Royal disease 

Queen Victoria( 1813-1901)  



Haemophilia in royal families   

10 https://www.google.co.za/url?sa=i&rct=j&q=& 



Haemophilia affects all races in all locations 
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The story of Omran and Sipho 
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Omran Daqneesh Sipho Sobayi 

400 000 killed 

since the start of 

the Syrian civil war 

 

400 000 people 

with haemophilia 

in the world  

Sunday times, 14 August 2016 World Federation of Haemophilia 

Global Survey, 2016 
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How does 
haemophilia 

present 
clinically? 

Evolution of 
haemophilia 
management 

strategies 

 

What is  
haemophilia  

? 



Joint bleeds are the hallmark of haemophilia 
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Bleeding can be anywhere…. 
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Can innovative protective measures work in 

haemophilia?  

16 



Factor level is the main determinant of 

bleeding phenotype 
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Factor level Bleeding Phenotype 

Severe < 1% Bleed spontaneously 

without injury 

Moderate 2-5 % Bleed on minor 

haemostatic 

challenge/injury 

Mild 5-50 % Bleed on major 

haemostatic 

challenge/injury 
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How does 
haemophilia 

present ? 

Evolution of 
haemophilia 
management 

strategies 

What is 
haemophilia 

? 



Standard of care is replacement of missing 

clotting factor  
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VIII 

XII XI IX X II I 



The source of replacement has been evolving   
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VIII XII XI IX X II I 

? replacement 

therapy  



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 
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Whole blood replacement therapy 

1944-Dr Alfredo Pavlosky 

Challenges 

- Death due to incompatible transfusion reactions 

- Did not work in all patients  22 



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

23 



Fresh Frozen Plasma 

1955- Dr Kenneth Brink  

Challenges  

 Non standardized factor levels 

 Large volumes required - 15-25ml/kg body weight  

 Handling logistics- must be kept frozen -20◦C 
24 



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

1964 
•1st use of Cryoprecipitate   

25 



Cryoprecipitate 

1964- Dr Judith Pool 

Challenges 

 Emergence of transfusion transmitted infections  

- Hepatitis 

- Syphilis 

- HIV 26 



Cryoprecipitate precipitated a crisis 



An urgent search for replacement product 

with golden triad properties  

28 

Safety 

Quality 

Efficacy 



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

1964 
•1st use of Cryoprecipitate   

1980 
•1st use of Plasma derived Clotting factor 

29 



Plasma derived clotting factor concentrate 
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Fractionation technology Cryoprecipitate pCFC 

pCFC-plasma-derived clotting factor concentrate 

Regulatory oversight/inspection 

Good manufacturing practices 

Clinical trial validation/verification  

 



Plasma derived Factor Concentrate  

2nd 

Generation 

•Multiple virucidal steps 

• Albumin formulated 

•Monoclonal Ab purified 

•High yield 

•Double virucidal steps 

•vWF containing 

•PPT/IEC 

•Low yield 

•More than 2 virucidal steps 

•vWF containing 

•PPT/IEC 

•Low yield  

•Single virucidal step 

•vWF containing  

•Precipitation/IEC 

•Low yield 

1st 

Generation 

2nd 

Generation 

3rd 

Generation 

4th 

Generation 



plasma derived clotting factor concentrates 

had challenges 

 Only a limited number of 

blood donors worldwide 

 Potential for transmission 

of known pathogens and 

viruses in the window 

period 

 Potential for transmission 

of unknown human disease  

 Limited shelf life of the 

plasma derived products 

32 



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

1964 
•1st use of Cryoprecipitate   

1980 
•1st use of Plasma derived Clotting factor 

1990 
•1st  use of recombinant Clotting factor  

33 



Recombinant clotting factor concentrate 
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Clotting factor  

DNA 

Recombinant DNA 

Technology 

Recombinant 

clotting factor 



Recombinant Factor Concentrate have 

evolved to eliminate human additives 

Traces = protein materials derived from the manufacturing process 

(nutrients, cell lines, monoclonal antibodies, etc.) 

2nd 

Generation 

• Recombinant source 

• designer properties 

• Recombinant source 

•Fewer animal+human traces 

• Recombinant source 

• BDD products 

• Full length 

• animal & human-derivatives 

1st 

Generation 

2nd 

Generation 

3rd 

Generation 

4th 

Generation 



Advantages of rCFC 
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 No human derivatives 

 

 Shelf life longer than 

that of blood products 

 

 Unlimited  quantities 

 

rCFC- recombinant clotting factor concentrate 



Global consumption of CFC has increased 
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Global Clotting Factor Concentrate Consumption from  http://marketingresearchbureau.com/list-of-reports/ 

Grey bars  = rCFC =recombinant clotting factor concentrate 

Green bars= pCFC = plasma derived clotting factor concentrate 



Haemophilia complications persisted despite 

increased CFC consumption 

38 

Factor level Bleeding Phenotype 

Severe < 1% Bleed spontaneously without 

injury 



Factor level is the main determinant of 

bleeding phenotype 
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Factor level Bleeding Phenotype 

Severe < 1% Bleed spontaneously 

without injury 

Moderate 2-5 % Bleed on minor 

haemostatic 

challenge/injury 

Mild 5-50 % Bleed on major 

haemostatic 

challenge/injury 



Paradigm shift in haemophilia care 

Reactive 
approach 

Proactive 
approach 

40 

On-demand 
treatment 

Prophylactic 
prevention 



Benefits of prophylaxis 

6 fold reduction in joint damage by MRI 

7 fold reduction in number of bleeding 

episodes/pt/yr 

Manco-Johnson et al N Engl J Med 2007;357:535-44 

Less clinical /radiological deterioration of joints 

Fewer days lost from school/work 

Aledort et al J Intern Med 1994 236(4): 391-399 

Increased physical activity 

Preserved BMD in the prophylaxis group 

Khawaji et al Haemophilia 2009, 15, 261–266  



Prophylaxis converts severe to mild/moderate 

haemophilia  
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Prophylaxis challenge  
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3% trough 
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 3 x 52 = 156  injections per year  

 156 x 20 = 3120 injections 20 years of age 



Reducing the frequency of injections  
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clotting factor concentrate with improved pharmacokinetic 

properties 



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

1964 
•1st use of Cryoprecipitate   

1980 
•1st use of Plasma derived Clotting factor 

1990 
•1st  use of recombinant Clotting factor  

1998 
•1st use of extended half life clotting factor 
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Innovations in half life extension technologies 
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Fusion 

technology 

PEGylation 

technology  

1.FC fusion 

 

2. Albumin fusion 

 

 

3. CTP fusion 

4  PSA fusion 

1. Site directed 

 

2. Controlled 

 

3. GlycoPEGylation 

 

FVIII-FC 

FIX-FC 

FVIII-FP 

FIX-FP 

FVII-FP 

FVII-CTP 

BAX 826 

BAY 94 9027 

 

BAX 855 

 

N8-GP 

N9-GP 

Mahlangu  2014 

Powell 2013 

FVIII-FP  

Santogostino 2016 

Ongoing 

Ongoing  

Ongoing  

Shah 2016 

 

Konkle 2015 

 

Giangrande 2016 

Young 2016 



rFIXFC was the first extended half-life CFC 

registered 
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1.Powell etal N Engl J Med 2013;369:2313-23 , 

 

rFIXFc1 

 



Half-life properties of the EHL-rFIX 

  rFIXFc1 rFIX-FP2 N9-GP3 

Number of patients 22 46 7 

Mean half-life for EHL product 82.1 102 96.25 

 Mean half-life for SHL product  33.8 24.2 19.3 

 Ratio 2.4-fold 4.2 fold 4.8-fold 
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1.Powell etal N Engl J Med 2013;369:2313-23 ; 2.Santagostino etal Blood  2016;127(14):1761-1769 ; 

3.Young  etal Thomb Res  2016 ;141:69-76  

rFIX-recombinant FIX, EHL-rFIX- extended half-life recombinant Factor IX;  rFIXFc- recombinant Factor IX Fc fusion protein;  rFIXFP- 

recombinant Factor IX Albumin fusion protein 



rFVIIIFC was the first EHL CFC to be 

registered 

49 
Mahlangu etal Blood  2014; 123: 317-325 

FVIIIFC 



Half life properties of EHL rFVIII products 
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  BAX 8551 BAY94-90272 rFVIIIFc3 N8-GP4 

Number of patients, n  159 141 165 186 

Half-life range, h 14.3-16.0 13.7-28.1 17.1-21.1 11.6-27.3 

1. Konkle etal Blood  2015; 126:1078-1085; 2. Coyle etlalJTH  2014; 12: 488-496; 3. Mahlangu etal Blood  

2014; 123: 317-325; 4.Lentz etal Haemophilia  2013; 19: 691-697 

Increase in half-life, ratio  1.4  1.4  1.5  1.6  

Mean half-life, h  14.3 18.7 19.0 19.0 



Challenges of replacement therapy 
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Need for intravenous infusion of 

replacement therapy 

Development of neutralizing antibodies to 

replacement clotting factor 



Intravenous infusion of clotting factor for life   

52 

 Method of delivery 

 

 

 

 

 

 

 

 



Crude incidence of inhibitors in PTP 

53 Manucci Haemophilia 2014; 20(Supp 6):2-16 



54 





rFVIII: 44.5% (CI95 34.7-54.3) 
 
pdFVIII: 26.8% (CI95 18.3-35.2) 
 
 
 
 
 
 
 

rFVIII: 28.4% (CI95 19.6-37.2) 
 

pdFVIII: 18.6% (CI95 11.1-26.9) 

all 

high-titre 

Inhibitor Risk per Treatment Arm 

HR 1.87 (CI95 1.17-2.96) 

 HR 1.69 (CI95 0.96-2.98) 



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

1964 
•1st use of Cryoprecipitate   

1980 
•1st use of Plasma derived Clotting factor 

1990 
•1st  use of recombinant Clotting factor  

1998 
•1st use of extended half life clotting factor 

2014 
•1st use of non-replacement therapy 

57 
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• Anti-TFPI (concizumab) 

• AT3 RNAi (fitusiran) 

• Anti IXa/X (emicizumab) 

• Gene therapy  

Non CFC  

replacement 

therapies 

• Chowdary 2015 

• Pasi 2015 

• Uchida 2016 

• Nathwani 2014  



Realignment of haemostatic balance 

59 AT=antithrombin; PC-ptotein C; Protein S; TFPI-tissue factor pathway inhibitor 



ACE910 Bispecific antibody 

60 Kitazawa etal Nature Med 2012 ; 18(10): 1570-1574 



Advantages of non-replacement therapies 

 Subcutaneous administration 

 Long biological half lives 

 Lack of immunogenecity in phase 1 or 2 

studies 

 Manage haemophilia patients with and 

without inhibitors  

61 

Haemophilia is clearly manageable, 

is it curable ?  



Evolution of haemophilia therapies 

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

1964 
•1st use of Cryoprecipitate   

1980 
•1st use of Plasma derived Clotting factor 

1990 
•1st  use of recombinant Clotting factor  

1998 
•1st use of extended half life clotting factor 

2014 
•1st use of non-replacement therapy 

2014 
•1st use Gene therapy  
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First successful FIX gene therapy in man 

) 
 codon-optimized human factor IX (FIX) transgene (scAAV2/8-LP1-

hFIXco) 

 6 patients, 2 in each of 3 dose escalations 

 Durable FIX levels 1–6% 

 2/6 transient ALT elevation   

Nathwani, et al. NEJM 2011;365;2357 
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Nathwani etal N Engl J Med 2014;371:1994-2004 



Impact of FIX gene therapy on factor 

consumption and bleeding rates 
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Nathwani etal N Engl J Med 2014;371:1994-2004 



Factor VIII Gene therapy studies- Biomerin 

Phase 1 with AAV5 
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Impact of FVIII gene therapy on bleeding and 

infusion rates 

67 

ABR-annualized bleeding rates 



There are many factors contributing to 

bleeding risk 

68 

Activity 

Micro 
bleeds 

Trauma 

Factor  level  

Missed 
injection 

Factor 
access 

Sub 
optimal 

dose 

Weight 
gain 



Remarkable progress has been made   

1944 
•1st use of whole blood 

1955 
•1st use of Fresh Frozen Plasma  

1964 
•1st use of Cryoprecipitate   

1980 
•1st use of Plasma derived Clotting factor 

1990 
•1st  use of recombinant Clotting factor  

1998 
•1st use of extended half life clotting factor 

2014 
•1st use of non-replacement therapy 

2014 
•1st use Gene therapy  
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With many challenges to overcome 

70 



Despite these challenges, it is encouraging for all of us 
working in this space, that the goal of a bleed free 

world for people living with inherited bleeding 
disorders is now in sight 
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Back to Omran and Sipho 
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Omran Daqneesh Sipho Sobayi 
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