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Milestones in Haemophilia care
• 1950: Fresh frozen plasma; requiring hospitalisation and not very
effective
• 1964: Judith Poole discovers a simple way to make cryoprecipitate
for the treatment of haemophilia A (Rich in FVIII)
• 1970s: Lyophilised FVIII and FIX concentrates allows home therapy
to become a common treatment practice
• 1980s: Hepatitis viruses and HIV threaten the worldwide blood
supply

– 1986 viruse inactivation by dry heat and solvent detergent treatment
plus better screening of blood donors with specific assay
– Cloning of F9 and F8 genes leading to in vitro expression of proteins

• 1990s: Recombinant human factor products licenced and available
to haemophilia patients where finances allow
• 2009: Patents on recombinant Factors VII, VIII and IX expire
• 2010 to 2017: Dramatic increase in research resulting in generics
and a new range of long-lasting factor concentrates, alternative
bypassing agents and gene therapies.

Haemophilias:-Current standard of care
• Plasma or Recombinant protein
concentrates:

– On demand or prophylactic → Highly
effective at arresting bleeding
– Advantage of prophylaxis over episodic
treatment (Manco-Johnson; NEJM; 357:535, 2007)
• Reduced mortality
• Reduces joint damage and haemophilic
arthropathy
• Improved joint care associated with
reduced pain, mobility and physical
activity
• Improved quality of life
• Improved academic achievement of
school aged children

Life expectancy of haemophilia patients

Darby, SC et al. Blood 110:815, 2007

In the past 50 years, the lifespan of an individual affected with
severe haemophilia has increased from a mere 10 years to that
of the normal male population.

Downside of factor replacement therapy
– Demanding and invasive: Frequent, (every 2-3 days) life-long,
intravenous administration of factor concentrate
– FVIII half-life = 12 hours
– FIX half life = 18 hours
– Aim to get trough level of ~1%
– Expensive: £100-170K/patient /year for prophylaxis in the UK
– Not curative: Factor levels still far from normal for most of the week
and risk of bleeding persists on prophylaxis (Rosendaal et al, 2004
and 2005)
– Not widely available: 80% of haemophilia patients around the world
receive either no, or very sporadic, treatment with shortened lives

Other problems with current treatment
• Need for adequate venous access
• Requires portacath in children
–
–
–

Mechanical failure
Infection
Thrombosis

• Patient family compliance

• Demanding especially in children where higher levels are
required for activities such as football and kendo
• Compliance reduced during adolescent period

• Development of inhibitory antibodies
–
–
–
–
–

25-40% of Haemophilia A patients, ~3% of haemophilia B patients
Unresponsive to factor concentrates
Requires costly by-pass agents
Very demanding of health care
Reduced life expectancy

Properties of the ideal product for
treatment of Haemophilia
•
•
•
•
•

No immunogenicity
No infection
Long (supraphysiologic) half life
Low cost
Least invasive mode of administration
(transdermal, oral, intranasal, subcutaneous)

Can we improve on nature?

Bioengineering strategies to modify characteristics of therapeutic
haemostatic proteins

• Human cell lines versus non human cell lines

– HEK 293 cells as opposed to currently used CHO or
BHK cell lines

• Site directed mutagenesis

– Increased activity or decreased proteolytic
degradation
• Undergoing preclinical studies

•
•
•
•

PEGylation
Polysialylation
Protein fusion molecules
Hybrid molecules (e.g. human/porcine) for
patients with inhibitors

Humanising clotting factors
• Manufacture in human embryonic kidney 239F
• Sulfation and Glycosylation of 293 FVIII similar to
pdFVIII
• Devoid of non-human glycan forms
• Phase III Study
–
–
–
–

32 Patients, 11 centres
30 – 40 IU/kg , alternate days, 6 months
50% - 0 bleeds, 35% – 1 bleed, 15% - > 1 bleed
No inhibitors

PEGylation of FVIII
• PEGylation: Incorporation of many water molecules within the
hydrophilic PEG structures, creates a hydrophilic cloud around
FVIII
– Decreases proteolytic degradation because of disruption of interaction
with low-density lipoprotein receptor-related protein, a hepatic
clearance receptor
– May reduce immunogenicity of FVIII “via protection from neutralising
antibodies”

Challenges of PEGylation of FVIII
• Site-specific PEGylation required to
achieve covalent attachment of PEG
without inactivating FVIII:
– Site-specific mutagenesis to introduces
cysteine mutations on the surface of BDDFVIII
– Targeting of native lysine moieties again
focused on B domain
– Engineered truncated B-domain of 21
amino acids containing a terminal sialic
acid linked to a branched 40-kDa PEG

Preclinical evaluation of PEG-rFVIII
Improved PK

PEGylated FVIII:
• Improved PK in haemophilic
mice and rabbits.
• Prolonged efficacy in
stopping acute bleeds
comparable with rFVIII
• Effective in the presence of
neutralising antibodies

Activity in the presence of inhibitory
anti-FVIII antibodies

Mei B et al. Blood 2010;116:270-279

Clinical studies with rFVIII-PEG
• Three rFVIII-PEG- in clinical development
Product Manufac
turer

Technology

FVIII

Cell line

Bay 949027

Pegylation of cysteine
molecules

B domain
deleted

BHK21

Bax 855 Baxter

Pegylation of lysine

Full length
FVIII

CHO

N8-GP

Single amino-acid
glycopegylation

B domain
truncated
(21aa)

CHO

Bayer

Novo
Nordisk

• T1/2 X Native = 1.4-1.7X (~18 hours)
• Most are at the Phase 2-3 development stage
having established safety in Phase I trials in PTP

Polysialylation of rFVIII
• Conjugation of polysialic acids may provide an
alternative to PEG
• Naturally occurring polysialic acids are
nonbranched polymers of N-acetylneuraminic
acid that are found in many mammalian tissues

– May be less immunogenic in humans when compared
to PEG which is not naturally occurring
– Can provide similar benefits to PEGylation if
conjugated to rFVIII
• FVIII-VWF double-knockout mouse, the half-life of
polysialylated rFVIII was 4-fold that of rFVIII

– Human trial of polysialylated rFVIII are being
considered

Pre-clinical development of rFVIIIFc
Half-life extension of rFVIIIFc is dependent on FcRn
FVIII-/- mice

FcRn KO

C57B/6 mice

human FcRn transgenic

Dumont J A et al. Blood 2012;119:3024-3030

rFVIIIFc: Phase 3 multicentre trial: ALong
Trial design
• 165 subjects into 1 of 3
treatment arms:

FVIII activity vs time profile for rFVIIIFc and
rFVIII, 50 IU/kg intravenous injection

– arm 1, individualized
prophylaxis (twice-weekly
dosing)
– arm 2, weekly prophylaxis (65
IU/kg)
– arm 3, episodic (on-demand)

Mahlangu J et al. Blood 2014;123:317-325

Preclinical development of rFIXFc
Schematic of rFIXFC

Pharmacodynamics of rFIXFc and rFIX in
FIX-deficient mice

Summary
• Half-life of rFIXFc was approximately 3- to 4-fold longer than that of rFIX in mice,
dogs and macaques
• Half-life of rFIXFc was similar to rFIX in FcRn receptor knock out mice
Protection of the rFIXFc via the Fc/FcRn interaction as with rFVIIIFc

Peters R T et al. Blood 2010;115:2057-2064

Overview of clinical development of
rFIXFc

Phase III assessment rFIXFc (B-Long)
Phase 3, open-label study in 123
previously treated HB patients
• 4 treatment groups:

– group 1: Weekly dose-adjusted
prophylaxis (50 IU/kg)
– group 2: Interval-adjusted prophylaxis (~
started with every 10 days 100 IU/kg)
– group 3: Episodic (20-100 IU/kg) and
– group 4: Perioperative period

• rFIXFc exhibited a prolonged t1/2 = 82hrs
(P<0.001).
• ABR: Grps 1, 2, and 3 = 3.0, 1.4, and
17.7, respectively.
• 53.8% of participants in group 2 had
dosing intervals of 14 days or more.
• Hemostasis was rated as excellent or
good during all major surgeries.
• No inhibitors were detected in any
participants receiving rFIXFc

Duration of Factor IX Activity

Question
• Why is the half-life of rFVIIIFc not extended to the
same degree as rFIXFc?
• Unlike FIX, approximately 98% of FVIII circulate in
complex with vWF.

– The approximate 18-h half-life of vWF is thought to limit
the degree to which the half-life of rFVIII products can be
extended, which is consistent with the observed half-life of
rFVIIIFc in the Phase I/IIa study.

Albumin Fusion

• Albumin-bound clotting factors are also recycled from
the intravascular space by the FcRn
• rFIX molecule fused to recombinant albumin via a
cleavable linker peptide shows comparable coagulant
activity in a mouse model of haemophilia B, and
extended circulatory half-life in other mammals

• A phase 1/2 clinical trial in patients with severe
haemophilia is under

Summary of long-acting products
• Advantages
– Long-acting products represents an important
advance in the management of haemophilia
– Less frequent infusions so less demanding therefore
patients on episodic treatment may be encouraged to
transition to a prophylaxis regimen
– Possibility of prolonged protection from bleeding and
improved long term outcomes
– Bleed resolution with fewer injections

• Disadvantages

• Not a cure!!!
• Requires lifelong intravenous FVIII or FIX protein
administration
• Risk of inhibitor persists
• High cost

Bispecific antibody mimicking the
function of FVIII cofactor activity

Kitazawa et al Nat Med 18:1570–1574; 2012

In vitro FVIII-mimetic cofactor activity of
bispecific antibody

Gene therapy offers the potential for a cure
• Continuous, 24/7, endogenous expression of FVIII/FIX protein
at therapeutic levels following a single gene transfer
manoeuvre

Haemophilias are well suited for gene therapy approaches
• Single gene defect (deficiency of FVIII or FIX gene)
• Therapeutic goal modest; An increase in plasma FVIII/FIX
levels above 1% would be sufficient ameliorate the bleeding
phenotype
• Efficacy can be assessed by validated routine laboratory assay
• Tight regulation not required
• Wide range of FVIII/IX levels are likely to be efficacious and nontoxic

Adeno-associated viral vectors for haemophilia
B gene therapy
AAV is a non-pathogenic single stranded DNA based parvovirus
– Replicates only in the presence of helper virus
– Easy to render “Gutless” ∴ reduced risk of immune response to
viral proteins
rep
ITR
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cap
FIX cDNA
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Wild rAAV
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pA
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ITR

– Mediate stable long term transgene expression (>8 years in
macaques) following a single administration of the vector into
liver from episomally maintained copies; Integration rare
– Multiple serotypes with distinct tissue tropism and immunology

Patient characteristics
All patients recruited at Royal Free Hospital, UK
Patients
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Ankles
Knees
Elbow
Shoulder
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High vector dose
Plasma FIX levels, Subject 6: 2x1012vg/kg
FIX conc usage

Pred

60mg

0
FIX Usage
(IU/kg/year)

4000
3000
2000
1000
0
Pre

• Off prophylaxis for >35 months.
• Not required any FIX treatment

Post

Plasma FIX level: Subject 8; 2x1012vg/kg
38Y: Missense mutation;
on demand:1Xweek; 19 bleeds/year

• No spontaneous bleeding episodes following gene transfer
•No transaminitis; No need for steroids
•Not required FIX concentrates following gene transfer

Plasma FIX level: Subject 9; 2x1012vg/kg
44Y: Missense mutation;
on demand X1 week; 54 bleeds/year
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Weeks post vector infusion

• No bleeding episodes over post gene transfer
•No transaminitis; No need for steroids
•Not required FIX concentrates following gene transfer
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Commercial gene therapy products in clinical
development for hemophilia
Hemophilia B

Hemophilia A

Company

Product

Vector

Therapeutic gene

Manufacturing platform

Year in which first patients dosed in phase
1/2 trial

Shire

BAX 335

AAV8

Padua mutant factor IX

HEK293 cells

2013

Spark
Therapeutics/
Pfizer

SPK-9001

Engineered AAV

Padua mutant factor IX

HEK293 cells

2015

uniQure

AMT-060

AAV5

Wild-type factor IX

Baculovirus

2015

Dimension
Therapeutics

DTX101

AAVrh10

Wild-type factor IX

HEK293 cells

2016

Sangamo
Biosciences

SB-FIX

AAV6

Zinc-finger-nuclease-mediated
integration of wild-type factor IX into
the albumin locus in hepa- tocytes

Baculovirus

Expected 2016

Freeline
Therapeutics

FLT-180

Engineered AAV

Undisclosed

HEK293 cells

Expected 2017

Bioverativ

Undisclosed

Lentivirus

Padua mutant factor IX

HEK293 cells

Expected 2018

BioMarin

BMN 270

AAV5

B-domain deleted factor VIII

Baculovirus

2015

Spark
Therapeutics

SPK-8011

Engineered AAV

B-domain deleted factor VIII

HEK293 cells

Expected 2016

Dimension
Therapeutics/
Bayer

DTX-201

Undisclosed

B-domain deleted factor VIII

HeLa cells

Expected 2017

Shire

BAX-888

AAV8

B-domain deleted factor VIII

HEK293 cells

Expected 2017

Sangamo
Biosciences

SB-525

AAV6

B-domain deleted factor VIII

Baculovirus

Expected 2017

Summary
• Many products for haemophilia and related
bleeding disorders are in development
• Advanced Phase Clinical trials are in progress
• rFIXFc and rFVIIIFc are now licenced
• Gene therapy is rapidly progressing with huge
commercial investment driven by fear of
disruptive technology.

